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Introduction

This manualis the technical support for the user manual. It supplies
descriptions of chip functions and pin connections associated with
EMMAIL

In order to best serve the user, this manual is written in two sections
Part1,and Part 2.

Part 1is dedicated to hardware description, and

Part 2 is dedicated to software, a study of the 6502 instruction set
and utilizing the support chips with respect to applying software.

Included in the appendices are a complete listing of the EMMA 1
monitor program contained in EPROM.
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Part1 EMMA Il Hardware

EMMA Il shown with MS1A Switched Fault Unit, SA1 Logic Analyzer, PS4 Power Supply and HM203
Oscilloscope
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Chapter 1 The EMMA || System

EMMA Ilis based upon the 6502 microprocessor. To form a
computing system various support chips are needed. Layout of the
board is shown below.
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The figure below shows a block diagram of the EMMA Il system. The
diagramis in a simple form to display the major areas of the
microprocessor system.
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The basic microcomputer consists of three main sections:

1. Central processor unit
2. Memory section
3. Input/outputinterface section

These sections are connected via the bus systems:
i.e. 1. Databus
2. Addressbus

3. Controlbus

Looking at each sectionin turn, a study will be made of its function in
the EMMA |l system.
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@® CPU Section
The central processing unit or CPU is the 6502 microprocessor.
The 6502 contains an Arithmetic Logic Unit, some Registers and
Program Control Counter. The CPU sends outa memory
address of the location of the first instruction to be executed.
The instructionis read from memory and subsequently
executed. After each operation, the Program Control Counter
increments to the address of the next memory location, and the
cycle continues.

® Input/Outputinterface Section
This section of EMMA |l consists of:-
6522 1/0 Port Controller
6821 Keyboard and Cassette Interface.
These enable communication between the microprocessor
and the outside world. The 6522 comprises two 8-bit I/O ports
and two programmable timers.

@® DataBus
The Data Bus s an 8-bit bi-directional path between the
microprocessor and the memory and interface circuits. The data
bus is tri-state and is capable of driving one standard TTL load
and 130pF.

@® AddressBus
The CPU sends out on the address bus the address of a
memory location which is to be read from or written into. The
EMMA |l system has a 16-bit address bus capable of addressing
64K locations.

@® ControlBus
The control bus carries signals such as READ/WRITE (R/W),02,
NMI, IRQ. These signals are the controlling influence on the
microcomputer. For example, to read a memeory location, the
CPU first sends out the address on the address bus, then a
memory read signal on the control line; the memory outputs
the data from the address location to the data bus.
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o Memory Section The memory section in EMMA Il comprises of RAM and EPROM.
The memory allocations for EMMA |l are shown below:

0000 Reserved EMMA/VISA Monitor; used in conjunction with
001F devices such as the Eprom Programmer, Matrix Printer,etc.

0020 Available as user RAM
00FF

0100 Designated by the 6502 as the system stack
01FF

0200 Available as user RAM
03FF

0900 Decoded foruse by the EMMA Il input/output ports.
OAFF

0C00 UserRAM
OFFF

OEFC-0OEFF Interruptvectors.
OE80-OEFF Inusewhen VISA connected

D800 EMMA Il Monitor; cassette routines, useful
DDFF sub-routines

FOOO Available foruser EPROM expansion
F7FF

FEOO EMMA Il Monitor program
FFFF

The RAM and EPROM are explained in more detail further in this
manual.
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Chapter 2 6502 Microprocessor

As can be seen on the layout diagram on page 3 ‘IC3’ is the 6502
microprocessor. Thisis a 40-pin |.C, requiring an external crystal to
maintain stable operating speed. The EMMA |l uses a 1MHz crystal,
giving a basic microprocessor cycle time of 1us.

vss [] 1 a0 [] RES
roy [] 2 39 [] 02 (Out)
#1(0ut) [] 3 38[] so
ira [} 4 37[] eo(in)
Nne (] s 36|l NC
i [ 6 35[] NC
sync [ 7 3a|] R/W
vec[] s 33[] Do
Aol] s 32|] D1
A1 [ 10 6502 31 :]02
Az []11 30|] b3
A3 []12 29 [] pa
As []13 28] ps
as (14 27{] b6
A6 []15 26[] p7
a7 []1e 25[] A1s
as [117 2411 A14
Aq []18 23] A13
A10 [ 19 22 (] A12
A11 []20 21] vss
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Internal Architecture The diagram of the internal architecture will be used to discuss the
operation of the various pins available outside the chip andin
particular those specifically used in the EMMA |l Microcomputer

of the 6502
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With reference to the internal architecture diagram it can be seen
where the external pins connect to the structure of the
microprocessor. We will examine the external pins in turn.
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@® AddressBus(Ap-Aqs)
The 16-bit address bus is used to transfer the address generated
by the processor to the address inputs of allmemory and
peripheral interface devices. The address is always provided
by the 6502, thus the address bus is unidirectional. The bus
lines are TTL compatible, capable of driving one standard TTL
load and 130 pF.

@® Clock(09,04.0;):
The 6502 clock circuits can be driven from a single TTL level
square wave, or with the internal oscillator. As explained the
EMMA Il system uses a 1 MHz crystal to control the internal
oscillator, giving a stable 1us cycle time.

® DataBus(DBy-DB5):
The 8-bit data bus is bi-directional, providing a two-way transfer
path between the microprocessor and the memory and interface
circuits. The data bus is tri-state and is capable of driving one
standard TTL load and 130 pF.

® Ready(RDY):
This input signal is provided to allow the user to halt the 6502 on
all cycles except write cycles. This feature is of use when low
speed PROMS are used, or when fast direct memory access
(DMA) transfers are to be performed. The ready signal is
disabled (held high), on the EMMA Il board.

® InterruptRequest (IRQ)
When thisinputisinthe low state (logic ‘0’), the microprocessor
is requested to begin aninterrupt sequence. The
microprocessor will not acknowledge this request until it has
completed the current instruction being executed. Then,
provided the interrupt mask bit (interrupt disable, within the
status register), is not set, the microprocessor will begin an
interrupt sequence.

The interrupt sequence is:
(i) store Program Counter high byte (PCH) on the stack.
) store Program Counter low byte (PCL) on the stack.
(iii) store status register contents on the stack.
)

(iv) load PCL from address FFFE.
v) load PCH from address FFFF.
(vi) normal prcgram execution sequences now continue from

the memory vector held at FFFF and FFFE.

Onthe EMMA Il board, the IRQ input is returned to +, through
a 4.7k resistor to facilitate the wired-OR operation.
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® Non- Maskable Interrupt (NMI)
A negative going transition on this input requests that a
non-maskable interrupt sequence is begun by the
microprocessor. This is not conditional and will always be
actioned following completion of the currentinstruction. The
sequence of steps for a NMl is the same as for IRQ, except that
the vector address will be loaded to PCL and PCH from locations
FFFA and FFFB respectively.

The 6502 has aninternal latch which issetbya‘1'to ‘0’
transition on the NMi input. Thus a single, short duration, .
negative going pulse may be used to provide an NMI, unlike IRQ,
which has no latch and requires IRQ to remain low until the
interrupt is actioned. NMI will take priority over IRQ.

Wired - ORinputs to the NMI are facilitated by a 4.7 kQ resistor
returned to +5V.

® SetOverflowFlag(S.0.):
A negative going edge on this input sets the overflow flag within
the status register. This facility is not required for any of the
current 6500 family circuits and the S.O. inputis returned to +5V
on the EMMA Il board.

® SYNC:
This output line identifies those cycles in which the
microprocessor is doing a fetch instruction operation. The SYNC
line goes high during®1 of a fetch operation and stays high for
remainder of that cycle

The SYNC signal is used on the EMMA |l board for the
generation of an interrupt signal required for single step
operation.

® RESET (RES):
Thisinput is used to reset or start the microprocessor from a
power down condition. During the time that this line is held low,
writing to or from the microprocessor is inhibited. When a
positive edge occurs on the input the microprocessor will
immediately begin the reset sequence.

After a system initialization time of six clock cycles, the mask
interrupt flag will be set and the microprocessor will load the
program counter from the memory locations FFFC and
FFD. Thisis the startlocation for program control (FEEQ in

in the EMMA Il monitor).

Onthe EMMA Il board, RES is held high through a 4.7k
resistor; itis pulled low when the push-button reset switch is
depressed.

10
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11

@ Read/Write (R/W):
This output signal is used to control the direction of data transfer
between the processor and other memory circuits on the data
bus. R/W high signifies data transfer into the 6502, R/W low
signifies data transfer out of the 6502.

Supply Voltages:

The EMMA Il requires a 5V regulated supply, able to provide
700mA approximately. The 6502 has a maximum V¢ rating of
+7V.

Itis strongly recommended that a fixed 5V d.c. supply should be used
forthe EMMA 1i. Some variable supplies generate a short duration
positive going spike when switched on, which may damage circuits in
the 6500 family.
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Chapter 3 6522, Versatile Interface Adaptor (VIA)

Againreferring to the layout of the EMMA Il IC1’ the 6522 can be

seen as the I/O Port Controller/Timer. A simplified configuration is

shown.

Microprocessor
Bus Interface

(8) PA0-PA7

l@——» CA1
le@——» CA2
le— » CB1

teg————p CB2

PB0-PB7

Peripheral
Interface

6522 pin configuration is as shown.

vss [
pao [}
PA1 []
paz []
a3 []
pas []
pas [
A6 []
pa7 (]
PBO [}
PB1 []
B2 (]
PB3 []
PB4 [}
PB5 []
Pes []
re7 [}
cB1 (]

cB2 []

vee []

& w N =

39 f] cA2
38[] RSO
37[] Rs1
36|]) RS2
35|] Rs3
34[]) RES
33[] Do
32|] o1
31[] b2
30[]) b3
23] ps
28 :j D5
211 os
26 [] p7
25[] +2
24(] cs1
23[] cs2

2] RW

21[] iRa

12
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13

The internal structure of the 6522 is shown below:

Interrupt
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=\ e | T
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] . : ol Gt
RS3 Counter | Counter | [ DataDir
> (T2C-H) | (T2C-L) (DDRB)
The 6522 provides
(a) two 8-bitprogrammable input/output ports.
(b) two 16-bit programmable timer/counters.

()

one 8-bit serial transfer register.

The pin functions are as follows:

RES (Reset)

The resetinput clears all internal registers to logic 0 (except T1
and T2 latches and counters and the Shift Register). This
places all peripheral interface lines to the input state, disables
the timers, shift register, etc, and disables interrupts from the
chip.

(Input Clock):

Theinput clock is the EMMA system 02 clock and is used to
control all data transfers between the system processor and the
6522,

R/W (Read/Write)

The direction of the data transfers between the 6522 and the
system processor is controlled by the R/W ine. If R/W is low,
data will be transferred out of the processor into the selected
6522 register (write operation). If R/Wis high and the chip is
selected, data will be transferred out of the 6522 (read
operation).
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® DB0-DB7 (DataBus)
The eight bi-directional data bus lines are used to transfer data
between the 6522 and the system processor. During read
cycles, the contents of the selected 6522 register are placed on
the data bus lines and transferred into the processor. During
write cycles, these lines are high-impedance inputs anddatais
transferred from the processor into the selected register. When
the 6522 is not being accessed the data bus lines are
high-impedance.

® CS1,CS2(Chip Selects)
The two chip selectinputs are normally connected to processor
address lines either directly or through decoding. The selected
6522 register will be accessed when CS1 is high and CS2 s low.

Onthe EMMA |l board, the address decoding provides CS2 low
when memory pages 08 to 0B are selected. CS1 is connected

to address line Ag, thus the 6522 can be accessed on page
09 or0B.

® RSO0-RS3(Register Selects)
The four Register Select inputs permit the system processor to
selectone of the 16 internal registers of the 6522.

The EMMA |l board has the register lines RS0-RS3 connected to
address lines Ag-Ag respectively. Thus, the memory locations
for the 6522 registers are as given in the table overleaf.

14
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Memory Locations
for the 6522 Registers

15

Address| Register Description
Desig: Write Read
09x0 ORB/IRB | Output Register “B” Input Register “B”
09x1 ORAV/IRA | Output Register “A” Input Register “A”
09x2 DDRB Data Direction Register “B”
09x3 DDRA Data Direction Register “A”
00x4 T1C-L T1 Low-Order Ltches T1 Low-Order Counter
09x5 T1C-H T1 High-Order Counter
09x6 T1L-L T1 Low-Order Latches
09x7 T1L-H T1 High-Order Latches
09x8 T2C-L T2 Low-order latches T2 Low-order counter
09x9 T2C-H T2 High-Order Counter
09xA SR Shift Register
09xB ACR Auxiliary Control Register
09xC PCR Peripheral Control Register
09xD IFR Interrupt Flag Register
09xE IER Interrupt Enable Register
09xF ORA/IRA | Same as 09x0 Except no “Handshake”

Note: The chip selectconnections mean thatthese register
locations are duplicated on page OB. The fact that the register
select lines are activated by address lines Ag-A 3, regardiess of
the state of address line A4-A7, means that the hexadecimal
code used for X inthe previous listing is unimportant.

@ IRQ(InterruptRequest)
The Interrupt Request output goes low whenever an internal
interrupt flag is set and the corresponding interrupt enable bitisa
logic 1. This outputis “open-drain” to allow the interrupt request
signal to be “wire-or’ed” with other equivalent signalsinthe
system.
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® PAO0-PA7 (Peripheral APort)
The peripheral A port consists of 8 lines which can be individually
programmed to act as inputs or outputs under control of a Data
Direction Register. The polarity of output pins is controlled by an
Output Register and input data may be latched into an internal
register under control of the CA1 line. All of these modes of
operation are controlled by the system processor through the
internal control registers. These lines represent one standard
TTLload inthe input mode and will drive one standard TTL load
in the output mode. This is illustrated in the following diagram.

+5V
I/0 Control _ +— <+ PAO-PA7 CA2
Output Data 7:]3% t:

InputData o —

@® PBO-PB7 (Peripheral BPort)
The Peripheral B port consists of eight bi-directional lines which
are controlled by an output register and a data direction register
in much the same manner as the PA port. In addition, the polarity
of the PB7 output signal can be controlled by one of the interval
timers while the second timer can be programmed to count
pulses on the PB6 pin. Peripheral B lines represent one standard
TTLload inthe input mode and wili drive one standard TTL load
inthe output mode. In addition, they are capable of sourcing
1.0mA at 1.5VDC in the output mode to allow the outputs to
directly drive Darlington Transistor Circuts. The circuit diagram
below displays this.

+5V

-_—
1/0 Control |
Dl
1—4

PBO-PB7
CB1-CB2

Output Data 1 : [:l
=

Input Data g

16
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17

@® CA1,CA2(Peripheral AControlLines)

The two peripheral A control lines act as interruptinputs or as
handshake outputs. Each line controls an internal interrupt flag
with a corresponding interrupt enable bit. In addition, CA1
controls the latching of data on Peripheral A port input lines.
CA1is ahigh impedance input only while CA2 represents one
standard TTL load in the input mode. CA2 will drive one standard
TTL load in the output mode.

CB1,CB2 (Peripheral B Control Lines)

The Peripheral B control lines act as interrupt inputs or as
handshake outputs. Aswth CA1 and CA2, each line controls an
interrupt flag with a corresponding interrupt enable bit. In
addition, these lines act as a serial port under control of Shift
Register. These lines represent one standard TTL load in the
input mode and will drive one standard TTL load in the output
mode. Unlike PB0-PB7, CB1 and CB2 cannot drive Darlington
Transistor Circuits.
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Chapter 4 6821 Peripheral Interface Adaptor (PIA)

With reference to the board layout diagram, IC16 (6821) isonthe
keyboard display section.

The 6821 provides a means of interfacing the keyboard display unit
and the cassette interface with the microprocessor.

iRQA =
Control Interrupt ——m»= CA1
A RegisterA Status
VSS 1 u 40:] CA1 (CRA) - ControlA (<@ CA2
pao [} 2 39[] caz S
D_Datz_i
ROA 1
Py e o b1 =] 1 7| s
D2 = (DDRA)
PA2 37| IRQB | DataBus < Output Bus
E * :l g: <« Buffers 1
<> (BB
Pa3 [] 5 36[] RSO D5 e {}
D6 ~-at—>1
paa [ 35[] Rs1 D7 <a—> Output - pAQ
— :> Register A e pA1
pas [] 7 34[] RESET (ORA) peripheral [ PA2
Interface (<@ PA3
PA6 [] 8 33f] Do A le PA4
= PAS
pa7 [ 9 32(] b1 Bustnput | | - | PAB
gister
— jt— PA7
pBo [] 10 31]] b2 - I—
Output <> PBo
PB1 E 1 30 :] D3 Register B > pB1
(ORB) @ pB2
pe2 []12 29(] b4 Peripheral [<#—# PB3
Interface f=@—» PB4
pB3 []13 28] D5 — 8 = PBS5
L e PB6
s csS1 —»
pa [J14 27{] pe can ==l ik — L« PB7
RSO ——»{ Select
ps []15 26[] p7 RSt —| and
R/W —»f
pes []16 5[] e Enable —] Caurhed Input Bus :> Daa
T Reset —— .
24 Direction
pe7 [J17 [ Cs Rco'mtmlB —l L‘ Register B
. egister {DDRB)
ce1 [1s 23|] &5z (cRB)
cB2 []1e 22[] cso
Interrupt feg—— CB1
vee L1120 21[] rw _ Status
ROB == ControlB (<@ o,

Pin connections are as shown. Block diagram of the 6821 is as
shown.

18
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Pin Functions

19

DB0-DB7 Data Bus

Are eight bi-directional data bus lines used to transfer data
between 6821 and the system processor. The 6821 data bus
buffers are tri-state, giving a highimpedance loading to the data
bus unless a chip transfer is selected.

Enable (E):

This is the only timing pulse supplied to the PIA. Timing of all
other signalsis referenced to the leading and trailing edges of
the E pulse.

Read/Write (R/W):

A low state on the PIA Read/Write line enable the input buffers
and data is transferred from the microprocessor to the PIA on
the ‘E’ signal if the device has been selected. A high on the R'W
line sets up the PIA for transfer of data to the bus. The PIA output
buffers are enabled when the proper address and the enable
pulse ‘E’ are present.

Reset:
The active low RESET used to reset all register bits in
the PIAto a (LOW) zero.

Chip Select (CS0,CS1and CS2):

These three input signals are used to select the PIA. CS0 and
CS1 must be high and CS2 must be low for selection of the
device. Data transfers are then performed under the control of
the enable and read/write signals. The chip select lines mustbe
stable for the duration of the Enable pulse. The device is
deselected when any of the chip selects are in the inactive state.

Register Selects (RS0 and RS1):

The two register select lines are used to select the various
registers inside the PIA. These two lines are used in conjunction
with internal Control Registers to select a particular register that
is to be written or read.

The register and chip select lines should be stable for the
duration of the Enable pulse while in the read or write cycle.

Interrupt input (CA1AND CB1)

These are peripheral input lines, CA1 and CB1 are input only
lines that set the interrupt flags of the control registers. The
active transition for these signals is also programmed by the two
control registers.
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@® Peripheral Control (CA2)
The peripheral control line CA2 can be programmedto actas an
interruptinput or as a peripheral control output. As an output,
thislineis T.T.L. compatible. The function of this signal line
is programmed with Control Register A. In EMMA ll the CA2
line gives indication of data flow via an LED, as a function of the
Cassette Interface routine.

® Peripheral Control (CB2)
Peripheral control line CB2 may also be programmed to act as
aninterruptinput or peripheral control output. As aninput this
line has high inputimpedance and T.T.L. compatibility. Thisline
is programmed by Control Register B.

@® Interrupt Request (IRQA and IRQB): L
The active low interrupt request lines (IRQA and IRQB) act to
interrupt the MPU either directly or through interrupt priority
circuitry.

Eachinterrupt Request line has two internal interrupt flag bits
that can cause the interrupt Request line to go low. Each flag bit
is associated with a particular peripheral interrupt line. Also, four
interrupt enable bits are provided in the PIA which may be used
to inhibit a particular interrupt from a peripheral device. In the
EMMA Il diagram it can be seen that TRQA and IRQB are tied
together and form part of the IRQ connectors throughout the
board.

® PortA(PAO-PA7):
This is used by the monitor program for the seven segment
display codes (OUTPUTS).

® PortB(PB0-PB7)
This port is mainly used for strobing the keyboard and display
and also used as input and output from the cassette.

PBO0-PB2 Keyboard Strobe
PB3-PB5 Keyboard Column
PB6 Outputto Cassette
PB7 Input from Cassette

Since, onthe EMMA Il board, the 6821 performs the function of
display/keypad interface, and is not likely to perform any other task
for most users. Functional detail and characteristics are not included
in this section of the manual.

20
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Chapter 5 Keyboard/Display

This sectionis a supplement to the operations of the 6821 as the
interface between the Keyboard/Display and the microprocessor.

—-—-n KEYBOARD/ DISPLAY
——R3
C19
= _J—C7
R9 Rull ®% 165 | B8 1c8. & {2
R10 |
c21 SCS)SOD R11
T5-c8
Dm TR2 @ 7445 2603
— O OO0 g o O
TR3 TRL TR TR6 R? TRE TR9  TRI0
RISRI DP1 DP2 op3 | ops | oPs oes | op7 DP8
12
c22 EE2D
R
M L C D|E|F
RIS
G| R 8 9| A B
116 UR'G
P+ q4 | 5|6 |7
Umv
S| - o123

6821

A circuitdiagram of the keyboard and display is shown opposite on
page 21.

The EMMA |l Keyboard/Display section comprises seven-
segmentdisplay and 24 key switches. ‘IC7’ is a binary decoder;
its decoded output is used for key column and display scanning
simultaneously.

The method of key detection is as follows:

@® The monitor program sends a repeating binary countof 111 to
000on PBO, PB1, PB2.

@ Ateach stepofthe count PB5, PB3, PB4 are accessed to seeifa
key has been pressed. If akey has been presed a ‘0’ will appear
inthe appropriate column. With no key pressed, PB5, PB3, PB4
inputs willbe ‘1’

@® The monitor programis able to deduce which key is pressed by
assessing the binary count and column onwhich an ‘0’ appears.

@® The monitor program will not read a hex key until a control key
has been pressed.
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An amount of key debouncing is achieved by counting 111 000 twice
before acting upon a key function.

The display uses 8 HDSP-5501 seven segment LED displays
(Common Anode). These are strobed continuously by the monitor
feeding the 7445 decoder a binary count as explained; the decoder
output of the 7445 in turn switches the anode of the displays onto the
5V rail. The seven segment codes for each display are provided via
port ‘A’ of the 6821, this signal is inverted by IC8. Current limitation

is provided by resistor packages R7 and R8.

‘IC6'’ is a retriggerable monopulse generator used to detect keyboard
scanning via ‘PB0’; hence the display is turned ‘OFF’ when not being
strobed. This is a safety feature, to ensure that the displays are not
overheated.
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Chapter 6 2716 Erasable Programmable Read Only
Memory (EPROM)

There are two EPROM sockets onthe EMMA 1. One is used for the
monitor program; the other is available to the user. The 2716 is a
16,384-bit electrically programmable,ultra-violet erasable read-only
memory. The 2716 is organized as 2048 eight-bit words.

The 2716 requires only a single 5V power supply with a current
required of approximately 100mA. Pin connections for the 2716 are
as shown:

2716 Block Diagram
N 1 OutputknableChip |~ _ A

A7 (] 1 24 [ Ve | Eenreen — .

Ag [] 2 23 [] Asg o

As [] 3 22 [] Ag Output [~ 03

Ag [] 4 21 [] Vpp e Buter |

A3 [] 5 20 [ OE ns o]

A2 [|] 6 19 [] A1 :3 ] oo > 1638481t u, —

A [ 7 18 [] CE B o= PeEORRC Cell Array T L o

Ao [] 8 17 [ oy o L o

Op [| 9 16 [] O

o7 [] 10 15 [] Os 1 T

02 [ M 14 [] 04 — Vi :

GND[] 12 13 [] O3 — Vpp Column Decoder

I T T
Ap A1 Az A3
The 2048 locations are accessed by an address placed on the
elevenlines, Ag-A4g. Data from the accessed location is output on
the eight data lines, Dg-D7, if the two control signals OE and CE are
low. Both OE and CE are high during programming. The decoding on
the EMMA Il places the monitor EPROM D8 - FF and the user
EPROMFO-F7.
EPROM Erasure Erasure of the 2716 begins to occur when exposed to light with wave

lengths shorter than 4,000 angstroms. Certain types of light contain
wave lengths in this range. Although exposure to sunlight or
fluorescent light for a relatively long time is required to cause
erasure, itis advised to avoid exposure to light for extended periods.

If operated while exposed to ambient light, the minute photoelectric
currents generated may cause the EPROM to malfunction. Covering
the EPROM ‘window’ with some opaque material is strongly
advised.
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EPROM
Programming

User EPROM/RAM

25

Deliberate erasure of the 2716 is accomplished by exposing the
device to ultra violet light with a wavelength of 2,537 angstroms.

A 12 mW/cm2 u-v lamp placed one inch from the 2716 will require
approximately 20 minutes for complete erasure. Over-erasure is not
thought by EPROM manufacturers to be a problem, butitis advised
that erasure times greater than 10 times the necessary period
should be avoided. Under-erasure will resultin programming error.
When erased,all bits areinthe ‘1’ state.

When fully erased (or blank) all the bits of a 2716 will be at logic 1"
Therefore programming of a single location (8-bits) is achieved by
changing the required bits to logic ‘0’

The procedure for programming a 2716 EPROM is given below:

@® Setupthefollowing voltages:Vpp =+25V
VCC =+5V
CE/PGM 0’

@ Setupthe address location to be programmed om A0 to A10.
@® Setupthedatatobe programmedon

DOto D7.
@ Pulsethe CEE/PGM pin high for a period of 45 to 55 ms

Notes:

1. Nopinshould be left open circuit

2. The CE/PGM pin must not remain high for longer than 55ms
3. lItispossible to program several 2716 EPROMS in parallel

Asindicated on EMMA |1, the user EPROM socket can be used for
inserting a 6116 RAM. An alteration to the decode select header is
needed. The link from pin 7-10 needs to be placed between 8-9. This
enables the NWDS to be used in conjunction with the RAM R/W
input.
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Chapter 7 6116 Random Access Memory (RAM)

The RAMonthe EMMA llis provided by a 16384 - bit static RAM type
'6116’. Thisis organized into 2048 eight bit words;the package

is fabricated by CMOS Technology, and operates from a 5 volt
supply.

Ao o—— ¢ ]

———0 Vee
—
S Row : Memory Matrix GND
Decoder | ¢ 128x 128 °
nso——{ >

I |
101 % 1] Column 1/0
i Input Column Decoder
iy Data v
i Control
r
1708 o-ﬂ— —~
° OE N A7 A10
.
.

CS o—
OE 0—
WE 00—

Control
Logic

a i T 0 vee
as [] 2 23 [] as
As [] 3 22 [] a9
A4 ] 4 21 1 we
A3 [] s 20 [] OE
a2z (] s 19 [] A0
ar ] 7 18[] ¢s
a0 ] s 17[] 108
1701 ] 9 16 [] 1707
1702 10 15 [] 1/06
1703 [ 1 14[] 105
GNp ] 12 13[] 1/04

The 6116 is compatible with the 5517 RAM. A feature ofthe 6116 is
output enable and chip enable input; that is OE for fast memory
access and CS for a minimum standby current mode.

On EMMA Il the OE pin is tied to the NRDS line, and CS is chip select
from the decoding.

As explained earlier the USER EPROM/RAM socket can be used as

a RAM location. Alterations to the Decode Select Header are
needed.
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Chapter 8 Cassette Interface

27

The EMMA |l uses a computer users tape standard (CUTS)
interface for cassette tape recording of programs.

The monitor program in EMMA I controls the routine for saving
dataon cassette. This routine offers the user two BAUD rates, 300
and 1200 BAUD, (BAUD means bits/sec transmitted). Before
sending data to the cassette a 2.4kHz tone is generated and sent
preceeding data. This gives a lead in tone of approximately 4
seconds for finding the start of programs on tape, then data is sent.

Formatis as follows for data transmissions:

Start Bit Stop Bit
Start Bit

Lead in tone 2 4kHz !-¢—-1sthte4—-{ “__vzmamo_.{
[ OEEEENEREDDENRENEREES

The method of transmission can be seen on the following chart.

1 AIULJUUUULJ l_Z.dkHz
0 l [ l 1.2kHz

1 LJ L 2.4kHz
0 = 1.2kHz

300 Baud

1200 Baud

Example: A byte at 1200 BAUD of data sent out appears least
significant bit first.

Start Bit Stop Bit
4 1

T 7T T~ T T T T "1 T —T1
0 0 0 1 1 0 0 0 ] 1

Lse Data - OC MsB
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Output to cassette is shown below:

*5V

FD®&

0/P TO CASSETTE

2K2
R22

Output To Cassette

The output consists of a simple attentuation and d.c. level control;
C15 acts as afilter for spikes that may occur. '

Input from cassette consists of a dual operational amplifier stage
(358). The potential divider connected to pin3 ensures that both
inputs and the output of the first stage will be biased at the mid point
of supply voltage (2.5V; with 5V supply; the second amplifieris a
non-inverting stage. The circuit diagram is shown below:

I/P FROM CASSETTE

LED 1 is activated from CA2 of ‘6821’; this indicates when
transmission of data is occurring.
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Chapter 9 EMMA || Address Decoding

ADDRESS DECODING
C6
DECODE 76139

SELECT
R12

7432 7408 C"

(o] e ]

C12 7406

29

Inthe EMMA |l system address lines Ag-A15 are decoded to give the
chip select signals required for the memory and I/O circuits.

The circuit diagram for the address decoding.

As can be seen inthe diagram,IC5’ plays an important partin this
section.

‘|C5’ (74139) ia dual 2-4 Decoder/Demodulator. It consists of two
independent decoders.

1 23 15 14 13
| 1]
G A B G A B

Decoder A Decoder B
YOY1Y2Y3 YO YT1Y2Y3

T TTTT

4 5 6 7 121110 9

—aN
0
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Each of these decoders accepting two inputs and providing four
mutually exclusive active ‘low’ outputs, they also have an active ‘low’
enable input. Pin names are as below:

A B Address-Input
G Enable Input
Yo-Y3 Active Low Outputs

Truth table for one decoder:

Inputs Outputs
G A B Yo Y1 Y2 Y3
H X X | H H H H
L L L L H H H
L H L H L H H
L L H H H L H
L H H H H H L

H = High Voltage Level L = Low Voltage Level X = Don’t Care

The first decoding stage

The enable for pin 1 of the 2-4 decoder is provided by an AND
function of A15, A14, A12 atlogic ‘1’. The outputs of the decoder
Y3to YO are enabled for address in the range F8-FF, D8-DF, FO-F7
and DO-D7 respectively, these are selected by inputs at pin 3 and
pin2 (A13, A11). The truth table above shows the order of selection.

In order to maintain compatibility with past EMMA models and
previous VISA expansion units, the address lines A 13, A11 have
been arranged to give a modified address to the expansion
connector. The modified address lines are depicted on the diagram
asA13and A11. Ablock diagram of this is shown below:

FE-FF \
FE-FF ' AddBus V ey
-

LN EMMA Il Address
CPU —/| Decoding

| Memory| )\
Add Bus Y Expansion VISA
| I V

DY J BE—

Add Bus
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When a monitor program is called for with VISA connected:
FE-FF is modified to F6-F7 for VISA address lines. Nothing
exists at this address on VISA so there is no clash with the
EMMA Il monitor.

When an address in the range D8-DD is asked for with memory
expansion and VISA connected:
D8-DD is modified to the range FO-F5. This has the effect of
setting up the data direction buffers in the correct direction.

The logic gating previousto A11’, A13’ enable these alterations to be
made.

The second section of the address decoding :

Enable pin 15is provided by A12, A13, A14, A15through three ‘OR’
functions, providing any one of those are ‘0’ the 2-4 decoding is
enabled and areas 0C-0F, 00-03, 08-0B, are selected by A11 and
A10. A9 selects the 6522 and 6821 interface controllers.

Decode Select Header ofthetotal addressing capability only a limited amount is decoded.
The required address decode is selected by links placedinan IC

Header. The EMMA |l decode select is shown below:-

-IN-‘é\(/DS _____ _l Vpp User
CS Monitor I j___. CS Monitor
CSUser —4 1 _ 1 CS User
CS RAM .___g _____ :] CS RAM

Itisimportant to use the correct header to perform the functions
specified by the EMMA |l manuals. The select header is provided so
that the decoding can be easily adapted to different peripheral
devices.

Note: If aRAMis usedin the user EPROM socket the headerlink

7-10 needs to be placed from pin 8-9. This enables the NWDS line
forthe 6116 RAM.
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Chapter 10 Data Strobe Generation

The 02 clock signal is shaped and buffered by two inverters as

shown below:

d2

$2
(ou

SHT. 1

R/W
(sHT'S 1.88)

$2
(SHT'S 1,4,88)

6 ———————————ONRDS

rS (sHT's 1.28)
7400-b

1C .13

7408-c 7404 -d

7404 -e
IC14 IC. 11 IC. 14

DATA STROBE GENERATION CIRCUIT

(S
P
»—!1A{>o10—-9 (SHT'S 1,2,8°8)

This is then gated with the 6502 R/W signal to provide the two data
strobes required for the RAM and EPROM. These signals are also
supplied to the expansion connector.
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Chapter 11 EMMA |l Single Step Function

33

(shr's 1728) 022 13
(SHT's 8,81) o2XNE
(SHT'S 182) 0L 92

7412 -a
IC.12

4 6 NMI
- (SHT'S 1&8)

SINGLE STEP CIRCUIT

This facility is part of the program debugging facilities. It enables
the user to single step through a program and examine the contents
of accumulator, Xand Y registers

As can be seen above an interrupt can occur on the rising edge of 02
only when both SYNC and CS MONITOR EPROM are high. This
signal sets the S.R. latch which resets when Eprom enable goes low
again. By using open collecter NAND gates (74LS12) the output can
be connected directly to the NMl line.
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Chapter 12 EMMA Il Interconnection Details

The EMMA Il microcomputer is based on a 303mm x 228mm printed
circuitboard. The system layout has been designed to facilitate
teaching. Because of this the principles involved have been to:

a) Separate the elements into identifiable blocks

b) Make all control bus, data bus and address lines accessible
(and identifiable) on 0.1" spacing connector pins.

c) Have easyaccesstothe user|/O ports via standard 4mm
sockets, and 0.1” connector pins.

The microprocessor and support chip diagram for EMMA Il is given

overleaf.

A1 o ol 02
| o o] R/W
I (o o] OV
| >o o1 +5V
| (o o] NMI
I (o o] IRQ
| 1, o1 RsT
: (o o] Nwbs
N i
I [ o o] |
I Po 01 I
| [o o |
I o o |
| ' 5 o] |
AO Po 04 |

SYNC (o o] Dp

Expansion connector pin allocations:
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Part 2 EMMA |l Software

This section of the manual describes the
programming requirements of the EMMA
microcomputer system. It also details the

programming requirements and facilities of the
6522 and 6821 Interface Adaptors.
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Chapter 13 The Microprocessor Structure

Internal Operation The processor is split into two distinct sections: Register Section
and Control Section. The Register Sectionimplements all the data
transfers from external memory together with any data
arithmetic/logic operations that may be required. The control section
which decodes user program instructions accessed sequentially
from external memory. The program operation codes (Op.Codes)
enter the processor via the Data Bus and are latched into the
Instruction Register for subsequent decoding. All memory
addresses are generated by the processor and appear on the
Address Bus.

Each program Instruction requires a number of discrete operations
to effectit. Itis the function of the Timing Control Unit to correctly
sequence these. At the beginning of each instruction the unitis reset
to zero and advanced at the beginning of each 01 clock pulse until
the instruction is completely executed.

The diagram: ‘Control Section - Instruction Decode’ indicates the
scheme. An Op.Code appearing on the data bus is latched into the
instruction register. This is eventually decoded together with timing
control signals, to provide an appropriate sequence of single- cycle
control signals for corresponding registers in the chip register
section. The following diagram: ‘Register Section - Data Bus
Accumulator’ indicates the registers involved in transferring data
from the data bus to the accumulator. The sequence of events would
be determined by the control unit and as dictated by the preceeding
Op.Code. For a simple LDA# (Load accumulator - immediate
addressing mode) instruction, data appearing on the data bus would
be latched into the Data Latch (DL) via the data bus buffer for
subsequent transfer to the accumulator via the internal data bus.

Control Section
Instruction Decode

Register - Instruction :
Select/Control < A Decoie Timing
Signal - Control

-
DL
L - Clock Signals

R/W Signal #———
ﬁlnstruction Operation Code

Instruction
Register

Op Code Latch

8 Bit Data Bus
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ABL

ABH

Control Section m————y

Register Section
| RES IRQ NMi

Internal ADH

{\

743

Index Interrupt
Register = Logicp
Y
\ AR
Index
Register <:>‘
X <— RDY
Stack Point s
K:: Register <
(S) 1
Instruction
<::> Decode
ALU F
Accumulator Timing
A <:> Control
01
PCL 25
R =
> PCH <:>
Processor Clock (1) Ol
™ Status & .
Register P enerator npu
iy Data Input
Latch <: 810ut
L L——» 02 Out
D;taff Bus ¢> 4 . -
uffer i
Instruction
Register
f Data Bus
DO - D7

- Address Bus
> n0-A15
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Register Section - Data
Bus - Accumulator

Register Section

Data Bus - Accumulator

]
- K
Register enable signals
g sequenced/according to
m s .
>—— timing control unit/
ADH DL - ‘3 instruction register
ADH <:> = result
£
3
£
R/W
Data Bus
Buffer <:
To Control
Section

il

Data Bus
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System Bus Operation (General)
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System Bus Operation (Particular)
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System Bus
Operation

From atest and fault finding point of view we do not need to know the
exact flow of data or signals internal to the chip. What is required
however is an intimate knowledge of the signals appearing on the
external address bus, data bus and control lines for each clock cycle
during the execution of any valid program instruction or external
control signal. The diagrams, System Bus Operation - General and
Particular indicate the relative signal timing.

It should be observed from these diagrams that the Address Bus
always contains known data except for a brief period (wheniitis
unstable due to change) at the start of @1 clock cycle, while the data
bus only becomes stable during the later part of 02 and remains so
for a very brief period of @1. During the rest of the time the data bus
is ‘floating’.

Allinternal data transfers take place during @4 and all inter-chip
datatransfer during 0o.

In addition to the registers already mentioned the following may also
beinvolved in any given data transfer/manipulation: Index Register
(XandY), Satck Pointer (S), Arithmetic/Logic Unit (ALU), Program
Counter (PC) and the Process Status Register (P).

So far the internal functioning of the processor has been considered
as being simply under program control. However, the sequence of
program instructions can also be affected by the Interrupt Logic and
the Process Status Register. The Interrupt Logic provides an
interface between the interrupt lines, Reset (RES), Interrupt Request
(IRQ) and Non Maskable Interrupt (NMI) and the processor to ensure
correcttiming, enabling and sequencing of these inputs to the
processor. The processor Status Register controls certain processor
operations which may be required as the result of the processor
arithmetic and logic operations.
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Chapter 14 Data Manipulation

DataBus

Accumulator

43

Datais transferred to and from the microprocessor via the 8-bit
parallel data bus. The diagram shows how external memory is
connected to the internal 8-bit accumulator register by the

bi-directional data bus.

Data Bus (8 Bit Parallel)

Accumulator
A

Memory

All transfers between memory locations must be made through a
microprocessor internal register. The accumulator, or anindex
register, must be used for this purpose.

@® Considerthe following instructions:

Load Accumulator with Memory, LDA

The instruction LDA, causes the microprocessor to transfer data
from memory into the accumulator. The symbolic representation

for this instructionis (M)—A, where the arrow is read as
“transferto” and the brackets as “contents of”.

Store Accumulatorin Memory, STA

The instruction STA, transfers the contents of the accumulator

into memory. Symbolically (A)—M.




EMMA Il Technical Manual

Chapter 15 Arithmetic Unit

The 6502 microprocessor has an 8-bit arithmetic unit, capable of
performing arithmetic and logical operations on data. The
arithmetic unit interconnects with the data bus and the accumulator
as shown below:

I Data Bus I

{ I I

Arithmetic

Logic ’<:> Accumulator Memory
Unit A M

ALU

Since the arithmetic unit handles 8-bit binary numbers, the range

is 0to 255, giving 256 values. If an arithmetic operation gives a result
which s larger that 225, then a ninth bit is generated. This bitis
termed the ‘carry’

ADC Add Memory to Accumulator with Carry

This instruction adds the contents of the memory and the carry to the
accumulator, placing the result in the accumulator. Symbolically

A + M+ C— A. The arithmetic unit can operate in true binary or in
binary coded decimai mode as selected by the user. In decimal
mode the arithmetic unit will treat the 8-bit numbers as two 4-bit
codes, each having a value of 0to 9. Multiple precision arithmetic
can be performed, allowing numbers larger than 255 to be operated
upon. Numbers within the microprocessor may be considered as
positive or negative, depending upon the value of the most
significant bit to represent the sign of the number means that the
number range becomes +127 to —128. Within the microprocessor
there is a binary digit, termed the overflow flag, which indicates when
anerror has occured in operations involving signed numbers. The
format of signed numbers is indicated in the diagram.

7 6 5 4 3 2 1 Bit Position

‘1" Negative
‘0" Positive

Sign Position
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SBC Subtract Memory from Accumulator with Borrow.

This instruction subtracts the value of memory and borrow from the
contents of the accumulator, using two’s complement arithmetic,
and stores the result inthe accumulator. Borrow is defined as the
complement of the carry. When SBC is used on single precision
numbers, the carry must be set before the subtraction is performed.
Symbolically thisisA-M-C— A.

Note: Decimal mode addition and subtraction can only be performed
using unsigned numbers. In binary arithmetic the carry flag is set by
aresult greater than 256; in decimal mode the flag is set with result
greaterthan 99.

The arithmetic unit also has the facility to perform logical operations.

AND Memory with Accumulator

This instruction performs alogical AND of each bit of the
accumulator with each bit of the selected memory, placing the result
inthe accumulator. If resultis zero, the zero flag sets. If the most
significant bit of the resultis ‘1’, the negative flag is set. Symbolically;
AN M- A

ORA Memory with Accumulator

This instruction performs a logical ‘OR’ of each bit of the accumulator
with each bit of the selected memory, placing the resultinthe
accumulator. Symbolically: A\ M— A.

EOR Exclusive OR Memory with Accumulator.

This instruction performs the logical Exclusive OR with accumulator
and memory, on a bit-by-bit basis, placing the resultin the
accumulator.

Note: That the EOR instruction may be used to complement data,
e.g.

LDA 10101101
EOR 11111111
STA 01010010
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Chapter 16 Status Register

The flag signals already mentioned (carry, zero, negative, overflow)
are part of an 8-bit register within the microprocessor. This register
is termed the processor status register, P. Each bit of the P register
represents a totally independent flag:

N Vv B D | z Cc Processor Status Register

[— Carry
Zero Result

Interrupt Disable

Decimal Mode

Break Command
Expansi

Overflow

Negative Result

CARRY Flag (C):

This flag is modified by arithmetic operations, as mentioned earlier.
Itis used by rotate and shift instructions as a ninth bit. The CARRY
bit can be set or reset by the programmer. A SEC instruction will set
and a CLC instruction will reset the flag.

ZEROflag (2):
This flag is set by the microprocessor during any data movement or
calculation operation when the 8-bit result is zero.

INTERRUPT DISABLE flag (1):

This flag disables the IRQinput. The | flag is set by the
microprocessor during reset and interrupt commands; it can also be
set orreset by the programmer, using the SEI or CLI instruction.

DECIMAL MODE flag (D):

This determines whether the arithmetic unit performs true binary or
binary coded decimal arithmetic. The programmer can set or reset
the flag, using the SED or CLD instruction.
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BREAK COMMAND flag (B):

This flag is set only by the microprocessor and is used to determine
during aninterrupt service sequence whether or not the interrupt was
caused by the break instruction or by aNMIi or IRQ. There are no
instructions which can set or reset this bit.

EXPANSION BIT:
This unused flag may appearas a ‘1’ or ‘0’ when the status registeris
examined. This flag will be used in expanded versions of the 6502.

OVERFLOW flag (V):

When using signed numbers, this fiag will indicate when the 7bit
result overflows into the sign bit. If not using signed numbers this flag
can beignored. If this flag is set after a signed number add or
subtract, the programmer must apply a sign correction routine. The V
flagis also used to indicate the state of bit 6 on the data tested with
the BIT instruction.

NEGATIVE flag (N):
The N flag takes the state of bit 7 of the resulting value in all data
movement and arithmetic operations. Thus, when using signed
numbers, the N flag indicates whether data is positive ('0’) or
negative (‘1).
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Chapter 17 Program Counter

To work through a sequence of instructions as it automatically
executes a program, the microprocessor has to have a register which
keeps track of the address of the next location to be accessed. The
interconnection of microprocessor registers, including the program
counter, is shown below:

<>
K—>

l

ALU K >f A

I I
apL_ |

PCH P

Internal

L Internal ADH

ABL \}

Memory

LHL

The program counter is a 2-byte register, giving an address which
can access 65,536 (64K) locations. The lower 8-bits of address are
provided by the program counter low register (PCL), the upper 8-bits
are provided by the program counter high register (PCH).

The 16-bitaddress held in the program counter is transmitted to the
external memory via the address bus.

Having been initially set to the address at which a program
commence, the program counter willincrement automatically after
each fetch operation. To change the sequence of the program,
certain instructions are provided which allow the programmer to
modify the contents of the program counter.

JMP Jump to New Location

Inthis instruction, the data from the memory location accessed next
in sequence after the JMP code is loaded into PCL and the data in the
nextlocation after that is loaded into PCH.
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Example of JMP instruction:

Address Data Comments

0024 JMP Jump tolocation 0937
0025 37 New PCL byte

0026 09 New PCH byte

0937 Nextinstruction

This method of forming the address from the next two bytesin
sequence after the instruction is termed the absolute addressing
mode. The jump instruction can also make use of indirect addressing
as described later.

Note: that the jump instruction is not conditional on any test; i.e.,
whenever a jump instruction is accessed in a program the program
counter will always be modified.

To allow for conditional modification of the program counter,
dependant upon the state of a flag, the 6502 has a number of branch
instructions. All branch instructions are relative; i.e. the program
counter contents will be increased or decreased by an amount given
as data by the programmer.

BMI Branch on Result Minus
Thisinstruction branches if the N flag is set.

BPL Branch on Result Plus
This instruction is complementary to BMI; i.e.,.branch occurs when
Nflagisreset.

BCC Branch On Carry Clear
This instruction branches conditional on the C flag being reset.

BCS Branch on Carry Set
Branch occurs when carry is set.

BEQ Branch on Result Zero
Branch occurs conditional on the Z flag being set.

BNE Branch on Result Not Zero
Branchwhen Z flag reset.

BVS Branch on Overflow Set
Branch occurs when the V flag is set.

BVC Branch on Overflow Clear
Branch occurs when the V flag is reset.
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Note: Thatabranchis limitedto +127 or —128 relative to the current
program counter location. Complementary branch instructions are
given with the 6502 microprocessor to facilitate branching outside
this range. Consider that a branch of several pages is required

ifthe carry is set.

Address  Data Comments

0031 BCC Branchon carry clear
0032 +3

0033 JMP Jump to address 1243
0034 43 PCL

0035 12 PCH

0036 Next instruction

If carry is not set the jump instruction will be by-passed. If carry is set
the jump will modify the program counter to 1243.

Note: that when the branch instruction at address 0031 isto be
obeyed, the data at address 0032 will be fetched. The program
counter willthen hold 0033, therefore the data at 0032 must
increment (or decrement) the program counter from 0033. Inthe
example, 0033 + 3 gives address 0036 as the address of the next
instruction.

There are two 6502 instruction which are designed only to set flags,
prior to testing for a branch instruction.

CMP Compare Memory and Accumulator This instruction subtracts
the contents of memory from the contents of the accumulator.
Symbolically; A - M. This instruction does not change the
accumulator or the memory, it simply sets or resets flags as a result
of the subtraction.

ZflagsetsifA-M =0, resetif A-M+# 0

N flag sets if result negative (bit 7 ‘1)

Cflagsetsif Mislessthan, orequalto, A.

BIT Test Bits in Memory with Accumulator
This instruction performs a logical AND between a memory location
and the accumulator. Symbolically; M A A. Thisinstruction does
not change the accumulator or the memory; it simply sets or resets
flags.

N flag takes the value of bit 7 of the memory being tested.

Vflag takes the value of bit 6 of the memory being tested.

Zflag setsifthe result of the AND is zero.

Full details of the 6502 instruction set are given in the Appendix of
the EMMA Il User Manual.
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Chapter 18 Addressing Modes
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The 6502 uses a 16-bit address bus, enabling the microprocessor to
access 64K locations. There are a number of methods available to
the programmer for forming the address required for use during the
execution of an instruction.

These addressing modes fall into two categories, non-indexed and
indexed.

To consider first the non-indexed methods.

Implied Addressing

The instruction will consist of a 1-byte operation code, causing an
operation internal to the microprocessor. No external memory
addressis necessary for this type of instruction; e.g.,CLD clear
decimal flag.

Immediate Addressing
The instruction will comprise 2-bytes. The first byte will be an
operation code, the second byte will be the data to be operated upon.

Address Data Comments

0024 A9 Thisis aload accumulator
instruction

0025 FF Data FF is loaded to accumulator

0026 nextinstruction

Absolute Addressing
Gives a 3-byte instruction. Instruction comprises a 1-byte operation
code, followed by a low-byte address, then by a high-byte address.

Address Data Comments

0042 AD Thisis aload accumulator
instruction

0043 03 The accumulator is loaded with
the data stored at 0903

0044 09

0045 Next instruction
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Zero Page Addressing
Gives 2-byte instructions. 1-byte is given to the operation code, with
the second byte being a location on zero page of the memory.

Address Data Comments

OE10 A5 Thisis aload accumulator
instruction

OE11 32 The accumulator loads with the
dataat0032

OE12 Next instruction

Zero page is a form of absolute addressing but being a 2-byte
instruction it takes only 3 machine cycles, unlike absolute addressing
which takes 4 machine cycles. Program execution can be made
more rapid by locating frequently accessed data on page zero and
thus reducing the number of machine cycles.

Relative Addressing

This type of addressing is used only by branch instructions. The
instructions are two byte, a 1-byte operation code for a branch being
followed by a 1-byte offset which can modify the program counter to
amaximum of +127to —128.

Address Data Comments
0214 30 Branchonresultminus (Nflag= ‘1’
0215 42 Offset of 42, ie program counter
+42
0258 Next instruction. Note: that the program
counter contains 0216 before it is
incremented by 42.

The offsetis interpreted as a signed hexadecimal number.

More powerful addressing methods are possible if the
microprocessor computes the address using the index register
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Absolute indexed
Absolute indexed addressing is absolute addressing with an index
register added to the absolute address.

Address Data Comments

0231 BD Load accumulator, absolute, X.

0232 4C The accumulator will be loaded
with the data held at address

0233 03 (034C + contents of index
register X).

Absolute indexed addressing may make use of register X or
registerY.

Zero Page Indexed
The operation code is followed by a 1-byte address, to which is
added the contents of index register X.

Address Data Comments
0200 B5 Load accumulator, zero page X
0201 F3 The accumulator is loaded with

the data held at address (00F3 + X)

Note that this indexing mode cannot change page;i.e..should the
modified address generate a carry it will be ignored. For the above
example, ifindex register X contained 15, then the accumulator
would be loaded from F3 + 15 =08.

Indexed Indirect Addressing

Instructions will comprise 2-bytes: a 1-byte operation code followed
by a 1-byte zero-page address. This address will be added to the
contents of the X register to give the zero page location of the low
address byte. The next location will provide the high address byte.
Thisis shown pictorially.

Pictorially:

0200 OP CODE
0201 ADDRESS KK

00(KK +Index X) [ LOW ADDRESS BYTE (LL) J

00(KK +Index X +1) [ HIGH ADDRESS BYTE (MM)

AN

MMLL DATA




EMMA Il Technical Manual

Whilst this addressing code does provide a method of accessing a
2-byte address using only a 2-byte instruction, it does necessitate
devoting part of zero page to address storing. It also takes 6 machine
cycles to execute this form of instruction:

Note that the computed address formed will always be on page zero,
if a carry is generated during the addition of index register X it
isignored, in similar manner to that mentioned in zero page indexed
mode.

Indirect Indexed Addressing
This is an extension of the previous mode, giving a computed
address on any memory page.

Pictorially:

0200 OP CODE
0201 ADDRESS KK

00KK l LOW ADDRESSBYTE LL J

00KK+1 1 HIGH ADDRESS BYTE MM J

~

MMLL + Index Y DATA

This method does permit page crossing, i.e. if LL + Y generates a
carry then this will be added to MM.

Indirect Absolute Addressing

This mode applies only to the JUMP instruction, the 2-byte address
code, following the operation code gives access to the low byte data
address, incrementing by 1, gives the high byte data address.

Pictorially:

0200 OP CODE

0201 | ADDRESS KK

0202 | ADDRESSLL

Pl

LLKK ADDRESS MM
LLKK+1 ADDRESS NN

NNMM DATA
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Index Register Applications

The primary use of the index registers, Xand Y, is as offset registers
and counters for computed addresses. Both registers have
instructions for increment, decrement, compare with memory,
transfer to and from accumulator, load from memory and store in
memory. This range of instructions makes the index registers useful
for interim storage of data.
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Chapter 19 Stack Processing

6502 Instructions
Which Utilize The
Stack Area

For most programming operations itis convenient to use known
memory locations for the storage of data. However, the precise
memory location is not known, only the order in which data may be
sequenced being known. This type of programming is called
re-entrant coding and is often used in servicing interrupts.

Toimplement this type of addressing the microprocessor has a
separate address generator, termed the stack pointer, S, which is
used by the program to access memory.

The stack pointer uses the push down stack concept, for example
consider 4 data bytes which are to be stored in sequence, DATA
DATA, DATA3DATA4. The stack pointer will store DATA4, then
decrement, store DATA,, then decrement, etc. After 4 store
operations we will have

Address Data
(A) DATA,
(A-1) DATA,
(A-2) DATA,
|Stack Pointer > (A-4)

The datais stored in sequential locations, with the stack

pointer always pointing to the next ‘empty’ location. In recalling the
data from stack, the stack pointer will repeatedly increment. Thus, in
the example given, DATA4 is accessed first, then DATAg, then
DATA,, then DATA;. Leaving the stack pointer pointing to location A.

For the 6502, the stack pointer is an 8-bit register, with most
significant address byte setto 01. Thus, the stack uses page 1, with
the pointer resetting to FF. Allowing all page 1 for stack operations
gives a 256 location stack.

A list of the 6502 instructions which utilize the stack can be found
overleaf on page 57.
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JSR Jump to Subroutine

This instruction changes the program counter contents to the start
location of the subroutine, but before this change occurs, the last
address accessed is stored on the stack. This permits the
microprocessor to return to continue the program when the
subroutine has been completed.

Toillustrate the JSR instruction:

Program Counter Memory Contents

0400 JSR

0401 1E Subroutine starts

0402 2F at2F1E

Stack Pointer Stack Contents

O1FF 04 Return address

O1FE 02 0402 isplaced on
the stack

The JSR instruction takes 6 machine cycles. During the return from
subroutine instruction the program counter is incremented causinga
return to the next program instruction , i.e. for the above example, the
program counter contents of 0402 are restored and then
incremented to 0403 before the return from subroutine is completed.

RTS Return from Subroutine

This instruction loads the program counter low and program counter
high from the stack to the program counter. The stack pointer will
increment twice during this instruction.

The complete sequence for executing a subroutine is:

Address Data

0200 JSR
0201 12
0202 03 Address Data

0203 Nextinstruction 0312 First Instruction
: of subroutine

03XX  RTS
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PHA Push Accumulator on Stack

This instruction transfers the current value of the accumulator

to the next location on the stack, automatically decrementing the
stack to pointer to the next empty location.

The symbolic notation for this operationis A | . Note that the notation
means push onto stack, T means pull from the stack.

PLA Pull Accumulator from Stack

This instruction increments the stack pointer, then loads the
accumulator from this incremented pointer address.
Symbolically: A 1 .

The stack push and pullinstructions enable the programmer to make
use of the stack for temporary data storage during programs.

TXS Transfer Index X to Stack Pointer
This instruction transfers the value in the index register X to the
stack pointer. Symbolic notation is X—S.

TSX Transfer Stack Pointer to Index X

This instruction transfers the value in the stack pointer to the index
register, X.

Symbolic notation is S—X.

PHP Push Processor Status on Stack

This instruction transfers the contents of the processor status
register to the stack. Symbolically, P | . Note that the status register
contents are automatically saved when an interrupt occurs, but not
saved on a jump to subroutine.

PLP Pull Processor Status from the Stack

This instruction increments the stack and transfers the data
accessed to the status register.

58




EMMA Il Technical Manual

Chapter 20 Reset and Interrupts

Reset

Interrupts

59

When areset signal is applied to the microprocessor it fetches a
2-byte address from pre-determined memory addresses and loads
this address into the program counter. The 2-bytes forming the
fetched address are termed vectors.

The 6502 fetches its reset vectors from addresses FFFC (PCL) and
FFFD (PCH). Forthe ‘EMMA’, the monitor program resides at pages
FE and FF, thus the reset vectors are within the monitor.

The 6502 can be interrupted during the execution of a program by
an external signal. Before responding to an interrupt the
microprocessor will complete its currentinstruction. The current
program counter address (2-bytes) and the status register contents
are then placed on the stack so that the microprocessor can return to
its current program after the interrupt has been serviced.

Two types of interrupt are available with the 6502:

(i) Non-maskable interrupt, NMI, thisis an edge sensitive inputto
the 6502, an internal flag is set whenever the NMl input goes
from ‘1’ to ‘'0’. This input cannot be disabled by the
microprocessor. The NMI vectors are obtained from FFFA
and FFFB.

(ii) Interruptrequest, IRQ this is alevel sensitive input to the 6502.
An interrupt will occur when the iIRQ inputis at'0’ if the interrupt
disable flag (bit 2 of the status register) is reset. The IRQ vectors
are obtained from FFFE and FFFF.

If both NMI and IRQ occur the 6502 will give priority tothe NMI.
Peripheral devices may be wire OR’d to the NMI and IRQ lines, but it
must be noted that the edge triggering of the NMI does make a
difference to the interrupt handling. With the IRQ/line, any number of
devices may hold this line low. Each device will be serviced before
the line goes high, clearing the IRQ. Once a device has set the NMI
flag, other 1—0 edges will be ignored.

All interrupt routines should end with the single byte return from
interruptinstruction, RTI, which restores the interrupted program
and continues normal execution.

The time taken to initiate interrupts means that only devices with
byte transfer rates below about 40kHz should use the interrupt
facility.
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BRK Break Command

The break command is an instruction which causes an interrupt
sequence. Typical use for the break command is in program
debugging, where the sequence of instruction execution may be
interrupted at any chosen point. When a break command is received
by the microprocessor, the contents of the program counter +2 is
placed on the stack, and the program counter is loaded with the
vectors at FFFE and FFFF. Symbolic notation for thisis PC2 |
(FFFE)—PCL, (FFFF)— PCH. The status register (P) is also pushed
onto the stack (at stack pointer +1) when a BREAK occurs. The
programmer can examine the BREAK flag within this register to
determine whether the interrupt was caused by a software BREAK
orahardware iRQ.
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Chapter 21 Further Arithmetic and Logical Commands
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LSR Logical Shift Right

This instruction shifts either the accumulator or a specified memory
contents 1 bitto the right. The high bit of the resultis always set to
‘0’, the low bit is shifted into the carry flag.

Effect of LSR command on the status register:

The shift right does not affect the overflow flag.
The Nflagis always reset.

The Z flag indicates the condition of the resuilt.
The carry flag is set equal to bit 0 of the input.

(i
(i
(ii

(iv

~— e T

ASL Arithmetic Shift Left

This instruction shifts either the accumulator or a specified memory
contents 1 bit to the left. The low bit of the result is always set to

‘0’ the high bit is shifted into the carry flag.

Effect of ASL command on the status register:

(i) overflow flag not affected.

(i) theNflagis setequaltobit 7 of the result (bit 6 of input).
(iii) theZflagissetifresultequalzero, otherwise reset.

(iv) thecarryflagis setequaltobit7 of the input.

ROL Rotate Left

This instruction shifts either the accumulator or a specified memory
location 1 bitto the left. Input carry is transferred into bit O, bit 7 is
transferred into the carry. As well as affecting the carry flag, this
instruction sets N equal to input bit 6, sets Z flag if resultis zero.

ROT Rotate Right
As for ROL, but shift is to the right, with carry to result bit 7, bit 0 into
carry.

INC Increment Memory by One
This instruction adds 1 to the addressed memory location. Symbolic
notationM +1 —M.

DEC Decrement Memory by One
This instruction subtracts 1,in 2's complement from, fromthe
contents of the addessed memory location.
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Chapter 22 6522, Versatile Interface Adaptor (VIA)

This device has been explained to some extent already in the user
manual. This section endeavours to look at it in more detail.

This device contains two 8-bit buffer registers which access port A
and port B on the ‘EMMA’ board. In addition, the 6522 provides two
powerful interval timers a serial to parallel/parallel to serial shift
register and data latching on the peripheral ports.

A complete block diagram of the 6522 is given below:

Interrupt
Control 1.7}
Flags
{IER) Input
Enable Latch
(IER) ‘b‘.:}f,m”‘ -
uffers
Data Data [ : A (ora) <:> PA) <:>’°°"A
Bus Eus [ DataDir |
Buffers (DDRA)
‘eripheral
ipoR) ] Registors
Auxiliary
{Ach) ca1
RW ] Function PortA CAz
Control ‘“‘;';"é' =
0
T Q—
S Handshake
cs1
- Tatch Tatch Control
> Chip _(MLH) 1 ML) Shift Reg & CB1
o34 Access —‘/L Counter | Counter (SR A B2
Control (TIC-H) (TIC-L) _
B it Timer 1 Port BRegisters
RS1
Timer2 | | |
RS2 Latch Buffers PortB
= maey_ | Y] (oRs) PB) °
RS3 » Counter ; Counte Data Dir
(T2C-H) ; (T2C-L) (DDRB)

The register select lines, RS0, RS1, RS2, RS3, are connected to the
lower 4-bits of the address bus. The code selected for these
determine the 6522 register with which the microprocessor will
communicate. The decoding for the chip select signal, CS1, CS2,
place the 6522 on page 09 of the ‘EMMA’ memory map.

PERIPHERAL PORTS, (PAp-PA7), (PBp-PB7)

The peripheral ports each comprise eight lines which can be
individually programmed to act as an input or an output under control
of a data direction register. With '0’ loaded into a bit of the data
direction register, the corresponding bit of the port will act as an input.
A ‘1’ causes the bit of the port to act as an output.

Address Register Function

0900 Data Register, B

0901 Data Register, A

0902 Data Direction Register, B.

0903 Data Direction Register, A.
_J
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Output Register B (ORB)
Input Register B (IRB)
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Each peripheral pin is also controlled by a bit in the Output Register
(ORA, ORB) and an Input Register (IRA, IRB). When the pinis
programmed as an output, the voltage on the piniis controlled by the
corresponding bit of the Output Register. A1’ in the Output Register
will cause the output to go high, and a'0’ causes the output to go low;
this my be written into the Output Register bits corresponding to pins
which are programmed as inputs. In this case, however, the output
signal is unaffected.

Reading a peripheral port causes the contents of the Input
Register (IRA, IRB) to be transferred onto the Data Bus. Withinput
latching disabled, IRA will always reflect the levels on the PA pins.
With input latching enabled, IRA will reflect the levels on the PA
pins at the time the latching occurred (via CA1).

The IRB register operates in a similar way to the IRAregister.
However, for pins programmed as outputs there is a difference.
When reading IRA, the level on the pin determines whetheraOora
1 is sensed. When reading IRB, however, the bit stored in the output
register, ORB, is the bit sensed.

Thus, for outputs which have large loading effects and which pull an
output “1” down or which pull an output “0” up, reading IRA may
resultin reading a “0” when a “1” was actually programmed, and
readinga “1” when a “0” was programmed. Reading IRB, onthe
other hand, will read the “1” or “0” level actually programmed, no
matter what the loading on the pin. The following diagrams illustrate
the formats of the port registers.

The input latching modes are selected by programming of the
Aucxiliary Control Register.

" REG 0 - ORB/IRB

—
I—- PBO
L—— PB1
‘- PB2
PB3 — Output Register ‘B’ (ORB)
PB4 OR
PB5 Input Register ‘B’ (IRB)
PB6
PB7 -~
Pin
Data Direction Write Read
Selection
DDRB = ‘1’ (Output) MPU Writes Output Level MPU Reads Output Register
(ORB) Bitin ORB pin. Level has
no affect
DDRB = ‘0’ (Input) MPU Writes into ORB but MPU reads inputlevel on PB
(Input latching disabled) No effect on pinlevel pin
until DDRB changed
DDRB = ‘0’ (Input) MPU reads IRB bit whichis the
(Input latching enabled) level of the PB pin at the time
of the last CB1 active
transition
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Output Register A (ORA)
Input Register A (IRA)

Data Direction Registers
(DDRB, DDRA)

R

REG 1 - ORA/IRA

PAO0 —
PA1
PA2
PA3 Output Register ‘A’ (ORA)
PA4 OR
PA5 Input Register ‘A’ (IRA)
PA6
PA7
Pin
Data Direction Write Read
Selection
DDRA = ‘1" (Output) MPU Writes Output Level MPU Reads Level on PA Pin
(Input Latching Disabled) (ORA)
DDRA = '1' (Output) MPU reads IRA bit which is the
(Input Latching Enabled) Level of the PA Pin atthe time
ofthe last CA1 active
transition
DDRA = ‘0’ (Input) MPU Writes into ORA but MPU reads level on PA Pin
(Input Latching Disabled) No effecton pin level
until DDRA changed
DDRA = ‘0’ (Input) MPU reads IRA bit whichiis the
(Inputlatching enabled) level of the PA pin atthe time
ofthe last CA1 active
transition

71615 4]3]2]1]0

L PBO/PAO |

PB1/PA1
PB2/PA2
PB3/PA3 —
PB4/PA4
PB5/PAS
PB6/PA6

PB7/PA7 —

REG 2 (DDRB) AND REG 3 (DDRA)

Data Direction Register
‘B’ or ‘A’ (DDRB/DDRA)

‘0" Associated PB pin is an input (high impedance)

‘1" Associated PB pin is an output whose level is

determined by ORB register bit
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Handshake Control of Data Transfer

The 6522 allows positive control of data transfers between the
system processor and peripheral devices through the operation of
“handshake” lines. Port A lines (CA1, CA2) handshake data on both
aread and a write operation while the Port B lines (CB1, CB2)
handshake on a write operation only.

Read Handshakes

Positive control of data transfers from peripheral devices into the
system processor can be accomplished very effectively using Read
Handshaking. In this case, the peripheral device must generate the
equivalent of a “Data Ready” signal to the peripheral port. This
signal normally interrupts the processor, which then reads the data,
causing generation of a “Data Taken” signal. The peripheral device
responds by making new data available. This process continues until
the data transferis complete.

Inthe 6522, automatic “Read” Handshaking is possible on the
Peripheral A portonly. The CA1 interrupt input pin accepts the
“Data Ready” signal will set an internal flag which may interrupt
the processor or which may be polled under program control. The
“Data Taken” signal can either be a pulse or alevel which is set low
by the system processor and is cleared by the “Data Ready* signal.
These options are shown below which illustrates the normal Read
Handshaking sequence.

JU UL UL ULL

Data Ready

I
cA1 { j
<
iRQ Output ________I ]____
; 1
Read IRA Operation i I ]
Data Taken i
Handshake Mode
CA2 .
ff
Data Taken it i
Pulse Mode
CA2
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Peripheral Control
Register (PCR)

Write Handshake

The sequence of operation which allows handshaking data from the

system processor to a peripheral device is very similar to that

described for READ Handshaking. However, for Write Handshaking,

the 6522 generates the “Data Ready” signal and the peripheral
device must respond with the “Data Taken” signal. This can be

accomplished on both the PA port and the PB port onthe 6522. CA2
or CB2 act as a “Data Ready” output in either the handshake mode
or pulse mode and CA1 or CB1 accept the “Data Taken” signal from

the peripheral device, setting the interrupt flag and clearing the

“Data Ready” output. This sequence is shown in the timing diagram

below.

Write ORA ORB
Operation

Data Ready ——

Handshake Mode

CA2CB2 &
Data Ready 5§ <

Pulse Mode |

(CA2 CB2) | SR

Data Taken —

(CA1CB2) [ ' ‘]

IRQ Output

Selection of operating modes for CA1, CA2, CB1 and CB2is
accomplished by the Peripheral Control Register (PCR).

The mode of operation of the “handshake” control lines is

determined by the programming of the Peripheral Control Register.

Detail of this control register is given below.

ELENEENE
v J b1 l
CA1 Interrupt Control

CB2 Control — ]
0 = Negative active edge

1 = Positive active edge

7] 6] 5] Operation

0] 0] 0} Inputnegative active edge

CA2 Control

0| 0} 1| Independentinterruptinput

neg edge

1| Operation

0] 1] 0] Inputpostive active edge

0| 0| Inputnegative active edge

0| 1] 1| Independentinterrupt -
) 0| 1| Independantinterrupt
input pos edge

inputreg edge
1] 0] 0] Handshake output = 5
0| 1] O} Inputpositive active edge
1] 0] 0| Pulseoutput 3
1] 1| Independantinterrupt
1] 1] 0| Lowoutput .
input pos edge
1] 1| 1] Highoutput
1] 0] 0] Handshake output
CBH1 Interrupt Control 1] 0] 1] Puiseoutput
0 = Negative active edge 1] 1] 0} Lowoutput
1 = Positive active edge 1| 1] 1] Highoutput
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(A) T1 Counter Registers

67

Timer Operation

Interval Timer T1 consists of two 8-bit latches and a 16-bit counter.
The latches are used to store data which is to be loaded into the
counter. After loading, the counter decrements at 02 clock rate. Upon
reaching zero, an interrupt flag will be set, and IRQ will go low if the
interruptis enabled. The timer will then disable any further interrupts,
or will continue to decrement. In addition, the timer may be
programmed to invert the output signal on a peripheral pin each time
it “times-out”. Each of these modes is discussed separately below.

The T1 counter and latches are depicted below:

71 615 4|3 2[1]0

16
32
64

I._. 1]

128 -~

Write - 8 bits loaded into T1 low order
latches latch contents are transferred
into low order counter at the time the
high order counter is loaded (Reg 5)

Read - 8 bits from T1 low order counter
transferred to MPU in addition

T1 interrupt flag is reset (Bit 6

in interrupt flag register).

Timer 1 Low Order Counter

Count
Value

7|1 6] 5| 4] 321110

I— 256

512
1024
2048 —
4096
8192
16384
32768

Write - 8 bits loaded into T1 high order
latches. Also at this time both

high and low order latches

transferred into T1 counter

T1 interrupt flag also is reset

Read - 8 bits from T1 high order counter
transferred to MPU

Timer 1 High-Order Counter

Count
Value
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(B) T1 Latch Registers

s

@ N =

16
32
64

128

Write - 8 bits loaded into T1 low order
latches/this operation is no
different than a write into Reg 4.

Read - 8 bits from T1 low order latches
transferred to MPU. Unlike Reg 4
operation this does not cause

reset of T1 interupt flag.

Timer 1 High-Order Latches

Count

Value

L 256

512
1024
2048 —
4096
8192
16384

32768~

Write - 8 bits loaded into T1 high order
latches unlike reg 4 operation.

No latch to counter transfers

take place

Read - 8 bits from T1 high order latches
transferred to MPU.

Timer 1 Low-Order Latches

Count
Value

Two bits are provided in the Auxiliary Control Register (bits 6 and 7)
to allow selection of the T1 operating modes. The four possible

modes are depicted overleaf.

Note: The processor does not write directly into the low order counter
(TIC-L). Instead, this half of the counteris loaded automatically

from the low order latch when the processor writes into the high order
counter. Infact, it may not be necessary to write to the low order
counter in some applications since the timing operation is triggered
by writing to the high order counter.

68




EMMA Il Technical Manual

Auxiliary Control Register

7161541321 1]0

1
| LI UL B P
T1 Timer Control Latch Enable Disable
PB =
7| 6| Operation PB7 ?? E'Saé’I':L G
o1 0] Timedinterrupt el
eachtime T1is Disabled
Ioadgd Shift Register Control
0| 1| Continuous
Interrupt 4| 3| 2| Operation
11 0] Timedinterrupt One shot ol ol 0| Disabled
eachtimeT1is Output v
0| 0] 1| Shiftinunder controlof T2
loaded ik
11 1| continuous Square 0| 1| o Shiftinunder control of 02
interrupts wave 0| 1| 1| Shiftinundercontrol of EXT CLK
output 1] 0| 0| ShiftoutfreerunningatT2rate
1] 0| 1| Shiftoutundercontrolof T2
T2 Timer Control 1] 1| 0| Shiftoutundercontrolof 02
5] Operation 1] 1| 1| Shiftoutunder controlof EXT CLK

o

Timed interrupt

=&

Countdown with

pulseson PB6

Timer 10One-Shot Mode

The interval timer one-shot mode allows generation of a single
interrupt for each timer load operation. As with any interval timer, the
delay between the “write TIC-H” operation and generation of the
processor interrupt s a direct function of the data loaded into the
timing counter. In addition to generating a single interrupt, Timer 1
can be programmed to produce a single negative pulse on the PB7
peripheral pin. With the output enabled (ACR7=1) a “write TIC-H”
operation will cause PB7 to go low. PB7 will return high when Timer 1
times out. The result is a single programmable width pulse.

In the one-shot mode, writing into the high order latch has no effect
onthe operation of Timer 1. However, it will be necessary to ensure
that the low latch contains the proper data before initiating the
count-down with a “write TIC-H” operation. When the processor
writes into the high order counter, the T1 interrupt flag wiil be cleared,
the contents of the low order latch will be transferred into the low
order counter, and the timer will begin to decrement at system clock
rate. If the PB7 output is enabled, this signal will go low on the phase
two following the write operation. When the counter reaches zero,
the T1 interrupt flag will be set, the IRQ pin will go low (interrupt
enabled), and the signal on PB7 will go high. At this time the counter
will continue to decrement at system clock rate. This allows the
system processor to read the contents of the counter to determine
the time since interrupt. However, the T1 interrupt flag cannot be set
again unless it has been cleared as described in this section.
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Timing for the 6522 interval timer one-shot modes is shown below:

Timer 1 Free-Run Timing

S [ U O A A D
Write TICH ] ﬁ‘ > . ———

IRQ Output I S )
|- e |
PB7 Output A._l ji — =
N | N1 N2 N3 | 0 N N1 N2 N3
e — N + 15 Cycles —

Timer 1 Free-Run Mode

The mostimportant advantage associated with the latches in T1 is
the ability to produce a continuous series of evenly spaced interrupts
unaffected by variations in the processor interrupt response time.
This is accomplished in the “free-running” mode.

Inthe free-running mode, the interrupt flag is set and the signal on
PB7 is inverted each time the counter reaches zero. However,
instead of continuing to decrement from zero after a time-out, the
timer automatically transfers the contents of the latch into the
counter (16 bits) and continues to decrement from there. The
interrupt flag can be cleared by writing TIC-H, by reading TIC-L, or by
writing directly into the flag as described later. However, it is not
necessary to rewrite the timer to enable setting the interrupt flag on
the next time-out.

Allinterval timers in the 6522 are “re-triggerable”. Rewriting the
counter will always re-initialize the time-out period. In fact, the
time-out can be prevented completely if the processor continues to
rewrite the timer before it reaches zero. Timer 1 will operate in this
manner if the processor writes into the high order counter (TIC-H).
However, by loading the latches only, the processor can access the
timer during each down counting operation without affecting the
time-outin process. Instead, the data loaded into the latches will
determine the length of the next time-out period. This capability is
particularly valuable in the free running mode with the output
enabled. In this mode, the signal on PB7 is inverted and the interrupt
flag is set with each timeout. By responding to the interrupts

with new data for the latches, the processor can determine the period
ofthe next half cycle during each half cycle of the output signal on
PB7. Inthis manner, very complex waveforms can be generated.
Timing for the free-running mode is shown:
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Timer 2 Low-Order
Latch/Counter

71

| | [
Write TIC-H i
Operation 7 - ‘
\

1RQ Output

PB7 Output

|
L; N + 15 Cycles SR I Y 2 Cycles ——-—j

Note: A precaution to take in the use of PB7 as the timer output
concerns the Data Direction Register contents for PB7. Both DDRB
bit 7and ACR bit 7 must be 1 for PB7 to function as the timer output. If
oneis 1 andthe otheris 0, then PB7 functions as a normal output pin
controlled by ORB bit 7.

Timer 2 Operation

Timer 2 operates as an interval timer (in the “one-shot” mode only),
or as a counter for counting negative pulses on the PB6 peripheral
pin. A simple control bitis provided in the Auxiliary Control Register to
select between these two modes. This timer consists of a ‘write-only’
low order latch (T2L-L), a ‘read only’ low-order counter and a read/
write high order counter. The counter registers act as a 16-bit counter
which decrements at 02 rate. The diagram below illustrates

T2 counter Registers.

=

Count

Value

128

Write - 8 Bits loaded into T2 low order
latch

Read - 8 Bits from T2 low order counter
transferred to MPU T2 interrupt flag is reset
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Timer 2 High-Order
Latch/Counter

256
— 512
———— 1024
2048 —
4096
8192
16384
32768~

Count

Value

Write - 8 Bits loaded into T2 high order
counter also low order latch
transferred to low-order

counter in addition. T2 interrupt

flag is reset

Read - 8 Bits from T2 high order counter
transferred to MPU

Timer 2 One-Shot Mode

As aninterval timer, T2 operates in the “oneshot” mode similar to
Timer 1. In this mode, T2 provides a single interrupt for each “write
T2C-H” operation, After timing out, the counter will continue to
decrement. However, setting of the interrupt flag will be disabled
after initial time-out so that it will not be set by the counter continuing
to decrement through zero. The processor must rewrite T2C-H to
enable setting of the interrupt flag. The interrupt flag is cleared by
reading T2C-L or by writing T2C-H.

Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to counta
predetermined number of negative-going pulses on PB6. This is
accomplished by first loading a number into T2. Writing into T2C-H
clears the interrupt flag and allows the counter to decrement each
time a pulse is applied to PB6. The interrupt flag will be set when T2
reaches zero. At this time the counter will continue to decrement with
each pulse on PB6. However, itis necessary to rewrite T2C-Hto
allow the interrupt flag to set on subsequent down-counting
operations. Timing for this mode is shown below. The pulse must
be low on the leading edge of 02.

Write T2C-H | l
Operation

PB6 Input

I

N | N1 | N3 4 2 | 1 | 0

iRQ Output
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SR and ACR Control
Bits

Auxiliary Control
Register

73

Shift Register Operation

The Shift Register (SR) performs serial data transfers into and out of
the CB2 pin under control of an internal modulo-8 counter. Shift
pulses can be applied to the CB1 pin from an external source or, with
the proper mode selection, shift pulses generated internally will
appear on the CB1 pin for controlling external devices.

The control bits which select the various shift register operating
modes are located in the Auxiliary Control Register. Figure below
illustrates the configuration of the SR data bits and the SR control
bits of the ACR.

ift Register Shift Register
7| 6| 5] 4| 3 1

Shift
— Register
Bits

n
o

I
]

Notes:

1 When shifting out bit 7 is the first bit
out and simultaneously is rotated back
into bit 0

2 When shifting in bit 5 initially enter bit 0
and are shifted towards bit 7

Shift Register
Mode Control

Operation
Disabled
Shiftin under control of T2

Shiftin under control of 02
Shiftin under control of EXT CLK
Shift out free running at T2 rate

Shift out under control of T2

Shift out under control of 02
Shift out under control of EXT CLK

2 |=j=|= oo |Oo|jo |+

a |- lojlo|= |~ |©|O |w
< o= o= |o|=|o|M
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Operation of the
Various Shift
Register Modes

SR Disabled (000)

The 000 mode is used to disable the Shift Register. In this mode the
microprocessor can write or read the SR but the shifting operation is
disabled and operation of CB1 and CB2 is controlled by the
appropriate bits in the Peripheral Control Register (PCR). In this
mode the SR Interrupt Flag is disabled (held to logic 0).

Shiftin Under Control of T2 (001)

Inthe 001 mode the shifting rate is controlled by the low order 8 bits
of T2. Shift pulses are generated on the CB1 pin to control shifting in
from external devices. The time between transitions of the output
clock is a function of the system clock period and the contents of the
low order T2 latch (N).

The shifting operation is triggered by writing or reading the shift
register. Data is shifted first into the low order bit of SR and is then
shifted into the next higher order bit of the shift register on the
negative edge of each clock pulse. The input data should change
before the positive going edge of the CB1 clock pulse. This data is
shifted into the shift register during the 02 clock cycle following the
positive going edge of the CB1 clock pulse. After 8 CB1 clock pulses
the shift register interrupt flag will be set and IRQ will go low.

[TUUuvvuvuuuuun
[ 73
Write or Read 1 | l
Shift Reg ‘ .
CB1 Output N+2Cycles p= — ot - N+2 7

S N N Lij*m

iRQ

o, 1 1l R i 1
L

Shiftin Under Control of 82 (010)

Inmode 010, the shift rate is a direct function of the system clock
frequency. CB1 becomes an output which generates shift pulses for
controlling external devices. Timer 2 operates anindependant
interval timer and has no effect on SR. The shifting operation is
triggered by reading or writing the Shift Register. Data is shifted first
into bit 0 and is then shifted into the next higher order bit of the shift
register on the trailing edge of each 02 clock pulse. After 8 clock
pulses, the shift register interrupt flag will be set, and the output clock
pulses on CB1 will stop.
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Read SR J

i i
CB1 Output ‘ ‘ ‘ ‘

Shift Clock 1

CB2Input "/ ///
Data

IRQ

Shiftin Under Control of External CB1 Clock (011)

In mode 011 CB1 becomes aninput. This allows an external device
to load the shift register atits own pace. The shift register counter
will interrupt the processor each time 8 bits have been shifted in.
However, the shift register counter does not stop the shifting
operation it acts simply as a pulse counter. Reading or writing the
Shift Register resets the interrupt flag and initialise the SR counter to
count another 8 pulses.

Note that the data is shifted during the first system clock cycle
following the positive-going edge of the CB1 shift pulse. For this
reason, data must be held stable during the first full cycle following
CB1 going high.

STUUUUUUAU U UUUUL
WL e[ e LT
s X XN XD O

iRQ lv
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Shift Out Free Running At T2 Rate (100)
Mode 100 is very similar to mode 101 in which the shifting rate is set
by T2. However, in mode 100 the SR counter does not stop the

shifting operation. Since the Shift Register bit 7 (SR7) is recirculated

back into bit 0, the 8 bits loaded into the shift register will be clocked
onto CB2 repetitively. In this mode the shift register counter is

UrIuUuuyuyt

disabled.
il
02 | L)L Lkt A Y AR L L
Write SR [_T
Operation __ L
N+2Cycles PR
CRYOutpuit——— e
Shift Clock . [
L
CB2 Output 'X 5
Data

Shift Out Under Control of T2(101)
Inmode 101 the shift rate is controlled by T2 (as in the previous

mode). However, with each read and write of the shift register the SR
Counterisreset and 8 bits are shifted onto CB2. Atthe same time, 8

shift pulses are generated on CB1 to control shifting in external
devices. After the 8 shift pulses, the shifting is disabled, the SR
Interrupt Flag is set and CB2 remains at the last data level.

Write SR
Operation

sinhnhphhhhnhiinimhl

,”‘, 7—|\777ﬂw

CBllnput — S—
Shift Clock j 1 [
|
CB2 Output % o
Data FARE S TNRRESER AT \ . S
RQ
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Shift Out Under Control of T2 (110)
In mode 110, the shift rate is controlled by the 02 system clock.

ST Ui
wiwsn [

CB1 Output

Shift Clock 3 M ” w . l
cezoum 77777 TTTTTTIIIN GErE S GErE
I
m ————————

I

Shift Out Under Control Of External CB1 Clock (111)

In mode 111 shifting is controlled by a pulse applied to the CB1 pin

by an external device. The SR counter sets the SR Interrupt flag each
time it counts 8 pulses but it does not disable the shifting function.
Each time the microprocessor writes or reads the shift register, the
SR Interrupt flag is reset and the SR counter is initialised to begin
counting the next 8 shift pulses on pin CB1. After 8 shift pulses, the
interrupt flag is set. The microprocessor can then load the shift
register with the next byte of data.

- IiLrlLFLﬂ_ﬂ_FLﬂﬂﬂfLﬂﬂﬂﬁ’LﬂfUmﬂ
wassh |1 1

L 1o [ | . J‘H e
|
s T b S //_X—: :
" L

Interrupt Operation

Controlling interrupts within the 6522 involves three principal
operations. These are flagging the interrupts, enabling interrupts and
signalling to the processor that an active interrupt exists within the
chip. Interrupt flags are set by an interrupting condition which exists
within the chip or uii inputs to the chip. These flags normally remain
setuntil the interrupt has been serviced. To determine the source of
an interrupt, the microprocessor must examine these flags in order
from highest to lowest priority. This is accomplished by reading the
flag register into the processor accumulator, shifting this register
either right or left and then using conditional branch instructions to
detect an active interrupt.
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Interrupt Flag Register

(IFR)

Interrupt Enable

Register (IER)

Associated with each interrupt flag is an interrupt enable bit. This can
be set or cleared by the processor to enable interruption of the
processor from the corresponding interrupt flag. If an interrupt flag is
setto alogic 1 by aninterrupting condition, and the corresponding
interrupt enable bitis setto a 1, the Interrupt Request Output (IRQ)
willgolow. IRQis an “open-collector” output which can be
‘wired-or-ed’ with other devices in the system to interrupt the
processor.

Within the 6522, all the interrupt flags are contained in the Interrupt
Flag Register (IFR). In addition, bit 7 of this register willbe read as a
logic 1 when an interrupt exists within the chip. This allows very
convenient polling of several devices within a system to locate the
source of an interrupt. The Interrupt Flag Register (IFR) and Interrupt
Enable Register (IER) are depicted below:

7)1 6| 51 4] 3] 2]1]0

Set By Cleared By
l L CA2 CA2 Active Edge Read or Write Reg 1 (ORA)
CA1 CA1 Active Edge Read or Write Reg 1 (ORA,
Shift Reg Complete 8 Shifts Read Or Write Shift Register
CB2 ———————  CB2Active Edge Read Or Write ORB
CB1 ———————| CB1 Active Edge Read or Write ORB
L— Timer 2 Time out of T2 Read T2 Low or Write T2 High
L Timer! —————— | TimeOutofT1 Read T1 Low or Write T1 High
— iRQ Ay Endied Clear all Interrupts
Interrupt
7| 6| 5] 413|121} 0
I—— CA2
CA1
Shift heg
CcB2 — 0 = Interrupt Disabled
CB1 1 = Interrupt Enabled
Timer 2
Timer 1
Set/Clear—

Notes

1 Ifbit 7 is a ‘0’ then each ‘1’ in Bits 0-6 disables the
corresponding interrupt

2 Ifbit7isa ‘1’ theneach ‘1'in
Bits 0-6 enables the corresponding
interrupt

3 If aread of this register id done, Bit 7 will be ‘0" and
all other bits will reflect their enable/disable state
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The IFR may be read directly by the processor. In addition, individual
flag bits may be cleared by writing a “1” into the appropriate bit of the
IFR. When the proper chip select and register signals are applied to
the chip, the contents of this register are placed on the data bus. Bit 7
indicates the status of the IRQ output. This bit corresponds to the
logic function: IRQ = IFR6 X IER6 + IFR5 X IER5 + IFR4 X IER4 X
IFR3 x IER3 + IFR2 X IER2 + IFR1 X IER1 + IFRO X IERO.

Note: X = logic AND, + = Logic OR.

The IFR bit 7 is not a flag. Therefore, this bit is not directly cleared
by writing alogic 1 intoiit. It can only be cleared by clearing all the
flags in the register or by disabling all the active interrupts.

Foreachinterruptflagin IFR, there is a corresponding bitin the
Interrupt Enable Register. The system processor can set or clear
interrupts without affecting others. This is accomplished by writing to
address 1110 (IER address). If bit 7 of the data placed on the system
data bus during this write operationis a 0, each 1 in bits 6 through 0
clears the corresponding bitin the Interrupt Enable Register. For
each zero in bits 6 through 0, the corresponding bit is unaffected.

Setting selected bits in the Interrupt Enable Register is accomplished
by writing to the same address with bit 7 in the data word set to a logic
1. Inthis case, each 1 in bits 6 through O will set the corresponding bit.
For each zero, the corresponding bit will be unaffected. This
individual control of the setting and clearing operations allows very
convenient control of the interrupts during system operation.

In addition to setting and clearing IER bits, the processor can read
the contents of this register by placing the proper address on the
register select and chip selectinputs with the R/W line high. Bit 7 will
be read as alogic 0.
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Chapter 23 6821 Keyboard and Display Interface

The functional configuration of the 6821 is programmed by the MPU
during system initialisation. The 6821 is dedicated on the EMMA I
board for the function of keyboard and display interfacing. Itis similar
tothe 6522 in some functions, in that it contains two 8-bit
Bidirectional I/0 Ports. The ports are set up to function as explained
inthe hardware section. Internal block diagram of the 6821 is shown

below.
vss [] 1 a0 cA1
PAo [] 2 39|] caz iRQA -
PA1 [] 3 38[] IRQA
= Control Interrupt
IRQB pt —® CA1
Pa2 [] 4 a7f] 4\’> Register A Status
PA3 [] 5 36|] RSO (CRAI [ ControlA [ CA2
pas [ 6 35(] RS1 e -~
Data
RESET
pas [ 7 3] DO <€— > Direction
Pa6 [ 8 33[] Do D1 -— l Register A
Pa7 [] 9 32[] b1 02 DataBus l OutputBus s
D3 =t—» Buffers ]
pBo [] 10 6821 31[] b2 D4 <a—»{ (ppp)
D5 -t—i
pB1 (|11 30[] b3 D6 e
pB2 (|12 29[] D4 D7 <— Output < pAQ
> Register A g PA1
pB3 [ 13 28 ::J D5 ! | (ORA) Peripheral - pAg
pea [J17 27{] ps lnte;face [ Eﬁz
pBs (|15 26[] b7 o let— PA5
usinput | | (— lag—p> PAG
pBs []16 25(] Register
pe7 []17 24(] cs1
Output PBO
ce1 [1s 23j cs2 Register B > ¢ pR1
ORB
ce2 [ 19 22] cso ORE) < pB2
- Peripheral <@ PB3
vee []20 21]] W Interface j«gt—> PB4
cso —» B |e» PB5
o - - > Fe7
cs2 Chip
RSO —®={ Select
RS1 —= ;7\;\11
R/W =1 Control
Enable —= Input Bus Data
Reset ——pi Direction
Control Register B
Re(gclgt;)rB (DDRB)
S
Interrupt je—— CB1
Status
IRQB <= ControlB [ o,
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As seen on the block diagram the 6821 contains:

@ Peripheralregister thatloads either input or output data. When
used for output this register is latched, and when used for inputis
unlatched.

@® Twodatadirectionregisters (DDRA, DDRB);the bitsinthese
registers determine whether the corresponding data register
bits are inputs (0) or outputs (1).

@® Controlregisters that hold the status signals required for
handshaking, and other bits that select operating conditions
withinthe 6821.

@® Two control lines that are configured by the control registers.

The 6821 occupies four memory addresses as selected by EMMA I
address decoding and the register select lines. Since there are six
registers (2 peripheral, 2 data direction, 2 control) in the 6821 the
Data Direction registers and Peripheral registers for each port share
an address. Thus a further bitis required to address these
individually. When a port is addressed bit 2 of the associated control
register determines whether the Data Direction register or the
Peripheral registeris accessed.

The sharing of an external address means:

@® Aprogram must change the bitin the contiol registerin order to
use the register thatis not currently being addressed.

@® Theprogrammer must be aware of the contents of the control
register in order to know which register is being addressed.

@® RESET clears the control register and thus addresses the data
direction register.

Addressing The 6821 Internal Registers

Control Register
Bit

Address Lines CRA2 CRB2
0O A OO 1 Peripheral Register A
0O A OO 0 X Data Direction Register
0O A O 1 X X Control Register A
0O A0 2 X 1 Peripheral Register B
0O A0 2 X 0 Data Direction Register B
0O A0 3 X X Control Register B
X = EitherOor1

The table shown gives the addresses of the various registers in the
6821. Control register formatis shown opposite on page 82.
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Determine Active CA1 (CB1) Transition for Setting

Interrupt Flag IRQA (B)1 - (bit 7)

b1=0IRQA (B) 1 set by high to low transition on CA1
(CB1)

b1=11RQA (B) 1 set by low to high transition on CA1

(CB1)
L

IRQA (B) 1 Interrupt Flag (bit 7)

Goes high on active transition of CA1 (CB1).
Automatically cleared by MPU Read of Output
Register A(B). May also be cleared by hardware
Reset.

® Control Word Format

CA1 (CB1) Interrupt Request Enable/Disable
b0=0 Disables IRQA(B) MPU Interrupt by CA1
(CB1) active transition

Enable IRQA (B) MPU interrupt by CA1

(CB1) active transition

b0=1

1 IRQA(B) will occur on next (MPU generated)
positive transition of b0 if CA1 (CB1) active
transition occurred while interrupt was disabled.

AN — N (R -
b7 b6 b5 b4 b3 b2 b1 b0
Control Register
IRQA(B)1 IRQA(B)2 CA2(CB2) DDR CA1(CB1)
Flag Flag Control Access Control

IRQA (B) 2 Interrupt Flag (bit 6)

When CA2 (CB2) is an input, IRQA (B) goes high on
active transition CA2 (CB2). Automatically cleared
by MPU Read of Output Register A(B) may also be
cleared by hardware reset.

CA2 (CB2) Established as Output (b5=1)

IRQA (B) 2=0 not affected by CA2 (CB2)
transitions.

Determines Whether Data Direction Register or Output
Register is Addressed

b2=0 Data Direction Register selected

Output Register selected

b2=1

CA2 (CB2) Established as Output by b5=1
(Note that operation of CA2 and CB2 output functions
are not identical.)

b5 b4 b3

P ca2
1 0 b3=0
CA2 goes low on first high to

low E transition following an

transition, as specified by bit 1
Read Strobe with E Restore

E transition following an MPU
read of Output Register A,
returned high by next high to
low E transition during a
—) deselect.

E transition following an MPU
write into Output Register B,

Read Strobe with CA1 Restore

MPU read of Output Register A
returned high by next active CA1

CA2 goes low on first high-to-low

Write Strobe with CB1 Restore
CB2 goes low on first low to high

b5 b4 b3

returned high by the next active
CB1 transition as specified by

bit 1 CRB-b7 must first be cleared
by a read of data.

Write Strobe with E Restore
CB2 goes low on first low to high

E transition following an MPU write
into Output Register B, returned
high by the next low to high E
transition following an E pulse
which occurred while the part was

deselected.

11 Set/Reset CA2 (CB2)
CA2 (CB2) goes low as MPU writes
b3=0 into Control Register
CA2 (CB2) goes high as MPU writes
b3=1 into Control Register

CA2 (CB2) Established as input by b5=0

b5 b4 b3

0

CA2 (CB2) Interrupt Request Enable/Disable
b3=0 Disables IRQA (A) MPU interrupt

by CA2 (CB2) active transition
Enables IRQA (B) MPU Interrupt
by CA2 (CB2) active transition
®|RQA (B) will occur on next MPU
generated positive transition of b3 if CA2
(CB2) active transition occurred while
interrupt was disabled.
Determines Active CA2 (CB2) transition for
setting Interrupt Flag IRQA (B)2 - (Bit b6)

b3=1

b4=0 IRQA (B)2 set by high to low
transition on CA2 (CB2)
b4=1 IRQA (B)2 set by low to high

transition on CA2 (CB2).
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Appendix 1 Pin Allocations

vss [} 1 40 ] RES
rov [ 2 39[] 02(0ut)
#iow [ 3 s8] so
e 37] solin)
nells s [Ine
i s sfinc
sync(]7 u[J R
vec[]s 13[] oo
aolls 2] o
a1 afjoz
a2 [jn []ps
a3 2 29 (] ps
a3 28[]os
as [Jre 27{] o6
as [J1s 2] o7
ar e 5[] a1s
as v 24] are
as (s 2[]an
a0 [J1s 2[]a2
an [Jao 21[] vss
6502
L
A7 [ 1 24 T N
Ag [ 2 23 [] Asg
As [ 3 22 [] A9
Ag [] 4 21 n Vpp
A3 [] 5 20 [] OF
A2 [] 6 19 [ A1
A g7 18 [ CE
Ao [] 8 17 [0 Oy
O [ 9 16 |[] Og
o1 [] 10 15 [] Os
02 [ M 14 [] O4
GND[] 12 13 [0 O3
2716

Vee EN
[e] [s] [ie] [s] ﬁ? ﬁﬂ ﬁﬂ s

Pl
B 1
K]
Q
A Data

o A BN
T [ ] [ G ET ]
N

Gnd

74139

vss []1 w]) car vss 1 cA1
pao [] 2 3] caz Pa0 | 2 39| cAz
par [ 3 38[] mso Pa1 3 E e
paz [ [ rst paz []a 3| iAas
PA3 [ s 3 |] RS2 PA3 |5 36| Rso
pas [l s 35]] RS3 pas []6 3s(] RS
pas []7 34 |] RES pas []7 34|] RESET
pas |8 33[] oo pas []8 3a[] oo
ear []o 32(] o1 paz ]9 32[] o
peo [J10 n[joz peo [J10 ) o2
pe1 [ 30[)p3 et [ 30f) o3
pez [|12 29 ] pa paz ({12 29(] pa
a3 [J13 28(] ps pe3 []13 2[) os
pea [J1a 27{] o6 pea [J1e 27{] oe
pes [J1s E I pes []15 2] o7
86 [16 5[] +2 PBs |16 sl e
87 (v 24[] cs1 pe7 (117 24f] cs1
ce1 [J1e 2[) 52 ce1 s 2|l cs2
c82 [ 2] RN cez2 []1s 22] cso
vee [{20 21 [l Aa vee (|20 21 [] ai
U
A7 1 24 [] Vee
as [] 2 23 |] As
as [} 3 22 [] a9 . =
A4 [ 4 21 :l WE Ground 1 8 :| Vee
A3 ] s 20 [] OF Trigger [} 2 7 [ Discharge
a2 [] s 19 [] A10 Output (] 3 6 [] Threshold
a1t 7 18] T3 Reset [| 4 5 Control Voltage
a0 [] 8 17 [] 1os
o1 ] o 16 [] vo7
1oz [§10 15 {] 1/06
vo3 [} 11 14 [] vos
anp []12 13[] 104 555
u
1 E Vee
? l_!
E i:T_al 1A 1 14 ] Vee
] 2] e ]2 -y
1Y [: 3 12 :’ 4A
EE m
i: i B
=] o]
E 2B E 5 10 :] 3B
| ZE] a []e o [ s
GNDE s GND [: 7 8 :] 3y
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| ) ) | =l
E Vcee E 14| Vce 1A l: 7 14 j Voo
[[::-_ uz E E] 1B [ 2 13 :I 1c
n & E E 2A E 3 12 j 1Y
x @ [ o i O oiln
[€] 9] E E x[]s 10 :j 3B
GND [7] 8] E E] 2v E 6 9 ;’ 3A
7432 GND | 7 E] GNDE 7 8 _j 3y
7400 7412
Inputs Outputs
e TR ETweT ol i
16| [15 1] 18} [2] [ 10] [o 1 T 8
[_—‘ [ [ [l__l : ‘—] OutputA v+
A 0%, InvertinginputA : kﬂ;’— OutputB
] o 1 :CZ t: D:”":' 7 Y_} [ Non-| ting . EJ B_‘.——-—s—-—- Inverting Input B
]) s[ T InputA p 3 i 8
|__, GND :‘::-'I:vming
sblzb Tia Vo lal 1sl' [ali [=l* s
0 1 2 TR TS 6 , GND
Outputs 358
7445
LD
E—De1— ) e
[ | o o] OV
G- 15] | o o S
) o o] NMI
P D E : o o ﬁ(T
E [—N* ] : % :I?JDS
s | 1 o o] NRDS
\ : o o| D7
E*‘DO E o of . |
| oo] |
> WP
b 1 o o ]
Ebﬂb‘% E:l svﬁg i Dlo

"
y
T2]

Expansion connector pin allocations
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Appendix 2 Monitor Program

1 f EMFARE-EMMAL MONITOR+CABSETTE MIOL
2 §HLUSEFUL ROUT INES. 14/6 /84 , NG IS

5 ORG  FEQ®
FEQD AD Qb 4 QUAD: LDY# @b
2 OBES Q0 &, LDA 00, X
bF FE b JGBR DHEXTD
7 DE X
£ DEY
% DEY
Fé 12 BEL  Fb (FE@D)
1A 11 DISPLAY:  8TX 1A
o 12 BEC
AR OF B NEWBCAN:  LDX#  @F
14 NEXT: TXA
@7 15 AND# @7
16 TAY
Q2 0A 17 GTA  0ARE
10 00 16 LDA  ooiv,Y
00 VA 19 GTA VARG
20 INY
Fa 21 BNE  FA (FE1E)
o0 B e STY  0ARR
D OA R LDA  DARR
19 24 STA 19
T 25 AND# 58
g 26 EOR# 38
@9 27 BEQ 09 (FEI6)
26 OLe
19 29 LDA 19
16 50 EOR# 16
1F <4 AND#  1F
@D STA @D
DEX
Dé EFL. NEXT (FE11)
O 3 LDX  QE
DA b EFL. OUT (FE49)
D4 37 BOC 04 (FE4S)
aF a8 GTY  OF
CA 39 BLS NEWSCAN (FERF)
3 @F 49 LDX  @F
FE47 20 05 41 EMI NEWSCAN-01 (FERE)
FE49 Cb OF 4% OUT: DEC  OF
FE4B A& 1A 4% LDX . 1A
FE4D A% 0D 44 LDA @D
FE4F C9 1@ 4% CMF# 10
FESL 60 46 RTS
FES2 8D 032 0A 47  INITZ: STA  0ARR
FESS A% Q4 48 LDA# 04
FES7 6D 01 0A 4% STA  0ARL
FESA 8D 3% 0A 50 BTA  DARE
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= RTS
o0 =R MHEXTD: LDA (R0, X)
Db = LDY# @6
e 4 ENE DHEXTD (FE&F)
0 s GHEXTDL:  LDY# @3
o =4 OHEXTDZ2:  LDA 0@, X
bF FE =7 JBR DHEXTD
563 DEY
=6 DEY
01 60 LDA  ©1,X
61 DHEXTD: INY
b2 FHA
708 FE 67 JGBR HEXTD
b4 DEY
b% FLA
b L.SRA
b7 L&BRA
L8 L.BRA
&9 LSRA
16 7@ HEXTD: GTY 1A
oF 71 AND#  DF
7 TAY
EA FF 7 LDA FONT,Y
1A 74 LDY 1A
10 ov 75 5TA  DO10,Y
76 R 6
b4 FE 77 QDATFET: IS8R GHEXTD1
e FE 78 JGBR DISFLAY
2@ 79 BCS RETURN (FEE®)
B4 60 LDY# 04
81 ABLA
g ASLA
8 ASLA
84 ABLA
85 ABL.A
ol 86 ROL. @@, X
@1 87 ROL  @1,X
86 DEY
6 L ENE  F8 (FE96)
63 9@ HE() ADATFET (FESS)
Dé 91 COMLbs ING D6, X
e T, ENE 2 (FEA&)
a7 9 ING — @7,X
FEAG6 BS 07 94 NOINCGs LDA  @7,X
FEAS DS a9 P CMF 09, X
FEAA DO B4 b BINE RETURN (FEBE®)
FEAC BS Qb Gy LDA  @6,X
FEAE DS 08 98 CMF R, X
FEBD 60 99 RETURN: TS
20 DG 100 PUTEYTE:  JMP BT
T 0A 11 LDA  RAGE sRTI CHECK
105 TAX
10 AND# @3




EMMA Il Technical Manual

FEBA FO @7
FEBC A5 0
TERS

FEBE A6 OB
FECD A4 0O
FECZ 40 108

CECE BA
FECA 09 02
FEC6 8D @3 0a 111
FECY AZ 02
FECE 20 D2 FE
FECE A9 @1
FEDR DR 62
FEDZ A% B
FED4 9D F& QF
FED7 A% FF
FEDS 9D FB QF
FEDC 60

FEDD 40 9A4 DO 121
FEED AE @F

VECSET &

GETEY Tt

REST

% DO QF
FEES CA
FEES BE 00 0A
FEES 20 83 FF
FEEC 4C 00 F8
FEEF EM
FEFQ EA
FEFL EA
FEFR2 EA
FEFZ AQ 80 :
FEFS A2 09 A
FEF7 94 QF 13
FEFY CA 135
FEFA 10 FR
FEFC 90 :
FEFD 8 00 A 158
FFRO 20 83 FF 139
FFA3 D8
FIFQ4 20 00 FE 141
FFR7 99 EA 142
FFO® 29 @7 143
FFOB C9 04
FFOD 90 2%
FFAOF FQ &F
FFLL C9 @b
FFL1S FO Q9
FELYS. BO OF
FFL7 DO 98 150
FF19 20 EF DD 1%51
NT VECTORS
FFIC DR 7R 152
FELE Fé& 00 153
FR20 DO oc

REGET 3

RESTART

SEMARCH:

LIF

EEG
LD

L.DX
DY
RT X
TXA
CIREAH
8TA
.0 X #
JER
LDk
EAINE
L.DAH
S5TA
LD
8TA
RTS
of PLf
L.IDX
EANE
DEX
ST
J5R
JME
NOF
NOF
NOF
NCIF
LDY#
LD X#
Sy
DEX
Bi-L.
TXS
STX
JBR
LD
o B
RCC
MDD
CCMF#
BCOC
ERELC)
(ME
BEC
BCS
ENE.
JER
ENE:
TNC
ENE:

7 (FEL3D
DA § RELOAD REGIS

D
ae

GET
F e
RESET (FEF3)
DARD

INITL
F B0

80
w9
QDE , X

FE (FEF7)

BAY
INTTY

DISFLAY
EA (FEF3)
Qa7
a4
FETADD  (FFE4)
LOAD (FFE)
@é
U CFE LD
DOWN  (FFEé&)
Pk (FER4A)
ST s BET FLAB & I
7B (FF9%9)
e, X
gL (FEZE)
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FF2R Fé& 01 1155 INC  @1,X
FF24 BO 08 156 BCS 08 (FF2E)
FF26 BS 00 157 DOWN: LDA D@, X
FER8 DO 0 158 ENE Q2 (FF2C)
FF28 Dé& @1 159 DEC  @1,X
FF2C Dé 00 160 DEC  0@,X
FRRE 20 64 FE 161 JBR GHEXTD 1
FFEL 40 4% FF 162 JME MODIFY
FFI4 84 16 163 FETADD: 8TY 16

FFE6 84 17 164 aTY 17

FFE8 90 4F 165 BUC  4F (FFE9)
FEIA BA 166 TXA

FRIE OA 167 ABLA

FEEC AA 168 TAX

FFIED EA 165 NOF

FRIE 20 88 FE 170 JBR GDATFET
FF41 EQ 0 171 CRX# 03

FE4S BO 1% 172 BOS 15 (FFS5A)
FF4% 20 SE FE 173 MODIFY: J SR MHEXTD
FEAS 200 0C FE 174 JBR DISFLAY
FR4E B@ B 175 BUS SEARCH (FFQ9)
FFAD Al 2 176 LDA (@@, X)
FE4F OA 177 ABL.A

FFS0 0A 178 ABLA

FFS1 @A 179 ASLA

FES2 A 1680 ABLA

FESS 0% @D 181 ORA @D

FFSS 81 00 1632 STA (0B, X)
FES7 4C 45 FF 183 JMF MOD 1FY
FFSA DO @3 184 BNE 03 (FFSF)
FRSC 60 02 00 18%  60: JME (0RR2)
FFSE EQ 04 186 CRX# 04

FE&L FO Bé 187 BEQ  Bé (FF19)
FF6D 20 8D DD 188  STORE: JBR BAUDE 1
FF66 AL 06 189 LDA (D&, X)
FF6E 20 Bl FE 190 JBR FUTEYTE
FFOE 20 A0 FE 191 JBR COM1&
FFOE DB Fé 1932 BNE  Fé (FF&b)
FE70 AD @1 @A 193 LDA  0AR1

FE7S 29 20 194 AND# 20

FE75 DR F9 195 BNE — F9 (FF70)
FE77 A% 00 196 LDa# 00

FE79 8D 02 oA 197 GTA  DARE
FE7C FO 2C 198 BEQ 20 (FFAA)
FE7E EA 199 NOF

FE7F EA 200 NOF

FFE@ 4C CD DD 201  LDAD: JMF LOADE
FFE3 ES 202 INITL: INX

FE84 A9 47 2O LDA# 47

FF86 4C 52 FE 204 JMF INITZ
FFE9 AD 80 205 LDY# 80

FF8E 84 19 206 aTY 15

FFBD AA 207 TAX

FFBE BD 9% FF 208 L.DA CHAR, X
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FE99
FT Fi' (Z? E‘
FESD
I.':' l.." (Z? r.:
FFAL
FEAE
AL
FFAT
FFAA
FFAD

L
FEB7
’ZZT ’I.. 1.’3 C)
FFEAO
FEBE
FEBD
FFBF
FECL

FELS

FEDS X
Fl' ’ZZI’ I.) d)
FED7
FEDS
DR
FEDE

1@
Sl
B0

)
@6
163
@
@
163
20
i
04
FC
FE

5 D6

Ak
@e

i DD

@D
FF
QE
i)

27 AL

s Sl

@é

FE

Lo

W) &

B

4F

a3

CHAR
FOIMT:

WAYOLIT:

EARCE. Al

286

P i

by
FONT s

P

sl 20 Q7 TF

ST
Bl

DAk
L.DA
]

ETA
L.DAH
BEG
L.DA
85TH
J B
J M
JIF
JMF
BTA
ST X
By
FL.A
F e
ST
LI X #
LD
85TA
JER
TEX
8TX
INY
Y
tolll
F L&
AND #
L.&RA

FHA
TXES
L.DX#
JMF

N ﬂ lZZZ'
Gl 77
DAR

T % D

IF D6 HE

1@

A5 (FEEA)

F7 BD F3 Fl

(@a, X)
De (FFAS)
18
oY
g
18
(R, X)

(FFA5)

@an

an

F." FIZ'

AL
GLIAD

18

13
B CON

/ &y
4F

s DISFLAYRCONT

73
bty &HD

TONGT

i
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FEFO AD FEF

DEO
DEAR
DEAE
DE@4
DCA7
DEAY
DA
DEAn
DL
P12
DELY
e S g
DCLA
DAL
G

DC2B
DERAY
DE2C
DL2EE
DEE

BESE
DS
DA
DC42
DC44
DC46
DC4s
DC4e
DCAC
DCAD
DCAF
DCS1
DCEI
DEES
DCE7
DCE?
DESE
DCED
DCSF
DC&L
DC&E
DC&S

91

35
36
463
A
29
D@
MY
30
"
a0
A
&80
an

Py

i
80
78

L

40
Y]
B9
85
AR

A

LB

@1
20
44
75
FE
DE
FE
4@
QR
@1

85
1
60
1F
1F
FC

Fi
a4
ac
<
@4
iB
i3
by
10
41

e
i

Bl e

@

@E

D

3
D

Dy

i

AL

&

A

BR FF

twid

g1

21
ke
2973
294
295
296
297
296
259
00
E01
02
0
504
05
06
307
08
309
10

VECTORS:

FUT 8

HEAD 2

BACK4:

SEND:

NEXTC:

CONZ

DAR
CIREG

BTA
TX6A
F 46
LA
AND#
ENE
L.DAL.
8Ta
L.DAH
S8TA
LD
85TA
L.DA
CIF
AND #
8Th
Sl
AND#
LBRA
TAY
L.DA
S8T6
LDX#
8TX
LD
ST
S5TA
L.DAH
8TH
O
L.DEH
8TA
L.DA#
STA
L.DA
EINE
DEX
EINE
L.DAH
8TA
LI X #
EXINEE
L8R
BCS
L.DA#H
STA
L.DA
8TA
LA
EINE

Al FE E@ FE BB FF

DCRG

1 ks

DA@ 1
20
SEND  (DC4AF)
INT
BEPE
INT
BEFF
4@
DY@k
Dagl
V4
'
DAG1

@z

DATA,Y
1k

e

0 DE:

CE

DR

e

e

DR

s
i i

10
LD
1F
¥
FC (DC4R)

BACKA4 (DC44)
A4

@e

7

@4 (DOCSED

18

HIGH (DC6LC)
bé

ic

Lie

1E

i

FC (DC&E)

s CAGBETTE RO

1. 2KHZ
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DC&7
DC&8
DC&A
DC&EO
DCLE
DC7@
DC71
DC72
DC73
DC75
DC764
DC79
DC7R
DC7C
DC7E
DC81
pCas:
DCaS
peas7
neae
pDCac
DCBE
DC?1
DCRE
DC?é&
DCYa
DCY
DCPA
DCYE
pDCec
DCRE
DCA1L
DCAZ
DCAS
DCA7
DCAA
DCAC
DCAE
DCB1
DCB4
DCEB7
DCBY
DCBE
DCED
DCCA
DCCZ
DCC4
DCCé
DCC8
DCCA
DCCC
DCCD
DCCF
DCD2

Cr
30
D@
A
D@
68
AR
(=174
1@
48
AD
AS
LA
bb&
8D
Cé
D@
Cé
D@
AD
)
8D
A
aD
Cé
L8
4@
8A
43
A
8D
A
85
A9
8D
85
A
8D
20
AD
29
D@
AQ
20
EQ@
9@
EQ@
EB@
Cé
D@
88
D@
2@
E@

@é
EB

bt

ED

a4

a4
1

10
a2
ar
31
ac
an
a1
c7
@1
4@
QE
1

@3
24
s
1D
20

-
e

1C
49
0B
50
21
0
14
@6
41
29
F7
11
F3
)
Fi

EE

41
1.7

a9

A

A

aA

%

a9

aA

@9

DD
]2]

DD

oD

311
312
1
%14
315
1k
517
18
19

Fenad e
e
Tl iles
T e
el s sbise

SR

324
S25
326
32T

528

iad
B2

MhidpNe-E&

o

4 Lo L L (A {ed 1dd e D {4

b L
& a3

L Led L £ £ £ad Do o] 4 e 04

1419,
540
247
344
45
244
47
348

agaaaa
B fd ke

¢
L=

§ Lo (o I £ L £ 0

]

J56

HiGH:

END 1 s

DATA:
INT:

RETs

Gkt 2

HEEARCH:
YES:

BACK L :

DEX
BMI
ENE
LDA#
ENE
FLA
TAX
RTE
DAE
FHA
L.DA
L.DA
RORA
ROR
STA
DEC
BNE
DEC
EINE
L.DA
AND #
STA
LDA#
GTA
DEC
FL.A
KT I
TXA
FHA
LDA#
HTA
L.DA#
GTA
LDA#
STA
5TA
L.DA#
BTA
JBR
L.DA
AND #
BNE
LDY#
JBR
CFX#
BOE
CF X #
BOS
DEC
BNE
DEY
ENE
JGR
CF X #

END 1
NEXTC

CONZ

(DC7@)
({DCE7)

(DESD)

10 04

DYV4
10

1C
DAL
Ak
RET
ac
RET
DAL
E7
4I21" )
4@
DAk
1P

(DER&)

(DEIE)

i
w4
e
in
1%
DAE
16
4@
DYDE
EDGE
DAL
20
BACK L
Dé
TIMER
e
HESEARTH
i1
HSEARCH
@
YES

CDEEF )

(DEBE),
(DCER)
(DCED)
YE& fDLBE

TIiMER
107

P

2w AEHZ

=z
B3

i FEDD

92
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DCD4
DEDé
DCDS
DCDE
DEOD
DCDF
DEER
DCE4
DCES
DCES
DCEC
DCEE
DCF
DEF
DEFS
DEF7
DCFY
DEFA
DOFE
DEFD
DOFF
DDA
DD@E
DD@&
DHES
DDH@Y
DDHOR
DDOE
DO1@
D12
D13
DD1S
D18
DD 1R
DO1D
DDLF
DDA
DD21
DD 4
DDRé
Dh2Y
DD 2E
DDRE
DDRE
DO2F
DD
DDA
DDI4
DD
DD
DIDEE
DD4R
DD41
DD43

93

9@
85
AD
29
@as
an
29
DA
20
20
AQ
AD
25
L5
@
=&
B3
£363
817}
EQ
bé
AD
o
AT
817}
Lo
D&
€36
817
2@
elvi)
E@
217}
&HE
AR
210
29
t=10)
(A%
6@
~AQ
a8
D@
Y
&30
~D
AD
a9
F@
bHA
AR
&

o
1C
a1
=7
@
a1
4
b}
an

21

8a
i1
@5

1
2

iF
21
"1

A
3éb
1D
L7

la]
poi] ]
41
1

FY

a1
D7
@1
i

A

FD
@D
05
04
@D
40
Fo

2

i)

A

DD
Do

2 0A

(]2]

Do

Do
oo

]2}

Vi)

A
e
a9

-----

CONT s

BACKZ:

N WH

WATLT:

WAITL:
BACKES:

TR
TEME 8

BLC
5TH
L.DA
AND#
ORA#
5TA
ANDH#
BNE
JER
JBR
LIDX#
LDY#
lL.IDA
AND#
o
BEQ
INX
S5TA
DEY
ENE
CFX#
FROR
L.DA
AND#
TAX
BNE
JER
LEC
BNE
TXA
ENE
JER
JER
(OF X #
BLS
1.6
TAX
L.DA
AND#
STA
LA
RTS
LY #
DEY
BENE
LD AH
85T
LA
LA
ANDH
BE G
RTE
LD X #
TNX

BACK1
i
Bra1
7
1]
DAD1
@z
D3 (DCER)

WAIT

EDGE
e
24
AARE
80
iB

NQ  (DCFC)

(DCLF)

1B

BACHEZ
@z

g E
anaL
@2

(DCF@)

@% (DDRE)
WAITI
1D

CON1 (DCED)
G IF
EDGE
TIMER
12

=2BlT

(DD1F)

(DD1eH

ARl
D7
DAL
1

a1%]

FL o LDDEE)
@an
Vit
Braa
@eaDn
4@
BACKTI (DD39)

D

sEDGE COUNTER
s TIME COUNTER

i NEW EDGE?
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D44
DD47
DDA4%
DD4E
pDoan
DDAF
DDESA
DDEE
DDES
DDE7
DDES
DDEC
DDSE
DD&A
DD&2
DD&4
DD&E
DD&B
DD&A
DD&D
nn7a
DO72
DD74
DD77
DD74
DD7C
BD7E
nDReo
DD8E
Dna4

DDy
DDEF
DDI1
D4
DDR7
LD
DoRc
DDYE
DDA
DDA
DDA
DDAG
DDA7
DDA
DDAC
DDAF
DOBEG
DDB2
DDES
DDE&
DDEY

A0
29
CS
F@
8%
L@
A
29
03
DA
AD
2%
CS
F@
85
LA
AD
Qe
a0
2@

L)
At

8é&
ED
als]
&
Ad
1@
20
6@
44

béb

bl
20
@Dé
ely

A3
B
el
(o6
817
L@
(41|
B
99
36
1@
el
~E
AD
Qa9

@z
(21%]
18
Fibs
1M

A
(=17
ic
F7

o
at

1B

A

DA

(]2

DA

DA

ke

Do
e

ks

e

EDGE1L 2

BAUD:

BACK

SH GG 3

MEESE &
EAUDE @

NI

BALDE »
B3

LA
FAND#
(b
[REC
5T
RTE
LA
AND#
M
ENES
L.DA
AN #
ELMp
EEG
S8TA
RTS
LA
CYR A
ST
WJEH
LD X #
BTX
LA
J SR
DEC
L.EX
BFL.
JHR
RTS

DAE
FOR
LDX #
JER
JER
ASL..
JER
LDX#
LA
JER
DE X
FANE
FCT 6
LDY#
LDA
STH
DEY
FiF L.
JER
TAY
L.DA
ORAH

"DUAR

DARE

217

18
e

1B

(DDA

DA
80

1C
EDGE
DA
80

i
EDBE 1
15

(DDE@HD

(DD

AR

0

AR
EREC

Ve

1B
MESS , X
EQSD
1B

1B
BACK
E2EC

(LD74)

DR -
10

oe
GDATFET
EAUDE

10

GHEXTD1
B4

D5y X

FUTBYTE
N1 (DDYE)
0e
MESSE , ¥
QV10,Y

Bl (DDAY)
DISPFLAY

DAD1
@

; n "I" n
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DDER CA @1 47@ CRY# @1
DOBD,FA @2 471 BEG 22 (DODC1L)
DDRF 4% @2 47 EOR# @2
DpoCL 8L AL A 4775 STA DAL
noc4a (0 474 RTES
PDES 70 77 3k GE 48 @8 09 o8
475 MESSE s DAR  7C 77 3E SE 40 200 00 0@
DDCD 200 A7 DD 476 LOADE JER EALIDE
DpODG AL 4 477 LDX# @24
poRZ - 28 DL FE 476 B2 JER GETBYTE
DRDG 285 05 479 STA a5, X
Don7 CA 480 DEX
DOLE D& F8 4831 ENE 2 LDBRAY
DoDA 2@ DD OFE 483 BXs JER BETEYTE
ponn 81 @é 4675 BTA (D&, XD
DDDF 20 AB FE 4634 JER CoOMLé
DREZ D@ Fé& 4835 EiNE BE (DDD&)
DDEA 40 F3E FE 48 JINF RESET
DDE7 AZ 14 487 LDX#E 1A 18 KEY PATCH
DPDES 2 9 Bl 468 JHR E29F s FROM VISA
DDREC 40 @7 E4 4635 JMF E4@7
DDEF AD @% @A 450 BETy LA AT 1 BET FLAB &
DOEZ 09 8l 491 ORAH @1 : INT VECTORS
DDF4 8D A3 A 49 BT DARE .
DDE7 40 DE. FE 457 JME RS
DDFA 20 Q@ FE 424 BRECON: JER CILAD s BRE FATOH
DOFD 4L @87 FF A JME RESTART+BZ
459 & s NEW EEYBOARD ROUTINES.
497 ORE D8R
DEOY 20 EE DS 4598 ERIBPL JER INTT
DEAE DY Dé 499 ENE D& (DBAED
DReS 20 ES D8 atralvi} KDISPy JEBR INIT
pEag 20 AC FE Hal KEY 2 JER FE@C
DBOR B 22 b1 B CONVERT (DE8EF)
DE2D A8 SR SEL
DEAE A% @8 S 4 DA @8
LDBLY ES QA i) 7 bl Sat ey
DELE AA 56 TAX
D813 BD 91 OE HR7 BAEs LA BEFL 4 X
PEla 9L 90 QE 5086 8TA DESR, X
DY 8 1 ks L.DA ks A
PEiR 95 10 510 STé 10, X
PELD B ki TNX
DBIE E@Q @7 91 CHi# @7
pEae 98 Fi ) BLC BAZ (DSB13)
DEEE A4 D 514 L.DY @an
paL4 8@ F7 BE 1S 8Ty DES7
D8Z7 BY EA FF Sl L.IDA FFEM,Y
DBEA 85 17 517 STA b
DE2AC 40 @8 DG 918 JME REY
DEEZF A2 OB L% CONVERT # LDX# 00
DEEL A @7 S50 L.DY# @7
DBEIT BY 8F QE 5 e BAE L.DA DESBF .Y
DBEL DA Sd ABL.A
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DaE7
D8I\
DEEe
D8IA
D8I
DEEF
D84@
D841
D842
D844
DE84s&
D848
D849
D84E
D84D
D84F
D851
D853
DBSS
D8S7
D859
D8SB
D8ID
D8SF
D862
D8&4
D8&6
DB&7
D8&8
D8&Y
D86B
DB8&D
DB&F
D871
D873
pa7s
D877
D878
Da7a
D87c
D87E
D81
D8ga
D883
D883
Das7
Dase
D8BR
paab

D8?a@
Dgo2
D8YE
D893

A
afa}
A
17
!
B8
86
88
1@
(2]-)
A4
6@
AT
F@
AS
85
A
8%
86
A2
86
(217
BS
20
c4
Fa
88
a8
ES
D@
(a]"i]
Ab
B
ce
D@
94
ES
E@
D&
Ab
20
6@
18
65

AS
&9
89
4C

AS

48 .

AS

A4

2@
1L

EF
1} &}
aA

2
@&
1B
10
a2
ac
2} 5]
2
11
&
1€
&F
ac

25

F<
20
ac
1@
SF
a7
1@

a7z
F3
QB
@ac

@A
@A
2B
e
4 5]
AF

14}

2A
ac

e

FE

FE

DA

DISF8:

DISF:

BAT7

END 2

ADD:

MU1@:

ASLA
ASL.A
ASLA
QRA
8TA
INX
DEY
DY
BPL.
L.DX
LY
RTG
LDA#
BEG
L.DA
STA
L.DA#H
8TA
5TX
LD X#
STX
LDY#
L.DA
JER
8 2
BER
DEY
DEY
ITNX
BNE
LDY#
LDX
LA
CMF#
EINEE
B1Y
INX
CFX
EXNE
L.DX
JER
RTS
1.0
ADC
8TA
LD
ADCH
STA
Jd P

L.DA
FHA
L.DA
DY

RESD, Y
1C, X

BAE
1)e
A

(DBE3)

2
@6 (DBEI)
1B
1@

-
e

ac

1) =]

falrd

11

Bé

1C, X
ik

ac

25 (DB&E)

(DEED)

(D7)

w7
N7

Ak

FEQAC

(DBLHF)

aaA

an

DE

alti]

DE
ADDF

g

A
ac
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Daa7
DBPA
DEIn
DEYE
DBAR
DEMAL
DEAE
DBAS
DEAT
DBAB
DBAA
DEAC
DEALE
DB
DGR
DBEE
DEET
DBEb&
DEES
DERA
DBEC
DERE
naca
DBCE
DEC4
DBC6
DBOS
DECY
DEHCE
DBOC
DBCE
DEDA
pana
DEDA
DBnE
D8Dn7
neane
Dane
DBDF
DBE®
DEER
DEET
DBESDS
DBET
DBES
DBER
DBED
DBEF
DaF2
DEF3S
DBF8
DEEYy
D8FE
DBFC

97

2@
=@
163
Gl
3%
s
&t
835
98
o ]
a5
@Aé
2
268
&H@
MA@
163
(%]
e
s
A
b
L2 )
A
&%
&
86
D
&HE
A9
a5
85
o
LR
(&1%]
(A%
ol
99
86
1@
&)
84
8é
A
84
AR
A%
@9
59
29
86
1@
6H
&0

A
AC

DA
@A

DR
D

@ac
ac
a2
@k
e

w4

A
&
U]
@B
D
AE
o
@ac
@

E.A

Ul
QA
14 2]
ac

a7
1al%]
1@
@

iy

?A
OB
FF
DE
k3
20
1C
90
94

F4

e

Dea
D8

alry
QE

gt
QE
DE

AE

T
D78
oy
S8
ol 2 h
aS82
SR
S84
585
S8é
587
S
Ha9
590
971
594
393
594
595
G596
S
8596
a9
&HO@
&HD L

SHIFT:

MU1é&:
MEXTZ:

RESET 11

CLEAR:

Clz

INIT:

ZERQ:

L2

MULT 8

JER
JER
CLEG
ADEC
GBTA
Fl.A
ADC
S8TA
TYA
ADC
8TA
ASL
ROL.
ROL.
TS
LDY#
i
L.DA
ADG
8TA
L.DA
ADEC
STA
L.DA
ADC
8TA
LEY
BNE
RTS
L.DAH
8TA
S5Ta
85TA
RTS
L.DY#
L.DAH
8TA
814
DEY
BFL.
RTS
B8TY
8TX
L.DY#
By
LDY#
L.DAH
8ThA
aTA
8TA
DEY
BPL
RTS
JMF

BHLET
BHIFT

e
(2]

a5
(14} 2)

ac
ac
@A
DR
e

B4

DA
e
A
i}3]
Ak
DR
ac
we
ac

NEXTZ2 (DBEBID)

Vil
DA
DR
ac

27
20
PR10,Y
RESD, Y

C1 <SD8D7)

DA
)
FF
RE
@
P©
POIC,Y
RES®D,Y
DED4,Y

2 (DBEF)

(DEFA)
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b3 s HEX-DEC~HEX CONVERSION ROUTINE.
LD ORG  DYDE

DOV 20 DH DA Nt ENT JER CLEAR

DYVI A9 Fé HR4 LDA%  Fé

DYOS 85 10 HmE STA 10

DA77 8% 1R L6 STA 1B

DRAY 20 OC FE L7 ISR FEQC

DYVC A5 LR LHER CONT 3 L.DA 1B

DYOE 49 Fé LG EQR#E  Fé

DP1IO FO 58 H40 BEQ HEX (DY&6M)

D912 DB bH41 DEC IMAL.: CLD

DP1E AR 09 b4 LDX# 0%

DS A9 90 647 L.DAL. MULD

D917 8D FA OF bH44 BTH DEFA

DPLA AY DS L4 LDAH ML @

DYLIC 8D FR QE ELétéy CONM L 8 STA DEFE

DPIF 20 D5 DB 647 JBR CLEAR

DIRE BA L48 TXA

DHRE AS 649 TAY

DY24 A% LB &S50 L.DA 1R

DY2é6 8% 10 &5 HTA 1@

DY2E 20 00 DB HER JEBR D ISR

DY2R A% @D b5 LDA @aD

DY2D C9 14 &5 4 CHMFE# 14

DYEF FO 464 b5 BEQR FIN (D977)

D931 20 CC D8 b5 J R RESET

D934 AR B2 657 LDX# @2

DYILE 20 FC DS L5 NEXT1: JER MULT

DI BS 10 LEY L.DA 10, X

DYEE 48 LH6D FHA

DIIC 4/ béd LSRA

DIEID 4A bbbz LSRA

DYIE 4A b L&A

DYEF 4A boh LBRA

D940 18 LS il »

D41 &9 Q0 bbb ADCH 0B

D94 20 82 DB bé7 &k ADD

D946 20 FC DB H&HB JER MUL.T

DAY LE LY FLA

D40 29 OF 670 AND#  @OF

DY4C 18 b71 CLEC

DYAD &9 OV I ADCH 0B

D94F 20 82 DB 673 JSR ADD

D952 CA 674 DEX

DY 10 EL 675 EFL. NEXTL (D935&)

DYEE AR @R b7 LDX# @2

DYS7 BS 0A &77 Bfé: DA 0A, X

D959 9% 10 678 STA 1C . X

DISE CA L7 DEX

DIEC 10 F9 680 BPL. BAéG (D957)

DYSE A% 1R 681 L.DA 1B

DY6D 49 28 H82 EOR# 28

D962 85 1R 683 8TA 1B

D964 20 4D D8 &84 JER DESP
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DYE7 40
DRLA FE8
DYER AR
DIED A
DZ&E BL
DI72 A9
D974 4
DY77 4L
DY74 DE

nese DS
negi 20
DYE4 2@
Dnea7 A9
DR8% 85
DIBE AL
DREn 20
DD A9
D9%e 85
DYFA AL
DEYs 28
neg9 Za
DYYC A%
DR £
DYAG 85
DAL BO
DAL Céh
DIAL B8
DYAT AS
DYMY ED
DIAR AR
DRAC A%
DYAE ED
DREBEG DA
DIBE BA
DYRE 49
DYBS 20
DIBRE A9
DYBA 8%
DIBRC 2@
D9RE L%
DeClL DA
RDRES FO
DRCS A9
DRC7 DA

DeCe 2@
DYCC 2@
DYCF 20
DIDE A9
nen4 8%
DIDE AZ
DPDE 20

99

@ac

a4
B
FA
ne
1
F3
&

D3
A
=i
10
L&
36
Fa
1@
1E
8a
D&
) £
FE,

1D

1%
16

1F
1D
13

80
&0
B
1@
ac
14
BE
4B
e
Fl

Ge
ERB
D%
F 1
1@
i1 e
88

ne

a2

D%
FE

D&
na

FE
D8

10

FE

De
D&
Dea

FE

LHBE
686
&HEB7
&8
&HEBY
LHIPD
LD
L2
&HIE
&7 4
&5
66
&9/
&7
&
7R
71
T
TAE
704
i
TAéE
TR
708
79
710
744
Tl
719
714
745
716
il b
718
719
7eR
Fal

gy

vy
7R
727
728
729
75Q
751
732
TR
754
7EE
736
7E7
736

HEX:

FIns
CElks

RESTARTH:

CEls

ERROR:

RELOC:

JMF CONT

SED

LDX# @4

L.DAL. MU1Lé

8TA DEFA

L.DAH MUlé

J ME CONH1

JMF FEFS

DAR DE Fé

3 REL 1 -BRANCHRRELOCATOR
OREG  DI80

ELD

JER CL.EAR

JER 2 Bl

LDa#  Fl

8TA i@

LDX# 10

JER FEGE

LDAK  FE

8TA 10

LDX#  1E

JER FE&E

JER CLEAR

L.DA 16

SRCH  TE

SBTA ic

RCS @3 (DIA7)
DEL 1D

BEL

L.DA 1E

BBl e

TAX

LDA 1r

SRC G,

ENE. ERROR  (DRCD)
TXA

EOR# 80

JER FE&HG

LDA#  BF

ST 1@

JER FE@C

CHEE 14

EANE: RESTARTE (D981)
REC END2 (DAL1G)
LDA% F9

BNE CE1 (DIBA)
s RELOCATOR ROUTINE.
JER RESET1

JBR - LERD

JER CL.EAR

LDA# F1 g
8TA 10

LDX# 1C

JEBR FEBSE
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DYDB A% F8 7EG LDA# F8 gRyn
DFDD 85 10 740 STA 10

DYDF A2 LE . 741 FRF LDx# 1E

DYE1L 20 88 FE 742 JSR FE 66

DYE4 A2 16 747 LDX# 1&

DYESL 20 AbL FE 744 JER FEAL

DYES EBO F4 745 BOS ERR (D9DF)
DYER A9 DE 746 LDA# DE et * jo
DYED 85 10 747 STA 10

DYEF A2 0A 748 LDX# OA

D9F1 20 88 FE 749 JBR FESE

DYF4 A2 16 750 LDX# 16

D9Fé& AS LD 753 L.DA 1D

DYF8 C5 0B 752 CMF DE

DYFA DD Q4 753 BNE 04 (DAL
DIFC AS 1C 754 L.DA ik

D9FE C5 0A 7ES CMF DA

DAR® BO 11 75 RCS DEC (DA1D)
DAGZ Al Q& 757 Rl Lha (@6, X)

DAR4 91 QA 756 sTA  (0A) ,Y

DARL C8 755 INY

DAR7 DB @2 760 FNE P2 (DABE)
DARY Eé4& OB 761 ING OB

DAGE 20 AQ FE 7hHE JBR FEARD

DARE DB F2 ThE ENE F1 (DABR)
DALY 4C F3I FE 764 END2: JMF FEFS

DALE 38 765 DECE SEC

DAl4 AS LE 7béb L.DA 1E

DAl& ES 10 7h7 SRC 10

DA1S 85 1A 768 STA 16

DALA AS LF 76D L.DA 1F

DALC ES 1D 770 HRC 1D

DALE 8% 1B 771 STA 1R

DAZO 18 772 cLe

DAZ1 AS 1A 7T L.DA 1A

DA2T &5 0A 774 ADC DA

DAZS 85 0A 7S 85TA DA

DA27 AS 1B 77 LDA 1B

DAZY &5 OB 777 ADC aR

DAZB 85 QR 778 STA DE

DAZD C@ 0O 779 CON e CRY# @0

DAZF D@ @2 780 ENE P2 (DASE)
DAZ1L Cé& @B 781 DEC DR

DAZE 88 78R DEY

DAZ4 AS 1E TEE L.D& 1E

DAZSL DO 02 784 FNE P2 (DATA)
DAZEB Cé& 1IF 7685 DEC 1F

DA3ZA Cé& LE 7T8E DEC 1E

DAZC AL 08 787 LDA (28, X)

DAZE 91 @A 7R 5TA (A ,Y

DA4D 20 As& FE TR JBR FE&é

DA4E DO ES 790 FANE CON  (DAZD)
DA4S F@ L9 791 BEG ENDZ (DAL1@)
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790 1 CHECKSUM ROUTINE.
793 ORG DA%

DASE 20 DS DS 794 JER CLEAR

DA%E 20 ER DS 75 JBR ZERD

DASE A9 F1 79 LDA#  Fi

DASE 8% 10 797 STA 10

DASBA AR 1E 796 LDX# 1E

DASC 20 88 FE 7R JBR FESS

DASF 20 DS DS 2l JSR CLEAR

DALE A9 BY 81 LDA% B7

DALY 85 10 v 5TA 10

DAGEL AR 10 =1 LOXe 10

DAGLE 20 88 FE 804 JBR FEBS

DAGE 20 CC DS = lr bt JBR RESET1

DAGE AR 20 806 LDX# 00

DA77 4C BE DA sBa7 JMF DECC

DA7S 18 BR8 ADDS : s M =

DA74 AL LE 809 LDA  (1E,X)

DATELE &5 BA 810 ADC DA

DA7E 85 DA 811 5TA 2A

DA7A 90 Vb 812 RCC V& (DABZ)

DATC Eé& DR 813 ING ) 2]

DAVE DO @2 814 ENE D2 (DABD)

DABY Eé& A0 815 ING [

DABR E& 1E 81é ING: ING 1E $ INC ADDRESS

DAB4 DO @R 817 EiNE: B2 (DABS)

DABL Eé& LF 818 INDG 1F

DABE A% 10 819 CMF s L.DA {C

DABA @% 1D 820 ORA 1D

DABE FO OB )R] FE () ENDS (DAY

DABE A% 10 3R DECC: L.DA 1C s DEC BYTES

DARY DO 02 =R FINE V2 (DAD4)

DAY2 Cé4 1D 824 DEC 1D

DAY4 Cé& 10 B2 DEC i

DA%E 40 73 DA 824 JMF ADDS

DAFY AY B9 g7 ENDE LDA# R

DAYE 8% 10 2E STA 10

DAYD A% OA QoY LDA AA

DAYEF 85 10 830 STA iC

DAAL AS OF 81 L.DA DR

DAAS 8% 1D 332 5TA 1D

DAAS A% QC 83 LDA o

DAA7 B85 1E 834 STA 1E

DAAY 20 H1 DB 85 JBR DISF+D4

DAAC 40 @7 FF B83b6 JMF FF@a7

DAAF A% A0 g7 ADDF s L.DA ac

DABL &% 00 BR6 ADCH Q0

DARS 8% oC BEe STA oc

DARS 60 840 RTS
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Appendix 3 Summary of Single Cycle Execution

Op Code

Base Address

Effective Address

Indirect Address

This section contains an outline of the data on both the address bus
and the data bus for each cycle of the various processor instructions.
It tells the system designer exactly what to expect while single cycling
through a program.

Note that the processor will not stop in any cycle where RWis a0
(write cycle). Instead, it will go right into the next read cycle and stop
there. For this reason, some instructions may appear to be shorter
thanindicated here.

Allinstructions begin with T@ and the fetch of the OP CODE and
continue through the required number of cycles until the next T@ and
the fetch of the next OP CODE.

Definitions of some of the terms used in this appendix are given
below:

The first byte of the instruction containing the operator and mode of
address.

The address inindexed addressing modes which specifies the
location in memory to which indexing is referenced. The high order of
byte of the base address (AB08 to AB15) is BAH (Base Address
High) and the low order byte of the base address (AB00 to AB07) is
BAL (Base Address Low).

The destination in memory in which data is to be found. The effective
address may be loaded directly as in the case of Page Zero and
Absolute Addressing or may be calculated as in Indexing operations.
The high order byte of the effective address (AB08 to AB15) is ADH
and the low order-byte of the effective address (AB0O0-ABO7) is ADL.

The address found in the operand of instructions utilizing (indirect),

Y which contains the low order byte of the base address. IAH and IAL
represent the high and low order bytes.
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A1

A.2

A.2.1

A.2.2

103

JUMP ADDRESS The value to be loaded into Program Counter as
aresult of aJump instruction.

Single Byte Instructions

ASL DEX NOP TAX TYA
CLC DEY ROL TAY

CLD INX SEC TSX

CLI INY SED TXA

CLV LSR SElI TXS

These single byte instructions require two cycles to execute. During
the second cycle the address of the next instruction in program
sequence will be placed on the address bus. However, the OP CODE
which appears on the data bus during the second cycle will be
ignored. This same instruction will be fetched on the following

cycle at which time it will be decoded and executed. The ASL, ROL
and LSR instructions apply to the accumulator mode of address.

Internal Execution on Memory Data
ADC CMP EOR LDY

AND CPX LDA ORA

BIT CPY LDX SBC

The instructions listed above will execute by performing aperations
inside the microprocessor using data fetched from the effective
address. This total operation requires three steps. The first step (one
cycle) is the OP CODE fetch. The second (zero to four cycles) is the
calculation of an effective address. The final step is the fetching of the
data from the effective address. Execution of the instruction takes
place during the fetching and decoding of the next instruction.

Immediate Addressing (2 cycles)

Tn Addressbus Data Bus R/W Comments

T0 PC OP CODE 1 Fetch OP CODE
Tt PC+1 Data 1 Fetch Data

T0 PC+2 OP CODE 1 Next instruction

Zero Page Addressing (3 cycles)

Tn Addressbus Data Bus R/W Comments

To0 PC OP CODE 1 Fetch OP CODE

T1 PC+1 ADL 1 Fetch effective
address

T2 00,ADL Data 1 Fetch Data

T0 PC+2 OP CODE 1 Next instruction
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A23

A24

A.25

Absolute Addressing (4 cycles)

Tn
T0
T1
T2

T3
T0

Address bus
PC

PC+1
PC+2

ADH, ADL
PC+3

Data Bus
OP CODE
ADL

ADH

Data
OP CODE

Indirect, X Addressing (6 cycles)

Tn
TO
T
T2

T3

T4

T5
T0

Address bus
PC

PC+1
00,BAL
00,BAL + X
00,BAL +
X+1

ADH,ADL
P42

Data Bus
OP CODE
BAL

Data

discard
ADL

ADH

Data
OP CODE

1
1

Comments
Fetch OP CODE
Fetch Data

Fetch high order
effective address
Byte

Fetch Data

Next instruction

Comments
Fetch OP CODE
Fetch Page Zero
Base Address

Fetch low order
byte of effective
address

Fetch high order
byte of effective
address

Fetch Data

Next instruction

Absolute, X Absolute, Y Addressing (4 or 5 cycles)

Tn
TO
T1
T2

T3

T4

T0

Address bus
PC
PC+1

PC+2

ADL:BAL +
Index Register
ADH:BAH +C

ADL:BAL +
Index Register
PC+1

Data Bus
OP CODE
BAL

BAH

Data*

Data

OP CODE

R/W
1
1

1

Comments

Fetch OP CODE
Fetch low order byte
of Base Address
Fetch high order byte
of Base Address
Fetch data (no page
crossing)
Carryis@or 1 asrequired
from previous add
operation

Fetch data from next
page
Nextinstruction

* If the page boundary is crossed in the indexing operation, the data
fetched in T3 is ignored. If page boundary is not crossed, the T4 cycle
is bypassed.
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A.2.6

A.2.7

A3
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Zero Page, X or Zero Page, Y Addressing Modes (4 cycles)

Tn AddresssBus DataBus R/W Comments

T0 PC OP CODE 1 Fetch OP CODE
T1 PC+1 BAL 1 Fetch Page Zero Base
Address
T2 00,BAL Data 1
(Discarded)
T3 00,BAL + Data 1 Fetch Data (no page
Index Register crossing)
T0 PC+2 OP CODE 1 Next instruction

Indirect, Y Addressing Mode (5 or 6 cycles)

Tn AddressBus DataBus RW Comments
T0 PC OP CODE 1 Fetch OP CODE
1 PC+1 IAL 1 Fetch Page Zero
Indirect Address
T2 00, IAL BAL 1 Fetch low order byte
of Base Address
T3 00,IAL+1 BAH 1 Fetch high order byte
of Base Address
T4 ADL:BAL+Y Data* 1 Fetch Data from same
page
ADH:BAH+C CarryisOor1as
required from previous
add operation
T5* ADL:BAL+Y Data 1 Fetch Data from next
ADH: BAH + 1 page
T0 PC+2 OP CODE 1 Nextinstruction

* If page boundry is crossed in indexing operation, the data fetch in
T4 is ignored. If page boundary is not crossed, the T5 cycle is
bypassed.

Store Operations

STA
STX
STY

The specific steps taken in the Store Operations are very
similar to those taken in the previous group (Internal execution
on memory data). However, in the . Store Operation, the fetch of
data is replaced by a WRITE (R/W = 0) cycle. No overlapping
occurs and no shortening of the instruction time occurs on
indexing operations.
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A.3.1
Tn
TO
T1
T2
TO
A L 3 L ] 2
Tn
TO
T1
# 2
T3
TO
A 1 ] 3 L] 3
Tn
TO
T
T2
T3
T4
T5

T0

Address Bus

PC
PC + 1

00, ADL

PC+2

Address Bus

PC
PC + 1

PC+2
ADH, ADL

PC+3

Address Bus

PC
PC + 1

00, BAL
00,BAL + X
00, BAL
X+1

ADH, ADL

PC+2

Zero Page Addressing (3 cycles)

DataBus
OP CODE
ADL

Data

OP CODE

Absolute Addressing (4 cycles)

DataBus
OP CODE
ADL

ADH

Data

OP CODE

Indirect, X Addressing (6 cycles)

DataBus
OP CODE
BAL

Data
(Discarded)
ADL

ADH

Data

OP CODE

R/W

Comments

Fetch OP CODE
Fetch Zero Page
Effective Address
Write internal
register to memory
Next instruction

Comments

Fetch OP CODE

Fetch low order byte of
Effective Address
Fetch high order byte of
Effective Address
Write internal register
to memory

Next instruction

Comments

Fetch OP CODE
Fetch Page Zero Base
Address

Fetch low order byte of
Effective Address
Fetch high order byte
of Effective Address
Write internal register
to memory
Nextinstruction
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A.3.4 Absolute, X or Absolute, Y addressing (5 cycles)
Tn AddressBus Data Bus R/W Comments
T0 PC OP CODE 1 Fetch OP CODE
1 PC+1 BAL 1 Fetch low order byte
of Base Address
T2 PC+2 BAH 1 Fetch high order byte
of Base Address
T3 ADL:BAL + Data 1
Index Register (Discarded)
ADH:BAH+C
T4 ADH,ADL Data 0 Write internal register
to memory
T0 PC+3- OP CODE 1 Next Instruction
A.3.5 Zero Page, X or Zero Page, Y Addressing Modes (4 cycles)
Tn AddressBus Data Bus R/W Comments
TO PC OP CODE 1 Fetch OP CODE
T1 PCH41 BAL 1 Fetch Page Zero Base
Address
T2 00,BAL Data 1
(Discarded)
T3 ADL:BAL+ Data 0 Write internal register
index to memory
register
TO PC+2 OP CODE 1 Next instruction
A.3.6 Indirect, Y Addressing Mode (6 cycles)
Tn AddressBus Data Bus R/W Comments
T0 PC OP CODE 1 Fetch OP CODE
Ti “PO+1 IAL 1 Fetch Page Zero Indirect
Address
T2 00,IAL BAL 1 Fetch low order byte of
Base Address
T3 00,IAL+1 BAH 1 Fetch high order byte of
Base Address
T4 ADL:BAL+Y Data 1
(Discarded)
ADH: BAH
T5 ADH, ADL Data 0 Write Internal Register
to memory
TO PC+2 OP CODE 1 Next Instruction
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A4 Read -- Modify -- Write Operations
ASL LSR
DEC ROL
INC ROR

The -- Read -- Write operations involve the loading of operands from
the operand address, modification of the operand and the resulting
modified data being stored in the original location.

Note: the ROR instruction will be available
on MCS650X microprocessors after

June 1976
A41 Zero Page Addressing (5 cycles)

Tn AddressBus DataBus R/W Comments

T0 PC OP CODE 1 Fetch OP CODE

T1 PC+1 ADL 1 Fetch Page Zero
Effective Address

T2 00,ADL Data 1 Fetch Data

T3 00,ADL Data 0

T4 00,ADL Modified 0 Write modified Data

Data back to memory
T0 PC+2 OP CODE 1 Next instruction
A.4.2 Absolute Addressing (6 cycles)

Tn AddressBus Data Bus R/W Comments

T0 PC OP CODE 1 Fetch OP CODE

T1 PC+1 ADL 1 Fetch low order byte of
Effective Address

T2 PC+2 ADH 1 Fetch high order byte
of Effective Address

T3 ADH,ADL Data 1

T4 ADH,ADL Data 0

T5 ADH,ADL Modified 0 Write modified Data

Data back into memory
T8 PC+3 OP CODE 1 Next instruction
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A.4.3 Zero Page, X Addressing (6 cycles)
Tn AddressBus Data Bus RW Comments
T0 PC OP CODE 1 Fetch OP CODE
T1 PC+1 BAL 1 Fetch Page Zero Base
Address
T2 00,BAL Data 1
(Discarded)
T3 ADL:BAL+X Data 1 Fetch Data
(without carry)
T4 ADL:BAL+X Data 0
(without carry)
T5 ADL:BAL+X Modified 0 Write modified Data
(without carry) Data back into memory
T0 PC+2 OP CODE 1 Next instruction
A4.4 Absolute, X Addressing (7 cycles)
Tn AddressBus Data Bus RW  Comments
T0 PC OP CODE 1 Fetch OP CODE
T PL41 BAL 1 Fetch low order byte of
Base Address
T2 PC+2 BAH 1 Fetch high order byte
of Base Address
T3 ADL:BAL+X Data 1
(Discarded)
ADH:BAH+C
T4 ADL:BAL+X Data 1 Fetch Data
ADH:BAH+C
T5 ADH,ADL Data 0
T6 ADH,ADL Modifed 0 Write modified Data
Data back into memory
70 PC+3 OP CODE 1 New instruction
A5 Miscellaneous Operations

BCC BRK PHP
BCS BVC PLA
BEQ BVS PLP
BMI JMP RTI
BNE JSR RTS
BPL PHA
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A.5.1
Tn
TO
i
T2

TO

Address Bus
PC

PC+1
Stack pointer*

PC+ 1

Push Operation - PHP, PHA (3 cycles)

Data Bus R/W

OP CODE 1
OP CODE 1
(Discarded)

Data 0
OP CODE 1

*Subsequently referred to as ‘Stack Ptr.’

A.b.2
Tn
TO
T1
T2

T3
T0

Ab.3
Tn
TO
T1
T2

T3

T4

T5

TO

Address Bus
PC

PC +1
Stack Ptr

Stack Ptr+ 1
PC+1

Address Bus
PC

PC +1
Stack Pir

Stack Ptr

Stack Ptr- 1

PC+2

Subroutine
Address
(ADH, ADL)

Pull Operations - PLP, PLA (4 cycles)

Data Bus R/W
OP CODE 1
OP CODE 1
(Discarded)
Data
(Discarded)
Data

OP CODE 1

-

Jump to Subroutine - JSR (6 cycles)

Data Bus R/W
OP CODE 1
ADL 1
Data 1
(Discarded)

PCH 0
PCL 0
ADH 1
OP CODE 1

Comments
Fetch OP CODE

Write Internal Register
into Stack
Next instruction

Comments
Fetch OP CODE

Fetch Data from Stack
Next Instruction

Comments

Fetch OP CODE
Fetch low order byte of
Subroutine Address

Push high order byte of
program counter to
stack

Push low order byte of
program counter to
stack

Fetch high order byte
of Subroutine Address
Next instruction
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Ab54

Ab5.5

A.5.6
A5.6.1

111

Break Operation - (Hardware Interrupt) - BRK (7 cycles)

Tn
TO

T1

e

T3

T4

T5

T6

T0

Address Bus
PC

PC+ 1

(PCon hardware
interrupt)

Stack Ptr

Stack Ptr-1
Stack Ptr-2

FFFE
(NMI-FFFA)
(RES-FFFC)
FFFF
(RES-FFFD)
Interrupt Vector
(ADH, ADL)

DataBus R/W

OP CODE 1
Data 1
(Discarded)

PCH 0
PCL 0
P 0
ADL 1
ADH 1
OP CODE 1

Return from Interrupt - RTI (6 cycles)

Tn
TO
T1

T2

T3
T4
18
T0

Jump Operation-JMP

Address Bus
PC
PC+1

Stack Ptr

Stack Ptr + 1
Stack Ptr+ 2
Stack Ptr+ 3
PCH, PCL

Data Bus R/W
OP CODE 1
Data 1
(Discarded)

Data 1
(Discarded)

Data 1
Data 1
Data 1
OP CODE 1

Absolute Addressing Mode (3 cycles)

Tn
TO
T1
T2

T0

Address Bus
PC

PC+1
PC+2

ADH, ADL

DataBus R/W
OP CODE 1
ADL 1
ADH 1
OP CODE 1

Comments
Fetch BRK OP CODE (or
force BRK)

Push high order byte

of program counter to
stack

Push low order byte of
program counter to stack
Push Status Register to
stack

Fetch low order byte of
interrupt vector

Fetch high order byte of
Interrupt Vector
Next instruction

Comments
Fetch OP CODE

Pull P from Stack
Pull PCL from Stack
Pull PCH from Stack
Next instruction

Comments

Fetch OP CODE
Fetch low order byte of
Jump Address

Fetch high order byte
of Jump Address

Next instruction
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j
A.5.6.2 Indirect Addressing Mode (5 cycles)
Tn AddressBus Data Bus RW Comments
T0 PC OP CODE 1 Fetch OP CODE
T PC+1 IAL 1 Fetch low order byte of
Indirect Address
T2 PC+2 IAH 1 Fetch high order byte
of Indirect Address
T3 IAH,IAL ADL 1 Fetch low order byte of
! Jump Address
‘ T4 1AH,IAL+1 ADH 1 Fetch high order byte
of Jump Address
TO0 ADH,ADL OP CODE 1 Next instruction
A.5.7 Return from Subroutine - RTS (6 cycles)
f Tn AddressBus DataBus RW  Comments
' TO0 PC OPCODE 1 Fetch OP CODE
T1 PC+1 Data 1
(Discarded)
T2 StackPtr Data 1
(Discarded)
T3 StackPtr+1 2 1 Pull PCL from Stack
T4 StackPtr+2 PCH 1 Pull PCH from Stack
T5 PCH, PCL (from Data 1
J Stack) (Discarded)
]‘ T0 PCH,PCL+1 OP CODE 1 Next instruction
| Ab5.8 Branch Operation -- BCC, BCS, BEQ, BMI, BNE, BPL, BVC, BVS,
(2, 3, or 4 cycles)
Tn AddressBus DataBus RW  Comments
; Branch Not Taken
j T0 PC Op Code 1 Fetch OP CODE
' 0 PU+T Offset 1 Fetch Branch Offset
’! TO PC+2 Next Op Code
¥ Branch Taken
4 To PC Op Code
‘ T1 PC+1 Offset
_'i T2 PC+2 Next Op Code Discard
& T0 PC+2+OFF Op Code New Branch
Branch Taken Crossing Page Boundary
T0 PC Op Code
11 PG+1 Offset
12 POAL2 Op Code Discard
T3 PC+2+0S Discard
(W/OC)
T0 PC+2+0S Next Instruction

(WC)

|
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