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Write an instruction to read serial data from the ACIA
into ACC B. Assume previous symbolic definition of the Data

Buffer.

/

LDA B SERBUF

Note that if STA A SERBUF

LDA A SERBUF
is executed, the data in ACC A will normally change since data
is stored in the TRANSMIT buffer but loaded from the RECEIVE
buffer, even though both carry the same symbolic address SERBUF.

7-3
If serial data is being received by the ACIA, somé--
method is necessary to inform the computer when parallel data
is ready. If data is read too soon it would be erroneous; if
too late it could be lost, since the ACIA has only one 8 bit
RECEIVE buffer where parallel data is stored after being
formed from the incoming serial bit stream. At high serial
data rates, e.g. 9600 bits/sec, the "lifetime" of data in the
RECEIVE buffer is approximately 1 millisecond, after which it

is overwritten by the next byte.

When an incoming data byte is ready, bit #0 of the
Status Register (7FF4) automatically changes from O to 1. The
AND or BIT instructions permit us to examine this bit #0, or
"READY" bit, of the ACIA Receiver. It is normal practice to
to test this bit in a looping manner, exit from the loop
taking place when bit #0 = 1, that is when data is ready.

Write the instructions to examine bit #0 of the Status
Register. (No branching yet.)

/

LDA A  SERCSR
AND A  #$54
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Now add instructions to cause continuous testing of
bit #0 until data is ready, whereupon the data is to be

transferred to ACC A.

/

INLOOF LDA AR SERCSR
AMD A #FEl yXﬁ
BER INLOOF A
LH A SEREBUF

«———— DATA READY.

Reading of the data from the RECEIVE buffer, SERBUF, clears the
READY bit, sometimes referred to as a READY FLAG or DONE FLAG.
A timing diagram of these events is shown here.

few if repeated in a looping
RECEIVER microseconds type program
READY 1 —N A
BIT bit # - o
0 . /| .
!
Goes to 13 Automatically Data\ YData is read
when data/ cleared when READY into ACC A
is READY data is read, (LDA A SERBUF)
in Data €.Zey
Buffer. LDA A SERBUF.

Although the rate of transmitting and receiving data bits is fixed
there may be long time gaps between successive characters. Hence
the term "asynchronous" in the ACIA, meaning no specified number

of characters per second.
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Data to be transmitted in serial form by the ACIA‘;;;le
not be transferred to the ACIA's TRANSMIT data buffer until this
buffer is empty and therefore ready to accept a new byte. Bit #1
of the Status Register is the transmitter's READY bit. When in

the 1 state, it denotes this READY condition.

Write a short program to put the byte now in ACC A into
the TRANSMIT buffer when the transmiiter is READY. Warning:

Don't destroy data now in ACC A while testing for the READY
condition.

/

aLOOF LA SERCESR
M #E02 TA RERDYT
EEG aLaap
=TH SERBUF ouUT TO TH
EMC:

mm

T

The use of ACC B preserves the data in ACC A

printing time, based on
predetermined data rate

/ of the ACIA |
A
Transmitter READY - o
bit normally 1 0 7” o
while waiting for /
data. READY bit goes to 1
STA A SERBUF when transmission of

character is complete.

Note that the transmitter, while dormant, is normally READY,
waiting for data from the computer. In contrast, the receiver
in the dormant state is normally not READY, since it is waiting
for new serial data from the external device.
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Now write a series of instructions to echo serial data
from the ACIA RECEIVE line out on the ACIA's TRANSMIT 1line.

ORG

B

o+

*®
TFF4 SERCSR EGU
YFFS SERBLUF EGU

E 3
Be PFF4 INLOOF LDA
a4 a1 =1}
27 Fg BE®X
B& VFF3 LA
F& PFF4 QLOOFP  LDA
C4 az FAML
27 F9 BER
BEY VFFS STRH
EML:

mm>D DD

Ii

FazBy

$7FF4
$7FFS

SERCSR
#4091
IMLOOF
SEREUF
SERCSE
#E02
aLooF
SERBUF

RECEIYER RERDY?
GET CHAR IN A
T# RERADY?

OuUT TO TH

This is often known as an ECHO routine, permitting data which

is entered on the keyboard to be viewed by the user.

RXREDY EQU $01 is included in the above definitions.

To make this program more readable, the instruction
AND A #$01 could be replaced by AND A #RXREDY, if

AND B #$02 could be replaced by AND B #TXREDY.

Similarly
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Sometimes data, received by the ACIA must be stored,
byte by byte, in memory. Flow chart and write a program to do
this, the first byte going into address 1000. For now assume

no end to this looping type program.

/

INITIALIZE
ADDRESS LD #$100R—1
POINTER STX MEMADD  SET UF ADDRESS POINTER
MORTES LDA A SERCSR
FHD A #$81 R¥ DATA READYT

BEG MORTES
LR A SERBUF GET CHAR

ovTER LD¥  MEMADD
? Vooe IN
ST MEMADD  AND MNEW ADDRESS
STR A ¥ AND STORE CHAR
ERA MORTES  EBACK FOR MORE
MEMADD RME 2
STizglf iy

NEXT ADDRESS

| S

Here we see an inner loop testing the READY bit and an outer loop
storing data. This is known as a "nested" loop format.
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Modify your program such that receipt of 5A will cause
storage of this byte, then exit from the loop. Show changes only.

/

Before After

BRA MORTES CMF A #$5R IS IT 27
BEMNE MORTES

If your modification looked like this:

CMP R #$0R Is IT 27
BEG NE®T
BRA MORTES

NE®T

note that a conditional branch (BEQ NEXT) followed by an
unconditional branch (BRA) can usually be replaced by a
single branch instruction (BNE MORTES) of the opposite sense
(BNE vs BEQ).

Although the ASCII code for Z is 5A some terminals
produce "mark parity", that is the leading bit is always set,
resulting in DA rather than 5A. Other terminals may produce
"space parity" (leading bit is zero) or odd or even parity,
discussed a few pages later.
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The computer when connected via the ACIA to some output
device such as a printer or CRT terminal could send a specific
message to the computer operator.

Flow chart and write a program to output the message
BAD HEX CHAR to such an output device via the ACIA. Terminate

the message with a null.

7FF4

4 7FFS

INITIALZE
ADDRESS
POINTER

e —— |

GET NEXT
BYTE FROM
MEMORY

SERCSR

SERELIF
+

FRTMOR

QUTEST

MEMPHNT
MESERALD:

ALLDUN

/

EQU
EL

LDx
STH
LD
IN¥
STX
LDR
EE®
LDA
RAND
BEG
STH
BRA
RHME
FCC
FCE

E

I

$7FF4
$7FF5

#MESEBRD-1
MEMFMNT IMNIT MESS POINMT
MEMFNT

MEMPHT GET POIMT ADDRESS

* GET CHAR FROM MEM
FRLLEAIN GUIT IF MULL

SERCSE

#3832 OUTFUT DEVICE RERADY?

QUTEST MOT YET
SEREUF YES OUTFUT IT
PRTHMOR

-
[N

7BAD HEX CHARS
(5]
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TFFY
in this

example

Biae
"nigz
BiEs
@197
B16H

7-10

To operate the ACIA correctly the data rate at the
receiving end must be within 1 or 2% (5% would produce errors)
of the transmitted data rate. Hence the frequency of external
oscillator which determines the basic data rate for each ACIA
is usually crystal-controlled, as in modern electronic watches.

STA-
Tus

REG.

CON-
TRoL

REG,

B&
sS4
2[
BY
BV

Selection of data rates and control operations are
possible via the Control Register, a "WRITE ONLY"
register which shares the same address as the
"READ ONLY" Status Register. The diagram at the
left depicts these registers, assuming 7FF4 as the
assigned address. Hence LDA A $7FF4 reads from
the Status Register, while STA A $7FF4 stores in
the Control Register. The common symbolic address
in previous examples has been SERCSR.

The datd rate of the ACIA is determined by dividing
the external oscillator's frequency by 64, 16 or 1, under
control of bits #0 and 1 of the Control Register (see App. E1).
For example, if bit #1 is 0 and bit #0 is 1 ($16 mode) an

oscillator frequency of 9600 bps would produce a data rate
of 9600/16 = 600 bps.

Assuming that all other control bits are correctly set
ensure that the ACIA will operate at a data rate of 300 bps
when the oscillator frequency is 19200 Hz (cycles/sec).

Since the Control Register cannot be read to be modified, assume
that it is updated from ACIACR, a symbolic address in memory.

/

LDA A ACIACK GET ORIGINAL STATUS
AND A  #X14144436 CLEAR BIT B

ORA A #Xoooooaela SET BIT 1

STR A ACIACK UPDATE ORIGIMAL

STR A SERCSR

19200/300 = 64

Therefore bit #1 = 1 ) See
bit #0 = 0 )- Appendix
in the Control Register) E.

If both bits are 1 RESET takes place. This is necessary when
power is first turned on, before changing speed, parity, etc.
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Bits 2, 3 and 4 (see Appendix E) determine the nuﬁ;:;-
of data bits and stop bits of the data format. It also
determines the parity options for the data. Parity control
determines whether each transmitted data byte carries an even,
odd or unspecified number of ones, bit #7 of the data being

modified to produce odd or even parity.

The number of data bits and stop bits, plus parity
options must be agreed upon for both ends of the data link.
Although programmable, they are not usually changed once a
data link is set up.

Without disturbing unspecified Control Register bits,

set the ACIA for 1200 bps operation using a 19200 bps oscillator.

The data formed is to be 7 data bits plus 1 odd parity bit plus

1 stop bit. Again use ACIACR as the original for the Control

/

Register.

Bl188 B& ?PISE LA A RCIACR GET ORIGINAL STATUS
@162 24 ED AND R #214141611581 CLEAR BITS 4 AMND <4
a18sS 2R b ORA A #X08881181 SET BITS @, 2 AMC: =
Blay BFY 7ISE STAR A ACIACE UPLATE ORIGIMAL

@188 B7Y PFF4 STH B SERCSR  CHANGE CONTROL REGISTER

76 54 3210 <—bit #
|xxxo11o1

S~ S~
7 data =16
odd
1 stop

For your first few programs, which are not part of a larger
program, simply place the desired value in the Control

Register e.g. LDA A #%00001101
STA A SERCSR
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Serial data processed by the ACIA essentially follows

the RS-232-C Specifications of the Electronic Industries
Association (EIA).

Voltage levels, source and load resistances,
connector type and pin assignments for data and control signals
are contained within this specification. Some of these control
signals are produced by the ACIA for the serial device. Others
are produced by the serial device for the ACIA.

One control signal is RTS (Request To Send), which is
produced by the ACIA when requesting permission of the serial
device, a printer perhaps, to send data to it. This signal
is active when low hence is called RTS, the bar over RTS
indicating inversion, that is when RTS = 1, RIS = 0.

RTS
is determined by Control Register bits #6 and 5.

The usual response by a serial device (printer) upon
receiving RTS = 0 is to activate a control line to the ACIA
called CTS (Clear To Send), also active when low.

This exchange of control signals, usually preceding data
transmission, is often called "hand shaking" and can be used to
permit data transfer only when a device is turned on and
operational. The RTS line can alternately be used as a control
line without feedback (CTS is ignored), perhaps controlling a
function in an external device.

Control Register bits #7, 6 and 5 remain to be discussed.
Bit #7 controls receiver "Interrupt" operations (Chapter 11) and
is assumed to be 0 for now. Similarly bit #5 is assumed to be 0
since it controls transmitter "Interrupt" and "Break" operations.
With bit #5 = 0, bit #6 controls the RTS line; RTS = O when
bit #6 = 0, and 1 when bit #6 = 1. See Appendix E for details.

The following program is tos

(a) initialize the ACIA for operation with:
- 7 data bits, even parity and 1 stop bit.
- data rate of 600 bps when the oscillator

frequency is 38400 bps.

(b) set RTS = 0.

(c) send the ASCII code ACK {acknowledge) after the
external device (printer) clears CIS.

Contd.
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Contd.
L )
rFFg SERCER B FTFF4
TFFES SEREUF EL ¥TFFS
TESE AZIRCR EQU T EEE
EJ
BluE BE FIES LA A ACIRCE
qia= 24 2/ AND A #X18681016
H18S 2H B8R ORA A #X80001818
1187 BY FIS STH A HZIARCE LUFLRTE CORIGIMNAL
#lER BY VFF4 STH A SERCSR
818l F& FFF4 MOTYET LR B  SERCSRE
@lia C4 aRf AMD B #X00001849
811z -1 a2 CHMF B #X00008016
Biigd 2 F? EME MOTYET
qi1s SE ae LOA A #f6s
112 BY PFFS SZTA B SEREUF

Explain the function of the 4 instructions starting
with LDA B SERCSR

/

7654321 0<wbit i

00001010 Control LDA B SERCSR and
\Tga “"_—/ [ Regls‘ter AND B #;000001010 uexposen
TS = 0 7 data. |64 Status Register bits #3 & 1.
even < :
parity. - CilP B ##00000010 tests for
1 stop bit. 0 in bit #3 (CTS=0) and

1 in bit #1 (Ix READY).

XXXX0X10 Status '
CTS O}_/} t\ Register BNE NOTYET branches back if

Transmitter either condition is not met.

CTS 1 READY
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Returning to the Status Register, other bits not yet

discussed are:

- Bit #2 - Data Carrier Detect or DCD an input to the ACIA from
a "modem” used to transmit serial data over a telephone
line. DCD = 1 if loss of tone occurs on the telephone line.

- Bit #4 - Framing Error goes to 1 when a stop bit is missing,
usually due to an erroneous start bit.

- Bit #5 - Receiver Overrun - goes to 1 when data is lost due to

too slow reading of the Data Buffer. It is cleared by reading

the Data Buffer.

- Bit #6 - Parity error, goes to 1 when the parity of the
received data differs from that expected, based on the Control

Register contents.

- Bit #7 - Interrupt Request state (Chapter 11).

Write a few instructions to ensure that the Framing Error,
Receiver Overrun and Parity Error bits are all normal (zero). If

one or more is wrong, branch to ERROR.

TFF4 SERCSR

TFFS SEREBLUF
+

Be TFF4

=1

26 59

EGU
E@L

LCH
AN
ENE

/

$7FF4
$7FFS

SERCSR
#:201110609
ERROR

CHECK FOR 2 TYPES OF ERROR

765432 10«bit #

X000XXXX

||
POF



- PIA -
PERIPHERAL INTERFACE ADAPTER

In the previous chapter we worked with the ACIA which
transmits and receives serial data in a fixed format at a
predetermined rate. This chapter involves the Peripheral
Interface Adapter (PIA), a device which transmits and receives
data in parallel form at an unspecified data rate.

The PIA is comprised of 2 almost identical sections,
A and B, each capable of transmitting or receiving 8 bits of
data. A block diagram of the "A" half of the PIA is shown
below. For each section there is a Control Register (CR) and
a Data Buffer, both having similar functions to those in the
ACIA, plus a Data Direction Register (DDR) which determines
which bits of the Data Buffer are inputs and which are outputs.
Both the Data Buffer and the Data Direction Register share the
same official memory address, the selection bétween the two
depending on the state of bit #2 of the Control Register.

Assume address 7FF0 for the DDR and Data Buffer for the
A half of the PIA. Automatically its Control Register address
would be 7FF1. For the "B" half of the PIA the addresses would
be 7FF2 and 7FF3 (Data Buffer and DDR = 7FF2, CR = 7FF3).

PR W S W /// ‘ CoN"'&oL
IFFO TFFL 24' %] REGISTER

| . =

Bit #2 of Control Register
] o] g R

(Bit #2
(Bit #2

0 —serve DDR)
1 -——serve Data Buffer)

Let's assign symbolic addresses to these two memory
addresses, PIABFA being the "A" half Data Buffer (and DDR too)
at address 7FFO. Similarly PIACRA would be the "A" half of
Control Register at 7FF1. For the "B" half the corresponding
symbolic addresses would be PIABFB (Data Buffer and DDR) at 7FF2,
and PIACRB (Control Register) at 7FF3.

Contd..



Contd.
L )
As noted in the previous diagram, if bit #2 of
PIACRA = 0, then data destined for PIABFA goes to the "A"
Data Direction Register. If this bit #2 = 1, the data will go
to the "A" Data Buffer.

The Data Direction Register stores 8 bits, each bit
independently controlling the data direction for the
corresponding bit of the Data Buffer; 1 = output, 0 = input.

Write the instructions to ensure that all PIA data
lines for the "A" half of the PIA will be input lines. Note
that the first task is to address the Data Direction Register,
via bit #2 of the Control Register.

e

*
TFFE FIREFA EQU *VFF@
rFF1 FIRCEA EQU ¥YFFL
o
81@aa Be FFFA LA A FIARCRA
B18% 54 FB AND A #xXid11118414 CLEAR BIT 2 TO ACCESS DDR
A1as> BY FFF1 STA A PIACRA
ales VF YFFa CLE FIREFA SET A HALF FOR INFUT
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The routine in the previous frame would normally be

found within a RESET program which is automatically executed
when the microprocessor power is first applied or when the

RESET button is depressed.

More details on such initializing

operations are contained in the Interrupt Chapter.

Write the instructions for a RESET routine to set up

the "A" half of the PIA for input and the "B" half for output.
This routine should leave the PIA ready to load and store data.

a1o8
818z
a1eS
8168
aiae
818D
a11a
811z
0115
8118
a1in
811D
a1z2a
8122

7FFa
rFF1
°FF2
°FFZ3

B
84
B?Y
7F
2R
B7Y
F&
84
B?
26
B?
ES
SH
B?

7FFi
FE
vFF1
YFFa
84
TFF1
TFFZ=
FE
TFFZ=
FF
7FF2
TFFZ
a4
YFF2

*
FIRBFA
PIACRA
FPIRBFE
FIARCRE
*
AHARLF

EHALF

EQU
EQU
EGL
EGU

LDH
AND
STH
CLR
ORA
STRH
LDR
AND
STH
LDA
STH
LDA
ORA
STAR

s (b i &

IPIIDITTIDTIITDIDIDX

/

$7FF@
$7FF1
$7FF2
$7FF3

FIACRA

#%11111811 CLERR BIT 2 TO ACCESS DDR
FIRCRA

PIREFH SET A HALF FOR INPUT
#100680188 EBIT 2 = 4 FOR DRTA

PIRCRA

PIACRE

#411111814 CLERR BIT 2 TO RCCESS DDR
FIACRE

#x114144411

FPIAREFE SET B DDR FOR CQUTPUT

FIACRE GET CR RAGRIN

#i00Ba0168 BIT 2 = 4 FOR DATA

PIACRB
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Assuming that the B half of the PIA is already
initialized for output (see previous frame), set bit #5 and
clear bit #3 of Data Buffer B, without disturbing other Data
Buffer bits. From now on assume PIA Register definition
(PIABFA EQU $7FF0 etc.), unless otherwise requested.

LA A FIABFE

ORA A #X0alo066a SET BIT 5
AMD A #X41118411 CLEAR EBIT 3
STH AR FIAEFE

The PIA could be controlling a machine tool, with the changes
in bits #3 and #5 representing control signals for the next

machine process.

8-4
What is the state of bit #2 of PIACRB during the

previous frame?

Bit #2 of PIACRB = 1 permitting communication with the Data
Buffer rather than the Data Direction Register.

822
The PIA could be used with a 6800 microcomputer in an

automobile sensor and alarm system. Assume INDATA as Data
Buffer A, at address 7FF0. Also assume the following bit

assignments for INDATA.

Contd...



8-5

Contd.
The input Buffer, INDATA, has the following bit
assignments.
Bit ﬁ Function Status if 0 Status if 1
0 Seat Belt Monitor disconnected fastened
1 Door Monitor closed opened
2 0il Pressure Monitor low normal
3 Ignition Monitor ignition off ignition on
4 Gear Shift Monitor park/neutral all others
5 Engine Monitor not running running
6 Day/Night Monitor night day
7 Headlight Monitor lights off lights on
The output Buffer, OUTDAT, has the following bit
assignments.
Bit # Function Status if 0 Status if 1
0] Buzzer off on
1 Bell off on
2 Panel Alarm Light off on
3 Starter Control starting starting
disabled enabled

Flow chart and write the instructions to ring the bell
if the ignition is off and the headiights are on. (I wish
that I had that on my car.) Assume previous initialization of
the PIA for input on Buffer A and output on Buffer B.

¥
CHRCHE LDR

B1E88 BS FFFG A INDATA
B18z 85 ag BIT A #xovoolio6o IGHN?
8185 25 49 EME HOBELL
aia? 25 20 BIT A #X18800066 LIGHT?
gi189 27 45 BEQ NOBELL
H1B8E BE PFFZ LDA A OUTDAT
B1BE SR az OFRA A  #Xo0006816 BELL?
ai1a B? VFFFZ2 STR A OUTDAT RING BELL
#
y *

EXIT RING BeLL

NOBELL .
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This time permit the car to be started if and only if:

(a) seat belt is fastened and

(b) gear shift is in Park or Neutral and

(c) door is closed.

otherwise turn on the buzzer.

First flow chart your solution.

OTHERS (V)

PARK OR
NEVTRAL

(o)

OPEN (1) - DooR

?

CLOSED (o)

BVZZER oN

OK TO START

Y

!

/

Your order of checking

the functions may correctly
be different. The order
shown here leads to
slightly easier testing

as seen in answer in the
next frame.



ai1z22
8125
a127v
81239
vize
812D
Bi1za
81zx2
a1=5
B1z?
B13R
B1z3C
B1zF

B&

27

8-7

A

Now write the program, preferably using the flow chart
shown in the previous frame.

rFF@a TESCAR LDA
a1 BIT
20 BER
i2 BIT
@A EBE®
rFF2 BUZZ LCA
gl ORA
rFF2 5TA
a8 BRA
YFF2 OKTOGO LDA
ae URA
°FF2 STH

E1 DONE

I

I D I

o o R 2 s 1

INDRTR
#HHXAAGGEEL
BUZZ
#loBal1a01a
OKTOGO
CUTDAT
#HBO0A0G0E1,
QUTDAT
DONE
OUTDAT
#%00001008
ouTDAT

/v

ovT

BELT OMW?

GERR SHIFT AND DOOR?

BLZZ

OK TO START

7654 3210bit ¢

£ Belt on
XXX 0XXoO 1)
1 A___ Door
closed

Park or Neutral

3 p v (o]

Start |Light | Bell | Buzz

By grouping the Gear Shift and Door checks together the single
instruction BIT A #300010010 will cause a branch via BEQ OKTOGO
if and only if both bits are 0.
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Transfer of data between the PIA and an external device
takes place at an unspecified rate; hence control lines are
needed between the PIA and the external device to indicate to
the PIA when the data is ready and to the external device when
the data has been read. This provides a "hand shaking" linkage
similar to that possible via RTS and CTS in the ACIA.

For the A half of the PIA two control lines, CAl (input
to the PIA) and CA2 (input or output) are available. CA1l could
inform the PIA, acting as a

C M o« data receiver, that data is
PiA now available. When this
AT, ExtaamaL data is read by the PIA, CA2

A could inform the external

N YT device that data has been read;

therefore another byte could be
placed on the data lines. CB1 and CB2 could perform similar
functions for the B half. Both CAl and CA2 are controlled by
specific bits of Control Register A as shown below.

7 0 - bit #
CA1 A r /////
CONTROL 7 I l // // o
| X 0 for Non-
CA1 READY Bit T Interrupt

goes to 1 when A Operation for CA1l
CA1 goes ACTIVE
If 1 CAl goes ACTIVE in going HIGH.
If 0 CA1l goes ACTIVE in going LOW.
The 3 bits associated with CA1l are shown above. We are
not using interrupt at this time; hence bit #0 = 0. Bit #1
determines whether CAl sets the READY bit (#7) when CAl goes
LOW (if bit #1 = Q) or HIGH (if bit #1 = 1). The CAl1 READY
bit (also called IRQA1l in Motorola literature) indicates, when
going to the 1 state, that CAl has gone ACTIVE.

If bit #1 WG — If bit #1
[T
= CAd = .

0 Low 1 Ry .
in the in the ow
Control Bits 1o Control Bt -
Register qzhdYy e Register can READY

(o) D LY —_— &

Contd. LN
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Contd.
The PIA "READY" bit (similar to the ACIA "READY" bit)
will be cleared automatically when data is read from the Data

Buffer, e.g. LDA A PIABFA. Bit #7 of the Control Register

is a READ ONLY bit, and therefore cannot be set or cleared
by a STA A PIACRA instruction.

Initialize Control Register A so that CAl's READY bit
is set when CAl1l goes HIGH.

Do not disturb the other Control
Register bits.

/

XXXXXX1X

1 {~ Assume O

Set .
€ (no interrupt)
aiaa Be TFFL LA R PIACEA _ )
s o M = 1= O ey ORA A/ #XoERaedls SET BIT 2
BLBRS BY FFFL STH A FPIRACERA

Note that it is the transition (LOW to HIGH or HIGH to LOW)

which causes the input Control Lines to become ACTIVE, rather
than the final level of these lines



8-9

When bit #5 of Control Register A = 0, CA2 also acts

as an input line similar to CAl1. Bit assignments for PIACRA
are as follows.

b3
/ 7/'1? N

]L t-O for "no interrupt"
(o

CA2 ACTIVE in going LOW
(1 = CA2 ACTIVE in goinsz HIGH

0 for input operation of CA?
CA2 READY bit (read only) 1 = READY

nwon

Bit #5 = 0 for input. Bits #4 and 3 behave the same as bits #1
and 0 for CA1l.

Assume that both CA1 and CA2 are to be input control
lines, CAl being ACIIVE in going LOW and CA2 being ACTIVE in
going HIGH. Write the instructions to produce this. Also
set up the A Data Buffer for input operation.

/

XX 010X 0 O0sControl Reg. A
A t.k~CA1 no Interrupt
CA1 ACTIVE LOW
0 to set direction
then 1
CA2 no Interrupt
e e S 'CA2 ACTIVE HIGH
VFFE FIREFA EQ E¥PFFE \
TFFL FIACRA EQL FTFFL CA2 Input
TFF2 FIFREBFE EQLU ¥FFF2
FFFZ FIACEE ERL F¥FFFE
188 Be FRFL LA A FIACER
A1aT 24 e ARG A #$EL1a1a088
BiEas BY FFFL STH B FIHIFH SET FOR  DDE )
aies VF FFFA& LR FIABFA IHNFUTS FOR A HALF
#lae S8 14 ORE A #E8EELELRE DARTAR BUF KO
aiah BY TFFL STH A FIACEA
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There are 3 possible modes for CA2, acting as an output
(bit #5 = 1). The first is seen when bit #4% = 1. CA2 will now
act as an output line whose state will be determined by bit #3,
(0 produces LOW, 1 produces HIGH).
7 6 5 4 3 2 1 0
1 1

- CA2

Assume that to communicate with some external device CA2
is to go to the HIGH state for 1 millisecond, then go LOW.
Also assume that the instruction JSR MILSEC (subroutines will be
covered in the next chapter) will cause a delay of 1.0 milli-
seconds. Write the necessary instructions assuming that CA2 is
presently LOW.

TFF& FIREFA EGL *FFFa

TFFL FIACEA EGU ¥7FF1

TFF2 FIAREFE EQL $7FF2

rFFZz FIACRE E&LU ¥7FFZ=
|i0a BS TFFL LDA A PIACEA
B1@E 2R 28 OFRA A #2E0111868 SET BITS S, 4 AND =
8183 BY FFF1 STH A PIACRA MOW CARZ=
Bias BD @141z JER MILSEC OME MILLISEC DELAY
B18E BSs FFF1 LA A PIACRA MILSEC MAY USE ACC A
G18E 24 F7 AMD A #X1134811d CLERR BIT =2
ga1ie BT PFF1 STR A PIACEA CARzZ=8

Such an output control signal on CA2 could be produced after
data reception on the A half of the PIA to order the data
source to change mode of operation. For lack of a better name
let's call this the PROGRAMMED mode, since the state of CA2 is
determined by program control.
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CA2 may be used as an output control line in a "hand

shaking" mode when bit #5 = 1 and bits 4 and 3 = 0.

mode the A half acts as a data receiver. CA2 will go HIGH

In this

automatically when CA1 goes ACTIVE (HIGH in this example) and
will go LOW automatically when Data Buffer A is read.

HiG it
on | |

& Data Ready

HiGwn

-1

CA2 follows
CAl1 state.

\~Data Read.
Therefore CA2
is LOW.

CAL

—

>+0

-

DATA
LTI gounce

8 LINES
OF DATA

CA2

P
Lo

When CA2 goes LOW the external device will know that new data
may be put on the data lines.

Flow chart and write the instructions to read the data
from the external source via the PIA (A half) when CA1l goes HIGH,
automatically indicating via CA2 that the data has been read.
Store the data starting at 0800, terminating data storage
after FF has been read and stored.

/

Contd...
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Contd.
* e e )
FIAHAN LD #$ESBO-1
IN\'T PIA ST MEMFMT  IMIT POINTER
LOA A FIACRA
AND A #711100018 BITS 4,3.2.6 = g
STA A PIACRA

CLR FIREFA INFUT MODE HNOL

ORA A #2601068116 SET BITS 5.2 AND 1
STA A PIACRA  DATA EBUF HOW
INMAIT LDR A PIACRA
EPL IMMAIT  WAIT FOR READY FLAG
LDR A PIAREFA  GET DATH
STORE 17 LDX  MEMENT
TN
ST  MEMPFMT  GET STORE RDDRESS
No STH R ¥ AND STORE GATA
| CHMP B #3FF
ENE INWAIT  WNOT LAST DATA
Ces HR ERA  HR ALL DONE SPIN FOREVER
MEMPNT RME =
8-12
L )

In the same hand shaking mode (bit #5 = 1, bits
#4 and 3 = 0), the B half of the PIA acts as a transmitter.
Here CB2 will go HIGH when CB1 goes ACTIVE (HIGH in this example)
and will go LOW when data is written out (stored) in Data Buffer B.

Sketch timing diagrams for CB1 and CB2 indicating the
reason or significance of each change. When working this out
think of what information the PIA (transmitter) and the external
device (e.g., printer) need to know to transmit data without
loss of data or loss of time.

/

— Wiey

C81 (in)

Low

R .data received by printer, therefore new data
can be put on data lines by PIA

CcB2

{out)
QBZ‘\ new data now available in
follows PIA, therefore CB2 goes LOwW
CB1 state

Again the hand shaking operation permits optimum data
flow. Although the printer would not normally store more than
132 characters for one complete line of text, the data rate within
this line could be as high as 50 000 characters/second, limited
by the computer's clock and the number of instructions per loop.
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One last mode, the STROBE mode is available when ==
bit #5 = 1, bit #4 = 0, and bit #3 = 1. It is similar to the
previous HANDSHAKE mode in that CA2 goes low when data is read
(LDA A PIABFA) into the A Data Buffer. It differs in that CA2
automatically returns to the 1 state several microseconds (one
instruction) later. Similarly, in the B half of the PIA, CB2
goes low when a write operation (STA A PIABFB) takes place and
returns to the 1 state automatically, several microseconds
This mode of operation releases CAl and CB1 for other

tasks, but assumes that data is always ready for the "A" half

later.
and that the external device is always ready to receive data

from the "B" half.
shown below.

CAl1l (CB1
(input only)

A summary of control line operations is

7 6 5 4 3 2 1 0
', ' 7 oLV 77,
'%%%J l l ] [ %%/%kZQ;
| i .
CA1 (CB1) . j;‘ Lo for no interrupt
READY BIT OfDDR access (0 = CA1 (CB1) ACTIVE in
(read only) via Data Buff ( going LOW
1=Data Buffer (1 = CA1 (CB1) ACTIVE in
access ( going HIGH
cA2 (CB2) | ,
bit #5
0 = input J 1 = output
4 N
7 6 5 L 3 2 1 0 bit #4
AZ’#”%,f'ffﬂy ’ =1 A =0
17 Aoihligd 1 ] | procrawMED moae
~ CA2 (CB2) bit #3
CA2 01 1 1 =
(CB2) 0 for no follows bit #3 =01 =1
READY | interrupt
BIT \\ f

CA2 (CB2) ACTIVE |
going LOW:

CA2 (CB2) ACTIVE
going HIGH

HANDSHAKE mode

CA2 (CB2) goes HIGH
following CA1 (CB1).
CA2 goes LOW after
READ from A BUFFER.
CB2 goes LOW after
WRITE to B BUFFER.

No answer is required in this frame.

STROBE mode
CA2 goes LOW
momentarily after
READ from A Buffer.
CB2 goes LOW
momentarily after
WRITE to B Buffer.
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following bit #3.

T 0T
Do

i

8-14
Here is an application of the PIA to
detect which of the 4 keys, A, B, C or
D was depressed. CA2 provides logic 0
to all 4 intersections, the depressed
key passing on this 0 state to the
appropriate input. The symbol at the
top of the diagram is an «
"inverted input OR gate” §§i::::>'“
whose output goes to the 1 state if

one or more of the inputs go to 0.
PIA lines 4 to 7 are not needed.

Write the initialization instructions for the PIA to
set up CAl as an input (ACTIVE high) and CA2 as an output,

The Data Buffer should be set up as an input.

/

Xx110% 10
S Ny’
CA2 CA1
output input
= bit #3 active
high

FIA FROG FOR FOUR KEY EEYBOARD.
CHz TS QUTRUT T SHITCHES, CRL IS
THFUT TO FIA. DATA GOES TO LOW 4 BITS.

K3

B

o

£
VFFL EEYFIA LOA
Fa ML
FEFA =TH
- FFFi& CLR
26 OFEA
T VFFL =TH

B
-
B
puoe
m o
]
1T

L e 4

T

FIRZEA

20t W M M W51 B

FIACERA HCCESS Dl
FIREFA DATAH THFUT MODE
#eaEailatim

= TACREA CRTHE MODE MO
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Now flow chart and write the instructions to branch To
KEYA, KEYB, KEYC, or KEYD, corresponding to a depression of

keys A, B, C or D.

| e

NO

Yes
GET DATA

For short tests this "brute force" method is acceptable.

TRYHGM LDA
EFL
LOH
AMD
EIT
BE®X
BIT
EEL
BIT
BER
BIT
EEL

T I I I

I I

I

FIACREA
TEYRGN
FIREFA
#FOF
#¥0:1
FEYH
#E02
KEYE
#F04
KEY(C
#E38
EEYD

CH1 MOT UP YET

UFP MO

LOWER 4 BITS OMHLY
FEY R HIT?

YES.
FEY B HITY
KEY C HIT?

FEY [ HIT?

For

longer checks, data table lookups should be used.
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Whenever mechanical devices such as switches are used
there exists a problem of contact bounce; that is the contacts
may close, open, then close, several times within a few milli-
seconds of the first contact before settling down to a "closed"
or ON condition. Data or signals from such a switch are highly
unpredictable during this transient period, hence a timing loop
of perhaps ten milliseconds should be introduced after the
first contact detection, via CA1 or CA2 before the PIA Data
Buffer is read.

Assuming a 1MHz (106 cycles/sec.) clock in the 6800
microprocessor, the number of microseconds per instruction

executed can be determined from Appendix C under the ~~ column
denoting the number of machine cycles per instruction.
LDX #$0400

an immediate mode instruction, requires 3 cycles or 3 micro-
seconds.

What is the execution time per loop ins

MORBEX DEX
EHE MORDE

MORDEX DEX 4 CYCLES
EBNE MORDEX 4 CYCLES
*

* 2 CYCLES TOTAL
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To get 10 msec., then the # of loops required =
o ,_8

= 1250,, loops
103 © 10% 10

Initialize the counter for this value and write the
complete delay routine.

/

MHAM FROGES

aFT o, 5
ORG k3% s (6]
Y
# PE-17
E
CE @4EZ2 TIMER LD #1250 <6— No $ sign for decimal #.
(G MORDER: DES 4 CYCLES
=& FD EME MORDE 4 CYCLES
+
e 2 CYCLES TOTAL

This routine would then be executed when CA1l first detects
a key hit, which would occur when the key is depressed, and
probably upon release, which also produces transient pulses. Hence
the state of CA1l should be checked after the delay. If CAl is still
1 it is a legal key hit. If 0, it is probably due to "bounce" upon
key release, which could then be ignored by the program.
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A stepping motor is another application of a PIA.
Imagine 3 electromagnets or coils, A, B and C, placed at equal

angles around a magnet which is free to turn.

N
3 g_

o 4
W NS

Each of electromagnets A, B and C are directly under control
of a PIA Data Buffer bit, as shown in the diagram below.

A magnet is ON when the appropriate bit is in the 1 state,
and OFF when the bit is 0, Energizing magnet C causes the
North pole of the central magnet to rotate to the South pole

at C.

C

B

A

PIA Data Buffer B

Set up the PIA to cause the central magnet's North pole

to point to A.

Assume that PIABFB is already initialized for
Also assume that the South pole of each energized

electromagnet is the closest pole to the magnet, as in electro-

/

output.

magnet C.

B8 SE Wl MAGA LA A #3561
alaz BY VFFA STH A FIABFE
Bit #0 (electromagnet A) is ON.
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How would you suggest having the N pole of the central
magnet point to a half way between A and B? Write the
instructions.

/

Az MAGRE LDA
VFFE =TH

l_,_l Fl

1L
B1e

=}
]

I

#EH
FIfc

'T! l‘.\l

bt I
II bx]
m o0

{FE

Both A and B are ON and equally attracting the N pole, causing
it to point between the two electromagnets, at about the 2
o'clock position.
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Write the instructions to cause the central magnet to
move clockwise continuously, starting at A. Assume a delay
subroutine call JSR DELAY, which introduces a delay between
each change to slow down the computer changes to acceptable

rotational rates.

Data Buffer

al1ea S @1 MAGH LOR A #$81
aiez BY YFF2 STH A PIAEBFE
a1as BL @i1zx2 JER LELAY
aips 88 @z MAGARE LOA A #$83
ai1eR BY FFFZ STH A FPIAEFE
agialb BD 01z=2 JSR DELAY
500 B 7 2 2 MHGE LA A #$62
Bi1z BY PFF2 =TH A FIAEBFE
89113 BD @122 JSR CELRAY
ails 8& 88 MAGEC LDA A #$f8s
11/ BV VFFZ =TR A PIABFE
a11b BD 61z=2 JER DELAY
128 26 a9 MAGC LDA A #5049
Bize BY PFF2 STR A FIABFE
@125 BD 81z JSR DELAY
aizg Se as MARGCA LDA A #$85
G12H BY PFFz2 STR A FPIREFE
a1zl BL B1z2 JER DELARY

Biza 28 CE BRA MAGAH



How would you modify the angular velocity for this
stepping motor, under program control?

/

The constant used for the delay could be entered via a keyboard

e.g., using the keys 1 - 9, each producing a different constant
and therefore a different angular velocity. The smaller

constant would then be down-counted sooner, producing a shorter
delay, hence a higher speed.

Modern stepping motors usually have many (dozens) of
coils around the circumference, alternating between A, B and C
groups, each group being driven by one specific line, hence
PIA bit. An output of the sequence 001, then 010, then 100
would represent one cycle, usually a few degrees. Reversing
the order would reverse rotational direction.



9-1

SUBROUTINES

In previous chapters we have used subroutine calls
e.g., JSR GETCHR which caused the ASCII code, for the key struck
on keyboard, to appear in ACC A. Such a subroutine call causes
execution of a group of instructions, headed by the label GETCHR
and terminated by

RTS - ReTurn from Subroutine.

After this subroutine has been executed, the next instruction
executed is that following the subroutine call, e.g.

J=R SETCHE -*___——/
STR A KEYDAET

A program can be made up of a series of subroutine calls,
each causing execution of a particular subroutine, ito carry out a
specific task. Each subroutine should have only one entry point
and one exit point. Entry and exit conditions should be well
documented in the accompanying comments, e.g., "Enter with X
pointing to the head of a message, and exit when the message has
been printed, with ACC A and ACC B contents being overwritten."
Each subroutine can be individually tested and then used with
confidence when called within the main program.

Program planning should be in "top-down" format, with
overall tasks being defined first, and from these tasks the sub-
tasks defined. Each task can then be assigned to a subroutine
which in turn can call lower level subroutines to carry out the
sub-tasks. Subroutine calls can be many levels deep, if
necessary, those at the lowest level being responsible for the
simplest tasks, like checking a READY bit in an ACIA or a
control line in a PIA. The overall result is a hierarchical or
pyramidical structure, the top levels being general or "global",
the lowest levels looking after detail.

Contd. LN



9-1
Contd.
A

A typical subroutine, properly documented, is
shown here:

# GETCHR. . . SUBROUTIME WHICH RETURMS WITH
# ASCIT CHAR IM RCC A ¥ AND B MOT CHANGED
*
FFF4 SERCSR EGU $7FF4
TFFS SEREBUF E@L ¥7VFFS
E S
8187 B YFF4 GETCHR LDR A SERCSR
giBer 24 Bl AMEs A #3581 DATA RERDY?
alac ¥ OF3 EE GETCHR MNOT YET
H18E BE PFFS LA A  SERBLUF YES. GET DATA
Bill =23 RTS AND EXIT.

Such a subroutine can be called from anywhere within a program,
avoiding duplication of the above instructions.

A subroutine call JSR ECHO is to cause the character,
struck on the keyboard, to be printed or displayed on the
terminal used. ECHO itself could call 2 other subroutines.
Based on this information write the subroutine ECHO, using only
3 instructions. A subroutine called PRINT is available, to
print the ASCII character in ACC A.

/

* ECHO. . . SUBROUTINE TO RACCEFT RSCI CODE FROM ACIA
* RECEIVER AMD ECHO IT ON THE ACIA TRANSHMITTER.
* CHALLS GETCHR AND PRINT SUBS. .

£
8iea Bl 8187 ECHO JSR GETCHR GETS INWFUT
Riaz BD @11z JER FRINT ANC QUTPUTS IT
aies =29 RTS AND RETURNS

At this point the details of GETCHR and PRINT are not necessary
except that they both use ACC A.
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Assuming communication to the printing device via the

ACIA, convert the instructions shown below to a well documented
subroutine called PRINT.

PRINT LDA B SERCSE
ANC B #$82 RERDY TO FPRINT?
BER FRINT HOT YET.
S5TH A  SEREUF PRINT CHAE.

/

*
#* FRINT. .. SUBROUTINE TO FRIMNT ASCII COMTENTS
* OF ACC A ON ACIA QUTFUT DEVICE. USES A AMD E.
E

8112 F& FFF4 PRINT LDA B SERCSR

B14s C4 az HND B #$£Q32 RERADY TO FRINT?

ai11y 27 F2 EBER FRINWNT HOT YET.

Hii3 BY PFFS 5TH R SEREUF FRIMT CHFAR.

a141c =9 RTS AMD RETLIREM.

The documentation is just as important as the instructions
written. Fight off the sometimes overwhelming urge to write

undocumented programs, which usually end up in the waste basket,
six months later.

We could depict the subroutine hierarchy as:

ECHO
y'e N
GETCHR PRINT
implying that ECHO calls both GETCHR and PRINT. For lack of a
better name let's call this a "subroutine tree".
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Imagine a system where the computer is to receive‘--
inputs from 2 ACIA's. It would not be feasible to have the
computer wait in a loop for ACIA #1 since it could lose data
from ACIA #2. The computer could alternately check ACIA #1,
#2, #1 etc., receiving data from an ACIA that is ready. (The
Chapter on "Interrupt" presents another solution.) A
subroutine to check the READY status of ACIA #1, without

reading data, is shown here.

aioe Be YFF4 INCHEL LDR R SERCSL

8182 34 @1 AND A #$81 DATH RERDY?

BiEs 27 82 EEQ! MODATA

aiay 8bh SEC GOES HERE IF DRATA RERDY
gias =9 SELRTH RTS

ai1e9 ac NODRTAR CLC GOES HERE IF NOT RERDY
ai8A 28 FC ERA SEL1RTM

Upon exit from this subroutine what is different, when data is
ready, compared to when data is not ready?

/

The C bit is set when data is ready, and cleared when data is

not ready.
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In Appendix C find 2 instructions, each of which branch
conditionally, depending on the state of the C bit. Use one of
them in the main program below, upon return from the subroutine
INCHK1 to determine whether or not to store data, MEMAD1 being
the pointer. If that is not too difficult repeat for ACIA #2,
where MEMAD2 is the pointer within INCHK2, which similarly checks

if ACIA #2 is ready.

/

—f

BCC - Branch if Carry CHECK1 JSR INCHK1 ACIA #1 READY?

bit Cleared BCC CHECKZ2 MO DATA HERE
or BCS - Branch if Carry LD MEMADL
bit Set I
STH MEMARD4 GET FOIMNTER
LA A SERBFL GET INFUT DRTH
STR A ¥ AND STORE IT

CHECKZ JsSR INCHKZ ACIA #2 READY?
BCC CHECKA ND DATA HERE

LDx MEMRADC2

INE

STH MEMALD:2 GET POINTER

LDA R SEREFZ GET DATA FROM #z
STH A XK AND STORE IT.

BRA CHECK4

The use of the C bit permits decisions-to be made within
a subroutine, without violation of the requirement for a single
return to the mainline program, via one RTS instruction. The RTS
should be the only means of exiting from a subroutine. To violate
this rule, e.g., via a branch instruction, destroys the modular
design of your program and makes de-bugging a nightmare.
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Let's look at a subroutine HEXADD which expects 4 hex
keys to be struck, and stores the corresponding 4 character
hex value in 2 consecutive bytes of memory. For example if
keys 2, 3, C and 5 are struck, the 2 bytes of memory would look
like thiss

~—— 1 byte 1 byte ——
oo 1[0[0[0]1]1]1]1]0]0]0[1[0[1'
Ne— 2 — \._3_/ \-C..-_« \_,..5___/

Approaching this from a "top-down" direction, assume that we have
a subroutine INBYTE which would return with 2316 in ACC A when
two keys, 2 and 3, are struck. Write the subroutine HEXADD which
calls INBYTE and produces the 16 bit binary contents in the two
memory locations, ADDRES and ADDRES+1.

/

#* HEXADD. . . STORES 2 BYTES IN MEM AT LABEL RADDRES
# CALLS INBYTE TWICE. UWSES RACC A

*®
fglea BL 811 HEXADD JSR INBYTE GET & BITS IN ACC A
Aal1ez BY adi8D STA A ADDRES AMD STORE THEM.
fgiee BD 011X JER INEBYTE S MORE BITS
B185 BEY @18E STA A ADDRES+1 INTO NEXT ADDRESS.
giec =9 RTS

ai8b Boez2 ADDRES RME 2
s

a1z INEYTE EQU #0113

This "top-down" approach assumes that we could write the INBYTE
subroutine, if it is not already available.
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Now also assume that INBYTE returns with the C bit set
if an invalid hex key was struck; otherwise C is cleared.
Modify the HEXADD subroutine to check for this abnormal condition,
restarting the HEXADD subroutine when such an error is detected.
Modify the documentation accordingly.

/

B
# HEFADD, . . STORES 2 BEYTES IN MEM RT LABEL. RDDRES
# CHLLS IMEYTE THICE. CHECKIMG FOR ERROR MWITHIM BYTE
# SUE VIR SET C© BIT. RACC A LUSED.
E
*
#i8e BD 8142 HEXADD JSE INEYTE GET & BITS IN ACC A
a1ex 25 FB BCS HEZADD RESTART IF ERREOR.
Blas BY 8411 STR A ARDRES ELSE STORE THEM.
alas BD 811= JSR INEYTE 8 MORE BITS
alag 25 F= BCS HE=RDD RESTART IF ERROR .
B16al BY 8442 STR A ADLDRES+1L ELSE STORE IM MEXT ADDRESS.
Hlle =9 RTS
H11l seaz RODRES RME P

A better solution would be to print the message BAD HEX before
restarting HEXADD. This improves communcation between the
computer and the user, an important consideration in program
design.



A subroutine HEXCHR is now available to acquire aggngll
character in ACC A, when a key is struck, and to convert it to
its 4 bit hex equivalent, e.g., OB results when B is struck.
This 4 bit result will be right-justified (against the right edge
or as far right as possible) in ACC A. 1Is this where you
ultimately want the first 4 bits inside ACC A when the INBYTE
subroutine, which receives two such characters, is executed? ////,

No. If 5 is the first of two keys struck, the 0101 result
must be moved to the left half of ACC A, to make room for
the next 4 bits, which go in the right half when the second

key is struck.

28

Write the first half of the INBYTE subroutine to place
the first 4 bits in the left half of ACC B. Useful instructions
might be ASL A and TAB. Why is ACC B needed? The HEXCHR
subroutine is still available and returns with the C bit set if
an invalid hex key was struck. Such a condition should cause
an immediate return from INBYTE to HEXADD, with the C bit still
set.

/

e———f

B11E BL 8125 IMBYTE JSR HE=CHR GET 4 BITS

glie 29 4ac (=] EYTRETH ERD HEX. RETUREN N,
|11s 4o ASL A

(B o I A=l A

BllA 4 A=L. A

B11E 45 A=L A =HIFT 4 BITS LEFT.
a1ic 1s THE STORE IM B

ACC B is used to store the first 4 bits when HEXCHR, which uses
ACC A, is called to get the second 4 bits. RTS passes the C bit,
undisturbed, to the calling subroutine HEXADD.
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Now finish the INBYTE subroutine including documentation.
The instruction ABA may be useful to you.

/

# INEYTE. .. PRODUCES & BITS IN ACC A CORRESPOMDIMNG
# TO THO 4 BIT HEX VYALUES., EACH FRODUCEDR BY
# HERCHRE SUE. WHICH IS CALLED TWICE. USES A AMD E

The complete INBYTE subroutine might be:

811 BD 8125 IMEYTE JSR HE=CHR GET 4 BITS

aile 25 & ECS EYTRTH ERD HEX. RETURM MO,
Biis 48 AL A

f@ids 42 AZL A

BilR 4= A=l A

giiE 4% H=L H SHIFT 4 BITS LEFT.
H11Z de THE STORE IMH B

ai1h BD @Lzs JSR HE“CHR GET 4 MORE BITS
qiz\w 25 @z BCS EYTRETH IF BARD HEX

#gilzz 1B HER MERGE EBOTH 4 BIT SETS OF CATA
2122 e cLC TELL THEM ITS GOOC DATH
Blzg4 9 EYTRTN RT=

ACC A 00001110 -- After the first J3R HEXCHR if E
was struck.

ACC B 11100000 --After the TAB instruction.

ACC A 00001001 -- After the second JSR HEXCHR if 9
was struck.

ACC A 11101001 --After ABA. ACC B is added to
ACC A to merge both 4 bit codes.

So far we have HEXADD calling INBYTE twice.
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The HEXCHR subroutine could be formed from the hex
checking program shown early in the Branching Chapter.

this subroutine including the following changes:

(a)

(v)

the struck key into ACC A.
Set the C bit if an invalid hex key is struck; otherwise
clear the C bit and return from the subroutine with the

L bit hex code in ACC A.
Refer to the Branching Chapter for the original hex checking
Assume that the GETCHR subroutine is available

program.

to receive an ASCII code in ACC A, when a key is struck.

B1ZE
5 b 10
G141

Bl
Sl

—

0
P 1

iy

PRI

3]
DS P R L

od 300 R

OUNRRY]

-~
'’

D D

>,

Y SR 0

14z
2F

14

29
(2]
A
ac
4e
{55
=7

.n Tl '.f\l
I =

Write

At the beginning of the subroutine get the ASCII code for

/

# HEHCHE. . . RECEIVES ASC
# CONVERTS TO 4 BIT HEX
* AN CLERRS C BIT. ELS
b
HEXCHRE J5R GETCHR
CMF A ##$2F
ELS ERDHEX
CHF A #£329
BLS MUK
CHF A #%48
BL.S BADHE -
CMF A #3468
EHI ERCHE
SUE A ##$Z7
GOOLHX CLC
HEXRETH RTS
MUMOE  SUB A #£2Z06
EFA GOOLH-
EREHEY SEC
ERA HEXRTH

IT CORE IM ACC A YIA G
EQUIVALEMNT IF WALID
E RETURMS WITH C SET.

CECHO WOl BE BETTER

BELOM 3. MNOT HEX

B T0 2 WALID HEX

ZA TO 4@ ILLEGAL
REOVE 46, ILLEGAL

A TO F IN 4 BIT FORMAT

ETCHR

STILL Y

TELL. THEM TT“S G000
8 T3 3 IM 4 BIT FORMAT.
EAD MEMS. WHROMG EEY.
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The GETCHR subroutine is essentially the same as befZ;;-
except for 2 changes:
(a) Bit #7, the parity bit must be cleared for all data.
(b) Lower case alphabetic characters a to z, must be forced to

upper case by clearing bit #5. Write the GETCHR subroutine.

Both of the above are required to make the data independent of the
type of terminal (some produce parity bit set, others cleared)

and to eliminate having to hold the SHIFT key down when entering
alphabetic characters.

/

#* GETCHR. .. SUBROUTINE TO GET ASCII CODE FROM ACIA RY.

* BIT #7 (PARITY BIT> CLEARED. UPPER CASE IS FORCED.
L J

’FF4 SERCSR EQU $7FF4

’FFS SERBUF EGU $7FFS
*

8142 B6 7FF4 GETCHR LA R SERCSR

8146 84 61 AND A #$01 DATA READY?

8148 27 F9 BEG GETCHR NOT VYET.

014 B6 7PFFS LDA AR SERBUF YES. GET DARTA

914D 84 7F AND A #3$7F CLEAR PARITY BIT.
814F 81 66 CMP R #%68

9151 23 86 BLS GETRTHN BELOW "SMALL A"

8153 81 7R CHMF A #$7A

8155 22 82 BHI GETRTN ABOYE "SMALL Z*

@157 84 DF AND A #$DF UPPER CASE ALFHA CHAR

8159 =29 GETRTN RTS AND ERIT.
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Describe the sequence of events when a non-hex key is
struck. Sketch the "subroutine tree" in your answer.

HEXADD
}
IN%?TE
HEXCHR

Y
ECHO
SN
GETCHR PRINT

‘When HEXCHR detects an invalid hex character the C bit is
set and HEXCHR returns to INBYTE. INBYTE immediately checks the
C bit and, noting that the C bit is set, returns immediately to
HEXADD, which also checks the C bit. HEXADD, on noting that the
C bit is set, immediately restarts. In summary, a wrong key
immediately restarts HEXADD, preferably after a printed message
such as BAD HEX.

Further use of the C bit is seen in a program where a
task, assigned to a subroutine, results in the C bit being cleared
if the task is completed normally. If the result is abnormal
the C bit is set and ACC A contains the erroneous result, which
can be printed as an error message.



Here is a new problem, to write a subroutine called
PAGE which prints one page of data, the first address of the
data being in the X Register when PAGE is called.

is as follows:

one PAGE comprises 1610 lines.

9-13

The format

one LINE comprises a Carriage Return and Line Feed (to start

a new line) followed by 8 words, each separated by a space.

one WORD comprises U4 bytes, from memory, each byte being
printed as 2 ASCII characters, e.g., 00111101 in memory would

cause 3D to be printed.

Use a "top-down" approach to this problem in flow charting and

writing the subroutine PAGE.

is available to print one LINE.

A

B

Assume that the subroutine LINE

/

/

MEMFNT
#16
LINCHT
LIME
LIMCHT
NULINE

1

&

* PAGE. . . SUBROUTINE TO PRINT OME PAGE <416 LINES)
* OF DATA FROM MEMORY

ENTEFR MWITH ¥ POINTING TO

* FIRST CHRR TO BE FRINTEDR. CALLS LIME SUB.

OME BELOW FIRST CHRR ADDR
INIT POINTER.

SET UF COUNMTER.
FRINT LIME

LAST LINMNE?

MO, FRINT AMNOTHER
LAST ONE

\\\5_ Note the double vertical bar here
indicating a subroutine.

STORE
POINTER-I "
COUNT =g, PAGE  DEX
STH
> LDA
| STH
PRINT A NULINE JSR
LINE DEC
T ‘\\ ENE
RTS
DECREMENT
COUNT LINCNT RME
MEMFNT RME
vo
Yes
RETURN

The address for the first memory address could be produced by

the previous subroutine HEXADD.
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The next task, working downward, is to write the -
subroutine LINE, which prints 8 words, each comprising the
contents of 4 addresses. Flow chart and write the subroutine
LINE, assuming that 2 subroutines are available as follows:
- WORD, to orint one word.
- CRLF, to produce a Carriage Return and Line reed, to start

the next character on a new line.

!

CRRquP.\GE RIN
LiNg FEED + LINE. . SUEROUTINE T0 FRINT sS4 ¢DECIMALY CHAR
Y + FROM %= MEMORY ADDRESSES. CALLS WORD. USES A.
SET up "
WORD COUNTER LINE JSR CRLF START NEW LINME
- LDR A #$02
‘ STH A WMRDNUM  SET UP COUNTER
NUMORD TSR WORD
PRINT A WORD LEC WEDNUM  LAST WORD?
ENE NUWORE MO, BACK RGRIN.
! RTS LAST ONE
DECREMENT WRDNUM RMB 1
WORD COUNTER *
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The next subroutine proceeding downward is WORD, which
prints the contents of 4 memory locations, then skips one space.
The subroutine OBYTE, to print the contents of ACC A as 2 ASCII
characters is available. SPAZE, anoiher subroutine will print
(or skip over) one space. Flow chart and write the WORD

subroutine.

'

INITIALIZE
# oF BYTES
- + WORD. | . SUBROUTIMNE TO FRIMNT CONTENTS OF 4 MEM
1 * ADREESSES AS © HEX CHAR., CALLS DEYTE AMD: SPACE
PRINT A * LIZES RACC A
BYTE *
WaRD LOH A #£04d
, i
STH 8 BYTONT IMIT COUMTER
DECREMENT MUEYTE J3F: OEYTE FRINT 1 EYTE RS 2 CHA
MLIE JER B “INT 1 BYTE RZ 2 CHAFR
BYTE COUNT DEC EYTCNT
EHE HUEYTE MOT LAST BYTE
Jb? SFACE YEZ. LAST EYTE. OME SFACE.
RETS CONE
No ENYTCNT RME 1
YES
1 SPACE
Y

RETURN



The OBYTE subroutine is next.

right-justified in ACC A.

subroutine.

¥

X=VUPDATED
POINTER

¥

GET BYTE
FROM MEM

4

CoPY To
TEMP

RIGHT JUSTIFY
ACC A HIGH WALE

!

PRINT CHAR

3

TEMP-> A

!

LOWER HALF
OF BYTE I\N A

‘.

PRINT CHAR

RE{%RN

Note the use of TEMP rather than ACC B.

* DBEYTE. .. SUBROUTINE TO
# ADDRESS AS 2 ASCII CHAR. CALLS HEXPRT.

HEXPRT is entered with 4 bits

9216
It gets one byte from
memory via the pointer MEMPNT and calls HEXPRT twice to print
it as 2 ASCII characters.

Flow chart and write the OBYTE

/

PRINT CONTENTS OF OME MEM

o
#
# ENTER WITH ADDRESS IM MEMPMT.
*

OBYTE

TEMP

LD
M
STX
LOA
STR
ASE
HER
RS
ASR
AMC
JER
LCA
AL
JER
RTS
FME

T DD DDI

I

MEMFHT

MEMPNT
*
TEMF

#EOF
HEXFET
TEMF
#E0F
HEXFRET

1

GET ACDRESS
GET EBYTE

SAVE COPY.
FRIGHT

JUSTIFY

LEFT

HALF

ZAF LEFT HALF
FRINT IT

GET CLEAM COPY
ZAF LEFT HALF
FRIMT IT

HONE

LUSES A

to tie up an accumulator, when calling a subroutine which may

need the accumulator.

s W

It is not good practice
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HEXPRT is entered with 4 bits right-justified in ACC A.

It prints the corresponding ASCII character.

Flow chart and

write this subroutine noting that PRINT is available to print
the ASCII contents of ACC A.

{

ADD 30 TO
ACC A CONTENTS

YES

APD 7 To
ACC A

P

A

PRINT CHaR.

y

RETURN

/

* HEXPRT. .. SUEB TO PRINT ASCII CHAR. CALLS PRINT SUB.
# EMTER WITH 4 BITS RIGHT JUSTIFIED IM RCZC A
<+
HE=FRET ADD A #3201 CONVERT TO RSCII
CHMP A #%=3 MHUMBER™
BLS oUTFUT YE=.
ARD A #3207 LETTER. ARDD 7 MORE.
oUTPUT J2R PRINT OuUT IT GOES.
RTS

Check this routine by testing it first with values 0 and 9,
then with values A and F, plus the 4 values just outside these

legal values.
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Next we need the PRINT subroutine. The printer, via
the CTS control line back to the ACIA, will inform the computer
to stop transmitting while Carriage Return and Line Feed
functions take place. Flow chart and write the subroutine to
transmit data via the ACIA when CTS = 1 (CTS = 0).

* PRINT. .. SUBROUTINE TO PRINT CHAR IF DEVICE

* IS OM LINE YIAR CTS=1 (CTS NOT=6)>. USES ACC R AND R
* ENTER WITH ASSCII CODE IN ACC A.

SERCSR EGU *7FF4

SERBUF EGU $PFFES

B 3

FRINT LA B SERCSR
BIT B #$68 CTS NOT=87
BMNE PRINT NO. TRY AGAIN.
BIT B #$&82 RERDY"?

PRINT CHAR BE® FRINT

STA A SERBUF FRINT IT
RTS

RETURN

Loopback for the second test is to the top to ensure that CTS
has not gone to 1, while waiting for the printer to become READY.
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SPACE and CRLF now remain. A problem exists in using
the ACIA with the printer in that the ACIA will transmit the
last character in its TRANSMIT Buffer even though the printer
requests a halt to more data by clearing CTS (Clear To Send).

CTS is normally cleared during a Carriage Return or Line Feed
operation or when the printer is not ready to print data. The

above problem results in
character. The solution
after both the CR and LF
"sacrificed" to preserve
With this in mind, write
charts are not necessary

the loss of the last transmitted

is to send a 2 nulls (0C) to the ACIA
characters. The nulls are then

the next legal character printed.

the CRLF and SPACE subroutines. Flow
for these.

/

* SPRCE. . . SUBROUTINE TO JUTPUT ONE SPACE CHAR.
* CALLS PRINT SUB. USES ACC A

*

=PACE  LDA
JSE
RTS

A #€28 RSCII FOR SPACE
FRINT

% CRLF. .. SUBROUTINE TO OUTPUT CARRIAGE RETURM
# AND LINE FEED CHAR TO PRINTING DEYICE. PADS EACH
*# WITH 2 MULLS CHAR. CALLS PRINT SUB. USES RCC A,

¥

CRLF LDA
JER
CLRE
JER
JSR
L.DA
JER
CLE
JER
JER
rRTS

A #$8D CR
FRINT
A
FPRINT OUTPUT MNULL
FRINT
A #FER LF
PRIMNT

A
PRINT MULL
FRIMT
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To complete the subroutine PAGE, draw the "subroutine
tree" to show the subroutine's hierarchy.

/

PAGE
’/E;NE
WORD CRLF
OBY£g// \j;%ACE In only a few words, the
l overview of PAGE is depicted
here.

HEXPRT
PRINT

A program could call both the HEXADD and PAGE
subroutines, the former to define the starting address and the
latter to print the page of data.
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Near the end of the PIA chapter is a program in which
a delay is used to "de-bounce" a switch before its state is
read by the PIA. This delay could be achieved more easily if

subroutine format was used.

Flow chart and write a subroutine which produces a
delay of N milliseconds, where N is the binary contents of
ACC A. This subroutine should call a subroutine MILSEC which
produces a delay of 1 millisecond each time it is called.
write the MILSEC subroutine, assuming 1 microsecond per MPU
cycle. If necessary refer to the PIA chapter for the previous
delay routine.

/

t * DELAY. .. SUBROUTIMNE TO PRODUCE DELAY

INIT COUNTER % OF M MILLISECONDS, WHERE N= BINARY
+ COMTEMTS OF ACC A OM ENTRY. CALLS MILSEC.
*
@108 BF 9180 DELAY STR A COUNMT STORES M
10 MILLISEC B162 BD @180 MORMIL JSR MILSEC  ONE MILLISEC
DELAY BLRE TA B4@C DEC COLMT
G109 26 FS ENE MORMIL  NOT LAST YET
! 168 =9 RTS
DECREMENT B1iBC BEEL  COUNT  RME 1
COUNTER #+
# MILSEC. .. SUE TO FPROVIDE
* OME MILLISECOND CELAY.
*
=0 B18D 26 64 MILSEC LDA A #1686
B16F BT 8118 STA A MILCNT
=0 G112 PA 8145 MORDEC DEC MILCNT
RETURN 115 26 FE ENE MORDED
a117 =3 RTS
B11S BEad MILCHT RME 1

The 2 loop instructions DEC WILCNT and BNE JORDEC take 6 + 4 = 1049
MPU cycles or 10 microseconds. Therefore 10010 or 6“16 loops
provide a delay of 1000 microseconds or one millisecond.
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In the previous frame MIILCNT could have been givenizzn.
initial value of 6416 simply via
MILCNT FCB $64
eliminating the need for the 2 lines of initialization at the
start of the MILSEC subroutine. Would this be acceptable? Why?

/

No! The subroutine would execute properly the first time it is
called, MILCNT being decremented from 64 to 0. The second time
(and all subsequent times) that it is called MILCNT would start
at FF, after first being decremented from 0 by DEC MILCNT. This
subroutine MILSEC would then go through 25610 loops to reach zero,
instead of 100, loops, producing an incorrect delay. Self-
initialization is required within the subroutine to reset MILCNT
to 64 every time the subroutine is called. Lack of self-
initialization is a common catastrophic error when coverting a
program, which runs correctly once, into a subroutine which is
called many times within a larger program.

This concept should be extended to all programs, as well
as subroutines enabling faulty programs to be restarted during
de-bugging without the necessity of being reassembled or reloaded.

Enough said for now about subroutines!



Register was used as a pointer.

STACK OPERATIONS

10-1

Previously we have seen data storage in which the Index

Another 16 bit register, the

Stack Pointer (SP) is also used to store and retrieve data,

employing a user-defined block of memory, called the stack, for

the storage operations.

to point to the address 1040 +via
LDS #$1C40 (LoaD the Stack pointer)
Another instruction

PSH A (PuSH accumulator A)

The Stack Pointer may be initialized

performs a "push" operation, that is it stores the contents of

ACC A in the address now contained in the Stack Pointer. The

Stack Pointer is automatically decremented after the storage

operation.

8188
aiez
gi64

"PuSH" is an appropriate description, similar to the
"pushing” of individual serviettes into a metal holder, each
new serviette now being on the top of the stack.

Initialize the Stack Pointer to 1AFF, then store the
contents of ACC A and ACC B on the stack in that order.

8E 41AFF
36
37

LDS #FLAFF

PEH A
PSH B
Stack Status Diagrams
1AFD 1AF[]
1AFE 1AFE
1AFF ~SP 1AFFACC A

Before P3SH A
SP/1AFF

1AF] <3P
-3SP 1AFHACC B
1AFFACC A

After PSH A After PSH B



10-2
Data can be retrived from the top of the stack via
PUL A
which "pulls" the data off the stack into ACC A. This is
similar to retrieving a stored serviette from the holder, the
last one in being the first one out. In the PUL operation the
stack pointer is incremented automatically, before each byte is
retrieved. Assuming the 2 PSH operations in the previous frame
the instructions:
A4 FUL B
32 PUL A
first transfers the data, stored in 1AFE, into ACC B, then
transfers the data from 1AFF into ACC A. Note that the PUL
operations are in the reverse order to the P3SH operations,
respecting the "Last In First Out" (LIFO) sequence.

Use of the stack permits temporary storage of data without
the need for a symbolic address or an accumulator usage. Modify
this now familiar subroutine to operate without ACC B. Assume
previous stack pointer initialization.

FRIMT LA B SERCISE

AL B #HEA2 RERDY TO FRINT?
BER PRIMNT HOT YET
=ZTH A SERBUF FRINT CHAR
TS AMD RETLURN
TFF4 SERCIE ERL F7FF4
TFFD SEREBLF ERL £¥7FFS
3
e I 1 R FRIMT FSH A
2181 Bs FFF4 MOTYET LDAR A SERCSE
glod 2d @Az AMD A/ HERS
Blee 27 F3 BEL HOTYET
BiGs =2 P A
glg3 BY FFFS STA A SERBLUF
L 3 ETS

WARNING: For every PSH there must be a corresponding PUL to
restore the stack pointer to its original state.
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Assume that the main line program which calls this
PRINT subroutine is:

arCE BL AZ52 JER PRIMNT
arCé FE a77E LD MEMPNT
If the stack pointer contains 1AFF just before JSR PRINT

is executed, the address of the next main line instruction, 07Cé6
in this example, is stored on the stack. The low byte (C6) goes
into 1AFF and the high byte (07) goes into 1AFE. The stack
status at this point is depicted by this diagram.
The RTS instruction at the end of the subroutine
automatically performs two PUL operations,
restoring the 07C6é value in the Program Counter.

1AFD <SP  The next instruction executed is then from 07C6,
1AFE | 07 the LDX MEMPNT instruction following the
1AFF | C6 subroutine call.

Assume that the first byte of JSR PRINT resides in 0426,
and that the stack pointer contents is 13C8 just before JSR PRINT
is executed. Draw the stack diagram showing stack contents and
SP value for each stack change, starting just before JSR PRINT is
executed and finishing when LDX MEMPNT is executed. The PRINT
subroutine is the one given in the answer of the previous frame.

the next PSH

overwrites 29 —}

13C5 <SP
~13C§ -SP ACC A 13CHACC AleSP ACC A
13C7| o4 o4 o4 o4
13C3 -SSP 13C8 29 13C8 29 13C8_29 13C8 29 |«SP
before Jjust after after after after

JSR PRINT JSR PRINT PSH A PUL A RTS
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Examination of data stored on the stack is achieved via:s
TSX - Transfer Stack pointer to indeX register.

which transfers the Stack Pointer to the Index Register, then
increments the Index Register. In this way the Index Register
points at the last byte stored on the stack. This permits '
direct access to the data, storea on the stack, without
disturbing the Stack Pointer. Write the instructions to print
the value of the last byte, stored on the stack. The sub-
routine OBYI'E is available.

S/

gzez o TSX
aze4 He v LDAR A K
pzas BD aldz JSR OBYTE

10-5

Assume that 4 bytes have been stored on the stack. It

is now desired to increment the first of these 4 bytes without
disturbing the stack pointer or other data on the stack. Write

the necessary instructions.

BLRE T8 TS
1

161 ec B3 NG EH PSY =
SP +1 X

73F5 -—SP
73F6 b leveeeinass X
73F7 3 Jeiieeeans s 1,X
73F8 2 leeeeienia2,X
73F9 [ #1 fo...iii0l 30X
More stack operations will be seen in the next chapter, Interrupt,

where the stack is used extensively.
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INTERRUPT

The simplest type of "interrupt" operation is that
produced when you start the 6800 microcomputer by pushing the
RESET button. This starts execution of a permanently stored
program or "service routine”, as interrupt initiated programs are
called, this one servicing the RESET button. wWhen this button
is pushed the RESET line to the MPU is grounded. This causes
the computer to look in addresses FFFE and FFFF (called "vector"
addresses) for the address of the RESET service routine. The
RESET service routine is then started, typically clearing all
READY bits, initializing the stack pointer and setting up
input/output devices such as the PIA or ACIA for the required
mode of operation.

The RESET line also can be converted to force a restart
of this service routine automatically when power is first
applied, eliminating the RESET button. This is particularly
useful when the microcomputer controls an electronic Subsystem
or an appliance (e.g., microwave oven).

Another form of interrupt provides the solution to the
problem of determining when a peripheral device has data or
requires data, without the continuous check of READY bits in an
ACIA or PIA. Under interrupt operation, such devices are ignored
by the computer until the device demands service, whereupon the
computer suspends its present operation, known as a "background"
program and executes the service routine or "foreground" program
for the device which demanded service.

Such service may involve the transfer of one byte of data
or the change of several bits in a status register. When the
service routine is completed the computer resumes execution of
the background program.
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Several points are relevant to interrupt operations:

(a)

(b)

(c)

(d)

As stated above, READY bit polling or testing, as a routine
operation, is now eliminated permitting more flexible and
efficient use of the computer. With interrupt operation
the peripheral devices essentially say to the computer
“Don't call us. We'll call you."

The service routine is entered each time that a character
is transmitted or received by the interrupting device or
each time that a push button activates a PIA Control Line.
Such a service routine is short, typically requiring 30 to
60 microseconds to execute.

The elapsed time between successive interrupts by a
particular device is usually long, compared to the execution
time for a service routine. Even at high data rates such as
960 characters/sec., the time between successive interrupts
is approximately 1 millisecond. For push button activated
interrupts this time could be seconds to hours. Consequently
it is possible to service many devices via interrupt and
still execute background programs for a large percentage of
the computer's available time.

Interrupt programs are not recommended initially because
programming errors are more difficult to find. Orderly
de-bugging, possible with nested subroutine itype programs,
is less applicable here because the occurrence of interrupts
is essentially random in time. This makes it difficult to
determine the conditions of various registers at interrupt
time, if a service routine occasionally fails.
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Interrupt servicing of interfaces such as the ACIA or
PIA usually involves "Interrupt ReQuest" or "IRQ" operation, also

known as "Maskable Interrupt". Such an interrupt
request is made by grounding of the IRQ line to the
~«SP MPU by the interrupting interface. This causes the
CCR present contents of the Program Counter, Index
ACC B Register, ACC A, ACC B and the CCR to be pushed
ACC A automatically on the stack in the above order.
IXH After providing service to the interrupting device
IXL the IRQ service routine is terminated by the
PCH instruction
PCL RTI (ReTurn from Interrupt)

which automatically pulls the stored values from the
stack, restoring the above registers and accumulators to their
state when IRQ operation was requested. Resumption of the back-
ground program takes place as if nothing happened (except for the
slight delay to provide IRQ service).

IRQ operation first requires initialization of the IRQ

Vector Addresses, FFF8 and FFF9, with the address of the IRQ

Service Routine. IRQ operation (interrupt service) will then take

place if all the following are true:

(a) The Control Register of the appropriate interface (ACIA or
PIA) has been permitted to interrupt. For example bit #7 of
the ACIA Control Register is set to permit ACIA Receiver
Interrupt. PIA interrupt via CA1 is permitted by setting
Control Register bit #0.

(b) The interface (ACIA or PIA) must activate (ground) the IRQ
line. This happens automatically when the READY bit is set,
indicating that data is ready from the ACIA Receiver, or
that data is needed by the ACIA Transmitter, or that an input
Control Line in the PIA is now ACTIVE.

(c) The I (Interrupt) bit of the CCR must be cleared, e.g., via
the instruction
CLI (CLear Interrupt)
which permits all IRQ-connected interfaces to interrupt.
Hence IRQ operation is controlled "globally" via the I bit
and locally via each Control Register.
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The PIA and ACIA, connected for interrupt operation, are shown
in the block diagram below.

EXTERNAL cay SeTts -
PEVICE 81y ﬂA IRQ

#7  (bit#o=1) > s TRQ
sefl.ﬂ‘ dQTG- out ‘__—j—"———_— !‘Am_q . 6800 MPU

serial datae in ——>1(Interrupt Enabled)

Before the I bit is cleared to permit IRQ operation,
several preparations for interrupt operation must be made,

usually referred to as "background initialization". These are:

(a) Set up the IRQ vector addresses FFF8 and FFF9 with the service
routine address.

(b) Set the Control Register bits of the appropriate interface
(ACIA or PIA) to permit an IRQ request via the receiver,
transmitter or Control Line.

(c) Set up any data pointers for storing or retrieving data.

Only now can the I bit be cleared to permit IRQ operation.

Write the background initialization to set the address
of ACIARX, the start of the ACIA service routine, in addresses
FFF8 and FFF9.

/

When an interrupt occurs, the contents of the accumulators
and registers will be pushed on the stack. Then the address of
the next instruction to be executed will be obtained from FFF8
and FFF9, the IRQ vector address. In other words the next
instruction to be executed will be the first instruction of the

LD¥ #ACIARY
STH $FFF8 INIT YECTOR FOR IRQG

the IRQ service routine.
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T
Continuing with the background initialization, set
the ACIA Receiver Interrupt bit, to permit interrupt to occur.
Then initialize MEMADD with the address one below address 1A00,
to permit storage of data from the ACIA Receiver. Assume, as
before, that ACIACR is the "original" for the "write only"
Control Register of the ACIA.

LDA A ACIACE

OFEA A AlegpannE ENMABLE R OINT

STH A ACIACR

STA A SERCSR

LDes #+1ABB-1

STH MEMADC SET UP STORAGE FPOIMTER.

So far the background initialization is:

2188 CE v141cC LD HAC I AR

8182 FF FFF2 S5TH ¥FFFS INIT VECTOR FOR IR®
vl86 BE 72BE LDR A ACIACR

8163 3R S8 OFA B #X100066686G ENARELE R¥ INT
vl8B BY 73IZE STR A ACIACR

B18BE BY VFF4 STH R SERCSE

811l CE 49FF LD #F1lRBA-1

8114 FF Bi4R STH MEMADD: SET UFP STORAGE POINTER.
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Now complete the background initialization by clearing
the interrupt bit in the Condition Code Register.
a background task could be started.
task to do at this time, put the computer in an endless loop,
which will be interrupted from time to time by the ACIA, when

it receives another charactér.

HF:

810
8163
Blu6
8183
9168
016k
8111
Bii4
ai11vy
8118
811R

CE
FF
B6
SA
E7
E?
CE
FF
BE
20

At this point
Since we have no background

/

ENRELE INTERRUFT
BRCEGROUNDE: LOOF

The complete background initialization to provide
interrupt service for the ACIA Receiver is then

B11c
FFFa
738E
=17

r38E
TFF4
19FF
g1inR

FE

avaz

HR

LDx
STw
LDH
ORHA
STH
=TH
LD®
STR
CLI
BRA

MEMADD RME

pm b ¢ e 1

H#RCIRRK

¥FFF2 INIT “ECTOR FOR IRG

ACIACE

#nlB8aouve  ENABLE Rx INT

ACIACRKR

SERCSR

#FlABE-1

MEMADD SET UP STORAGE FOINTER.
ENARBLE INTERRUPT

HR EACKGROUND LOOP

2



a11c
811F
a1z8
@12z
ai1ze
ai1zg
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Now write the service routine ACIARX, which stores one
byte via MEMADD each time that the service routine is entered.
Terminate this service routine with RTI, which returns control
to the interrupted background program.

/

* INTERREUPT SERWICE ROUTINE FOR ACIA Foe
* STORES OME CHAR IM MEM WIA MEMADD FOINTER

*

A11R ACIARY LDX

aiin

. 7FFS

515

M
STH
LR A
STA A
ETI

MEMADL

MEMADL
SEREUF

:}:0

GET MEXT ADDRESS

GET DATA

AMD STORE YIA MEMADD

AMD RETURM TO BRCKGROUMND

Each time that the ACIA's Receiver is READY with another byte of
data, bit #0 of its Status Register will go to 1, indicating the

READY condition.

Since bit #7 of the ACIA Control Register is

also set, permitting ACIA Receiver Interrupt, the setting of the
READY Dit automatically activates the IRQ line to the iiPU,
causing execution of the service routine whose starting address
After the RTI instruction of this service

is in FFF8 and FFF9.
routine the background task, if there is one, will be resumed.

A long story isn't it?



similar to data reception in the previous frame.

i

Printing a message via the ACIA under interrupt is

Here the

ACIA Control Register bits #6 and 5 must be initialized to

provide "RTS = low,

Appendix E).

Transmitting Interrupt Enabled".

(See

Write the background initialization to permit printing
of the message INVALID HEX via the ACIA under interrupt.

Include the message in the background initialization.

o
Ry

CE 24izR
FF FFF2
Be TEDE
zd BF
2R 28

TEEE
BY YFF4
CE Blig
FF a1as

.,.
IEX]
T T T
o 5

XA
o

o~

LU &

o

-
XY

| el nal el
SR N s PR U B 1 BT B w DO R B
o
iy’
¥

KX
ot

*ﬁ FE

i T 0% T
ol ol el ol Sl ol ol el ol S O

L
v

OO o o
PR

AR
DO B

LD
i
LEH
FAHD
OFA

. =TR

HE:
+:
EADHE =

MEMRADD

=TA
(I
o
LI
ERA
Fio
FCE
FME

T DT I

/

#MESPFRT
IRAVEL
RCITACE
#FH1811141

RCIACE
SERCER
#EADHE -1
MEMAGD

HE:

STHYALTD

Iy

AT

P

GET INT ROUTIME HODRESS
INIT MESSAGE FOIMTER

1 CLERR BIT &

B OSET BIT S TH
UFDARTE ORIGIMAL
SET UP ACIA

SET UF FOINTER

SFIM FOREVER

HE .

IMT EMRELED

11-6

Within the service routine how will you ensure that the
ACIA Transmitter will stop sending characters to the printer,

after the last character of the message is printed?

/

Contd...
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Lenlid.

Disable the transmitter interrupt by clearing bits #6 and 5 of
the ACIA Control Register (see Appendix E). If another device
is still operating under interrupt, the above operation will
affect only the ACIA transmitter. If the ACIA transmitter was
the only interrupting interface, then all IRQ interfaces could
be interrupt disabled by the instruction SEI (SEt Interrupt),
the opposite to CLI.
11-

Now write the service routine, entered each time to
print one character of the message. Assume the background
initialization shown in the previous frame.

MFU CYCLES

B12A FE 8122 MESPRT LD MEMADL 5

BlhD (k] IM: <4

B1zE FF @128 STw MEMH[D & GET CHAR ADDRESS
81z 1 Ae Ba LCH A = GET CHAR

Q1EE 27 a4 BER HHMHRE <

ui__ EY VFFS STR A SERBUF 3 PRINT IT

a1z ZB FRETETI RTI ia TOTAL =9 MPU CYCLES
B1=2 Be FZSE NOMORE LDA A ACIACE

B1E0 84 IF AHD A #1le814114

B1ZE BV VIE2E STR A ACIACRE  DISAELE TH INT
2141 BY VFF4 STRH A SERCESR

al4d z@ F2 ERA FRTRTI

At slow terminal rates e.g. 10 characters/sec one character is
printed every 100 msec. At higher data rates e.g. 960 char/sec,
one character is printed every millisecond. The above service
routine requires 39 MPU cycles plus 9 to push and interrupt.
Assuming approximately 50 MPU cycles per interrupt, this is
still only 50 microseconds, using a 1MHz MPU clock. Hence

10 000 to 20 000 interrupts per second are theoretically

possible, supporting dozens of devices. Therein lies the power
of interrupt.
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So far we have looked at only one device operating under
interrupt at one time. Consider an ACIA connected to a printer
(output) and a keyboard (input), both operating under interrupt.
When an IRQ operation is demanded by one of these devices, the
first task of the service routine is to determine which device
produced the interrupt. This is done by consecutively checking
the READY bit of each device capable of IRQ operation.

Write the first part of the IRQ service routine IRQSER
which determines whether the ACIA's receiver or transmitter

requires service, branching to KEYSER to service the keyboard or
PRTSER to service the transmitter.

¢
8208 Be FFF4 IRGSER LDA A SERCSE
gaez 85 8l EIT A #$081 F» RERDY?
R285 26 49 ENE KEYSER
Rn2ay 85 82 BIT A #s$v2 T® READY?
B289 26 &85 BMNE PRTSER
gzBe B INTETH RTI FETURM POINT FOR ALL

Both service
routines would
branch back

to here.

Although all IRQ controlled devices are theoretically equal for
interrupt service it is normal to poll the READY bit of the
fastest device first, if one is significantly faster than the
other to avoid losing data from the faster device while servicing
a slower device. I!Hence the first device polled effectively has a
slightly higher priority, this advantage increasing as more
devices requiring IRQ service are added to the system.



IR}

PIA Control Lines acting as inputs can produce IRQ
operation if enabled for interrupt via the PIA's Control
Register. When bit #0 of Control Register A (or B) is set,
interrupt is then possible via CA1 (CB1). Similarly CA2 (CB2)
is enabled via bit #3. CA2 (CB2) as an output line does not
produce an interrupt since interrupts originate with the external
device such as a keyboard,telling the computer that data is ready
to be moved or that some control action is needed.

Write the background initialization to permit CA1 of the
PIA to interrupt when going high (1) and CA2 as an input to
interrupt when going low (0). The A half of the PIA should be
set to receive 8 bit parallel data.

/

# PROG TO SET UP FIA H HALF RS INFUT

»:

FINFUT LDA A PIACRA
AND R #7dl et
=2TA A FIACRA  CLEAR BIT 2 to Data Buffer
CLR  FIREFA  INPUT HMODE . e T
ORA A #ReBEA1111 1 ;Al Active high
STA A PLACRA

Lo #PIASER S

00
ST $FFF8 i tCA 1 interrupt
CLI READY enabled
HE ERH HF BITS

CA2 cCA2 CA2 Interrupt
input Active enabled
line 1low



service routine is to store bits #0 to 3 of the Data Buffer in

LODATA.
HIDATA.

Write the service routines.

aiua
a18x
a1as
814y
#1489
ai8R
18D
g1aF
L5 e
@114
8147
8115
811C

11-10
When an interrupt is produced by CAl of the PIA the

An interrupt by CA2 should store bits #4 to 7 in
Assume that CAl and CA2 are the only source of interrupts.

8358
Bz52

BG
2E

=
a5

26
2B
BE
&4
BT

BS
84
BY
28

7FFL
85
4@
BE

vFF@a
BF
BE52
F3
vFFa
Fa
8=5u
EE

HIDRTA
LODATAH
*

PIARSER

FIARTN
CHLINT

CRZINT

EGU
EGL

LDA
BEMI
BIT
EME
RTI
LDR
AND
STR
ERA
LA
AND
STAR
BRA

I o o

u (e L

/

$8358
$Bz52

FPIACRA
CRLINT

CAL

#uolaoavoa

CRZINT

FIABFA
#EOF

LODRTA
PIRRETH
FIAEBFA
#EFBQ

HIDRATH
FIRRTN

CR2

ZHRF

ZHAF

INT REGUEST VIR BIT 7

INT REQUEST WIA BIT &

HI BITS

LG BITS

If several PIA's are connected as IRQ devices, but capable of

interrupt via CA1l only, the

LDR A
BMI
LDA A
BMI

skip chain becomes:

FIACRS

PIAS

FPIACRE

FIRE

etc.
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Another major use of IRQ operation is in controlling
the timing of specific computer operations. For example a
digital voltmeter may be required to make a measurement in a
lab experiment or in a process-control operation at the rate
of 10 measurements per second. Aside from the inaccuracy of
using timing loops for control of these measurements, the
computer is not available for other tasks.

The solution is in the use of a "Real Time Clock",
a device which produces interrupts at specific times or rates.
The service routine for the real time clock would then determine
which devices. get service at what times. In the example above,
the real time clock could be driven by the 60Hz line signal
producing 60 interrupts/sec. Write the background initialization
and service routine for this clock which causes the digital volt-

meter to make 10 measurements per second via the subroutine
DVMS3ER.

alee 85 @s LA A #4605
|igz BY aiicC STA A COUNT
#8185 CE vl8E LD¥ #CLESER
a162 FF FFFS S5TH $FFF2
Biae aE cLI
aiac 28 FE HERE ERA HERE SPIM IM BRACK
*
f1aE 7R 8141C CLEKSER DEC COUNT
a111 z& a2 BHE CLKRTHM HOT THIS TIME
@11z 86 8s LDR A #%8& YES., RESET COUNTER
8115 BY 811C STA A COUNT
a11& BD @249 JER DYMSER AMD MEARSURE YOLTHGE
a1iB =B CLERTH RTI ALL DOME
prn

811C Y6l COUNT RNMB 1

This line frequency-controlled clock is a very simple timer.
Real Time Clocks, much more complex than this, are commercially
available.
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The Non Maskable Interrupt (NMI) is essentially the
same as the IRQ with the following exceptionss

(a) It is always enabled (capable of interrupting), independent

of the I bit status.

(b) 1Its vector addresses are FFFC and FFFD.

(¢) It will interrupt only when the MPU's NMI line changes
state from 1 to 0. It will not re-interrupt until after
NMI has gone high and then is grounded again.

NMI operation is needed when a high speed device requires

high priority service, even if an IRQ service routine is
presently being executed, in which case the IRQ service routine
is interrupted to provide NMI service.

During an NMI service routine all other interrupts are
automatically disabled, hence NMI service routines cannot be
interrupted even for another NMI device. Upon return from an
NMI service routine, service will be provided for another NMI
device, if one is waiting; otherwise it will resume service to
an interrupted IRQ service routine, if one was interrupted. If
none of these are waiting,service will be provided to other
waiting IRQ devices, or to a background program, in that order.

Assuming that an NMI device interrupted an IRQ service
routine, show the state of the stack (in general terms) during
the NMI service routine.

/

SP DURING NMI UPON RETURN TO IRQ

7 bytes

“3p

Background Status Background Status
7 bytes 7 bytes

L o
SERVICE ROUTINE
}.IRQ Status
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In de-bugging a faulty program it is sometimes necessary
to know the status of internal registers (4, B, X, etc.) after
execution of a specific instruction within a program. This is
possible via the instruction

SWI (SoftWare Interrupt - operation code 3F)
If 3F (SWI) is placed in memory, in the byte following a specific
instruction, normal program execution will take place until this
3F is encountered, whereupon all internal registers will be
stored on the stack, as if entering an IRQ or NMI service routine.
In this case the program will transfer control via vector
addresses FFFA and FFFB to the SWI service routine, which usually
prints out the contents of the internal registers from the stack.
Insertion of the 3F code destroys the original program, hence
most systems require RESET after an SWI service routine is
executed. An exception to this exists in some de-bugging programs
which save the byte which was replaced by 3F, and then restore it
after execution of the SWI service routine.

In some 6800 systems where the SWI routine is provided in
permanent or "Read Only Memory" (ROM) the vectors for SWI may also
be in ROM, rather than in Read/Write Memory, usually called RAM
(Random Access Memory), which can be initialized via RESET. If
vectors are permanent a user-written SWI routine cannot be
implemented.

Why is the stack essential to SWI operation?

/

Data must be saved by MPU hardware rather than via software
(program) which itself would use some of these registers and
therefore modify their contents.
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Write the background initialization and the SWI service
routine to print the contents of CCR, ACC B, and ACC A simply as
6 ASCII characters, one after the other, when SWI is encountered
within the program. Assume an available subroutine, OBYTE,
which prints 2 ASCII characters, based on the 8 bit contents of

ACC A.

/

ES
# SOFTWARE IMTERRUFT SERVWICE TO PRIMT CCR.
# ACC A AMD B ON COMSOLE TERMIMAL. CALLS OBYTE SUE.
E
FFFHA SHMIVEDZ EQLU ¥FFFH
+
# BACKEGROUND INITIALIZATION FOR ZMWI.
Bz2o8 CE 8246 LD HSMISER
B28% FF FFFH STH SHIVED
azase 28 FE HE: EREH HE:
+
# SWI SERVICE ROUTIME
“+:
Bz ORG o244
az4a =2 SWIZER PUL A GET CCZR FROM STRCE
az44 BD B142 J=R DEYTE FRIMT CCR
azd44 =2 FUL H
az45 BD @142 JzR OBYTE FRINT E
azd4a 22 FUL A
az49 BD @142 JER OBEYTE FRINT A
az4c 28 FE HERE ERA HERE
B
B142 OEYTE E&U FAl4:

EML



11-15

Now write the first part of a different SWI service

routine SOFINT, which prints a more readable output of the
stored data, e.g.,

CCR= XX (where XX = stored CCR value)
Assume the following available subroutines:

OBYTE -~ prints contents of ACC A as 2 ASCII
character.

OUTMES - prints ASCII message terminated by
null. X = pointer.

CRLF - Carriage Return and Line Feed.
i
# PRINTOUT OF REGISTERS AFTER SOFTHARE IMTERRUPT
" :
gzam CE Bz58 L $SOF INT
828z FF FFFR STH *FFFH INIT SWI VECTOR.
# MOW JUMP TO TRRGET PROGRAM
E
az258 ORG #0250
8258 Bl A173 SOFINT JSE CRELF
Az52 CE 62841 LDX #CCRMES
825 BD 1FBC JER OUTHES FRIMT CCR=
Bz5e 32 PUL A _
BW25A BD Bidz JSR OBYTE FRINT CCR COMTENTS
o+
E
gz281 4= CCRMES FCC SCCR= /S
a2ge aa FCE 5]

Note that entry to OBYTE is at 0142, rather than at 0139, in
the original OBYTE routine (Subroutine Chapter), since the data
To be printed is already in ACC A. The CRLF routine is also
from the Subroutine Chapter. The OUTMES routine is from the
ACIA Chapter, but in subroutine format.
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Execution of the OBYTE subroutine involves use of the

stack. Will this destroy data now on the stack, yet to be

printed within the SWI service routine?

prove your answer.

Use stack diagrams to

No. Data to be printed will not be destroyed.

<SP
CCR CCR |«-SP
B B
A A
IXH IXH
IXL IXL
PCH PCH
PCL PCL
Within SWI After
service first
routine PUL A.
before
printout
begins.

<SP

RH
RL
B
A
IXH
IXL
PCH
PCL

Within OBYTE sub.
RH and RL are
return address
bytes. H = high,
L = low. CCR data
on the stack is
overwritten but
only after it is
in ACC A for
printing.

RH
RL |[«=SP
B
A
IXH
IXL
PCH
PCL

After return
from OBYTE
subroutine.

RL and RH will
be overwritten
in future use
of the stack.
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Continuing with the same service routine, assume that

CCR, ACC B and ACC A have been pulled and printed on one line.
How would you print the Index Register contents, still continuing

on the same line? 1Include the message in your answer.

/

8271 CE 6231 L L #I-MESS

azv4 BD 4FAC JER QUTHES FRINT ¥=

Bzvy 22 FUL A

B27E BD @142 JSR OBYTE FRIMT HI BYTE OF =
B2veE =2 FUL A

B27C Bl @142 JER OEYTE FRINT LO BYTE OF =

o
P
It

*

] )

291 26 IZMESS Fou A= Note space before
Q29S an FCR & and after message
to make message
readable.

Such a routine is normally included in the computer
system software and is essential in "de-bugging" faulty programs.
By setting SWI (3F) in the main program, just after a subroutine
call, the results of the subroutine can be examined in detail to
determine how it performed. The place in the main program where
the SWI occurs is often called a breakpoint.

More sophisticated de-bug routines permit multiple break-
points for testing of partially completed programs, e.g.,
subroutine calls for which the subroutines have not yet been

written. The "loose ends” or unwritten code can be caught by
breakpoints.
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-

The complete listing for the SWI de-bug routine is
shown below.

E

1FBC OUTHMES EoU $#iFaC

B1v3 CRLF E&U 8173

5.0 I ) OBEYTE EGU fal4: LATE EWMTRY. AVOIDS =
}*&

4 PRIMNTOUT OF REGISTERS AFTER SOFTHMARE INTERRUFRT
28

gzea CE 8250 LEo #SOF IMT

8282 FF FFFR STH $FFFA IMIT SWI VECTOR.

# MNOW JUMF TO TRARGET PROGRAM

o
Bzo8 ORG FHZTE
B2S@ BL 9179 SOFINT JoR CRELF
p2sz CE azed LD HCCRMESS
Q258 BD 1FAC JSR QUTHES FRINT CCR=

Razse =2 FPUL A

B2SA B0 8142 JSR OBYTE PRINT CCR COMTEMTS
ezsDh CE @28c LD¥ #EBMESS
ozeB BD AFBAC JSR OUTHES  PRINT EB=
BZe: 22 FUL A
Gzed BD @142 JSR OBYTE PRIMNT B COMTEMTS
GZE67 CE B2S7 LD #AMESS
0zER BD 1FBC JSR QUTHMES  PRINT A=
Bzeh =2 FUL A
BZEE BD @442 ISR QEYTE FRINT A COMTEMTS
B271 CE 829d LD #IXMESS
B274 BD AFaC ISR OUTHMES  FRINT ==
Bz7v =2 FUL B
B27S BD @142 JSR OBYTE PRINT HI BYTE OF =»
az7e 22 FUL A
az7C BD @142 JSR OEYTE PRIMT LO BYTE OF ¥
B27F 28 FE  HERE  ERA HERE

o
Aazsl 4% CORMES FOC ACCR=
Q286 Ban FCB &
pZe? =@ AMESS FCC /A=
az2E 8o FCE @
azet 28 BEMESS FCC s B=
Gz96 Be FCE 5]
az91 268 I14MESS FLC sov=
BZ2Y5 BB FCE a

END

The final printout of this could then look likes

CCR= 2F B= D3 A= F2 X= 1C55

Congratulations! You have completed the workbook. Good luck

Ry

with your programs.
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APPENDIX A

Hex Codes - 4 bits

0000 = O 1000 = 8
0001 = 1 1001 = 9
0010 = 2 1010 = A
0011 = 3 1011 = B
0100 = 4 1100 = C
0101 = 5 1101 = D
0110 = 6 1110 = E
0111 = 7 1111 = F
APPENDIX B
ASCII Codes

BITSdthru6 — 0 1 2 3 4 5 6 7
(0 NUL DLE sp 0 @ » p

1 SOH DCI ! 1 A Q a g

2 STX DC2 " 2 B R b r

53 EIX DC3 # 3 C S ¢ s

4 EOT DC4 $ 4 D T d ¢

S ENQ NAK % 5 E U e u
BITSOthru3< 6 ACK SYN & 6 F V f vy
7 BEL ETB ! 7 G w g w

8 BS CAN ( 8 H X h «x

9 HI EM ) 9 1 Y i y

A LF SUB * : J Z j 2

B VI ESC + ; K [ kx {

C FF FS , < L | 1 |

D CR G - = M ] m }

E SO RS . > N ( n =

F sl US / ? O — o DEL

Vs

Courtesy Motorola Semiconductor Products, Inc.



Instruction Set (2 pages)

APPENDIX C1

ADDRESSING Mones BOOLEANARITHMETIC OPERATION —or: CO0E RES.

ACCUMULATOR AND MEMORY IMMED DIRECT INDEX EXTND INHER (Al rogistor labels 514 21110
OPERATIONS MNEMONIC | OP | ~ [ #joP ]~ | # (OP|~] R]OP|~|#|OP| ~| & refer 1o contents) Hll|N]2Z]V]C
Add ADDA 88 ] 2 98 | 3 2 |AB |5 2188 ) 4 A+ M -A tleol ittt
ADDSB ¢8| 2}2|o8|3 |2 (|es|sS5|2]FB]4 {3 B+M—-8 I AEIRE R EAE]

Add Acmiurs ABA 1B]2]|1]|A+8=A A RARIRAR:
Add with Carry AOCA |89 | 2| 299 |3 ]|2]as|s5]|2]|8s]|4a]3 A+M+C—A. tleltltlt]s
ADCB 9|2 {2093 |2 |e9|S5|2|FI}|4]3 B+M+C—8B tlefs|{tit]?

And ANDA 84| 2 2 (%4 |3 2 |AM |5 2|84 )4 3 AeM—A ojlejl i|tiR|e
ANDSB ca 2 2|08 )|3 2 |E4 {5 2|Fa] 4 3 BeM-—+B o|ojt]t|R]e

Bit Test BITA 85 ] 22|95 |3 |2 ]|]As|5]|2]|85]4]3 Ae M o|o|t|{t|R]|e
BITB cs|2]2]o5|3|2jes s ]|2}jFs]4 {3 BeM ejojt|tiR]|e

Clear CLR 6F {7 | 2]|7F |6 |3 00 M ool rislarlnR
CLRA 4F | 2 1]00—+A o|{®|R|S|R]|R

CLRB SF |2 1}{00-8 elelR{S|R|R

Compare CMPA g1 |2}2j9t]3]2]|Ar}|5)2|8B1|4]3 A-M o(of t|tit]?
cmprg ctl2l2jo1j3}j2|EVv|S]|2]|F1]4]3 B-M eoleoj $1titit

Compara Acmitrs CBA "mn|2]1]A-8 EEIEZRIRAR]
Complement, 1’s coM 63 |7|2|1B}|6]3 MM ole{titir]s
coMA a3l2]1]A-a ojelt|t|Rr]s

coms 3{2|1|{8~8 ole|t|tln]s
Complement, 2's NEG 60 |7} 2}|0}6 |3 00 -M—+M olel ]| tODI®
(Negate) NEGA sl2]1]00-A-A elef t]| QIO
NEGB 50 {2]1)00-8-8 . . elef t| D@

Decimal Adjust, A DAA 19 | 2 | 1 | ComvertsBinary Add. of BCO Characters | o) | 1] 112 |®
Oecrement 0EC 6A |7 | 2|7A)6 |3 M-1-M elelt|t|@ e
DECA Al 2| 1]A-1—A elelt]? @ .

DECe SA{2)1]8-~1-8 e|leojt]t @ °

Exclusive OR EGRA 88| 2298 |3|2|A8|5}2|8B)|4]3 ABM-—A o|{o|t]t|R]e
EQRB cg8|{2|2]|08]|3 EB | 5 F8 143 Bom-—+8 elelt|t|{R]e®

Increment INC 6C|7}2j1C]61}3 M+i—M EIRIEI O]
INCA 4c | 2 1] A+I—=A oleo| tlt @ L

INCB SC | 2 1]B+1-8 ejieo|tlt @ [}

Load Acmitr LDAA 86 | 2 219 |3 2 |[A6 |5 2|86} 413 : M—A ejlolt|tiRle
LOAB c6l212|o6|3|2|e6|S |2 |F6|4]3 M-8 sle|t|tiR]|®

Or, Inclusive ORAA BA| 2 |2 {3A |3 ]2 |AA|S5|2]|BA|4 |3 A+M—~A o|lelt]|2|R}|e
ORAB CA| 2 2|0A|3 2 |EA ]S 2|FA| 4 3 B+M-—B ele|ltltIR|e

Push Data PSHA 36|44 | 1| A—>Mgp, SP-1~-SP IEIEIEICRE]
PSHB 3714 1| 8->Mgp, SP-1—~>SP o|n|e|e|le|e

Pull Oata PULA 32 {4 ] 1| SPs1—SP, Mgp—A ele|jojojsle
PULB 3314 1] SP+1-+SP, Mgp—8 o|loje]le|oje

Rotate Left ROL 69 |712|1|6}3 M elajtlt|@®f?
ROLA 49 |2 IALG;_]—DEEIIDIDJ DEIRAEI O]k

ROLB sol2]1]s 7 < NRRIRGE

Rotate Right ROR 66 {7 |21 |6 }3 Ml elel | t
RORA 4621AL@¢W NREIRIGE

RORB s6{2]1]8 olelt|t@®]

Shift Left, Arithmetic ASL 68 | 7 2{1{6}3 M - ej{olt!t $
ASLA 48 12{11A 0 -~ OO@aIg«o ole|tlt®]t

ASLB s8 |2]|1]8 " o oleit]s t

Shift Right, Arithinetic ASR 67 |7 2|17 |63 Ml N oleftlti®|*
ASRA 4721AQ§7EEUIEE-E! olelt|tl@®|:

ASRB 57 | 2 1] 8) eleo|l ]t b

Shift Right, Logic. LSR 68 | 7|27 ]|6 |3 Ml - oleln|t !
LSRA “l2i1]A [} -‘9731_.[[1:2 -0 eleiR]|t H

LSRB 54 2] 1]8)] ofo[R|2|®¢

Store Acmitr. STAA 97 | 4 2 |AT | 6 2 (875 3 A-M oleolt]|t|R{e
STAB 0714 2 |[ET |6 2|F1} 83 B—+M elel3is|R]e

Subtract SUBA 80 | 2 219 |3 2 |A0 | S 218014 3 A-M-—+A AEIRARZEAR]
suss co|2]2]|o0|3)2|e0|s|2|Fo}|a]3 B-M—B eoleolsls]t]s

Subract Acmitrs. SBA 10}2]|1]A-8B-A CIEIRARAR
Subtr. with Carry SBCA 82| 2 2192 |3 2 [A2 ]S 2182]) 4 3 A-M~-C—A IEARIRAER]
S8CB c2f 2 2 {0213 2 €215 |2|F2}4}3 B-M-C—8B oleltlt|t]?t

Transfer Acmitrs TAB 1612 ]1]A—8 elalt|t|R]e
T8A 17 2 1|18—+A elo{t|ti{R]e

Test, Zero or Minus ST sol7}2|m)6]3 M-00 eolejs|S|R|R
TSTA 4D | 2 1|{A-00 ololt{t|RR

1718 s0|2f{1{8-00 BOEARALIL
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Instruction Set (2 pages)

INDEX REGISTER AND STACK IMMED - OIRECT INOEX EXTND INHER 5/413]2(1]0
POINTER OPERATIONS MNEMOMIC [ OP] ~ | # | op | ~| = {or | ~ #IOP [~ 1 #10P|~] % | BOOLEAN/ARITHMETIC OPERATION | Mit1 Infz{v|c
Compare Index Reg CPX 8C1313|9c)sf2)acis]2lsc]s]|3 (Xy/Xp) = (M/M + 1) ole D] .
Decrement Index Reg DEX 03 |41 X-1-X eloleltiale
Decrement Stack Pntr DES N O ] SP - 18P oloje|oje}e
Increment Index Reg INX 08 |4 |1 X+1-X ololeftlefe
Increment Stack Pntr INS L O B | SP+1->SP ojlolelele]e
Load Index Reg LOX CE| 3 |3joeE]4|2(|ee|6]|2]Fre]ls @ N Xy (M 1) =X olo|®|t]|n|e
Load Stack Pntr Los S8E) 3 |39 |a|2|aE]ls|2]8e]S M —=SPy, (M+1) =>sP ole|®@|t]|n]e
Store Index Reg STX OF 1S 1 21eF|7]|2|FF|6]3 Xg=M X = (M+1) o|le|®|t|r]e
Store Stack Pntr STS SF|lS|21ar|7]|2|8F|6}3 SPy =M, SP_ >(M+1) sle|®@|sn]e
Indx Reg - Stack Pntr TXS /lafn X~-1-5P olojejeje]e
Stack Pntr - Indx Reg TSX 3|4 SPri-=X ojloloje]e]e
JUMP AND BRANCH RELATIVE INOEX EXTND INHER sjef3{2|1{o
‘OPERATIONS MNEMONIC joP | ~| =foP| ~| =jop)~ | =2for|~]= BRANCH TEST Hit[Nj2]v]ec
Branch Always BRA V142 None ojojojeleje
Branch If Carry Clear BCC 2142 C=0 olejojoeje]e
Branch If Carry Set 8Cs 25)4)2 C=1 ojlojeojoje]e
Branch If = Zero BEQ 27 )4 2 2=1 olelojejoele
Branch It > Zero BGE €14 2 Nav=( oloejlojojeje
Branch It > Zero 8GT k(4] 2 Z+(N2V)=0Q ojloejejojo|le
Branch If Higher BHI 2141} 2 C+2Z =0 ojleleleoje]e
Branch It < Zero BLE F 1 4| 2 Z+¥+(N3V)a ®jlojejoje|e
Branch If Lower Or Same BLS a2 C+2Z=1 ejejojlejeo]e
Branch If < Zero 8LT 2014] 2 N3V=1 elejolejo}e
Branch If Minus 8MI 28| 4 2 N=1 S|ojeojejoie
Branch If Not Equal Zero BNE %]14]2 2=0 ojleolojojele
Branch If Qverfiow Clear 8veC 281,412 V=0 ejoje|elole
Branch If Overtiow Set BVS 2]14]2 v=1 ololojejefe
Branch if Plus BPL A1 4] 2 N=0 ojlojolele}fe
Branch To Subroutine 8SR 80| 8] 2 . Oleojojejole
Jump JMP 6E| 4| 2|73 ] 3 ] See Special Operations olejejlejele
Jump To Subroutine JSR AB| 8| 21809 |3 elojleleje}e
No Operation NOP 0l 2] Advances Prog. Cntr. Only ojejejeoje]e
Return From Interrupt RTI 310 | —
Return From Subroutine RTS I T A | . i olejejeje
Software Interrupt Swi 3Fl1211 } Sae special Operations olSjejelele
Wait for Interrupt WAI 3Ej9 |1 oo e .
CONDITIONS CODE REGISTER INHER soocean kot 13 121" 19 fconomon cooe recisten NOTES:
OPERATIONS - MNEMONIC | oP ~ = |OPERATION [H |1 N 2]V ]cC (Bit set if test \s true and cleared otherwise)
Clear Carry cLe oc | 2| 1 0~C ofo]e|e]e|r] @ (Bitv) Test: Resuin= 100000007
Clear Interrupt Mask o 0 |2} 1 0~ el |e|e|e]e]| @ I(BitC Test: Resuit = 000000007
Clear Overflow cLv 0A 2 1 0~V ejleloeje|lr{e] @ (BitC) Test: Decimai value of most significant BCO Character grester than nine?
Set Carry SEC o |2 1 1-¢ ele|elelels (Not cleared if previously set.)
Set Interrupt Mask SEI 0F 2 1 11 e(s|e]e]e o] @ (BitV) Test: Operand = 10000000 prior to execution?
Set Overflow SEV 08 2 1 1=V ejeje]els]e ® (BitV) Test: Operand = 01111111 prior to exscution?
Acmitr A~ CCR TAP 6 | 2 1 A-=CCR —_— @ — < (Bit V) Test: Set equal to result of N @ C after shitt has occurrad.
CCR = Acmitr A TPA 07 2 1 CCR—A . I ° l . l ° L. l o | @ BN Test: Sign bit of most significant (MS) byte of result = 12
(BitV) Test: 2's complement overflow from subtraction of LS bytes?
(® (BitN) Test: Resurt less than zero? (Bit 15 = 1)
LEGEND: 00  Byte = Zero; @ (A Load Condition Code Register from Stack. (See Special Operations)
oP 0Op Code (Hexadecimal): H  Haif-carry from bit 3; @ (Bith Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is
~  Number of MPU Cycles; | Interrupt mask required o exit the wait state.
x Number of Program Bytes; N Negative (sign bit) @ (ALL  Set according to the contents of Accumulator A.
+ Arithmetic Plus; 4 Zero (byte)
- Arithmetic Minus; v Qverflow, 2's complement
. Boolean AND; c Carry trom bit 7
Mgp Contents of memory focation R Reset Always
pointed to be Stack Pointer; s Set Always -
+  Boolean Inclusive OR; H Test and set if true, cleared otherwise
L4 Boolean Exclusive OR; . Not Affected
®  Complement of M; CCR Condition Code Register
= Transfer Into; LS  Least Significant
0 Bit = Zero; MS  Most Significant
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Machine Code

APPENDIX D
=

40 NEG A 80 SUB A iMM|CO SUB B IMM
01 NOP 41 = 81 CMP A IMM|CIT CMP B IMM
02 = 42 * 82 SBC A IMM|C2 SBC B IMM
03 ¢ 43 COM A 883 ¢ c oot
04 * 4 LSR A 8 AND A IMM|C$4 AND B MM
0s * 45 ¢ 85 BIT A IMM|CS BIT B MM
06 TAP 46 ROR A 8 LDA A IMM| C6 LDA B MM
07 TPA 47 ASR A 88 cro*

08 INX 48 ASL A 8 EOR A MM | C8 EOR B IMM
09 DEX 49 ROL A 8 ADC A IMM | C9 ADC B IMM
0A CLV 4A  DEC A 8A ORA A IMM|[CA ORA B IMM
0B SEV 4B * 8B ADD A IMM|CB ADD B IMM
oC CLC 4C INC A 8C CPX A IMM | CC *

OD SEC 4D TST A 8D BSR REL |CD *

OE CLI 4E . 8E LDS iMM | CE LDX MM
OF SEI 4F CLR A 8F * CF

10 SBA 50 NEG B 90 SUB A DIR | DO SUB B DIR
11 CBA 52 * 91 CMP A DIR | Di CMP B DIR
12 * 52 * 92 SBC A DIR | D2 SBC B DIR
13 = 53 COM B 93 ¢ D3

54 LSR B 94 AND A DIR | P4 AND B DIR
15 = 55 = 95 BIT A DIR | D5 BIT B DIR
16 TAB 56 ROR B 9 LDA A DIR | D6 LDA B DIR
17 TBA 57 ASR B 97 STA A DIR | D7 STA B DIR
18 * 58 ASL B 98 EOR A DIR | D& EOR B DIR
19 DAA 59 ROL B 99 ADC A DIR | D9 ADC B DIR
1A * 5A DEC B 94 ORA A DIR | DA ORA B DIR
1B ABA 5B * 9B ADD A DIR | DB ADD B DIR
IC * 5C INC B °C CPX DIR | DC *

ID = SD TST B 9D * DD *

1IE * SE * 9E LDS DIR | DE LDX DIR
IF = SF CLR B 9F STS DIR | DF STX DIR
20 BRA REL 60 NEG IND A0 SUB A IND | EO SUB B IND
21 * 61 . Al CMP A IND | El CMP B IND
22  BHI REL 62 * A2 SBC A IND | 2 SBC B IND
23 BLS REL 63 COM IND A3 * B3 =

24 BCC REL 64 LSR IND A4 AND A IND | A AND B IND
25 BCS REL 65 ¢ AS BIT A IND | ES BIT B IND
26 BNE REL 66 ROR IND A6 LDA A IND | E6 LDA B IND
27  BEQ REL 67 ASR IND A7 STA A IND | ET STA B IND
28 BVC REL 68 ASL IND A8 EOR A IND | E8 EOR B IND
29 BVS REL 69 ROL IND A9 ADC A IND | E9 ADC B IND
2A BPL REL 6A DEC IND AA ORA A IND | EA OKA B IND
2B BMI REL 6B * AB  ADD A IND | EB ADD B IND
2C BGE REL 6C INC IND AC CPX IND | EC *

2D BLT REL 6D TST IND AD ISR IND | ED *

2E  BGT REL 6E JMP IND AE LDS IND | EE LDX IND
2F BLE REL 6F CLR IND AF  STS IND | EF  STX IND
30 TSX 70 NEG EXT B0 SUB A EXT | FOO SUB B EXT
31 INS 71 * Bl CMP A EXT F1 CMP B EXT
32 PUL A 7 * B2 SBC A EXT | F2 SBC B EXT
33 PUL B 73 COM EXT B3 * F3 =

34  DES 74 LSR EXT B4 AND A EXT | FA AND B EXT
35 TXS 75 . BS BIT A EXT | FS BIT B EXT
36 PSH A 76 ROR EXT B6 LDA A EXT | F6 LDA B EXT
37 PSH B 71  ASR EXT B7 STA A EXT | F7T STA B EXT
33 78  ASL EXT B8 EOR A EXT | F ADC B EXT
39 RTS 79 ROL EXT B9 ADC A EXT | F9 ADC B EXT
3A ¢ 7A  DEC EXT BA ORA A EXT | FA ORA B EXT
3B RTI 1B * BB ADD A EXT FB ADD B EXT
ic * 7C  INC EXT BC CPX EXT | FC *

iD = 7D TST EXT BD JSR EXT | FD *

3E WAI 7E  IJMP EXT BE LDS EXT | FE LDX EXT
3F  SWI 7F  CLR EXT BF  STS EXT | FF  STX EXT

Notes: 1. Addressing Modes: A = Accumulator A IMM = Immediate REL = Relative

B = Accumulator B DIR = Direct IND = Indexed
2. Unassigned code indicated by****’ EXT = Extended

Hexadecimal Values of Machine Codes

Courtesy Motorola Semiconductor Products, Inc.




- ACIA -

Asynchronous Communications
Interface Adapter

DEFINITION OF ACIA REGISTER CONTENTS
R =L Y

APPENDIX E1

Data Buffer Address
Bus Transmit Receive
Line Data Data Control Status
Number . Register Register Register Register
(Write Only) (Read Only) (Write Only) {Read Only)
o] Data Bit 0* Data Bit 0 Counter Divide Receive Data Register
Select 1 (CRO) Fuil (RDRF)
1 . Data Bit 1 Data Bit 1 Counter Divide Transmit Data Register
) ) Select 2 (CR1) Empty (TDRE)
2 Data Bit 2 Data Bit 2 Word Select 1 Data Carrier Detect
(CR2) (DCD)
3 Data Bit 3 Data Bit 3 Word Select 2 Clear-to Send
(CR3) (CTS)
4 Data Bit 4 Data Bit 4 Word Select 3 Framing Error
: (CR4) (FE)
5 ' Data BitS Data Bit 5 Transmit Control 1 Receiver Overrun
(CR5) (OVRN)
6 - Data Bit 6 Data Bit 6 Transmit Control 2 Parity Error (PE)
(CR6)
7 Data Bit 7°*°* Data Bit 7** Receive Interrupt Interrupt Request
Enable (CR7) (IRQ)
* Leading bit = LSB = Bit0
** Data bit will be zero in 7-bit plus parity modes.
*** Data bitis “‘don’t care’’ in 7-bit plus parity modes.
ACIA Controf Register Format
e —————— S
Enable for Receiver Interrupt Counter ratio and Master reset select used
in both transmitters and receiver sections
b7 = 1: Enables Interrupt Outputin
Receiving Mode b1 bo Function (Tx, Rx)
1
b7 =0:. Disables interrunt Outputin o o
Receiving Mode 0 1 <16
1 (s} +64
1 1 MASTER RESET
b7 b5 b5 b4 b3 b2 b1 bd
) RIE TC2 1 TCY1 § wS3 | wsS2 | WS1 JCDS23 CDS1

Word Length, Parity, and Stop Bit Select

Transmitter Control Bits: Controls the Interrupt Qutput* and RTS b4 b3 b2 Word Length + Parity + Step Bits
Output, and provides for Transmission of a Break 000 7 Even 2
b6 b5 Function (o] 7 Odd 2
(/] [+] Sets RTS = 0 and inhibits Tx interrupt (TIE) 010 7 Even 1
o 1 Sets RTS = 0 and enables Tx interrupt (TIE) o 1 1 7 Odd 1
1 0 Sets RTS = 1 and inhibits Tx interrupt (TIE) 1 00 8 None 2
1 1 Sets RTS = 0, Transmits Break ard inhibits Tx 1 0 1 8 None 1
interrupt (TIE) 110 8 Even 1
*TIE is the enable for the interrupt output in transmit mode. 101 1 8 odd 1




(e e e ey

- ACIA -

Asynchronous Communications

Interface Adapter

]

Data Carrier Detsct

b2 =0: Indicates carriar is present,

b2 = 1: Indicates the loss of carrier.

1. The low-to-high transition of the OCD in-
put causes b2=1 and generates an interrupt
(b7=1), ({RQ=0)

2. Reading the Status Register and Rx Data
Register or master resetting the ACIA
causes b2=0 and b7=0.

APPENDIX E2

ACIA Status Register Format

——

Interrupt Request

The interrupt request bit is the complement of
the IRQ output. Any interrupt that is sct and
enabled will be available in the status register
in addition to the normal |RQ output.

Receiver Data Register Full
b0 = 0:

b0 = 1:

Indicates that the Receiver Data
Register is empty.

Indicates that data has been trans-
ferred tc the Receiver Data Register
and status bits states are set (PE,
OVRN, FE).

1. The Read Data Command on the high-to-
low E transition or a rnaster reset causes
b0 = 0.

2. A “’high’’ on the DCD input causes b0=0
and the receiver to be reset.

L

b7 b6 b5 b4
IRQ PE OVRN FE

b3
cTs

TxDRE

b1 b0
RxDRF

Framing Error

b5 = 1:

Overrun Error

1. The Read Data Commanrd on the high-to-
low E transition causes bS5=1 and b0=1 if an
overrun condition exists. The next Read
Data Command on the high-to-low E transi-
tion causes b5=0 and b0=0.

Indicates that a character or a num-
ber of characters were received but
not read from the Rx data register
pricr to subsequent characters being
received.

Parity Error
b6 = 1:

Indicates that a parity error exists.

The parity error bitis inhibited if no

parity is selected.

1. The parity error status is updated during
the interna! receiver data transfer signai.

b4 = 1: Indicates the absence of the first stop
bit resulting from character synchro-
nization error, faulty transmission, or
a Break condition. Transmitter Data Register Empty
1. Theinternal Rx data transfer signal causes b1=1: Indicates that the transmitter data
b4=1 due to the above conditions and causes Register is empty.
b4=0 on the next Rx data transfer signal if b1=0: Indicates that the transmitter data
conditions have been rectified.

Register is full.
1. The internal Tx transfer signal forces bi=1,

2. The Write Data Command on the high-to-
low E transition causes b1=0.

3. A “’high’ on the CTS input causes b1=0.

Clear to Send

The CTS bit reflects the CTS input status for

use by the MPU for interfacing to a modem.

NOTE: The CTS input does not reset the
transmitter.

Courtesy Motorola Semiconductor Products, Inc.




APPENDIX F1
1
- PIA - »
Peripheral Interface Adapter

DATA DIRECTION REGISTER
—_————eeeeeeeeeeeeeeeeee s

Accessed via Data Buffer address when bit #2 of the Control
Register is 0.

1 output
0 P ‘} for each of the 8 data lines on the Data Buffer.

input

CONTROL REGISTER

CA1l SCBI)
(input only)

6 5 4 3 2 1 o0

7 :
7T 111 Wl

I L :
CA1 (CB1) . I 0 for no interrupt

READY BIT 0=DDR access (0 = CA1 (CB1) ACTIVE in
(read only) via Data Buff ( going LOW'
1=Data Buffer (1 = CA1 (CB1) ACTIVE in
access ( going HIGH

oae ey i
INPUT mode ,_ il
7 6 5 4 3 2 1 o0 _, bit #
VARMEEA 1
f-'\

PROGRAMMED mode
CA2 01
(CB2) 1 0 for no

1 = output

CA2 (CB2) bit #3
follows bit #3 =0 -1
READY interrupt
BIT y_
_HANDSHAKE mode

STROBE mode

éﬁin‘cié% ACTIVE caz (CB2) goes(H1G§
following CA1 (CB1).

CA2 ggﬁgﬁACTIVE CA2 goes LOW after

goling READ from A Buffer.
CB2 goes LOW after
WRITE to B Buffer.

CA2 goes LOW
momentarily after
READ from A Buffer.
CB2 goes LOW
momentarily after
WRITE to B Buffer.



Determine Active CA1 IC81) Transition for Setting
haterrupt Fiza IRQAIB) 1 — it b7)

b1 =0: IRQA(8!1 se: by high-to-low transition on
CAt {CHB1).

b1 =1:1RCA{S)1 ser by low-to-high transition on

APEENDIX F2

L

- PIA -

Peripheral Interface Adapter

CA1(CB1).

IRQA(B) 1 Interrupt Flag {bit b7)

Goes high on active transition of CA1 {CB1); Autometically
cleared by MPU Read of Output Register A(B). May also be

CA1 (CB1) Interrupt Request Enable/Disable j

b0 = 0 : Disable
active t

b0 = 1: Enable

active transition,

1. IRQA(B) wii! occur on next (MPU generated) pacsitive

transition of

while interrupt was rdisabled.

s IRQA(B) MPU Interrupt by CA1 (CB1)
ransition. 1

1RQA(B) MPU Interrupt by CA1 (C81)

b0 if CA1 (CB1) active transition occurred

1

cleared by hardware Reset.

L

b7 b8 b5 | va [ o3 £2 bt | wo
IRQA(BI1 [ IRCA(B)2 CA2(Ce2) ODR CA1(CB1)
Flag Flag Contro! Access Control

——

IRQA(B)2 Interrupt Flag (bit b&)

CA2 (CB2) Esteblished as Input (£S = 0)- Goes high on active
transition of CA2 (CB2); Automaticaily cleared by MPU Read
of Qutput Register A(B). May also te cieared by hardware
Reset.

CA?2 (CB2) Established as Output (05 = 1): IRQA(B)2 =0,
not affected by CA2 (CB2) transitions.

l

Detzenines V/hether Data Cirection Register Or Cutput

Register is Addressed

b2 = 0: Data Direction Register selectea.

L2 = 1: OQutput Register seiected.

I

|

CA?2 {CB2) Established as Output by b5 =1

2?_ b4 b3 {Note that operation of CA2 and C82
7 output functions are not identical)

1 [}
> CA2

b3 =0: Read Strobe With CA1 Restore

CA2 goes low on first high-to-
low E transition following an
MPU Read of Qutput Register
A; returned high by next
active CA1 transition.

b3 =1: Read Strobe with E Restore

CA?2 gces low on first high-to-
low & transiticn following an
MPU Read of Output Register
A: returned high by next
high-to-low E transition.

—CB2
b3 =0: Virite Strabte With C31 Restore

C82 gues on low on first low-
12 high E transition foliowing
an MiPU Write into Output
Register 8; returned high by
the nex1t active CB1 transition.

b3 = 1: ‘Nriwn 3trone With E Restore

CB2 goes low on first lew-to-

CA2 (CB2) Estzblished as Input by b5=0

bS b4 b3
a

0 L CA2 (CB2) Int2rrupt Recuest Enable/

Bisable

b3 =0: Disables |l RQA{8) MFU
Interrupt by CA2 (C82)
active transition.

E3=1: Enables IRQA{B) MPU
Interrupt by CA2 (C82)
active transidon.

1. 1RQA{B) wili occur 2n next (MPU
generated) positive transitien of b3
if CA2 (CB2) active transiticn
occurred white interrupt was
disabled.

Determines Active CA2 (CB2) Transition
for Serting interrupt Flag IRQAR)2 —
{bit bb5)

b4 =0: IRQA(B)2 ettty high-to-icw
transition on CA2 {CB2).

b4 =1: IRQA(B)2 set by !ow to-high
transition on CA2 {CB2).

high E transition foliowing an
5 b4 b3 MP",; Write into Ou!pu.t
- Resister B; returned high by the
1 1 nextiow-to-high € transition.

Set/Reset CA?2 {C32)

CA2 (CB2) gees low a3 NMPU writes
b3 = 0 into Control Register.
CA2 (CBZ) gus high as MPU vurites
b3 = 1 into Control Register.
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APPENDIX G & H
L

CHARACTER SET

The characters used in the source language for the Motorola assembler form a
sub-set of ASCII (American Standard Code for Information Interchange, 1968).
The ASCII Code is shown in App B.. The following characters are recognized
by the assembler:

1. The alphabet A through Z

2. The integers O through 9

3. Four arithmetic operators:

+-*/
4. Characters used as special prefixes:
#  (pounds sign) specifies the immediate mode of addressing
$  (dollar sign) specifies a hexadecimal number
@ (commercial at) specifies an octal number
%  (percent) specifies a binary number
(apostrophe) specifies an ASCII literai character
5. Characters used as special suffices:
B (letter B) specifies a binary number
H  (letter H) specifies a hexadecimal number
O  (etter O) specifies an octal number
Q (letter Q) specifies a octal number
6. Four separating characters:
SPACE
Horizontal TAB
CR (carriage return)
, (comma)
The use of horizontal TAB is alwavs optiona!, and can be repiaced by
SPACE.

Courtesy Motorola Semiconductor Products, Inc.

APPENDIX H

Commonly Used Instructions

A . *
. S a quick reference 86 4C LOA A #$4C
guide some of the more commonly #*
used instructions, along Br 12F3 " STR A $12F%
with their machine codes, BE 12Fz LDA A $12Fz
E
are shown here. FE 12R7 LD $12A7
*
as IMN¥
o+
FF 1zA7 ETHE F12R7
&
A7 & STR A ¥
E
B7 1205 STA A $12D5
*
He @@ LR A %



APPENDIX I

MICROPROCESSOR GLOSSARY

ACCUMULATOR: ‘The register where arithmetic or
logic results are held. Most MPU instructions
manipulate or test the accumulator contents.

ACCESS TIME: Time take for specific byte of storage
to become available to processor.

ACIA: ' Asynchronous Communication Inter-face
Adapter. Inter-face between asynchronous peri-
pheral and an MPU.

ALU: Arithmetic and Logic Unit. The part of the MPU
where arithmetic and logic functions are
performed.

ASCH: American Standard Code for Information
Interchange. Binary code to represent alphanu-
meric, special and control characters.

ASSEMBLER: Software which converts assembly
language statements into machine code and
checks for non valid statements or incomplete
definitions.

ASSEMBLY LANG: Means of representing pro-
gramme statements in mnemonics and conven-
jently handling memory addressing by use of
symbolic terms.

ASYNCHRONOUS: Operations that initiate a new
operation immediately upon completion of current
one — not timed by system clock.

BASIC: Beginner's All Purpose Symolic Instruction
Code. An easy to learn, widely used high level
language.

BAUD: ‘ Measure of speed of transmission line.
Number of times a line changes state per second.
Equal to bits per second if each line state
represents logic O or 1.

BAUDOT CODE: 5-bit code used -to encode
alphanumeric data.

BCD: Binary Coded Decimal. Means of representing
decimal numbers where each figure is replaced by
a binary equivalent. i

BENCHMARK: A common task .for the
implementation of which programmes can be
written for different MPUs in order to determine
the efficiency of the different MPUs in the
particular application.

BINARY: The two base number system. The digits are
0 or 1. They are used inside a computer to
represent the two states of an electric circuit.

BIT: A single binary digit.

BREAKPOINT: Program address at which execution
will be halted to allow debugging or data entry.

BUFFER: Circuit to provide isolation between
sensitive parts of a system and the rest of that
system.

BUG: A program error that causes the program to
malfunction.

BUS: The interconnections in a system that carry
parallel binary data. Several bus users are
connected to the bus, but generally only one
“’'sender’’ and one ‘‘receiver’’ are active at any one
instant.

BYTE: A group of bits — the most common byte size
is eight bits.

CLOCK: The basic timing for a MPU chip.

COMPILER: Software which converts "high level
language statements into either assembly
language statements, or into machine code.

CPU: Central processor unit. The part of a system
which performs calculation and data manipulation
functions.

CROM: Control Read Only Memory.

CRT: Cathode Ray Tube. Often taken to mean
complete output device.

CUTS: Computer Users Tape System. Definition of
system for storing data on cassette tape as series of
tones to represent binary 1°s and O's.

DEBUG: The process of checking and correcting any
program errors either in writing or in actual
function.

DIRECT ADDRESSING: An addressing mode where
the address of the operand is contained in the
instruction. (Address below 100 in 6800)

DMA: Direct Memory Access.

DUPLEX: Transfer of data
simultaneously.

ENVIRONMENT: The conditions of all registers,
flags, etc., at any instant in program.

EPROM: Electrically Programmable Read Only
Memory. Memory that may be erased (usually by
ultra violet light) and reprogrammed electrically.

EXECUTE: Yo perform a sequence of program steps.

in two directions

EXECUTION TIME: ‘The time taken to perform an
instruction in terms of clock cycles.

FIRMWARE: Instructions or data permanently stored
in ROM.

FLAG: A flip flop that may be set or reset under
software control.

FLIP-FLOP: Two state device that changes state when
clocked.

FLOPPY (DISK): Mass storage which makes use of
flexible disks made of a material similar to
magnetic tape.

FLOW CHART: A diagram representing the logic of a
computer program.

GLITCH: Noise pulse. -

HALF DUPLEX: Data transfer in two directions but
only one way at a time.

HAND SHAKE: System of data transfer between CPU
and peripheral whereby CPU "“asks’ peripheral if it
will accept data and ®nly transfers data if
‘*answer’’ is yes. :

HARD COPY: System output that is printed on paper.

HARDWARE: All the electronic and mechanical
components making up a system.

HARD WIRE: Circuits that are comprised of logic
gates wired together, the wiring pattern
. determining the overall logic ‘operation.

HASH: Noisy signal.

HEXADECIMAL: The base 16 number system.
Character set is decimal O to 9 and letters A to F.

HIGH LEVEL LANGUAGE: Computer language that is
easy to use, but which requires compiling into

. machine code before it can be used by an MPU.

HIGHWAY: As BUS.

IMMEDIATE ADDRESSING: Addressing mode which
uses part of the instruction itself as the operand

data.

INDEXED ADDRESSING: A form of indirect
addressing which uses an Index Register to hold
the address of the operand.

INDIRECT ADDRESSING: Addressing mode where
the address of the location where the address of
the operand may be found is contained in the
instruction.

INITIALISE: Set up all registers, flag. etc., to defined
conditions.

INSTRUCTION: Bit pattern which must be supplied
to an MPU to cause it to perform a particular
function.

INSTRUCTION REGISTER: MPU register which is
used to hold instructions fetched from memory.
INSTRUCTION SET: ‘The repertoire of instructions

that a given MPU can perform.

INTERFACE: Circuit which*connects different parts of
system together and performs any processing of
signals in order to make transfer possible (ie,
serigl — parallel conversion).

INTERPRETER: An interpreter is a software routine
which accepts and executes a high level language
program, but unlike a compiler does not produce
intermediate machine code listing but converts
each instruction as received.

INTERRUPT: A signal to the MPU which will cause it
(t)o change from its present task to another.

1/0: Input/Output.

K: Abbreviation for 2'0 = 1024

KANSAS CITY (Format): Definition of a CUTS based
cassette interface system.

LANGUAGE: A systemmatic means of communicat-
ing with an MPU.

LATCH: ‘Retains previous input state until overwrit-
ten.

LIFO: Last In First Out. Used to describe data stack.

LOOPING: Program technique where one section of
program (the loop) is performed many times over.

MACHINE LANG: The lowest level of program. The
only language an MPU can understand without
interpreter. '

MASK: Bit pattern used in conjunction with a-logic
operation to select a particular bit or bits from
machine word.

MEMORY: The part of a system which stores data
{(working data or instruction object code).

MEMORY MAP: Chart showing the memory
allocation of a system.

MEMORY MAPPED 1/0: A technique of implement-
ing 170 facilities by addressing |/0 ports as if they
were memory locations. o

MICRO CYCLE: Single program step in an MPUs
Micro program. The smallest level of machine
program step.

MICRO PROCESSOR: A CPU implemented by use of
large scale integrated circuits. Frequently
implemented on a single chip.

MICRO PROGRAM: Program inside MPU which
controls the MPU chip during its basic
fetch/execute sequence.

MNEMONIC: A word or phrase which stands for
another (longer) phrase and is easier to remember.

MODEM: Modulator/demodulator used to send and
receive serial data over an audio link.

NON VOLATIVE: ‘Memory which will retain data
content after power supply is removed, e.g. ROM.

OBJECT CODE: To bit patterns that are presented to
the MPU as instructions and data.

0/C: Open Collector. Means of tieing together O/P’s
from different devices on the same bus.

OCTAL: Base 8 number system. Character set is
decimal 0-8.

OP CODE: Operation Code. A bit pattern which
specifies a machine operation in the CPU.

OPERAND: Data used by machine operations.

PARALLEL: Transfer of two or more bits at the same
time.

PARITY: Check bit added to data, can be odd or even
parity. In odd parity sum of data 1's + parity bitis

dd

odd.

PERIPHERAL: Equipment for inputing to or
outputting from the system (e.g.. teletype, VDU,
etc.).

PIA: Peripheral Interface Adapter.

POP: Operation of removing data word from LIFO
stack.

PORT: A terminal which the MPU uses to
communicate with the outside world.

PROGRAMS: Set of MPU instructions which instruct
the MPU to carry out a particular task.

PROGRAM COUNTER: Register which holds the
address of next instruction (or data word) of the
program being executed.

PROM: Programmable read only memory. Proms are .
special form of ROM, which can be individually
programmed by user. ’

PUSH: Operation of putting data to LIFO stack.

RAM: Random Access Memory. Read write memory.
Data may be written to or read from any location in
this type of memory.

REGISTER: ‘General purpose MPU storage location
that will hold one MPU word.

RELATIVE ADDRESSING: Mode of addressing
whereby address of operand is formed by
combining current program count with a
displacement value which is part of the instruction.

ROM: Read Only Memory. Memory device which has
its data content established as part of manufacture
and cannot be changed. .

SCRATCH PAD: Memory that has short access time
and is used by system for short term data storage.

SERIAL: Transfer of data one bit at a time.

SIMPLEX: Data transmission in one direction only.

SOFTWARE: Programs stored on any media.

SOURCE CODE: The list of statements that make up a
program. ’

STACK: A last in first out store made up of registers
or memory locations used for stack.

STATUS REGISTER: Register that is used to store the
condition of the atcumulator after an instruction
has been performed (e.g., Acc = 0).

SUB ROUTINE: ‘A sequence of instructions which
perform an often required function, which can be
called from any point in the main program.

SYNTAX: The grammar of a programming language.

TRAP (Vector): Pre-defined location in memory which
the processor will read as a result of particular
condition or operation.

TRI STATE: Description of logic devices whose
outputs may be disabled by placing them in a high
impedance state.

TTY: Teletype.

TWO'S COMPLEMENT ARITHMETIC: System of
performing signed arithmetic with binary numbers.

UART: 'Universal Asynchronous Receiver Transmit-
ter.

VDU: Video Display Unit.

VECTOR: Memory address, provided to the processor
to direct it to a new area in memory.

VOLATILE: Memory devices that will lose data
content if power supply removed (i.e., RAM).

WORD: Parallel collection of binary digits much as
byte.

Reprinted from the September 1977 edition of Electronics Today International magazine, Toronto, Ontario.



APPENDIX J1
e ———
Assembler Error Codes

281 NAM DIRECTIVE ERROR
MESSAGE: ***2ERROR 281 AAAARA
MWEANING: THE NAM DIRECTIYE IS NOT THE FIRST SOURCE STATEMENT,
IT IS MISSING, OR IT OCCURS MORE THAM ONCE IR THE
SAME SOURCE PROGRANM.

202 LABEL OR OPCODE ERROR
MESSAGE: #»*#xERROR 202 AAARAR
MERNING: THE LABEL OR 0PCODE SYMBOL DOES NOT BEGIN WITH AN
RLPHABETIC CHARACTER.

203 STATENENT ERROR
MESSAGE: »+*sERROR 203 ARARAA
MEANING: THE STATEMENT IS BLANK GR ONLY CONTAINS A LABEL

204 SYHRTAX ERROR
MESSAGE: *«ssERROR 284 AARARAA
MEANING: THE STATEMENT IS SYNTRCTICALLY INCORRECT.

205 LABEL ERROR
MESSAGE: **xsERROR 205 ARARARA
HEARNING: THE STATEMENT LABEL FIELD IS NOT TERMINATED

YITH A SPACE.

286 REDEFINED SYNBOL
MESSAGE: »2#3ERROR 206 AAARAR
MEANING: THE SYHBSL HAS PREVIOUSLY BEEN DEFINED. THE FIRST
YALUE IS SAYVED IN SYMBOL TABLE.

207 UNDESINED OPCODE
MESSAGE: #+2%+CRROR 287 AARRAAA
MEANIHG: THE SYMBOL IA THE OPCODE FIELD IS NOT A vALID
OPCODE MNEKONIC OR DIRECTIVE.

288 BRANCH ERROR
'~ - MESSAGE: 3s«*ERROR 288 AAARAA

MEANING: THE BRANCH COUNT IS BEYOND THE RELRTIVE BYTE’S

RANGE. THE ALLOYABLE RANGE IS:

(242) - 128 ¢ B < (24¢2) + 127

WHERE: * = ADDRESS OF THE FIRST BYTE OF THE

BRANCH INSTRUCTION
D = ADDRESS OF THE DESTINATION OF THE

BRANCH INSTRUCTION.

289 TLLEGAL ADDRESS MODE
MESSAGE: »*xsERROR 289 AAARAAA

MEANING: THE MODE OF ADDRESSING IS NOT RLLOVED WITH THE OP-
CODE TYPE.

218 BYTE OVERFLOV
MESSAGE: ss*+ERROR 210 AAAAAA
MEANING: AN EXPRESSION CONYERTED TO R VALUE GREATER THAN
255 (DECIMAL). THIS ERROR ALSO CCCURS ON COMPUTER
SYSTEKS HAVING WORD LENGTHS OF 16 BITS UHEN USING
NEGATIVE OPERANDS IK THE IMMEDIATE ADDRESSING
MODE. EXAMPLE:
LDa & $-5 ; CAUSES ERROR 218
THE ERROR MAY BE AVOIDED BY USING THE 8
BIT TW0’S COMPLEMENT OF THE NUNBER.
EXAMPLE.
LDA A $3FB ; RSSEMBLES 0K



211

212

213

214

215

216

217

220

221

222

223

UNDEFINED
MESSAGE:
MEANING:

DIRECTIVE
HESSAGE:
MEANING:

APPENDIX J2
———

Assembler Error Codes

sSYMBOL
*»*e3ERROR 211 AAARAA
THE SYMBOL DOES NOT APPEAR IN A LABEL FIELD.

OPERAND ERROR
*ssxERROR 212 AARAAR
SYNTARX ERROR IN THE OPERAND FIELD OF A DIRECTIVE.

EQU DIRECTIVYE SYNTAX ERRGR

MESSAGE:
MEANING:

*ss+ERROR 213 AAARRAR
THE STRUCTURE OF THE EQU DIRECTIVE IS SYNTACTI-
CALLY INCORRECT OR IT HARS NO LABEL.

FCB DIRECTIVE SYNTAX ERROR

HESSAGE:
MEANING.

s8ssERROR 214 AAAAAA
THE STRUCTURE OF THE FCB DIRECTIVE IS SYNTACTI-

CALLY INCORRECT.

FDB DIRECTIVE SYNTAX ERROR

MESSAGE:
REANIHG.

DIRECTIVE
MESSAGE:
HEANING:

«xesERROR 215 ARAARA
THE STRUCTURE OF THE FDB DIRECTIVE IS SYNTACTI-
CALLY INCORRECT.

OPERAND ERROR
*ss*ERROR 216 ARARARAA
THE DIRECTIVE’S OPERAND FIELD IS IN ERROR.

OPT DIRECTIVE ERROR

NESSAGE.
HEANING:

*+ssERROR 217 RAAARRRA
THE STRUCTURE OF THE OPT DIRECTIYE IS SYNTACTIC-
ALLY INCORRECT OR THE OPTIOR IS UNDEFINED.

PHASING ERROR

MESSAGE:
HEANING:

**3ERROR 228 AAARAR
THE YALUE OF THE P COUNTER DURING PASS 1 AND
PASS 2 FOR THE SAME INSTRUCTION IS DIFFERENT.

SYHBOL TABLE OVERFLOW

RESSAGE:
HERNING:

*#+sERROR 221 RAARPA
THE SYHBOL TABLE HARS OVERFLOWED. THE HEV SYNBOL
WAS NOT STORED AND ALL REFERENCES TO IT VWILL BE
FLAGGED AS AH ERROR.

SYMTAX ERROR IN THE SYMBOL

HESSAGE:
MEANING:

**e*ERROR 222 AAARAA

THE ONE-CHARACTER SYMBOLS #, B, AND X CANNOT BE USED
FOR USER-DEFINED SYMBOLS. THEIR USE IS RESTRICTED
FOR REFERENCES TO THE ACCUNULATORS (A & B) AND TO THE
INDEX REGISTER (X). ERROR 222 pLSO FLAGS ALL SOURCE
STATEMENTS CONTAINING & SYNBOL THAT HAS BEEN REDE-
FINED.

THE DIRECTIVE CANNOT HAVE A& LABEL

BESSAGE:
HEANING:

**¢sERROR 223 AAARAR
THE DIRECTIYE CANNOT HAVE A LABEL. THE LABEL FIELD
MUST BE EMPTY (BLANK).

Courtesy Motorola Semiconductor Froducts, Inc.



Iustruction Set (spare copy)

ADDRESSING MODES

BOOLEAN/ARITHMETIC OPERATION

COND. CODE REG.

ACCUMULATOR AND MEMORY IMMED DIRECT INDEX EXTND INHER (AN register Isbeis s|al3|2f1]0
OPERATIONS MNEMONICJOP | ~ | # |OP |~ | # |JoP|~] #|oOP| ~]#loP|~]| # refer to contents) HII[N|Z]|V]C
Add ADDA |88 | 2 |29 |3 |2 |AB|5]|2]|8B[4]3 A+M—A tlelt]sft]s
ADDB |cB |2 |2 |DB|3 |2 |eB |5 | 2]|FB| 4|3 B+M—~B tlefs]tls]s

Add Acmltrs ABA B|2|1]A+B~A t{ef t]s)s]s
Add with Carry ADCA |89 | 2 [ 2|93 |3 |2 |A3 |5 | 2|89 |4 |3 A+M+C—A tlelt]t]t]s
ADCB Jc9 | 2 |2 |09 |3 |2 |es |5 ) 2|F3|a |3 B+M+C—+B ettt

And ANDA |84 | 2 | 2|98 |3 12 |As |5 ]| 2|Ba) a3 A-M—=A efleli|tiR]|e
ANDB  |Cc4 | 2 | 2|04 |3 |2 |ea |5 |2|Fa|a]3 BeM—B eleft]|t|R]|®

Bit Test BITA 85 | 2| 295 |3 ]2 |Aas |5 | 285|443 AeM ole|t|t|r]|e
BITB cs|2|2|os|3 ]2 ]es|s|2|F5]a|3 BeM olelt]|t|Rr]|e

Clear CLR 6F 1 2| IF 6 3 00 - M e/el R|S{R|R
CLRA aF | 2| 1]00-A efe|R|s|R|R

CLRB S| 2] 1|00-8 efe|lR|S|R[R

Compare cMPA |81 [ 2 |2 |32 ]ar |5 | 28143 A-M efelt|t]t]s
CMPB aj2l2fm|3]2er|s|2|r|al]s3 B-M eleft]tft]?

Compare Acmitrs CBA n bi 1] A-8 elefl | t[t]2
Complement, 1's com (- N 2 O 2 - M-M olel t]|t]R]|S
COMA 3|2 1]|A=A ejelt|tIR]S

coMB 53[2]1]|B-8 efe|lt]|t|R]s

Complement, 2's NEG 60 [7 (2|70 ]|6 |3 00 -M-M ele| 1] 1|O|®
(Negate) NEGA a0 |2]|1]|00-a-a ole| 1] 1|O|®

) NEGB 50 2| 1]00-8-8 elel 1t 1IO|®

Decimal Adjust, A DAA 192 i‘::vg’c's‘i':fr'n‘;'““ of LD Characters | o | of 1| 111 |@®
Decrement DEC 6A |7 |2|m]|6 |3 M-1-M olelt]t|@e
DECA Al 2| 1]A-1=A eleftlt|@®]e

DECB sal2|1[/8-1-8 elelt|t @]

Exclusive OR EORA 88 | 2 2|98 | 3|2 (A8|5) 2|88 4]3 A®M—A efe|t[t|R|e
EORB |c8 | 2 | 2|o8 |3 |2 |e8 |5 |2|F8]| a3 BoM—B oleft|t|R]|e

Increment INC 6C |7 ]2|c]|6]3 M+i=M IEIRIEIOIK
INCA ac| 2| 1] A+1-A ele| 1]t e

INCB 5| 2| 1[B+1=8B eje|t]| 1|

Load Acmitr wAA 86 | 2|29 |3 |2 [ae|s5|2]B]a]3 M—A oleft]t|Rr]|e
A {c6| 2 |2]oe|3 |2 (e |5 |2]|F6]4 |3 M-8 ofleft|t|R]e

Or, Inclusive ORAA [8Aa ]| 2|2 ]9a|3 |2 ]aa|s5 | 2]8BA|a |3 A+M—A eleft1|t]R]|e
ORAB [CA| 2 | 2fDA|3 |2 |ea|s | 2|Fa]|la |3 B+M—B ele|[t|t|R]e

Push Data PSHA 36 | 4| 1| A=Mgp.SP-1-5SP o(ejelojele
PSHB 37 4 1| B —+Mgp, SP-1-+SP AR ISR INEN]

Pull Data PULA 32 [ 4] 1| SPe1~+SP Mgp—+A ofefofo]e]e
PULB 33 {4 | 1| SP+1+SP, Mgp—8B ejlefo|e|oie

Rotate Left ROL 69 |2 | 2|1 |6]3 M) oo eje| t|@®|!?
ROLA a9 21]A l—g - gjj:_trrgj eleft|t|®|!?

ROLB 9|2 ]1]8 elelt|t|@®?

Rotate Right ROR 66 (7] 27 |6 |3 Ml elelt|t|®f?
RORA %12 |1]A) -0 = E;U]:l._‘ﬂjbj;-j eleltlt|®f?

RORB 56 (2(1]8 eleft[t]|@®]!

Shift Left, Arithmetic ASL 68 [ 7] 2|16 |3 [ - ejeft]|t|®]!?
ASLA al2|1]A Q- QJUJ:{;I%«O elelt|tI®]?

ASLB 812 |1]8 elelt]|t|®f?

Shift Right, Arithmetic ASR 67 |7 2|17 ]|6]3 M R elelt|t®]?
ASRA AIZIAJ[:éHHIE*g ele|t]|t|@®]

ASRB 5712 (11]8 ele|t|t|®f!

Shitt Right, Logic. LSR 66 | 7|26 |3 M o ele|R|t|@®]!
LSRA “wl2f1]A 0~J11IID - O elelRr|t|®|?

LSR8 5412 (118 i o elelr|t|®]?

Store Acmitr. STAA 97 |4 |2 [Aa7 |6 | 2(B7T|5]|3 A-M oleltft]n]e
STAB b7 |4 |2 |e7 |6 |2]|F1|s |3 B-M eioltft|R|e

Subtract SUBA 80 2|2(s0)3]2]a0|s|2]|B0]a]3 A-M—A olef sttt
suBB co| 220032 ]e0|s|[2|Fo] a3 B-M-B ejeit|t]t]?

Subract Acmitrs. SBA 10 | 2 1| A-B—A ejeltis|t]?
Subtr. with Carry SBCA 822|292 |3 |2faz|s]2|B2|a]3 A-M-C—A eleltit|t]t
SBCB c2(2})2|o2|3 |2 ]e2|s|2a]Fr2]|a]|3 B-M-C—B ACIEAEAERE;

Transfer Acmitrs TAB 16 2 11 A8 ele|lt|t|R|e
TBA 17121 |8=A ele|t|t|R|e

Test, Zero or Minus ST 60 |7 |2]|m]|6 |3 M - 00 ele|t|[t]R]|nR
. TSTA ap|2|1|A-00 olef[t|t|R|R

’ TSTB 0|2 |1[8-00 ofle|t|t|r]n




Instruction Set (spare copy)

INDEX REGISTER AND STACK IMMED OIRECT INDEX EXTND INHER s{4]3]2{1]0
POINTER OPERATIONS MNEMONIC|OP| ~{ =|OP |~ | = |OP| ~ | #]OP|~]&]0OP]|~| 2 BOOLEAN/ARITHMETIC OPERATION Hit|N]Z]|V|C
Compare Index Reg cPX 8c 3|3 fsc)4a)|2fac|s|2]BC|{5 |3 (Xp/XQ) - (MM + 1) el Dt IB]e
Decrement Index Reg DEX 09 | 4 1 X-1-+X eloefle|t]le]e
Decrement Stack Patr DEs ¥ 141 SP-1-SP e|lejeje]ole
Increment index Reg INX 08 4 1 X+1—X ofele|l|e|e
Increment Stack Pntr INS 3t |4 1 SP+1-SP eio|eojole|e
Load Index Reg Lox CE] 3 |3 |0E|4 | 2 |EE|6 |2 |FE}S |3 M= Xy, (M +1) =X ele|®|t(R]e
Load Stack Patr LDS 86 | 3 | 3 |9E |4 |2 |JAE| 6 |2 |BE}S |3 M =8Py, (M« 1) =~SP olel®@|tir]|e
Store [ndex Reg STX DF| S| 2 |EF 12 |2 |FF|6]3 Xy =M X =~ M+1) ele|l®D|:|R|e
Store Stack Patr STS 9F [ S | 2 [AF|{ 7 | 2 |BF |6 (3 SPy — M, SP = (M + 1) oo |® :|r e
Indx Reg — Stack Pntr XS 3/ 14} 1 X-1-SP elojofoio]e
Stack Pntr = Indx Reg TSX 30 |4 1 SP+1-X o|lo|ejefe]e
JUMP AND BRANCH RELATIVE INDEX EXTND INHER Sj4t13fj2(t}o
OPERATIONS MNEMONIC |OP | ~ | =|OP] ~ | =|0P| ~| st0OP| ~ | = BRANCH TEST H|t|N|Z(|V]C
Branch Always BRA 2014 2 None EEADERIERE)
Branch If Carry Clear 8CC 2414 2 c=0 ejoejlejojeie
Branch If Carry Set BCS 25| 4 2 C=1 efofeo .
Branch If = Zero 8EQ 2714 2 Z=1 ejlejojolele
Branch it > Zero BGE 2C 4 2 N3V=0 oe|loj{o|oje|e
Branch It > Zero BGT 261 4 2 Z4(N3V)=0 elofofojo]e
Branch if Higher = U N Sign ed BHI 22 4 2 c+2Z=0 ejoejojojo]e
Branch It < Zero BLE 2F | 4 2 Z+iIN3V)=1 ejlo|ejele]fe
Branch If Lower Or Same = ungigned BLS 2314 2 cC+2z2=1 o|lolo|ojo|e
Branch If < Zero BLT 20 4 2 N=EV =1 ole(ejeje]e
Branch If Minus BMi 28} 4 2 N=1 e(ojoeleleie
Branch if Not Equal Zero BNE 26 4 2 2=0 e|lojoje|o]e
Branch If Qverflow Clear BVC 28 4 2 v=0 ejoelejoje e
Branch If Qvertlow Set BVS 29 | 4 2 V=1 ejloejoe|e|ole
Branch If Plus BPL 24 4 2 N=0 oloefo[e|eofe
Branch To Subrouting BSR 80| 8] 2 ejleieolojele
Jump JmP 6E | 4 1’3 See Special Operations ejofolefefe
Jump To Subroutine JSR AD| 8| 2 |80} 9 |3 ejloe|eojeie
No Operation NOP a1l 2 1 Advances Prag. Cntr. Only ejo|efejo]e
Retura From Interrupt RTL 381101 @
Return From Subroutine RTS 3915 1 . . el e .
Software Intecrupt swi 3 12 | See special Operations slololole
Wait for Interrupt WAl E} 9 1 . @ ejiejefe
CONDITIONS CODE REGISTER INHER S00LEAN 5 1413|201 |0 ] noiTioN cODE REGISTER NOTES:
OPERATIONS MNEMONIC | 0P | ~ = | OPERATION [ H || [N | Z |V |C (Bit set f test 1s true and cleared otherwise}
Clear Carry cLe 0c 2 1 0—-C o (oo |e|e |R @  (BitV) Test: Result = 100000007
Clear Interrupt Mask cul 0 {2 |1 01 e{Rlele|e o] @ (BiC) Test: Resuit= 00000000
Clear Overflow cLv 0A 2 1 g-Vv ejloe|le|le|r |e | @ (BitC) Test: Decimal value of most significant BCO Character greater than nine?
Set Carry SEC 0D 2 1 1—C e|leleoe|eo]els (Not cleared if previously set.)
Set Interrupt Mask SE! 0F 2 1 11 els|e|e]le|e | @ (Bitv) Test: Operand = 10000000 priar to execution?
Set Overflow SEV 08 2 1 1=V e |oeloefe]|s |e @ (Bit V) Test: Operand = Q1111111 prior to execution?
Acmitr A = CCR TAP 06 2 1 A ~CCR ® (BitV) Test: Set equal to result of N C after shift has occurred.
CCR — Acmitr A TPA 07 2 Y CCR—A . I Y ] ° I ° l Py [ ° @ {Bit N). Test: Sign bit of most significant (MS) byte of result = 17
(81t V) Test: 2's camplement overtlow from subtraction of LS bytes?
(® (Bit N} Test: Result less than zero? (Bit 15 = 1)

LEGEND: 00 8yte = Zero: @ (All)  Load Cond:tion Code Register from Stack. (See Special Operauans)

0P  Operation Code { Hexadecimal); H Half-carry from bit 3; @ (Bit 1} Set when interrupt occurs. |f previously set, 3 Non-Maskabie Interrupt s

~ Number of MPU Cycles; i Interrupt mask required fo exit the wart state.

= Number of Program Bytes: N Negatwe (sign bit) @ (ALL) Set according to the contents of Accumulator A.

+ Arithmetic Plus; 2 Zero (byte)

- Arithmetic Minus; v Overfiow, 2°s complement

«  Boolean AND; % Carry from bit 7
Mgp Contents of memory location R Reset Always
pointed to be Stack Pointer; s Set Always

+ Boolean Inclusive OR; 3 Test and set if true, cleared otherwise

L) Boolean Exclusive OR; L] Not Affected

] Caomplement of M; CCR Condition Code Register

- Transfer Into; Ls Least Signeficant

0 Bit = Zero; MS  Most Significant

Courtesy Motorola Semiconductor Products, Inc.



APPENDIX K

DAA INSTRUCTION
Decimal Adjust Accumulator K-1

A decimal digit may be represented as a 4 bit binary
number e.g. 9 = 1001. Similarly a 2 digit decimal number can be
represented by 8 bits, e.g. 4910 = 01001001. This form is known

as Binary Coded Decimal or BCD, and is not to be interpreted as
a normal binary number.

Addition of decimal numbers, expressed in BCD, is

possible via the DAA ( Decimal Adjust Accumulator) instruction
as seen in this example:

LDA A #F8:s

A A #3086

CHA
The DAA instruction converts the normal hex sum, OE, to 14, the
expected decimal sum in BCD. This is accomplished internally by
adding 6 in this example (OE + 06 = 14). Details of the internal
operation of the DAA instruction are not essential to its use,
but are given at the bottom of this page. What is important is

that this instruction operates on ACC A, only after execution of
the ADD, ADC or ABA instructions.

Assuming that symbolic addresses OLDATA and NUDATA each
contain one BCD digit, write the instructions to produce the BCD

sum in ACC A.

LR A OLDRTA
ROD A NUDATA
DAA

DAA Details: When two 2 digit BCD numbers are added a "carry”,
produced by the addition of the "least significant" column, sets
the H bit of the CCR, e.g. 7 + 5 produces a carry and sets H,
while 7 + 2 clears H. This H bit is added to to the "most

significant” column, all operations being internal to the DAA
instruction.



K-2
Decimal addition in. BECD is equally valid for "2 digit"”
decimal data, e.g. 4710 + 7810. Here the BCD sum is 125, that is
25 plus a carry into the third column.

Write the instructions to add OLDATA and NUDATA, the
sum going to TOTAL+1 and the carry going to TOTAL. Assume that
OLDATA and NUDATA each contain 2 decimal digits in BCD form.

alaa VF 9158 CLE TaTAL
g18E BE 8152 LDA A OLDATH
@19s BE 8154 ADD A MUDARTH
Higs 13 DAA
BABR BY 8151 STR A TOTHL+1
aiat 24 ax Bz FINI
B16F FC 8158 INC TOTAL
a1iz FINI

!
Q15 e TOTRAL RENME 2
Bl152 |nnz OLDATHR RME 2
2154 Beaz MUDRTA RME 2

Lab instruments, such as digital voltmeters and
frequency counters, often use BCD format to present data to a
computer. Hence the DAA instruction vastly simplifies manipu-
lation of this data, directly in BCD form.



K-3

Addition of "4 digit " decimal data also requires the
detection of the carry bit after the 2 least significant columns
are added. Use of the ADC (Add with Carry) instruction permits
this carry to be added in when the next 2 most significant digits
are added. Assume that OLDATA and NUDATA each contain 4 BCD
digits in 2 bytes. Write the instructions to produce the 4
digit sum in the 2 bytes labelled TOTAL.

£
# ADDITIOMN OF 4 CHAR BCOD DRTA. SUM IN TOTHL.
E
8188 PF 8158 CLE T2TAL
218z B& a1583 LDA A OLDATA+L
gles BR 8455 Ak A NUDATAR+L
g1a9 13 CHA BCO 50 OF 2 LD DIGITS
Bi8A BY 84151 TR A TOTAL+1
aial BE 8152 LA A QLDATA
Bldie B2 G154 RADC A MNUDATHA
811z 15 CHR BCE 5UM OF 2 HI DIGITS
#1114 BT G158 =T A TOTAL

This process could be extended to 6, 8 or N digit BCD addition.

Note that the above program does not detect a carry beyond 4
digits; hence input should be limited to 3 BCD digits.



INDEX

Accumulator 2- 1
ACTA 7- 1
Addition - Binary 1- 2
- Hexadecimal 1-16

AND 2-20
ASCII 2- 3
Assembler 2- 1
Background 11- 1
Binary Number 1- 1
Bit 1- 1
Branch O0ffset 6- 6
Breakpoint 11-17
Byte 1-13
CCR-Condition Code Reg 5- 7
Character Set- # 2- 2
- $ 2- 2

- % 2-23

CLR 2- 1
Comment 3- 6
Contact Bounce 8-16

Conversion-Bin to Dec 1- 2
-Dec to Bin 1- 7
-Dec to Hex 1-33
-Hex to Dec 1-14

CTS 7-12
DAA App. K
Data Buffer 7- 1
DDR-Data Direct. Reg. 8- 1
Deferred h-13
Delay 9-21
DEX 4-10
Direct Mode 2-17
END 3- 7
EQU 7- 1
Extended Mode 2- 9
FCB 4-11
FCC 4-11
FDB h-12
Foreground 11- 1
Handshake Mode- PIA 8-11
Hexadecimal (Hex) 1-12
Immediate Mode 2- 2
INC 2-19
Inclusive OR 2-25
Index Mode h- 7
Index Register b- 1
Initialization 2-13
INX h-10

IRQ- Interrupt Request 11- 1

Label 3- 5
LDA 2- 2
LDX L- 1
Literal 2- 5
Logical AND 2-20
LSB 1- 3
Mask Word 2-21
Maskable Interrupt 11- 1
Machine Code 2- 2
MSB 1- 3
NEG 2-16
NOG Lh-11
Non Maskable Interrupt 11-12
Null L-11
Operand 2- 3
Operation Code (Op Code)2- 3
Operator 2- 3
OPT 3- 7
ORA 2-25
ORG 3- 3
Parity 7- 8
PC (Program Counter) 6- 3
PIA 8- 1
Programmed Mode- PIA 8-10
PSH 10- 1
PUL 10- 1
Read Only Buffer 7- 1
READY Bit 7- 5
Read Only Buffer 7- 1
RMB 3- 4
RTI 11- 1
RTS (Return from Sub.) 9- 1

RTS (Request to Send) 7-12

Service Routine 11- 1
Signed Number 1-23
SP (Stack Pointer) 10- 1
STA 2-11
Start Bit 7- 1
Stop Bit 7- 1
Strobe Mode- PIA 8-13
Subtraction- Binary 1-35

- Hex 1-29
SWI (Software Int.) 11-13
Symbolic Address 3- 1
TSX 10- 4
Vector Address 11- 1
Write Only Buffer 7- 1



