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2) It does not allow for error correction. If the parity of the 
received data is wrong, there is no way of telling which bit is 
in error. All the receiver can do is request retransmission of 
the data. 

3) Odd parity has the advantage over even parity that it will 
detect a string of O's or l's resulting from a break in trans­
mission. 

Parity is particularly convenient with the 7-bit ASCII character code, 
since the most significant bit can be used for parity. Most UARTs and 
other communications chips, as we have mentioned, will automatically 
generate parity for transmission and check it on reception. There are 
usually ways to choose whether a UART implements parity, whether it 
generates and checks even or odd parity, and how many bits it includes in 
each character. 

The easiest way to generate parity using the 6800 microprocessor is 
to add all the bits together. The least significant bit of the sum will be 1 if 
the data contains an odd number of l bits and 0 if the data contains an 
even number. Thus the least significant bit of the sum is an even parity 
bit, since it makes the total number of 1 bits in the word (including the 
parity bit) even. The summation may be confusing at first, but remember 
that the sum of an even number of l bits is surely itself an even number 
and therefore has a least significant bit of 0. We can easily combine the 
addition process with the normal conversion between serial and parallel 
forms. The following program (Program E-9 is the hexadecimal version) 
generates even parity and sends it as the most significant bit of the data. 
We have assumed that the data is originally in memory location 0060. 
Note that we have not complemented the data in Program E-9 (because it 
would make parity generation confusing), so remember that the data will 
appear on the LEDs in negative logic (0 =light on, 1 =light ofO. 

LDAB #8 NUMBER OF DATA BITS= 8 
STAB $61 
CLRA START PARITY AT ZERO 
LDAB $60 GET PARALLEL DATA 

OUTB ABA ADD DATA TO PARITY 
LSRB MOVE SERIAL OUTPUT TO CARRY 
ROR $8006 AND ON TO LEDS 
LDX #0 WAIT A BIT TIME 
JSR DLY1 
DEC $61 COUNT BITS 
BNE OUTB 
LSRA FORM FINAL BIT FROM PARITY SUM 
ROA $8006 
LDX #0 WAIT A BIT TIME 
JSR DLY1 
SWI 



PROGRAM E-9 

MEMORY MEMORY 
ADDRESS CONTENTS INSTRUCTION 

(HEX) (HEX) (MNEMONIC) 

0022 C6 LDAB #8 
0023 08 
0024 07 STAB $61 
0025 61 
0026 4F CLRA 
0027 06 LDAB $60 
0028 60 
0029 18 OUTB ABA 
002A 54 LSRB 
0028 76 ROR $8006 
002C 80 
0020 06 
002E CE LOX 
002F 00 
0030 00 
0031 BD JSR DLY1 
0032 EO 
0033 EO 
0034 7A DEC $61 
0035 00 
0036 61 
0037 26 BNE OUTB 
0038 FO 
0039 44 LSRA 
003A 76 ROR $8006 
0038 80 
003C 06 
0030 CE LOX #9 
003E 00 
003F 00 
0040 BD JSR DLY1 
0041 EO 
0042 EO 
0043 3F SWI 

Enter and run Program E-9 for the following examples: 

1) (0060) = 41 ASCII A 
Result: Even parity bit = 0, since the data has two 1 bits (41 
hex= 01000001 binary). 
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2) (0060) = 43 ASCII C 
Result: Even parity bit = 1, since the data has three 1 bits ( 43 
hex = 01000011 binary). 

The results of Program E-9 are confusing, since the LEDs use negative 
logic. You can add a final COM instruction to produce positive logic; that 
is, 

0043 
0044 
0045 
0046 

73 
80 
06 
3F 

COM $8006 

SWI 

Regardless, the final values on the LEDs should be (left to right or bit 
position 7 to bit position 0): even parity bit, data bit 7, data bit 6, data 
bit 5, data bit 4, data bit 3, data bit 2, and data bit 1. In example 1 above, 
the values will be 0, 0, 1, 0, 0, 0, 0, 0, since 41 hex= 01000001 binary. 
In example 2, the values will be 1, 0, 1, 0, 0, 0, 0, 1, since 43 hex = 
01000011 binary. 

PROBLEM E-18 

Many computers and peripherals use a 7-bit ASCII character code and reserve 
the most significant bit (bit position 7) for parity. Make Program E-9 transmit 7 
bit characters followed by an even parity bit. 

Examples: 

1) (0060) = 41 ASCII A 
Result: Transmitted data should be 41, since its parity is even. 

2) (0060) = 43 ASCII C 
Result: Transmitted data should be C3, since the parity of 43 is odd. 

PROBLEM E-19 

Write a serial reception program that calculates the parity of the received data as 
it is being converted to parallel form. The program should place the parallel data 
in memory location 0061 and set memory location 0062 to 0 if the parity is 
even and to 1 if the parity is odd. 
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Examples: 

1) Received data is 41(hex)=01000001 (binary). 
Result: (0061) = 41 (parallel data) 

(0062) = 00 since 41 hex has an even number of 1 bits. 

2) Received data is Cl (hex)= 11000001 (binary). 
Result: (0061) =Cl (parallel data) 

(0062) = 01 since Cl hex has an odd number of I bits. 

PROBLEM E-20 

Make the answer to Problem E-19 check to see if bit 7 of the data is actually an 
odd parity bit. The program should place the parallel data in memory location 
0061 and set memory location 0062 to 0 if the parity is correct and to 1 if the 
parity is wrong. 

Examples: 

I) Received data is FF (hex)= 11111111 (binary) 
Result:(0061) =FF (parallel data) 

(0062) = 01 since the parity of 11111111 is even. 

2) Received data is Cl (hex)= 11000001 (binary) 
Result:(0061) =Cl (parallel data) 

(0062) = 00 since the parity of 11000001 is odd. 

Example 1 shows why odd parity is more commonly used than even parity. The 
reason is that a string of l's or O's caused by a hardware fault shows up as an 
error if odd parity is being used, but not if even parity is being used. Think of 
what the data would be if the external input were open-circuited or short­
circuited. 

THE 6850 ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (ACIA) 

The 6850 Asynchronous Communications Interface Adapter is a UART 
specifically designed for use with the 6800 microprocessor. It occupies 
two memory locations and contains two read-only registers (received data 
and status) and two write-only registers (transmit data and control). Table 
E-1 defines the register contents and Table E-2 describes the control 
register bits (bit 7 is the receive interrupt enable bit). 

The 6850 ACIA performs the following serial communications 
functions: 

• It converts data between serial and parallel forms. 
• It generates and detects start bits. The device also provides 

false start bit detection in the divide-by-16 and divide-by-64 
clock modes. 
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Table E-1 

DEFINITION OF ACIA REGISTER CONTENTS 
(COURTESY OF MOTOROLA SEMICONDUCTOR PRODUCTS) 

BUFFER ADDRESS 

RS· R/W RS· R/W 
DATA TRANSMIT RECEIVE 

BUS DATA DATA 
LINE REGISTER REGISTER 

NUMBER (WRITE-ONLY) (READ-ONLY) 

0 Data bit O* Data bit 0 

1 Data bit 1 Data bit 1 

2 Data bit 2 Data bit 2 

3 Data bit 3 Data bit 3 

4 Data bit 4 Data bit 4 

5 Data bit 5 Data bit 5 

6 Data bit 6 Data bit 6 

7 Data bit 7t Data bit 7:!: 

*Leading bit= LSB = bit O. 
tnata bit is "don't care" in 7-bit plus parity modes. 
:!:Data bit will be zero in 7-bit plus parity modes. 

RS· R/W 

CONTROL 
REGISTER 

(WRITE-ONLY) 

Counter Divide 
Select 1 (CRO) 

Counter Divide 
Select 2 (CRl) 

Word Select 1 
(CR2) 

Word Select 2 
(CR3) 

Word Select 3 
(CR4) 

Transmit Control 1 
(CRS) 

Transmit Control 2 
(CR6) 

Receive Interrupt 
Enable (CR7) 

RS· R/W 

STATUS 
REGISTER 

(READ-ONLY) 

Receive Data Register 
Full (RDRF) 

Transmit Data Register 
Empty (TDRE) 

Data Carrier Detect 
(DCD) 

Clear-to-Send 
(CTS) 

Framing Error 
(FE) 

Receiver Overrun 
(OVRN) 

Parity Error (PE) 

Interrupt Request 
(IRQ) 



Table E-2 

DESCRIPTION OF ACIA CONTROL REGISTER OPTIONS 
(COURTESY OF MOTOROLA SEMICONDUCTOR PRODUCTS)* 

CR1 CRO Function 

0 0 7 1 

0 1 7 16 

1 0 7 64 

1 1 Master Reset 

CR4 CR3 CR2 Function 

0 0 0 7 Bits+ Even Parity + 2 Stop Bits 
0 0 1 7 Bits+ Odd Parity+ 2 Stop Bits 
0 1 0 7 Bits+ Even Parity+ 1 Stop Bit 
0 1 1 7 Bits+ Odd Parity+ 1 Stop Bit 
1 0 0 8 Bits+ 2 Stop Bits 
1 0 1 8 Bits+ 1 Stop Bit 
1 1 0 8 Bits + Even Parity + 1 Stop Bit 
1 1 1 8 Bits+ Odd Parity+ 1 Stop Bit 

CRS CR5 Function 

0 0 ATS= low, Transmitting Interrupt Disabled. 
0 1 ATS= low, Transmitting Interrupt Enabled. 
1 0 ATS= high, Transmitting Interrupt Disabled. 
1 1 ATS= low, Transmits a Break level on the 

Transmit Data Output. Transmitting 
Interrupt Disabled. 

*Control register bit 7 is 1 to enable the receive interrupt, 0 to disable it. 

• It generates and checks parity. 

• It generates and checks stop bits. 
• It provides an RS-232 interface with the required status and 

control signals. 

• It produces receive and transmit interrupts. 

The ACIA requires an externally supplied clock; it does not generate 
bit times, although some variations of the 6850 do (such as the Synertek 
6551 device). One unusual feature of the ACIA is that it has no RESET 
input; the only way to reset an ACIA is to set bits 0 and 1 of its control 
register simultaneously. The ACIA does, however, provide power-on reset 
so that it comes up in an inactive mode with interrupts disabled. 

The ACIA that is part of the MEK6800D2 microcomputer is supplied 
with a 4800-Hz transmit clock so that it can be used in the divide-by-16 
mode at 300 Hz. It occupies addresses 8008 (control and status registers) 
and 8009 (transmit and receive data registers). 
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The following program (see Program E-10 for a hexadecimal version) 
resets the ACIA, puts it in the divide-by-16 clock mode with 8-bit data 
and 2 stop bits, waits for the transmit data register to be empty (bit 1 of 
the ACIA status register = 1 ), and then stores the contents of memory 
location 0060 in the transmit data register, thus initiating transmission. 
You may want to place this program in a loop (replacing SWI with BRA 
WAITE) and observe the TRANSMITTED DATA line on an oscilloscope. 

LDAA #"...b00000011 RESET ACIA 
STAA $8008 
LDAA #"AiOOO 10001 8-BIT DATA, 2 STOP BITS, NO PARITY 
STAA $8008 

WAITE LDAA $8008 IS TRANSMIT DATA REGISTER EMPTY? 
ANDA #",.{,0000001 0 
BEO WAITE NO, WAIT 
LDAA $60 YES, TRANSMIT DATA 
STAA $8008 
SWI 

PROGRAM E-10 

MEMORY MEMORY 
ADDRESS CONTENTS INSTRUCTION 

(HEX) (HEX) (MNEMONIC) 

0000 86 LDAA #"A,00000011 
0001 03 
0002 87 STAA $8008 
0003 80 
0004 08 
0005 86 LDAA #"A,00010001 
0006 11 
0007 87 STAA $8008 
0008 80 
0009 08 
OOOA 86 WAITE LDAA $8008 
0008 80 
oooc 08 
OOOD 84 ANDA #%00000010 
OOOE 02 
OOOF 27 BEQ WAITE 
0010 F9 
0011 96 LDAA $60 
0012 60 
0013 87 STAA $8009 
0014 80 
0015 09 
0016 3F SWI 
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Receiving data from the ACIA is no more difficult than transmitting 
data through it. All that we must do is reset the ACIA, determine its 
operating mode, and then wait for the RECEIVE DATA REGISTER 
FULL bit (bit 0 of the status register-see Table E-1) to go high. When 
that bit goes high, the program simply reads the data from the Receive 
Data Register and saves it in memory. 

The following program uses the divide-by-16 clock mode with 8-bit 
data and 2 stop bits. It places the received data in memory location 0061. 
Program E-11 is the hexadecimal version. The only special note of caution 
is to remember that reading and writing access physically distinct registers 
on an ACIA. Thus it makes no sense to use such instructions as shifts and 
complements on ACIA registers, since they would read the data from one 
register, operate on it, and write the result back into a completely differ­
ent register. For example, we could not replace the sequence 

LDAA 
LSRA 

$8008 

in the following program with the single instruction 

LSR $8008 

because LSR $8008 would read the contents of the ACIA status register, 
shift it right logically one bit, and store the result in the ACIA control 
register. Clearly, the outcome of such an instruction would be unpredict­
able. This caution applies to many peripheral chips besides the ACIA; the 
programmer must read the specifications carefully. Note that the reason 
why reading and writing access different registers is that the READ/WRITE 
line is used for internal addressing. 

PROGRAM E-11 

MEMORY MEMORY 
ADDRESS CONTENTS INSTRUCTION 

(HEX) (HEX) (MNEMONIC) 

0000 86 LDAA #%00000011 
0001 03 
0002 87 STAA $8008 
0003 80 
0004 08 
0005 86 LDAA #%00010001 
0006 11 



PROGRAM E-11 (continued) 

MEMORY MEMORY 
ADDRESS CONTENTS INSTRUCTION 

(HEX) (HEX) (MNEMONIC) 

0007 B7 STAA $8008 
0008 80 
0009 08 
OOOA B6 WAITR LDAA $8008 
OOOB 80 
oooc 08 
OOOD 44 LSRA 
OOOE 24 BCC WAITR 
OOOF FA 
0010 B6 LDAA $8009 
0011 80 
0012 09 
0013 97 STAA $61 
0014 61 
0015 3F SWI 

LDAA #%00000011 RESET ACIA 
STAA $8008 
LDAA #%00010001 8-BIT DATA, 2 STOP BITS, NO PARITY 
STAA $8008 

WAITR LDAA $8008 HAS DATA BEEN RECEIVED? 
LSRA 
BCC WAITR NO, WAIT 
LDAA $8009 YES, READ DATA 
STAA $61 AND SAVE IT IN MEMORY 
SWI 

Note how easy it is to change the operating mode of the ACIA. You 
can change the number of bits in the data, the type of parity used, and the 
number of stop bits generated merely by changing one memory location 
in the object code or one data field in the source code. Clearly, a program 
that uses the UART is easier to change than is the software equivalent 
described in the earlier sections. 

If, as shown in Figure E-1, we have the TRANSMITTED DATA 
output tied back to the RECEIVED DATA input of the ACIA, we can 
combine Programs E-10 and E-11 to echo the data back into the com­
puter's memory. The combined program first transmits the data, then 
waits for it to be received, and finally stores it back in memory, Program 
E-12 is the hexadecimal version. 
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LDAA #%00000011 RESET ACIA 
STAA $8008 
LDAA #%00010001 8-BIT DATA, 2 STOP BITS, NO PARITY 
STAA $8008 

WAITE LDAA $8008 IS DATA REGISTER EMPTY? 
ANDA #°A.0000001 0 
BEQ WAITE NO, WAIT 
LDAA $60 YES, TRANSMIT DATA 
STAA $8009 

WAITR LDAA $8008 HAS DATA BEEN RECEIVED? 
LSRA 
BCC WAITR NO, WAIT 
LDAA $8009 YES, READ DATA 
STAA $61 AND SAVE IT IN MEMORY 
SWI 

PROGRAM E-12 

MEMORY MEMORY 
ADDRESS CONTENTS INSTRUCTION 

(HEX) (HEX) (MNEMONIC) 

0000 86 LDAA #°'600000011 
0001 03 
0002 B7 STAA $8008 
0003 80 
0004 08 
0005 86 LDAA #°A.0001 0001 
0006 11 
0007 B7 STAA $8008 
0008 80 
0009 08 
OOOA B6 WAITE LDAA $8008 
OOOB 80 
oooc 08 
OOOD 84 ANDA #°A.00000010 
OOOE 02 
OOOF 27 BEQ WAITE 
0010 F9 
0011 96 LDAA $60 
0012 60 
0013 B7 STAA $8009 
0014 80 
0015 09 
0016 B6 WAITR LDAA $8008 
0017 80 
0018 08 
0019 44 LSRA 
001A 24 BCC WAITR 



PROGRAM E-12 (continued) 

MEMORY MEMORY 
ADDRESS 

(HEX) 
CONTENTS INSTRUCTION 

(HEX) (MNEMONIC) 

0018 
001C 
001D 
001E 
001F 
0020 
0021 

FA 
86 
80 
09 
97 
61 
3F 

LDAA 

STAA 

SWI 

$8009 

$61 

Enter and run Program E-12. Try the following examples. Remember 
that the UART is handling 8-bit characters and is not generating or check­
ing parity. 

1) (0060) = 41 ASCII A (01000001 binary) 
Result: (0061) = 41 ASCII A (01000001 binary) 

2) (0060) = C3 ASCII C with MSB of 1 (11000011 binary) 
Result: (0061) = C3 ASCII C with MSB of 1 (11000011 
binary). 

PROBLEM E-21 

In its 7-bit modes, the UART generates and sends parity instead of bit 7 of the 
data. On reception, it checks parity and clears bit 7. Run Program E-12 using the 
7-bit data mode with even parity and 2 stop bits. 

Examples: 

1) (0060) = 41 ASCII A (01000001 binary) 
Result: (0061) = 41 ASCII A 

2) (0060) = C3 ASCII C with MSB of 1 (11000011 binary) 
Result: (0061) = 43 ASCII C 

PROBLEM E-22 

Extend the answer to Problem E-21 so that it checks for errors in the received 
data. It should report the errors in the following memory locations: 

1) (0062) = 01 if a framing error occurred. 
(0062) = 00 if no framing error occurred. 

2) (0063) = 01 if a receiver overrun occurred. 
(0063) = 00 if no receiver overrun occurred. 
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3) (0064) = 01 if a parity error occurred. 
(0064) = 00 if no parity error occurred. 

Table E-1 shows the positions of the various error bits in the ACIA status 
register. Remember that a framing error means that the proper number of stop 
bits was not present. A receiver overrun means that the computer failed to read 
the previous data before the current data was received. 

PROBLEM E-23 

Make Program E-12 transmit and receive four characters. Use memory locations 
0060 through 0063 as the output buffer and memory locations 0070 through 
0073 as the input buffer. 

Example (7-bit characters, even parity, 2 stop bits): 

(0060) = 48 ASCII H 

Result: 

PROBLEM E-24 

(0061) = CS ASCII E with MSB of 1 

(0062) = CC ASCII L with MSB of 1 

(0063) = 50 ASCII P 

(0070) = 48 ASCII H 

(0071) = 45 ASCII E 

(0072) = 4C ASCII L 

(0073) = 50 ASCII P 

Make the answer to Problem E-23 continue transmitting and receiving until it 
transmits and receives an ASCII carriage return character (OD hexadecimal or 
8D with even parity). The input buffer starts in memory location 0060 and the 
output buffer starts in memory location 0070. 

Example (7-bit characters, even parity, 2 stop bits): 

(0060) = 47 ASCII G 

(0061) =CF ASCII 0 (letter) with MSB of 1 

(0062) = 8D ASCII carriage return with MSB of 1 



Result: 

(0070) = 47 ASCII G 

(0071) = 4F ASCII 0 (letter) 

(0072) = OD ASCII carriage return 
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We can also use the ACIA in an interrupt-driven mode. The governing 
bits are: 

1) Control register bit 6 must be 0 and bit 5 must be 1 to enable 
the transmitting interrupt. 

2) Control register bit 7 must be 1 to enable the receive inter­
rupt. 

3) Status register bit 7 is the interrupt flag or interrupt request 
bit. The RECEIVE DATA REGISTER FULL and TRANS­
MIT DATA REGISTER EMPTY bits differentiate between 
receive and transmitting interrupts. 

The interrupt request bit is set whenever either a transmitting interrupt 
or a receive interrupt is active. It is cleared when the CPU either writes 
data into the transmit data register or reads data from the receive data 
register. There are no extra operations required on output as there are 
with the PIA (remember Laboratory B). 

PROBLEM E-25 

Make Program E-12 receive the data using an interrupt. To check this program, 
you will have to jumper a connection between pin 7 of the ACIA (its IRQ 
output) and either pin 4 of the CPU (its IRQ input) or pin D of the micro­
computer's expansion connector (IRQ). 

KEY POINT SUMMARY 

1) Serial I/O requires such interfacing functions as parallel/serial 
conversion, the addition and detection of start and stop bits, clocking, and 
parity generation and checking. Either hardware (UARTs, USRTs, and 
data-link control chips) or software can perform these functions. 

2) Serial/parallel conversion can easily be performed with shift 
instructions. Only a few changes in the initial and final conditions are 
necessary to generate or detect start and stop bits. 
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3) Serial data can be clocked in or out by any of the timing 
methods that have been discussed previously. Software delay loops, pro­
grammable timers, or a real-time clock can do the job. 

4) You can reduce the number of errors in serial communica­
tions by centering the reception, by sampling bits several times and using 
majority logic, or by including an error-detecting or correcting code such 
as parity. Parity can be generated by adding all the bits together; even 
parity is the least significant bit of the sum. 

5) The 6850 Asynchronous Communications Interface Adapter 
(ACIA) is a programmable UART specifically designed for use with the 
6800 microprocessor. It will automatically detect or generate start bits, 
convert data between serial and parallel forms, check or add stop bits, 
check or generate parity, and provide the control signals required for an 
RS-232 interface. The programmability means that you can select the 
clock option, word length, type of parity, and other operating parameters 
by merely loading the ACIA's control register with the required value 
during initialization. 



PURPOSE 

D Laboratory F 

Microcomputer Timing 

and Control 

To show how the 6800 microprocessor generates timing and control 
signals and how these signals are used in the MEK6800D2 microcomputer. 

PARTS REQUIRED 

A dual-trace oscilloscope with a bandwidth of at least 5 MHz. 
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Based Products," EDN, March 20, 1980, pp. 177-214. 

WHAT YOU SHOULD LEARN 

1) Why a logic analyzer is necessary for troubleshooting micro­
processor-based systems. 

2) What kind of clock the 6800 microprocessor requires. 
3) When the 6800 processor changes addresses and what the 

VALID MEMORY ADDRESS signal means. 
4) How the 6800 microprocessor executes instructions. 
5) What part of the 6800 instruction cycle is used to transfer 

data. 
6) How the address lines are decoded to activate memories and 

1/0 devices. 
7) How to efficiently decode PIA addresses using linear selection. 

TERMS 

Access time-the delay between the time when a memory re­
ceives an address and the time when the data from that address 
is available at the outputs. 
Address-the identification code that distinguishes one memory 
location or input/output port from another and that can be used 
to select a specific one. 
Address bus-the bus that the CPU uses to select a particular ele­
ment of the memory or input/output section. 
Bidirectional-capable of transporting signals in either direction. 
Bus-a group of parallel lines that connect two or more devices. 
Bus contention-a situation in which two or more devices are 
trying to place data on a bus at the same time. 
Clock-a regular timing signal that governs transitions in a system. 

Decoder-a device that produces unencoded outputs from coded 
inputs. Also may refer to a device that converts data from one 
code to another. 
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Dual inline package (DIP or bug)-a semiconductor chip package 
having two rows of pins in a plane perpendicular to the edges of 
the package. Sometimes called a bug, since it appears to have legs. 
Dynamic memory-a memory that loses its contents gradually 
without any external causes. The contents must be rewritten 
periodically if they are to be retained; the rewriting process is 
referred to as refresh. 

Enable-allow an activity to proceed or a device to produce data 
outputs. 
High-impedance state-see Tristate. 
Hold time-the amount of time after the end of an activity signal 
during which some other signal must be stable (constant) to ensure 
the achievement of the correct final state. 
Instruction-a group of bits that defines a computer operation and 
is part of the instruction set. 
Instruction cycle-the process of fetching, decoding, and executing 
an instruction. 

Instruction execution-the process of performing the operations 
indicated by an instruction. 
Instruction execution time-the time required to fetch, decode, 
and execute an instruction. 
Instruction fetch-the process of addressing memory and reading 
an instruction word into the CPU for decoding. 

Instruction length-the number of words of memory needed to 
store a complete instruction. 

Instruction set-the set of general-purpose instructions available 
with a given computer-that is, the set of inputs to which the CPU 
will produce a known response during an instruction fetch cycle. 
Latch-a temporary storage device controlled by a timing signal. 
The contents of the latch are fixed at their current values by a 
transition of the timing signal (clock) and remain fixed until the 
next transition. 
Linear select-using coded bus lines individually for selection 
purposes rather than decoding the lines. Linear select requires 
no decoders but allows only n separate devices to be connected 
rather than 2n , where n is the number of lines. 

Logic analyzer-a piece of test equipment that detects, stores, 
and displays the states of digital signals; usually has at least 8 and 
as many as 32 inputs. 
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Multiplex-to use one functional unit for several different pur­
poses on a shared basis, to interleave two or more different signals 
on the same channel. 
Refresh-the process of rewriting the contents of a dynamic memory 
before they are lost. 

Tristate (or three-state )-logic outputs with three possible states­
high, low, and an inactive (high-impedance or open-circuit) state 
that can be combined with other similar outputs in a busing 
structure. 
Tristate enable-an input that, if not active, forces the outputs of 
a tristate device into the inactive or open-circuit state. 

EXAMINING PROCESSOR SIGNALS 

One problem with most microprocessor-based systems is that few simple 
signals are directly available to use in troubleshooting, Fortunately, the 
reliability of the chips is very high (an estimated mean lifetime of 500 
years according to one report) and the number of chips in most systems 
is growing smaller. Thus simple replacement of chips or even boards is 
often a viable approach to maintenance and repair. 

However, some understanding of how the microcomputer operates is 
both desirable and useful for the designer. This laboratory assumes that 
you have a dual-trace oscilloscope with a bandwidth of at least 5 MHz. 
Unfortunately, even a good oscilloscope is usually inadequate for trouble­
shooting. To diagnose problems in system operation, you must be able to 
simultaneously examine the clock, data bus, address bus, and control 
sign~ts. This typically requires at least 8 to 16 lines, the states of which 
must be formatted and displayed in a comprehensible manner. Test in­
struments called logic analyzers provide the required features, but they 
are expensive. We will content ourselves here with examining signals on a 
less expensive oscilloscope. Figure F-1 contains the pinouts for the 6800 
microprocessor. 

TIMING AND CONTROL FUNCTIONS 

Note some of the questions that we must answer in designing a micro­
computer or in understanding its operations: 

1) How does the processor transfer data to or from memory 
and I/O ports? Clearly timing is a critical factor here. 

2) How does the processor decode and execute instructions? 
This is an internal processor function, but an understanding 



Vss 40 

2 Halt TSC 39 

3 cf> 1 N.C. 38 

4 IRO 37 

5 VMA DBE 36 

6 NMI N.C. 35 

7 BA R/W 34 

8 Vee Do 33 

9 Ao D1 32 
6800 MPU 

10 A1 31 

11 A2 30 

12 A3 29 

13 A4 28 

14 As 27 

15 A5 26 

16 A7 A15 25 

17 Ag A14 24 

18 Ag 23 

19 A10 A12 22 

20 A11 Vss 21 

FIGURE F-1. Pin configuration for the 6800 
microprocessor (MPU or microprocessing unit). 

of it is important in microcomputer design, since the in-
struction cycle governs the operations of the computer. 

3) How does the processor distinguish various types of cycles? 
The designer must use the signals that the processor provides 
to produce the proper external responses. 

4) How are particular memory addresses or 1/0 ports selected? 
The address lines and control signals must be decoded to 
select the correct device. 
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5) How does the busing structure allow many memories, in­
put/output devices, and other devices to share the same 
buses? 

The designer must use the microprocessor's timing and control signals 
to construct a microcomputer that will meet the requirements of a particu­
lar application. Factors that the designer must consider are cost, speed, 
expandibility, consistency with other applications, testability, and ease 
of updating and maintenance. 

THE SYSTEM CLOCK 

Let us now look at some of the processor signals on the oscilloscope. 
Attach the oscilloscope ground to the expansion edge connector pad 
made up of pins W, X, Y, 41, 42, and 43; this is a convenient ground 
point. The pad made up of pins A, B, C, 1, 2, and 3 is tied to +5 V. 
Put your oscilloscope in the CHOP mode so that it will maintain the 
timing relationships rather than retriggering when you switch channels; 
do not use the ALTERNATE mode. 

Attach one of your probes to pin 3 of the 6800 CPU. This is one 
phase (</> 1 ) of the system clock (see Figure F-2) that controls the 
operations of the microprocessor. Remember that Figure F-1 contains 
the 6800's pin configuration. Attach your other probe to pin 37 of 
the 6800 CPU. This is the other phase (</> 2 ) of the clock. During clock 
phase 1, the processor changes addresses and determines the values of all 
the control signals. This phase is a setup period that is necessary because 
of the finite response (switching) time of the devices. During clock phase 
2, the processor actually transfers data to or from the memory or 1/0 
chips. All control and address signals must be constant (stable) during 
clock phase 2. Clock phase 2 is tied to the processor's DATA BUS ENABLE 
signal that activates the processor's bus drivers. In most systems, the de­
signer also gates all inputs to the data bus (from memories and 1/0 ports) 
with clock phase 2 as shown in Figure F-3, so that these inputs only ap­
pear on the bus when clock phase 2 is active. This gating eliminates the 
problem of bus contention (two devices trying to control the same bus) 
that would otherwise occur when the processor changes addresses. Re­
member that finite switching times mean that both the old and the new 
address will try to control the bus for a brief time after the change. 

PROBLEM F-1 

Determine the frequency and pulse width of both phases of the processor 
clock. 



FIGURE F-2. The two-phase 6800 system clock. 

CLOCK PHASE 2 (¢2) 

MEMORY OR INPUT DA; 01-----1 ..... TO PROCESSOR DATA BUS 

Note: The output of the gate is always 0 except when clock phase 
2 is high. 

FIGURE F-3. Gating clock phase 2 with data from a memory or an input 
port. 

PROBLEM F-2 

What are the minimum and maximum clock frequencies at which the 6800 
processor can operate? These numbers are part of the processor specifications. 
The refresh requirements of the on-chip dynamic RAM determine the minimum 
frequency. 

EXAMINING A SIMPLE PROGRAM 

Now enter the following program in memory locations 0000 through 0002. 

HERE BRA HERE 

This is a single instruction that transfers control to itself con­
tinuously, thus producing a repetitive pattern of signals. Program F-1 is 
the hexadecimal version. 

MEMORY 
ADDRESS 

(HEX) 

0000 
0001 

PROGRAM F-1 

MEMORY 
CONTENTS 

(HEX) 

20 
FE 

HERE 
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INSTRUCTION 
(MNEMONIC) 

BRA HERE 
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Attach one of your probes to clock phase 2 (pin 37 of the CPU) and 
attach the other probe to V AUD MEMORY ADDRESS (pin 5 of the 
CPU). This signal is high during cycles in which the processor is trans­
ferring data to or from memory or 1/0 devices and is low during cycles 
in which the processor is performing internal operations. Thus this signal 
is generally used to activate all external operations, since it indicates that 
the contents of the address bus is a meaningful address that will be used to 
transfer data. Note that this signal is high half the time and low half the 
time while Program F-1 is executing. Thus the processor is spending half 
its time transferring data to or from memory and half performing internal 
operations. 

Now attach your second probe to address line A0 (pin 9 of the 
6800 CPU). This line goes high when memory address 0001 is being 
accessed. Note how the 6800 microprocessor executes instructions: 

1) Each instruction is divided into a series of clock cycles that 
are used to transfer data to or from memory or 1/0 devices 
and execute internal operations. 

2) Each clock cycle consists of one phase which is used to 
establish addresses and one phase which is used to transfer 
data. 

The BRA instruction is executed in four clock cycles: 

1) During the first cycle, the CPU fetches the operation code (20 
hex) and places it in the instruction register. The instruction register is 
inside the 6800 microprocessor and the user cannot access it. The pro­
cessor fetches an instruction by placing the contents of the program 
counter (0000 hex) on the address bus and thus fetching the data from 
that address. The program counter is incremented as part of each cycle 
in which it is used. 

2) During the second cycle, the CPU fetches the relative offset 
(FE hex) and places it in a temporary register. Here again, the fetch is 
performed by placing the contents of the program counter (now 0001 
hex) on the address bus and thus fetching the data from that address. 
The program counter is again incremented, so its final value is 0002. 

3) During the third and fourth cycles, the CPU adds the relative 
offset to the program counter. This takes two cycles, since a 16-bit 
addition must be performed. Note that no memory transfers are per­
formed during these two cycles (hence VMA is low). The new program 
counter is calculated from 

0002 
+ FFFE 

0000 
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Can you identify an instruction cycle on the oscilloscope? Note 
that VMA is high during the first two clock cycles. 

PROBLEM F-3 

Determine how long address line A0 (CPU pin 9) remains high. Does address 
line A1 (CPU pin 10) change value? Explain your result. 

PROBLEMF4 

Determine how long VMA remains high. Can you suggest some ways in which 
this signal could be used? (Hint: Remember the gating control shown for clock 
phase 2 in Figure F-3.) 

The CPU always reads data at the end of clock phase 2. The memory 
address is always stable before the end of clock phase 1. How much time 
does this allow for the memory access? Note that the only way to slow 
the memory cycle is to use a slower clock-some processors have a READY 
input that can keep the processor in a waiting state. Such processors can 
easily be synchronized with slow memories. However, the 6800 does 
not have a READY input. 

MORE COMPLEX INSTRUCTION CYCLES 

PROGRAM F-2 

MEMORY MEMORY 
ADDRESS CONTENTS INSTRUCTION 

(HEX) (HEX) (MNEMONIC) 

0000 01 HERE NOP 
0001 20 BRA HERE 
0002 FD 

Examine VMA while Program F-2 is executing. Describe how VMA 
has changed from Program F-1. 

The CPU executes the NOP instruction in two cycles: 

1) In the first cycle, the CPU fetches the instruction from 
memory and places it in the instruction register. VMA is 
high since a memory access is being performed. 

2) In the second cycle, the CPU executes the instruction. 
VMA is low since no memory access is performed. 
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PROBLEMF-5 

What happens to address lines A0 and A1 during the execution of Program 
F-2? What happens if you place FE in memory location 0002 instead of FD? 

PROBLEMF-6 

What happens to the data lines during the execution of Program F-2? In particu­
lar, examine data lines D0 , D1 , and D5 • The other lines will all be identical 
(why?). 

Change the program in memory to the following: 

MEMORY 
ADDRESS 

(HEX) 

0000 
0001 
0002 
0003 

PROBLEMF-7 

MEMORY 
CONTENTS 

(HEX) 

80 
00 
20 
FC 

HERE 

INSTRUCTION 
(MNEMONIC) 

SUBA 

BRA 

#0 

HERE 

What does the VMA signal look like now? Can you explain its appearance? 

The 6800 microprocessor executes all accumulator instructions using 
immediate addressing in two clock cycles: 

1) During the first clock cycle, the processor fetches the operation 
code from memory using the program counter. The operation 
code is placed in the instruction register and the program 
counter is incremented. 

2) During the second clock cycle, the processor fetches the 
data from memory using the program counter. The operation 
is performed and the program counter is incremented again. 

VMA is high during both cycles since both involve memory accesses. 

PROBLEMF-8 

What happens to. VMA if you replace the 80 (SUBA immediate) in memory 
location 0000 with 90 (SUBA direct)? Explain the result. What instruction 
is the processor executing? 
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The 6800 microprocessor performs all accumulator instructions 
using direct addressing in three clock cycles (except STA, which requires 
four cycles). The three cycle instructions are executed as follows: 

1) During the first clock cycle, the processor fetches the 
operation code from memory using the program counter. The operation 
code is placed in the instruction register and the program counter is in­
cremented. 

2) During the second clock cycle, the processor fetches the 
address from memory using the program counter. The address is stored 
in a temporary register and the program counter is incremented. Note 
that there are really two temporary registers-one for the 8 MSBs of the 
address and one for the 8 LSBs. In the direct addressing mode, the pro­
cessor clears the temporary register that holds the 8 MSBs. 

3) During the third clock cycle, the processor fetches the data 
from memory using the address in the temporary registers. The operation 
is performed and the processor is then ready to fetch the next instruction. 
Note that the program counter is not used in the third cycle and is there­
fore not incremented. 

PROBLEM F-9 

What happens to VMA if you replace SUBA #0 with SUBA $A050? Describe 
the execution of an accumulator instruction using extended addressing in 
the same way that we described the execution of accumulator instructions 
using immediate and direct addressing. 

PROBLEM F-10 

What happens to VMA if you replace SUBA #0 with LDX #0? Describe the 
execution of an LDX instruction using immediate addressing. 

Instructions that write data into memory must produce a signal 
that indicates the direction of data transfers and that can be used as a 
write pulse. The READ/WRITE line (CPU pin 34) serves this purpose. 
In the programs we have run so far, this line should always be in the 
READ state (a logic 1 ). Examine the READ/WRITE line during the 
execution of the last program and verify this. 

PROBLEM F-11 

What happens to VMA and R/W if you replace the 80 in memory location 
0000 with 97 and the 00 in memory location 0001 with 40? What instruction 
is now in memory locations 0000 and 0001? Demonstrate that your answer is 
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correct by loading accumulator A and memory location 0040 initially and 
showing that the instruction has the expected effects. 

DECODING ADDRESS LINES 

The MEK6800D2 microcomputer decodes address lines A1 5 , A1 4 , and A1 3 

as described in Table F-1. A 74155 3-to-8 decoder (see Figure F-4 and 
Table F-2) performs the required logic function; the decoder is integrated 
circuit Ul 1 on the Microcomputer Module. Execute Program F-2 and 
examine pin 4 of the decoder. How does the signal on this pin compare 
with VMA? Note that all the instructions in Program F-2 are being executed 
from RAM and VMA is being used to enable the entire decoder. Decoder 
pin 4 is the output signal used to enable (activate) the user RAM. 

PROBLEM F-12 

Some address lines are not tied to any memories in the MEK6800D2 micro­
computer. For example, compare addresses 0000 and 0400. Try changing 
one and see what happens to the other. How about addresses 0800, OCOO, 
1000, 1400, 1800, and lCOO? Why are these addresses not fully decoded, 
and how does the failure to fully decode the address lines affect the memory 
capacity of the microcomputer? 

0 
0 
0 
0 
l 
1 

PROBLEM F-13 

Table F-1 

MEK6800D2 ADDRESS DECODING 

A14 Ai3 DEVICE ACTIVATED 

0 0 User RAM 
0 l Not used, available for expansion 
l 0 Not used, available for expansion 
l l Not used, available for PROM 
0 0 1/0 
0 1 Stack RAM 

0 Not used, available for PROM 
1 Monitor ROM 

Try executing the following program: 

HERE 
LDX 
SUBA 
BRA 

#$AOOO 
O,X 
HERE 



-------·----·-·------------ -~-~--

SELECT OUTPUTS 
STAB INPUT 

2G A 2Y3 2V2 2Y1 2YO 

OUTPUTS 

POSITIVE LOGIC: SEE FUNCTION TABLE 

FIGURE F-4. Pin configuration for the 74155 
decoder/demultiplexer. 

In hexadecimal, this is 

MEMORY MEMORY 
ADDRESS CONTENTS INSTRUCTION 

(HEX) (HEX) (MNEMONIC) 

0000 CE LOX 
0001 AO 
0002 00 
0003 AO HERE SUBA 
0004 00 
0005 20 BRA 
0006 FC 

#$AOOOO 

O,X 

HERE 

Examine decoder pin 11, the output signal used to activate the stack RAM 
starting at AOOO. How long is this signal active? Describe the execution of an 
accumulator instruction using indexed addressing. Describe the behavior of 
VMA. 

PROBLEM F-14 

Replace LDX #$AOOO with LDX #$EOOO. Are there any changes on decoder 
pin 11? How about decoder pin 9? Explain what has happened. 
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ct 
x 
L 
L 
L 
L 
H 
H 
H 
H 

Table F-2 

Function Table for the 74155 
Decoder/Demultiplexer Used as a 3-to-8 Decoder 

{Inputs IC and 2C Connected Together and 
Inputs lG and 2G Connected Together)* 

INPUTS OUTPUTS 

SELECT STROBE (0) (1) (2) (3) (4) (5) (6) 
OR DATA 

B A Gt 2YO 2Y1 2Y2 2Y3 1YO 1Y1 1Y2 

x x H H H H H H H H 
L L L L H H H H H H 
L H L H L H H H H H 

H L L H H L H H H H 
H H L H H H L H H H 
L L L H H H H L H H 
L H L H H H H H L H 
H L L H H H H H H L 
H H L H H H H H H H 

(7) 

1Y3 

H 
H 
H 
H 
H 
H 
H 
H 
L 

*In the MEK6800D2 microcomputer, C is tied to "A15, B to A14, 
A to A13, and G to VMA (so all decoder outputs are inactive when 
VMA is inactive). The MC8T97 drivers invert all the input address and 
control lines. 

ADDRESSING 1/0 DEVICES 

Run the program from Problem F-13 with the value 80 in memory lo­
cation 0001. Watch the change on pin 12 of the decoder; this signal is 
used to activate all I/O devices. The I/O devices are therefore located in 
the address space between 8000 and 9FFF (hex). 

Note that the I/O signal from the 74155 device only decodes address 
lines A1 5 , A1 4 , and A1 3 • Clearly, this leaves an 8K address space available 
for input/output devices (64K has been divided into eight sections). The 
problem now is how to activate individual I/O devices within the address 
space. Since each PIA occupies four addresses, we have enough address 
space for 2048 PIAs, far more than most systems need. 

As long as we have so much address space available, there is no need 
to fully decode it. If, for example, we tried to fully decode 2048 PIA 
addresses with 74155 devices, we would need 256 chips (since each has 
eight outputs), not even considering the gates and control signals re­
quired to handle such a large number of devices. However, we can avoid 
these requirements by simply using each address line to select a single 
PIA. Figure F-5 shows the pin configuration of a PIA. The RS (Register 
Select) lines decode the internal registers of the PIA and are normally 
tied to address lines A0 and A1 • The CS (Chip Select) lines can be used to 
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Vss CA1 40 

2 PAo CA 2 39 

3 PA 1 IRQA 38 

4 PA2 IRQB 37 

5 PA 3 RSo 36 

6 PA 4 RS 1 35 

7 PA5 Reset 34 

8 PA 6 Do 33 

9 PA 7 D1 32 

10 PBo D2 31 

11 PB1 D3 30 

12 PB2 D4 29 

13 PB3 D5 28 

14 PB 4 D5 27 

15 PB 5 D7 26 

16 PB5 E 25 

17 PB7 cs, 24 

18 cs, cs 2 23 

19 CB2 CSo 22 

20 Vee R/W 21 

FIGURE F-5. Pin configuration for the 
6821 Peripheral Interface Adapter (PIA). 

select a particular PIA. One is tied to the I/O signal from the 74155 
device, so that the PIA is only selected when that signal is active. An­
other is tied directly to an address line-A2 for the user PIA and A5 for 
the keyboard/display PIA. The PIA is therefore activated when that ad­
dress line is high. This kind of decoding (called linear select) allows a 
total of 11 PIAs (remember that address lines A1 5 , A14 , and A1 3 are 
tied to the 74155 decoder and A1 and A0 are used to select registers). 
Eleven PIAs are more than enough for most small controllers, since each 
PIA has 20 I/O lines (two 8-bit I/O ports and four control lines). 
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PROBLEM F-15 

If we reserve the 1/0 signal from the 74155 device for activating PIAs and 
ACIAs, how much memory can we add to an MEK6800D2 microcomputer? 
Note the tradeoffs involved here-if we want to increase the memory capacity, 
we must use a larger decoder and limit the address space available for PIAs. 
If we replaced the 3-to-8 decoder with a 4-to-16 decoder and reserved one of 
the decoder outputs for 1/0, how much memory could we address? How many 
PIAs would be allowed using linear select? 

PROBLEM F-16 

List the addresses that PIAs can occupy in the MEK6800D2 microcomputer 
using linear select. Remember that we can use address lines A2 through A12 

to select PIAs. 

PROBLEM F -17 

One problem with linear select is that it results in a curious, discontinuous set 
of addresses. Each 1 bit in the selection lines activates a PIA, so that only 
addresses with one 1 bit in those lines are really valid. What happens if the 
processor stores data in an address that has 1 bits in two selection lines? Check 
your answer by executing the following program and observing memory lo­
cations 0060 and 0061. 

CLR 
LDAA 
STAA 
LDAB 
STAB 
STAA 
STAA 
LDAA 
STAA 
LDAA 
STAA 
LDAA 
STAA 
SWI 

$8007 
#$FF 
$8006 
#%00000100 
$8007 
$8006 
$8022 
#$06 
$8026 
$8006 
$60 
$8022 
$61 

MAKE USER PIA PORT B OUTPUT 

PUT KNOWN VALUE (FF) IN PIA PORTS 

NOW TRY BROADCASTING DATA TO BOTH 
PORTS AT ONCE 

SEE IF DATA GOT TO USER PIA PORT B 

SEE IF DATA GOT TO KBD PIA PORT B 

Address 8006 (hex) is port B of the user PIA, and address 8022 is port B of the 
keyboard/display PIA. Remember that the monitor determines the operating 
mode of the keyboard/display PIA, so the program need not initialize that 
device. Try changing the broadcast data (memory address 0014) and see what 
happens. The analogy to a general broadcast on a communications network is 
obvious. 
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MEMORY MEMORY 
ADDRESS CONTENTS INSTRUCTION 

(HEX) (HEX) (MNEMONIC) 

0000 7F CLR $8007 
0001 80 
0002 07 
0003 86 LDAA #$FF 
0004 FF 
0005 87 STAA $8006 
0006 80 
0007 06 
0008 C6 LDAB #%00000100 
0009 04 
OOOA F7 STAB $8007 
0008 80 
oooc 07 
OOOD 87 STAA $8006 
OOOE 80 
OOOF 06 
0010 87 STAA $8022 
0011 80 
0012 22 
0013 86 LDAA #$06 
0014 06 
0015 87 STAA $8026 
0016 80 
0017 26 
0018 86 LDAA $8006 
0019 80 
001A 06 
0018 97 STAA $60 
001C 60 
0010 86 LDAA $8022 
001E 80 
001F 22 
0020 97 STAA $61 
0021 61 
0022 3F SWI 

The elaborate procedure is necessary because the monitor program is constantly 
using the keyboard/display PIA. 
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KEY POINT SUMMARY 

1) A logic analyzer is necessary to fully understand or debug 
the hardware in microprocessor-based systems. The analyzer can display 
the states of many simultaneous signals in a comprehensible format. 

2) The 6800 microprocessor executes its instructions as a series 
of clock cycles during which data is transferred to or from memory and 
internal operations are performed. 

3) The 6800 microprocessor differentiates between internal 
and external cycles by means of the V AUD MEMORY ADDRESS (VMA) 
signal. This signal is high when the contents of the address bus are an 
actual address that will be used to transfer data during that cycle. 

4) The execution of an instruction involves at least two clock 
cycles. The first cycle is ·an instruction fetch in which the CPU places the 
program counter on the address bus and loads the contents of the accessed 
memory location into the instruction register. The CPU adds 1 to the 
program counter each time it is used. 

5) The various addressing modes result in different methods 
of instruction execution. In immediate addressing, the program counter 
is used to fetch the data. In direct and extended addressing, the program 
counter is used to fetch the address and a subsequent memory access 
cycle utilizes that address. In indexed addressing, two cycles are used to 
perform the indexing before the calculated address is used to access 
memory. 

6) The more significant address lines are generally decoded to 
form enabling signals. These signals allow particular memories or 1/0 de­
vices to send or receive data. In general, only one memory or I/O device 
can send or receive data at a time. 

7) The designer can make tradeoffs between the memory 
capacity of the microcomputer and the complexity of the decoding 
system. Full decoding of addresses maximizes memory capacity but in­
creases parts count. Partial decoding of addresses is often sufficient in 
small systems. 
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Appendixes 

APPENDIX 1-MOTOROLA 6800 INSTRUCTION SET1 

MPU INSTRUCTION SET 
The MC6800 has a set of 72 different instructions. 

Included are binary and decimal arithmetic, logical, shift, 
rotate, load, store, conditional or unconditional branch, 
interrupt and stack manipulation instructions (Tables 2 
thru 6}. 

MPU ADDRESSING MODES 
The MC6800 eight-bit microprocessing unit has seven 

address modes that can be used by a programmer. with the 
addressing mode a function of both the type of instruction 
and the coding within the instruction. A summary of the 
addressing modes for a particular instruction can be found 
in Table 7 along with the associated instruction execution 
time that is given in machine cycles. With a clock Ire· 
quency of 1 MHz, these times would be microseconds. 

Accumulator (ACCX} Addressing - In accumulator 
only addressing, either accumulator A or accumulator B is 
specified. These are one-byte instructions. 

Immediate Addressing - In immediate addressing, the 
operand is contained in the second byte of the instruction 
except LOS and LOX which have the operand in the second 
and third bytes of the instruction. The MPU addresses 
this location when it fetches the immediate instruction 
for execution. These are two or three-byte instructions. 

Direct Addressing - In direct addressing, the address of 
the operand is contained in the second byte of the 
instruction. Direct addressing allows the user to directly 
address the lowest 256 bytes in the machine i.e., locations 

zero through 255. Enhanced execution times are achieved 
by storing data in these locations. In most configurations, 
it should be a random access memory. These are two-byte 
instructions. 

Extended Addressing - In extended addressing, the 
address contained in the second byte of the instruction is 
used as the higher eight-bits of the address of the operand. 
The third byte of the instruction is used as the lower 
eight-bits of the address for the operand. This is an abso­
lute address in memory. These are three-byte instructions. 

Indexed Addressing - In indexed addressing, the address 
contained in the second byte of the instruction is added 
to the index register's lowest eight bits in the MPU. The 
carry is then added to the higher order eight bits of the 
index register. This result is then used to address memory. 
The modified address is held in a temporary address regis­
ter so there is no change to the index register. These are 
two-byte instructions. 

Implied Addressing - In the implied addressing mode 
the instruction gives the address (i.e., stack pointer. index 
register. etc.}. These are one-byte instructions. 

Relative Addressing- In relative addressing, the address 
contained in the second byte of the instruction is added 
to the program counter's lowest eight bits plus two. The 
carry or borrow is then added to the high eight bits. This 
allows the user to address data within a range of -125 to 
+129 bytes of the present instruction. These are two­
byte instructions. 

1 Courtesy of Motorola Semiconductor Products, Inc. 
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Table Al-1 

MICROPROCESSOR INSTRUCTION SET-ALPHABETIC SEQUENCE 

ABA Add Accumulators CLR Clear PUL Pull Data 
ADC Add with Carry CLV Clear Overflow AOL Rotate Left 
ADD Add CMP Compare ROA Rotate Right AND Logical And COM Complement RTI Return from Interrupt ASL Arithmetic Shift Left CPX Compare Index Register ATS Return from Subroutine ASA Arithmetic Shift Right 

DAA Decimal Adjust SBA Subtract Accumulators BCC Branch if Carry Clear DEC Decrement SBC Subtract with Carry BCS Branch 1f Carry Set DES Decrement Stack Pointer SEC Set Carry BEO Branch 1f Equal to Zero DEX Decrement Index Register SEI Set Interrupt Mask BGE Branch 1f Greater or Equal Zero 
EOR Exclusive OR SEV Set Overflow w BGT Branch if Greater than Zero S! BHI Branch if Higher INC Increment STA Store Accumulator. 

STS Store Stack Register BIT Bit Test INS Increment Stack Pointer STX Store Index Register BLE Branch if Less or Equal INX Increment Index Register SUB Subtract BLS Branch 1f Lower or Sarne 
JMP Jump SWI Software Interrupt BLT Branch if Less than Zero 

BMI Branch if Minus JSR Jump to Subroutine TAB Transfer Accumulators 
BNE Branch if Not Equal to Zero LOA Load Accumulator TAP Transfer Accumulators to Condition Code Reg. 
BPL Branch if Plus LOS Load Stack Pointer TBA Transfer Accumulators 
BRA Branch Always LOX Load Index Register TPA Transfer Condition Code Reg. to Accumulator 
BSA Branch to Subroutine LSR Logical Shift Right TST Test 
BVC Branch if Overflow Clear 

NEG Negate 
TSX Transfer Stack Pointer to Index Register 

BVS Branch if Overflow Set 
NOP No Operation 

TXS Transfer Index Register to Stack Pointer 

CSA Compare Accumulators ORA Inclusive OR Accumulator 
WAI Wait for Interrupt 

CLC Clear Carry 
cu Clear Interrupt Mask PSH Push Data 



Table Al-2 

ACCUMULATOR AND MEMORY INSTRUCTIONS 

OPERATIONS MNEMONIC 

Add ADDA 
ADDB 

Add Acmltrs ABA 
Addw1th Carry ADCA 

ADCB 
Aod ANDA 

ANDB 
811 Test BITA 

BITB 
Clear CLR 

CLRA 
CLRB 

Compare CMPA 
CMPB 

CompareAcmltrs CBA 
Complement, l's COM 

COMA 
COMB 

Complement, 2's NEG 
(Negate) NEGA 

NEGB 
Decimal Adiust, A DAA 

Decrement DEC 
DECA 
DECB 

Exclusive OR EDRA 
EORB 

Increment INC 
INCA 
INCB 

LoadAcmltr LOAA 
LOAB 

Or, Inclusive DRAA 
ORAB 

Push Data PSHA 
PSHB 

Pull Data PULA 
PULB 

Rotate Left RDL 
ROLA 
ROLB 

Rotate Right ROR 
RORA 
RORB 

Shilt Leh. Arithmetic ASL 
ASLA 
ASLB 

Shilt Right, Artthmetic ASR 
ASRA 
ASRB 

Shilt Right, logic LSR 
LSRA 
LSRB 

StoreAcmltr. STAA 
STAB 

Subtract SUSA 
SUBS 

SubtractAcmltrs. SBA 
Subtr.with Carry SBCA 

SBCB 
Transfer Acmltrs TAB 

TBA 
Test, Zero or M111us TST 

TSTA 
TSTB 

LEGENDo 

OP Operation Code (Hexadecimal); 
Number of MPU Cycles; 
Number of Program Bytes; 
Arithmetic Plus; 
Arithmetic Minus; 
Boolean ANO; 

IMMED 

DP -
SB 1 
CB 1 

B9 1 
cs 1 
B4 2 
C4 1 
B5 1 
C5 1 

81 1 
Cl 1 

88 1 
ca 1 

86 1 
cs 1 

8A 1 
CA 1 

80 1 
co 2 

81 1 
C1 1 

= 
1 
1 

2 
1 
1 
2 
1 
1 

1 
1 

2 
1 

1 
1 

1 
1 

1 
2 

1 
1 

ADDRESSING MODES 

DIRECT INDEX EXTND 

OP 

9B 
DB 

99 
D9 
94 
D4 
95 
05 

91 
Dl 

98 
D8 

96 
D6 

9A 
DA 

91 
Dl 
90 
DD 

92 
D1 

- = OP - = DP -
3 1 AB 5 1 BB 4 
3 1 EB 5 1 FB 4 

3 2 A9 5 2 B9 4 
3 1 E9 5 1 f9 4 
3 1 A4 5 1 B4 4 
3 1 E4 5 1 f4 4 
3 1 A5 5 1 B5 ' 3 1 ES 5 1 f5 4 

6f ' 1 7F 6 

3 1 Al 5 1 81 4 
3 1 El 5 1 fl 4 

63 1 1 13 6 

60 1 1 70 6 

6A 1 2 lA 6 

3 2 A8 5 2 88 4 
3 2 E8 5 1 f8 4 

6C 1 2 lC 6 
-

3 1 A6 5 2 86 4 
3 1 E6 5 2 f6 4 

3 2 AA 5 2 BA 4 
3 1 EA 5 2 FA -~ 

69 1 1 19 6 

66 1 2 16 6 

68 1 2 78 6 

6/ 1 1 77 6 

64 1 1 14 6 

4 1 Al 6 1 Bl 5 
4 1 El 6 1 fl 5 
3 1 AO 5 1 BO 4 
3 1 EO 5 1 FO 4 

3 1 A1 5 1 81 4 
3 1 E1 5 2 f2 4 

6D 1 2 70 6 

+ Boolean Inclusive OR; 
0 Boolean Exclusive OR; 
M Complement of M; 

Transfer Into: 
Bit= Ze10; 

00 Byte= Zero; 
Msp Contents of memory location poinled to be Stack Pointer; 

Note - Accumulator addressmg mode instructions are included 111 the column for IMPLIED addressmg 

= 
3 
3 

3 
3 
3 
3 
3 
3 
3 

3 
3 

3 

3 

3 

3 
3 
3 

3 
3 
3 
3 

3 

3 

3 

3 

3 

3 
3 
3 
3 

3 
3 

3 

IMPLIED 

OP - = 

lB 1 1 

4f 1 1 
Sf 1 1 

11 1 1 

43 1 1 
53 2 1 

40 1 1 
50 1 1 
19 1 1 

4A 1 1 
5A 1 1 

4C 1 1 
5C 1 1 

36 4 1 
31 4 1 
31 4 1 
33 4 1 

49 1 1 
59 1 1 

46 1 1 
56 1 I 

48 2 1 
58 1 1 

41 1 I 
51 1 1 

44 2 I 
54 1 I 

10 1 1 

16 1 1 
ll 1 1 

4D 2 1 
5D 2 I 

BOOLEAN/ARITHMETIC OPERATION COND. CODE REG. 

(All register labels 
refer to contents) 

A+ M ·A 

B + M ·B 
A+ B -·A 
A+ M + C ·A 
B + M + C • B 
A· M ·A 
B · M ·B 
A·M 
B. M 

OD • M 
00 -·A 
00 • B 
A M 
8 M 
A 8 
M •M 
A -·A 
B ·->B 

00 M •M 
00 -- A co A 

00 B ·8 
Converts Binary Add. of BCD Characters 
into BCD Format 
M -1 •M 

A· 1 •A 
B - 1 ·B 
A(!)M -•A 

B©M •B 
M+l-.. M 
A+ 1 ··A 

B + 1 - B 
M-.. A 

M ·B 
A+ M ~A 
B +M --.B 
A-... Msp, SP 1-•SP 
B -·Msp, SP 1··SP 
SP+ 1 •SP, Msp ·A 
SP+ 1 -•SP, Msp ·a 

~} L-0 - o:rrIIID=J 
B C b7 - bO 

~} L{] - arr:rr:rn:::i 
8 c bl - bO 

-n o- =-o 
c bl bO 

~}Cttrillm - 0 
B b7 bO C 

-n o-=-o 
bl bO c 

A -M 
B ··M 
A M ··A 
B- M -B 
A - B .. A 
A-M-C ·A 
B-M-C •B 
A-·B 
B ·A 
M -00 
A - 00 
B - 00 

CONDITION CODE SYMBOLS: 

Half-carry from bit 3; 
Interrupt mask 
Negative (sign bit) 
Zero {byte) 
Over:flow,2'scomplement 
Carrylrombit7 
Reset Always 
Set Always 

• • 3 2 1 0 
H I N z v c 

I . I I I I 
I . I I I I 
I . I I I I 
I . I I I I 
I . I I I I . . I I R . . . I I R . . . I I R . .. I I R • 
• • R s R R .. R s R R 

• • R s R R .. I I I I .. I I I I .. I I I I .. I I R s .. I I R s .. I I R s .. I ll~(i) .. I I (i) .. I I (D(i) .. I I I Gl .. I I 4 . .. I I 4 • .. I I 4 . .. I I R • .. I ! R • .. I I~• .. I I@• .. I 1 iip. .. I I R • .. I I R • . . I I R . . . I I R . . . .. . . .. . . . . .. . . . . .. . . . . .. I 

II' .. I I I .. I I ! .. l 1@1 .. I 1~1 .. I 
If .. l I I .. I :1~: .. I .. I 1@1 .. I 
:~: .. I 

• • R Ii~ I 
• • R :~ 

I 
• • R I .. i I R • . . I I R . .. l I I I .. I I l I .. I I I I .. I ! I I .. I I I I .. 1 I R . .. I I R • .. I I R R .. I I R R .. I I R R 

H I N Z v c 

Test and set 11 true, cleared otherwise 
Not Affected 



Table Al-3 

INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

CONO. CODE REG. 

IMMEO DIRECT INDEX EXTNO IMPLIED 5 4 3 2 1 0 

POINTER OPERATIONS MNEMONIC OP - # OP - " OP - " OP - " OP - # BOO LEAN/ARITHMETIC OPERATION H I N Z v c 
Compare lnde)( Reg CPX BC 3 3 9C 4 2 AC 6 2 BC 5 3 XH M, XL - (M + 1) .. (j) l @• 
Decrement Index Reg OEX 09 4 1 x . 1 -- x . . . l . . 
Dmement Stack Pntr OES 34 4 1 SP 1 .. sp . . . ... 
Increment Index Reg INX OB 4 1 x + 1 --· x . . . l . . 
Increment Stack Pntr INS 31 4 I SP+ 1- .... SP . . . .. . 
Load Index Reg LOX CE 3 3 OE 4 2 EE 6 2 FE 5 3 M-·XH.(M+l) ·XL . •@ ! R •! 
load Stack Pntr LOS BE 3 3 9E 4 2 AE 6 2 BE 5 3 M --• SPH, (M + 1) -· SPL . •® : R ·1 
Store Index Reg STX DF 5 2 EF ) 2 FF 6 3 Xw•M,XL •(M+ll • •® I R :1 Store Stack Pntr STS 9F 5 2 AF ) 2 BF 6 3 SPH • M, SPL • (M + 1) . •® : R 
lndx Reg __.Stack Pntr TXS 35 4 I x 1 ·SP . . . . . . 
Stack Pntr -+Inch: Reg TSX 30 4 1 SP+ 1 • x . . . . . . 

Table Al-4 

JUMP AND BRANCH INSTRUCTIONS 

CONO. CODE REG. 

RELATIVE INDEX EXTNO IMPLIED 5 4 3 2 1 0 

OPERATIONS MNEMONIC OP - # OP - # OP - # OP - # BRANCH TEST H I N z v c 
Branch Always BRA 20 4 2 None . . . . . • 
Branch If Carry Clear BCC 24 4 2 c ~ 0 . . . . . . 
Branch If Carry Set BCS 25 4 2 c ~ 1 . . • . . . 
Branch If = Zero BEO 27 4 2 z ~ 1 . . . . . . 
Braflch If ~Zero BGE 2C 4 2 N Jj) V ~ 0 . . . . . . 
Branch If >Zero RGT 2E 4 2 Z•(N(j)V)~O . . . . . . 
Bra11ch If Higher BHI 22 4 2 c + z = 0 . . . . . . 
Branch If~ Zero BLE 2F 4 2 Z+(N@V)"' 1 . . . . . . 
Branch If lower Or Same BLS 23 4 2 c + z"' 1 . . . . . . 
Branch If <Zero BLT 20 4 2 N (±) V = 1 . . . • . . 
Branch II Minus BMI 2B 4 2 N ~ 1 . . . . . . 
Branch ff Not Equal Zero BNE 26 4 2 z 0 0 . . . . . . 
Branch If Overflow Clear BVC 2B 4 2 v ~ 0 . . . . . . 
Branch If Overflow Set BVS 29 4 2 v ~ 1 . . . . . . 
Branch If Plus BPL 2A 4 2 N°0 . . . . . . 
Branch To Subroutine BSR 80 B 2 

} 
. . . • • . 

Jump JMP 6E 4 2 7E 3 3 See Special Operations . . . . . . 
Jump To Subroutine JSR AO B 2 BD 9 3 . . . . . . 
No Operation NOP 01 2 1 Advances Prag. Cnlr. Only . . . . . . 
Return From Interrupt RTI 38 10 1 --@--
Return From Subroutine RTS 39 5 1 l ·rrrrr Software Interrupt SWI 3F 12 1 

l 
See Special Operations . . . . . . 

Wait for Interrupt* WAI 3E 9 1 • @ •••• 
*WAI puts Address Bus, R/W, and Data Bus m the three-state mode while VMA is held low. 
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SPECIAL OPERATIONS 

JSR, JUMP TO SUBAOUTINEo 

PC Main Program 

INOXO I --;; AD 0 JSR 

n+ 1 K" Offset" 

n + 2 Next Main Instr. 

"K "8·Bit Unsigned Value 

ff Main Program 

BO 0 JSR 
SH:: Subr. Addr. c=> EXTND 

n+2 SL:: Subr. Addr. 

§fl Stack El: Subroutine 

SP-2 INX + K ht Subr. Instr. 

SP-1 [n+2) H 

SP ln+2] l 

[n + 2] Hand [n + 2] L Form n + 2 

Stack ~ Subroutine 

SP-2 S 1st Subr. 1nstr. 
SP-1 [n+3) H 

SP [o'3[ l ($Formed From SH and Sll 
1 ·,. ~ 

11 + 3 Next Main Instr =Stack Pointer After EKecut1on. 

BSA, BRANCH TO SUBAOUTINEo 

e_c Main Program 

BO 0 BSA 

n + 1 ± K =Offset* 

n + 2 Ne)(t Main Instr. 

*K = 7·Bit Signed Value; 

JMP, JUMPo 

INOXD l EJ; Maio Prngram 

" 6E 0 JMP 
n + 1 K:: Offset 

X + K I Next lns;truction I 

ATS, RETURN FROM SUBROUTINEo 

PC Subroutine 

s 139 ATS I c:::> 
RTI, RETURN FROM INTEAAUPTo 

~ Interrupt Program 

S I 3B 0 RTI I c=:> 

fil' r--S'--ta"'c_k _ _, 
SP-2 ,__ ____ _, 
SP- 1 l-'[_o>_2~l_H __ -l 

SP [n+2l L 
~----~ 

n+2 Formed From !n+2] Hand ln+2l L 

§!:' Stack 

SP +-1 SP§ 

SP+ 2 L 

fil' 
SP 

SP+ 1 

SP+ 2 

SP+ 3 
SP +4 

SP+ 5 
SP+ 6 

SP+ 7 

Stack 

Condition Code 

Acmltr B 

AcmltrA 
Index Register (XHl 

Index Register {XL) 

NH 

NL 

Table Al-5 

El: Subroutine 

n + 2 ± K ht Subr. Instr. 

l .~ 
Main Program 

JE 0 JMP 
KH = Ne><t Address 

EXTENDED 0+1 Kl= Next Address 

Next ln:truction I K 

l'.f Main Program 

Next Main Instr. 

PC Main Program 

Next Main Instr. 

CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 
COND. CODE REG. 

IMPLIED 5 4 J 2 1 0 

OPERATIONS MNEMONIC OP ~ * BOOLEAN OPERATION H I N z v c 
Clear Carry CLC DC 1 1 o~c . . . . . R 
Clear Interrupt Mask Cll OE 2 1 0 ~I . R . . . . 
Clear Overflow CLV DA 2 1 o~v . . . . R . 
Set Carry SEC DD 2 1 1~c . . . . . s 
Set Interrupt Mask SEI OF 2 1 1 ~1 . s . . . . 
Set Overflow SEV OB 2 1 1 -v . . . • s • 
Aerni tr A___,. CCR TAP 06 2 1 A~ CCR --@--
CCR___,. Acmttr A TPA 07 2 1 CCR ~A •l•l•_.L•l•l• 

CONDITION CODE REGISTER NOTES: (Bit set II test 1s true and cleared otherwise) 

(Bit V) Test: Result= 10000000? 
(Bit Cl Test: Result= 00000000? 
(Bit C) Test: Decimal value of most significant BCD Character greater than nine? 

(Not cleared if previously set.) 
!Bit V) Test: Operand= 10000000 prior to execution? 
(Bit V) Test: Operand= 01111111 prior to execution? 
(Bit V) Test: Set equal to result of N<tlC alter shift has occurred. 
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(Bit N) Test: Sign bit of most significant (MS) byte= 1? 
(Bit V) Test: 2's complement overflow from subtraction of MS bytes? 
(Bit N) Test: Result less than zero? (Bit 15 = H 

10 (All) Load Condition Code Register from Stack. (See Special Operations) 
11 (Bit I) Set when interrupt occurs. If previously set, a Non·Maskable 

Interrupt is required to exit the wait state. 
12 (All) Set according to the contents of Accumulator A. 



Table Al-6 

INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 
{TIMES IN CLOCK CYCLES) 

;; ;; 
;; ;; 
~ ~ 'C 

i; . 
'C Q. ~ 

0 :;; . 1l 'C ·~ 0 -ti 
. 'C 'C 'C 'C = ;;; x E u ;; ~ 

.~ ;;; x . t c x .~ 
u . c. u E ~ ! . ii ~ u E x 'C E Q; ~ u E x 'C e <t 0 UJ .:: a: e <t 0 UJ .:: .§ 

ABA • 2 INC 2 6 7 
ADC 2 3 4 5 INS 4 
ADD 2 3 4 5 INX • 4 
AND 2 3 4 5 JMP 3 4 
ASL 2 6 7 JSR 9 8 
ASA 2 6 7 LDA 2 3 4 5 
BCC 4 LDS 3 4 5 6 
BCS 4 LDX 3 4 5 6 
BEA 4 LSR 2 6 
BGE 4 NEG 2 6 
BGT NOP 2 
BHI 4 ORA 2 4 5 
BIT 2 3 4 • PSH 4 
BLE 4 PUL • 4 
BLS 4 AOL 2 6 
BLT 4 ROA 2 6 • BMI 4 RTI 10 
BNE 4 ATS 5 
BPL 4 SBA 2 
BRA 4 SBC 2 4 • BSA 8 SEC 2 
BVC 4 SEI 2 
BVS SEV 2 
CBA 2 STA 4 5 6 
CLC 2 STS 5 6 7 
cu 2 STX 5 6 7 
CLR 2 6 SUB 2 3 5 
CLV 2 SWI 12 
CMP 2 4 5 TAB 2 
COM 6 7 TAP 2 
CPX 3 4 5 6 TBA 2 
DAA • 2 TPA 2 
DEC 2 6 7 TST 2 6 7 
DES 4 TSX 4 
DEX 4 TSX 4 
EOR 2 3 4 5 WAI 9 

NOTE· l nterrupt time 1s 12 cycles from the end of 
the instruction being executed, except following 
a WA I instruction. Then it is 4 cycles 
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APPENDIX 2-ASCI I CODE TABLE 

HEX-ASCII TABLE 

()() NUL 21 42 B 63 
01 SOH 22 43 c 64 d 
02 STX 23 II 44 D 65 e 
03 ETX 24 $ 45 E 66 f 

04 EOT 25 % 46 F 67 g 
05 ENO 26 & 47 G 68 h 

06 ACK 27 I 48 H 69 
07 BEL 28 49 6A 

08 BS 29 4A 6B 
09 HT 2A 4B K 6C 
OA LF 2B + 4C L 60 m 

OB VT 2C 40 M 6E 

oc FF 20 - 4E N 6F 0 

OD CR 2E 4F 0 70 p 
OE so 2F I 50 p 71 q 

OF SI 30 0 51 Q 72 

10 OLE 31 1 52 R 73 s 
11 DC1 (X-ON) 32 2 53 s 74 t 

12 DC2 (TAPE) 33 3 54 T 75 
13 DC3 (X-OFF) 34 4 SS u 76 
14 DC4 ~ 3S s S6 v 77 w 
15 NAK 36 6 57 w 78 
16 SYN 37 7 58 x 79 
17 ETB 38 8 59 y 7A 
18 CAN 39 9 SA z 7B 
19 EM 3A SB I 7C 
1A SUB 3B SC 70 
1B ESC 3C < SD (ALT MODE) 
1C FS 30 SE A 11) 7E 
1D GS 3E > SF (-) 7F DEL 
1E RS 3F ? 60 (RUB OUT) 
1F us 40 (a 61 a 
20 SP 41 A 62 b 
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APPENDIX 3-BRIEF DESCRIPTION OF 6800 FAMILY DEVICES 

The following specification sheets are from the M6800 Microcomputer 
System Design Data, Motorola Semiconductor Products Inc., Phoenix, 
AZ, 1976 and are reprinted here with the permission of Motorola Semi­
conductor Products Inc., Phoenix, AZ. 

MC6800 
(1.0 MHz) 

MC68AOO 
(1.5 MHz) 

MC68BOO 
(2.0 MHz) 

PIN ASSIGNMENT 

0 
1 Vss Reset 40 

TSe 39 

3 ¢1 3B 

4 IAQ ¢2 37 

5 VMA 36 

6 NMI N.C. 35 

7 BA R/W 34 

B Vee DO 33 

9 AO Dl 32 

10 Al 02 31 

11 A2 03 30 

12 A3 04 29 

13 A4 05 2B 

14 A5 06 27 

15 A6 07 26 

16 A7 A15 25 

17 AB A14 24 

1B A9 A13 23 

19 A10 A12 22 

20 All Vss 21 

8-BIT MICROPROCESSING UNIT (MPU) 

The MC6800 is a monolithic 8-bit microprocessor forming the 
central control function for Motorola's M6800 family. Compatible 
with TTL, the MC6800, as with all M6800 system parts, requires 
only one +5.0-volt power supply, and no external TTL devices for 
bus interface. 

The MC6800 is capable of addressing 65K bytes of memory with 
its 16-bit address lines. The 8-bit data bus is bidirectional as well as 
3-state, making direct memory addressing and multiprocessing 
applications realizable. 

• Eight-Bit Parallel Processing 

• Bidirectional Data Bus 

• Sixteen-Bit Address Bus - 65K Bytes of Addressing 

• 72 Instructions - Variable Length 

• Seven Addressing Modes - Direct, Relative, Immediate, 
Indexed, Extended, Implied and Accumulator 

• Variable Length Stack 

• Vectored Restart 

• Maskable Interrupt Vector 
• Separate Non-Maskable Interrupt - Internal Registers Saved 

in Stack 

• Six Internal Registers - Two Accumulators, Index 
Register. Program Counter, Stack Pointer and 
Condition Code Register 

• Direct Memory Addressing IDMA) and Multiple 
Processor Capability 

• Simplified Clocking Characteristics 

• Clock Rates as High as 2.0 MHz 

• Simple Bus Interface Without TTL 

• Halt and Single Instruction Execution Capability 
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- BUS TIMING TEST LOADS 

RL=2.2k 

Test Point o---.-_,,__,,,._ __ __. MMD6150 

J or Equiv 

R 
, MM07000 

or Equiv 

C = 130 pF for D0-07, E 

= 90 pF for AO-A15, R/W, and VMA 

(Except tAD 2 ) 

= 30 pF for AO A15, R/W, and VMA 

(tAD2 only) 

= 30 pF for BA 

R = 11.7 kn for D0-07 

= 16.5 kS1 for AO· A15, R/W, and VMA 

= 24 kSl for BA 

TEST CONDITIONS 

The dynamic test load for the Data Bus is 
130 pF and one standard TTL load as shown. 

The Address, R/W, and VMA outputs are tested 

under two conditions to allow optimum opera­

tion in both buffered and unbuffered systems. 
The resistor (R} is chosen to insure specified 

load currents during VoH measurement. 
Notice that the Data Bus lines, the Address 

lines, the Interrupt Request line, and the DBE 

line are all specified and tested to guarantee 

0.4 V of dynamic noise immunity at both 

"1" and "O" logic levels 

FIGURE 7 - EXPANDED BLOCK DIAGRAM 

A15 A14 A13 A12 A11 A10 A9 AB A7 A6 A5 A4 A3 A2 

25 24 23 22 20 19 18 17 16 15 14 13 12 11 

t 
Output Output 
Buffers Buffers 

Clock, ¢1 

Clock, ¢2 37 

Restart 40 Program Program 

Non-Maskable Interrupt 
Counter H Counter 

Go/Halt 
Instruction 

rntCrrUPtReiiuest Decode Stack Stack 

'nd Pointer H Pointer 
Three-State Control 39 Control 

Data Bus Enable 36 
Index Index 

Bus Available Register H Register L 

Valid Memory Address 

Read/Write 34 Accumulator 
A 

Instruction Accumulator 
Register B 

Condition 
Code 

Register 

Data 
Buffer ALU 

Vee= PinS 
: 

26 27 28 29 30 31 32 33 
Vss Pins 1,21 

07 06 05 04 03 02 01 DO 
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MC6821 
(1.0 MHz) 

MC68A21 
(1.5 MHz) 

MC68B21 
(2.0 MHz) 

PIN ASSIGNMENT 

0 
Vss 

CA1 40 

2 PAO CA2 39 

3 PA1 I-ROA 38 

4 PA2 JAOB J 37 

5 PA3 RSO 36 

PA4 RS1 J 3S 

PAS Reset J 34 

PA6 DO J 33 

PA7 01 32 

10 PBO 02 31 

11 PB1 03 30 

12 PB2 04 29 

13 PB3 DS 28 

14 PB4 06 27 

1S PBS 07 26 

16 PB6 2S 

17 PB7 es1 24 

18 es1 es2 23 

19 eB2 eso 22 

20 Vee A/W 21 

Speed 

1.0 MHz 

MI L-STD-8838 
Ml L-STD-883C 

1.5 MHz 

2.0 MHz 

PERIPHERAL INTERFACE ADAPTER (PIA) 

The MC6821 Peripheral Interface Adapter provides the universal 

means of interfacing peripheral equipment to the MC6800 Micro­
processing Unit IMPU). This device is capable of interfacing the MPU 
to peripherals through two 8-bit bidirectional peripheral data buses 
and four control lines. No external logic is required for interfacing to 
most peripheral devices. 

The functional configuration of the PIA is programmed by the 
MPU during system initialization. Each of the peripheral data lines 
can be programmed to act as an input or output, and each of the 
four control/interrupt lines may be programmed for one of several 
control modes. This allows a high degree of flexibility in the over-all 
operation of the interface. 

• 8"Bit Bidirectional Data Bus for Communication with the MPU 

• Two Bidirectional 8-Bit Buses for Interface to Peripherals 

• Two Programmable Control Registers 

• Two Programmable Data Direction Registers 

• Four Individually-Controlled Interrupt Input Lines; Two Usable 
as Peripheral Control Outputs 

• Handshake Control Logic for Input and Output Peripheral 
Operation 

• High-Impedance 3-State and Direct Transistor Drive Peripheral 
Lines 

• Program Control led Interrupt and Interrupt Disable Ca pa bi I ity 

• CMOS Drive Capability on Side A Peripheral Lines 

• Two TTL Drive Capability on All A and B Side Buffers 

• TTL-Compatible 

• Static Operation 

ORDERING INFORMATION 

Device Temperature Range 

MC6821P, L o to+ 10°c 

MC6821CP,CL -40 to +85°C 

MC6821BOCS - 55 to +125°c 
MC6821COCS 

MC68A21P, L o to +7o0 c 

MC68A21CP,CL -40 to +85°c 

MC68B21P, L o to +7o0 c 
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FIGURE 16 - IRQ RELEASE TIME 

IROA 38 

DO 33 

D1 32 

D2 31 

DJ 30 

D4 29 

D5 28 

D6 27 

D7 26 

Vcc=Pin20 

Vss= Pin l 

cso 

CSl 

CS2 23 

RSO 36 

RS 1 35 

RIW 21 

Enable 25 

Reset 34 

IROB 37 

. 

Oat<1 Bus 
Buffers 
(088) 

Bus Input 
Register 

IBIR) 

Chop 
Select 

an(1 

R-'W 
Control 

FIGURE 17 - RESET LOW TIME 

0 The Reset line must be a V1H for a minimum of 

1.0 µs before addressing the PIA, 

EXPANDED BLOCK DIAGRAM 
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Interrupt Status 
Control A 

1--40 CA1 

~ 39 CA2 
~-----~ 

Data Direction 
Register A 
(DORA) 

Peripheral 
Interface 

A 

Peripheral 

Interface 

Data Direction 

Register B 
(ODRB) 

Interrupt Status 

Control B 

2 PAO 

3 PA1 

4 PA2 

5 PA3 

6 PA4 

7 PA5 

8 PA6 

9 PA 7 

10 P80 

11 P81 

12 P82 

13 P83 

14 PB4 

15 P85 

16 P86 

17 P87 

18 CBl 

19 CB2 



INTERNAL CONTROLS 

There are six locations within the PIA accessible to the 
MPU data bus: two Peripheral Registers, two Data 
Direction Registers, and two Control Registers. Selection 
of these locations is controlled by the RSO and RS1 inputs 
together with bit 2 in the Control Register, as shown 
in Table 1. 

TABLE 1 - INTERNAL ADDRESSING 

Control 
Register Bit 

RS1 RSO CRA-2 CRB-2 Location Selected 

0 0 1 x Peripheral Register A 

0 .0 0 x Data Direction Register A 

0 1 x x Control Register A 

1 0 x 1 Peripheral Register 8 

1 0 x 0 Data Direction Register B 

1 1 x x Control Register B 

X = Don't Care 

INITIALIZATION 
A low reset line has the effect of zeroing all PIA regis­

ters. This will set PAO-PA7, PBO-PB7, CA2 and CB2 as 
inputs, and all interrupts disabled. The PIA must be con­
figured during the restart program which follows the reset. 

Details of possible configurations of the Data Direction 
and Control Register are as follows. 

DATA DIRECTION REGISTERS (DORA-and DDRB) 

The two Data Direction Registers allow the MPU to 
control the direction of data through each corresponding 
peripheral data line. A Data Direction Register bit set at 
"O" configures the corresponding peripheral data line as 
an input; a "1" results in an output. 

CONTROL REGISTERS (CRA and CRB) 

The two Control Registers (CRA and CR B) allow the 
MPU to control the operation of the four peripheral 
control lines CA 1, CA2, CB1 and CB2. In addition they 
allow the MPU to enable the interrupt lines and monitor 
the status of the interrupt flags. Bits 0 through 5 of the 
two registers may be written or read by the MPU when 
the proper chip select and register select signals are 
applied. Bits 6 and 7 of the two registers are read only 
and are modified by external interrupts occurring on 
control lines CA 1, CA2, CB1 or CB2. The format of the 
control words is shown in Table 2. 

TABLE 2 -CONTROL WORD FORMAT 

7 6 5 l 4 } 3 2 1} 0 

CAA IROA1 IROA2 CA2Control DDRA CA1 Control 
Access 

7 6 5 l 4 J 3 2 1 l 0 

CRB IRQB1 IRQB2 CB2 Control DDRB CB1 Control 
Access 

Data Direction Access Control Bit (CRA-2and CRB-2)­

Bit 2 in each Control register (CRA and CR B) allows 
selection of either a Peripheral Interface Register or the 
Data Direction Register when the proper register select 
signals are applied to RSO and RS1. 

Interrupt Flags (CRA-6, CRA-7, CRB-6, and CRB-7) -· 
The four interrupt flag bits are set by active transitions of 
signals on the four Interrupt and Peripheral Control lines 
when those lines are programmed to be inputs. These bits 
cannot be set directly from the MPU Data Bus and are 
reset indirectly by a Read Peripheral Data Operation on 
the appropriate section. 

TABLE 3 - CONTROL OF INTERRUPT INPUTS CA 1 AND CB1 

MPU Interrupt 
CRA-1 CRA-0 Interrupt Input Interrupt Flag Request 

(CRB·1) (CRB·O) CA1 (CB1) CRA·7 (CRB·7) flRil (IRQB) 

0 0 l Active Set high on l of CA1 Disabled - ~ re· 
(CB1) mains high 

0 1 l Active Set high on l of CA 1 Goes low when the 
(CB1) interrupt flag bit CRA-7 

(CRB-7) goes high 

1 0 I Active Set high on I of CA 1 Disabled - ~ re-
(CB1) mains high 

1 1 I Active Set high on I of CA1 Goes low when the 
(CB1) interrupt flag bit CRA-7 

(CRB-7) goes high 

Notes: 1. I indicates positive transition (low to high) 

2. l indicates negative transition (high to low) 

3. The Interrupt flag bit CRA-7 is cleared by an MPU Read of the A Data Register. 
and CRB-7 is cleared by an MPU Read of the B Data Register. 

4. ff CRA-0 (CRB-0) is· low when an interrupt occurs (Interrupt disabled) and is later brought 
high, IRQA (IRQB) occurs after CRA-0 (CRB-0) is written to a "one". 
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MC6850 
1.0 MHz 

MC68ASO 
1.5 MHz 

MC68BSO 
2.0 MHz 

ASYNCHRONOUS COMMUNICATIONS INTERFACE 
ADAPTER (ACIA) 

The MC6850 Asynchronous Communications Interface Adapter 
provides the data formatting and control to interface serial asyn­
chronous data communications information to bus organized sys­
tems such as the MC6800 Microprocessing Unit. 

The bus interface of the MC6850 includes select, enable, read/ 
write, interrupt and bus interface logic to allow data· transfer over 
an 8-bit bi-directional data bus. The parallel data of the bus system 
is serially transmitted and received by the asynchronous data inter­
face, with proper formatting and error checking. The functional 
configuration of the ACIA is programmed via the data bus duriRg 
system initialization. A programmable Control Register provides 
variable word lengths, clock division ratios, transmit control, receive 
control, and interrupt control. For peripheral or modem operation 
three control lines are provided. These lines allow the ACIA to 
interface directly with the MC6860L 0-600 bps digital modem. 

• Eight and Nine-Bit Transmission 

• Optional Even and Odd Parity 

• Parity, Overrun and Framing Error Checking 

• Programmable Control Register 

• Optional 71, 716, and 764 Clock Modes 

• Up to 500 kbps Transmission 

• False Start Bit Deletion 

• Peripheral/Modem Control Functions 

• Double Buffered 

• One or Two Stop Bit Operation 

MC6850 ASYNCHRONOUS COMMUNICATIONS INTER FACE ADAPTER 
BLOCK DIAGRAM 

Data 
Transmit Data.Bus Bus Transmit18r 

Data Buffers 

Receiver 
Receive 

Data 

Address Selection Control 
and 

and 

Interrupt 
Control Peripheral/ 

Modem 
Control 
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w 
CD 
co 

Expanded block diagram of the Motorola MC6850 Asynchronous Communications Inter­
face Adapter. (Courtesy of Motorola Semiconductor Products). 
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24 Clear-to-Send 
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Status 
01 21 Register 

02 20 Interrupt 
~ 7 Interrupt Request Logic 

03 19 Data 
Bus 23 Data Carrier Detect 04 18 Buffers 
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07 15 Control 
Register 
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STATUS REGISTER Clear-to-Send Status bit. 

Information on the status of the ACIA is available to Framing Error (FE); Bit 4 - Framing error indicates 
the MPU by reading the ACIA Status Register. This that the received character is improperly framed by a 
read-only register is selected when RS is low and R/W start and a stop bit and is detected by the absence of the 
is high. Information stored in this register indicates the 1st stop bit. This error indicates a synchronization error, 
status of the Transmit Data Register, the Receive Data faulty transmission, or a break condition. The framing 
Register and error logic, and the peripheral/modem status error flag is set or reset during the receive data transfer 
inputs of the ACIA. time. Therefore, this error indicator is present through-

Receive Data Register Full (RDRF), Bit 0 - Receive out the time that the associated character is available. 

Data Register Full indicates that received data has been Receiver Overrun IOVRN), Bit 5 - Overrun is an 
transferred to the Receive Data Register. RDRF is cleared error flag that indicates that one or more characters in 

after an MPU read of the Receive Data Register or by a the data stream were lost. That is, a character or a 

master reset. The cleared or empty state indicates that number of characters were received but not read from the 

the contents of the Receive Data Register are not cur- Receive Data Register (RDA) prior to subsequent char-

rent. Data Carrier Detect being high also causes RDRF acters being received. The overrun condition begins at 

to indicate empty. the midpoint of the last bit of the second character re-

Transmit Data Register Empty (TORE), Bit 1 - The ceived in succession without a read of the RDA having 

Transmit Data Register Empty bit being set high indicates occurred. The Overrun does not occur in the Status 

that the Transmit Data Register contents have been trans- Register until the valid character prior to Overrun has 

ferred and that new data may be entered. The low state been read. The RDRF bit remains set until the Overrun 

indicates that the register is full and that transmission of is reset. Character synchronization is maintained during 

a new character has not begun sit"'ce the last write data the Overrun condition. The Overrun indication is reset 

command. after the reading of data from the Receive Data Register 
or by a Master Reset. 

Data Carrier Detect (DCD), Bit 2 - The Data Carrier Parity Error (PE), Bit 6 - The parity error flag indi-
Detect bit will be high when the DCD input from a modem cates that th~ number of highs (ones) in the characte~ 
has gone high to indicate that a carrier is not present. does not agree with the preselected odd or even parity. 
This bit going high causes an Interrupt Request to be Odd parity is defined to be when the total number of ones 
generated when the Receive Interrupt Enable is set. It is odd. The parity error indication will be present as long 
remains high after the DCD input is returned low until as the data character is in the RDA. If no parity is 
cleared by first reading the Status Register and then the selected, then both the transmitter parity generator out-
Data Register or until a master reset occurs. If the DCD put and the receiver parity check results are inhibited. 
input remains high after read status and read data or 
master reset has occurred, the interrupt is cleared, the Interrupt Request (IRO), Bit 7 - The IRO bit indi-

DCrl status bit remains high and will follow the DCD· input. cates the st'ate of the fRCl output. Any interrupt condi-
tion with its applicable enable will be indicated in this 

Clear-to-Send (CTS), Bit 3 - The Clear-to-Send bit 
status bit. Anytime the I RO output is low the I RO bit 

indicates the state of the Clear-to-Send input from a 
will be high to indicate the interrupt or service request 

modem. A low CTS indicates that there is a Clear-to-Send 
status. I RO is cleared by a read operation to the Receive 

from the modem. In the high state, the Transmit Data 
Data Register write operation to the Transmit 

Register Empty bit is inhibited and the Clear-to-Send 
or a 

status bit will be high. Master reset does not affect the 
Data Register. 

PIN ASSIGNMENT 

[D]] 
PACKAGE DIMENSIONS 

CASE 716-02 . p 24 , [ Vss CTS (CERAMIC) 

2 [ Rx Data DCD p 23 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 
3 ~ Rx Clk DO p 22 

I~ A __ _J A 29.97 30.99 1.180 1.220 

•y Tx Clk Dl p 21 
B 14.88 15.62 0.585 0.615 
c 3.05 4.19 0.120 0.165 

sd ATS D2 p 20 if D 0.38 0.53 0.015 0.021 
I F 0.76 1.40 0.030 0.055 GC Tx Data D3 p 19 

rr~~-TFl1 
G 2.54 BSC 0.100 SSC 

7 [ IAQ D4 p 18 H 0.76 1.78 0.030 0.070 

J~l-o J 0.10 0.30 0.008 0.011 

·~ cso D5 p 17 SEATING} ;-~KT I '\_, K 1.54 4.19 0.100 0.165 

9 ~ CS2 D6 p 16 PLANE G--1 ~- -11-J M--1 L 14.88 15.37 0.585 0.605 
1-- L---J M - 100 - 100 

10 [ CSl D7 p 15 NOTE: N 0.51 1.52 0.020 0.060 

11 q RS E p 14 1. LEAOSTRUEPOSITIONEOWITHIN 
0.25mm I0.010) DIA (AT SEATING 

12 d VDD A/W p 13 PLANE) AT MAXIMUM MATERIAL 
CONDITION. 

Circuit diagrams external to or containing Motorola products are included as a means of illustration only. Complete information suf-
ficient for construction purposes may not be fully illustrated. Although the information herein has been carefully checked and is believed 
to be reliable, Motorola assumes no responsibility for inaccuracies. Information herein does not convey to the purchaser any ticense under 
the patent rights of Motorola or others. 

The information contained herein is for guidance only, with no warranty of any type, expressed or implied. Motorola reserves the right 
to make any changes to the information and the product(s) to which the information applies and to discontinue manufacture of the prod-
uct(sl at any time. 
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128 X 8-BIT STATIC RANDOM ACCESS MEMORY 

The MCM6810 is a byte-organized memory designed for use in 
bus-organized systems. It is fabricated with N-channel silicon-gate 
technology. For ease of use, the device operates from a single power 
supply, has compatibility with TTL and DTL, and n""ds no 
clocks or refreshing because of static operation. 

The memory is compatible with the M6800 Microcomputer 
Family, providing random storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. 

• Organized as 128 Bytes of 8 Bits 

• Static Operation 

• Bidirectional Three-State Data Input/Output 

• Six Chip Select Inputs (Four Active Low, Two Active High) 

• Single 5-Volt Power Supply 

• TTL Compatible 

• Maximum Access Time= 450 ns - MCM6810 
360 ns - MCM68A 10 
250 ns - MCM68B 10 

ORDERING INFORMATION 

Speed Device 

1.0 MHz MC6810P, L 
MC6810CP, CL 

Ml L-STD-8838 MC6810BJCS 
MIL-STD-883C MC6810CJCS 

1.5 MHz MC68A10P, L 
MC68A 10CP, CL 

2.0 MHz MC68B10P, L 

M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

MC6800 

Microprocessor 

Read Only 

Memory 

MCM6810 
Random 
Access 

Memory 

Interface 

Adapter 

Temperature Range 

o to 10°c 
-40 to +85°c 

-55 to +125°c 

o to+ 10°c 
-40 to +85°c 

o to+ 7o0 c 

Interface 
Adapter Modem 

Address Data 

Bus Bus 

400 

MCM6810 
1.0 MHz 

MCM68A10 
1.5 MHz 

MCM68B10 
2.0 MHz 

PIN ASSIGNMENT 

24 

23 

22 

21 

20 

19 

18 

17 

16 

10 15 

11 14 

12 13 
~----~ 

MCM6810 - RANDOM ACCESS MEMORY 
BLOCK DIAGRAM 

Memory 

Matrix 

(128 x 8) 

Memory Address 

and Control 

Buffers 

Data 
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1024 X 8-BIT READ ONLY MEMORY 

The MCM68A30A/MCM68B30A are mask-programmable byte­

organized memories designed for use in bus-organized systems. 

They are fabricated with N-channe[ silicon-gate technology. For 

ease of use, the device operates from a single power sl,jpply, has 

compatibility with TTL and OTL, and needs no clocks or 

refreshing because of static operation. 
The memory is compatible with the M6800 Microcomputer 

Family, providing read only storage in byte increments. Memory 
expansion is provided through multiple Chip Select inputs. The 
active level of the Chip Select inputs and the memory content are 
defined by the customer. 

• Organized as 1024 Bytes of 8 Bits 

• Static Operation 

• Three-State Data Output 

• Four Chip Select Inputs (Programmable) 

• Single± 10% 5-Volt Power Supply 

• TTL Co mp at 1 ble 

• Maximum Access Time= 350 ns - MCM68A30A 

250 ns - MCM68B30A 

ABSOLUTE MAXIMUM RATINGS !See Note 11 

Rating Symbol Value 

Supply Voltage Vee -0 3 to + 7 .0 

Input Voltage V,n -0.3 to +7 0 

Operating Temperature Range TA 0 to+ 70 

Storage Temperature Range Tstg -65 to +150 

Unit 

Vdc 

Vdc 

oc 
OC 

NOTE 1 Permanent device ddmage may occur if ABSOLUTE MAXIMUM RATINGS are ex· 
ceeded. Functional operation should be restricted to RECOMMENDED OPERAT 
ING CONDITIONS Exposure to higher than recommended voltages for extended 

periods of time could affect device rel1ab1l1ty 

MC6800 

Microprocessor 

Address Data 
Bus Bus 

M6800 MICROCOMPUTER FAMILY 
BLOCK DIAGRAM 

MCM68A30.A. 
MCM68830A 

Read Only 
Mem·orv 

Random 
Access 

Memory 

Interface 

Adapter 

Interface 

Adapter Modern 

401 

MCM68A30A 
MCM68B30A 

tO 

11 

PIN ASSIGNMENT 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

12 13 
·~~--~' 

MCM68A30A/MCM68B30A READ ONLY 

MEMORY BLOCK DIAGRAM 

Memory 
Matrix 

(1024 x 8) 
Data Bus 

Memory Address 
and Control 

©MOTOROLA INC., 1978 DS9456A1 



APPENDIX 4-LABORATORY INTERFACES AND PARTS LISTS 

These are the interfaces required to perform the experiments in this 
manual. Explanations of the functions and operations of the individual 
interfaces are contained in the experiments. · 

= 

+5V 

1kSl 

o---1-kn-=---+--< R PA7 

USER PIA 
I 

PORTA 
I 

(ADDRESS 8004 HEX) 

I 
1/0 CONNECTOR Jl 

o------< H PAO 

FIGURE A4-1. Attachment of switches to user PIA 
port A. 
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USER PIA 
I 

PB6 

PB5 

PORT B PB4 
I 

(ADDRESS 8006 HEX) 

I PB3 
1/0 CONNECTOR J1 

. PB2 

PB1 

PBO 

FIGURE A4-2. Attachment of LEDs to user PIA port B. 
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+5V 

1kfl 

n--------+---l 0 
1k.Q 

GS1----~---< R PA7 

1kn 

+5V 
2 

1kfl 
1kfl 

USER PIA 

1kfl 
3 74148 PA4 I 

PORTA 
8-T0-3 I 

ENCODER 
(ADD RES~ 8004 HEX) 

I 

1kn 
4 L PA3 

I 
1/0 CONNECTOR J1 

1kfl 
5 A2 K PA2 

1kfl 
6 Al J PA1 

7 Ao H PAO 
El 

_L 
--

FIGURE A4-3. Attachment of switches and encoder to user PIA port A. 
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1k0 

S CA1 

1/0 CONNECTOR J1 

1k0 

1k0 

15 CB1 

1kn 

FIGURE A4-4. Attachment of switches to user PIA control 
lines CA 1 and CB 1. 
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1kil 

1/0 CONNECTOR J1 

1kil 

1kil 

1kil 

FIGURE A4-S. Attachment of switches to user PIA control 
lines CA2 and CB2. 

+SV 

1/0 CONNECTOR J1 7407 

7407 

FIGURE A4-6. Attachment of LEDs to user PIA control lines CA2 and 
CB2. Note: Jumper wires are an easy way to select between the configura­
tions of Figures A4-S and A4-6; otherwise, using CA2 and CB2 as outputs 
could damage the AND gates in Figure A4-S. 
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+5V 

1kn 
-;-4 75 H/ci ___ ., ~PA7 

1/0 CONNECTOR J1 
72 <}JCA1 

150 Hz 
9 9 13 14 

7 LD OB QA 
EP 

10 
74LS163 

ET 
15 

74LS163 

CLR CLR 
2 2 

4800 Hz 17 :;r--t------4~-+---------------' 

1/0 CONNECTOR J2 

FIGURE A4-7. A simple low-frequency clock generation circuit. 

FIGURE A4-8. Connection of clock input to user PIA port A 
(address 8004 hex). Note: Jumper wires can be used to select this 
configuration as opposed to those used in Laboratories B and C. 

W RXD l 
19 RXC 

1/0 CONNECTOR J2 

17 TXC 

U TXD FIGURE A4-9. Connections required to use the 
on board ACIA in an echoing mode. 
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PARTS LIST FOR LABORATORY EXERCISES 

ITEM DESCRIPTION QTY LABORATORIES USER PIA PORT 

SPDTswitch Alco TT l 1DG-WW-2T 8 2, 7, c A 
1 K resistor pack Bourns 898-1-RlK 1 2, 7, c A 

or 1 K resistors 8 2, 7,C A 
Decimal switch 1 4 A 
74148 IC Priority Encoder 1 4 A 
1 K resistor pack Bourns 898-1-RlK 1 4 A 
SPDT switch 2 B,C A (CAl), B(CBl) 
1 K resistor pack Bourns 898-1-RlK 1 B,C A (CAl), B(CBl) 

or 1 K resistors 4 
7400IC Quad NAND 1 B,C A (CAl), B(CBl) 
LED display Red 8 3,C,D,E B 
500-ohm resistor pack Bourns 898-1-500 1 3,C,D,E B 

or 5 00-ohm resistors 8 
7407 IC Hex Buffer/Driver 2 3,C,D,E B 
LED display Red 2 B A (CA2), B(CB2) 
500-ohm resistor 2 B A (CA2), B(CB2) 
7407 IC Hex Buffer/Driver 1 B A (CA2), B(CB2) 
74LS163 Counter 2 D A (bit 7) 
Miscellaneous: 

Vector prototyping board 3677-2 
50-pin connector 
50-pin termination 
SO-conductor ribbon cable 30 cm 
14-pin wire-wrap sockets 3 
16-pin wire-wrap sockets 7 
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EXAMPLE LABORATORY CONFIGURATION 

The example laboratory configuration was constructed on a Vector 
prototyping board. Figures A4-7 and A4-10 through A4-13 show the 
arrangement of this board and its connection to the MEK6800D2 Micro­
computer Module. 

TXC 
4800 Hz 

RTS -------RTS (NOT USED) 1/0 CONNECTOR J2 

RXC 

TXD 
13 TXD 

7407 

RXD RXD 

x 20 
y 21 
z 22 GND 
A 23 -B 24 
r:; 25 

NOTE: --0 0--

INDICATES JUMPER REQUIRED 
TO MAKE CONNECTION 

FIGURE A4-10. ACIA connections for echoing or transmission between micro­
computers. 
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PA1 

PA3 

PA5 

PA7 

CA1 

CA2 

PBO 

PB1 

PB2 

PB3 

PB4 

PB5 

PB6 

PB? 

CB1 

CB2 

A1 
B 2 
c 3 +5VDC 
D4 
E 5 
F 6 16 lk!l 

SW 0 

SW 1 

sw2 

SW 3 

SW4 

SW5 

SW6 

SW 7 

SWA 

-= 
10 

7407 LEDA 

11 >'1~0~~~~~~~--1--~--"VV\r--~~--~ 

2 LED 0 

4 LED 1 

6 LED 2 

8 LED 3 

2 LED 4 

4 LED 5 

6 LED6 

8 LED? 

lk!l 
7400 

-= 

7407 LED 8 

11 b>'-1~0~~~~~~-H--~~_J../\/\r--~~+5VDC 

FIGURE A4-11. User PIA connections (1/0 connector Jl). Note: A break 
indicates the need for a jumper wire to make the connection. 



PA7 

PA6 

PA5 

PA4 

PA3 

PA2 

PA1 

+5V 
c 3 
D4 E 5 1--~~~~~~~~~~~~~~ 

F 6 

0 
10 

11 

2 12 

3 
13 

7414B 

4 

6 A 
.2 5 

2 

7 
Al 6 3 

9 Ao 7 
4 

El 
5 

= 

1kn 

FIGURE A4-12. Encoder connections for Laboratory 4. 

FLAT CABLE 
SPECTRA-STRIP 
455-044-50 

= 

MEK6BOOD2 MICROCOMPUTER 
MODULE 

VECTOR PROTOTYPING 
BOARD 377-2 

~ 

50PIN 
HEADER #923B66-R 

CONNECTOR SOCKET 
50 PIN SPECTRA-STRIP 
502-150-002 

\ 
CONNECTOR, 50 PIN EDGE 
SAE CPH7000-ST 

FIGURE A4-13. Connection of prototyping board to Microcomputer Module. 
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APPENDIX 5-SUMMARY OF MEK6800D2 (JBUG) MONITOR 

The following descriptions are taken from the MEK6800D2 Evaluation Kit 
II Manual (1977 edition) and are reprinted here with the permission of 
Motorola Semiconductor Products Inc., Phoenix, AZ. The table of monitor 
subroutines also appears in Laboratory A as Table A-1. 

The Kit also permits several different memory configurations. The two MCM68 l 0 128 x 8 RAMs 

provided with the standard Kit will accommodate programs of up to 256 bytes in length (the third MCM68 I 0 is 

reserved for use by the monitor program). Addition of the two additional optional RAMs expands the capability 

to 512 bytes. Strapping options for the additional ROM sockets permits any of the following combinations: 

1024 bytes in 512 x 8 bit PRO Ms (MCM764 I) 

2048 bytes in 1024 x 8 bit EPROMs (MCM68708) 

2048 bytes in 1024 x 8 bit Mask-Programmed ROMs (MCM68308 - same pin-out as 

MCM68708) 

4096 bytes in 2048 x 8 bit Mask-Programmed ROMs (MCM683 I 6 - same pin-out as 

MCM68708 except EPROM programming pin is used as additional addressing 

pin.) 

Adding the optional buffers in the spaces provided upgrades the Kit to EXORciser-compatible 

status; hence, all the EXORciser 1/0 and Memory modules (see included data sheets) can also be used with the 

Kit. For example, addition of MINibug II, an 8K Memory board, and the EXORciser's Resident Editor/ 

Assembler to the Microcomputer Module creates a complete development/prototyping tool. 

START-UP PROCEDURE 

Connect the cable attached to the Keyboard/Display Module to connector J2 on the Microcomputer 

Module. Apply 5-volt de powe'r. Pushing the reset switch on the Microcomputer Module should now cause the 

JBUG prompt symbol, "dash", to be displayed in the left-most display indicator on the Keyboard/Display 

Module. The remaining five displays will be blanked. The JBUG control and monitor program is now in 

operation and any of the functions described in the next section may be invoked by means of the data and 

command keys on the Keyboard/Display Module. 
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Not Used 

JBUG Monitor Prog 

Optional ROM 
----------------j 

or PROM 

128 Bytes RAM IJBUG Scratch) 

PIA I Keyboard Interface) 

ACIA !Cassette Interface) 

PIA 

Optional ROM 
~----------------

or PROM 

Optional 256 Bytes RAM 

256 Bytes RAM 

FIGURE AS-1. Memory Map for MEK6800D2. 

OPERATING PROCEDURES 

FFFF 

E400 

EOOO 

CBOO 

cooo 
A080 

AOOO 

8024 

8020 

8009 

8008 

8004 

6800 

6400 

6000 

0100 

0000 

The Keyboard/Display Module, in conjunction with JBUG, provides a means of examining 

operation of the Microcomputer Module and entering and trouble-shooting programs. The Keypad has sixteen 

keys labeled 0-F for entry of hexadecimal data and eight keys for commanding the following functions: 

M - Examine and Change Memory 

E - Escape (Abort) from Operation in Progress 

R - Examine Contents of MPU Registers P, X, A, B, CC, S 

G - Go to Specified Program and Begin Execution of Designated Program 

P - Punch Data from Memory to Magnetic Tape 

L - Load Memory from Magnetic Tape 

N - Trace One Instruction 

V - Set (and Remove) Breakpoints 

Operating procedures for each of these functions are described in the following paragraphs. The 

display should be showing the prompt "dash" before any command is invoked. 
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1-4.I MEMORY EXAMINE AND CHANGE (M) 

This function permits examination and, if necessary, change of memory locations. A map of the 

MC6800 instructions is included as Table 1-4. 1-1 and is useful in translating memory data to instruction 

mnemonics. 

Open the memory location to be examined by entering the address (as 4-digits of hex via the hex 

keypad) followed by closure of the M key (hhhhM). The display will now show the address that was entered in 

its group of four displays on the left and the contents in the two on the right. The user at this point has three 

options: (I) Leave this location unchanged and move to the next location by closing the G key. The new address 

and its data would then be displayed. (2) Change the data by simply entering the new·data via the hex keypad 

(hh). In this case the display would then be showing the new data that was entered. In the event that an attempt is 

made to change Read Only Memory (ROM), the display will continue to show the original data. (3) Close the 

Memory Examine function by means of the E key. Closure of the E key will return operation to the monitor and 

the prompt will again be displayed. 

1-4.2 ESCAPE (ABORT) 

This function provides an orderly exit from the other functions and/or user programs. Examples of 

its use are included in the accompanying descriptions of the other functions. 

1-4.3 REGISTER DISPLAY (R) 

This function permits examination of the MPU's registers and may be invoked at any time the JBUG 

prompt is being displayed by closing the R key. Following closure of R, the display will show a 4-digit hex 

value, the present contents of the Program Counter. The remaining registers may now be examined by 

sequencing with the G key and will appear in the following order: Index Register, Accumulator A, Accumulator 

B, Condition Code Register, Stack Pointer. 1 

This display is circular, i.e., a G key closure following display of the Stack Pointer will cause the 

Program Counter to be displayed again. The E key may be used to escape back to the monitor at any point in the 

display sequence. If required the contents of any register can be changed by using the Memory Change 

function. The monitor executed an interrupt sequence when R was invoked. In servicing an interrupt, the 

MC6800 saves its registers on a stack in memory (it is these memory locations that the R function "examine­

s''). On exit from the R interrupt service routine, the MPU retrieves these values and reloads its registers; hence 

if the data on the stack is changed with the M function, the new data will go into the MPU. The following 

locations are used to stack the registers: 

$A008 2 - High order byte of Stack Pointer 

$A009 - Low order byte of Stack Pointer 

S + I ·-Condition Code Register 

S + 2 - Accumulator B 

S + 3 - Accumulator A 

S + 4 - High order byte of Index Register 

1It is a charncteristic of the display routine that the value displayed for the Stack Pointer is seven less than the actual value. 
21n this manual. hexadecimal data is identified by preceeding it with a dollar sign symbol,$. 
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S + 5 - Low order byte of Index Register 

S + 6 - High order byte of Program Counter 

S + 7 - Low order byte of Program Counter 

where "S" is the current Stack Pointer as saved in $A008 and $A009. Note that it is necessary to exit the R 

display function and enter the M in order to change register values. 

1-4.4 GO TO USER PROGRAM (G) 

If the Prompt is being displayed, and assuming that a meaningful program has been previously 

entered, the MPU can be directed to go execute the program simply by entering the starting address of the 

program (via the hex keypad) followed by closure of the G key (hhhhG). The resulting blanking of the displays 

is an indication that the MPU has left the monitor program and is executing the user's program. The MPU will 

continue executing the user program until either an Escape (E key) is invoked or the program "blows''. 

Control, indicated by the prompt "dash", can normally be obtained with the E key. It is possible that an 

incorrect program could have caused the monitor's variable data to be modified. In this case, it is necessary to 

regain control using the reset switch on the Microcomputer Module. 

1-4.5 PUNCH FROM MEMORY TO TAPE 

The Punch function allows the user to save selected blocks of memory on ordinary audio tape 

cassettes. Before invoking Punch, the Memory Change function should be used to establish which portion of 

memory is to be recorded. Using Memory Change, enter the desired starting address into locations $A002 and 

$A003 (high order byte into $A002, low order byte into $A003). Similarly, enter the high and low order bytes 

of the desired ending address into $A004 and $A005, respectively. Escape from Memory Change via the E key, 

thus obtaining the monitor prompt dash. With the audio recorder's microphone input connected to the 

corresponding point on the Keyboard/Display Module and the prompt present, the Punch function is performed 

as follows. Position the tape as desired (fully rewound is recommended) and put the recorder in its record mode. 

Close the P key. The prompt will disappear during the Punch process and then re-appear to indicate that the 

Punch operation is completed. Typically, the prompt is "off" for over 30 seconds since the recording format 

specifies that a thirty second header of all ones be recorded ahead of the data. See sections 2-7 and 3-7 for 

additional details on the recording format. 

1-4.6 LOAD FROM TAPE TO MEMORY 

The Load function can be used to retrieve from audio magnetic tape data that was recorded using the 

Punch function described in the preceding section. With the audio recorder's earphone output connected to the 

corresponding input on the Keyboard/Display Module (and with the monitor prompt present on the display), the 

Load function is performed as follows. To load the desired record, position the tape at the approximate point 

from which the Punch was started and then put the recorder into its playback mode. Close the L key. The prompt 

will disappear, then re-appear when the Load function is completed. After the prompt re-appears, the Memory 

Examine function can be used to examine locations $A002 and $A003. They will contain the beginning address 

of the block of data that was just moved into memory. The end address is not recovered by the function, hence 

the data in locations $A004 and $A005 is not significant during the Load function. 
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1-4.7 BREAKPOINT INSERTION AND REMOVAL (V) 

Because of the difficulty in analyzing operation while a program is executing, it is useful during 

debug to be able to set breakpoints at selected places in the program. This enables the user to run part of the 

program, then examine the results before proceeding. The breakpoints are set by entering the hex address of the 

desired breakpoint followed by a V key closure (hhhh V). This may be repeated up to five times. The breakpoint 

entry function can be exited after any entry by using the E key. The monitor program will retain all the 

breakpoints until they are cleared. 

If at any time an hhhh V entry is made and the hhhh (hex data) does not appear on the display, there 

were already five breakpoints stored and the last one was ignored. At any time the prompt is displayed, entry of 

a V command not preceeded by hex data will cause the current breakpoints to be removed. If a breakpoint is 

entered and the program is subsequently executed to that point, the display will show the current value of the 

Program Counter in the four indicators on the left. (This will be the same as the breakpoint address that was 

inserted.) The right hand two displays will contain the data stored at that location- that is, che operating code. 

At this point the G key can be used to sequence through the other MPU registers exactly as in the register display 

function. If it is desirable to proceed on from the breakpoint simply use E (to get the prompt) and then the G key. 

At this point, the MPU will reload its registers from the stack and continue with the user's program until another 

breakpoint is encountered or the E key is used again. 

1-4.8 TRACE ONE INSTRUCTION (N) 

The Trace function permits stepping through a program one instruction at a time. The Trace function 

can be invoked any time the user program is at a breakpoint or has been aborted with the E key. However, 

tracing cannot begin from start-up because the trace routine does not know where the starting address is. 

Therefore, an hhhh V command must be given at least once before Trace can be used. 

Enter the Trace function by first setting a breakpoint at the location from which it is desirt>.d to trace 

and then invoking hhhhG to begin program execution. The breakpoint can be set at the very beginning of the 

program if desired. 3 Following the hhhhG command, the program will run to the breakpoint and stop, 

displaying the Program Counter as before. If the N key is now closed, the MPU executes the next program 

instruction and again halts. The display will then show the address of the next instruction (Program Counter) 

and the operating code located there. The G key can be used to sequence the other registers on to the display as 

for a breakpoint if desired. The N key can now be used to trace as many instructions as desired. 4 

The Trace function cannot be used directly to trace through user IRQ interrupts. The NM! is higher 

priority and will cause the IRQ to be ignored. Repeated attempts to execute the Trace command w~n user IRQ 

interrupts are active will result in JBUG continuously returning with the same address. See sections 2-6 and 3-8 

of this manual and the M6800 Microprocessor Applications Manual for additional information. 

'This procedure assumes the program is in RAM since breakpoints are handled by substituting an SW! for the op-code. If the program to 
be traced is entirely in ROM, use a convenient RAM location to insen a jump to the desired ROM address. Then set a breakpoint at the 
address of the jump instruction and proceed as above. . 

4lt is a characteristic of the Trace function that all breakpoints in effect at the time Trace is invoked will be removed and must be 
re-installed following exit from Trace. 
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Interrupt service routines may be traced by setting a breakpoint at the beginning of the service 

routine. The Go function may then be used to start program execution, allowing a normal entry into the IRQ 

service routine. Once in the service routine. Trace can be used as usual. The E key may be used to exit from 

Trace at any time. 

1-4.9 CALCULATION OF THE OFFSET TO A BRANCH DESTINATION 

The instruction format for conditional branch instructions calls for the offset to the destination to be 

entered immediately following the branch instruction op-code as a signed two's complement number. Mental 

calculation of the offset is awkward due to the required two's complement format. A short program for making 

this calculation is included in JBUG (lines 62-70 of the assembly listing included as Appendix I of this 

manual). Use the following procedure with this program: 

I. Obtain the prompt "dash" by escaping from the current operation. 

2. Find the current value of the stack pointer by entering the Register Display. 

3. Exit from Register Display and open memory location S+ 2. where S is the current value of the 

stack pointer as obtained in Step 2. S+2 is the location of the current stacked value of 

Accumulator B. Enter the high order byte of the destination address in this location. Next. enter 

the low order byte of the destination into Accumulator A in location S + 3. 

4. Put the high and low order bytes of the branch instruction's op-code address into S +4 and S + 5. 

respectively. This loads the stacked Index Register with the op-code address. 

5. Use the "E" key to exit from the Memory Examine/Change function and then enter $EOOOG to 

begin executing the program starting at location $EOOO in JBUG. 

6. The program runs to location $E013 and hits the SWI breakpoint located there. Examine the 

contents of Accumulators A and B by invoking Register Display and sequencing through the 

Registers with the G key. The offset, in the correct form for entry in the program, is now in 

Ace .A. If Ace. B contains $FF, the offset is valid (within the allowed range) and is in the negative 

direction. If Acc. B contains $00, the offset is valid and in the positive direction. Any other value 

indicates that the destination is beyond the allowed range. 

1-5 OPERATING EXAMPLE 

The following example program is suitable for gaining familiarity with the JBUG monitor features. 

The program adds the five values in locations $10 through $14 using Acc. A and stores the final result in 

location $15. The intermediate total is kept in Ace. A; Ace. B is used as a counter to count down the loop. The 

Index Register contains a "pointer" (i.e., X contains the address) of the next location to be added. The 

program, as follows, contains an error which will be used later to illustrate some of JBUG's features. 

In the following listing, the leftmost column contains the mem6ry address where a byte-(8 bits) of the 

program will be stored. The next column contains the machine language op-code and data for a particular 
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SIGNALS DECODED 

DEVICE ADDRESSES </>2 RIW SYMBOL VMA AIS AI4 Al3 Al2 All AIO A9 A8 A7 A6 AS A4 A3 A2 AI AO 

ROM EOOO-E3FF I I ROM ~ I I I I x x x x x x x x x x 

PROM COOO-C3FF PROM ~ I I I 0 + x x x x x x x x x x 

RAM (Stack) AOOO-A07F I x STACK ~ I I 0 I 0 0 0 x x x x x x x 

PIA 8020-8023 I x l/0 ~ I I 0 0 I o• o• x x 

ACIA 8008-8009 I x VO ~ I I 0 0 o• I o• x 

PIA 8004-8007 I x l/O ~ I I 0 0 o• o• I x x 

PROM 6000-?FFF 6/7 ~ I 0 I I + x x x x x x x x x x 

USER 4000-5FFF 4/5 ~ I 0 I 0 

USER 2000-3FFF 2/3 ~ I 0 0 I 

RAM (User) 0000-00?F I x RAM ~ I 0 0 0 0 0 0 x x x x x x x 

RAM (User) 0080-00FF I x RAM ~ I 0 0 0 0 0 I x x x x x x x 

RAM (User) OI00-017F I x RAM ~ I 0 0 0 0 I 0 x x x x x x x 

RAM (User) 0180-0IFF I x RAM ~ I 0 0 0 0 I I x x x x x x x 

Decoded by the device addressed 

Required but not decoded by the device addressed 

Decoded by 2K x 8 bit optional' RAM 

TABLE 2-2-1: l\/IEK680002 Evaluation Kit II Address Map 

device whenever the MPU outputs addresses in the range of $EOOO to $EFFF. The particular locations within 

the ROM are selected by applying MPU address lines AO thru A9 to the ROM address inputs. The JBUG ROM 

is located at the highest addresses in the kit's memory field. Note that A 12 from the MPU is not applied to this 

ROM so it will alsJ be selected when the MPU outputs its Restart and Interrupt Vector addresses, $FFF8 -

$FFFF. Start-up and interrupt capability is obtained by placing the appropriate interrupt vector addresses in 

locations $EEE8 - $EFFF of the monitor program. 

Additional addresses are decoded for the optional ROMs that can be added for user-generated 

programs. The Microcomputer Module is layed out to accept either two MCM68708 I 024 x 8 bit Electrically 

Programmable Read Only Memories (EPROM) or two MCM764 I TTL 512 x 8 bit Programmable Read Only 

Memories. The PROMs are more economical but cannot be erased like the EPROM. Two MCM68316 2048 x 8 

bit ROMs can also be used in the PROM locations. In this case, MPU address line AIO is applied to the 

MCM683 I 6 for decoding the additional I 024 bytes. Jumpers on the PCB are provided for selecting the desired 

combination of ROM (see note 6 on the schematic diagram of Figure A3-a). 

The MC68 I 0 ( 128 x 8) RAM occupying memory locations $AOOO- $A07F is used by the MPU for 

temporary storage of its internal registers during interrupts and subroutines and is selected by the signal 

STACK. The MPU also uses this area for storage of flags and temporary data used by the JB UG monitor. This 

organization allows a clean separation between monitor requirements and user RAM. The system assigns, via 

the RAM signal, the four user RAMs to the bottom of memory in locations $0000-$01FF (first 512 bytes). 

This RAM is useful for small user programs or for scratch pad memory in the MPU's direct addressing range for 

larger user programs. To prevent contention with these RAMs, expanded systems should avoid these memory 
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SOFTWARE DESCRIPTION (JBUG MONITOR) 

GENERAL DESCRIPTION 

The control and diagnostic capability of the MEK6800D2 Kit is provided by the JBUG monitor 

program resident in the MCM6830 I K x 8 bit ROM supplied with the Kit. The characteristics of this program 

are described in the following sections. An assembly listing of JBUG is included (Appendix I) and may also be 

referred to in studying the flow of the program. 

Several RAM locations are used for temporary data storage and as flags by the monitor in 

communicating between the various routines. Some of the more significant ones are described below and are 

referred to in the description of JBUG. 

SP 

($A008) 

DISBUF 

($AOOC) 

DIGIN4 

($A014) 

DIGIN8 

(A015) 

MFLAG 

($A016) 

RFLAG 

($A017) 

NFLAG 

($AOl8) 

YFLAG 

($AOID) 

XKEYBF 

($AOIA) 

A RAM location in which the user's Stack Pointer is saved whenever the monitor resumes 

control. The user's Stack Pointer is required for locating user Registers on the stack and to 

restore these Register when returning to the user program. 

Eight RAM locations used as a buffer to hold the current values being displayed. In the first six 

locations, the high order 4 bits of each location represent the display digit-count while the low 

order4 bits contain the value that is to be displayed on that digit. For example, the high order4 

bits of the sixth location in DISBUF identify the right-most display. The last two locations in 

DISBUF are used for temporary storage of data that is input from the keypad during a Memory 

Change function. 

A flag that is set to one (LSB) when at least four hex digits have been entered from the 

keyboard (as in Memory Examine) 

A flag that is set to one (LSB) when six hex digits have been entered from the keyboard 

(as in Memory Change) 

A flag that is set to one (LSB) when the M key is depressed to invoke the Memory 

Examine Mode. 

A flag that is set to one (LSB) when the R key is depressed to invoke the Register Display 

Mode. 

A flag that "is set to one (LSB) when the N key is depressed to invoke the Trace 

Mode. 

A flag that is set to the number of breakpoints (up to five) that have been set. 

A pointer to the next empty location in DISBUF where the next hex key entry will be stored. 

The flow of JBUG is straightforward and is shown in Figure 3-1-1. After release of the RESET 

button, the monitor goes through an initialization sequence in which the stack pointer is initialized to $A078, 
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,. 
N 
0 

NAME 

BLDX (BUILD TWO BYTE ADDRESS) 

CLFLG 
CL RDS 
DISNMI (DISABLE NMI INTERRUPTS) 

DLYI 

DLY20 
HDR 

MDIS (MEMORY DISPLAY) 

MDISl (MEMORY CHANGE) 

MDIS2 (MOVE NIBBLES) 

MINC (INCREMENT MEMORY) 
OUTDS (OUTPUT DISPLAY BUFFER) 

REGST (DISPLAY REGISTERS) 

JBUG MONITOR SUBROUTINES* 

CALLING ADDRESS 
(HEX) 

EOE4 

EOB2 
EOC4 
E084 

EOEO 

EODD 
EOD7 

E269 

E27E 

E29A 

E2A4 
EOFE 

REGSTS (MOVE A TO DISPLAY BUFFER) 
E2C6 
E31C 

SETBR (SET BREAKPOINT) E06A 

*Address DISBUF is AOOC, the starting address of the display buffer. 

FUNCTION 

Builds a 2-byte address from the first 
four locations of DISBUF. 
Clears display buffer and all flags. 
Clears display buffer and blanks display. 
Disables nonmaskable interrupt from 
keyboard/display PIA. 
Provides a time delay by counting the 
index register down to zero. 
Delays 20 ms using index register. 
Places prompt (-) in first entry of 
display buffer. 
Displays contents of memory location 
addressed by first four locations of 
DISBUF. 
Changes contents of memory location 
addressed by first four locations of 
DISBUF to digits in DISBUF + 6 and 
DISBUF +7. 
Moves low nibble (4 bits) of A to Band 
high nibble of A to low nibble of A. 
Increments memory address display. 
Displays six digits in DISBUF. Waits 1 
ms between digits. Operates continu­
ously with no return unless a key is 
pressed. 
Displays registers on user stack. 
Moves two digits in A to first two 
locations in display buffer. 
Makes an entry in the breakpoint table. 
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ABA (add accumulators) instruction, 113, 125, 353 
ABX instruction (on 6801 microprocessor), 102 
Accepting an interrupt, 272, 275 
Access time (of memories), 368, 375 
Accessing elements in an array, 114, 115, 117, 118, 

144-47, 149 
Accumulating counts, 147-48 
Accumulator, 12, 15, 16 

saving in stack, 212, 213 
Accumulator designation (A or B), 15 
ACIA, 330-31, 335, 336, 356-65, 397-99 (see also 

6850 Asynchronous Communications 
Interface Adapter) 

ACIA connections (for experiments), 330-31, 409 
Activating the on-board displays, 94-99 
Active-high, 57 
Active-low, 57, 58 
Active transition (in a PIA), 233, 252-53, 255, 267, 

277,282,319 
Adaptive programs, 313-18, 329, 341 
ADC (add with carry) instruction, 113-14, 118, 177, 

186, 193, 201 
ADD instruction, 14, 28, 48, 49, 118, 120, 185, 186, 

190 
Addition: 

BCD, 183-86, 188-89, 190, 195-96 
binary, 28-29, 119-23, 179-80, 191-95 
decimal, 183-86, 188-89, 190, 195-96 
8-bit, 28-29, 119-23, 179-80 
hexadecimal, 44, 45 
multiple-precision, 191-96, 201 
16-bit, 118, 122-23, 186-88 

Address, 4, 5, 8, 9, 10, 17, 368 
Motorola format for storing, 22, 29, 37-38, 173 

Address bus, 368, 374, 378, 379 
Address decoding (in MEK6800D2), 378-83 

decoder table, 3 7 8 
Address map (for MEK6800D2), 378, 413 
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Index 
Addresses for changing registers, 26-27, 164-65 
Addresses used by JBUG (AOOO-A031), 4, 102 
Addressing modes (methods), 385 

definition, 12 
direct, 12-13, 15, 17, 29, 82, 103, 173, 211, 376-

77, 384 
extended, 13, 29,37-38,43, 76,82,206,377,384 
flexible, 114, 128 
immediate, 13, 22, 23, 30, 42, 43, 173, 376, 377, 

384 
implied, 385 
indexed, 13, 21-24, 28, 29-30, 93, 101-3, 114-29, 

132-49, 170-71, 173, 174, 281, 295-99, 
378, 379, 384 

relative, 34, 43-45, 53, 54, 174, 374-76 
summary, 385 

Alternating interrupt priorities, 302-3 
ALU, 33, 39, 40 
AND instruction, 35, 42, 43, 46, 49, 50, 51, 54, 66-68, 

262 
Anode, 57, 58, 95 
Arithmetic: 

BCD, 182-86, 190-91, 195-97 
binary, 28-29, 119-23, 178-80, 186-90, 191-95 
decimal, 182-86, 190-91, 195-97 
8-bit, 28-29, 119-23, 178-80 
lookup tables, 197-201 
multiple-precision, 191-97 
rounding, 189-91 
16-bit, 186-89 

Arithmetic-logic unit (ALU), 33, 39, 40 
Arithmetic shift, 33, 36, 137, 147 
Array, 92, 113, 114-29, 130-49 

storage in memory, 115 
ASCII character code, 332, 353, 355, 391 

table, 391 
ASL (arithmetic shift left) instruction, 35, 36, 46, 

147, 337 
ASR (arithmetic shift right) instruction, 138 
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Assembler: 
definition, 12, 16, 17 
features, 23, 42, 45, 174 
format (Motorola), 15 
pseudo-operations, 177, 178, 198 
purpose, 16, 17 

Assembler format (Motorola), 15 
Assembly language, 12, 17 
Asterisk (before a line of comments), 15, 141 
Asynchronous Communications Interface Adapter 

(ACIA), 330-31, 335, 336, 356-65, 397-99 
(see also 6850 Asynchronous Communica­
tions Interface Adapter) 

Asynchronous input/output, 233, 236, 239-65, 287-
303, 336-66 

Balancing stack operations, 209 
Base address (of an array or table), 92, 114, 115, 117, 

118, 128, 214, 224 
Baud,332 
Baud rate generator, 332, 358 
Baud rates, common, 332 
BCC (branch if carry clear) instruction, 35, 41, 46, 83, 

116, 131 
BCD (decimal) arithmetic, 182-86, 190-91, 195-97 
BCD representation, 177, 180-83, 201 
BCS (branch if carry set) instruction, 35, 41, 46, 83, 

132 
BEQ (branch if equal to zero) instruction, 35, 41, 75, 

76,93, 124, 170 
BHI (branch if higher) instruction, 131 
Bidirectional, 368 
Binary-coded-decimal (BCD) representation, 182-86, 

190-91, 195-97 
Binary patterns caused by switch closures, 77 
Binary-to-hexadecimal conversion, 5, 17-18, 43 
BIT (bit test) instruction, 35, 37, 46, 256, 257, 281, 

284 
Bit-by-bit operations, 51, 54, 66-68 
Bit manipulation, 66-68, 283 
Bit numbering, 39 
Bit rate generation, 338-42, 358 
Blanking input, 92, 109, 110, 111 
Blanking zeros, 109, 110, 111 
Block, 113 
BLS (branch if lower or same) instruction, 131-32 
Blue E key (see E key) 
BMI (branch if minus) instruction, 35, 41, 46, 242, 

302 
BNE (branch if not equal to zero) instruction, 35, 41, 

42, 75, 76,93, 170,299 
Boolean algebra, 67, 100 
Borrow, 40, 48, 180, 196, 201 
Bounce, 74, 78-81 
BPL (branch if plus) instruction, 35, 41, 46, 189, 253 
BRA (branch always) instruction, 58, 68, 75, 83, 126, 

143 
Branch instructions, 3 3, 34, 40-46 
Breakpoint, 151, 162-64, 165-73, 175, 295, 296 
Brightness of displays, 70 
Broadcast mode, 382-83 
BSC protocol, 332 
BSR (branch to subroutine) instruction, 204, 206, 208 
Buffer, 233, 289-95, 364 
Buffered interrupts, 289-95, 305 
BUFFER EMPTY signal, 233, 247, 258, 262 
BUFFER FULL signal, 233, 248 

Bug, 151 
Bus, 368, 372, 343 
Bus contention, 368, 372 
Byte, 12, 16, 203 
Byte-wide operations, 51, 54 

Calculating relative offsets: 
by hand, 43-45 
examples, 45, 4 7 
methods, 45 
monitor subroutine, 53, 417 

Index 

Call instruction, 204, 205 (see also JSR instruction) 
Carriage return character, 291, 292, 295 
Carry ( C) flag: 

adding to accumulator, 114 
arithmetic applications, 114, 178, 180, 183, 186, 

189, 191, 192, 193, 201 
branches, 35, 41, 46, 131 
CLC instruction, 178, 193, 344 
decimal subtraction, 184, 196-97 
definition, 33, 114 
effect ofCMP, 131-32 
effect of CPX, 93, 106 
effect of DEC and DEX (none), 193 
effect of INC and INX (none), 189, 190, 193 
effect of instructions, 47-49, 53 
effect of shifts, 36, 46, 334, 336 
inverted borrow, 184, 196 
meaning, 40 
multiple-precision arithmetic, 186, 192, 193, 196-

97 
parallel to serial conversion, 337, 344, 345 
position in CCR, 16, 48, 184 
SEC instruction, 178, 345 
serial to parallel conversion, 336, 346, 349 
subtraction, 180, 184, 196-97 

Cassette interface, 4, 331 
Cathode, 57, 58, 92, 95 
CBA (compare accumulators) instruction, 75 
CCR (condition code register), 12, 16, 25, 26, 27, 35, 

47-49, 212-18, 272, 275, 296, 297-99 (see 
also condition code register) 

Centering (serial) data reception, 346-50 
Central processing unit (CPU), 2 
Changing memory, 7-8, 414 
Changing registers, 25-27, 30, 164-65, 414-15 
Checksum, 113, 122, 333 
CLC (clear carry) instruction, 178, 193, 344 
Clear, 131 
Clearing an array, 13 3-35 
Clearing bits, 66-68, 262, 283 
Clearing breakpoints, 163, 168, 169, 171, 416 
Clearing elements, 144-4 7 
Clearing the index register, 174 
CLI (clear interrupt mask flag) instruction, 271, 275, 

282,285 
Clock, 233, 236, 313-18, 368, 372-73 

6800 input, 372-73 
synchronization, 313-18, 321 

Clock circuit (for experiments), 307, 308, 407 
Clock frequency of MEK6800D2, 63, 311 
Clock synchronization, 313-18 
Closed switch, 32, 39, 40 
CLR (clear) instruction, 35, 37, 59, 82 
CMP (compare) instruction, 35-36, 51-52, 75, 76, 116, 

131-32 
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Coding, 151, 153, 174 
COM (one's complement) instruction, 14, 15, 82, 336 
Combination lock, 51 
Command register, 234 
Comment, 12, 15, 141 
Common-anode display, 92, 95, 109 
Common baud rates, 332 
Common-cathode display, 92, 94, 95 
Common operating errors, 20, 27, 209-10 
Common (programming) errors, 173-74, 216 
Communications between main program and interrupt 

service routines, 284-87, 305 
Complementing (inverting) bits, 15, 66-68 
Condition code, 33 
Condition code (CCR or P) register: 

changing, 25-27 
changing in the stack, 295-99 
definition, 35 
examination, 24-25, 4 7-49 
organization, 16, 48 
saving in the stack, 212-14 
unused bits, 26, 48, 216 

Conditional branch instructions, 34, 40-46 
BCC,35,41,46,83, 116, 131 
BCS,35,41,46,83, 132 
BEQ,35,41,75,7~93,124,l70 
BHI, 131 
BLS, 131-32 
BMI, 35, 41, 46, 242, 302 
BNE,35,41,42,75,76,93, 170,299 
BPL,35,41,46, 189,253 
common, 41 
definition, 34 

Continuity of displays, 70 
Control lines (on 6820 PIA), 238, 252-68 
Control register: 

definition, 5 7, 234 
programmable 1/0 devices, 266 
6820 PIA, 59, 237-39, 252-53, 254-55, 258-59, 

261-62 
6850 ACIA, 357-59, 361 
summaries, 267, 357, 358 

Control signal, 234, 246-52, 258-65 
Counter: 

hardware, 234, 265, 308, 318 
software, 62, 63, 120, 128, 129, 132, 133, 135, 

138, 139, 147 
Counting on the displays, 105-8 
Counting switch closures, 81-82, 14 7-48 
CPU (central processing unit), 2 
CPX (compare index register) instruction, 93, 106, 

323 
CRC (cyclic redundancy check), 333 
Cross-coupled NANO gates, 74, 79, 80, 231, 232 
Cyclic redundancy check (CRC), 333 

DAA (decimal adjust Accumulator A) instruction, 
178, 183, 184, 188,190,201 

addition, 183, 190 
limitations, 183, 184, 188 
subtraction, 184 

Dash (see JBUG monitor, prompt symbol) 
DATA ACCEPTED signal, 234, 236, 243, 247, 258, 

260 
Data-address distinction, 4, 5, 17, 168, 173 
Data bus, 372, 373 
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DATA BUS ENABLE (DBE) signal, 372 
Data direction register (in 6820 PIA), 57, 58-59, 70, 

234,237, 238,239 
Data file, 15 2 
Data flowchart, 151 
Data-link control, 333 
DATA READY signal, 234, 236, 242, 249 
DDCMP protocol, 333 
Dead time, 309 
Debounce time, 74 
Debouncing a switch, 74, 78-81 
Debugger (program), 151 
Debugging: 

definition, 151, 15 3 
examples, 165-73 
methods, 162-65 
tools, 162-65 
typical errors, 173-74, 216 

DEC (decrement by 1) instruction, 58, 63, 65, 79, 99, 
120, 283, 299 

Decimal (BCD) arithmetic: 
addition, 183-86, 188-89, 190, 195-96 
8-bit, 183-86 
increment, 190 
multi-byte, 188-89, 195-97 
rounding, 190-91 
subtraction, 184, 196-97 
summation, 184-86, 188-189 

Decimal increment (by 1), 190 
Decimal-to-seven segment conversion, 100-5, 109-11 

table, 101 
Decoder, 92, 109-11, 234, 265, 368, 378-82 
Delay program, 62-65, 68-70, 71, 79-81, 106, 173, 

218-19, 224-26, 310-13, 329, 338 
millisecond version, 79, 81, 218-19, 311 
monitor subroutine DLYl, 224-26, 310-13, 338 
nested version, 64-65, 68, 82, 106 
one second version, 173 
subroutine, 218-19 

Deleting instructions, 168-69 
Determining clock period, 315-18 
Development systems (breakpointing features), 163-64 
DEX (decrement index register by 1) instruction, 14, 

23, 30,75, 117, 118, 193 
Direct addressing: 

definition, 12-13, 29, 385 
difference from immediate addressing, 23, 173 
instruction execution, 3 77 
lack of with some instructions, 82, 211 
LOX instruction, 103 
use, 15, 17, 103, 174 

Direction of stack growth, 208 
Disable, 270 
Display activation patterns, 96, 97 
Display buffer, 226, 228 
Displaying an array, 125-28 
Display interface (multiplexing), 264-65 
Display numbering (on MEK6800D2), 94, 96 
Display time constants, 68-70 
Divider, 234 
DL Yl subroutine (in JBUG monitor), 224-26, 228, 

310-13, 338 
Documentation, 153, 266, 268, 319 
Dollar sign (in front of hexadecimal numbers), 15 
Double buffering (with interrupts), 292-94, 305 
Doubling an element number, 14 7, 149 
Dual lnline Package (DIP), 369 
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Dummy operations (on 6820 PIA), 254, 256-58, 264, 
289, 320 

Dump, 151, 162 
Duty cycle, 57, 68-70, 322-25, 327-28 
Dynamic memory, 369, 373 

E key (blue): 
abort function, 5, 9, 20, 99, 226, 414 
confusion with white E key, 5 
escape function, 414 

from breakpoint setting (V key), 163, 166, 167, 
168, 169, 170 

from memory changing (M key), 7, 9, 18, 19 
from memory examination (M key), 5, 6, 9 
from register examination (R key), 20, 24, 25 

implementation, 276, 278 
keyboard interrupts, 278-80 

Editor (program), 151, 167 
Effective address, 13, 21, 29 
Effects of subroutines, 216 
Elapsed time interrupt, 319-21 
Enable, 74, 86, 270, 369 
Enabling and disabling interrupts, 275, 277, 282, 283, 

296, 297-99, 304 
with INC and DEC instructions, 283 

Encoder, 73, 74, 86-89 
Endless loop instruction, 92, 98, 321, 373 
Entering a program, 8-9, 18 
Entering data, 19 
EOR (exclusive OR) instruction, 58, 66-68 
Error-correcting codes, 333, 352 
Error-detecting codes, 333, 352-56, 358 
Error exit, 296-97 
Errors, common (operating), 20, 27, 209-10 
Errors, common (programming), 173-74, 216 
Escape (E) key (see E key) 
Even parity, 352-56 
Examining flags, 47-49 
Examining memory, 4-7, 414 
Examining registers, 24-27, 30, 164-65, 414-15 
Examining results, 19 
Executing a user program, 8-9, 19, 20, 29, 415 
Executing data (by accident), 20 
Execution times (for instructions), 16, 63, 311, 374, 

390 
table, 390 

Extended addressing: 
definition, 13, 385 
instruction execution, 377 
requirement with some instructions, 82, 211 
use, 37-38, 43, 82 

Extension (of programs), 153 
Extra factor of 6 in decimal arithmetic, 182, 183 
Extra SWI instructions, 20 

Factor of 6 in decimal arithmetic, 182, 183 
False start bit, 333, 350-52 
Favored bit positions, 46-4 7 
FCB (Form Constant Byte) pseudo-operation, 178, 

197, 198 
FDB (Form Double Constant Byte) pseudo-operation, 

178,200 
File, 151, 152, 167 
Flags: 

definition, 3 3 
effects of instructions, 40, 48-49 
examination of, 47-49 

Flags (Continued): 
organization (in CCR), 16, 48 
use, 40-41 

Flashing display, 70 
Flexible addressing methods, 114, 128 
Flip-flop, 33, 40 
Floating input, 33, 40 
Flowcharting, 152, 153-62 

definition, 152 
examples, 155-62 
!imitations, 155 
methods, 154-55 
recommended approach, 154-55 
standard symbols, 154 

Index 

Format for storing addresses and 16-bit data, 37-38, 
160, 213, 324 

Framing errors, 34 7, 363-64 

Gkey: 
cycling through register display, 24, 25, 30, 164, 

165 
errors in use, 20 
examining next register, 24, 25, 30, 164, 165 
executing a user program, 8-9, 19, 20, 29, 163, 

164, 167, 170,415 
implementation, 275 
incrementing address for memory examination, 7, 

8, 9, 10, 18, 26 
resuming a program, 163 
tracing capability, 162, 164 

Generalized delay routine, 310-13 
Ground point (for oscilloscope), 372 
Group select (GS), 75, 86, 87, 88 

Half-carry (H) flag, 48, 177, 178, 183-84 
Handshake, 230-68, 287-95 

definition, 234 
diagrams, 249, 251-52 
input, 247-50, 253-55, 259-64 
interrupts, 287-95 
output, 250-52, 255-58, 264-65 
procedures, 247, 250 

Hardware/software tradeoffs, 335-36, 356, 361, 365 
Hardware stack, 203 (see also stack) 
Hexadecimal addition table, 44 
Hexadecimal calculator, 45 
Hexadecimal number system, 2, 4, 5, 44 
Hexadecimal subtraction, 43-45 
Hexadecimal to binary conversion, 5, 17-18, 48 
Hexadecimal to decimal conversion table, 5 
Hexadecimal to seven-segment conversion, 105, 214-

18, 222-24 
Hexadecimal two's complement table, 44 
High volume applications, 89, 90 
Hold time, 369 

I flag (see interrupt mask flag) 
Identification numbers, 135-38 
Identifying a switch, 82-89, 138-44, 147, 220-22 
Immediate addressing: 

assembler notation, 15, 22, 42 
definition, 13, 385 
difference from direct addressing, 168, 173 
instruction execution, 376, 377 
lack of with store instructions, 23 
use of, 22, 23, 41, 42, 43 
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INC (increment by 1) instruction, 58, 81, 83, 84, 189, 
190, 191, 193, 285 

effect on CARRY (none), 191, 193 
Index,93, 114, 128, 135 
Index register: 

array formation, 132-49 
array processing, 114-29 
changing, 25-27, 164-65, 414-15 
changing in stack, 29 5-96 . 
clearing, 174 
CPX instruction, 93, 106, 323 
definition, 13, 93 
DEX-instruction, 14, 23, 30, 75, 117, 118, 193 
errors in use, 167, 170-71, 173, 174 
examination, 24-25 
INX instruction, 14, 23, 30, 117, 118, 193 
LDX instruction, 14, 22, 23, 30, 101, 103, 105, 

118 
length, 16, 23 
saving in stack, 208-9, 213-18, 272 
STX instruction, 14, 205 
table lookup, 100-105 
TSX instruction, 272, 296, 297, 299 
TXS instruction, 205, 208 
use, 21-24, 27-29, 30, 100-105, 114-29, 132-49, 

179, 192-93, 295-99 
use in changing stack values, 195-99 
use as pointer, 117, 128, 132 

Indexed addressing: 
assembler symbol, 15, 22, 117, 165, 170 
changing values in stack, 295-99 
definition, 13, 93, 385 
instruction execution, 378-79 
non-zero offset, 11 7, 118 
offset, 13, 21, 22, 23, 171, 296, 297, 298, 299 
table lookup, 100-105 
use, 21-24, 100-105, 114-29, 132-49, 179, 192-93, 

295-99 
zero offset, 15, 22, 117, 145 

Indexed offset, 13, 21, 22, 23, 171, 296, 297, 298, 
299 

Indexed offsets in stack, 296 
Indexing arbitrary array elements, 118 
Information-hiding principle, 203 
Initialization routine (for user PIA and interrupt 

system), 280-82 
Input/output differences, 245, 24 7, 250 
Input/output (I/0) instructions, 36-37, 53 
Inserting instructions, 16 8 
Instruction, 369 
Instruction cycle, 369, 373-79 

effects on flags, 4 7-49 
Instruction execution times, 16, 63, 311, 369, 374, 

390 
table, 390 

Instruction fetch, 369, 374, 375, 376, 377 
Instruction length, 16, 17, 23, 164, 369 
Instruction set, 369, 385-90 

alphabetic list, 386 
Instruction set summary card, 15-16, 48 
Instructions that lack physical meaning, 39, 242 
Intelligent controller, 41 
Interpolation (in tables), 201 
Interrupt-driven, 271 
Interrupt enable, 271, 277 
Interrupt flag (in 6820 PIA), 234, 252, 253, 254, 255, 

256, 257, 267,268, 300, 302 
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Interrupt flag (Continued): 
clearing, 252, 253, 254, 255, 256, 257, 267, 268 
definition, 234 
setting, 252, 255, 267, 268 

Interrupt mask (I) flag, 16, 48, 271, 275, 276, 281, 
287,296, 297-99, 300 

automatic setting (after interrupts, RESET, SWI), 
275 

CLI instruction, 271, 275, 282, 285 
definition, 271 
position in CCR, 16, 48, 299 
SEI instruction, 272, 275, 281 
setting in stack, 297-99 __ 

INTERRUPT REQUEST (IRQ) signal, 234, 271, 272, 
276, 280, 305, 342 

Interrupt response time, 321, 390 
Interrupt service routines, 271, 273, 274, 276, 280-

306, 319-28, 339-42, 348-50, 365 
Interrupt vectors: 

in MEK6800D2, 276 
in 6800 systems, 274 

Interrupts, 269-306, 319-28, 339-42, 348-50, 365 
ACIA (6850 device), 365 
advantages and disadvantages, 273, 305 
characteristics, 273-74 
definition, 234 
effects of RESET, 275, 305 
elapsed time, 319-21 
flags, 234 
guidelines for programming, 303-4 
handshake, 280-95 
interference with single-step mode, 280, 342 
IRQ, 272, 274, 276, 280, 305, 342 
keyboard, 278-80 
MEK6800D2, 276 
NMI,274, 275-76, 305,342 
nonmaskable, 271, 274, 275-76, 304 
PIA, 276-306 
polling, 271, 274, 299-303, 306 
power fail, 271, 274, 304 
priority, 271, 299-303, 306 
real-time clock, 309, 321-28, 339-42, 348 
service routines, 271, 273, 274, 276, 280-306, 319-

28, 339-42, 348-50, 365 
6800, 274-75 
6820 PIA, 276-306 
6850 ACIA, 365 
start bit, 348-50 
time required, 321, 390 
user PIA, 280-95 
vectored, 271, 274, 299-300, 303, 305-6 

Invalid BCD digits, 182 
Inverted borrow (in subtraction), 184, 196, 197 
Inverter, 13, 15 
Inverting bits, 15, 66-68 
Inverting decision logic, 170, 174 
INX (increment index register by 1) instruction, 14, 

23, 30, 117, 118, 193 
I/O instructions, 36-37, 53 
.!LQ_requirements, 236 
IRQ input, 271, 272, 276, 280, 305, 342 
Isolated input/output, 34, 36 

JBUG monitor, 412-20 
breakpoints, 163, 295, 296, 299 
calculating relative offsets, 53, 417 
changing memory, 7-8 



434 

JBUG monitor (Continued): 
debugging tools, 162-63 
DLYl subroutine, 224-26, 228, 310-13, 338 
execution of user programs, 275 
interrupts, 276, 342 
interrupt service addresses, 276 
keyboard handler, 278, 289 
prompt symbol, 6, 20, 24, 164, 228 
RAM addresses, 4, 9, 208, 413 
RAM use, 4, 102 
register display, 24-27, 30, 164-65, 414-15 
ROM addresses, 9, 412 
seven-segment code table, 105 
single-step mode, 164-65, 280, 342, 416-17 
stack, 208 
stack pointer, 25, 26, 27, 165, 208 
stack pointer offset (7), 25, 211 
subroutines, 224-29, 420 
SWI instruction, 2, 8, 211, 276 
transfer of control, 8-9, 19, 20, 29 

JBUG prompt (dash in leftmost display), 6, 20, 24, 
164,228 

JMP (jump) instruction, 75 
Jl connector (to Microcomputer Module), 31, 32, 33, 

55,56, 57, 72, 73, 87, 230,231, 232, 307, 
308, 402-7, 410, 411 

JSR (jump to subroutine) instruction, 204, 206, 208, 
209,210-12,229,311 

J2 connector (to Microcomputer Module), 330, 331, 
407,409 

Jump instruction, 34, 75 
Jump-to-self (endless loop) instruction, 92, 98, 321, 

373 

Keyboard/Display Module (part of MEK6800D2), 3, 
4,94 

Keyboard/Display PIA, 94, 278, 280 
Keyboard entry process, 143-44, 228, 289 
Keyboard interrupts, 278-80 

Label, 34, 42, 45 
Laboratory setup (example), 409-11 
Lamp test, 109 
Latch, 234, 241, 248, 252, 257 
LDA (load accumulator) instruction, 14, 15, 17, 22, 

23,36,41,42,43,46,47 
LDS (load stack pointer) instruction, 204, 208, 210 
LDX (load index register) instruction, 14, 22, 23, 30, 

101, 103, 105, ll8 
Least significant bit (bit 0), 39 
LED (light-emitting diode), 57, 70 
Letters, forming on displays, 104 
Library program, 203 
LIFO memory, 203 
Linear select (addressing), 369, 380-83 
Logical functions, 6 7 
Logical shift, 34, 131 
Logical sum, 113, 122, 333 
Logic analyzer, 369, 370 
Longitudinal parity, 333 
Lookup tables: 

advantages and disadvantages, 93-94, 108-9 
arithmetic applications, 197-201 
code conversion applications, 100-109, 213-18, 

222-24 
definition, 93 
interpolation, 201 

Lookup tables (Continued): 
subroutines, 213-18, 222-24 
timing applications, 323, 327-28 

Lost program, 20 
Lower-case letters: 

formation on displays, 104 
use on displays, 5, 6, 7 

Low-level language, 13 
Low-volume applications, 89-90 

Index 

LSR (logical shift right) instruction, 36, 46, 83, 84, 
126, 13~ 141,336,338 

M (memory examine and change) key, 4-8, 18, 19, 20, 
26,414 

Machine language, 13, 16 
Mail drop analogy (to communications between main 

program and interrupt service routine), 
284-87 

Mailbox, 284-87, 305 
Maintenance (of programs), 15 3 
Majority logic, 333, 350-52 
Manual output mode (of 6820 PIA), 258-62, 267, 268 
Mark state (on a teletypewriter line), 333, 342, 343, 

346 
Mask, 34, 42, 43, 54, 66-68 
Maskable interrupt, 271, 298-99, 304, 305 
Maximum, 158-60 
Mechanical components, 90, 313 
Memory: 

addresses, 4, 9, 412-13 
changing of, 7-8, 414 
examination of, 4-7, 414 
LIFO, 203 
map of (for MEK6800D2), 4, 413 
nonvolatile, 2, 6, 8, 9, 275-76 
RAM, 2, 3, 6, 9, 133-34, 400 
RAM stack, 203, 204, 206-18, 229, 295-99 
ROM, 2, 3, 6, 8, 9, 115, 164, 401 
stack, 203, 204, 206-18, 229, 295-99 
tradeoffs with time, 93-94, 108-9 
volatile, 2, 6, 9, 133-34 

Memory map (for MEK6800D2), 4, 413 
Memory-mapped input/output, 34, 36 
Memory/time tradeoffs, 93-94, 108-9 
Microcomputer, 2 
Microcomputer Module, 2, 3, 4, 7, 411 
Microprocessor, 2 
Millisecond delay program, 79, 81, 218-19, 3ll 
Mnemonic, 13, 17 
Modem, 333 
Modular programming, 152 
Monitor program (JBUG), 412-20 (see also JBUG 

monitor) 
Monitor stack pointer (addresses A008 and A009), 

25,26,27, 165,208 
Monitor subroutines, 224-29, 420 
MOS devices, 33 
Most significant bit (bit 7), 39 
Motorola format for storing 16-bit data or addresses, 

22, 29, 37-38, 160, 173 
Moving (newspanel) display, 128 
MTOS/68 (from Industrial Programming, Inc), 308, 

328 
Multibyte entries (in arrays or tables), 146-4 7, 149 
Multiple addresses, 278 · -
Multiple interrupts, 299-303, 305-6, 350 
Multiple-precision arithmetic, 191-97 
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Multiplex, 57, 234, 264, 265, 370 
Multiplying by a small integer, 147 
Multitasking, 309 
Murphy's Law, 152, 168 

N (trace one instruction) key, 164, 167, 168, 170, 
342, 416-17 

NEG (two's complement) instruction, 14, 21, 82 
NEGATIVE (N) flag: 

branches, 35, 41 
definition, 34 
effect of ASL, 46 
effect of CPX, 93, 106 
effects of instructions, 48-49, 53 
meaning, 40 
position in CCR, 16, 48 
uses, 46, 54 

Negative logic, 57, 58, 355 
Negative relative offsets, 43 
Nested delay program, 64-65, 68, 82, 106 
Nesting, 57, 64, 129, 203, 212 
Nesting level, 203 
Newspanel (moving) display, 128 
Nibble (4 bits), 203, 228 
NMI input, 274, 275-76, 305, 342 
Nonmaskable interrupt, 271, 274, 275-76, 304 
Nonvolatile memory, 2, 6, 8, 9, 275-76 
No-op (no operation), 152 
NOP (no operation) instruction, 132, 134, 143, 152, 

169, 193 
Normal closed (NC), 7 5 
Normal open (NO), 75 
Numbering of bit positions 39 
Numbering ofMEK6800D2 displays, 94, 96 
Number sign (indicating immediate addressing), 15, 

22,42 

Object code (machine language), 13, 16, 113 
Odd parity, 352, 353, 355 
Offset, 113 (see also indexed offset, relative offset) 
One's complement, 13, 14 
One's complement program, 14-24 
One-shot (monostable multivibrator), 75, 79, 309, 318 
Open switch, 38, 40 
Operating errors, 20, 27, 209-10 
Operation (op) code, 13, 15, 16, 17, 163, 164, 374, 

376,386 
table, 386 . 

ORA (logical OR) instruction, 58, 66-68, 260-61, 298 
Ordering elements, 115-16 
Order of two-byte entries, 22, 29, 3 7-38, 173 
ORIGIN (ORG) pseudo-operation, 178, 198, 283 
Oscilloscope, 370, 372 
OUTDS subroutine (in JBUG monitor), 226-27 
Overflow (of a stack), 204 
Overflow (V) flag, 16, 48 
Overrun error (in serial communications), 363, 364 

P (condition code) register, 16, 24-27, 35, 47-49, 212-
14, 296-99 (see also condition code register) 

Parallel, 34, 333, 
Parallel interface, 34 (see also 6820 Peripheral Inter­

face Adapter) 
Parallel/serial conversion, 337-38 
Parameters: 

choice, 224 
definition, 203, 205 

Parameters (Continued): 
passing, 204, 205, 224 

Parentheses around addresses, 21, 118, 133 
Parity, 333, 352-56, 358 
Parts list (for laboratory experiments), 408 
Passing parameters, 204, 205, 225 
Patching a program, 143 
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PC (program counter) register, 13, 16, 24, 25, 26, 27, 
204,205,206,208,210-12,272, 295,296, 
297, 299 

Percentage sign (indicating binary number), 15, 42 
Peripheral Interface Adapter, 34, 37, 58-61, 237-68, 

276-95, 380-83, 394-96 (see also 6820 
Peripheral Interface Adapter) 

PERIPHERAL READY signal, 234, 236, 243, 244, 
245,250,251,252,255, 256,257, 258 

Pointer, 113, 117, 120, 123, 126, 128, 132, 133, 136, 
138, 139, 140,148, 156, 159 

PIA (Peripheral Interface Adapter), 34, 37, 58-61, 
23 7-68, 276-95, 380-83, 394-96 (see also 
6820 Peripheral Interface Adapter) 

Polling, 271 
Polling interrupt system, 271, 274, 299-303, 306 
Pop operation (on stack), 204 
Port, 24 
Power fail interrupt, 271, 274, 304 
Power-on reset (of ACIA), 358 
Priority encoder (74148 device), 73, 74, 86-89 
Priority interrupt system, 271, 299-303, 306 
Problem definition, 152, 153 
Program counter (PC), 13, 16, 24, 25, 26, 27, 204, 

205,206, 208,210-12,272, 295,296, 
297, 299 

Program design, 152, 153-62, 175 
Program execution, 8-9, 19, 20, 29, 415 
Program file, 152 
Program flowchart, 152 (see also flowcharting) 
Programmable 1/0 device, 58-61, 234, 266, 268 (see 

also 6820 Peripheral Interface Adapter) 
Programmable 1/0 ports, 58-61, 266, 268 (see also 

6820 Peripheral Interface Adapter) 
Programmable timer, 309, 318-19, 329 
Programmed input/output, 271 
Programming model (of 6800 microprocessor), 16 
Prompt symbol (dash in leftmost display), 6, 20, 24, 

164,228 
Prototyping board (example of use), 408-11 
Protocol, 333 
Pseudo-operations, 177, 178, 198, 200 
PSH (store accumulator in stack) instruction, 204, 

208, 209, 212-18 
PUL (load accumulator from stack) instruction, 204-5, 

208, 209, 212-18 
Push operation (on stack), 204 

R (register display) key, 24, 25, 26, 30, 414-15 
RAM stack, 203, 204, 206-18, 229, 295-99 
RAM used by JBUG (AOOO-A031), 4 
Random-access memory (RAM), 2, 3, 6, 9, 133-34, 

400 
RDRF bit (in 6850 ACIA), 357, 360, 365 
Read-only bits (in PIA control register), 252, 255, 267 
Read-only memory (ROM), 2, 3, 6, 8, 9, 115, 164, 

401 
READ/WRITE signal, 357, 360, 377-78 
READY flag (for use with interrupts), 287-95 
READY FOR DATA signal, 235, 236 
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READY input (from memories), 375 
Real-time, 309 
Real-time clock, 309, 321-28, 339-42, 348 
Real-time operating system, 309-10, 328 
Real-time requirements, 309 
Reenabling interrupts, 275, 304 
Reentrant programs, 204, 271, 304 
Refresh, 370, 373 
Register display (after SWI), 27, 164-65 
Registers: 

changing of, 25-27, 30, 164-65, 414-15 
definition, 2 
display after SWI, 27, 164-65 
examination of, 24-27, 30, 164-65, 414-15 
length, 23 
order in stack, 2 7 2 
programming model, 16 

Relative addressing, 34, 43-45, 53, 374-75, 385 
Relative offsets, 43-45, 53 

calculation of, 43-45 
examples, 45, 47 
monitor subroutine, 53, 417 
negative value, 43 
positive value, 43 

Reliability (of chips), 370 
Relocatability (of programs), 34, 45 
Removal of IC U13, 330-31 
Reset, 2, 239, 275, 276, 358 

of 6850 ACIA, 358, 359 
RESET switch, 4, 7, 9, 18, 20, 99 
Resetting the computer, 4 
Ripple blanking (of displays), 93, 109-11 
ROL (rotate left) instruction, 335 
ROM (read-only memory), 2, 3, 6, 8, 9, 115, 164, 401 
ROR (rotate right) instruction, 334, 335, 336, 337, 

338 
Rotating interrupt priorities, 302-3 
Rounding, 177, 189-91, 201 
RS-232 serial interface, 333, 358 
RTI (return from interrupt) instruction, 272, 275, 

278,284,296,305 
RTS (return from subroutine) instruction, 205, 206, 

208, 209, 210-12, 229, 311 
RT-68/MX operating system (from Microware 

Systems), 309, 328 
Running (executing) a user program, 8-9, 19, 20, 29, 

415 

S (monitor stack pointer), 25, 26, 27, 165, 208 
Sampling an input line, 350-52 
Saving and restoring registers, 212-19 
Saving user registers in the stack, 272, 274 
SBC (subtract with carry) instruction, 178, 201 
Scheduler (program), 310 
Scratchpad, 174 
SDLC protocol, 333 
SEC (set carry) instruction, 178, 345 
Second delay program, 173 
Segment connections (for MEK6800D2 displays), 95 
Segment lighting patterns, 97, 98 
Segments (in MEK6800D2 displays), 94, 95 
SEI (set interrupt mask flag) instruction, 272, 275, 

281 
Serial, 34, 333 
Serial input/output, 330-66 
Serial/parallel conversion, 336-37 
Servicing a disabled PIA, 303, 350 

Index 

Setting bits (to 1), 66-68, 261-62, 298-99 
Setting breakpoints, 151, 162-64, 166, 167, 169, 170, 

416 
Setting directions (in PIA), 5 8-61 
7F, producing of, 52 
7447 seven-segment decoder/driver, 109-11 
74121 one-shot, 79 
74148 priority encoder, 73, 74, 86-89 
74155 3-to-8 decoder, 378, 379, 380, 381 
Seven-segment code, 93 
Seven-segment code conversion, 100-105, 109-11, 

213-18, 222-24 
Seven-segment code tables: 

decimal digits, 101 
hexadecimal digits, 105 
HP5001 Signature Analyzer, 107 
letters and other characters, 104 
monitor table, 105 

Seven-segment displays, 93, 94-108 
Shift instructions, 34 

ASL,35,36,46, 147,337 
ASR, 138 
LSR,36,46,83,84, 126, 132, 141,336,338 
ROL, 334 
ROR, 334, 335, 336, 337, 338 

Shift register, 333, 336, 337 
Signature Analyzer, 107 
Sign extension, 131, 13 8 
SIGN (NEGATIVE) flag, 34, 35, 40, 41, 46, 48-49, 

53, 54, 93, 106 (see also NEGATIVE flag) 
Single-operand instructions, 82, 241-42, 360 
Single-step (one instruction) mode, 152, 162, 164-65, 

167,168,170,280,342,416-17 
16-bit arithmetic, 186-89, 299 
16-bit decrement in memory, 299 
16-bit operations, 23 (see also index register) 
6800 output signals: 

READ/WRITE (R/W), 377-78 
VALID MEMORY ADDRESS (VMA), 374-78, 384 

6800 pin configuration, 371, 393 
6800 programming model, 16 
6800 registers, 16 
6801 microprocessor (improvements over 6800), 93, 

102, 106, 208-9 
6809 microprocessor (improvements over 6800), 193, 

214, 299 
6810 RAM, 400 
6820 Peripheral Interface Adapter (PIA), 34, 37, 58-

61, 237-68, 276-95, 380-83, 394-96 
accessing data direction registers, 58-59, 70, 238, 

239 
active edge control, 252, 253, 255, 267, 277, 278 
automatic control mode, 258, 262-65, 267, 268 
block diagram, 395 
comparison with 6821 PIA, 233 
control lines, 238, 25 2-68 
control register, 59, 237-39, 252-53, 254-55, 258-

59, 261-62, 276-78 
data direction register, 57, 58-59, 70, 234, 237, 

238,239 
definition, 57, 234, 235 
differences between port A and port B, 264 
dummy operations, 254, 256-58, 264, 289, 320 
initialization examples, 58-61 
input control lines, 252-58, 267, 268 
input/output control line, 254-55, 258-65, 267, 

268 
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6820 Peripheral Interface Adapter (PIA) (Continued): 
input port, 3 7 
internal addressing, 396 
interrupt flags, 234, 252, 253, 254, 255, 256, 257, 

267 
interrupts, 276-78 
1/0 ports, 58-61 
level mode, 258-62, 267, 268 
linear select addressing, 381-84 
manual mode, 358-62, 263, 267, 268 
operating modes (summary), 267 
output port, 5 8-61, 23 7, 241 
pin configuration, 382, 394 
pulse mode, 258, 262-65, 267, 268 
read strobe, 258, 262-65 
RESET,60,239,241 
servicing when disabled, 303, 350 
summary, 267 
write strobe, 258, 262-65 

6821 Peripheral Interface Adapter, 3, 34, 233, 394-96 
(see also 6820 Peripheral Interface Adapter) 

6830 ROM, 401 
6840 Programmable Timer, 318 
6850 Asynchronous Communications Interface 

Adapter (ACIA), 4, 330-31, 335, 356-65, 
397-99 

block diagram, 398 
control register, 357, 358, 360 
echoing routine, 361-65 
functions, 356, 358 
internal addressing, 35 7 
interrupt-driven operation, 365 
on-board addresses, 358, 412 
power-on reset, 358 
RDRF bit, 357, 360, 365 
receive routine, 360-61 
register contents, 35 7, 35 8 
reset, 358, 359 
status register, 357 
TDRE bit, 357, 359, 365 
transmit routine, 359 
use, 356-65 

6852 Synchronous Serial Data Adapter (SSDA or 
USRT), 336 

6854 Advanced Data-Link Controller, 336 
Software delay, 57, 62-65, 68-70, 71, 79-81, 106, 173, 

218-19, 224-26, 310-13, 329, 338 (see also 
delay program) 

Software development: 
debugging, 151, 153, 162-74 
definitions, 151 
design, 152, 153-62, 175 
stages, 152-53 

Software/hardware tradeoffs, 76, 79, 81, 86-89, 93-94, 
109-11, 335-36, 356, 361, 365 

Software stack, 204, 206 
Sorting, 115-16, 137 
Source code, 113 
Space state (on a teletypewriter line), 334, 342, 343 
SPDT switch, 75 
Special bit positions, 46-4 7 
SPST switch, 34 
Spurious interrupts, 281, 284 
Spy analogy (to interrupt-driven 1/0), 285, 287 
Square root tables, 199-201 
Square table, 197-99 
STA (store accumulator) instruction, 14, 15, 17, 37 

Stack, 204, 206-18, 229, 295-99 
changing values, 295-99 
data transfers, 206-9 
definition, 204 
features, 206-9 
management, 206-10 
overflow, 204 
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pointer, 13, 16, 25, 26, 27, 204, 205, 206-12, 272 
PSH instruction, 204, 208, 209, 212-18 
PUL instruction, 204, 205, 208, 209, 212-18 
saving registers, 212-18, 272 
underflow, 204 
use, 209-18, 272, 275 

Stack pointer, 13, 16, 25, 26, 27, 204, 205, 206-12, 
272 

automatic change, 207 
contents, 208 
monitor (addresses A008 and A009), 25, 26, 27, 

165,208 
Stack transfers, 206-9 
Standard (8,4,2,1) BCD, 177, 180-83, 201 
Standard teletypewriter, 334, 343 
Standard time units, 325-28, 348 
Start bit, 334, 335, 342-52, 356 
Start bit interrupt, 348-50 
Starting at the wrong address, 20 
Starting character, 5 2-5 3 
Status bit, 33 (see also condition code register, flags) 
Status register, 35, 235, 266 (see also condition code 

register) 
Status signal, 235, 236, 239, 242-46, 251, 252-58, 

266, 268 
Stop bit, 334, 335, 342-50, 358, 359, 360 
Structured programming, 152 
Strobe, 235, 264 
STS (store stack pointer) instruction, 205, 210, 211 
STX (store index register) instruction, 14, 205 
SUB (subtract) instruction, 36, 51-53 
Subroutine call, 204, 205 (see also JSR instruction) 
Subroutine linkage, 204, 206 
Subroutines, 202-29 
Subtraction: 

BCD, 184, 196-97 
binary, 180 
decimal, 184, 196-97 
effect on CARRY flag, 180, 184, 196 
8-bit, 180, 184 
multiple-precision, 196-97 

Summation: 
binary, 119-25, 179-80, 184-86 
decimal, 183-84, 185-86 
16-bit, 186-89 

Suspend (a task), 310, 328 
SWI (software interrupt} instruction: 

breakpoint, 162, 163 
definition, 271 
description, 2, 272, 2 7 5 
execution, 211, 275, 279 
extra, 20 
MEK6800D2 implementation, 276 
register display, 27, 164-65 
return to JBUG monitor, 2, 8, 9, 10, 14, 15, 20, 

276 
use in debugging, 162, 163 
vector, 274 

Switch identification, 82-89, 138-44, 147, 220-22 
Switch patterns, 77 
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Synchronization, 236, 313-18, 321 
Synchronization (sync) character, 35, 52-53, 289, 299, 

334 
Synchronous transfer, 235, 236, 266 

TAB (transfer accumulator A to accumulator B) 
instruction, 7 5, 17 8 · 

Table, 93-94, 100-109, 197-201, 213-18, 222-24, 323, 
327"28 (see also lookup tables) 

Table lookup, 93-94, 100-109, 197-201, 213-18, 222-
24, 323, 327-28 (see also lookup tables) 

TAP (transfer accumulator A to CCR) instruction, 
205,212,213,214 

Task, 310, 328 
Task status, 310 
TBA (transfer accumulator B to accumulator A) 

instruction, 75, 178 
TORE bit (in 6850 ACIA), 357, 359, 365 
Telephone analogy (to interrupts), 273, 300 
Teletypewriter, 334 
Teletypewriter data format, 342, 343 
Teletypewriter monitors (MIKBUG and MINIBUG), 

162 
Terminal I/0, 318 
Terminator, 113, 123-25, 133, 143, 328 
Testing, 152, 153, 171 
Text file, 152, 167 
Three-state, 3 70 
Thumbwheel (rotary) switch, 72, 73 
Time constants (for displays), 68-70 
Time intervals from DL Yl subroutine, 311 
Time/memory tradeoffs, 93-94, 108-9 
Timeout, 310-13 
Time-wasting program, 62-65, 68-70, 71, 79-81, 106, 

173, 218-19, 224-26, 310-13, 329, 338 
(see also delay program) 

Timing (for instructions), 16, 63, 311, 374, 390 
table, 390 

Timing methods, 307-29 
Top-down design, 152 
TPA (transfer CCR to accumulator A) instruction, 

205, 212, 213, 214 
Trace, 152, 162, 164-65 (see also N key, single step 

mode) 
Trace One Instruction mode, 162, 164-65, 416-17 (see 

also N key, single step mode) 
Tradeoffs: 

hardware/software, 76, 79, 81, 86-89, 93-94, 
109-11, 335-36, 356, 361, 365 

parts count/memory capacity, 382, 384 
time/memory, 93-94, 108-9 

Transparent routines, 271, 287, 304 
Trap instruction, 8, 271 (see also SWI instruction) 
Tristate, 370 
Tristate enable, 370 
Truncation (of numbers), 177 
TST (test zero or minus) instruction, 36, 47, 82, 114, 

124,125, 171,189,299 
TSX (transfer stack pointer to index register) instruc­

tion, 272, 296, 297, 299 
reason for offset of 1, 296 

TTL devices, 14, 33, 42 
7447 seven-segment decoder/driver, 109-11 
74121 one-shot, 79 
74148 priority encoder, 73, 74, 86-89 
74155 3-to-8 decoder, 378, 379, 380, 381 

Index 

Turn-on time, 57, 70 
Two-byte entries, 22, 115, 143, 146-47, 149, 186-89, 

199-201 
Two-dimensional arrays, 115 
Two's complement, 13, 21 

hexadecimal numbers, 44, 45 
TXS (transfer index register to stack pointer) instruc­

tion, 205, 208 

UART, 334, 335, 336, 356-65, 397-99 (see also 6850 
Asynchronous Communications Interface 
Adapter) 

Underflow (of a stack), 204 
Unsigned number, 152 
Unused bits: 

in CCR, 16, 48, 216 
in display common connections, 96, 98 
in display segment connections, 95, 98 

User PIA: 
addresses, 238 
attachment of clock source, 307, 308, 407 
attachment of encoder, 72, 73, 87, 404 
attachment of LEDs, 55, 56, 57, 230, 232, 403, 

406 
attachment of rotary switch, 73 
attachment of switches, 31, 32, 230, 231, 

232,402,404,406,408 
interrupts, 280-95 

USRT, 334, 336 

V (overflow) flag, 16, 48 · 
V (breakpoint) key, 163, 164, 166, 169, 170, 175, 

416 
Valid data, 235, 236 
VALID DATA signal, 236 
VALID MEMORY ADDRESS (VMA) signal, 374-78, 

384 
Varied length of instructions, 16, 17, 23, 164, 369 
Vectored interrupt, 271, 274, 299-300, 303, 305-6 
VMA (VALID MEMORY ADDRESS) signal, 374-78, 

384 
Volatile memory, 2, 6, 9, 133-34 

WAI (wait for interrupt) instruction, 272, 275, 280, 
299 

Waiting for a switch closure, 41-47, 50-52, 76-86 
Word, 13 
Wrong address, starting at, 20 

X (substitute for O,X), 15, 22, 117, 145, 165, 170, 
171;-173 

X register (see index register) 

ZERO (Z) flag: 
branches,35,41,42,54, 75,93, 106, 170 
definition, 35 
effect ofCMP, 51, 131, 132 
effect ofCPX, 93, 106 
effect ofINC, 191 
effect of instructions, 47-49, 53, 93, 106, 191 
implementation, 39 
meaning, 40, 42, 75, 170 
position in CCR, 16, 48 
uses, 41, 42, 54 



MICROCOMPUTER 
EXPERIMENTATION 

WITH THE MOTOROLA 
i MEK '6800D2 

This practical , easy-to-follow and self-contained guide to Motorola MEK6800D2 experi­
ments was prepared for the growing population of microcomputer users representing diverse 
disciplines and a wide variety of applications. Its emphasis through~ut is on approaches 
that are fundamental to the design of controllers for external systems; at the same time, it 
illustrates its points through examples that use nothing more complex than switches , single 
displays, and the on-board peripherals. 

The inexpensive and widely available MEK6800D2 microcomputer and 6800 microproces­
sor were selected to provide realistic experience with popular devices for those involved in a 
wide range of control applications-instrumentation, communications equipment , test • 
equipment , computer peripherals , industrial processes, signal processing , business equip­
ment , consumer products, and more. 

Author Lance Leventhal has organized his manual carefully and systematically to include 
an excellent overview, two major groupings of experiments , and an extensive list of refer­
ences. Each chapter contaihs references, le.arning guidelines, definitions of terms , descrip­
t ions of new instruct ions , schematics for al_I interfaces, several fully-tested and documented 
examples (over 85 in all), and a summary of key points. No background in computer program­
ming or digital logic is assumed. The manual includes over 270 practical problems that are 
closely tied to the examples; a complete, fully-tested set of answers is avai lable. 

Experiments in the first group focus on writing and running simple programs, simple in­
put and output, processing of inputs and outputs, forming and processing data arrays, de­
signing and debugging programs, and ari thmetic operations. 

The second set of experiments deals with subroutines and the stack, input/output using 
handshakes, interrupts, timing methods, serial input/output , and microcomputer timing and 
control. 

· Prentice-Hall, Inc ., Englewood Cliffs , New Jersey 07632 
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