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intal” silicon Gate MOS 8080A
| SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR -

"The 8080A is functionally and electrically compatible with.che Inte/® 8080.

= TTL Drive Capability : - = Sixteen Bit'Stack Pointer and Stack
. : Manipulation Instructions for Rapid
® 2 ps Instruction Cycle Swilching of the Program Environment

s Powerful Problem Solving s Decimal,Binary and Double
Instruction Set _ Precision Arithmetic
» Six General Purpose Registers 4/ / = Ability to Provide Pnonty Vectored
- and an Accumulator v interrupts
= Sixteen Bit Program Counter for - m 512 Directly Addressed 1/0 Ports
Directly Addressing up to 64K Byies :
of Memory

The intel® BOBOA is a complete 8-bit parallel central processing unit {CPU). It.is fabricated on a single LSI chip using Intel’s
n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing applications.
The 8080A contains six B-bit general purpose working registers and an accumulator. The six general purpose registers may be
addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical instructions set
or reset four testable flags. A fifth flag provides decimal arithmetic operation.
The B0B0A has an external stack feature wherein any portion of memary may be used as a last in/first out stack to store/
retrieve the contents of the accumulator, flags, program couater and all of the six general purpose registers. The sixteen bit
stack pointer controls the addressing of this external stack: [This stack gives the 8080A the ability to easily handle multiple
level priority interrupts by rapidly storing and restoring processor status. [t also provides almost unlimited subroutine nesting.
"This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bi-directional data
busses are used to facilitate easy interface to memoryrand 1/G. Signals to control the interface to memory and 1/0 are pro-
vided directly by the BOBOA. Ultimate control of the address and daia busses resides with the HOLD signal. It provides the
ability. to suspend processor operation and force the address and data busses into a high impedance state. This permits OR-
tying these busses with other controlling devices for {DMA} direct memory access or multi-processor operation.

T
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B0BOA FUNCTIONAL PIN DEFINITION

The foilowing describes. the function of all of the 8080A 1/0 pins.

Several of the descriptions refer to internal timing periods.
]

Ais.Aq loutput threes-state)
ADDRESS BUS; the address bus provides the address to memory
(up to 64K 8-bit words} or denotes the 1/0 device number for up

to 256 input and 256 output devices. Ag is the least significant
address bit,

D3-Dg linput/output three-state)

DATA BUS; the data bus provides bi-directional communication
between the CPU, memory, and 1/0 devices for instructions and
data transfers. Also, during the first clock cyele of each machine
cycle, the BOBOA outputs a status word an the data bus that de-
scribes the current machine cycle. Dglis the least significant bit.
SYNC (output)

SYNCHRONIZING SIGNAL; the SYNCpin prowdes a signal to
indicate the begmmng of each machine cyclé.

DBIN (output)
DATA BUS IN; the DBIN signal indicates'to external circuits that
the data bus is in the input mode. This signal shouid be used to

enable the gating of data onto the 8080A data bus from memory
or 1/Q,

READY (input)

READY; the READY sigvnal indicates to the 808B0A that valid
memory or input data is available on the 8080A data'bus. This
signal is used to synchronize the CPU with slower memery-or /O
devices. If atter sending an address out the BO80A does not re-
ceive a READY input, the 8080A will enter a WAIT state for as
long as the READY line is low. READY can also be used to single
step the CPU,

WAIT {output)

WAIT; the WAIT signal acknowledges that the CPU is in a WAIT
state.

WR (output)

WRITE; the WR signal is used for memory WRITE or r 1/0 output

control. The data on the data bus is stable while the WR s|gnal is

active low {(WR = 0).

HOLD linput)

HOLD; the HOLD signal requests the CPU to enter the/ HOLD
" state. The HOLD state allows an external device to gain control

of the 8080A address and data bus as soon as the 8080A has com-

pleted its use of these buses for the current machine cycle.'lIt is

recognized.under, the following.conditions:

® the CPU is in'tha HALT state.

¢ the CPUisin the T2 or TW state andithe READY signakis active:

As a result of entering the. HOLD state the CPU ADDRESS BUS

{A15-Ag) and DATA BUS (Dy-Dg) will be in their high Impedance

state. The CPU acknowledges its state with the HOLD AC-

KNOWLEDGE (HLDA) pin,

HLDA (output)

. N .
HOLD ACKNOWLEDGE; the HLDA signal appears in response
to the HOLD signal and indicates that the data and address bus

) -
Ao Q=11 40 —+0 Ay,
GNDTO—— 2 38 —=0 Ay,
0 JC~—=113 38 —=0 Ay,
Dgu@=—=1 4 37 =0 Ay,
bg O=—|5 36 F—0 Ay
D, O+—16 38 —+0 Ag
[)3 Oo——st! 7 ® 34 p—=0 Ag
o, o8 "YNTEL = |—o4
D, O~ 9 o 32 —=0 Ag
0, == 10 8O8OA a1 }—o 4
-5V O—ri 11 30 f—e0 Ay

-
~N
»
(]

0 A,
l———O +12V
—=0 A; '
O A,
—=0 Ag
o O WAIT

I
2 2
Zme A0
TTTII
T
ot b W
NNNNN
H OO N

-WR O+ 18 23 }=—0 READY
sYNC O=—r 10 22 fo—0 ¢,
+5v O—— 20 21 —=O HLDA

Pin Configuration

will .go 1o the highnimpedance state. The HLDA signal begins at:

® T3 for READ memory or input.

® The Clock Period following T3 for WRITE memory or OUT-
PUT operation,

In either case, the HLDA signal appears after the rising edge of ¢,
and high' impedance occurs after the rising edge of 2.

INTE {output)

INTERRUPTENABLE Indicates the content of the internal inter-
rupt enable flip/flop. This flip/flop may be set or reset by the En-
able and Disable Interrupt_instructions and inhibits interrupts
from being accepted by the CPU when it is reset. It is auto-
matically reset (disabling further interrupts} attime T1 of the in-
struction fetch cycle (M1) when an mterrupt is accepted and is
also reset by the RESET signal,

INT (input)

INTERRUPT REOUEST the CPU\ recognizes an interrupt re-
questyan’ this lina at the end of the current instruction or while
halted. If the CPU is in the HOLD 'state or if the Interrupt Enable
flip/flop is reset it will not honor the request.’

RESET (input) (9}
RESET; while the RESET 'signal is ‘activated, the content of the

" program counter is cleared. After RESET, the program will start

at location Olin memory. The INTE and HLDA flip/fiops are also
resat. Note that the flags, accumulator, stack pointer, and registers
are not cleared,

Vsg  Ground Reference.
- Voo  +1212 5% Volts,
Vet +5 1 5% Volts.
Vgs -6 5% Volts (substrate bias).
$1.92 2 externally supplied clock phases. {non TTL compatible)
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nter " Schottky Bipolar 8224

' CLOCK GENERATOR AND DRIVER
FOR 8080A CPU

» Single Chip Clock Generalor/Diiver m Qscillator Output for External

for 8080A CPU — - System Timing :
u Power-Up Reset for CPU m Crystal Controlledfor Stable System
s Ready Synchronizing Flip-Flop , Operation

® Advanced Status Strobe u Reduces System Package Count

The 8224 is a.single chip clock genegator/driver fof tHe 8080A CPU. It is controlled by a crystal, selected by
the designer, to meet a variety of system speed requirements. .

Also included are circuits to provide power-up reset, advance status strobe and synchronization of ready.

The 8224 provides the designer with a sigaificant réduction of-packages used to generate clocks and timing
for 80B0A. 113

PIN CONFIGURATION BLOCK DIAGRAM
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ano[_Je [ 1voe SCHMITT
: INPUT
>/ rovin
c
PIN NAMES
RESTH RESEY INPUT HTAL ¢ CONNECTIONS 1
RESET | RESET OUTPUT XTAL 2 FOR CRYSTAL
AOYIN | READY INPUY N ETYT USED WITHOVERTONE XTAL
READY_| READY QUTPUY oS OSCILLATOR OUTPUT
SYNC | SYNCINPUT 01 (TTL oy CLK (TTL LEVEL)
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lnte] | SchottkyBipolar 8228 |

SYSTEM CONTROLLER AND BUS DRIVER
FOR 8080A CPU

® Single Chip System Control for W User Selecled Single Leve! Interrupt
MCS-80 Systems . ' Vector (RST7)

® Built-in Bi-Directional Bus Driver = 28 Pin Dual In-Line Package
for Data Bus isolation .+ ® Reduces System Package Count

R Allows the use of Multiplg Byte'
Instructions (e.g. CA L) for
Interrupt Acknowledge

The 8228 is a single chip system €ontroller iand bus driver for MCS-80. It generates all signals required to )
directly interface MCS-80 family RAM, ROM, and")/© components,

A bidirectional bus driver is included to/provide high'system TTL fan-out. It also provides isolation of the
BO8O data bus from memory and /0. This allows for the aptimization of control signals, enabling the sys-
tems deisgner to use slower memory and /0. The isolation of the bus driver also provides for enhanced
system poise immunity, . } y

A user selected single level interrupt vector (RST 7} is provided to simplify real time, interrupt driven, small
system requirements. The 8228 also gengrates tha €orrect control signals to allow the use of multiple byte
instructions (e.g., CALL) in response 10 an INTERRUPT ACKNOWLEDGE by the BO8OA. This feature
permits large, interrupt driven systems to have zn_unlimited number of interrupt levels.

The 8228 is designed to support a wide vatiety-of system bus structures and also reduce system package
count for cost effective, reliable, design of the MES-=80 systems. '

PIN CONFIGURATION 8228 BLOCK DIAGRAM
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8251A | e

PROGRAMMABLE COMMUNICATION INTERFACE
= Synchronous and Asynchronous »
Operation * Full Duplex, Double Biiffereg:
* Synchronous: - Transmitter and Receiver
S-B Bit Characters - £
Internal or External Character B Error Detecttqn Parlty,i_o_yerrun,
Synechronization and Framjng s
Automatic Sync Insertion - L
: ; x 8080/8085 CpU
* Asynchronous: P S S
5-8 Bit Characiers . ' * .28-Pin DIP_Package -.
Clock Rate —— 1,16 0764 Time BN e
BaudRate *“All'Inputs and Outputs Are
Break Character Generation TrL Compatible’."‘“‘ h
1! 1, 114, or 2 Stog Bits ; ar LA R N
False Start Bit Detection = Single 5 Voit Supply -]
Automatic Break Detect - ik 1
and Handling .. = Single.TTL Clock

The B251A is th-e".enhanced version ofithe industry standatd, Intel® 8251 Universal Synchronous/Asynchronous Receiver/Trans
mitter {USART), designed for data communications with Intel's new high performance family of microprocessors such as the

sion technique presently in use (including IBM Bi-Sync). The USARI. accepts data characters from the CPU in paratlel format and

PIN CONFIGURATION = -

A, BLOCK DIAGRAM
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8251A

8251A BASIC FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchronous Se-
ceiver/Transmitter designed specifically for the 80/85 Micro-
computer Systems. Like other 1/ devices in a.Microcom-
puter System, its functional configuration is programmed
by the system’s software for- maximum flexibility. The
8251A can support virtually any serial data techniqueicir-
rently in use {including IBM “bi-sync”).

In a communication environment an interface. device must
convert parallel format system data intos$erial format for
transmission and convert incoming serial format data into
parallel system data for recertion. The interface device must
also delete or insert bits or characters that are fugetionally
unigue to the communication technique. In essence) the
interface should appear “transparent” to the CPU, assimple
input or output of byte-oriented system data.

Data Bus Buffer _

This 3-state, bidirectional, 8-bit buffer is used to interface
the 8251A to the system Data Bus. Data is transmitied or
received by the buffer upon execution of INput of OUTput
instructions of the CPU, Control words, Command words
and Status information are also transferred through the
Data Bus Buffer. The command status and data in, and
data out are separate 8-bit registers to’ provide double
buffering.

This functional block accepts inputs from the systam Con:
trol bus and generates control signals for overall device
operatioh. It contains the Control Word Register and Cam-
mand Word Register that store the various control formats
for the device functional definition.

RESET (Reset)
A "high” on this input forces the 8251A into an “Idle’”

mode. The device wiil remain ‘at “Idle”” until a new set of

control words is written into the 8251A to program its
functional definition. Minimum RESET pulse width is
6 tcy [clock must be running).

CLK (Clock)

The CLK input is used to generate internal device timing
and is normaily connected to the Phase 2 (TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter data
bit rates,

WR (Write)

A “low” on this input informs the 8261A that the CPU is
writing data or control words 1o the 8251A,

RD (Read)

A "low” on this input informs the 8251A that the CPU is
reading data or status information from the 8251VA. -

Cc/D (Contro!/Data)A

This iaput, in conjunction with the WR and -ﬁT)'inpu
informs the'B251A that the word on the Data BOi‘is'\g’hh_el( Q}’
2 data character, control vword or status information, RN &

t= CONTROL/STATUS 0 =DATA 7o "Pm,

CS (@hip Select)

A "low” on this input selects the 8251A. No reading or
writing will oceur unless the device is selected. When CS is
high,| the Data Bus in the float state and RD and WR will
Jhave ho effect on the chip!

/o, &
&
"y 2

FRANSMIT
BUFFER
iar.s i,

ST READMAITE R

€B_L .| contace TRANSMIT

t RO LoGIC CONTROL

. WR_ et
e

B | " Recaive -
BUFFER

F LS B
. PR

. S
St e v,

/CoNTROL.

UREP O TR

. INTEANAL peciive

COMTRAOL

c/0O RO WWR Cs

0 0 1 0% .B25TA DATA, ~OATA BUS

o 1 0100 'DATA BUS ~8251A DATA

1 0 1 0y STATUS = DATA BUS '
1 1 0 0 DATABUS =~ CONTROL

X 1 1 0 DATA BUS = 3.STATE

X X X 1

DATA BUS = 3.STATE

Modem Control

The 8251A has a set of control inputs and outputs that can
"be used to simplify the interface to almost any Modem. The
Modem control signals are general purpose in nature and
can be used for functions other than Modem control, if
necessary. =

6-195




8251A

DSR (Data Set Ready)
The DSR input signal is a general-purpose, 1-bit invecting

Input pngt. ts condition can be tested by the CPU using 3
Status Read operation. The DSR input is normally used to

test Modem conditions such as Data Set Ready:

DTR (Data Terminal Ready)

The DTR output signal is a general purpose,A¥bit igverting
output port. It can be set “low’ by programming thﬁ_p-
propriate bit in the Command Instruction word. The OTR
output signal is normally used for Modem conteol such as

Data Terminal Ready or Bate Select. . ]
RTS {Request to Send)

The RTS odtput signal is a general purpose, 1-bit inverting
output port. It can be set “low’’ by programming the ap-
propriste bit in the Command Instruction word., The RT3
output signal is normally used for Modem control suchH as
Rr.-u)n,.'st to Send.

CI5A(Clese 1 Send)

A “low” on this input enables the: 8251A to transmit
serial data if the Tx Enable bit in the Command byte.is
set 10 3 “one.” It either a Tx Enable off or CTS off condi-
tion occurs while the Tx is in operation, the T x—will
transmit all the data in the USART, written prior to Tx
Disable command before shutting down.

‘Transmitter Buffer

The Transmitter Buffer accepts-paraliel data from the Data

Bus Buffer, converts it 10 a serial bit stream, inserts the

appropriate characters or bits (based on the communica-
tion technique) and outputs a composite serial stream of
data on the TxD output pin on.the failing edge of TxC.

" The transmitter will begin transmission upon being enabled

if CTS = 0. The TxD line will be held in the marking
state immediately upon a master Reset or when Tx Enable/
CTS off or TXEMPTY. -

Transmitter Control

The transmitter Control manages alll activities associated
with the transmission of serial data. It accepts and issues
signats both externally and internally to accomplish this
function.

TxRDY (Transmitter Ready)

This output signals the.CPU that the transmitterisiready.to
accept a_data'character. Thew TxRDY output pin can be
used as @A interrupt to the system, i since it is masked by
Tx Disabled, or, for Polled operation, the CPU can check
TxRDY using a Status Read operation. TxRDY is auto-
matically reset by the leading edge of WR when a data
character is loaded from the CPU.

Note that when using the Polled operation, the TxRDY
status bit is not masked by Tx Enabled, but will only
indicate the Empty/Full Status of the Tx Data Input
Register. ’
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-ter or characters are about to be or are being transmitted

TxE {Transmitter Empty) . ""{.{,j »

Whenithe 825 1Athas no characters to transmit, the TxEMP---
TY output'will go “high”. It resets automatically upon re- .
ceiving a character from the CPU. TxEMPTY can be used to-.

indicate the end of a transmission mode, so that the CPU
“knows” when to “"turn the line around” in the half-
duplexed aperational mode. TxEMPTY is independent of
the Tx Enable bitin the Command instruction.

In SYNChronous mode, a “high”* on this oytpit indicates
thwmmhmw@mm c-

automatically as “illers™. T PTY does not go low
whi e SYNC characiers are being shifted out,

-TRaNSMIT T
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SR 4 i <1:_ " Receive
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_ INTERNAL
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et Y e o

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the char-
acteriis.to be transmitteds-1n tHe Synchronous transmission

maode, the Baud Rate (1x) is equal to the mfrequency.
In | Asynchronous transmission mode the baud rate is a
fraction of the actual TxC frequency. A portion of the
mode instruction selects this factor; it can be 1, 1/16 or
1/64 the TxC. '

For Exampie:

1f Baud Rate equals 110 B8aud,
. TxC equals 110 Hz {1x) .

TxC equals 1.76 kHz {16x) .
TxC equals 7.04 kHz (64x). . -

The failing edge of TxC shifts the serial data out of the
8251A. ’
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Receiver Buffer

The Receiver accepts serial data, converts this serial input
to parallel format, checks for bits or characters that are
unique to the communication technique and sends an
"assembled’’ character to the CPU. Serial daia is input to
RxD pin, and is clocked in on the rising edge of RxC.

Receiver Control

This functional block manages. all receiver-related activities
which consist ofthe following features:

The RxD initialization circuit prevents the 8251A from
mistaking an unused input line for amractive low data

line in the *'break condition. Befgre staciiag o recsive
serial characters on the RxD iine, a validd®™ 1™ muast first
determined, a seéarch for a vahd low {(Stast bit)is en-
. abled. This feature is only active in thelasynghronous
mode,, and is only done once for each master Reset.

The False Start bit detection circuit prevents false starts
due to a transient noise spike by first detgcting the fall-
ing edge and then strobing the nominal center of the
Start bit (RxD = low).

The Parity Toggle F/F and Parity Error F/F circuits are
. used for parity error detection and set the corresponding
status bit.

The Framing Error Flag F/F is set if the Stop bit is
absent at the end of the data byte (asynchronous modg},
and also sets the corresponding status bit.

RxRDY (Receiver Ready)

This output indicates that the 8251A contains a character
that is ready to be input to the CPU. Rx RDY can‘be.con-
nected to the interrupt structure of.the CPU or, for Palled
operation, the CPU can check the 'condition of RxRDY
using 3 Status Read operation.

Rx Enable off both masks and hoids 8xRDY in the Reset
Condition. For Asynchronous modé&™to set RxRDY, the
Receiver must be Enabled to sense a Start Bit and a2 com-
plete character must be assembled and transferred to the
Data Output Register. For Synchronous mode, to set

RxRDY, the Receiver must be enabled.and a character
" must finish assembly and be transferred to the Data Output
Register.

Output Register prior tolthe assembly of the next Rx Data
character wili set overrun condition error and the previous
character will be written over and lost. If the Rx Data is
heing read"by the CPU when the.interna! transfersisiocour-
ring, overrun error will be setyand the oldcharacter will be
lost. i

RxC (Receiver Clock)

The Receiver Clock controls the rate at which the character
is to be received. In Synchronous Mode, the Baud Rate (1x)
is equal to the actual frequency of RxC. In Asyncﬁ'r_énoius
Mode, the Baud Rate is a fraction of the actual RxC fre-

quency. A portion of the mode instruction selects this
factor; 1, 1/16 or 1/64 the RxC.

For Example:

8aud Rate equals 300 Baud, if
AxC equals 3008z (1x)
AxCequals 4800 Hz (16x)
RxC eguals 19.2 kHz (84x).

Baud Rate equals 2400 Baud, if
BxC equals 2400 Hz {1x)

RxC equals 38.4 kHz {16x)
RxC equals 153.6 kHz (64x).

Data is sampled into the 8251A on the rising edge of RxC.

NOTE: In most communicationsssystems, the 8251A wilt
Be handiing both the transmission and reception operations
of -a single link. Consequently, the Receive and Transmit
Baud Rages will be the same. Both TxC and AxC will re-
quire identical frequerncies for this operation and can be
tied together and connected to a single frequency source
{Baud Rate Generator) to simplity the interface.

SYNDET (SYNC Detect)/BRKDET (Break Detect)

This pinis used in SYNChronous Mode for SYNDET and
may be used as either input or output: programmable
through the Control Word. It is reset to output mode low '
upon RESET. When used as an output {internal Sync mode},
the SYNDET pin will go ""high” to indicate that the 8251A
has tocated the SYNC character in the Receive mode. Hf the
8251A is programmed to use double Sync characters (bi-
sync), then SYNDET will go “high’ in the middle of the
last bit of the second Sync character. SYNDET is auto-
matically reset upon a Status Read operation.

RIS

2 DATA F TRANSMIT
2 °< > BUS \/ N BUFFER |10
() BUFFER v P -5} .o
oRESET____ -, / N . -
- T | 7.mOY
K f aenomArtE ® TRANSMIT *
. - e b conTrou : conTROL | TeemeTy
o AD_L LOGIC ) re
SRR = 7
i -
& | 2k
o%R . :
BTR . B
PR RECEIV [
N .| mooem. | . <:"‘ oista femmen il
- e | conTROL, — 5., .
ATS .o
1Y% :
- "—‘T: e g 3
4 | oL L RamOY
s AECEIV AT
3
INTERNAL . 1 contron P .
DATA BUS e SYNOET/ .
. s . BAKDET
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Mode Instruction Definition Mode Instruction Format, Asynchronous Mode " K

The 8251A can be used for either Asynchronous or Syn-
chronous data communication. To understand how the
Mode Instruction defines the functional operation of the
8251A, the designer can best view the device as two sepa-
rate components sharing the same package, one Asynchro-
nous the oiher Synchronous. The format definition can be
changed only after a master chip Reset. For explanation
purposes the two formats will be isolated.

NOTE: Wher: parity is enabled it is not considered 2s oné of
the data bits for the purpose of programmingithe waord
length. The actual parity bit received on_the Rx Data line
cannot be read on the Data Bus. In the casesof a pro-
grammed character length of less than 8 hits, thalleast
significant Data Bus bits will hold the dazas unusedibits are

“JonTCare when writing data to the 8251A, and will be
“"zeros” when reading the data from the 8251 AL

Asynchronous Mode {Transmission)

Whenever a data character is sent by the CPU the 8251A
automaticaltly adds a Start bit {low level) followad by the

datz bits {least significant bit first), and the programmed.

number of Stop bits to each character. Also, an even or
odd Parity bit is inserted prior to the Stop bit(s}, as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD ou*put. The serial
data is shifted out on the falling edge of TxC at arate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
instruction. BREAK characters can be continuously sent to
the TxD if commanded to do so.

Nhen no data characters have been loaded into the 8251A
she TxD output remains “high” (marking) uniess a Break
{continuously low) has been programmed.

Asynchronous Mode {(Receive)

The RxD line is normally high. A falling edge on this fine
triggers the beginning of @ START bit: The validity of this
START bit is checked by again strobing this bit at its nom-
inal center (16X or 64X mode only). If allow is detected
again, it is a valid START_bit, and the bit'counter will
start counting. The bit counter thus locates the center of
the data bits, the parity bit (if it existsjuand the stop bits.
¥ parity error occurs, the parity efror flag is set. Data and
pari}_yﬂ)its are sampled ongjthe RxD pin wizh the rising-edge
of RxC. If a low level i )P bit, the
Framing Scror flag will be set. The STOP bit signals the end
of a;i;;:‘mt_e\tﬁa_tﬁ—e—rxeiver requires anly one stap
bit, regardiess of the pumber of siop bits programmed, This
character is then logaded into the paralle! 1/0 buifer of the

§251A. The RxRDY pin is raised to signal the CPU,that.a -

character is réady to be fetched. If 2 previous character has
not been tetched by the CPU, the present character replaces
it in the 1/0O buffer, and the OVERRUN Error fiag is raised
{thus .the previous character is lost). All of the error flags
can be reset by an Error Reset Instruction. The occurrence

of any of these errors will not affect the operation of the
8251A.
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81T BITSsS 1383 BT

PARITY ENABLE
TS ENABLE 0 - DISABLE

EVEN PARITY GENERATION/CHECK
1< EVEN  0-000

NUABER OF STOP 8I1TS

L % e e
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o Q 1 1

NVALID

1 s | -2
81T | 8i1Ts | mits

(ONLY EFFECTS Ta; Rx NEVER
REQUIRES MORE THAN ONE

sToP BIT) -
Asynchronous Mode
GENERATED
TRANMSMITTER QUTPUT Do!Dn»---- O BY 82514

i
LT { ' 5

TART PaRIT ; |

140 m.axmsl 228 OATA 8ITS l e l sto?

. —

DOES NOT APPEAR

RECEIVER INPUT DgiOy====0: ON THE DATA BUS
. !
r i
STaag ATA pamITY STOP
- l Elll [ - a7 BITS
4>
PAOGHAMMED
CMARAGIER 1

LENGTH ¢
TRANSMISSION FORMAT :
CPUBYTE 5.3 BITS/CHAR)

[ Data CHARACTER ]

{ >

ASSEMBLED SER1AL 0ATA QUTPUT (TW0l

START T Pamity sTop |
F 8T [ DATA CHARACTER . I BIT [ 8ITS
-

RECEIVE FORMAT

SERIAL DATA INPUT (Ra0)

f r 4
START | i 0 PARITY STOP
[ ait l OATA CHARACTER [ ay [ TS
$ - . , |

CPUBYTE {58 BITS/CHARY"

[ DATA CHARACTER I

i p—

*NOTE: IF CHARACTER LENGTH ISOEFINED ASS SQR 7
BITS THE UNUSED 8ITS ARE SEY TQ “ZERD™,
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8251A

COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251A has been pro-
grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode) then the device is ready to be
used for daia communication. The Command lnstruction
controls the actual operation of the selected format. Func-
tions such as: Enable Transmit/Receive, Error Reset and
zModem Controls are provided by the Command Instruction.

+

'‘Once the Mode Instruction has been written intothe 8251 A
»‘and Sync characters inserted, if necessary, then all further
“control writes” (C/C = 1) will load a Command Instrue

tion. A Reset Operation (internal or external) will seturn
the'8251A to the Mode Instruction format

o, 0, 0, O, D, O D, Dy

e ™~
IR l RTS RxEJ DTR IT-EN

. ]

L

e |senx
i

TRANSMIT ENABLE
1 = enable
Q = disable

DATA TERMINAL
READY

“high™ will force BTR
outdut 1o Iero

RECEIVE ENABLE
1 = enabie
0 = disabie

STND BRIAK
t : CHARACTER

T igoces Tal o
i 9 aormat operaton
1

. ERAOR RESET
‘ 1 = cetet 2:ror Hags
! PE, OF, FE

A REQUEST TO SEND
i “high” wiiliforce ATS
| output to zera

INTEANAL RESET
“high” returns 8251A to
Mode lnstruction Format

ENTER HUNT MODE"
1 = enabin search for Sync
Characters

TIHAS NO EFFECT
IN ASYNC MODE}

Notei Error Reset must be performed whenever RxEnable and
f Enter Hunt are programmed.

¢

Cammand Instruction Format )
.
*
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STATUS READ DEFINITION

ln data communication systems it is often necessary 1O ...
examine the fsiatusd of the active device to ascertain if -

errors have oceuried orfother conditions that require the
processor’s atiention. [he 8251A has facilities that allow
the programmer io#''read’’ the staius of the device at any

time during the functional operation. (The status update is
inhibited during status read}).

Anormal ‘read’ command is issued by the CPU with c/o=1
to accomplish this function.

Some of the bits in the Status Read Furmat have identical
meanings to external output pins so that the 8251A can be
used in a completely Polled environment or in an interrupt
driven environment. TxRDY is an exception.

Note that status update can have a maximum delay of 28
clock periods irom the actual event affecting the status.

0, Oy 05 0, 0y 0, o, 0,

TAEMPTY ! RzROY TaROY

SynpET|  Fe ot e

[P
Notel

| b |

SAME DEFINITIONS as YO PINS

PARITY ERROR

Tha PE tiag 13 tet when 2 parity
errar s detected, 1133 reset Dy
the £R bt of th: Commang
Instruction, PE does not inhibst
ooeration of the B2S1A,

OVERRUN ERROR

The OE flag s set when the CPU
does notireada characier belore
the ne=tione becomes availabie.
1515 reset by the ER bt of the
Command instruction. OE does
ngt inhibit cperation of the 32514
however, the previousty overrun
characier 13 tost.

FRAMING ERROR {Async onlyl
* The FE flag s 1ot when 2 valid
Stop bit 15 not detected at the
end ot every character. I 1 reset
byithe ER bt ot 1he Command
Instruction, FE does niot inhibit
" _the operalian of 1he 825 A,

DATA SET READY: Indicates
that the OSR 1 a1 a zero lavel.

"Note 1:

Status Read Format

LN

TxROY status bit has different meanmings {rom the

TxRDY output pin:. The former is not conditioned

by €TS and TxEN; the latter is conditioned by both

CTS and TxEN.

i.e. TxADY status bit = 08 Bulfer Empty .
TxROY pin out = D6 Buller Empty -{CTS=0)-{TxEN=1)

v v
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8253, 8253-5
PROGRAMMABLE INTERVAL TIMER

B -l

® MCS-85™ Compalible 8253-5-- u Cdunt Binary or BCD

m 3 Independent 16-Bit Couniers = Single »5V Supply

m DC to 2 MHz ' ® 24 Pin Dual-In-Line Packagt-
® Programmable Counter Meodes Y

mer chip designed for use as an Intel Microcomputar peripheral. it uses nMOS
d is pagkaged in'a 24- pin plastic DIP. )
Buntefs. esch with“a countrate of up to 2 MHz. All modes pof operation are

The 8253 is a programma'ble counter/ti
technology with a single +5V supply an

s Yu_)am:ad as thuee independont 16-0it @
soitware programimable.

PIN CONFIGURATION BLOCK DIAGRAM
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it e GATE 1
- outs
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_. x2
0,5, DATABUS (U GIT) = L COUNTER !
CTUKN COUNTLA CLOCK INPUTS ) agwcolgriﬂ C 2 T satez2
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: our2

OUIN COUNTEH OUTPUTS
i _mancounith
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L]

Ces’ 77T T dee s L
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cave o} 1 14 {JGaTED ':&‘:‘;é
ano( 12 Jourt “e .
) a, ———— .
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A
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8253 BASIC FUNCTIONAL DESCRIPTION

General

The 8253 Is a programmable Interval timer/countar
specitically designed for use with the Intei™ Micro-
computer systems. Its function is that of a general
purpose, multi-timing element that can be traated as an
array of I/0 ports in the system software.

The 8253 solves one of the most common problemsinany
microcomputer system, the generation ofraccurate time
delays undersoftware control. Instead of setting upliming
loops in systems software, the programmerconfiguresthe
8253 to match his requirements, Initializes one of .the

counters of the 8253 with the desired quaatity, then'Upon

command the 8253 will count out theidelay and intecrupt
the CPU when it has completed its tasks. It.is easyito see
that the software overhead is minimal_and that mulitiple
delays can easily be maintained by assignment of priority
levels. : ’ ’

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers can be
implemented with the 8253. ;
¢ Programmabie Rate Generator
Event Counter
Binary Rate Multiplier
Real Time Clock
Digital One-Shot
Complex Motor Controlier

Data Bus Butler

This 3-state, bi-directional, 8-bit butferisusedto interface
the 8253 to the system data bus. Data is transmitted ‘or
received by the butfer upon execution of INput or OUTput
CPU instructions. The Data Bus Bufter has three basic
functions.

1. Programming the MODES of the 8253.

2. Loading the count registers. :

3. Reading the count values.

Read/Write Loglc

The Read/Write Loglc accepts Inpute from the system bus

and in turn generates control signals for overall device

operation. It is enabled or disabled by CS so thal no

operation can occur to change the‘function uniess the
" device has been aelected by the systam loglc.

RD (Read)

A-"low" on this input Informs the /8253 thatithe CPU is
inputting data in the'form of a counters value.

WR (Write) .

A “low" on this input Informs the 8253 that the CPU is
outputlting datain the form of mode information orioading
counters.

.
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Ao, A1

These Inputs are normally connected to the address bus.
Thelir function Is to select one of the three counters to be
operated on and to address the control word register for
mode selection.

TS (Chip'Select)

A "low" onputhis inpul enables the 8253. No reading or
writing will occur unless the device is selected. The CS
input has no effect upon the actual operation of the
caunters. .

Wl

COUNTER
e @3

8253 BLOCK DIAGRAM

CS | RD | WR | Ay | &g :

[¢] 1 0 o1 0 Load Counter No. 0
0 |.01 [4] o’ 1 Load Counter No. §
0 [ 0 1 10 4 Lo3d Counter No. 2
0 1 0 1 1 Write Mode Word

0 0 1 0 0 Read Counter No. O
.0 0 1 0 1 Read Counter No, 1
0 0 1 1~v1 © Read Counter No. 2
[¢ 0 1 T 1 2¢1 iNo=Operation 3-State
1 x| Ix X X' .| [Disable 3IState

0 1 1 X X No-Operation 3-State

- - CONTROL WORD




Control Word Register

The Control Word Register is selected whe@
If then accepts infarmation Irom (Ra dala bus buller and

stores It In a register. The Information stored in this
register controls the operational MODE of each counter,

setection of binary or BCO counting and the loading of
each count register.

The Control Word Register can only be writteasinto. no
read operation of its contents is availabls.

Counter #0, Counter h. Counter #2

These three functional blocks are identicalin operationso
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binaryor BCO and its
input, gate and output are configured by the selectign of
MODES stored in the Controi-Word Register.

The counters are fully Independent and each can have
separaté Mode Tomttguratiorn™nd cognting operation,
binary oq BCD. Also, there are spegial features in the
control word that handle the loading of the count value so
that software overhead can be minimized fof these
functions.

The reading of the contents of each counter is avaiiable o
the programmer with simple READ operations for event
counting applications and special commands and logic
are included in the 8253 so that the contents of each
" counter can be read “on the Ily” without havmg to inhibit
theclock input.. 7

8253 SYSTEM INTERFACE

The 8253 Is a component of the ntel™ Mlcrocomputerv
Systems and Interfaces in the sama manner-as-sii-other
peripherals of the family, It 1s treated by the systems
software as an array of penpheral /O ports; three are
counters and the fourth is a control tegister for MODE
programming.

Basically, the select inputs A0, Al'cannect to the AD, At
address bus signals of the CPU. The C3 can be derived
directly from the address bus using alinear select method.
Or it can be connected to the output of a decader, suchas -
an Intel™ 8206 for ldrger Sysfems. '

WORD

CONTROL

REGISTER

INTERMAL BUS

8253 BLOCK DIAGRAM

lll

ADORESS &US (18] . B

s
e CONTAOLBUS

—— |
L DATA ~US B! N

l B
AL A, IS ' 040, 3 TRUT. WA
nn
COUNTER count COUNTER
] L :
Tour ate cix our Gava cux’ Four GAT! cux '

8253 SYSTEM INTERFACE



8253 DETAILED
OPERATIONAL DESCR!PTION

General

The complete ltunclional detinition of the 8253 is
programmed by the systems software. A set of conlrol
words must be sent out by the CPU to initialize each
counter of the 8253 with the cesired MODE and quantity
information. These control words program the MODE,
Loading sequerice and selection of binary or.BCD
counting. )

Once programmad, the 8253 is ready (o perlosm whatever
timing tasks it is assigned to accomplish!

The actual counting operation’ of each' couater is
completely independent and additionaldogic isiprovided
on-chip so that the usual problems assaciated wiih
efficient monitoring and managementiof external,
asynchronous events or rates (o thejmicrocomputer
system have been eliminated.

Programmihg the 8253

Ali ofthe MODES for each counter are programmed by the
systems soltware by simple 1/0 operations.

Each counter of the 8253 is individually programmed by
writing a control word into the Control Word Register.
{AO, A1 =11)

Control Word Format
O, 0s Ds Ds D3 Dy Dy .0Og
[ sci | sco | ot [ Rio [mz | wi ['mo [TBeD |

Definition of Control Flelds

SC-Select Counter

sC1 SCco
0 0 Select Counter O
0 1 Select Counter 1
1 0’ Select Counter 2
1 1 Ilegai

RL-Read/Load

RL1 RLO
0 0 Counter Latching operatiof (see
READ/MWRITE Procedure Section)
1 0 .Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 1 : Read/Loadieastsignificant 'l")yte first,
. then most significant byte,”

8l

M-MODE

M2 M1 MO

Mode O

Mode 1 7.
Mode 2 -
Made' 3 -
Mode 4 '
Mode 5 ‘

~|=ITX|X[Ole

© O | =~ oO
- |laol-lo -

8C0

Q Binary Counter 16-bits

Binary Coded;iDecimat {BCD} Counter
{4 Decades) .

MODE Delinilion

MODE 0: Interrupt on lerminai count.

The OUTput will be initially low after the Mode sel
operation. After the coun! is loaded into the selected
count ‘register, the OUTput will remain low and the
counler wiil count. When terminal count is reached the
OUTput will\go high and remain high until the seiected
count register is reloaded with the Mode.

Reloading a counter register during counting results in
the {ollowing: )

(1) Load 1st byle stops the current counting.

(2) Load 2nd byte starts the new count.
The GATE input will enable the ;qumg when high and
inhioit counting when low. -

MOOE 1: Programmable One-Shol.
The OUTput will go low on the count following the rising
edge of the GATE input.

-The OUTput will go high on. the terminal coupt. If a new

count value is loaded while the OUTpul is low it will not
alfect the duration of the One-Shot pulse unitil the
succeeding'irigger. The curreni count canbe read al any
time without.altecting the oaeé-shot pulse.

The one=shol is relriggerable, hence the oulput will
remain low for the full count alter any fising edge of the
gate input.



MODE 2: Rate Generator

Divide by N counter. The OUTput will be low for one
period of the input clock. The period from one output
pulse to the next equals the number of input counts in the
count register. If the count ragister is reloaded between
output pulses the present period will not ba atfectad, but
the subsequent period will reflact the new value.

The GATE input, when low, will force the QUTput high.
When the GATE input goes high, the counter wiil start
from the initial count. Thus, the GATE input can be used {o
synchronize the counter.

When this MODE is set, the outpul willfremainshighuntil
after the count register is loaded. The ocutpulthen can also
be synchronized by software.

MODE 3: Square Wave Rate Genarator.

Similar to MODE 2 except that the QUTput will remain
high until one halt the count has been complated (for aven
numbers) and go low for the other half of the count. If the
count is c}c?d. the OUTput will bashigh toc(N+1)/2 counts
and low for (N-1}/2 counts.

If the counler register is reloaded wilhya new valua during
counting, this new value will be geflected immediately.
alter the output transition of the current count.

MODE 4: Software triggered strobe.

After the mode is set, the output will'be high. When the

“count is loaded, the counter will begin counting+On
terminal count, the output will go tow for ane input clock
period, then will go high again.

if the count register is reioaded between output pulsesthe
present period will not pe alfected, but the subsaquent
period will reflect the new value. The count _will bé
inhibited while the gate input is low. Reloading the
counter register will restart couating beginning with the
ngw number.

N U S-S -
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MODE §: Hardware triggered strobe.

The counter will start counting after the rising edge of the
trigger input and will go low.for one clock period when the
terminal count is reached. The counter is retriggerable.
The outputawill not go low until the full count atter the
rising edge clany trigger.

GATE Pin Operations Summary

Signal Low
Status Or Going . -
Modes Low . Rising High
Q Disabies —_— Enables .
counting counting
1 _ 1} initiates —_——
counting
2} Resels oulput
after neat ctock
2 1) Disabiss
counting tnihates Enables
2} Sets output | counting counting
immediately -
high )
3 1) Disabies '
counting initiates Enaobies
2) Sats output counting counting
immedialely '
hign
4 Disables —_— Enables
counting counting
5 —— inibales —_—
4 counting




86

MODE 0 o

1 0 ) Yoo 3 2

'
e . ¢ 1oos 4 1onMs) e
OUTPUT (INTERRUPT} '
nea) }-—f_,.__.; - o
: Voo 3

WR m

GATE

w
PP PR S
-

{l
Aa

QUTPUT (INTERRUPT)

{m =5}
A 8
-
MODE 1 . s ..r"
CLoCK 3
ﬁ n
TR
ICGER & lr -
4 3 2 -
QuUTPUT “

(n =4} b
. - .l.

4 3 2 4 2

QUTPUT

i -_':u
MODE 2 .ﬁrn J,

CLOCK

WRn
ourteyr

OuUTPUT In~31 =

RESET

8253 TIMING omﬁu El t‘J VI
Qﬁqﬁﬂﬂ‘im ummmaﬂ

OUTPUT tn=4)

o/




AULINENTNEINS
ARIAATUAMINYAE



2008 SESZ MVI A:82 ?

2@62 D3C@ QuUT Co ;

2004
ZBB6
2008
Z08A
208C 2
ZBaF
2018
2912 .
2813
2815
2817
2819 ¢ =—-n-n4h
z@1c
Z@1D

ZB1F

z29z2@a D= ouT 11

J

Z MVI A1l

ﬂium AYRHINYINT

ZBz7 Azza11 . =TA 11L@ ;

- AEIRINTRIAINYIAY

7Pa@ RES@LL STA 1154 i

@

™
p

l")

3246611 aTaA 1i4d. oo

™~
b
pY}
Lt

F@3& 2CTHLL STA 1170 ;



Z@39 228011 STA 1180 '
ICT =T 119282

ZB3F 3ZAA11 sTa 11AG '

7342 Z1FF14
Z@845 3ZELS
2047 77

ZHag 67

2649 30

Z@4A FEIF
284C C2472
284F 77
2058 67
Z@851 .75
2052 218021 .
Zibd SEFF
2657 77
2058 23

2859 7D

|
[}

-HHE TR Nens
ARTEINTRAM N8

ZOLE 216812 LXI H»1Z2068



20731 3E0S MVI A,080 i

2673 47 . MOV _BaA_ ;
2674 70 MOV M:B ;
2875 3C :

2876 B4
20877 2 —hi i |
2875 FEGA , 1
2670 C27420 574

2370 7D

ZB7E C&04

2080 &F
Z¢81 3EGO

2883 C37420

-g86 DBOZ .  IN 83

z#398 Eeglgﬂl
208A caqszH* oz ;
_..288D CD8ERE ¢ . CALL 2EBE CALL SUBF-
mﬂum ‘WW]?W g3
789z ‘E602 . ANI @L A
AW TN TN INYIA Y
9 ‘ |
2894 BEILF MVI C»1F ;
2@9C CD2923° . . .CALL 2329 - i : -

Z09F OGESE CMVI  CiBE . 4
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286A1
. 20BA4
28AL
Z2BA7
2BAB
Z@AE
Z28B@
ZOB3
28BS
28BS
" ZBBA
28BD
Z2@BF
Z2BC2
2\C5
2@Ce
Z2BCA
z2eCch

28D

L@Dl

cD-2923 CALL 2329 ..
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»
-s

GEIC MVI  CriC i
CD 2923 cALL 2329 j
@EB? ;

CD:2923
PEB4

CD 2923 7
PELE
CD.2923
GE19
€D 292
PEB4
CD 2923
CD-DE22
3AD411
FEFF
EAﬂf;
v 1

16400 ¢ MVvI D06 ?

ﬁEJ’JYliJW5WEI’1ﬂ‘§

aﬁwmnwummmaﬂ

Z@DS8 FEG1 CPI

Z@DA C2D528 JNZ . 26D5S P

~28DD 3ABDI1t LbA 11BD o



20E@
20E1
Z20E4

Z2BED

[aX]
[
m
[ax

ZAEA
ZBED

2OF@

ZBFD
2180
2191

2162

3 47
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-e

BE ‘CMP M
C28620 JUNZ. 2886 ;
23 INX H ;

3ABCI1

BE

CAF&Z@

DABLZH /

g6
FEIE

DzB84¢Zd

FEGO CPI @¢

zzzm.im mﬂmwmm

21047

23 INX H L

Wﬁfﬂﬂﬂ‘iﬂkmﬂﬂﬂﬂ'lﬂﬂ

Z218C

Z1BE

2111

FEFF CPI ;
CACS521: Jz 2165 . i

32D111 STA 11D1} i



2114 23
2115. 7D
21146 BE
2117 ca2822
211A 7E
211B 32D3
Z11E 23
211F 7E
2129 32D

2123

™~
Q3

2124 CDOBZA"
2127 78
2128 FE@H
2120 CASL20
212D CD572D

2130 73

INX H
MOV AL
cMP M

Yo

2
2131 FEFF.
2

2133 CABCZ2
i

2134 Z1B@

[y

ZISHqu.

ol anh

213

)

2140 ZEGO
2142 AE

2143 £©D2923 |

LXI H:11B¢%

!fdan LDA 11Dy 0

Laﬁiﬁﬂ?‘lﬁzﬂﬂﬁ?’ﬁl’m‘i
WA INGAY

[
14

MVI  L10@
. MOV CsM
caLL 2329

-n

CALL SUBEST

CALL SUBCON

93



2146 CD1E23 CALL ®31E.  }
2149 23 INX H P
214A FEFF CPI  FF ;

Z14C CZ24221

214F CDZ2F2F ’//1 CALL END

.2152 CDSE2E CALL SUBF

2155 6661
2157 216061
2150 1608
2150 1E16
21SE 04
Z15F 19
Z160 3AD311
2163 BD
2164 C25E21
2167 73
2168 37D #5ZZZZZZEEEEE§§F======;=======_:

Z16B C3862

ﬂ‘iJEJ’J‘V]EWﬁWEﬂﬂ‘i

214E ,93423 | LALL‘2334 i

AR mmnwmag
2176 BEGE Cr@E ;
2178 CD2923 -CALL_2329, ;

Z17B GEG3 MVI C.083 ¥
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217D
2158
2182
2185
2185
Z18A
218D
Z18F
2192
2194
2197

2199

zi9cC

Z19E
Z1A1
Z1A3
.21A6
21A8

Z21AB
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CD2923% CALL 2329 i

gEOC . MVI C.0C i
cpa2go23 CALL 2329 i

£D292%
BELS
tD292%

BELG

€D2923
PEBS
CD2923,
GEG1
CD2923
gEBC

£h29

D — VS S L M——
: ﬁ‘r.

)

cn2923

BEG4 MVI C.04

'

.
t

ﬁiﬁﬁ ARERI NS

ZIBL

02923, CALL 2329 ;

Qﬁﬂmn‘iﬁuwﬂwmaa

Z1B7
21B8

21B9

LJ INX !
23. INX H i
4E MOV CM i



Z1BA CD292% CALL 2329 i
" 21BD FE11 CPI . 1t ;

21BF CZB8Z1

ZICZ 038420

2105 21

)
fovy
)
>
~
Lo

Z1C7 BE

21C8 CAE621:

ZICB 2

| 21Ccc 7E
21CD :
2108
z1D1
21D2 : Y
Z1D5 CD _ CALL SUBEST
Z1D8 MOV AB ; .
21D9 o cPr oo
mﬂﬁﬂ?wﬂ%§W81ﬂi
21DE D572D CALL 2D57 3 CALL SUBCON

— @/
ﬂﬂii” ARNINYIQY

L1Efﬁlj§i ;

 Z1E4 CAPCZZ J z2®C ;
21E7 CD8E2E CALL.‘ZEBE i CALL SUBF

21EA £35521 JMP 2155 ;



Z21ED
Z1EE
Z21EF

Z1iFZ

2260

228F

8 £D572D

CALL SUBEST

’é-'-e_.

LL SUBCON

ALL SUBF

FEBG

CABLZE

CDSE2E
3EFF
3z2D4a11

C38426

DCR

zﬂﬂﬂ’mﬂmwmm

AR BANSES Wniangnay

SF MaVv
13 INX D i
13 : INX D : '
74 MOV  A:D N
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221E 3ABF11 _LDA 11BF ;.

2221 7B . MOV AIE i
2222 3ABE11 LDA 11BE ;

FE@S
2238 CABLZH

2233 CD572D . CALL SUBCON

§ﬁuﬂqwﬂmﬁwﬂﬂni
amaﬂﬂi"mﬂmqwmaa

2Z4C CD1E23 - CALL 231E ;
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224F 23 INX H ;
2256 FEFF . CPI FF i
2252 C24822 INZ 2248 ;

2255 CD2F2F CALL END

Z2258 CD8E2E CALL SUBF

225B 3EFF

2268 C3BLZO

RAM SUBS
2263 CD3423:
2266 BEIF
2268 CD2923
226B GE@S

cD2923
2279 @Ea;-
2272 CDZ
2275 BELG o

2277 CD2923 ‘ . EALL 2329 i

ﬂﬂ&l’??"l’ﬂ%‘ﬁﬂﬁﬂﬂ‘i

227¢C (BD2923
aiﬁ"iﬁzﬂnﬁuﬂmawmaﬂ

2289 @GEIC MvI C»1icC '
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228B CD2923% CALL 2329  j
_ 228E BEG1 MVI CiB1 .G .
2298 CD2923 CALL 2329  ;

2293 CD3F23% CALL 2337
2294 CDO@GEE ‘
2299 32EBDi1

229C CD3F23 -

2ZAB 32BB11 4

ZZAE C9

PRORCGRAM UPDATE

REAL TIME CLOCK
2Z2AF FS '

22BS ES V‘S" Y

22E1 21E80@ T
i

iﬁZﬂﬁEl’J ﬂﬂ‘iﬂﬂ\lﬂ"]ﬂ‘i
aﬁiéani@mwmaﬂ

ZZBF FE3C CPI 3C

~-u



| 101
272C1 C2D922 JNZ 22D9 ; o

_22C4 AF ' XRA A}

|
r~J
)
Py
r\

1,

a1 [a] N
[ ™3 ™
g ] )
0 ey ~
'n 3] ~
m [y m
J
(]

Y]
P~
3
L)
]
N
L
O
N
[
|

22CE AF
22CF 77
2209 23
2201 7E
22D2 30
22D3 FE18

22D5 CzD92:

z2zZD8 AF

22DA E1

POP

mﬁ‘umﬁaamwmm
QW'] AINTOIUNT ﬂ"ﬂ“Tﬁ‘“El

ZZDE CD3F23. CALL 233F. i

P

SW ?

—~e

_22E1 FE®3. CPI 63

Z2E3 C2ERZZ JNZ ZZEA 7



Z2ZE&

ZZEA
ZZ2EC
2Z2EF

22F2

22F3
22FS

2ZF8

Cb§323' CALL 2353 i - CALL SUBA

ce RET

FEGE
CzZFCzz

CD7k24

ey | 7

W

zZFﬂuEJ’JﬂlEmTWEJ’m?

ZZ2FE.

ammnwwnwmm

2364

C.'.@5Z3 JNZ 2385 t

c9 RET
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7385 FE@L . . . CPI .81t -
2387 C2ZPE23 JNZ 238E ¥
23pA. CD142B . . CALL 2B1% ; CALL SUBE
236D C9

23@E FEGD

[ [
G G
[l -
[ 18] (]
(] (@]
L ™~
(o]
tx
[\Y]

[
[ €3]
[
o
(]
0

2317 FE@S
2319 C@
Z31A C£D6322

231D C9

) 539 EJ NINBARTor  mems
Qﬁiﬁﬁﬂfﬂ&ﬂﬁq? NYIRY

L32§ 79 MOV  A»C
2326 D301 ouT o1 ;
2328 C9 RET

5
-a



2329 DBCS : IN co

23ZB E4B] ANI @1

2334 OEGSB
2334 CD2923
2339 QEBZ

Z33B CD2923

233E C9

Z33F DBLO IN C¥

2341 E6@2 U o ANI
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TRANSFER DATA TO MACHINE

GET LINEFEED

d

CHECK FIGURE SHIFT

AND LETTER SHIFT

i)Y %H‘s‘iﬂ‘ﬁﬂ g1

2346

AW mnmwmmaﬂ

L34D FELF CPI
234F CA3FZ3 B ¥4 233F

2352 C9 RET

'



2353 CD.B423 CALL 2334 i
2356 GEIR CMVI CsiB . PROGRAM SUBA

2353 CD2923 CALL - 2329 3

Z235E @E1L13
235D £D2923
2360 @GEG4
2362 CD2923
Z345 CD3r23
2368 47
2367 DRCg
236B Eé@l,x‘nj
236D,CA69234
2378 DBA4Y

2372 FE11

i G
zﬂyﬂaﬂﬂwﬁWBWﬂi
amﬂﬁnmummmas

2387 CD572D CALL 2p57 . .. CALL SUBCON
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238A 78 . MOV AsB _ _§

238B FEFF CPI FF 3
238D CS RZ . . i
238E CALL SUBF

Z3A1 D340
23A3 FELL
23A5 }f

22A2 CD 34 1

AR AN TN
qﬁj@”@niwmwmaﬂ

23B9 FEIL1 . cpr 11 i



23D1

23D4

23D7

Z23DA

AU e eI

Z23EA

Qﬁ?ﬁﬂﬂi@dﬂ%ﬂﬂﬂﬂﬂﬂ

23F@
Z23F2
Z3r4

Lo !

C E&OL

. CZAE23 JUNZ . 23AE ;

CD 3423 - CALL ;§334 ;

213611

214611

DBCO

CADAZ2B

[
02

D34 DUT

Ch3k23 CALL#233h - ;

DECH I
E&B1 ANI 81 o
LAFO23 Jd%. 23F0

‘e MOV AsM
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Z24@a

Z4@n

Z240E

Z80F

2411
2413
2416
2419
ZA1C

Z41E

242
242

N

2427

(Y]

q242c

Z42F

£Z432 DBCO. IN Cco

Z23 INX H '

D34¢g QUT 49 ?

 FE11 CPI 11 F

CZFO23

Co3423
216@11
GECE
Bt
CAO624
7E
23
D340
FE11
D2062§i;
CD3423
217811
DELO

E6Bl

ca1C2iU

ArM }

L APHATNYNS

AN SNy Ay

CD3423 . CALL 2334 ;

z18611 LXI He1188

-e

108



2434
2436

2439

2445
2448
2444
2440
244F
2458
2451

2458
245E
2469

2462

2 D340

109

Es@t ANI @1 H
cA3224 Jz 2432 H

7E MoV

-
L2

FE11
cz3224
CD3423
z19@1
DBC
E481
cak824,
7E

23
D340

FE11

806423‘“|

Z1AG11 ¢ Hr11AY F

@uaam&wﬁwHWﬂﬁ

CASE2L JZ  245F ;

QW?Nﬂ@WNW]’JﬂEJ']ﬂEJ

466
2467
24469

ZALE

L.J INX
D349 oUT 46 S
FE11 CPI 1t P

C25E24 - JNZ 245E . ; )



Z244E

2471

248k

248k

249
249

2496

Qﬁ?ﬁéﬂﬂ‘iﬂl%ﬁﬂﬂﬂﬁﬂﬁ&l

cn}423~ CALL 2334 ;
DECE IN C8 ;
E41
CA7124
3E19

B34¢

. CD3F23

FE@S
ce
FE19
CA9223.
FE16 -

c29124

211611

C3EF2

N INENTNYINT

212611 LXI CHy1128
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| 249C FE13, CPI 13 E
249E 02 A724 JNZ  2LA7 ;-
2441 213611 LXI

2404 3 EF2hL

24A7 FEB1
Z4A9 C2 B22
Z4AC 214611

246F C3EF2h

24BZ FEGA
Z4B4 C2 BD24
24B7 215611

24BA caEFawi
i

ﬂ‘lJEl'II‘VIEWI‘ﬁWEI']ﬂ‘ﬁ

Qi den i ineat

24C5 C3EF24: . JMP  2HER .

3 1\'1 1”‘: -



24C3

24CA C

Z24CD

2400

24D3

24D5

Z4D8

Z24DB

Z4DE

Z24E®

Z4E3

Z4E4
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FE®7
CZDE

21861

C3EF24

FE@6

CZE92L

|
_

7190 f

CSEFETI
¥

ﬂ‘UEl’JVIEW]‘ﬁWEJ']ﬂ’i

CPI ©18

ELa0NE IR PHEREE

Z4EC
24EF
24F2

Z4F4

21AB11 LXI Hr11A0
CD3423 CALL 2334 P
DBCO IN C9 3

E&OT ANI 81
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24F6 CA'F22l JZ  2hF2 . i

24F9 3E19 MVI  Ar19 ;
24FB D340 oUT 40 ]

-
24FF
2501
2564
2504
2507
2509
256C

.258F :

2518 , L PROGRAM SUBD
2513 BELF MVI 28 1F
2515 23 L2829
251; | VL0 I
z51A _ ' £
251B 23 L INK Y )
251C iﬂ
251E CD2923 . CALL 2329 ;
e inens
2526 CD2923 CALL 2329 ;

Q W’?Eﬁﬂﬂimwﬁq')ﬂﬂqﬂ t)

2923 CALL 2329 ;
. 252E @E1A MVI . CwlA . . F

2338 CD2923 CALL 23Z29 i



2335
2533

- 233A

2542
2544
2547
2549
254C
Z54E
2551
2553
2556
2558
255B

255D
2560

2562

GESL MVI C.01
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€p2923 cALL 2329 ;
gEGA  MVI  C0% ;

CD2923 CALL 2329

BEBEL
cpzozz2
gEBC

Chz923

cD2923
BE1C

cD2923
BELS
cnzji}
PEBA

CD}_‘?'ZB

CALL 2329 ’

i:zm TNy

Z56A

E@4 MVI ‘Erﬁ4 &.i

Qﬁﬁ‘ﬁ*ﬂﬂ‘?’fﬂi[‘iﬂﬂﬂﬂqﬂﬂ

(| 256F
2572

2574

CD2922
GE1B MVI ColB... ¥ ..

CDz923 CALL 2329 g



258C
258D
258E
- 2590
2593
2595
2598
2594
259D
259E
259F
zsﬂ
qu4
Qﬁﬁ
2509
25AB

Z25AE

Z5AF

C.7E MOV Ay M.

- [, %

a606C MVI B:6C i

21BS11 . . . LXI Hs11BB i

FEFF
£z2826

BEGS

FEFF ¢ & CPI

uﬂ?ﬂ8%§W81ﬂ§

PGEB3 . MVI C:083

;@ﬂﬂﬁm IRTIINYINY

CD2923 CALL 2329 i
23 . INX H . . -7 . -

7E MOV AWM i

4!
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250
2582
2585

- 2Z5B7

FEFF

28526 °

BEG3

cbz9z3 -

BEG4
CDZ9Z3
23

7E

~a CzAL26

25C8
25CE
25CD
2508

25D1

25DZ

25D4

25D7

23D%9

ZZ;FTM’J %ﬂ‘ﬂﬁ‘ﬂﬂ’m‘i

ZSEI

aw"raﬁnmum'mmaa

(| 25E3
2SES

Z25ES8

CD2923

CDz923

FEFF

C2E226,

BESS

CPI FF
JNZ 2685
MVI C»83

-CALL 23

CALL 232

INX

JINZ

MVI

¢

26E2 >

C:83

R
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23F3

25F 4

Z23F& C

ZS5F9
25FEB
Z5FE
2600
2603
2604
2605
2687
2604
2600
Z&0F
z&611
2614

2615

mﬁ%mmm‘ﬁwmm

chz9z3 CALL 2329 3
SEB4 . MVI Ca84 . b

€Dz923 CALL 2329 ’.

™~
—
=
>

H '

FEFF
€22027
GEB3
£D2923

gEG4 2 MVI C.04

cn:“'

23 Iﬂ IN

MOV AsM

26130 C23F27 JINZ

QﬁTﬁﬂﬂ?ﬁJﬂ“ﬂﬂﬂﬂﬂﬂ

2620 BE@4 MVI C»0 ;
2622 €CD2923 CALL 2329, )
24625 C30800 JMP @800 H
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2628 _BE16 MVI Cr16

o _MVI Cetb %
262A CD2923 _ CALL 2329 H
262D GEG4 MVI C.04 i

542F CD2923

2633
263E
263C
263D

Z263E

2642
2643

2644

YHINANINYINT

aﬁj‘gﬁnjﬁgmmmaa

24631 7E MOVA ArM i

2652 EB : - XCHG

-s
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2633 &7 - --MOV. H:A e Fen

;
.2654 ZEFF. . . .MVI. LsFF i
2656 BE - CMP M ;
2657 CA6126 Jz 2661 . 5

P e

265A 65
2458 7E
2650 67
265D BE
265E 25726
2661 05
2642 EB

2663 £3902

2666 GELS

2668 CDZ2923

2668 gE [ h.—Hl'._--Ul_'_

266D CD2923

.II
]
W

-Rut N nens
ammnmumfmmaa

2679 B3 DCR ¢
267A 7E MOV AWM i



267B &7 MOV _HeA R

2467C BE CHMP M ?

267D C2.7926, JNZ 2679 ;

‘26886 85 -

EE

1N\
o
[na)
P

2682 C:

7485 BEO1L
2687 CD
268A OEB4
268C. CD292
268F 7E

2696 EB

2691 47 ) Hri
2692 ZEF
2694 BE

2693 LA9F21
L}

ZZWUEI'J ﬂtﬁﬁ‘ﬁ W gINT

am@ﬁmmmwmaﬂ

269F @83
ZbAG EB XCHG .. .. B

Z64A1 C3:BF25 JMP 25BF
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- Z64R4 BEBA MVL -Cs@BA.. . ¥..
26A6 CDZ923 ... CALL 23Z9. .. .}

. -26A9- BED4-. -

26AB CD2923
26AE 7E
26AF EB
24B8 47
26B1 ZEFF
26B3 BE
26B4 CABE26 4
26B7 05 -
2688 7E
26E9 67
26BA BE
26BE C2B726
26BE @5

26BF EB :gﬁf—————-

26C0 C:3D02
Fi‘iJEl’JVIEWIﬁWEﬂﬂ‘i

2603 EEIQ MVI vlﬁ : ;
L6l8 BEBA Mvi C.04

Z26CA CD2923 CALL 2329 . 1. . .
26CD 78 MOV AM T

Z6CE EB XZHG #



26CF 67 .. . MOV _H:A _ o
26D@ ZEFF MVI LiFF ;.
26D2 BE CMP M P

el

2603 LADD26

. 26DA B3
2607 7E
26D8 &7
26D9 BE
26DA CZD626

. Z26DD 85
24DE EB

24DF C3:E125

Z26EZ BE1S
26E4 CD292:
26E7 GEGG.

i
26E9 CD2923 A

Zﬁymﬁﬁﬁswmm
qFAN 1 Ineat

26F& 7E MOV  ArM H



123

26F7 67 . MoV H:A i

26F3 BE THMP M i

246FE C3F225

2761 GEG7
2783 CD2923
2706 OEG4
27083 CD2923
2788 7E
278C EB
276D e7ff;‘

270E 2EFF £a>

¥ D

Z271@ BE

LIk ALk
qﬁﬁmnimmiwmé’a

271D 30326 JMP 2603
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2728 GEB6 CMVI CiB6
2722 CD29Z3 CALL 2329 -}
To2725

27364
2737
273A
273B

2730C

AuEINENINgINg
a@jyﬂs@;gjmwmam

-

2744 EB XCHG



274B 67
274C 2EFF
274€ BE

" 274F CA5927
2752 #5
2753 7E
2754 &7
2755 BE
2756 €2 5227
2759 05
2754 EB
2753'003423
27SE OEIF

2766 CD2923
Z2763 @EILC
2765 CD2923
2768 zsu;
276A CDZ92"

276D @EICE

276F LDL923

MOV H»A '
MVI LFF }
CMP M i

CALL 2329 ;

Em&l’a TENINYINT

(| m@aan

Z77C @ELDS
- 277E- CD2923

- -2781 QEG4

w1 €cron -
im%ﬁm'}ﬂﬂqﬂ t)
MVI €15 -
 CALL 2329 i
MVI 04}
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2790
2792
2795
2797
2794
Z2793¢
279F
2702
2744
2747

Z27A3

27AA.

274D

a0 rllo) iy ied (LIgTo

27B4

RN HNIINYIAY

BEGR~- -

} BEGA

[} . . <
x - . -

cp2923 .  CALL 2329 i

cD2923
BEB1

cpz92
GE@3
cDz923
PEG4
cpz9z:
QD2923
BE1E

cDz923
73"_
FE@V’ﬁ‘
£z BA27

L}
gELT MVI Cy17 ?

CDz923 CALLI2329 1
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27BA FE@B CPI - 0B R _ -

.- 27BC C2cA27 - - JNZ 27CA i

Z7BF @GE17 . MVI €17 ’

27C1 CDZ9Z3

27C4 CD29Z3

Z27CA
27CC
-Z?CF
27D1 CDz9z3
Z7D4 BE1LL -
27D6 CDZ29Z3

27D9 C3EQZ7

'|
Eiéﬁ%émﬁft%ﬁﬁﬂmm
QEEIN I N8

27EC CDz923 CALL 2329 '



2Z7EF
-27F1
Z7F4
... 27F6
27F9
27FB
27FE

2800

28083

2804

2884

28a9

286B
Z28@E
2810
2813
2815
2818
Z81A

281D

BE1Z MVI Cr12  §

CD2923 CALL 2329 ;
GELS MVI Cri8 ;

CD2923 - ~  ~-CALL 2329 —-~ 1§~~~

BEME
cDz2923

BEGF

@ELS MVI C»18 i

.zzzmmmﬁmwmm

28724

JDL92° CALL‘2°29 i

Qﬁﬁﬂﬁﬂ?ﬂdiﬁﬂﬂﬂﬂﬂﬂﬂ

0 zs2
22A

CABC27 Jz 278C i

CD.B22F CALL 2FBZ - i ~ CALL ESA
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Z2232 B? - CMP C 3

‘2833"@A5028 1z 285C P
2834 4F ‘

227 Z1iBe11l

2847 &7
2843 ZE0P
Z84A DBC@

2840 E4H2)

2851 DB46 |

2853 FE@O CPI

fytfmmmwmm
qﬁﬁﬁnmumawmaa



~ 285C
285D
285E
285F

2861

™
as}
o~
8]

N
0
>
8]

2871

2872

2EFF

- 77

130
L6 PR MOV ~HeM- i
44 : MOV BeM - - ¥

7E MOV  ArM '

BE

CA6928
L4

-3 5E28

3ABALL

68
C34828

s

H
77 J

FELIC cCPI 1C

E.Emn mm'a‘wmn'ﬁ

cPI FE

RN TRNINE 8 Y

287D

Z87E

A% , INX

C3L4a28 Jmp 28hA
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2881 23 - INK H - - 3
2882 7E MOV AWM
2883

2885

N3
og]
0
o

]
0
D]
~

™
[xa)
[as)
o

288C
288E
2898
"2893
2893
2894
2897
2892 FEF

Z229A CAB72 L

289D FEIC cpi 1C

mﬁfwmnﬂmw 21NT
aﬁ'imn'imw'nwmaa

ZbAé cz8c28 JNZ 288C

-

Z28A9 ZB - pcxX H

28AA 2B pcX H P



28AB
- Z28ALC
28AD
| 28AF
28B1
28B2
2885

Z28BA

Z28B7

28B3

"28B9

28BC
Z28BF

28C2

132

2B . -BCX- H - j

2B DCX H +
34FF - MYI - MsFF ;
2EFE

7E

3ZBAL1L

66

C39c28

Y]
CALL ESA

21B@11 HrliBQ P

@ummmmmm

Mov fLyA

Qﬁ?ﬁﬁﬂ‘?@”ﬂdﬁﬂﬂmﬁﬂ

28L9

28CB

2EBD MVI L@@
54 - MOV DsH - - i
* DBCE IN  CO P



. 28CE

2800

28D3

. 28D4-

28DC
Z23DF
ZBEZ
Z8E4
Z3E7

28E9

E661 N - ANI @l :
CA.CCZE gz —28CC - b
7E MOV ArM :
1177, PA—; 1Tt

23

FEFF

c2cc28 —
::n3423"‘»

28EC FE

Z28EE
28EF

28F¢@

28F9

TT?J'II v ip} (g

a7 . MOV CBrA

ammniﬁu umfmmaa

LBFB ES PUSH H

- Z8FC

28FD

7€ MOV - AfM ¥

23 INX H ¥



28FE FE®S cPI B8 i s 138

- 2968 C2FC28 JNZ 28FC . H°
2983 05 | DCR B :
290473

2905 FEGE
29@7 C2Zrc28
298A ZB
2908 EB
Z298C 4E
296D Z:
Z99E CDz923
2911 FE@S
2913
2916 7E
Z917 FEQZ
2919 CZAA29
Z291C EB

291D 2B

Z291E 7E

zzmm ﬂﬂﬁ’%’ﬂﬂﬂﬂi

Qﬁjg@”ﬂﬂ‘iﬁu ;m'rmma d

292D DB46 IN 48 - 3



13“)'

?92F FE@S - CPI 88 - 3

2931 CASC29 JZ 295C - i

zﬂumwm‘wmm

ARAREN TR SN

. 2959 £35029 JMP 2950 ¢ -



136 _

29SC El POP H R

© 295D C3DC28

2968 23

29461 C32429

ﬂum Y d Rl
ARARAN THIHY1INEA

297C EB _ XCHG o
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b b B AEAFY Taiod At ia ae e e
2970 4 _ MOV C:M } '
297E 23 INX H '

| 797F €D2923
2982 FE@S
2984 27029 )
f2987'ée -
2988 CD3F23
 298B FEOS
298D CAS5C29
' 29986 2B
2991 7E
2992 FEG2
2994 CA9829
2997 22
2998 23
2999 23 ﬂh;
2994 7E - ka
U
299D CASC29 ¢ e 2 295C

g ¢ 3 0E SN E NS

' Z29AZ (LA 19929

AN SAIMANeAE

i
L]

Z99B FE@SB
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29aA ZB DCX  H ;
298E 3682 . MVI Mi82 ;
29AD 2B DCX H ;

Z9AE 34068

Z9B@ £21C29

29B3 FE14& RAM SUBFIN
Z9B5 CZBC29
Z9E8 21161

Z9BB C9

Z29BL
Z9EE
z9c1

2904 09 ' RET

ﬂ'lJEJ’JVIEWIiWEJ’]ﬂ‘i
qmganm;gmwmaa

29CA 213611 LXI He1130 i}

290D C9 RET ;



Z9CE
29D@
29D3

29Dé

© z29D7
29D9
29D

Z29DF

Z9ED

- 29EZ

29ES

29E8

FE@1 cCPI 61 i

CZD729
214611

c9

215011

c9

FE1Q
CZE929

216811

lll

F‘WEJ’J‘VIEWI?WEJ’]ﬂ‘i
qmmmmmawmaa

Z9ER
Z29EE

- Z9F1

ce _ - RET

CZF229 NZ 29F2

z17@11 LXI H:r1176 i

3
-8
s R

13—~
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Z29F2 FEB7 CFPI @7 7
29F4 CZFB29 ' JNZ 29FB H

29F7 218811t

Z9FA £

Z9FE FE@4 -
Z9FD L2
2AGBH 219811

ZABZ L9

ZAG4 Z1AB11

ZAMT7 9

Y

PROGRAM SUBEST

ﬁﬁﬁﬂ?ﬂﬂﬁiﬂﬂﬂﬂi

f_AQ![' _ MoV ‘\,B

ZAQE CA. EiiL ! gJ lg a
ZA}I @BELF MVI Cy1F '

ZA13 CDLEZ3 CALL Z31E H

ZA14 DEB3 IN @3 P
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ZA13 Eb@1 ANT 81 ;
2A1A CAOA2A JZ 2404 ;
2A41D DBG1 IN @1 ;

;

ZA1F 4F

ZAZ3 FE1A g -

CA2F2A

Z2A47Z 43 MoV CyB '

‘“ﬂﬁﬁl’iﬂﬂﬂ‘ﬁwmﬂ‘i
ammnimummmaa

ZA44 DE@3 2

2A446 ELEZ ANI @2

2045 CALL2A Jz  2abh

-
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ZA4E DB@1 IN @1 ;
ZA4D 4F MOV CsA ;
ZA4E CD2923 CALL 2329 ;

FE@E

3
D
a
ot

CZ2 4424

[aN]
o]
n
3

(]
D
[%1]
[ ad

o9

ZA69
ZALE :
ZALE > | : - MY

ZA78 CDZ923 g . 2 CALL Z3 29 ?

“-’“ﬂUEJ’J WEJV]?WEJ’]ﬂ‘S

PROGRAN SUBC

’QW’]Nﬂ‘ﬁUNMT}ﬂH’]QH

ZA74 CDAEILDR CALL 1EGE i
2ZA77 CDZ9Z3 CALL 2329 ?

2ZA7A PELY MVvI €C.19 1



: _ 143
2A7C CDZ9Z3 CALL 23279 '

ZA7F @EA4 MvIi C.04 i
ZAS1 CDZ9Z3 : CALL 2329 i

ZA71
ZA93
ZA%4
ZA99
ZA%A
ZA7E .
ZA9LC
ZA9D “‘-

ZA%E

ZAAG

ZAAZ SADD4w‘ JZ 4¢DB f

ZﬂﬂuEJ’J WEJ‘VI?WEJ’]ﬂ‘i

LAA

Qﬁﬁﬁﬂﬂ‘iﬁlu%ﬂﬂﬂﬂaﬂ

ZAAC DECE Co

-

ZAAE EL@2 ANI @82

ZAB® CAAC2A JZ 2AAC H



AN

ZAB3 DER4@ IN 4@ '

ZAB3 3Z2D@11 STA 11DB@ f

ZAB2 CDO824A- CALL 2a08 i ; CALL SUBEST
ZABE 72

293[‘. FE@HE

ZABE C=

2ABF 210011
ZACZ CD572D ~ - CALL SUBCON
2ACS 78 \

ZACE 3AED11
ZACE 2ZEF1

ZARCI1

2AD9
ZADC 2 | o

ZADD 3ZD@11 ‘u STA 11D@ ;

:ﬁﬂﬂaﬂanﬁwawni

LLf2c33 ; CALL SUBWLT

Qﬁ?ﬁﬂﬂ‘immﬂﬂﬂﬁl 3
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ZAET? DEBECY IN co '
ZAER E4OZ ANI 62 '

ZAF4 CDB329 , ' CALL SUBFIN

—
@)

ZAFF

™
[y}

ZBOa3
2B@1 FEIL1

ZB@3 CZFD2A

122

ZBE@h ©DO82) : CALL SUBEST
ZEG? 73 |
2BBA FEOO

Z2B@C CZBF2A JNZ 2ABF

““ﬁﬁﬂ?ﬂﬂﬂ‘ﬁﬂﬁﬂﬂ‘ﬁ

ARIAINTUURITINGIA Y

Z2E1@ CDEE2E CALL 2ESE i CPLL suBF

ZB13 C9 RET ;



-

2B14 CD3423 CALL 23324
2B17 BEILF MVI LC»1F i
ZB19? CDz292

ZB1C @EGC

ZB1E CDZ92!

2BZE CD3FZ3

ZB21 47

2B34 CA 3628
2B39 DB4G
2B3E FE11
2B3D CA E62B : >

ZB4a@ ZiC@11l r LXI HyllLﬂ‘ '

-n

ZB4A ELB2 ANI @2

146.
PROGRAM SUBE

““‘ﬁ'lJEl’JT!EJYI‘ﬁWEﬂﬂ‘i



9

ZB4cC

2B4F

ZBAF
ZB71
2B74

ZR77

Dl

LB7F

mﬁﬂﬂmmmﬂmaa

CAL82B JZ 2B48 H
DE4O IN 44 ?
z3 INX H H

BELC
CRZIZ=
BEGC
CD2RZZ
@ELS

CDz923

e .
Q8 : 4

cR3 423‘ CALL 2334 .+

Eﬂﬂﬂﬂﬂﬂwswswni

PELDR MVI Cr1E i
CDZ923 CALL 235279 i
W BELQ MVI C»19 i
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ZBBE CDz92Z3 CALL 2329 i

ZB91 OEA4 MVI C.04 '

ZE9Z FE@LC

ZBYE CZzO124

ZBRAL CDO82A CALL SUBEST

2BA7 08
ZBAS Z1CH11
ZBAB CD572D: €ALL §¢§qoﬁ‘
2BAE 78 |
2BAF FEFF

ZBB1 C21132C
2BB4 3ABDL
ZBE7 32B

ZBBA 3ABC11

it 39 B SN
WITNSadIm Angae

2BCC 3E 00 MVI  A,00 ;
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ZBCE 3ZFE11 STA 11BE i
ZBD1 SABD11 LDA 11BD i

2BD4 30 INR A '
ZBDS 3ZBF11

ZBD3 3E@S5

Z2BDA 3zD@11
ZBDD CD 332C CALL SUBWLT

ZBE@® 9

2BE1 GE®

ZBE3 L£3CE2

ZBE4 78

ZBE7 CDB329
. .
|

ZBEE Z1C@11

iﬂ“UEJ’J YI?EIYI?WEJ’]ﬂ‘S

ZEF® 1° INX D ;

A CALL SUBFIN

ZBEA EE

HyllPQ ;

QW’]&W‘?@UNMTMEI’]@EI

lq

2BFZ FE11 CRI
ZBF4 Cz EE2B JNZ 2BEE

-

ZBF7 CDo82A CALL 2408 i CALL SUBEST
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2BFA 73 MOV  AsB ;
?BFE FEG® CPI @4 ;

2BFD C2A82B

ZCaa@

0

2001 CD7DRE. ol 2 :»H i "»“”‘ CALL DIGIT
2004 32BF11, \ x
 2C@7 CD3F23
2CAA CDYD2F CALL DIGIT
ZCBD 32BE11.

2C1@ C3p82B

Ut Wdninens
BN NG

-

INX H

™
L]
o
o~
™~
W



Z2CZ27
YA

ZLZ2e

ZC44
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FEFF CFI FF ;

CZ1F2C JNZ 2CAF H

CD2F2F CALL 2F2F . - CALL END
CDBEE CALL SUBF

o9

PROGRAM SUBWLT
Z1@@l
3AD0411
FEFF
CABA2

47

7

[n}

FE@1 CP

f.'LFliJEJ’JiﬁET‘VIiW gINT

ZC4E

BE cHP M ;

ammﬂwwwwmaﬂ

(_l 52

pAD32C

INX H

)
(O]
T

INX H i

™
(03]

-e

INX H

]
[55]



i

2078 2

2073

2C74

2C7

ZL79

AN

27D

™~ N
by} ()]

Y]
5]

Y
LX)

2ZD3 STA

O e mav

qmwﬂmwmm

LEy]
Lo |
-
>

11D32

ArM

INZ ‘ZCSE

3A47=0
320511 STA
1460 ‘ MVI

347

11D5

Dy@3@

t

mnwmﬁmmmaﬂ
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2C83 1E16 MVI Er16 i

2C8A 85 DCR B '

ZC8B 19 bDAD D ?

ZC9Z 44
Z93 4D

2096 23
ZC?7 76
ZL98 46
297 A9

2ZC9A L£3C62C

Z9D 3ABRF1YL LDA 11BF 3

ZCAB 77 T Moy MeA O
£ TRENINEINT
FOAT 2R INY M ; . v
AFINIUINTINYIRE

FraT 7T MOV M.A ;



ZCAL 23 INX H N | , 154
2CAD 3ADI11 LDA 11D
ZCBO 77 MOV MeA ;

?CE1 ©3462D

2CBE 30
ZCBC 32D5
ZCBF 1460
2001 1E14

19

]
)
)
o

ZZC4 44
2CCS 4D
2CCA ED
ZC2T7 E23

ZCEg 22 ?
Lo

L.c:ﬁuﬂiﬂﬂﬂ‘ﬁVﬂmn‘i

ZCCB '3 INX *I ' '

AR TNINIUENIINGINY

ZoeD 23 '

~-

2CCE 74 MOV MyH K
ZCCF EL POP H ;

20D%. £3.9D2C JMP  2C9D :



CFCF1
ZCFZ

ZCF3

155

-ES- PUSH H ’

219810 LXI

2ADS11

22D41d

FE@1
CZE62C
EB

El

4D

lr‘:xLHc

FWEJ’WI EWI?W 8113

QW’]Nﬂ‘iﬂJmﬂﬂ‘ﬂﬁl’]aﬂ

.23 INX  H ;
3ABEE11 LDA 11BE ;
BE . CMP- M o
cA012D gz  2DO1 ;



156

2CFE D2:562C JNC 2C56 i
Zb@t ZB DCX H ?

2D@2 C:ZD32C JMP 2CD3 i

2D@5 2:
Z2D34
2D@?

" ZDaA
2D@D
2D1@
2D11
2D1Z Z
2D1S
2018
zD19 2
2D1A 32

.,I
201D 14604

1t ﬁfﬁiéw Talib
qmmﬂimﬁm"ﬁwmaa

2DZA E1  POP H o
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2DZB DS FUSH D ' .
2Dz 13 INX D ’
ZDZD 13 INX D 7

Z2D34 DI

ZD37 33AD31
ZD3A &F

ZD2B 23ADZ11

ZD4@ Z32
b4l 72

2042 ‘o XCHG ;

2”“’Ff’tTEJ’J‘P‘I EWI?W 8113
QW’]Nﬂ‘iﬂJmﬂ’l’mﬁl’]aﬁl

¢D4ﬁ 23 INX

-s

INX H

3]
s
S
~
™
)

INX H '

I~
fome }
Py
o]
[
LaY]
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2D43 EB XCHG i
éD4A 21C@1e LXI H»2168C6 3
2D4D 7E MOV AyrM i
ZD4E 12 STAX D 74 i

<0aF 13
ZD3@ 23

2D51 FE11

PROGRAM SUBCON

2D&3 23

chég lD/_99 23

J

fiiﬁmm MEWI‘?W 21N3
QH RN T Ingn s

~-n

2D78 4F MOV CrA
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ZD79 CDZ9Z3 CALL 2329 i
ZD7C FE®9 CPI 89 '

2D7E CZ6F2D JJUNZ  2D6F 1

ZD31 @600

2033 DELCH

2DED CDLEZ3
2098 04
2091 72
209z FE14

zD94 C2832D ﬁ.:‘.‘z
‘ fl’r "' ‘.J’

2D97 DE®G3
2099 E402
2D9B CA972)
2D9E DE@1S

H |
2DAB FEIB‘J’ CFP

AU I INgInT
I TN THIUNTINENAY

-

ZDB4 FEB4 CPI ©4



2DBé6
Z2DB9
ZDBB
ZDBE

ZDhCe

2DDy
y41) 174
ZDDb4
ZDD7
ZDn9
ZDDE
ZDDE
ZDDF
ZDEZ
2DE4
ZDEG
ZDE9

CA.C82D Jz  2pc8 3
FE18 CPI 18 ;
CA.CC2D - Jz  2pcc

FE@?

CA. OB2E
FE@C
CA362E

CDZ923
DB@3
E4cB2
CADO2D
DB@1

FEGE

CZi592E

4F

fusTpaningns

DE@1

&maﬂnmumwmaa

DED
ZDF @

ZDF1

CZ.592E JANZ  2E59 t
4F Moy  CrA #

ChzZ9Z3 CALL 2329 i
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ZDF4 B4FF MVI  BsFF ;
ZDF6 BEL7 MVI C»17 i
ZDFS CD2923 CALL 2329 . i

ZDFE @E1D

ZEBE 4F
ZE®C CDZ9Z

ZE@AF DE@3

ZE14 DE@1

Eﬁ%ﬂqﬁ@mwmm
ammn‘mﬁmfmmaa

ZEZ8 DB@1 IN 81 '
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Z2EZA

Z2EZLC

ZEZF

ZE3®

N
m
)
[

[l
m
2
[8:]

ZE34
ZE37
ZE3A
ZE3C
ZE3E
ZE41
ZE43
ZEA45

‘ZE4

o0

ZE4A

fiiﬁil e Inens
qmﬂwnwwnwmaﬂ

ZES4

1\

ZES!

.

FE@A CPI OA f

£2592E JNZ & 2E59 ;

DE@2
EA@BZ
CA3A2E
DE@1
FEI‘
caseen
FElé

CAbS2 JZ 2E52 H

MOV ‘CyA

BLFF

ce RET '
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~Z DA4T7ZE

ZE4B

ZE&D

ZELE

ZET7 3

ZE73

ZE73

ZE74A

ZE79

zE7C

ZE7E

7 E\q

2E87
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4F MoV  CrA i

CDZ923 CALL 2329 = 1

3ABBR11

FELE

3ELE
90

47

DBO3
E402
CA6C2E
DEG1
4F
CozvEE
.
3ABB1L. LDA

CMP ) ;

‘ wﬁaum%amwmm

['Qo

AEIRIN TN INY8Y

@LFF MVI B

-t

Cco » RET



q

2ES8 L1E ADI 1E ;
2ESA 47 MOV  BrA ;
2ESE C26CoE JMP  2E6C ;
ZESE DE®

2E990 ELB2
2E9Z DPA22E

2E9S DE@

ZEQ7

ZEAT

ZEAE

LEA‘;‘

ZEAE ﬂA

aiﬁ‘mﬁn'ﬁmmmmmaa

ZER4
ZEBS

ZEBB

z DB@3

4F

E4B2 7
£2952E Nz-“2895"

N ; il o, '
DECH AN Ao
E4fHE
CADE yl-'

H |
DE4® J Y

MOV CrA

FE12 CPI 1z
CAA92E | JZ  2EA9 ;
CD1E23 CALL 221E P

‘LLEJ’J ?‘I‘Eﬁliﬂtﬂﬂi
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ZEBE

ZECO

™
m
]
™~

()]
m
L]
Q)

3
m
]
)]

ZELC7

ZECA

ZED@

ZED3

DBECO IN co H 165

m
o~
™
=
D
=z
o}
P~
=

E&B2
CZ AQ2E

C28E2E

cD3k2
CD2F2F

C38E2E

o/

UHANYNSNEINT

QEIANTUNNIINGIAY

- ZEE@ CDIEZ3 CALL Z31E 7
2EE3 DEBECS IN  CO P
ZEES E48Z ANI  @Z i



2EE7
ZEEA
2EEC

ZEED

F,WEI’JT‘]EWIWMM
QTN AN INYA Y

ZF13
2F 15
2F18

Z2F19

> C38E2E

CAE32E JZ  2EE3 i

DBE4G IN 40 ;

4F . MoV
CD1EZ3
FE1C

C2 FF2E
04
73

FEBS

CZE32E

E4B2 ANI 62

MOV €A

FE1Z2 Y S

CZ252F JNZ 2F25 i
34 INR B i
78 MOV  A'B i
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ZF 1A

ZF1C

ZFIF
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FE@5 cPI 85

£2062F JNZ  2F06

-

CDIEZ3 CALL Z231E '

C3R042F

FEL1C
IZZ BE2E
Ba@l

C3E32

GELR PROGRAM END
CD1EZ3

BERT |
CO1EZE

DEA3
W

t E4ABLZ ANI B

Tﬂ‘tl'll“ﬂtj’ﬁ‘iﬂﬁl'lﬂ‘ﬁ

aﬁmﬂﬂimﬁm‘iwmﬁ’ ]

ZF46

Z2F4A

DE@2 @3
S ELEZ ANI @z ’
czLo2F. JNZ  2FLO ;.
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2F4D BELC MVI  CsiC &

ZF4F CDZ92Z3 CALL 2329 }
2F52 CDIEZ3 CALL Z31E ?

ZFSE CDZ9Z3

ZF5E CDLEZS3

ZF&7 CDEIZ3
2ZF6A CDIEZ

ZF&D C9
ZF4E DECH
2F73 ELBZZ

2F72 CA392F

2F77 CDZ92

ZF74 03 02 Y )

E' {
ZF70 FEBE CPI J PROGRAK DIGIT

Z:Wim‘:l mwmm

ZF B4 IA'?DZF JZ7 ‘EF‘?D H

FRTR/NN I, N‘Mﬂﬂmﬁﬂ

f ZF8% CARASF

2F8C CDRB22F CALL 2FB2- ? CALL ESA

ZFBF 47 MOV  E»A ¢
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ZF93 17 RAL 7
Z2F31 17 RAL }
'

2F92 17 RAL
ZF93 17
2F94 &F

ZF95 CD3FZ:

o
iy
0
QXD
-n
i
po!
m

ZF9D FEILC

ZF9F CAAE2F
2FAZ CDB22F
2FAS BS
2FAL 2b1
2FAS 7E

ZFA7 9

]

2FAA MOV LA

-mﬁ ﬁ?l’lﬁtﬁliw El’lﬂ‘i
_Wﬂﬁﬂﬂ‘immﬂﬂﬂmaﬂ

_LFAE b3 MOV LB

ZFAF CIAB2F JMP  2FA6 ;



ZFEA

ZFBC

2FBF 3

2FC1

PROGRANM ESA
FE1¢ CPI 16 ;

22 BA2F
2EQD

23

ﬂUEJ’J‘VIHVIﬁWEJ’]ﬂ‘i
qmmmmm'mmaa

Z2FCC

ZFCF

ZFD1

CZD22F JNZ  2FD2
3EG3 MVI  ArB3 ;
cCy RET i
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-

2FDZ FEBA CPI PA

ZFDD4 C2DA2F JNZ 2FDA i

ZFD7 2E@4

ZFD9 L9

ZFDA FE10
ZFDC CZE22F
ZFDF 3E@5

ZFEL C7

ZFEZ FE15
2FE4 CZEARF
2FE7 3EG&

ZFE9? ©£9

ZFEA FEn

iﬂﬁﬂ?ﬁﬂﬂiﬂﬂﬂﬂi
TR T ING Y

-s

ZFFC C9 " RET
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