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PREFACE

The MEK6802D5 Microcomputer Evaluation Board provides the necessary hardware
and firmware for a computer system based on the Motorola MC6802 Microprocessor.
The system forms an evaluation tool to faciliate the application of Motorola
microprocessors and associated components. The system is supplied with all the
components required to operate, including a 115 Vac plug-in transformer and
integral power supply and can be used in various configurations. With the in-
formation supplied in this manual, the user can prototype dedicated systems
plus write and evaluate software programs in machine language. Provisions are
made for extensive system expansion using a video terminal or keyboard and
CRT/TV display unit.

The information in this document has been carefully checked and is believed
to be entirely reliable. However, no responsibility is assumed for inaccur-
acies. Furthermore, such information does not convey to the purchaser of
this product any license under the patent rights of Motorola, Inc., or others.
Second Edition
© Motorola, Inc., 1980
A11 Rights Reserved

Printed in USA
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System Components:

Supply Voltage:

Operating Temperature:

Relative Humidity:

Dimensions:

Options/Expansion:

Software Features:

MEK6802D5 SPECIFICATIONS

MC6802 Microprocessor

D5BUG Firmware (2K)

Six 7-segment displays
25-key scanned keypad

300 Baud cassette interface
Uncommitted user PIA

Wire Wrap area

On-board power supply

120 Vac 60 Hz to external transformer, 18 Vac input
to board, +5 Vdc regulated output on board.

0 °C to 55 °C (32 °F to 131 °F)
To 80% without condensation

A two-sided printed circuit board measuring 9.75 in
(247.65 mm) wide by 8.75 in (222.25 mm) high by
0.062 in (1.57 mm) thick.

Two (2) MCM2114 1K x 4 RAMs
One (1) ROM
Bus buffers
MEK6800AB Motherboard
MEK68R2 CRT display board
ASCII Keyboard
CRT/TV Monitor
MEK68MM RAM board
MEK68RR RAM/ROM board
MEK68IO Input/Output Interface
MEK68EP EPROM Programmer

Memory Change/Display
Advance to next ADDR
Back-up to previous ADDR
Calculate offsets

Register Change/Display

Breakpoint Editor

Cassette punch/load/verify

Trace single instruction

Go To/Continue user program

User function capability

Escape from all functions

Save user registers

iv




1.1

1.2
1.2.1

1.2.2

1.2.3

CHAPTER 1

GENERAL INFORMATION

Description

The MEK6802D5 Microcomputer Evaluation Board is a basic, Tow-cost system
to evaluate the capability of the MC6800 Microcomputer Family of Com-
ponents. It is useful as a tool to learn programming techniques, and to
develop custom applications of microprocessors.

The system consists of an MC6802 microprocessor, DSBUG firmware in an
MC68A316E ROM, (6) 7segment multiplexed displays, a 25-key scanned key-
pad, 300 Baud K.C. standard cassette interface and an on-board power

supply capable of driving the minimum system.

A wire wrap area and an uncommitted user PIA are provided to allow the
user to create desired options. In addition, provisions are made to add
(2) MCM2114 1K x 4 RAMs, a 24-pin ROM or EPROM, and Bus buffers to an

86-pin connector.

A11 components, including the AC transformer required for the minimum
system are supplied with the MEK6802D5.

The functions of the basic and optional components of the system are de-
scribed in the following sections.

Components
MC6802 - MPU (U5)
The microprocessor generates the system clock, executes the programs re-

siding in D5BUG, and also executes user programs. There are 128 bytes of
RAM (reserved for the user in the D5) included in the MC6802 (addresses

$p0¢P to $007F).

MC68A316E - D5BUG (U12)

This factohy programmed ROM (Read Only Memory), also known as a Monitor,
con§a1ns the operating system firmware programs which control the D5
system.

MC6821 - PIA (U23)

This PIA (Peripheral Interface Adapter) is the s i
. ystem PIA and interfaces
the keypad and display to the MPU. This unit can transmit data (in

1-1




1.2.4

1.2.5

1.2.6

1.2.7

1.3
1.3.1

1.3.2

parallel form) in either direction and provides a flow path for data in
or out of the system. It also interfaces the cassette interface cir-
cuitry and trace-one instruction timer to the MPU (us).

MC6821 - PIA (U9)
This PIA interfaces the D5 to external devices or systems for the user
to use in producing custom designs. It provides two 8-bit bi-direc-

tional data ports and four control lines connected to a 24-pin Dip
socket located adjacent to U9.

MC6810 - Static RAM (U1l1)

This is a static RAM (Random Access Memory) used as a scratch pad for
the MPU (U5). It provides 128 bytes of Flag, Data, and Stack area for
the D5BUG operating system (24 bytes are allowed for use as a user's
stack area).

LED Display
The display system consists of LEDs, Ul5, Ul6, Ul7, U18, U20, U21; anode
drivers Ql through Q7; and cathode drivers U24 through U26. The system

PIA (U23) uses seven lines to drive the anode drivers and six lines to
drive the cathode drivers.

Keyboard

Depressing a key generates an interrupt to the processor. The system
firmware causes the processor to search for the key closure and act upon
it.

Optional Devices

MC2114 RAM Memories (U7, U8)

There are two 18 pin sockets for installing MCM2114 (1K x 4 bit) static
RAM memories.

Bus Drivers (Ul, U2, U3, U1l0)

These units interface the processor to an 86 pin connector to expand the
MEK6802DS system.

1-2




2.1

CHAPTER 2

INSTALLATION

Preparation For Use

2.1.1 Handling

2.2

2.3

CAUTION

Turn power of f before removing or installing components

SPECIAL HANDLING REQUIRED

Store board in special conductive bag. Do not touch
circuitry while handling. Static discharge may damage
components.

Generally, it is required that the board and repairing personnel all
be at the same (ground) potential. If the unit is on a bench or is
not installed, a common ground connection between installing and/or
repairing personnel and the unit should be made.

Use

Place the D5 board on its stand offs or otherwise insulated from a
bench or table top and plug the transformer into a wall outlet of
the correct AC voltage. Refer to the operation section of this
manual for more information.

Precautions

Because MOS devices have extremely high input resistance, they are
susceptible to damage when exposed to high static electrical charges.

To avoid possible damage to the devices during handling, testing, or
actual operation, use the following procedures:

a) The leads of devices should be in contact with a conductive material,

except when being tested or in actual operation, to avoid build-up
of static charge.

2-1
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2.3 Precautions (cont'd)

b) Sq]dering—iron tips, metal parts of fixtures and tools, and hand-
ling facilities should be grounded.

c) Devices should not be inserted into or removed from circuits

with the power on because transient voltages may cause permanent
damage.

d) Signals should not be applied to the inputs while the device
power supply is off.

e) A1l unused input Teads must be connected to either Vgg (ground)

or Vpp (device supply), whichever is appropriate for the logic cir-
cuit involved. ‘

2.3.1 Handling of Unmounted Chips

In handling of unmounted chips, care should be taken to avoid di f-
ferences in voltage potential. A conductive carrier, or a carrier
having a conductive overlay should be used.

Some CMOS chips use a double diode plus resistor input protection
circuit. This input protection circuit will clamp the input voltage
to the chip to within the Vpp and Vgs supply voltages. This will
protect the CMOS chip from over-voltages of 100 volts for 0.1 milli- .
second. The static charges encountered in normal handling may be
as high as 10,000 volts.
2.4 Pin Assignments

Refer to Table 2.1 for the Bus Pinout Assignments for the MEK6802D5.

2.5 System Bus Signal Description

System Bus Signals:

(1) 16 Address lines (A@-Al5) - For selection of one byte or location ¥

from 64K bytes or locations. -

(2) 8 Data lines (D@-D7) - Bidirectional lines that carry data informa- .
tion.

(3) 9 Control Tlines:
(a) E - ENABLE. This signal is the system clock. A standard

3.579545 MHz crystal is used by the processor to generate
the 894.8 KHz system clock.

2-2




TABLE 2.1. SYSTEM BUS PINOUTS
Pin Pin
Number Description Number Description
1 +5 VDC A +5 VDC
2 +5 VDC B +5 VDC
3 +5 VDC C +5 VDC
4 HALT D 1IRQ
5 RESET E NMI
6 R/W F VMA
7 H
8 +12 V GND (ref) J E (92)
9 +12 V GND (ref) K +12 V GND (ref)
10 L
11 -12 vV (ref) M -12 vV (ref)
12 N
13 P BA
14 R MR
15 S
16 +12 V (ref) T +12 V (ref)
17 U
18 )
19 W
20 X
21 Y
22 z
23 A
24 B
25 -5 V (ref) C
26 D
27 E
28 F
29 D1 H D3
30 D5 J D7
31 D@ K D2
32 D4 L D6
33 Al5 M Al4
34 Al2 N Al3
35 All P Al0
36 A8 R A9
37 A7 S Ab
38 Ad T A5
39 A3 U A2
40 Ap v Al
41 GND W GND
42 GND X GND
43 GND Y GND

2-3




2.5

2.6
2.6.1

System Bus Signal Description (cont'd)

(3) 9 Control lines (cont'd)

(b) R/W - Read/Write. This is the read-write control line.
Its logic state determines the direction of data (into or
out of) a selected chip. When high, the data direction
is toward the processor (read), and when low, the data
direction is away from the processor (write).

(c) VMA - Valid Memory Address. When low this signal in-
dicates that the address on the bus is invalid.

(d) MR - Memory Ready. This control signal can cause the E
signal to be stretched. When MR is high, E will be in
normal operation. When MR is low, E may be stretched an
integral multiple of half periods, thus allowing interface
to slow devices.

(e) RESET. This line is used to reset and start the MPU.

(f) BA - Bus Available. When this signal is active, the
MC6802 is stopped and the address bus is available for
external devices (but not tri-state).

(g) HALT. When this signal is active, all activity of the
MC6802 will be halted.

(h) TRQ - Interrupt Request. This signal requests than an
interrupt sequence be generated within the MC6802. If
the interrupt mask bit in the condition code register
is set, the IRQ input is disabled.

(i) NMI - Non-Maskable Interrupt. This signal is similar to

TRQ except that the interrupt mask bit in the condition
code register has no effect on NMI.

System Interfaces

Power

For the minimum system, an on-board power supply is provided which is
driven by an 18 Vac center tapped transformer. Refer to Figure 2.1
(see page 2-5) in connecting the 18 Vac transformer.

If it is necessary to use an external supply for more power, just remove
jumper E2 and connect the external supply as shown in Figure 2.2 (see
page 2-5).

2-4




2.6.1 Power {cont'd) AC GND AC +5V

TB1 @ @ @ @ D8 BOARD
C > CABLE
GRN BLK RED
@ @ @ @ TRANSFORMER
3 2 1

FIGURE 2.1. 18 VAC TRANSFORMER CONNECTION

AC GND AC +5 V

- |[p|lo]]lo]||l®

GND +86 vDC

FIGURE 2.2. EXTERNAL SUPPLY CONNECTION

2.6.2 User PIA

A 40-pin socket has been provided to allow an additional uncommitted
MC6821P in the D5. The PIA (U9) is supplied with the kit and the inter-
face signals are available at the 24-pin socket (u14).

TABLE 2.2. USER PIA CONNECTOR PINOUTS

Pin Pin

Number Description | Number Description
1 PA6 13 GND
2 PA7 14 N.C.
3 PBP 15 PAS
4 PB1 16 PA4
5 PB2 17 PA3
6 PB3 18 PA2
7 PB4 19 PAl
8 PBS 20 PAQ
9 PB6 21 CA2
10 PB7 22 CAl
11 CB1 23 N.C.
12 CB2 24 +5 V

2-5
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2.6.2 User PIA (cont'd)

The IRQA and IRQB outputs of the user PIA may be connected to either .
NMI or IRQ. Refer to the following figure while making connections.

NMi TO PROCESSOR (US)

IRQ TO PROCESSOR (US) ’
o o o a
N A ,
9 © o o
IRQA, U9, PIN 38 (USER PIA)
iRQB, U9, PIN 37 (USER PIA)
FIGURE 2.3. USER PIA INTERRUPT CONNECTIONS
The User PIA is decoded to appear at $E480. ‘
PORT A =mmmmmmmmmmcmmmmmmeee $£480
DATA DIRECTION A ---cceeemmeam $E£480
CONTROL REGe A =-ccccmeaeeeeen $£481
1012 $E482
DATA DIRECTION B -w=mmeeeoem - $E£482
CONTROL REGs B ~-mmeccmcceeeo $£483

2.6.3 Cassette

A 300 Baud Kansas City standard compatible cassette interface is pro-
vided for program storage. Most low-cost cassette recorders are com-
patible with the D5. The output from the cassette is connected to the
"EAR" input at P3 of the D5. Generally the higher the cassette output
level the better, but the D5 may accept as low as 2.0 Vpp.

To record programs connect the "MIC" output from P2 of the D5 to the
"MIC" input to the cassette recorder. The D5 sends a 50 mVpp signal
of 1200 Hz and 2400 Hz for zeroes and ones respectively.




2.7

2.7.1

2.7.2

Options

Several options are available for the user through installation or re-
moval of various jumpers or components. In general, addition of options
will require additional power which the on-board power supply may or may
not be capable of supplying, The limiting factor in the on-board supply
is the 7805 regulator heat dissipation characteristics. Some added
power capability can be achieved by going to a T0-3 type regulator which
can dissipate more heat. If the on-board regulator cannot supply enough
power for the added options, then E2 may be removed to disconnect this
regulator from the system allowing power to be supplied at the edge con-
nector, or through the four (4) terminal barrier block TBIl.

User RAM

Provisions have been made to allow addition of 1K x 8 of User RAM. This
RAM is decoded to appear at addresses $E@@@ - $E3FF. To add this option
install (2) MCM2114 1K x 4 RAMs at U7 and US.

User ROM

A 24-pin socket has been provided to allow the user to add an additional
ROM with its own firmware. Decoding is provided to allow this ROM to
appear at either of two areas in the memory map, $E800 to $EFFF or
$F800-$FFFF. If the user wishes the ROM to contain the system restart
and interrupt vectors, select the ROM at $F800-$FFFF and disable the
monitor ROM from mirroring there. The user then has full access to all
operating system routines but has priority during restart and interrupts.
In addition to selecting where this ROM will appear, the user can connect
the socket to accept various ROM or EPROM types. The following table
outlines the proper connections for the most common EPROM types.

TABLE 2.3. EPROM CONNECTIONS

Types Organization Pin 21 | Pin 20 | Pin 19 | Pin 18
MCM2708 1K x 8 -5V cS +12 V GND
TMS2716 K x 8 S5V Al0 +12 V CS
MCM2716 K x 8 +5 V CS Al0 | GND

Refer to the following figures for configuring the ROM sockets as
required. Figure 6.1, page 6-4 shows the location of these sockets.
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2.7.2 User ROM (cont'd)

+1
ROM PIN
ROM PIN
ROM PIN
ROM PIN

+1
ROM PIN
ROM PIN
ROM PIN
ROM PIN

2V
19
20
20
21
5 V

a) Jumpers for 1K

2V
19
20
20
21

-5 Vv

+1
ROM PIN
ROM PIN
ROM

ROM

PIN
PIN

b) Jumpers for 2K

2V
19
20
20
21

-5V

FIGURE 2.4.

CONFIGURING THE ROM SOCKET

1 B
Z
3l o 4
50 08
T84 8
8Pl o110
Ei
”
118 J4

-d
A

© N O
\

o

4
X 6

o

o 8

)
4

010

J4

“A\\Ye.

A10
Al0
cs

+5 V

x 8, 3-supply EPROM.

A10
At10
cs

+5 V

x 8, 3-supply EPROM.

10
3 B0 4
8 O o6
rEZZ3d s
e B2Z8%10
J4

110

2-8

A0
Al0
CS

+6 V

c) Jumpers for 2K x 8 single supply EPROM.




2.7.2 User ROM (cont'd)

2.8

0 O

O (e

A,
s B
8

a) Option 1, select at $E£800 to $EFFF.

S o @ T R
T (F %) /A o o
8 6 4 2 e 6 4 2

b) Option 2, select at $F800 to $FFFF.
FIGURE 2.5. USER ROM OPTIONS

To use option 2 the system monitor mirror must be disabled by removing
the jumper between pins 1-2 of J2.

Bus Expansion

To expand the D5 through the 86-pin connector, install (2) 74LS244 octal
buffers at Ul and U2 and (1) 74LS245 octal bidirectional buffer at U3.
Also install a jumper at E1 to disable the MC6802's internal RAM.
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3.1

CHAPTER 3
OPERATION

Common Terms and Notations

Microprocessors are digital devices which understand 1 (ones) and @
(zeroes). In the MC6802 there is a 16-bit address bus and an 8-bit
data bus which communicate digitally (with binary 1's and 0's). It
becomes cumbersome to specify 16-bit addresses and 8-bit data in bi-
nary 1's and 0's so a shorthand code called hexadecimal 1is wused.
Fach hexadecimal digit (hex digit for short) represents (4) binary
bits.

In order to distinguish hex digits from ordinary decimal numbers, pre-
cede the hex number with a dollar sign ($). Sometimes it is very
obvious that a number is a hex number and the "$" symbol may be left
off as in program listings. In a binary number, the leftmost bit is
called the Most Signigicant Bit (MSB) and the rightmost bit is called
the Least Significant Bit (LSB).

Any group of 8-bits is called a "byte" and a group of 4-bits may be
called a "nibble". A "word" is a misleading term because many think
it means 8-bits, but "word" really refers to the size of the data word.

In most microprocessors the data bus just happens to be 8-bits wide but
there are exceptions such as the MC68000 which has a 16-bit "word" size.

Binary Number Hex Representation

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Note: From 10 through 15 the
letters A through F are used

for a single symbol to represent
the 4-bit binary number.

MMOOPD>»IOO~NOTR_RWNHO
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3.1 Common Terms and Notations (cont'd) ‘

Since_7-§egment di§p1ays are used on the D5, the hex values A through F
are difficult to display. The letters B and D become lower case letters.

3.2 Display Indications

Step-by-step examples will show the resulting display. Notice there are

6 displays. In the examples a small letter x indicates "don't care";

that is it may not be possible to predict the actual value which will I
appear but it indicates that the display will not be dark.

3.3 Keypad Entries and Displays

Located at the end of this chapter are detailed examples which will help
explain this section.

3.3.1 RESET

To reset the entire system, depress the "RS" button and the resulting
display will be a dash in the left hand position.

3.3.2 ESCAPE ‘

Normally it is possible to abort a user program by depressing the "EX"
key; however, since this is dependent upon proper set-up of the keypad
PIA, it is possible for the user's program to disable the ESCAPE func-
tion. .

Assuming a user program and the ESCAPE function active at the time the
"EX" key is depressed, the resulting display would reflect the current
user Program Counter status and the system would be in the register
display editor.

If the system was within the DEBUG operating system when "EX" was de-
pressed the resulting display would be a dash in the left hand position.

3.3.3 Miscel laneous

While entering numeric information, the first digit entry will clear the
entire register location being modified and the new digit will be rotated
into the least significant 4 bits of the register. Subsequent entries
will be shifted in from the right and there is no limit to the number of
digits which may be entered. When the next command key is depressed,
the value being displayed is the value which will be used.




3.3.3

3.3.4

3.3.5

Miscel laneous (cont'd)

When trying to GO to a user program, a check is performed to see that
the user's system stack can support the process of exiting to the pro-
gram. The method used to transfer control to the user program requires
that the user's register contents be put on the system stack and, if no
RAM exists at the "S" stack pointer location, then control cannot be
passed to the program. The display will be -SP- ??2.

Memory Display/Change

To display or change the contents of a memory location, first enter the
hexadecimal address to be changed. Leading zeroes are not required and
digits may be entered until the display is correct. When this address
has been entered, depress the "M" key.

The first four display digits show the address of the memory location
being operated on. The fifth and sixth displays show the actual contents
of the displayed address and if they do not agree with the data entered,
it is an indication that the location is not properly accepting data.

To advance to the next higher memory location, depress "GO" and to back-
up to the next previous location, depress the "M" key.

Offset Calculation

To calculate a relative offset, depress "FS" from the memory display
change editor. The memory location being displayed at the time the "FS"
key was depressed is assumed to be the location of the offset byte. The
display at this point will be an A in the right most position,

' }

.|

| PUNSSEEE S A—

prompting an entry of the destination address. After this address has
been entered, depress "G0". The offset will be calculated and checked
to see if it is within the range of an 8-bit offset. The resulting dis-
play will be two numbers in the right most two displays or the letters
BAD indicating the offset was out of range. The numbers are an 8-bit
offset value.

Note this offset on the listing before continuing.
Depress "GO". The calculated offset is stored and control returned to

the memory display/change editor. The memory location being displayed
will be that immediately following the offset which was just stored.

3-3




3.3.5

3.3.6

3.3.7

3.3.8

Offset Calculation (cont'd)

If, for some reason, the calculated value should not be stored prior to
continuing, depress the "FC" key which will return control to the memory
display/change routine. The displayed memory location will be the same
one from which the offset calculation routine was called.

If the calcuation was "BAD" depressing “M" will return to the memory
change editor.

Register Display/Alter

To get to register display, begin at the prompt point and depress "RD".

The first register displayed will be the wuser's program counter.

Summary of Register Display Formats

pc | pc | pc | pc P C User program counter
a a A User A - register
b b b User B - register
X X X X 1 d User X index register
sp | sp | sp | Sp S P User stack pointer
c c c 1 c User condition codes

To advance to the next sequential register depress the "GO" key and to
back up to the next previous register depress the "M" key. The re-
gisters "wrap-around” so depressing "G0" while displaying CC, the next
display will be PC.

To change the contents of a psuedo register, just step to that display
and enter the desired value.

Trace Single Step

To trace a single MC6802 instruction, just depress "T/B" from within the
register display editor. After executing a single user instruction, the
operating system will regain control in the register display editor and
all registers will reflect the action of the executed instruction. De-
press "T/B" as many times as desired to execute that many instructions.
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. 3.3.9

3.3.10
|}

3.3.11

3.3.12

Go To User Program

To Go to a user program, start at the prompt point (a dash in the left
most display). Enter the address desired and then depress "G0".

Continue

This is like GO to user program except instead of specifying the GO
address, it is assumed to be the current value at the user program
counter pseudo register. To invoke this function, depress "GO" from
the "-" prompt point. It should not be necessary to enter any numbers
prior to "GO" to invoke the "CONTINUE" function.

Breakpoints

To enter the breakpoint editor, depress "FS" then "T/B" from the prompt
point.

To get out of the breakpoint editor, depress the "EX" key. To advance to
another breakpoint specification, depress "GO". The advance function
wraps around so successive presses of "GO" will eventually display all
breakpoints. Up to 5 breakpoints may be active at any time.

To de-activate an existing breakpoint, advance to where it is being dis-
played and depress "FC". The last digit of the display (# of break-
points) will decrement and another breakpoint will be displayed. To
remove all breakpoints, depress "FC" as many times as needed until the
"4 of breakpoints" digit is zero.

To install a new breakpoint, enter its proposed hexadecimal address,
then depress "FS". Breakpoints will only be installed where there is a
RAM. If the "# of breakpoints" digit does not change, it is an in-
dication that the breakpoint could not be installed either because five

breakpoints already exist or because the breakpoint code ($3F) could
not be stored at the proposed address.

Punch

To punch a cassette tape, begin from the prompt (-) point. Depress
"p/L" and the display will be 0000 bb, prompting for a beginning address.

For example, depress 1, 2, 3. The display will be 0123 bb.

Depress GO to enter this address. The display will now be 0000 EE, as
a prompt to enter the last address of the data to be punched.

For example, depress 4, 5, 6, 7. The display will be 4567 EE.
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3.3.12

3.3.13

3.3.14

Punch (cont'd)

Turn on the tape recorder in the RECORD mode and depress GO. A 30
second leader of $FF characters will preceed the data file.

When the punch process is complete, the prompt (-) returns and the D5
board is ready for the next command.
Load/Verify

The load command is "FS" then "P/L" while the verify command is "FS" -
llRDll .

When the load or verify is completed without errors, the prompt re-
turns and the D5 is ready for the next command.

If an error occurred during load or verify, the message "Fail ?2?"
appears on the display. The user may escape at this point.and enter
register display to find the error location. The address in error is
indicated by the value in the X-register. Also the data in the A-
register is the last byte read from the tape.

User Functions

User functions may be performed by use of the function set key and the
user function pointer (FNCPNT).

User functions are invoked by typing "FS" and a hex digit.

User functions are set up by providing a table of addresses of user
supplied functions, and by storing the address of the table at FNCPNT

Up to 16 functions may be added to the functions already on the D5.




Display and Programming Examples

These examples are given to illustrate programming techniques and applications
using the MEK6802D5.

Example to display 'USE d5'
1. Determine the necessary 7-segment display codes required for the letters

and numbers to be displayed. This information is found in the detailed
description of the "PUT" routine in Chapter 7.

Symbol Binary Hex
U = 0011 1110 = $3E
S = 0110 1101 = $6D
E = 0111 1001 = $79
space = 0000 0000 = $00
d = 0101 1110 = $5E
5. = 0110 1101 = $6D

2. Each symbol is Tisted with its binary equivalent and hex code keypad entry.

3. The program listing entries are explained in the D5BUG listing (Chapter 7).
The complete program listing for this example is as follows (next page):

¢




0001
0002
0003Aa
0004
0005
0006
0007
ooos
0009
0010
0011A
0012A
0013A
0014A
0015A
0016A
0017a
0018A
0019A
0020A
0021A
0022a
0023A
0024A
0025a
0026

0000

0000 86
0002 B7
0005 86
0007 B7
O0OA 86
0ooC B7
O00OF 86
0011 B7
0014 86
0016 B7
0019 86
001B B7
001E CE
0021 FF
0024 7E

E41D
FOA2
E419
FOBB

USEDS

ERRORS 00000--00000

0000
FOA2
E41D
E419
FOBB

BEG
DIDDLE
DISBUF
MNPTR
PUT

0011*
0006*
0005*
0007*
0008*

0023

0012 0014 0016 0018

0024
0025

NAM USED5
oPT LLEN=80,CREF
ORG $0
* DS5BUG ROUTINE
A DISBUF EQU $E41D
A DIDDLE EQU $FO0A2
A MNPTR EQU . $E419
A EUT EQU $FOBB
*
A BEG LDAA #S3E "g"
A STAA DISBUF STORE TO FIRST DISPLAY
A LDAA #$6D "s"
A STAA DISBUF+1
A LDAA #879 "E"
A STAA DISBUF+2
A LDAA #$00 BLANK
A STAA DISBUF+3
A LDAA #S5E "D"
A STAA DISBUF+4
A LDAA #$6D "s"
A STAA DISBUF+5 STORE TO LAST DISPLAY
A LDX #DIDDLE ADDR OF DIDDLE ROUTINE
A STX MNPTR ESTABLISH AS ACTIVE SUB OF "PUT"
A JMP POT CALL DISPLAY ROUTINE
END

0020 0022

After entering this program irto memory using Memory Change, press
"@" and "GO" to begin execution.




Display and Programming Examples (cont'd)

Example to display 'HELP --'

1. Determine the 7-segment codes required,

Symbol Binary Hex
H = 0111 0110 = $76
E = 0111 1001 = $79
L = 0011 1000 = $38
P = 0111 0011 = §73
- = 0100 0000 = $40
- = 0100 0000 = $40

2. Each symbol is listed

3. The program listing entries are explained in the D5BUG listing (Chapter 7).
The complete program listing for this example is as follows (next page):

with its binary and hex codes equivalent.
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in the previous example.




0007*
0008*

0018
0018

E419 MNPTR
FOBB PUT

0001 NAM HELP
0002 OPT LLEN=80,CREF
0003A 0000 ORG $0
0004 * D5BUG ROUTINES
0005 FOAZ A DIDDLE EQU $FCA2
0006 E41D A DISBUF EQU $E41D
0007 E419 A MNPTR EQU $E419
0008 FOBB A PUT EQU $F0BB
0009 *
0010 *
0011A 0000 CE 7679 A BEG LDX #3$7679  "HE"
0012A 0003 FF E41D A STX DISBUF  STORE TO FIRST 2 DISPLAYS
0013A 0006 CE 3873 A LDX #$3873  "LP"
0014A 0009 FF E41F A STX DISBUF+2
0015A 000C CE 4040 A LDX #$4040 "--"
0016A OOOF FF E421 A STX DISBUF+4
0017A 0012 CE FOA2 A LDX #DIDDLE
0018A 0015 FF E419 A STX MNPTR
0019A 0018 7E FOBB A JMP PUT
0020 END
0000 BEG 0011*
FOA2 DIDDLE 0005* 0017
E41D DISBUF 0006* 0012 0014 0016

STORE TO LAST 2 DISPLAYS

ADDR OF DIDDLE ROUTINE
ESTABLISH AS ACTIVE SUB OF PUT
CALL DISPLAY ROUTINE

After entering this program into memory using Memory Change, press

"@" and "GO" to begin execution.
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Display and Programming Examples (cont'd)

To help in better understanding the PUT/MNPTR routine operation, try the
following:

DIDDLE has been used so far as the subroutine which is executed once each
millisecond from PUT. Now substitute a long delay using the DLYX routine
as the subroutine which is specified by MNPTR.

0020 CE FFFF  SLOW LDX  #$FFFF For 1/2 second delay

0023 BD F179 JSR  DLYX Delay

0026 39 RTS Then return to PUT
To install SLOW as the active subprogram of PUT, just change the third last
step of the "HELP --" program:

was:

0012 CE FOA2 LDX #DIDDLE Addr of DIDDLE routine

to:

0012 CE 0020 LDX #SLOW Addr of SLOW routine
When the program is running between successive digits (which are on for about
1 millisecond) there is an approximately half second delay.
Adjust the amount of delay by changing FFFF at 0021,2 and observe the effect.

This example is a clock program to display time in a 24-hour format. The
program is as follows (next page):
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0001

0002

0003Aa
0004

0005

0006

0007

0008

0o09A
0oloa
0011A
0012a
0013

0014A
0015A
0Gl6Aa
0017

0018a
0019%Aa
0020Aa
0021A
0022a
0023a
0024A
0025A
0026A
0027A
0028A
0029Aa
0030A
0031A
0032a
0033Aa
0034A
0035a
0036A
0037A
0038Aa
0039a
0040A
0041a
0042a
00432
0044A
0045A
0046A
0047a
0048A
0043%A
0050a
0051a
0052A
00532
0054a
0055a
0056A
0057a
0058A

0000

0000
0001
0002
0003

0005
Q008
000B

000E
0olo0
0011
0013
0016
0018
001B
001D
0020
0022
0024
0025
0027
0029
002B
002D
002F
0031
0034
0037
0039
003B
003cC
003E
0040
0042
0044
0046
0048
004B
004E
0050
0052
0053
0055
0057
0059
005B
005D
00SF
0061

FOBB A
E419 A
E42C A
F120 A
0001 A
0001 A
0001 A
0002 A
000E A
E419 A
FOBB A
03 A
03 A
0217 A
4C 0064
0000 A
03 A
0002 A
02 A
F5 A
3D 0064
02 A
06 A
02 A
60 A
33 0064
0002 A
0001 A
0l A
F5 A
26 0064
01 A
06 A
0l A
60 A
1C 0064
0001 A
0000 &
00 A
F5 A
06 005B
00 A
06 A
00 - A
00 A
24 A
03 0064
0000 a

TIME

NAM TIME
OPT LLEN=80,CREF
ORG $0
* D5BUG ROUTINE
PUT EQU $FOBB
MNPTR EQU $E419
HEXBUF EQU SE42C
DYSCOD EQU  $F120
RHR RMB 1 HOURS
RMIN RMB 1 MINUTES
RSEC RMB 1 SECONDS
TICK RMB 2 COUNTERPASSES; ABOUT 1ms/PASS
|
START LDX #TIME ADDR OF TIME ROUTINE
STX MNPTR ESTABLISH AS ACTIVE SUB
JIMP PUT GET STARTED
*
TIME LDX TICK # OF PASSES
INX INCREMENT # PASSES
STX TICK UPDATE
CPX #535 PASSES/SEC
BNE TBOT TO BOTTOM OF PROG
LDX #$0000
STX TICK RESET TICK COUNT
INC RSEC INCREMENT SECONDS
LDAA RSEC
ORAA #SF5 CHECK FOR BCD OVERFLOW
COMA
BNE TBOT IF NOT $xA SECONDS
LDAA RSEC
ADDA #6 INCREMENT TENS DIGIT
STAA RSEC UPDATE
CMPA #560 60 SEC YET ?
BNE TBOT IF NOT; EXIT
CLR RSEC RESET SCONDS COUNT
INC RMIN NEW MINUTE
LDAA RMIN
ORAA #SF5 CHECK FOR BCD OVERFLOW
COMA
BNE TBOT IF NOT; EXIT
LDAA RMIN
ADDA #6 INCREMENT TENS DIGIT
STAA RMIN UPDATE
CMPA #S60 60 MIN YET ?
BNE TBOT IF NOT; EXIT
CLR RMIN RESET MINUTES COUNT
INC RHR NEW HOUR
LDAA RHR
ORAA #SF5 CHECK FOR BCD OVERFLOW
COMA
BNE CHKHR CHECK FOR END OF A DAY
LDAA RHR
ADDA *#6 INCREMENT TENS DIGIT
STAA RHR UPDATE HOURS
CHKHR LDAA RHR
CMPA #$24 END OF A DAY ?
BNE TBOT
CLR RHR RESET HOURS
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‘ TIME

0059A 0064 DE 00 A TBOT LDX RHR HOURS/MINUTES

0060A 0066 FF E42C A STX HEXBUF TO HEX BUFFER

0061A 0069 96 02 A LDAA RSEC SECONDS

0062A 006B B7 E42E A STAA HEXBUF+2 TO LAST DIGITS

0063A 006E 7E F120 A JMP DYSCOD CONVERT TO 7-SEG

0064 * YOU WILL RETURN TO PUT AT CONCLUSION OF DYSCOD
0065 END

ERRORS 00000--00000

005B CHKHR 0051 0055*
F120 DYSCOD 0008* 0063

o ) E42C HEXBUF 0007* 0060 0062
E419 MNPTR 0006* 0015
FOBB PUT 0005* 0016
0000 RHR 0009* 0047 0048 0052 0054 0055 0058 0059

0001 RMIN 0010* 0036 0037 0041 0043 0046

0002 RSEC 0011* 0025 0026 0030 0032 0035 0061
0005 START 0014*

0064 TBOT 0022 0029 0034 0040 0045 0057 0059*

0003 TICK 0012* 0018 0020 0024
000E TIME 0014 o0018*

After entering this program into memory using Memory Change, press
"5" and "GO" to begin execution.
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Comments on 24 hour clock program "TIME"

The technique used to measure time is called "software timing" and relies on
the system clock accuracy and the sum of the execution times on all of the
instructions being performed. This is a cumbersome technique to do right.

Determine all the different paths through the program in order to accurately
predict the program's total execution time.

This is precisely the technique used in some digital watches, but in that
case there is - a fine adjustment to tune the clock frequency to better than
.001% which comes out to about 5 minutes per year. In a typical micropro-
cessor system, the clock speed is not adjustable and accuracy is about 0.1%
which cames out to more than a minute a day.

As for calculating actual program execution time, look at the program to see
how many different paths there are Jjust from the label "TIME" to "TBOT":

1. Not end of tick.

2. End of tick, not end of minute, not a tenth second.

3. End of tick, not end of minute, second tens digit incr.

4. End of tick, end of minute, not end of hour, not a tenth minute.
5. End tick, end minute, not end hour, minute tens digit incr.

6. End tick, end minute, end hour, not end day, not a tenth hour,
7. End tick, end minute, end hour, end day.

Each of the above paths through the TIME program takes a different length of
time because a different sequence of instrucitons is followed. That's Jjust
part of the task; to completely calculate the execution time, do the same
thing to every routine being executed. Then to find the total, determine ex-
actly how many times each path is followed and add up all those times.




CHAPTER 4
THEORY OF OPERATION

4.1 General

The MEK6802D5 allows the user to become familiar with the MC6800 family
of microprocessors. Refer to the block diagram, Figure 4.1, and the
component function location diagram, Figure 4,2,

The three basic components of the D5 are (1) U5, the MC6802 micro-
processor, (2) U12, the MC68A1316E ROM, and (3) U23, the MC6821 PIA.

The MC6802 is the heart of the D5 system. The MC6802 is an eight (8)-
bit microprocessor that can execute 72 different instructions (exact
instruction set of the MC6800). Included are binary and decimal arith-
metic, logical, shift, rotate, load, store, conditional or unconditional
branch, interrupt and stack manipulation instructions.

The MC6802 has a set of registers and accumulators plus an internal
clock oscillator and driver.

For a more detailed explanation and description of the MC6802 Micro-
processor refer to the data sheet located at the end of this manual.

The MEK6802D5 utilizes a 3.58 MHz crystal (Y1) to control this cir-
cuitry (this results in a system operating speed of 895 KHz). Power
on/reset is accomplished by components R1 and Cl7.

Basic to the operation of the D5 system is the Data bus (eight lines
labeled BD@ through BD7) and the Address bus (sixteen 1lines Tabeled
BA@ through BA15). These buses interconnect to the various sections.

The address bus is further decoded by the Address Decode Logic (U6)
into select lines. J2 and J3 must be set properly to accomplish this.
These jumpers are specified in the installation section of this manual
for the various board arrangements possible.

The ROM section is the permanent data storage. Unlike some types of
memories, this ROM retains data whether the power is on or not.

The ROM section consists of the D5BUG Monitor (Ul12) and the optional
User ROM (U13). J4 is used to configure the user ROM socket to accept
various types of ROMs or EPROMs. J2 is used to position Ul13 (user ROM)
in memory space. J3 is used to position Ul2 (D5BUG) in memory space.

The RAM section consists of a 128 byte static Random Access Memory.

This memory will retain its stored data as long as power is supplied
to it and can be written into and read out of as desired.
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¥ OPTIONAL

COMPONENTS

KEYPAD & DISPLAY

COMPONENT FUNCTION LOCATION DIAGRAM

FIGURE 4.2.




The D5 uses this RAM as a Scratch Pad, which is a temporary storage for
program material being processed. An example of this could be a program
that uses a set of data a large number of times during the running of the
whole program. This device would allow that data to be referred to as
needed, rather than being repeated over again 1in the main program.

Another optional feature is the User RAM (U7 and U8). This provides the
user with an additional (1K) bytes of memory. This feature is valuable
when long programs must be stored.

These memories are volatile, and power must be supplied to them to retain
their stored data.

The system PIA has two 8-line 1/0 ports and four control I1/0 lines for a
total of 20 interface lines. The four control lines provide for a variety
of hand shake applications. The two I/0 ports are controlled by software
to configure these 16 lines as inputs or outputs in any combination.

The User PIA (U9), allows the processor to talk to the outside world. Th
16 1/0 lines and 4 control lines are connected to a 24-pin socket (U14).

The optional Bus Buffers (Ul, U2, U3) are for expanding the D5 through an
86-pin edge connector. This is accomplished by plugging an IC in the
supplied sockets. Note that U10, also a bus driver, is part of the basic
D5 since the processor's R/W output cannot drive all the inputs in the
basic system (or the bus). A1l the control signals, data, and addresses
are available on this bus for system expansion.

The system PIA, (U23) uses its A side to drive the anode segments of the
LED displays and the B side to drive the LED cathodes. The processor put
data into the register of the PIA to display on one of the LED's, then
places data in the PIA registers to drive the next display element, etc.,
at a rapid enough rate that the display appears steady.

The keypad is connected to the cathode drivers of the LED's so that when
a key is depressed, an interrupt signal is generated. This interrupt
signal causes the processor to call up a routine from D5BUG, which then
enables it to search for the key that was closed. The PIA is used to
enter new data or display data in the system.

The D5 can be supplied to interface to the widely used RS-232 bus.

An Asynchronous Communications Interface Adapter (ACIA) converts the par-
allel data on the data bus to a serial form suitable for transmission
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4.1

4.2

General (cont'd)

over a communications system. This ACIA will both transmit and receijve
data and allows the D5 to be used as a remotely controlled processor. An
MC1441]1 Bit Rate Generator supplies the special frequency that the ACIA
requires in making the conversion from parallel to serial data.

An installed jumper determines the frequency of data formatted in serial
form. A socket allows cabling to the RS-232 1ine.

Addressing

The MEK6802D5 accesses 64K of memory space by use of 16 address lines
A@ through Al5. The addresses $E@P@ to $FFFF access parts on the
MEK6802D5 and external data buffers are not enabled for such accesses.
The area from $0000 to $PP7F is RAM within the MC6802 and must be dis-
abled by jumper option if the optional bus buffers are installed.

When the optional edge connector bus buffers are installed, all accesses
to addresses $@P@@ to $DFFF are considered to be off-board.

The system memory map is shown in Figure 4.3, the Address Decode Map in
Table 4.1 and the System Timing Diagram in Figure 4.4.
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4.2

Addressing (cont'd)

TFFFF

F8pQ
TFFF

FeQ
EFFF

E8p@

E700-E701

Operating System Mirror (or optional user ROM)

Operating System (D5BUG)

Optional User ROM

Reserved

System ACIA*
Reserved

System PIA

User PIA

System RAM

Optional User RAM (1K)

External to MEK6802D5

User RAM inside MC6802 (must be disabled if
optional Bus buffers are installed)

*ACIA is not supported by D5BUG software.
FIGURE 4.3. MEMORY MAP
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TABLE 4.2.

AC OPERATING CHARACTERISTICS

Parameter L, Symbol Min Max Unit
Cycle TCYC 1100 1130 ns
Address Setup TAS 220 ns
Address Hold * TAH - 20 ns
Write Data Valid TDVW 240 ns
Write Data Hold TDHW 20 ns
Address Delay TAD 290 ns
TABLE 4.3. AC OPERATING CONDITIONS
Parameter Symbol Min Max Unit
Access Time# TACC1 380 ns
, TACC2 710 ns
Data Hold Read® | TDHR ns

Test Conditons:

Operating temperature, TA = 25°C.

Timing signals measured at I/0 connector (50% points).

I/0 loading conditions equivalent to 74LS type devices.

Measured from the rising edge of E (§2).

Measured from the falling edge of E (§2).




E(g2)

AO-A15,
R/W, VMA

(WRITE)

/
DO-D7
(READ)

N

¢— TAD — o let TAS —

)

f

t— TAH

AULALLARRRRARRAN ¢

FS— TDHW

AANRALARAARLARNRRRARRNANN \\\\\EE

FIGURE 4.4.

bat— TACC 1

TACC2

SYSTEM TIMING DIAGRAM

4-9/4-10

ETDHR




5.1

5.2

5.2.1

CHAPTER 5
MAINTENANCE

Troubleshooting
Troubleshooting techniques can be divided into several steps:

a) Check and analyze operation.

o

Test to isolate section, stage, and part.

O

)
)
) Replace the defective part.
)

d) Performance test after repair.

For all troubleshooting, refer to the system schematic, Figure 5.1, and
to the component location diagram, Figure 6.1, in Chapter 6.

Begin troubleshooting by checking the power supply voltages used with the
D5. Check for secure and correct transformer connections.

The 86-pin edge connector fingers are tin lead plated and should be
cleaned for reliable operation.

Use caution when replacing defective parts. Improper handling (refer to
Chapter 2) and too much heat can destroy components.

Standard Logic Symbols

Digital Logic Circuits

A1l digital equipment, simple or complex, is constructed from a few
basic devices. These devices consist of electronic circuitry that pro-
vides an output based on the input of one, two, or more variables and
are called logic elements (most often referred to as gates).

Digital logic circuits are broken into two basic types: decision-
making and memory elements. A1l decision logic elements monitor binary
inputs and produce outputs based on the input states and the operational
characteristics of the logic element. Memory elements are used to
store binary data. Table 5.1 gives the basic logic elements, their
more commonly used forms, and their single binary output. All other
digital logic elements and circuits are variations or combinations of
these basic elements.
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TABLE 5.1. LOGIC SYMBOLS AND TRUTH TABLES

Truth Table *

Device Logic Symbol
A B X
INVERTER L --- H
A——-l >0 X H o L
AND L L L
A ] < H L L
8 L H L
‘ H H H
OR L L L
A H L H
8 | X L H H
H H H
NAND L L H
A ] < H L H
8—I L H H
‘ H H L
NOR L L H
L H L
8 H H L
XOR L L L
A H L H
(EXCLUSIVE . ,D—" L H H
OR) H H L

* The Truth Table is a table showing all possible combina-
tions of inputs with the respective output for each set
of inputs.

H
L

High voltage (logic 1)
Low voltage (logic 0)




NOTE:

FIGURE 5.1. SCHEMATIC DIAGRAM
Sheet 1: Index Page
Sheet 2: Schematic Diagram

Sheet 3: Schematic Diagram

This is sheet 1 of Figure 5.1. The
schematic diagram consists of 2 sheets.
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6.1 General

This chapter consists of Figure 6.1, Board Outline and

and Table 6.1, which is a listing of parts contained

CHAPTER 6

PARTS LIST

Component Layout,
in the MEK6802D5

Microcomputer.
TABLE 6.1. MEK6802D5 PARTS LIST
[tem Reference
No. Quan. | Description Part Number | Designation
1 1 PC Board, Basic MEK6802D5 --
2 1 Integrated Circuit MCM68A316E Uiz (D5BUG)
3 1 Integrated Circuit 741.500 ua
4 1 Integrated Circuit 741520 u19
5 1 Integrated Circuit 7415156 ue
6 1 Integrated Circuit 7415393 u29
7 1 Integrated Circuit MC6802 us
8 2 Integrated Circuit MC6821P uz23, U9
9 1 Integrated Circuit MC6810 U1l
10 3 Integrated Circuit 75452 uz24, U25, U26
11 1 Integrated Circuit MC14539 u27
12 1 Integrated Circuit 7415244 u10
13 1 Integrated Circuit MC14584 uz28
14 1 Resistor, 4.7K R9
1/4 Watt, 5%
15 1 Resistor, 47 ohm R10
1/4 watt, 5%




TABLE 6.1. MEK6802D5 PARTS -LIST (cont'd)
Item Reference
No. Quan. | Description Part Number | Designation
16 2 Resister, 47K R1, R11
1/4 Watt, 5%
17 7 Resister, 68 ohm R2,R3,R4,R5,
1/4 Watt, 5% R6,R7,R8
18 3 Resister Package, 71,73,74
SIP, 4.7K
19 1 Resister Package, Z2
SIP, 4.7K
20 1 Resistor Package, u22
DIP, 4.7K
21 1 Capacitor, 33 pfF, C34
Mica
22 1 Capacitor, 0.01 uF, €35
Mono (ceramic)
23 2 Capacitor, 27 pF, c7,C8
Mica
24 30 Capacitor, 0.1 uF, C1-C6,C9-Cl6,
Mono (ceramic) €18-C23,C26-
€30,€32,C33,
C38,C45,C46
25 1 Capacitor, 100 uF, C37
35V, Elect
26 1 Capacitor, 2.2 pF C17
27 1 Capacitor, 1.0 uF, Cc31
Mono (ceramic)
28 1 Capacitor, 4700 uf, C36
16 V
29 3 Socket, IC, 20-pin Ul-u3
30 2 Socket, IC, 18-pin u7-u8




TABLE 6.1. MEK6802D5 PARTS LIST (cont'd)
I[tem Reference
No. Quan. | Description Part Number | Designation
31 4 Socket, IC, 24-pin ul1-ui4
32 3 Socket, IC, 40-pin u5,u9,u23
33 3 Mini-jump J2
34 2 Phone Jack, Enclosed p2,P3
35 2 Test Point, White TP1, TP2
36 1 Crystal, 3.579 MHz Y1
37 1 Waffer Assy, 6 Ja
38 7 Waffer Assy, 4 Jl-4
39 6 LED, 7-segment Man 74A Ul5-U18,
U20-U21
40 1 Hex Keypad
41 1 Trans former T1
42 1 Cable Assy,
3 Conductor
43 1 Terminal Block, TB1
4 Position
44 1 Voltage Regulator 7805 VR1
+5 V
45 2 Diode 1N4002 CR1, CR2
46 1 Jumper, Zero ohm E2
47 7 Transistor MPS 2907 Q1-Q7
48 1 Heat Sink VR1
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CHAPTER 7
SOFTWARE LISTING AND DESCRIPTIONS
7.1 General

This chapter consists of the subroutine descriptions, the D5BUG software
listing, and other useful information for the MEK6802D5.

7.2 Subroutine Descriptions

7.2.1 RESET ($F000)
Routine: Hardware Reset (cold start)
Descripton: Sets interrupt mask

Clears all RAM from $E400-E47F

Initializes system PIA

Establishes default user stack pointer ($E418)
Passes control to PROMPT routine

7.2.2 PROMPT ($F024)
Routine: | Software Reset (warm start)

Description: Initializes system stack pointer ($E47E)
Sets-up software flags:
ROLPAS
UPROG
ROIFLG
KYFLG
FNCFL
Clears 7 -Seg displays
Displays prompt symbol (-)
Establishes FUNSEL as active main program

nonounonon
OO O

7.2.3 GET ($FO4E)
Routine: Subroutine to read, decode, and debounce a keypad
switch.
Effects: Al1 registers are altered by this routine. The A-

register has the key code in it on return.
RAM Tocation KYFLG will have $01 in it on return

and the code of the key that was depressed will be
in location KEY.

7-1




7.2.3 GET (cont'd)

Routines Called:
Stack Requirement:

Description:

Calling Routines:

DLY25
4 bytes.

The keys of the keypad are electrically arranged in-
to 6 rows and 4 columns. The "RS" (reset) key is
not part of this row/column arrangement. GET is
called when a key is depressed and the return does
not take place until about 25 milliseconds after the
key is released. While the key 1is closed, GET
searches the matrix to find the key's row then its
colum. The Row/Column information is used to ad-
dress a look-up table from which a key code value
is fetched.

This code is stored to the RAM Tlocation KEY and is
also in the A-register when GET returns. A RAM
location called KYFLG is set to $01 to indicate
that a key was entered, when another routine re-
cognizes this flag, it should read the KEY code
and clear KYFLG, to acknowledge that the key was
seen.

Normally the GET routine is serviced through an
NMI which results when any key is closed but the
interrupt output of the KPD PIA could be disabled
allowing GET to work on a polled basis. Polling
means that periodically the PIA's control register
is read ("Polled") to see if a key was depressed
since the last time the program looked.

NMINT
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‘ KEY CODE SUMMARY
KEY ROW CoL "CODE"
0 0 0 00
F 0 1 OF
E 0 2 0F
D 0 3 0D FUNCTION KEYS
1 1 0 01
KEY "CODE"
. 2 1 11 02
MD 80
3 1 2 03
EX 81
C 1 3 0C
RD 82
4 2 0 04
. GO 83
5 2 1 05
FS 84
6 2 2 06
, FC 85
B 2 3 0B
‘ ‘ P/L 86
7 3 0 07
. T/B 87
8 3 1 08
9 3 2 09 NOTE: Function codes
have MSB set to allow
A 3 3 0A testing neg cond code
FS 4 0 34
FC 4 1 85
P/L 4 2 86
T/B 4 3 87
. MD 5 0 30
EX 5 1 81
RD 5 2 82 FIGURE 7.1. KEY CODE AND FUNCTION
SUMMARY
GO 5 3 83
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7.2.4 PUT

Routine:

Effects:

Routines Called:

Stack Requirement:

Description:

($FOBB)

Utility program to display information on the 7-seg-
ment displays and call the active main program as a
subroutine once each millisecond.

The A, B, and X-registers are altered by PUT.
DLY1l, routine specified by MNPTR.

1 in addition to main program requirement (Minimum-
3 bytes total).

The PUT routine is the heart of the operating system
because the displays must be continuously scanned.
Anode information for the desired display is presen-
ted to the parallel anode lines and the appropriate
cathode is driven turning on the proper segments. A
given digit is turned on for about one millisecond
then the cathode is disabled, the anode information
changed to that of the next digit, and the next
cathode is enabled.

During the short period between digits a subroutine
who's address is stored at RAM location MNPTR is ex-
ecuted. Upon RESET or PROMPT, MNPTR is set to the
address of the function select routine (FUNSEL).
When FUNSEL wishes to pass control to some other
routine, it stores the address of that routine at
MNPTR which 'activates' the new routine (and de-act-
ivates FUNSEL).

Another way of putting this is to say that the dis-
play routine calls 'some program' once per milli-
second and 'some program' 1is the program whose ad-
dress is stored at RAM location MNPTR.

The PUT routine obtains the segment information from
a 6-byte buffer called DISBUF, which contains 7-
segment data for the displays with the first byte
corresponding to the leftmost display. In addition
the B-register keeps track of which digit is to be
enabled with the third-from-the-left bit correspond-
ing to the leftmost display and the LSB correspond-
ing to the rightmost display.

NOTICE: The anode interface drivers are ground
true so the PUT routine inverts the data in DISBUF
before it is stored to the hardware so that the
data in DISBUF will be high true.




fmeeemcm—— o D.P. not used on MEK6802D5

MSB | LSB

Not ¥ . -

Used g f e d c b a (,;
((“L\ ead :‘ \b \:«?\: u ‘2 \ A

A high (1) in a bit location corresponds to a lighted display segment
(for DISBUF only)

7-segment bit relationship to display

EXAMPLE: To display the character "F" the data in DISBUF would be:

a -1

b -0

¢c-0

d -0

e -1

f -1 AN

g -1 1/
_

Not ’ ﬂ

Used - don't care; make 0 f

01110001 or $71

FIGURE 7.2. CHARACTER DISPLAY




7.2.5 DYSCOD

7.2.6

Routine:

Effects:

Routines Called:
Stack Requirement:

Description:

DLY25, DLY1, DLYX

Routine;

Effects:

Stack Requirement:

Description:

($F120)

Convert hexadecimal data from HEXBUF into 7-segment
codes and store in DISBUF.

The contents of the A, B, and X-registers are saved
and restored prior to returning from DYSCOD.

On return the RAM locations DISBUF through DISBUF+5
contain the 7-segment codes for the hexadecimal
information in HEXBUF through HEXBUF+2.

ADDAX
9 bytes.

The six nibbles of hexadecimal information from

HEXBUF through HEXBUF+2 are each converted to a byte
of 7-segment anode information which is stored in the
six byte display buffer (DISBUF). The most signifi-
cant 4 bits of location HEXBUF correspond to the
Tocation DISBUF and the least significant 4 bits
of HEXBUF+2 correspond to the location DISBUF+5.

The resulting 7-segment information is displayed on
the D5's six LED displays by the PUT routine. The
first byte of DISBUF corresponds to the leftmost
display and the sixth byte (DISBUF+5) corresponds
to the rightmost display.

($F169) ($F171) ($F179)

These routines cause delays of 25 milliseconds, one
(1) millisecond, or a variable delay based on the
value in the X-register.

The contents of the X-register are saved and restor-
ed prior to returning from the routines. The A and
B-registers are not altered by the delay routines.

2 bytes.

Calling DLY25 or DLY1l will cause an execution time
delay of about 25 milliseconds or 1 millisecond re-
spectively. Calling DLYX will cause a delay based

on the value in the X-register according to the
following formula:

[(X-1) (8 cyc) (1.11763 us/cyc)] + (27.94 us)
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7.2.6

7.2.7

7.2.8

7.2.9

DLY25, DLY1, DLYX (cont'd)

ADDAX
Routine:

Effects:

Stack Requirement:

Description:

CLRDS
Routine:

Effects:

Stack Requirement:

Description:

Example:

ROLL?2
Routine:

Requirements:

A minimum delay of 27.94 us results from an X-
register value of 1 ($0001) and a maximum delay of
0.5842 seconds results from an X-register value of
0 ($0000 - 1 = $FFFF = 65,535).

($F183)

Add A-register to X-register.

A and X-registers altered by ADDAX.

2 bytes.

The value in the A-register is added to the value
in the X-register and the result is returned in
the X-register.

($F195)
Clear LED display digits per a mask in the A-register.
The A-register is altered by CLRDS.

The contents of the X-register are saved and re-
stored prior to returning from CLRDS.

2 bytes.

Each of the low order six bits of the A-register cor-
respond to one of the D5's LED displays with the LSB
of the A-register corresponding to the rightmost dis-
play. For each bit that is a logic 1, the correspon-
ding display buffer location will be cleared result-
ing in that display goind dark.

0011 1100 ($3C) would clear the first four LED dis-
plays.

($F1AA)

Numeric entry routine for 2-digit (1-byte) values.

Least significant 4-bits of A-register contain the

new hexidecimal digit and the most significant 4-
bits must be cleared.
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7.2.9

7.2.10

ROLL2 (cont'd)

Effects:

Stack Requirement:

Description:

ROLL4
Routine:

Requirements:

Effects:

Stack Requirement:

Description:

ROLPAS flag (when set) indicates "first pass" which
results in the location being cleared prior to rol-
ling the new digit in from right.

A-register altered by ROLLZ2, X-register contents
saved and restored prior to vreturn from ROLLZ.

2 bytes.

The address of the location to be operated on by
ROLL2 is specified in HEXBUF and HEXBUF+1l. A new hex
digit is passed to ROLL2 in the least significant
4-bits of the A-register. This new digit is shifted
in from the right so that the digit which was in the
least significant 4-bits of the location is now in
the most significant 4-bits. The digit which was in
the most significant 4-bits is lost.

If the flag ROLPAS was not equal to zero, then the
location is cleared before the new digit is rolled in,
ROLPAS is cleared to signal it is no longer the first
pass.

($F1cCC)
Numeric entry routine for 4-digit (2-byte) values.

ROLPAS flag (when set) indicates "first pass" which
results in the locatins HEXBUF and HEXBUF+1 being.
cleared prior to rolling the new digit in from the
right.

The least significant 4-bits of the A-register con-
tains the new digit and the most significant 4-bits
of the A-register must be cleared.

A-register is altered by ROLL4, B-register is
saved and restored prior to returning from ROLL4.

3 bytes.

The locations into which ROLL4 shifts the new digit
are HEXBUF and HEXBUF+1. The new digit is passed to
ROLL4 in the least significant 4-bits of the A-re-
gister. This new digit is shifted into the first two
bytes of HEXBUF such that the new digit ends up in
the least significant 4-bits of HEXBUF+l. What was
in the Tow 4-bits ends up in the high 4-bits of HEX-
BUF+1 and what was in the high 4-bits of HEXBUF+l
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7.2.10 ROLL4 (cont'd)

7.2.11

7.2.12

RDKEY
Routine:

Requirements:

Effects:

Stack Requirement:

Description:

TIN
Routine:

Effects:

Routines Called:

Stack Requirement:

Description:

ends up in the Tow 4-bits of HEXBUF. What was in
the Tow 4-bits of HEXBUF ends up in the high 4-bits
of HEXBUF, and what was in the high 4-bits of HEXBUF
is lost.

If the ROLPAS flag was not equal to zero then
HEXBUF and HEXBUF+1 will be cleared prior to shift-
ing in the new digit, and ROLPAS will be cleared to
indicate no longer first pass.

($F1EF)

Read and acknowledge a keypad key.

Normally RDKEY would be called because KYFLG was set
indicating that a key had been depressed.

KEY value returned in A-register.

KYFLG cleared to acknowledge that the key has been
recognized.

2 bytes.

Load the key code from KEY into the A-register and
clear KYFLG to acknowledge that the key has been
recognized.

($F533)

Read 1 byte of data from tape.

The A and B-register contents are altered by TIN.

On return the location BYTE ($E459) contains the
character that was recovered from tape. The A-
register also contains the recovered data.

FEDGE

4 Bytes.

TIN is used to read 1 Kansas City standard format
character from cassette tape. The character format
is:

a) Logic @ Bit-Time = 4 cycles of 1200 Hz.
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7.2.12 TIN (cont'd)

7.2.13 PNCHB

Routine:
Effects:

Routines Called:

Stack Requirement:

b) Logic 1 Bit-Time = 8 cycles of 2400 Hz.
c) Characters consist of:

i) 1 Logic @ Bit-Time as a "Start" bit.
ii) 8 Data Bit-Times (LSB first).
iii) At Teast 2 logic 1 Bit-Times as "Stop" Bits.

Software timing techniques are used and an error to-
lerant algorithm is employed to assure reliable data
recovery. The TIN routine is in control from before
a start bit until just after the eighth data bit in
the serial stream.

During the stop bit-times the previous data character
is processed by other software. At the 300 Baud
data rate the stop bits take 13.3 milliseconds.

When reading successive data characters,the software
which processes the previous byte read must finish
in time to call TIN at Teast one full cycle before
the next start bit-time. This will allow TIN to re-
gain synchronization with the serial data stream.

The time required from the last cycle of the instruc-
tion that calls TIN until the first test for an edge
is exactly 47 processor cycles or 52.5 microseconds.
The time from the end of the last cycle of the last
data bit-time until the completion of TIN's RTS in-
struction is 100 cycles or 111.2 microseconds.
Generally it will be easy to process the previous
character in time to get back to TIN for the succeed-
ing character.

($F608)

Format and send one byte of data to the tape inter-
face.

The contents of the A and B-registers are altered
during PNCHB.

BIT@, BIT1, INVRT.
6 bytes.
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7.2.13 PNCHB (cont'd)

Description:

7.2.14 PUNCH
Routine:

Effects:

Routines Called:
Stack Requirement:

Description:

Refer to the description of TIN for the format of
tape characters.

Software timing techniques are used to create a
serial stream of cycles of the proper duration to
form Kansas City Standard audio signals.

When punching consecutive bytes of data it is vital
to maintain timing control between successive bytes,
not just within the character.

PNCHB consumes exactly 35 MPU cycles from the last
MPU cycle of the calling instruction until the first
start bit edge is sent. Timing is then automati-
cally controlled by PNCHB while the character is
being transmitted.

After transmitting the second last edge of the last
stop bit PNCHB returns. The edge which marks the
conpletion of the last stop bit cycle also marks
the beginning of the succeeding start bit for the
next character. It is supplied as the first edge
transmitted by the next call to PNCHB.

The time allowed from the last cycle of PNCHB's RTS
until the next edge must be transmitted is exactly
159 MPU cycles.

159 minus the 35 for entry to PNCHB the next time
leaves exactly 124 cycles which must be consumed by
external software. For example, if it takes 50
cycles to set up for the next character, the re-
maining 74 (124-50) cycles must be consummed in
dummy delays before calling PNCHB again.

($F630)

-Format and punch an entire file to the cassette.

The A, B, and X-register contents are altered during
PUNCH.

PNCHB
8 Bytes.

PUNCH is a time-tuned subroutine.
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7.2.14 PUNCH (cont'd)

7.2.15 LOAD

Rout ine:

Effects:

Routines Called:

Stack Requirement:

Description:

Before calling PUNCH store the beginning address
of the data to be punched at RAM location BEGAD
($£460,1) and the ending address at ENDAD ($E462,3).

The file format is as follows:

a) 30 seconds of $FF characters as leader.

b) Block start character "S" ($53).

c) Begin address high byte.

d) Begin address low byte.

e) End address high byte.

f) End address low byte.

g) Data in binary form starting with data at Begin
address to and including data at End address.

h) One byte checksum. Checksum is the two's com-
plement summation of all data bytes plus the be-
gin and end address characters. When loading,
the simple sum o