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= R AL

Microprocessor/Microcom-

covered in future issues?”
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puter ¥ 7 MAHHE HESFT gk S
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B WEE 24 Fod dadd A39E
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g, BERME HHE 2 BERES At
AEA] (chassis) o] EEste] sle] 22z Fel4l &
28 BRI 21° & EEETHEE E 9
Uz e of HEE = 2 S Btz e
pp & JEP L givh zEv pp o EEER A
A ks wUA T Sstz gl

pp ¥ CPUE TAS= AW =} B3
3 EEdes HFE 5 Ak BE—3 CPUE
zRaRvHEH, aefFHES #, ALU(Ar-
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spol 224 Fel A9
croelectronics ¢] PPS-4(4W E)&): PPS-8(8¥ B =] gr), Intel 3001/3002 Ze]lz N
E) & B3 CPU Y oo|c}, ##AY CPU  tional Semiconductor & IMP gz S& 1y
= gubdeoz 9 A9 WEvlo]x(bitslice) E2zlo]lxz ppd flolrh, F 2,3,4% A A
AR 28, ALU 2elx &4 St HEE Az g RENQ vlazz249 ik
##3l= Control Read Only Memory (CROM) & T Aol
& 1. mlelaz=zAAY R
Increasing Speed, Flexibility, Computing power_,
Calculator ‘——»I Microprocessor |——| Minicomputer
2 £ (Word Length (Bits)) 1,4 4,8,12,...16 8,12,16,32
B %/ 3 FI(Serial/Parallel) Serial Parallel Parallel
ul o] = 2 £ 4 (Microinstruction) 4-40pSec 500nasec-10usec 200nsec-1 usec
4 o] & A 7+(Cycle Time)
fir A B (Instructions) 20-40 30-100 70-200
A B/ 8 Fnput/Output) Keyboard Display, Flexible, Slow Flexible, Fast
Printer
¥ = =% A(Bit Manipulation) No Yes Yes
el ¥ ¥  E(Interrupt) No Some Yes
D M A (Direct Memory Access) Dedicated to Some Usually
Keyboard
# B A (Multichip) Some Yes TTL, or TTL/MOS
ulo]l z 82 = 2 7.3 (Microprogrammable) No Some Some
B O # B (Arithmetic) BCD Binary and BCD Binary and BCD
B 4. Hfperlelz 2= 244
o 8 9 g Advanced Intel Monolithic Raytheon Texas Scientific  Transitron
Micro- 300/3002 Memories RP-16 Instru Micro TMC(1601)
Devices2901 6701 SBP0400 Systems300
B B 4 2 4 16 4 8 4
pEEEEE  TTL TTL TTL ECL I:L TTL-S TTL-S
#ol A 7+ 105 nsec 165 150 0.1 1.0 250nsec ?
min
&% 4 & 105min 40 36 38 459 8 ?
plnstruc plnstruc
& B 5V , 5V 5V 5V 0.85to 4V 5V ?
CPU# K 4-Bit Slice, 2-BitSlice, 4-Bit Slice, 48-Pin 4-Bit Slice, 50-Pin 4-Bit Slice,
40-Pin 28-Pin 40-Pin 7-Chips 40-Pin (S:ihqgle 40-Pin
1p
B E 2 Sequencer, Carry Buff. RAM, ROM,I/O
1/0, Interr- er, Interru-
upt, Carry pt, PROM
CPUFE# $21(100 3001:$35  $95(100) $187(1-14)
and over) (1-24) $90(100)
W A ¥  Now 3Q74, 1P74 2Q75 4Q74 off-the-shelf 1Q75
6-weeks
& #%  Micro- 2nd Source: Planning 2nd Source: New Avail-
Program-  Signetics  Plafory Signetics  ability 1976
mable Program
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thgoll REMQ mholz 2z 2 A48 el
a4 zielsl RBEITCE o¥d wpd EFES
SWE EEKﬂ/ﬁ olm o] FAE s I}
A& AL 19735 v Figd # 2t wp
Intel 808002 HfE HEH=E = #p 9 #9%

ol =
AT

(8E!T)
INTERNAL DATA BUS

+ AR dvh. 28 18 2 HESEEE
vekbd Aol

8080 CPU = 40 Pin, NMOS LSId o 2 2ps
~9us 2 BITst= T8 me4E /He A5

SEAAZH hesh 2L BERE MRS ol
o, D‘l BIDIRECTIONAL
‘ CATABUS
bAaTA BUS

88IT)
{, INTERNAL DATA BUS

P

J
LACCUMULATQR] [ TEMP REG I
,, .

ACCUMULATOR
LATCH .8

FLAG S | o
FLIP FLOPS

N ARITHMETIC

LOGIC
UNIT
{ALY)
@
A

DECIWAL |
ADJUST [

(NSTRUCTION
REGISTER & MULTIPLEXER

W 181 2 18
TEMP REG TEMP REG
- 8 ) C ®
g REG REG
INSTRUCTION =

I ) 18 E 181
DECODER 2 REG REG,
MACHINE I H [ C @ REGISTER

CYCLE 2 REG REG [ ARRAY

ENCODING 2 o

o STACK POINTER

116
PROGRAM COUNTER '
INCREMENTER/DECREMENTER

r—" ADDRESS LATCH (6
TIMING

AND lL
CONTAOL

DATA BUS INTERRUPT HOLD

WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS

16}
! ADDSESS BUFFER J
wart ot

POWER —= 12V
SUPPLIES | —m 45v

=& LT

VA OBIN INTE INT HOLD HOLI DWAIT

I SVDC ol ;2 RESE A
ADDRESS 8US

a8 1. 8080 CPU f&ﬁbaﬁ%

ole,

#l 2] 2 &) #i (Register array and address lo-
gic).

HEF (Arithmetic and Logic Unit : ALU)

H#3 (Instruction register and control se-
ction).

o] o] e} ¥} 2 9] =} (Bi-directional, 3-state data
busbuffer).

Al 28 e 6] 168 AALH 2 HEK
RAM FEigllel= 6184 84l =yl = 28
£ HEOR Y +E gu #ow ¥
HE 2 gA Slo] glo] HREE % (BREEY

EHRHEE 274 =] leh slzelt 64k vio] =
7bA) HHE HERET 7 dA S dn &

Hxolee] 9a4 RAM = 2] AAE S

=
o
i

Beog AT 4 A S gleh
HAMALU) = 5l #E Y ERERS E
73k d7ldle = 8WES ofFRFalolv, 8
NES) HRsolTFel 5329 o
1. (flag) ® %] £ ¥ (zero, parity,

olv] 2Bl
carry, sign,
auxiliary carry)rz} ¢} o= auxiliary carry &

Aagens 10EHES BTE 7 A=F =

o sleh,
EAGSATL 1) RBT~TIE B
SRt PIE Bel 8= WAAAZH RE

& obFFalolHd] Rel=lE 4735k (Addr),

I (fetch)oll 3 @S] #RAE, M9 ETT (exe-
cution)oll & HREEE 3ol M4 BRHGEIR
eI FEH) % I/O WEHioll = 3 #Eato] F (machi-
ne cycle)o] &3l & @afHol T2 MY




wpol 227 Fe) A2d

M2 fhtes T BRI Abolo] BE
ol Zo] AR + Yok,
famtd A Ae9 AusA o] = (3

BEI )+ AT 24 Geaxze] 2 #
ZAh olo]A SeEHEIT AsdiHY
RZ-S fEfESEY o] MRS B 48 AR
] 241 % (timing signal) e} #5435} = =] £ ¥ 5l
ALU 2 dlolelwsl Fol GlEAEREA il
L2 S e e s b e M 1 [ R |
HEe stedE R 2 #olT AF AZE 4
K= 5 grl

>

A

S$TST3

SYNC $2 P RESET
RDY 80BIA (Fy N

T

CUNTROL BaTA L.JOR SS
bus  BUS

7SS 8224 WLl REQ v
€.0Cn GENERATOR - CONTRULLER
[ AND DRIVER 8287

8UEZR H+ #rkk 3RE W= CPU S
AR 291 AEEE o] Bl W 2 (Co~Dr) & RS
ZES P}, BHEeE W ARMHEZY A
79 8H¥E A (latch)o] HR= 3 ofe] W]
B~ HhwsE BEde. Hdsls AT
2o I Ex= wlelER S T34 ¥
T REEREE A

3. OOl aRHFH

2% 2%& 8080 wlojz e A9 dmE]

WR_00-D7 DBIN_ .02 a0 as

SN R

8, 53 (
zza srere )
CONTROLER 7 URLIOER
LBZAE. 0"'J'\ﬂ.‘-'

87024

oo [

il gfi_j

1
1 1
—1
8302 ‘ 8o Q024
a3d8 are Ram3 878
w1641 50 8242

U _II

Ui ALY 8
TS e T JT 1T IT I
CUNTRLC BuS tb)
e T IF 1 r I JTL 1.1 I N
alOARELY BuS LE!
L-\ s 1< N J [v J [
82% 8e 2 82:4
e iiel PRIORITY
LOMMUNICAT ON 825% FERIPRERAL 82.2 NTERRUPT —
INTERFACE NTERFaCE
8253 a2ty
T8 2. whol 2z FE A 2

M
A
K
N
o
e
I
H

slo] £ F Al&AWEMEE HET
E% 4] mpelz 2258 A48 (MCS-80) 2] &3

5 XAl pp BUEERLA A =

RRESE A8 7FA] QI H S o] ZEKBE
a gle] vz 2AFHE Ritele
o] BftsiAa glrl, 259 E6° o]F A&
W 2 o]l 2AFH AL KBRERS ®
Al st et

¥ 2% 24 HEAMGeEs CPUS(Z
g Pl 2 4o WMol RE, AHHEIES

EEELE

EEG RS
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€ AA

A &

< ZEHReR 5o gl

Az e A7ER] FH7F el Ag~Ay
< 3AHE JRl= B A4 CPU7 W2
29 FHE BESA Y AHSEREE BE}=
| $iF3cl. DBo~DB,-& #iE 3 4kMEY vl
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B 5. MCS-80 A} 25 High-speed paper-tape punch
: High-speed paper-tape reader
Function| Type ]Pins; Name/specification Teletypewriter
. ICE-80 In-Circuit | Used With MDS for in-circuit
CPU 8080A | 40 | 8-bit CPU, 2-us cycle
Group [8224 16 | Clock generator Emulator gfnrgd?:rgr/sg&?";rgwieb“g'
8228/38 | 28 | System controller environment
CPU 8080 A-1| 40 | 1.3-ps instruction cycle MDS Resident S :
/ - e H ystem monitor supports
Options ﬁJSAOi 38 21_-5 #Sssl?(ftilzlggon cycle Software Packa- | diagnostic aids and real-time
808! {8, ges chgcko_ut contr_ols system
Input/ (8212 24 | 8-bit I/0 port ﬁacr%rlgéserg%{gh?rr:rllsslates
Output (8251 28 gi%%{sr%%g?aggmm“‘ tsymbolil;; assengly langslage
. o machine code, provides
8255 40 | Programmable peripheral full macro and cogditional
interface assembly
Text editor supports program
Periph- (8205 16 | 1-of-§ binary decoder entry and corrre)gtion, Ii)n-g
erals 8214 24 | Priority interrupt-control cludes string search, substi-
anl;gt bidirectional b tution, insertion and deletion
8216 16 -bit bidirectional bus commands
driver (50mA), noninverting DOS (Diskette Operating Sys-
8226 16 g—bit ?idiref;ional blé'S tem) supports symbolic file
river (50mA), inverting management for develop-
8222 22 Dynarrﬁc lé_AM ;gflrge;sh n}erétgof programs and gling
controller (for 8107 of data such as diagnostic
8253 24 | Programmable interval information
timer ICE-80 supports debugging
8257 40 ‘ Prograllinmable DMA with English-language type
controller commands
8259 28 | Programmable interrupt ROM-SIM supports the ROM
F controller simulato)r (a high-speed RAM
memory,
EPROM [8702A | 24 | 2k(512X8), 1.3#s access
8708 24 | 8k(1024x8), 450-ns access Crss-product PL/M cross compiler
software packa- | MAC-80 cross compiler pro-
ROMS 8302 24 | 2k (512X 8) l-ps access ges vides full macro and condi-
8308 24 | 8k(1024x8), 450-ns access tional assembly
8316A | 24 | 16k (2048x8), 850-ns INTERP/80 simulater sup-
access ports program-execution
simulation and debugging

CMOS 5101 22 | 2564, 15nA/bit standby

Static  [5101-3 | 22 | 256 X4, 200nA/bit stanpby SDK-80 System Contains all componens and
RAMS |5101L 22 | 256X 4, data retained at Design Kit software required to assem-
(all 2Vce 15nA/bit ble and operate a basic
650-ns |5101L-3| 22 | 256X 4 data retained at 8080 system
access) 2Vce 200nA/bit
SBC-80/10 Single-board computer

NMOS | 8101-2 | 22 | 256X 4, 850-ns access
Static  [8102A-6| 16 | 1024X 1, 650-ns access Manuals 80 Microcomputer Sys
Rams 3102A-6] 16 | 1024X 1, 650-ns access tems User's Manual

8111-2 | 18 | 256X 4, 850-ns access Intellec MDS Hardware

Reference Manual
Intellec MDS Operator’s

Manual
80%0 Assembly Il.\,zngualge
Note: : ; 3 rogramming Manua

ote: : All access times are maximum values PL/M Brogramming Manual
H 6. vlolzaAdSe TBRER MAC-80 User’s Manual
INTERP/80 User's Manual

Dynamic |8107B 22 | 4k (4096 X 1), 420-ns access
Rams 8107B-4| 22 | 4k (4096 X 1), 270-ns access

Microcomputer 8080 system with interrupt
Svatem D) | momory sad 10" ST g wal Aolnh B A8HT 9E vela
and peripherals | Diskette system =AY #50%E SUEEEY Ko
gﬁ%’eg;géoll)fOM programmer Ho] Qo) AA 16N E Eo g BiTsE EHA
Line printer of Jlz ESEAYSl HIMERS B—xq R$ =




shelz2AFH Azd

ADDRESS BUS —

[Ty p— Ao %”—————-———-Ac
a5y ———td a B e,
-5y i} ap e}
s 12V —<t] ay _aié____.___.,
R —
8080A 45137 N
CH olas .
ol .
M EERE—
SYSTEM DMA REQ —— 2100 4
¥
"
SYSTEM INT REQ ——13elinT
INT ENABLE ——tBeliNTE
D XThi Dt 17
21
JOF | me—
a2 0 22l FZ a3
12 o nl' Dol 2 08
05C 4 2a| %2 o 12 1l g228
b B2 ~Swarr ' (8 12
2 YRS RN iy 7 10 B[
ROYIR 5] “m'j?r“-’nm T P 0 & lDIRECTIONA
Wi OVE ES! o .| _Bus
.12y e 2] OKIVER 197
+5v B Blone o, it
i wsv-—?::
14 . 14
SYATUS STROBE oND— SYSTEM
CONTROL L2
22
n —2
CONTROL BuS
-
a8l 3. CPU 2§
3T
H 7. vfolz 2 A 5E
Intel
Pro-log

Applied computing technology

Rockwell PPS-4

Applied computing technology

TDY-25A

Teledyne corporation

8-BIT
INTEL-8008

Intel corporation

Prolog corporation

Digital equipment corporation

Control logic

Process computer systems

R2E-U.S. REP:

3

Microsystems international

Martin research

INTEL-8080

Intel corporation-80/10

Control logic

Process computer systems

R2E

Mitsaltair 8800

Mycro-tek inc.

MT 8080

Comstar div. warner swasey-inte! devices
IMS associates-IMSAL 8080
Information control corp-abacus microsystem
Electronic memories and
Magnetics-system-80
Monolthic microcomputer-8080--
Martin research
Ramtek-mm 80
IMP-8C
National semiconductor
Motorola M-6800
Motorola
Mits altair-6800
Sphere corporation
MOS technology-6502
Ebka industries
MOS technology-KIM-1 (USES 6502 CHIP)

16-BIT
IMP-16—National semiconductor
TDY-52B—Teledyne

(Uses national IMP-16 chips)
Naked MINI/LSI—Computer automation
Hamilton/Avnet pacer (uses national “pace” chip)
Texas instruments-9904 (Uses TMS 9900 chip)

+ 9 EHEES "Bk 16ME o)k FEE
KHEZ A= Yeselols upE FHEIY

rfo] 227 e wlolvbe X8 A3 Bt
9} & 37kA WY £=EdolE At
o}, e udo]le £ == o} (operating softw-
are) = gk vlolz =A Fe ¢ ROM o]y PR
OM ol BEse] d&e £ EoLzA mlo]laz
AFHE EFoE BifeAs)E ®EE S
o] 59 —if= wlo]7lrt #EEkskRI vt vhol 223
FE e AARE 2 =AY Sejdlo] AT EY

oFE fEpal ok qeh.
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H 8. A= Ed o} (Available soflware tools)

OPERATING SOFTWARE:
Customer application program
Binary loaders
Relocatable binary loaders
Operating system
Miscellaneous utility program:

Math subroutines
1/0 control subroutines
Paper tape copyé&list programs etc.

PROGRAM DEVELOPMENT SOFTWARE:
Assemblers
Relocatable assemblers
Paper tape editors
Macroassemblers
Compilers
General-purpose microassemblers

DIAGNOSTIC SOFTWARE:

CPU diagnostics
Memory diagnostics
1/0 device diagnostics
Software diagnostics:
Debuggers

Simulators

BEiLZEA b= vlolslst sigl Rl 24 AT
e Aoln wpolaeAFE Y BfES AR E
dl AHg-gket

=2 A BB A2 Egols nlo]z 2
ool slz A= 7 #EHe] wWel T Woelvh
gubd o g o]z} “A= Eg ol XYL ook
71 W oS EmT

BABERZ BB ALz EdolesE: B
Y ¥ (monitor), #~edt]A] (text editor), =
2.t (loader), ot4lmel 3 w7 (debugger)
=0 5 & gtk o] SoAE S BEEY A
L o4l mejolt} ulo] 22 A FE T I B
HREHE Inte ] PL/M 22 o]5& PL/14)
A i3k Aol 1 Asbo]sx}4L Fortran]y

2 fes =zadeld 32U EFERY A
BAAZ 4 ok 2 F 168 EFERS

Felol BT 4 ¥ Seis= PL/MEAY A
stdel 7b AES T e

ARk

5. MG

mle] 2 2= 2 A5 HlFsE o 7R $HE
BaEEe 29 49 Estgdeh EHss AR
ol wel (GEfBE) A2l Stk 9 BHEIER Gl
con-on-Saphire) 6.2 [E4gteh, ppell SEIE
BEEERS ER S8k —fmwez MO
S Heffio] A= 9lEul gl PMOS 74 4
2593 vhgql HEES MLl $5t9 NMO
Syt AgEgrh Bl BHEESLT 4L CM
OSgp7F Vo glvh BlEZF]L ppE b
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SILICON

[ i
BASIC
DEVICE TYPE BIPOLAR MOS MOS
BASIC o
OENICE ees COLLECTOR 30 ISOPLANAR
— Pmos
— TiL t EFL L TiL t— NMOS — PMOS
E?&dé’ _ £ ‘—@ — cMes — NMOS
— EcL et
l— mnos L— @
— DTL
}, L— pmos
RTL
_@ L— vmos
L=
8 4. $EEE
E 9. PEEHEMY
PMOS NMOS VMOS CMOS Bipolar 12,
TTL
Speed (1="Fastest) 6 5 2 @ 4
Density (Circuit layout) 2 @ @ 2 4 2
(1=Most dense)
Power (1=Least) 3 2 1* 1* @ 4 )]
Experience (1=Most) 2 3 6 4 5 @ 6
Process complexity(1=Least) @ 2 4 4 3 3

* Power is a function of speed

T 10. vle]zz =242 AW

- COST
- AVAILABILITY

. SOFTWARE/APPLICATIONS
Support/Documentation
. MICROPROCESSOR ARCHITECTURE
—Word size (Data/instruction)

—Quality of instruction set
—Register organization and

—Communication
—[nterrupts
—1/0

—Memories—cost/size/bus Structure/POROMS

—Speed
—DMA

+ MICROPROCESSOR PHYSICAL STRUCTURE
—Package count (Including Peripheral circuits)

- SECOND SOURCE

—Pin count

—Power supplies required
—Power consumption

—Chips vs board vs microcomputer

—Reliability

- TESTING
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1) ]1.D. Grimes, “Techical Editors Report for
1976,” Computer, Vol.10, No.2, Feb.1977, p.2.

2) A.O. Williman, H.J. Jelinek, “Introduction to
Lsi Microprocessor Developments,” Computer,
Vol.9, June 1976 pp.34-46.

3) Intel Coorporation, 8080 Microcomputer Sys-
tem User’s manual, Sept. 1975

4) C.T. Lim, ID7000 Basic Microcomputer System
System Description, Oct. 1976.




