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1.0 INTRODUCTION

The term “microcomputer™ has been used to describe virtually every type of small computing device
designed within the last few years. This term has been appiied to everything from simple “microprogram-
med™ controllers constructed out of TTL MSIup to low end minicomputers with a portion of the CPU
constructed out of TTL LSI “bit slices.” However, the major impact of the LS technology within the last
few years has been with MOS LS1. With this technology, it is possible to (abricate complete and very power-
ful computer systems with only a few MQS LSI components.

The Zilog Z-80 family of components is a significant advancement in the state-of-the art of micro-
computers. These components can be configured with any type of standard semiconductor memory to
generate computer systems with an extremely wide range of capabilities. For example, as few as two LS]
circuits and three standard TTL MSI packages can be combined to foun a simple controller. With additional
memory and 1/O devices a computer can be constructed with capabilities that only a minicomputer could
previously deliver. This wide range of computational powers allows stundard modules to be constructed by a
user that can satisfy the requirements of an exteemely wide range of applications.

The major reason for MOS 151 domination of the microcomputer market is the low cost of
theze fow LSI components, For example, MOS LSI microcomputers have already replased TTL logic in
tuch applications as terminal controllers, peripheral device controllers, traffic signal controlless, point of
sale terminals, intelligent terminals and test systems, In fact the B4OS LSI microcommputer is finding its way
into almost every product that now uses clectronics and it is even replacing muny mechanical systems such
as weight scales and automobile controls.

The MOS LSI microcomputer market is already well established and new products using them are
being developed at an extracrdinary rate. The Zilog Z-80 component set has been designed to fit into
this market through the following factois:

1. The Z-80 is fully software compatible with the popular BOBOA CPU offered from several sources.
Existing designs can be easily converted to include the 2-89 25 a superior alternative.

2. The Z2-80 companent set is superior in both software and hardware cepabilitics to any other micro-
computer system on the market. These capabilitics provide the user with significantly tower hardware
and software development costs while also allowing him to offer additionat features in his system,

3. For increased throughput the Z8OA operating at a 4 MUZ clock rate offess the user significant speed
sdvantages over competitive products.

4. A complete product line including fulf suftviare support with strong emphasis on high level languages
and a disk-based development system with advanced real-time debuy capabilities is offered to enable
the user to easily develop new products.

Microcomputer systems are extremely simple to construct using Z-80 companents. Any such system
consists of three parts:

§. CPU (Central Processing Unit)
2. Memory -
3. Interface Circuits to peripheral devices

The CPU is the heart of the system. Its function is to obtain instructions fromn the memory and perform

the desired operations. The memory is used to contain instructions and in most cases data that is to he
procesied. For example, a typical instruction sequence may be to read data from a specific peripheral
device, store it in a location in memory, check the parity and write it out 1o another peripheral device. Note
that the Zilog component set includes the CPU and various general purpas: 1/O device controllers, while a
wide range of memory devices may be used from any source. Thus, ali required components can be
connected together in a very simple manner with virtually no other external logic. The user’s effort then
becomes primarily one of software development. That is, the user can concentrate on describing his prob-
lem and translating it into a series of instructions that can be loaded into the microcomputer memory. Zilog
is dedicated to making this step of software generation as simple as possible. A good example of this is our



assembly language in which a simple mnemonic is used to represent every instruction that the CPU can
perform, This language is self documenting in such a way that from the mnemonic the user can understand
exactly what the instruction is doing without constantly checking back to a complex cross lsting.




2.0 Z-80 CPU ARCHITECTURE

A block diagram of the internal architecture of the Z-80 CPU is shown in figure 2.0-1, The diagram
shows all of the major elementsin the CPU and it should be referred to throughout the following

description,
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21 CPU REGISTERS

The Z2-.80 CPU contaies 208 bits of R/W memoty that zre sccessible to ths programmer. Figure 2.0.2
{llwsrates how this memory is configured into eighteen 8-bit registers and four 16-bit registers. All Z-80
registers are implemented vsing static RAM. The registers includa two sats of six general purpose registers
that say be used individually o3 8-bit registers or in pairs as 16-bit registers, Theve are also two sets of
sccunmulator and flag registers.

Special Pepese Registers
1. Pesgram Counder (C). The program counter holds the 16-bit address of the current instruction being
fetched from memory. The PC is automatically incremented after its contents have been transferred

.- 10 the-address lines, When a program jump occurs the new value is automatically placed in the PC,
owverrlding the incrementer,

2. Seack Polnter (SP). The stack pointer holds the 16-bit address of the current top of a stack located
anywhere in external system RAM memory. The external stack memory is organized as a last-in first-
out (LIFO) file, Data can be pushed onto the stack from specific CPU registers or popped off of the
stack into specific CPU registers through the execution of PUSH and POP instructions, The data

popped fiom the stack iz always the last data pushed onto it, The stack allows simple implementation
of muIUple fevel interrupts, unlimited subroutine nesting and slmpliﬂcation of many types of data
maniputation.
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3. Two Index Registers (EX & IY). The two independent index registers hold o 16-bit base address that
is used in indexed addressing modes. In this mode. an index register is used as a base to point to a
region n niemory from which data is to be stored or reteieved. An additional byte is included in
indexed Instructions to specify a displacement from this base. This displacement is specified as a two's
complement signed integer, This mode of addressing greatly simplifies many types of programs,
especiglly where tables of data are used.

4. Interrupt Page Address Register (I). The 2-80 CPU can be operated in a mode where an indirect call
to any memory location can be achieved in response to an interrupt. The I Register is used for this
purpose to store the high order 8-bits of the indirect address while the interrupling device provides the
lower 8-bits of the address. This feature allows interrupt routines to be dynamically located anywhere
in memory with absolute minimal access time to the routine.

Memory Refresh Register (R). The Z-80 CPU contains a memory refresh counter to enable dynamic .
memories to be used with the same ease as static memories. Seven bits of this 8 bit reglster are auto-
matically incremented after each instruction fetch. The eighth bit will remain as programmed as the

result of an LD R, A instruction. The data in the refresh counter is sent out on the lower portion of

the address bus along with a refresh contro signal while the CPU is decoding and executing the fetched -
instruction. This mode of refresh is totally transpurent to the programmer and doces not slow down the
CPU operation, The programmer can load the R register for festing purposes, but this register is normally
not used by the programmer. During refresh, the contents of the Iregister are placed on the upper 8 bits of
the address bus,

»

Accumulatorand Flag Registers

The CPU includes two independent 8-bit accumulators and associated 8-bit flug registers. The accumu-
lator holds the results of 8-bit arithmetic or logical operations while the flag register indicates specific
conditions for 8 or 16-bit operations, such as indicating whether or not the result of an operation is equal
to zero, The programmer selects the accumulator und flag pair that he wishes to work with with a sln;,lc
exchange instruction so that he may easily work with either pair,



General Purpose Registers

There are two matched sets of general purpose registers, each sct containing six 8-bit registers that
may be used individually as §-bit registers or as 16-bit register pairs by the programmer. One set is called
BC, DE and HL while the complementacy set is called BC”, DE' and HL'. At any one time the programmer
can sclect cither set of registers to work with through a single exchange command for the entire set. In
systerns where fast interrupt response is required, one set of general purpose registers and an accumulator/
flag register may be reserved for handling this very fast routine, Only a simple exchange commands need be
executed to go between the routines. This greatly reduces interrupt service time by eliminating the require-
ment for saving and retrieving register contents in the external stack during interrupt or subroutine process-
ing. These general purpose registers are used for a wide range of applications by the programmer. They also
simplify programming, especially in ROM based systems where little external read/write memory is
available.

22 ARITHMETIC & LQGIC UNIT (ALU)

The 8-bit arithmetic and logical instructions of thie CPU are executed in the ALU. Internally the ALU
communicates with the registers and the external data bus on the intemal data bus, The type of functions
performed by the ALU include:

Add Left or right shifts or rotates (arithmetic and logical)
Subtract Increment

Pegical AND Docrement

Logical OR Sat bit

Logical Exclusive OR Reset bit

Compare Test bit

Z.ﬁNSTRUCTION REGISTER AND CPU CONTROL

As each instruction is fetched from memory, it is placed in the instruction register and decoded. The
control sectons performs this function and then generates and supplies all of the controt signals necessary
to read or write data from or to the registers, control the ALU and provide all required external control
signals.
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3.0 2-80 CPU PIN DESCRIPTION

The Z-80 CPU is packaged in an industry standard 40 pin Dual In-Line Pdck.n,c The 1O pins a1e shown
in figure 3.0-1 and the function of each is described below,
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AgAys Tristate output, active high. AyrA; ¢ constitute a 16-bit address bus. The
(Addsess Bus) address bus provides the address for memnory (up to 64K bytes) data

exchanges and tor /O device data exchanges. 1/O addressing uses the 8 lower
address bits to allow the user to direcily sclect up to 256 input or 256 output
ports. Ag is the least significant address bit, During refresh time, the lower

7 bits contain a valid refresh address,

D()'D'] Tri-state input/output, active high. Dy-Dy constitute un 8-bit bidirectional
(Date Bus) data bus, The data busis used for data exchanges with memory and 1/O
’ devices,
: -ﬁl Output, active low. -T‘ indicates that the current machine cycle is the OP
{Machine Cycle one) code fetch cycle of an instruction execution. Note that dunng execution

of 2-byte op-codes, M1 is generated as each op code byte is fetched. These
two byte op-codes always begin with CBH, DDH, EDH or EDH. MI also
occurs with TORQ to indicate an interrupl acknowledge cycle,

MREQ Tri-state cutput, active low. The memory request signal indicates that the
(Memory Request) address bus holds a valid address for a memory rcad or memory write
upc;:\lion.



IORQ
(Input/Qutput Request)

RD
(Memory Read)

WR
(Memory Write)

RESH
(Reiresh)

HALT
(Halt state)

WAIT
(Wait)

[
(Interrupt Recpuest)

NMt
(Non Maskable
Interrupt)

Tri-state output, active low. The IORQ signol indicates that the lower half of
the address bus holds a valid 1/0 address for a 30 read or write oparation. An
TORO signal is also generated with an M1 signal when o inlernupt is being
acknovdedged to indicate thatan interrupt rwesponse vector can be placed on
the data bus. Interrupt Acknowledge operations ocour during M, time while
/O operations never ocenr during MI time.

Tri-state output, active Jow, R indicates (hat the CPTwants to read data
from mewery oran IO davice, The addressed 1O device or niemory should
s tlnslm..!l to gite data onto tiee CPU data bns,

Tri-state ontpat, wetive fov. wr badicates that the CFU doto bus holds valid
data to be spoved in the e didrossod muemory or 0 devies,

Gutput, active low, TLESTT indicates that the luwr 7 bits of the addres
tus contain a reftesh cddress for dyn cries and the curtent B U:IO
sipnal should be wzd to du 4 reliesh read to o dynamic memaries.

U has executed a HALT soft-
ware nstryg saiting '::m anoit maskable fnter-
wpt (with mask enablad) befora operation con resume. Whils hulted, the
CPU execuics NOD's to maintain memory reftech activity,

Gutpot, active ez tiat the ¢

Inpat, sctive bow. WAIT indicains to the Z-80 CPL that the addiesied
mesory or /0 devices are ot ready for a data transfer, The CI'U continites
to eneor wait states 1or s long es this sipual is ective, ‘Thia signat allows
memory ur [0 devices of any speed to be synchronized to the CPU.

Input, active fow, The Intezrupt Request sigual is generated by 10 devices. A
requiest will be honored at the end of the current tastructicn i the Internal
software controlled interrupt enable flip-ttop (1FF) is enabled and if the
BUSEQ signad is ot active, When the CPU accepts the intecrupt, an acknow!-
edge signad (HORQ during My time) i sent out at the beginning of the next
instruction ¢ycle. The CPU can tespond to an interrupt in three different

modes that are described in detail in section 5.4 {C2U Cantrol Instmctions).

:

Input, negative edge lrig},md Tie non maskable intersupt ruqum finchas a
higher gajority than INT zud is always recognized ot the end of the current
instruction, independent of the status of the intersupt enable ftip-flop. N&{T
automatically forces the Z-80 CPU to restart to location 0066y, The program
counter is auromatically saved in thre external stack so that the user canretum
to the progrem that was interrupted, Note that continuous WAIT cyeles can
pr_clg?z the current fnstruction from ending, and that a BUSIQ will override
aNMI.

T T - e



RESET

BUSRQ
(Bus Request)

BUSAK
(Bus Acknowledge)

Input, active low. RESET farces the program counter to zero and initializes
the CPU. The CPU initialization includes:

1) Disable the interrupt enable flip-flop
2) Set Register 1= 00y
3) Set Register R = 00y
4) Set Interrupt Mode 0

During resct time, the address bus and data bus go to a high impedance state
and all control output signals go to the inactive state.

Input, active low. The bus request signal is used to request the CPU address
bus, data bus and tri-state output control signals to go to a high impedance
state so that other devices can control these buses. When BUSRQ is activated,
the CPU will set these buses to a high impedance state as soon as the current
CPU machine cycle is terminated.

Qutput, active low. Bus acknowledge is used to indicate to the requesting
device that the CPU address bus, datz buy and tri-state control bus signals
have been set to theic high impedance state and the external device can now
contro! these signals.

Single phase TTL level clock which requires only a 330 ohm pull-up resistor
to +5 volts to meet all clock requirenents,
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4.0 CPU TIMING

The Z-80 CPU exccutes instructions by stepping through a very precisc set of a few basic operations,
These include:

Memory read or write
1/O device read or write

Interrupt acknowledge

All instructions are merely a series of these basic operations. Each of these basic operations can take from
three to six clock periods to complete or they can be lengthened to synchronize the CPU to the speed of
external devices, The basic clock periods ate referred toas T cycles and the basic operations are referred to
as M (for machine) cycles, Figure 4.0-0 illustrates how a typical instruction will be merely a series of
specific M and T cycles. Notice that this instruction consists of three machine cycles (M1, M2 and M3}, The
first machine cycle of any instruction is a fetch cycle which is four, five or six T cycles long (unless length-
ened by the wait signal which will be fully described in the next section). The fetch cycle (M1) is used to
fetch the OP code of the next instruction to be executed. Subsequent machine cycles move data between
the CPU and memory or 1/O devices and they may have anywhere from three to five T ¢ycles (again they
may be lengthened by wait states to synchronize the external devices to the CPU). The following para-
graphs describe the timing which occurs within any of the basic machine cycles. In section 7, the exact
timing for cach instruction is specificd,

HAsching Cycla

]

] [ | [
(0P Cocle Fatchi Moy Resd) M2ty ooy Writa)

imtruction Cyche

BASIC CPU TIRUNG EXAMPLE
FIGURE 4.00

All CPY timing can be broken down into a few very simple timing diagrams as shown in figure 4.0-1
through 4.0-7. These diagrams show the following basic operations with and without wait states (wait states
are added to synchronize the CPU to slow miemory or I/ devices).

4.0-1. Instruction OP code fatch (Ml cycle)

4.0-2. Memory data read or write cycles

40-3. {0 read or write cycles

4.04. Bus Request/Acknowledge Cycle

4.0-5. Interrupt Request/Acknowledge Cycle

4,046, Nonmaskable Interrupt Request/Acknowledge Cycle
40-7.  Exit froma HALT instruction



INSTRUCTION FEY(H

Figuie 4.0-1 shows the tisning during 2n M1 eyele (OF code fetch). Notice that the PC is placed on the
address bus at the beginning of the M { cycle. Ona balf clock time later the MREG signal nal poes active. At this
time the addsess to the memory has had time to stabidize so that the faliing edge of MRI () can be used
directly as u chip enable clock to dynamic memories. The BD line also goes active to mdicate that the
memory read data should be enabled onto the CPU data bus, The CPU s.tmplw. the datz from the memory on
the dala bus with the rising edge of the clock of state T3 aid this sume edge i3 used by the CT'U to tum off
the RD and MRQ signals. Thus the date e already been s ‘mphd by the CFV hetore the RD signet bacomes
inactive. Clock state T3 and T4 of o feich cycle are used tyiefvesh dynimic menorics. (The CPU uvses this
time to decode and execute the ferchiod instruction so thit to other operation could be perfonmed at this
time), During T3 and T4 the lower 7 bits ot the address bus contain u mnenny e {reshy address and the BISIT
signal becomes active to indicate that a refresh read ot alt dy namic memwiics should be accomplished. Notice
that a R signal is not generted dui resli me 1o prevent detisom different mamiory egments from
being gated onto the datz bus. The ™ ) sigmat during retresh time should e used to pedfonn a efiesh ead
of all inemory elements. The ufu:h prm\ can ot be wed by iteelt aiaze the refred addres is only puaran-

teed 1o be stable during M) i
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FIGURE 4.0-1

Figure 4.0-1A illustrates how the fzich eycle is delayed if the memory activates the WAIT ljne. Dur-
ing T2 and every subsequent Tw, the CPU samples the WAIT line with the falling edge of &, 1f the WAIT
line is active at this time, another wait state will be entered during the following cycle. Using this technique
the read cycle can be lengthened to match the access time of any type of memory device.
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MEMORY READ OR WRITE

Figure 4.0-2 illustrates the timing of memory read or write cycles other than an OF code fetch (M1
cycle). These cycles are generally thice clock periods long unless wait states are requested by the memory
via the WAIT signal. The MREQ sipnal and the RD sigual are used the same as in the fetch cycle. In the case
of a memory write cycle, the MREQ aiso becomes active wlhen the addres bus is stable so that it con be
used directly as a chip enable for dynamic memories, The WR tine is active when data on the databus is
stable so that it can be used directly as 2 R/W pulse to virtually any type of semiconductor memory.
Furthermore the WR signal goes inactive one half T state before the address and data bus contents are
changed so that the ovedap requirements for virtually any type of semiconductor memoy type will be met.

rmory Writs Cychs mmemsmreaertin

bt e Bty Rad Cycly et

M T B i T, T
S e U s VU s WO S RN s WYt VR o
A0~ AYE Y MEMOR ¥ ADDR J{ MEMORY ADOR. 1
G T — —
m [\ f
#i | SN Y A
DATA BUS (T} o DATA 0UT }—

0 s WU 0 W O By i S vt #:Z’.’.’:.’:

MEMORY READ OR WRITE CYCLES
FIGURE 4.0-2



Figure 4.0-2A illustrates how a WAFY request signal wilt lenpthen any memory read or write opera-
tion. This operation is identical (o that previously described for a fetch eycle, Notice in this figure that a
separate read and a separate write cycle ate shown in the same figure aithough read and write cycles can
never oceur simultaneously,
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Figurc 4.0+ 3 i)luslmh.s an 1/(‘ read ot l/() wm upuatiun Nutiu- that uum\v l/[) opcmions asingle

state sufhcient time doc: not exist for an !/0 purl to duu)ﬂ\. its -dl'n x5 :md \Lll"ﬂtn t)u WM T lmc il wan
is required. Also, without this wait state i js difficult to design MOS U8 devices that can operate at fuil
CPU speed. During this walt state time= the WAIT request signat is ssmpled. During a read YO operation,

the BRI liue is used to enghle the addrossed port onto the data bus just a5 in the cass of 3 memory vead. For
1/O viiite operations, the WR line is used asa closh to the HO port, again with sufticient overlap timing
sutomatically provided so that the rising edge may be used as a data clock,

Figute 4.0-3A illustrates how additional wait states may be added with the WAIT line. The operation
is identical to that previously described,

BUS REQUEST/ACKNOWLEDGE CYCLE

Figure 4,04 itlustrates the timing for a Bus Request/Acknowledge cycle. The BUSRQ signal is
sampled by the CPU with the rising edge of the last clock period of any machine cycle. If the BUSRQ
signal is active, the CPU will set its address, data and trisstate control signals to the high impedance state
with the rising edge of the next clock pulse, At that time any external device can control the buses 10
transfer data between memory and )/O devices. (This is generally known as Direct Memory Access [DMA]
using cycle stealing), The maximum time for the CPU to respond to a bus request is the length of a machine
cycle and the external controller can maintain contral of the bus for as many clock cycles us is desired.
Note, howevey, that if very fong DMA cycles are used, and dynamic memories are belng used, the external
controller must afso perform the sefresh function, This situation only occurs if very large blocks of date are
transferred under DMA control Also note that during a bus request cycle, the CPU cannot be interrupted
by cither 2 NMI or an INT signal.
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Figuses 4.0-5A and 4.0-51 illustrate how a programmiable counter can be used to extend interrupt
acknowledge time. (Configured as shown to add one wait state)
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NON MASKABLE INTERRUPT RESPONSE

Figure 4.0-6 illustzates the request/acknowledge cycle for the non maskable interrupt. This signal is
sampled at the same time as the interrupt line, but this line has priority over the normal interrupt and it can
not be disabled under software contyol. Its usual function is to provide immediate responss to important
signals such as an impending power failure. The CPU response 10 a non maskable interrupt s similar to a
normal memery read operation, The only difference being that the content of the data bus is ignored while
the processor automatically stores the PC in the external stack and jumps to location 0066,. The service
routine for the non maskable interrupt must begin at this location if this interrupt is used.

HALT EXIT

Whenever a software halt instruction is exccuted the CPU begins executing NOP's until an interrupt is
received (either 2 non maskable or a maskable interrupt while the interrupt (lip flop is enabled). The two
interrupt lines arc sampled with the rising clock edge during cach T4 state as shown in figure 4.0-7. If a non
maskable interrupt has been received or a maskable interrupt hasbeen received and the interrupt enable
flip-flop is set, then the halt state will be exited on the next rising clock edge. The following cycle will then
be an interrupt acknowledge cycle corresponding to the type of interrupt that was received, If both are
received at this time, then the non maskable one will be acknowledged since it has highest priority. The
purpose of executing NOP instructions while in thé halt state is to keep the memary refresh signals active.
Each cycle in the halt state is a normal M1 (fetch) cycle except that the data reccived from the memeory is
ignored end a NOP instruction is forced internatly to the CPU, The halt acknowledge signal is active during
this tine to indicate that the processor is in the halt state,
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5.0 Z-80 CPU INSTRUCTION SET

The Z-80 CPU can execute 158 different instruction types including sl 78 of the 8080A CPU.
The instructions can be broken down into the following major groups:

Load and Exchange

Block Transfer and Search
Arithmetic and Logical

Rotate and Shift

Bit Manipulation (set, reset, test)
Jump, Call and Return

Input/ Output

Basic CPU Control

INTRODUCTION TO INSTRUCTION TYPES

e © » ¢ 0 & 0 o

2

The load instructions move data internally between CPU registers or between CPU registers and exter-
nal memory. All of these instructions must specify a source location from which the data is to be moved
and a destination location. The source location is not altered by a load instruction. Exmnples of
load group instructions include moves between any of the general purpose registers such as move the data
to Register B from Register €. This group also includes load immediate to any CPU register or to any
external memory location. Other types of load instructions allow transfer beiween CPU registers and
memory locations. The exchange instructions can trade the contents of two registers.

A unique sct of block transfer instructions is provided in the Z-80. With a single instruction a
block of memory of any size can be moved to any other location in memory. This set of block moves
is extzemely valuable when large strinps of data must be processed. = The Z-80 block searchi instructions
are also valuable for this type of processing. With a single instruction, a block of external memory
of any desired length can be searched for any 8-bit chyracter, Onee the character is found or the end of the
block is reached, the instruction automuatically terminates. Both the block transfer and the bloek seurch
instructions can be interrupted during their execution soas to not occupy the CPU for lung periods of time.,

The arithmetic and Jogical instructions operate on data stored In the accumulator and other
general purposa CPU registers or external memory focations. The results of the operations are placed
in the accumulator and the appropriate flags ate set according to the result of the operation. An
exsmple of an arithmetic operation is adding the accumulator to the contents of an external memory
location. Ths results of the addition are placed in the accumulator, Thisgroup also includes 1o-bit
addition and subtraction between 16-bit CPU registers.

The rotate and shift group allows any register or any memory location to be rotated right or left
with or without carry cither arithmetic or logical. Also, a digitin the accumulator can be rotated right
or left with two digits in any memory location,

The bit manipulation instructions allow any bit in the accumulator, any general purpose register
or any external memory location to be set, reset or tested with a single insteuction, For example,
the most significant bit of register H can be reset. This group is especially useful in control applications
and for controlling software flags in general purpose programming.

The jump, call and return instructions are used to transfer between various locations in the user's
program, This group uses several different techniques for obtaining the new program counter address
from specific external memory locations. A unique type of call is the restart instruction, This instruction
actually contains the new address as a part of the 8-bit OP code. This is possible since only 8 separate
addresses located in page zero of the external memory may be specified, Program jumips may also
be aghieved by loading register HL, 1X or 1Y dircctly into the PC, thus allowing the jump address to
be a complex function of the routine being executed,



The input/output group of instructions in the Z-80 sllow fot a wide range of transfers between
external memory locatlons ar the peneral purpose CPU registers, and the externat O devices, In
each case, the port number is provided on the lower 8 hits of the address bus during any 1/0
transaction, One instruction allows this port anmber to be specified by the socond byte of tha instruction
while ather Z-80 {nstructions allow it to be specified as thie content of the € register, One njor ad-
vantage of using the C register as a pointer to the /O device is that it allows different I/ 0 ports to
share common software drive: routines. This is not posiible when the address is part of the OF code
if the routines are stored {n ROM, Another featuic of thew: juput instructions is that they sct the
flag register automatieally so that addittonal operations are not cequired 1o determine the state of
tiwe input data (for exampls its parity). The Z-80 CPU includes sinzle instructions that can move
blocks of data (up 0 256 bytes) antomatically to o from any /O vort directly to any menory location,
In conjunction with the dua? set of peaeral purpose registers, these instructions pravide for fast
1/0 block transfer rates. The value of this /0 jastruetion set is demonstrated by tha fact that the
Z.80 CPU can provide all reguired oppy disk foveaatting the C*U provides the preamble, address,
dati and enables the CREC codes) on double density flapey disl arives an an interrupt driven basis,

Finally, the busic CPU camtol instructions atbow vatious uptions snd nodes. This group includes
instructions such as setting or resctfing the interrupt enabls flip flop o setting the mode of interupt

eSS,

52 ADDRESSING MODES

bost of the Z-80 instructions operate on data stored in internal CPU rogisters, external memory
or in the /O ports. Addressing refers to how the address of this datz is genarated in cach lastruction
This sectivn gives a brief summary of the types of addecssing used in the Z-80 while subsequent sections
eketail the type vf sodressing avadlubde oo cadde batoaetion giotp

Imntedizte, i thismode of addiesing the byte tollowing the O code in memory containg the
8 3 k:
actuat operand.

| (;!: C . 1 \( ons of 2 b)'(x.‘.‘;
Operand
dy iy

Examples of this typs of instruction would be to kil the accumulator with a constant, where the constant
is the byte immedintely fotlowing the OP code.

Immediate Extended. This mode is merely 21 extension of immediate addressing in that the two
bytes following the OF codesare the operamd.

OPcode |} one or 2 bytes

Operand | low order

Operand | high order

LY
Examples of this type of instruction would be to load the HL register- pair (16-bit register) with
16 bits (2 bytes) of data,



Modified Page Zero Addressing. The Z-80 has a special single byte CALL instruction to any of 8 locations
in page zero of memory. This instiuction (which is referred to as a restart) sets the PC to an effective
address in page zero. The value of this instruction is that it allows 1 single byte to specity 4 complete
16-bit address where commonly called subroutines are located, thus saving memory space,

de | oncbyte

b,
O Effective address is (bg by b3 000),

Relative Addressing.  Relative addressing uses onc byte of’ data following the OP cude to specify a
displacement from the existing program to which a program jump can occur. This displacement is
a signed two's complement number that is added to the address of the OP code of the following instruction.

OP Code ‘ Jump relative (one byte CP code)
Operand 8-bit two's complement displacement added to Address (A+2)

The value of relative addressing is that it allows jumps to neurby locations while only requiring two

bytes of memory space. For most programs, relative juinps are by far the most prevalent type of

jump due to the proximity of related program segments. Thus, these instructions can significantly
reduce memory space requirements, The signed displaccment can range between +127 and <128

from A+ 2, Thisallows for a total displacement of +129 to -126 from the jump telative OP code address.
Another major advantage is that it allows for wlocatable code.

Extended Addressing.  Extended Addressing provides for two bytes (16 bits) of addiess to be included
in the instruction, This data cattbe an addiess to sehicha program can jump or it ean be an address
where an operand is located.

QP Code }onc or lwo bytes

Low Order Address or Low order operand

High Order Address or high order operand

Extended addressing is rcquired for s program to jump from any location in memory to any other location,
or Joad and store data in any memory location.

1
When extended addressing is used to specily the source or destination address of an operand,
the notation {nn) will be used to indicate thecontent of memory at nn, where nn is the 16-bit address
specified in the instruction, This means that the two bytes of address nn are used as 4 pointer to a memory
focation. The use of the parentheses always means that the value enclosed within them is used as a
polinter to a memory location. For example, (1200) refers to the contents of memory at location 1200,

Indexed Addressing.  In this type of addressing, the byte of data tollowiny the OF code containg

a displacement which is added to one of the two index registers (the OP code specifies which index
register is used) to form a pointer to memory, The contents of the index register arc not altered by this
operation,

OP Code
two byte OP code
QP Code .

Bisplacement Operand added to index register to form a pointer to memory.

21



An example of an indexed instruction would be to load the conterits of the memory location
(Index Register + Displacement ) into the accumulator. The displacement is a signed 1wo’s complement
number, Indexed addressing greatly simplifies proprams using tables of data since the index register
can point to the start of any table, Two index registers are provided since very often operations require
two or more tables, Indexed addressing also allows for relocatable code.

The two index registers in the Z-R0 aze referred to as 1X and IY ., To indicate indexed addressing the
notation:

(IX+d) or (IV+d)

is used, Hered is the displacement specificd after the OP code. The parentheses indicate that this
value is used as a pointer to external memory,

Repister Addressing.  + any of the Z:50 0P codes contain bits of information that specify which
CPU register is to be used for sn operation. An example of register addressing would be to Joad the
data in register B into register €,

Emplicd Addreusing, fmplisd addreszing refers o vperations where tie OF code automatically
tmplies one or more CPU registers as containing the operands, An example k the set of arithietic
aperations where the aceumlator iz aly d te be the destination of the results,

Register Indirect Addressing.  This type of addressing specifies a 16-bit CPU register pair (such asHL)
to be tised as a pointer to any location in memory, This type of instruction is very powerful and
it is used in a wide range of applications,

l()P Coda !}npv ortwohytes
/

An example 6f this type of instruction would be o load the secumulator with the data in the memory
location pointed to by the HL register contents. Indexed addressing is actually a form of register indirect
addressing except that a displacement is added with indexed addressing  Register indirect addressing
allows for very powerful but sinple to implement memory accesses. The block move and search conunands
in the Z-80 are extensions of this type ot addressing where automatic register incrementing, decrementing
and comparing has been added. The notation for indicating register indirect addressing is to put
parentheses around the name of the register that is to be used as the pointer, For example, the symbof

(ML)

specifies that the contents of the HL register are to be wed asa pointer to 2 memory focation. Qften
register indirect addressing is used to specify 16-bit operands. In this case, the register contents

point to the lower order portion of the operand while the register contents are automatically incremented
to obtain the upper portion of the operand,

Bit Addresing.  'The Z-80 contains a large numbier of bit set, resat and test instructions. These
instructions allow any memory location or CPU register 1o be specified for a bit operation through

onc of three previous addressing modes (register, register indirect and Indexed) while (hree bits in the OP
cade specify which of the eight bits s to be manipulated.

ADDRESSING MODE COMBINATIONS

Many instructions include more than one operznd (such a3 arithumetic instructions or loads). In
these cases, two types of addressing may be employed. For example, load can use immediate addressing
to specify the source and register indircct or indexed addiessing to specify the destination,



53 INSTRUCTION OP CODES

This section describes each of the Z-80 instructions and provides tables listing the OF codes for every
instruction, In each of these tables the OP codes in shaded areas are identical to those offered in the 8080A
CPU. Also shown is the assembly language mnemonic that is used for each instruction. All mstruction OF
codes are listed in hexadecimal notation, Single by te OP codes require two hex characters while double
byte OP codes require four hex characters. The conversion from hex to binary is repeated here for
convenience.

Hex Binary Decimal Hex Binary Pecimal
0 = 000 = 0 8 = 1000 = 8
| = 000f = 1 9 = o1 = 9
2 = 0010 = 2 A= 1t = 10
3 = 001! = 3 B = ot1r = 1l
4 = 0100 = 4 ¢ = oo = 12
s = 0l01 = 5 b = nm = 13
6 = 0110 = 6 E = . = 14
7 o= o= 7 F = iy = 15

Z-80 instruction mremonics consist of an OP code and zero, one or two operands. Instructions in
which the operand is implicd have no operand. Instructions which have only one logical operand or those in
which one operand is invariant (such as the Logical OR instruction) are represented by a one operand
mnemonic, Instructions which may have two varying operands are represented by two operand mnemonics,

LOAD AND EXCHANGE

Table 5.3-1 defines the OP code for all of ihe 8-bit load instructions implemented in the Z-80 CPU,
Also shown in this table is the type of addressing used for each instiuction. The source of the duta is found
on the top horizontal row while the destination is specified by the lett hund coluran. For exaraple, load
register C from register B uses the OP code 48H. In all of the tables the OP code is specified in hexadecimal
notation and the 48H (=0100 1000 binary) code is fetched by the CPU from the external memory during
M1 time, decoded and then the register transfer is automaticully performed by the CPU.

The assembly language mnemonic for this entire group is LD, followed by the destinasion followed
by the source (LD DEST., SOURCE). Note that several combinations of addressing modes are possible, For
example, the source may use register addressing and the destination mav he register indirect: such as loud
the wemory location pointed to by register HL with the contents of register D. The OP code for this
operation would be 72, The muemenic for this load instniction would be as follows:

LD (HL), D

The parentheses around the HL means that the contents of HL are used as @ pointer to @ memory location,
In all Z-80 load instruction mnemonics the destination is always listed first, with the source following. The
Z-80 assembly language has been defined for case of programming. Every instruction is self documenting
and programs written in Z-80 language are casy to maintain,

Note in table 5.3-1 that some load OP codes that are available in the Z-80 use two bytes. This is an
efficient method of memory utilization since 8, 16, 24 or 32 bit instructions are implemented in the Z-80,
Thus often utilized instructions such as arithmetic or logical operations are only 8 bits which results in
better memory utilization than is achieved with fixed instruction sizes such as 16-bits.

All load instructions using indexed addressing for either the source or destination location
actually vse three bytes of memory with the third byte being the displacement d. For example a load
register E with the operand pointed to by 1X with an offset of +8 would be written:

LDE, (IX +8)



The instruction sequence for this in memory would be:.

OP Code

Displicement operind

; .
The two extended addressing insteuctions s also-thres byte imsteuctivns, For example the instruetion to
load the accumulator with the operand in memory location 617324, would be written:

| e At

LD AL (6 3213

and its iastruction sequence would be: !

Address A I 3 ! QP Corde o
Al 32 ! fivw order nddress

Faa order adiea

Natice that the low order pastion of the address b shvays the first operend.

The load tranediate instrue tions {or the general purpose Sbit registers are two-byte instructions. The
instrestion Joad repister Howith the vadue 3ol would be wiitien .

LD L 36k

and its sequence would be:

Address A OF Coda

K (»f Gpvand
e 5.
Louding 2 memory location using indexed addeessing for the destination and ingmedinte widiessing {or the
source requires four bytes. For example:
B (X~ 153,211 ,
would appear as:

Address & {BD
QF Code

Aty 30 v :
At2 disphicemen: 051

signed two's complemnaat) '
At3

nporend to lead

. ) . T
Notice that with any indexed addressing the displaceinent always follows divectly nftes the OF code.

Table 5.3-2 specifics the 16-bit load operations. This table is very similar to the previous onz. Nulice
that the extended sddressing capability covers all tepister paits, Also notice that register indirect operations
specifying the stack pointerare the PUSH and POP instruetions. The maemonic for thesz instructions is
“PUSH” and “PCP.” These differ from other 16-bit loads in that the stack painter is attomatically decre-
mented and incremented as each byte is pushed onto or popped from the stack cespectively. For examiple
the instruction:



PUSH AF

is a single byte instruction with the OP code of F5H. When this instruction is executed the following
sequence is generated:

Decrement SP

LD (SP), A
Decrement SP
LD (SP), F
Thus the external stack now appears as {ollows:
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The POP instruction is the exact reverse of a PUSH. Notice that all PUSIT and POP instructions utilize «
16-bit operand and the high order byte is always pushed first and papped last. That is a:

PUSH BC s PUSIHE B then ©

PUSt DE s PUSH D then B

PUSHTHIL s PUSHE I then L

POP HL PO Lthen H
The instruction using extended imimediate addressing for the source obviously requires 2 bytes of data
tollowing the OF code, For example: .

L1 DE, 06S9H

will be:

Address A 1] 0P Caddz

Al |59 1 Low order operand o register £

At} 06 | High ordes Gperand (wregister D

In alt extended immediate or extended addwessing modes, the low order byte alwavs appears first after the
OF codz.

Table & 3-3 lists the 6-bit exchange structions implemented in the 2-80, OP code 08H allows thye
programmer to switch between the two pairs of aveunulstor flag registers while DOH allows the pro-
gramuter to switch between tie duphicate set of six general purpose registers. Thesz QP codes are only one
byte in length to absolutely minimize the tine necessary to perforn the exchange so that the duplicate
banks can b2 used to effect very fast interruptrcsnionss timos.

BLOCK TRANEFER ARD SEARCH

Table 8.3-8 lists the exmramely povs2ifud bieel bansfer instrociions. Al of these inatructions operate
srith theee repistois,

HI. paints 1o the sonree locatron,
DE paoints to the destination location,

2 s abyte commta.

After the programimer has initialized these three repisters, any of these four insteuctions muy be used. The
LI (Load and Increment) instruction moves one byte from the location polnted to by HL to the location
pointed to by DE, Repister pais HL and DE are then antomatieally inereimented and are ready to point to
the following locations, The byte counter (register pair BC) is also decremented at this time. This instruc.
tion is valuable when blocks of data must be moved but other types of processing are required between euch
move, The LDIR (Luad, increment amd repeat) instiuction is an extension of the LD instruction. The same
load and increment opzration i3 repeated until the byte counter reaches the count of zero. Thus, this single
instruction can move any block of dats from one location to any other,

Rote that since 16-bit registers are used, the sive of the biock can be up to 64K bytes (1K = 1024)
long and it ¢2n be moved from any lecation in memory to any other location. Furthermore the blocks can
be overlapping since there are absolutely no constrainis on the data that is used in the theee register pairs.

The LDD and LDDR instructions are very similar to the LDE and LDIR, The only difference is that

register pairs HL and DE are decremented after every move so that a block transfar starts from the highest
address of the designated block rather than the lowest,

26
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ARITHMETIC AND LOGICAL »

Fable §.2-6 Hnts slt of thie S bitadithanciic pperations that can e perfosmed with the accumulator,
also listed arc the increment (INC) aud degremient (DEC) instructions. In-ali of these instructions, except
INC and DEC, the specified 8 bit aperation is perfomred between the data i in the zecumulator and tha
saurce data specified in the table. The result of the operation is placed in the aceumulstor with the excep-
tion of compare (CP) that leaves the accumulator unaffected. All ofllusu)pcmuons affect the flug
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both source and destination of the result. When the source operand is addressed nsing the index registers

the displacement must follow directly. With xmmedxatc addressing thc actyol operand witl follow directly.
For example the mstmcnon. :
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AEG.

INDIR,

{HL}

ED CPK

Al Ing HL., Dec BC

ED ‘CPIR", tnc ML, Dac BC

Bt ropaat until BC = 0 or tiwd match
ED Py

A CFD” Dec HL & BC

[3+] ‘CPOA’ Do HL & BC

oo Expaatuntil 8C = 0 o7 find metch

EL polate to hocation In memory
ta b compiied with toourmdstor
caRtentl
EC 1 byte coenier
BLOCK SEARCH GROUP

TABLESS-G

Assuming that the accumulator contained the value F3H the result of 03H would be placed in the
accusmulator:

Acc before operation 1111 0011 = F3H

Operand 0000 0111 =07l

Result 10 Acc 0000 00! 1 = 031

The Add instruction (ADD) performs a binary add between the data in the source location and the

data in the accumulator. The subtract (SUB) does a binary subtraction, When the add with camry is specified
{ADC) or the subtract with carry (SBC), then the carry flag is also added or subtracted respectively. The
flags and decimal adjust instruction (DAA) in the 2-80 (fully described in section 6.0) allow arithmetic
operations for:

multiprecision packed BCD numbers
multiprecision signed or unsignsd binary numbers

multiprecision two's complement signed numbers
Other instructions in this growp are logical and (AND), logical or (OR), exclusive or (XOR) and compare (CP).

There are five general purpose arithnietic instructions that operate on the accumulator or carry flag.
These five are listed in tabls 5.3.7. The decimal adjust instruction can adjust for subtraction as well ax add-
ition, thus making BCD arithmetic operations simple. Note that to allow for this operation the flag N is used.
This flag Is set if the Jast arithmetic operation was 1 subtract. The negate accumulator (NEG) instruction
forms the two's complement of the number in the sccumulator. Finatly notice that a reset carry instruction
is not-included in the Z-80 since this operation can be easily achieved through other instructions such as a
logical AND of the accumulator with jtself,

Table 5.3-8 lists all of the 16-bit arithmetic operations between 16-bit registers. There are five groups
of instructions including add with carry and subtract with carry. ADC and SBC affect ali of the flags. These
two groups simplify address calculation operations or other 16-bit arithmetic operations,
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n il

16 1T ARITHMETIC
TABLE 53-8

ROTATE AND SHIFT

A major capability of the Z-80 is its ability to rotuate or shift data i the accnmulator, any general pu-
pose register, or any memory location, All of the rotste and shift OP codes are shown in table 3.3-9. Also
included in the Z-80 are arithmetic and logical shift operations. These operations are wsetul in an extremely
wide range of applications including integer multiplication and division. ‘Two BCD digit rotute instructions
(RRD and RID) allow a digit in the accumutator to be rotated with the two digits in a memory location
pointed to by register pair HL. (Sce figure 5.3-9). These instructions allow for efficient RCD arithmetic.

BIT MANIPULATION

The abiity to set, reset and test individua! bits in a register or memory ltocation is needed inalmost
every program, These bits may be flags in a general purpose software routine, indications of external con-
trol conditions or data packed into memory focations to make memory utilization more efficient,

The Z-80 has the ability to set, resat or test any bit in the accumulator, 20y gencral purpose register
or any memory location with a single instruction, Table 5.3.10 lists the 240 instructions that are gvailable
for this purpose. Register addressing can specify the accumulator or any general purpose register on which
the operation is to be performed, Register indirect and indexed addressing are available to operate on
extemal memory locations. Bit test operations set the zero flag (2) if the tested bit isa zero. (Refer to
section 6.0 for further explanation of flag operation).

JUMP, CALL AND RETURM

Figure 5.3-11 lists ail of the jump, call and return instructions implesented in the Z-80 CPU. A jump
Is a branch in a program where the program counter is loaded with the 16-bit value asspecified by one of the
three available addressing modes (Immediate Extended, Relative or Register Indirect), Notice that the jump
gronp has several different conditions that cun be specified to be met before the jump will be made, If
these conditions are not met, the program merely continues with the next sequentiul instruction. The
conditions are all dependent on the data in the flag register, (Refer to section 6.0 for details on the flag
register). The immediate extended addressing is used to jump to any location in the memory, Thisin
struction requires three bytes (two to specify the 16-bit address) with the low order address byte first
followed by the high order address byte,
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ROTATES AND SHIFTS
TABLE 5.3-9

For example an unconditional Jump to memory location 3E32H would be:

Address A | C3|OPCode
A+1} 32 | Low order address
A+2} 3E | High order address

The relative jump instruction uses only two byles, the tecond byte is a signed two’s complement dis-
placement from the existing PC. This displacement can be in the range of +129 to -126 and is measured
from the address of the instruction OPF code.

Tixee types of register indirect jumps are also included. These instructions are implemented by loading
the register pair HL or one of the index registers IX or 1Y directly into the PC. This capability allows for
program jumps to be a function of previous calculations.

A call is a special form of a jump where the addiess of the byte following the call instruction is
pushed onto the stack before the jump is made. A return instruction is the reverse of a call because the
data on the top of the stack is popped directly into the PC to form a jump addiess. The call and return
instructions atlow for simple subroutine and interrupt handling, Two special return instructions have been
included in the Z-80 family of components. Thereturn from interrupt instruction (RETI) and the return
from non maskable interrupt (RETN) are treated in the CPU as an unconditional return identical to the QP
code C9H, The differenice is that (RETY) can be used at the end of an interrupt routine and all Z-80 peripheral
chips will recognize the execution of this instruction for proper control of nested priority interrupt handling,
This instriction coupled with the Z-80 peripheral devices implementation simplifies the norgal return from
nested interrupt, Without this feature the following software sequence would be necessary to inform the
interrupting device that the interrupt routine is corpteted:
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Disuble Interrupt — ptevent interrupt before
rowine is exijted.

LDA,n - notfy peripheral that service

OUTn, A rowtine is eomplete

Enable Interrupt

Return
This seven byte sequence can be replaced with the one byte Elinstruction and the two byte RETI instruction
in the Z80. This is important since intezrupt service time often must be minimized,

To facilitute program loop control the instruction DINZ e can be used advantageously, This two byte,
relative jump instruction decrements the B register and the jump occurs if the B register has not been decre-
mented to zero, The relative displacement is expressed as a signed two's complement number. A simple ex-
ample of its use might be:

Address Instruction Commenits
N, N+1 DB, 7 i set B register to count of 7
N+2toN+9 (Perform a sequence )
of instructions) i loap to be performed 7 times
N+10,N+11 DINZ -8 tojump from Nt 12toN+2
N+12 (Next Instruction)
CONDITION
UN- NON NON  [PARITY {PARITY | SIGH SiGN REG
COND | CAHRY) CAARY| ZERO ZERO |EVEN [OOD NEG oy 820
. o3 pa | o2 | ca | c2 ) EA | E2 FA | Fa
dume P IMMED, nn n n n n L] n n n "
EXT. L3 n h n n ] 0 n n
e R AELATIVE{ PCts | 18 23 30 ki 20
2 -2 2 e2 2
JUMP Hy | €9
Jume e REG. ) | oo
INDIR, €9
e ay) | FO
£8
o w o o e [ed e [es [rc|ma
CALL {MMED. no n n n n n n " [ n
EXT, n n n 0 n L] n n o
DECREMENT 8,
JUMP IF NON | RELATIVE | PCte 10
TERD DINZ’ *2
AETURN REGISTER | (32} | cv R {00l {co |e2 |ta £ | fo
‘RET INDIR. (sp+1) :
RETURN FROM | REG. (sp) { ED
INT “RETI INDIR, (5r+1)] 4D
RETUAN FROM
NON MASKABLE | REG (39) ED
INTRETN' INDIR. ISPt} ] 45
MOTE-CERTAIN
FLAGS HAVE MORE
THAN ONE PURPOSE.
REFER YO BECTION
6.0 FOR DETAILS JUMP, CALL and RETURN GROUP
TABLE 5.3~11



#Table 5.3-12 lists the cight OP codes for the restart instructivn. This inskruction is a single byte call te any
of the eight addresses listed. The simple mnemonic for these eight calls is also shown. The value of this m-
struction is that frequently used routines can be called witl this inshiuction Lo minimize WEMOTY Usige,

op
CODE
oo, | c7 | asto
o000, | o | mste
€ |@0,f B7 | -psrie
L
L -
A |®0] OF | crevae
0
o
B w20 £7 | msrae
H
s
cozt, | EF | qgyen
wn,] 77 | asrer
oo3s, | #F | nsTse
RESTART GROUP

. TABLE §,3-12

DPUT/QUTPUT

The Z-80 has an extensive set of Input and Output instructions as shown in table 5.3-13 and table
.5.3-14. The addressing of the input or output device can be either absolute or register indirect, using the C
register, Notice that in tha register indirect addressing mode data can be transferred between the 1/0 deviges
and any of the intemal registers. In addition eight block transfer instructions kave been implemented. These
instructions are similar to the memory block transfers except that they use register palr HL for a pointer to
the memory source (output commands) or destination (input commands) while register B is used as a byte
counter. Register C holds the addtess of the port for which the input or output command is desired. Since
register @ Is cight bits in length, the [/O block transfer command handles up to 256 bytes.

In the instructions IN A, nand OUT n, A the [fO device address n 2ppears in the lower half of the add-
rezs bus (Ag-Aq) while the accumulator content is transferred in the upper half of the address bus, In all reg-
ister indirect input output instructions, including block §/Q transfers the cohtent of register C is transferred
to the lower half of the address bus (device address) while the content of register B is transferred to the
upper half of the address bus.

35



SCURCE
PORT ACDRESS

1SAMEDL HEG,
INBIH.
{ni | (@
A Ut o
Lt 7
] ED
0
3
e le 0
4
wout AN A
B o /]
H £
" I 2]
i 2
INPUT N
DESTINATION ¢ e )
by 0
(M
; ™
o}
orcigeng R 1 i T
Ine HL, Dac A?
IR IRD, Ing HL, e
Gac D, REPEAT IF 610 - B2
::3};}- o) BLOCK INPUT
HOIR COMASAKDS
RO TNPUT & 141]
e HL, Uec 3 AN
ARDR'= [HPUY, Lt L, ]
e B, REPEAT IF B#0 s
INPUT GROWD
TABLE 5.3--1
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The final table, table §.3-15 flustrates the six genieral purposz CPU control instructions. The NOPisado-
nothing instruction. The HALT instruction suspends CPU operation nntil a subcequant mtesrupt is received,
while the Dl and EI ave used to luck out and emahle interrupts, The three intesrupt meds commands sot thie
CPU into any of the three available internupt response modes as follows, If mode zero is set the interrupting
device can insert any instruction on the data bus and altow the CPU to exccute it. Mode | is a simplified
mode where the CPU automatically executes a restart (RST) to location 0038H 50 that no exsernal hardware
is required, (The old EC content is pushed onto 1he stack), Mode 2 is the most powerful in that it allows for
an indirect call to any location in memory, With this mode the CPU forms a 16-bit memory address where
the upper 8-bits are the content of register | and the lower B-bits are suppiied by the interrupting device, -
This address points to the fint of two sequential bytes in a table where the address of the service routine is
located. The CPU automatically obiains the starting address and performs a CALL to this address,-

. Address of interrupt w2— Pointer to Interru ptAtable. Reg.
1is'upper address, )
Peripheral supplies lower address « .

servics routmc
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TABLE 6.3~-14

AT

CARABLE IRT AP

EMABLE WY (EH

SETINTNODEO 1 ED | rovonmone

SETINTMODE1 | €D
. 5o | CALLTOLOCAYIOH 0033,

BET INY MODE 2 ED INDIRECT CALL USING REGISTER
‘mzr &€ 1 AND 8 BITS FROM INTERRUPTING
DEVICE AS A POINTER

RISCELLANEOUS CPU CONTROL
TABLE 5,3--15
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6.0 FLAGS

Each of the two Z-80 CPU Flag repisters contains six bits of information which are sel or reset by
various CPU operations. Four of these bits are testable; that i, they urce used as conditions for jump, c_ull. or
return instructions. For example a jump may be desired only if a specific bit in the flag reyister is set. The
four testable flag bits arc:

1) Carry Flag (C) - This flag is the carry from the highest order bit of the accumulator. For example, the
carry flag will be set during an add instruction where a carry from the highest bit of the accumulator
is generated. This flag is also set if a borrow is generated during a subtraction instruction, The shift
and rotate instructions also affect this bit.

2) Zero Flag (Z) — This flagis setif the result of the operation loaded a zero into the accumulator. Other-
wise it isresct.

3) Sign Flag (S) — This flagis intended to be used with signed numbers and it is set if the resuit
of the operation was negative. Since bit 7 (MSB) represents the sign of the number (A negative
number hasa | in bit 7), this flag stores the state of bit 7 in the accumulator,

4) Parity/Overflow Flag (®/V) - This dual purpose flag indicates the parity of the result in the accumulator
when logical operations ate performed (such as AND A, B) and it represents overflow when signed
two's complement arithmetic operations are performed, The Z-80 overflow flag indicates that the
two's complement number in the accumulator is in enor since it has exceeded the maximun pos-
sible (+127) or is less than the minimum possible (-128) number than can be represented in two's
complement notation. For example consider addiny:

+20= 01111000
+105 = 0110 100

C= 0 H100001 = 935 (wiong) Overflow has occured

Here the result is incorrect. OverMow has vecurred and yet there is no carry to indicate an error,
For thiscase the overflow flag would be set. Also consider the addition of two negative numbers:

5 = 1iion
o= 11110000
C= 1 10 = 220 comect

Netice that the answer is correct but the carry is set so that this flag can not be used as an ovei
flow indicator. tn this case the overflow would not he set,

For logical operations (AND, OR, XOR) this flag is set if the parity of the result is even and itis
reset it it is odd.

There are also two non-testsble bits in the tlag register. Both of these are used for BCD arithmetic. They are:
1) Half carry () — This is the BCD carry or borrow reault from the least significant four bits of eperation,
When using the DAA (Decimal Adjust [nstruction) this flag is used to correct the result of a
previous packed decimal add or subtract.
2) Subtract Flag (N) — Since the algorithm for cosrecting BCD operations is different for addition or
subtraction. this flag is used 1o specify what type of instruction was executed fast so that the
DAA operation will be correct for either addition or subtraction,

The Flag register can be accessed by the programmer and its format is as follows:

BARDATNNE

X means flag is indeterminatc.
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Table 6,0-1 lists how each flag bit is afiveted by various CPU instructions. Fn this table a*e” indicates
that the instruciion docs not change the fiag, co X means thai the flag goes (o an indeterminate state, 20"
mans that it s reset, a *) means that it is sot and the symbol *4" indicates that it is set or reset according to
the previous discussion, Notz that any insiruction not appearing in this table dues not afleet any of the Hups.,

Table 6.0-1 includes a few specinl cazas that must be deseribad for clarity, Motice that the block search
instruction sets the Z flag if the last conipzee operation indicated a match between the source and the
accumuletor data, Also, the parity flagis sat if the byte counter (register pair BC) is not cqual to zero. This
sarne use of the parity flag is made with the block move instructions Another special case is during bloc
input or output jnstructions, here the Z flag is used to indicate the state of repister B which is usc(fzxs 4
counter. Notice that when tie )/G blodd transies is complete, the 2ev0 will be cosat to g zeto (e, B=0)
whilz in thiz case of a block move comnand the parity flap is teset when the operationis cemplate, A final
case is when the refresh or { register isJoudid into the arcumulator, tiw interrupt exable Uiy flop is loadzd
into the parity flag so that the complete state of the CPY can be saved at any time.

40



Instruction CiZ 1’5 NIH | Corzments

ADD A, 5. ADC A t1tivitiofs 8-bit add or add with cany

SUD % SBC A, 5, CPs NLG P{LiviEgLgt 8-bit subtract, subtract wilh carry, compare and
negate accumulator

AND 3 oftiPjtjall } Lugical operations

OR 5. XOR s 0}$1P1$10j0 | Andset’sdifferent flags

INCs oftIVit]O]|f [ 8bitincrement

DEC m o|t{Vit it | 8bitdecrement

ADD DD, 15 t{ofo]|e|O[X | 16:bitadd

ADC HL, s 31EIVIIO[X | 16-bit add with carry

SBC HL, 18 ${8]VisIL{X | 16bit subtract with cury

RLA;RLCA, RRA,RRCA jjoteje0|0 Ratate accumulator

RL m: RLC m: RR m; RRC m $[¢|P{$10]0 | Rotate and shift location m

SLA m:SRA m: SRLm

RLD, RRD o HPI310O(0 | Rotate digit foft and right

DAA $ptipitle|t | Decimal adjust accumufator

cPL ojefetofl|1 | Complement accumulator

SCF 1jefolel0]0 | Setcamy

CCF t|e]|o|e{O[X | Complement carry

Nt (€) o|tIP{+10]0 | Input register indirect

INI; IND; OUTt; QUTD of$IX{X]L[X ’ Block aput and output

INIR; INDR; OTIR; OTDR ol 1IX|X|t[X {§ Z=0ifB#0otherwise Z= )

L1, LDD ofx}tixjolo } Block transfer instructions

LDIR, LDDR ®iX{0IX10[0 |} B/V=1ilBC 0, ctherwisa PV =0

C?1,CPIR, CPD, CPDR ol +I{41 11X | Plock zearch instsuctions

- L= 1if A=(HL), othetwise Z= 0

¥/V = | if BC % 0, otherwise P/V = 0

IDALIDAR el $PCEL10] 0 | The content of the interrupt enable flip-flop (IFF)
Is copied into the PV flag

BITb,s o tIX|X|0]1 | The state of bit boflocation s it copied into the Z MNag

NEG tislvithatt Negate accunulator

The following notation is used in this table:

Symbol

] B PHRE"Y NCK=O0

Upteatlon

Carry flink flag, C=} if the operation produced a carry from the MSB of tha epermd or Kesult,
Zera fleg. Zo LI the result of the operaticit Is tero,
Sign flag. S=1 If the M3D of o resdt by ome.

Parity or overllow flag. Pxrity (P) sed overflow (V) share the same flsg. Logical operations affect this flag
with the perity of the result whiks erithmetic operations affect this flag with the ovesfiow of the result. If PV
holds paity, P/V=1if the result of the operation is even, PAV=0L resull i 0dd. I F/V holds overflow, PfV=)
if B result of s operation produced an overflow,

thalfcxdry fing. He1 if the add or subimet opaation produced a casty Info or boyrow from into bit 4 of the accunsulator,
AdafSubtract 13z H=] (€ the prsvicus cpeeation was a wbisact.

Haad K flags are wed in conjunction with tho decims! adjust instruction (DAA) to propetly covect the re-
sult into packed BCD format Foliowing addition or subtraction using opesrnds with packed BCD format.

The fiag is affocted :ccmdinﬁ to the result of the opsation.
The flag is unchanged by the opesation. P
‘The fiag s reoat by the operation.
The fiag is st by the openation,
The flag is & “don't care,”
PV flag mizectod actonding to the ovorlfow result of the operation,
PfV flag nffected according to the petity result of ths operation,
Any one of the CFU regsten A, B, C, D, E, H, L,
Any 8-bit locstion (or all the sddresting modes tliowed for (he particular instruction, ,
Any 16-bit location for &l the sddreasing modes eflowed for that instruction.
m one of the two index registens [X or 1Y,
esh counter,
8-bit valua In renge <D, 155>

16-bit waluo In rargs <0, 65535>
Ay 8-bit location for all the addeetsing modes allowed (or the particular insiructbon. .

SUMMARY OF FLAG OPERATION
TABLE 6.0-1
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7.0 SUMMARY OF OP CODES AND EXECUTION TIMES

The following section gives a sununaty of the Z-8Q mstructivns set. The instructions are logicully arranged
into groups as shown on tables 7.0-1 through 7.0-1 1. Each table shows the assembly lunguage mnemunic
OF code, the actual OP cude, the symbolic operation, the content of the flag register following the execu-
tion of each instruction, the number of bytes required for cach instruction as well as the number of memory
cycles and the total number of T states (external clock periods) required for the fetching and execution of
each instruction. Care has been taken to make each table sellexplunatory without requiring any csoss refer-
ence with the test or other tables,
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N Flags ORCode z“- :;’M L‘;’T
Mnemonic Operation CILZPIVS|INI{H |76 543 210 | Oytes Cyches | Cycles | Comments
oz r ter olesjelejeleol ¢ r 1 ] 4 nr Reg.
nn ten sfo|e|e|o[e 00 ¢ W10 ] 2 1 7 000 B
- n - 001 c
LD, (HL) 1~ (HL) . . sied0l r 110 1 2 7 010 b
LD r, (X)) | 1+ (IX4d) sleleletelotriont o1 |3 H 19 01! E
0 ¢ 110 100 H
- 4 - st L
LD 1, (IY#) | re(IY4d) sjefjafalets |1l 211 108 3 L 19 m A
01 ¢ 10
- 4 -
1D ), e ML) -1 afofelojele o1 310 ¢ H 2 1
LD (iXed), s | (IX+d) -t ale|elufo]a it ott 101 | 3 5 19
Ol 110 ¢
- d -
LD EYsd): | (IYed)o-r ofolefeiefoltt 11l 101 3 H 13
oL no r
- 4 -
LD (L. | (i) -n afslefolotejoo o 1o § 2 3 10
- -
1D (IX+d),n | (X#E) s atelefelolelly nt1 101 4 s 3
60 110 t1o
- d -
- -
1D (IY+d),0 | (IY+d) e-n olafelefefa]ll 11l 1N 4 5 19
00 110 110
- 4
e n
LD A, (BC) A (BC) ajefefe] oo 0000t 010 i 2 7
LD A (DE) | A~(DFY eletelefuisiCOOIl Ol0 ] 1 2 1
LD A, [nn) A(an) slofotalefe (GO 111 010 | 3 4 13
- n -
- -
LD (BC). A (BC) ~ A ofslejeafele (00000010 | I b 7
LD (DE), A (BE) -~ A olelojele|e (00010010 | ! 1 7
LD (al A | taie-A olefofefelolco 110 0i0 § 3 4 13
- n -
- 8 o~
DAt As1l ’ ey tNFF L O] 0131 101 101 § 2 2 9
ol g tu
LA R A+R oy SHTF I} OF 0111 100 IOL § 2 1 9
o1 o011 111
WA 1=4 olal el ole|ni 101101 § 2 2 ?
01 662 11}
LOR,A Re-A wlofelol elofrrtor 1012 2 9

o1 ol 11

Nates: 1, ¢ masy my of the mghken A, B, C, DL E, R L

IFF the content of (ks interrupt eruble flip-Nop (IFF) s copied into the P/V flag

Fiag Notstion: @ = flag not affectod, 9 = flggresct, | = Nag w1, X » 6 s wnknown,
$ = (Leg is affecesd eccoading bo the yendt of the apenalion,

8-BIT LOAD GROUP
TABLE 7.0-1
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igs OpLods Ny, Ko.
Symbok V ol of T
Mnovsnic Oparetion L AIR) HEN[78 503 210 | Mysi | Cromn | Zistes | Commenn
L0482 na ol -2 ofe[s]s]efo0oasoo0r | 2 3 10 4 P
- o8 - LI e
- LIRS
LD IX, e Xem ofa]efejelitoii o | « 1 " o hL
"3 109 801 1noose
- o -
- a -
WD IY. s 1Y~ wlefefofofnn o 4 "
00 160 091
“on o
[
LD ML, tan} | H-tnaoty slufol sfelegniaio| 3 3 1
1L-fan) R
- n - .
ID & (aa} [ ey —pemel) sisleleiopiiior sonf 4 s nm
# — (o) I T
. n o
- n -
MR i | 1%y~ teath) slufofofeftiotn s | o o
1 - (e € 191 010
- 5 o~
- o .
LD, (ma) § 83y v dwati) efelefelolinatn o} 2 3 a
AR o0 101 010
- -
- -
LD tna) KL | {zarb) W sjefs{slalw a0l 3 s 15
o)L [N
. oa .
ED (n). 0 | (=me)) - gty slofeiefoltl 32 01| 4 . n
[T [UIIaRIH
L
- -
- B -
[T 3 ER TR sfofetefalirottam| ¢ ‘ Pl
Rt W 102 Bi0
- o
- n
Loinm, 1Y | gty 1Y, ool el it 1] 4 ] R
(3} 1Y) 69 100 010
- 4 =
- .
togrt | SPent efo|ledafe|nte0on] 4 i 3
LD AP X e wlefot el si20 0t J01} 2 2 L0
T e
LDIFIY 22ty eyeiat otel FE U1 2OEE 2 1 1
111 Got ny Py
PULH o D -aay simfel ol etil gy ol 3 3 1 0 B
. 1 agy 8 DE
et 0L CF-n -y slalotelodti oy st 2 . 31 1 ML
(513 1y NECRC noAr
wosn Y (r-nery, slotal sladtl it} 2 4 1]
-0 -ivy it 16e 10t
(=1 L Vil elololololit g2 0mt) 1t 3 i
-
el By - 91} ofelad ol od 1t 841 301) 2 4+ 1]
Xy 60 100 003
oy g 801} ol o J CEIRUNT ] L} 3
LA 1 1 onl
Mot ubn-rmmmmu.m.a-
@4 ey of tha hugietes o AT, KG, D
w;\u;'amlmnw-mub-mnr@thuolmm;mupwm{m«mly
Be. B0, C APy =A

Piag Notetiom: @ v fag 001 sffoctad, O » flag semt, | = fag set, X = Mig e onknons,
3 flag be séisatust accolling 10 the sexaft of the operition.

16-BIT LOAD GROUP

TABLE 7.0-2
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Flogs OpCoda
y £ No, No. No,
Syminhic 7 of of M of T
Mnemonic Cperstion olztv N]M]76 54) 210 | Bytes Cycles | States | Comments
£X DE, HL DE --HL olele el i1l 101 011 1 i 4
FX AF.AF AF - AF siolefejele |00 001 00O 1 1 4
EXX ( slelafs]ejairl oll 003 i 1 4 Registee bank and
DE )4 DE’ tuxitary register
H 1L, bink exchange
EX(SP) NIL | He (SP+1) eleleleteloifl 100 01 1 s 19
1. (5P)
EXGPLIX | X spen |afelefsjelejiionor [ 2 6 2
Xy = ish 14 100 011
EXGELIY [ 1Y a5y feletaleleiolin tingon |2 6 B
vy =15k 11 100 01}
@
ol iDEY~(HLy Jo|elyjelofo|rr 101101 | 2 4 16 Losd (ML) into
9 £ &l
DE ~ DE# 10 100 000 (vz*;.’l-c""‘l':;""“ the
UL - HLed docrement the by
8L -~ B counwy (BC)
LDIR DEY-¢IL) e |sjofefatodil tor 10y | 2 s 21 rsceo
DE - DLy 10 110 000 § 2 4 16 IrBC=0
HL - fiLri
BC - B0
Repaat wati)
u=9
Dy
tbb by~ siajliefalo il 1ot to1 2 4 16
DE - DE-1 10 101 0e0
HL - HL-1
B By
LULR ADE} L) |ofojo)e|a]Oi11 101 403 | 2 5 2l HECeD
DE » DE-1 10 111 000 } 2 4 16 UBC=0
Kl HL-1
- B 1
Repeat until
BC»0
a0
(4] A-tHL) it s]1js |0 04100 2 4 it
HL = HL+ Y 10 100 001
e Bt
@M
[§ 413 A -(HL) ebppfe] e[t {1y o) 10t 2 5 2 HBC A 0wnd Aw(HL)
HL ~liL+ 1 10 110 001 2 4 16 UBC=Dora ={HL)
B - (1
Repuat unnt
AL or
HC 0
S0
CPD A~ HLy elrjrptiif iz 101 101 2 4 13
HL ~tiL-1 10101 005
B(" - BC-1
0o
CPDR A - (HL) esftisftytfs 101 101 5 i HRCv Oad A v (L)
HL —~HE-1 10 11 004 4 16 IrBC 0 owA = (HL)
BC - BC-|
Ruepest watil
Ax L) or
=0

Notesi (D PV Nagix Of the result of BC-| » 0, otherwise PIV = §

Ving Notation:

Q 20 i A= (HL), otherwi Z+ O

1= g is affected acvording to the it of B operation.

® = flag not affceted, 0= fagreset. | = Mzgset, X = flsg is unknown,

EMSHARGE GROUP AND BLOCK THANSFER AND SEARCH GROUP
TABLE 7.03
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flags OpLode No. N o
3 0,
Symbolic _T_r‘;/ of ofM | of T
Mnremonic Operation clzfv|s 1176 543 210 | Dytes | Cycks | States | Comments
ADD A, A-Arr s visjofs |rofos] - ' 1 4 r Reg.
ADD A, n AwAtn tlelvisiofs fnBgde | 2 b 1 w ‘C’
- 010 D
ADD ALY | A-asity fo|efvitlofs io@ o | b b 1] E
ADD A, (IXd) A<as Xy Jt ]t visfo]|s [t1 oo |3 5 19 }g"’ 'L‘
10l 110 n A
. 4 - .
ADD A (V) A-astIvedy TER VL0 fIE 1161 g 3 s 19
10 {058 110
- d -
ADC A2 A-atsrCYtftivitio]t o] sisaayof r, m,
—A- v 11 {HL), (IX+d).
SuBe AvAns ik RN ) Y ) acshown for
SBC A,3 AcA-eCY[tfepvizfee !l (@1 ADD tostruction
AND ¢ A=A A foftfeTijole) (]
ORs A=AV s jolr|eftjo]o| [[D The‘indiuak;?)gih
- : weplace the n
XOR 3 A-Aey oltiptilofo} [TOD e g above.
cre A-s vlefvei e I
INCt tere} eltfv]ijolt oo » ODOI) 0 i 4
IRC (HLy MLy~ it e brfvitiofs joo voliiDl[ 1 3 1"
INCQXsd) | (Xed) o els{vit|als 1 ott 100 {3 [ b ]
(IX+d)+t o "0@
- d -
INCUYH) | Yoy - eitivivtofipin sor § 2 3 n
Y+t o0 1o [T5]
- g e
DEC mans-1 eftivitii s iy m b sy of 1, (L),
UX4d), QY +d) as

showa for INC.
Same (ormeat amd
states g O,
Ruplave HKW) wilh
o OF voule,

rﬁw The ¥ symbol in the P7V flag colemn indicates thal the P2V Nag vontains the everflow of ¥ areult of The
opsretion Similatly the Psymbal isdicates parity, ¥ = | meansoverslow, V # 0 means not ovesllow, P = |
means garity of the result is even, P =  means panity of the tesult is odd.

. I‘NMMm

= flag notaffected, 0= figg reset, 1 = fag eer, X = Magis unknown,
= Mg faaffected acvording ta thc resalt of the openition,

8BIT ARITHMETIC AND LOGICAL GROUP

TABLE 7.04
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OpCoda
7 No. o, No,
Symbolle 1 of ofM o T
Mnemonk Operatica VISINJH|76 543 210 | Bytes | Cychkes | States | Comments
DAA Converls acts Pit|e]t|00 10O 111 } 3} 1 4 Declimal adjust
content into accumulator
pcked BCD
following 2dd
of sudtiact
with packed
BCD operands
CPL AR efef{i}i}o0 161 111 | 3 1 4 Complement
sccumulator
{vne's conplement)
NEG Ar-D-A Vig|E]s|rrlot 161 | 2 2 8 Nepate sce. (two's
01 000 100 camplement)
CCF cy LY sfefo|x]oo 121 tx1 {1 i 4 Complement catry
flag
oCF CY 1 elal010{00 120 111 | § i 4 et carry Nzg
NoP No eperation s|lejaielon 000 000 | 1 1 #
HALT CPU hatted ejaiefeiql 110 110 1 1 4
DI IFF &0 elelelslll 1i0 011 | ¢ i 4
ja 1FF =1 ejsje|s|1 13 011 ] 1 1 4
IMO Setinterrupt ojalwioflt 101 100 | 2 2 8
mode 0 01 000 110 b
™1 Seot Interrupt ef{ofafe il 10t 101 | 2 1 8
mode 1 01 010 110
M2 Sat Interrupt sfsjofelll 101 101 § 2 1 8
mode 2 o1 011 110

Notes:  IFF indicatas the intemupt enabls {lip-flop
CY indicstos the carry fip-flop,

Pleg Notstion: e = flignotaffected, 0 o fag reset, 1 = flag set, X * flag ik unknown,
$ = g is affected acconding to the result of the operstion.

GENERAL PURPOSE ARITHMETIC AND CPU CONTROL GROUPS
TABLE 7.0-5
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No. No.
Symbolic Paps OpCode o | otk | ot
Mnemonke Oyptration S{NIH[76 543 210 | Bytes | Cycies | States | Comments
ADDHL, s | HL~Hlem elei0 [X{00 uwl 0Ol 11 3 i L] Reg,
00 BC
ADCHL i | HLoHLen oY vitlojxjirtor 1o 2 ] 13 % ﬁ
01wl 010 1 iy
S HL, o HL-HL- 0 CY Vis X 1 101 1 2 4 |H]
o1 =0 010 |
ADDIX,pp {IX~-iXepp eief) X[110IL 101 | 2 4 15 [ Eap.
00 ppl CO1 o0 sC
01 e
10 X
1 s
ADDIY, 51 Wel¥+ 2 ele fOIX{I1 HI1 Wi | 2 4 13 P Wog
00 a1 60 o0 BC
o 33
10 ty
n 3r
na Bl slajfe{wios w0 00} [ 1 | ]
X IXeIXe} efels o1l 011 101 ( 2 1 10
03 100 011
INC Y IYelYe1 elelele)l} 111 102 2 H 10
T o3 100 014
DIC s el efojefef{td i NI |0 1 6
DECIX KelRat ajejojfaitl gl 101 ] 2 1 10
o 10 oy
DECIY 1Y el¥-1 sleletatit 111100} 2 b4 10
@ 101 0

Mo ssboaay of the poghiter [aln BC, DF M1, 0
PP is say of the regliter pairs BC, OF, 1X, $P
o is any of the regisior pains BC, DE, 1Y, S2.

g Netatboa:

o8 flag not affected, O » fleg remt, | 2 Mg «ct, X ® 3z i vaknoom,
t = flag is affected according (o the readt of i opuration.

_ 16BIT ARITHMETIC GROUP
C TABLET08

"




Fup OpLode

Flag Notathom: o wfizg not alfected, 0= flag reset, § = flagaet, X v frg ls unkoown,
3 = fieg bs sffected pccanding to the rexult of the operstion.

]
-
ROTATE AND SHIFT GROUP
TABLE 7.0-7
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v No. No. No.
Symbolic { of ofM | ofT
Minecanonic Opeation ci{z SN[t} 76 543 210 Bytes | Cycles | States | Comments
RLCA H tjefe{e]0]0]{00 COO 111 1 1 4 Rotate left circular
), accumulator
RLA @ t]s]alefo]oloo oro traf 13 1 4 Rotste left
accumulator
RRCA %l@ t]efelelofotoo i 1] 1t 1 4 Hotate right cloulat
. * acumulator
RRA '-" tjafelojofoloo onr 11| 1 1 4 Rotate right
B accumulatoe
CRLCe tis]efsjojo)i oot o] 2 2 8 Rotata ket circular
oolono] ¢ ] mEiRI
RLC (HL) stefefsfofofin ooi oy 2 4 15 t Bz
oofiol10 00 B
BAC (1X+4) P s a) [#{sielefolofu ot ro] 4 23 g(l‘[l‘ S
. & HRL UKy, (1Y l.‘l (“l (”! 01‘ !
- d - 100 H
oo
RLC(IY44) tfsle|sjolo(th w01} 4 3 3
) 11 001 BN
- d -
wlpodlie
Rim %E‘ vitlrfsjofol [Gig) lmlmcllonf&m:lmd
stales are as ghown
=t eLwa for RLEm, To form
OP-cods replace
RRC m E.}—-L@ t{s|rjtfofo of RLCm with
B e MO V4D thown coda
RRm t|sirtsio]o
-,-1.(!1“!)(-“(!"0
. SLAm o= {t{s{r|t]|ofo] [0
- LN RN )
stam | (=40 Lillelelofo] T
s, ORL X BYH)
SRLm = N PR TR P2 R 111 B a1y |
LLIR LAY CiNG T
RLD n"‘“ ait]efs|olofin i1} 2 s ] Rotate digitloft and
ot 101 114 right betwora the
accumulator
and toeation (ML),
RRD Ko wule ledptelofoln ot 1} 2 s 18 The conent of the
04 100 1 sppet Rl of the
sccumulatot is
unaffected



Flgs Op-Lade
P No. Ro. Ro,
Bymbolic i of ofl | ofT
Monxoale Opertica (o VIsiN|H]26 543 210 | Bytes | Cycls | Sufes } Comments
BTb, ¢ Ze%, sfefxfxjofrjrroon o1t | 2 2 8 ' Reg,
0t b 1 000 B
BIT 2z (AL 1 001 ¢
5.0) (L), whebxbx]ofe]u oot o1t 3 n oo 5
01 b 110 011 £
BT h (X | 2-{0d), ferefxIxioli]nonion} e 5 20 1060 H
11 0ot 011 101 L
in A
- 4 -
ot b 10 b Bit Teated
BrY b aved { 2095, felefxlxfofrin trsor| s 5 0 000 0
1 601 otl oot !
e o0 | 2
- - 011 3
o1 b 1o 100 4
101 5
110 6
113} 7
SETDL, v el ° s|sjojoiit vol GIL ] 2 2 L]
e
SETH, (ML) | (L) -1 olajelelefefrroorony2 4 18
MERL
SETH, (X+d}| (Xedy~1 Jefefefolojeliron1ai) 4 6 3
A1 001 01}
- & -
i} v 10
SETb, (IV+a)| Uvsay, 1 fefefefefetefii nrigonf 4 6 i
11 0o onl
- 4 -
{11} b 110
RES b, m -0 1I0] To form new OP:
mEr, (WL), code replace
(Xed), Of SET bym wi
v+ [, Flagy and Ume

Motz Tho rotetion ay Indicates Bit D (010 7) orboation s

Faglotation; ®« Big mot affected, O = Qag fuczt, | » Negat, X o Ligis endaoom,
§ o flag is alfecsed weonwding (o the reault of the opention.

BYT SET, RESET AND TEST GROUP
TABLE 7.08
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Flige OpLoade
7 Na. No, No,
Symbalic ] of of M of T
Marsiinic Operztion Z| VIS [NIn} 76 543 2101 Bytes | Cyeles | States | Comments
Pan PCenn vielo|mle]t] 000 O11] 3 3 1o
- on -
- o5 - Conditicn
Pee, nn E cendition cc sleo {sjetalll ¢ DIOY 3 3 10 NZnon 1210
e IC ean, e - €Ol | 2 zero
olfiTwize 30 | MCnon carry
continue o Otl | C cary
100 | FOpaity odd
101 | FE perity eves
HO | P sen pontive
JRe [ salt 8 el I wictaicla|td I C0 2 k] 1 1] M sign negative
[
JRC, 2 IHC=n, afelntole|Cl 11 C20] 2 ? 7 Il condition not met
caatinus -
e
HC=-1, ? 3 12 U wondition & et
PO -1 Che
JRNC, ¢ HC=1, elaelajelo) LD Gi 2 2 7 I cundition not met
continug 4
P
=y, 2 3 12 M conditsan is met
J SRS A
JRi,e L AN wivie)olelcn oy nonl 2 b] ) H vondition #ot st
continu: PN
Ifz=1, 2 1 12 1 enndition s met
FC~PCt e
JRNZ, ¢ It =1, ere feialel 00 130 CODY 2 2 7  conditiva Rot my
ceatinegs [ T SN
=0 2 3 1?2 If conddition met
eltCtre
L) -1 olojsjstal 1 1 DI 1 3 4
HgthY) LASEER eleferetefll vll 0t 2 2 E
1ol oo
ruy) PO 1Y efefeiolal it 1T 101 2 2 i
11101 29
DINLe Bl olefeiafalo 0l €ioy 2 2 8 HB=0
. rps=u, R, RN
contines “
‘irawe, 2 2 13 FDap
FCwFCre
Notat  erep the pxtension ia the velztive a4 g modz.

£ da & aigned two's mydernent sumees by the pogy <-128, 129>

e-1in the opwode provides un effective addissaof pe te 13 FC s
Ircsemeated by 2 prioa 1o thaedditioa of ¢

FligRotais

o= flaguot glfocted, 0= Magremt, § # fisgsit, X = feg fa enknown,
1 o fiag b alfected sccording 1o the 1ot of the operation,

JUMP GRQUP
TABLE 7.0-9
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Flagzs Op-Cods
™7 No, No, No,
Symbdalic 1 of of M of T
Mnemoric Openstion CiZ]V|SIN|H]76 543 210| Bytes | Cyclw | States | Commenta
CALL an (S?-l)'—\’C" elojeielaie|1l 001 101 k) H 17
(8P-2)-pCy, - n -
PCoemn - n -
CALL ce, nn | Hcondltion efsfofalofe{ll « 100} 3 3 10 1fecis false
€< ia falye - on -
E?y::’,n‘,‘::é - o - ) 8 n irccis true
Wne s
CALL nn
RET F‘CL*(SP) sjefelofale|il 001 001 i 3 10
BC, 30 D)
H
RET ¢c It conditfon elafolofalefil cc 000| 1 5 Mg iy (a3
co by fase
inid ! 3 1 If ccia toue
wame tE e | Condition
RET 00| NZ non maro
Wiz o
0101 NC  non carry
RETH Aetura hots fofelaelelelolll 101 100} 2 1 " oid ¢ cusy
Inbtrupt o1 0ol 101 100] 70 ity oad
Pauity even
RETN 'l}:;ux"&fu& w]alelofele il 101 101 2 4 14 1o} p sign positive
Interrupt o e 10 1] M =ign nagative
RSYp (S?-I)»FC“ alololojeteiil t N H 3 1
(PP
PCyye-0
Cy P
g { 4
000 O0H
001} 08H
010 10H
081 ¢ 18H
¢ 100 208
101} 184
110 36i
11| 38H

FigRottioe! © = Beg notaffected, 0 = flag rewt, ) = Nag set, X = Mag s unksown
= (lpg in affocted according to the mralt of the cpention.,

CALL AND RETURN GROUP
© TABLE 7.0-90
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Flays QpCods
P No. No. No.
Symbolic i of ofl | o7
Maemonic Opention ClZIV{SIN[H{76 543 210 | Bytes | Cycls | Siates | Comments
IN A, (n) A (0) sjejelelofalir o1t 081] 2 3 1" n1o Ay~ Ay
-~ n b Acc(nAs~Als—
WNe, (O) t-(0) ef t{Pitjojti1t 103 100 2 3 12 Ctodg~A,
r=110only 0l r 06) BloAg~ A
the flags wilt
be affected
0
413 L)~ (O XpPspx[x|1]x] 0 101 101 2 4 té ClaAO-A.,
Be-B-1 10 100 V10 BlnAs-Als
HLeRLeL
INIR [{HRTS (%] XP1|XiX[vpXgimwoi e | 2 5 b} (Iloltu~'f\7
BeB-1 10 110 ato rneo; Bio g~ A
HL~HL+v 2 K3 15
Repeat untl Higi Ll
B=0
o
IND {HL) = ) XEMX]IXpVIXEL 101 101 2 4 16 CtuA"-l\,
Be-B-1 i 101 Q1o b‘luAﬂ~:\|5
HL~HL-}
INDR (L= [ X Exix|v[xpaogor ey 2 5 31 CroA,~
Beb-3 10 11t 010 owo l!mA’;~A|5
!;L..?L-lu 2 4 6
Repeat unti (Dmg
BYD Y]
QUT (n), A} (n)-A afelaflalelofil 0io0I1 | 2 3 tH ntody~ A,
= - M““AE.'AES
OUT (Che O~ siol=folatafti o tor| 2 1 12 Cio A, ~ A,
o1 r cot BloAg~ A
O,
QuTS {€) — (HL) Xbapxpxprixpnn wiam | 2 + 1% Ctody~ Ay
Deb-1 10160 01} BloA, ~ A
BLeHLv T
ot {0) - (HL) KPP EXE L 0 ol bl 5 21 (‘|uA“~A,
BeB-1 10 ti¢ on (e BroAg ~ Ay
o PR
unli
bty trosg)
Q
oUTD ©—HD Xt epx{xfex[itmmf o2 4 16 Ctaa,~A,
BeB-1 i 10t oH BloA,~A g
Hi -HL-1
oToR )~ L) XjXpxprixinoang 2 5 21 Clur,~ A,
BBl 10 111 o1t (HBw() BmAs"\ls
Repet N
iy 1B =0)

Notes: (D) I the result of B+ in nero 1he Z flag is set, otherwise it is scoet.

Flag Notation: = flag not affected, 0 = flagreset, I = flag set, X = (lag fs unknown,
t = flag Is affected actording 1o the result of the operation.

INFUT AND OUTPUT GROUP
TABLE 7.0-11
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80 INTERRUPT RESPONSE

The purpose of an interrupt is to allow peripheral devices to suspend CPU operation in an orderly
manner and foree the CPU to start a peripheral service routine. Usually this service routine is involved with
the exchange of data, or status and control information, between the CPU and tha peripheral. Once the
service routine is completed, the CPU returns 1o the operation from which it was interrupted.

INTERRUPT ENABLE — DISABLE

The 280 CPU has two interrupt inputs, a software maskable interrupt and a non maskable interrupt.
The non maskable interrupt (NMI} can not be disabled by the programmer and it will be accepted when-
ever a peripheral devioe requests it. This interrupt is generally reserved for very important functions that
must be serviced whenever they occur, such as an impending power failute. The maskable interrupt (INT)
can be selectively cnabled or disabled by the programmer. This allows the programmer to disable the inter-
rupt during periods where his program has timing constraints that do not allow it to be interrupted. In the
2Z80 CPU there is an enable flip flop (called IFF) that is set or reset by the programmer using the Enable
Interrupt (EI) and Disable Interrupt (D) instructions. When the IFF is reset, an interrupt can not be
accepted by the CPU.

Actually, for purposes that will be subsequently explained, there are two enable flip flops, called IFFl

and lFFz.
[

Actually disables interrupts Temporary storage location
from being accepted. for IFF,.

The state of IFF| is used to ectvally inhibit interrupts while 1FF5 is used as a temporary storage location
for IFFy. The purpose of storing the IFF | will be subsequently explained.

Avreset to the CPU will force both IFF y and IFF to the reset state so that interrupts are disabled.
‘They can then be enabled by an EI instruction at any time by the programmer. When an El instruction is
executed, any pending interrpt request will not be ancepted until after the instruction following EL has
been executed. This single instruction delay is neceseary for cases when the following instruction is a return
instruction and interrupts rust not be allowed until the retum has been completed. The El instruction sets
both TFF| and IFF; to the enable state, When an inivrropt is accepted by the CPU, both IFFy and 1FF,
are automatically reset, inhibiting further interrupts until the programmer wishes to issue a new EI instruc-
tion. Note that for all of the previous cases, IFF ) and IFF4 are elways equal.

The purpose of IFF; Is to save the status of IFF | when a non maskable intercupt oceurs, When a noa
magkable interrupt is accepted, IFF) is reset to prevent further interrupts until reenabled by the pro-
grammer, Thus, after 2 non maskable interrupt has been accapted, maskable interrupts are disabled but the
previous state of IF¥ | has been saved so that the complete state of the CPU just prior to the noa maskable

_interrupt can be restored at any time. When a Load Register A with Register I (LD A, I) instruction or a
Load Register A with Register R (LD A, R) instruction is executed, the state of IEF+ is copied into the
parity flag where it can be tested or stored. -

A second method of restoring the status of JFFy s thru the execution of & Return From Non
Maskable Interrupt (RETN) instruction. Since this instruction indicates that the non maskable interrupt
strvice routine is complete, the contents of IFF7 are now copied back into 1FFy, so that the status of IFF

. just prior to the acceptance of the non maskable interrupt will be restored automatically.
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Figure 8.0 is a summary of the effect of different instructions on the two enable flip flops,

Action IFFy IFFy

CPU Reset 0o 0

DI 0o 0

El t 1

LD A, a e IFEy ~+Parity flag
LD AR [} o ITF, —>Parity flag
Accept NMI ¢ o

RETN IFFy o I6Fy —+1FF |

o indicates no change

FIGURE Q01
INTERRUPT ENABLE/DISABLE FLIP FLOPS

CPU RESFONSE
Non Maskabie

A nonmaskable intervupt will be aceepted at all times by the CPU. When this oceurs, the CPU ignores
the next instruction that it fetches and instead does a restart to location 0066H. Thus, it behaves exactly as
if it had received a restart instruction bud, it is to « location that is not one of the 8 software restart loca-
tinns, A restert is marely 2 call to norecifie addies in pags O of memony,

Maskable

The CPU can be programnied to respond to the maskable interruptin any one of three possible
modes,

Mode ¢

‘This mode is identical to the §080A intermpt respanse mode, With this mode, the interrupting device
can place any instruction on the data bus and the CPU will executeit. Thus. the interrupting device pro-
vides the next instruction to be execuled instead of the memary, Qlten this will be a restart instruction
since the imtersupting devics only need supply 1 dingle byte instruction. Altrnatively, sny other instruction
such asa 3 byte call to any location in memory could bz executed.

The number of clock cycles necessary to execute this fnstruction is 2 raore than the nonmnal number for the
instruction, This occurs since.the CPU automatically adds 2 wait states to an interrupt response cycle to
allow sufficient time to implement an external daisy chain for priority control. Section 5.0 iltustrates the
detailed timing for an interrupi response. After the application of RESET the CPU will automatieslly enter
interrupt Modz 0.

Mode I
When this mode has been selected by the programmer, the CPU will respond to an interrupt by
executing a restart to location 0038H. Thus the response is identical 1o that for a non maskable interrupt

except that the call location is 0038H instead of Q066 Another difference is that the number of cycles
required to complete the restart instruction is 2 more than normal due to the two added wait states,
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Mode 2

This mode is the most powetiul interrupt response mods. With a single 8 bit byte from the user an
indirect call can be made to any memory location,

With this mode the programmer maintains a table of’ 16 bit starting addresses for every interrupt
service routine. This table may be located anywhere in memory. When an interrupt is accepted, a 16 bit
pointer must be formed to obtain the desired interrupt service routine starting address from the tible,

The upper 8 bits of this pointer is formed from the contents of the I register. The I register must have been -
previously loaded with the desired value by the programmer, i.e. LD 1, A. Note that a CPU reset clears the |
register so that it is initialized to zero. The lower eight bits of the pointer must be supplicd by the Intersupt-
ing device. Actually, only 7 bits are required from the interrupting device as the least significant bit must be
a zero. This is required since the pointer is used to get two adjacent bytes to form a complete 16 bit service
routine starting address and the addresses must alway's start in even locations,

desired starting address
Interrupt pointed to by:
Sepvice
Rautine low order 1REG 7 BITS FROM
Starting high order CONTEMTS PERIPHERAL
Address
Table

The first byte in the table is the least significant (low order) portion of the address. The programmer must
obviously fill this table in with the desired sddresses before any interrupts ate to be accepted.

Note that this table can be changed at any time by the programmer (if it is stored in Read/Write
Memory) to allow different peripherals to be serviced by different service routines,

Ounce the interrupting devices supplies the lower portion of the pointer, the CPU automatically pushes
the program counter anto the stack, obtains the starting address from the tzble and does a jump to this
address, This mode of response requites 19 clock periods to complete (7 to fetch the lower 8 bits from the
interrupting device, 6 to save the program counter, and 6 to obtain the jump address.)

Note that the Z80 peripheral devices all include a daisy chain priority interrupt structure that auto-
matically supplies the programmed vector to the CPU during interrupt acknowledge. Refer to the Z80-P10,
280810 pnd Z80-CTC manuals for details,

i
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9.0 HARDWARE IMPLEMENTATION EXAMPLES
This chapter is intended to serve as a basi¢ introduction to implementing systems with the Z80-CPU.

MINIMUM SYSTEM

Figure 9.0 is a diagram of a very simple Z-80 system, Any Z-80 system must include the following
five elements:

1) Five volt power supply
2) Oscillator

3) Memory devices

4) 1/O circuits

5) CPU
+6 VOLY
03c POWER SUPPLY
» b
g Ay WY GRD
ADDAEES
N
BAEG -
L L) SIS .
— CEy R oIT
RO &, Aom
DAYA
“®v 260 DATA DU our
YV i
@
RESEY Téd
CE HO
OR [77Y S—
I i R0 0. mr0
(=0} -
PORT A roar o |
cuTPut NPT
BATA DAvA
FIGURE Q.0- %

FANIMUM ZE0 COMPUTER SYSTEM

Since the Z80-CPU only requires a single 5 volt supply, most small systems can be imptemented using
only this single supply.

The oscillator can be very simple since the only requirement is that it be a § volt square wave, For
systems not running at full speed, a simple RC oscillator can be used. When the CPU Is operated near the
highest possible frequency, a crystal oscilator is generally required because the system tinsing will not
tolerate the drift or jitter that an RC network will generate, A crystal oscillator can be made from inverters
and a few disctete components or monolithic circuits are widely avallable.

The external memory can be any mixture of standard RAM, ROM, or PROM. In this simple example
we have shown a single 8K bit ROM (1K bytes) being utilized as the entire memory system, For this
example we have assumed that the Z-80 internal register configuration contains sufficient Read/Write
storage so that external RAM memoyy fsnot required.
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Every computer system requires §/0 cireuits to allow it to interface to the *‘real world.” In this simple
example it is assumed that the output is an 8 bit control vector and the input is an 8 bit staws word. The
input datis could be gated oo the data bus using any standard Gesoate diiver while the output data couid
be latched with any type of standard TTL latch. For this example we have used a Z80-PIO for the /O
circuii, This single circuit atiaches te the data bus as shown sad provides the sequired 16 bits of TTL
compatible 1fO. (Refer to the Z8OL1O manual for details en the operation of this ciscuit.) Notice in (his
example that with only three 151 cirenits, a simple oscilbator and a single 3 volt power supply, 2
powerful computer has been implemented. :

ADDING RAM

Most ..umpuu £ systems require some amount of exicrnal Read/Write memory for data storage and to
implement a “stack.” Figure 9.0-2 iliustrates how 256 bytes of static memory can be .\(ldc(l to the previous
example. In this example the memory space is assumed to be organized 28 follows:

SN Vi [{ 1T
) 00001}
1K bytes
ROM
O3FFH!
256 by 04004
F\_AM
—dgEpy
ADDRESS BUS
TG - 7D &, ol - Ry =) i
ROM _—
. 5 Wl iy ez il
dg-dly f l:.ﬁ;-—(!.,

DATA B1H

FIGURE 2,8-2
4 Ao & RAM IBPLERMENTATION EXAMPLYE

In this diagram the address space is described in hexidecimal notation. For this example, address bit Apg
separates the ROM space from the RAM space so that it can b used for the chip select function. For
Jarger amounts of external ROM or RAM, asimple TTL decodar will be required to form the chip selects,

MEMORY SPEED CONTROL

For many applications, it may be desirable to use slow memories to reduce costs, The WALT line on
the CPU allows the 2-80 to vperate with any speed suemory . By referring back to section 4 you will notice
that the memory access tirae reqguirements arc most severe durdng the M1 cycle instruction fetch. All other
menory accesses have ap additional one half of a clock cycle to be completed. For this reason it may be
desinble in some applications to add one wail state to the M1 cycle sotliat slower memofies can be used.
Figue 9.0-3 is an example of a simple circuit that will accomplish this task. This circtit can be changed to
2dd a single wait state to any memory aceess as shown in Figure 9.04.
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ADDING ONE WAIT STATE TO AN M1 CYCLE

FIGURE 0.0-5
ADDING ONE WAIT STATE TO ANY MEMORY CYCLE

INTERFACING DYNAMIC MEMORIES

This section is intendéd only to serve as a bedef introductlon to intesfecing dynamic memories, Each
individual dynamic RAM has varying specifications that will require minor modifications to the descriplion
given here and no attempt will be made in this document to give details for any particular RAM. Separate
application notes showing how the Z80-CPU can be interfaced to most popular dynamic RAM's are
available from Zilog.

Figure 9.0-5 itlustrates the logic necessary to interface 8K bytes of dynamic RAM using 18 pin 4K
dynamic memories. This figure assurnes that the RAM's are the only memory in the system 10 that A4 i
usad to sclect between the two pages of memory, During refresh time, all memories in the system must'be
read. The CPU provides the proper refresh address on lines Ag through Ag To sdd additional memory to
the system it is necessary to only replace the two gates that operate on A4 with a decoder that operates
on all required sddress bits, For larger systems, buffering for the address and datz bus is also generally
required,
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WITERFACING DYNAMIC RARS

62




10.0 SOFTWARE IMPLEMENTATION EXAMPLES
10.1 METHODS OF SOFTWARE IMPLEMENTATION

Several different approaches are possible in developing software for the Z-80 (Figure 10.1). Fisst of
all, Assembly Language or PL/Z may be used as the source language. These languages may then be trans-
lated into machine language on a commercial time sharing factlity using a cross-assembler or cross-compiler
or, in the case of assembly language, the transtation can be accomptlished on a Z-80 Development System
using a resident assembler. Finally, the resufting machine code can be debugged either on a time-sharing
facility using a Z-80 simulator or on a Z-80 Development System which uses a Z80-CPU directly.

SOURCE
LANGUAGE TRANSLATION DEBUAGING
] RESIDENT ASSEMBLER
ASSEMBLY DEVELOPMENT
LANQUAGE SYSTEM
RACHINE
CROSS ASSEMBLER LARGUAGE
PL/Z OR OTHER
HIGH LEVEL SURULATON
LANGUAGE | CROSS COMPILER
FIGURE Q1

In selecting a source language, the primary factors to be considered are clarity and ease of program-
ming vs. code efficiency. A high-level language such as FL/Z with its machine independent constructs is
typically better for formulating and maintaining algorithms, but the resulting machine code is usually
somewvhat lees efficient than what can be written dircetly {n assembly Ianguage, These tradeoffs can often
be balanced by combining PL/Z and assembly language routines, xdcnnfying lho“e portions of a task which
must be optimized and writing them as assembly language subroutines,

. Deciding whether to use a resident or cross assembler is a matter of availability and short-term vs,
long-term expense. While the initial expenditure for 2 development system is higher than that for a time-
sharing terminal, the cost of an individual assembly using a restdent assembler is negligible while the same
operation on a time-sharing system is relatively expensive and in a short time this cost can equsl the total
cost of a development system,

Pebugging on a development system va. a simulator Is aleo & matter of availability and expense com-
bined with oparational fidelity and flexibility. As with the asscmbly process, debugging is less expensive on
s development system than on a simulator available through time-shating. In addition, the fidelity of the
operating environment is preserved through real-time execution on a Z80-CPU and by connecting the 1/0
and memory components which will actually be used in the production system, The only advantage to
the use of a simulator is the range of criteria which may be selected for such debugging procedures as trac-
ing and setting breakpoints. This flexibility exists because a software simulation can achieve any degree of
complexity in its interpretation of muchine instructions while development system procedures have hard-
ware limitations such as the capacity of the real-time storage module, the number of breakpoint registers
and the pin configuration of the CPU, Despite such hardware limitations, debugging on a development
system is typically more productive than on a simulator because of the direct interaction that is possible
hetween the programmer and the authentic exacution of his program.
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10.2 SOFTWARE FEATURES OFFERED BY THE ZB0-CPU

The Z-80 instruction set provides the user with a farge and flexible repetoire of operations with whick
to formulate control of the Z80-CPU.

The primary, auxiliary and index registers can be used to hold the arguments of arithmetic and logical
operations, or to form memory addresses, or as fast-access storage for frequently used data.

Information can be moved directly from register to register; from memory to memory; from memory
to registers; or from registers to memory, In addition, register contents and segister/memory contents can
be exchanged without using temporary storage. In patticular, the contents of primary and auxilary registers
can be completely exchanged by executing only two instructions, EX and EXX. This register exchange
procedurc can be used to separate the set of working registers between different logical procedures or to
expand the set of available registers in a single procedure.

Storage and ratrieval of data between pairs of registers and memory can be controlled on a last4n
fust-out basis through PUSH and POP instructions which utilize a special stack pointer register, SP. This
stack register is available both to manipulate data and to automatically store and retrieve addresses for
subroutine linkage. When a subroutine is called, for example, the address following the CALL instiuction
is placed on the. top of the puth-down stack pointed to by SP, When a subroutine returns to the calling
routine, the address on the top of the stack is used to s2t the program counter for the address of the next
instruction, The stsck pointer is adjusted automaticaily to reflect the current “top” stack position during
PUSIH, POP, CALL 2nd RET instractions. This stack mechanism allows pushdown data stacks and sub-
routine calls to be nested to any practical depth because the stack orea can potentially be aslaige as
memory space.

Thd sequence of instruction execution can be controlled by six different flags (carry, zero, sign,
parltyfoverflow, add-subtract, half-carry) which reflect the results of arithmetic, loglcal, shift and compare
instructions. After the execution of an tnatruction which sets a flag, that flag can be used to control a
conditional jump or return instruction. These instructions provide logical control following the manipula-
tion of single bit, cight-bit byte (or) sixteen-bit data quantities,

A full set-of logice! operations, including AND, OR, XOR (exclusive ~ OR), CPL (NOR) and NEG
(two's complement) aro available for Boolean operations between the accumulator and 1) all other eight-bit
reglstm. ) mcmory locations or 3) immediate operands. ;

ln addm:)a. S ﬁ..l set of arithmetic and logical shifts in both directions are available wkuch opcme
on the contents of all eight-bit primary registers ot divectly on any memory location. The carry flag can be
inchuged or dmply sot by these thift instructions to provids both the tasting of shift resuits and to link
rcg:s!er!kegimr o :egistcrlr*’*mozy thift operztions.

Sk i
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A Ltt us essume that a string of datain mmmy starting at lecaﬂcm o XTA" istobe moved into
-anothér atea of memory starting et location “BUFFER" and that the'string length is 737 bytes. This
op2ration can be accomplished a3 follows:

LD HL ,DATA ;START ADDRESS OF DATA STRING

“"LD - "' DE,BUFFER ;START ADDRESS OF TARGET BUFFER
LD BC,737  LENGTH OF DATA STRING : o
LDIR i}4OVE STRINC ~ TRANSFER MEMORY POINTED T0

; BY HL INTO MEMORY LOCATION POINTED TO BY DE
;INCREMENT HL AND DE, DECREMENT BC
;PROCESS UNTILBC = 0.

11 bytes are required for this operation and cach byte of datais moved in 21 clock cycies.



Eet’s assume that a string in memory starting at location “DATA" is to be moved into another arey
of memory starting at location “BUFFER™ until an ASCIH § character (used as string delimiter) is
found. Let's also assume that the maximuin string length is 132 characters. The operation can be
performed as follows:

LD HL ,DATA i STARTING ADDRESS OF DATA STRING
LD DE |, BUFFER ;STARTING ADDRESS OF TARGET BUFFER
LD BC, 132 T MAXIMUM STRING LENGTH
LD Ass i STRING DELIMITER CODE
LOOP:CP (HL) COMPARE MEMORY CONTENTS WiTH DELIMITER
JR Z,END-§ ;GO TO END 117 CHARACTERS EQUAL
LD] iMOVE CHARACTER (HL) to (DE)
; INCREMENT HL AND DE, DECREMENT BC
jp PE ,LOOP ;GO TO “LOOP" IF MORE CHARACTERS
END: s OTHERWISE, FALL THROUGH

yNOTE: P/V FLAG 1S USED
;TO INDICATE THAT REGISTER BC WAS
 DECREMENTED TO ZERO.

19 bytes are required for this operation.

Let us assume that o 16-digit decimal number represented in packed BCD format (two BCD digits/ |,
byte) has to bz shifted as shown in the Fignre 10.2 in order to mechanize BCD multiplication or
division, The operation can be accomplished as follows:

LD HL , DATA ; ADDRESS OF FIRST BYTE
LD B, COUNT  SHIFT COUNT
XOR A ; CLEAR ACCUMULATOR
ROTAT:RLD 1 ROTATE LEFT LOW ORDER DIGIT IN ACC
s WITH DIGITS IN (HL)
INC HL s ADVANCE MEMORY POINTER
DINZ ROTAT - § ; DECREMENT B AND GO TO ROTAT IF

; B1S NOT ZERO, OTHERWISE FALL THROUGH

11 bytes are required for this operation.

R ani

FIGURE 10.2



D. Lot usassume that one number is ta be subtracted from another and 2) that they are both in packed
BCD format, b) that they are of equal but varying lenpth, and ¢) that the result is to be stored in the
location of the minuend. The aperation can be accomplished as follows:

LD HL , ARG ; ADDRESS OF MINUEND
LD DE ,ARG2 ; ADDRESS UF SUBTRAHEND
LD B, LENGTH ; LENGTH OF TWO ARGUMENTS
AND A ;CLEAR CARRY FLAG
SUBDEC:LD A, (DE) 1 SUBTRAHEND TO ACC
SBC A, (HL)  SUBTRACT (HL) FROM ACC
DAA ; ADJUST RESULT TO DECIMAL CODED VALUE
LD (HL), A ; STORE RESULT
INC HL ; ADVANCE MEMORY POINTERS
INC DE

DINZ SUBDEC - § ; DECREMENT B AND GO TO **SUBDEC” IF B
1 NOT ZERO, OTHERWISE FALL THROUGH

17 bytes are required for this operation.

16.4 EXAMPLES OF PROGRAMMING TASKS

A.  The following program sorts an array of numbers each in the range (0,255 into ascending order using
a standard exchange sorting algorithm,

66



01122176

Loc

11:14:37

BUBBLE LISTING PAGE |

OBJCODE  SIMT SOURCE STATEMENT

222600
B34

41

05 .
DD2A2600
DOTECO
5T
BDSE0!
93

3008
L7360
Db7201
CBC4

; DD23

10EA

B4
20DE
9

= R R A R

3 **¢ STANDARD EXCHANGE (BUBBLE) SORT ROUTINE » **

i ATENTRY: HL CONTAINS ADDRESS OF DATA

C CONTAINS NUMBER OF ELEMENTS TO BE SORTED
(1<C<256)

1 ATEXIT: DATA SORTED IN ASCENDING ORDER

USE OF REGISTERS

NEXT:

NOEX:

i
FLAG:
DATA:

; REGISTER CONTENTS
t

TEMPORARY STORAGE FOR CALCULATIONS
COUNTER FOR DATA ARRAY

LENGTH OF DATA ARRAY

FIRST ELEMENT IN COMPARISON

SECOND ELEMENT IN COMPARISON

FLAG TO INDICATE EXCHANGE

UNUSED

POINTER INTO DATA ARRAY

UNUSED
1D (DATALHL  ;SAVE DATA ADDRESS
RES  FLAG,H ; INITIALIZE EXCHANGE FLAG
Ib  B.C s INITIALIZE LENGTH COUNTER
DEC 8 ; ADJUST FOR TESTING
LD IX,(DATA)  :INITIALIZE ARRAY POINTER
A0 ; FIRST ELEMENT IN COMPARISON
b DA ; TEMPORARY STORAGE FOR ELEMENT
LD L, (X+) : SECOND ELEMENT IN COMPARISON
sug E ; COMPARISON FIRST TO SECOND
IR NC, NOEX-$ IF FIRST > SECOND, NO JUMP
1D (X)E ; EXCHANGE ARRAY ELEMENTS
LD (iX+),D
SET  FLAG,H : RECORD EXCHANGE OCCURRED
e X ; POINT TO NEXT DATA ELEMENT
DINZ NEXT-$ ; COUNT NUMBER OF COMPARISONS

i REPEAT IF MORE DATA PAIRS

BIT  FLAG,I : DETERMINE IF EXCHANGE OCCURRED
JR  NZ,LOOP-$  ;CONTINUE IF DATA UNSORTED
RET ; OTHERWISE, EXIT
EQU 0 i DESIGNATION OF FLAG BIT
DEFS 2 . ; STORAGE FOR DATA ADDRESS
END
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B.  The floltowing program multipties two unsigned 16 bit integers and leaves the result in the HL register
pair.

01/22/76 11:32:36 MULTIPLY LISTING PAGE !
LOC  OBICODE STMT SOURCE STATEMENT

0000 b OMULT:;  UNSIGNED SIXTEEN BIT INTEGER MULTIPLY.
2 ON ENTRANCE: MULTIPLIER IN DE.
3 MULTIPLICAND IN HL.
4
5 ONEXIT: RESULT IN HL,
6
7 REGISTER USES:
8
9
10 H HIGH ORDER PARTIAL RESULT
| S I L LOW ORDER PARTIAL RESULT
12 D HIGH ORDER MULTIPLICAND
13 E LOW ORDER MULTIPLICAND
14 B COUNTER FOR NUMBER OF SHIFTS
15 C HIGH ORDER BITS OF MULTIPLIER
. AE A LOW ORDER BITS OF MULTIPLIER
17
0000 061¢ 18 LD B, 16: NUMBER OF BITS- INITIALIZE
0002 4A 19 LD C,D; MOVE MULTIPLIER
0003 7B 20 LD A E;
0004 EB 21 EX DE, HL: MOVE MULTIPLICAND
0005 210000 22 LD HL, 0; CLEAR PARTIAL RESULT
0008 CB19 23 MLOOP: SRL C; SHIFT MULTIPLIER RIGHT
000A 1IF 24 RRA LEAST SIGNIFICANT BIT IS
B IN CARRY.
000B 3001 26 JR NC,NOADD-$: IF NO CARRY, SKIP THE ADD.
0D 19 21 ADD HL,DE: ELSE ADD MULTIPLICAND TO
28 PARTIAL RESULT.
CO00E EB 29 NOADD: EX DE, HL: SHIFT MULTIPLICAND LEFT
000F 29 30 ADD ML, HL; BY MULTIPLYING 1T BY TWO.
0010 EB | EX DE, HL,; )
0011 10Fs 32 DINZ  MLOOP-$; REPEAT UNTIL NO MORE BITS.
0013 €9 .33 RET;
34 END;
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A.C. Characteristics 780-CPU

Ta= 0°C 10 7070, Vee = 45V + 54 Unless Otherwise Noted.

Sanel Symbol [ Ma | Mt | TacConsidon
|, Chad P L LR AT 12ttty fetsa 0 Y
- (ML L €l Puhe Wadih, (o High TH 1) [
1yt Chach Pube Wadilt, (foh fow £ N3] [
Wt Ul b kase and Fabt Tine 35 v
TAD) Address Ouiput Delay 145 nws
Al Delgy 10 Huat - [T
i Addrers Stable Prioe o HET D1 Memory Cyileh TV [T S
LIS B Addiess Stable Fion 1 TR RD ot KR (10 €y de) M] ] LT I b = oy "1y 74
t Addcsa Stake v BT, WR, TURG or METL T i .
ot Addrers Stable Feon KT oc WR Duing oar T ew BB 1 =150
Doy 0ita Desigor Dielsy 230_] o It = tagery» - 40
F40) Delay 1o Float Danog Waore €2 Lo T
1NN Dits Setud Tune 1o Rowng Ldgt of Ok Buemg 891 Cyule X T W1 tar® sty -0
gy ST D) Bhata Serup Yo 1o Falling Edge of Clock Durog MY 1aM S £ Ay Cy = 30p8
R Data Suabie froar 10 R ey Oyl T Ty L 31 tgem=t~210
[ Data Seable Fuor 10 WR (170 Cy ey T =
Idt Bata Srabie boan W kRl 18] 1grg = tygpy t 4 - 310
ty Any Hhohd Tioe on Setup T [ nat M tegr=tqer)t1, 20
LT (Ry | PHED Deluy From Falling Edpe ol Chn s, FRET) Lo 100_| owe
g iy | EREQ Detay From Rsing Ldge of Clnk, MREG iigh LG8 RO
g 168 iRy | LG Delay From Faling F3ge of Clos k, BRRE L
e GHRTY Pulse Widin, MEEG Lew “TAT [ LTI
to Y Puine Wodsts, AV gty T T
191 bqarmen ™ Yatg * - 30
Loty | TOED Delyy Frum Riig £4c¢ of Clock. TORD Lew 00 | e R
DLE0Ry | JOKD Leliy From Fuiling Edge of Clock, IOKD) Lo Wi ] o«
TR | (oriain) | TOFQ Dy From Rdog Fepe of Cloch, KO High o e
AR} 10WQ talay From Faltung bége of Chacs, JORQ Biigh L2 T
tpLerpy | BD Ixlay From Rising Eege of Qack, RD Low o | e
pUE (KDY BB Desay From Fuliog Edze of Clock, RU Luse [Sh I XT3 ST
B VAo tRD) | HD Delay From Riisg Edge of Clock. R 1050 LU0 I T
ipi%(RD) { PO Deisy From Fating Edpe of Clck. KD ttgh L2 AT
Fartudd IECRe bt Aot L R
1 i & - e
LS (WR) ay From Falling Fdpe W Lo (o
L] st (wr) | WR Delay From Falling Edga of Cloc, TR itgh rtme] (Lot
1y (ike) Tulie ®audth, Wik Low ™o wre
— (1M} (‘(\r,m_)-q‘-do
m DL HI Detay From Rung Edge of Clock, W1 Low 10 _J e lo oo
ity | AT Orlay From Risag Edae of Clock, M1 1k 122 AT A e
om | termn FISH Dy From Rusing Edge of Cluck, KESI] L 180 | s .
AL (RF) WISH Dubry From Rusng $dg of Clous, RFS g TS~ heer ] L ™ S09F
L7124 T WATLT Satup Tisat 10 Falling Edgr of Ok i) res
R DM ALY Delay Tiroe From Falling Fdge of (Tt K0 | onees
I Lan TRT Sc1w Time 1o Mising Edga of Chuxk 0 mee
Wt b Bty | Pbse o, KO Luw ® e
TERD | s BUSHT Setup Timm to Riving Edge of Cluck 0 e
0LiBA BUIAR (ntay From Rning Edge of Clok, KITAR fow 10§ e
HRGE | Dlon) | EDTIE Dity Feom Fateg Foe of Choch, BURAK i girmy wr B R
1214 S NN FYRET Se1up Tt 10 Rintang Edg of (e 0 oz
) Delay 1ol (HREQ, TORG. WD snd W) W0 | mwe
[ B Suble Prior 10 TORG (laterspt Ack.} " (=1 ) 1™ B P tapp 480
KIS -
- THGN Moy LR
A Data shovid be envbled eminthe L8101 ats bus wisen K2 5 axtiee. Duiing isites gt sckinsdedgs date
shuakd ba enabied when M1 i0d TGRD a1e bith ecive sriiend
B, At omind ugnats s inscemally synbitvursed i ihey muy be naathy syrchmamouwih repeu)
1 1he gk ST W
€. The REIET wagal moaet b axtrve o 8 mmvsyenum oof & clock eyades L
0. Output Delsy vs. Uimded Capacivaene
TASWC Vacu etV sts
AdS 10nsec delay for esch $0pf Increass in losd up To 2 maxlmum of 200pf for the dats bus & 100pf for
addsess & controt liset Lod circutt for Output
b Alhough static by drign. Vesomg guitwstees 1 gy ©f 200 s marimum

70



A.C. Timing Diagram
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voltages, unless otherwise specified:
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A C. Characteristics ZROA-CPY

AT OFC 0 70°C, Vee = 43V £ 5% Uless Othierwise Nated.
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12,0

/4
Zilog
ADCHL, ss
ADCA,s

ADD A, n
ADDA, ¢
ADD A, (HL)
ADD A, (1X+d)
ADD A, (1Y+d)
ADD HL, 53
ADD X, pp
ADDIY,
AND s

BIT b, {HL)
BIT b, (1X+d)
BIT b, {IY+d}
BiThb,r
CALL cc, nn

CALLnn

CCF
CcPs
[41]

crof

CPIR

CcPL
DAA
DEC m
DEC IX

280-CPU
INSTRUCTION SET

Add with Carry Reg, pair ssto HL
Add with carry aperand s to Acc.
Add value n to Acc.

Add Reg. r to Ace.

Add lacation (ML) to Acc,

Add location (1X+d) to Acz,

Add location (1Y+0) to Ace,

Add Reg. pair ssto HL

Add Regq. peir pp to 1%

Add Reg, pairrrto 1Y

Logicsl ‘AND’ of operand s and Acc.,
Test BIT b of lacstion (ML)

Test BIT b of fozation (1){+d}
Test BIT b of location (1V+d)
TestBIT hof Req.r

Call subroutine at location an if
eondition cc f true

Unconditional call subrouting at
lozation nn

Complement cerry flag
Conpare operend s with Acc.

Compere focation (HL) end Ace,
degrement HL and B8C

Compar focation (HL) and Azc.
decroment HL ond BC, repeat
until BC=0

Compare locstion (HL) and Ace.
i HL and d: 14

Compere focation {HL) and Ace.
Increment HL, docrement BC
repest until BO=0

Complement Ace, {(1's comp)
Decimat adjust Acc,

Decremant operand m

Decrement IX

DECIY
BEC 55
47}

DINZ ¢

El
EX (SP), ML
EX (SP), 1X
EX (SP}, 1Y
EX AF, AF’

EXDE, HL

EXX

HALY
na
81

tht 2
INA, {n}

INv, {C)

INC (HL)
INC 1%
NG (14}
e iy
BNC (1V+d)
INC v

NG s

IRD

INDR

1]

73

Decrement 1Y
Decrement Reg. pair s5
Disable interrupts

Decrement B and Jump
refative if B0

Enable internipts

Exchanga the location {SP) and HL
Exchange the location (SP) and 1X
Exchange thalocation {SP) and 1Y

Exchange the contents of AF
and AF*

Exchange the contents of DE
and HL

Exchanga the contents of BC, DE,
HL with contents of BC', DE’, HL*
respestively

HALT {wait for interrupt or resot)
Set interrupt moda G
Satinterrupt mode 1
Sat interrupt mode 2

Lowsdd the Ace. with input from
devica n

Load the Rep.r wyith input from
dovica (C)

Increment location (HL)
Incroment IX
Inzrement tocation {14d)

Increamare 1Y

lecrement ocation (1Y+d)
Increment Reg v
Inerement Reg pair 5o

Load location (HL} with input
from port (C), decrement HL
and B

Load location (HL} with input
from port {C), decrement ML nod
dacrement B, repeat until B=0

LY
Load location (ML) with input
from port {C); and Increment HL
and decrement B



INIR

P {HL)
JP{iX)
Yy

JPec, nn
JP an

C e

JRe

IPRC, e
JRANZ, 0

RZo

LD A, (BC)
LD A, (DE}
Lol

LD A, (nn}
LDAR

LD (BEC)L, A
LD (DE), A
LD (HL), &
LD ¢d, w1t
LG B, Lk
LD (HL), ¢
WDLA

LF X, nn
LD iX, {nn}
L0 {IX+d), n
LO (), r
(DY, nn
LD 1Y, (nn}
LD (tY+dh,n
LD 1Y+l ¢

Lead location (HL) with input
from port (C), increment HL.
ondd decvoment B, repeat until
8=0

Unconditionzd Jump to (HL}
Unconditionzd Jump to (IX)
Uneonditonat Jump to (1Y)

Jump to fecstian rn i
condition cs & trun

Unconditional jump to location
4]

Jnp calative 1o Fie i cury=1

Unceaditiona durnp redative
o PC+o

Jusags platin to FCve O carry=0

By pedative o PG 1 non
zero {20}

Jom:s eudstivo 1o PCHaif zero (251)

Lewd Aot with location (BC)

Lood Acz. with focation (DE)

Lozt oo eith !

Laad Ao with leestion an

Loz Ace. with Reg. 8

Load teestion (BC) with Acz,

Lazd tocation {DE} with Ace,

Lo bucstion (HL) with value b
=3 g pok ddwithvidloann

Lol Vi wikihs bocstian (i)

Lowd teextion (HL) with Reg v

Lowd b with Ace,

Eoad 1X with value nn

Load B with losation (vn)

Load Iocaﬁw;n (3XC+d) with value n

tosd bocation {1X+d) with Reg. v

Load 1Y with value an

Lead 1Y with tacation (nn}

- Load focation {1Y+d) with value n

Load location {(1Y+d) with Reg. v

LD (nn), A
LD {nn), dd
LD (w0}, HL
LD {an}, IX
LD (nn), 1Y
DR, A
L, {HL)
Lo 1, (1% +d)
LD v, (1Y +d)
Lo
Lo

LD P, Wt
LD 89X
LD §2, 1Y
LED

LODR

Lot

Lo

MNEG
g

GPR s
oTnR

3414

ouT (C), r
OUT (n), A
ouTD

ouTi

74

Load location {nn) with Acc.
Load location (nn} with Reg. pair d¢
Loed locztian (nn) vith HL
Load location {nn) with 1X

Load location {nn) with 1Y

Load R with Acs,

Lozd Reg, 1 with foeation (HL}
Lozad fleg ¢ with location {IX+d)
Lozd [eq. v with boeation (1 +d}
Losd Rag e withvelnon

Laad Reg. v with Reg. ¢’

Loed 53 with HL

Load 5P with IX

Load S¢ with 1Y

Load tocation (DE) with Jecation
{HL), dacrament DE, HL sd BC

Losd beeation (D) with lzaiion
{HL), decremont DE, HL and 8C;
repont entit BC=0

Lozd tocation (DE} with tocation
(HL), inerement DE, HE,
eerement BCG

Lozd tocation (DE) with location
(HL), imrement DE, HL, .
dacremsny BS and repeetenti
BC=0

Mageto Az (2% complomesg)
Ro ogaration

Logies! ‘OR’ or opvendd sand Ace.
Load outpsrt port (C) with leeation
{HL) dezresment HL and B, repoat,
untii B=0

Lo outpat port (C) with focation
L), Incremant HL, docrament B,
repeat untit B=0

Losd output port {C) with Reg. v

Losd output port {n) with Ace,
Loed outpast port (C) vith lacation
{HL), decrement HL md 8

Load output port {C) with focation
{HL), increment HL and docroment
B



POP IX
POP 1Y
POP qq
PUSH IX
PUSH 1Y
PUSH qq
RESb,m
RET
RET cc

RET!
RETN

AL m

RLA

RLC (HL}
RLC {iX+a}
RLC (1Y+d)
JRLCr
RLCA
RLD

Load IX with top of stack

Load 1Y with top of stack

Laad Reg. pair qi with top of stack
Load 1X onto stick

Load 1Y onto stack

Load Reg. pair qq onto stack

Reset Bit b of operand m

Return from subroutine

Return from sutwoutine if conditien
cc is tue

Retum from interrupt

Return from non maskeble interrupt
Hotata left through carry operand m
Rotate left Acc, through carry
Rotata location (HL) toftciroutar
Rotata location {IX+d) loft circular
flotata bocation (1Y+4d) loft circuler
Rotates Rag. rloft cireular

Rotata teft circular Acc,

Rotate diu;h left and right betwoon
Acc. and location (HL}

RAm
ARA
RACm
RACA
ARD

RST p

SBCA,s

SBCHL,

SCF

SET b, {HL}
SET b, {IX+d)
SET b, (tY+d)
SETh,r
SLAm
SRAm
SAlm
SUBs

XOR»

15

Rotata right through carry operand m
Rotate right Acc. through carry
Rotats operand m right circular
Rotata right circular Acc,

Ratate digit right and loft betweon
Acc. and location (HL)

Restart to location p

Subtract operand s from Acc. with
carmy

Sutstract Rog. pair 13 from HL with
eary

Set carry tiag (C=1)

Set Bit b of location (HL)

Set Bit b of focation (1X+d)

Set Bit b of location {1¥+d)

St Bitbof Reg. r

Shift operand m loft arithmatic
Shift operand m right arithmetic
Shift operand m right logical
Subtruct operand 8 from Acc,
Exclusive "'OR’ operand s and Aco.
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1. INTRODUCTION

This manual will expliin how to instail, operate., pro-
gram, and troubleshoot your new terminat. The manual
has been designed to help you use the terminat casily
regardless of your previous experience with terminals

1.1 TERMINAL OVERVIEW

The Model 910 PLUS CRT terminal is a modular-design
unit. ltsnonglare green screen with highresolution char-
actersreduces operator fatigue. Characterscan be green
on black or black on green.

The terminal includes many deluxe features. During in-
stallation you can change the terminal to once of four lan-
guage character sets (English, Spanish, German, or
French). Fifteen beud rates are available to fit your sys-
tem requirements. An RS232C printer port allows you
to connect an auxiliary printer of your choice. An op-
tional current loop interface can be added, allowing the
terminal to be instatied up to 1,000 feet from your com-
puter system.

You canselect video atiributes, transmission modes. and
cursor appearance, Additional commands control pro-
tected ficlds, editing modes, monitor mode, handshak-
ingprotocol, and cxtension or copy print, Using a special
“FUNCT™ key ples an edditional character allows you
to quickly transmit a preprogrammed comimand see
quence. Tranemission can be conversational or block,
editing can be local or duptex.

1.2 HOW TO USE THIS MANUAL

As you progress through the manual, you will find the
following chapters:

2. INSTALLATION

Setting up your site for the terminal, the powet
requirements, unpacking and checking the ter-
minal, setting switches to take advantage of the
options available, configuring the terminal for
your computer system and printer.

3. OPERATION

Turning on the terminal, a deseription of the
keyboard and functions of the keys, using tabs,
editing, sending data to the computer and the
printet.

4. PROGRAMMING

Controlling the terminal through commands from
your computer system: programming special
functions, sctting visual attributes, monitoring
the program, joading and reading the cursor po-
sition, adding custom RAM and ROM, disa.
bling the keyboard and printer.

5. TROUBLESHQOTING AND
SERVICE

Periadic cleaning and inspection of the termi-
nal. troubleshooting simple problems {using a
table of symptoms. possible causes, and solu.
tions}, using self-test, service under warrants.
GLOSSARY

Explanation of terms commonly used in this
munual.

APPENDICES

Specifications and reference tables,

INDEX

References to main subsections by subject,
OPERATOR'S QUICK REFERENCE
GUIDE

Lists atl control and escape commands.

Euch section of the manual is numbered. To find a topiv
later, look in the index and find the epproprisic section,

As you read the manual, you will notice some special
symbols at the teft margin of the text, These symbots calt
your altention to information of specialimportance. The
symbols used ase:

N General note giving information
A Lo every operator,

Programming notc giving infor
<CIESEITT mationof special significance to the

progeammer.

Warning giving information con-
cerning the safety of the operator

or possible toss of data. When you
see this note, STOP avd rend the
rsote befure proceeding!

L3 PROTECT YOURSELL!

When you install or test the terminal, observe standard
safety precautions (as you would with any clectrical or
clectronic equipment). Only qualified service personnel
shouid open the terminal housing. Disconnect all power
before performing any inspection or maintenance.

Beyond the normal precautions, you should be aware of
two additional conditions:

1. 1 the CRT tube breaks, always wear ieavy rubber
glovesoruse tongs topick upthe broken CRT frag-
ments since the coating on the inside of the twbe is
poisonous. .
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2 Iiven after the power is turncd ofi, charges are re-
taincd by the CRT and capacitors, Always dis-
charye them to gronnd betore touching them. Never
reach into the terminal enclosure unless somcone
capable of giving aid is present.
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2.2.2 Unpacking the Termibne)

Carefully unpack the wrninad Gom the shipping con-
tainer, Avold using charp instrumsents o opei the con-
tiiner. Save the packing container and mmml forposiible
use in reshipping the terminal,

2.2.3 Inspecting the Terminai
AfLst you'unpack the terminal, mspeet it thoroughiy for

hidden damage and loose components or fittings, The
inspection cheeklist is as follows:

1. Remose the terminal cover by removing the screws
underncath the front bottom of the keyboard, Life
up the cover carcfully.

@
e

The terminal will now be top heavy and wiil have a
teadeecy (o kb over backwards. Be sure there is
sufficient talie oom,

2. tespeet the keyboard ond display eabinet interior
for shipping dats e,

. Examiine cable harnesses for stress, lovie or bro.
feon waves, of broben calile to,

. Bxxnine sl internaly mountzd componenty for
boee or ad g Fuadware,

5. Fighven ol fowse havdvase,

g Clemrloase debiis foom e cabiset imterior,

7. Repliace the cover. Du notovertighien the serows,

!Ic;wr!mg Panmonge

2.24

I hidden duniige is found, immediately notigy the tr
fer company of the damage. Save all packing materi
for the transfer company's inspection. file a damayge re-
portwith the casriar, 20d notily your deater and TeleVideo
of the damage. Since terms of sale for the terminal are
FOB TeleVideo, Sunayvale, Califernia, TeleVideo is not
responsible for anydamage which occerred during ship-
mentand will not repair this damage under warzanty, All
repairs for shipping damnage are billable, Prompt notifi-
cation of damage will ensre daim validity and expedite
payment for necessary repairs by the tzansfer company
orits insurance agent,

.



2.2.5 Reshipping the Terminal

Should you need to reship the terminal, follow these
pracedures:

1. Remove the two screws on the bottom front of the
terminal and lift off the cover.

2. Check the integrity of the cabling and sccurity of
internal mounting hardware.

3. Replacecover, beingcarcful not to overtighten the
CICWS,

4. Repack the termingl in the original TeleVideo

shipping container or other suitable materials.

2.3 PREPARING THE SITE
Before you proceed with the actual installation, make

sure you are veady with the proper power and a farge
enoughtable.

2.3.1 Power Requiveikuls
* 115 VAC 60 Herz at 0.5 amp
OR
L0 VAC 50 Hertz 210.25 amp
* 55 waits
* NEMA stondard 5-15R, - prong receptacts (US only)
2.3.2 Fhysicol Requirensonts
* Flat, levelarea
* Surface dimensions:  13%inches (33.66 cm) high
16% inches (40.96 cm) wide
20V inches (50.96 cm) deep

* Recommended ventilation clearance is 4 inches (10.2
cz1) on afl sides. Refer to Figure 2-2,

Figure 2-2 Dimensions

2.4 INSTALLATION

The actual installation and set-up consists of only three
steps:

1. Configuringthe terminal for cither 11501 230 VAC
operation.

2. Connecting the terminal to the computer or a mo-
dem (and to a priater, if used).

3. Configuring the terminal by setting switches and
installing jumper options.

2.4.1 Power Configurstion

Depending on your location, the terminal can be config-
ured to operate with cither 115 VAC (United States) or
230 VAC (internationaly,

118 VAC Conflguration—Keep the three-prong plug which
is provided with the terminal and make sure your outlet
is grounded. Ef an adapter is used, ground with a pigeail.

238 VAC Coaliguration—If you are located outside the
United States and use 230 VAC power, cut off the US-
style three-prong plug provided and install a connector

ible with your local power receptacles. The pawer
cord wires are color-coded as follows:

¢ Green  Emthground
¢ Black Pramary power (hot)
s White Primary poraor retor (eutral)

Sct the power select switch (focated onderncath the
termina) to cither 115 or 230 V (Fig. 2-3). You will
set Hertz to match your posver frequency when you set
switch §2.

Figure 2--3 Hear Panel

2.4.2 Connecting the Terminal to a Computer
System or Modem *

You can connect the terminal directly to your computer
system ot use 2 modem, Table 2-1 points out pin con-
nections which may be used.

e
i'



The intezface connection to the computer system (main)
port is P3, located on the rear of the terminal. The con-
nector configuration of P3is givenin Tuble 2-1.

Tabte 2~1
P3 (Compnter Interfaee)
Pin Conneetivss

Pin Ne. Sranal Name!

i Frame Ground

2 Tranzmut Data Guipnt

3 Receive Data Iapue

4 Request To Send Output

5 Clear To Send Input

6 Data Set Ready apas (opt.)
& ;

12 Current Loop 4+, Receive
i3 Current Loop -, Fransmit
20 Data Teeminal Ready Qutput
24 Curtent Loop ~, Receive
25 Curréat Loop | Transmit

Motes

1. Reference EIA Standard RST32 for Signat Defiaitons

.

2.4.3 Cenngcting the Foriinal to g Printer

Your teneinal can be connected (0 an auxiiiary s
orinter to shard cepy of data disp!
on the seieen. The ter sevial priniet interfa
fows the tenmingl to be used wiitli most RS23Z-compatis
ble serial printers currently aviilible on the parket,
including both character-by-character and buffered
printers. The serial printer inzerface is a 25-pin connse
tor, P4, located on the tear of the terminal. Table 2-2
defines the serial printer interface pin connections,

& fro i

Table 2-2
P4 (Sertal Printer Enterface)
Pin Connectlons

Pin Na. ] .  Sigrdd Name

" Protect Ground
Transmit Data

Data Set Ready
-Signal Grourd

Data Terminal Ready

T s

2
=

2.4.4 Configuring the Terminal fur the
Computer and Printer

Two switches (focated on the rear of the termsinal and
shown in Fig allow you to configure tie rerminal
to aperate according to the reguitements of your com-
puter system and printer. This «ecienr desenibes tese
switch settings.

‘The optional conditions controlted by these switches are;

Bavd Rufes
You can select any of 15 baud rates accordmg to e
TEQUIremuits Of your compiater oy o

Charncter Sets

You can seleet Englich. Feench, German, or Spunish
cligracter seis.

Hevin
You eonset the Hert owiie
frequency.

toytehrvou

Parity, Stop Bits, and Word Steuctsve

You canset the parity, nitmber of stop bits, and -
ber of bits i the word structnre to maich the reqguire-
neents of vour conpater syster,

ctdbconneet Da Set Ready, Dat
amd {ra Terminal Ready.

You ¢ain oo
CartierDe

You canseiect bl or full Guplex (conversational moe)
or block mode.

Sctyour printer’s baud rate w0 ni i s conyirer’s baw!
rte. COhs tate s also wsed for saateh ST dipywitehe
through 3 s dosenibed inTande 7-300)

Vehicnwver you chanize any switches, piess BREAK (wice
while holding down the SHIFT bey. This allows the woft-
are to sean aH new switch positions.

2.4.4.1 Chorpeter Sets-—You ean sefeet any of four pos-
sible character sets. The standurd set is English. To select
anuther character set, refer to Table 2-5,

Character sets are resident in the churacter generator.
You must reprogram the terminal systerit ROM for the
particutar keybourd fayout desired.



Table 2-3a
External Switch Settings

Position
Open Closed
Switch Dipswitch (Up)  (Down) Funclion
S1 1234 Computer baud rate; sce Table 2-3b
5 X Seven-bit word structure
X Eight-bit word structure
6 X Sewmd parity
X No parity
7 x Even parity
x CGdd parity
8 X Two stop bits
X One stop bit
9 X Autowrap on
X Autowrap off
10 X Performs CR/LF upon receipt of CR
X Performs CR upon receipt of CR
S2 1 X Block
x Conversational
2 X Half duplex
X Full duplex
3 X 50Hertz!
x 60 Henz'
4 X Local edit
X Duplex edit
5 x Underling cursor
X Bileck cursor
6 x Cursor down key as in 912/920
X Cursor down key as in 925/950
7 x Green on black
X Black on green
8 X Data Sct Ready disconnected
X Data Set Ready connected
9 X Data Carrier Detect disconnected
X Data Carrier Detect connected
10 X Data Terminal Ready disconnected
x Data Terminal Ready connected

[gc(ﬂ'fs

t 10 match powerline frequency to avoid screen flicker.



Table 2-2h
Switch Settings for Computer Band Rates

Boud Haie
Switch Pasition Settlng
51 1 2 3 4
D B D YGud
D D DU )]
2D u i 15
[ A A ¥ Lo
oy D DB 135
D U b v 150
>y U o RiL)]
LU Uy €38
U n noon 124
g b oo 1804
Uy n uop 2408
Uy np ou oy 3GR)
v u LD 4860
u u b u TN
u tuy uDn {0
U Uy 19260
Legends [% = Hgmx
Table 2-4

Switch Setings of §1 {or Common
Word Strectares
(Lxaa Bits, Stop Bits, sad Parity)

Positton
5 6 T 6 Pocity  Sloplits
U B X D 7 Mone !
u np X u 7 None 2
U v B i Qdd 1
voou 3} i} 7 Odd 2
u u v n 7 Lven i
v u u u 7 Lven 2
D D X D 8 iVous 1
DD X U b None 2
pDu D D 8 Odd 1
D U uyv o B Even i

Legesnd: U« Up
D= Down
X = Eitherupordown

N
P

1f word structure, parity, or stop bits are setincorrectly,
tire terminal will only display @ signs when it is turncd
on.

Carvpranbon ! {gewnt -
Hatdupsor (i

&) Hory (4
Cgues i (g

ook ansos (30
812 92 mods (U,
a0 O g7 0461 (G0}
OS5t eanmasted (cown)
DCO desconnectetd [up)
OTA conneatwt (oot -

Figure 2-4 Switch Seiting Example

Tabl :
Charncter Set Lineper Options

R

French  Cuit

Geetnan Cute
anad ££5
Spanish  Cuttrace between Boand B and B4 and E3.

]

2442 Video Displuy-— You conset the teeminal display
to be grecr oa blach (normal) o black on green {re-
verse) andeeuse the carsor to be an anderline op ablogk,

displayed s steacy on Blinldig. See Table 2 20y

2443 Compasite Video Juin;
monitor 0 uddition oz other the
e, maodify the heaie board (Fig. 24 ding au Ao
pirenol BMC conmector (Pt 2271685} to the rear of
the terminat case (Sce Figo 2-0 for recommended
placenwin,)

r A T diive
et moni-

Connect tha center fead of the 100 105 10 P2 pin
6 and the BNC ground jead to P2 pin 3. Cut the trace
between B0 and E1L ostoll o fumper between F12 and
i3

The monitor shoubd ot be more than 10 feet from the
termind.

2,448 Currcd Loop Optiva—Installing an optional
currentJoop board enables you to operte the teeminal
upy Lo LOG3 fzet from your compuier tystem,

Before you instalt the optional current loop bourd, -
spect it for possible shipping damage (e bent pins,
cracked board, ete.).

Make cuts and jumpers on the cutrent loop board {shown
in Figure 2-7) according to the desived configuration.
(Possible configurations are deseribed in Table 2-8)

Rewmove the terminal cover by renioving the two screws
in the bottom of the case. (Figure 2-1 shows the location
of these screws.)



SOCKET (MODEM CUARENT
1OOP CONNECTION}

POWER SUPPLY
CONNECTOR

KEYBOARD ENCODER  epry

KEYBOARD

CONNECTCR

EITESBE19

CRT
CONTROLLER

P4

E14E15ELB

CcPU

PROGRAM EPROM

{COMPOSITE VIDEO)

E4E5 CHARACTER MONITOR P2PING
E6E7 GENERATOR CONNECTOR

Figure 2-5 Logic Board



U PLACEMENT OF
NC CONNECTOR

Figare 2-6 Interior of Tersninl



o- N
\ / -
. //V :
Ao ,,3’«@3‘“% -o O]
01210, 8{5K}® o.(Sol-g,
° c o-{47k}-0 °; 0
a2 a3 0 CID o , é";:owz . " :
‘6 {70 of |o %s O \ [
to-{33k-0 © Swa caomerren
2N2907 cnzo i o 9 e o
A8 [F]0a0 (1K) e oS
of2|ozg D) o @ © 9
oo . ,° Q20 o2
ggletdideo ©
Figure 2-7 Current Loop Board [Fretup ey
Deres e
Figure 2-8§ Current Lovp Board
in Relation to Logic Board
Table 2-6
Possible Current Loop Configurations
N - Transmit/ P3
"Mod¢! Receive Cut Jumper Pin No.
"Fall buple'x
* Active Transmit W2toW3 Wito Wl Pin25-
Wit W Pin13+
.. Reeeive Wihito W7 W5 ta W6 Pin 12~
A ) WTtoW8 Pin2i+
Passive Transmit None None ‘ Pin25+
. Pin 13~
. { Receive None None Pin 12+
. Pin24-
Half Dﬁplu :
Active Transmit Wito W4 Wito W2 Pin25~
and Receive P3-i3t0P3-12 Pin24+
Passive . Transmit Neiie P3-13toP3~12 Pin25+
and Receive Pin24 ~
Notes

!Active = terminal supplies the current source; passive = compnter supplies the cusrent source.



Insert the current Toop board into the 16-pin socket ln-
cated on the terminal control board. Refer to Figure
2-3orsocket position: Figure 2-8shows where toinsert
the serew. spacer. washer. and nut.

Replace the terminal cover using the screws vou re-
moved. Be careful not to overtighten the screws,

Connect Your computer to the terminal, using a cable
with pins as shown in the column libeled P3 Pin No. in
Table 2-6.

1.4.4.5 Additional Modifications—Table 2-7 describes
other jumper options which will chunge the terminal’s
interfaces.

Table 2-7
RS232C Termingl Interfuce Jumpey
Options

1. Standard S2t Up (no modifications to printed clrcuit
board)

a. Data Carder Detect (DLD), P3 pin 8, is used to
monitor status of an external modem.

b. Data Terminal Ready (RTR) output is sent to the
computer when DTR from printer port is received.

2. Jumper Options

a. Data Set Ready (DSR), P3 pin 6, con be used to
monitor the external modem rathe ¢ than DCD,

To install: Cut the truce between E14 and E15.
Adda jumper between E15 and E16,

b. Use Request to Send {RRTS) to send DTR to com-
puter rather than DTR from printer.

To install: Cut the trace between EIS and E19,
Add a jumper between E7 and E19.

(Refer to Figure 2-5)

2.5 INSTALLATION CHECKLIST

Before you proceed to the next chapter and turn on thie
terminal, check to be sure you installed the terminal
correctly.

1. Did you install the correct power plug for vour wall
outlet?

1o

. Didyou setthe powerselector switch tomatch your
powes requirements”?

. Is the main interface cuble to the computer system
properly wired and plugged in?

et

o

. I youare using a printer, did you plug in the printer
interface connector?

5. Did you set the switches for the correct

* Baud rate (both for terminal und printer)?
* Stop bits?

* Word structure?

« Parity?

o

Did you set switches for

* 50 or 60 Hertz (to match your powerline/fre-
quency Tequirgments)?

» Full or half duplex?

If the answers are YES, then you ate ready to proceed
with netually using the terminal.

Enter here the serial number, date received, and switch
settings. This will expedite any technical conversations
about your terminal.

Serial Number,

Date Received

Switch Settings Used:
(Enter U or D for Upor Down)

§i



3. OPERATION

3.1 INTRODUCTION

This chapter will lead you step-by-step through the op-
eration of the terminal. Even if you have never used a
computer terminal before, you will be able to use the
terminal casily if you read this chapter carefully. If you
are a programmer, you will want to continue on to Chap-
ter 4, which covets additional information for program-
ming a computer to interface with your terminal.

In this chapter you will learn about:
* Turningon and adjusting the terminal’s display screen
* Using the various keys on the keyboard

* Directing data to the computer system and the printer
through send commands

« Settingtabs
« Communicating with your computer system

3.2 TURNING ON THE TERMINAL
;l'urn on the terminal as follows:

1. Make sure the ON/OFF switch at the back of the
terninal (Figure 2-3) is OFF.

2, Plug the terminal cord into a grounded outlet (115
VAC in United States).

3. Push the end of the rocker power switch marked
with a white dot. The terminat should beep within
one second, indicating that power is on and the CPU
has initialized the terminal. After another 1010 15
seconds, the cursor should appear in the upper left
corner of the screen (home).

4. Ifthe cursor does not appear at the home position,
oress the home key en the keybaard. H the cursor

still does not appear, check the contrust control at
the rear of the terminal (Figure 2-3).

o

. Adjust the contrast control for the desired screen
intensity.

. Follow the sign-on protocol required by your com-
puter system,

7. Refer to Chupter S if the installation does not pro-
ceed smoothly.

3.3 KEYBOARD CONTROLS

In addition 1o standard alphanumeric typewriter keys,
vour terminal has several keys which perform speciat op-
erations. These special keys can be used in conjunction
with your computer to allow:

* Modifying action on other keys
* Editing
= Entenng preprogrammed data

Each key on the keyboard is actually a switch. Seme-
times two keys cun be used with any alpha or numeric
keys to provide a totally different message to the com-
puter. When used together, these keys control the gen-
eration of data sent to the computer system and the receipt
and printing of infonmation,

3.3.1 Keyboard Layout

Fgure 3-1 illustrates the keyboard fayout. Thecharacter
keys highlighted in Figure 3~Ia include all alphabetic
characters (a through z), numbers (0 through ), punc-
wation marks, and mathematical symbols.

3.3.2 Key Functiens

Table 3-1 summarizes the function of the special keys
whichare highlightedin Figure 3~tb. Many of thesc keys
are abso listed in the Operator’s Quick Reference Guide
on the inside back cover.

DEEE
BEERE
OEEE

[t
o]

Figure 3~1a Keyboard Layout

1



Key Name

Space Bar
SHIFT

ALPHA LOCK
TAB
BACK TAB

CTRL
(Control)

ESC ..
(Escape)

Teansmitted?
(Yes/No)

Y

N’

Figure 3-1b Keyboard Layou?

Repeat
Action?
(Yes/No)

1%

N

Table 3-1

Function of Keys

Description

Causes a blank space to appear on the display and transmis an
ASCl space code (20 Hex).

Selects upper character inscribed on akey, changes operation of
most special keys, and capitalizes alpha characters, -

Locks the SHIFT keys so that all alpha key's transmit codes for
upper-case characters, The key is pressed to lock and pressed
again to release.

(CTRL/H—TAB moves the cursor forward to typewriter tabs
(Pretect mode off) or to the start of the next unprotected ficld
(Protect mode on).

(ESC1)—Moves cursor backward to typewriter tabs (Protect
made off) or to the previous start of an unprotected field
(Protect mode on).

Generates normally-nondisplayed ASCIL control codes when
usedin conjunction with another key.

The CTRL key combinations are used for special action by the
terminal andlor the application program in the computer.

i

PN
The CTRL key is always used simultancousty with the other
character in the command; i.e., the CTRL key is pressed first
and held down while the other key is pressed. (Itis simitar in
action to the SHIFT key.) The commands which require
simultancous depression of twvo keys are indicated by a slash
separating the two key names,

The ESC key sends an ASCH code for escape to the display
processor, The key is generally used to momentarily leave
(escape) an application program in order to use a special
feature or function.

Another function of the ESC key causes thic next control
character entered to be displayed on the screen, This facilitates
pulting control characters on the screen without going into
monitor mode.

12



Key Name

RETURN/
ENTER

HOME

LINEFEED

BACKSPACE «

t
|

-

DEL
(Delete)

BREAK

Clear Space

PRINT
SPUNCT

Transmitted?
(Yes/No)

YN

Y/N
Y/N
Y/N

Y/N

YN

Repeat
Actlon?
(Yes/No)

<

Table 3-1

Function of Keys

Description

4

'
o-
|

N

The ESC key is used inconjunction with one alphanumeric
character inthe commund sequence: i.c.. the ESC key is pressed
dnd releascd before the second key is pressed,

Although escape sequences appear here with a space before the
alphanumeric charucter. this space is #o¢ to be entered as partof
the sequence. Ttis inctuded only tor the sake of clarity.

(CTRL/M)—The RETURN amd ENTER keys perform the
same function. They send the ASCII code for a carriage return
{CR) tothe display or computer. The communication mode
used causes the termigtal to transmit a CR {or CR/LF) to the
computer and/or the cursor to be moved to the first unprotected
position.

If the entire cutrent line is protected, the code moves the cursor
to the next unprotected position on the page.

The terminal features an auto wraparound function which
eliminates the need to manuaily enter a carringe return and a
lincfeed at the end of each 80-character line.

(CTRLS A)-—Moves cursor to first unprotected character
position on the page.

(CTRLA)~The LINEFEED key sends an ASCIT code (DAH)
fot a lincfeed (L¥) w the computer, The code causcs the
terminal to transmit an LF code to the computer and the cursor
to be moved down one line on the screen in half duplex, or

echoed by the computer in full duplex.

'(CTRL/H)——N oves cursor one character (o the lcft

(CTRL/K)-~Maoves cursor up one line.

(CTRL/ or CTRL/V)—Moves cursor down onc line. If the
cursar is on the bottom line of the sereen, the code has no ef-
fect. The oode transmitted is determined by setting of switch 2.

(CTRI/L)—Moves cirsor one character to the right.-

The DEL key sends an ASCH DEL charaster to the computer
‘This is usually interpreted by the cumpmcr asp chnmcter erase -
code, e e ’

Transmits a 259-millisecond break pulse to the computer.

Replaces all unprotected characters on the pdge with spaces.
When pressed the same time as SHIFT (ESC.*). it clears the
entire page to nullsand mmsoff pmn.c( nnd halﬁmcnsily
modes. ;

The PRINTkey oggles the e'xtcnsiori prir'!i ?r'!oHc anor bff. o

The FUNCT keyt its a userselected character bracketed
by CTRL/A (SOH) and CR.

13 N



3.3.3 Cursor Control

The lighted rectangular block which appears onthe screen
indicates the entry spot for the following characters to
be typed. Itis called a “cursor.” During typing. the cur-
sor moves from lefi to right. As it reaches the end of a
line. it “wraps around™ to the beginning of the next fine.
If you place the cursor over a character which you have
already typed. the character within the cursor will be
changed into a reverse image within the cursor. (If the
characters have been green on a black background. the
cursor will appear as a green rectangle around a black
character.)

The movement of the cursor is easy to control. To move
the cursor. press one of the cursor control keys marked
with an arrow. The cursor will move in the direction of
the arrow until you refease the Key. To return the cursor
quickly to the topleft position on the screen, press HOME.
The cursor will now be in column one, line one.

Wt

0
If you are in local edit mode, cursor movement wil not
be transmitted to the computer,

The cursor display may appear any onc of five ways.
See 4,11,

3.4 BASIC OPERATIONS

‘This section describes various options available to you s
you usc the terminaf:

* Editing data
¢ Tab controls
+ Communicating with your computer system
» Printing
3.4.1 Tab Controls

You can set regular typewriter-style tabs or (if you are
using protect mode as described in 4.6) field tubs, Refer
to 4.7 for compleie instructions on setting, using, and
clearing tabs.

3.4.2 Editing

Should you need to change text on the screen, you cau
delete a line (either partially or completely) or the dis-
play (eitkor pantially or completely). This will give you
space to enter the correct text. Deletions will start with
the column position of the cursor. The tegminal can also
modify screen data using character insert/delete and line
insert/delete. These both start at the character position
also. Commands for editing are described in 4.8,

Youcanselectone of theee teansmissionmodes by switch
settings or using escape sequences. The three modes

available are block. half duplex (conversation), and full
duplex (conversation). The communications flow causcd
by these modes are itlustrated in Figure 3-2,
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i

B Cumtr
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i
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v,

]
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Figurc 3--2 Communication Modes

3.4.2.1 Block Mode—Operating in the block mode gen-
crally consists of entering or changing text locally, In this
mode, the terminal sends the results to the screen, When
you are satisfied with the results of the data entry or
change, you can cater an escape sequence to send the
datato the computer. Block mode atlows you to make all
corrections before transmission.

Ta enter block mode, enter
ESCD

if switch §2is sct for block mode, the terminal will revert
to conversation node when an ESC C is received or
entered.

3.4,2.2 Ceaversatien Mode—In this mode, two-way
transmission oceurs contintously between the screen and
the computer. Youcan either send the information to the
compulter at the sume time it is displayed on the screen, or
you can send it to the computer and the computer will
echoback the information on the screen., (The time needed
1o echo back the information is so short it will seem to
happen simulteneously.) Regardless of when you send
data, the terminal can always receive information from
the computer. When the information is displayed simul-
taneously with the transmission, it is called “half du-
plex.” Whenthe information is sent first to the computer
and echoed back to the terminal, it is “full duplex." Refer
to Figure 3-2for a diagram of the information flow.



To enter conversation mode, enter

ESCC

The terminal is conversational in either half or full du-
plex modes.

Half Duplex Mode

The half duplex mode sends keyboard entries to the screen
and to the computer at the same time,

Full Duplex Mode

The full duplex mode sends keyboard entries tothe com-
puter only. If the computer is programmed to actupona
code received from a keyboard entry, it may ccho the
result back to the terminal. For example, if the “A" is
pressed on the keyboard, the computer will probably
send the “A” back to the screen,

3.4.3 Sending Data to the Printer

When the printer is printing on a continuous basis, it is
an extension of the line from the computer to the ter-
minal—this made of printing is thus called extenslon or
copy 2ll.

To start extension printing, either press the PRINT key
oreater

ESCu
To stop printing, press PRINT again or ¢nter
ESCA
You can also send information from the computer to the

printer without displaying it on the screen, This is called
transparent mode.

Section 4.15 describes commands used for transparent
print.

Figure 3-3 Screen Display



4. PROGRAMMING

4.1 INTRODUCTION

Your computer program can wompletely control your
terminal by transferring the appropriate ASCH codes.
This chapter tells you how to translate keyboard func-
tions into remote control functivas,

Unless otherwise specified in the text, all control code

sequences are transmitied o the terminal to elicit the
responsc associated with the code.

4.2 MONITORING CONTROL
COMMANDS

You can monitor control contmands in severad ways:

* Activate the monitor mode without transmitting the
wotiitor mode code itself to the computer

* Transmit the monitor mode code 1o the computer

"To_ enable monitor mode without transmitting that code
to the computer, entes

CTRL/1

To terminate this mode, enter

CTRL2
“To enable monitor mode via the computer, enter

ESCU

KONITGRMODE COOES
CHARACTER SETS
HALF INTENSITY
BLANK REVERSE
FEVERSE

PUMXREVERSE

ronmL vinen
BLANK NORMAL
BUNK NORMAL
BLANK BLINK
REVERSE UNDERLINE - R
BUANK REVERSE (NDERLINE
BUNK REVERSE UNDERLINE
BLANK BUINK REVERSE
ROAMAL URDERLINE

BLANK NORMAL UNDERLINE
RLINK NORMAL UNDERLINE

st 82,
X DONT CHANGE

v 1

B

L T U DAY T

Figure 4-1 Video Aftributes

< ===l

This must be echoed by the computer or monitor mode
will notbe activated. '

To terminate the display of the controf commands, enter
cither

ESCuorESCX

Figure 4-1 illustrates the monitor mode codes,

4.3 FUNCTKEY

Using the FUNCT (function} key in combination with
any key errables you toquickly transmit a three-character
sequence of commands.

Toentera function comimand, press the FUNCT key and
attite same time press a key. The first code which istrans-
mitted will abwaysbe ! :

SOH (Control A)

‘The second code will be the ASCl code of the depressed
key. The third code will always be a CR (Table 2-3).< ’
Program your computer’s Input/output string toutine o
cateh the entire string and then process it (unless you are
using an interrupt-driven computer, in which case you
donot need to worry about data being lost).
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4.4 ADDRESSING AND READING THE
CURSOR

The computer can tellthe terminal where to position the
cursor with a four-chisracter escape sequence. Thisis calked
addressing or loading the cursor.

4.4.1 Addressing the Cursor
To address the cursor, enter
ESC =

Then enter two more characters to represent the abso-
lute tow or line and column where the cursor will rest.
Using Table 4-1, find the ASCII code represcnting the
desired row. Note thatthe line number can not be greater
than 24. Enter the appropriate ASCII code. Next find
the ASCII code corresponding to the desired column
position (1 through 80 possible) and enter that code. For
example, if you want to program the cursor to goto Row
9. Column 50. enter

ESC = (Q

4.4.2 Reading the Cursor

The computer can alsoread the cursor's row and columa
position. To read the cursor’s position. enter

ESC?

Following the cursor coordinates (row and column). the
terminal will transmit a CR,

4.5 VISUAL ATTRIBUTES

You can define the appearance of cach line onthe screen
(2 whole linc or only part of a line). Each line must be
defined separately (except half intensity). Several atwri-
butes can be used on each line (i.¢., blinking set at the
beginaing followed by underlining set later in the line).

Reverse Video Changes background of screen on that
line to the reverse of that which appears
on power ON. I screen is normatly black
with green characters, this line will now
be green with black characters.”

Table 4-1
Cursor Coordinates

CUREOR POSITIONING

POSITION
Ror '

ASCIICODE

POSITION
Trastenltied ¢

Space i3

By T
i b cRAIABR e
-
@x

E

ue

DBV E A - OBAO NI D~
“n
@

BUERENRY

Neten :
1. Valueof R can't be greater than 24.

ASCII CODE
Transmitted

ASCILCODE
ted

@ 68

1 D> N R ELCCHPEOWOZ R R OMmUNT>
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Half Intensity  Changes intensity to half ofpormal ou o

charactec-by-charicter basis.

/
N
Half intensity differs {rom ather visual
attributes in thaw once it is set, it affects
all characters entered (repardiess of cur-
sor position) until it is turned off.
Underline Creates i solid line below all characiers
ontheline (including the line crented by
the underscoce hey).

Blink Canges all characters oa tie line 1o bl

Bionk Altdata entered on thic e will be invi -
ible to you but will print out and b
tranemitted 1o the compuier, € 1y
opplication nzight be payrall ir
wation, ¥

Notu

1. Attribute scrts with cuisar posiden and continue
until another ataibuic o vicd of buw L encoutiterad,

Fipure -1 iHustrates tha visual attribote
4.5.1 Setting

To cet nviznal atiribnte | plaee the cumor ome pusition
befere you want the attritute to stait, Attributes cccupy
achuracter position. J youwwant the whole line change
plice the cursor ot coltmn one hzloge entering, (b
tribute commaand (ESC Gn).

Table 42
Escape Sequences for
Visual Attributes

Escupe

Boceriptinn Seyueten

Normal video (green on dack) ESC GY
Blank {invisible nonmal video) ESCGi
Blink ESCG2
Blank {invisible blink) ESCG3
Reverse video (black on greva) ESCGY
Blank (invisible reverse video) ESC GS
Reverse und blink ESC G6
Blank (invisible reverse blink) ESCG7
Underline ESCGB
Blank (invisible underline) ESCGS
Underline and blink ESCG:
Blank (invisible blink underline) ESCG;
Underline and reverse ESCG <
Blank (invisible undesline reverse) ESCG =
Underline and reverse and blink ESCG >
Blank (invisible underline reverse ESC G?

blink})

18

4.0 PROVECT MODE
4.0.1 Applieation

Using protect mods during the creation of & page allows
you to protecy designatad areas of the page from futuie
change by the operatar and control the transmission of
those areas.

Using proteot mode is actually o two-siep process: input
and protetion.

A typical application would be the ereation of a form,
feaving blunk spaces tor later entry or variable informa-
tion, W& e (lw fnrm hqum"s nn( pmlu.ud by proteet

., e ar aeeidentat

aron the screen at half the regular
s not e fo enter a fickd which has
cad sdvance across that srca

ccd behd whvi e aperatione
or - | 11 oor Duavs bovaver, sove the earsor
to the protecred tichd, Tie sereen docs aot saoif upin
proteet wode, 1 the whole en is protected, the cup-
sor will po o the bowie position snd will not move,

trnede aifects caasor actionduring tabulating, ¢d-
sendding, and printing.

6.3 Procedere

A dnge chadivideal areas (el which will be
given bignkar protection from fater change ate created
usiirg protected writing mode,

Information wiest be input using this procedure i it is to
be protected b

Tostart proiectc
Titst prok

coted charseter 2 to be focated,

© Enter

t

3

Thig turns on proiected writing mode {(also called half
fsdaity ), Until the mode is reset, each character en-
tered is displayed at half intensity,

Enter the information for that arca of the screen,
Proofread the entry and change if necessary.
End data cntry in that arca by entering

ESC(
“This turns off the protected writing mode (half intensity),

Move the cursor to the next area to be protected and
repeat.




4.6.3.2 Protection—Whenallarcastobe protected have
been entered correctly, the whole screen is ready to he
protected from change (protect mode on). Once this
protection is given, the cursor will not be able to enter
those arcas unless the protection is removed.

Tostart protect mode, enter

ESC&

The position of the cursor is irrelevant during this escape
sequence.

Protect mode protects all visual attribute codes within
the defined protected area from overwriting or erasure.
Alldata within protected arcas is also protected,

To remave protect mode (protect off), enter
ESC”
4.7 TADB PROGRAMMING

Ads briefly deseribed in Chapter 3. the eursor may be moved
on the screen to presct typewriter-style fabs or, if protect
raode is on, 1o ficld tabs, This section deseribes how 1o
set, use, and clear both types of tabs.

4.7.1 Setting a Tab

To s¢t a tab, move the cursor to the column position where
you want a tab. Enter

EsC1
He sure you enter anumersl one, not alowercase L,

When protect mode is on, this ESC 1 code gencrates a
vertical cotumn of half-intensity spaces from the cursor

ition down to the first write-protected character or to
the end of the page, whichever is first.

When protect mode is off, the code sets a typewriter-
style column tab.

4.7.2 Using Tabs

4.7.2.1 Typewriter Tabs (Protecied and Unprotected)—
When the protect mode is off, CTRL/I causes the cursor
to advance to the aext typewriter-style tabset. If no tabs
are set, the code has no effect and the cursor will not
move.

When the protect mode is on, the cursor is moved to the
first unprotected character following the next protected
field.

4.7.2.2 Fiald Tabs (Proteeted Quly)—With protect mode
or, ESCi causes the cursor to move to the first unpro-
teted charactes following the next protected field.
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With protect mode off, this code has no effect.

4.7.2.3 Back Tab—When protect mode is off, ESC I
causes the cursor to go back to the previous tab positien
set. If no tabs are setor if the cursor is on the first tab
pasition, this code moves the cursor to the first column
aonthe line.

If protect mode is on, ESC § moves the cursor back to
the start of the first preceding unprotected fick. If no
preceding positions exist, the cursor will not move.

If the cursor is at the first unprotected position on the
page. the code has no cffect. | no protected fields exist,

hame position is considered the start of an unprotected
field.

4.7.3 Clearing Tubs
4,7.3.1 Typawriter Tabs— You can clear a typewriter tab
by putting the cursor un the 1ab positionyouwish to clear
and entering

ESC2
This cade has no effect when protect mode is on.
4.7.3.2 Al Tubss—To clear alt tabs, enter

ESC3

Tiwe pusition ot the cursor when this code is entered is
notimportant.

4.6 EDITING CONTROLS

The editing control sequences and a description of their

functions follow:

Use of the editing commands may result in the loss of
data, Read the following explanations of the editing con-
trol functions carefully.

4.8.1 Edit Modes

The edit modes which are described in this section can
be selected cither with the switches on the rear of the
terminal or with control codes,

There are twoedit modes available: local editand duplex
cdit.

4.8.1.1 Local Edit Mode—Cperating in local edit mode
cnables you to change the text using the edit keys
(CLEARSPACE, BACKSPACE, 1, | ,-, +, TAB,,
HOME, and BACK TAB) without transmitting these
keys or any changes caused by these keys to the com-
puter, To enter local edit mode, enter

ESCk



Al other keys will operate normally while tocal edit is
on.

4.8.1.2 Duplex Edit Mode—~To set the edit keys de-
scribed in 4.8.1.1 to aperate in the mode set for the
alphanumeric keys, enter

ESC1(fower case “L™)
For example, if the terminalis set for half-duplex oper-
ation, both the alphanumeric and edit keys will operate
in half duplex made.
2.8.2 Cursor Contrel
The cursor controf key operation is described in 3.3.3.

Escape and control sequeaces may be sent fromthe com-
puter to perform the various cuesor functions.

SA.2L1 Curgor € 1 Codes—The cursor contro! coddes
and a description of their tusetions are described below.

Cursor Up, CTRIJE moves the cursor up one lise

Cursor Bown, Depending on the switeh seitings.
CTRL/V or CTRE/ moves the cursor down one dine,
i the cursor is on the bottom line of the screen and
switch 2 dipswitch 6 is down (925930 reode), the code
has no elfect.

Cursor Left, CTRIAT LG the some 23 BACKSPACT
it moves the cursor left fo the next unprotected posi-
tion on the page. I the cursor is cunently in the fies
column of the line, it will move to the Jast column of
the preceding line. 1 the cursoris currently at the first
unprotected position on the screen, the code has no
effect.

Cureer Ripht. CTRL/L moves the cutsor right one
columin. If the curor iz ut column 88, it moves the
cursor to the first column of the next line. With pro-
tect made off, it causes a seroll if the cursor is at col-
uma £0 of the Lust line. With protect mode on and the
cursor at the last unprotected position on the page,
the cussor williove to the first unprotecied position.

Corrbaye Betern.  CTRL/M moves the cursor left o
column 1 of the current line. If protect mode is on, it
moves the cursor to the first unprotected position of
the next unprotected field,

Cursor HOME. CTRIJA moves the cursor to the first
unprotected character oa the page.

Now Line. CTRL/__ (underline) causes the terminal
toperforma CRand a LF,

4.8.2.2 Linefesd—With protect mode off, CTRL/I or
linefeed (LF) advances the cursor to the next line on the
page. If the cursor is at the bottom of the screen. a LE
causes a new line of data to appear at the bottom of the
sereen and results in the loss of the top line of datz on
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the page (shifts the cursor down). The new hine contains
spaces.

I the cursor is at the bottom of the screen with protedt
mode on, LF moves the cursor to the tap of the screen of
the current colwnn position. Ifthat positionis protected.
it then moves the cursor to the nextunprotected position,

4.8.3 Editing Commands

4.8.3.1 Character Insert—ESC Q causes the character
atthe cursor to move right one columinand enters aspace
character at thecursor pusition, The character at column
B0 is lost. If protect mode is on, this control will insert
from the cursor position to the end of the line ov to the
first protected fietd.

1.8.3.2 Character Delete—ESC W deletes the characte
atthe cursor position and moves all following charactees
lefe one position. At the end of the delete function, a
space chiaracter is written into the List position on the
line. i protectinodeison, character delete operates oaly
from the cursor pozition to the end of the unprotected
ficldorline

PR vid-—With progect mode off, ESC Ein-
serts 4 hine consisting of spaces at the cursor position.
This causes the cursor tomove to the start of the new line
and all following tines to move down one line, resulting
in the loss of the fast line on the sereen. [ protect mode
is on, a line insert conunand has no effect.

4834 Line buieie - -When proteet mode B off, T80 R
detetes the line at the cursor position and all following
Tines move up one lne. The cursor will move to columi
1 of the dine and spaces will be Joaded into the Jast line of
the sereen. When protect mode is an, this code has no
effect.

4.8.3.5 Eruse to End of Llne—ESC T erases all unpro.
tecled characters from the curser o the emd of the Hoe
(or ficld, if protect mode is on) and replaces them with
spaces. L[ half intensity is on, had-intensity spaces will
tephace the erased characters,

4.8.3.6 Erase to End of Line with Meth- -ESC 1 erses
all charucters from the cursor position to the end of the
tinc or the end of an unprotected field and replaces them
with null chatacters.

4.8.3.7 Erase to End of Screen—-ESC Y replaces unpro-
tected characters from e cursor position to the end of
thescreenwithspaces, I halfintensityison, erased chur-
acters will be replaced with hatf-intensity spaces,

4.8.3.8 Erose to Erd of Screen withNulls—ESC v erases

allunprotected characters from the cursor pasitionta the
end of the screen and replaces them with null characters,

4.9 CLEAR FUNCTION

The clear function is used in one of four ways to clear
data from screen memory and/or computer memory.



4.9.1 Clear Unprotected to Nulls

ESC : clears all unprotected data on the screen to the
null character.

4.9.2 Clear Unprotected to Spaces

ESC:0r ESC + oy CTRL/Z clears all unprotected data
on the screen to spaces. If half intensity ison. the sereen
will be cleared to half-intensity spaces.

4.9.3 Clear Screen to Half-Intensity Spaces
ESC . clears all unprotected data on the screen to half-
intensity spaces.

4.9.4 Clear All Data to Nulls

ESC * clears all data on the sereen to nulls and resets the
half intensity and protect modes.

4.3 DISABLING AND ENABLING THE
KEYBOARD

You can disuble all keyboard functions by remote com-
mands from the computer. Onee the keyboard is dis-
abled, it can onfy be enabled once again by another remote
command from the computer.

If your computer system cchoes all codes, the keyboard
may be accideatally disabled.

To disable the keyboard tremotcly, enter
ESC #

While the keyboard is disabled, all keys are disabled cx-
cept FUNCT, PRINT, BREAK, CTRL/L, and CIRLA.

To subsequently enable the keyboard. the te rminat must
receive an ESC* or you must press BREAK twice while
holding-down the SHIFT key to reset the terminal
completely.

4.11 CURSOR ATTRIBUTES

‘The cursor display may appear any one of five ways. To
sct the cursor display, enter the control code for the de-
sired attribute. Type the code in the exact sequence shown
below:

Attridete Cods
Not displayed ESC.0
Blinking block ESC.t
Steady block ESC.2
Blinking underline ESC.3
Steady underline ESC.4

4.12 WORD STRUCTURE, PARITY
SETTINGS, AND STOP BITS

Each computer system has its own method for checking
the transmission of characters from the terminalto verify

receipt. In Chapter 2 you were shown how ta set the
switches in the terminal to match the requirements ot
your computer system, Sinve these settings muny be of
importance in vour programiming, they are discased i
more detail here

The first bit of the transmission is always used us o start
it to tell the computer that a character will be tranamit-
ted. {This is nor part of the charagter code. ) This start bit
is always a one. A one may also be referred to as trie or
mark ot high, A zeco bitcan also be culled o fulse, space,
or low,

Following the start bit, the terminal will now send either
3 7- or B-bit character code. These are data bits,

To verify correct receipt of the character code, comput-
ers may now require that the next bit received serve asa
check on the transmission. This is called parity, Several
methods are used, varying from system to system. The
methods used are listed in Table 4-3.

Following any parity bit required. the terminal will also
send (as set by the switch settings) either one or two stop
hits to sipnal the end of the character code transmission,
Stop bits are always ones.

Figure 4-2 shows the structure of a serial data word,
gl

Table 4-3
Switch Settings for Parity
and Data Bits

Switch §1 Position
Bipswitch Up Down  Parity

7 x onp

Deseription

Requives that the total
number of valid data bit
be odd.

X EVEN Terminal witl add wone
as pecassary tomake the
total valid dasa bits sent
even.

8 x' One(or  Requires thita one be
MARKor  sentinthe parity
TRUE) position,

5 x'  ZERO(or Requitesthatazerobe
SPACE or sentinthe parity
FALSE)  position.

6 X SEND Allowsanodd or even

patity tobe seat.

x NONE (or  Does niot require a parity
NO) bittobesent,

5 x Causes 7 data bits to be
sent.
NOTES

1. Selecting 2 stap bits on the tevminal results in ONE parity
2. Sclecting 8 data bits on the terminal results in ZI'RO parity.
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4.13.4 Send Screen A

ESC 7 sends all duta on the screen from home through
the cursor position. it also sends ESC )t the start of
cach protected ficld and E3C  at thie end of each puo-
tected fielkd. I the characrer at the carsor position i pro-
tected, the tenninal sends an ESC{ to the compuier. This
code also sends a line delimiter at the end of euch line
and the end-of-text characior af the end of the send
teansmission.

4.13.5 Send Unprotected Message

L5 8 sends all naprorceied dati bracketed by the stare
of et {817 wndendof eyt (FTX) odes displiy. s
wgereen. After the data i3 seat, the tnminal po.itons
onrsor at she E1X code. G serern contas on
\( codd 1 ans .mh on l‘\. ’ll\\ from ihL Bome ’50‘![1\‘11
B2 SCRCH CoMins 10 £ de. tire h.um'ml sends
te the end of the seec i T positions the curcor a homie
after the dat s voee I the <oy cortains seither an
STX nor an ETX cede, the eatite sereen sl be sent
The code sends on B code (MO Hes) as a fiel D drinite:
i oluce of protected fiekds. i also sends lne dabi
snd of each line snd an end-of-textdetiniier v the
the send transinssiosn.
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4.15 PRINT FUNCTION PROGRAN
The terminal’s printer part may be set 1o pass dats re-
ceived from the computer through th the printer, 1f the
printer cao pot acecpt any move dota during a print op-
eation, the peinter may sipnat the terminal to stop send-
ing data by sending a Prioter Buwy signal (P4 pin 20Jow).
“Fiuis sends an Xeoff character (DC3) or passes the DTR |
signal to the computer (if the DTR switch is sv.'lv:rh-d)
The printer may then request more daty by sendingz o
Peinter Ready signal (P4 pin 20 high). seinds an
X-on character (I3CL) or passes the TR sipral to the
computer, ’




As discussed in Chapter 3, there are two methods of print
commaids available: wransparent and extension.

The protocol described above functions in either trans-
parent or extension mode.

]

PortsP'3 and 1’4 must both be set for the same baud rate.
4.15.1 Transparent Print

ESC" allows all subsequent data received by the ter-
minal (including control and escape characters) to be
passed throughto the printer. No screen updating occurs
while this mode is active.

To stop transparent printing and return to extension
printing, enter

ESC @

To stop transparent printing but allow screen updating
to continue, enter cither

ESCaorESCA
4.15.2 Extensiyn (Copy) Print

ESC @ causes all 1ubsequent data received by the ter-
minal to be sent to the screen and passed to the printer.

ESC A turns off the extension mode. Screen updating
continues normally.

R

i

G NPyt

a Transparent 88ada

! yormazal
\'sx\'(ii(ﬁl?ﬁ’lﬁk%

b. Extension Mode

Figure 4-3 Print Modes
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4.16 X-ON/X-OFF CONTROL

The terminal automatically transmits X-ol to the com-
puter (requesting it to stop sending data) when the 256-
byte recewve buffer is almost full (less than 16 characters),

This buffer is for data being sent to the rerminal by the
computer. It is not a buffer for data being sent to the
printer.

When the data in the buffer has been sent to the screen,
the terminal automatically transmits X-on to the com-
puter, indicating that the computer may resuime sending
data to the terminal,

To turn this feature off (i.e., enuble Daty Terminal Ready
control), enter

CTRLM

To reenable this featurc (i.c., disable Data Terminal Ready
control), enter

CTRL/O

At power on, X-on/X-off is enabled.

.17 DATA TERMINAL READY CONTROL

I you have disabled the X-on/X-olf feature described
above, the Data Terminal Ready feature isenabled (i.c.,
the DTR line is high). In that case, when the 256-byte
receive buffer in the terminal has received 240 bytes from
the computer, the DTR line will go low untit the buffer
is 20 pereent empty again,
Ay
You can turn the DTR feature on or off by changing

switch $2 dipswitch 10 on the rear of the terminal, (Up
disconnects DTR; down connectsit.)

4.18 CUSTOM EPROM AFPLICATIONS

You can replace the 2532 EPROM (supplied with the
terminal) with your own special 2532 EPROM or (if more
space is needed) your own 2564 EPROM. The 2564
EPROM will provide an additional 4K EPROM, giving
you a total of 8K EPROM space for special application
programs.

4.19 BELL
You can causc a short loud bell to sound by entering

CTR/G



5. TROUBLESHOOT-
ING AND SERVICE

5.1 CAllE

Perindic cleaning and inspection will prolong the useful
life of your tegminal,

8,88 Clenuie
To clean the terminal extedion

1.

Waewum the keyboard eyvery thies months with a
soft brush attachment (¢r usce a small softbrush).
. Clean the housing with i soft, bnt-free clotheand a
cotmercial duteryent every three manihs,
Y
- ")-

AR

s sobeeni-bussd or abrashve sleaeess.

PO NOT v

5.1.2 Rmspection

Trasrisriion Frequency
. despect the terminad cabinet for iy,
cracks or breaks. .
2. Check each key for free movemeat, Wi
3, Checle the ceble connecior (st the YT

rear of th terminat catvnet) for
damage.

5.2 TROUBLESHOGYTNG

Yous computer ferminal is just ene of several compo-
wents i the compater system. A failure anywhere else
5.:

»

Bubie

Traubleshaatisg lum.il ol

Syssplor Bosaitsle Camae
Termiasl dead (no beep; no cursor) o AC powey

Terminal dead; cursor may appeas
sugrply fuses

Terminal will not go onlinz System is not “up”

Loose, unconnected, or damaged

cabics
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Luose of defective line or power

in the system can cause the improper operation of the
terminal. The computer system, memory systenis, ¢
bles, modums, and operational procedures should b
checked if there has been  nalfunction. Table -1 will
be helpful in determining the cause of a problem. I th
table does not help locate the cause of the problem, tun
the self test or call a qualificd « cive techmicien for
assistance.

5.2.% Testing the Tersainal (Seli Test)

You can test the terminal yourself to verity proper op-
eration of the video display circuitry, the transmit and
receive portion of the RS232C inter{ace, and tie con
processor. The test will display ali disphuyable cha
ters, and all 16 video attributes-—in boti hall and foll
daplex.

To start the test, enter .

HATORY
1
2o ;
s !

Switch S¥dipswitch inust be Ul oothiv sel{ weorvalt £
The display screen shoubd vow ook like that in Vg
1. Look at the display careiuily to verify that all <y
acters appear, all video attributes apprear correctly, and
2l half intensity characters are shown. Each charoctoy
should be formed properiy and you should not be abt.
to see any extra dots (ind no dots should be

Check the switch settings on the terminal avame te o
on the display (see Fin, 4-1), The display will show the
dipswitches s a 1laprar a0 {down).

Tostop the test, press BREAK twice while

le holding dowe
the SHIFT Key (to teset the termimat).

Should your display not apgear o pictured dn Fijure
-1, eall qualifed service tachnician,

Satutlon

Plug in power cord,
Turn on power switch.
Check 115/230 power switch setting,

Turn terminal power off and change
fuses.

Cheek status of system.

Attach all cables and check for coble
damape.

Check main port (P3) intesface cable
pins:



Table 5-1

Troubleshooting Terminal Problems

Symptom

Cursor will not appear

System does not respond while on
line

Terminal is not responding to setlings

Terminal “locked up”

Terminal locked up

Terminal prints correct data only part
of the time

Display is wavy

Printer docs not print what is typed

Possible Cause

Modem not turned on, defective, or
phone handset on modem upside
down

Defective contrast pot
Contrast set too light

Incoirect patity switeh <ctting,
wird structure, stop bits
Terminal not powered down after
being reconfigured; software has

not scanned new scttings

System is not responding;
communication link broken

Terminal incoriectly set for on line
and full duplex .

Keyboard disabled from computer

Switches st incorrectly

Parity settings incorrect

Stop bits or word structure wrong

Hertz setting incorrest; does not
match local power frequency

Correct print mode selected?

Cable connector pins connected
incorrectly
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Solution

* 5,6, and 8 must be driven by +12
VDC or not connected ut alt for
normal opcration.

* Jand 7 must be grounded.

* 3 must b connected to the host
trapsmitter.

*+ 2 must be connected to the host
receiver.

Turn on modemn.

Attach different modem.

Check phone handsct position.

Refer totechnical representative for
adjustinent of contrasg settings.

Set parity switch to match system,

Power down terminal and turn back
un

Set to hdf duplex and try to type. If
texmninal will type, check cables,
madem, phone lines, and computer
system. Set to full duplex and
perform self test,

Set to half duplex.

Enter ESC”
Review Chapter 2 switch settings
carefully ard check all switch

settings.

Check parity settings with system
requircments,

Change switch settings.

Change switch setting.

Referto 3.4 and 4.15.
Refer to 2.4,

Chieck printer post (P4) interface
cable connector pins:

* 20 must be driven by +12 VDCor



Symptom

Escape and control codes to not
function as specificd

Terminal prints “garbage™

Erroncous data sent to computer
Scrambled output
Terminal loses memory

Terminal does not print what is typed
while on line

Terminal only prints @ characters

Table 5-1

Troubleshooting Terminal Problems

Possible Cause

The escape and/or control codes
being used are not correct

Keyboard loched in SHIFT position
(AUTO LOCK on)

Improper baud rate sctting

Improper handshaking protocot

.

Defective modem

Noisy telephone lines

Static elcctricity

ACoutlet not wired properly

Duplex switch incorrectly set

Word length switch set incorrectly

Parity switch set incorrectly

Stop bits set incorrectly
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Solution

not connected at all for normal
operation

* 3Imust be connected to printer duta
input

Check other printer port device
requirements.

Check moded number of terminat and
cade table for correct model of
terminai being used.

Makes sure upper and lower case
codes are used. Is anumeral one
required instead of Jowercase L7

Patin lower case. Conneet P3-2 10
Pa-3and try in full duplex,
Disconneci computer system.
Setcorrect baud rate,

Check hundshaking protocol
requirements of system with terminal
protocol.

Replace modem.

Check phone Jines.
Install dedicated phone lines.

Check operating environment for

static problems,

. Install antistatic floor mat.

3, Spray carpeting with antistatic
Spray.

. Increase humidity.

I

Check for propet witing and
grounding.

Set duplex switch to match host
system.

Set word length switchto match
computer system.

Set parity switch to match computer
system,

Set stop bit switch to match conputer
system.



5.3 REPAIR

Operator repair is limited to changing the line fuse and
the two internad power supply fuses.

5.3.1 Changing the Line Fuse

To change the line fuse, praceed a5 follows:

“To avoid electrical shock, disconnect the terminal power
cord before changing the line fuse.

1. Disconsiect the terminal powir cord from primary

povier.

2. Remove the fuse hobder (see Figure 2-3) by un-
serewing it counterclockwise.

3. Remove the blown fuse andreplace itwitha JAG,
Famp st blo™ 125 VAC or (L5 ainp, 250V fuse
for 2200 VAC apphications instantuneous (fast hiow)
fuse.

4. tnstall the fuse in the reverse order of Steps )

through 3.

5.3.2 Changing the Power Supply Fudes

The terminal power supply fuses are installed in fuse clips
on the pawer supply assembly inside the tesminal (see
Figure 2-6). To reptace cither of these tuses, proceed as

foliows:
[s1eo)

[azardous voltages are exposed in the cabinet. Turn of f
the power switeh and disconneet power before opening
the terminal cabinet.

1. Disconncct the terminal power cord from primary
power.

2. Turn the terminal upside down and set it on a soft
surface to prevent marring the cabinet. Remove
the two Phillips sciews that hold the cabinet cover
ost the terminal.

3. "Turn the terminal right side up and lift off the cab-
inet cover.

(S ¥

iy
Make sure there is adequate table space for the
open terminal. 1t is top heavy and could fall over.

1. Remove the blown fuse from its fuse clip (see Fig-
ure 2-6).

§. Replace the blown fuse with a 3AG. 3 amp, 125
VAC fuse.

6.

s

Reinatall the terminal cover and secure it with the
two serews, (Do ot overlighten serews!)

Sab TECUMICAL ASSISTAMNCE

The Service Department is open from 7.0 a.m. unti}
5:00 pan., Pacific Standard Time. Monday through Fri-
oy (except holidays). e specific when deseribing the
problem and failure history, I the line is busy and your
problem can wait, leave a message with the TeleVideo
operator and your call will be returned ar our first
opportumt.




Monitor

Size: 12 inches measured diagonally
Phosphor: P31 green nonglare read-out

Displayed Character Set

128 displayable characters

(96 character ASCIH upper/lower case alphabet with

true descenders plus 32 conteol characters)
24 lines
80 characters per line
1920 characters per screen
Security (blank) fields
Reverse video
Underlined fields
Half intensity
Character Sets

English, French, German, Spanish

Character Font

TXB dot matrix
8X10 resolution

Cursor Cantrol ]

1. 1. — Home, Tab, Back Tab. Return. Line
Feed, Backspace

Editing

Line insert/delete
Character insert/delete

Repest

20-cps auto-repeat

Parity
Even. Odd. Send. Mark, Space or No Parity

Transmission

Conversation mode: Full or half duplex (keyboard
sclectable)
Block mode

Word Structure

7 or § data bits
10 or 11 bit word

APPENDIX A
SPECIFICATIONS

Yideo Attributes

Blinking ticlds

Baud Rates

13 baudirates:
50,75, 110,135, 150, 300, 600, 1200, 1800, 2400,
3600, 481K, 7200, 960, 19,200

Interfaces

Standard RS232C point-to-point {30 {1, max.)
20ma current loop (optional) (10K i, max.)
R$232C printer port (unidirectional)
Auxiliary Port

Printer RS232C. ansparent, screen copy

Communication Protocol
X-ON/X-OFF, DTR

Pimensions

Height:  {34" (33.66cm)
Width: 6% (40.%6cm)
Depth: 206" (30.96 cm)

Ventilation Requirements

Minimum 4" (10.2 cm)

Weight
307bs. (13.95kp)

Operating Environment

Ambienat temperature range:
°C to S0°C (32°F 10 122°F)

Maximum relative humidity (noncondensing): 956+
(Nonoperating: no restrictions)

Power Requirements

I3 VACat 0.5 amp
230 YAC a 0.25 amip
S0/60 Hz, 65W
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ASCH CODE CHART
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GLOSSARY

ASCil

The acronym for American Standard Code for Infor-
mation Interchange. This is a standardized code for the
transmission of data within the United States, Itis com-
posed of 128 characters {upper and lower case letters,
numerals, punctuation marks, symbols, and conteol
characters) in a 7-bit binary format.

Asynchronous Communication

A methad of comnunication where the time synchroui-
zation of the transmission of data between the sending
and receiving stations i set by start and stop bits and the
baud rate.

Bagl v
The rate of transmission of data, One baud equals oae
binary bit per second.

Bit

Anabbreviation for binary digit. A bitis the smallest usit
of data. ASCII codes are composed of seven bits.

BREAK
To break or interrupt cemmunications. When the BREAK
switch on the terminal is toggled, a 250-millisccond tone

is sent to the computer to imunediately halt communi-
cations,

Buffer .

An electronic device within the terminal that allows for
the temporary storage of incorning data should the trans-
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wission tate of the incoming data be faster than the e
mimal’s printing speed,

Bug

An error in a computer program ot in the operation of
the computer.

Byte

A coded group of hinary bits which represents a char-
acter {fetter, numeral, symbol, command, ete.),

Code
A method of representing data by proups of binary digits.

Command
A code that will czuse the terminal or computer to per-
form an electronic or mechanical action.

Computer

An electronic system which, in accordance with its pro-
gramming, will storc the process information and per-
form high-speed mathematical or logical operations.

Conirol Codes

Special nonprinting codes which cause the terminal or
computer to perform specific clectronic or mechanical
actions (such as seiting tabs, ctc.).



CPU

Central Processing Unit. The “brains™ of a computer or
computer terminals that seetion where the logicand con-
trol functions are performed.

Default

Condition which exists from POWER ON or RESETf
no instructions to the contrary are given to the terminal.

DEL

The ASCIT DELETE code used in some instances to
delete transmitted characters or to exit modes of oper-
ation.

Digit
One of the numerals in a number system.

Digital
Information in the form of individual parts—bits or digits.

EOT

An ASCII code that means “end of transinission” (EOT);
vsed in the EOT/ACK handshaking protocol. The com-
puter sends an EOT at the end of each transmission to
the terminal, When the terntinal is readyto receive more
data, it transmits an acknowledpe (ACK) back to the
computer.

ESC

An ASClIcode meaning “eseape™ which v used to con-
teol various electronic and mechanical functions of the
terminal.

Full Duplex

In full duplex communication, the terminal can transmit
and receive simultaneously. The transmitted data is not
printed locally unless it is “echoed back” by the computer.
Half Duplex

1n half duplex communication, the terminal transmits ond
receives data in separate, consecutive operations. Trans-
mitted data is printed locally.

Handshaking

A communications protocol which is necessarily used
when the transmitting speed of the computer is faster
than the printing speed of the terminal. It consists of a
set of commands, recognized by both stations, which
control the flow of the data transmission from the
computer.

Host

‘The computer system.

Interface

A communications channel which is typically used for
external devicss.

Maic
‘The computer system.
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Memory

That part of a computer system or terminal where infor-
mation isstored.

Microprocessor

An clectronic circuit on the surface of a smafll silicon chip
which ¢an be programmed to perform a wide vatiety of
functions within the computer system or terminal,

Modem

An electranic device which converts (modulates) the sc-
rial communications between the computer and terminal
into audible tones which can be transmitied over tele-
phone lines. All reccived datais reconverted (demedu-
lated) from the audible tones imo serial information.

NUL

An ASCH code (“nothing™) uscd as a fill character in
some conrmunications formats.

Parity

A method of checking for crrors in data communica-
tions. Anextrabit (eithera 1" or "0"), called the parity
bit, is added to the end of each ASCIH character tomake
the final countof ' I bits in the character aneven or odd
number, according to a prearranged format. Some sys-
tems always use even parity, some always use odd parity,
and some do not check for parity. Both terminal and sys-
temnust be set for the same parity.

Eislocol

Al of the conventions which must be observed in order
for the computer and terminal to communicate with each
other.,

Serial Communication

The standard method of ASCH character transmission
where bits are sent, one at a time, in sequence. Each 7-
bit ASCH characier is preceded by astart bit (sec Asyn-
chronous Communication) and ended with a parity bit
and stop bit.

Topgie

Activation or deactivation of function or mude key (cither
a reccive key, command sequence, or manual eystroke.)

Wraparound

Movement of the cutsor as it reaches the right edge of
screen, disappears, and “wraps around” to the begin-
ning of the nextline.

X-ON/X-OFF

A handshaking pratocol. When the terminal’s buffer is
nearly full, ittransmits an X-OFF tothe computertostop
transmission; when the buffer is almost empty, an X-ON +
is transmitted to the host to resume transimissivn.



Additional modifications 2.4.4.5
Addressing cursor 4.4.1

Beil 4.19
Block mode 3.4.3.1

Care 5.1
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Clear function 4.9
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Conuceting terminal ta commputer/modem 2.4.2
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Preventive maintenance 5.1
Printkey 3.4.4
programming 4.15
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Protect mode 4.6

Reading cursor 4.4.2

Rear panel controls Figure 2--2

Repair 5.3

Reset 2,44

Reshipping 2.2.5

Return Materta] Authorization number

Safety precautions 1.3
Screen altribuics 4.5

Selftest 5.2.1

Send functiond.13

Serial number Figuie 2-3
Service, how toobtyin  front
Site preparation 2.3
Specifications Appendix A
Stup bits .12

Tab controls 3,41
programming 4.7
Technical assistance 5.4
Terminal overview 11
Terminating churacter 4,14
Test, seif 5.2.1
Transmission modes 3.4.3
Transparent print 3.4.4, 4,15
Troubleshooting 5.2
Turning on terminal 3.2
Typewriter tubs 4.7.2.1

Unpacking 2.2

Ventilation requirements 2.3.2
Visual attributes 4.5
display 2.4.4.2

X-0wX-Off control 4.16

Warranty, extended  front
limited  front

Word structure 4.12
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OPERATOR'S QUICK REFERENCE GUIDE

Function

CURSOR

Home

New line

Carriage return
Linefeed/cursor down
Cursor up
Backspace/cursor left
Cursor right

Cursor off

TAB

Sct cotumn tab
Typewriter tab
Ficld tab

Back tab

Clear typewriter tab
Clear all tabs

EDIT

Eocal edit

Duplex cdit
Character insert
Character delete

Line insert

Line delete

Erase line to spaces
Erase line to nulls
Erase screen to spaces
Erase screen to nulls
Clear screen to spaces

Clear screen to nulls
Clear uaprotected (o nulls
Clear screen to half-intensity spaces

FRGGRAM

Address cursor (row, column)
Read cursor (row, column)
Enable keyboard

Disable keyboard

Extension print on

Stop printing

Transpatent printon
Transparent print off (update on)
Bell

VIDED
Normal video (green on black)

Command

CTRU ~
CTRL/__
CTRL/M
CTRL/J
CTRL/K
CTRL/H
CTRL/L
ESC.0

ESC1
CTRLA
ESCi
ESCI
ESC2
ESC3

ESCk
ESC1
ESCQ
ESCW
ESCE
ESCR
ESCT
ESCt
ESCY
ESCy
ESC+
CTRL/Z
ESC.
ESC*
ESC:
ESC,

ESC=
ESC?

ESC#
ESC@
ESCA
ESC
ESCn
CTRL/G

ESCGO

Function

Blank (invisible normal)

Blink

Blank (invisible blink)

Reverse video (black on green)
Blank (invisible reverse)

VIDEO continued

Reverse blink

Blank {invisible reverse blink)
Underline

Blank (invisible underline)
Underline blink

Blank (invisible undertine blink)
Reverse blink underline

Blank (invisible reverse underline)
Reverse blink underline

Blank (invisible reverse blink underline)

Halfintensity (protected writing) on
Half intensity (protected writing} off
Protect on

Protect off

Cursor visible/invisible

Blinking block cursor

Steady block cursor

Blinking underline

Steady underline

MONITOR

Monitor mode on (not transmitted)
Monitor mode off (not transmitted)
Monitor mode on {transmitted)
Monitot mode off (transmitted)

SELF TEST
Start self test

SEND

Send line unprotected
Send screen unprotected
Send tine all

Send entire screen

Send unprotected message
Send entire message
Select screen terminator
Select line terminator
Data Terminal Ready on
Data Terminal Ready off

Command

ESCGH
ESCG2
ESCG3
ESCGH
ESCGS

ESCG6
ESCG7
ESCGE

" ESCGY

ESCG:
ESCG:
ESCG<
ESCG=
ESCG>
ESCG?
ESC)
ESC(
ESC&
ESC’
ESC.
ESC.1
ESC.2
ESC.}
ESC.4

CTRLA
CTRL2
ESCU
ESCu
ESCX

ESCV

ESC4
£SCS
ESC6
ESC7
ESCS
ESCs
ESCx4NN
ESCxINN
CTRIN
CTRLIO
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LRA78XX Series Voltage Regul
Gonoral Baseriptian
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DS1488

Nationa!
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DS1488 Quad Lin2 Driver

Transmission Line
Drivers/Receivers

General Deseription Foaturss
Tha DS1405 it & quzd finy driear whigh converts 2 Cuyrrent limited cutput 210 mA yp
swenderd DTL/TTL ingut logic tavnls through one 8 Porraroll sourcs imprdance 30002 min
2t of IMVarsion to cutput levels which maat EIA o Simple thew rate controt with externsl capacitos
Standaed No, RS 23IC ind CCITT Recommende: ® Fiysuble opersting sweply ange
tion V. 24. © Inputs trg DTL/TTL compatible
Schematic and Connection Dizgrams
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Absolute Maximum Ratings wote 1

Supply Voltags
v’

Irput Valage (V)

Culput Vollage

Opeeating Temvperature Range
Storage Tempetature Ranae

Lead Temparatare (Soldenng, 10 sec)

sV
=15V

ABY L Vg < 7.0V

813V
0°Cta+75"C
-65'C to +150°C
300°C

Etzctrical Charactenistics totes 2, 3and 41

PARAMIETER COHOITIONS (L1} TYP MAX UNITS
in Lage 0" Input Curcemt Vin=0VY 10 13 mA
[ Logest “ V" Input Currant Vi » #50V nnos 100 A
Von High Lavel Outpul Voltegs e *30KIL IV e Q0V.V + B0V (14 70 v

Vi = 0BV VIOAA3IV, VY O~V 6 1095 v
Vor Low Levst Quigest Voitsgs N ~20t5 |V e00v v os-00V 68 -60 v
Vie = 1OV VR IVLV e =132V -105 90 v
los* High Level Oulput Vout ® OV. Vi = 0BV “60 -100 “12.0 mA
Stor1-Crrcuit Current
[ Low Lewet Dutaut Vour #OV.V,, » 18V 60 00 ‘120 mA
$nort-Cirguit Currant
Rour Qutput Resiienss Wl SOV Vo 2V i
fec’ Ponitive Euppdy Currant V' =30V, V »-80V 00 ma
{Output Opea) Vi = 19V V12V, YV v -12V 25.0 mA
V15V, V= -15y 250 FEY) mA
' V' AQQV.V s-00V 45 6.0 mA
Vi =08V VR 1IVL Vs ey 56 1.0 mo
Ve 15V, V =18V &) 120 mA
e Negatve Supply Cusitt V' =00V.V ¢ 90V -130 -170 mA
{Qutput Opan) Ve 10V V' e 2V V = -2V ~-10.0 -23.0 mA
VBV, Y A =15V -250 ~340 mA
. V' s9aV.V > -850V ~0.001 -0 015 mA
Ve = 5V V' e 12V. Y w12y -0.001 -0.015 mA
L ARV EY 00 -25 mA
Py Power Dissipatian V' «g OV, V «-00V 252 33 mwW
VAR ¥R V1Y 424 578 mW
:
witching Characteristits vee-ov, vee = -ov, T = 25°0) .

PARAMETER * CORDITIONS MiN TYP $AX UnNITS

[, Propagtion Otiay to s Logical "1 R, *20kiLC, + 15pF T, +25°C 30 150 ny
Propagauan Detay to & Logical “0°* Ay, ©20%82,C, = 15pF, T, «25°C n 175 L

Loty

4 Rise Time A =304, C = 1SpF, T, «25C 1% 100 n

[ Fui Tima A =30Kk8LC, »150F, T4 = 25°C 40 5 n

B
Row ¥; Aoty Masimum Retings™ are thoss wiues bavond which the wlery of the devcs caanot be guerenteed. Except for “Dparsting
Temperstute Farge’™ they sre not mamt 10 wrply Mot the Gevces showd by coersted 81 thew hmint, Tho nabie of “Electncal Characw mtics”

orovdet ctmditiont for actua device operston,

Hiote 2: Utlers othumwita ipetified min/max lumits applv seross ma 0°C 10 +75°C temprcature rings tos the 051429,
Note 3. All cutrents 1n10 Gaysa Ding SO 35 DONTIVE, Cut GF GFvioR D101 83 NegatNE. All vOILAGH 1 41eranc od 10 ground Unigss athorveze nated, Al
valuts $hOwn 5 mba 07 rin oft ab1OTULS valug Bas,
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Transmission Line
DriversiReceivers

DS1489/DS1489A Quad Line Receiver:
Featurss

Genera} Deseription

Tha DBS14G0/DSIAGA we quad line receieens
designed to intsrfaca data termindl equipmant
with dsta communications squipmment. Thay sre

d on 8 singls lithig silicon chip,
Thesa devices satisfy the specifications of EIA
stenderd No, RS232C. Tha DS14B9/DSHACIA
maat end eunged tha sprcificstions of RAC1460/
HCI429A and ue pin-forpin (eplacemants, The
CS1453/051400A o avsilabln in 14433 care
mic dusl-in-line psckige.

)

Four sotally stptrats reseivers par packomm
Fregrzmmatita throwold

Built-in ingut theeshold r'wﬁemsis

“Fral sate'’ t:pm'r-ilr,) rroGE

Inguits withitend 230V

Schematic and Connection Diagiams
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DS1489/DS1489A

Absolute Maximum Ratings o

The fullowng apply tor T4 25 € unless otherwise speciled

Power Sunply Vollage 1ov
input Valtage Range 30V
Uutput Lost) Cutrent 20 mA
Power Duwpatron (Note 21 w
Operating Yemperature fange 0Cw+15C

Storage Temperature Range

65 Cto +150°C

Electrical Characteristics mow2,3 md 4

DS1439/D51483A; The following apply far Vg = 5.0V 21%, 0°C < T, < +75°C unbets atherwise specitied.

PARAMETER CONDITIONS MIN TYP MAX | uNiTS
Vin Input High Thezshedd Voltage » 225 C, Voyr < 0.45V, [DS1469 10 1.5 N4
gyt = 1BmA {D51409A 1,75 225 v
' Input Low Threshald Voltage Ta® 29°C.¥our > 2.5V, 1gyr * 05 mA 0.75 125 v
fin Input Currant w ™ t25V 436 +56 +83 mA
= 35V -6 | <56 53 mA
V=43V 4043 +0.53 mA
Vi # =3V -043 | 063 mA
A g = 0.75 . X
Vou OCutput High Voltegy Jour = -0 mA ~ ° 07OV 26 518 5.0 v
Inpyt « Open 26 38 5.0 v
Voo Output Low Vullu)t Vin * 30V 1gyr » 10mA 0.3 0.45 v
lge . Output Shon Citcust Current Vi = 0.70Y 30 ik
lee Supply Current Vin=8.0V v 14 26 mA
Py Powar Distipation Vin "BV 70 130 m¥
Switching Characteristies vee«sv. Ta= 150 P
PARAMETER CONDITIONS AN . TYP mMAX UNITS
foas input 1o Cutput "M Ry = 3.8, {Figure 1) sz Ten Citcuit) i) es ny
Propagation Delay
oo inpyt 1o Quy it “Loe” R, e 200, [Fiew 1) 1z Tast Ciennin) 7 20 80 )
Propagation Detey )
t, Cutput Rise Time Ry =39k, {Figern 1) Loz Tent Carcunt) 110 175 ns
Y Output Fall Time Ry, ® 35000, (Figure 1) {og Test Creust) [ 70 m

Mets 1 “Atmoluke Maxwman Rauisgt” We thom value: Bryond which tha tafery of ™e divien Cannot be gusesstrsd. Except for “Opersting

Temperpurg Aangs” thay 8 (Ot Meant 10 #Mply ¥t the davicss foadd b wmd ot s heits, Tha udo ol "Electraual Chawactarinics’
Srovadis combitrons Tor sutual dauka operstion

Ka1s 2. Uniass Otherwisa tpacii iod Min/ina |imits spoty scroes the 0°C to 4757 C1amourstur rease lor ihe DSVATD end DS1A3A.

Mo 3: Al curiuntt inte tevice i shaown st SORLVE, out Of CAViCE (ine es Fgr i, 811 woitaie telesanced 10 ground Unjess othenuits noted. Al
velurs showwn a8 max f min on sbentuta value basis.

Note 4; Thess spacitications spply for reasnse comtrol pin = opan, : ) L

110



54774 FARILIES OF COPAPATIOLE TTL CIRCUITS
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54/74 FARAILIES OF CORMPATIBLE TTL CIRCUITS .

]

PIN ASSIGNMENTS (TOP VIEWS)

A8IT BIACNITUDE COXPARATCRS

85

b SopcaTIr

eata vewis o v
Do ninininnpg
I I O L1 1 T T T
T TN
e ol 8 -
u et il A A W
IS T I O A
‘l,rH_ILJLJLJULJL] LU
B et e oW e . o~
BASAES LW NTAES (0, 9 DEASL SRS R
SHSALOTS 11T SHTALEES (2, &)
BHMEES O, W) SNTAES L, b

86 v-rouemmeas

FURCTICN TASLE
IPUTS | OUYPUT
A_B hd
LoL L
L H H
(LIS H
# _H L

B gt lowet, L~ v owed

GUABRUTLE 34NIUT DXL VE DR CATES

TETLIGIETT
38428 ) W) BYTA28 4L, H)

FAMSALEGS 14 ¥ BNT4LSII 0. M)
[0  JURT R Hysee R R T]

A ELEL R LR

l [c
Eiooain,

S pougn 170

H % RIDe levid, L Yoo taved

20 pnen 745 BHMAEA LY GITALEA ), Ky Eamin

AT TRUL/TONA ETIT, 25 ST/0WS ELIMELTD -

37 FUNCTION TAS1E .F:Lﬂ alfx] [elfs] {¥
coxTROL (=10 _!. .lA .]. -l.
Mol .
g8 _clyy v2 y3 va f L
LoL | KV R K3 OM - o
LW [AY A2 A3 a4 1] 1
] L H oW o HataDale 1
HOHJL oLoL L vt e ‘n:r

ENSHATUL N o W
HEbit bvearmd ssanpadon

AL AQ, A3, A4~ v ievel of Wee rsDcTive A IOV

TEXAS INSTRUMERTS

CoHPOR
oot omo'n- W ¢ DALLAS. FERRW FECR

36
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msl 4-BIT MAGNITUDE COMPARATORS
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TYPES SN5485, SN54185, SN541S85, SH548E5,
SN7485, SN74LB5, SNI4LSE5, SNT480Y
4-BIT MAGHNITUDE COMPARATORS
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TYPES SN5405, SN54185, SM54LSES, SK54505,
SN7485, SN74L85, SN74LSB5, SN74SBS
4-BIT MAGNITUDE COMPARATORS
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TYPES, SN5485,. SN'IQHS
8- BII MAGNITUDE CDMPARATGRS
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. SNBAgS - SNHES |
S . WIN_NOM MAX | Mm_ HOM_wax [T
Supply voltege, Voo 45 b 651476 8 5.3 V
High-kri gutou) current, Loy —400 ~a00] sA
Low-leve) outpus current, gy, 16 16| ma
DEATating Tiee e lamparatwes, T ~Gh 125) 0 0] ¢
ics 23-lr a3 4
slactrical ch ( ovar recoy ded opsrating (res-gr to reag lusstsss otherwha noted)
i ) PARAMEYER TEST CONDITICNS! MIN_ TYPE A lusiy
»', vm High kreat iopat ve gt . 2 [
: Vi Lowedevs) input vottsgh . 08| v
U LViR N nout etame vorage Ve « MIN, c hweidmA -15f v
v - T |Veg - MiN, Vig=2Vv,
Highberst uenet vatoge 4 2
Vau Vi =08V, ique=smspa | v
! Ve = HIR, V=2V,
Vog‘wwn‘:—‘;ﬂ i =08V, gy iamA a2 o8} v
[} Im\mvmvnmmmumum - Vee =~ RAX, VirEsV 1 mA
A A QDA > 8ol 40
. . saul 4
e kam current o " oC = MAX, V= idy T2 wh
A<D, A > D inpu -t8
W - . N N .
L ‘w@fm_ I Trin— oG = tAK. Vieosv ~51 ™
— . ] [ svsens {20 . -8
log  Bhartclatuh mefin cansne b : Vog »BAX, Vo«0 TG 1o 5] mA
lep - Sueply Bwirtit ' © Nep #HAK, Boadon s . B . 89] mA
L
"wwl“m'“luo’"ﬁl ammuumwwﬂmmwmmm\
$ansvpun mivn et Vec =B Y, T °c.
mmdd&ﬁwcn:‘luuuﬂﬂ-ﬂ 3]
mftlt:lx-mmnmo.mn-nmu.mmmm«-av.
tch&wc.‘x‘ar' :m.: s, VEe =BV, Ta=35°C
! amatizrent] | TRO¥ - L 70 GF s v e v
i *l L et ourrur | oavecsvees | V5V b
i " . 1 - . E]
i B AT AKE, ADE 7 12
i LyT] ey nerBDersiepet | > 3 0 3 ~
j T A=N A "zl E i
. H ; 1 11
j
A 2 "W .
By [ Rey e B TR w0428 G = 18pF, ] ™
. 2, &y - g0 0,
SR Ut ok - IO . bl 3 m .
N o4y _ACBOsArE . |. . A>E . Ll AR
) Tt A>B ] M 17§
e R B R A RN D
L. AnE- L3 11 1Y | e
L AXBarAnE. .. N TN
A)&aA-l -y - 1% 17 )
“ e
PEER R YORR S TN IS o . sl N . ot .
e : " Texas I:g_s;;;r;umzms .
0 . -ulinun-un ‘uul.mm&-» .

a0



TYPES SNG4LBS, SR74LE5
£-BiT FMAGRITUDE COMPARATORS

recenranded cparating conditions
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TYPES SN54i885, SN74LSE5

4-BIT MAGNITUDE COMPARATORS
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TYPES SN54S85, SN74505
4-BIT MAGNITUDE COMPARATORS

o . "
SN
~ ENEisss 4585 T
MiM  HGM MAX | Miti NOR MAX
Sucpty volteg, Voo 45 5 551475 B 551 V
Highdewl outut cument, fon ~1 MEED
Lowtewl output current, 104 Q0 0] ma
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“TYPES 5N5485, SN54185, SH541585, SHEASES,
“$NT485, SNTALBS, SN7ALSBS, SNIASAS
A4-BIT MAGNITUDE COMPARATORS
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84714 FARIIES OF CORIPATIBLE TTL CIRCUITS

T Ty i
PIN ASSIGNMENTS (TQP VIEW)
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L » TYPES SH5415138, SH54LS139, SN545138, SN545139,
Msi . SH7415138, SN7415139, SN745138, SN745139
DECODERS/DEMULTIBLEXERS

AULLCTIN 7L T T 2813, DECERYY 1 1990 35 EE D ACTONE R 1908

Dasigned Specitically for High-Sged:
Momory Decodars
Data Transmission Systom:

SNBALSITA SNBATIE ., JORVIPACKAGE
EEi)4LE1Z8, ENJASIIN . 4 OR M PACKAUL

5 QP IEY)
i ®  'S138 and ‘L5138 3u-B-Line Docodars
! incorporate 3 Enable Inputs to Simplify BT Quonn
Gaseading and/ar Dot Recopiion
e 8139 snd L5139 Contain Two Fully I
indepundent 2-to-3-Lins Brcodert! i 11'
Demultiplexer: ‘ ‘!
»  Schottky Clamped for Migh Prrformeace i
};
TYHICA: l i1 !
s et l[ g ey pmimnr =t |
es FICPABATONDLLAY oo tisipaTin: |_x IJL][.J L’JUJ[JLF
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‘15133 21y Samvi
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description P GO OIS |
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dastgeest to be wisd i heghipartormencs mamary SHTALEIIS, SEISIRY L I OH HEPATNAGE
decoding o Jothouting ERpicatons reguining very 6P vitnl
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employed with high-spesd memorics utilizing » fast J_B:U“ “_‘E
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Schotiy-clg - i GOk % i
Schotiy-clampad deooder [5 1 l - |
Lr e
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without externel fnyerters end a 32Hne decode § e tive begins 1 etz
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64LS/74LS foad ['L5138. "LS139} or one narmalited Series BAS/74S losd ("S133, ‘513Y) ta lts driving clrcult, Al
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Series 74LS and 745 devices are characterized 1 or 0°C to 70°C industriat systens,
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TYPES SN541S138, SN54S138, SN54LS139, SN545139
SN74LS138, SN745138, SN74LS139, SN745138
DECODERS/DEMULTIPLEXERS

tunctional block diagrams and fogic
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TYPES ‘SN541S138, SN54LS139, SHIALS138. SN74LS13,
DECODERS/DEMULTIPLEXERS

I VISED OUBIWIL s g

abolute meximum ratings ovoer cpassting frea-eir temparature ren (unjass otherwise noted)

Supply voltage, Voo se Nota 1) O 1]
lnput voltwe . . . L . T AV
Oporating five we tempnrpture teags: SN34LSEID, SNS4LSIID Circunts . . . . . . . . ., -56°Cto125°C
SN74LS13Z, SN74LS128Cireurts . . . . . . . . . . . 0°Cw0°C
Srorcge teatpdrallite teags P ~£5°C 1o 150°¢
NOTE | Voltegs valiie s with taopext 10 netmcen @evnd formired
rscommanded opsrating conditions
THBELS 12T NI
£ASALSTIY SNTALEITD  |wenrT
i KOW BAX [MIN KD BAX
Eapoly voltags, Voo a5 & G5 |46 b 8| V|
Vugh-lwrl cutat current, o ~400 ~400 | wA
Lowelevl outpt current, 101 4 8] ma
Oor13ting tree-au trergecaturs, T = 125 0 001 C
eloctricsl charactaristics over recommaniid operoting fres-eir temperature renge (untess othenwics noted)
LALILSIID SNTLSI3
PABARITER 2L oot ol £23519 7ALE19  luny
HIN - TYPE 12AX [RrR TYPE MAX
Vi Mahelevat inpast volteze 2 2 V2K
ViL Lowelevel input voliegr, 0.7 o8] v
Vg toput etemp valizoe Ve = RN, Tps 1R mA -5 -5 V
VOH Mighlew outaut valtess Vee= N Va2V, 26 a4 27 34 v
ViL * Vit mav. tot > —400A
. (2 RCI AT R DR 0325 04 0.45 04
VoL Lowiamd witput volugy VaL * ViL ma I’OL'E"“‘ E3 T v
N gt curtent al Vg tAX. Vpe TV . ot [AIEYY
maxstrum ingat vol L age
W High tayed impun conant Vee s MAK, Vs 27V ’ 20 20f wh
TjL - Loveiaval ingut cutrant Vee - MAX, Vic0AV 04 ~04] mA
105 Shorteicud oulput current 3 Ve ¢ MAX -6 ~d0| -h —42| mA
Ve = MAX, LS138 4.3 10 [ 10
lec Suoply current Oilimuumblad.udopcn }'LSIJ‘J 50 ) 55 1| ™A
TEor €onimns thows 33 MIN OF MA K, U (D8 SODIGMINE YEILE IORL( 116 UnEST aarsing Tor 1h ke
K'::ynuvmmuvcc-av,u-‘n'c
HHes niore 1han ne Bulput SRt Lo SRE116S 21 8 B3
seitching cherectoristics, Vg =BV, TA » 35°C
ERIALSTIS NS
PARNSKETER® ‘m. lw’;ﬁﬂl G;‘:‘-’A‘:V VEET CORINTIONG FA3AL 133 SNTHRBIT LT
BN TYP ESAX [ WIS TYP MAX
[ 2 13 13 20 |
EPHL Gy - » TN 2 3N |~
LM Somaet 3 e 156 s 12 2 |m
WML ‘ w3 N ED
Ry =240, -
Wil 2 Lo Note 2 12 18 B 24 o
PHL ot vy P X m
PLH 3 17 76 "
tPHL BB e

Lip 1t " Dropagetson deinr Hime, [ow 10-NGH level CuIDwi: o), & BT BSMEVINGY T2bdy thvao, M 10 Kow-Wwseh St
NOTE 7: L omi ewtisn1n sad wive(otrmy o ¢ Shown o0 Dige 3-11.

55 TEXAS INSTRUMENTS
IXLGERFORAFED
FOST OFIICK BOA M52+ DALLAS. TOXAS FRIY

48



TYPES SN54S138, SN545139, SN74S138, SN745138

DECODERS/DEMBLTIPLEX

ERS

shiolute maximum ratings over oparating fres-air temperature rzngs {unless otharwiss noted)

Supply voltege, VogisteMota lh . . . . L 0L L L. L L L L.
Operating free-sir temperature rsnga: SNS4S138, 5M545130 Circuits . . . . . . . . . . . ~B5°Cto126°C
. SN745133,8N745130 Circvis . . . . . . . . . . ... 0°Cwl0’C
Storage temperature1angs . . . . . . . . . . . .. . .. .. ... ... .. -UE°Ctatso’c
HOTE ¥ Volisgd vilued #8 with 1erouct 13 midwmirs g Gumd Tivmenal,
recommended eparating conditions .
SR SN745138
LN743139 SNT4S133 uNiY
1T NOM_ MAX | MIN__NOM_MAX
Supply vellsge, Ve 45, 6 55 |478 5 s36] v
Pigh-level outout current, fgp -1 <1 { mA
Lo a0l outt curivat, (0L 0 20| A
Oparuting frowair temeersture, Tp ~5§ 125 [ 0] 'C
electrical choractaristics over recomivandod oparating frea-sir lemperature rangd (uniess othorwise noted)
B SHB48139
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<
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Vg Fopat clantwy vatiagr Vo~ bl 1= ~18mA -V -2 Vv
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1 tooutcurrant at inamimum nout voltage | Vee = MAX, V=55V ] 1 mA
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NEAS 13, SNSAE139
¥ Yo LEVELS TEsT
PARAMZTER nc‘“z:x touTPunl | oF seLay conn:‘oo&: biliiat Iastze_ Ut
" T WIN_TYE MAK (M TYP MAK
TN 45 1 S 1%
P ] 2 -
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v 61 112
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58714 FARILIES OF COMPATIBLE TTL CIRCUITS

“PIN ASSIGNMENTS {TOP VIEW)
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m TVPES SHEAISS, SN54L153, SHEALSIS], SH5ASIS,
SH74153, SN74L153, SN74LS153, SN745153
Mst DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS

BULLETIN NO.DL.S 2611857 DECEMAEN 1977 . PLVISED OCTONEN 1916

SAMATET, CRIILEIDD, TSR, J OR W PACKAGE
ENELLIND. .. JPACKAGR
CURIIES, EMTELIOT, SHTALSTEY, BI4T45153 ., . J OR M FACKHAG
{TOP VIEW)
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TYPES SNGA153, SM541163, SN531S153, SN548153,
SN74153, SH74L153, SN74LS153, SN745163
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLEXERS
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TYPES SH54153, SN74153

DUAL 4-LINE-TO-}-LINE DATA SELECTORS/MULTIPLEXERS

it . "
9
TNatat TH74153 T
TN HOM MAX | MIN _KOM  MAX
Sopdy voltage, Voo 49 8 55 (475 6 82| V
 Tiigh-lovel outut currant, lo 0 000 ) kA
Lowr-tevel o tout current, foy 16 10 | mA
Oparsting tree-sir tss:pornture, Ta —tn 125 o 6| ‘C
clootrissd eharactorintics ovar recominsndsd oparating frés-gir tsnipdrattrd rengs (unless otharwize notad)
SN5A1SY £N78151
2 5T CORDITIONSY = It
paRnZTER vearcaimn ML TYPE_IAX | MIN_1YPE MAX]
Vist . Highdonl lnymut voltage 2 2 )
ViL  Lovelew inputvaltem oB en{ v
Vi  Input clams voluge Vg = MIN,  §j ««V2ImA 18 5V
Veg = MIN Vi =3V,
4 3 4 24 v
Yot Highievel output votiags ViL =0V, e —Eo0ns 2 34 2 2.
Vge = MIN, Ve 2V,
Lowiont o . 0.4 a: 41 v
Vo ouut voltegs Vi = 0.0V, Top = 16ma 0.2 2 0.4
Tt Inpaat cument at maaimum Ingut voltsps VEg = MAX, Viv G5V 1 1) mA
[} Hightavel input furrent VG = MAX, V[<3AV (53 4G} A
l  Lowdensl input curnent Voo » MAX, Vieav ~16 =18 | mAa
tog  Ehortclrcuit outat currantd Vo = AKX -2 ~55 [ -18 ~57 1 ma
Bupply Current, putput 10w Voo MAX, Seahou 3 3 62 ) 60 mA
TEst concitionn shown ss MIN 8¢ HAX, use tha eior sorloes vatus ioraifind widsr recomenomad oooritIng cordiliant. +
$ AU typical vetuss ko 81 Voo 8 BV, T = 25°C. |
FHat more when are sumuT Mouts be merrad mp bim,
NOTE 2t 1oy, W maanired witn tha cutduts open and 2l Inpuis grownd, .
sertching charsetaristics, Voo = 5V, Ta » 25°C
FACHY TO0 . :
ranameTEnt TEIT CONDITIONS MM TYE WAX|UNIT
{HPUT) OUTIUT} g
PLM Date A 12 Wi m
P Oata k] 16 4] m
=) T ki Com BT, g e, FFIERED
L8 Baiscd K3 SopNose 3 2 M m
L i) Y 19 X Bt
1 Birote Y 5 23| ™
Vopppe iy tine, fetr-Agest SUTTUL
L oley time, Mgt dewel autt
HOTR 3 Load slrowit saud voltags wevelorms e shoam an prgw 310 .
TEXAS INSTRUMENTS e
INLGHITTIR AT Y

POUT OFITES BN 810 1 OALLAY, TRIAS TS0
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TYPES SN541153, SN74L153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTIPLERERS

recommended operating condition

S3GeL 18D SN1AL1BY vt
R KON MAX | Mift ROM  MAX
Suppy voltor, Ve 45 5 B8 {478 & 58] v
Hightovel ot curint, gy —4G0 ~400 | wA
Love trvel aumun § vurnent, gy & 2| ma
Cpezotang hiecan terogmratues, T A -3 [k [ ) c
eiectrical ch isticy over ad op g frea-eir e sangy (eniors othervwise notadh
EivoaL 183 ENTALISY
PAARIEE 1
airil TLST CCreDITIONS' o YRl ax T TVRL A JuNIY
Vil Hagiv beved 1nut voluge T2 2 v
Vi), Lowwirvel mput voltag [X] 08| Vv
Vi loput clama voltige Ve s M, s -12ma K] ~16f V
Ve Wil Vi -9V,
Wy C ol 4 * 4 da
Ve Fightved outout voliaye Vi 08V, lop= PRI 2 v
Veg® MIN, V-2V,
Vi Lawr-hoved Wit voitsgs oz 04 a2 oAl v
oL it Vi = 0BV, 1oL ~EmA
Iy NGt curtent st fxmum Mout woiee Vee " MAX, Vi=565V 1 T mA
— |
1ip High-bevel inul current Vee = MAX, V=24V <0 0] A
1, Lowslew! mpuicyrment Ve ® MAX, V=04V 04 —08] mA
103 Shori<ireuit outut cunent? Vor - MAK <10 TR 5 30| mA
leey Bugly cunant, output lov Veg ™ MAX, Zeriéoa 2 1 23 w 30 [ mA
TPer eaneitions thown uHINuMAl.mmmmwlmmWe’"m\gm
1Al e volvee T at Vg = 3V, Ta = 5570
Bdesy morg Whan 0ne @UTOUT IR b3 OIS 1Y @ Lo,
NOTE Z: 100y 10 Asotursd with 1 Sutnits emm &md 45 kognrts goawmadad,
switching charsctaristics, Vog w6V, TA « 87°C -
PROU 10
«
L2 ]
PAHANZTER Ut TEET CTRENTHINS ™ve .:‘ vy
M Octa B3 24 38| o
UL Dixa ¥ T 4B | ™
Win Tt ¥ £y~ 505, WL ~EAN, CRICEE]
I, Telert v Cimbansa 3 o W™
7L Birabe v : EENCE RS
PHL Brrabo Y N 41 m
ipg 0 U Brosugation sy tw, o ta-high Kinzh ssmat
Srrey 0 BRSO N Gatay tuvd, MR- W Lone-inxd SUADVS
NOTE 3: 0 d veiisee >,
2188 T EXAS INSTRUMENTS N
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L T T g o
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TYPES SH541S153, SNT4LSTS3.
DUAL §-LIBE-TO--LINE DATA SELECTORS/MULTIPLEXERS

BLVILED OCTOYER 1916

¢ ]
SSALETS) SNIALS183
EH5 RONE MAX (RN HOM MAX
ooy vokers, Ve 43 8  sslals 6  838| V
High-Joned QuEpnt curvont, |cyey - —400 —400 [ »A
Uowsoest outpal curreot, oy, a 8| mA
Opevating freeair wvperstom. T4 ~53 23] 0 ]| *C
= o 2o cpmrating freo-oir tamyp rewz (unlezs otharwis notwd)
CHEALSIEY ENTALSIST
ACLELIT TESY CONIY ¢ T
" o3 . hdiag s TYPY masolann Tyel wman
Vi Hegtovol ingut voRass 2 2 v
Vi1, Lowodevel irgut ol 0.7 0.3{ v
ViK bacest citsep waltagy Veo=titl,  he-1imA -1.8 -1.51 v
Vg Klgiedemed ouigrat vkt Vee=ms Vigs2v, T 25 34 27 124 v
el ViL® Vi man, loy = 40007 i} : -
Veoum,  Viy=2V,  JioL =4 ma 025 04 @25 04
Lowtand crtost veiegs: v
Yo ? ™ [oL=8mA G35 08
1nput et 81
[ Voo™ 8RR, VynTV 0.1 1| ma
' PRETTR lagut wittheg ce !
fipt  Higivivenl input current Voo = MAY, Vw27V 20 0{ uA
iy, Lowdnes iaput cusrent Voo = RAX V=04V -oA -04] ma
ioug Blordalivuie ouigad esngaty Vee = MAX 3 ~100 | -0 -1 | mA
]
FOCL, Suztds carront, owtout Jow Veg = MAX, LssHowm 8.2 10 62 \u] mA
rer vomEnone meve & M0 oF 19AK, w3 T nasor : )
tmm'—n--uvm-lv Ta=a'c.
’ummwmwsmumm 2t 8 vima end duretien ef mum-)nml WCURS Gt Bagattid G gt aad,
NOTR 2 teey wy ey ead st
exdtding chrraetristien, VOO = BV, TA = 25°C .
[ To
t YE P )
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LM Bats ¥ 10 18 { m
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L e I v
SPLH “:: - - fig 20, __TT._E..
.—....__'"" S0 oo 4 ovasmand
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TYPES SN54S153, SN74S153
DUAL 4-LINE-TO-1-LINE DATA SELECTORS/MULTVIPLEXERS

ded oparating candit
ENEASI6Y 11145163
R M HOM MAX (AN HOM RAX it
Supply valem, Voo - 2t L 85 {3 B L35 v
Vg tewal ooty comeat. gyt =1 =1 ma
Low trvel output Cortent, 1oy : 20 20] mA
Operating lsee-air 1emgmratere, ¥z |-t 125 [ 10} ‘¢

oloctrical characteristins over roceminend> eporiing fros-oir temagratui 1ang {u

11 ativisg nated)

i TEST LORDITICNTS N TYAl BAX
Vg Hichlavel seput yolors ! 7 T
Vi Lovlevel nput valtsgs 6] v
VIK  tnput chseng voltany e Vee = MIN, = =1 ~1.2 v

Ver *MIN, Va2V, spiesBas |36 34

Vo Mighlaest oumpot veltr: v
O Hishlevrtesmaty Vi =00V, Foye -tma|SmeaTas | 29 34
Voo s MIN, Vigm2 v,
VoL Luwleved cutut vedag o " 05] v

Vit »0.8V. by n20mA

SV

jout Cubicd
)y Low ievel input cutrat ™y
108 LBuricircuss cutaut cunsatd a0 ~100{ ma

¥ Canant, 10w Lot ot < MAX, Duelinwd i 70} ma

TP ar conutione thown s It 6 MAX, U0 168 3657 ELTHIE A DS b
AN tynicelvalute paar Voo o BV, Ta e 2600,

§ M0t murs 1hen one ouTUS ShOUI by IOITE BT A 0D £ AroLion o ute)
ROTE 21 Lga 19 Iata/esd with 1h8 HOTpots Bom Ead K Inputs ground el

) upe BETMMEAdEd DRI canditione,

Wl ThGaht P34 BnrEed DOG LR,

sitching ¢!

PARAMETERS "'B;;U“T‘l (cu'v:un YETCONOICNS K TYE MAN| Ly

o 1pLy Dwis Y 8 94 ™
ol e v NI

oLy Sei 5 CL~ e, A28, W5 18] m

Uy, Salact Y Ens Mot 3 12 Wi m

[ ; Strate Y W 15| m

oy Stroba Y 8 135 m

LI T ¥ vima, b fi-teved Lastpt
pys1, T Piopenstin deiry fliss, Hgeb Joerisval unput
NOTE 3: Losd clreult snd voltags waselarms si¢ thoves oo pigs 310,
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§4/78 FARILIES OF COMPATIBLE TTL CIRCUITS

i ASSIGNMENTS (TOP VIEW)
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S ot e st
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188 orcane. cinket cLesn .::a. Lk : J

: prerm
181 wmanv, omoer cLaan J“""' ; .
it B

162 cecans, syncmonous cuean e L,‘J

183 msnr srconouscLean : e
. . |NEA0 1, W) ENTALE0 (J, )
GEEALIIESA (L, W) CH74LSI80A (3, M)

- A1 1), W SNTHI8Y 1, N}
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TYPES SN54160 THRU SN54163, SH54LSIG0A THRU SH54LSIGIA,

'm’ SN50S162, SN64S163, SN74160 THRU SN74163,
MS! SN741LS160A THRU SK74LSIA3A, SN74S162, SNT4S163

SYNCHROKNOUS 4-BIT COUNTERS

WU TE T8 faud 11 271000 110 L0 1008 HEVIN A AUGUST va 1y

‘160, *161,"LSI60A, 'LS161A . .. SYNCHRONOUS COUNTERS WITH DIRECT CLEAR
'162, '163, 'LS162A, 'LS163A, ‘5162, 'S163 . . . FULLY SYNCHRONOUS COUNTERS
BENIED B4’ BALE . BA% . ., J ON WPALHACE

e Internnl Look-Ahssd for Fest Counting SERILE T4, 7415, 74T . . . J OR 1 PACKAGS
® Carry Output {or n-Bit Carcadiony irepviewl
R SIS
o  Synchvonous Counting A e T
@ Syndwonously Propremmaily JE iu“u]u n[[n ]n“!l
o Loz Control Lina - LT T L1
it a Uy Wk UpTRASLE
o Diodo-Clempsd Inguts o '
Titen LOa0
TYRSALFRLPAOATIDN Yoo TV o
e TEEY CLOGK TO cmc;‘;“ n R S S
B T nLJuuﬂJL'Jr i
160 thwu 183 ALENS 1 MHy 26 2[j141411Y H
*LSTE0A theu "L31SIA . 32MHe 83 0w TR GReT W D
182 40a 3183 P 70 MHe 478 mw o

dezcription

BP0 desaiprion

Thess synchronous, presettatide counters teuture 80 intsmad carry look-shead for soplicstion in high-epstd counting
designs, The ‘160, 162, 'LS180A, 'LS162A, and 'S162 ere docede counturs end the ‘1681, 163, "LS161A, ‘LE163A, and
‘51073 pro A-bit Haxry ectintan. Synchronous operation is provided by having ail flip-flops clocked simultsnantsly 1o
that the cutputs thaass comc«hnl with sech other whun b0 itgiructad by the eowmt-iabity gt gnd lntangd gating
This mods of i i the output 13 sk e that sre nommally msocisted with stychronous (ripeh
clock) counters. A boffared clock Inout trigoers the four Nip-Haps on tha riting Iositrrs-gaing) oo of the clock gt
wvelom,

Thase countan srs fully progresmahlo; that is, tha outputs may be prevst o cither lavel. Al presseting is synchwonow,
satting up a low (evat at the losd input disshies tha counter and caaess the cUIDUTS 10 agves with tha sotup 65%a witer the
next clock pulie regardlizs of the lavels of the ansbits inputs, Low-to-high transitiony ot the load input of the *160 thre
*163 should ba avoided when tha clock it low |f the anabla inputs are high at or bafots the transition. This rertriction iy
not sppticatle to the 'LS160A thru *L5163A or "S162 or 5163 . Tha clasr function for the "1£0, ‘131, 'LS180A, pd
‘LSIG1A is psynchronous ndd o low foval at the Clear inbut sats alf [owr of the flip-fiop cutp s Tow rezardiass of oy
tevels of clock, losd, o7 enabla inputs. Tha clear funcrion for the *(62, 163, ‘LS162A, 'LSIGIA, 5162, and *5163 4k
syncronous und 2 low level £t tha clesr input sers sl four of the Nlip-tiop cutputs low sfter the pext clock puka,
regerdless of tha lewols of the ensble inputs. This synchiroows claie aliGws the count length to be medifiad ety &
desoding the maximwum count gesired can ba occomplishad with one extersal HAND gate. The gate oottt b conmcwd
10 the clesr Input 1o synchronously chese thw counter to ST (LLLLE. Loavto-high tremiticns et the class ingart of the
*162 snd ‘163 shoutd ba evoidhd wiven the clock is tow if the srabls snd losd hvsta are high st of bafors the tramwsition.

The carry tbok-ghae=t circuitry prowides for cacading counters tor n-bit ty | without onat
giting. Inntruments! in accomplithing this function sre two countensbis innas and » rippiy eatty ouput. Both
count-ensbis inputs 1P end T) must ba high to courm, snd ingut T |5 fad forward 10 inable the ripph canry cutpat, T
tipple carry outpat thus ensbled will produce a high-level ouput puise with 3 duration spproximatoly equal 1o ta
high<evel portion of the Oa output, This high-level ovirtiow ripple eamy pulie can b uad (0 enthls ooty
cosadiyd stegn. High-to-lowdesl transitions at thie ensbile P or T inputs of e ‘180 thru "163 should ooar only wine
he cloek input iy high, Tramitions ot the sneble P of T ingats of the 'LIIGOA thru L3163 o B1E2 sd S10I e
atiowed rependioss of ™ level of the clock input,

LE18DA thwu “LS183A, ‘'S162 and ‘SIEI festure 2 fully indupsndint etk ciroult, Changis at corrol inpums fandie
P or T,or clam) that wiit modify the opersting mods have no effect uattl cocking occure, Tt funcrion of tha
counter {nhether snsbiod, disstied, losding, of couming) widl B dictited oy by the conditions mocting te sttis
miup and hold tirnor.

The 'LE160A thew ‘LS153A are completsly newr dovigns. Compsrsd 10 B origincl L3160 thru TETEY, they fasexd
Gnanorecond mrilakvasm holl time snd reduced lngut carmonts Sty ond 1y,

TEXAS l‘usm,umcurs

mw-—nﬂ.m Rt
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SYNCHRONOQUS 4-BIT COUNTERS

TVYPES SH54160 THRY SK54163, SN74150 THRU SN74163

functional block diagrams .

d
:

z
B
:

181 18 LIIUrDD S0 CHITING
DHPGNT Tyt SO) WOAUS 1% SNCUDIIIASE 1 ISHD MY CAAMNOY
IS BIR -SNUNTY ARNE] SROUOWIAL 1G1FIMNE ‘L FIPERS

SRELNNOD AUTRID SNDUTUHINAS RRIvLNE CUHESNE

.....

~<C1 .
_ﬁlﬂnq

o M

S ke

: s!E
g
% |

IS 1S UILINGD ARG TR INS
CHIPDND PR ID] CHONS 9 DIOUCITUAT T MKD RO SEAMOY

=
f

IR B LAIUROY BHIER eouONEUAl ERIVINS ‘TSNS *

30¥I50

SOIPIRS OIS

TEXAS INSTRUMENTS

bt

oot A el

| . PRGE BPAOU GDE S5 ¢ PRLANA TERAD Semie

59



TYPES SNBMSthA THRU SH54LS163A, SN74ALSIGOA THRU SRH74LS163A

SYNCHRONOUS 4-BIT COUNTERS
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SYNCHRONOUS 4-BiT COUNTERS

TYPES SN54S162, SN545163, SN745162, SN745163

ASVIIED OCTOBERN 1979

functional block disgrams
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TYPES SR54160, SN54¥52 SN54LS160A, SN5ALSIIZA, SHEA51RZ,
SN74160, SN74162, SNTALSTGOA, SNTALS162A, SHI45152
SYNCHRONOUS 4-BIT COUNTERS

160, '162, "LS168A, ‘LS162A, ‘5162 DECADE COUNTERS

rypicat clasy, protet, count, mxd inhibit ssqugnces

d briow i thy
1. Clast cutputs to Zaro [’1@ end "LS1E0A pra envediveons; 162, LS 102 24 TTG2 we tynahronous)
2. Preset to BCO wswens
3. Count 10 8igh1, nine, 1570, on, two, #9 threy
4, tnhibit
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TYPES SNS54151, SN54163, SNESLSIGIA, SHS4LSIGIA, SN54S163,
$N74151, SH74183, SNT4LS161A, SNTALSIGIA, SN745163
. SYNCHROMOUS 4-BIT COUNTERS

‘164, 'LS161A, “163, 'LS1G3A, ‘5163 BINARY COUNTERS

sptd iz, presot, o2uns, £rg inhibit oo

ussettd Stow b tha followdng woaqusto:
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TYPES SN54160 THRU SK54163, SN741EG THRY SNIAIE2
SYNCHRONOUS 4-BIT COUNTERS

tchemaetics of inputs & outputs
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Supoly voitsgy, Voo a6 & o5 1ais 8 26| v
High-level output current, 1oy L0 ~£00 [ uA
Leve-iewst output cuseent g, 16 16 ) mA
Clock frecpsanty, 1e)ock [ 25 [ 26 § MMy
Width of ddock pubty, ticiock] n Fe) ™
Wiidth of Cler puts2, fodriearl 0 2 m
BRata s A, 8,C, D X0 by
Batup tinw, 1y et Elgvms | et T i:::hl' 2 ; ™
Clear® Fa) E
Hold 1wne 1 any inpul, Y [ [ o
Gperating froveis tainperacurs, Th -85 128 ) 0}ic
OThia sopiien only for 1162 snd 183, whith heve Iy Rchronaus cloar Inputs.
TEXAS INSTRUMENTS

NEOHEORATEO

FORY STICE BO4 3913 ¢ BALLAR, TERAR PSRIY
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TVPES SH54150 THRU SA54163, SH74160 THRU SNT74163
SYMCHRONOUS 4-8IT COUNTERS

{ cher Htics over dad ing frea-eie rengy {urlans otsrwisa noted)
SE1189, SHBATEY {ERTH160, SNT4I6)
PARNZZYER TEET CaNITIONST SHSA16Y 4183 {SMNTAT62, SNTAISA [UNIT
WIH TYPL MAX | AIK TYP) MAX
Vigy  HighSowd input yoltegs 2 2 v
Vit Lowevol inpul volizgs 08 08 v
ViK  Input clam voltsn Voo 2 MIN, )= ~12mA -3.5 -15] Vv
Voo =MIN, Yy~ 2V, .
Vi Highdewsl output voltays 2¢ 34 24 34 v ‘
0K Highiewl cutout voltey ViL =08V, loi - ~Eo0 kA
Voo "IN, Vi e3v,
v, ~ 0. . .
oL Lowiml output vottegs Vi1 =08V, Iy =16 a2 2] . 041 V
1§ Input current &1 muxwmgm input voltag VGG e MAX, V| v 68V § 1 | mA
\ Highbeey] Clork of anebde T v MAK, V24V £ 0
M ingut cument [T Other mputt Com AR M- E © w0l A
Low-tevel Clock or smtse T ~3.2 -3.2
Voo s MAX, Vir 04V
i input currgnt Other inguty cc v 16 =16
198 Bhoticiruit output currant § Voo = MAX ~20 -57 ] -18 ~87 | mA
foen Supoly current, atl outputs high Voo = MAX, GeeHomd 59 58 53 | ma
lgg. Supnly curent, all Dulpuly low Ve » MAX, SesHote d 63 9 83 101 | maA

'F ot tondttione sthown se MIN 07 MAX. Usd the 48BROgeats vaiod ierlied uadst FicEmwinda drensing OO
Fait typisat values ses sz Vg = 6 Y, Ta =20 °C
40t mors than 618 outovt thould be ehormd st a tima,
NOYES) Q. Iccy |v nesuurd with (8 108 Il high, (A wpatn with % (Osed st low, with sl biber Inputt Mgh aad dl outouts cpen.
A, 1gg B e weith e hosk Input heh, te et v e clock (nput bow, wikh o ostr inpute 167y and B i tRum ope,

switching charaetaristles, Voo =6V, Ta = 25°

PARAMETEAY riou e TLIT CURTITIOI MR TYP MAX [UNIT
(1APUT) [t Anta]
[ . 5 32 s
Lk P = LT
[ tanty 21 5
IN Clock Any €L~ 150F, NN W
1FHL {toes Inputhigal Q Ry =a20q, 1 23
PLH Cioxk h Ay T terpgueestena vl
PHL liaecs input lowd Q oo Moz B oad @ 19 n
PLH Ensel T Rigpia " 16 ™
7L carny 1t 19
TohL Cleor Any Q ) 6 30 | m

U pim © Manimnm eloek fremuamey
LK T Bropestion deisy time, lom $o-high loset outsut
oreq, ' Dropesetion delsy time, gt 19 fow iewed ouinut -
NOTED: 0, Loadh elrcuit 3 dhtvwrt 04 Pags 110,
B Propugstion deley 167 cioering 13 mvimsused frow the cissr vpwt 1or (e 1D s * (G or Fraon tee cloch iInows 17ansician for the
Y162 and 182,

. TEXAS INSTRUMENTS 1197
NGO H AL D
PRUY GPNE B0W WHE ¢ DALLAR TEEAD PN
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TYPES SNSALSIGOA, THRY SHEALSIGIA, SHIALSIGLA, THRU SKIALSIGIA,
SYNCHRONOUS A4-BIT COUNTERS

gchematics of inputs nnd autputs

COUIVALEHT CF EAZN PIUT i TYHCAL OF ALL OUTPUTS
e e oes VEE
T S N—
ee 120 Q10K 5
LY -
J
ENPLT L timntirnm

Date: f1 - 20 HONOM
tratde T, Losa: Ry, « 10%13 HOM
Clock, Enabte &1 Ry, » 20K11HOM
Clape (“LSI1EOA, ‘LHIEIA): Pey = 20K HCHA
Clasr ('LSIB2A, ‘LI18IAN Rgg = 10 %71 NON

ghrolute maximum sstings v upliidivg rvh tompeiien g (Wilsss otienvdss ng

Supply voltage, VC Bats?l . o . o o e e e
Input vohae v
Operating frec-alr tamp S ENBALET CIrits o v v s e e e e e e e e o . o —B57C10125°C

SHTALS CINOMIGE . = v v v o v e v oo oo o v s . DCOT0%

Sofege tampBrotURY (B33 . . o o o e 0 e e e e e e e s N —63°C1o 160°C

NOTE 7: Voitsgs valurs 578 vilth ras5ott 30 natiasrh prswiad iGvnhal

recommendad opcrating sonditisas

Laes S1R s wr
MM NOS HAX] RSN RGH 1A
Supwly voliso, Voo 45 6 56 |éw B s | v
Hiph-tevat ourout currems, Lo —400 —a00 | nn
Low-tavel pulpulturrent, tn) 4 fi]mA
. |Clock frequeney, lejgey o i) " 9 [ty
WIOHh ol ciock pulse, bulelonk) E 25 I
Virdth of cloar pulss, Udchoms ) 20 ) ne
. Dataincun A 8. C. 0 n 20
. Enctte Por T Fal P}
Hanxy iy, ty, (o Figum tend 2) Coad Py £ ~
Cage® x 20
Hoki $ene 82 any input, t), 0 [+ [
Operating ftemast lemperatua, Ta ~th 118 1] nl<c)
° This sopiies only far ‘L2182 end * LEIED, wehich Bive syRGITOnona i insuta
TEXAS INSTRUMENTS .

7438 INCORPORATEQ
PONT QHPICE PR 1017 + DALY, TERAR FKRY

66



TYPES SNS4LS160A THRU SHS4LS163A, SHTALSIGOA THRU SN74LS163A
SYNCHRONOUS 4-BIT COUNTERS

over

ing tres-sir tomporatura renge (unless otherwise nated)

pr
ENSALE SHTALS.
PARAISETER TEST CONDITIGHS! e T e T
Vin_ Mighiovel input voltegs B 7 v
Vi Lowdivs] input voltag 07 oa{ v
Vik_ Input caing voltegs Ve~ MIN, 1= ~1BmA K REINY
N i} Vee s MIN, Vipe2v,
Voi High-leed output voliegs ViL = Vig mex, Ik = —400 kA 25 Aa 27 14 v
: Veo® BIN. |1 mama ors o4 025 04
VOr, Lowleed output volte@ Vig“ 2V, v
Vi = Vi man |'OL =0 035 08
Dats or evatin (X Xl
IR ORIt ek, o st 1 02 %)
o rtmeionm oL OO ST e m MR, VTV ma |
PP =TT AT [X 0.1
Claar (L5624, "LS163AY 02 02
Date ar anaia & i )
Mo Losd ok o T 1 gy 0 “) .
Input current | CHELST60A, 'LSIG1A) 20 I
Crw | LS1EA, LI 1GIAY ) a0
Dats or ansbi P Y] =Y
Lowiwn ed, ctock, of onaoh T 00 00
M ot cumant Chuar (151604, L5161A] veg T MAX, Vim0V BT ~oi] ™
CHa(LEI6IA, LI159A] o ~on
tos  SHDrt-clrout output currant § Vee < MAX ™ 00 |20 100 wa |
TeoH Sunsty currant, sl outpoty high Veg = NAK. G fore d D (R I
IegL Supply cutrent, 2 outputs 12w Voo = MAX,  Ses Noted 19 k¥l 19 32| ma

TP ar canditions shown os AN Of MAX, v (he a{wOATIate vEfuS K0t 1100 UK Tomeandad 0P £1INg COMIIONL

San typios valiss v 6t Voo * 8V, Ty = 28°C.

18t moro then one culout 10Ul b MHOFLE 8§ thime, Bod Curmtion af the wrartcircult Wieuld not satead ane rand,
NOTEZ: D Iggys is masvaress with the 1040 Infwt high. THEn S0R5 with a 1ot Ingut law, with &1 0Ther lopta high s sl SUtbyt) Opan,
A, IGGL I8 reveurad witts the €1ocK Input Migh, THN agsn with 1he 69c, inout sow, With mif D1ler INGUTE low #nd et GutDuLs Open.

suitching chereeristies, Vec » 5V, Ta = 25°C

FRO>
panAmETER? 04 o TEST GOt vicuss i TYR A Ut
i) LuYRUT)

[ % m Wt
1 Hipps I S
b — an- :z ;: -
UL, widd Cp = 150F,
[ Ciocw Aoy Bl [EMED)
PHL liaeut ingut highl Q o . w27l ™
LH Clock Any Sow Frges 13 24
Y fioad ipust low) a 120d2 ued T
T bind e Notes 8 end D =
2160 Enasis T 1 2 ny
PHL sy . 5 14
PHL Char Any G - W Alm

Ve ¥ Manieruzen €k taguoncy

Yp 1 B Dronsgatinn deley 1imae, (ow 1a-high Bvel putpus

Th ? deiay 1ime, Bgh
NOTES: B Loed etreult 10 shoven an page 3110,

vt ourpot.

e, P tolay tar choaring it meatwred (1o In cleor Input for Bea *LS135A #ad ‘L8 181A ar trom tha clock Tramivien
for the 'LETE2A snd ‘LE1DIA,

TEXAS INSTRUMENTS

INCUHIOMATE ()
PUAT GIACT CON WIE ¢ DALLAS. TENAS MIET .

b2l
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TVPES SN54S152, SN64S163, SN74S162, SN74S183
SYNCHRONQUS 4-BIT COUNTERS

AFVISI O AUGUST 1011

schamatics of inputs and outputs ’ o
EQUIVALENT OF EACH IKFUT TYPICAL OF ALL OUTAUTS )
et b V CC
veeg 80 1 O™
20 ki1 NOM /
{OPEN FOH CLOCK -

AHD LOAD INPUTS}

INPUY

jp S—
g

e e O i e

P4

Enabie P or Tinpunt Ry = 1481 NOM k—"“
Othar inputt: Haq * 7.8 K3l HOW

einolute maximum ratings ovst optrating frea-sir mmperature senge (unfess otharesiss nated)

Supply voltege, Vog e Now 11 0 L L L L . L L L L e s e s eI
Iapuevoltags . . . . . . L L L o e e e e s e e e e e e .. BBV
Interemitter voltago (see Notdy 3} . . . . . . . . . . . . s e i e v e e ... . BSY
Ogétating free-asr amperawne rangz: SNSAS162, SNS45163 eo Nosa 10} . . . . . P XA R X
SNTABIG2,SNTASI63 . . . . . . .. .. ... ... OUCw?C
Storage tempsratum range e e e e e e e ~65°C 10 150°C
ded opersting fic
ENS4R 162, SNBAG161 ’:‘ﬁmm
MIN_ NOM_ MAX | SN _NOM _MAX
Supwly voltage, Voo as B 65 fa76 5 B[V
Hhgh-lwvel output Cuttont, 10| -3 L mA
Low-Tevel OUTPUL Currant, 1, 20 [ mA
Clock teeguancy, Teiuck 0 40 [] 40 | MHe
WicHh 01 Clock Dtst, Lyy{cinck) (g OF low) 10 10 ™
W.h Gl Cleer PUlW, twichearl 10 10 ()
- Oats nputs, A, 0, G, O 4 ) )
* EndcePor T [E] 12
Bot e, 1 fres F e 41 i:: 4 = a
Lo8c) ineciior-tiase 12 n
Clear inacime-tiate 12 12
Reroase 1me, Upteoce (908 Frgure 41 Erabie P o ¥ . . i Al ™
Data bagusts A, 8, C, D 3 3
Hold time, 1), (e Figure 4} Losd 0 [ ~
: Chme ['] [
Opetanng free-mr temoerarure, T o {we Naxs 10} -85 125 .0 n|c

ROTES 1. VOolisgs walues, 26601 IMF el Ied vDITge. a6 WIL Toepett 10 NIWETh BOUNG tarminel.

2 TR s 1 V8IIYR DEtwsS T SSTIrer® O & MuTliole SMITE (1anRALOT. FOr ENEEX CirCurts, this FALRE amprines howeon he coust
analiid wiputs P anad T

10, An SNO45107 or BNSIS16 in the W package DBOrating 31 1ree it 1Rus a1ures ab0w O1°C ronunee & frost wink that provider ¢
Ui mat resisiance trom coss to fres-arr, gca, of 0T mors then 20° C/W,

7390 : TEXAS INSTRUMENTS N

NCOMPORATED
FORY COTICE BOX S412 ¢ DAALLA TENAS FEINe
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TYPES SH64S5152, SN54S1, SNTASIH2, SNTASH3
SYNCHADNOUS 4-8IT COUNTERS

wisctriced ch t5tics over tod cgorating free-2iv tomperature ranga {unksm otherwis notxd)
thsasiax 54183182
PARMSITER YEST COnsITIONS! suesaaTal 5748183 T
il TYPE MAX [N TYPD MAK
¥i  Hep-ewd input veitg 2 2 v
1, Lommdewet mout votlien 08 08} v
15 IPeit clamg voltegs Vo s WIN, 1« —i0mA Ze2 a2l v
Ve s MIN, Vg *2v,
5 3s 1 ae \
Voot Nipriewad oot volugy Vi =08V, iom = mal 25 21 3 v
Ve - MIN, Vg =1V,
Lawrtooed avimet wwhcss o8 os| v
Vea ol Vi -08Y, Igg - T0mA
] It NNt 3T MBuAUM Kgat valtags Veg s MAX, Vps56V 1 BLE)
Eretiw 1 = [153)
MR Aovsd ot curran Veg - MAK, Yy e 20V
bl ' Ot impun] t E2) 2| **
Endbis § 4 A
Vee v MAX, Vy 205V A
Wi Lowdsesl bigait turntat R cc* Wi 5 3 3 L]
195 Shon-crcvil outmt curreng * Ve - MAK ~AQ -100 | -40 100 | mA
Sy et Ve s FAX 55 160 NI G

VT oo acditions Bhoms 41 WUH OF MAK, wer the (EEIOarats vilus Gt U e ERCTmdand Opststing COoRch T

VA pymiead wabsas o8 ai Vg TSV, T4 235 C,

M8 PABSS TSER G Ou LT uldl DR RGILIY M 8 tinie, end otion 0f THO SPARCintult BRoLKI Nl sacTed Brg oo nd

wwitching cherseteristics, Vog= 6 V, TA = 25°C

Finidad 118
[IETE101 BV ClwsiaTidans
ve 11euT LOUTPUTH JustClesan

tmae w1 B
LM Rigpi ®“_n

Cronk
o oy T [
- Ay=imn, 8 %

A
(o Ctosk A B Figaran 1, 3, end 4 g w ] "
ity Newr § )

halll Engty T 10 18 " g
PHL il " 1

1 Cnga M arh ¢ bk Ilmepmedeity
EPL 1 W PrOpegitian dekmy limve, Low 00 high teved Omtput
ISR L B QTOPSRE NS Sblay Lamve, Nt 0 Lavs level tasiput
MOTE Bt Loos ahweit i Siavn 6n pge 390,

' TEXAS INSTRUMENTS

(LYL

AT I

UG GPHER B 001D > TALLEG. SRR POIAY
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TYPES SN54160 THAU SA54163, SK54LS160A.THRE SH54LS1634,
SN54S162, SN54S163, SN74160 THRU SR74163,

SN74LS160A THRU SN74LSI63A, SN74S162, SH745163
SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

batutcrocns =1

] Loy av
‘;',‘,‘,?S? Ve - Vst 7’[\:;1 L v
I AN—— ‘\.;g..n_,f

...... ov
[P u——*;»— PHL
] b e atingg | trarsure v 14 2) |
| /"‘"" -~ = = Vou
S Vet |
.T\.A L.‘,.’!-;-A,»..‘mmlmm—f/ e ¥t
g2 | (51
| fopemr—d— tppy. ‘.__...'..«p Ui
] i | imanturs €1 tyeg) | imassare a1 tez)
1 ! !
: 1 ' e Vou
ouTPuT Py v | .
ay | § *y\‘\ et | ot
: ) S - F R - ¢
| L-——whu HL |o——-~¢-}-)p“|
| | ; trncewe 1 tog) X | {mepena 24 Toeg)
! \ | e e (1]
ouTPUT ! I 1
[ | | Viet |
1 .
: X ;..._,,.,A,..l,.,.. e e e Ny
fomet— 1210, e cf et
t | e sttra {roncsars 1 1y
1 ! 1 g
. | tseeHate B I e
ouTPuT i ! \s " .
0p | | R Vet o Vet
i | Sty R U U — Vo
I ™ , L : e
 tmmarat oo
1 or tneyg ISse ot
N—— o et o e o VoY
RIPPLE / \2
CARRY _]rvn.t . K Vet
ouTPUT
m—— . \.—.—{5 vou
¢ VOLTAGE WAVEF DN

HOTES: A Vi loput puliss 579 sucohed by » pamsrrior having tha totawring eharsctersticn: P < 1 Bz, doty eyals < 80%, Toy ~ 00 A;
for 160 they "163, 1, G 10 ne 4 € 10ms: for LSTUOA thru ' LS103A L < 1800, 1 < 6 p2; and for ‘B163, 8163, 1 € 2.8 s,
T < 2.8 m, Veey PR 10 macsure (g .
- B, Quigity Opy end carry e Iosted 1 tnyqp for 160,182, LE160S, ‘LEIB2A, and "B162, 306 81 Iy 1g f0r ‘THY, *183,'LE16TA
FLE163A, s0d 5103, where 1 1 1he Bl time when 8l Gutpite et bow
C. For ‘180 thry 163, ‘9182, srd ‘8183, Vyyt = 1.5 Vi foc ‘LS100A theu 'LS10TA, Vygy ~ 1.IV.

FIGURE 1-SWITCHING TINES

1202 TEXAS INg TRUMEN.TS .

INCOICINATED
POSTarrict Box 9912 & DALLA, TERAR TRTD
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TYPES SN54160 THRU SN54163, SN54LS160A THRU SN541S163A,
SN74160 THRU SN74163, SN74LS160A THRU SN74LS163A
SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION v

CLOCK INPUT
160, "LS160A Vest Veet
"161,"LS161A ]
S e 12

av
can
wNruT Veat
1
o -0V
o= tetctear =)
: av
LOAD §
IkPUT '
) N e e OV
' 3v
P 1 —-—
DATA INPUTS !
A.B,C.andD
ov
~o L, f‘— [ d
aouTPUTS T\ ; o Yo
'181,"LS161A | Vet 1
Qa end Qp OUTPUTS | - : s
189, ‘LS 1604 1 . e e e gy
— L :"" ; : a1 e gV fpegd v
) P e === von
ggedOgoutrts |\l t |
180, 'LT1E3A VoV ' 1
i i |
1 N VoL
i ! ! v
! 1 1
ENABLE P or | X )
ENADLE T
! 1 | v
: !

l v
apLE t i oM
cARRY § )
ouTHUT ' 1

T T Vot
1 |
|

i v
CLOCK I82UT i
189, ‘L8I8IA \
S R e 1]
1

Vi
agurPuTs ] i ( oK
‘163, ‘L5183A \ i Vet
O, #3d Gy QUTFUTS " |
MELHIGA 0 1 Seee—— e et n -V

] 30l b (o Y It ot O Gy 2) oL
i J g o e o O

« Og erd Qg QUTPUTS

‘162, '1L8162A Vet #—v,,,

VOLTAGE WAVEFOHNS
ROTER: A. The input pulees re supsited Dy Penaraior having the Laliowing charactwntics: PR W § 8HP, duty cyeim & BOR, Zoyp ™ 80 1)
for "160 thru 183, 1, & 10Ny, Ty & 10 As endd for LHTEA Theu “LEI0IA, t, ~ 16 Ry, 1y S 8 6,
B Enaiste P and scwtie T eetun 1imos e messired 41 1n,g.
C Far 180 theu 183, Vigr * 1B V; for "LEIB0A 1hry ‘LS VB3R, Vygy = 1DV,

FIIURE 2-SWITTHING TIMES

TEXAS INSTRUMENTS 1309

INCORPOMADE
PALT OIRCE BEY W12 o BALLAR TEXIN FIDE
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TYPES 'SN54S162, SN54S163, SN74S162, SNI4S183
SYNCHROROUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATICN . .

e o e o e > e o § g

INASLE T 16V .
INPUT d
] oy

|
L—m&—q

b
Canny ! ! e
OUTPUT 18V 18V
w

YOLTAGS VRS RQERR N

NOTES: A The mpel pulss 1 rspiad By o Carevpior Reving I6e 16HTAINg Crerctametus 1, € 20 Pn € 1B o PRA € 150 ou:,
. creh & $O%, Zpy, ¥ BO L
B g g 87 Tpy) HOm eI T aDut 10 (Y butpul SRl KGR I3 (0SALE? I 61 T miTimen Konat (0, € Qp Mg b
5187, 881 O tvhun higa tor '5161)

SHIUAT I-TROPAGATIEDT GILAY oMK FRUAM EHARLE ¥ INFUT TO CANNY.CUTPUT

. . o tetoest —|
o bliock) ed |
§ {
| 3}

/_...._\: S 3
! .
crocx 18V 15V \

15V —e 15V 15V
Ut
! ! AT
1 [
Pt b L |
| s wtoral boem & ey fgctes tuna) | |
3 ] v
CLEAR ! ) } ;
1.5V 165V
iINPUT \ \ { oy
h T e e T e e
b bty el = Ay =M i e |

v

} tacton sipad ) ,g: Dnactees 415821 \

1.7 ! 1' | !
A

WPUT 15V 1 ALAY |

' i

LOATAUTS
A0 CondD

ENABLE P or
IKADLE Y

VOLTAOA yeAvVERroansy

NATL A: The wput puisss w8 wislod by pInersuns Aesing he fodewing chosstanisis: & € 2.8 mL y < 20 ra, PRAR € | koss, v
L LY ALY TR

FIGUNRE £-PULSE WITTHY, BATLD YRAES, HOLD TIEES, AND AZLEAIR T

ey TeXAs INSTRUMENTS '

INCURPORATTD
PSET OU/LE BOX ST ¢ BALLAR. YERAS T2
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€L

T SRS VYIS 0 B0 KO0 B anet

I-mms:t&)itlsvxal

SINIWNBL

BT BYHCHRONOUS COUNTERS

This epplicstion demonairatss horr the iock-ehond carry circuit €50 ba Lred to implemant a highipeed n-bit countar, The 140, 182,
SLEIEDA, "LEIE2A, or *S162 will count In BCD and tha *161, 163, "LS1G1A, "LE163A or ‘5183 will eourt In binary. Virtuelly sny count

mode mostule-H, Hi-to-N2, Ni-to-merimum) can be used with this f22t look-shead clrcuit,

~
> 3 id
1 HPUTS NPUTS INPUTS
s ; o, , Py S,
SRR i} RR
Al 4 L '
DA 8 €D a8 <P tbs 0 c o0 a8 CD
-
:‘_3&’:{;"‘—' ENP NP ENF A BN P
RIPFLE RiPPLS RPPLE AIPPLE
::mt— ENT CARRY 1378 4 caniy ENT caans EXT CARRY F—o TG MLAE-
, QUTIUT SuTPUT cutruT ouTruT > SIGHIFISANT
STAGES
o> CX s cx B ex jome > €1
.
CLA O, g Oc Oo CLR O Gp 2¢ 0p CLA Ga Cp Og Op cLa s g ac Cp
: @ f I i ]
i It .
CLEAR & ; P
X { H .
OUTAUTS cuTPUTS QUTPUTS QUTPUTS
CLOCK >
P

V1VQ NOILYIITddY TUIdAL

SYILNN0T 18-t SNONOUHINAS

"YEQISTVINS NEHL VOOISTOLNS

‘EGIVINS NHHL 09IVLNS 'EILSYSNS "ZOISYSHS

'YEBISTYSHS NUHL VOSISIYSNS "EILVSNS NUHL 0SIYGHS SIdAL

EIISLLINS “ZBISYLIN



64/73 FAMILIES OF CORIPATIBLE TTL CIRCOITS

PIN ASSIGNMENTS (TOP VIEWS)

OCTAL RUFFRRS/LINE DRIVERS/LIHE HECTIVERS

T8 BLRLBLURLAL AL

@

LR WVERFED I5TATE OUTRUTS

Loa Lo 427

v, 77 07
241 wonmverTep aevate cuTrUTY P /] )
Al L]
5 B | & ,]
Bjojuiustng
L. I
e’ SHILSTLT U, N
o SNBATUY 1) SNTLSTET U, MY
CUATIRUFLE EUS TRANSLEIVERT

CREALGIAL L, SRIZILSTAT W, #)

NG~ intamel comeectian

GUADTU LY BUS TRANCEIVERD

243 nommverTED 3STATE OUTRUTS

Bos 2z 387

TRZTALRIEI(, 1 SNT7SLSM U, it

HC-1a Iateriad Lo nsstion

OCTAL DUFRIAY/LINE ORIVARILINE RECSIIERS

24& MOMINVERTED JBTATE CUTPUTS

s prgs 6.0

1

ABAMARMERAL

N a e
A AR R

ooy

BRILA2LS LN BHTALERSA 13, 5

Tcx;as|—lnsmgy ENTS

NLONPORAS
EE4Y O2PuEE Bon #3AR ¢ Briias, TRRAS ISl
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TYPES SN5415240,SN54LS241,SN5415244,5N545240,5N545241,
SN7415240,SN74LS241,5N7415244,SN745240,5N745241
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS
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TYPES SN54LS240,SN54L5241,SN54L5244,
SN7415240,SN7415241,SN74L5244
BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS
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TYPES $HEAS240, SRG4S247, SNT45240, SH14S241
BUFFERS/LINE DRIVERS/LINE RECEIVERS WITH 3-STATE OUTPUTS

MEVISCD AUGUST 1977
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TYPES SNG4LS240,515415241,

SN5415244,SN545240,5Mb45241,SNT41S246,

SN7ALS241,SN741LS244,SN745280, SNT45241
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE GUTPUTS
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64/78 FAMILIES OF COMPATIBLE TTL CIRCUITS

PIN ASSIGNMENTS (TOP VIEWS)
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TYPES SH5415245, SH7415245
OCTAL BUS TRAMSCEIVERS WITH 3-STATE OUTPUTS
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TYPES SH54L5245, SH7415245
OCTAL BUS TRANSCEIVERS WITH 3.STATE OUTRUTS
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54/18 FAMILIES OF CORPATIBLE TTL CIRCUITS
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HEX BUS DRIVERS WITH 3-STATE OUTPUTS
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HEX BUS DRIVERS WITH 3-STATE OUTPUTS
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g Fully Paraile! 8-BltDatz Reglster snd Bultes

82i2
6-BIT INPUT/OUTPUT PORT

g Service Request Flip-Flop for

interrupt Genaration

8 Low Input Load Current — .23mA Box,

g Thres State OQuipits
g Outpits Sink _Wmn

3.85Y Output High Voiiage for
Direet Interfaco to 8008, 8080A, of
ES85A CPU

8 Agyncheongus Roglater Clear

& Reoplaces BuHors, Latchas end
Plultiplexors In Ricrocomputar Systoms

o Bodusas System Pocliegy Count

ns 8112 keput/eutput port constats of an C-5(t latch with 3.clats cutput buffar elong with control &nd dyvice stisction
wgic. Aleo included is a sanvice requeat flip-flop lor the generation and control of upes (9 the micropr

e 3vico 3 rmustimoda In nature, U Can bo wezd to Implement (AIThey, Gatad bulians of rdtiplaxery. Thus, all of the
pincips! peripherd end Inputoutput funttions of 6 FSTRCOMPUIN syeiam ean Lo knplamentod with this Giwice,
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8213

FUNCTIONAL DESCRIFTION

Data Latch

The 8 tiip-Hops that make up tho data Istch ars 8 "D
type design. The output (O} of tha fiip-Hop wiii tollow the
data input | D) wivild the clock input (C) s Righ. Latthing
will oecur wiven the clock (C) returrs low,

The lalched data la clexred by on eoynchonous reest
lnput (CLA). (Nate: Clock (C)Ovsmcm Rayct ;cun )

Dutput Bufter

The outputs of the data lstch (Q) &9 connectad to S-4iata
non-dawasting output bufisrs. Thees butters hava &
common control ins [EN); taia controt line eithey enoiten
tha butler (o transmit tha dita from the cutputs oi thecats
isich {Q) or disabiza the butter, lercing the outputinto o
high impsxance etsto. (3-stato)

Tha high-impadance stats uiomme«B&gmw eunnoet

Barvicy Requost Filp-Fop

The {SR) flip-tlop fa used to genarete end conty
Intorrupts In microcomputer systema, it ta agsynchros.
ously sai by the CLA Input (ectivalow). When tha (8R) tirp.
fiop {8 cat it ks In tha non-intsrTupting atats,

The output of tha (SA) fitp-fiop 1Q) Is connectad ta ey
Invariing thput of a "NSOR™ gate. The other Inpul to iny
“NOR* gste 19 nainvarting end i conneciod (0 tn
davica e3iection loglc (DS « D521 The output of thy
“HOR" gate (INT} s sctiso bow (irdemupting sists) by
conmection o ective low input priority geroraling clrculls

BIRVEE PACYERT 7

P ‘.
o
=

CAVATE FRLECTEDY

tha 8212 direstly onto the microp
dxia bus. g

Comret Logts

Tha 6212 has contro! inputs B81, DS2, MD end ETTL
Theea inputs ars used to contiod dovioe seisetion, data
tsiching, output butter etats 8nd canvics ragquast Hky-ep,

D51, DS2 (Devies Salzed)

Yhasa 2 inputs are uped for davics takction, Whizn D51 (a
fow and DS2 I3 high (D51 D821 the dedss iaesizetsd. In
s ealoclad otaly the outout bulier B3 enstizd ord the
sw.co requsst o409 (67 b esynchronowly est.

@D (Wioda)

This lnput is uasd to control tha eleto & the eutpul Busiar
ot to daterming the gource of the ciock input (C) to tive
data fatch,

When &30 ha Righ (outpat moda) the cutpit insflars 610
enabiod and the sowcs of clotk (C) o hocota ik ke
faom tha davice estoction togle (ST -B32). -
Wi RSO 1 dow {input mcade) the output bufiyy state Ls
catsenrined by the Gevco seiaction logia (531 DS2) ena
mnomceofdou(mwnncmmhmme
(Snobs) input,

EA . .

S0 (Sirobe)

This input ia 1208 29 30 clock (C) to the data lech for the
input moda MD = 0) &nd 0 synchronovsly roset the.
porvice ragusst p-fiop (8A).

Kate tiat tha SR 1ip-fiop la negutiee e trngared.
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8212

——

ABSOLUTE BIANINIUS RATIRGS®

Tempentture Undar Slas Piastic

s, G*Clo+70°C
swrege Temporature ......... -65°C to +1680°C
A8 Output or Supply Voltsges . 0510 47 Vol
Al Input Vottages ........ . -1.0t5 0.6 Voita
Output Currents veerveserse 100MA

*HOTICE: Stresoes abave those llsted under “Absolute
Meximum Ratings” may causs parmanent damage (o the
davica. This ia a stress rating only ead functional opara-
tion of tho device &t thasa or eny other conditions above
thosa indicated in the op 1 lons of thes spociti-
cation Is not imphad. Exposure (0 absolute maximum
rating conditions fur extondad periods mey sfiact davice
rellatiility.

p.C. CHARACTERISTICS (Ta=0"Cto +75°C, Vo= +6V = §%)

M [
gyatal § pry ™. oy Uiv Teot Conditions
A Input Lozd Curreat, ACK, B3z, CR,
D14-Ofs Inputs -28 mA  |Vr= 45V
iz Input Load Current MD tnput -5 mA  |Vpw .85V
[ Input Lead Curred DSy Input -1.0 mA V¥ = 45V
13 Inpuzt Laskega Currant, ACK, DS, €8,
D1-Of3 inputn 10 A JVa SVeo
Ia Input Laskage Current MO Input f WAtV Svee
in input Leskegs Current DSy Input 40 A VR SVee
Ve Ingi Farsand Valtags Clamp -1 v ic ™ -BmA
Vi Input “Low™ Voltige 88 v |-
Vi Input "High* Voltage 2.0 v .
VoL Qutout “Low” Voltago A5 v fon, = 15mA
VoM Qutput “High* Voitage 343 40 v lon = -imA
180 Short Clrcult Qutput Curront SE] -13 mA Vo =0V, Voc = 5V
ol Output Leakage Curnen Hiih
d State N sA Vo = 45V/8.25¢
1 Powzr Supoty Cureent [4] 130 mA

CAPACITANCE® (F = 1MHe, Vg = 25V,
o Voo 4BV, Ta » 25°C)

ol Te Bt

Ty
G [D3y MD input Copecitence OpF | t2pF
Car |08z, CLA, STB, Ui, D%
inewt Canacitencs Spf | 63F
Causr ' IDO-DO Outnut Copesitanany | GoF [12p8

WMhmmm|mw

AC. TEBTHG LOAD CIitcuiv

| 1i

787

SWITCHING CHARACTERISTICS
Ceonons of Yest

taput Tulse Ampiituds = 25V

Input Rige and Fall Titazs Sna

fistvaoen 1V 2nd 2V Measurcensnis mada & 1.5V
with 15mA and 20pF Tost Lagd

HoTl
R @l o] oay
ot tn ol WF 00 | ool
ta, EMABLE} pF | wxn | 1Ko
7, ENISLE ) ¥ 3000 00N
12, DISABLEY Spf 3000 | eoon
1, DISABLEL SpF wKn AL§1]
"irchudass proko 84 fig cepscitanca,
.
KNI
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8212

A.C. CHARACTERISTICS (Ty =0'Cto +TUC, Veg = +6V 2 6%)

Symbol P i Gnit | Test Conditiona
Rin. Typ. Mox ’

trw Pulse Width 20 ng N

tro Data to Output Delay 0 ny [Notwt

IWE Write Enabls to Quiput Dolay 40 ns | Notet

tSET Data Set Up Time 15 ns

H Data Hold Tims 20 ns

in Retat to Output Deley 40 ns | Notet

18 Sot to Output Dalay 30 ns |} Notel

e QCutput Engble/Djssblo Time 45 ns | Notay

16 Cigar to Output Dalay 55 ns | Noted
APPLICATIONS - .
Bazlc Schomatic Bymbots ‘

Ywo examplas of waye o raw tha 0212 ot £yotem gchem atica—{1) tha top belng th detalied visw showing pla numbery,
and (2) the boitom baing the symooiic view showing the, syatom input or output &3 @ gysiom bus (bus containtag
8 parsital linge). The ouipul 1o the data bug i3 eymboiic in relerencing B paaitat finez.

woUT cavict outRUT BEVICL
P a1l [
[}t [} 2 na ‘
s S s N o
1 PEN B L.
A2 A N
M L} i -
i sario l'L., L
i1 1
B dm mhe
1] wa e
[5 3, ke
DNERE CALAL
RO Vie .

P
stroas ™0 L™ neg
mwuw o " wvasoncs o :Dm

M L U e L] L-'
] bATA pus CAYA Ut Vee

Fgure 8. Bask Schamatlc Symhels

Gated Butler (3-Stata)
The simplest uzo of the 8212 is that of 8 gated butter, By
tying tha mode signul low and the strubo Input high, the
dats 1asch is stiing as e straight through gate. The output
butfars zea then enablsd from the davica saléction logic
DS end DS2.

Vhen the device sateclion logis latalss, the cutitssre -
"ate,

Vg =

GATMO
coMTAG
o

Whan tho device logiciatrue, the input

the syatem ia glractly transtorred to the output. The Input
data loed | 250 micro amps. Tha output dsts can sink 16
ntilil amps. The minlmum high output 14 3.85 volte,

Figure 4. Gated Bufief +.
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g212

L Ie
Bus Driver

4 palr of 821Z¢ wired (back-to-back) can be uzed e a
(ommetricsl drive, bi-dtrections! bus driver. Tho davicon
" controtted by Ihe data bus input control which is
sqnnacted 10 on tha liret 6212 and to D32 on tha
wcond. OB device ia ectiw, ard scling &3 a straight
mrough bultar the otfier is in J-state mody. This ha very
* sl Crtl v Gadl eyetent demign.

lasssrupt insiruciion Post

The 0212 can bs usad to gata the Interrupt instruction,
normally RESTART instructions, onto the data tus. The
davico is fram the | ge signal
from the microprocessar and from & pori salection signst.
This signat s noratly tisd to ground. (D51 could be usad
o multlplax & varkaty of Intzmupt instruttion pasts omo s
comean bus).

DATA
i)

Hem=tt

Rgure . Bldirezianyi Bus Diivo

. hnterrepiing Input Pon
T upe of tn 8212 is thet of @ system ingut port thet

. accepi 8 s2rade from the wyyiom Input sdurcs, whic in
‘urn gD thergsrvice roguast Hip-fiop and Intarvupts the
oocEmer, Tha procassar then goss through a sorvico
‘outing, IGantifics the pomt, ami cousty Ut dovica
SHEtin Mo to o trud — erelillag B BERETIRRE U5
o e sty bya

il
kY

10 FRICATY CRY
R (AETIVE Low
10 oru
WTIRNIT BOWT
. At .
Pigtle & kvorrusting bags Pont
Ny °

784

BATA
)
Erant
TR
IRCI 9 ~RET N
AT FORT ERNTTISS m‘n
WIHTRIASY BSRION ST

Flznsa T, talenmupt lasisadon Port

Cuigal Port (Velth HanakShaking)

Tha 8412 can bo uead to trensesli data from the data busto

a eyiem outpul. Tha output sirobs could ba & hend-

ahziing signat such na “reception of data” from the davics

st the system h outputti to. Rintum, can intameptthe
st Blgitylag Rie rscepion of Cata. Tha sslection of

118 port cosRE3 from the dovica esisctionlogle 051 - D92

frr—— eufmv ETRGS

L11:Y

als ) SYiTiM GutruY

pmcid il TR B rmcaes guasem ndsEY

T e e .

DAta
0"

ReET TLATCH CONTADLY
R RARASY onosn ‘

Fiyuwa b Cemt Font
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003A Status Latch

TN L/ o

“ r‘P__‘ .
Hore tho 3212 Is uesd ss the status latch for en E080A b/ N
microcomputsr system. Tha input 10 the 8212 Isteh la [
directly from the 8080A data bua. Timing shows thal when : — -
the SYNC signai is true, which Is conneciad to the D32 Lot Co
inpul and tha phass 1 signal fa true, which ls a TTL lavel ooy .
coming trom the ctock gonsralor; then, the statud dats witl
bs Jaiched into the 8212,

5534

o wlalufwlolels

PP o8P0S

Ha

4

CaSeK Gan,  ESUTAL
s oanga

=}

20 “'«“ﬂw-wmﬂmm"mm: f & shoen M m T Brg2s of concermn o the bi-
wbmwmwsaumm dipmetonai d
. bim
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T¢PICAL CHARACTERISTICS
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M8214

PRIORITY INTERRUPT CONTROL UNIT
MILITARY '

® 8 Prlority Lovela ’ o 24-Pin Dual In-Llne Psckege

a Fully Expandabla o Military Temperature Rangs:

o Currant Status Raglstar ~§5°C to +125°C
s Priorty Comparalor o +10% Powsr Supply Yolaraac

The lrash U214 la an B-toupt prierity imderrupt coalsol untl (PICAS Sratonsd 1o simiily istoemupt-Grivan aierocomh
putsT aystems. . -

Tha PICU can sccept 8 requesting 1ovls; ¢
cutrant status register and izevs end I
wutine,

Thae MB214 Is fully Gapaindnbiz bY tig b of epon collzetor Imamupt cutput wactar Infarmation. Control slgnals are
also providod to simplify this tunctlon.

The PICU is gesignad to Suppant o ez vasiely of voctored Interrupt structuses end retuca packsga coues i intarmupt.
driven Migrotompulty systems.

girunag thy RrphEst priotity, cotonem thia pricrity toa wiisa:a coninolied
unl t 1N byetow aiong with vactor informaticn to Kanlily thg sarvice
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[Ba2is

ABSOLUTE MARIRSULS RATINGS®

*NOTICE: Stroeses above thase Usted undar “Absoluto
Maxtmurt Ratings™ may cauto pormanant damage to (ho

o o devica This is & stress rsting only snd lunchonal opera-
-SEGC to #IEQC tion of the davice af thesa of any other condhirons abave
Storap Tempewatusz ..o oL SBBTCHOIG0°C pppgg i n tha op f of this apoci-
A Qutput and Supply Volisgas . . ... ... —05V W +IV  yication s not imptied. Exposure to absalute maximum
Add lmpuat Vottagas . ... .. -1.0V @ B8V rating conditiona tor extanded pericds may affact davico
Output Currents ..., .. .. coves MO mA L retieblnp
B0, CHARADTERISTICS (T4 « 550 10 1250, Vor = 5V 2 106%)
. Limin "
Sypmtasd Pesgamer CRm, | Yy | phea, Uit
Y trprst Clenp Voltags (2l inputs) -1.2 v
g ioput Forward Cumrant:  ETLG input <15 05 | mA
. all o1har lrputs -Co =033 | mA
n Input Reverer Currant: ETLG gt 80 ¥A VRvS.5V
- el ottwe fvputs & 1L
My, legeut LOW Veltes: At inputs og v \’c;:%.w
Vi Input HIGM Voltean: Sinputs 20 Vo] Vegesov
et Power Supply Current o3 130 mh Sea How 2.
Voo Output LOW Voltsgs: all outputs AS v toL=10mA
Vou Output HIGH Voltaga:  ENLG output 24 390 v on=-1mA
s Short Circuit Qutput Current: ENLG output | -15 -35 -65 mA Ve eB8.0V
leax Quiput Lasksge Curvent: TRT, :’\;. Ar '?:.1 W0 A | Vx5V
‘,
L
m?_acmsac.f-.' {(Vaius = 25Y Voo = 9 Ta » 25°C, tm 1 RDR)
Loty
SwerAn) Pawmatar Wi, | TepdV) | Mo Unie
Coy Ingrut Caparcitanco 5 10 pF
Cour Outpus Capacitance Except ENLG ¢Pin 14) ? 12 14
12-11 NG
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W Ma214

A.C. CHARACTERISTICS (T, = -556°C to +128°C. Vo = +5Y 210%)

Limits

Symbol Perzrnatie Phin. Typ.lV | pan, Unit
tcy ClK Cycta Tima 85 m
e CLK, ECS, INT Pules Width 25 15 ns
uss INTE Sesup Time to CLK 16 12 ns
st INTE Hotd Time after CLR %0 0 ™
eresi2t ETLG Setup Tune 1o CLR F 17 ns
teyen'?! ETLG Mold Time Aftar CLIK 20 10 Lm
1peesi?t ECS Sorup Timeta € i 25 n
tecen Hold Tima After ¢l L
eCRs £CY Setup Time 1o C B mn ns
ecan ECS Hold Tune Aiter ELK
tecwi?l £C5 Satup Tim 10 CLK - T 1 Py
teesnl? | €CS Hold Ting After GLI Y
1pegl?l 5G5S znd Hy B Sewn Fine 10 e - ;5!\»—w T o
oeni?l | €65 and Bg-Bp Hold Time Atter CUE o ™
thes Rg A7 Sstup Time to CLK 100 65 m
ok Fig-H7 Hotd Time After G5 0 i
s INT Setup Vi o CLK 66 35 ns
10y CLE 10 INT Prepscativn Dot L] 30 ne
teg y Setup Timn to w | o ns
trun Ay Hy Hakd Time Afiar a5 20 n
na Ro-Ry ro—li;»h; Progapatizn Dulgy 80 00 ns
ELA Elfito Ay-Az Migaagsion Drlay 40 a5 o™
tca EC5 10 Ag &) Prapagation Duiyy 6o 1 ns
era ETLG 10 Ay-Ap Propegation [elay 35 Hi n
oECS §GS and BBy Setup Fime 10 ECS 20 10 ns
tocex 5GS ond By Hold Tiens After ECS i 10 ns
tREN Ry Rty to BNLG Propzgation Dilay 45 70 m
‘EvEn ETLG to EMLG fropaystion Delay 0 |30 P
teonn | ECS 1o ENLG Propagation Deisy 85 110 ™
tecen ECS 10 ENLG Propsaation Delay 35 55 n

8OTES:

b, Typical valoas aeo for 7 # 28°C, Vo= 5.0V

2. 8o 83, 853, CLK, figfig groumtad, sil other st o a1 outiuls o06n,

12-78 ARSI
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B2514

PROGRAMMABLE COMMUNICATION INTERFACE

@ Synchronnus and Asynchronous
Qperation

8 Synchronous 5-8 Bit Characters;
intarnal or External Character
Synchronization; Autamatic Syng
Insertion

@ Asynchronuius 5-8 Bit Characiors;

1 Asynchrorous Baud Rate--0C to

19.2K Baud

Full-Duplen, Doublo-Bullered

Tranamitter and Receiver

@ Errer Detection—-Parily, Cverren and
Framing

o Compatitio with an Exiended Range

o

Clock Rata—1, 16 or 64 Times Baud
Reta; Break Character Generalion;
1, 1¥a, or 2 Stop Bils; False Start Bit
Dstaction; Autamatic Breals Detost

of Intel Micreprocessors
28-Fin DIP Package

All Inputs and Outpiis ave TTE
Campatibie

=1 ]

apd MHandfing N &
# Synchrenoys Baud Rate—BC to a ffngw +SV Supply
84K Baud 8 Singls TTL Clock

Tha Into¥® 8814 9 the enhonend varslon of fhe industry standard, Iatel 8251 Univorasl Synchronous/
Aggnehronous Recalver/Tranamittor (USART), designed for data communications with Intol's microprocessor
fasmishes guch pa MCS-63, B0, B85, and IAPX-86,88. The 82514 is used as a peripheral dovico and is programmed
by the CPU to oparate using virtually any sarinl data transmission techniguy presently in use (including 18M
~pigpnc’). The USARTaccepts data characters from the CPU in paratlel format and then convarts them into &
continuays sarlal data stream for transmission. Simultanecusly, it can reesiva seriat data streama and convart
tham Into parailel cata characters lor the CPU. The USART will signat the CPU whenavar it can accept a new
charactor for treramisaton or whionever it has reccived a characiar for tha CPU. The GPU can reaa the
compiate atatus of the USART 2t any time. Thaza includo data transmission errors and wonirol signals such as
SYNDET, TXEMPTY Tha chip ia fabricated using N-channel siticon gata tachnology.
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FEATURES AND ENHAR CEMENTS

The B251A is an advanced dasign ot tha industry
standard USARTY, tho Intei* 8251. The 82514
operales with an exiended range of intoel
microprocessors and maintzina compatibility with
the 8251. Familiarization lime is runimal becpuse of
compatibility and involves only knowing tho add:-
tional fentures and enhancements, and reviewing
the AC and DU cpeciticaticns of tha B251A.

The 8251A incorporates al! thz kay featurna of the
8251 and has tha (oilowing soditional teatuses ans
enhancements:

o H251A has double-bullored data naths with sapa-
rate VO reaisters for contsol, status, Data in, and
Data Qut, which considerably simplifies control
programming and minimizosy CFL guerhand

and handles "breal” sutomaticaily, 1cheving the
CPU of thig task.

A refined Rx inftiatization prevents the Receiver
from starting when in “bresk” stafe, prevoniing
unwanted interrupls trom a disconnacted USART.

L3

At the conclusion of @ transmission, TeD line witl
always return to the marking state unless SO
prograrimed.

Tx Enable logic sahancempnt prevents a Tx [i:
able command from halting transmission vatd &}
dala previously written has been transmitted. The
logic aiso prevents the trapsmittar from turning
oft in the middle ol a word.

When External Sync Datect is grograrmined, intos-
nal Sync Detect is disabled, und an Externs) Gyne
Detect etetus is provides via a flip-flon which
clears itsalf Upon a states read.

3

i

v

Fossibility of lsle sync delsct s minimizes by
ensuring that if doutle character syncis program-
med, tha characters bg contiguously detected and
also by clearing the Rx register to all cnas
whenagver Enter Hunt command is issuod in Syne
mode.

. ® As tong as the 8251A is not selacted, the Il and
WH do naot afioet the intarnal operation of the
davice.

The 8251A Status can be cead at any time but the
status update will be inhibited during status read.
The B251A I3 free from extraneous glitthes and
has enhanced AC and DC characteristics, provid-
ing highe speed and betier operating margins.

» Synchronous Baud rate from DC to 64K.

.
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In asynchronous operations, the Receiver detnats |

FUNCTIONAL DESCRIPTION

Gonareld

Tho 8251A is a Unnprsal Synchioncus/Asynchie.

nous ReceiverfTransmilter dosignod for o wigg

ranage ot Intal mictocomputors such as 6348, 8039,

8085, 8036 and BOEB. Like othar LD dovices in g

microcomputer sysiorn, its functional configuration |
1 pregiammad by the system's soltware for maxi.

mym texibility. Tha B2ZS1A can support most satky

ditas (\wenniques in use, including 182 “bi-synz

In # ¢communication enviranment an interfacs
devise rsust samvert parallel fonnat systam datsintg
serfal foemat for rensmisslon and canvrt inztming

seriatormatdatainte prralichsyrtemdatn for roen
tion. The intortace device must also dolsta o ingen

Dl o Chasacies i ara func 1y unlgie o the
sommunication technigque. In esasncs, tho intarfacy
should appsar “transparent” to the CPU, & simpla
inpet or nutput of byle-orizntad systam data.

Bus Dulicy

Thug F-siats, bicireciionad, §-bit buf{or i3 uesd 1o in-
tertace the 62814 10 the system Data Bus, Datais
trar 112d or received by the buffer upon exeeution
of INgut or CUTput instrugiions of the GPL, Contral
words, Commant words and Status information are
alsa translerred “trough the Data Bus Buffor, The
Command Stitus. Date-in and Dats-Oul registers
are soparate, 8-bit registers communicating with the
systom bus thraugh the Data Bus Bufter.

Thiz functionzt blatk scoopts inputs frnmihs eydtem
Contral bus neratescontrol signals for ovaral
dovice saoration. it conteins the Gentrol Word Beg:
ister and Cammand Word Ragister that slots the
various control formats tor the devica functional
dofinition.

RESET (Razah}

A "high" on this input forees the B251A into an "ldis’
mode, The device will remain at "igle” until a new sol
of controlwords iawrition into the B231Atoprogram
its tunctional delinition. Minimum RESET pulse
width ig 6 gy {clock must ba running).

Acormand resetoporation also puts lhé devicainio
the “ldia” state. '

N
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PROGRAMMABLE COMMUNICATION INTERFACE

® Synchronous and Asynchronous
Operation

8 Synchronous 5-8 Bit Characters;
tnternal or External Character
Synchronization; Automatic Sync
tnsartion

€ Asynchronous Baud Rate—DC o
19.2K Baud

2 Futl-Duplex, Double-Butiered
Tranamitter and Ratelver

a Error Detection—Parlty, Guernn and
Framing

© Asynchronous 5-8 Bit Charactars; @ Campatible with an Extended Range
Clock Rata—1, 16 or 64 Times Boaud of Intel Microprotessors
Rate; Breat Character Generation; # 28-Fin DIP Package
1, 1%, or 2 Stop Bits; False Start Bit a At
Datection; Autematic Break Dotost é;;;i:’tilzm Outputs ora TTL

gad Hendting 2 Singlo +5V Supph
# Synchronous Baud Hata—BT (o S0 'ﬁ’ v
84K Baud @ Sfagls TTL Clock

Tho Intsi® 6I51A 1 the enhanced veralon of tho industry standard, Intsl 251 Universad Syncehrenous/
Asynehronous Recalvsr/Transmitter (USART), dasigricd tor data communications with intal's microprocessor
tamnitias such e MCS-68, 80, 85, and IAPK-08.88. The 825 1Ais used as a peripheral duvica and is programmed
by the CPU to operate using virtunlly any sazial data transmission technique presently in use (including 1BM
“bieync”). Tha USARTaccepts data charactsrs from the CPU in paratlel tormat and then convarts them into a
comtinuous sarisl data stroam for transmission. Simultancously, itcan teceoive sarial data streams and convert
tom Into paratial onte charaaters for the CPU. The USART will signal the CPU whanavar it can accapt a now
chasucter for transmission or whoenever it haa foceived a charactur for the GPU. Tha CPU can readt thu
compioto statuns of tho USART at any timo. These include data transmission errors and coatrol signals such ag
SYMOET, TREMPTY Tha ¢hip is fabricktad using H-channst siticon gate tachnatogy.
.
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FEATURES AND ENHANCEMENTS

The 8251A is an advanced design of the industcy
standard USART, the Intel* 8251. The 8251A
aperates with an extended range of Intal
mICroprocessors and maintains compalibility with
tha B251 . Familiarization bime is minimal because of
compatibifity and involves only knowing the addi-
tional features and enhancements, and reviewing
the AC and DC spacifications of the 8251A

The 8251A incorporates sl tho key features of the
8251 and has the foliowing additionul features and
enhancements:

= 8251A has double-buttered datas paths with sepa-
rate /O registers for control, status. Data in, and
Data Qut, which considerably sunphilies control
programming and minimizes CPU cverhead.

in asynchronous oparations, the floc2ivar detests
and handies “braak” autornatically, reficving the
CPU of this task.

A refined Ax initialization prevents the Rocolver
from starting when in “break” state, proventing
unwanted interrupts from a discopneclod USART.

»

Atthe conclusion of a transmission, TeD ina will
always retutn (o Hhe mat king siato unkoss BEH s
progranuned.

.

Tx Enable logic enhancement prevents a Tx (e
able command from halting tranamission uatil ol
data previously wriltan has been transmittad. The
logic also pravents the transmutler frem turning
oft in the middle of a word.

When Extornal Sync Datoect iy programnied, Inter-
nal Syne Detectis disablad, and an Extornat Sync
Detect status is provided via a flip-fiop which
clears itsell uptn a status road.,

Possibility of falso syne detect is minimirad by
ensuring that if double charncler syns isprogram-
med, the characters be contiguously detected and
also by clearing the Rx register to nll ones
whenaver Enter Hunt command 13 issusd in Sync
made,

» As long a3 tha 8251A i5 not soloctsd, tha AD nad
WA do nat affect the interna) oporation of the
davice.

The 8251A Status can be read at any time but the
stalus update will beinhibited during satus read.
The 8251A is free trom extraneous glitches and
has enhanced AC and DC cheracteristics, provid-
ing higher speed and better operating margins.

» Synchronous Baud rate from DG to G4K.

€
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FUMCTIONAL DESCRIPTION

Genrcrii

The 8251A is & Univprsal Synchronoue/Asyncheo-

nous Faceivor/Transmitlor designed for 6 wide

range of Intal microcamputers such as 8048, BORO,

8085, $0SG and 8083. Like other YO dovices in g

micrecomputer system, its functional contiguration |
is programimod by tho system's soltware for max-

mum floxibitily. The 8251A can suppdrt most soerig!

data cachninues in use, including IBR “bl-sync.”

In a cammunication environment an interfece
2yt canvert paraltal format systemn datainto
format for lrassmission and convert incoming
sertal format data into porallel gystom data o1 rucep.
tinn. Tha interfaze devion munt aleo delels or inserl
bits or charaglors that are functionally uniguoto the
somaunloation lechinigus, in cesenco, tha tntarface
should appear “transparent” to the CPU, & simpla
input or outpul of byle-orisnied syatem data.

RDaty Bus Bufler

cual, B-bit buflor is uacd 1o in-
the £251A to the syslem Data Bus. Data it
trensmitted orreceivad by the buller upon exacution
otiNpui or OUTput instructions of the CPU. Controf
words, Command words and Status information sre
also translerrad “hrough the Data Bus But{ar The
Command Status. Data-n and Data-Out registers
era separate, §-bit regicters communicating vith the
systamn bus througa thye Data Bus Buffer

This functienal bistk accopts inputs from tha gyslem
Control bus and gonaraies contrel signala for overall
device operation. it coatainzg the Cantrol Word Reg:
istar and Command \Word Raglster that slors the
various control formeats for the devico functional
dafinition.

RESEY (Rosut)

A "high" on this input forces tha 62514 into an “Idie’
mode. The device will remain at *idla” until a new se!
of controtwords is written inte tha 8251A to program
s functionat definition. Minimum RESET pulss
width is 8 tgy (clock must be running).

A command reset operation sfso puts the davice int®
the “ldls" state.

uwt
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CLK (Clock)

The CLK input is used to generate internal davice

timing and Is normally connecied to the Phase 2

(TTL) output of the Clock Genarator, No axternal

inputa or outputs aroe relerenced to CLK but the

fraquancy of CLK must be greater than 30 times the
, Receiver or Transmittor data bit rates.

WR (\Write)

A"low" enthis input informs the 8251A that the CPU
is writing data cr controt words to the 8251A.

fD (Read)

Alow" an this insutinforms the 8251A that tha CPU
isroading data or statusintormation trom tho B251A.
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C/D (Control/Data)

This input, in conjunction with the WR and AD in-
puts, informs tha 8251A that the word on the Data
Bus is either a data character, control word or status
information.

1 = CONTROL/STATUS; 0 = DATA.
€S (Chip Select)

A"low"pn this input setocts the §251A. Noreading or
writing will occur unless the device 13 solectod.
When CSis high, the DataBusis inthe float state and

hodaem Control

The 8251A has a set of control inputs and outputs
that can be used to simphiy the interfaco to almost
any modem. The modem contro! signala are goneral
purgnse in nature and can be used for functiens
other than modem control. if necessary.

D3R (Data Set Raady)

Tho BSR input signal is a genoral-purposs, 1-bit in-
verling input port. lts condition can be tested by the
CPU uging a Status Read aperation. The D3R input
13 normally used to test modem condttions such as
Data Set Ready.

DTR (Data Terminal Ready)

The OTH output signal is a general-purpose. 1-bit
inverting output port. it can be set “low” by pro-
grameming the appropriate bit in the Command in-
struction word. The OTR output signal 1s normally
used for modem contro! such o5 Data Terminal
Ready.

RTS (Request to Send)

The AYS autput signal is a general-purpose, 1-bit
inverting oulput port. It can be set “low™ by pro-
gramming the approprate bit in the Command In.
struetion word. The RTS output signal 1s nermally
used for modem cnnlfol such as Request to Send.

CT5 (Clear to Send)

A "low” on this input enables the 82514 to transmit
seriat data f the Tx Enable bid in the Command byte
15 st to a "one.” I either a Tx Enable ol or CTS oft
conditior occurs while the Tx is i opetation, the Tx
will transmil all the duta in tho USAR). wrtten prior
to Tx Disablo command befors shutting down.

AN
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Transmitter Buffsr

The Trenamittor Bulfer sceopts paralial datafrom the
Data Bus Butter. converts it to a sorial bit stream,
inserts the appropriate characters or bits (bazed on
the communication technique) and outputs a com-
posite senal stream of data on the TxD output pin on
the falling edge of TXC. The transmitter will begin
transmission upon being enabled H CTS = 0. Tho
TxD line vl be held in tho marking stote immaedi-
eloly upon a master Resoet or when Tx Enabla or TTS
Is off or tha transmilter is cinply.

Treasmittor Control

Tho Trangmitter Contro! menegas &t ectivitiss esso-
ciatad with the transimiaslon of savial dita, B sSespis
gnd izzues signals both eatarnally end ntusally o
areomplish this tunctisn.

TeADY (Trenamitier Heady)

Thiz-output signals tha CFU that the transmittzr is
randy to sccapt a data character. The TxBDY output
pin can be used as anintorrupt fo tha system, ginco it
iamasked by TxEnable; or, for Polled operation, the
CPU can chack TxADY uzing & Status Nozd opore-
tion, TxRDY 15 automatically renst by the leading
edgo of WR whon a data character is lorded from
tha CPU.

"Note that whan using tha Poliad of-a1aticn, the
TxADY status bit is not masked by TxEnable, but wit
only indicate the Empty/Full Status of the Tx Data

Input Register.

TRE {Transmitter Empiy)

Wiren the B251A has no charecters to sand, the
T«EMPTY output will go “high." It rusets upen
receiving & charactos from tha CPU if the tranamittar
ia onablad. TXEMPTY remains iow when tha trena-

mitter is disabled even if it I3 Bctuglly empty.

TxEMPTY can be used to indiceto tha end of & truns-
niission mode, 3o that thoe CPU "knows” when to
“tusn the lino arcund” in tha hatl-duplax epsrations!
L= )

n the Synchronous mods, a “high” on this output
ingicatos that a chiractor hes not been loaded and
the SYNC character or characters are apout to ba or
are being transmitted automaticeily ms “fitlers."
TxEMPTY does not go low when tha SYNG charac-
ters aro being shiited out.
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TR (Tionwaiiler Glosk)

Tha Transmiticr Clock controla tha rata et whith (e
character is to be transmitted, In tho Synchronous
transinission mode, tha Baud Rato (1x) i3 equal o
tho TxC trequency. In Asynchronous transmission
moda, the baud rato is a fraction of tho actua) TaC
trequency. A portion of the rade instruction galacts
this factor; it czn ba 1, 118 or 1724 tha TxC.

Fer Exampla;
H Baud Raie eguess 1190 Baud,

TaC oquals 110 Hz in ths 1x moda.

TxC equats 1.72 kHz in the 16x mod,

TxC equnls 7.0% kHz in tha 84x mods.
Tha faling cope of TR shifts the sorizl data outof
ha B251A. .

Recelver Bufier

Tha Rocelver cccopts serial deta, convarts tiis senst
input toparalle) format, checks for bits Gr charastss
thetl are unique to the communication technique
and sends an “asssmbled” charactar to the CPU
Seria) data is input io AxD pin, and fa clocked inon
the rising edge of RxC.

A
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Rocalver Control

This functlonal block manages ali roceivar-related
sctivities which consists of tho following teatures.

Tho RxD initializetion circuit provents the 6251A
tram mistaking an unusad input tina for an active
low data line In the “bresk condition.” Before
starting to receive sarial charecters on the RxD
ling, & vatid "1 * must tirst be detocted atter a chip
mazeter Raset. Once this hes boan dolermined, a
sagrch for a valid low (Start bit) is enabled. This
feattire is enly active in the asynchronous moda,
and I only dene onca for each master Rosat

Tia Falas Start bit detection circuit provents tatse
ataris dud to 8 translent nolza spiks by firstdatact-
Ing the faling sdga and then strobing tho nemine!
canter of thas Staet bit (AxD = fow),

Parity error dotection suia the corrsaponding
3iatus bit.

Tha Framing Efror statua bit ig sat if tha Sto;; bitis
absant at the and of tho data byts (ssynchronous
made),

RxRDY (Recelvar Ready)

This output indicates that tha B251A containg achar-
actar thatis ready to be inpuit to tha CPU. AIXRDY can
be connected to tha interrupt structure of tho CHY
o, for potlnd operation, the CPU can check the con-
ditlon of AxRDY using a Status Reed cperation.

RAxEnabls, whon off, holds RxRDY in tha Resst Cone
dithon. For Asynchronous modia, 10 set RxRDY, the

Racsivar muet be enabled to sense a StartBitand a, |

comptete character must b assembled and trans-
farread to the Cata Output Registar. For Synchronous
mogs, to #s1 RXRDY, tho Raceiver must be enabled
and & cheracter must finish assambly and be trans-
torred to the Data Output mwswr

Frllureto rand the recoived character from the Rx
Data Output Register prior to the assembly of ths
next Ax Data character will set overrun condition
error and the previous charactor will be written over
&nd lost. it the Rx Data is being read by the CPU
when the internal transter i3 occurring, overrun er
ror will bo sat and the old character will bo lost.

9-169

HxC (Rocelver Clock)

The Becoivor Clock controls tha rate at which e
charactor ig to bo recoived. In Synchronous Mode,
tha Baud Rata (1x) is equaito the actual trequencyal
FxE. In Asynchronous Moda, the Baud Rale i a
tracticn ot tha actual RxC fraquancy. A portion ot
the moda instruction seiects this tactor: 1, 1/16 or
1/64 the RxC.

For oxampla:

Baud Rate equals 300 Baud, if

R¥C equals 300 Hz in the 1x mode,
AxC equals 4500 Hz in tha 16x modo:
FxC equalz 19.2 kHz in the B4x modo.

Brud Rata squals 2400 Baud, it

fixC equaia 2400 Hz in ths 1x mods;
[xG aquals 38.4 kHz in ths 16x mods;
TG egusia 3 153.6 iz I the 64x mode,

Oata i3 sampied into tha 6251A on tho rising gdge of
.

§30TE: o most communicotiom systama, the 8251A
will ba hendling both tha transmizsion 2nd reception
oporations of a single link. Consoguantiy, the
Recelve and Transmit Baud Ratos will be tho same.
22 TR0 end B¥E witl roquire identical trequancies
for this operation and can be tiad together and con-
mscted to a singlo fraquency source (Baud RAato
Genzralor) (o simplity tha ininrface.
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SYNDEY (SYNC Detect/
BRKDET Break Doteact)

This pin is used in Synchronous Mode for SYN-
DET and may be used s eithor input or output,
programmable through the Controd Word, It is reset
o output mode tow upon RESET. Whon used as an
output {inlernal Sync made). the SYNDET pin wili go
"high™ 1o indicate that the 8251A has localed the
SYNC characler in the Rateive mode. If the 8251Ais
programmed 1o ues double Sync characters {bi-
sync). than SYNDET will go “high* in the middia o!
ths last bit of tho sacond Sync charactar. SYNDET is
automatically reset upon a Status Road operation.

Ven used £g 6n input (axternal SYMC datect moda),
a positive going signai will cauza the 8251A to start
s338nbling data charactors on the rizing odgo of the
nmut FxC. Once in SYNC, the “high” input signa! can
s removed. When Extarnal SYNC Dstect is pro-
grammad, Internat SYNC Datect in dissbisd.

BAEAK (Async Mode Only)

This cutput will go high whanevar thoe racelvar
remaing low through two congacutivo stop bit so-
quences (including the start bits, data bits, and
parity bits). Break Dotact may also bo rozd as &
Status bil. it is reds’ only ypon & mastsr citlp Bossled
Ax Data retumming to & “ond” siata,

DETAILED OPERATION DESCRIPTION

Genaral

Tha complate functipnal dalinition of the 82514 js
programmed by the system’s 20ftware. A not of con-
trol words must ba sant out by the CPU to initlalize
the 8251A to support the desired communications
format, These control words will program the: BAUD
RATE, CHARACTER LENGTH, NUMBER OF 5TOP
DITS, SYNCHROROUS or ASYNCHRONOUS OPER.
ATION. EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mods, opticns aro alto provided to
soloct sithor intgrant or external charactys
synchironization,

Qneaprogramemad, tha 9251A (6 resdy to parform its
cammunication functions. The TxADY output is
raised “high” to signsl the CRU that the B251Ais
raady to recoive e data charectar from the CPU. This
output {TxRDY) i3 reset automatically when tha CPU
writes g charactar inlotho BI85 1A. Ontha otharhang,
tha B251A recaiwes torial dala trom tha MODEM or
110 device. Upon tecaiving en entira character, tho
RxRDY output is riised "high" to signal tha CPU that
the 8251A has a complate charactor roady for the
CPU to tatch. AXRDY s reas! sulomaticaily uponthe |
CPU data rezd copsmiion. '

The 8251A cannot begin trensmizsion untl the Tx
Eneble (Tranamitter Enable) bit iz sst in tho Com.
mand Instruction and it hias receivad a ClaarTo Sand
(CTS) Input. Tho TxD output wilt ba hold in the mark-
ing stata upon Rosst.
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{ CoTao, BA
aai[ o ey T CunRACHEA S g ot
w BATA D 1 &5+ | rrsgeacagraen =y
K X+ 1 | rasovrrmaes N
. €59 4 vata
'
15 Cyoy, O TR e3 ey | oxmmyegimoosy
L) ’ efeo s
ol | et meTauctac
.:-mnmun—m-“_y
O w4 Siapensl VY fmdn.
Figure 6. £251A Interfscs to 8030 Standace!
System Bus Figore 7. Typleal Deta Block
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‘Programining the 82514

Prior to starting data transmission o recoption, tho
a281A must be loadad with a st of control wards
genoratad by the CPU. Theos contrad signats celine

the complete functional definition of tho 6251Aand

must immediatsly follow a Fasst opamation (intarnat
or entarnal).

Tho control words cro et tnto buo fommety:

1. KSodo IRstructicn
2. Goramand ngdrestion

560 lntiusion

Tty instrection dafinug the goneied opziational
charectaristics of tha B251A. it must folicw & Rasat
opamation (Warr el or extsinal). Onoo ths Moe2 In.
struction has bozn writtan into tha 8§251A by tho
CPU. SYNC charnctem or Command Inatiuctions
ragy bo wRitin.

Command lastuction

Thisirstruction defineaa word thatia uzsd tocontrol
tha ectund oparation of tha 8251A

Both tha Mods and Command Instruttiong must
conform to a spacifisd gaquonca lor propar davice
opacation(zea Flgure 7). Ths Mot tastruction must
ba writtan Immediately following a Roset
operation, price to using tha 8251A for dola
communication.

All control worda writien Into the B251A aftar tiw
Hoda {mstruction vl lead o Comtmesd Instiuce
tion, Commend [nstructions can ba wrilian lnto thy
8251Aatany limeinths Sala black duiing tha opara.
thon of tho 8251A. To roturn ta tha Modo Inatruction
format, the mastor Rasat bit in tho Command In.
stryuction word ¢an by 2ot tonitlats an intarnal Razst

peratlon which ticaily places the B251A
buck (nto thy Mods Instruction lormat. Command
Instructions masyt faliow the Moda (nstrudticna or
Sync chamctara,

icods Instruction Dafindtion

The B251A can ba usdsd for cithar Asynchrontus of
Synchronoua data communication. To unddrstand
how the Mads Inatruction dsfines tha functional
operation of the 8251A, the dasigrer can bost viaw
( device as lwo separate components, ong
Asyrchronows and the other Synchronous, shasing

1M

the same packags. Tha format definition can by
changed only aftor a mastar chip Resct. Forexpland-
tien purposes tha two lormats will ba isotated.

$OTH: Whsn party is enablad it is not considsred
a3 ano of tho data bits toe the purpose of program-
ming tho word tangth. Tho actual panty bit received
on tha Ax Dsta line ¢pano! bo read on the Data Bus.
In tho caan ofa programmad charactor length of kss
than B bitg, ha loast significant Data Bus bits wil
hold tho data; unused bits are "don't care” when
wriiing dai to tho 82514, and wii ba “zeres” when
reading ths data from the B251A.

Elgats (Tranamiasion)

b
Ve TTVRT Q

2 charncter i2 2ant by tho CFR)
£231A automaticatly ndds a Start bit tlow kevef) fok
lovsad by tiv data Lits (Rasisignificant bit first), and
the programmed nuimbar of Stop bita to each char-
actor. Alzo, aneven or odd Parity bitis insartod prior
to thy Stop bil{s), es definad by tho Moda Inatrug-
ticer. Tha charactar iy than transmitted as a sarial
dats stroam on the TxD oulput. Tha =arial data s
shiftsd out on tha faiting sdg of TxC at a rate equal
1o 1, 114G, or 124 that of 2 THC, 22 dafinad by tha
Maoda Ingtruction. BREAK characlars can bo conline
zausdy eant 19 the TxD ! cormmandsd to do o.

\Whan no data characters have beon loadad into the
8251A tha TxD output reaming "high" (marking) un-
legs a Break (continuously low) has bean
programmed.

6, B 6 8 B, B U B

Lle oull, 4 ',['.

SALLT RATE FACTOR
. ) |

. 1) . )
s

o o] e

EHAACTER LEWTN
% ] [}

.

. [) 1 i

T3 T ¥
st lnis | pre [wn
t-unln t
<ANABLE & ¢ DCRAIE

| RROR— lwnmuaumuvm
besvin

st of STOP RIS
EREK
OB IRIE
wvai 10 =‘,_ AR
wmm' Tx, P
L) ¢
=2 h)

SHE

Piguen 8. Bose Instruction Formet,
Asymchronous Mode
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Asynchronous Mode (Racalve)

The AxD line 15 normatly high. A fatling adge on this
hne triggers the beginning of a START bit. Tho
vatidity of this START bit is checked by again strob-
tng this bit at ils nominal conter (16X or 64X modo
only).11a low s detected aqain, itis a valid START bit.
and the bit counter will start counting. The bit coun-
ter thus locates the contar of tho data bits. tho parity
hit (it it oxists) and the stop bits. 11 patity arror oe-
curs. the parity error flag is sel. Data and parity bits
are sampied on the RxD pin with tho nising edge of
RXC. it a low level is delected as the STOP bit, the
Framing Etror flag will be set. The STOP bit signals
the end of a character. Noto that tha recaiver re-
quires anly ore stop bil, rogardless of the numbar ot
slop bits programmaed. This charactar is then loadsd
itto the paralial KO butter of the §251A. The RxRbY
pin s rased to signal tho CPU that o eharacter is
ready 10 be fatched. It a provious charactor has not
baen fetchad by the CPU, the pracent charactor
replaces it in the KO buttor. and tha OVERRUN Error
flag is raised (thus tha pravious character is lost) Al
of the errar {lags can ba reset by an Error Roret

Instruction. The occurrence of any o those orrors
will not affect tha operation ot the BESIA,
Linrrattt
TRASSANTTER QUIFYT “”“ - "' ”' 7
o wemag | AN nl.umu taY r s
ST AHELR
[ —— Dghy-s--tn b u»( nATd RS
tyo
STANT m!v
o l '.'" l GATA R11 b I
ol
CHARATIER
LINGTR

TR2rAILON FLRMATY
G ETRL 1§ B TR

! DATACHARACTER I

At . fatTy 0
[P | ooamee 70 ] 40

NEDHVE KAl

HBIAL DATA WlUT Hedli

stanT .. PARITY e
e e

CRUBYIE A mTIANAR

DAVACHANALT ER

et g tnmhclluuu.wmmwnu\ [(ICH

MASED BITY ANT KL () "ZFVT

Figure §. Asynchrt;noun Mode
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Synchronous fiode (Transmms-lnn)

Tho TxD oulput is continuously high unti tha CPy
sends s first charactnr to tha B2Z51Awhich usually g
a SYNC chatacter. When the CTS line gocs low, thg
first character is serially trangmitied out. All charac.
tors ara shitted out on tha fatting edgo o) TXC. Datas
shilted out at the sama tate 28 the TRC.

Onco tranzmission has startad, tho date straam al
the TxD oulput must continuo attho TxC rate, If the
CPU does not provide tha B251Awith a data charae.
ler belore the B251A Transmitier Butiers baconw
empty. the SYRG cheractors (or character il ingingle
SYKC character mode) wilk bo aulomatically in.
serfed in the TxD data siream. In this case, ihe
EMETY pin (s raizod tigh to signal it tha 62514
is gmply and SYRC charzeters are taing cont oul,
TxEMPTY does nol go low when tha SYNC
shitiad out (seo hguro belove). Tha TxERF
internally resot by a daty charactar baing wrilten
into thy 8251A.

AYIGLATICALLY IOITRTED B L3AAT

a0 EAM lmu
sy AN

.
WAL CIR(PACE LALT EaE

|c|lhmllmu| -

-

PALLE pitex U R &
THARALTIA YO Thi Lsant

Synchronous Ripda (Rscolvs)

Inthls rmode, character synchronization can be inter-
nally or oxternally achkeved. ) the SYNG mode has
been programmed, ENTER HUNT command should
be included in ths tirst command instruction word
writlan, Dale on the fixD pin Is then sampled on
tiis nising cdgo of BxC. The conlent of tha Mx butfer
is compared at every bit boundary with the first
SYNC chasscier untila mateh occuss, I tho B251A
has been programmad tor tvn SYNC charactars, the
subsoquant recoived charactor is also comparted:
whean both SYNC charactars have bsen datacted,
the USARTends the HUNT mode and is in chasacter
synchronization. The SYNDET pin is lhen st high,
and ia rescl automatically by a STATUS READ. 1
parity is programmed, SYNDET will not ba et untit
tha middis of the parity bit instaad of lho middie ol
the lzot data bit.

In the external SYNC mode, synchronizetion I8
achigved by applying a high love! op the SYNDET
pin, 1hus lorcing the 8251A out of tha HUNT moda
The high leval can ba removed after ons FXC cycle
An ENTER HUNT command has no eﬂocl in tho
asynchronous mode of operation,

t %
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8251A

Parity error and overrun efror are both chacked in
the sama way as in the Asynchronous Hx modo.
Parity s checked whon not in Hunt, regardieas of
whethar the Receiver is anabled or not.

S P e eT]
L- CHARACE LR LEAATH

o] 0 [} ) 1

1 1 7 ]
vy | mry | mrs

PP - PASLTY €
(1w ptisgi 0
8= QUSAELED

e e !
LrRvEN
0000

e EXHRRAL FTLC DETEET
10 3whSET 13 AN DR T
B+ AYRORT 18 ¢ CAUTRUT

s Trat
¥+ Boat g BYRC CHARALTER
COUBLE LYA CHanaSTER

4555 DEUAL LHRRAGTIR

PP RTITESIN SURS LN, 01N
BYNEVRAL AFFICT ONLY i Ta,

gura 18, Wags malruction Forimat,
Syachrenous Mods

-

The CPU can'command the recsivar to anter tha
HUNT mods if synchronization is loat. This will atso
sat all tha usod character bits in the buffer to a
‘ong,” thus prevonting a possibie talse SYNDET
cauead by data Ihat happsna to b intha Ax Bulfer at
ENTER MUNT lime. Note that the SYNDET F/F &
fesot at each Status Read, regardless of whethor
internal or external SYNC has been programmed.
This doea not cause tha 825 £A to relurn to the HUNT
moda, When i SYNC mode, but not in HUNT, Sync
Datacilon is st functional, bul only sccurs at the
“krown” word boundarws, Thus, if one Status Read
nd.cates SYNDET and a second Status Read also
nehcales SYNDET, then the programmed SYNDET
charactars have besn tecaived sinco the previous
Status Read. (I doubls charactor sync has been
Programmed, than both sync characters havo besn
contiguausly recaivad to gate 8 SYNDET indication.)
When sxternal SYNDET made is solectod. internal
Syng Dalect is disablad, and the SYNDET FiF may ba
Wi al any bit boundary.

- 817

CPURY SIS MTRCHARY

| DATA CHARRETERE ]

ASIEMFSLLD STAIAL DATA OUIALT (T2m)

23 YNE
[ Can b l Cnan 2 DATACHARACTIRT ]

PECUIVE FURRAT

UMAL DATA twtst 14D

CAIN CHARACTIAY l

CPU Y TER S S HTLTHARY

TR v
tan cxant

e -
DATA CHARACTI RS }
B e LT

Fizure 11. Dote Fermzl, Synchronous Moede

COMMAND INSTRUCTION DEFINITION

Oncetha tunctional definition of the 8251A has been
pragrammed by the Moda Instruction and the syne
characters ara loaded (if In Sync Mode} then the
dovice Is mady to be used for data cammunication.
Thae Command instruction controis the actuzl opora-
tioit of the selected format. Functions such as:
Enable Transmit/Necoive, Error Ragat and Modem
Controls ars providad by the Command Instruction,

Once tha Moda instruction has baen written into the
B251A and Svne characters insarted, if necessary,
then &t further “control writea” (G0 ~ ) wilHlaad a
Cammand Instruction. A Raszt Qperahion (inlernat
or exiernal) will return the 82514 to the Mode [a-
struction format,

Heta: Intarnal Aseet on Powarup

When power s first appiiod. tho 8251 A may come up
in the Motte, Syne character or Command tormat, To
guaraniae that the device 3. the Command In-
stiuction format before the Resat command is fu-
sued, It is safest to exocute the worst-case
iniliallzation sequence (sync mode with two sync
characters). Loading three D0Hs consecutivaly into
the device with C/O = 1 conhgures sync operation
and writes two dummy 00H sync charactars. An in-
tornal Roset command (40M) may.then ba issued to
raturn tha device 10 the “idio” state.

HERNING
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T o
I

DATA VIAbmkaL
Y

gn e boves DIR
P

BECOIVE Bl
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VanD safan
CwanacHa

Ve a0 bem’
B oot prmtense

1Race MUT
Vst s oo
oot

ALGULIT 10 D
R et bonry H TR
g ia re

wreena a1y Y

ate vt Dm

ERTEA mA ERnA
X

[P

" INRANG LERICE
1ALV HOCH s

Bww: Error Resgt man ko pertormod svhenover ArEnshia
end Enter Homt are progrummed.

Figuro 12. Commuand Instruction Fammast

STATUS READ DEFINITION

fn data communicationsystama it Is ofien raccasary
toexaming the “siatus™ of the active divioa toagoar
tain i errors have occurred of other conditions that
Bguie the processor’s attention. Tha B251A hes
faciities thal aliow the programmar to "rmad™ the
status of the devikn at any tima during the tunc
tiona) gperation. (Status update is inhibitad curing
ataivs read.)

Anormal “read” command is issusd by the CPU wish
C/D = 1 to accomplish thig funclion.

Sowa of the bits In the Status Read Format have
+ idantical meanings lo extarnal oulpul piss so that
' the B251A can be usad in a compiately poflod or
interrupt-drivan  envirenmens, TxPRDY is an
exveptian.

Hoto that stalus update can have'a maximum delay
of 28 clock periods from the ectuat event gifecting
the status. C.

8178
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82514

ABSOLUTE MAXIFAUR! RATINGS®

Ambient Temparature Undar Biss . ..., ré o 7re
Storage Temporature ................ -GS C w «156°C
Voltage On Any Pin

With Respect To Ground  .......vs- s 0.5V 10 +7V
Power DBSIpUon oo v v ot

*NOTICE: Stressos ebove thosa Heled undar “Adsolute
Maxirum Ratings” may ceuse pormanont damags to tha
devite Thisisa straz3tiling ohly andlunctionaf operation
of the tiovico a1 thess Of eay other conditions abova thoso
induzated in the oporational seclions o this spocification
is not implied Exposureto absoiute meximum rating con.
ditiens for extonded poriods moy offott dwvies relability.

Symbol Paravmlict aln, g, | Uall Yast Eonditlans

™ Input Low Yoltags “0a | 08 v | #
._V‘m Ingut High Vgitage o Voo v 3

Vau Qutput Low Volt ’ 045 vV ligp=22mA o

Yau 24 ¥ ftop -4 pA

lary Outgen Fioai Loanays <0 eA Vagy « Vog TOOSY

he nputboohigs <10 uho 1V Voo TO 045V

lee Povecr Supply Quoani 100 m,(" n;\-il Qutputs = High

CAPACITANKCE (7, = 25°C,Vog = CHD = 0v)

Symitio} Rigx, | Uah To
Ciry Ingsut Capseiton i T | e rew trme
CI/-‘J 10 Cepacitanso 20 o Unmeasursd pina retumed
1o GHD
A.C, CHARACTERISTICS (75 = S 70:C, Vg = 50V =554, GND = &)
Bus Parameters (tote 1)
AEAD CYCLE
Symbhol Paramater T, | Rae. | Mok Tecl Contittony
[tan_ |maoress Stavie Bales it ¢ ny |Rotea
hA Addreas Hold Tima for KEAD ( 0 Hote2 ]
5 READ PuteaWisth 250 Tt
tap Data Dolay trom FERD - 200 ns |3, Cp » 150pF
tor RERD to Data Floating 10 160 ns
WRITE CYCLE .
Symbosl broantar fabi | Elan, | Ualt Test Conglienz
taw ~gtreas Stable Bafors WRITE 0 ns
wa Addresa Mold Time for WHITE 0 na
tww WHITE Putss Wigih 250 ns
Tow Data Set-Up Vima for WAITE 150 3
twp Data Hold Time tos WIITE 20 03
e - Rocaovery Time Botween WRITES 8 ey |Motod
! .~
. o176 PPt 4
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intal 8251A
A.C. CHARACTERISTICS {Contlnued)
OTHER TIMINGS
[ Symbol Prrameter f2ln. | Max, | Unit Test Condltions
tey Glock Period 320 1350 ns |hotes 5,6
Yy Clock High Putse Width 120 | loy—%0 ns
%3 Clack Low Pulsa Width 90 ns
tn, i Clock Rits and Fall Timo 20 ns
torre TxD Datay from Failing €dga ot TxC 1., o5
'™ Trensmitter Input Clock Frequency
1% Baud Rate oc kHz
16x Baud Rata oG 310 Wiz
64x Baud Rate oc 813 kHz
trpw fransmitter Input Clock Pulsa ¥idth
1x Rsud Rate 12 ey
10i snd 64x Baud Aste i tay
trep “renzmitter Input Sicek Pulzs Oalay
1x Baud Aate 15 oy
16x ond 84x Baud Rate 3 toy
fax Hacaiver Input Clack Fraquency
1x Baud Aot oc &4 Kbz
18x Baud Rato BC 310 kHz
84x Boud Roty 0c 815 bz
‘g Haceiver Input Clock FutsewVidth
1x Baud Rato 12 tey
10x and 64x Baud Ante 1 ey
tarp Raceiver tnput Clock Pulso Celay
1x flaud Rate 1% ey
10xand 64x Haud Rate 3 1oy
trxpoY TxRDY Pin Dalay from Centar of Lagt Bit 8 tey |Note 7
tranoY cLEAR |TXRDY | from Leading Edge of WA 400 ns  {Nolp 7
taxnny fADY Pin Dolay from Centar of Last Bit 26 tcy |Mote 7
tR1ADY cLEAR |RNADY | from Leading Edge of AD 400 ns (Mota 7
LTA Internut SYROET Daiay from Rising
Edgo of BxG 28 toy |Rote 7
e External SYNDET Sot-Up Vime Aftar.
Rising Edge of AXC 1 toy (Mote 7
Yegrzmry | TXEMPTY Datay from Canter of Last Bit 20 oy {Mote 7
we Cantrol Delay from Rising Edge of
WRITE (TxEn, BTR, ATS) 8 toy |Nota7
o Coatrol to AEAD Sut-Up Tima (DSR.CTS) | 20 oy |Note?

9177 -
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il ' 8251A

A.C. CHARACTERISTICS (Contlfuod)

HOTES: .

- AC mings measured Vo = 2.0V » 2.0. Vg « 0.8, and with load circult of Figurs 1.

Chip Selact {CS} and Command/Oeata (C/D) are considorod a9 Addroasss.

Assumes Ihat Addeess is vahd dofote Rpl. )

This recovery time is for Mode Iniialization enly Writo Daln is atiovad only witen TxRDY = 1. Rocosry Tine Detmegn
Writes for Asynchronous Mode s 8 oy and for Synchronous Mode is 16 Loy

The TxC and AxC frequoncies have iho following kmitptions with tespact to CLK: For 1x Baud Rete, try 07 i, = 130
teyh:

For 16x and 64x Baud Rate. 11, of gy = 1/4.5 1ey).

Reset Pulse Widih « 6 1cy minimum; Systern Clock mus! b3 running gueirey Raast.

. Status update can have a marimum dolay of 28 ciock ponods from tha evant sHecling the elaiuy.

e

NS

TYPICAL 3 OUTPUT DELAYYS, A caRACITARDE oy 2

A OUTHUT DELAY beal
-

AC, TESTIHG HPUT, QUTPUT WANEFDALE A.C.TESTIRG LOAD CIRCUIT

Doe=oC|| L

AC TEITING IIPUTS ARE DA vINAS 207 FORALOGK | ANDD 83V FOR . vept
ALOGC 8 TiameG MLASUAE UK TS AR MATKE A1 20V FOWRALOGIC 1 S v
MG Oav FORA LOGK ¢

eims ]
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WAVEFORMS
1, brd ">
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WAVEFORMS (Continuad) '
Y/AITE CO—NTROLOR QUYPUT PORY CYCLE (GPU — USART) i
nts #fy ~— bt ‘
e [ e i
;'_ wer r- mne
™ \__.J
e I e R
oaramD 1 e e YT e
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O e d 1 .
= e
e
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WAt
e
e
o
@
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LU - d mmm—cr-m
Tagupry ——mmmg R
Lt —————-—~—1u—*lﬂ I / co
[y T
L A e S A | ' N I
tha [ weoatar weoaras w-0ATAI wistAs
b I 1 [ A L T
v Vaka v v ¥ HOAK
LAY, N N WN
T10ATa B ; T . e ;
OWTACoan | CATAENAM 2 DATACHAN 3 k%:-‘k"at;‘; |
13 H
52 b
(17" 4%) lm"IGIYGHM‘UIIVIVN’WFVCIHQH“ :S -
DU
8150 : Lhaad

112



intel

e

8251A

AJAVEFORMS (Continusd)

- RECEWVER CONTROL AND FLAG TUZING (ASYWS RO 0E)

(MABS P 15 8 S TTH 10V TS | o CRARIC TR,
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“ e i i e T
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BECEIVER CONTROL AND FLAQ TIHIRG (SYHO LODE)
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intel __
2716 )
16K (2i{ x 8) UV ERASABLE PRCM

o Fest Access Tiino B Pin Comprdible o Intel 2732A EPROM
-~ 2716-1: 350 ns Max. ¢ Slm ; y o
: " impla Pregramming Hequirements
— 2762 3"30 ns Mau. — Sirglo Location Pragramming
=—2716: 450 ns Max. -~ Brogroms vt One 50 ms Pulss

- Z118-5: 480 na Maz.

- 2716-6: 650 nim Masw.

gingly +5Y Power Supply

Low Power Dissination

- Agtive Power: 525 mW fian,
— Stancly Pewar: 132 W Mo,

nnuts and Qutpets TTL Compalibie
Faasring Head aod Program
Comoletely Statlz

&

[
a

Tho Intel 2716 is a 16,284-bit uitraviolat erasatic s oz ty progremmetie rend-only memory (EPROM).
The 2716 operaivs lrom 5 singlc Svoll power sUpEly, b i «tandhy mode, and featurss (ast singlz-
addrasa programming. it makes dasigning with EPROMs fast, eisy and economical.

a

The 271G, with its singte S-volt supply and with an sceuss thme up to 350 ns, s ikzal for use with high-
parformance +5VY microprocessors such as intal's 8083 and 8038, Sulbcied*2716-5a and 2715-63 are also
available for slower speod applications. Tha 2710 also hay 8 gtatie standby modo which reduces power
consumption without increasing access b Tha maximwin aotivo povar dissipation is 520 mW whils tho
meximum standby powar dissipation 13 oniy 132 rW a 73% savir

The 2716 veos o simple and fast nwthod for progroanimg-- < zing' TThdnvel pulie. Thare 4 no naed for high
voltage pulsing hacauss all programming controls aro handts4 by TTLsgmals. Programming ot any tocation gt
cay time-——oithar individually, sequentiatly ar at random is possiblr with tha 2716's singta-addross program-
ming. Tote! programming timo for =i 16,304 bits i3 only 160 seconds, .

= athc.r:
A,
22034,
21F1v,, »
03¢z BATA QUTRUTR
i " . Yo Ommiian -0,
:'E{‘_ LTI ?-“ o o r—-~——?
e -t _
sge  vhe, oo tetttts
[Nuiy 1810, lz‘i ol CHITPUY ENABLE Jmron
e,Cise 1510, e e CUTPUT BueTERS
. 0831 18870,
ox0rp 130, = P R
Lo e
) i
PRIy Gbitrn . r: ——
P RANES E DRCOoER : l:lu’ Il.llm
Ak | AECRELIES e
e CHASLE
) OUTRUT ERAME
8,07 | buteuty
Figura 3, Pin Contiguestion Flgure 2. Block Dlograns
el C Astumed ot ehe Uied 01 ARy Circurtry DRNS v - 1. W Otfas Co et Potanl Licasses ers impaed
LITEL CORYORATION, ING 18T . wovbwsen seq
. 7] . SRaEA MUMELA- 312819 881
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DEVICE OPERATION

Tho six modas of oparation of tha 2716 are ligted in
‘Table 1, it should be noted that inputs for ali modes
aro TTL levels. The power supplios required s a
+8§V Ve and a Vpp, The Vpp power supply must be
at 25V during the three programming modes, and
must ba at LV in thy other threa modes.

Read Mode

The 2718 has two control funclions, both of which
must be logically satisticd in order to obtain data st
ike outputs. Ship Enable (CE) is the powor control
and should be used tor device selection. Output
Eneble {OF) it the output control and should ba used
to gate data trom the output pins, indgpendent of
device sgloction. Assunung ihat addrsssos aro sta-

big, address ascess time (taec) 13 equal to the delsy
from CE to oulput (tcg). Data is available at tha out-
puts tge after tha falling edgo of OE, assuming that
CE has bren low 2nd sddresses Nave besn stabla for
at leas! taco-toe- .

~

Standby Rotys
A

Tha 211G has a standby nrode which reduces the
maximum aclive powrer dissipation by 75%, lrom
525 mW to 132 mW. The 2716 is placod in the stand-
by mode by applying a TTL-high signat to the CE in-
put. When in standby modasine outputs are in ¢
high impedance state, Independent of the O input.

OQutput OR- Tkuﬁ@

Bascause 2716s aro us.uid-y wisd in kugar moemcry
arrays, Intel has pm-'xc"d B M lme mmrel funcu.m

vastions. The two-lina control (uncnm ;I!zmcs for:

8} the lowest possible mamory povser dissipation,
and .

1) complats sssurence that output bus contention
will not occur.

To use thesa two controf lings most officiantly, GE
{pin 18) should be docoded and used as the primary
davica sclecting function, whila OE (pin 20) should
be made a common connection to ali devices in the
array and connectsd to the READ lina from the
systern controb bus, This assures thal ull deselocted
memory devites are in their low-powsr standby
modes and 1hat the oulput pins ato activo only when
daiais dostred frem a particular memory davice.

8§ ooee

Initially, and siler sach arasure, all bila oithe 2718 i
in tha "17 state. Data is Introduced by solettively
programiming “0's" into the desired bit locaticns.
Although only “0's" will be programmad, bath “4's”
and "0%" cen b presented in tha dala word, Tha only
way to chianga a “0" to a2 “1" is by ultréviolat light
Brasure.

Thao 2718 3 in the programming made when the Vep
power supdly 5t 25V and OF is 51V, . The data lobe
programmed Is appliad 8 bits in paratiol to the data
output pins. The lovels required for the address anc
data inputs ara TTi.

WWhen the address and deta ors stabls, & 50 msac,
aclive-high, TTL program pulsa i spplied to tha
TE inputl. A pulse must be applied at sach aidress
tocation to be programmaed. You tan program any
Incation at any time—aeither individually, sequantiai-
ly, or at random. The prograrn puisa has & maximum
width of §6 maec. Tha 2716 tust not ba programined
with a DC signel eppliad to the CE input.

‘Feﬁa 1. Hocts Golaction
\ Png . CE 13 Vip Veo Dutpuis
\ (+3 5 (2 - 29) @-11,13-17)
[0
Rasd Vi viL +5 +5 Dour
Outpus Disable viL Vi + +5 High2
Stendby Vin X +6 +3 HghZ
Pragram Pulssd VL to iy Vi +25 +8 O
Varity Yie YiL +25 +5 Qouy
Prograrn inhibit YL Vis +25 +5 HighZ
NOTES: 1. X can bo Vi of Viy
48 A
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ABSOLUTE MAXIMUM RATINGS®

Temperature Undor Bias .............. -10°C 1o +0°C
Storags Temparature ................ -£5'C o +125°C
All Input or Cutput Voltsges with

Rospectto Ground ........oouuinns +oV to ~0.3V
Vpp Supply Voitage with Respoct

to Ground During Program . ...,. ... +22.5Vto -03Y

*IHOTICE: Stroxzes above thosa Hsted undsr "Absolute

Maximum Ratings” msy cause permanant damaga fo the

device. Thizis & streas rating only snd lunctioneiopecarion

ol the devico at thesa or any othsr conditiont above those
Jicatad in the . ians of thix

ta natimpliad. Exposure (o absolute maximum rating con-

ditfons for extanded periacs may siivct device refigbitity.

D.C. AND A.C. OPERATING CONDITIONS DURING READ

frpi] bral oy ] 62 arie-s 2ned
Temperaturs Rzngs 0°C-70C 0C-10C ec-107C C-T0G C-rec
Ve Poenar Buppty! 12! 5V 25% SV £10% 5 8% =V 25% 5V 2%
Vop Power Supply'*! Vee Vee Vec Vee Vee
READ CPERATION
0.C. CHARACTERISTICS
’ Uniits i
Symsol P tw Py Typ 1 Py Galts Tast Conditions
Iy ' .} iput Lowd Current 10 #A Vi =825V
o Qutput Lealsga Current 10 pA Vouy = 5.25V
ippy'®) \pp Current 5 WA | Vap w825V
tee'? Vg Current {Stondby) 10 b 25 mA | TE =V, 08 =V
lect'® Ve Current (Active) 57 100 mA OF = TE =¥
Vit input Low Voltago ~01 - 08 v
Vin - input High Voitage 2.0 Voo +1 v
Voo Output Low Voitage 045 v lor = 21 mA
Vo Output HighVoltagas 24 v 1oH > =430 pA
AL, CHARMITERISTICS
Memtta (na)
Symtiol Parematat s | s | anez | anes | ares Test
w T im0, [etou | 630 maan pin [ e | Comditionst
tace  |Addreas to Output Ualoy 450 350 300 450 430 | CE « 6 = v
tee CE 10 Output Dalay 4%0 350 350 40 650 | OF » vy,
toet  |Output Enable to Oulpul Doley 120 120 120 160 200 | G2 wvyy,
o401} CF or GF High to Output Fiost | 0 | 100 06| o {100f 0 100 0 f100{CE=V,
o |oumas o it o | Jol o Jeeroem
LY
&7 Mo
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Programming of multiple 27163 in paralte! with tho
same data can b oasily accomplished due to the
simplicity o! the programming requirements, Liko
inputs ot tha paraleled 27165 may be connscted
togather when thoy srd progremmed with tho same
data. A highdevel TTL pulse applied to the CE input
programs the paratielad 2716s.

Frogram Inhiit

Programming of mulliplo 27164 in pargiiel vath dit-
ferent data is also easily zecomplished. Except for
CE, all like irputs (including OF) of tho parallet
27163 may be zommon. A TTL.level program pulse
epplied o a 27" 6's TE input with Vee ot 23V will pro-
gram that 2716. A low-lave! CE input Inhibits tho
other 2716 frem being progranmed.

vestty

A verify should be performed on the programmed
bits to detemning that they were corractly program-
maed. The varity mey be partormed with Vpp nt 25V,
Excapt during p-ogramming end program vorlty, Vpp
must ba ot 6V

117

ERASURE CHARACTERISTICS

The erasure characteristics of the 2716 are such that
erasure beging (o occur upon exposure Lo hght with
wanvelangths shorter than approximately 4000
Angstroms ( A). it should be noted that sunlight and
certain types of tlugroscent lamps have wavelengths
in the 3000-4000 A range. Data show that consiant
axposure to room-level ftuorescent lighting could
erzsd the typical 2716 In approximately 3 yoars, prhiis
it would take approximately 1 waoK to c2ugs eresurg
when exposaed to direct sunlight. if the 2710 is {0 be
axponad o theso 1ypes of lighting conditions for
extendad periods ot time, opague labals should be
placed over the 2716 window 1o provent uninten-
tonal crasura.

The recommended arasure pruceduns for the 271618
exposuro {0 shoriweva ultraviolet light which has a
wavalangth of 2537 Argstroms (A). The Inteprated
dosd {i.e., UV intensity X exposuro tims) 1ot arasure
should bo o minimum of 16 W-sec/em®. Tha erssure
time with thiz dosage is epproximately 15 to 20
minutes using an ultraviolel lamp with a 12000
a Wigm® power rating. The 2716 should b pluced
within 1 inch of tha lamp tubes during erasure.
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kel 2716
L .
CAPACITANCE™ (74 = 25C, 1 = 1 M) tA.C. TEST CUNDITIONS
Tost Outputtoad ........... 1 TTL gato and
Symbal Peramoter  fryp 3] Mun.| Uniia ] C, = 100 pF
Conditions . -
lnput Risa and Fall Times ... .. =20 ny
Cin input Capacitanco 4 6 pF Vi = OV Input Puiso Levels ..........08V1i02.2V
Timing Muasuromant Referanco Level:
N 2 F = OV
Cour | Output Capecitunco] 8 | 1 PF_| Vour =0 MBS e 0.8V and 2V
Quiputs ..o C8Vand 2V
AC. wRyEFGRNSTY
iy . ! oo X
N Y LA
. X . A
-
¥ra -Au---—q———-—-wv-—\ ~—
s 'l /
Vo, . N\ o ‘,7
. L i o o
o H
Y . SO
" ® b e ansssne
I
s —
Lce .
Yoy 7—-—-...49.-..--*--.\;
ot el d £ \: Z \: ‘ 5 / VLS GUTH |

ROTES:

1. Vg iust ba applisd simullaneousty or beforo Wi and mimoved simuitanasusly o7 2161 Vep,

Z. Vpp mey be cornaclad to Ve oxcapt dunng programming. The supply cuirant wauld Ihan g the tum of loe 8nd k.
3, Typical veluas wre for Ty = 25°C and nominal gupply vaitagua,
4. Thia parumater i 0nly eamplsd and ia not 100 tealod.

4, OF may o dalsysd up to l,-,%%-log alter (he fatiing edgs of CE without Impact on tagc-

& 1op is spacified trom OF or

. WItChevar ocours hirst.

49
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27e

PROGRAMMING CHARACTERSITICS
D.C. PROGRAMMING CHARACTERISTICS: Ta =25 25°C, Vec ' =8V 2 5%, vpp!™® =25v =1y

Bymbded Paramater . Typ. Rlox Unita c u::l::cnl

[T} tnput Current (for Any input) 10 nA ViN = 5.25V/0.48

Pt Vpp Supply Current 5 mA CEm Wy

Ippa fpp Supply Current During 30 mA CEm Wiy

Programming Pulos

leg ‘¢ Supply Currant 100 mA

Vie tnput Low Lavel ~0.1 08 v

Vigt (rput High Levet 2.0 Yoo+ \

AC. PROGRAMNING CHARACTERISTICG: Tp «25C =56, Vool «8v 25% vep! " 25w 2 v

Farameise L8 T LT aiin ¢ Mzﬁ;ﬁ.

tas Aodress Sstup Time 2 1

1085 O Sctup Tima 4 23

the Data Sstup Tima 2 ' It )

tay Addrezs Hold Tima 2 na

toEn OF HeldTima T _mz ) o e AT

tom Data Hold Time 2 [

torp Output Enebla to Qutput Float Dalsy 0 200 na CE = Vi,

1or Outpul Ennbla to Output Datay 200 n CE = Vi

tew Program Pulza Width 45 & 55 ms

tppy Progrom Pulea Rias Time 5 s

1prT Progrem Putsa Fall Tima [ "

*A.C, CONDITIONS OF TESY
Input Risa and FERTimes (I o 805} ... . 20

fnpul Pulga Lewsis .. ..........
tnput Timing Ratarencs Leved .,

Quiput Timing Relorenca Lovst . ...

(=)o

1. Voo muat be applied Mimultanasuedy OF bifore Vs Bnd removadd Sivultanecusly of atier Vep. ThaldT18 mustnot ba insertsd no
of remowed trom w bozrd with Ve ol 25 = 1V 1o pravenl damege 10 tha davice.

2. The

the Vep supply 1o provent oot ding this 26V

vollagow may bo appiied 101ha Vs pin during programming i+ 25V Care muth tre 1aken when swilching

410
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FROGRAMMING WAYEFORMS

vizry
¥
w— N = X
vy, X
A — 3
wany 4 CRIARY HEAY T
" OTERY P [N,
o,
Lol . —
R L‘" o l”"‘ 1 e

5
try [
elfsd e m o fee
S

Yoy
4 /
L E— K

tone omand e prmatior

RRE .
£ AL TRADA SOt b PARTHTHAEN AR WAINLILE THIES AND ARZ 5 SEC LU ELS OTHIRALE KOTTD.
2. \os A0 tapp ARG CHATMCTURUITICS OF TrE DIVICE BUT IRST CE A0 DERICDATED BY TNE PROGRZGIAC R

&1 .
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| 2732A
32K (4K x 8) UV ERASABLE PROM :
© 200 ns (2732A-2) Maximum Access o Iadusiry Standard Rinsut . .. JEDEC
Time...HMOS"-E Technology Approved
» Compatible with High-Specd 8mHz u Low Stardby Currani...30 ml\
IAPX 186...Zerc WAIT Stala Maximum
o Two Lino Centrol a +10% V¢ Tolorance Avzllabla

= Compatible with 12 MHz 8051 Family 2 intgligant Identiflor™ Mode

The Intel 27324 is a 5V only, 32,768 bit ultraviciot erasable and electrically progremmable read-only-memory
(EPROM). The standard 2732A eccoss time is 250 ns with apsed salsction (2732A.2) available at 200 ns. The
aceess time is compatible with high porformancs microprocessors such &5 the 8 Mz IAPX 186. In thesa
sysiems, tho 2732A aliows the microprocessor to aparate without tho rddition of WAIT atates.

An irnportent 2732A featura is tho soparata cutput control, Output Enable {08, trom tha Chip Enaiila con
trot (CE).. The DE controt etiminates bus contention in microprocessor systems. Intel's Application Note
AP-T2 describes the micropracessor system implementation of tha UF and TE controis on Intel’s
EPROMs. AP-72 's available trom Intel’s Litarature Dapariment.

The 2732A has a atzndby mode which reduces poWnr consumption without incroasing accesd tme. The
maximum active current Is 125 mA, whie the maximum standby current 13 only 35 mA, 8 70% savlng Tha
Slandby mode I8 salacted by applying the TTL-high signal to the CE input. .

Tha 273218 fabricntad with HMOS-E = inchaatony Intel's high-eoand Hchemndl MOS Cifieon CataTathnatogy
"18R0S 18 & patertad procem of ik Corporntion. )

PE WAREES
L : Re-Avi L ADORESIER
- 143 CHiP ENASLE
. Pl Tlver | QUTPUTERABLE Ypp
qGuy | ouTruls
DaTA m.nms
VL G .
N N -tmrdnﬁﬁuusmun-
ey U
) PROORAN "
Eivop o] TEAND fuuw n
& —f _CEwoaie  f—f cutruvsumvesy ]
k] n
. =1 .y g3 -
ag-my | =1 Dtconen | &.] YOatma "
ADDRESS { | w— "
pyu1s | ! ‘ : — "
po ALt ) . [t
==| oscoocer |3 CELL MAYAY "
. M
14
. Pyure 1. Biock Dlegrom ' Figiro 2, Pin Configuraticn
.
01 19 Uis & Ay Cireunry Oths Thga Ciroltry Enbodind in a8 taisd Prafact. Ko Cinaz Goast Petas Linpescs 809 Scpiek
+INTEL CORPORATION, HiC. IS 4.12

Ry
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ERASURE CHARACTERISTICS

Tha erasure characteristics of the 2732A aro such thst
smasure boging to occur upon exposure 1o light ivith
wavelengths shortar than approximately 4600 Angstroms
(A). It ahoutd be noted that sunlight and cortaln types of
fluoreacent famps have wavelengtha in tho 300040004
renga. Dats show that conatant exposure to toom lovet
tluorescant lighting could erasa tho typical 2732A in ap-
proximataty J years, whils it would tako approximately 1
week (0 CRUI9 Brazune when expozed to direct sunlight, It
the 2732A Is 10 ba expoesd to thase typea of lighting conai-
ttony for extended perfods of time, opagua labols shauld
b2 placad ovar the 2732A window to pravent unimtentionat
erssuns.

The 9TRBUTO P for tha 2TR2A ts
axposure to shortwava ultravislot iight which hes &

of 2537 Ang 18 {A). The integrated dosa
© (e, UV y X exp ® line) for shovid bo
a mdalmum of 18 Weeslemd The erasure tima vith this
dosags I8 spproximately 15 to 20 minutss using an
ullraviolet lamp with 12000, Wicm? powet rating. The
ZT325 8h0uhd ©a placad vaithln 1 lnsh of i lamp tubas
during eresure. .

DEVICE OFERATIOH

The 3ix mosea of oparxtion ot tha 27324 aro Iisted in Tabla
1, A zingle 8V power supply |3 required In the read modo.
Altinputs era TIL tsvels arcapt for 0TV duing program-
eing and 12V on Ag for tha intgligent Identitior’™ mods. i
the program mads the DEVye input 18 pulsed from a TTL
vl to 21V,

Teblo 1. Cisda Calestion °

$243 | CF | Odivey [Ap] Voo | cutrurd
0ove [i:) 3. (o) ay | e
Pewd Vo Vo X[ o8 Cour
Outpat Oinetie W, iy | X ] 4% Wen2
Stengoy Ve X x| o8 Hign 2
Poagraen Vi, Vou L3 o8 Dy
Prograra kakett | Vi Vio | K] o8 *gn 2
Waggum bamitor { Vg Yoo V] s Ca3

Noaa 1. X cio b Wy &4 V|
2. Vyq = 520 20.8¥

Road Mode

Tha 2732A hes two camtrot funcifons, both of wiveh et
te logicsity active In ardor to obtain data al the outputs.
Chip Enctie [TE) istha powar control and shoukd be usoed
for davice selaction. Output Enable (OE) is the output
contre! and should ba used to gate data from 1ha cutput
pins, independent of device seiection. Assuming that ag-
drasses Mo stable, address accend lims(tagg) 13 agual to
1he deiay from CE to outpul (teg). Data Is avaitabio at the
outpula efter the (alling edga of OF, assuming that TF has
been low and addresans have been aiable for ai loast
tacn—loe. :

413
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Stondby Mods

Tho 2732A hes & standby moda which reduces tha max-
imum active cuent from 123 MA 10 33 mA. The 2T2A |
placod in the standby motte by applying a TTL-high signal
to the CE laput. Whan jn slandby mode, tha outpuls & in
a high impodanca oiats, indapendent of the OF input,

Output OR-Tising

Becnusa EPROMs aro uzunky ussd in largor mamory s~

rays, Inte) haa provided 6 2 ine control tunction that ac-

commadates this uge of multipla memory connaction.

Tha two Hna controt function atlows for:

&) tha lowsst poasibie mvomory power dissipetion, end

b) complols assursnce that output bus contantion will
ot ocour.

To usa these two contred Hises most effickntty, TE (pin 16
should be dacoded and used a3 1ho primary device salec-
ting tunction, whits GF (pin 20) should ba mado & common
conasclion to alf davices {0 tha ey end connsticd o tha
FIEAD tina trom tiva system contral bus. This axsures that
ol Gozsiettad momory davicas wa o thalr 10w powsr
elendby menia and that the cutput pins ero ective only
vimn Cata s desired from a particulyr memory davico.

PROGRASIMING

CAWTION: Excontiog 22Y on Pis 20 (0EN ksd wl?
pamuersety dumzge tho 27324,

nitlnily, and ahtzr each oraaure, gl bitg of the 27304 ere
in the 17 otate. Dete I3 Introduced by sslectivaly pro-
gremming “0's" Into tho deaired bit focations. Alihough
oniy “0°8" will be programmed, both “1's” and “0's” can
be prasant In tha data word, The only way to changa a
“¥'to a 1" Is by vitraviciet light srasure,

The 2752418 in the programming modo whan the SE Ve
ingut ia &t 21V R is requinid that & 0.1 uF capeclior ba
placad ecross BENpe and ground 10 suppress epurious
voltegs transients wiich may thedavica The dota
1 ba progremmad is sppilad B.bits in paratiod to the data
Gulpd ping. Tha levals requiied v the s2dresaend uala
s e TTL. -

When ™o cddiess and data aro stadle, 8 50 msec, ective

- tous, TTL program pulse ks epplied 10 1ha TF input. A pro~

grem pulsa must bo applied st each addrezs iocationto be
prog d. You can prog sy &t any time
—githar indlviduatty. soquentlatly, or &t random, The pro-
gram pulse has a maximum width of 35 mesc. Tha 2732A
wust not be progremawd with @ GO signat applied to tha
CE indut. :

Pragramming of muitiple TT32A0 In paratied with tha

ssta data can bo oaslly accomplishad dun to the simpli.
city ot tho programming roqulrements. Lika Inputs of the
pitailelad 2732A8 Moy ba connected 1ogather when thoy
ere programmad withthe same data. A tow lavel TTL pulse
appiied to tha CE input programs tha paraticled 2732As.

. Loy
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Program Inhibit

Progtemming of multipia 2722A3 In parelisl with differ-
ent data is also ensily accomplished. Except for CE, all
itke Inputs (including OE) of tha parallel 2732As may be
common, A TTL lavel program pulse applied to 8 2732A"s
CE input with OEiVpyp a1 21V will program that 27324 A
high level CE nput inhitits the othor 2732A% trom boing
programmed.

Veitly

A verify (Bead) should Ba perlommaed on ths progrunmad
bits {0 datermine tha! they wore correctly proprammed.
Tha verity s sccomplished with OENpp and CE al V). Data
ehould ba wetitiod toy shter the failing cuge of L.

Thao intglipent idantitior Moda allows the resding out of &
binary code from a1 EPROM that wiil Idsntify its menufec,
turer and lypa. This mode |5 intended fof usa by programm-
Ing equipment fo- the purpete of avtomaticaliy matching
the device to be programmed with s comesponding pro-
gramming glgarithm, This moda is functioni in tha 25°C
1+ 5°C anndienit lompsiaiuis reigs.

To activate this moda, the programming equipmart must
force 11.5V to 12.5V on address tine A8 (nin 22} of the
2T22A. Two identifier byles moy then be suquanced from
the device cutputs by toggling addrang ling AD (pin §) from
Vi 1o Vi Al other eddress llm_m'.:ﬂl b held 8t Vy dusleg
intgligent idardifier Moda,

Byle 0(AD = V) reproants the manutacturer coda ant!
byte 1 (A0 w Vi) the davica Idantilier coge. For the Intel
27324, thess iwo identitior bytes ero givenin Tebis 2. All
idantitiers for ranuiaciurer and davice oodes wiil possess
o parity, Wit the MSE Op) datinsd &9 the parity b,

Inta! will begin manutaciuring 2732As during 1862 thal wilt
contain the intgligant identifier leature. Earher generation
davices will not contain identilier information, and I eras.
o, will reapond with a "one™ (Vo) on each data fine whon
oporated in this moda. Programmed, preidentiier mocde
2732As will re3pond with the cumrent data contained in
ocations 0 ant 1 whaen gubjectad to the inlgligant iden-
tifior cperation.

System Coasldoration

The power switching charscteristica of HRMOS-E EPROMs
require carolul docoupling of the devicas. Tha supply cur-
rent, Icc, has three segments that ero of intersal 1o the
ayslom designer—the etandby current Kvel, the aclive cur.
rent 1w, and the translont current pesks that & produc
od by the falling ard dalng odges of Chip Ensbia, The
magnitude of thess transion current peaks (s dapendent
cn tha cutput capasiiva loading of the davice. Tha
sa3cciaiod transient voltegn peaka ¢&n ba supprossed by
complying with intel's Two-Line Control, as datalled in in-
1al's Application Note, AP-72, and by properly sslectad
dzcoupling capacitors, It i3 recommended that a 0.1xF
ceramic capacitor bo usad on every devica batwasn Voo
2n¢ GND, This should ba a high trequancy capheitor of low
Inhesen! inductance and shouid ba placed as closs 1o the
devica us pussible. tn addition, o 4.74F bulk alectrolytic
capacitor should bo used botween Vg and GND for every
oight devicas. The bulk capacitor sheutd bo iocated nsar
whera tha posver supply is connected 19 the aray. The pur-
pose of the bulk capacitor is 1o cwercome the voltage
drood cauted by tha inductive effects of PC boardtracea

Tasi 1 STTA It lgant Wantitie™ Byios

Pine| &y Oy Oy Oy 0y Oy ] 3] Oy Hex
| Sowsitiay i1 an [el] {15} (1] [13) oy (3] m Date
Mesmtcctores Code | Vi, [ O ] ] V o 1. o IR
Deviet Codr m o o 0 ) ° s | e i ol

f 414 Arneisesd
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intel

ABSOLUTE MAXIMUM RATINGS®
Temporature Under Biaa... . =10'Clo +80°C

Stotags Tomporature . ............ ~-85'Cto +125°C
All input or Output Voltages with

ReapacttoGround ......oivel s, +BY10 ~03V¥
Voltaga on Pin 22 wilh Raspact

toGound ... +115Vio - 0.3V

Yo Supply Voltage with Reapact to Ground
Quring Progremming ... +22Vi0 =03Y

“NOTICE: Strassas above thoss fisted undar “Absoluts
Maximum Ratings” may catsa permanont damsge (o (he
device. This is a strass rating only and functional operation
of the devico at thase or any othor conditions atove those
indicated in tha pperational sections of this spacification
i3 notimplied. Exposurn to absoluta maxumum rating con-
ditions lor axtendad pesicds may affect davice reliedility.

D.C. AND A.C. OPERATIRG CONDITIONS DURING READ

UIINIAU RIS TTRA-FIA-THIAL0
Operating Temparetur Revge rC-0c TC-10C
Ve Powar Bupply 5V = 5% aY z 1G5
READ OPERATION
D.C. CHARACTERISTICS
Limits ,\ o
Tyebol Poremetsy T T Typ bl | x| Ut Conditiona
Y Input Loed Current 10 pA | W) = 6.5V
ho Quiput Leakege Current 10 wh | Voyr = 55V
tect Ve Currant (Standiy) 35 mA | EBuvy, OE =V,
lece Vee Custent (Active) 125 | mA | GEaCEnv,
Vi Input Low Voitsga -0 0.8 v
Vi Input High Vaitage 2.0 Yoo+t ¥
Vou Oulput Low Vollzge 0.45 V g =2imA
Ve Output High Voltage 24 V| lgn = =400 pA
AL, CLARACTERISTICE B
w2 | 27324 | 203249
) 273204
ATI2A30 | ATI2A-IB | I7I2A-20 Test
Oyeniot Poramsher Ba, [8dau. | 3200 | B2ax, |S5in. Ay | Min. | Max, {Umite{ Conditionat
tep | Aodress to Output Datay 200 250 300 450 | ns JCEwOE =V,
[ TE to Output Dulay 200 240 300 450 ) ns JOE=v,
toe BE to Owiput Dslay 70 100 150 150 | ns |CEwv,
orl]  |OEHighto Oulput Nol Driven | 0 | 60 | 0 | 60 | 6 | 130 ] 0 | 130 | ne |CE = vy,
[*™ Quiput Mald from Addressay, | O 0 [ 0 ns {CE=DEmv,
CE or OF whichavar Ocourred .
First
{A.C. TEST CONDITIONS
OutpusLosd .............. 1 TTLge ARG G, = 100 p& .
feput Risoand FeliTimes......o..oovvnnnunn.. <200
s 048V to 24V
418 Aaiens
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Integ 7R
CAPACITANCE!? (1, » 25°C, { = 1 b1}
Symbol Paremoisr Typ. [ Max. } Unlt|Conditions
Ciny input Capacitance
Except OE/Vpp 4 [ pF Ve = OV
Cinz OE/Vop tnput
Capacilance 20 oF |V =0V
Gour  § Outout Capscitance | 8 12 | pF {Vour =QV

A.C. TESTING INPUTIOUTPUT WAVEFORIS

A.C. TESTIHG LOAD CIRCUIT

(£23
i
A
Te vy Liant
>!tnrwm < . i ] our
' THEY
ces b - llal el
AC TESTG WFUTS A% DRAENATZAVIORALOGT | AND D €5V FOR =
ALOGK O TiiteO MASURLLONT] ARL WADE &7 2 GY FOR A LDGC 1
APSG ORY TOR A LOGK 0 [
CL DL 49 CAPRETIRIECH
AC. WAVEFORMS
Yur

ALDATES
vaum

T *\Jtr‘___...._if“

Voo f—---—-—-—n-———
.- } . .

v - e

) .
. . ™ . P
L o 00 08 treern
1 2 [;;;;; » B 2
AL CTPVT
- NN L

e e
iy

410
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gt 21324 .

PROGRAMMING'
D.C. PROGRAMMING CHARACTENISTICS: Ta = 23 £ $°C,Veg = 5V = &%, Vpp = 21V 2 O.5Y
1 Lt
Symbint . Frrnmisr f 1T I 18 fan. Unite | Tert Conditlone
Iy input Gurrent (Al Infula; 0 A Vin= V)L 0f Vyy
A\ Output Low Veltage During Verify 0.45 Vo [lpem20mha
Vau Qutput High Voltaga During Verify 2.4 \J fop® = 00 uA
lee Ve Supply Gutront T 1} 18 mi
Vi, Input Lows Lvat (Al Inputs) ~0 08 v
—Tl;;ww" lm;ulﬁmgh L_a‘\g!i(’&fi Injruts Except Ot ;,;:)JA 24 o Vep+ 3
[ Vpp Supply Currant i - a4 miv | ChuVy, OE=Vea
V,;, o 13 Intgligant Mrn(llm'r Vollug } (A8 i 15 Y . _
AL PAOGRANMMING CHARACTERISTICS, Yy m 25 2 5'C Ve » &Y
Unilts "
Lyt Iy T Uaita Y6351 Contilanaf
ta Aﬁr.ress Sotup i‘lt;e_ PR R y 5 --------- o
Lo T Setup Tims P )
tog Data Satup Timo B R
tey | Addrogs Hold Tims w i e
Losn QE Hold Time us
1ou Oata Hotd Tima 2 ua
oeo Chip Enabla High to Cutput Not Driven 0 139 ng
oy Oata Valid trom GE i o | CRnv,. Ogavy |
.trw CE Pulsa Widtn Durma Pluumxmnmg 44 0 - m: |
tont OF pulen Rige Tima Durinq f'mqvmnunuw T n2
tya Vep Recovary Time 2 ’ $3 "
$AC. TEGT CONDITIONS

input Rt end Fail Times (10% 10 8U%) ... 22003
input Pulse Levals . S to 2.4V
input Thning fleferance Level . .8V end 2.0V
Qutput Timing Roferenco Leve! . 0.8V and 2.0V

NOYES:

1, Typical values sra for T, = 25°G and nomink supply voitagss,

2. This paramater is only sampied anc i3 nut 100% tasied, Oulput float ia dodtrod as tha point where data Is no longer driven «
4 thning dhgram on psje 5.

3. OE may bo deleyed up 10 lagc—tpg after tha faiing wgani CE without Impacting thce

4. When programming (ha 2732A, 8 0. 14F Capacitor 1 requirsd across OENVpp and ground 10 auppross apurious voitage
{ransignis which miy damaga tho devicn.:

£17 . ANOIMES
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PROGRAMMING WAVEFORS
Yenry ——-1
v.,, TF
amontts ADORIES BYALA ><
Y. i
:
Y N 2 JoHgnl
DATA DATA e StARLL e mrtrebaTn At DATAQUT VALID b-——-———
A\ gt bt s A _._.._......‘y.......,u_ [
g —d T —d (41
I 1 . i [ ] e
N : ]
} l lesy L
' i b e
[ 2 . N . !
l .
et e e
L 1y o
{ o
v, ]
% s
© ' '
W

HOTES
* ALL TIMES SHOWN 14 | ) ARE MINIK UM AND i1 ,81C URLESS OTHEMAE SFRCHTD
2. THE 1HPUT TINING REFERENCE LEVEL 15 0BV FOH A V) AND IV EOR A V),

418
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intef

: 2764
64K (8K x 8) UV ERASABLE PROM -

2 200 ns (2784-2) Maximum Accens Intgligent Programming™ Algorithm

Time ... HMOS*-E Technolo
" 9 & industry Standard Pinout. . . JEDEC
Campatible with High-Spaed 8mHz Approvsd

IAPX 186...Zero WAIT Stato
9 Low Actlve Current... 109mA Alox.

8 Two Lins Control

8 Pin Compatiblo to 27128 EPROM 9 1% V¢ Tolorance Avallable
The Intel 2764 is a SV only, 65.53%-Dit ultraviolt arasabla and glectricelly progremmebls read-only mamory (EPROM). The
standard 2764 access tima is 250 ns with speed salection available at 200 n3. The accass tima 15 compatible with high-
parformance NMICroprocassors such as Intal's 8 mHz iAPX 185, In thewa gystemy, the 2704 allows the micropocessor to
opsrate without tha sddition of WAIT statas, Tha 2764 2 alag compatihln with the 12 MHZ 805 family.

AR important 2764 foatura is the separate output control, Output Enable [OF) from the Chip Enabla contro! (CE). The OF
comml aliminates bus contention 1n MICroprocessor syatems. intel's Applhication Note AP-72 describas tha
2 s0f aystem impl ion of the OF and TE controls on Intel's EPROMa. AP-72 i3 availablo from lntel's

themum Dcpar(menl
"The 2784 has a standby maode which reducas power consumption without increasing acceas time. The maximum active
cufrent (s 100 mA, while the maximum standby current |3 only 40 mA. The standiy moda ia sslected by applying a TTL:
high signs! to the TF input.

£10% Yo tolsrancs iz available e3 an altarnativa ta tha sizarard =5%: Yo o tolarancens far tha 2764, Thiacan attow tha systam
dogigner more leawsy With fs. 10 10 his powor supply requirements and othef systom paramaters.

Thes 2764 is labricated with HMOS'-E technotogy. Intel’s high-spocd MN-channel MOS Sillcun Gate Technology.

wes
2lE HSERIE
B ERE HERERE
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Wre poeen EYTYYTITN Ay | Ay Py Kl fa,
: iiigie AR F R
-] Wil Tias LR ~ 2
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o ANO CUTNT RuRERY L] N N A A Voul Any An Ry
R0 LOGIC M~ & 1 [4 L) bt | Glvew | OF
] v b la | A |m " tof o |as e
= T Foxnad EO RN e . g e |ed
o m— L LIl b ~ Or §O; o1 |or
st . T o 10 oy fos o oo | fon
oty cacoesm | ¢ preee) o fo |o0 [0 o. oy {0, fo, fos
H CELL Oy |G [ [O0 L 0 G {0
Gt | Gt | it | 00w ) o, |on o, |o
Figwre 1. Block Dlagram Bl iir Ryt Sl
KODE SELECTION - Figura 2, Pin Configuratlans
Wl ala |ne]a [ty
oy R R AR RS Lt
et CR YO W s vie | v ot
oy - o | - - e oo et P HAMES
Pony L x 1 L] “s %L el A A, | ADDAESSES
ropes L ™ . L) e, L/T8 An CE W
- L 1Y et A e, A7 L) g rm
——— P . o o b v o Ot o ENADL
ST L2 LN SO P T T Come GO, | UTPUTS
e PGM_| PROGAAM
L NN "I B LR W B B - H.C. | MO COMNECT
LR eonbaYy o ¥y
1 ¥y m 20V 200
*HMMOS La & potented procasas of Iatel Corporstion . .
Asrames 101 4tve Urow OF Ady CrCundry Otioss Thas Cic mibsy EmO0U (30 B0 ST HTOORC ] NG OR Lot Fatoni LContes &0 lupied.
FINTEL CORFORATION, 1 028 . . HOVEMBER 1982
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ABSOLUTE MAXIEIUA RATINGS® ~ *NOTICE: Sirazses ahove thosa Hsted under “Absoluts
Maximum Ralings” maycaute permaennnt damagefo ths
Tempertsture Uncer Biss ..., .~ 10°C to +E80°C: davicy. Thia is 8 s11055.r0ling only 618 Lunclional.opare-

Storage Tempereture —€5°C tv +125°C tian of the dovicd af thass of any athar conditfons above

All input or Outpul Voleges with : . rhou :ndrcalud in"the Gperatlonal.azctivne ol this
Respect 1o Ground ................ +70Vto ~08V 0 not kmpliag. : r ”“"“‘“’“”’“"

Voltage on Pin 24 with '"“’_" rating o for ¢ vy atfoct
Respect 10 Ground ..........c...... +13.5Vt0 -Q.6V ciavice reliablity.

Vpp Supply Volisge with Respact to .
Ground During Progremming, . ... kY #4 41 ;0.6"!

D.C. AND AC. O?:P.AT!HG CONDITIONS DUF!!?uG BEAD

qICAE | ATBA | 27843 | Tveta § IPEALRS |arsddo| apeed | o

Opovaing Teworsture - | 0C-70°C | ore-ToC | re-70C | oCre | G0 | vo-T0e | oC-T0C

Ve Powse Bagpy' VS T SVeom | SVt | SVoom [V ol Vs 1o | 6V = 0% )

Vep Volizgs® * | ¥Po = Yoe | Vew = Voo | Ves = Voe| Vi w Moo | Vow = Vo) Yiw = Voo [ Vem m¥ee| 70
_READ OPERATIERT -

0.C. CHARACTERISTICD s R
sy " "‘

Byantd Poraiastiy . BNa . Ta® Uil . . - Candiisne
R T T e IR ERCIC RN SO TN e r e
1 ko Output Leskoms Curnet 10 nA Vour = 5.5V

opa? | - Vpp ComrentRuogat - e s oo b o s - R mA (Yra o BBV

I Vep CurentBlsndyy | | . 40 mA CE =yl

[l Yoo Curmest gt © 0 1 |, mA ChmlEny,
R tnput Low \Qftege ) =1 . +8 Y ,
HEM Ingeat Wigh Vottepe - 2.0 Ve +1 v
1 vy Cuaget Low Yultzge 5 ST ey w1 MA

o«mu@mw ) 24 v Ieay = ~400 pA
: S MO i : ITCAIN B | UM & | YRS R ) N
. ety | MCAUTRS | IGI AN (TR | L, wat

Bousar Poepensisr i . | Wi | Hwn ) fain | S22z ] Ena | Sfax | S | ea | Uad | ComSiesd
| tare [ Adoress 1o Outpust Daley ¢ : 200 1 250 X0 420 | ne { TE«BEav,
s T 10 Outpyt Datay : 200§ 2% 300 450 | ns | OEavy,

tae By Owept Dty . Vs ) ) 190 | ne | TEevy

tor' mmwmnd ke iren o L e [ oo f1es oo |10 | ome | LE-Vy

[P wm4mum o, T .a [ [] a3 | CEuBZavy,

T or UE Wiiehawy Qitiuttsg™f = | o0 ] -7 - .
First

RETEE: 17 Ve ot b TSpNad ARRANGOUtY Of brfory Vae 8nd removad timultanacualy of 8816 Ve« o+ e v
2 V,.myhMﬂmuymvﬁammwuwpmqumm‘mmwpplycunmlwmmmhlthcumoﬂwmdl..,
s Mdvanmmu-aycummwﬁWme a ORILOF e Heg
iy packmeter § mwmummlummxmlwowﬁlouladanmmmmmwnbww«
. mw-nmumﬂmm pays d ;- :




-3
ntef 270
CAPACITANCE (Toa25°C. = 1MHz)
Symbel Parametar Typ.'] Max. | Unll | Conditfons
Cu? {uput Capacitanca 4 L] nF Ve OV
Cout - {Qutput Copecitznco 8 12 | pF Voo GV
AC TESTING INPUTIOUTPUT WAVEFOALL " AC TESTINGLOAD CIRCUIT
14
e
:>tmmsm< X s
:::: :" o ot
YEGT
[N It g
S TERIRG: mnlmr%‘qﬂtwm« ;.anx.wma - T
SROTC 0 Tz Mﬂ:l FERALOQK » ok
ABEIOXY PCRALONC 6 =
- C ATTLDLR IO LARROEACT
A.C. WAVEFORMS '
. 1) .(! .‘..-_'% ,n—aowm
- avgmmE ){ i §< '
" T eeemd] M
’ Vg SR AT ALY - - ,mem
k- ' N /i
wu (R omcvminespicinaariasisoness » 5.6 sed |
[ . \ fmw
2 \ i
LY . A ol
"
. - Luwsoss
g 1 /;?; ;/ "\ HOM 2
“ NN A

BOTES: 9, Trpdoud valurs arw for ¥, = 295 snd naminet supply votmges.

. 3 Thie
& Y Ju spacitiod trey 08 of OB, wiichever secus

L
& O% oy be Solyat v0 10 L - hwwmuqupudwmmv.“.
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STANDARD PROGRAMMING

D.C. FROGRAMMING CHARACTERISTICE: T, = 25 25°C, Voo w 5V 25%, Vye = 21V 0.5V (300 Koto 1)

Limits
Symbol Poramedtr Hin. Hax. Ut Tawt Conditlonm
L%} Ingut Current (A2 tnputy) : 10 aA Vin = Vi of Vi
Vi, input Low Lavel (AN Inputs) ~0.1 08 v
Vin Input Hight Level 20 Veg+t v
VoL | Output Low Yoitapa Durlsg Verity 045 vV oL =SimA !
Vo [Output High Voitaga During Varily 24 v low = —£00 A
lec? Ve Supply Current (Program 8 Verity) 100 A
sl Vpp Bugply Current (Program) 0 ma  [CEwyy = IR
o A fa kadgtigent icaniinier Veitage 1Ha 125 v

AL CRORRARTINT) CRLSIACTERIDTICN: T. = 28 =5°C, Voo = BV 26% Vyp = BIV =05 (cov Hoda

1. Vg tust be applied sirmuliznaestly of tofors Vep 85 romaved simticntously of 6het Vs, )
xmwmamw-umummnmmvmuwmnmmmmuu .

Wdﬂm-—mlmoh@mmwﬁ.
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Uanity
[ ] Peadainias bun, | Ty | fse | Uedt | Vet Saiiloss®
t Addregs Setup Timo .2 #3
tes | OF Sotup Tiena : - 2 P M
oo Bata Sstup Tize 2 I
| ™ Addrets Hold Tima 0 23
tn Bata Hold Tias 2 re
[ Output Engbie to Output Ficat Dalay ] 120 na
[ Ve Setup Tims N 2 3
e POM Puto Width Durlng Programming a5 ) % | s
oy TE Satvp Thrm z )
Deds Vand tiom OF 13 [
: * Lot
"
*AL, CORBITIONS OF ?EFJF
mmwmmmmmm vorvees BRI
ol PadmoLevais .. ....cvoiiiian i, Q‘JQM\C
gt Tining Falerancs mel . e BEV END 20Y
Chatput Tieming Potarpecatoval ......... 0.8V end 20V
woTen: :




STANDARD PROGRARAMING WAVEFORMS

L
. _
o ABOAELY STaMA DAt C6T vALD
" S . j .
d P AR .
- by . " L
.. o gl
w . F - - i :
AR scomammand] [T T faad OO | formn
| R rogy S e
g-—tln——n ot — 1m|'
o
. _j
1, st "
R Mt

e - N

A, Au.mua WN(]AEWWI AND 1 ,50C LKLESS ofmzmrs: EFTORIED,
863 WarUY Wi REFEAENCE LEVEL IS Y FOR v, AND 2V FOA A
. xq,.mmmcumnmsm OF THE DEVICE BUT WUST 05 Accou.:.muar'n o ws PRCGRAMMER .-
XESAEH FROGRAMMING THE 2754, A 0.9F CAPACITOR IS AEGUIRED ACROSS Vi AND CAOUND TO BUPRESS
mmnvo'rm TAAKELHTS WHICH CAN DAMAGS

THE DEVKE.

ERARUNRE CHARACTERISTNICS

Tha ergsure chipractoriatics of the 2704 are such that arzzury
baging to ocour upon oxposure to light with waveongihg
shortar thea soproximately 4000 Angatroms (). i should ba
notaxd that muntight and certain types of fluorescant Isstys
harvs weavslongths in the 3000-4000 A rango. Data show that

£33 Angstromms (A). Tho integreted €0t (1.0, UV intensity x
exeorune time) for ereiure shiould be & minimum of 15 W
wuc/em?, The srzaure llrnormn {his ctoznge is appronimaloly
5 10 20 minutes uaing 0 ultradolet ldmp with a 12000
ANYIC power ring. Tha 2064 showtd bo placed within-1inch
of tha Tanp dubes taring erasurs. Tha maximun integrated
€038 (8 2764 can. bay 0100%0d 10 wilhodt: dwnage’ i, 7258

constant expoaurg to room level | Ighting coutd
oraoe th typical 2784 in nwvommnkaiyamn. wihils nw:a.;l-d

? (L weak @ 12000 WW/em?). Expoturs of the 2764 1o
RIgh Intensity WY light for lang pertads moy czuse permenant

tehs epproximatety | weektocs when dto

direct suntight, It tha 2784 is 10 be expoaad tothess types of

lighting conditions for extendsd periods of time, opaque

lsbela should be placed over the 2764 window to prewvent
snintontions! erawre.

The tor tha 2764 |y gxpo-.
“sure 1o shortwave uitrgyiojet Ilgmwhkh hase mlmq:h of

’

DEVICE OPERATION

The eight modes of cperation of the 2764 aro liated In Table
1. A gingie BV power supply i3 raquired In the rest moade.
.. &d) Inputs oea YL lovels esconr 101 Vpp mq 12V on. 9 !or
WI:GM wmum mod.l. o,
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Table 1. KIO0F GELECTION

swam‘(:ammm!am

Tha pewer switching chersctaristics of HMOS-E EPROMg
requiro careful decoupling of the devices. Tha cupply cur.
renl, loe, has threo gegments that ara of interast 10 tho Bys-

— tha gtanddy eument iovel, tha sctiva currsny
lzvel, and the transient current pashs that are producad by
the tallingend nising adges of Chup Ensble. The magnitude ol
thosa transiant current pashs is dependent on the cutpul
capacithvg loading of the devica. Tha associsteo trenalunt

voliago peaks can boe suppressed by complying with intel's
Two-Ling Control, as detailed inintet's Application Nets, AP
72, end Uy proparty eslaciod dacoupting capacites. I is roce

-
m_} CE|OE |PTGR| &y [Vop|vee “?A_'?’m‘ss‘

no0T (203122) | (21 fasy) ()1 @Oy

Read VY tvin | X iveelvee! Cour tam dazig

Cutput Dizabia VIL [ViH| Viie | X (Voo Vel Mian2

Standgbv VX1 X | Xlveelveel HighZ

Program Vi [Vl vig L X [Veelveel O

Varity Vig ¥ | Vin L X 1VepiVect  Dour

Program Inhilzit Vin) X X | X {WplVec]l HghZ

intyligent Kanttteer | Vi [V | Vi | Vi [Vee]vee] - Cods

Intglgant

Prograting Vil v [ X [Veelvee)  On |

ROoTES:

1. X eont B3 Wiy 1o Wiy
2. Wem 1207 20.5¢

READ Houe

Tha 2764 hiag tad contrel functiona, both of vivei sl ko
foglcally activa in ordar 10 obtaln €at a1 1he outputs. Chlp
Enable (CE) ia the pownr control emf ehoukt ba uzad for
dyvice ealgction. Output Enable (OF) iy the cutput contro!
&nd should be uzed o gate ¢zt lrom tha auiput ping, indo-
pendont of device selection, Assuming that addresg2d aro
atable, the edureas accusy tive (lacs) s squsl to the dalay
trom €E to output (tor!. Datn In renllsbin a1 thy cutputs
eftgr a datny of toe from tha falling odge of OF, sasuming
thet EE haa bozn low andecdresses havs hron etzblo forat
23t 10 - Lo,

SYAHDDY BDDE

Teo iﬂum ety mody whish efucad tho maudinum

ausley current from 100 mA to 40 mA. The 2784 16 pisced In
tha standby mode by epplying a TTL-high sign2i to the BF
input, Whaw in gtandby moes, thy ouiputs era in s bigh bn.
potency eikts, Indepandint of s UF il

o G-Vt

Bacouze EPROMS 6re v2usTy tond I IITO9 1ROMESY Brmys,
Intad g9 provided 2 control Sivia which eccominodate this
multisly msmory Connartion. Tha tag control linaa gllow tar:

8} the kst poesibie mesary powst diszipation, and
b} compizte esrumnc? (st eutput bua ednipntion wiit not
ocnir. -

To we thato fwo control Nxes rast etiickently, TE (pin 20)
should b docodod aRo uted as the primary davice eakacling
function, white OF (pin 22) should be mads a'common con-
naction to sl devices in the rrray and conneciad o the READ
line trom the systam control bus. This essures that ail do-
wlected memory davices aro In thelr low pawer standby
mode and thai the sutput pina ara &Ctiva only whon data lo
gesired trom a particuler amery davige. -
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or god thot a 0.1 uF ceramic cepacitor ba veed on
svary davice botwgen Voo and GND. Tiia should be & high
frequancy capacitor of fow inkarent inductance shd should
tu placed a8 close 10 the dovice &3 possibla. in eddition, a 4.7
wF bulkglectrotytic cepacitor should be used betwesn Ve
& GND for every aight cevices. Tha bulk capacitor should
be leewied near where tha pover supaly s connsctad to tho
v Tha purpess ef the bulk copasitor 15 1o ovarcoing tha
vailegy oo ctuned by the tnductive etfect ¢f PG boerd-

e,
HOGRAMMING L30DED

Coutien: Engatiry 22V erph ¥ (Ve i3
porTnaronsly demage tha AT64.,

Initially, snd eftar sach evaswe, cff bits of tha 2764 ere ln the
“17atnte, Data bs introducnd by esinctively programming “03*
into tha gesired bit locations. Although only “08" will ba
proprammed, both "18” and 03" can 3 prezant inthe data
word, Tha onty way to chtnge 6 ~07 1o 841 Iz by ultraviolat
Hgit ertauty,

Tho 2724 18 In e progremiming moga when Vep Input 13 ot
21V osg CE snd FGH are both at TTL (ow Tho data to be
pragremmad i3 egplied B bits In parstiol to the data output
pins, Tha keila requied tor the ddrats end deta inputs

L erd TTL,

For progineing, OF kil bo kit Tii-om of &) Grus
vl Vap 19 ot ot 21V, Whan O sodtas 20 €283 &
aialia, 880 msks, ectiveiow, TTL grogram pulss i epplied to
o FSM input, A program pulse muat b sppliod &l each a3
dress izcation (o ba programmaxd, You can progrem tny foce.
-Hot ! Eny timo—ealiher Individually, e2nubntially, &7 &t 1
dom. Ths program puice has a maxinum width of
B3 mase - )

Piogii Ing of rsultiple #1848 in parsded wilh the szme date
can be qaslly plishad dua to the simplicity of the pro-
gre=mming requiramants. Lika inputs of the paratietad 27848
may be connacted together whan they aro programmed with
tha sama data. A low-lovel TTL pules applied to the FGM
DUt progiems the parelisied 27643, Ce

Pregram Inhibit

Programmisg of multipla 27643 in porstisl with dlmm%n data ’
la also giilly sccomptished by uding the Program inldbt

ARNOWAY



2V wtll grogram thet 2764

Voly

Awmubammdmmpmmmmd bits to
that they were comectly rammad, The verily ls
mﬂmwlm CB ot O at Vi, FOM at Vi and Vep 21 21V,

Fee T DY
Yo N
X0
. Sl ey LD . .
W X
. o T "
iy .
Lo}
st
OF € e RATOS
\
) Xewt w3 “Y.. <Y m .
| 23} ]
Oy
Hard
Flzuio D 2758 ktafigent Progremening'® Floschart
mnmm!ﬁamzwur inhibitstheothar 27843 Intaligemt Programming™ Algorithm
o progremmad, Excapt for CF, aif tika inputs (In- tellg g™ Algorith
Chating OF) of the paratict 27648 may bo common. A TTL low- The 2764 intti : " aliows
" ligsat Programming Algorithm atiows Intel
+ Wvol pulse aplied to & 2784 TF wnd PORT ingut vaith Ve at 27048 10 be prog d In a eignificantly lester time than

tha atandamd 50 mec parbyte progmmming routing,
Typical programming times for 27848 are on the orderota
minute andahall, which is a five-fold reduction fn program.
ming tima from tha standard maiticd. This fasy ligorllhm .
reayits (n the same reliabiiity charactenziics 63 the dtan-
dard 50 masc sigorithm, A tiewchant of the lnt,lignnl Pro
gramming Algotithm 8 showa in Figure 3, Thig lucomputl~ ’
i3 with the 27120 Intgligent Proqmnmmg Ainoﬂ]nm, Y

425 - Mo
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With tha standard programming meathod, data Is program-
med into & selacted 2764 location by a singte 50 maac,
active-low, TTL pulss applied to the PGM pin. The In
1gligent Programming Algorithm utllizes two different
pulse types: initial and ovarpragram. The duration of tha In-
Itial PGM pulse(s) }a ona miltlsacond, which will than ba
{oilowad by a longer overprogram pulse of langth 4AX maac,
X is an ileration countet and is equal to the numbar of the
Thitisl one miliizecend pulses spolled L0 8 particuter 2734

intpligent Programming™ Algotithen
D.C. PROGRAMMING CHARMSTEMISTIOS: Ty = 25 =5

location, balore a comeet vatlly oceurs. Up 1. 15 cng-
millisecond pulzas par byte are provided for balore the
avorprogram pulse ts applisd.

T entke poqusesa of program gedsss and byte veslfostions b
parforod st Veg = 6.0V and Ve 21,0V, Whan the intgligent
Programming cyclo has bean compieted, all bytna should be
comparsd 1o tho otlgingl dals with Ve = Vep » 8OV,

*C.Vee = 0.0V 2025V, Vep = 21V 0.5V (cvo Koto 1)

Limits
Gynvsch Paromsicy LN tmz, Unit Tost Conalittona | *
0 input Current (ARl Inpute) 10 A iy e VL or Vi
i input Low Leve! (AR Inputs) -1 0.6 v
Vin Irput Hight Loved 20 Vee +1 v
Voi Quiput Low Voltzge During Vorily 045 v ot = 2.1 mA
Vou Qutaut High Vottege During Verily 24 ") fom = =400 ph,
ece Vee Supply Curtrsat (Progrem & Varlfy) 160 * A ]
ipp2 Ve Supoly Current {Progrom) 30 mA  [CEeVy = FGR
Vip Ag fof Intgligant identitiar Voltage 1.5 125 v

AL, PROGRAMIMING CHARACYERISTICS: Ty, = 2

25 25C, Vee = 80V 2025V, Vpp = 21V 20.5V (220 Rota 1)

&35

Symiey P [ ms. f2ax. | Uall | Toot Condlitons®
“ktag Addraan Bolup T 2 B

toes OF etup Tinw 2 8

[Jed Data Sotup Thne 2 8%

Ay Address Hold Tims ] ¥ :

117 Deta tiold Tiew 2 =3

top Output Enable to Output Rlout Datey [} 120 na

tyrs Vep Sotuo Time -4 )

tvcs Yo Sstvp Time 2 #3

o PG tnitis! Progrem Pulsa Widd 0.9% 1.0 ' 103 13 {ssa Hota 3)

tonw FOK Overprogran Pulan Width 28 63 ™ (o Hote 2)

‘ces TE Satup Tima 2 54
1 lom Dats Vit from OF 150 [

*A.C. CORDITIONS GF TEST ] :

Input s and Fo1 Tima (10% 0 80% ... Vs " ‘mmmv”“w”v"“

Pulsalevels ... il

tnput 2. YT langth of 113 OvRIpICGrem pulss will very from 3.6 mbes

put Timing Raterance Levet ... 1963 maec &9 o tunction of Uw Heistion countar yelue X, -

Output Timing Ratarence Love! .......... 08V end 20V 3. inkis) Program Putss widih t6lemnce 15 1 maet a B%.

A mhpummlonlymvwmllm1mmw-
put Float is Sellness 08 1ha poinl whans dala is t
%0 longar diivan = 84 Uiming disgrem on pege P,
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e
atgligam Progrenaming™ WAYEFORMS
[ N N <
OGP, vemey
M
. AOrEEIs RCODELS STAELE BATA BUT VALD
L N
.
2 s
12} Lo
tara ‘—-un.-{‘ (A B4 PTRE et s A paacul \‘u—.—-m—.
- M i
. [
M‘a-—-—« o3} =} —t ot 3]
L= -
- o
. .
. Y5~
L A
Ve
ho .._.'r‘t’: pu—y
]
e [ e
M o - A
’ “
trw
RSV BT arg N b ?‘;i -41 " )
« s {0 15, et} R RS
o s -
(24 < it (Y 1\‘ /

1, ALL THRES SHOWH tH [} ART 1IMCIAUSE AND 1H 455G UNLESS OTHERWISE SPECIFIED.

2. THE IMPUT TINHG REFERENCE LEVEL 15 8V FOR Vi AND 2V FOR A V.

A Log AXD tyes SRE GHARAGTERISTICS OF THE DEVICE GUT MUST DE AGCCOMMODATED £ THE FROGRAMMER

& WHEN POGRALSHG THE 2154, A 81,7 CAPACITCR 15 REGUIPED ACONAS Va ARD QEIUED TO SUPRLSS
E71I00UD VOLTALE TRANSIEHTS WHICH CAH DAMAIE THE DEVICE.
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Intgligent Identifler™ Mode

The intgligent Identitior Mode aliows ha reeding out of 8
binary code fzom an EPROM that wiii idenlify its manufsc.
{urer and type. This mods is intended for use by programm-
ing equipment for tha purpose of automatically matching
tha device 10 be prog d with its nding pro-
gramming algori-hm. This mode is functionat in tha 25°C
+5°C ambient thmperature rangs,

To activate this mode. tha programming equipment must
force 11.5V to 12.3V on address line AD (pin 24) of tha 2754,
Two identitier bytes may then ba ssquenced from the dovice
outputs by toggling eddrexs line AD (pin 10} from Vg to V4.
All other acdress lines must bs hold &t V; during
intgligant Idantifinr Lioda.

Byta 0{Al = Vy| ) reprosants ihe manutacturer code end byts
1 [AD = V;4) the device identitier cogde, For tha Intel 2764,
these two idontiter byles are given in Teble 2. All Idenitliers
tor manutacturst £nd device codes will posoess odd panty,
with the M5B (07) detined &3 tha perity bit.

Dunng 1882, Ints) will begin manufacturing 27843 that will
contain the intyligent identitior featura. Eariier genmration
dgvices will nol contain identitier information, and H erksed,
will respond with a "one” (Vou) on ezch deta line when
opetated In this mode. Progremmed, pre-identifiar mode
27645 will rospond with the current Gala conteinsd In
locstions 0 to 1 when subjected ta tho intgligent identifigr
opsmtion.

Tedla 2, 2724 it ligand Kientifig™ Byles

Plas Ao O7r | O | Os | Ou{ O3 | Oz | Oy | ©Op | Hex
tdantifiar g | | el aonioanl o9 i on!l onl| 01 | oste
Manufacturer Coda ViL 1 0 4] Q 1 0 [ 1 83
Device Code Vin 0 0 o 0 4] [} 1 [} [+
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‘ 27128
128K (16K x B) UV ERASABLE PROM -

a 250 n5 Maximum Access Timuo., .. o Industry Standard Pinout . . . JEDEC
HMOS*-E Technalogy Approved
a Compatible with High-Spied & MHz o = 10% Yoo Tuloranss Avaliatle

IAPX 188...Zaro WAIT Stats
a Tweo-Line Contro!
o Fin Compatible to 2764 EPACN o indstigeit Programming™ Algorithm

o Loy Active Carrped . L . 100 mA Max,

The intol 27128 13 £ 5Y only, 131.072-bit cltravintst erzabla and electrcally programmzhio read-only mameary
(EPROMY). The standnrd 27128 accass Limg is 250 ns which is compatibla with high-periomance microprocss-

sors such as Intal's § MHz iAPX 183, In thesa systams (ks 27128 rllows the microprocezzor 10 spority withoul
tha addition of WAIT states. Tho 27128 15 atdo compatibie win m 12 MHz EG51 lainiiy.

Animporiant 27126 fecture 5 ha coparaic sliput coatisl Quinut Eaabils ((FE) trom tin Chiz Enabia contred
(Ci:) The O controt ekiminztes bus comanticn in MAACRIOCessor gystems. Intul's Application Nota AP-72
doscribes the microprocessor syalem implementaiion of thy O ond £E contreks n Intal's EPROMS, AP-72 i3
avoilable from Intel's Litaratura Department.

. The 27120 has standhy moda which vedusces the pov.or consumplion without lacrausing access ime. The
maximum active curreat is 100 mA, while the maximyn slandby current iz ontv 40 mA, Tha standby mode is
selectad by applylng a TTL-hIgh signal to ths nput..

210% Ve tolerance is availahle ns an alternative i the stondarnd 8% Veg toleranze for tha 27126 This can
alleav the system designer Mmoo loawiy wilh 1ogard to his powar supply rscuiremaents and other systerm
paremotors.

Tha 27128 io febricntad with BAMOS™-§ taehnokugy. intel’s high-zgood Nechannet R30S Siticon GataTechnology.

<

vee o 3 3 7
P Flatidlz FraT ER I -
Vpp B " o ~ & - = A [ «
(7P Y Tee[Ths uflwc
Py g un.-u;wwxz - L 1 Aar aaf i El e LS .
o P CUTFGT QUFRERT L EU R R () [ S ERT R TR YT ST
a PROA LC08 - -
e A sy [ A LAy iy 1{Jse [ VRN P VO
— o of—— - 4 & a A ut s A Fy |8 A
oot ' ' 1} ] * s T 3 ¥
Apdyy w_a%_@ass_J SUUAGAANIIN N BV VR IVVRN PR S £ BSIA ed A | ] An
AnOsvey aobay ta hag MAE nlyae at tafen &2 | Ga
U % N : N FYS IV 9O VO V. alge [ el™ Ars | Ao | A | A
=] eweeorra | id [T Y Rin g plyee |8 jCEJEE &
= H CHLL e
" EN «adw w{Tjar o [ ¢ |or | o
G, (O | |0y o} uEles Gy O, | | Oy
Rigura 1. Block Disgrem o fo. o }o, oju e oo | o
[ o, [o, jo, afl]n wf3e. o, | o {0 | Ce
]
MODE SELECTION ot | Gt | Cns | Gad | o]0 wiloy o |o o, | o
Pve | CE|OR[AGN| Ay |ven|¥ee] Outpun At . :
Bede ool anf zn |onf o | anfoon w47 ;f{ié‘::tg:;;-:’!;-;!’ﬁvr;mimwwacowuqummmc SHCRH M THE
e st Volvad v g 3 [vpiv; LY
- s o
Owront Dot I % O X T O e Flgure 2, Pla Configuratiuna
Tasty vial €8x [ g lvielve] wpnz
beagram Vo dviad vy 1 % {vpe] vis '™ Pit MAMES
Vely Vadvg b v 18 Hveg ) vep (o]
Feogiamm et % E1 N 1 N N Y “n-Aui] ACORESSES
wigngeed Wonbbar 1% 0| W [V JVee|Veg|  Coor cE CHIP ENADLE
mighgent Peagaemnagy iy §va | vie | o | vee ] e Cim QE QUTPUT ENADLE
#OTES 0,0, | OUTPUES
L ResubBaViu & ¥y ' PGM | PROGRAM
P RN 2 HG. | N0 CONNLCY
*HMOS In 8 patentsd procest of Ints! Carporation ~
A N p. ¥ 108 g tJua oF Ry Curgotiy Dthed Thion LarCutry Embodiad n o Wil Piaguct 59 Othse Cutut Palost Licsasse ar inphnd
INTEL CORPORATION 1312 . NOVEMBLR 1KY
429 ORUR IVABLA: 110214 -9
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ABSOLUTE MAX!IMUM RATINGS* *NOTICE. Stresses ebove ihose listed under "Absoluts
. Maximum Ralings” may cause parmanent damags (o the

;empeu.lruu Unalor Bios . o ;;?;:i to H;?-g oevice. This is » slress rating only and functional oparation
A:Iﬂl"qel am(gm’u |l":ollt """ an - 0 +125 of the device et thess or any othor conditions abovo those
Rnpu t:" lépu d 003 w LTV 1o ~0.5V indicated i (ha operational sections of thie spaciticatian
Volugic on :m ;:‘Tllh """"""""" ¥ fo 43 13 notimphad. Expoure 10 adsolute maximum raling con-

tact cavice relighiiity,
Respect 10 Qround «......vvvv....s. +13.5V (o =0.0V citions for axlanded psriods may ENLCt cavice relishiiity,
Vpp Supply Voltage with Respact to Ground
During Programming ........c...vuus +22V 10 ~0.6V

D.C. AND A.C, OPERATING CONDITIONS DURING READ

27128 271283 | a7125-4 |27129-25 | 2N22-30 | Tr128-43
Oparating Tempzretuso 0C-70C | O°C-TUPC | 0C-10C | OC-TUC | UC-70°G | OrC-T0C"
Rargn
Ve Powsr Supph '~ f/sE% | BVabh | Bvrom [sve 10n | 5V 10 | SV 2 oM
Vs Vollee? Vpp = Vee | Vep o VYoo [Vep = VociVer « Voo | Ve « Vee | Vs = Ve
READ GFERATION
D.C, CHARACTERISTICS
Lisite Tost
Byeeiach Perasmster #lin. Typ? | #ox. {Ushis Condismy
N Inpu: Load Current f 0 | ph | V=58V
ho Qulrut Leakage Curmront 10 pA Vw.' = 58V
L Ve Current AnediStrndby 5 A Voo b5V
[ Ve Current Stendpy 15 40 ma | CE=v,
lees Vee Currant Active €2 100 mA | CE = OF = ¥
Yo input Low Vialtage -1 +0 v
Vin input Hiph \eltaga 2.0 Ve +1 \Z
You Qutpul Low Vadtoga 4S5 v lx = 2.1 mA
You Output Hrgh Wlttgs 24 v Lo = =400 pA

AL CHARACTERISTICS

SN S mEira idddi b
27123 Liseita {27128.2 Lixis [27733-4 Uity Yot
Rpmehel Pacsetar A, | Mg | Min [ Rar ki | Bax, [Usitn) Cossioes
Iacg Adurees 16 OuIPUI Deigy 250 300 450 | ne | TE=GEuvy,
e TE o Quiput Datay 230 30 450  ns | OE=v,
Yor GF 10 Output Detey ) 100 12 150 | na | TEuvy
low* B& Hign 1o Cuaput Fiext of es ] ofwm [ oot | vy
ton Qutput Hotd trom Addreasas, (1] [ 0 m | CE-O8-v,
CE or UE Whicherer Occurred ’
First
HROTES:

- Ve must De applied simultansounly of bafore Viep @nd removed simutiansousty of Mth":,
. Vpp may be coOnneciad directly 10 Vaoe excepl dunng programming. Tha supfly current would then De thomm ofipe end ipps.
. Typical values ais lor 1y « 25°C and nominal tupply volizgss.
Thus paramster i3 only tamplad and i not 100% tested. Output Float Is definad as the point whrare dute I| no longer drivan--ses
timing diagram on pagse 3.
430

ALIN -
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a2rae

CAPACITAKCE (T = 25°C. f = Mz}

Symbot Peramater Typ.'| Mox, | Unit | Conditlons
Cu! Input Capacitance 4 8 pF Via= 0V
Cour Qutput Cepacitance 1] 12 pF Vour =0V
AC. TESTING IHPUTIOUTPUT WAVEFORM AC. TESTIHG LOAD CIRCUIY
u ) e
3 e
:> TeST peznind < . . feL ]
w o a3dn oY
™y
i G-ty
AC TEITING HFUTEME DRVY M AT 2w SCR ALDGIC 1 MO DY FOA l
ALOGH, 0 Tare L ALUAELMMTS ASEE MACE AT 20V PCR A LOCC 1
N D8 FON ALOGC b —
€ - ¥
L BELOES &3 CamiTails
A.C. WAYEFORISG
*n - so0 e o r,.s...-_..._.-_.__“
a . R i | WU
Vit can s o o e ersaasad e
u /]
Ya --.--—}
g
Yot o i
L] Z '
" \ﬁ“a.ﬁ....._i pn
L Yo e
] m— e .
o el YALD CRITFUT % oL
" NN

ROTES:

1. Typicel valyes sre tor Ty, = 25°C and nominal sugndy vokegea.
.2, This purameter I onty sampled and la not 100" tested.

3. OF may bs delayed up 10 uc%‘-

4, 1pp 16 Apocitied from OF or C

&M
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STANDARD PROGRAMMING
D.C. PROGRAMBING CHARACTERISTICS: Ty = 25 2 5°C, Vg = 5V = 5%, Vpp = 21V = 0.5V (s Mote 1)
Limida
Symbol Peorametisr A0, | Max. | UnR Tast Conditlons
Wy Ing ut Currant (All Inputs} 10 uA Vg =V orViy
Voo Qu-put Low Yoltege During Verily 043 Vo joi=2tmA
You Cuiput High Vottage During Varify 2.4 V oy = ~400 sA
Vin Input Low Level (Al Inputs) ~-0.1 00 -V
Vin Input High Lavel RO {Vee + 1 v
Icey Ve Supply Current (Program Innibit) 40 ma |CE =iy
lcez Ve Supply Currant (Progeem & Verify) 169 ma
\ppy Vpp 3upply Current (Progiam) 50 A |CE =¥y = BOH
topa Vpp upply Currsnt {Verity) 5 mA | CE =V, PG = Vi
tppy Vpp liupply Current (Program tahibit) 5 mA |CE=Viy
Vin Ag In gligent identitior Voltage 1"s 125 v

A.C. FRIGRAMMAING CRARACTERISTICS: Ty =

=25+ 5'C Vee ™ .,V 5%, Ve = 21V = 0.8V (sup Noto 1)

Urats :

Symbol Petamaist Biin. | Typ. Plax. ;Uﬂf; Tont ConSlienn®
tar Addians Sstup Time 2 us
[ QE Eotup Tima 2 Py
Tos Data Setup Time 2 5]
Tan Addieas Hold Time 0 s
Ton Data Hold Tims 2 #B
tors? Guiput Enable 1o Outpul Float Dolay ] 130 ny
T V. Satup Trme 2 a
tow PGM Pulss Width During Programming | 45 .80 55 L)
tegs CE Sotup Time F) K8
tos Data Valid from BE 160 )

*AC. CONDITIONS OF TEGT .

Input Rise and Fall Times (10% to 8056) .......... Pors

Input Pulse Leveta ..,..

input ¥iming Katerencs Level 0.8V and 2.0V
QOutput Timing Rafersnos Lavel ., .08V ena2.0v
HOTEG:

1. Voo must be applied simultanaousty of tefors Vep and romowed simufansously or etar Ve,
2. This parametot is only rampled and is rot 100% tested. Output Floal is o3tined sa the poirt whses ieis i nO longer

driven—saa timing diagra o pepe .

4-32
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STANDARD PROGRARIMING WRAYEFORMS
Lvzane
drnatsn )‘\ ETRTED £ VA ' L}(
AN

Yo
B

v e rm g
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e
pestmnn 18
nas,

[T TR —

¥ [rrman )
Lo
4 [z M\ s

e
== "“1

T

fom
b b 38 |
Lz,

&l
TRy

B VHE BiPUT YIsQ REFEREICT LEVSL 15 BVICHA Y, ANDTVESH AVyg

Ghaeags g Ot -

1 ALLTIMEE EHCWIHEH | AR srvesn £ ANT Al ph S U R4% ODCRemSE EA0 SRS

3 o AND Iopp ARTCHATMCTEIRGUCS OF THE CRWCE [T AT BE ACCGRUCDATED 67 THE FROGIRANTIY
4 WHER PAOGAAMAING THE 27120, A 0 1uF CAPACITON 1§ AZOUININ ACTRIE) vy AP LAULWD 10 SAPRT 53 SHUisdus VRTALE TIAKSINTY WieCH Ca4

freoyim s e
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e erencn s samars 4
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ERASURE CHARACTERISTICS

The eresure characteristics of tho 27120 ase such
that erasura begins to occur upon exposurs to light
with wevelengths shorter then appreximalely 4009
Angstroms (A). it should be nated thst sunlight and
cortain typesof fl ent [amps hive wavelsihgtin
In the 3000-4000 A rangs. Data sitaw that constant
exposure 10 room lovel fiuorescant lighting could
orase tha typical 27120 in spproximiately 3 yeare,
whila it would take approximatoly 1 week to caysa
srasure when expased to direct suntight, i tha 27128
1810 be exposed to these types of lighting conditions
for axtended pariods of timo, opaque labels should

12600 gWicm?), Exposura of tha 27128 to high Intan.
=ity UV light for long pericds may cause permanant
damape.

DEVICE QPERATION

The clght modes of cporatien ¢f the 27123 zre
fisted in Tabte 1. A ainglo 5V powsr supply is ro-
quired in the read moda, Al inputs are TTL fevals
axcept for Vpp and 12V on A for intgligent Idon-
tifisr moda.

Tello 1. hfede Salesilea

ba piaced over tha 27128 window to pravant v
tional erasura.

Tha ecommended erasura procadure for the 27128
Is axposuro to shortwave ultraviotet light which has a
wavaiongth of 2537 Angstroms (A). The integrated |
doe (e, UV inlensity x exposure timo) for arasure
should o a minimum of 1§ Wsec/cm?, The erasuro
lime with thia dosage is approximately 15 to 20
minutag using an ultraviotol lamp with a 12000
aWicm? pawer rating, The, 27128 should be placed
within 1 Inch of the tamp tubes dusing erasure. The
maximum intagrated dose a 27128 can bo expased
10 without damage ia 7258 Wseckom? (1 week €2

#eea | ER | OF |FGR| A9 | vop|Vee ?‘""f"';’
ho L] jEnl an s e 15_1“.
Tised Wiy f¥i (M | X [Vegivect Ooyr
Quiput Dlsadla Vi Vin | X [veelvee] Hign 2
| Stansoy, vl 2 x| x Jveelveeltign?
Program Vig (Vimf Vil | X vpplvee| D
Vanity - Vi iVag 1Y 1 K | Ves|Vee] Ooyr
Proqram inhatit Vi | X X X [Vop|Vec| Wghl
Inlghigrant kdsntitlar [vy tvi | Vin | Vi [Vee|Vee| Code
intgligem Vic M | VL | X | Ves[Vee]| O
Progeemming
WOTES: b
1 KeantaViy of Wy
2 Vya520V tOSV
433 AHCRTIA

142



inted

READ L1002

Tha 27128 has two control functions, hoth of which
mus! be logically active in order o obtain data at the
outputs. Chip Enable {CE) is the rowsr control and
should ba used for dovice salection, Output Ennble
(GE) is the output coniral and should be vesd to gate
data from the output pins, independent of davice
saloction. Assuming that addressos are stabls,
the address access Hme {lacc) I3 equal to the
delay from GE 1o output (tcc). Data is avallable @i
the outputs after a delay of lgy from tha felling
edge ot OE. 2s3umirg that CE has beon tow and
addressss hove been slable for at least tace =t

STARDBY [50DE

The 27128 has utandby mode which reduces the
moximum active current from 100 mA to 40 mA.
The 27128 is placed in the standby mode by apply-
ing a TTL-high signa! to the CE Input, Whar in
standby smods, the oulputs are in o high im-
pedance state, indapendant of tha 3 input.

Output Cit-Tielng

Bocause EPROMe ara usuatly uged in lergar mesnoty
arrays, Intel has providad 2 contro! lines which ag-
commodate this muitipts memory connzction. Tha
two controd lines allow for: -

l;) the lowest poasible mamory power dissipation,
and i

b} complets assurence that ouipul bus conisntion
will ndt cecur,

To use thees two centrol lines mast officisntty, TE
{pin 20) ahould b2 docoded dhd uied as tha primary
davice selocling function, while OF (pin 22) should
be made a cOMMON connection 10 all davices in ths
array and connectad to tha AEAD line from the. syz
tem control bus, This assures that all desshected
mrRrmoTy davices &re in iheir low power siandby mode
and that the cutput pins aie active only whan dala is
deslead from a particular memaory tsvice,

The power swilching cheracteristics of HKMOS-E
EPROMs require caroful dscoupling of the devices.
Tha suppiy curiont, lcc. has thres saginents that wre
of interest to the systsm designer—the standhy cur
rent level. the active curient level, and the transient
currant peaks that are produced by the talling and
rising edges of Chip Enable. The magnitude of theso
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transiont current peaks 18 dapsndent on tho outpyy
copacitive loading of the dovice. Tha 2ssocialey
trongient voltago pasis can ba suppressed by con
plying with Intel's Two-Line Control, &3 detaileg in
Intel's Apphication Note, AP-72, and by proporly e
lected decoupling capacitors. It is recommendey
that o 0.1 ;F ceramic capacilor ba usad on avery
dovice batween Vee and GND, This should ba a wgh
frequency capacitor of low inherent inducience and
ghould be placed a3 close to the devico as possit's
in sddition, a A.7 uF bulk elcctrolytic eapacilor
should ba used betwean Voo and GND for enmry
oight davices. The buik capacitor should bo focated
naar whora \he power supply is connacled to the
erray, Tha purpose of the bulk capicitar iz to ovar
coma the voltage droop csused by tha inductiva of.
fects of PC board-traces.

PROGRAVMING MRODES

Coution: Exceading 22¥ on pin 1 (Vep) wil permn.

condly desage 2 2TIIN

tnittally, and afler each eraaurs, el bits of thg 27128
aro iniha "1" stawe, Data is Introducod by eslectively
programming “0s” Into the desired bit locations. Al
though only “0s™ wtll bo programmad, both " 18" and
"0s" can bo prasant in the data word, Tha only way to
chzngs a ‘0" to o 1" is by ultraviolet l!gl)t srEEUIG

The 27120 I5 in tha programeming mods when Vep
Input Is &t 2tV and TE and PGM are both at TTL low.
Thes dala to be progremmed is appliad B bita in parsk
kel 10 the data output pins. The levels required for
eadress and data inpuls ers TTL.

Standard Progremming

For programming, CE should ba kept TTl-low &t &l
timos while Vpp Is kept al 21V, When the edtrees and
dats are stable, a 50 msec. active-iow, TTL program
pulse is epplied to the FGM input. A program puise
must be applied at each address location 10 bs pro-
grammetd, You can program any location at any time
~aither Indivicually, sequentiatly, or @1 reivdom. The
program pulse hzs a8 maximum width ol 55 meac.

'ngrnmmlng aof multipie 271263 in parstiol with the

sarne data can be easily accomplistied dua to the
simplicity of the programming requiremens, Lile
Isputs ot the paralloled 271288 mey boe connected
together when they are programynsd with Lhe same
data. A low-level TTL pulse applled to the FGM input
programs the parafieled 27128s.
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Figure 3, 27128 Intgligant Programming'™ Flowchant

Program Inhibit

Programming of multiple 271283 In paraltel with dif-
farant data is easily accomplished by using the Pro-
gram Inhiblt mode. A high-lavet €& or FGM input
inhibits the other 271283 from being programmed.
Except lor CE, all like Inputs (inciuding OF) of the
parallel 271283 may be common. A TTL low-level
puise applled to the CE and FGM Inputs with Vep
at 21V will program tha selected 27128,

Verily.
A verlty should be parformed on the programmad
bita to determing that they have basn correctly

programmad. The verily ia parformed with CE aid
UE at vy, FGH at Vi and Vpp at 21V,

intgligent Programming™Algorithm

The 27120 intgligent Programming Algenthm allows
Intel 27128s to be programmed in a significantly
fastar timo than the standard 50 msec per byte pro-
gramming routing. Typical programming times for
271288 ara on the ordor of two minutas, which is a
sixdold reduction in programming time {rom the
standard mathod. This fast slgerithm rosuits in the
sama reliabllity characloristics as he stahdard 50
msag algosithm, A flowchart of ihw 27128 Inigiigent

APNQIOTIA
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Programming Algorith ts shown in Figure 3, Thisls
compatitia. vath tha 2764 infgligant Progmmming .
flgorithm.

WIm tha stundnm pmgmmmlng mumod dlp& u p:o ”
goumh\od Trito;a Satocted 27126 16¢atidn by k' BirgHa”
msoc, ecit , TTL pulse applied to lho PGM

pin. THw Ity !'m;rhﬁnnq Algomnniwnm'“
two ditlerg guI Jnitial and overprogram.
The dunnon ‘of the initial FGM, putsots) is bre mil-
Yisecong, whichiiwi shen be folinwed, byt 9

£g.

3 39
overpiogram ‘Pulso ol bsngiiiax inenc X Luan itose-

SERIITYY

tion countey pgt is yauat ta tha numberef he initar
-ono millisocond pulses.applied to.a.particular anm
focation, belore a correct varlly occura. Up to 13
it MIMIBSEOT pUlses "par byte ara providad 1o¢

o balea.the oramogran pulaa -i8 epplled.

i v
RSy IR SRS A

e

Thadntlra éGUERLE o bmgr.’:m ilses and bm
voriticationa la 6rimdd at Vee =0.0Vand Vep =
zt.w fren. tirg inteligRnt Progreraming cyck hay
ploted, all bytus uhoqld barcompared to tno
v, QF 'ﬂ"’"' d%‘&‘ﬁﬂh Yoo, | Upp = 5.0V

wa -,
' um—-—w ﬁi§ ﬂ"‘ thes ' R ; ,. ‘,N ....,“ ‘
p.c.wmam INGCHAWERI"HCBJTA-ZS*ﬁ’C vw-owl_o,‘svvpg-anm ‘.
T = " imiis * | ot Conttiony ‘_
Byl { pemdter © emag | trar Diuan | feeobisted) f
m Input Curzdnt (Al Inputh) | RIS v,_.,i Wy 61V :
Vi Tt Low Tola (A Inpigy e e fpergylofa e ehe sy e - o '
| vpy  [oputbsgntovt ’ 20! (Vepetll v N\ 2 ‘
Vo | Qutput Low Vottage Ouring Verity | i 1] 045 Fevaimpiazima '
| Vou Ou!nnlwglhvamcc Dring Verityl- { 24] LV bon e oa0npA, !
Iges vee SupplyCuvren!(P‘vogumA y) i 1] 100 ¥ ma J )
Ipp;m“ VL&ungty (Eunm( (i"‘ogram) '.4‘ o ) lr AT R 1- Ny - 2 : .
Vio  |Ap intggeht ientitisr ffottage | [ g | 125 fow i — :
| P RAERING EARNETERISHES Y, T8 T 5T ce = oV T OBV IV E0ly |
i ! Romee EiET Teg2 Conglitions®!
gymbal | Perembter Lo i e tdax. |Unt | - (see Notad) |
| g ,Awup’nme e 8 s { Lot ™ \
toes | OF Sstup Titw i} K gt oty b @ .
Y DatsBestupTime 2 ’ ,
: sitrean o o RIS
PR T OO E i L R o
P (e i e
ey Vi Satup Fimy 2 . o
tycs Yoo Solup Time . 2 s
vy PG inluisl Program Puise Width 0.83 1.0 [ (329 Note 3)
Lomwy PGM Ovasprogram Pulss Width 3.8 83 ms (888 Nota 2)
tees TE Setup Time 2 s
e Data Vatld trom OF 180 ns
*A.C.CONDITIONS OF TEST

HOTED; '
1, Vee muat ba gpplied simuttonenutly o btona Ve d

kput Aise and Fall Times (10% ta §0%) .......... 0w
RGULPUIER LOYEIS ooivvrresniernrnr o, 045V ORAY [mCRdBmUEAMOUY oA Vg, e
o g Rl L GBvanady % oMot oganputs v om0
Oulput Timing Ratergnce Lavel ..........08Y8NI20V 3 ysioy Program Puise widih 10iwranco i 1 moeq = 8%
a . 4. Tnis parkmelor is only saenpled aa is not 100% lested,
Kutpul Fiast s datinod as tha point whare dats is no longer
’ drven=—gzg timim) dizgram on paga 9.
i AFETTA

Afiane
A ’
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intoligent Identiflar™ Mado

The intgligant identifiar Mode stlows the reading out
of & binary code from an EPROM that will identity its
manufacturer and typs. This mode is infonded for
use by programming equipmant for the purpose of
automatically matching the device to bo program-
mad with its cotresponding programming algorithm.
This mode is functional in the 25°C = 5°C ambient
ternparature TsRne.

To activate this mods, the progremming equipment
must force 11.5V to 12,5V on address line AS (pin 24)
of tha 27120. Teo identitier bytes may thon be to-
quenced from tha davice oulpuls by toggling ad-
dreas line AD {pia 10) trom Vi to V. All othet
eddress lines must b3 hald &t Vi duiiog intgligent
Idantifier boass,

Byta 0 (A0 = V) ) rep tho t tode
and byta 1 (A0 = Viy) tho dovice Idantifiar code. Foe
tha Intel 27128, thesa two idantifier bytas are givon in
Tablo 2. Al identitiara for manulacturer and davice
cados will posseas cdd parlly, with tha MSB (0))
dofinod da the parity bit.

Inta! will bagin manufzcturing 271203 during 1522
that will contain the inlgligent Idenlifier feature. Ean
liar gonaration devices will not contain ideatifiar in.
formaticn, and it erased, will respond with a “one®
{Von) on each data line when oparatad in this mads
Programmed, pre-identifiar mods 271235 will
raspond with tha curront data contalned In kocations
0 ana*1 when subjectad (o tha intaligent identifier

aperiion.

Tebio 2, T3 intglipent identifor Bylen

Piaa | A O; | O | O3 | O | O3 | O 1 O | Oy | Hex

lontifer | {19) oy L (8§ 0 1 a8y | C15) | G ] (12) | (W) Dats

Coda Vit 1§ 0 0 [ 1 0 1 | e

Devico Code - Vin t jro o | o o] o ] 1 3]
@ 438 .
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ﬁﬁeﬂ. . ADVANCE INFORMATION

27256
256K (32K x 8) UV ERASABLE PROM

o Saftwere Carrigr Capabiiity o Industry Stondand Pinowt. . . JEDEC
. Approvad
@ 250 n2 Baximum Acceas Timo & Losw Powar
~-163 mA moan Astive’
a8 Teo-Lina Contral . : - L3 mA mae Standby -
B intgligart Igsntifier™ floda B htafnant Froarumming™ Algorithn

The bevit 27256 13 a 5V anty, 212, 144.-bit ultraviolat Ergssbie and Electrically Prog'rammsmo Haad Only Mamory
(CPROM). Organized an 32K words by 8 bits, individual bytes are acceasad in under 250ns. This is compatible
with high parfommance microprocessess, such as tha Intol 3MHz IAPX 183, sticwing fud sooeo opesmlion
withaut the eddition of parfermance-dagrading WAIT statos :

Thw 27250 anabl.,s implomentation of neve advancad aystems with fintredne kvicnsive architzctures. Tha
comblingtion of the 27255 high dansity, cast effactive EPROM starage, and niw edvencad miiroprocassors
having megabit addressing capabliity provides desigharg with GPESHURIES 0 erginast mf-%mndiy‘ high
sgilibliity, Righ-paricamancs systema

Tha 27256's largs storago capabliity of 32X bytes enshles itto function san Mgh dangity goitware carrisr. Entire
oparating systams, diagnostics, high-lave! languago progmms gnd spacialized application software can regitle
ing 27250 EPROM directty on a systam’s mgmory bus, This veould parmit immadinte microprocessor eceoss pnd
exztution of ealtware and eliminate the need for timy corgumng disk ahezress and downloada,
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_UV ERASABLE PROM FAMILY: -

EXPRESS
n 0-70°C Temporature ﬂunég 8 1680 Hour Burn-in Avallabla
Standard @ Industry Stendard Pinomt, . . JEDEC
- & Extended Temperature Rangs Approved

—40°C ~ +85°C Availabls
8 Two Line Contre!

u Ingpocted To 0,156 AOL

The Intel EXPRESS EPROM tamity is o saries of ultravioiet erasable and slactrically programmable read only
memorios whict have received additipnal processing to enhance product characteristics. EXPRESS process
ing is avallablo tor saverat donsitics of EPNION, Gltowing tho choics ot appropriate mamery S22 tomatch systom
applications. intn¥'s JEDEC approved 28 pin Universat Memory Socket provides the industry standard upgrade
path to higher density EPROMs

EXPRESS EPROM ploducts are svailabio with 16828 hour, 126°C dynamic burn.in using Intel's stendard bigs
configuration {equivalent to MIL-5TD-683B). This process exceods ar meots mest industry spacitications of
burn-in, -

The standard EXPRESS EPROM operating tamporature range is 0°C to 70°C. Extended opareling tempaeratura
range (—40°C to 85'C) EXPRESS products aro available. EXPRESS products plus military grada EPAOMs
(~55°C 10 125°C. provide the most complata choeice of sendard and exdended tamparatura rengoe EPROMs
avaitable.

Likn &lf Into! EPROMs, the EXPRESS EPROM temily is inspacted 10 0:1% electrical AQL. This may allow the usor
to reduce or eliminate incoming inzpectian testing. )

ares Irasa
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PIN CONFIGURATION
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EXPRESS

EFROM Preduct Family
Ploukuey Gperailng Bure-in
Accana Power Temporature 125°C
Typo Organistion (nz) Suppty e th
Qo781 2048:9 350 Y 2 10% 0te ™ 1638
Qbatis-2 052828 199 SV o 5% Qo 168+8
Qmrs o az0 5V = 5% ot 16828
wang 16280 ) oV x5 -6010 83 16320
1023718 fis2 2] 437 5 = 5% ~£3 30 G HOHE
QD2732A-2 206023 00 5V = 5% . 070 18328
QITIRA ATSAD 250 SV = 5% 0t 70 16320
OO2T32ZA-3 < 40E8x8 it SV = 5% Q1070 16828
GOTR A4 4083s3 450 SV = 5% OtoTO 16818
QDA A-20 L003x0 prived 5V = 1P Qo T0 180=8
QDTI2A25 Lo ] 50 5V = 10% 0to 70 16028
QDITIZA20 409823 foui] 5V = 10% 07 16328
LOATI2A Lo dadl 2% SV = 5% ~40 10 4% k<]
LD2732A4 40824 450 5 = 5% ~40 to &3 16828
LD2TARA-25 &08Rd 250 5 x 10% -4 o &3 16328
L0273 A-45 Lioeiia) 450 SV e 107 49 ta 69 16318
TOTNRA 409820 250 5V = 5% 40 t0 83 HONE
TOIN2 A4 40538 450 5V = 5% ~40 10 €3 NONE
O A5 405828 250 5V = 10% ~40 to 83 NONE
TDITI2A-43 40538 450 5V = 10% -40 10 85 NONE
QDares-2 61020 bris il 5V = 5% 0to 70 1668
QozI64 H182x8 ~ 0 SV x 5% Q1o 7D 18328
©02764-3 6193x0 30 SV x 5% 0t 70 16024
0027548 BICZ:3 i3 5V = 5% D170 16920
0nQrse-24 8102:8 0 SV = 10% [ ] 1684
00276430 3102:0 0 5V + 10% Ok 70 183:8
QO2re4-<8 1528 450 & = 10% Oto 70 16328
LDI784 5t000 250 = 5% -40 t0 63 183:8
LDYTe4-4 b15248 <60 3V : 5% ~40 to 8% 16818
LD2784-25 818228 250 SV = 10% ~40 10 83 16828
. L027c4-a5 81028 450 5V = 10% ~40 15 04 16828
TDITB4 3162xt 250 SV = 5% ~4010 8% NOHE
TO2704-4 8182x0 430 8V = 5% -4010 88 NOKNE
TOUTEA-28 8102x0 250 5V = 10% ~4010 038 NONE
- TOITEA-43 8102x8 L 5 = 10% -40 1o 85 HORE
QDN - 1838418 230 5V = §% Ota 70 188:0
C0INZB-I 163840 0 bV z 5% 0t 70 18028
.
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. EXPRESS
EPPOM Product Femily
{Cont.)
Maxtmurs Opersting Bum
Aztess Pewar Tempsratur 125°C
Typo Organtraiion {na) Supply (v} @)
QDIT1Z04 Hadxd £33 5V 2 &% Coho 346
Q02713803 1662482 pi] 5V 2 10% Oto?o 180s8
QD2T12543 153530 L) 5V = 169 03070 el
Lo27123 165343 - &0 &¢ 2 &% - K10E5 16388
LD2T1234 18384x0 [+ 5Y = 5% 40063 183¢l
L2720 13324x8 &3 5V« 10% ~-21063 18528
TO2r 1L 1638403 &0 &V a 8% ~e0 0TS HEHE
TD27134 prantehl LT ] SV & 0% -~ 500 ED HOHE
TORT 13545 RSB 430 5Y £ 0% ~ 20085 HORE
a—hy whve e (N s
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Aty b oy uh—A
*—a nh—vs gl Bt
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READ OPERATION

0.C, AKD A.C. CHARACTERISTICS

Elpctrical Parametors of EXPRESS EPFOM products are identicul ta st2nuard deta shadi parameters excopt

for:
[RERGIO)]
Nizrna bt TO2r32A TO2TER To27120
Syembod Prewmatcr LOXE LLATIIA hares whzrzn Toit Conditlona
n | Wiox | REw | htaw | Bl | Riax.j MAin, | Max.

Ton Cuiput Ensbite 1o ger

- Outpat Batay {ns) 158 CE ey
or Qutput Enatite tu S

Qutput Floxt () oy LE =¥y

[ Yoo Standiy Surrent{ma) | 45 50 .58 w Vi, OF « Wi
[ Ve Activa Curront fmi} 1% 125 125 J OE~CEwvy,
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NEGC
NEC Electronics U.S.A. Inc.
Microcomputer Divizian

aﬁ,"f\'&“‘v’v
A

Dagcription

- e
oy

Elociz Blageam

The uPD4016 is a 16384-bit static Aandom Accass Mom- .
ory davico organized 0s 2048 words by 8 bils. Using o —{H
scaled NMOS technology. its design provides tho easo-of- as o]
u3g features assaciated with non-clocked static memones., s o3
Tha uPDA016 has a three-state output and offers a i - w200y AERAY
stand-by modo with an altendant 75% savings in power SR> R o BT T
consumption. It {eatures equal accoss and cycie imas and A n E
provides an output enabla {unction that eliminates the need
for external bus bifers. The pPD4016 is packagedin a 49 o3
standard 24-pin dasl-in-line packiago and is plug-compsti- (AT .
blo with 16K EPROMS. {
Featwes \rotens - e ry—
O Scalad NMOS technology tx] = L?._.]
O Complately static memory: no clock, no refrash e Couuka BaLLer l
O Equal access and cycle timss L = ‘ ,i? B
O Single +5Vsupply oy o -
0 Automatic power-down o lAT
O All inpirts and outpuls diroctly TTL-compatinle itaue e
O Common VO casability o 16
0 OE eliminates nead for extomal bug butters
0 Three-state outputs et e
0 Pugcormpatble with 16K 5V EPROM3 : o
O Low power dissipation in stancby mode L
O Avsillable in a stundard 24-pin dual-in-ing package
A«:‘:Lv‘ Nvr Cycis —
2PORTEY 28m 13g 3 ce
PO T e o0 om W%_
gMig—l JR LY 149 na 14
Fla Contiguration
&palie Hostrnon Retlvgo®
T, = 25°C
Taraperature Under Bas .. ..., ... -10*Cto85°C
Steragro Tomporature ................. ~65°Cto150°C
Voltago on any pin vath respact 1o Groung 0.5V o 7V
D.C.OutoutCurrent ... ovels 20mA
Power Dissigation .................... w
*COMMENT: Exposing the davice to strasses above those
ksted in Absciute Maximum Ratings coukd cause perma-
nont dsmagoe. The davice is not meant to ba operated
unisy conditions sutside tha limits descnbed in the opera-
= tianal sactions of this specitication. Exposura 1o absolute
Doms dmum raling condibons for extended periods may
e aftect davico rababity,
- 4] Crep Baivct
b Ouiput Enebie
L__:'!; Oeta npnrt Ouiput Vg # 8370, tu 1 E05
Poiin N Lin13
q Groyen Purmnter gynenal f1my [ i | man | i et Caneouomn
Vv Tonis Ingrvk Capepissney Cuy s Tor |v.,, s OF
G oa[wE] wour o Powsn 40 Capacnons ) T 1pr ] Yug = 0¥
L2t | X 1% | 1ot Subected g2 [ Ty TR v avnsier I sarmphtd g nod KIT% bwrciedt
L4 N R Ot Actvw
N ER TN [ Active
LIs 1 L ] P Acyey
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HPB40ie

LC Characteriatics AC Characterigties
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6. Transinon is moesuced = 200mV from otoady 1ale VGHEQD with Bpes
mod leading in Fura 2.
7. Tius paramater i stinpled 6 it 100% Betad,
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wPDA018

ReedCpcatiat DO Q

[T

e
>

RetCychbaz O OQ

fordCpein a3 QO

Notas:® Address valid priot 10 o coincldant with C5 transmon for.
@ WEis highfor Read Cyclos.
@ Device is continuously selacted, T3 =ViL.,
@ OE=ViL .
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NEC DG

NEC Electronics US.A. Inc. o
Eicrocomputer Division yPD445-3

2048 >¢ B8-BIT STATIC CMOS RAM

- DESCRIPTION  The uPD446 in # high spoed, low power, 2098 word by 8 bitsmmtic CH40S RAM
tdriestod walng en edvanced tilicon gta CMOS tsshnnlugy, A unique cireyitry
technkyue makes tha uPD448 8 wery long opOrating Dowsr Savics whicky requires
no clotk or rafvashing to oxruts, Minl dby povRr Carment it droem by i
davics whany €5 sguals Vg indosenitetly of 1 otfst Input famsls,

Ttz retention Is pusreetesd 5t R pOnTy sply volzags o kow oo 1V,

The 0248 I pechegsd In o seoredard 33-pin dusd-intino pectias and is plugdn
compatible with 16X EPRGSY,

FEATURES o Single 45V Supply

Fully Static Oprration - Mo Clack or Fstrating roquineg
TYL Conwsatille — Al inprats amd Qurtparts

Conmnan 10 WUidag Thwee Starte Ouput

O Eliminates osd tor Extornel Bus Butfers

Max Acemis/Min Cycir Times Dovm t0 18D s

Lorw power Diaslpation, 18 mA Max Activd/ 10 UA Kax Stantyd
10 A Mt Dats Retention

Deta Retenton Voitsoe — 2V Alin

Btaradard 23-Pin Pisstic and Covivaio Pachames

Fhgin Compatilia with 16X EPROMs

Opwrsting Tempseatitzn Reey — -4 Q0 10540

e s ® 0 e

"

FIN CONFIGURATION
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HPDA4G
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TIMING WAVEFORMS WRITE CYCLE 2}
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NEC ;APD449-
NEC Eloctronics USA. Inc. - oDtz

Kicrecomputer Division 4PD449-3
2048 x 8-BIT STATIC CMOS RAM

OESCRIFTION  The uPD449 Is a high ipeed, low power, 2048 word by it static CMOS RAM fabri.
cated uting an sdvenced siticon gats CMOS technology. A unique circuitry techniqus
makes the uPD449 a very low operating powsr device which requires no clock of
refreching to operate,

Sinoe the device has two chip enatla inputs, it is suitzd for bmury backup spplies-
tlons, Minimurn standby power current 18 drawn by this device when GET or CE2
equals VOG indspandentiy of the other inpit levids,

. - Data Ratontion is guarantesd 2t a powst wipply voltags o1 law 2V,

The uPD448 |s packaged In a standard 24.pin dusl-indine packegs 2nd is plug-in com.
patibla with 10K EPROMs. '

FEATURES

» Single +5V Suppiy
o Fully Static Operation — Mo Clock of Refreshing required
- » TYL Compatible - All inputs and Outpurs
® Commen Data [nput snd Output Using Three-State Quiput
¢ Fwo Chip Enable Inputs for Batiery Operation
' * Max Accest/Min Cycle Times Down to 150 ns
¢ Low Power Dinsipation; 18 mA Max Active/10 A Max Stendby/
10 uA Max Data Retention
N « Dsta Retentian Voltsss . 2V Min
- + Stenderd 28Pin Plastic and Ceramic Packagns
o Plug-In Compatible with 16X EPROM;s
s Oparating Temperature Renge =40°C to +85°C
PIN CONFIGURATION 4,5 M 24 dvee
T I 23{J%
. AsC]s 12{1%
Al 21 (6E
n(ls 20 358 PIN NAMES
L im ] ‘z‘; 19 Mawp | poAto Add": m:'“
o we write Enab -
mgr 10 DIEE | SETERZ| Coro Enabile Irgats
2l 17 Puoa TIOL1108 | Data ipatiOutout
- wiC]e 18 [Juoy Ve | Poven 1951
s wa]te Lys [} GND | Growrdl
v 1a i -
axoll]12 130w
TRUTH TASLE
! - 8h | £tz | Wik MOOE L) 16e
X " % { NOTSELECISD | WZ STANDDY
H L X { NOYSELECTED | w2 STANDBY
L L L whRite om ACTIVE
; L L H f READ Dour | AcTivE
3
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Input or Qutput Voltega Supplisd .. ... ... ........ .. .. =031 Veg +03V
Storzne Terperature RARDE .. .. ..\ ittt inet e -§5"C 10 126°C
Operating Tempersture Rangs , .. .. ... e =010 #55°C
Ts = 26°C

*COMIRENT: Strom shove thosa listiad unger "Axuclute tarimum Ratiags™ may csust poemsmint
dompge to the devita . This s 0 stre rating Onby ynd functionsl oparation of the devior st thied or
any other conditions #hove thaed indicated in the orarstionsl sactions of vl ipeciilaation b not
implied, Exposure 1o sbiolute i 18ting tor coriocs may ettt Savice
rellehtity, .

Veg ™ BV £ 10%, T, ~40°C to +85°C

LIMITS EP33]
PARAMETER symaow [ § Tve MAX UNIY | cominosg
Input Migh Voltaes [ 23 vee 03] v
Inpul Low Volisgs m 0.3 08 v .
Input Lesksga Cus reor ) -10 10 A Yin*0>Vee
. Vet or
. VeEa s Vin
10 Lwhagt Current ka 10 1§} wA o Vieg *ViL
Viip 8- Ve
VT
1 27V
[ ] © O] ~* loeo
MINTCYCLE
» VEE Y and
Ommating Supply Curiant | topag 5 Ri) A '\/g; ;v"'
=
DC CURNEWT
. VETY ot
vty »02v.
eeas | 30 10 sA |V vpg -0
. . o 0.3V
a0
Vo VE2 -
sy Cuerent tees 1] ah Ivpe oo
Orrpant bvgh Vot [ 74 v
Outpunt Low Vol e Vou T oA v

water (5} sPOE 12 mA TYP, I8 mA BAX
#POAID.5 FA A TYP, 28 mA MAX
HPOMG-2. 20mA TVP 30 mA AKX
SPOHDI; 25 mA TYP, I8 sk MAX
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pPD449

AC TEST CONDITIONS input Pulse Levels 0.8V 102.2v
{nput Rise and Falt Time: 10 ns
{nput and Quiput Timing Referenca Leviis 1.5V
i Qutput Load 1 )‘TL + 1InF
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National
Semiconductor

PRELIMINARY

NMC6164/6164L 8192 x 8-Bit Static RAM

Gemneral Description

Tha NMCB164/0164L i3 a 8102:word by 8-bit, now-gonere
thon static RAM, It in fabeicated with National's propro-
tary microcCMOS double-polysilicen technology which
cembines high psrformance and high density with low
power consumption and axcollent rsliability.

Tha NMCBI84A1G4L oparates with a single &V power
supply with = 1)% tolorance, Addilional batlery backup
cparation Is available (L varaion) for data retention dosn
1o 2V, with low standby current.

Packsging 13 In standard 28pin DIP 2nd is avaitable in
both plastic and CERDIP.

Features

@ Singlo power supoly: 5Y £ 10%
© Fasl sooesa tirve 100 nat 120 nsf 130 ma max
0 Equal acceas snd cyclo times
@ Compistaly atztic RAN: no clock of thring staede
required .
0 Low standly powsr and 0w povasr Cperation
Standby: 10 pW, lypical
Opsration: 15 miWiaHs, hplcal
@ Cottory baehap oporation &railaddo (L varmler) with
data rstention supply voitags: 2V-5.5Y.
a Commin data input and output, TRIESTATE? oulput

in addition 1o the inputs and oulputs being TTL st
bia, the Gutputs 116 aloo CMOS compatibly, in thst copmn
cittva loags pray driven (0 Voo OF Ve,

Block and Connection Rlagrams

8 TTL patible: aif inputa end outpuls .

@ CarOS compslbéx outputs drive capscilive kda to
Voo 601 Ves

@ Slzndmd 20-pin packnpe configuration
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4 Lo B 0 B it s nt-5
: e S b afd b gt
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: Conditlent
Min Yiex Unity
Voltago on Any Pin Relativa toVy, -08Vio =7V - - Vg Supply Voliaga a8 25 v
Starage Temporature, Tyrg =55'Clo +128°C Vas Supply Vultage . 0 0 v
Temperature Under Bios, Tpeas -10°Clo +85'C Vigs, input Hiph Vailegs -
Power Dissipslion, Py 1.0W (Loglc 1}
Currant Thiough Any Pin 100 mA L 22 an %
CHOB Veg=02 Vo402 v
Yoo input Lo Voltege :
{Loglc &}
T ~03 0.8 . ¥
Cri05 -02 0.2 v
Toen, Qoerattng Temp [ 10 *C
DC Electrica] Charactoriatios at reemmondod enamitng conditers
Symbol Perzmagtar Coditlens Ll Max Uit
Iy Input Leskaga Current V.Nf. Ves t0 Ven -2 2 e
Yo Oulput Laskago Cument 551 5\\,{‘“ ?r FS‘:" =Vig or Qe Vi -2 2 T opA
W= Ve 10 Vi
All Inputa at TIL Lovels
teee Active Quisacont Cutroat, TTL Co1eVy, TTLOr C8ImVp, TYL. . 5 ma
e a O mA f
S, All Inputs st CMOS Lovels 2 mi
len Activa Quisscant Cerrent, CRO5 ) C81= Vp, CMOS angd OS2 = Wy, €105
L Iy m O A o A
. Lty Gyoiaw 1X0%
| Avataga Gpatating Currant, TTL Al Inputs et TTL Lavais €0 maA
cet
3 rpp - MO Cuty Cycla= 100% "
HAworsga Opeeating Gumont, CHOS A inputa at GMOS Lewels 40 wh
St | 51 Vi, TTLOF G822V, THL 4 mA
Isp T Elencisy Powsr Gupy Cunent lop= 0 5 "y
Sid. Pt 2 mA
s8¢ v Standby Pover Supply Current CS1m Vi, CM03 0or CH2~ Yy, CMOS o™ -
i
v, Output Low Voitage, TTL log = 21 mA 04 \'4
> Quiput Low Voltage, CMOS fou= %10 A -0z | o0z | v
v Output High Voltage, TTL lons =10 mA 24 v
o Output High Vollage, CRDS lone 210 pA Voo 02 | ¥on+ 02 Y
Capacitance . . . _ ' C
Symbol Paiemetor Conitions Bax Uitz
D G, input Cepecitence V= OV (Noto 8) [ pF
Cro Tput/Quiput CapReltencs © Vom0V (Note b} 8 pF
[t A )
. N . - .
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AC Electrical Characteristics ota 1) (stanasr snd L Versions)

NISCO104/8184L
Symbod Paramatar -10* -12° -15* Units
‘ Bt | Mo | s [ mex | wn ] oaex

READ CYCLE (Note &)
lae Read Cyclo Timo 100 120 150 ns

Tlaa Addrass Accass Timo 100 120 150 | na
icor | Chip Selection (C5) to Output Valid 100 120 150 | ns
tcor Chip Seloctlon (CS52) to Output Valid 100 120 150 na
tor Output Enable {OE) to Output Valid £0 73] e | ns
Wz Chip Sedaction (CST) ta Oulput Active 10 10 15 ns
1% Chip Selection (C52) to Output Active 10 10 15 ns
latz . | Output inabla (OE) 19 Output Active 5 . 5 5 na
Iuz Chip Doselection (CS1) to Output In HI-Z (Mates 2and 3| 0 35 0 £0 0 50 i)
thna Chip Deseloction (CS2) 1o Qutput in Hi-Z (Notes 2and )| 0 s 1] 40 0| % ns
touz | Output Disable {OF) to Output in HIZ (Notes 2 and 3) 0 2] [} 40 ) 50 3
toya | Output old from Addinas Chanas 10 0 15 ns

WRITE CYCLE
lyee Writo Cy:le Time 100 120 150 ng
tewn Chip Selection (C51) * End of Writa {Nota 10} £0 85 100 m
lewz | Chip Selection {C521 1o End of Wrlte [%] 05 100 ns
tag Addreas 3et-Up Timo (Note 7) (4] Y 0 na
taw Addraas */alid to End of Wrila G0 85 100 ng
bwp Wrila Pulsa Width-{Nota &) ] n 137 ne
twar | Write Recovery Time from €51 (Noto 6) [} 5 10 n3
whz Wrile Recovery Timo from CS2 (Note B) a [} 10 ns
iz Beginning of Write to Output in HI-Z {(Note ©) a 3 0 40 4] 50 na
tow Data Valid to Weits Time Qverlap 35 40 20 na
tom Data Held trom End of Writn 0 0 [ na
towz | Output Disabla {OF) to Output in Hi-Z 0| 35 0 40 0 50 | ns
low Qutput Activa from End of Wrile 5 ] 10 n3

“ApDlan 10 Slanaied dind L Vwslons, .
Yote 17 AG towt conditions Ty 0°C to + 10°C, Vg w5V 2 1%,
NS T by andt sz, B8 AB1INSS B8 L1 time At which (he ourtnety schivm (he onan e dt CANting pe mp e tmremisnay
High (0 TRESTATE measumed &8 Vi, (0C)- 01V
10w to TRILGTATE mersurad as Yy (0C) + 0.1V
Reba X5 A dry Glend Wi ki@ 60d wealarn sadiliont, lez puax 1t Hian I g wow, Badd o7 © Ghvect Covin el 1oy Covian 10 Geelca,
Wote & WE ie high for rerdd cytie, .
Mats & Ty w 25'C, Lo 1.0 MHL This paameter I8 sarphad £nd not 103% 133ted,
%ete & A witte 0cCrs tring INs overan (gl o 80w CS1 end a bigh CEZ enda b B2,
MR T g is meoeursd rom (he addraea changas 10 the bepinnang of the wils,
Wetm 8 lyyp (s mansured brom lie carilest of $351 wmnorna high ot £82 gaing kow 1o tne erd of 152 wrile cysts,
Wute & 1t $T7 1 iow and C3210 high dwing this pariad, VO pine &rw b 1ha oulput state. AL this tyma, the dxLe wipul 8520813 0f CTNR0NS RIS 0 Has Situts
"uad nel be appited. R
Ysia Mz 11 tha TIT tow ensition occun simultsnecusiy with 1P WE low Iranatthon of ethor MWEMMMM, Wy Atrrin wHi Kymicsin bn @ HE-Z BIAle,
Mok 11 €332 controts the eodiens byfters, VYE butter, G5 butter, By, butter nd OE bultar, Wik G52 GoNTIOH 1he 64t MEEAtion MOGa, Vi el (60008A,
8. €39, BH) con e in 11 hrgh IMpedsncs state, Whan CS1 controts the v retentian moda, C5 mutl DE at Ve, GHOY. A% ot Inpul vt (todrin,
#£, 110} can b9 In the Rign mpedanc e siads,
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AL TertLesd
AC Test Conditions:
Input : : : Waun &
pulse lavels Viy= .0V, Vy = 0.0V |
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Timing Waveforme
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1 MACROENSAMEBLADOR

1,1 INTRODUCCION

El mseroensamblador es un rrodrame aue traduce mnemonicos del
microrrocesador ZBO a3 codidos de maoauina pJdecutables., Los
gnesontcoes ¥ codidos de orevacion son identicos a los utilizados
por HOSTEK v ZILOG en su litervaturar excerto ror las diferencias
aue repraesentan facilidades del ensamblador,

El prodgrams es wun ensamblador de dos “rasadas®. Ern 1a
primera identifica otiovetss vy variables, v en la sedunda denera
lus codidos de operacion dando como resultado wun listado con
monsaJdes de errorr focilidedes de lectura v una lista de
referencis de variobles. Adisionzlmente srororciona un  archive
con un  etrodrame  obdetoc ous puede ser usado rara curdas en el
LINK-LOADER o bien un modulo obdeto pars el sHrobade de PROMs o
EPROMS «

El rrodrama se distindue ror su caracidad de manedar mascross
ensaables condicionalesy direccionamiento simbolico u relativos
evaluacion de exrresiones compledasr deneracion de uwn  listado de
referencia u versstilidad en sus modos de direccionamiento.
Adicionalmente el rrodrama es caraz de denerar datos en wmuchos
gistemss de numeracion ¥ codidgos como ASCIY o ERCDIC.
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MACROENSAMBLALOR Z80

1.2 LENGUAJE ENSANMBLADOR

El lenduade del ensamblador nos brinds una  manera  facil e

CiEar FIoETdinen Fdre microsislenss con lan sizoieniew yanledoss
A Foullided de denerduiun de eruscongs 2 MmO icus
* Fewilided e modificacion,
% Listados de facil leclurs » enlendimiento.
¥ Generecion de modulos accesables en lenduade de macuing,

Y ha sido disenado wara sorovtar las caracteristicas
siduientes!

ManeJo de codidos de oreracion de mremonicos.
Dirvecciones ssidnadas o refevencisdas.
Dirveccicnamiento relativo.

Comandos rara crear datos,

Comandos para reservar fiemoria.

Comandos de cantrol rara el lislodo de salida.
Direccinnamientos constantes.

Lodigas due caracteres ASCII o ERCDIC.
Comentarios para documentacion,

Listado de referencia,

Modulas ledibles o modulos obdeto,

I I I X € B I M I I

Un prodrams en lenguasde ensamblador eés un areéhivo escrito en

lenduaJde simbolico de wmaauina (nnemonicos), El prodrama los
coarrime en estatutos’ um estotuto es wun  instruccion simbolica
(mnemonicos) s una diveccionry una instrucecion macro -] U

comentario,
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LENGUAJE ENSAMEBLATIOR

1,2.1 ESTATUTOS

Un estatuto es un dato aue se asume eservito en un vendlon  de
80 columnas en ls forma siduiente?

I eticuetas gFeracion orerandos comentarios

£1 camro denominado "eticuetss® es erovisto rara  asidrnar un
rambre simbolica 8 una direccion de mewmoria o a on valor variable
o constantes El camro de etiauetas ruede emprezer on cualaedier
columna si eg terminsda ror una coms o emrezando de 1o columna una
omitiendola., U eststuto ruaede consistir unicamente  do una
eliaueta.

El camro de *oreracion* ¢4 provisto rare  esreciticar  und
ororacion simboliear una  diveccion o una 1lamada o an moacro. 531
asla rresonter ruede emrezar dospues de 1a columns uno o estar
sergrads dol comeo g0 eticuptas For URO O BB CSFICIAN O MRS COMT.

El cameo -del *orerdndo®  es Froveldo Fara especificar
ardunentos o la  avervacion dada on ol campro antorior, U cameo
del arerandoy 51 csta rrosertos esy serarado  del  canre  de
oreracion For  uno QO ma3s esraeion.  Los ardumentos en el camro de
orerandos no dobens esbay e blances o ror ks de dno
Ccoma.

sarandes

o para deshehilitar el
gnsamblador o sars  FORET menssdes  averes del Frorosito de 1a
instruccion.  [El camso de los comentarios debe estar  serarsdo  de
el camro anterior ror uno O mas blanecos o #opr U PUNTO W Ccoma.,

El camro de compntarios o5 provis

s comrletanente o blancory on CUda ©as0
cra on el tistodo de wolida.

Un sstotuto ruede o9
una lines on blanco agrarce

1.241,1 COMENTARIOS

Un eomentario es un estatuto el cual no es ensamblados
solamente es reproducido en el listado de gsalido. Este estatuto
gsta indicado ror un asterisco o un Punto v coms como €l Frimer
caracter no blanco en la linea, Had cue tener cuidado cuando se
usa asterisco wrara  indicar un comentario- porceue ruede s@r
interrretsdo como una directivo del ensamblader. 8Si un asterisco

. - . S 176
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MACROENSAMELADOR ZB0
es usado para indicar un comentarior es recomendable iniciarlo con
U @SsPacio.

dotalt!, Si el asterisco ararece aen la columna uno el
ensamblador suede recorocerlo como wn directivo.

! jeste es un comentario

Adicionalmenter las columnos de la 73 a la B0 nunca  son
procesadas v »ueden ser usadas rars cuslauvier eprorosito. ‘

1.2:1,2 DIRECCIONAMIENTD SIMBOLICO

Cuando se escribe un grogdrama en  anemonicoss los  orerandos

son  expresados en muchas ocasiones en forma simbolica. El
rrodrama ensamblador reconoce este tiro de direccionsmiento v rara
arrovecharlo solo es necessvio colocar etiouptrs @ los estatutos

rosteriormente referirse a ellas en los ardumentos. Por  edemplo!l

L.ooF LI AR

JR ZrLOOP

. Tambien es rposible direccionar localidades cercanas 2  las
etiouetas definidas utilizando los operadores + o -, Por edemplo!

JP BEGIN

JR PEBEGINGS
BEGIN LD ArR

HALT

Le Co'p’

INC B

En el eJdemrlo anterior la instruccion *JP BEGIN® se refiere &
18 intruccion °'LD AsR" mientras aue la intruccion "JR PEsDEGINtA"
se  refiere a la intruccion °*INC B°, BEGIN+4 sidnifica 1la

Pﬁﬂﬁﬁg 4



direccion BEGIN mas custro butes
Notese eue no deben existir esracios

1.2,2 SINTAXIS

El lenduaJde ensamblador es como cualauier otro

deciry

tiene wun set

Y Fi0 mas

entre 1

de  caracteresr un

LENGUAJE ENSAHRLATOR

cuatro  intrucciones.
us oFerandos.

lenduader es

vocabularior redlas de

dramatica ¥ la rosibilidad de definir nuevas rpalabiras o elementos.

Para aue un estatuto seas ensamblado debe estar

escrito de acuerdo con las

redlas de sintax

para roder ser recoracidas ror el rrodrama.

1.2.2.1 SET DE CARACTERES

La siduiente licta do coraclores
puete reconocer,
a excerpcion de los
Huchos de

otror

denerara un
un sidnificado rreviamente definido encerto cuando se trata de

Son

error.

caracter constonte.

W sempe |l e AV

ABCDEFGHIJKLHNOPOR

blanco

RaYoOr aue
menor aue
comilla simrle
coma
mas
menos
amrersand
adriracion
conillas dables
sharp
porciento
tarra vertical

40N
unlcos caracter
se usen en el e
los caractere

los
aue

CARACTERES ALFABETICGS

S

CARACTERES NUMERICOS

01234685 478¢9

CARACTERES ESPECIALE

W ~He&\NW

3 | woee

P
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Anterrodacion

correctamente
descritas enseduids

is

los wue €l srodramng
es validos ¥ cualauier
amro de  comentariase
5 esreciales no tienen
un

TUVUWXYZ

diadonal

FES0S

asterisco
rarentesis izeuerdo
rarentesis derecho
arrobs

runto

dos Puntos

punto w coma

igual

underbar .
diagonal inverss



MACROENSAMBLADOR Z80

1,2.2.2 CONSTANTES

Una constanmte es un valor cue rermanece invariable u  existen
muchas maneras de especificarlas en el lendusde ensamblador.

Constantes decimales rpueden ser especificadas como una
secyencia de caracteres numericosy precedidos ror un sidno mernos o
mas.s Si no ests sidnador ¢l valor es asumido rositivo,

Los valores nedativos se codifican en comrlemento 3 dos 4 son
evaluadas en cantidades de 16 bitsy es decivr en module 65336 rar
10 aue no se debe intentar evaluar numeros demasioado dgrandes o un
error sera denerado.

La siduiente lista indica los decrirtorves disronibles 4  su
sidnificado, 9S1i no se da descrirtor el numero es asumido decimal,

= Bimario
Octal

- Octal

- Decimal

H = Hexadecimal

Doo™
i

Usando los descrirtores anioevioresy debp colocarse un cero a
13 izauierds clando se utilicen rumeros hexadecimales aue emriecen
de la & a la F. Edemrlo de constantes son los siduientes?

100118 25 OFFH 13770 2550

Un ecarscter constante en ASCII o en EICRIC ruede ser
esracificado encerrado con comillas simeles rrecedido rFor una A
para codificacion ASCIT o una E rara unpa codificacion EBCDIC. 8i
no 4@ da um descrirtor el carvacter se asume ASCIT. EJemplos de
esto se daon enceduridal '

- LD ArfYLY
LD CsE’A”
ofr ‘07

Para aldunss intruccionesy la constante pruede consistir de
dos carscleres, Los ecaracteres son cardados en los redistros en
el orvden en auer esto esy el estatuto!

LD HLy’-1’

asidnara el codigo ASCII "—-* 3l redistro H w el ASCIY *1* al
redistro L.

Una conJdunto de caracteres ruede ser esrecificado wusando
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PAGINA &



LENGUAJE ENSAMRLATIOR

DEFBy DBy DATA o LEFW. Los coaracteres declarsdos medisnle estos
oreradores se definon de idual marnera rarva ASCIT o EBCHICY rov
edJemnrlo?

ATCOLIGO NE TELETIFO
E‘CODIGO DE TERMINAL'
C 12377

Notese aue un bute de memoria es ocurado ror cads codidgo de
cada caracter en forma secuancial con el svimero disronible cuando
son definidos mediante HEFE, DBy DATA O TEFY.

Fara dererar el codide de una comilla simerle se esrecifica
con dos comillas simeles consecutivasy edenrlo!

‘DONY T’

1.2,2.3 SIMBOLOS

-Un simnbolo es una secuencis de caracteres. El primer

caracter en un  sinholo debe ser alfabeticor sisno de
interrodacions arvobar slidno de admiracionr rovcentade o underbar.
tos caracteres aspeciales, excerbuando los enunciados

anteriormenter ne deben  ser usados en la definicion de simbolos.
Tamroco son rermitidos blancos intevmedios.

Solo los primeros seis caracteves de un simbolo  son  usados
por el rrodgrama para definirlod los vestantes rsueden ser usados
pars documentacion, La tesbla de simbolos del erodrama ruede
contener hasta 200 diferentes definiciones.

Los simbolos son usados sara representar vselores aritueticosy
direcciones de wmemoriar 8rredlos de bitss  ete. Edenrlos de
simbolos validos son . los siduientes?

LAB 1
MABK
LOCP_.NUM (E1l simbolo solo eg LOOP.N)
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MAUROENSAMELADOR 280

1,2,2,4 SIMROLOS ESFECIALES

El ensanblador tierne 20 simbolos reservados aue corresponden
precisanente 3 los nombres de los redistros interncs o codidos
condicionales definidos ror ZILOG, Estos simbolos especiales o
son duardados en la tabla de simbolos ror lo aue rueden ser usados
como eticuetas, Dichos simbolps son los siguientes:

A B C n

E F - i L

BC BE HL SF
AF AF X 1Y
1 R Z NZ
C NC PE PO
F . 1]

El ensambilador denerara un error si se atenta ussr uno  de
estos simbolos. donde no es reauerido o si no es usado donde se
.-reguiere.

Exiten acicionalmente dos simbolos aue denotan el stack u
sedmentos de memoria de un prodranay estos sond

STACKR - MEMORY

Finalmenter existe un simbolo sredefinido llamado *HARG® 4 es
usado para rerresentar el pumero de arvdumentos pasados en  una
llamada .de macro.

1,2,2,5 CONTADOR DE PROGRAMA DEL ENSANDLAROR

DBurante el proceso de enszablado se mantiene una variasble cue
contiene 12 direccion de la siduiente localidad de memoria llamada
CONTADOR DE PROGRAMA del ensanbladerv. Es wusada por este para
asidnar direcciones a los buwies ensssblsdoss sin embardor ests
disronible t8mbien pava el prodromador,

El caracter *$" o5 el nombre simbolice del contador de

prodrama ¥  ruede ser wusado .como cuplauvier otro simbolor rero no

. ararecer-en el camro de eticuetas. Cuando se wuss el *$' el
prodrama asume cue $ = mi miswma direccionr ror edemrlo?l

I IR %

La intruceion 4. g31to relativo se encuentra en la  direccion
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LENGUAJE ENSAMELADOR

JF v es codificada como wun salto 3 si mismo. E1 CONTAROR RE
PROGRAMA tiere en este caso el valor de 3F,

1,2.2.6 EXFRESIONES

Una exrresion es una secuencia de wuno o mas simbolosy
constantes o de otras exrresiones. Las exrresiones son evaluadas
de izquievrda a devecha sudetas 3 las rrioridades cue se muestran
sbado, Los rarentesis hacen aue las rrioridades no sean tomadas
en cuentas Las oreraciones y erigridades son mostradas enseduida
de la mador & la menar,

PRICRIBAD OPERADOR
1 + (sidno rositivo)
- (sigio-nedativo)
2 - %% (exronenciacion)
3 X (multirlicacion)
/ (division)
«MOD, (modulo)
+SHR (corrimiento a la derecha)
+GHL (carrimiento a la iranuierda)
4 + (gumal
- (resta)
9 y +HOT (NOT lodico)
é Zr AN, (AN lodico)
7 HERY I (OR lodico?
+XOR. (OR exclusiva)
8 =y oEQ (idgualdad)
EEYC) I (mawor oue)
Ly ol.To {meror aue)
+UGT ., (mavor que sin sidno)
JULT (menor oue sin sidno)
9 JRES, resultado)
10 LOW. (8 LSB)
. +HIGH. (8 MSH)

Las oreraciones de comparscion dan como resulisdo todos. los
pits *1* si 1la comearacion es verdadersar w todos las bits *0* si
la cowraracion es falsa. Los oreradores .GT. o .LT. realizan la
comparacion con numerogs sidnados ror lo que si son mavores de
32747 seran  tratados como nedativos. Los orevadores JUGT,
ULT.  reislizan las comraraciones si tomar en cuenta el sidnos

El orerador resultsdor +RES.r no realiza ninduna funcion eqro
50 da rara compatibilidad con otros ensambladres.

- Los oreradores de corrimiento («S5HR. w J8HL.) realizan  su
funcion tantas veces como lo indicue el ardumento  antes del
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MACROENSAMELADOR Z80

or¢rador sobre el  argsumento esrecificado desrues de el l.os
lutiares dedados a la izauierds o derecha son llenasdos con ceros.
EJemslol

DEFR 2.8HL BIT

Los oreradores +HIGH. w  LLOW. se dan para awudar al
rrogramador 3 definir wna direccion de¢ dos butes en forma
individual si se desea.

Una exrresion debe resolver un valor unicor consecuentemente
no se rermiten argumentos caracteres (a edcercion de londitud 2)
debido 2 que 3zon procesados en modulo 655346, Atentar contra esto
denerara n  sensade de error, Edemplos de eupresiones valides se
dan enseduida’

PAM+3 LOOP+ (ADDR.SHR. 8D
(PAMHEAGH) /7CAL VaLl1,EQ.VALZ
IDAK .AND, 200 L0 EXPR

Como puede verser los blancos intermedios no son rermitidos,

FPara ciertos memnonicas una exrresion encerrada en
rarentesis indica una direccion de memoris. Pare dndicar valores
inmediatos en una exrresion encerrada en rarentesis se ruede hacer
colaocando un gidno mas ol rrincirio del vislor.

1,2.2.,7 DIRECCIONAMICENTO RELATIVO

Para acuellas intrucciones cue usan direccionamiento relative
(JRs DJINZ)» @l contador de rrodramae $» pPuede ser sustraido o no
de la direccion relativa derendiendo si se esrecifica LIST o NLIST
(exrlicado mas adelante). [le esta manera el usuario puede definir
gl dirveccionamiento relative en cuaslauiera de las siduientes
formas?

DJNZ MAIN DUHZ HAIN-3%

Aunaue el default es "$" v no es pecesario esrpecificarlor se
recoriends usarlo pars decir exrlicitamente al ensamblador aue va
a nacerr sdemas de que ciertus errores pueden ser detectados solo
con esta orcion.
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1,2,3 COMANDOS DEL ENSAMBLATDOR

Las comandos del cnsoemblador son directivos aue emriezan  con
un asterisco en la columnz yno. La columna dos identifice el tiro
de comanda. El  uasuario debe sepr cauteloco con el uso de estos
comandos cuando denota comentarios con un astericeo en la  columnp
unt, Derendiendo de que  caracter se encusntre en la columna Oy
ruede sar  Lnterrretado como  camando I¢] T, l.as comarndos
eauivalentes a log directivos corresrondientes  se dan a
contiruacion.

¥EJECT CHCy
FHEADTNG & TITLE 87
RLIGT Ul LIST §
¥LIST OFF HLIBT &
FHACLIST O LIST M
AMACLISY OFF NLIST it

1.,2.4 DIRECTIVOS

Los directivos del rrodrama son  escritos come  estatutos
ordinarios en el lendguade ensambladory rero no son transladados a
lenduade de maauing sino aue son identificados como comandos para
el control del ensambiado.

A traves de estos divectivos: el enssublacor TESRTVara
memoriar definira hutes e datosy  asitdnars valores o simbolosy
controlara los listados de salidar eoto.

ffatn sececion describe todos los directivos excesto  aouellos
asociados con ol ensamblado do poeros o roloealizocions Aldunos
directivos tales como ORG se arlican 38 ensamblado absoluto o
relocalizado y se discute on ambas secciones.

tLos directivos descritos en esta seccion sont

ORG : Coloca el origen del rrodgrama.
END Fir del ensamblado.
EQU lduala un simbolo a una exrresiaon.
DEFL Define o redefine una eticueta.
DEFD fefine butes.
B lefine butes{como DEFR).
DATA Define butes (comoc UEFB).
DEFUW Define malabras.
D Iefine ralabras{coma DEFW),
DDR lNefine-butes dobles.
DEFS Define memoria.
184
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s Define memoria(como DEFS).

DEFM llefine mensades.

SPAC Da lineas en el listado.

EJECT Avanza el listado a la siduionte radins.
TITLE Coloca el encabexado del rardrawma.

LIST Lista los elementos esrecificados.

NLIST No lista los elementos esrecificados.
COND Ensamble condicional.,

IF Ensamble condicional{como COND)

ELSE Ensamble condicionagl alternativo.

ENDC Fin del ensamble condicional.

ENDIF Fir del ensamble condicional(caomo ENIRC),

En 1as siduientes descrirciones los rarentesis {} son usados
paTa indicar arcionalidad,

1.2.4.1 ORG

Coloca el oriden del eprograma (En modo no-relocalizable).

El directivo ORG es usado rara informar al  ensamblador 1la
direccion con la cual dehgra ser asidnado el siduiente bute
ensamblado. l.os sybsecuentes butes seran ssidandas con
direcciones secuenciales emrezando con esta direccion.

81 el srodrams no tierne un ORG como wrimer estatutor un *ORG
0" es gsumido v e) ensamblador empicza en la direccion cero en el
sednento absoluto del rrogramar esto esr» el pFrodrama no sera
relocalizabler 8 menos aue se esrecifiaue lo contrario.

+ Aetiqueta) ORG exPresion

donde !

Etiaueta -Es un siwbolo orcional el cualrsi esta rpresentey
sera idualado a la exrresion dada.

Exrresion -Un valor la ecual reemrlazara el contenido del
contador de prodrama del ensamblador con el valor
esrecificado, Cualeuier simbole utilizado debe
estar previamente definido. '
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1,2.4.2 EMND

El directivo ENI' es usado rara informar al ensamblador que es
el ultimo estatuto aue debe ser leido e indicar 1la direccion de
comienzo del modulo de carda, Cualeuier estatuto aue sida al
directivo END no sera pracesado,

-Esrecificando una direccion de cardado en este directivo
tambien informa al cardador aue este es el erodrama rrinciral.  Si
son combinados multirles modulos de carda eor el Linkind Loaders
so0lo un modulo puede ser esrecificado con una direccion de cardado
y de esta manera sea un erodrama errineciral,

EJemplol

END MAIN

H END {auprasion)
donde!
Exeresion -Es una direccion aue va a ser puesta en el final
de el record del modulo de cavrda e informa al
cardador donde va &8 emrezar la edecucion del

prodrama. 851 la exerresion no esta esrecificaday la
direccion de cardado es ruesta a cero.

1,2.4,3 EQU

E)l directivo EQU cause aque ¢l ensamblador asidgne un valor
rarticular 8 wunp etiqueta no definida, Este wvalor ruede ser
absoluto o relocalizable,

Edemplo?

SEVEN EQU 7

| etiqueta EQU exFresion
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donde !

Etiaueta ~Es un simbolo definido ror este estatuto.

Exrresiaon -Eg una expresion ls cual wvaluara a la etigueta
dada durante todo e1 ensamblado. 851 se intenta
ravaluar 13 nisma etiauetar se denerara un mensade
de error. Cuzlauier simbolo wusado en esta
estrresion debe estsr rreviamente defTinido. Na
rueden ser usados aaul simbolos externos.

1.2,4.4 DEFL

El direetivo DEFL. asidna a un simbolo un valor earticular:e
rero 8 diferencis del directive EQU pusde haber multirles DEFL a1
mismho simbolo durante el ensamblado del mismo prodvama, La ultime
definicion de el simbolo es la aque esrecifics su valor,

Eliemrlo!
;o NEFL, 5
GO DEFL GO+10

! etiaueta DEFL exrresion
donde?
Etiaueta ~Es un simbolo definido ror este estastuto.

Expresian ~-E¢ un valor que se le sera asidnado a la etiouetos
dada a wmenos aque sea cambiado ror otro DEFL.,
Cuslauier simbolo wusado en esta exeresion debe
estar previamente definido., Los simbolos enternos
no rueden ser usados aqui.
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1,2.4,5 DEFB DATA DR

Los directivos DEFEy DATA, DE son usados rara  definir  hastn
70 bytes de datos. El ensamblador colocara un buyte si se ds una
exprosion 4 varios si una ealabra de dos o wmas  caracteres  se
especifica, Todas las exrresiones deberan valuar un solo bute o

ur mensade de  error se  denerara.los valores nedativos A
cadificaran en comrlemnento a dos.  iEn una exrresion relocalicable
ruede Ussrese los oreradores  JHIGH. v LLOW. .81 cuslanier otro

orerador es wusadoy  sers  deneradn  urne errvor v el orerador JLOW.
sers ssumido.

Edemrlal

74 11 00 ITEM DEFB $L22:L750
06 1F 42 14 DATA &« 1FHy "A+1322Q
/
7/
I {etiauetas) DEFER orerandol r(orerardoRree
i ODATA
H ne

donde!

Eticueta -Es un simbolo orcional el cual sera asidnado con 1a
direccion del rrimer bute definido.

Orervando ~Es una euFresion evaiuado conteniende un byte o un
caracter constante o une variable alfonumerica en
ASCLII o en ERCDIC de hasta 70 carscteres.

- 1.2e0.6 DEFW DU

Estos directivos informan al ensambladov la logalizscion de
dos butes ror orerando. Cada orerandae es .dgusrdado en rares
sucesivos de butea, Estos son duardados conm los B - bits menos
gidnificativos en la priwers direccion disronible v los 8 bits mas
sidnificativos en 13 siduiente direccion: Los valores nedativos
son coddfleados en conelenento a dos,

EJdem»lol

-1R 00 28 00 Al DEFW 1RHs24H+440
00 Q0
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ES 03 10 27 ou 1000+10000

t {Letiaueta) DEFU orerandol{rorerandol,..>
LI m

donde

Etiaueta - Es un simbolo orcional a el aue se le asidnara el
valor de la diveccion del rrimer bute codificado.

Orarandc -Es una ewrresion evaluable conteniendo dos butes o
una cadens de caracteres de londitud 1 o 2. Un
total de 70 butes ruedoen ser alodados en oste
directivo,

1.244,7 DDE

Este directivo es similar al directive DEFW  ewceslc ror el
orden en el aue los valores de 16 bits de cada orervasndo oo
duardado, Los B bits wmenos sidnificativos del orerando  son
duardados en el sedundo bute v los B bits mas siganificativos son
duardados en 21 rrimer bhute. Los valores nedgativos S0N
codificedos en comnrleonento o dos.

Notal!! Este directivo no debe ser usado con  orerandos
relocalizables debido a aue se deneraran errores sl momento del
cardado, El eavyivalente de DNy enp" seria ‘LR

SHIGH .expyr JLOW, @up®

Edemrlo?
03 €8 27 10 REV1 DDE 100010000
i —— [,
H {etiqueta) DDER orerandol{rorerando?r...
donde$

Etiauseta -Es un simbolo el cusl sers asidnado com un valor
idual a 1a diveccion del primer byte codificasdo en

esta exerresion.
Orerande -Es una2 expresion evaluable contenida en dos butes.
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Un total de 70 buytes rueden se aloldados ror este
directivo,

1.2.4,8 DEFS IS

Los directivos IEFS 4 DS son usados rara reservar un bloaue
secuencial de butes. Este directive realmente causa acue el
contador de rrodrama avance 4 de este modo el contenido de los
butes reservados es impredecible.

EJemrlo!
JARKE NEFS &2H
/
/
| {otiqueta) DEFS tamano
| ns
donde !

Etiauets ~Es un simbolo orcional el cuasl sera asignado con la
dirgccion de el primer bute alodado ror este
directivo.

Tamano ~Es un valor aue esrecifica el numnero de butes aque

Seran alodados wror este directivo. Cualauier
simbolo usado en este directivo debe SRy
rreviamente definido. La exmresion final no ruede

contener terminos relocalizables.

1,2.4.9 DEFN

Este directivo es ugado rarva definir hasta 70 bputes de
codenas de  caracteres en ASCII o en EBCDIC, Este directivo es
eauivalenle a usar el comando DEFE con la diferencia de aue  la
cadena de caracteres es un.solo orerando,

Edemelol
DEFHM ‘GYSTEM SHUTDOWN®
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H {etiguetal DEFM ‘caderna de caracteres’

donde!

Etiaueta -Es un simbolo orcicnal el cual sera asignado con 1s
direccion de el rrimer bute alodado ror’ este
directivo.

Cadena de caracteres -Es una cadena de haste 70 caracteres.
Esta debe estar uvncerrada en comillas simrlese Una
comilla simrle ruede ser rerresentads ror dos de
ellas seduidas., Puede estar rrecedido ror una A
rara aue se codificue en ASCII o una E rara que lo
hada en ERCHIC. Si no se da caracter aldunoy 1la
codificacion es asumida ASCII,

1.,2.4.10 8PAC

Este directivo causa una o mas lineas en blanco en el listade
de salida. Esto habilitas al rrodramador rara formatear los
listados ¥4 aue eastas sean de facil lecturs, Este directive no
ararece en el listado,

El rrodramador ruede insertar estatutos en blanco rara lodrar
el .mismo efecto.

EJemplol

SPAC 7

H &PAC exrresion

donde!

Exrresion ~-Es un valor el cual determing cuantss lineas en
' blapco arareceran en el listado. Este valor no
puade ser relocalizable.,
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1,244,118 ZUEC

Este directivo le indica al prodrama oue debe saltar a ls
rarte surerdor de la sidguiente radina., El prorosite de esto es
hacer listados de Tacil leectura. Aldunos rrodramadores prefiecen
emrezar las subrutinas en nuevas radinas,

Edemrlo!

1,2.4.42 TITLE

- Este directivo es wsado rars  imrrimir encabe=zados en @l
-camienso de cada radins de el listado, El emncabezado default es
- 280 ASSEMBLER VER ... HMR."., Fara oaue el wususrio pueda wusar
encobezredos rroriosr este directivo debe ser el rrimer astatuto en

el rrodrama.
Edenrln?

TITLE ‘DISFLAY FPROGROH’

donde!

Encabezado ~Es el titulo que sera ruesto en ol comiernzo de
cada radina, Se¢ wmueden usar hasta 50 caracteress
laos caracteres adicionales seran . idnorados. £l
encabezado esto limitado ror comillas simrlesr pero
gi no esta rresente la cowilla de terminaciony solo
log rrimeras 50 carasclteres san Us3405 [
encabezado ruede contener o no caracteresr en tal
casor 81 encabexado sers rdesto en blanco.

Nota! El comsndo del ensamblador YHEADING 5 . a5 similar +al
directivo TITLE con las siduientes.diferencias!

~¥HEADING tambien causa un cambio de radina.
~£1l titulo imrresa con  RHEADING comienze con el srimer
192
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caracter no blanco en el orerando.
-%¥HEADING no es impreso en el listado de salida.

1.2.4.13 LIST

El direc.ivo ruede ser usado rpara denerar listados de
elementos esrecificos. Los defaults en el rrodrama son! El texto
fuenter la tatla de simboloss exransiones de macro % los estatiutos
condicionales aue no fueron ensamblados, U modulo obJeto en
formato relocalizable es rroducido w la tabla de simbolos no es
ruesta en el modulo ob.eto.

Los mensaldes de errores son siemrre listado sin hacer caso de
los elementos asrpecificados. En raviicularr lo orcion E ruede ser
usado sara cresr un asrchive separsdo  comsistente solo de los
mensades de er-ores.

Edemrloal
LIST XiH EY listado tiene
una tabla de referencis w rpome la
tabla de simbolos en el modulo
oblrinto.
/
/
i LIST LArEyDrEsGrI e 0sR3SrTHX)
donde!
A -Esrpecifica aue sers un  ensamblado absoluto, Todos 1os

directivos relocalizoblos son distinduidos como
errores v €1 modulo obdeto es dado en formato
Hexadecimal Intelr esta orcion debera estar
habilitads u debe esrecificarse antes de denerar

cuslauier cadigo ob.leto. Coando es wusada esta
ofFciony debera ser el wunico ardumento de aeste
directivo,

B ~Esrecifica aue la tabla de simbolos sera colocads en el
- modulo ohdetor absoluto o relocalizagbler v ruede
s&8r usado para buscueda de errores.

D ~-Especifica aue cualauier linea de datos, desrues del
; primeros denerado ror DEFR, DEYyREFWr DW o DDR sera
listada (Default).
E -Especifica que los errores seran listados en un archive
193
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ararte, Esta orcion es muy usual couando el
prodramador aquiere un listado sin mensades de error
4 estos ararecen en la terminal dol usdario. 51

50lo se auiere ver los errores euede deshobilitar
el listado v los errores arareceven en la terminal,

G -Especifica aue cualauier simbolo denerado sera listado en
1a tabla de simbolos o en la tabls de referencia 4
en @l modulo abdeto (si B es esrecificado),

1 -Especifica aue l1as instrucciones no ensambladas debido 8
condicionamnientos seran listados (Default),

K —Esrecifics aue la expansion de macres sera imrress en el
listado (Defausli).

Q@ -bsrecifica que se va a crear un modulo  obdeto  (Befault),

R -Especifica auve el usuario debe sustvoer e} contador de
Frogramar "%$*y  cusndo se hoda wn direccionamiento

relativo (lefault).
§ ~Especifica aue el texto Tuente sera listado (Detault)

T ~Eseacifica oue 1o tanla de simbolos Sers listade
(Detault).

X ~Especifica cue ia tohle de referencia sers listaoda. Este
rarameiro deshabilita la orcion T 51 ests
esrecificadsa.

Nota. 8i el usuasrio esrecifics lss orciones B o Gr estas
deberan estar antes de denersrse cusalauier codiso obdeto,

14244014 HLIST

ElL directivo NLIST instruwe a8l prodrame eara  suprrimir el
listado de las elementos esrecificados. El listado ruede ser
habilitado por el directivae LIST. f.os errores dHenerados son
giempre listados. Para denervar un ligstado de errores solamente se
debe especificar 1a orclon °*NLIST 8* al eprincipic del rrogramar el
ugsuario puede ugar la arcion "E® rosteriormente. .

EJemrlo!

RLIST O
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B NLIST {ArBrDsEvyGrIyMrOsRIS Ty XX

Las orrciones especificadas tienen el mismo sidnificado aue en
el directivo LISTy a excercion aque este directivo surrime los
listados.,

1.2.,4,15 CONIY IF

Los directivos CONDR ¢ IF rueden ser wusados wara condiconar
ensambles del texto centre estos directivos v ELSE, ENDIF o ENDC,
Cuando 1a exeresion evaluada en el camro del orerando es no-cevor
el codido sera ensamblado. Si 13 exrresion evaluada es ceror el
codido no se essamblara. Puidern hacevse anidamientos con estos
directivos hasta 16 niveles.

EJemrlo!
COND SYSTEM
IF DATALEQ.7FH
et
/
H COND exeresion
IF
donde!

Expresion ~Evalua la exeresion 13 cual determina ci se va a
ensamblar o no los eststutos entre este dirvectivo w
el siduiente ELSE, ENDC o ENDIF. Cualouier simbolo
usado en esta exrresion debora estar ereviasmente
definida, La exrresion no puede ser relocalizable.
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1.2.4.16 ELSE

El directivo ELSE es usado en conduncian con  loas  direciivog
IF o COND, 81 la ewrresion en el orerando de estos divectsyoe
fuese ceroy todos los estatntos aue sidguen o) CLSE son ensamhladaog
hasta el siduiente EHUOIF o ENDC.

El directivo ELSE es orcional o solo  wnede  ararecer  on un
bloque IF-ENDTT o COMD-ERDC,

Edemrlo?

IF HATH

ELSE

.

ENITF

/
| ELSE

1,2,4,17 ENDC ENDIF

Los divectivos ENTIC w  ENDIF son  usados rars  informar  al
ensamblador donde termina el codido fuente aue se sudeto a un
condicionamiento, Ern o1 caso de anidamientor el ENNC o ENDIF  es
arareado con el nltimo COND o IF,

EJdemrlol

I¥ SuH-4
ensamblado si OR 2004
SUM-4 es no- AL ALVALOR
Ceros LI Ara47
ELSE

ensaomblado si OR O7FH
SUM-4 Bs cero ADD ASC
ENDIF
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1.3 MACROS

Un MACRO es una secuencia de instrucciones aoe puede  ser
auLomaticamente insertada en el terto fuernte del rrodrams varias

veces con el codificado de una sola instruccions la  1llamads  de
MACKRO., La definicion del macro es escrita s0lo una vex v ruede
ser llamada cuantas veces se reauiera, Dicha definicion ruede

contener rarametras a los aue es rosible gambiavlos en cads
llamada. La facilidad del MACRO simelifica la codificacion de
srogdramasy reduce 1ss rosibilidades de errores del srodramodor v
rarnite hacer rrodramas faciles de entender dando ororluridad  de
hacer cambios en una sols rarte del rrodvama.

Una definicion de MACRO cansiste en tres ravtest un
encabezador un  cuerro Y o terminadors ta definicion ruede estar
ern cualauier ludar rero siemrre antes del erimer  1lomado. Un
Macro puede ser redefinido en cuslauier momento v la definicion
mas reciente sers la aue se  use, Un  mnemonico estandar cdel
egnsambladorr ror edemrlo RIT» ruede ser redefirido dandole este
nonbre a un MACROG  en este casor los usos  subsecuentes de esta

instruccion en el rrodrama causara una exransion de este ultimo.

1.3.1 ENCADEZADO DEL MACRO

.El encabezadoy el cual consiste en el directivo MACRD o MACR
da al MACRO un nomhre 4 define cualeuier parametro formal.

/
/
i etiaueta MACRO {lista de rarametrosl
H MACR

L3 etiqueta especifica el nombre del MACRO uw ruede ser
cuslauier simbolo definido ror el usuario. Este rombre ruede ser
el mispo aue el de un simbolo definido por el rrodgrame ¥ el
significaco derendera del camro en donde se encuentre, For
eJemploy TAB ruede ser el nombre de un simbolo ¥ & la ver de un
MACRO. N

81 el nombre del MACRO es identico al de un mnemonicto o un

directivo del enssmblador este seras redefinido ror el MACRO} wuna
vez aue esto ha sucedidos no hay forms de redresar a la definicion
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arigdinaly sin embardor el HACRO ruede ser redefinido con un  nuevo
CUETFO,

El camro del orerando del directive MACRO contiene @l nombre
de los rarametros formales en el orden ern el cual ellos ararecen
en 13 1llamads del HACRO. Cada rarametro ee serarado ror comas Y
debe emeezar con un signo share ($). El sarametro ruede consistir
de un tento arbitrarior ror  edemprlo  312XYZ. La lista de
rarametros es terminada ror un blancos un tab o un Funto 9 comas
Los rarametros eson leidos de iceuierds 2 derecha’ asi ruesy el
usuario debe tener cuidado de no usar rombres de rarametros  los
cuales sean rrefidos uno de abtror ror edemrlo $AR w FARC,

1.3,2 CUERFO BEL MACRO

‘La rrimera linea de codidos desruyes del directivo HACRD el
cusl no es un directivo LOCAL es el inicio del cuevrro del HACRO,
Estos estatutas son ruestos en el archive de MACROS (MCFILE.
destruido cuando terminag 1 erograma) eara su 0 uWso  cusndo es
llamado, Durante una llamada un error sera denevado i un NACRO
es definido dentro de otro HACRO., lLos estatutos del MACRD no son
ensamblados cuando encuettra uha  delinicion de  eoste  inclusendo
directivos o comandos del ensamblador.

El nombre de un rarametro Tormasl esrecificado en el dirveectivo

MACRO puede ararecer en el cuerro en cuslaeuier camro. 51 un
rarametro exister es marcado @ substituido ror el rarametro real
cuando el MACRD es llamado. lLos  rarometros  rueden existir on

cusleuier camro dentro del cuerror  incluso en comentarios. Un
rarametre fTormasl dentro del cuerro del MACRO es  indicado ror  un
share (¥) idusl aue en el erncobezwdo de este.

Fara todas la definiciones de HACRD existe wun rarametro
internamente definido indicado por $3YMy este rarametro ruede cer
referenciado dentro del cuerro del MACRO pero no debe aravecer en
la lists de rarametros formales. Cuando el MACRO es llamadeor cada
pourrencia de #4YM en el cuerero de este es reemrlszado rFrov  una
cadens de carvracteres rverresentando wuna constante hexadecimal de
cuatro diditos. La cadena de 4 digitos es constante sobre un
nivel dado de la exrsnsion w se incrementsa en urmo en cadas llamado.
El usa tirico de #3YM es proveer eticuetas unicas a .un MACRD cue
es expandido wvarias veces para evitar cometer el error de
dgplicarlas. Esto puede lograrse tambien con el uso del divectivo
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1.3.,3 TERMINADOR DEL MACRO

El directivo ENDM termina la definicion del HACRO: durante
1a definicion de ester un ENIM debe encontrarse antes de otro
directivo HACRO., Un directivo END cue es encontrado durante 1la
definicion de un MACRO terminara su  definicion asi como el
ensamblado totsl., El1 formato del directive ENDM es el siduiente.

! {etiauetal ENDM

donde!

Etiauetas -Es una etiaueta orcional la cual 1la direccion
simbolica del rrimer bwte de wemoria seduida de la
insersion del HACRO.

1.3.4 LLAMARA DE MACRO

Un MACRO ruede ser llamado codificando el riombre de este en
el campo de oreracion de un estatuto} el formsto es el siduiente!l

{ {etiaueta) Nombre <(lista de raramnetrosk

donde

Etigueta -Es una eticuets orcional la cusl sera asidnada con
un valor idusl al del actual contador de rFrodrama.

Nanbre —-Es el nombre del MACRC llamado. Este nombre tiene
aue estar definido ror el direstive MACROD
‘anteriormente o un mensade de error sera denerado.

Lista de Parametros -Es una lista de rarametros separados ror
comas, Estos rmarametros rueden ser. constantess
sismbolosr expresionesr cadenas de caracteves a
cualouier otro texto seprarados por COmas.
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Los raramettos en la llamarla del MACRO son los actuales v sus
nonhbres rueden ser diterentes aue los parametros formales udsados
en la definicion de este. Los rarsmetros actuales sustituirsn a
los rarametros formales ern @l ordern en cue estan escritos, las
comss rueden ser usadas gara reseorvar la rosicion de un rarametro,
En este caso el raranetro seraz nmuloy esto esr no contendra
caracteres actualess el rarametro formal correspondiente a un
nulo es removido simrlemente en 1s exransion. Cuslauier wavametro
aue no se egsrecificue sera nulo. La lista de rarometros es
termipada ror un blancor un tab o un Ppunto 4 coma.

Todos los rarametros actusles son pasados coemo cadenas de
caracteves dentro de 1la definicions ¢ ror nombre ¥ no rpor valor.
En otras walabrass si el valor de un simbolo es caswmbiado en  o©l
MACRO» su  valor cambiars tambien fuera de este. Asi  los
directivos DEI'L dentro del cuwerro del HACRD rueden oalterar el
valor de los vrarametres pasados a este.

furarmte la esransion de macror el ensanblador reconoce
ciertos caracteres aue tienen sidnificado esrocisl. El swerersand
(&) es usado rara concatenasr el texto en la linea de definicion u
cualauier rarametro oactual, Durante la esransionry un anrersand
inmedistamente erecedido o giduiendo a3 un earametro formal es
removido »v  la sustitucion de este acurre en evse momento., $Si el
ampersand no esta aduwacente al rpavametror no sera removido w
rermasnece cowo rarte de la lines de definicion. Amrersands dentro
de cadenas de cavaclteros no son reconocidos como concatenadores.

las combinaciones simeples son usadas rpara delimitar los
rarametros actuales aue rpueden contener otros .delimitadores.
Todos los caracteres entre comillas son  removidos antes de ser
sustituidos en los rarzaetros formales. Las comillas os el unico
camino rara rasar raranetros aue continen bloncosy comas u  otros
delimitadoress Por edemplor rars ussr la instruccion "LD HL,0*
como un raremetro actual vequiere aue se de cowo! ‘LD HL,0’ en 1a
lists de rarvametros. Un rarvametro nulo ruede consistir e
comillas sin cavactercs. Uns comillas dentro del rorametrao es
representads por dos comillas consecutivas.,

Un edenprlo de una 1lamada de MACRO u su expansion es mostrada
a .continuacion. Note el use de concatenscion 4 el parametro
especial $#4YM. El codigo esrandido es mavcado con sidnos mas (1),

Befinicion! GET HACR PXr8Y 27
LD Hy$X&.AND QOFH
2Y

87 JP CrHAIN
ADD HL,HL
LESYH SET 0,C
ADD AfC
ENDM

Llamadot SCF
LOOP GET 200¢’INC B/ JENTRY
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JR NZ, G0

Exransion: SF(C
LQoP GET 200y /INC B’ »ENTRY
LD B»200.AND.OFH
INC I
ENTRY S CeMATIN
AnD HLyHL
1001 SET 0yC
ADD AYC
© R NZY GO

e A e

1,3.5 DBIRECTIVOS

t.os directives QUL se definen encesguida corresronde
wnicamente 8 los wsados en la definicion del MACRO. Algunos de
estos coinciden com los directivos del  ensanbladory  sin embardo
sorr enfatizados aeul,

1.3.5.1 LOCAL

Debido o cue todas l1las etieuetasr incluso  las  que se
encuentran en los MACROS, son dlobsles en todo el rsrodramar un
HACRO aue 1as contiene w eue es llamado variass veces puede denerar
errores ror durlicacion de eticuetss, Pars eviter este rroblema
el usuario ruede declarar etiavetaes ‘*locales® dentro de los
MACROS. Cada voz aue se llame al HACRQ » el ensamblador asignarva
a cada simbolo local wun simbalo de la forma TPnnnne Te esta
manerar la primera vex eue scea llamado el MACRU el simbolo local
sera TT0000» la sedunda vez 770001y ete, £l ensamblador no
emrieoza con 770000 rara -cada MACROr sino aue incrementa el
corntador rara cada simbolo encontrado, Los simbolos definidos ror
este directivo con tratados como rarametros formasles w de esta
manera pueden ser usados en el camro del orerande de las
instrucciones, El camro del orerando del directive LOCAL ruede wio
contener cualauier eparametro formal definidos en- la lines del
directivo MACRO., Se rueden usar tantos directivos LOCAL.como sea
necesario rero  deben estar desrues del directivo MACRO 4 antes de
la primers linea del cuerro de este, Si se encuentra ur directive
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LoGal fuera de la definicion de un MACRD se denerara un mensade de
eror.

EJdemrlo!
Defimicion? WAIT MACRO $TIME
LOCAL #LABL
LD ReOTIME
FLAKL DEC R
JR NZr$LAB1
ENTH
la, Llamada: + LT B»S
+ ?T0000 neEC B
+ JR NZy»?70000
2a, Llamada! + LD B:OFFH
+ 770001 DEC B
+ JR NZ:770001
Usol
T T e
/

] LOCAL lista de sisbolos

donde?

Lista de simbolos -Es uno lista de simbolos serarados pov
comas aue son definidas como locales en el HACRO.

1.3.5.2 EXITM

E}l directivo EXITH rrovee un metodo alternativo rara terminar
una exransion de MACRO. Durante une exransionr un directivo EXITM
causs aue esta cese hasto encontrar un ENDM u  los codidos entre
estos dos directivos son ignorados, Gi los MACROS estan anidadose
este directivo causarz aue la deneracion de codidos redrese al
nivel de expansion anterior., Note aue un EXITH o ENDM euede cer
usado rara terminar una exransionr pero solo un ENDM termina la
definicion,

EJemrlo!
STORE MACRO SDATA

1 4DATA
EXITH
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ENDIF

ENDH

/
! {etiouetal EXITH
dorde !

Eticqueta -Es una etiaueta orcional lo cual tomara el valor de
1a direccion actuel del contador de prodrama.

1,3+6 Farametro de Cuenta del MACRO

£l simbolo esrecicl MNARG ruede ser usado ror aauellos
usuarios aue recesitan saboer ol numero de ravametros rasados en la
llamads del HACRO @ este. Este simbolo es usado como cualauier
otro simbolo v rerresenta el rumero asctual de  parvametros rasados
2l MACROD» mo de sarametros formales definidos on este. El simbolo
debera usarse  solamente dentro  del MACRD  we aue fueras de este
valdra cero (9), El uge tivico de este avdumento o5 cuasndo ge
formwan tablas dentro de  los HACRDS con ensambles condicionales.
Esta cuents rorresenta selanenile los ravasetros eue no son nulos,
Ne debe estar defintdo en ol encahezado.

Edemrlod
Befinicion! GEN  HACRD #P1,%F2,8P3

IF NARG
DEFH $F1
GEN £#F2s8F3
ELSE
ENDHF
ENDM
Llamada? GEN AIDRYrADD2
Exransiont + IF 2
+ DEFH ADDL
+ BGEN ADD2»
+ IF 1
+ DEFE AODZ2
+ GEN
+ IF O
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+ ELSE

+ ENDIF
+ ENDIF
+ ENDIF
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1,4 RELOCALIZACION

El modulo ob.doto rroducido ror el ensamhlador ruede estar en
formato relocalizable. Esto rermite al usuario escribir prodramas
cuua direccion final rueda ser adustads ror el LINKER-LOADER o
tambien aue los modulos individuales sean cambiados sin  necesidad
de reensamblar el rrodrama comrleto. Los modulos obdeto serarados
rueden ser concastenados 4 cardados en un rrodgrama final.

La prodromacion relocalivable rrovee muchas ventodas al
usuario, la direccion actual de memoria no es detinida hasta el
momento de la carda final. Los srodramas muy drandes  pueden  ser
serarados en recuenas sedmentosy desarrollados en forma serarada 4
posteriormente cardarlos Juntos. 81 wun sedmento contierne un
errory solo este necesita ser reensamblado. Una vex desarrollads
una libreria de ritinasy este ruede ser ussda ror muchos vsyarios,
El cardador adustara la direccion rava los reauerimientos de cada
HENArio,

1,4.1 PROGRAMAS SEGMENTADOS

Para tomar ventada de 1la relocabilidades el wsuario debe
comPrender el concerto de rrodramas sedmerntados 4w como estos
rueden ser cardados Juntos. Un sedmente de rrodrama es una parvte
de egte el cusl contiene su rrorio contador de prodrama ¥ es una
secclon lodica distinta del prodrama totals En el instante de la
carda la direccion de cada  sedmento ruede ser eseppcificada por
soparada.

El engamblador rrovee cuaivo seodnontos de rrodreama distintos.
El gsedmento de codidos (CSEG) es5 deneralmente el sedmento aue
contiene las instrucciones de macuipa. En un sickema RAM/ROM este
debe ser colocado en ROM. El area de datos es localizada
usualmente en el sedwento de datos (NSEG)F  deneralmente reside en
RAM:  El sedgmento de datos ruecde contener intrucciones de manuina
asil comp @l sedmento de codidos puede contener datos.

Dos sedmentos adicionsles son provistes rara  facilitar la
prodramacione El  sedmento de stachk ruede ser usado para contener
el area de stack del =rodrams 9 reside en RAM. Generaimente solo
@l rrodrams Frinciral ruede hacer referencias al sedmento de stach
4 especificar su tamano. Pueden hacerse referencias a este
segnento con el simbolo reservado *STACK®, El1 sedmento de memoria
es aauel espacio de la rorciaon de memoria aue no aloda los  otnos
seduentosi  las referencias a este seamento se pueden hacer con el
simbolo reservado *MEMORY®, Ambos sedmentos son comunes a todos
los prodromas ¥ su direccion o tamaro es definida derneralmente 3l
mowento de la carda ¥ no en el ensamblado.
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fsi como los ensambladores no  releocalizablesy  los  usuarios

rueden tambienn esrecificar un ensamblado sbsoluto, n este casos
104 modulos obdeto aur  cuando  esten on formato relocalizables
conterddran instrucciones o datos  los cuales vresidiran en

localiczsciones esrecificras de memoria.

1.4.2 CARGADO

Las modulos obdeto del ensamblador son combinados o ecardados
Juntos rpor el LINKER-LOADER. El LOADER convierte todas las
direcciones relocalizables en direcciones asbsolutss w  resuwelve
referencias entre modulo W  otro. £l cardado entre modulos es
provisto ror definiciones erternas (PURLIC) v referencias externas
(EXTRN) v Las deTindciones externos son definidss en wun madulo
obJeto w  son  ruecstas  como disronibles a todos los demas modulos
ror cl LOALER., Las referencias externas SO0 sinbolos
referenciados en un modulo revro definidos en otro

El LINKER-LOADER combina 1lus definiciones edternas de  un
prodrama con  las  referncias eixternas de otros rara obhbener la
direccion final. tin  prodrams  ruede contener referencias o
definiciones enternas.

1.4.3 SIMEOLOS RELOCALIZAELES

Cada simbolo en el ensamblador ests asociado con un tiro el
cual denots =i es absoluto o relocalizable. 8i es relocalizables
este tambien indica el sedmento al aue rerienece. Las simbolos
que no derenden del oriden del rrodgrams son llamados absolutosy
los simbolos cuuo valor cambia al cambiar el oriden del wprodrama
se les llama relocalizables. Los sinbolos reservados *STACK" u
"MENORY* discutidos antes son consideradas como relocalizablesr a
pesar de oue 8l valor final rueds ser absoluto. Los simbolos
locales ¥ relocalizables pueden arsrecer en pProgramas absolutos o
relocslizables. MNote aue los simbolos relocalizables rueden no
aparecer en un programa cuando se esrecifica un “LIST A”.

Los simbolos relocalizables son definidos como sidue?

1. Un simbolo en el camro de eticuetas de wunz instruccion
cuando el prodrama se ensambla en un sedmento de
codidos o de datos relocalizabile.

2+ Un simbolp hecho igusl 8 una enrresion relocalizable reor
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EQU o DEFL.
3+ Los simbolos reservvados "STACK® 4 *MEMORY*®,
4, Las refercencias esternas.

5., Una referncia 31 contador de eprodrams ($) cuando el
sedmento se vnsambla er forma relocalizable.

l,os simbolos relocalizobles son clasificados tambiern como
codidosy datosy stack o memorvia derendiendo de como  esten
definidos.,

1.4,4 EXPRESIONES RELOCALTZABLES

La relocabilidnd de una eurresion es determinada ror 1a
relocalizacion de 1los eimbolos cue ella comrromete. Todas las
constantes numericas son consideradas absolutss. Las exeresiones
relocalizables rueden  ser  conbinadas rarz eroducie una exeresion
absolutay relocalizable o inclusoy  bado ciertas circunstancilase
eHpresloney Pledsles. Lo siduienta ligte  miestera ariel lasg
esrresiones cugo resultodo es relocolizable (ANS denots un simbolo
sbsolutor constente o expresion ahsoluta w REL dernota un simbolo o
exrresion relocalizable).,

ABSHREL REL+ARS REL-ARS +LOWREL. +HIGHJ.REL

Adicionslmenter las siduientes eurresiones son validas o
rroducern exrresiones  absolutas, Amnbas  subewpresiones deben ser
relocalizables en el wismo sedgmento dal rrograma.

REL.EQULREL RELWUGT.REL REL +GT . REL
REL.LT.REL REL .ULT.REL REL-REL

Los simbolos relocalizables aue ararecen en exerresiones con
cuslauier otro operador causara un errory ror edemrlor RELXREL.
Cuslauier combinacion de dos simbolos relocalizshles de difernetes
sedgmentasy incluwerndo referenciass externas (EXTRN) es erronea.
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1.4.9 DIRECTIVOS KELOCALIZABLES

LLas siduientes radinags describen aouellos directivos en el
ensamblador aue rermitern wurna eFrimera relocalizacion, La
nomenclatura es la misma cue la descrita anteriormente. Los
directivos son!

. ASEG Esrecifica Sedmento Absoluto,
COEG Esrecificy Sedmento de Codidos,
DEEG Ecsrecifica Sedmento de Datos,
(RG Esrecifica Oriden,
FUBLIC Esrecifica Definicion Externa,
EXTRN Esrocifica Referencia Externa,
NAME Easrecifica Nombre del Modulo.
STILN Esrecifica la Londitud del Stack.

1.4.5,1 NASEG

£1 directivo ASEG esrecifica al ensanblador que los
sidguientes elementos deben ser ensamblados en modo absoluto. El
ASEG sovmanece en efecto hasta cue el direvtivo C8EG o UDSEG es
ensamblado. Lo diveccion inicial rara el contador de prodrama es
cern, Al dinicio del ensamble el ensamblador asume oue R
directivo ASEG bha gideo esrecificado v el ensamble se hace en modo
absoluto.

El usnario ruede ugsav el divectivo 'LIST A' mara denerar un
listado absoluto con un mordulo obdeto absoluto.

Nota. Este directivo causa aue un codido absoluto ses
denerado dentro del rrodrama relocalizshle 9 ror lo cual el modulo
abJeto esta en formato relocalizable.

Uso!

i {etioueta) ASEG

donde?
ftiaueta ~Es una etiocueta orcional cue es asidnada con 13
dirececion actual del contador de prodrama antes de
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ronerse en modo absoluto. Generalmente no nrs usada
esta aorcion.

1.4,5.2 CSEGQ

El directivo CSEG esrecifica al ensamhlaror aue los
siduientes estatutos deberan ser ensamblados ern modo relocalizable
usando el contador de rprodrama del sedmnento codificado. Este
sedmento rermanece en efecto hosta aue otro directivo de sedmernto
es ensamblado, Indcialmenter o) contedor de prodvama es cero.

Este directivo ruede esrecificar wun orerando  indicando el
tiro de relocalizacion, l.os tiros san rasodos al LOADER w no
tienen ofccto en ¢l ensamiblado.

El usuario ruede alternar entre varios sedmentos con
multirles directivos wrara sedmentos dados derntro de un srodrama.
El ensamblasdor mantendra el valor del actual contador de rrodrama
rara cada sedmento.

Edem=~lo? CSERG [

{ {eticueta) CSEG {esraciorPy I
donde?

Etiaueta -Es una etiaueta orcional la cual sera asidrnads con
1a direccion actual del contador de rrodrama,

Espacio -Esperifica aque el sedments del rerodrams rpuede ser
relocalizado en el siduiente bute disronible.

P -Esrecifica aue el segmento de codidos debe emrezar en la
frontera de wuna  rading (0y100H,200Hyptc.)  cuando
se relocalize rur el LOADER.

I ~Especifica aue el sedgmento codificado dobe estar
codificado dentro de wia sols ragina, E1 LOADER
comenzara el sedmento en 1a siguiente wadina  si
este no cabe en la actual,

8i se esrecifica wvarias veces @l directivo CSEG on el

ensambladory cada uno debe esrecificar el mismo orerando.

210
FAGINA 37



HACROENSAMBLADOR Z80

1,4,5,3 DSEG

El directivo NSEG esrecifica aeue los slguientes estatutos
Heten ser ensamblados en modo relocalizable usando el contador de
brograma del sedmento de datos» el cual sers iniciaslizado con cero
t0), Este sedmento rermanece en efecto hasta eue otro directivo
lle sedmento seas emsamblado.

El directivo ruede esrecificor un orerando indicando el tiro
de ‘elocalizacions este es rasado al LOADER ¥ no tiene efecto en
el bthsamblada.

El usuario ruede alternasr entre varios segmentos carn
multirles directivos de relocalizzcion wraras  un  sedmento  dado

dentro de un rrodgrama, Bl ermsamblador wantiene el valer actual
del contador ce rrodrama rara cada sedmento.

Edemrlol DSEG 1

| {atiauetsY DSEG  {esraciorPyIX

donde?

Etiqueta ~Egrecifica una etiouetz orcicnal 1tz cusl sera
asidnada con la direccion asctusl del contador de
Frodrama antes de enrezar el sedmento de datos,

Espracio -Esprecifica aue el sedmento de dstos ruede ser7
relocalizado con el siduiente hute disronible.

P -Esrecifica aue el seygmento de datos debe omrezar en  1a
fronters de wuna radinag (05 100H:200Hrete, ) cuando
se relocalice ror el LOADER,

I -Esrecifica aue el sedmento de datos debe ser colocade en
una sola redgina cuando wse relocalice. El1 LOADER
enrezara ¢l sedmento en la fronters de la siduiente
radinag si no cabe dentro de 1a actusal. )

Si san esrecificados multirles directivos DSEG en el wismo
entiambler cada uno debe esrecificar el mismo orerando.
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1,4.,5.4 OR3S

El directive ORG es usado rara informar al ensamblador de 1la
direccion de memoria 1la cual sera asidnada sl siduiente bute
ensamblado. Este directiveo cambia el contador de rrodrama del
sednento aue esta siendo ensamblado, Cuando ORG se encuentra en
un sednento relocalizabler 1a direccion dada ruede ser una
exrresion absoluta o relocalicabler la cual a8 su vex sera
relocalicada dentro del sedmento.

Edemrlo? ORG $+430

' {etiquetal ORG expPresion

donde!

Etiaqueta -Es ura etiaueta orcional la cuasl sera idualada a la
expresion.

Expresion -Ec un valor el cusl reemrlazara el contenido del

contador de  rrodrama el sednento aetual.
Cualeuier simbolo usado debe estar rreviamente
definido.

1.4,9.5 PUBLIC

Este directive esrecifica una lists de simbolos los cuwales
daran atriputos u definicion externamente. Estos cimbolos estaran
disponibles a otros modulos rara aue el LOADER hada la
concatenacion necesaria entre estos. Solo aauellos simbolos
definidos ror este directivo u definidos en el ensanble seran
colocados en el module vbletos

Este directivo puede ararecer en cualauier ludar dentro del
Prodrama v cada simbolo dehe estar definido solo unas vez,

Los s:.mbolos definides con este directive rero no definidos
en el Frodrams seran declaradas idndefinidos en el listado de
salida,
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Edemrlo? FUBLIC SCANyLABELyCOSINE

Uso!

FUBLIC lista de simbolos

donde?

Lista de Simbolos -Es una lista de simbolos serarados pPorv
comas la cual esrecifica los nombres definidos en
este modulo 9y disronibles a otros.

1.4.5.,6 EXTRN

Este directivo esrecitica una lista de simbolos los cusles
tendran atributos con referencia externas. Estos son simbolos aue
son referenciados en el prodraws revo deflinides on otro modulo.
Este directivo rrovee el enlace entre dos o mas modulos a8 trave:
del LOADER.

Este directivo puede ararecer en cualauler parte del rrodrama
v cads simbolo debe ser declarado solo una vaz.

Edenrlo! EXTRN INPUT,0UTPUT

} EXTRH lista de simbolos

donde!

L.ista de simbolos -Es una lista de simbolos serarados por
camas la cusl especifica los nombres de  las
variables externas disronibles en otros moduloas.
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1.4,5.7 NAME

El directivo NAME e¢ usada sara assignar un nombre al  modo
obrdeto rroducido ror el emsamblador. Salo un directivo RAME deb -
ararecer en el prodrana, E1 nombre del modulo es usado ror o«
LOABER cuando combinag erosiramas v dicho nombre ararece en el marae
de cardga.

8i el directivo HAME mo es esrecificado ror &l usuariory sera
usado el nombre "MODULE®.

Edemslol NANE MULY
Usal
[ [T [ [ —————
/
! NAME nonbre

dornde!

Nombre -Es ol nombre aue seroa ruesto en el wodulo obdeto
denotando el nombre de este sl LOADER., Este nombre
debe seduir las redlss de los simbolos.

1.4.5.8 STKLN

L4

El directivo STKLHN eswecifics ol tamarno del sedmerto de stachk
denerado ror ol LOARDER. Generalmente este directivo solo es usado
e ¢l rrograns princirsly mero otros srogranas rueden definirlo.

8i el usuario no esrecifics este directivor el  ensamblador
asume l1a londitud del stsch como cero (0), Mag de un directivo
STRLN rusde ser suasto emn el prodrsmay rero solo la ultima
definicion es le usada.

Ejems=lot STKLN 20H

Uso!
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| STKLN ) expresion

donde?’

Everesion ~Es una expresion la cual indica el tamano del
seamento de stack. Esta enrresion ruede no ser
relocalizable u todos los simbolos wsados en la
exrresion deben estar sreviamente definidos,
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1,5 US0 DEL ENSAMBLADOR

Para hacer uso del Macroensamblador 280 relocalizable de 1la
FR1ME es necesario!

a) Escribir un erodrama utilizando mnemonicos
o directivosy rodificando los ardumentos con
constantesy etiaetasr direcciones simbolicas, etc.

b) Transferir el rrodrama fuente a un  archivo
utilizando el EDITOR de 1a FRIME.

¢) E.decutar el rrograma  invocandelo a nivel
PRINOS con el comando MACRO,

El prodrama redira el rombre del archivo creado de la formal

———————————— ARCHIVO DE ENTHADAC

este archivo debe enistiry de lo contrario volvera o redirlao.
Posteriormente ride el nombre del listado de salida de 1la forma!

———————————— ARCHIVO DE SALIDA ¢

aue @s el archivo a«ue contendrs la  informacion acercs del
ensanblador mensades de errorr simbolos no definidoss tablas de
referenciar, cte. Este archivo no debe eiristir rreviamente o de lo
contrario volvera a redirlor esto con 0l fin de evitar el bhorrar
archivos por error, For ultimo ride el nombre del archivo obdeto
de salida de la forma!l

em——————— ARCHIVO OBJETOQ :

en donde el ensamblador calocara el archivo obdeto de salida pars
sy utilizacion directa o bien rara su rosterior cardado s travez
del LOABER.

Al terminar el prodrams dara el mensade de STOP W rodra
entonces revisar el listado de salida wy en su casoy corredgir el
rrodrams fuente rara volver o ensamblarlo.
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1.0 INTERFRETAGION DE LISTADOS

Iurante la sezunda rasada del rroceso de ensamblador  un
listadoe es rroducido. El listsdo contiene informacion rertinente
gl prodrama ensamblador los estatutos fuentes de los mnemonicos w
datos aue el usuario dio.

El listado ruede ser usado como herramienta documentativa a
travez de la inclusiore de comentarios aue describan el
funcionamiento rarticulor del rrodrama,

El rrorasito rrineiral  del  listado es  llevar toda la
informacion rertinente  acerca rdel  ensamblasdo del Frodramar esto
esy las divecriones de memoric v sus valores wa aue el module
obJdetor aunauer tierne la misma informaciony  se encuentra en un
formato no facil de leerv.

El listado en el arendice A s un edenrlo tirice de un
rrodrama ensanblado. Revirviendose o este crendice se da la
siduiente infermacion.

- Cuarndo el ensambladeor detects condiciones de error durante
el proceso de ensambladoy 1a columna titulada ERR comtendra el o
los codidos describiendo el tiro de error asociado o la linea
corresrondiente., Una sreldcacion de los codigos de error
individusl es grororcionads en ol aecpndice B,

-~ La ecolumna titulada LINE contiene numeros decimales los
cuales estan ssociados con las lineas del listado fuente. Estos
numeros san usados en las tablas de referencis.

~ La ecolumnha titulads ADBDR contiene unm valor el cual
rerFTesenta la rrimera direccion de memoria de los datos mostrados
en butes en la linea o bien el valor de un dirvectivo EGU o DEFL.
El nunero hexadecimal bado Bl rerresenta un bute de datos guardzdo
en la direceion de memorie. Si hay wun dato basdo B2y este
rerresents un bute duavrdado en la dirveccion de memoria dada
anteriormente mas uno. Las columnas B3I w By 5i contienen
valoress rerresentan datos similares ate seran guardados en la
sisma direccion de memoria mas dos 4 mas tres respectivamente.

- A la derecha de los butes de datos se ercuentran los tiros
de relocslizacion de cualauier orerando relocalizable, Los tiros
son cataleodados ror las siguientes letras! C=Codidoss D=DRatose
S=Stackr M=Hemoriar E=Externa.

- Los estatutos oridginales del usuario son reproducidos a8 13
derecha de la informacion anterior. Las exransiones de MACROS son
rrecedidas Por un sigrno mas (+),

- Al fipnal del listado el ensamblador nuestra el mensaJde
*ASSEMBLER ERRORS =* con un contador acumulativo de errores. E1
ensamsblador sustituse con custro butes de NOP cuando no encuentra
un snemonico earticular 9w asi rrovee lugar para  corredir el
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rrodrama manuslmente si es rosible.

~ Unz tabls de simbolos o tabla de referencia es demerada al
final del listado. t.s tabls lists todos los simbolos utilizados
en arden alfabetico con cualquier tiro de relocalicacion como  se
describio anteriormente.
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2 LINKER-LDADER

2,1 INTRODUCCION

Este manual describe el LINKER-LOALER del IB0 aue complementa
el Hecroensamblador 200 Relocalizable. E1l LOADER euede ser usado
rara combinar varios modulos obdeto relocalizables
inderendientenente ensamblados. Las referencias externas entre
los modulos son resueltas v casda  simbolo es sustituido ror su
valor final,

£l LOADER no gsolo rraves el cargado de varios wmnodulos o
adusta las direcciones relocalizables en direcciones absolutasy
sino aue ademas rermite aue las direcrciones de los sedmnentos  sean
especificadasr las definiciones eyternas sean definidas v el orden
de) cardado sea esrecificado.
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240 CARGADO

Muchos rrodramss sorn  tan drandes aue es conveniente
ensamblarlos en modulos sencilloss rara evitar tiemros muy lardos
de rroceso o rara reducir el tamano de 1las tablas de simbolos.
Estos rrogramas  pueden dividirse en Fequenas seamentosy
ensamblarlos en forma serarada u conduntarlos esosteriormente con
el LOADER, Ilesrpues de aue los  sedmentos han sido cardados v
conduntadosy el module de salida ararece como 61 se hubiese
denerado ror un solo ensamble.

Las funciones rrimarias del L INKER-LOADER son?

1. Resolver referencias exteornas entre
medulas w checar las referencias no definidas.

2. Adustar todas las direcciones
relocglizablos FATS  SU Prorio ireccionamiento
absoluto.

3. Prororcionar un modulo obdeto final.
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2.3 SEGMENTOS

Fara entender el rroceso de cardado v habilitar 31 wusuario
del Ensamblador w del LINKER-LOADER (Referido como L.OALER en
adelante) en forma efectivar el uguario debe comrrender los tiros
de sedmentos cue comronen un prodrama 4 las direcciones de estos a
cargar, A resar de aue son descritos en el wmanual del
ehsambladory s contirmwacion se da un descriscion de cada uno de
ellos,

SEGHMENTO ARSOLUTO

Este sedwmonto es la ravte del srodrama  en  ensamblador que
contiene informacion no  relocslirable rero aue ruede ser cardado
en localidades fidas de mamoris. Los codidos absolutos son
colocados en @l modulo de salids tzl como se lee de los archivos
obJdeto de entrada., ’

SEGHENTD DE COBIGOS

El Sedmento de codidos contiene la rarte del rrodrama el cugl
comprende las instrucciones de meauina actuales y aue deneralmente
residirs om ROM,  Las instruceciones en el sednento de  codidos
rieden hacer veferencio a cualenier olro rrodrama.

SEGHENTO BE DATOS

Los sedmentos do datos contiermern especificacionee rara  las

rpartes del werograms del usuario aue  deneralmente son datos
obtenridos on el wowento de correrlo v aue usualmente residen  en
RAM, HNo existen vestvicoiones en este sedmento earas contener

instrucciones edeculables.
SEGHENTO DE STACK

El sezmonto do STACK  es  usado tal como ¢l erograms  del
ususrio lo reeuiers W s comrortamiento es similar a3l del STACK
del 780.

SEGMENTD DE MEMORIA

El sedgmento de mewmoria es deneralmente la diveccion mas alta
de la rorcion de mewmoris la cusal rno alods los otros sedmentos.
Las teblas de datos epueden ser extrandidas dentro del sedgmento de
memaria rero ©l  ensamblador no tiene la facilidad de causar eue
las instrucclones se cavrduen dentro de este sedmonto. El inicio
del sedmento de memoria es determinada en el momento de la carda.

El LOADER rermite al wusuavio cardar los sednentos en un
prodrams continuo o esrecificanda la direcciorn inicial (Direccion
Base) de cualauiers de los sedgmentos. El orden ©n el cual los
sedmentos son colocados en la memoris ruede ser esrecificado
tambien, La ordanizacion rredefinida usada ror 1 LOADER es 1s
slduiente!

222
FAGINA 49



LIMRER-LQADER

Direccion alta

Memoria
b e e e e | DE
! | DB
{ Stack H
e e e !
! Datos H
b et o o e e FRUGE B | ) 1)
) ]
[} [}
| Codidos H
e e e e e e e U

LR = Direccion Base

Esta es una ordanizacion de memoria tirica em la mavor rarte
de los prodramasy rero aldunos wusuarios erefiecren colocar el
sednento de STACK desrues del sedmento de codidosy de ests manera
el segmento de datos euede eunranderse dentro del sednento de
memoria durante la edecucion del rrodrama.

La direccion base (IB) rara todos los sedwentosy excerto rara
el segmento de STACK, es la direccion mwas bada de estos, Cuando
un usuavrio esrecifica 1l1la direccion inicial de urn sedmento con
comanclos del LOADERr esta es la divegcion base esreciTicoda,. La
direccion base del sedmento de STACK se mueve tiricomente hscia
las direcciones mas badas durante la edecucion del rragrama.
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2,4 TIPOS DE RELOCALIZACION

l.os tiros de relocalizacion (radinado) de cualauvier sedmento
del rrodrams es cdeterminado en el ensambladory ror el directivo
CSEG o DSEG? estos rueden ser esrecificados tambien ror  comandos
del LOADER, El efecto de los tres tiros de relocalizacion en el
LOADER se da a continuacion!

Relocalizacion de Rute

Este imrlica aue no  fue  esrecificado  un orervando eon @l
directivo de sedmento en el cnsamblador. En oste casor el
sedmento del module obdeto sera localicade inmediatamente desrues
del mismo sedmento desde el modulo obdeto anterior 9 esto causara
rue no sesn desrerdiciadas rorciones de memoria,

Relocalicacion Faginirzada

Este tiro de relocalizacion es esrecificado ror el  orerando
P oen el divectivo del ecnssomblador o en el conondo del LOADER.
Esto imrlica cue el sedmonto del wmrodgrama  deba emrezar en 1la
frontera de 1a siduiente rading disronibley esto es
0y100Hs 200Hretec, desrues del modulo obdeto anterior.

Relocalizacion Ho Padinizada

Este es esrecificada ror el orerando °"I' en el directivo
arroriado del  ensamblador o el LOADER. Fsato imelica aue el
sedmento del eprodroma debe residir en una roading  s1 es  wrosible,
S5i el LOADER determing aque no cabe on 1o radina corrienter este
emriese el sedmento en la sidguiente rading como si fuera un *P°
relocalizable,

En 1a secuencia tirica de cordadns el LDARER coloca todos los
sedmentos de codido contiguss en 1la memoria  seguidos ror los
sednentos de datosy ro  existern hytes adicionsles erntre estos
sednentos,  Sin embardgor si cusalovier sedmento de datos esrecifica
una relocalizacion que no sea de buter el LOADER lo colocaras er la
frontera de 1la localidad reservada, Fara evitar cualeuier
desrerdicio de memoria el wusuario ruede siempre detfinir la
direccion inicial, El mismo rroblems existe si el sedmento de
codidos sidue al sedmento de datos ¢ el rrimero tiene definido un
tiro de relocalizacion radinizada o no radinizada,

Cuando se esta desarrallando inlciaslmente un  rProdrama 9 se
esta rrobandor es recomendable eswecificar cada sesmento en cada
ensamblado como relocalizacion radinizadai esto torza aue la
direccion inicial de cada modulo a3 terminar en QOH y hace mas
facil al Lsuario seduir el fludo del prodramas, En este caso la
salida del ensamblador contiene 1la direccion de memoria esactor
excerto por un offset cue sera adicionado 81 bute alto de 1s
direccion, Las relocslizacion padinizads ruede ser esrecificads
tambien en el LOADER ror los comsndos CPAGE o DPAGE.
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2.3 CONANDOS

El LOADER lee una secuencia de comandos del dispositivo de
entrada (archive) v la ultime linea debe ser un EXIT o un END.

Los mordulos obdeto son leidos del disrositive de entrada o de
archivos esrecificados ror el comando LOAL.

l.a salida del LOAIER consiste en un modulo absoluto cardable
en el microrrocesador en usos El modulo de salida es escrito en
el formato IHTEL hesadecimal.

Todos lcs comando deben comenzar en la column une (1), Los
araumentos de  los  comandos rueden emrezar en cusleouier columna o
deben estar serarados de estos ror un esrocio a3l menos. los

comentarios =~uedern colocarse en cusleuier ludar del archivo
indicandolos 20n un astericsco en la colvwrna uno (1),

{.as sidurentes radinas rdescriben log comandos del LOADER. En
1a descrircion de 1os comandasy l1as lloves (3 indican orcionalidad
en los arsgunentos, Un  sumario de los comandos es dado 3
continuscion?

CODE Iir 13 direccion hase del sedmento de codislos.

DATA Ia la direccion base del sedmento de datos.

STACK s la direction base del sedmento de Stack.

MEMORY Da la dircccion base del sedmento de Hemoria.

CPAGE Relocalizs rara un segmnento de codidos.

DFAGE Relocaliza epava un sedmnento de datos.

ORIER Especifica el orden de los sedmentos.

START Easpecitica ls direceion inicial del module de salid
3

STKLN Esrecifica el tamano del Staclhk.

NAME Esrecifice el nombre del modulo de salida.

L.OAD Esrpeifica wodulos obhdeto cargables,

PURLIC Esrecifica la definicion de simbolos.

LIST Esrecifica los elementos a listar.

NLIST Especifica los elementos que no se listaran,

EXIT Termino de Sesion.

END Termino de comandos v carda.

X Comentario.

f.os ardgumentos de los comandos aue son numericos rueden ser
dados ern decimsl o hexadecimal. Las constantes hexadecimales
deben sey terminadas con una "H® 4 rno necesitan empezar con *0' 3
menos aue el rrimer didito sea un caracter hexadecimal de la “A® a
1a *F*.

l.os comandos pueden ser leidos en cualeuier orden v el mismo
comando ruede darse mas de wuna vez. El ultimo uso del comando
determina los rarametros de este. Los comandos rueden ser ruestos
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antes o desrues del comando LOAD excerto ror CODEr DATAr STACK u
HEMORY loe cuales deben rreceder al srimer LOAD on el archivo.

.1 CODE

4]

£l comando CORE es wusado rara especificar 1a direccion
inicizl del sedgnento de codidos relocalizable, 81 rno es
esrecificador le direccion inicial es asumide cero (Q) o empezando
desrues del  sedgmento  precederntey  sudeteo 8 cualeuier tipo  de
relocalizaciony si este no es el rriper sedmento en la memoria.
Este comando debe eswecificorse antes del rrimor comanda LOAIN

Elemrlo:d CODE  400H

Usat

H CORE direccion

donde?!

Bireccion -Esrecifica la direccion base del sednento det
codigos,

& |

«2 DATA

oy

El comandn DATA es usado rara esrecificar la direccion
intcial del gedmento de datos relocalizable. 81 no es
esprecificadoy la direccion iniciasl es asumida cero (0) o emrezando
desrues del sednento rrecedenter sudeto a3 cualauier tiro de
relocalizacionr si este no es el eprimer sedmento en la memeria.
Este comando debe esrecificarse antes del primer comando LOAD,

EJearlo! DATA 1000H
Uso!
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donde?

Direccion -Esrecifica 1la direccion inicial del sedmento de
datos.

2.5.3 STACK

Este comando es usado rars especificar la  direccion inicial
del sesmento e Stacki  la londitud de este es esrecificado ror el
camando STRKLN en el ensawblador o eir @l LOANER, Si 1a direccion
del Stack rno es esrecificoday ests se iniciars  innediastemente
despues del cedmento en 1o memoris wrecedente o emrezara en cero
(0) i es el Frimer sedmento. Este comando debe esrecificarse
antes del rrirer comando LOAD,

Hota, L& direceion inicisl cgrecificada on este comsndo es
12 rarte slta (tore) del seamento de Stack.

EJdemrlol STACK 1FFH

Usos

donde?!

Direccion -Esrecifica la direccion inicial del ‘seﬁménto de
Stack.
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2,5.4 MEMORY

El comardo MEMDRY es wusado rara esrecificsr la direccion
inicial del sedmento de memoria. La londitnd de este sedmento
sera esrecificada como cero (0) en el wara de memorias rero la
londitud se  actualiza con 1a memoris disronible remanente er el
sistema del usuario desrues de aue los  atras sedmentas se  han
cardado, Si no se esrecificar la direccion inicial sera la
inmediata desrues del anterior sedmento o coro (0) si es el
Frimero. Este comundo debe esrecificarse antes del Frimer comando
L.OAD,

Edemrlo: MEMORY 8000H

Uso!l

} HEMORY direccion
donde!

Direccion -Esrecifica la direccion inicial del sedmento de
memoria,

CF'AGE

o
4]

Este comando ruede ser usado rars modificar los tiros de
relocalizacion de los sedmentos do codido en los modulos gbdeto de
entrada, Como se exrlico en 1los  biros de relocalizaciony el
ensanblador le indica a8l LOADER el +tiro esrecifico (huter
padinizadar no radinizads) en coda sedmento de cada modulo obJeto.
Este comando  rermite 31 usuario  redefipir el tira de
relocslizacion esrecificado ror el enssmblador.

El uyso esrecitico de este comando es rermitir al usuario
emFezar cada wodulo en la fronters de una Fadinar rars propositos
de rastreo de erroress u entonces esrecificar el rrogroma  final
con una relocalizscion de Buter padinizads o no raginizada o bien
especificada ror el ensambladovr. Este comando ruede ser cambiado
rars cads wodulo leido ror el LOADER. El ultimo uso de CPAGE
determina el tiro de relocalizacion.

E.demrlo! CrAGE P
228
PAGINA 5S




LINKER-LOADER

' CFAGE {esraciorByPy 13

donde?!

Espacio -Esrecifica que e) tiro de relocalizacion ests dada
ror el ensamblador (Default).

B -Especifica relocaliracion de bute.
P -Esrecifica relocalizacion radinizedoa.

I -Esrecifica relocalizacion no radinizada,

2.5.6 DPAGE

Este comando ruede ser usado para modificar el tiro de
relocalizacion rara sednentos de dates en los modulos obdeto de
entrada. LEste comande es usado de la misma manera aue el comando
CPAGE v rermite al usuario eseecificar el tiro de relocalizacion
de cads modulor de butey wmadinizade o no pagdindzadar o bien
definida ror el ensamblador.

Eate comando ruede ser cambiado rars cada modulo leido por el

LOADER. El wltimo uso de este camando especifica sus  rarametros,

Edemrlat DPAGE

Ysol

| DPAGE {espaciarByPsrl}

dcndel

Esracio -Especifica aue el tiro de relocalizacion esta
definida por el ensamblador (Default),

B -Esrecifica relocalizacion de bute.
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P -Eupecifice relocalizacion radinizada.

I -Esrecifics relocalizacion no radindicads.

2,5,7 ORDER

Como se describio en la oreracion del LOADER: &1 orden normal
de los sedmentos de memoria es?! Codidor Datoss Stack o Memorias,
£1 comando ORDER es erovistoa rara scuellos usdarios aue 6o
necesitan especificar la diregccion inicial rero si el orden de los
sednentos en 1a menoria en forma diferente.

Si el usuarin especifics ls direccion indcial de los
sedmentoss ol orden de ectos ruede no tener warticular
imrortanciaz. Sin embardor e buerno recordsy aue 91 s esrecificod
la dirveccion inieial rara cicrto seamentor lus subsecuantios soran
cardados on Torme srvodresive.,  Asiy i ol usuariao lo deseay el
sednento de datos ruede residir en la localidad 8000H @ todos los
ot.ros sedmnontos ruestos Juntos en 1o sorcion de menoria mas  badar
rero el cedmento  de  datos tendra oue ser el ultino rarsmetro de

los ardunentos del comanda. 1 este no es esrecificado asiy
ertoces cualauivr sedmernto  caordado desrues dol sedwento de datos
residirs ot Lo oeovto olta do 1o momarin dearnon de oecte.

El usuario esreecifics el orden de los segmentos con letrvas
representativas do  estosr  serarcdos BOY COMaS. Tadps los
sednentos deben ser esrecificados en el cosando ©  um mensade  de
error sera denerado idnorondose el comando.

EJamrlol ORDER NyCrGotd
Usal
, - et e e e ——
/
| ORDER sedraedrsedraeyg

donde !
Sed ~Esrecifica uno de los custro sednentos como sidue’
C ~Sedmento de Codidos
D ~Sedmento de Datos
M ~Sedmento de Memoria
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S ~Segmento de Stachk

2,548 START

Este comando es usado rara esrecificar la direccion imiecial
aue sera puesta en el record terminador del modulo obdeto. 8Si no
se esrecificar la direccion inicial es obtenida del record final
del rrodgrama wsrinciral de los modulos obdeto de entrada. En ecaso
de no haberse leido el rrodramz rrinciraly 13 direccion inicial
sera cero (0).

EJemelo! START 7FCH

Uso?

donde

Valor - Especifica la direccion inicial a usar en el modiflo
ob.Jeto de salida.

2.54.9 STKLN

El comandu STKLN es usado rara especificar 13 longitud del
sedmento de Stack 2l LOADER. 8i no se esrecificar la londitud de
este es determinada ror el tamaro dado ror las definiciones en los
modulos obdeto de entrada, '

EJenrlo? STRLN  20H

Usol
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H STRLN valor

donde!

Valor ~Esrecifica la londgitud del sedmento de Stach,

2,5.10 NAKE

Egrecifica el nombre del wmodule obdeto de sslida  final,
Generalmente este comsndo no rezsliza ninduna funcion sobre este
modulos el cual esta escrito en formato hewsdecimal INTEL «ue no
contienc el nombre. Este directive es wusado cuando el module
obdeto de salida ruede ser relocalizable.

El nombre esrecificado ror el wususrio ruede ser cualauier
simbolo estandar de hasta 6 caracteres. 51 el wusuario no
esrecifica nombres este sers tomado del erimer modulo obideto de
entrada.

Este nombre ne se refiere al del srchivo de salida o el
obJetos estos son dados er el inicio de la sesion con el LOADRER.

Edenrlol NAME LECTOR

donde?

Nombre -Es un simbolo aue esrecifica el nomwbre del module
obJeto de salida.
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2.5.11 LOAD

El comando LOAD es usado rara esrecificar uno o mas modulos
aobdeto @ s2a2r cargados., §i el orevando del comando es un numeros
este es asumido como un disrositivo lodico de entrada/salida
(lectora de cinta rerforada ror edemrla), Si el operando no es un
runeros se  asume aue se dio el pombre de un archivo 4 aue el
modulo obJdeto sera leido de este. 8i a8 cualauier orerando le
precede un  sidno mernosy  esto  indica aue varios modulos seran
leidos del disrositivo o del archivo hasta enconirar la marca de
fin de archivo., En este casor el wsuario no necesita especificar
un nombre rara cada modulo obdeto.

Los modulos obdeto rueden ser leidos en combinaciones de
archivos g disrositivos rde entrada/salids u rueden o no ser leidos
hasta el fin de archivo. Los modulos obdeto son cardados en el
orden especificodo u cada uno de ellos es colocado inmediatamente
despues del anterior o bien como 5o hagpg eswecificado 1la

relocalizascion, T usuario ruede usar tantoes comandos LOAD como
necesite.
Edemrlo! LOAD 7+-FILEL
Uso!
/
/
H LOAD madulol{rmodulo2s ... rmoduloN)>
donde!

Modulo -Esrecifica el rnumero de unidad logica del disrositive
de entrada o el nombre del archive en el cusl el
wmodulo ob.dpto reside. Cualauiar modulo
especificado com un sidno menos causars aue se  lea
hasta encontrs 1ls marca de fin de archivo. Los
modulos son serarados con Comoss.

Nota -El LOADER disronible en FRIME no tiene habilitesda 1s
facilidad de leer de unidades lodicas debido a aque no tiene
disrositivos de entrads salida viables como lectova de tarvdetas o
de cints rerforada,
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2.6.12 PUELIC

Este comando es usado rara defimir w/o cambiar el valor de
una definicion externa. 1 wun simbolo esrecificado ror este
comando tiene una definicion externs (hefinido ror el directivo
FUBLIC del ensamblador en el modulo obdeto de entradal)s el valor
del simbolo es cambiade 2l eserecificado #or el usuario. 51 el
simbolo no ests definidor este sera colocado en 1a table de
gsimbolos del LOADRER con el valor esrecificado ¢ estlara disronible
rarg satisfacer referencias erternas de los modulos.

Fste comanda rermile a1 usuario esrecificar el valor de
slgunos simboles coxternns a4l mowentoc de cargsr los modulos v la

rosibilidad de evitsr ane roensamblado.  Para camrbiar el valor de
un simknlo eue se encuentra en Jdno definicion en el modulo obJdetor
este comando debe esrecificarse antes de ser cardado ror el

comando LOAD, Fuede ser colocado imnmedistasmente antes del comando
ENIDN,

C.emrlo? INFUT=2FHyOUTPUT=0ACH
Uso?
/
/
{ FUBLIC simbolol=svalor{s.,.rsimboloN=valor}

donde !
Simbolo ~Es un simbolo estterno definido ror el usuario.

Valor ~Es el valor que sere asignado a8l simbolo.

2,5.13 LIST

El comando LIST ruede ser usado rara denerar listados de los
elementos esrecificados. Los dofaults sont Tabls de simbolos no
listador modulo obdeto rroducidor los simbolos no son colocados en
el modulo obdeto de sslida v los simboloz locales no son  rurdados
de los modulos obdete de entrada. Los simbolos lacales son los
colocados en el modulec obdeto ror el ensamblador aue no  sbr
definiciones externas. E1l usuasrio debe notar oue colocando
definiciones externas w locales en el modulo obdeto de salide

ruede causar la rereticion de simbolos. Tiricamente solo los
simbolos lpcales ruestos ror el ensamblador o las definiciones
234
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eitternas seran colocadas en el modulo obhdelo de salida. Es pPor
esto que el directivo LIST B en el ensamblador forma una tabla de
simboleos donde incluue a las definiciones locales v externas.

Edemslo! LIST TeX

Uso?

! LIST {DrQsPrTrX)

dondg!

D -Esrecifica aue las definiciones extenas seran ruestas en
el modulo obJeto de salida.

0 ~Esrecifica aue un nmodulo obdeto sere rroducide (Dafault).

- P ~Especifice que cuslouler simbolo local en el npodulo de

: " entrada sera ruesto en la tabla de simbolos del
LOADER (Default).

6 ~Esrecifica aue la tabla de simbolos locales sera escrita

en el modulo aob.eto w rurde ser usado rara rastreo

de erroros,

T ~Especifico aue lz tabla de simbolos sepas listada en el
archivo de salida,

X -Especifica aque 1z tabla de definiciones externas sera
listado en el archive de salida.

2.5.14 NLIST

-+ -El'comando NLIST es el contrario del comando LIST v es wusado
para suprimir el listado de 1los elemntos esrecificados en el
argupento, los elementos pueden ser ruestos @ listar nuevamente
usando LIST,

EJemplat NLIST O

Usaol
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! NLIST {DrOrPySrTeX>

donde!

DrOrPsSrTeX ~Tienen el sidnificado oruesto al dado en el
comando LIST. lLos elementos cue son default en el
comando anteriory no los son en este 9 viceversa,

2,5.15 EXIT

fate comando es usado cuando se esta en modo interactivo (no
habilitado en PRINMNEY para terminar una secion. Este comando es
muy usado cuando el usuario encuentra un e@rror ¥ reauiere redresar
sl sistema orerstivo rara corredirlo. Edte actua como el comando
END excerto que la carda final no tomz ludgar ¥ no es producido el
nodulo obJeto.

Usol

m
bt
-
-

245416 ERD

‘ Este debe ser £l ultimo comando en cada archivo de entrada.
Inicis los pasos finales del proceso de carda,

Usol

END

-
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2,8417 % (Camentario)

Urn asterisco suede ser usado rara esrecificar wun  comentario
en el archivo de entrada. Este debe estar en la columns uno (1),

Edemrlo? % ESTE ES UN COMENTARIOQ
Usal
e
/
! X comentario
237
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2,6 USO DEL LLOADER

Para hacer uso del LINK-LOADER de 1la FRIME es necesasrio
tener!

a) Uno o mas archivos obdeto denerados ror el
ensamblador o bien ror el LOADER.

b) Un archivo corn comandos rars el LOADER en
donde se indiaue cuales archivos seran cardados w
1a forma en aue se hara.

El rrodroms es invocado como comzndo de la FRIME mediante el
tecleo de LKLI, Esto hace aue el rrodrams corra en la cuenta
especifica de) usuario, El rrodrama emrieza preduntando rFor  un
archivo de entrada!l

————————— ARCHIVD DE ENTRADA!

aue es precisgmente el archive de comandos formado ror el usuario,
Este debe ser un archivo existente o de lo coptrario volvera o
redirse., Fosteriormente rido ¢l nombro oue tondro ol listado de
salida?l

———————— ARCHIVO DE SALIDA 8

aue es el archivo donde el LOADER coloca los resultados w mensa.es
de error de 13 cards en caso de haberlose s8si como las tablas de
simbolos si son redidasi este archive no debe existir o de 1o
contraric se pediras nuevamenter esto con el el fin de no borrar o
reescribir archivos ror error. Por ultino ride el nombre del
archivo obdeto de salidal

----------- ARCHIVD ORJETO H

en donde el LOADER colocaraz el modulo obdeto de salidai este
archivo tamroco debe existir o volveras a8 redirse. Al  terminar
dars un mensalde de STOP. En el listado de salida se rodra ver los
regultados de 1a cardgs. En caso de resultar sucesiva 4 sin
errores ararecera el mensade siduiente en dicho archive!

LOAD COMPLETE .

En 12 PRIME no estan implementadas las lecturas en
238
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disrositivos de Entrarda/Salida ror no haber ninduno arrosiado como
lo seria la lectora de tardetas o cinta rerforada,

Asimismo no esta imelementado el modo interactivo ror ser
rorro usualy  sin embardo ruede hacerse uwso de otros sistemas
exlstenteos como el DATCH rars comrelementarlo.
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1 EL ESTANDAR RS-232C,

El estandar RS-232C es uno do los  diversos estandars o

recomendaciones encaminadas A facilitar 1o conevion entras

camputadora v terminaly modems o redes de concutadoras.,
Actualmente el estamdar RS-232C es unp de los mas Forulares
utilizados rara conectar computadoras a modens v a terminales,
£l titulo oficial rora este estandar  eaf Interfase ontre
eauiro terminal de datos v equipo 0] datos con
circuito-terminagl utilizando interface binoris en serie, s ©
en RS-232C indica aue ha sido revisodo. FEste estandar incluve
muchos otros asrectos ade&as de los cables de  transmision 4
recercion de datos age se atilizan rara conectar una terminal
3 una comrutadora.

El estandar RS-232C consta de custro rartes erincirales?

a) Caracteristicss electricas de la senal.

b) Caracteristicas mecanicas de la interface,

) Deserircion funcional de las senales.

d) Una lista de sobeonduntos de cenales estandara PINS
interfaces de tiro esrecifico.

La rrimers rarte define los voltpdes a ser utilizadon u
sus interrretaciones como ceros w unos, L3 sedunds esrecifics
el tawmano del conector 4 13 disrosicion de las terminales. La
tercerar la cual se describirs posteriormentz con mas detslles
prororeions una  descrircion funcional de 13s 21 sen3dles aue

conforman el estandar R5-232Cy w 1la cuarta rarter enlista
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alrededor de 14 subdruros de oastas 21 zensles  aue  son
utilizadas en diferentes tiros de modems.

El estandar RS~-232C fue establecido por wng  ordaninacion
de lus estados wunidosy 13 asociociecn de  industrisas de 1s
electronica (EIAYs v son casi identicas o las recomendacionns
V.24 del ICITT (Comite Consultatif Interrational Telerhonicue
£t Teledrarhiaue)r Comite de 13 Unlon Internacional de
Telecomunicacionesy ¢l cual es ung adencia de lo Ovdenizascion
de las Naciones Unidas sim  embario las caracteristicas
electricas de 1la senal se esrecifican seraradamente en la
recomendacion V.28,

Cuando se accesa wnoa  computadora  atravesn de lineas
telefonicasy la comrutadora se debe conectar a ur modemr este
g su vez se comunics atraves de 1a red teolefounica a otro modem
el cual debera estar conectado a una tevminal. Esta
confidupagion invaolugra dos interfacez RS-23200 una entve la
comrputadora v su modem 4 otra entre la terminal w sy modem,
La terminolodiz oficisl denoming tanto o la comrutsdors como a
la terminal DTE’s (eauiro terminsl de datos) w a los modems
DCE (eauiro de comunicacion de datos).

Debido a aue frecuentemente es deseable roder escoder
entre conectar una terminal con  un nodem o directamente al
puerto de salida de wuna computadorar el estandar RS-232C
Frovee frecuenteaente ambas  conexiones. Estrictamente
hablandor el estandar R5-232C no fue pensado rara conectar

directamente un disrositivo DTE a otro DTEy u cuando esto se
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lleva a cabor le mauzoria de sus  sersles  son  innecesariac,

Cusrdn un fabricante esrocifica aque un Froducteo es comeatible

con el estandar RY-232C denerelmente se rofiere a  que el

eauiro scertsda u  deners unicemente un roeueno druro de las 21

senales del estandar @ no viola ninduns otra ravte del mismo.

Generalmenter ol estandar  RY-2220 cabre  senales  tales
Como las del srotocolo rora conbtestnr 1lamadas @ rarg
cont rolar modens rers Lnvortir 1o diveccion de 13 transmision
on un enlace ALY BURLEX,

La rrincirsl desventads del RS-232 o3 sy limitacion en

sncioe do Lronswisions  unicamente 15

lo oue ge retiore a dig

melros,  En la practice se raede rebascr  considerablementes

rero siempre  bado  ndestro riesdo. Una sedardn desventads es

su o velocidad monine de bransmision,.  S1 bien ests denevolmente

ne es  uns  limitante op copunigacion antre tormingl &
comrputadoray va  aue micntras la velocidad limite el RE-232C
es de 12:200 Rits ror sodundor la velceidad de Tos datos entre
comentadora-terninal oo deneralmonte de 9400 Tits ror  sedurdo
ers el  medor de los casose u oes muw dificil transmitir datos
aun @ estas baJss velocidades atraves de redes telefonicas
;nnmutadas.

La restrmiccion de distancia no es uns soria desventads si
se utiliza un modem rava accesar a una  computadora en forma
rémota. Los modems deneralmente se  ubican a un lado de la
comrutadora o terminsly uw lo lardo de la trarmsmision se lleva

a cabo  entre los modems 3 lo 1a e La lines telefonica.
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Sin embsrdor para oarlicaciones locales ©%  muy frecuente
encontrar irterfaces RG~2320 conectando directsmnente
terminzles a comrutadorasy simerlamente rOTQLIE eg mas
conveniente utilizar 1a misma interface terninal-comrutadorar
se utilice o no una conerxion ror modemy 4 es  aaul  donde el
limite de los 19 metros oo vuelve rvestrictivor ademase los
niveles de voltades no son rarticularmente  convenientes dado
aue fio son los  wigmos  aue los  aue e otilizan en
tecnolodias cotandars arie dominan attualnente en la
imelementacion do comeutadoras (TTL w HOS)y esto sigrnificn aue
es necesario una fuente de slimentscien adicionsl al utilizar
dicho estandar,

Tehido a la serie do dosventadas antes mencionadas  del
estandar RE-232C» 1l interfece ror aedio de un anillo de
corrienter hecho famoso wor los teletiros  oridinasless se  ha
Fuesto de  mods  ruevanentes rarticularpente o 1as
computadoras caseras de  bado costor esta interface no ps
rroriamente estendary rorularizandose las de 20 4 60 mhr o
dgenoralmente trebads sobre distancias de hsste 450 metros o
velocidades de hasta 24600 Bite rov sagundo .
Nesafortunadanenter esta interface [:34] comrletamente
incompatible con el RS-232C o recuiere el uso de circultoria
conmutabler circuitos de conversion o una dualidad e
circuitos rara ambos estandares. Mas suny la interface viene
en dos saboresi activay la cual denera rFor :si misma 1la

corriente ¥ rasivasr la cual detecta ls corriente o rermite el
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raso de corriente abrierdo o cerrando el rircuitn; Circnitnsg
de conversion rermiten gue disrositivos rasivas e coamunicuen
con disrositivos activos, For odemrloy un microcomeutador
deneralmente contiene la interface active w ura herminal la
#asivar lo cual sidnifice aue e debera contar corn un circuid lo
de conversion activa-a-activa Fara conectar dosg

microcomrutadores directamente,

SOBRELLEVANDO LOS DEFECTOS.

Fara resolver los sroblenss del RS-232C v rara incorrorar
4 medorar las ventadas de la interface de anillo de corrienter
la EJA introdudo los estondares RS~422A, RE-A2ZA w RE-449,  Un
cambio princiral fue el de desenrvedar 1as esrecificaciones
electricasys mecanicas v funcionales del RS-232C, Ern loo
estandares RS-4224 4 RS-4230  undcamente so moncionan Yas
esrecificaciones clectricas, Fara Fermitir vwolocidades
mayores on La trarnsmision de datoss, el RS-422a utiliza dos
cables rara cada wuna de les senalesy este arredloy conocido
como transmision balecheeadar durlica el numero de alambres  en
el cable. El  KS-423A +transmite a velocidades mas lentas o
ytiliza un cable como travectoris de retorno comun de ‘todas
las senslesr o 1o cual se le conoce como  transmicion
desbalanceada 8 es muy similar a8l disenn del RS-232C, El
estanda RS-423A orers en cualauiera de los amhientes RE-23I2C
o RS-422Ay 4 de psta manera se provee 3l usuario del eawira

actual con una via rara emidrar lentazmente 3l nuevo redimen
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rel RS-422n,

La EIA ha introducidn el estandar RE-449 como el rosible
sucasor del RS-232C, Ilicho estandar erovee una descrircion
funcional comrleta de las senslee necesariss rars el control
de modemsy lo wmismo aue de las esrecificaciones mecanicas de
clavidas v soauets. Las esrecificaciones electricas  para la
mavoria de las senasles son idusles o las del estandar RG-423Ay
aunaue las  del RS-4224 estan disronibles rara oreraciones de
alta velocicad si o5 necesario. 01 RS5-449 tierne wun tremendo
numero de cables {46y en contracte con los 25 del RS-232C) en
dos conectoress urnc con 37 terminales otro can P
Afortunsdoamenter la mavoviz de las arlicaciones no reaudieren
lag senalas del conector do 9 terminslen, Adenas de lag
medoras en  la velocidsd 4 distanciar el RS5-449 ofrece aldunas
ctras funciones de mauor valia sobre el R5E-232C en lo aue so
refiere a 1la wmrueba ogutomatica e modem 4 rrovisionamiento
rara canales en estado establer reoro aun no  dinceorrors  la
carpacidad de sutomarcacion, [l exito del R5-442 en el mercado

compercial aun esta ror verse,

EL. ESTANDAR RS-232C.
lLa siguiente tabla muestra las 21 senales del estandar
RE~232C en tres modalidades?
3) De acuerdo al npumero de 13 terminal gue ocurs en el
conectaor estandar de 25 terminales.

2) Sedun la codificacion asignada ror 13 ElA.
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del COITT V.24,

P
PIN | EIA | CCITT| Signal Source
1 1A [ Protectiva Ground
« 1 L AB |02 Signal Ground
= 2 1 BA 1105 Trarsmadted Date
& ) CA J108 Pagurst Ta fSond
20 | CD {08 Data Tenninal Ready
23 (e o Dat Synsung Reto Sofeaior o
i (DTE souico) {computar intertaced
26 1 DA {112 : Transmitiae Signal Element Timing
; (DTE soutce)
14 SEA {118 Snconzaty Transinited Data
19 SCA VD Sncandary Roaquest Te Send
E I S IR I Recoleed Dats
v 5 Cu |06 Clear Yo Sendt
. 6 1CC {7 Data Set Hepdy
22 | CE 125 Riny Indficater
§ | GF 109 Received Ling Signal Detector
a1 CE {110 Sional Qualty Detector
23 o) 12 Data Signaling Rate Sslector ooE
(DCE souice) {modiam of tormansdy
15 108 114 Transmitter Sigast Element Timing
(DCE soutcy)
17 { DD NS Raceiver Signal Etemant Timlng
{UCE source) *
1§ { 5B8; 1D Secondary Recrived Dala
13 1 sCB Secondary G To Send
12 { 8GF (122 Secondary Tocohvad Line Signa! Detastne
Table 2: R5-232C signals.

246
PAGINA ?




EL ESTANDAR RG-232

S 247
PAGINA 8



El. ESTAMDAR RS- 732

2 DESCRIPCION DE LAS SENALES.

TIERRA DE FROTECCION.--
Esta senal es para seduridad 4w se conecta al chasis del

eauiro en ambos extremos del enlace.

TIERRA DE SENAL .-
Esta senal establece un volisde de tierra de referencis

comun rara todos las senales de datos.

TRANSMISION DE DATOS.
Es la travectoria de los datos desde la terminal hasta la

interface de la computadora,

RECEFCION DE BATOS.-

£s 13 travectoria de los datos en direccion oruesta.

DATA SET READY.—

Senal dgenarada ror un nodem rara indicar aue esta
prerarado rara vecibir datos epara su transmision,

Cuindo se interconects un disrositive lenta a un

.

comsutacor se rpuede utilizar ests terminal parvs contrslar el
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Pluie de datose 2uneue. se ruede utilizar otras linpas tal.como.

el *CLEAR TO SENU" rara el mismo rrorosito.

RECEIVED LINE: SIGNAL -DETELTOR.w- - - L D P T v
“viEstalsenal es)llomada con frecuencie: !CARRIER - PETECT? . &,

se utlliza: rara indicar 'a-.:lg-.gepfutadorg. aue alduien asta.

tratando de hocer contacto en esta:lintar: v se-ruede., ubilizar

rara disrarsr a lz comrutadora rara denerar una invitacion de

acceso (LOGIN). I LT T D S K A R

Tinhets FAS DR S SH KA B BT e R S PR T TUE I EOR

REQUEST TO'GEND vz ¢ svvifgy o8 v aboen o7 00 fadumun =i Shundi
o Es®ailinea enunion corelacde 2CLEAR: T SEND™... cantrakan
la direccior de 1la transmicsion ern una. oepeyaciorn HALF-DURLEX.,
La comrutadors denera 1a senal "REQUEST TO SEND®* cusndo

desea tronsmitiry w l&2enal. TCLEARITO SENDL 1eydndisaogerasl;

modem wutes listo o pave'recibiwilas i« caranteres,.: Fara la

trangmibsion. yu 2o o TEA aedrumanty RS ard
P T N DA [ SRS S S e R v

DATA TERMINAL READY, -~

Ests senal serUtilizaiearsiiindicgr gue:nia s conmubadans
ests wrorareda rare. recibdvos dindicadones: dev-1lamada o (RING
INDICATORYN: e . o mecmm a9 Geoier Bbaie s gy fne

Pl DT TR

RING INDICATOR,-~
Esta senal .welhdoe "0% 1odder u (%1% 1odico,:9) spitgaridel

timbre talefonicdo «ide i tal © manera:. aue sbas:conrubadorsirucede
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contestar desrues do un vwmero esrecifico da Llemardas.

DATA SIGNALING RATE SELECTYOR (ITE SOURCE) .-

Senal utilizada ror aldunos modems Fara  conmutar entre
dos veloecidades de transmision., La comrutadora en el cutromo
en el cual se aridipa la llsmada ntiliza esta senal rava fidor

la veloeidad de transmision de 1a linea.

DATA SIGNALING RATE SELECTOR (BCE SOURCE) .-

Estz scnal s denorads rar 2l moden en el extremd  de 1a
linea aue recibe la llamada v le indica 3 su comrutadora la
velocidad de transmisione de acuerdo @ la senal recibida del

atro extremo de 1a limeos,

RECEIVER SIGNAL ELEHENT TIMING (DCE SOURCE) .-
Senal denerada en el extremo recertor ror los modems de
funcionamiento sincronico pPars proveer de un reloJ e

incrementar la contiobilidad de la tronomision,

TRANSHITTER SIGNAL ELEMENT TIMING (DCE SOURCE),.-
Para la transmision de los datos en forma sincrvonica el
relod se rpuede denerar en el modemy en cuvo caso el relold

racibe este rombre,

TRANSHITTER SIGNAL ELEMENT TIMING (DTE SOURCE).-~ ' .

Este es el nombre aue recibe la senal de temporizacion de
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datos cuando se senera en 13 comrutadors,

SIGNAL QUALITY DETECTOR,-
Sernal denerada en los modems sincronicos w utilizada rarva
indicar i euxiste una alta probabilidad de error en los datos

recibidos.

LINEAS DE CANAL SLCUNLARIO. -

Aldunos modems Froveen cinco lineas aue forman wun  canal
secundario de comunicacian. El canal sripciral deneralmente
se utiliza o una slta velocidad (1200 Bits ror  sedundo) wars
transmitir on uina direccion v un canal secundario de velocidad
miacho mas boda (79 Bits ror sequndo) en 18 direcrion inversa,.
" 4 confirmar 13

El canal secundario se utiliza rara "escuchar

recercion o para interrumpir al transmisor.

SENALES DEL CANAL SECUNDARIO!
1, 8econdary transmited data.
2.~ Secondary received data.
3.~ Secondary reauest to send.,
4.~ Secondary clear to send.

5.~ Secondary received line sidnsl detector,
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3 ESPECIFICACIUNES ELECTRICAS DEL ESTARDAR RS-2I2C.

Urn transmisor RS-2320 debe dopnevor un voltade surerior 3
los § wvolts rositivos wars indicarc uns condicion de linee
1lamada "esracio®s w un voltasde ror debndo de les O volts
nesativos raras indicar la otve condiciony lamads marca, FPova

rroduciv estos voltades deoneralmente os necessrio ahilizar una

fuente de  alimentacion de /- 12 Volha, Un cocertor daeho
reconocer voltades ror encims e 13 voils  como  oseacion 4

voltades ror  doboado  de los -3 volbs como marvcasy) wver fidiura,

El cambio de la senal de un entado = otro debe tomarvle

- cusndo ' muchoy 4 ror  ciento del reriodo de wun Bit 2

.

microsedundes a la aaximas velocidad rermisible de 199200
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L L8TaNDaR RS-232

BAULS Y en la rezion de transicion,

Estos resuerimientos limitan la cortided de  caorscitencis
disrerss rermisible enn el enlace de trapsmision debido & aue
lss caracitarnciss  suavizan las trangiciones  raridas, EX
estandar RS-2320 esrecifics que la caracitzneia no  debe
axcedoer los 2500 PFd w debido a cue  lown cables tierern una

2C limite la

caracitancia de 40 o 50 PF ror  riee ol RS2
londitud del ceble o 50 rios,

Une sedundz dificultad del RS5-232C es sy arredlo de
tierras ncon doo lincss eerarados? tierra  de eroteccion o
tierva de senal. Desafortunsdamente ol estandzr no establece
clarvamente cowo  debon uwtilicavce estas  senales, En muchas
imrlomentacioness la tierra de rroteccion simelenente na  es
cunectada._

l.a conexion de tierras P33T sistemas analodas
distribuidos es wupz materia notoriamente dificil. Pars dar
una ides sencilla de los rroblemas aue rueden ocurriry imadine
un enlace RS-232C entre eaquiros en lown cuales las tierras de
wroteccion no estan conectadas rero donde la tierra de sensl
esta cornectada a la tierra real en ambos eutremos., Diferentes
rotenciales de tierra en los extremos del enlace causoran que
exista un Tludo de corriente a traves del rcable de tierra de
sensl. La resistencis inevitable en este cable asedurs 1a
existencis de una diferencia de rotencial entre 1ss tierras de
senal aue rodrisy si la distanciz es lo suficientemente

grander causar aue los datos sean recibidos incorrectamente,

FAGINA 14
253



SIS TP A GR- 10060 PAGTHA 1

TITHE 'S 37V M G F - 100 067
LIST &

[

FS P ETRSSISERLFITFLEF LTSS SAEIILLETITL ISR ELLLE L]
sockokoR ok Rk ok BISTEMA DE DESARR

o e S e e S

IESEE 2T

o

8 * El wroseubo crodrann foa dessrrod lodo an Ya Urdded o Tredee
9 ¥ pieria Eerocializacks do 1o Comision boedevast e Flocteresdod oo
10 * Hector Niaz Havaness formsendo eobe of cuoteo hosionry enoeaanho
i1 ¥ a Programscion o doitoces e rarkils eun ol St e for -
12 ¥ rrolio GR-1000. Poocions come baly convertiondole oo hiovra -
13 ¥ wienta haokonle vadoove pora el dovarirol o de cleeowd bos mievos -
i4 ¥ praocesados cue cueebonn o) wooerros rocos Ao 280,

1% .3

14 S La Draonizecion dod svodeams oo adao dbibvivids on st e

17 ¥ seccionesy onedonda eotableoiin g Ta niman nle moneivad

18 %

19 ¥ 1. DIRECTIVUS LY DRantatic, Tania do divorciones o Phkdos

20 ¥ ppvrasErondicnlbe . v Vet i L 1o ot del

21 A BTOUTIGG PTIRC el .

22 *

2 % 2, PRODEAMA PRINCTOAL ., [nbinas aue conlenonry Fos Wlhonae s

24 ¥ bosicas vore oL manoga del Seobeps GE-TO0O Fotan fnalason

28 % 1o Inicie! aciony of Hanedo de Frnbaltess ol

26 X

ey ¥ 2, GURRUTINAS ARCULTARES, Rt inas o peorosito dongesd

29 ¥ oaue sirvon comn sosuvto ot Prodvems Princiont, Doty et

29 ® me inchuuen Hanedo de bloaies do dbbase Tranlodn ao Bioweos

30 ¥ de dstos o 1o panta)lay e

31 b3

32 X A HENSAJSESG Y PANTALIAS, Contione Yos bahioo de dobos an

33 ¥ codide ABCTITYy ane fon necosarias rara Pormar Los Giforendes

Ja4 ¥ opantallas v omen vl Sishoene G5 1000,

38 bt .

34 X £l evndrses ouby esevito eara eoder wat corcido cooet

37 F oprodirama HADROCHSAHDE ADDE ] cone o hebla on 1o seeeian

34 ¥ aduacente del rrasonle geendice,



582

ERR LTHEA abBR

40
ate

A2

0000
Q000
[elvie]
0000
0000
0000
FOoo
FEFF
e
FEFF
FFFF
FFFF
FFFF
FFEF
FFFF
FEFF
FyFy
FFEF
Firr
FiFF
FEFF
FEFF
FFFF
FFFF
FFIF
FFFF
FFFF
FFFF
FFTF
FFPF
FFFF
FIFF
FEEE
FEFF
FFFF
FFFF
FFFF
FEFF
FFFF
FFFF
FFFT
FFFF
FFFF
Fane
F600

o1 w2 B3 pa

SsIetvr

MAZRRERERKEREN LTS

AERAARAKARS AN RARRAR AT AT A ERRR R E AR P A AT A b o !
t P
RS SE S LTS SISVIL PSSR 22 2SR ARS LSRN A AN

RUT_Q4H E0
RYT .07 fan
KUT.00 £OU
RUE.14 £0Y
ISR I AR Rt
KUT 14 Lo
N kA tau
RHM. 20 101
Ll
YU
g

fHMH..30 TOU
KHH__31 U
FHH. 32 au
L35 rol
kHn. 34 £QU
[cHH 35 EQu
Riel_d0 Fal
N A1 Lol
Reif_ a2 Fau
RHA. 43 EQU
M4 EQLY
RHM_A% EQU
RHH. A6 EQY
CON..GR EQY
COH._DS EaU
GRI..HH ER]Y
GRO.CP £QU
GRI_GR EQD
GRE_DS f£0U
DSK_nH roy
LoN.CF EQU
DOK.GR EQU
BEN..BS EQU
MEM.CF EQU

2  £al

- [We]i}
LFCED2 AU
{.FEED3 EQU
LFEEDA EQGU
REX.0L EQU
REX_.0Z EQU

WA

Q0000H
00000H
QOO0
QOO0
(et
OU0OH
O 0ot
OFELEH
RMH. 0
OFVFIH
OFEEEH
ORI
Wrrrri
orErin
Egad
OFFFEH
OFFFIH
GIEFrH
HFEEH
OFEEEN
GFFVFH
OFrVEH
QrFeey
OrEryl
OFFTTH
OFFFFH
OFFEFH
OrErrH
OFFFTH
Faangll
OFfFFN
OFEFFH
OFFFEH
OFFETHl
OFFEEH
OFFFFN
OFFFIH
OFFFFH
OFFFFH
OFFFTH
OFTFFI
OFFEFH
OFFFIN
aranat
OF 6001

6

K -

100090

nrrEcTIVON

AP EER?
khheskdtie

Fanil,



Ss

ERFE L THES DDk

%0
@1
92

0000
0002
0003
0006
0038
GO
003
[thz1]
0042
0044
0045
0047
o047
0pat
guan

00RR
(e g
QOBF
Q0461
0063
ST
0070
0071
0073
00675
0077
0079
Q071
0O7E
0080
0064
0087
0otA
0086
06RE
0020
Q092
00938
Q6

frl

04

14

o

03

b3

00
4

00

00

10
94
[
PE

[

00

S 18

TCha GR - 1900 PA6THO R

AR AR ARA AR LR RARAAFF A AT A 30 R R e bR kR ka A bha kit b S vt
AHORRER R KRNk K kK FROGRAMA PRIV IFAL ISSTEESERASER I A SRS NS
FRARRRERTRR RO RO A L AR E Sa ki Aokl b ARkt Ad s hda b il ird

RGT.00

LO0ro!

Lo 02

HalT

L0 RyO3H THOUETOR Y PROGEARGLOR Z00°.,
XOKR A

JP 000400
DEFS 50

NEFE 00500, 00
S REY 01
ners o

HUT (O3HY 40
OUT (0L v h
neEc v

JROHZ PLODF 0
LIV e 40H PREFAka TS, fafn THOTRUGETON,
OUT (O3ED v
GUHT (Ot A
LD Sy 0000H

BORRA BSART O 05 P05, 04 v 0L,

CARGA LTatk Cui NIRCCTI0R 0000,

LD AP OFEN CARGA VECTOR B TNTFLAUICTORT G,
LI Irp

w2 FOME et HODO 7 BE 1 CRAN-C RO,
KO A

QuUT (05EHY A L OPOHE DG DT ELABAD B G

PI Asdon
0UT (O%HY A
LU AsOnON
oUT oY A

PROGIAMN KL Lir Lovd

Broka UGS YRTERIOG DR Oy T Y

Lo Cr32H RESETED EL DIOPLAY,
Ji 00704 BRTHEA 11 RESTART dail.
NEFS 10

BEC C

JRONZSLO0FOD
LI areol

outT (0SHYrh [OME CDYT TH WO 0F CORRITURA.
LD AeZ0H

ouT (031 vh FOHE THSIKBCETOH HODO Fd TTo, o,
LI NE,HENTOO CARGA LON BIRL BE BEPSHR O,

LI Ty OFFH CARGA COHTATIOR N CORACTERN S,

LI REG.0O CARGA EN 1A BT, DE ETHRID 00,

L0 HL SULTO03

LTv (OFErZH) o bl HARTLYTA TRANSHISTON FH COLTGL,
BN TRALH
OUT (O3 0
LIt ArOUH
DUT <0&HI A HABRILT I CFT,

ET HABTLTTA THILREUGPCINNCS i 200,
HALT CSTALO DE CSETRD,

JRHNET

TRAHNSH L ITON A TERHTHAL



2

CRE LIHEA ADINK

140
1ag
142
143
Laa
144
144
147
140
14%
150
1o
[ R=144
143
154
155
1454
167
158
159
140
16t
162
143
164
16%
564
147
160
169
170
171
[ Waes
173
174
7%
176
177
1rn
17%
tao
101
102
183
104
10%
106
187
169
189
170
i91
192
193

0094
007
QoYY
0097F
[yl
OONA
00n7
000A
QONC
OOAT
QONL
oL
OORY,
QORY
aonn
oont
Q0L L
ooG?
oocA
00Cs
0eca
o0CA
Q000
OOLE
HOTL
OOh3
aon?
QOhA
00N
00E0
00E3
Qota
[\ 1ol B<)
[t1e ]}
[s1a1a4E)
oorn
[oIn
00F1
QOF D
OOF3
oora
OOF &
00Fa
00FA
001
OOFC
0100
0102
0103
0105
0107
0§04
010a
0108

n

CF
)
21
vt
[$153
Af
20
o

10

al

oL

00
o

s
ot
hi.

©oou

A
o

i
ot

oD
S

0o

00

00

[$1]

G0

00

G148

REZG 00

REO 0V
RELT 1

ReeTot

kE.ol

UL Ve

REG (43

HACKAT

LIRTGE

™n

RO
REALLD

BELLCE

T A Gk

LT e oHMIFHTO
LDr beball

L0 IXeREG.OY
Jb BENTLR
Lit Gy00h

LI Bl rkEGTOY
Ji RUCTER

TH A O
nn
LD Befy

Lo Y.k v ool
LUE 10 R A e
TR Ty ke
mr 7.

MY CRORRAS
Lo, oty
S

[ AR

AR ZenPLEee
cr Hon

M Zennt e
G Ga

AR 7L TAR

10 By REH oS
L T QLY

L I hEG Of
JEeoaiutrne
1h C,aen
LIy RECT
JEostrn
wee CHi

v (ub)

LI Ay (LU

(M ARFAY

IR ZeREA L
VI TYSREG O
JESE TN
THE (i
e iy

LIr Ay (1ILD)

[ AN )
JROZeRECAD D
Jit NIRIGE
Lo CHLY s 300
AR DIRIGE
Ll UL 280
JRODIRIGE
LI6 Ay (HED)
AU OH

$h

(R U TFR ]

1.1 ey
At
XX

1O 00 Fapl hiln

CARDGA CON HEHSAJE 03

CaRGA CONTANOR B CARACTTERNS,
CAkGA NI, T RUTORIN,
coRTADOR .,

RUCTPETO IF 1R Tl VR EeT01,
YA N RECTER.

hOVE DAY B SPE 1A dnidNatal .
SAL VA TRl v At
WIRSTETOE pE o RETRRNO,

RETICS o CARGAR 1O To0,

1 T RN NI (LR N T

PEOLRS BANTTEA,

G18AHDE RO L DO a0 Lskibeehy,
Ealitnd bk ee o,

GLON 0 e PRTNCA A niVLi e

S A= BERTHEA Y UL

G3 a5’y BHINCA A 0l
CArBA COH HTHTAT 05,

EETORMNA LH LB oy
FOBL Barit bao Db 10
COHE CURSHIE FROTEREIINE

AT 1A U 3 B TR N A T

BT Ay REAIUSTA CURGOE,
PO CURCOR T TERMEMAL

FEVCTUA §1 1AL,

61 30 REAINGTA CUREIE,
REAEGTA TOSTCTION.
RIAJUSTA POSTETON,

RUTTHA T SFLECCTON,

iy ELOBTRELE a1 TO,
RECOREE Lo THEOenatTOd,

CARGA U BYTE 107 ad D oe o
rfhn BY VU0 T i,
GALLT TR REGS . AL T sy,




ERR LINFA

©G2

194
195
194
197
198
199
200
201

ADDK

010C
0107
o111
0115
o114
0119
0114
o11n

I
11

o
c3
(4
o
v

7
3p
21

oc

» B k4

14

18 01
ot

S19

REG.EX

TEHA

LD DEsHENT?O
LT Be3DH

LT IXeREG_FYX
JE HENTER
EXX

£X AF e’
JEofHy

EFG 3

6R

1000 PAGINA
CARGA NENCAUE 20,

SA VA DI, I REYORNO,

RECUFERA DE REGS, AL TERUDADDS,

HRINCA A TABLA DE RUTTIHAS,

.



[
U
A

1 Tola AR

O

ey
Do
M2
It
S0
A
2
'Il:\
D
A )
o B!
A
Y
2th
o
oon
g

i

o1LL
o3
F K]
o7
O1in
G100
(LIRS0
0133
0144
0187
01y
(1N
O1 3P
140
0143
01ay
0140
0141
O1AD
0441l
01N
[tA SR
[ B4
athg
o150
(LA iy
RSN
0161
olaoa
0144
0169
014
ULA6E
0170
[$R I
0174
0120
01720
0L7n
3V
4182
0184
D13y
L1ny
LA RLN
0188
0171
0194
nyey

18T

t
0

N c

[
11

[

€0 L

1

P

[P EN I

Do

BRI

I

Toh0

41
0o
o

N
79
By

Oy
ar

S oau

ng
o
44

L
Qe
"6
s
)

4
&
1%
&
00
e

200

0o
G52
19
LUl
fn

01
ac

1

Q0
00
0

034

o

KRR

ot

Mo B

EHEE Y h ek bRd T RUT A BE EXaNiN DEF Bl la seedsstbidegl

EX M

HEHRT G
kUG 1e

LGt
17 RUH
KEE 18
GEE R
HECT 10

$Ur10

L1 300 . )

RETURN

IRy
(Y
Ly

n
N
L
[RU

IR
L
L
I
L
'
Ph
1
L

"
™
(114
Ln
i

il

Ji
or
R
[N
NN
LD

ny L HeHrio
[EE N
XN pe
ME T
B HETIL
Tre 341
TPt 1t
HICHE 3
Tl
A O0N

COFNey oo
T efn
[N
N ol van
[Ie2ua]]

L RECio
preqrs
EREUS IR

N

Frei T ot
(RT3}

EXZN
UM S EI]
o
ZrUnCKSE
Al
JLH0NETO
FILp O1E DoiS

HIT Oeqtit )y

NG

BIY

RIS

nu

RIT

Jar

w1y

Jp

JF

iy

Jr

Ly RIEO0N
1o (HLY
HI RO 0
D il
M RUT G
EINRIINS
M7 vy KETURH
LERSLI
M7 05

SBIT Ye iy

M RUT. 04
&y CHL Y
HZ,F0F.0%

pItT 7y 0m )

Jp

cr -

Jr
L.

NZ,RUT .04
S2H

T RUNC
[RIAE] AL

CALL O aun

h

2L o0

FHS LA HEHEAT L0,
UARGA Lt At
LETORMA N REG Jo,

EHYEA NHEHSAN a0,

RET0ORHY THOREG 11,

PARBA CONT AL 1.

Calihdy REG. A HRralag ang

Greeva L EDHTAR

CANGH BIROCOTOE T HUROE LA,
WESETEN BRARTERG Y DATD,
RECTUC VRO 0TI ol YERRTOAE

P BRI SRS TERETHAL
Sal e B R ESTRO O
CARGA DI DE RINRNO.
GALUS T AT

P S BAHE B T 0T

DU RAUP b b e DA BORERG

S TACEr Bty o e

ST PS5 a1 afe 2o o il .
BEVESA REGETRO Tongeann

SOES i s RRTACA O BTN,
SARGA DRy TRp L EEnak, -
AR PR TN S S E T AR L A

FARGA B T PR AL e




052

ERR LINEA

254
255
256
257
258
259
260
261
262
243
264
245
R66
267
248
249

304
307

ADDR

0198
0197
0190
01A0
0174
0107
01AB
01AE
01p2
01RS
0187
01ne
010A
O1RC
01C0

one
01N
O10E
cic:
01E4
01E4
01E?
0IED
Q1EE
01rQ
01F3
OLFS
01Fg
O1FA
O1FD
O1FF
0202
0204
0207
0209
020C
020F
0211
0215
0218
0219
0211
oMe

€3
oc
ue
oc

i

01

43
oc

o1
FF
03
03
04
04
04
0o
00

00
12

19
oc

FF

BA

3 01

0t

01

o1

43

01

01

ERRORL
RET.12
RET_13
RET_11
REY..17
RET..10
RET_16

BACKSP

RET_14

REG.12

TEHA

Lh Al

LD IXsRET.1S
JP SACA_T

Lh IYsRET.32
JP DET_FO

LD IY,RET..13
JP TONE.T

Lh XY, HRCT10
JPOSET_PO

Ll CrOOH

JR ORET.14

LI AlC
JROBRET 1%

I IY,RET..16
JP DORKAS

LD IVeRET_17
JPSET.FO

LD ArD

LI HLOFFCFH
cPoHLy
JPZHRET_A0
PEC DE

INC &t

L.V AeC

L0 IX,RET..10
Jdb SACAT
ING D

DEC B

JEHZ S HRETI0
LD HL,OFFDOH
BIT Oy(HL)
JP NZYRUT..13
BIT 1r (UL
JrT N7 RUT_ 12
BIT 2 (HL)
JP NZYRUT .13
BIT 3s(HL)
JP NZ,RUT-14
PIT 4, (HL)
JP HZHRUT.4
BIT S¢HL)
P NZyRUT..14
BIT &¢(HL)
JP NZyRUT.A7
BIT 7, (HL)
JP HZ RUT.1E8
LD DE,MENTI2
LD HyODOH
LD IXsREG.12
JP HENTER
EXX

LD CroBH

£X
LI HLyOFFDDH

~1000 FAGINA

RECUPERA DATO RECILIDD,

CARGA DIk, DE RETORNO.

VA A RUTINA SACH A_ TERHTHAL
CARGA DIR, DC RETORHO,

BRINCA A RUTINA DET PO,

CARGA DIR, DE RETORND,

LLAMA A RUTINA PONE_T,

CARGA DIR, DE RETORNO.

LLAMA A RUTINA SET_FO,

RESETEA REGISTRO DE DATO Y BaND.

RECUPERA DATO BE TERHIHAY .
CARGA DIR, DE RETORNO,
CARGA DIR, ¥ RETORHOD.

PRUEDA CONTATDR,

ST CONTALOR=4r VA A KRET_18,
DECREHCHTA DIR, [T HEHORTA,
HEHTA CONTADOR,
RECUFERA EL DATOL

CARGA DR, DO RETOKRHG.
EHVIA & TERNINAL .
INCRIHENTA DER. BE BOHORTA,
BECREDENTA CONTADDR,
SICONTADROKD Dy VA A HECTLO,
REVISA RIGISTRO INDICANOR,

ENVIA HEHSAJE 12.
DIRECCION DE RETORNO.

CARGA HO, DE LTNEAS (ALT).
LOC, DE DATDS HEXADECTIHALLS.



192

ERR LINEA

300
0%
310
35
312
313
114
315
$16
317
310
1y
320
3
322
323
324
325
3264
327
feli]
329
330
331
32
333
334
335
336
337
130
339
340
341
342
343
344
345
RET.)
347
340
349
50
351
362
53
354
355
356
357
350
359
340
361

ADDN

0211
oonn
0204
oy
092R
022D
0920F
o2
[V ]
0236
0239
PR
023F
0241
0244
0247
0247
0241,
02af
0251
0255
0250
0057
0254
025D
023E
0241
0242
0245
0264
0240
0249
0761
0260
0270
0273
0275
0274
0274
027C
027F
0202
0284
0207
0200
0280
528D
0290
0292
0295
0297
0294
029¢
029F

né
02
An
né
08
G2
4
ns
A
j0Y
oo
o

{31

1}
03
| ]
ny
06
21
on

65

ik}
FF
ot
FF
00
Fr
F
i

FF
00

02
ot
a7

oC
FF

03

na

02

H._DAYO

rET..21

RET.19

REY..20

BRCTLL

RECT1Y

RET.L2S

s T U HA

G R

LI DESOFFR&H
LD B,02H
CALL HEX.BY
LI HL» (OFFD&ID
Lb I 0005H
ST HLDE

LD (OFFDALD) ol
L As GHL)

LI OFFD R epy
LD HLOFFLAN
Lh DELOFIDIY
Lu DC0007H
LD

L0 HLPOIF SN
LI DESOTrIon
LIY detyant
CALL DY . ASC
LD DEfOFFROH
LI BeO6H

LD TXeRET 1%
JF HEHTER
XX

BEC O

JE T RET. 20
EXx

LD He e COFE it
THC HE

a0 RET.21
£X%

LD CrBH

£X%

LD Ny00H

L5 CrOOM

LD HLsRECTHY
JPRECTER

TH A (O
EX AFSAF’

LD IYeRET_2G
B’IT 7.C

JM NZPHORRAG
LD HLSOFFCFH
BIT 7r(HL)
JP NZRORRAZ
EX AFrAF

LD HLs (OFFIIEH)
CP 494

JP ZHRESTAR
[ hl]

S Ty HONITD
CP 4AEH

JP ZLHEXT

CP 4FH

JP 75GUHAR
CP %0H

t 000 VAL LHA
LOC, BE BYTES HEXAUECTHAL LS.
HOL PE COHVERSIONIS .

RECOGE FOSTOLON,

GALYA RUEVA DIRCCCION.
CARGA BN 1 ACUNUL ADGI U
SALVA L AT,
TRANSFIFRE IATHS I
PR e pepo.

[UTR RN

P vins

DE RYILS HEYAhEC THALL S,
DE CARARTERES AOULT,
CONUFRSTIONES.

L oe,
LOoe,
tiy, HE
DELIE

EHRVTA HEHRGAD rn.

DIRECETION 14T RETORNO.

PECREHMERTA CONTADDIR (ALTY,
S COHTATINR=0, VA A RET.D0,

GEEODEA RIRCCETON.
LHERCHENTA DIRFCOTON,
KEBRESA A LA RITINA,

CHRGA CONTADROR DT LTHIAS.

CARGA CONTADNOK LT DEGITDS.
CARGA REGISHTHRO DL NARBERAG=00,
RECEPCION EN RECT1L.

DATO IUSDE TERHINAL
DA,
LE RETORNO,

HETE
GUARDA CL
CARGA DIR,

SL RIT 7=1y VYA A BORRAS.

ST PIT &=1+ VA A TORRAZ.
REGRESA EL TATO,
CARGA HLy CON LA POSICION,

SI ES *I*» VA A RESTAR,

SI ES *M*s VUn A MONITO.

81 ES *N's VA A NEXT,

S1 ES *0'» VA A GUNAR,
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VAN

e
ThH
s61
a9
i
RIS
Antr-

ROSY

RUH

Nt

n0Ag
0204

DORG

O0AR
ERLIN
D0n
ML)
ey
\V.']".
9200

(e

H2BE
020

(M0
0203
(e 1)
[asdii}
LA 1
ooHn
Cone

03

703

o
0y

o

HEXT

[T
ROV

KESTAR

GUHR

TG

kg1

kUG

. al

RUT. 0

rHT 1t

LA RS M

Ty nah [IRE 1 )
LRV 150 B B N N P N U T
(P33 011

JPZr L BIRE 6D B PR IS P TR O [ § K
or i .

JE
Ln 1

£aLt ocpoase
P OFE DAk

SILN GIOES Ty VA oA LROH

LEAMA A RUTTHNG € A6,

fLn . CartGha 1t ninkia,

nee u DECRERCD T Cianog:,
N G UOTANDIG Oy VA & ICT T
LD As(HL)

LIV Ben CARGY RLGIBTRG D gosaar 1
LU HL s (o f It WEUakGn TesLeoion.

LD (ML e Takba e g,

[N TR I RECQLEy

(WA ]

S PRGOS ST M5 b by U A FREORE .
JEHHRIIN IRCRI AN A A PusleTme,

LT COFFIROH o Cflive. MOEwa b,

M onaTn IO 0

nee nm Lret AT tERE S O SVH N

L N O T U Oabkase

L ALl CUlleda Pola KU TRAGAS POGT0HE,

L0 COPFIM I v CORGA R THnIeangl B
(SR IITFRI (3 PR R Fistn nl omnie e,

B TGN

LIe A O1t LUt

N AR I Rt N TR Rt A A AT
Gowb i THNICL R 0]

LRSI I ERTE N N

Lh ot en
Lo Dby ifkiddn s
(IR (R

EI INGREG 0
i
PoMleMEpt
PRI
FHOIXsREG 1A
SONEHETR

[ LRIFTNT

P REC D
oAy CONTLING BRI TNA BT SOBRC A0 5y
A S RENTAR G 20 "0y U & RPGTA.
Vari

nReeu gt pb ninge.
FRUEN npaaat 1
DIRLCCTME 1 wEiekia,

CONTADOE D UTGLinG,

ARSI S *or, Un oo utiiel,
Crouil

IR ET I R IT RN GLLS Tty UN Ao dbannt,
(L 5on

M R o0 B R EL P S I (S A 7]
JORTUTENH PUTORRA A LA WULLRA,

LTODEMENTED
RPN EN]
[ O TN RN ]
RIM I AR e B
Fun soreadl L R I 1 R TR K S A S B
11 Do el i, s T i rant b

FHUTA MEOAM 1%,

NIRCCEIDR DE R TORHD,




ERR LINEA ADLR B B2 BY 14 S 1STEHA GR-1000 TAGINA 1Y
470 0318 06 23 LD B 23H
471 03n7 uh 24 BE O3 Lh IX.FEG..21 NYRECCINN RO TORNG,
472 Q3BD C4 OC on JI' HEHTER
473 03TE 04 04 REG .21 LD Be04il CORTANDR=04 .
474 03C0 3E 02 LIt AeD2H PONE REGISTRO DE RUTIMG,
475 03C2 £3 39 o0y JPOET_RUN
476 QICS 21 v FF FOT .82 Ll HLSOFFhUN DIRECCION hr DIGYITOS.
477 0308 11 D& FF LIt BEOFFDGH DIRECCION N BYTCG,
470 03CD 04 O2 [ % (R TR ]} HO. DE IWigEs.
479  O0ICD Ch AD OC CALL NEX.RY
400 03h0  PA D4 FF LT HL v COFF o)
404 0303 L2 JPGHLY RRINEA A DJECHTARY
402 03D4 11 00 10 HURTTO LT PE Y HEHNTOD CARGA MITHGALIE 00,
403 03DV 08 1 LD HeOFFH
AQ4 0309 BD 21 94 OO LD IXeREG.GO carea blfe. € RETORNOG,
48% 030D €3 OC oC S0 MUHTER

92



Py

FRIK

LINEA

14
417
At8
419
420
A%t

A02
423
424
An5
426
a7
408
429
430
431
432
433
444
435
434
437
430
439
440
441

442
443
444
445
444
247
448
449
450
451

452
443
154
455
456
457
450
459
460
461
442
463
464
445
266
447
aun
449

ADDIR

0328
0324
032h

- 032E

Q32F
0330
0332
Q335
LR R T
03737
Q331
058
0342
0844
0347
0340
034F
038
0355
0359
0356
0380
0341
034649
0344
0349
0341
Q341
036E
[ s}
0373
0377
0374
0371

- 037¢

037F
0301
0385
0360
030k
0300
O30
039t
0393
9397
0394
03%p
039F
[XTIK]
0304
03n9
Q3AD
O3nF
o3n2

n

01
A

r
Fio
&
08
On

i

49
oC

ks

o

il

oh

13

44
o

a4
ot
FF

14

44
or
14

35
ocC
14

p2
o
14

uq

ot

o

oc

01

03

TSI STEHA GR-1000 PAGINA 10
LD ByOLH HOW D COMVERSIDNED,
CALL HEX_BY LEANA A RUTINA DE CORV, HEX_RBY.
NES DE
LIt AsC(DE) RECUPERA L. RYTE Y
LD Esh L0 CARGA EN EL REGISTRO 2.

LD Iy OOH
LD HLy COFFD&GHD
LD A (OFFLOHY 0
HIT 754
P NZYRESTA
AT HL L DE
ST CARGAR
Sne ok
JP ARGk
CERDR? LD LYyTF T 020
JP DET 0
RETL2D LD TYSRET.OO
P BPMIET
RET. DS LD IYsHRETHL
JFOSET RO
CREDRD LT TY«N DATH
Lu et
L HLrOFECER
SET 7y (e
LT Hi» (COFENSH)
CF ofn
Ji Gy ERRORA

REGTA

EXX
Lo DESHENTEY
LT B 2CH
LT IXeREG..QA
b MUHTER
(CF
EXX
LD DESHENTLIH
L I 20H
LD IXsREG.O4
JP MENTER
LIt HIpOFFCFH
REG 7v (HL)
XX
LD DE-HIENTL?
L HeOFR
LI IX+sREQ..O04
JFOHEHTER
N_DIRE 1.0 DNESHEHTRO
LD B 33K
LI IXSREG.1Y
JPOHENTER
_RUNL LD DEyHENTAD
LD By 1008
LT IXeREGLQY
JEOMENTER
REG .20 LI BESMEMI2T

ERIORA

HORRAD

RECUPERA POSICION,

PRURLID BAHDERAR DE abu/sGkEe,
LEECTIRY LA Gthin,

Un o CARGAR

EVFFCTUN LA RESTA,

VA A CaliGnlk,

CARGA TR, Dy RETOEND,

CORGA DIk DE RETORHO,
CARCH IR, DT REVOSKD .

CAROA BTR, T RETORNO,

CARGA BANDETA DE ERROR.
CARGN Lo POGICTION EN HL.

OL MR, ALTAS 07y Ua f LRRORA,

CHUTIA MEHGAJE LY.
RESETEA NANBERA DI CARRY .
EHUTA HENGAIE 18,

RESETEA IIT & DE BAHBERAS.

ENVIA NMENGAJL 19,

CARGA CON MEHSAJE 20,
DIRECCION DE RETORNG.
RARGA CON HENSAJE 22,
RIRECCTON DE RETORMO,

CARGA CON HOMGAIL 21,



69¢

ERR LIKCA
487

A09
490
471
492
493
74
495
A76
A7
ARD
499
500
501
502
503
404
505
S04
507
500
509
510
it
512
513
514
519
514
517
910
619
520
521
622
°a3
524
523
524
5§27

ANNR

0310
03C3
0365
H3Le?
03EL
OIEE
03F0
Q3F3
031
03rg
034
Orn
03
0402
0405
0404
0407
0409
040N
040C
040N
0a10
0410
041%
0416
0417
0410
0414
041n
At
0421
0423
047
04n
042D
0AZF
0433
0434
0a3n

043n
043F
0442
0445
0447

m

g

11
0b
np

g

no
01
1]

0

r
13
09

oc
13
[
3]

10

12

N
65
39
17

a

By

usy
T

fr

oC

14

or

42
oD
16

AE

14

0%

a4

04

gLsT1eEHn Sk -1000 fanins, e

HEEERF R BRAY RUTYHA BEL TRASLADD IIE ARCHITVOS FHEREXEAFRREN }

TRASLA LIt RFoMFNT?H RUTIRAS BE IRAGEADD BE ARCHTVOGY

LN ,0AZH

LD IXsREG. 71

JI+ MEHTER
REG.ZU LD ool

En A0

JiLTORUN
RUT .03 P 451

I NCCPRROIY

Cf At

JPChERRORY

LIt (nen

[0 (D S-S K BUS

JiTSACA LT
FRUT 43 nrg g

LU A»¢DE)

5la A

GLA A

LI (s h

EX TEvHY

LIy DE»OFFTIOH

LI B+ O1Y

CALL HEX_ItY

CX BEeHL

neEe .

L0 Ly CHU)

I H 0 * ASIGNAR DIRECCION *

JPOHL)

DATA OFFHyOTTH OV
COH_CP LD DESHENT

LO U OYH

1.0 IXeRYG. 70

JFOHENTER
REG.L72 LD DESHENT?R

LIy Hs00H

LI IXeREG.TS

1 HENC
REG.74 LI Al

JP HEHTERT 04

FRUTINA IE HEMORIN-MUHORIA.

HEM MM LB IYsRMM .00 = - RETORNO - -
JPHLOPGE DRINCA A MENSAJE OFCL,

KHM_00 LI DELCPC..0O2 CARGA MENGAJE OPC.O2
LT Bs 24

LI IXPRMM..OY ~=— RETORND -



ece

ERR LINEA

936
537
938
359
HA0
541
7542
943
A4
545
944
S47

ARDER

044l
044K
0A%2
04N
0447

04AGA
QA50C
0450
0462
0443
044%
LR
0444610
Q448
0470
0474
0474
0479
0470
047E
0400
04N
0415
0487
0409
0ATIR
040D
04%0
04%A
0497
047R
049
OANT
04A%
0AAH
0AAA
0440
0AARL
0and
0413
0414
04LD
0ABL
041D
04c0
0402
04CS
04C7
0468
04CDh
04CF
0402
0404
0407

I [

C oC

5 e
o

on
123
Fr
Fr

P
01

2 14

04
oc

(4]
97
oL
oC
746
o
FF

FF
FF

Fr

FF
FF

14

&2}

04
04

04

04

614

RHM, 01

Ri4H..02

RUT.14

TEMXA G R -

Ji MENTER

LD IV RMM. 0D
JPH.OFES

LT BeQCH

LDt DEPOFFOLH
LB ArOLH

LLi (OFFCOHY rn
LTt HLyOFFCFH
LI CHE) ol

LIt A 00H

LD (OFFDOM) v &5
SRSl

L0 OE HENTZS
LD Beds

[BAI & CRH 3 o
JRAMH_001 09

REL.73 HRETZ0
JFORECTER
HaeYzo Ar (0
[MENEIUE]
JEZeHOnLTOn
Cioutl
JR ZeRHNL.06
e ooni
JI LR RENLLOG
[ ¥
JEC L RBR_OY
LT IY+RMN.OT
P DET LMD
WHHL03 LN lYH(HH 0%
JF -
RH.-04 Lﬂ
s
RHM.0T LD hv(OFF[‘OH)
crootn
)t BT
oroox
AP Z9RHH_20
P 03H
P ZpRHM2L
CF 041
AP ZeRHHL2Z
CF 0SH

RHH..54

REG.L74

1HM..04

S Z.RHH._B.‘!
DEFB 00500
.0 PEYHENTZ4
LIt Ry 24
X REG_74
JROREG.75-03
BsOLH
DE»OFFCEH
JiRRUT.14-03
Ay COFFCONY
o1

1000 PAGINA

—— RETORHO -

RRINCA A HONSAJE 0705

CARGA CONTARNE DL CARACTERES
INICIO DE CARGA

BANDIRA DE INLICACTION

SALVA EL COHTABOR
Caltin KEGTSETIY THDICATON

lu A T RET. AN
CaRGA COH HTHSAIE 78

RETORNG - -
EHUTA HMENIAIL
BCOTRE DU LA
N HRETZ70
RECTRD CL

RERTEIRESICN
o

ST A=A4li; Vi f HORITO

ST A0 Un A REN.04

GIOA-0Uy NA A RENLOY
G el W RIL0T
FUTTHA DE ERROS

’
CARGAH EARDIERA EHDICADORA
TTHUE RUTTNA

£

RUTTHA DACKSTALE

- RETORND - -
EHYIA hEHSAJE 74
INICIALYIZA COHTADOR

Y DIRECCION DL CARGA

Va A kET_IG

CARODA BANDERA INDICANORA
Y OSIGUE RUTTHA

13



CRR

L9

LINEA

590
o971
592
H93
H74
G99
N6
597
[

9w
600
401
Ho2
603
604
H0%5
606
607
600
&0
410
611
612
613
614
61%
4lé
617
618
619
420
621
622
623
424
425
42

627
62

629
4630
631
632
633
4634
4635

637
630
639
4640
641
642
643

ADNDIR

0409
oany
04ann
0420
oaLz
0405
047
0AatlA
OALE
oaLl
0aFL
0ar
04F 4
oary
(21 ]
04FE
0500
Q003
0B05
0509
0508
050
050D
0510
0513
0515
0510
04N
05T
05N
0522
052
0524
0525
0%2Y7
052A
an2n
052¢
052D
052K
0510
0532
0835
0538
0530
053E
Q541
0544
0544
0549
054C
Q54K
0550
0682

NS
ut
04
A
3

o

Ok

128

ot
fr
s

D1

os’

16

a1

123

! B3 D4

FF

0%

LI ]

RHM. 07

Ritn..on

IHCREN

REG..7G

RHUNM.07

TEMA VRN

JRZyRHML07
CEF o2
JPZyRHN.30
Gk 030
JP ZeRHHL
CP 04u
ST e HNLSD
CF OSH
P ZyRHNL3T3
P 06H
JP ZeRRHH .34
CP O7H
JPZyRNH. 3%
€F 0tH
JiT e KN 34
nern 990,901

1.0 DESHENT?4
LIV Retd

LD IXsRHM. 00
JRREG.75--03
Ser

et

LD HLy OFFCCH
LD i, 0FFDIY
LI Ty 04

CALL HEX_TY

L0 OHL COFFD3ND
L0 DEOFFDLID
SHC HL/DE

LIt Tovid

LI Crl

INC &C

EX DEyHL

LD DES(OFFNLH)
BEC LE

IHC DE

LD ArdHL)

LB (DE) s h

LI A (DED

Lri
JRONZLERROR

JP PEe THCREM
L0 DESHENT?S
LIV 0,97

LD IXsREG.75
JPMENTER

Li HLy OFFCON
LD (HLY » 80
JPOREC..73

LIt Av{OFFCOH)
CP 0QH
JROZyRMHL0-11
cP 81l

JP ZrRH. A0

FARIHA

RUTINA RETURN
<o RETORHO
EHUTA HENGAJE 79

RESETEA Lt CARRY
BIRCCCION U DATOS
NIRCCCI0N NE BYTES
HUME RO DE. CONVERSTOMIG

LEAMA A JEX-TtY

CARGA HU TON DIR. HAXIMA
CARGA DE CoN BIR. peotnprern
EFECTHA £ NTECRENCTA

Giakin D TRCT L BUNIRO

NE TRASEASDS

THOREMERTA EL CONTANOR

CARGA “HL* CON DIk, DE IRICIO
CARGA *TE* CON DIR. DESTIHO

TH7XA

THUREMERTA 1L
ATRATA T BATY
LOCARGA TR

COMPLUL A LA CARGA

COHTRA KL DATO ORIGIHAL

S (DE) DIF. Ol )s VA N ERROR
G *RC* DIF, DE 00y VA A JTHCREM
ROTING DE CONCEUSTON

BESTING

RETORND -~~~
CHVIA MENSAJE 75

CARGA BANDERA INDICADDRA
DRINCA A REG.73
COMPARA CON LANDERA THRICADORA
Y DRINCA A RUTINA

'

14
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ERR LINEA ADDR

644
0AS
446
LY,
&AB
649
630
451
652
853
454
455
654
657
450
659
460
641
462
463
L44
665
464
[.v4
460
6569
670

&22

674
475
4724
677
470
679
480
601
602
683
404
685
A 13
687
408
489
67¢
491
622
693
624
495

0555
05527
0S5A
055C
0SSF
0561
0584
0564
0549
0%4B
0G4E
0570
0573
0574
0579
057

057F
i3
0584
0507
0584
osoc
0590
0592
0595
0597
059ER

059D
05A1
05a4
05A8
QUAn
0SAE
0Iho
0504
0517
0584
Q5HC
05SBD
0SBE
05CO
0sC1
o5C2
0sCa
05C4
05C?
0%CC
O5CR
OSCF

B2 B3 bA

82
Ff
03
FE
B4

20

04

. of

o
oF

10
no

FF
FF
FF
¥

A4
on
AR
on
00

00
IF

FF
Fr

FF

[

P05

00

$18

RHH..10

ERROR

REG 76

TEMA GR-1000 PAGINA

P B82H f
JP ZrRHH_4% .
cP 03H .
JP ToRNM_A42 .
CP 84 '
JP Z+RHH.A3 .
cP B5H .
JP 2 RMM_44 .
£F 86H '
JP ZRMM. AS .
CP 87H f
JP ZeRHMAG : .
JIt RHNL03-07 BRIHCA A [UTEHA DL ERROR

LY DE HENT12-04  ENVIA UN S0, 2°

LD R 034

LD IXeRHM_10 e RETORNO -

JR REG.75-03

LI HL s OODICH CARDA “HL®™ CON DIR. PARA TANLA
JP REG_EX-13 DRINCA & RUTINA Df. SELECCINN
LD DEsHENT?Y CARGA MENSAJE 75

LI B.&2

LD IXIREG. 76 e RETORHO ~--

JR FLO.75-03
LD NESHENT76
LD B33

L IXSREG.7Y s RETORND -~
JR REG.75-03

2

CARGA MENSAJE 74

FRUTINA DE CONMUTADORA A HEHORTA.

COM._.MH
RCH..0L

RCH..02

REH_03

LD IYsRCH.O1
JP Bo0PCtL

Lt FYsRCH..02
Jimorcs
DEFBR 00:00r00
DEFD 00.00
DEFB 00,00,00+00
JBJHPL00

LI BEOFFCSH
LD Ar4aBH

LD (REDwp

INC D

LY A20H

LD (DED P

INC DE

LD R0O&H

1D AsOBH

LD (OFFCOH) A
LD HLsOFFCFR
LD (HLYrR

LD A710H

LD (OFFDON) » A

1%



ERER LINLA ADDR

59¢C

&H96
677
690
697
700
201
702
703
704
705
704
707
700
709
710
711
242
713
714
715
716
717
710
719
720
7
yan
743
724
725
74
727
720
229
730
731
732
733
734
735
736
737
7308
739
740
741
742

743

744
74%
746
747
740
749

osng
0505
0osha
onpA
O5DT
0GEQ
0%5EY
OuES
QUL
oA
osen
o6t
ura
QSF 4
oSrA
05FC
QuF T
0601
04502
0604
0600
O40R
0A0€
G610
0414
0616
061A
OH1L
0620
0622
0624
0427
046264
062C
Q627
0631
0634
0636
0639
oa3n
0463€C
0641
0644
0647
0649
0640
0650
0653
0455
0667
0465B
065
0640
04663

LI

01

it

[ On

FF

Fi

. oC

&6

OR
o
17

44
[t1
at

FF
06

00
06

14

ot

08

04

67

508

RUT. 05

RMM .34

KEH .04

REH 04

K. 04

REM.07

BCONL

kCH..10

ke 11

ROH.1L2

REOMPY

TEMA G R

JFRETI8

LT (D) e A

LD IXyRET..HE
JPSACH.T
DEFR 00,00.00
LI HLyOFFCIH
LD (00
LI DE HENT?2014
LIt BeODH

LI I¥,RIM._04
JEHUHTER
OErie 00 OU3Ns &Y
LI eonn

L IYREH. 0D
JRORCH. 0403
DEFE GO GO GC3H
OETH OCH.OBH
LT A1) oy

LD e 00n

LI IX e RREH..04
JPHENCGOM

LD Dy HEHT?OERR
LIy 02N

Lt IXVREH..0Y
JRORCH.04- 03
LIN TXGREN-AI0
DN RCONE
JbRE_TIN

IN Nr o2y

Cr oonn
JEONZyREM.-L2
LD L, 0FFCIH
RIT 7+ GIL)
JPONTZHRCUGEC
BIT 6 (HLD

P HZyLTEnn?
BIT Se(HL)
JPNZLFERDS
RIT 4r(HLY

JP HZLPEEDA
LI N yRCONPD
JP RECOMP

LIV IE P MENT7S
LD Dré4

LD IXeRCM-1E
JP HENTER

LD DE,HENTZO
LD B,34

LN IX,REG-7S
JR RCH_11--03
LD HL,RCOMPY
JR RCH_10-03
HEFR 0000500
S 00467IH

1000

PAGTHN

14



ERR LINEA ALk

~
@

7%0
751
752
753
754
75%
756
757

50
759
760
761
742
763
764
765
746
747
748
749
770
771
772
773
774
e
776
777
770
779
700
791
762
783
784
705

802

0hEh
0669
0460
066E
0671
046773
0674

04938
0474
REY¢]
0670
0690
0oL
0401
Qéis
04AS
06Ny
0478
DALY
QOAT
QLAF
0601
Q6Rd
LY IR
0400
04BN
04BC
04BE
A
0600
04602
0403
06C4
2665
04CH
06L7
04CH
046C9
06CH
0400
040
060K
06CF

P2 13 ka4

VEOTE
[

g
206 D4
HIOEE

210w 07

03 FE
h on

208 04

134

REM.LON

HUHLLE

RCH_14

TF

BEFD OFFI» OFFH 01

[R1]
Lo
JI
IH
NG
THE
cr
IR
L]
in
in
[N}
L1
NN
Lp
Lh
Ll
KiN
L
Lh
nEe
LEC
L
cat
Lo
NEG
NG
b
[RU
Le
JR
Lo

>

Ln
AL

Hoan

DLy OFFETH
BrOO
(LRI
A (O2H)

sp

pig
3ni
ZoRCH_01
TH e RCH. 09
JERIT]
HLy OFFGIH
ALY f8oN
DL, OFFCIH
REHW_A2
TXeRCH..LD
o
DLy OrRan
Re ¥
TYsERR
[ETIR

T

g
HL e OUFT
1 ASe_uyY
Ay i)

HL
(Hidsh

X RO 1A
e A
REH.1E-04
TeQ2
ErQUnN
HLy OFFDIBH
L AGCIY

ING L

LD
n
Lp

NCG

E€r0B3H
s (DE)
(HL)spy

DEC DE

LD
LD

Rep
ar{PE)Y

ALD AR

o

(D) A

DEC HL

Ln

HEG

Lo
to

fis (HL)

J.PR2)
Ar (D)

ADD ASR

LI
Lo

(1YY
Xy REM. 19

o000 PACTHA

*Ex AOREOAND k%%
[

KECINE EL PRIMER CARACTER

INICTA RUTINA DE CARGA

!

CARGA ERROR DE ESCRITURA,

CARDA DIRECGION DE INICIO



ERf LINEA ADDR T1 02 D3 p4a SISTEHN GR-1000 FAGIHA 10

004 06D3 18 E? JR OREM_0BH04
805 04D5 1D RCH..15 DEC DE
006 0&NE 1A LT Av(DED
807 0417 FE 31 CP 31H
408  04D?  CA 27 Q7 SP ZeFINLY
809 06LC DD 21 ER2 04 LD IXsRCH.1G4+13
810 04C0 10 AC JR RCH.08+04
811 O04E2 06 OF LD BrOLH CARGA DE DATOS DESBE LA COMFUTADORA
012 06EA 1B DEC LE :
013 064ES 1B DEC DE
fit4 044 21 D& FF LD HL»OFFDR&H
815 04E7 CD bA OD CaLL ASC.BY
016 O4LEC 24 WA T LT HL ¢ (OTFTAHD
017 O&EF 3A 146 FF LD Ar COFFDSHD
818 0&F2 77 LB (HLY» A
819 0AF3  AS 1.0 Ry (HL)
820 04F4 23 ING HL
g2t 06F% 22 1A FF LIt COFFDAHY PHL
822 04FB 1A [}
$#2% 06F9 2 98 07 JP NZERRORG YA A ERROR DE CARGADO.
824 0&FC LD 44 HEQ
25 O6FE 21 D2 FF LD B2 0FFD2H
824 0701 84 AR Av(HLY

- 827 0702 77 LD (HLY A

=1 828 0703 2 pEC HL

- 82% 0704 34 IEC (HL)
830 0703 20 DI JR HZrRCH_15407
831 0707 DD 21 0D 07 LD IXPREH-LE
632 o7on Lo Ot © JR RCH.00404
833 070D 04 01 RCH_16 1D B,OIH
0z4 070F 1D REC DE
635 0710 1L DEC DE
836 0711 21 DL FF LD HL,OFFDIN
837 0714 CD bn OD CALL. ABC.DY
43n 0717 7E LD Ay (HLD
837 0710 2 THE HL
140 0719 44 LD Be(HL)
841 071A I8 cr r
842 0710 €2 9E 07 JP NZ ERRDR? VA A ERROR DE CHEKSUM,
B43 O71E  TD 21 8h 06 L IXeRCH.OB
844 0722 04 03 1D Bs03H
745 0724 €3 90 04 Jb RCH_0B4046 "
8as 0727 FD 21 59 07 FIN.LI LD IYPRCH_18+15
847 0720 06 01 Ll ByOLH
848 0720 DD 21 34 07 LD XIXsROM_17
847 0731 €3 %0 04 JP RCM.0B104
B850 0734 01 01 00 RCH_.17 LD BCrOO00LH
051 0737 21 BG 17 LD HL,MENT?A-05
a52  073n 1D 21 4% 07 LI IXsRCH.D
853 073C CD PO oD catL cp.SCC
854 0741 04 04 LD BrOAH
8455 0743 1D 21 4A 07 LD IXeREM.LO
G056 0747 €3 Y0 04 JP RCH.OD104

057 074n 01 04 00 RCH.18 L1 HC,0004)



CRR LINCA ADDR D1 B2 L3 H4 61 8STEHA GR~-1000 PAGIRA 19
aug  024n 21 3D 17 LD HLsHENT?A-04
009 0750 DD 21 45 07 LD IXsRCH.L9
860 07354 Cb 10 OD cALL €pP_SEC
86t 0757 FL E9 JP (1Y)

0462 0759 DD 21 35 05 LD IX:REG.75-1D2
863 0750 11 C1 17 LD DEsMENT7A
844 07460 04 04 LD B:04

B4% 0762 L3 0C oG JP HENTER

846 0763 33 RCM.19 INC EP

847 0764 33 INC BP

048 07647 18 C2 JR RCH.17-09
869 0769 01 04 00 RCH_0? LD BCy0004H

B70 0760 21 L0 17 LD HLoHENTZA-0Y
871 O76F DD 21 A4 07 L0 IX:ERRORD CAROA ERROR DE FORMATD.
872 0773 CD L0 OD CALL E£P._SEC

473 Q774 DD 21 7€ 07 LD IX'RCH.20
874 0774 18 E1 JRORCH,.19-08
875 077C 11 D7 14 RCH.20 LD DESMENT?S
876 077F 04 40 LD BréA

877 0704 ' DD 2% 87 07 LD IXeRCH.2D
678 07085 10 DB JR RCHM.19-03
879 0787 11 C7 17 RCH_21 LD DE,HENT?ALOG
aB0 0704 04 22 Lh 34

201 070C DD 21 41 08 LD IXsREG.75
802 0790 10 RO JR RCH_.19-03

~ a3 0792 00 00 00 ERRORS DEFB 00,0000

] 804 0795 C3 AD 07 JPERROSA
885 0794 00 00 00 ERRORG DEFR 00,00¢00
gBé 0790 C3 b7 07 Jit ERROSA
[87 Q79L 00 00 CO ERROR7 DEFDR 00:00:00
8B0 07Aa1 C3 1f 07 JPERRO7A
809 0784 00 00 00 ERRORB DEFB 0040000
a90 07p7 D9 ERRGOA EXX
891 0748 21 F9 07 LD HL,CONT_4
892 07AR 0 04 JR ERROSA104
493 07AD D9 ERRUSA EXX
094 O07AE 21 LE 07 LD HL,CONT_1
895 o07B1 D% £XX
U%2&6 0782 FD 21 €% 07 LI IY»RCH.22
9%7 o07b8 C3J 2B 07 JP FIN.LI404
698 o702 D9 ERRO&A EXX
g99 07DA 21 £9 07 LD HL,CONT .2
900 071D 18 F2 JR ERRNSN$04
901 O7DF D9 ERRO7A EXX
902 07C0 21 FA 07 LD HLsCONT.-3
203 0O7C3 10 EC JR ERROSALO4
204 07C5 t1 €1 17 REH_22 L1 DE»HENT?4A
205 07CB 06 04 Lb Br04
906 O7CA DI 21 DI 07 LD IXePREM.23
f07 O7CE €3 oC OC Je MENTER
%08 0714 11 D7 14 RCHM_23 LD DE,HENT?Y
0% 0704 06 40 LD PiéA
910 O70& DR 21 nC 07 LD IXpREOM.24

?11  O07DA 1O F2 JR RCM_23-03



ERR LINEA ADDR

£l

912
?13
914
915
916
?17
718
719
9?20
921
922
723

932
733
9234
?35
936
937
230

07he
gy
071
07E1
O7E3
07E7
07E9
O7EC
O7EE
O2F2
o7ra
07F7
oY
07FC
O7FE
0000
0803
000
0809
000C
000F
0812
0814
oo1g
001B
OB1E
0820

"

-

oF
A1

OF

oFr

or

17

B7
oC

1D
ot
FF

04

R4

05

09

SIas
RCH.24

CONT. 1

CONT_2

CONT_3

canT_4

JHE_00

CONY??

TEHA GR

EXX

JP
L
Lo
Ln
JR
L.n
[B]
Ln
JR
Lo
JR
L
Jr

(HL)

TE s MENT7R
D»34
IX)REG.7S
RCH_23-03
DE» MENT78-02
D,02
IX»REG.74
RCH_23-03
DEyMENT?2C
CONT_1103
DEyMENT?D
CONT.1403

DErS 2

LB
LD
LD
Nig

DEsHENT?7
BsO10H
IXsRCH-03
HENTER

DEFS 3

LD
Lp
.o
Jr
LD
1.0
S

DE» MENT?A-23
BeOOCH

IXs CONT??
MENTER
DE»OFFCAH

A» O3FH
ROM..O54Y

1000

PAGINA

20
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ERR LINEA

940
241
Az
243

245
946
947
740
749
750
751
952
953
P64
955
956
967
7s8
4G9
240
761
2462
P43
964
765
Rb4é
W&z
968
P67
270
921
972
973
974
78
976
977
978
979
990
981
982
203
484
285
984
207
288
Mme
990

ADDR

0Co0
0Co1
0Co3
0Co04
0CoS
0co7
ocoa
oCoC
0COE
0Ci10Q
[e198 9]
0c1sS
0C18
0CiA
0C1c
OC1E
Or1F
020
0023
ocas
ocaz7
orag
o0
0C2D
003
0C33
0C34
oCl8
oC3B
oC3n
0Ccar
0G40
0C41
ocaz
0Ca4
0Ca5
0€A7
0C48
OCATR
0CaD
ochl
0Cs3
0C56
0050
0CEC
OCSE

n

10
ni
13
0%
20
th

B2

05
06

B3 B4

[+]

oc

FE

i1
33 0
FE

ot

5% 0C

5 168TEHNA Gk -1000 [NER T JA
BRKOOKE LR XOKA 008 3R X0 SO DR R KRR K OO KRR ¥ ek
(23S IR RSTII RSS2 5] SUDEUTIHAS AUXILIARES FEERKk RN RRE KR ERE

RELCFRFRRKERRATRRR TR IRRKE KRR TIA EFR R R H 4 L F K AR R KRR TR

GURTOL

MEHTER
MENCOM
TRANSH
EHVIA

SACAR
EGFERA

RECTER

DET.FO

HENT X
REG-02

RELT.2
RECTOZ

REG_04 E

SET_PO

REG.0Y

GACA.T

ORG 0000

LIV AedDE)
OUT (O2H) A
INC DE

e p

I Z.RETNOL
catl TIeEnrg
R ESPERA

LN fis3in
JROTRANG

LD A 130

LIv HL» SUBTO1
th (OFEFI2HY o HL
nuT (0 A
LD AyOSH

00T (04&H) 10
[3R¢

RET

L0 (OFFFONY »HL
LD Aed3AY
JROSarak

£XX

LIV DEsMENTO2
LI BrOAH

LY IX»REG.OD
JR MEHTER

LI DE2OFTNEH
Lh I, 02

LD HLYRECTOR
JR RECTER

IN ArL0O2H)
LD (DE}rA
INC DE

=

DEC D
JR OHZsRECT-Z

LD DESMENTOS
LDk 8,044
LD IXsREC..OS
JR MENT-X
i.D DESOFFDEH
Lo By02H
LB IXyREG.OA
JROHENT-X
EX AFrAF’

1,
02,

*TRANSHIGION NOD.
FHUIA DATO & 7D,

DECKEHUNTA CONTADOR.

81 h=00, NRINCA A VUECLVE.
LLAIA o RUTINA T TTENPD,

EHVIA HUNSAJE A TERMIHAL

FHUTA HEHSAIE A COMPUTADORA.
HATTLTTA TRAHSGRIGION Fit SURTOL,

HABILITA CFT.
HALTLITA INTERRUMCIONES.

PLTECTA PFOSTUION EM LA TERHINAL.

SALVA LA POSICION,

FONE CURSOR EN TERHINAL,

EHVIA DATO A TERMINAL,



Eledi LINEA ARDR

7971

P

993

994

995

994

997

790

KA
Loud
1001
1002
10073
1004
1009
1004
1007
1000
100%
1010
101t
1012
1013
1014
1015
1014
1017
1010
1019
1020
1021
1022
1023
1024
1024
1024
1027
1020
1029
1030
1031
1032
1033
1034
1035
1036
1037
1030
1039
1040
1011
1042
1043
1044

ochur
[$1ef 0y
[ M
[or Y]
OGd?
ace9
onan
(Y
OLak
0C7L
0OC73
oc77
Lolaval)
OL7H
QLI
oC7E
[elovd
octt
(o188 1704
[{INIk]
oce?
OCBR
ocin
ocor
ocy1
oLes
0een
oce?
0Ce?
oCYD
[deld ¢
QC?F
otnn
ocat
oCn
OCA
OLAS
0La?
ocal
OCA7
OCAA
ocaAC
[e2o1))]
OCAE
ogAr
OCHO
otR2
OCR3
OLRS
OCE?
ocn?
ocrR
ocen
0CeCo

£6

rh

£n

el LI (1)
A& 00

31

Al

02
E?

o BoO

FATINS
ol
21 44 o0
ng
0

n
oy

7C 1t

on

21 44 0
n4

a7

or

) |

0fl
34
07

03
or

09
oF

4F

[

3
0z
30
&F
3A
cC oC

918

Sslimren

RETHOL
PONE LT

TILMQ
LOmros

KORIAS

ST

NO_ASE

UL TT

LIST0
HEX_RY

HY_ ASC

REPITE

TLHA i

LN HL GHDBTOY
LI Andtl
JRCHeTA

EX AT.AF "
fSUT CODHDY oy
SIS § 3]
LIy Bon

XX

LU BEPMENTOR
LTt BsORNY

LI IXyIRED .00
Jie MENT_X

Ll Hapuit

DEC H

JiONZ L N0R0S
RET

BEG 20

XY

LT DEMENTOA
LN fee ORH

L IXeREG. 04
JROHENT.X

CP a7

JiHE MDD ASE
[ AR 15

JROHC VAL TIA
O 3al
JERONEHD L AGE
cr 3o
JROCHNDLASE
AND oI

KET

THC ap

TN GF

JI L)

ATLE A O
ARD OFH

RET

LI AeCHLD
HEC HL

({8

CIE Asch)

LI (DE}sA
INE DE

DEC B
JRCZeLIGT0
DEC HL.
JROHEX_RY

th CrO01

LD #Ae30H

rLp

LF ol

EALL NEPUALORA
Lh (hEYen

I

1000 PAGLRA

FONE MENSAJE *T, T.°

UL ENA UE TIEWPRO,

BOtdcn *TECLA INUALTDA®,

COHFARN ST ES CARACTER AGRTI,

G NO ES ASCITy
IR THGA A RUTTHA DU EREOR.

FARAN CARACTERLSG Ao,
RUTTHA AR CONVERTTER

DATOL HEXADRECTHALES FH BYTES
TAMRIEN HEXADECTMALES.

RUTIHA PARA CONVERTIR
BYTES A CARACTERES ABCTY.



ERR LIREA ANDR 11 B2 D3 uA SIT6TEHA G6R=-1000 FAGTHA 23

1045 0CC1 3E 30 LD AY30H

10446 0CCY 13 INC DE

1047 0CCA Cb Gl ¢

1046 oCccs 20 F2 JR NZeREPXTE
1049 OCC7 2R DEC HL

1050 ocle 0% DEC E

1051 OCC? 20 En JRONZeBY.ABC
1052 oLcy Cv RET

1053 OCCL  C4 07 VALORA ADD A O7H KEAJUGTA UNLOR ASCII.
1064 oCCE €9 RET

1055 0CCF 30 16 RECOHP LD As16H

1054 0oCmt 22 ro Fr LY (OFEFOH) yHL
1057 0G4 €3 10 0C ST GALAR

1058 OCDY CO OF oC RC-TIN CALL RECDHP
1059  0Cha  OL 0D LN €004

104¢ OCTLC 24 FF LD HeOFIH

1041 oCDIL  ZE FF LI LeOFFH

1062 0TEO 2D nEL L

1063 OCEL 20 ¥D JROWZeRCTINIG?
1064 OCEZ 2% kG H

104% 0CE4 D20 10 AR HZaRC.TINGOZ
10464 OCESG OB nEE 6

1047 OCL7 20 F3 JRONZeRCLTTHEON
1048 0CLCY DN E9 Jeocy

1047 GCEY 21 7O o0 NOLHED LD HLSRC OGECHOD
1070 OCIE 10 LT e RECHOM®

1071 0GP0 DRt oD T Ay LMD

1072 0Cr2 13 LIV (IR ¢ A

1073 0OCF3 13 Ne i

1074 OCFa 0% DEL R

1075 OGRS 20 Fa JRONZ e RELSEC
1076 our /s 0D E? it (D0

1077 OCF% : BEFG 7



LRE LINEA ADDR

Le2

107%

1003
10682
1043
1084
1004
1084
i5a7
1080
10049
10%0
1094
1092
1093
1094
1095
1094
1097
1098
1047
1100
1101
1102
1103
1104
1105
1106
1107
1100
1109
1110
1111
1112
13113
1114

1114

1110
1117
1120
1121
1122
1123
1124
1125
1124
1127

onoo
ono3
0610
oLl
[JOR]
(131504
onin
Quin
onsc
ontr
0020
on23
Oney
op29
onze
QNaAF
on31
onzs
[ IRV
onin
Quic
onao
QD42
o4y
onaz
Qnan
Onan
(Y]
OnN3
QLLs
onsy
onse
[eia
ons2

onas
01140
QLbA
OD4E
on71
0n74
on74
0D78
on7n
0n?Dn

Bt

DL
18
11
[¢23
I
10
[+143
o]
[ok]
IF
00
cd
c3
rr

11
04
uo
€3
11
04
10

06
18

37

n4
24
21
o
Fi
an
21

2

1C
on
o4
€7
44
ac
!
be
[4]e]
00
00
FF
00
£o
00
rF

‘e

it

Jul 1)

ol

Ot

oD

. oh

on
14
Al
ac
14
93
14
59

o
&

oF

006
Fé

FF
00
03

Fo
Fr

16
AE

14

14

LB

on

on

on

O

oL

SIS TEHA GR-1T06060 MAGTHA 24
FORC ROk Rk R K TATLAS Y RUTTHAS AUXILTARES AR EXE KKK ENEE TR
JP PRG_EP T OCPROGRAMALOR U LFROMIG* .
NEFS 13
JPOEX_MCH tOCEXAMEH DE HEMORIAY.
NEFR OFFH
G EXHLRG OCEXAMOH 1E REGISTROG® .
DEFD OoFfF it
JEOEXHLGET OCEIXARCH DE PUERTOGT.
NEFwk OFFH
JEOTRGLAR FONTRAGLADO B ARCHTIVDG,
nern orrn
EXHLRG LIV NEsNONTIO PRESENTS EXANEN DE RCCTISTROSG,
[BER (ERes AN}
th INSREG.O RUTTORNA UHORET 30,
HENT NIAG St R S
EXM_fT LI DE s MUENTEO PRESFHTA IXANEH 1O FUFRTOS,
[ (PP}
LIL IXaREG.NO A TORHA EN REGLGS0.
JROMCHT
TRG- AR LT DESHENT70 PRESEHTA TRASLARG DE ARCHIVOS.
LIV By 20H
LIV I REGLTO KRETORHA EN REG.70.
JROMENT
CRGE; LD BLHLHIGO PRESCHTS FROGEARALOR DE ENROHEG,
[REE TP Y]
LD IX,REG.DG TETORNG TH REG_830.
Jre HMENT
REGC.30 DEFR 00,00,00
JOREXL 02
REG.GO0 JF TH.RAH

REG_.70

RER..00

NEFH OFFH: OFFHOFFH
IEFD 00,00+00

JF
JF

TRASLA
TH A

DEFR OFFH)OFFH:OFFH

FOFCIONES

H.orcl

M.orc?

M_OPC3

LD
i.n
[R1]
Jr
LD
Ln
Jn
L
1.D
JR

IE MEHSAJES?

DEYOFE£. 0L
He29
TXeRG_OPC
MENTER
NE,OFL. 02
Ny 43
M_OFCYHOS
HE,QPC.OY
Be34
M-0PC110S

FUENTE Y DEGTING.

BIRECCIONES (DLOTINODD .

ARCHIVO (FUENTE),



ERR LINEA

8L

112g
1129
1130
1131
1132
1133
1134
1135
1134
1137
1138
1139
1140
1143
1142
1143
1144
1145
1144
1147
1148
1149
1150
1151
1162
1153
1154
FR ]
1154
1157
1156
1157
1140
1141
1182
1164
1144
1165
1166
1147

1169
1170

1172
1173
1174
1175
11746
1177
1170
1179

ADDR

QD?F
ong2
onga
OLap
ongaA
onon
ongr
one1
onea
OI94
onga
onge
oner
onnt
onay
onaz
onAn
onag
OIAE
OLf0
opry
[ QO
OLN4
Qnuy
oLy
[+) il
onnc
[Q Bl
ONIE
Oncy
orc4a
[V} (1W]
onc?
o) (ot}
oney
oncsn
once
oncH
ONCE
opne

onn2

OE 190
[¢]ch
OEL14
OE1?7
oK1n
(o] ¥ §1]
010
0L AF

31

04

04

B2

39
04

-

E4
[-1: ]
1€
ne
&4
04

1
I
N
a3}
c7
a6
o
1IN

£

At

2 Y

Fé
on

no
an

6F

1

EA
£?

n3
16
an

16

16

90

oC

on
ot

05

04

FF

on

on

oD

518

H..0PC4

RG_Or4

M. 0PCH

RGPS

[ Gop

RG.OFC
CPLSER

FPTABLA

TEHA G R

LD BE,0OPC-02

LI ReOaY

LD IXsRG_(IP4

JR M_OFC14H09

tLh NESOFC. 03104
LD Ry30

JR M_GPC110S

LD UE.0PC..03

LD HeOaH

LI IXeROLOPS
JROHoGFRG3 ROy

LD DEYOFC,.02104

-1000 FAGIHA
ARCHIVD (REGTINGY,

DIRECCIONES (TFUENTE) .

LY T, %o vt

LD IX-RGLSOP

Jie HoEC1LE0?

Liv IO 0OPC 03134
Ln Jeetl
JROMLOPCIION
JpotIvy

DEC BE

LD Ar (D)

erl
JPONZyRC_SEC-02
RET FO

Jit cp.src

r LD CeO2H

L0 A (DD

TxX

LD HL,AGC.-BYI22
CAatL CPr_ast

[ 84

KLD

INC DE

et C
JRONZrAGLLBYHOR
TEC B

RET 2

ING HL
JROASC_BY
JPCIY)

OE TRASLADDSS
LEFS 42

JrocoMoann
DATA OFFH
JPCOM_CR
DATA OFFI
JP COM_GR
DATA OFFH
JP COM.DS
DATA GFFH



ERRLINEA

6L2

1160
110
1102
1103
1104
1105
1184
1167
1108
1140%
1190
1141
1192
1193
1194
1195
1196
1197
1198
1199
1200
101
1202

(UL

JUCER 1]

Fr
[

Fr

T

o
4

ra 1 enA

JEOGRILHA
taTa OFFH
RIAEH G UMY
nTa OFTH
JFGRELOR
HATA OFFN
JPGRILDG
waATA OFH
AT AR LHH
TATA OFTN
RIEE DN
NATA OITH
JE NGK GR
mATH OTF I
Jit SR DS
naTa QUFH
Mg
DATA OFFH
JF HEM e
DaATA OFFN
JP HFNLGR
TATA OFFH
Ji MM DR

G

[y

-1 000

FanIin

24



ERKE LINCA

1204
1205
1206

1207

1209
1210
1211
1240
1213
12014
1215
1214
1217
1ng
e
1200

ANDR

OFFE
1000
1004
1000
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100F
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1016
1o1a
10in
1021
1023
1027
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1o

30 31
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2400
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G161 0 MA G -1 000 UGS 2

POLEORRKXRROODORS R R LXK RS KOO R R RO R £ LA Y E e gy

FREOOKRARINRERE  MENSAJES DEL SISTEMA GR-1000 ARAAKEFRKAELXY

FR R i & E RS RS BRERRR 3 0 £ RS RIS KR VRS PR AR KRR O Y
ORG 0OF97H

HERT?B DEFE 1Ry 72 AT s/ 70 7 # 7

DEFH & 6Kk CRROR DE ESCRITURA Sokkk -

LEFR 1HRHy ‘417
MONTZ0 DEFR L0 72y 1bile = 704y ' 4!

DEFM ¢ &kxh ERROR NE CHERSUM  kokkk

MENTZ0 DEFE tBH 7/ v 1DHr ‘e 7074 73 ¢

NEFR ¥ Bl ARCHIVD NO £S5 HEX~INTEL %

MEHTOO DECD A0 ANy L 1He 3 s LAN IRH G702 4
BEFE 1RHy w’ 4 aLHs A ‘6 787
TEFE 107G 2401y ‘el " 0y 7
BEFR 1THe /G s 47 p1DHy “ =75 7" " 1 6EH
TEFR 1DHe /Gy 7 AT LRH, 1570 /27
DEFR JOHe = 01 70” “olltie 07 9747

DEFM 2 S 16T EH0A HONTTOR !



£ LTHEA ADDR

{€2

109X
1294
1275
1294
1297
1270
1299
1200
1301
1302
1303
1304
1303
13046
1307
1398

1034
1034
103K
1042

1044

1040
1040
1050
1054
Losil
1one
10460
1064
1060
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1079
1074
1077
1075
1077
101
1005
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1046t
1071
{1092
1094
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1onl
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10AD
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1065
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1601
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1
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40
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4

€
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4n
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aF
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4F
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A¢
47
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4%
ALy

29
20

e
)

ST HTEHA fik~ 1000 AT

DEFH

NEFR

DEFM

TEFR
BEr

REFR
DEFR
jug

Lrew
pEFH

DEFR
LEFH

LEFB
nEFM

‘Y PROGRAMADOR 280 V1.0 7

PR SPRE RRE TR S U TR AP RIS | TR R I S
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