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1.0.0 SUMMARY

Th is report covers effort under contract DAAK7O-78-C-0117 to develop a micro-

processor-based contr oller for the Oelco 15 KW power conditioner.

Continuing , from the controller baseline design , the prev ious task , th~ selection

of the opti mum m i croprocessor was performed .

The selection was made from all of the microprocessors known to Yucca at the

beginning of this task. The microprocessors were quickly elim inated down to ei ght

with elimination criteria developed and listed in this report. Next , an evalua-

tion of the remaining microprocessors was made and a trade-off study of the three

best microprocessors was performed . These were the 808511._ 2, the Z8OA , and the

MC68B09. The latter offered the best compromise of many key features which in-

clu ded low minimum system chip count and power consumption.

The MC68B09 i s the optimum microprocessor capable of perform i ng the duties re-

quired in the microprocessor -based controller and is both flexible and expandaHe

to accomodate modifications during development.

2.0.0 ~ L~cL
The work described in this report was performed by Yucca International , I nc.

under the direction of the U. S. Army ~obi lity Equipment Research and Developmen

Command . This report completes the third task of the first phase (CLIN 0003, Phase

1) of the U. S. Army contract no . DAAK7O-78-C-0117 . The Contractin g Officer ’s

~epresenta tive is Dr. David Lee at the U. S. Army MERADCOM Headquarters ~t Fort

Belvo i r, Vir ginia.
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3.0.0 COPYRIGHT PERMISSION

The information contained in this report was derived from commonly available

microprocessor data sheets and user manuals. Figure 4 in this report was obtained

from an MC6809 Advanced Microprocessor Manual . No copyri ght permission is required.

4.0.0 INTRODUCTION

This is a report of the third task of six tasks of the U. S. A rmy contract no.

DAAK7O-78-C-0l17.

Performed during the previous tasks was the baseline design of a microprocessor-

based controller for the Delco 15 1KW power conditioner to replace an ex isting

:ontroller. Dur ing this task , an opt imum mi croprocessor for the con troller wi ll

:e selected .

The microprocessor to be selected should perform efficiently , any task expected

of the microprocessor . Other factors that will influence the selection are overall

;ystem complexity , ease of programm inq, flexi ble irtstructi rn set and system ex-

pansion capabili ty .

Many microprocessors are ava ilable to selec t from. Some are obsolete and some

dre special purpose devices not ideally suited for the controller. Microprocessors

differ in speed , instruction set efficiency and flexibility , power consumption ,

expandabi lity and additional features . This is because CMOS , PMOS, NMOS I and

hi—polar microprocessors may be available in single bit , bit-sl ice , 4 bit , 8 bit,

or 16 bit architectures. Also , microprocessors have been developed to execute

~nferior instruction sets used previously by minicom puters because a large amount

-2-
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of software is available. To justify why a microprocessor can be eliminated

from possible selection , some specif ic requirements of the application must be

known . /

The first part of this report concerns the derivation of criteria to be used

for narrow ing the possible selection from all microprocessors known to Yucca

to only eight.

The selection will be further narrowed to three microprocessors . A trade-off

study will be performed to select the optimum microprocessor.

5.0.0 INVESTIGAT ION

5.1 .0 MICROPR OCESSOR INPUT/OUTPUT_REQUIREMENTS

Figure #1 shows how 21 I/f) lines can be designated to contro l the controller

modules . Also shown are the three interrupts .

The power supply failure interrupt will require a non-maskab le interrupt (this

is an interru pt which cannot be disabled). The microprocessor upon receivi ’ig

a power supply failure interrupt will deactivate the power conditioner before

the microprocessor power supply drops below a critical level .

The converter operating cycle interrupt will measure the converter output

voltage and make a correction to the converter operating frequency if necessary .

This interrupt will be maskab le by the microprocessor .

The commutation fail_ interrup~ will also be a maskable interrupt.

-3- 
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Figure #1 includes two signal lines labeled slow fan speed and overtemperature .

These will require either 2 I/O lines or two interr(4 t lines. The m i croprocessor

that is selected will form part of a minimum system . This system should i n c l u d e

enough I/O to accomodate the signals in Figure #1. Capability for I/O expansion

should also be provided to meet future needs.

5.2.0 MICROPROCESSOR ADDRESS AND DATA BUS REQUIREMENTS

Figure #2 shows how the address lines and data bus of the selec ted microprocessor

can be used to generate the necessary read data and write data strobe signals.

These will be used to enable write data and read data to and from the controller

modules. A common 8 bit data bus or separated 8 bit read bus and wri te bus will

transfer data between the microprocessor data bus and the controller modules.

The selected microprocessor will have all address lines and data lines available

to permit memory expansion , I/O expansion , and additional peripherals if necessary .

5.3.0 ELIMINAT ION CRITERIA AND ADDITIONAL MICROPROCESSOR REQUIREMENTS

The power cond itioner controller is not expected to impose any speed requirements

or power requirements that will automatically mandate a bi-polar or CMOS micro-

processor, respectively. Microprocessors will be eliminated from possible selection

for the following reasons:

1) Micrqprocessors which will not directly address more than 4K bytes will be

eliminated. The microprocessor should be capabl e of supportirg software

and hardware expansion if it becomes necessary. Hardwa re expansion is

simpler if ample address lines are available .

-4-
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2) Microprocessors that requi re mult ip1e p~~~~~s yppjies wfl l be e limi nated.

Many of the newer microprocessors offer single supply - ‘peration . It

wi ll 5 el iminate the need for additional filtering on exis inQ power

supplies , and a1so~simp lify power supply failure detection circuitry.

3) Microprocessors which are not  TTL ç~~p~at ib le wifl he eliminated .

4) Mic~~~rocessors wh i ch w i l l n pp~t multj processor _confj~ y r at  ions

wil l  be eliminated. Multiprocessor capability will be reserved to

increase design f lexibi li ty . The microprocessor must have DMA capabi l i ty .

5) The microprocessor will be required to execute programs which will perfori’:

16 bit arithmetic and 8 bit multiplicati on and division with 16 bit results.

These programs will utilize shift and rotate instructions extensively.

The ability to perform arithmetic operations and to move data effic ientl j

will be an important factor in the selection.

6) Microprocessors which wil l  execute the PDP-8, Nova, or F-8 instruction

set wi ll be_el iminated. It is Yucca ’s opinion that these instruction

sets are inferior to other instruction sets available in many other

microprocessors .

7) B i t  slice , bi-polar , or PMOS micro~~~çessors will be not be considered for

selectian . NMO~ or CMOS will be selected. Bit slice arithmetic logic

units require higher component counts , higher develo pment costs , and

perhaps higher power requirements. Bi-polar offers high speed at the

expense of power consumption. NMOS is a suitable compromise of speed

vs. power consumption . PMOS is slower than NMOS and is not being used

in the newer microprocessors .

-5-
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8) The newest_~ cr~~ro ors ma he el i mi nat~~ from sel€ r: tion due to

unavaila bi lity .

9) Microprocessors will be eliminated if it is doubtful t’~~t the part

will be MIL qualified or second-sourced .

10) Piicroj~rocessors wh ich are not ted with ~~protot~p~~~~kit and a

dev~]~prnent_system will be eliminated. Ample development tools will

speed development and debug of software and hardware .

11) Microprocessors which do not have a non-maskable interrupt wi 1l be

eliminated.

12) Microprocessors hav ing a data bus less than 8 bits wide will be eliminated.

5.4.0 MICROPROCESSOR ELIMINATION

The m icroprocessors which were considered for selection but eliminated for the

reasons listed in section 5.3.0 are listed below:

Reason
Microprocessor Number Comments

Data General MN6O1 2, 6, 10 4 supplies

Fairchild 3850 (F-8) 2, 6 2 suppl ies

Genera l Instrument CP1600/16l0 2 3 supplies

In tel 808OA 2 3 si’pplies

In tel 8021 1

Intel 8035

Intel 8039 1

Intel 8048 1

Intel 8748 1

Inte l 8049 i

L . .
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‘~ Reason
Micr qprocessor Number ( ‘ni~ents

Intersil 6100 1 , 6

Mostek 3872 1 , 6

Motorola MC145 00 12

Motorola MC68000 8

Nat ional Semiconductor l N58O6O 1 , 2

National Semicond uctor lN58900 2 , 3 3 s u p p l i e s

Panafcorn MN161O 2, 10 3 supplies

Texas Instruments TMS9900 2, 10 3 supplies

Texas Instrumen ts TMS9940

Texas Instruments TMS9985 8 Ava ilability date 3/79

Western DIgita l WD-16 2

Zilog Z8 8 Availability date
1st quarter 1979

Zilog Z8000 8 A vailability date
1st quarter 1979

Listed below are other microprocessors which were also eliminated .

The Signetics 2650 has a primiti ve stack. The stack will only hold 8 addresses.

It does not have a non-maskable interrupt. It does not have an on-chip clock

oscillator. Al though it has many addressing modes and other good features , it

cannot be considered as an optimum microprocessor candidate.

The Motorola 6800 will be eliminated because of the availability of severa l

m icro processors wh i ch are 6800 upgrades . These a re the 6801, 6802, and 6803.

Of these , the 6801 and 6803 will be retained for further eva 1uati r~n because of

their enhanced instructi on sets.

-7—
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MOS Techno1q9~ has a broad line of microprocessors. The M CS -~ 5O2 offers an

on-board clock oscillator and 64K addressing capability . It will be reta i ned as

an optimum microprocessor candidate.

The microprocessor eliminati on leaves the eight remai ninq candidates listed be1o~ :

In tel 8085A-2

Intel 8086

Motorola MC68O1

Motorola MC6803

Motorola MC68B09

MOS Technology MCS-6502

RCA 1802

Zilog Z8OA

5.5.0 EVALUATION OF EIGHT CANDIDATES

5.5.1 RCA 1802

Advan ta~~~
a) CMOS - high noise immunity , mi li tary tempera tures , l ow power

consump t ion.

Disadvantages

a) Rela tively difficult to program;

b) Addressiny modes , interrupt handling , and instruction execut io’

time are inferior to those of other microprocessors ;

c) The instruction set is not suited to mathematical manipulations;

d) The single status flag (DF) makes signed ari thmetic very difficult;

e) The clock must be externally genera ted ;

-8-
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f) The eight address lines are multiplexed . This will ii ~cpssjtate

demultiplexing logic;

g) The RCA 1802 does not have a non-maskable interrupt.

)ue to the disadvantages listed above , the RCA 1802 was eliminated .

5 .5 .2 MOS_ TECHNOLOGY r4SC-65 02

~dvantages

a) Enhancemen t of MC6800 (incompatible);

b) Has built —in clock logic;

c) Has direc t addressin g , indexe d addressing, and indirect addressing ;

d) Has based page index addressing;

e) Has a non-mas kable interrupt .

Disadvan tages

a ) The stack is limited to 256 bytes;

b) Stack must be assigned to addresses O100H to O1FFH ;

c) The MCS -65O2 , like the 6800 , does not have a fast interrupt;

The interrupt automatic ally saves all the registers which can be

useful but w i l l  take unnecessary excess time if this capabi l i ty  is

not needed .

Due to the disadvantages listed above , and the fact that many of the desirable

eatures contained in the MCS-6502 are availabl e in the Motorola 68BO9, this

device was el iminated .

-9-
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5 .5 .3  INTEL 8086

~dvan~~9~s

This microprocess or is the only 16 bit microprocessor ‘f the ~

cand idates and for the following reasons , it is the most powerful .

a) It will perform 8 and 16 bit signed and unsigned arithmetic

i n binary and dec imal i nclud ing multi p ly or d i v id e;

b) The 8086 will directly address 1 megabyte of memory;

c) The 8086 will support the follow i ng softwa re discip li nes;

1) position -independent code ; intrasegment calls and jumps

specify a relati ve displacement from the program counter;

2) Re-entrant programs; a routine usable by interrupt and

non-interrupt programs without loosing data ;

3) Dynamically relocatable programs; programs can be relocated

in memo ry and executed by changing the contents of se gmen t

registers .

li tel claims that the 8086 has ~‘power ful register structure , unlimited levels

of interrupts , powerful input and output circuitry , improved bit manipulation ,

i ’iterruptible byte string operations , very flex ible mernor ’ addressing, hi gh

c:mputat ional throuqhput. ”

F rom review of the instruction set and previous development experience with this

p roduct , these cla ims are not challenged by Yucca . It i s a very powerful m i c ro-

p~ocessor, but , for reasons to be presented , it is unsuitable for the controller.

-10-
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~\ minimum system will consist of the following:

QUANTITY NAME D E S C R I P T I O N  CU R RENT _ PE P D I V I C E  TOTAL CURRENT

1 8086 CPU 275 ma 275 ma

1 8284 Clock Generator 140 ma 140 ma

8282 Octal latch 160 ma 320 ma

8286 Trancei ver 135 ma 270 ma

4 2142 1K X 4 Bit RAM 100 ma 400 ma

2716-2 PROMS 100 ma 200 ma

8255 Parallel Peripheral 120 ma 120 ma
Interface

/l wait—state generator will probably be needed. An additional 8282 will be re-

quired to extend addressing from 64K to 1 megabyte . A timer/counter is not in-

cl uded . Total current demand for the minimum system on the +5 volt pover supply

w ill be 1.725 amps. The 8086 minimum system chip count and total current is

very high when compared to that obtainable with the Z8OA , 8085A-2, or the 68809.

he 8086 is eliminated because a better compromise between computationa l power,

(:hi p count , and power consumption can be found in the remaining candidates.

~.5.4 MOTOROLA MC68O1, MC6803

he MC68O1 and ~4C6803 are new single chi p microcomputers that will be available soon.

hey offer ident ical enhanced versions of the MC6800 instruction set. The in-

struction set enhancements include 16 bit arithmetic (load , store, add , subtract)

ind 16 bit logical shift instructions. Also incl uded is an 8 bit X 8 bit unsigned

r%ult ip ly instruction and other instructions.

—1 1—
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The MC6801 w i l l  have 2K by tes of ROIl, 128 bytes of RAM , UART , 31 I/O lines and

a 16 b it timer /counter . The MC68O1 can use 16 I/O lines to address external

i~emory. Eight of these lines will form the upper 8 bits of th~ acldres and the

l ower 8 lines will multipl ex the least si gnificant address lines with data.

THe MC6803 wi l l have 128 bytes of RPM , a UART , 16 bit timer/counter and 13 bi-

directiona l I/O lines.

These will be el iminated from the selection because the MC68B09 has superior

addressing modes , interrupt handling capabi l ity , and has an instruct ion cycle

time of 1 ps. The MC6801 and MC6803 instruction cycle times will be 2 ps.

5.5.5 INTEL 8085A—2

A dvanta ges

a) 8080A enhancement and software compatible;

b) Non-maskable interrupt;

F c) 3 mas kable l evels of hardware vectored interrupts;

d) serial input and output capability ;

e) Instruction set identical to 8080A , except two i ns truct i ons add ed

to support hardware in terrupts and serial capability ;

f) A low priority , rnaskable , general purpose interrupt is avai 1~ bl e

which will permi t an interrupt to be vectored anywhere in memory;

g) Register oriented architecture permits fast, arithmet ic operations

and register move operations (Usually in one instruction c”cie

if data is already in a register).

-12-
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h) Instruct ion cycle (fetch opcode and execute) is •D us;

i) Directly addresses 64K bytes of memory and 256 bytes of I/O;

j) Minimum system can 1e implemented wi th three chips: 8085A-2,

8355, 8156. Total current is 530 ma. These chips offer 2K X 8

ROIl, 256 X 8 RAM , 38 prog rammable I/O lines , and 14 bit counter/

I: timer;

k) Clock logic is on the chi p;

1) Second sources are Siemans and Advanced Micro Dev ices;

m) Military operating temperatures are expected;

n) Efficien t stack operations.

Disadvantages

a) The data bus is multiplexed wi th the low order address lines .

Memory expansion will require an octal latch for demu ltiplexinq

the bus;

b) The 8085A-2 has no program counter relative addressing , therefore ,

all jumps and calls require a 16 bit (2 byte) absolute address.

8 bit relat ive addressing is preferred because it allows a program

to require less memory and address fetch time ;

c) Rotate and shi ft instruct ions are very useful in performing division

and multiplication. The 8085A-2 can rotate or shift the accumulato r

only. If several bytes must be rotated or shifted , then each byte

must be moved to the accumulator and move back again. (The 6809

can rotate or shift the accumulator or any RAM memory location.)

-13-
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d) The 8085A-2 memory reference instruction utilizes two byte absolute

addressing only. One byte direct addressing can reduce the memo ry

requirements of a prog ram .

5.5.6 ZILOG Z8OA

Advantages

a) 8080A enhancement. 8080A instruction set is a subset of the

Z8OA instruction set;

b) Non—mas kable interrupts;

c) A mask able genera l purpose interrupt and an interrupt acknowledge

signal permits the interrupt to be vectored to any memory location;

d) The Z8OA contains 80 more instructi ons than the 8O80A ;

e) The Z8OA has two sets of 8080A registers . Single level interrupts

are easil y handled by switching to the alternate register set

instead of saving the registers on a stack;

f) Two index registers are available to facilitate indexed memory

addressi ng wi th some instructions;

g) In addition to the 8080 and 8085 addressing modes , the Z8OA has;

one byte relative address ing (which can reduce memory reauirer’ent),

and bit addressing. The Z8OA can set, reset, and test any bit in

any memory location or CPU register with one instruction ;

h) One byte direct addressing is permitted to only ei gh t locations

in page zero (000011 - OOFFH);

i) Built -in dynamic RAM refresh circuitry ;

j) instruction cycle time is 1 jis;

k) Directly addresses 64K bytes of memory and 256 bytes of I/O;

1) Second source is Mostek ;

— ‘4—
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m) Military operating temperatures are expected ;

n) A minimum system can be constructed with the followi ng :

~1L~
1 ZBOA 4.5 MHz CPU 90 ma

1 MK34000 2K X 8 POM 60 ma

2 MK3881 Parallel I/O Controller 150 ma X 2 = 300 ma

MK3886 Z80 Combo Chip 180 ma (estimate based on
Intel 81 56)

Clock 100 ma (estimate based on
Oscillator Moto rola MC6870)

The MK3881 has 16 bi-clirectiona l I/O lines. At least 21 I/O lines are needed

~or the controller , therefore, 2 MK3881 packages are required .

~;amples of the MK3886 will be available 4th quarter 1978. It will have

?56 X 8 bytes of RAM , two programmable timers , serial I/O port and interrupt

handl i ng circuitry .

Total estimated current is 730 ma.

• Disadvantages

a) Most of the 80 new instructions require an additio nal byte to

specify the instruction . Thi s increases memory requirements

and increases the number of instructioc cycles to accomplish

the operation.

b) The Z8OA requires an external clock oscillator .

-15-
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Additional comments:

The 8080A only had 12 unused instruction codes . The Z8OA uses 5 of

these codes for jumping conditionally and unconditionally to a memory

location rela tive to the program counter. The maximum displacement

is -f 128 bytes. Three opcodes are used for othe r instructions. The

four remaining opcodes are used to indicate that an additional byte of

opcode follows to specify a new Z8OA instruction.

This points out the fact that additional instructions have been added

withou t the need for two bytes of opcode.

5.5.7 MOTOROLA MC68B09

The MC68B09 is a 2MHz version of the MC6809 wh ich operates at 1MHz .

Advantages

a) Psuedo 16 hit microprocessor;

b) 16 bit arithmetic operations (load , store, add , subtract , and

compare);

c) 8 bit X 8 bit unsigned multiply instruction ;

d) Non-maskable interrupt (NM!) is vectored ;

e) Fast interrupt request (FIRQ) is maskabl e and vectored;

f) Low priority general purpose interrupt (IRQ) is vectored. If

it is desired , the vector ROM may be disabled by the user with

the aid of the interrupt acknowl edge signal. This allows the

user to divert the vector from the address progranined in the

vector ROM to any memory location ;

-16-
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g) The instruction set includes three software interrupts . Each

will save all of the CPU registers and vector to an address

contained in a ROM vector location;

h) Bu ilt -in clock is optional;

i) Instruction cycle time is 1 us;

j) Di rectly addresses 64K bytes of memory ;

k) M inimum system can be implemented with four chips: 68809,

68810, 68B46, 68B2l. Total current is 660 ma. These chip s

offer 2K bytes ROM , 128 bytes RAM , 16 bit timer/counter and

24 bi—di rect iona l I/O lines.

Note: The 6846 will be available 1st quarter 1979.

1) Second source is expected . It will probably he Fairchild.

Motorola and Fairch ild have a mask exchange agreement;

m) Military operating temperatures are expected.

Disadvantages

a) The 68B09 does not have bit addressing capability (The Z8OA does);

b) The 68B09, unlike the 6801 and 6803 does not have 16 bit logical

shift capabilit y. This could be particularly useful in division and

multi plication routines. It does have 8 bit lon ical and arithmetic

rotate and shift instructions tha t can be comb i ned to oerform a 16 bit

logical shift , but two instructions are required instead of one .

~di tiona1 comments

The ~iC68B09 has 19 addressing modes , 13 more than the IlC6800.

— 17—
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The 68BO9 permits direct addressing to page zero (OtM~OH - OOFFH).

A direct page register can be changed to divert direc t 
~id dressing

to any page . Direct addressing applies to all memory ~~~~~

instructions.

The 68B09 permits byte and 16 bit PC relative addressing.

The 68809 has 4 indexable registers (2 i ndex registers and 2 stack

pointers with i ndex capability ) wi th 8 or 16 bit offset capabili ty .

Automatic increment and decrement is included . Indexed addressing

capability applies to all memory access instructi ons.

Indirect addressing modes include: Indexed indirect , i ndexed

immediate offset indirect , i ndexed register offset indirect ,

indexed indirect post-increment, pre-decrement indexed indirect.

Any of the four indexable registers may be used in the above

indexed operations.

The MC68B09 stack operations include: Push and pull on 2 stacks ,

push and pull any number of registers , index registers may be

stack pointers .

The MC68B09 will support multiprocessor operations with the following

hardwa re control signals: Processor busy , memory ready , bus ava ilable.

Motorola states the MC68809 will support the followin g software

disciplines:

-18-
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a) Position-independent code , due to 16 bit relative

addressin g capability , a program can execute prope~-1 y

anywhere in the address space ;

b) Re-entrant programs ; routine useable by interrupt and

non-interrupt programs without loosing data ;

c) Mul ti-task and multi-processor organization .

5.6.0 TRAUE OFF STUDY

This section wi ll compare the features of the Z8OA, 8O85A-2, and the 68809.

Minimum System Complexity

Fi gure 3 indicates that the Z8OA minimum system is more complex than the others.

The 8085A-2 minimum system uses slightly less current and provides more RAM and

I/O than the 68BO9 m inimum system.

Acd ressi n~ Modes

The addressing modes of the 68B09 are superior to those of the Z8OA or 8085A-2.

The 68809 has 19 modes, the Z8OA has 10 modes, the 8085A-2 has four modes.

MEmory_Requirements

Due to the flexible addressing modes of the 68809, less memory will be required

to contain a program if compared to the memory required by the other two micro-

processors . Many Z8OA instructions require two bytes of opcode . Z8OA direct

addressing is limited to eight locations on page zero. The 8085A-2 has no one

byte relative addressing or one byte direct addressing .
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Bit Addressing

Unfortuna tely, bit addressing (provided by Z8OA) is not one of  the 68B09 addressing

mDdes. This would be useful for addressing in dividua l I/O lines to the controller

modules , but it is not a critical requirement.

In terrupt Features

The interrupt features of the 68B09 are preferred over those available from the

other two microprocessors . The 68B09 has three software interrupts that can be

useful in addition to the other vectored interrupts that are provided .

Multi pl i cation

The 68B09 can multiply two unsi gned 8 bit binary numbers wi th a single instruction

and give a 16 bit result. This instruction will execute in 11 uS. This instruction

cannot be found in the 8085A-2 or the Z8OA. To accomplish the same result , many

individual instructions will be required which will use more memory and take more

time .

Civ ision

ihe 68809 will perform 16 bit arithmetic. These operations are (load , store, add ,

subtract, and compare). These i nstructions can be very useful in performing 8

L it X 8 bit binary division. The 8085A-2 and Z8OA can perform some limited 16

L it operations.
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E3enchmark test ing

Shown in Figure 4 are the resul ts of benchmark testing performed by Motorola.

Thi s is in tended to indicate that the 68B09 performs very well overall when

compared to the 8085A and the Z8OA .

The MC68B09 is the optimum microprocessor recommended by Yucca International , Inc.

for the microprocessor-based power conditioner controller.

6.0.0 DISCUSSION

During the course of thi s microprocessor selection , prime importance has been

placed in min imizing power supply circuitry , number of components requi red for

t~ie minimum system , memory requ i rements, and power consumption. A microprocessor

w~s selected that did not sacrifice performance or flexibility to accomplish this.

Flex ibility and memory expansion capability could be needed if modif ica~ ions are

n?cessary as controller development progresses. Consideration was not only

given for possible future expansion , but also for possible future minimization

o F the controller hardware.

I~ memory requirements can be kept below certain level s during the course of the

dt?velopment , it may be possible to drop down from the 6809 4 chip minimum system

to a single chip microcom puter once the design is semi-finalized . The Motorola

61301 and 6803 could be likely candidates for this.

Development of the 68809 based controller can be performed using the Exorciser ,

a Motorola development system already at Yucca .
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Additional deve lopment support can be obtained by purchasing an MC68O9 simulator ,

and MC6809 macro assembler and related reference manuals.

The MC6809 will be available in December 1978. Motorola has stated in a recent

seminar tha t the single unit quantity price of an i ndustrial grade MC6809 wi ll

be $19.95.

7 0.0 CONCLUSIONS

The optimum microprocessor for the microprocessor -based controller is the Motorola

M(6RB09.

1 ; offers the best compromise of performance , comp lexit y of a m i n imum system ,

e::pansion capability , and power supp ly requi remen ts of all the m i croprocessors

that were consi dered for selection .

Sufficient developmen t support exists so tha t development of t’e 6309 based system

k rmty proceed immediately .

8 0.0 RECOMMENDATIONS

Ii: is recommended that Yucca International proceed immediately to the next task ,

development of the controller hardware.

c .o.o DISTRIBUTION

• Three copi es - Dr. W. Dav id Lee

Two copies - John A. Gabby

_  - 
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Z8OA 8085A-? 68809

~1INIMUM SYSTEM

Thips required 6 or more 3 4

Power supply current 730 ma 530 ma 660 ma

RAM 256 bytes 256 bytes 128 bytes

ROM 2K bytes 2K bytes 2K bytes
• rinier/counter? Yes Yes Yes

31-directional I/O lines 32 38 24

~0DRESSING MODES

~umber 10 4 19

3 bit PC relative? Yes No Yes

16 bit PC relative? No No Yes

)ne byte direct addressing? limited No Yes

)ne byte direct addressing on
-3ny page? No No Yes

• 
~it addressing? Yes No No

(NTERRUPT FEATURES

4on—maskable i nterrupt? Yes Yes Yes

oftware interrupts? No No Yes

‘/ectored interrupts to any
m emory location? Yes Yes Yes

Interrupt that save all registers? No No Yes
• Fast i nterrupt? Yes Yes Yes

INSTRUCTION CYCLE TIME l~5 .8 pS

FIGURE #3: COMPARISON BETWEEN Z8OA, 8085A-2, & 68B09
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