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Overview

The MTK-85 is a low-cost single board computer designed for self-learning the 8085
Microprocessor. The kit enables studying from low level programming with direct
machine code entering to high level programming with PC tools easily. A nice feature,
single-step running, helps students learn the operation of microprocessor instructions
quickly and clearly. The user registers provide simple means to verify the code execution.
Using a PC as the terminal, the MTK-85 can receive the Intel hex file and disassemble
the machine code into 8085 instructions.

Hardware Features:

* CPU: Mitsubishi M5M80C85AP-2 4MHz
e Memory: 32kB Monitor ROM and 32kB SRAM

e Simple I/O Port: 8-bit GPIO built with 74LS175 D-type F-F and 74LS126 Tri-state
buffer

* Programmable Ports: two 8255 chips, system and user ports

* Programmable Counter: 8254
*  UART: 16C550 compatible

* onboard I/O devices:

* 6-digit seven segment LED,

» 28-keypad,

e 4-bit dot LED indicates status of GPIO,

* magnetic buzzer,

» Direct BUS interface 20x4 LCD (optional).

» Serial Interface: RS232C 9600bit/s 8-data bit no parity one stop bit
e +5V Power Supply: low-dropout voltage regulator with input protection
e 40-pin header for CPU bus

e 40-pin header for user port, 8255 and 8254

e 16-pin header for simple GPIO port

» onboard logic probe power supply

» Test button for single pulse generation to the interrupt pins

* Brown-out Protection

* No jumper settings

Software Features:

* Enter the machine code in hexadecimal
* Single-step execution

* Examine and modify user registers

* Run user code with software breakpoint
e Built-in LCD drivers



e  Download Intel Hex file

* Disassemble machine code into 8085 instructions

» Display user registers and disassemble the instruction after single-stepping
NVRAM Bootable, runs user code when power up the board

Getting Started
DC Adapter

The MTK-85 board requires DC power input to operate. The input voltage excepts from
+6V to +12V. You may find any AC-to-DC adapter having DC jack with polarity as

shown below.
Cat

Since the onboard voltage regulator is low-dropout, so dissipation of the voltage regulator
will be (Vin-Vout) x 230mA. The minimum voltage developed across Vout and Vin is
0.2V. So to provide +5VDC to the logic board, we can have Vin as low as say +6V. With
such input, the dissipation of the voltage regulator will only be less than 250mW.

230mA
]
+5V
LM2940-5.0
VOUT VIN
COMMON GND

The common AC-to-DC adapters mostly have +12VDC output. You can use it also. The
maximum current is 230mA at +12VDC input so we can use any adapters that provide at
least 300mA.

When power up the board, the cold message running text 8085 will show on 7-segment
LED and the onboard dot LED will turn on.



LED Display and Keypad

The MTK-85 has 6 digits 7-segment LED and 28 tact switches keypad.

Four digits labeled with text “ADDRESS” is for displaying the memory address and user
registers contents. Two digits labeled with text “DATA” is for displaying the 8-bit data
byte at address shown in the left-hand. The dot that shows 1E. indicating current mode is
data entry. Typing Hex key will enter into data field.

The onboard keypad has two groups: the left-hand is 16-hex key and the right-hand is 10-
function key. The hex key has alternate functions when used with ALT key.

ADDRESS DATA

C/CBR D E__F | MOD USER1 RESET
B/S 9/AC A/P B/SBR STEP HOME OPT
4/SP S/PC &6/CY 7/  RUN ALT DEC
O/AF 1/BC 2/DE 3/HL ADDR DATA INC

16-HEXkey ~ 10-Function key

Let’s see the functions key as follows.

RESET

ADDR

RESET is hardware reset. We can press reset to
force the CPU begins execution the ROM monitor
at address 0000H. The reset out signal which is
active high also supplied to the UART and two
8255 PPL

ADDR changes current mode to ADDRESS entry
mode. The dot indicator will move to digit4.



DATA

INC

DEC

HOME

ALT

RUN

DATA changes current mode to DATA entry mode.
The dot indicator will move to digit6.

INC increments current address by one. The content
of new address will show in data field LED.

DEC decrements current address by one. The
content of new address will show in data field LED.

HOME brings home address back to current
display. The home address is 8100H.

ALT enables alternate functions that used with
HEX key. Below is the ALT function with HEX
key.

0/AF displays user register AF. The Accumulator
and Flag registers.

1/BC displays user register BC.
2/DE displays user register DE.
3/HL displays user register HL.
4/SP displays user register SP.
5/PC displays user register PC.
6/CY displays CARRY flag.
7/Z displays ZERO flag.

8/S displays SIGN flag.

9/AC displays half CARRY flag.
A/P displays PARITY flag.
B/SBR sets break address.
C/CBR clears break address.

RUN forces CPU to jump from monitor program to
user program at current address.



STEP STEP executes one instruction at address shown in
current display.

MOD MOD modifies the user registers. It was used

together with ALT 0-5.
Program #1

Let’s learn how the keypad helps testing your first program.

9000 3C mai n: inr a
9001 D300 out 0O
9003 C30090 jmp main

This simple program increments the content of Accumulator, send its content to the
output port at location 00 then repeat it.

We see that the machine code has only 6 bytes i.e. 3C, D3, 00, C3, 00, 90.
Now enter the code into memory address 9000H.

Step 1 Press RESET, then press key 3 and key C. The 3C byte will enter to address
9000H.

Step 2 Press INC to increment address. Then repeat step1 until 90 byte was entered to
address 9005H.

You can use INC or DEC to check the code, you can modify it easily in DATA entry
mode.

We will begin set the value to user Accumulator beforehand. The purpose is to clear it to
Zero.

Press key ALT, 0/AF, display will show content of user Accumulator and Flag register.
Press key MOD, then key 0,0,0,0. The AF will be 0000.

Press key STEP, the display will show next instruction to be executed at address 9001.
We can examine the content of AF by key ALT, 0/AF. We see that now Accumulator is

01.

Press key STEP again, the 01 will send to onboard GPIO. The next instruction, JMP
9000H will be executed.

We can press key STEP and see the value has changed on GPIO LED!



Instead of execution one instruction using single step, we can run the program without
stopping for each instruction. We will try with key RUN.

Program #2

This program shows how to use key RUN to force CPU jump from monitor program to
user program.

9000 1EO02 mai n: ni e, ?2
9002 CF rst 1
9003 C30090 jmp main

This program has only 6 bytes i.e., 1E, 02, CF, C3, 00, 90. Enter the code, and press key
HOME, RUN.

We will see the cold message repeat running on the display. RST 1 having machine code
CF is the method that used to call built-in monitor functions. Register E is monitor call
number.

To stop program#2 running, we must press RESET key.

Program #3

We can test the program with software breakpoint. The instruction RTS 7 having
machine code FF returns control back to monitor program and save the content of CPU

registers to user registers. We can check the result in user registers easily.

Here is the program that adds two BCD numbers 19H and 02H. The result will be 21H.

9000 3E19 mvi a, 19h
9002 0602 mvi b, 2
9004 80 add b
9005 27 daa

9006 FF rst 7

After enter the code, you can run it with key RUN. Check the result in Accumulator with
ALT 0.

In case of testing long program, the board also provides tool that helps inserting the RST
7 instruction to the specified location. This tool called set break point. Suppose we want
to know the result after add b instruction. We want to set break point at location 9005.
We can do by setting the address to 9005 with key ADDR 9,0,0,5. Then press ALT B, the
display will show this address was set breakpoint.

Press HOME and RUN, check user AF with ALT 0, we see that after addition, the result
in Accumulator is 1B. To clear this break address, press ALT C. The display will show



current address 9005. The code 27 will be restored back to address 9005. We can
continue execution, press RUN, check result in AF again, we will get 21.

Connecting Terminal

The ROM monitor contains powerful commands when using UART to connect a
terminal. The UART drivers and serial commands are automatically configured when
UART chip was inserted. Communication is based on 9600 bit/sec, 8 data bit, no parity
and one stop bit. We can use PC running terminal emulation for VT100. The PC has
HyperTerminal program that can emulate terminal VT100, say.

There 1s no need to switch between standalone mode and terminal mode. The monitor
control code for both is working concurrently.

When press reset the prompt appears on screen.

MIK- 85 8085 M CROPROCESSOR TRAI NI NG KIT (? HELP)
9000>

Type ? for help menu listing.

MIK- 85 8085 M CROPROCESSOR TRAI NI NG KIT (? HELP)

- ASCI | code

- clear watch variabl es
- di sassenbl e

- edit nmenory

- fill constant

- hex dunp

- i/0 address nap

- junp to user program
di spl ay user STACK

- load Intel hex file

- nmonitor call nunber

- new | ocation pointer
qui ck hone | ocati on

- user register display
- set value to user register
W - watch vari abl es

SPACE BAR - single step

? - help nmenu

NWIDVOZZIrR«—ITMOOX>

9000>




Command ‘A’ prints the hexadecimal code for printable ASCII characters.

Command ‘C’ clears the 16-byte watch variables. The monitor provides quick access to
al6-byte RAM for program testing. The watch variables use RAM space from F000-
FOOF.

9000>
FOOO 00 00 00 00 00 OO0 00 OO OO OO0 OO0 00 00 OO0 00 00
9000>

Command ‘D’ disassembles the machine code into 8085 instructions.

9000>di sassenbl e. ..

9000 3E19 Wi A 19
9002 0602 Wi B, 02
9004 80 ADD B
9005 27 DAA

9006 FF RST 7
9007 0D DCR C
9008 30 SIM

9009 FA6DFC JM FC6D
900C C8 Rz

900D 46 MOV B, M
900E 49 MoV CC
900F OB DCX B
9010 CEFD ACl FD
9012 89 ADC C
9013 B6 ORA M
9014 F64B ORI 4B
9016>

Command ‘E’ examines and modify the data in memory. We can use this command to
enter machine code. To view the content, uses Space key and to enter byte, press two
digits. To quit just press ENTER.

9016>edit nenory | ocation = 9000
Enter to quit, SPACE key to view content

ADDR DATA
9000 [ 3E]
9001 [19] 39
9002 [06]
9003 [02] 19
9004 [80]
9005 [27]
9006 [ FF]
9016>
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Command ‘F’ fills 8-bit constant to memory. The example shows filling byte 00 to
address 9010-9020.

9016>Begi n address = 9010 End address = 9020 Data = 00
9016>

Command ‘H’ dumps memory. The content of memory from current pointer 9010 to
908F will display in hexadecimal. The ASCII code for each byte will be displayed also.
The dot will be displayed for nonprintable ASCII code.

9010>

9010 00 00 00 00 OO0 00 OO0 OO0 OO OO0 OO0 OO0 00 OO0 00 00 ... v,
9020 4D C2 97 CB DA DF A0 BE 9E 73 1A 34 E3 A6 83 4E M....... s.4...N
9030 97 47 81 CE C1 99 98 CB 14 ED 45 DE 35 6A 7C F1 G E. 5.
9040 FO 36 B2 69 CF 1D 90 90 70 F1 73 D8 Cl 4F DF 56 .6.i....p.s..0QV
9050 A8 E2 30 84 76 AA C5 18 A7 84 C5 32 81 BF B9 03 S O TV 2....
9060 8A 13 8C FD 4A 82 B9 99 4E 24 33 9E EB 16 A8 OD ....J...N$3.....
9070 A9 31 CD B7 BB 4E 8D BE FF 5B 3C 8D EA 5E 4F 7F 1N L [<.70
9080 41 00 89 F3 54 BF EC BF EO 9F 72 CB 7D E8 34 7A A .. T..... r.}.4z
9090>

Command ‘I’ displays onboard I/O address.

9090>
00H OFH onboard 4-bit GPI O DO-D3=out put port
D4- D7=i nput port

10H 13H 8255 system PPlI, 10H=PORTA, 11H=PORTB, 12H=PORTC,
13H=CONTROL

20H 23H 8254 programabl e counter, 20H=counter0, 21H= counterl
22H=count er 2, 23H control register

30H 33H 8255 user PP, 30H-PORTA, 31H=PORTB, 32H=PORTC,
33H=CONTRCL

40H 47H C16550 UART registers
9090>

Command ‘J’ jumps from monitor program to user program. The example shows jump
to address 9000. The user register displays results after running the code. The RST 7
returns control back to monitor program.

9090>j unp to address [9006] = 9000
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AF=5800 BC=19F4 DE=C256 HL=9504 SP=F098 PC=9007 S=0 Z=0 AC=0 P=0 CY=0
9090>

Command ‘K’ displays user STACK memory. The example below shows running
instruction PUSH H.

We first check the user register with command ‘r’. We see that TOP of STACK is F098.
After pressing SPACE BAR for single step, the SP is now F096. We can see the content
of STACK memory with command k. The content of HL was saved in STACK.

9000>press r for user register display

AF=5800 BC=19F4 DE=C256 HL=9504 SP=F098 PC=9000 S=0 Z=0 AC=0 P=0 CY=0
9000>press SPACE bar for single step
9000 E5 PUSH H

AF=5800 BC=19F4 DE=C256 HL=9504 SP=F096 PC=9001 S=0 Z=0 AC=0 P=0 CY=0
9000>press k for STACK di spl ay

ADDR DATA
FO96 [ 04]
FO97 [ 95]
F098 [ C0]
9000>

Command ‘L’ loads Intel Hex file to memory. The Assembler and C compiler for 8085
CPU can produce standard Intel Hex file. The hex file contains machine code represented
by ASCII letters. The example below uses HyperTerminal to download the hex file. The
hex file is ASCII text file. So with HyperTerminal we can go to Transfer, Send text file.
Or press ALT T T, the file browser will open asking what text file to be sent. We can let
it show only file with .hex extension by typing *.hex. Then double clicks at the hex file.

The onboard dot LED will run to indicate downloading is on going. When completed, the
report will show number of byte received and print checksum error. If no error it will
show 0 errors.

9080>l oad Intel hex file...000005 bytes | oaded O errors
9080>

Command ‘M’ shows monitor call number. Some of common subroutines can be called
through RST 1 with function number preloaded in register E.

9080>
see input paraneters in user manual

1Enn MVI E, function_nunber
CF RST 1

12




00 - deno

01 - del ay

02 - col d_boot
03 - scan

04 - cin

05 - cout

06 - put_str

07 - init _lcd

08 - lcd_ready
09 - clear_lcd
OA - goto_xy

OB - put_str_lcd
0C - put_ch_lcd
OD - denp2

9080>

Command ‘N’ sets new location pointer at prompt. The example sets new pointer to
E000 and press ‘d’ to disassemble.

9080>new | ocati on = e000
EOO00>di sassenbl e. . .

EOO0O0 53 MoV D E
EO01 32DE2A STA 2ADE
E004 62 MOV H D
EOO05 25 DCR H
EO06 C9 RET

EOO07 1C I NR E
EO08 43 MOV B, E
EO09 CC4AA05 Cz 054A
EOOC 2655 v H, 55
EOOE 67 MOV H A
EOOF 04 I NR B
EO010 F3 Dl

EO11 OE25 v C 25
EO013 54 MOV D, H
E014 AF XRA A
EO0O15 C3FO0C3 JwP C3FO
E018>

Command ‘Q’ sets location pointer at prompt to 9000 and sets user PC to 9000.

9000>

AF=5800 BC=19F4 DE=C256 HL=9504 SP=F096 PC=9000 S=0 Z=0 AC=0 P=0 CY=0
9000>

13




Command ‘R’ displays user registers content.

9000>

AF=5800 BC=19F4 DE=C256 HL=9504 SP=F098 PC=9000 S=0 Z=0 AC=0 P=0 CY=0
9000>

Command ‘S’ sets value to user registers.

9013>set value to user register (enter Afor AF) ?
AF=0404 ffO00
9013>

AF=FF00 BC=19F4 DE=0434 HL=0534 SP=F096 PC=9006 S=0 Z=0 AC=0 P=0 CY=0
9013>

Command ‘W’ prints watch variables.

9013>
FOOO 00 00 00 00 00 00 OO 00O OO 00O OO 00 OO0 00O 00 0O

Command ‘SPACEBAR’ executes the instruction at address in user PC. The instruction
will show on screen with user registers result after execution.

Suppose we write a program shown below.

org 9000h
Xra a

| oop: out O
nov h, a
inr h
push h
pop d
nov a,d
jmp | oop

end

Then translate it to machine code file using the Assembler program. Download hex file.

9000>| oad Intel hex file...000011 bytes |oaded O errors
9000>di sassenbl e. .

9000 AF XRA A
9001 D300 aut 00
9003 67 MOV H A
9004 24 I NR H

14




9005 E5 PUSH H
9006 D1 POP D
9007 7A MoV A D
9008 C30190 JMP 9001
900B 00 NOP

900C 00 NOP

900D 00 NOP

900E 00 NOP

900F 00 NOP

9010 00 NOP

9011 00 NOP

9012 00 NOP

9013>print user register with conmand r

AF=5800 BC=19F4 DE=C256 HL=1234 SP=F098 PC=9000 S=0 Z=0 AC=0 P=0 CY=0
9013>press SPACE key to execute instruction at 9000, we see A=00

9000 AF XRA A

AF=0044 BC=19F4 DE=C256 HL=1234 SP=F098 PC=9001 S=0 Z=1 AC=0 P=1 CY=0
9013>press SPACE key, the content of Awll send to GPIO

9001 D300 aut 00

AF=0044 BC=19F4 DE=C256 HL=1234 SP=F098 PC=9003 S=0 Z=1 AC=0 P=1 CY=0
9013>press SPACE key, the content of Awll copy to H

9003 67 MoV H A
AF=0044 BC=19F4 DE=C256 HL=0034 SP=F098 PC=9004 S=0 Z=1 AC=0 P=1 CY=0
9013> press SPACE key, the content of Hwill increment by 1

9004 24 I NR H

AF=0000 BC=19F4 DE=C256 HL=0134 SP=F098 PC=9005 S=0 Z=0 AC=0 P=0 CY=0
9013> press SPACE key, the content SP will decrenent by 2
9005 E5 PUSH H

AF=0000 BC=19F4 DE=C256 HL=0134 SP=F096 PC=9006 S=0 Z=0 AC=0 P=0 CY=0
9013> press K, to see the content of STACK nenory

ADDR DATA
FO96 [34]
FO97 [01]
FO98 [ 0]

9013> press SPACE key, DE will be | oaded with top of STACK
9006 D1 POP D

AF=0000 BC=19F4 DE=0134 HL=0134 SP=F098 PC=9007 S=0 Z=0 AC=0 P=0 CY=0
9013> press SPACE key, the content of Dwill copy to A
9007 7A MoV A D

AF=0100 BC=19F4 DE=0134 HL=0134 SP=F098 PC=9008 S=0 Z=0 AC=0 P=0 CY=0
9013> press SPACE key, PC will be | oaded w th 9001
9008 C30190 JMP 9001

AF=0100 BC=19F4 DE=0134 HL=0134 SP=F098 PC=9001 S=0 Z=0 AC=0 P=0 CY=0
9013> press SPACE key, the content of Awll send to GPI O, see LED!
9001 D300 aut 00

AF=0100 BC=19F4 DE=0134 HL=0134 SP=F098 PC=9003 S=0 Z=0 AC=0 P=0 CY=0

15




Hardware

A block diagram of the MTK-85 board is shown below. For complete hardware
schematic, see Appendix D.

PLD & 32kB =y,
interrupts ROM 32kB RAM oo
logic maonitor
160550 M roee Terminal
2055 BOCES LIART 232
user PPI CPU

=04 TEST
text LCD signal

go5q O-Digit 7-segment LED  8-bit 4. pp
CTC EB-KE'E.I'[:IEIE’ GRID output

CpPU

The CPU is CMOS 80C85. The XTAL frequency is 4MHz. The reset signal is generated
by simple RC circuit. The CPU is protected by brownout circuit. In case of power supply
is dipped caused by AC supply voltage dropped. The brownout circuit detects VCC, if it
is below threshold level, it will reset the CPU.

The brownout condition can emulate by using variable power supply. To test it, adjust the board VIN from
0-12V slowly and see the CPU can start running properly or not.

Memory

The board has 64kB memory. The 32kB ROM monitor 27C256 is placed at address
0000-7FFFH. And the 32kB SRAM 62256, is placed at address 8000H-FFFFH.

Some of interrupt vectors are relocated to RAM, so user can write the jump instruction to
the location of such interrupt service routine easily. Here is the location of interrupts.

8010H RST 2
8018H RST 3
8020H RST 4
8028H RST 5
802CH RST 5.5
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8030H RST6
8034H RST 6.5
803CH RST 7.5
Note:

1 RST 7 is used for software breakpoint.

2. RST 1 is used for monitor function call.

3. TRAP is used for hardware single-step.

4 RST 7.5 is tied to OUTO of 8254 programmable counter.

5 Monitor program uses last page of RAM for data storage, STACK area, and
monitor control functions. The space is from FOOOH to FO98H.

GPIO

GPIO provides 4-bit output port using D type F-F, 74LS175 and 4-bit input port using tri-
state buffer, 74L.S126. The address is 00 for both ports. The low-nibble D0-D3 is output
port. The higher-nibble D4-D7 is input port. The signal from both ports appeared at J1,
16-pin header.

J1 5
Do - T
i q " : i 2
o e = e Y PR
ol a5 K
— a O — '
= b2 ﬁ g GPOIEDT 5|t * _E_ﬁe
2 : £ e
R - GPIO_[ED3 4, | 2
O3 49 et i3
=% ad AT A=A
Q4 M, CPOEDE 4 | 8
RESET_IM ™ :E:E
FALETTE
Us
. L 2l AR
0% :
— L | — v 2 f}
- i o] 2 A
T — U ay  aa e
10E [
| 20E [~
30E (-
:: , 40E
TALS 125
UEE |

System Programmable Port 8255
The I/0O addresses of system port, 8255 are PORTA=10H, PORTB=11H, PORTC=12H

and Control Port = 13H. Buzzer control pin is PORT C bit 7. To enable buzzer, write
7FH to PORTC.
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User Programmable Port 8255

The board provides a user programmable parallel port, 8255. The 8255’s registers are
mapped to I/O address from 30H to 33H.

30H PORTA
31H PORTB
32H PORTC
33H CONTROL PORT

Programmable Counter 8254

The programmable counter, 8254 was supplied with clock signal from CLOCKOUT or
2MHz for counter0 and counterl. The internal registers of 8254 are mapped to I/O space
from 20H to 23H.

20H COUNTERO
21H COUNTER1
22H COUNTER2
23H CONTROL REGISTER
Headers and Connectors
CPU Header JP1
- JP1
D1 = 2p a1
3 4
D2 = = A2
D3 - S 6 - A3
D4 ! sk Ad
D5 9 10 A5
83} ] 11 12 [ 6
T 15 16 [
IO/M J19 20P—X  +rgr55
SID 21 22 *RST6.5
ALE 23 24 _
cl 25 26 [ -
SOD = INTR
30 Car 28p INTA
5 g 29 30
31 32D ’
CLKOUT -~ ]
READY g 33 34p HOLD —
RESET OUT 32 0F HLDA +5V
37 38 T
—(39 40

HEADER 20X2
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User 8255 and 8254 Header JP1

JP2
USER_PBO i N ouT2
USER_PB1 = - G2
USER_PB2 =3 -~ CLK2
USER_PB3 i ? - OUT1
USER_PB4 =
USER_PB5 9 o
USER PB6 o 11 =
Pl

USER_PB7 13

USER_PCO <4 17
USER_PC1

USER_PCZ 4 21

2
4

6

8

10

12

14

16

18

20

22

USER_PC3 23 24 P— USER_PAO

26 D

28

30

32

34

36

38

40

— ] 25
USER_FC4 USER_PA1

USERPCE——— 27 ————SERPAT
USER_PCH g? - USER_PA3
= 433 USER_PAG
35 - USER_PAB
37
—] 39 [ —
. HEADER 20X2
Onboard LCD Header JR1
+5W
JR1 [ ' SW30
Iﬁl 16 i
15 E - o3y
]g 13 gg backlight
12 =% D4
11 L1 03
10 10
o Lo D2 0%50-0%53
a D1
87 D0
7 [+]
g . 7 a7 <CLCD_E
4 RS AQ
4
3 3
5 2
‘
1
1
CONN RECT 16 +5V
|

R19
10K



RS232C DB9 male connector VB1

+S\
== 10uF 10% 1o0uF C7
+ Ch"' i
VB 23 -
T e W4 L 10uF
[ lj‘ C1-
F Ca W L2+ g
O — -1 y ':2- FB
D;—‘E;—K " | o }
oL ! | = 144 TiouT T1m L1 L
o2 [ L T20UT T2in 8 RTS
B 12 ~ 12 RxD
o | | n R1IM R100U q oCco
L& 5 R2IN R20UT

SUB-D 9, {male) use siraight cabla

MAAKZI2N,

Interrupts Test Button

The interrupt test button provides a single positive pulse that tied to CPU hardware
interrupt pins, RST5.5, RST6.5 and INTR. User can select the pulse to be triggered for
each pin by dip switch SW1. The onboard LED, D4 indicates the pulse is activated when
press Test button.

Technical Specifications

CPU: CMOS 80C85 @4MHz

Memory: 64kB, 32kB 27C256, 32kB 62256

I/O port: Programmable Parallel port 8255x2, 8-bit GPIO
Counter: Programmable Counter 8254

UART: 16-byte FIFO TL16C550 compatible

ROM monitor: 8085.asm

Brownout Protection: KIA7045

Board Size: 8.90 x 8.13 inch

Weight: 320g (complete components except LCD)

DC Power Supply: AC-to-DC adapter 6V-12V 250mA
Power consumption: 2.76W (230mA @12VDC)

Monitor Call Number

00 - deno

Scan 7-segment display with buffer display pointed by HL
Entry: HL

Exit: none
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01 - del ay

Delay subroutine using register pair DE, D is outer loop delay, E is inner loop.

Entry: DE
Exit: none

02 - col d_boot
Display cold-boot message on 7-segment LED.
Entry: none

03 - scan

Scan keyboard and display one cycle.
Entry: HL points the display buffer
Exit: key = scan code —1 no key pressed

04 - cin

Get character from console
Entry: none

Exit: A = character received

05 - cout

Send character to console
Entry: A = character to be sent
Exit: none

06 - put_str

Print string to console, string is terminated by 0.

Entry: HL
Exit: none

07 - init _lcd
Initialize LCD module
Entry: none

Exit: none

08 - |cd_ready

Wait until LCD module is ready.
Entry: none

Exit: none

09 - clear _lcd
Clear LCD display
Entry: none

Exit: none

OA - goto_xy
Set cursor position of LCD
Entry: HL,LH=x,L=y
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Exit: none

OB - put_str_lcd

Print string to LCD, string is terminated by 0
Entry: HL

Exit: none

0C - put _ch lcd

Print character to LCD at current cursor position
Entry: A

Exit: none

0D - deno2
Running GPIO LED
Entry: none

Exit: none

NVRAM Bootable

User can replace U3, SRAM with a Nonvolatile RAM for program storage, when the
board is power off. A JMP instruction placed at 8000H will enable NVRAM bootable.
The monitor program checks the location 8000H. If it has C3 (opcode of IMP
instruction), it will jump to address 8000H. The feature allows application code to run
easily. The monitor subroutines are still available for the application program.

To get back to monitor mode, user can press USER1 key while press RESET. The byte
C3 at location 8000H will change to 00.

The sample code that demonstrates NVRAM Bootable is shown in Appendix D.
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Appendix AOnboard LCD Driver Routines

PR onboar
command_ write equ 50h
command_read equ 52h

data wite equ 51h
data_read equ 53h
busy equ 80h
--------------------- LCD

| cd_readyl: in command_read
ani busy
jnz lcd readyl

pop psw
ret

clear _lcd: call |cd_ready
nvi a,l
out command_wri
exit _clear: ret

init_lcd: call |cd_ready
nvi a, 38h
out command wite
call Icd_ready
nvi a, Och
out command wite
call clear _|cd

ret

; print ASCII text on LCD

d LCD registers

driver routines

owait until

te

| cd ready

; entry: HL pointer with O for end of string

put_str_lcd: nov a,m ;
cpi O
jnz put_str_lcdl
ret

put _str_lcdl

call Icd_ready
out data wite
inx h

jp put_str _lcd

get A from|[HL]
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; goto_xy set cursor |ocation on |cd
;oentry: H.: H=x, L =y

goto_xy: «call lcd ready
nov a, |
cpi O
jnz goto_xyl
nov a, h
adi 80h
out command wite
ret

goto_xyl: cpi 1
j nz goto_xy2
nov a, h
adi 0cOh
out command wite
ret

goto_xy2: cpi 2
j nz goto_xy3
nov a, h
adi 094h
out command wite
ret

goto_xy3: cpi 3
j nz goto_xy4
nmov a, h
adi 0d4h
out command wite
ret

got o_xy4: ret

; put_ch_lcd put character to |cd
;oentry: A

put _ch _lcd: call |cd_ready
out data wite
ret



Appendix B Subroutine Scan keyboard and Display

subrouti ne scan keyboard and di spl ay
hl pointer to display buffer

entry:

scan:

scanl:

waitl:

-1 no key

; exit: key = scan cod

push h
push b
push d

mvi c, 6 X
mvi e, 0 X

mvi d, 0 X
nmvi a, 0ffh ;
sta key ;

nov a, e
ori OfOh X

e
pressed

for 6-digit LED

digit scan code appears at 4-to-10
decoder

key position

put -1 to key

key = -1

hi gh ni bbl e nust be 1111

out systemport c ; active digit first

nov a, m

~ load a with [hl]

out systemport_b ; then turn segnment on

nvi b, 0 ; delay for electron transition process
der b

jnz waitl

in systemport_a ; read input port

nvi b, 8 ; check all 8-row

shift_key: rar

next _key:

j ¢ next_key

push psw
nov a,d
sta key

pop psw
inr d

der b
jnz shift_key

mvi a, o0
out system po

; rotate right through carry
; if carry = 1 then no key
pressed

; save key position

; next key position

cuntil 8-bit was shifted

; clear a
rt b ; turn off |ed
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inr e ; next digit scan code
inx h : next | ocation

dcr ¢ : next columm
j nz scanl

pop d
pop b
pop h
ret

R LR 8255 PPl systemport |/O address ----------

system port_a: equ 10h
system port_b: equ 1llh
systemport _c: equ 12h
system port_control: equ 13h
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Appendix C UART Driver Routines

L 16C550 conpati ble UART 1/ O address

; e.g. UMB250B, 16CA450, 16C550

uart _buffer: equ 40h

uart _line_status: equ 45h
uart _fifo: equ 42h
uart _lcr: equ 43h
uart _divisor_Isbh: equ 40h
uart _divisor_mnsb: equ 41h
uart_scr: equ 47h

cinitialize 16C550 uart to 9600 8nl with 2MHz cl ock

; 2MHz/ 13 = 153846Hz

out uart _lecr ; set DLAB bit to access divider

init _uart:
nvi a, 83h
nvi a, 13
out uart _divisor_|Isb
nmvi a, 0

out uart _divisor_nsb ;

out uart _fifo ; init fifo and clear al

nvi a,7
nvi a, 03h
out uart _lecr ; clar

; check uart line status, if the byte is FF then no uart

Xra a

out uart _scr ; check if there is uart

in uart_scr

cpi O

j z found

Xra a

sta uart_found
r et

f ound nvi a,l
sta uart_found

r et
cout : nov b, a ;
coutl: in uart _|ine_status

2MHz/ 13 153846 Hz

153846Hz/ 16 = 9615Hz

buf fers
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; print
;i nput:

put _str:

ani 20h ; transmtter ready?
jz coutl

nov a, b . restore a
out uart_buffer
ret

in uart _line_status

ani 1 ; data avail abl e?
jz cin

in uart_buffer

ret

string termnated by O
HL

nmov a, m ; get Afrom]|[HL]
cpi O

jnz put_strl

ret

put _strl: call cout

inx h
jp put_str
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Appendix D Using NVRAM Bootable

MIK- 85 8085 M croprocessor Training Kit
expl. asm

The 8254 counterO0 was | oaded wth 0000 by system nonitor.

; Usi ng 8254 to produce 30.52Hz interrupt signal at RST7.5

The input clock to the 8254 is 2MHz, the QUTO then
produces
; 2MHz/ 65536 = 30.52Hz interrupt at RST7.5!

CPU "8085. TBL" ; CPU TABLE
HOF " | NT8" ; HEX FORNMAT
gpi o equ O

; enabl e NVRAM boot running

org 8000h

jnmp start ; put instruction JMP to boot from
RAM

org 803ch ; interrupt vector of RST7.5

(rel ocated from 003CH)
jnmp service_ rst7.5

org 8100h
start: nvi a,11111011b ; enable rst7.5
sim ; set interrupt mask register
ei ; enabl e interrupt
jnp $ : junp here

service_rst7.5:

| da count ;i ncrenment count

inr a

sta count

out gpio ; wite to onboard LED
ei

ret

org 0e000h
count dfs 1 ; use RAM one byte for count

vari abl e
end



Appendix E Machine Code and Mnemonic of 8085 Instructions

MOVE, LQOAD and STORE

40
41
42
43
44
45
46
47
48
49
4A
4B
4C
4D
4E
4F
50
51
52
53
54
55
56
57
58
59
S5A
5B
5C
5D
SE
SF
60
61
62
63
64
65
66
67
68
69
6A
6B
6C
6D

FIMOOO>ZIIrITMOO®E>ZIFIMOOB>PZIrIMOO@>ZIIrIMOOB>ZICAFIMOO®

CrrrrrITIIIIIIIMMMOMMMMMO000000000000000WImII I I I W

6E
6F
70
71
72
73
74
75
77
78
79
7A
7B
7C
7D
7E
7F

3E
06
OE
16
1E
26
2E
36

01
11
21
31

02
12
0A
1A
32
3A
22
2A
EB

nn
nn
nn
nn
nn
nn
nn
nn

nnnn
nnnn
nnnn
nnnn

nnnn
nnnn
nnnn
nnnn

STACK

C5
D5
ES
F5

MOV L, M
MOV L, A
MOV M B
MOV M C
MOV M D
MOV M E
MOV M H
MOV M L
MOV M A
MOV A B
MOV A C
MOV A D
MOV A E
MOV A H
MOV AL
MOV A M
MOV A A
WI A, byte
WI B, byte
WI C, byte
WI D, byte
WI E, byte
WI H, byte
WI L, byte
Wl M byte
LXI B, dble
LXlI D, dble
LXlI H, dble
LXI SP, dbl e
STAX B
STAX D
LDAX B
LDAX D
STA adr
LDA adr
SHLD adr
LHLD adr
XCHG
PUSH B
PUSH D
PUSH H
PUSH PSW



Cl
D1
El
F1
E3
F9
33
3B

ARl THENMATI CS

C6 nn
CE nn

80
81
82
83
84
85
86
87
88
89
8A
8B
8C
8D
8E
8F

D6 nn
DE nn

90
91
92
93
94
95
96
97
98
99
9A
9B
9C
9D
9E
9F

POP
POP
POP
POP
XTHL
SPHL
I NX
DCX

ADI
AC

ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADD
ADC
ADC
ADC
ADC
ADC
ADC
ADC
ADC

SuUl
SBI

SuUB
SUB
SUB
SuUB
SuUB
SUB
SUB
SUB
SBB
SBB
SBB
SBB
SBB
SBB
SBB
SBB

byte
byte

>ZIrIMmMoOo>»ZrDITMoO®

>ZIrIMmMoOo>»ZrDITMOO®

09
19
29
39

LOGE CAL

E6 nn
EE nn
F6 nn
A0
Al

A3

A5
A6
A7
A8
A9

AB
AC
AD
AE
AF
BO
Bl
B2
B3

B5
B6
B7

COVPARE

FE nn
B8
B9
BA
BB
BC
BD
BE
BF

ROTATE

DAD
DAD
DAD
DAD

ANI
XRI

>PZIrIMOOB>»ZIrIMOOm>ZrIMOO®

<
—
(¢}

>ZIrIMoOOmS



07
17
OF
1F

JUWP

RESTART

Cr
D7

E7
EF

nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn

LL

nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn
nnnn

RLC
RAL

RRC
RAR

JWP
JC
JNC
JZz
JINZ
JP
JM
JPE
JPO
PCHL

CALL

RET
RNC

RNZ

RPE
RPO

RST
RST
RST
RST
RST
RST

adr
adr
adr
adr
adr
adr
adr
adr
adr

adr
adr
adr
adr
adr
adr
adr
adr
adr

ahrhwWNEFLO

F7 RST

FF RST
| NPUT/ OQUTPUT

DB nn IN
D3 nn our

byt e
byte

| NCREMENT/ DECREMENT

04
0C
14
1C
24
2C
34
3C
03
13
23
05
0D
15
1D
25
2D
35
3D
0B
1B
2B

Z2Z2Z2Z2Z22Z22Z2Z
00000040

$58888888222555555%3
TOWX>Zr ITMOOWI0ON>»ZrIMOO®

53

SPECI ALS

2F CVA
37 STC
3F cMC
27 DAA

CONTROL

00 NOP
F3 Dl
FB El
76 HLT
20 R M
30 SIM
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