PB/80 Computer
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s The PB/80 ig a % micro-second, 8 bit computer. The large
instruction set, 5Z instructions, and 4 general purpose
r~¢m_mm¢-ﬂwregisters;allow—eiiicientﬁmachineueeding. — -

T T '*"*'T_hG‘"‘F‘B?”SO*CUI’ISi’St'S‘ of-a setof T an‘c*tion‘arl"mdul“e's T
implemented with entirely TTL integrated circuitry, and a_ .

| random-access memory incorporating the present state-of-
e — 2 the-art MOS--technologye - — S - - —

- Al data transfers and manipulations within—the-computer— -
lare controlled by a solid state TTL _LSI, read-only memory -
(ROM) controller, Data transfers and processing are controlled
= —- L by-the execution-of a - 12 bit-set of micro-instruetions . .. .
stored in the ROM. A new micro-instruction is accessed and

o executed every 500nano<seconds, This ratezllows most
_________ —~ instructions to be accessed from memory and executed in
' 2 micro-seconds,

" Machine Charzcteristics

E

<w—r—---The basle-organisation of the PB/80 _Computer is presented .

. in block diagram form in figures 1-1 and 2-1, The computer
"Wkﬁ*"m@m—""“fconsists"of“storag';“processing“and—operator—inputfoutput“*ufﬂ”“““
: _iunits, All major system units are connected to the output B
- bus_(OBUS), which is the 8 bit parallel path used for all
st data-transfers within the computer.bus structure.. ... -

S e e e ___; .DqEMORYfV - - R i e e e — e e o e
. - 256 X 8 bit words (bytes)., -

e ——— e ALL memory locations directly addressable, .

T~ 7T GENERAL PURPOSE REGISTER FILE — ' - T
| .= &t addressable, 8 bit general purpose registers.

; ~ 3 of the registers usable as index registers.,

S— 1% micro-second-execution time for register to. ..

register instructions,

ARITHMETIC/LOGIC UNIT
. = Parallel operation.,
—m-FRll--get of arithmetic, logical-and shift capabilities. . __

- Implemented with three TL MSI IC's,

INSTRUCTION CONTROL o '
: P - Implemented by a micro-instruction sequence by
i e . ROM.CoOntrol. system, . . _—
_ : = Micro-instruction word containing five basic fields,
- =rCodes serve to-route-data transfers-between-functional———
’ units which perform data processing. :

e . CONTROL WORD.STRUCTURE ... __ . ... o
N ... Bit(s) . Control field,
R ___ o g,‘i R — RG‘A""*""I’-‘L"”‘SOUI‘C& — o e e e e e
el ..t 2 . - RCB 'B!' source
o : 3.6 REC Arithmetic/Togic Unit ~
e e Qo _RCD._ Destination — e
: A;B RCE Bnd (instruction finish)

| RcA |RCB . RCC . Rep, | RCE |
@ !4 3 +« &5 & 7 g 9 A B




o PB/80_Computer . __SUM 1=1 _ ]
~
****** e *m”BuS“StructurE“W”“"“ - B T E——
,,,,_,‘ba\ . -
R P S - _ B
ABM 'A' Bus Multiplex o
“”KLUf“A?ithﬂ?ﬁic{;ogic Unit
' FPR Front Panel Register ) )
o r—GPR—General—Purpose Registers - -
‘ IRR Instruction Register B ) R
T MAR Memory Address Register
. S MEM__Memory (256 X _8) ——
MDR Memory Data Register _
~ o PCR - Programme CounterRegister--— - ———— — - —
B  TRA 'A' Bus Temporary Register
S N . - e
Buses
- ABUS ALU 'A' input Bus
ADDR Memory address bus
-+-BBUS . ALU. !'B!_input bus _—
DATA Memory data bus
1 FPIB——Front-Panel data—input bus B -
B IRRB Instruction register bus
oy - OBUS ALU output bus
L -+ PCRE’ Programme Counter register bus — N
'A' bus temporary register bus
T Sectionse o
i ' 1-2  ALU & GPR o B ) S
e le 3 ABMG-PERy-FPR-& PRA————— - - -
- -4 _MAR, MDR, MEM & TRR . R
BN o . : R
 Ker A Dekete  FRE
AAAAAA . w . _TRAB } )
R . ABM . -
— .



o PB/8O Computer o i o SUM 1-1 -
~~ ' —

YAY Source

- Centrol_k]_mes e, S _.._.-.‘,.*,,\,,,Ag,,, e e __NU,,,,-,,,,, L e e e

M }ABM AV Source Select -

. lArvithmetic/ _ ATU-M

LBt —Source ——— GPR-RA -
' GPR-RB

j}GPR reglster read select

Logic Unit ALU-C

—— - .._u,,,,f.-ALg_.Sg.

ALU=-S1

““——*””‘KLU”SE “éélmﬁfunction ‘cont¥rol
- ALU~-S3 e -
ALU-S/N

b - —ALU-R/S \
ALU-L/R J}

Destination _GPR-GW — GPR write strobe

GPR-WA GPR register write select

GPR-WB—

FPR-WC 7

PCR-WC™
_IRA-WC

MAR-WC

MBR \‘H [al

'}Writeciocks.

LIRS

IRR-WC

TTMEM=R/W = Mémory read/write control

 ZERON-—=- "OBUS: zero detect ..
ZABUS Zero ABUS _

Devices

2 off 74181

_T_.I_ﬁ_f_f_,?}.l-]az - R e

1 off 74,198 B - Zow ‘A Dhleds~ ABM)-A

i 4 off 74LS153 ) i
e 6 ott LI BB
(2 off 7LLS670 ‘ _ -
- T off 81L3S95 T b MW ARAZRE
e L1 off 81L596. i o ——enn L Pl R-RE.
2 off 2112
1 Gff 7ULS30 . o.My -~ RE o
‘4 off and gates 2
e 2o nand gates : - EPR = 1&
o 31 off inverter - -

-.8-off resistors-5K : S - - —

) . 8 off resistors 220 )
e 8 of £ LED Y red ‘ - - -
~ .8 off switches SPDT _ X
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- PB/80 Computer ) R SUM 1-2
e ALY & GPR - _
| Arithmetic/Logic Unit -

General Purpose Registers

buses

ALU 'A'" input bus
~—ALY-B'dinput-bus— -

TABUS (9-9)
o L BBES-{g_)

——(high true).

(high true)

_OBUS (@-7)  ALU output bus

(high true)

) Control lines o - e
GPR-GW GPR write strobe o (Low true)
GFR=RA Y -
BN ) GPR-RBﬁKr_G_'PR register read select IFEA 513 gg‘lect ]
i, L H R1
H™TL TR2
) : — H H R3
o GPR-WATT GPR register write select WA |WB| Select
GPR-WB = : = I TT =] -
- - — L H Rl
‘H L R2
H H R3% —_—

T ALUES2 ALY function control

Refs PAB—I=2 —

L ALU-S/N
e ALU=RAS |- —

ATLU-L/R —

h - ATE=CTK ALY -output strobe—-— — ———{positive-edge) -

e
o U gERON T ~ OBUS eguals zero T (Qow true) T
—_— Devic_es - ————— o — .
2 off 75181 | o ) o
\-off 182 i
e *,,Em “_2_0_ff4?1{178670 . )
e Veff 81LS96. . |
- - 1. off 741830 o
e G- 0ff _and_gates - —_
- 2 off nand gates
""""" —1—off iInverter——
e — - - . - -




.PB/80 Computer

STAB 1-2

o 6. B0

— ALU_function control coding.

’,’_’_______.--

/

Rev B

{ Function |

ALY control 13

8382 81

- ALRAS_ L/R

b

F=A

F=B
| F=A+B.a |
F=A=B &
TTREACB T
FP=A+B 1

e i |

F=A®B 1
- _F:A_N__w_ c—
F=A+1 &

F=A (SR)

0

o PEA=ta

‘.IFDZ%‘C?I:"

P=A (SL .
| Fe (R T

r

"y

~J ALU-8/N
T JALU=RYS,

C1

Roeg

RoFEINWN G -

142.3)4(R0CZ. 3. @ 1)]N »

= ALU=-81+(RCCH. 1)+RCC3

=i§icaﬂz, S/M)+{RCCET)
~ =[(RecE

« RESETNCE

i

(RCOB.2

)N+ RESET

I-li

(yﬂ.n-sgmcc}) (RCC3,2.1 1)N

RCC1

AN

N,

=(RCCH. 1. 2)FALU=5/N+(RCTH. T4 2)

~ VZERSEL *= Zero select bits. (S@-3).

“‘”*“9”““—““%“GPR’{B_Saﬁréé7*66ntrol

coding —

RCB —
 bit

-Sour

ce -

-GPR—control-lines-
GW RB RA WB WA

o

FRCD-bits-

1

Ei

-Destination |-

L

..L-_—- _H L

RJ

byt

g

W [ b

ol B T

e

=xd ol I

lrl

L GPR=GW _goes low during WRICYC

AWWVM_;_ M:AIRRB—1 _during tn time, or FPRS-1
= IRRB-@# durlng tn time, or FPRS-# durlng fn time

during fn time
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, PB/SO Computer
ALU & GPR '

FIG 1-2
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L | FPR
H MEM S

,, PB/80 Computer SUM 1-3
—
S -+ ABM,--PCR; ~FPR & TRA~ -
— | L _ o _ e
e 1 'A' Bus Multiplexer R _ e
Programme Counter Register
i Fpont-—Panel-Register —
) 'A! bus Temporary Register _ )
- Buses - - - B T T
OBUS (@-7) - ALU output bus (high true)
B - ABUS (@=7) AL YAT input bus (high. true) -
il pATa (8=7) Menory Data bus (high true)
PCRB (@-7) Programme Counter bus (high true)
- i TRAB (@=7) -~ VAL bus Temp.-Register bus- ---(high-true) — — —
| FPIB (#-7) Front Panel input bus {high true)
B Control lines - ) T
FPR-WC FPR write clock (positive edge)
PCR=WC PCR write clock (positive edge)
o : TRA-WC TRA write clock (positive edge)
i __"m“mmwwéigg:é“ ABM 'A' source select B | Select

L TRA '
H — .PC R*f,,ii,,., PP —

§—

§ZABUS

_7Zero ABUS control

ﬁﬂihﬁ?:“l.‘“b

(high true)

e mmmmLDeviaesm_mﬂ, - —
----?;-3—ﬁ'o—ffw-?h-hsa?:u - e
- ‘4 off 741.8153% - B
T r—_‘l"?:)ff 8TLS95 N S ) o
—~ ”; - h B . o R
- R, __._8_0 ff ,resistors_SK VU, e e s e S
‘8 off resistors 220
"8 off LED's red ) ' T
e __,%fLﬁdfwsmitchesgsE&LMJ - — . I
- FTont Panel Controls B o
. ,fgﬁ,,w@EEQ @ thru 7 __ Data display LED's. .
FPI @ thru 7 Data entry switches.
— Pt o
— S ] T
— . _ —_ — - — _...%___ — R _ _ —————— - R
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I PB/80. Computer o . . SUM_1=!
N
- eemee— —MAR; MDRy-MEM- & TRR— - B
o~ S o — .. -
. _Memory_Address._Register . . . . _
Memory Data Register
—— e Memory —(256-X-8)
) _iInstruction Register
) 7ﬁ’ﬁﬁ§€éQW o o o -
0BUS (@-7) ALU output bus (high true)
T T TADDR (@7 T Memory addréess bus (hnigh true) T
o DATA (@=7) . Memory data bus (bi-directional, high true)

~ /IRRB (#-7)

Instruction register bus

(high true)

IMAR-WC

control lines

" MAR write clock

(positive edge)

e MBR =G MDBDR-write ¢ lo¢ itive-edge)———
TIRR-WC IRR write clock (positive edge)
T MEM=R/W Memory read/write control
____________ . — _high = read S -
low = write
i'l)etirlces -
/‘“\; ————
3 off 74LS374L
—_—— 2o ff 2112 - -
o I R _ -
,,,,, T S —— - —
al ) ] o -




~_MDR Memory: data register

)

__PB/80 Computer o Fe -k
© MAR  Memory address register ARt R A SECIPRUE B R

~ MEM = Memory (256 X 8)

)

)

)

' IRR Instructlon reglster

T 0BUS

o ngi n7
7¢kLSEﬂﬂr
ad-q71

AR 4

&l-—ov

- THLSET

A

[

IR

D¢-D7 ‘

GLK

QB-Q7

SN

s
I

—— MAR- WL

MDA,

- ADDR_

IRR - W

-l

DATA .

oo




| PB/80 Computer

RCA ROM 'A' Source control decoder

+-REB- —— - ROM-'B' Source—ceontrol-decoder. . ..__. — - e

RCC ROM ALU function conirol decoder

T RCDT " ROM Destination control “decoder e

RCE ROM Instruction end control decoder

- Control lines in

e i RCA-@,1 _'A' Source code from ROM )
RCB-Z 'B' Source code from ROM

kﬁﬁm_-Aff-__RGC»Q,é_m;ﬁﬁm_“ALHmEunction_Qodeﬁﬁﬁom;ROMwmfﬁﬁ__mAiRei;mTAB_EHBJW
RCD-7,2 Destination code from ROM

- “RCE:ﬁjﬁ““"”“*ﬁ‘TnBtrUGtion‘End_CUde’from ROM

L ____! REGC-g,1 Register select code from RAM (high true)

. __A,W,'_“ZERQN .mmﬁﬁ“mmOBUs-Zeer&eteCt-sigﬁal"}}':;m“mud(IOWthue)gmmmh
HALTN - Halt state. signal - (low true) .

) o @RIC?O Write timing cycle signal _ - (high true) =

INCCYCN Increment—timing cycle signal _ . (low true)

Control lines out

—ABM~A.

¢ ABM-B

j}_TKT‘SGurce control select (high tTue)

AT Ty A =
GrR=RH

. GPR-RB "} 'B! Sourqe register selgct (Figh true)

ALU=R/S Lﬁ\
[ A,LU_—r T .’/ R

A_‘A_I.J_H: S : -
I ALU-C &-ALU Function control

ALU-S/N / * - 7' | -'Mi

- ATLU-80

- ALU=S1 . ' - - —

e S B - e S S

GPR-WA -{}GPR"Des%inatienselectﬁm—mk~mmmm(h$ghmtﬂue)n__m
, $ _

 FPR-WC / _ T—Wf

™ TR

! MDR-WC S>Destina§ion write clocks

TRA=WC -
(positive edge)

"MAR-WC

+-PCR=WC S W . e e .

IRR-~WC

mehmwijERSELthnmwmm_ZBrﬂmBﬂlﬂCL;bitsﬁSﬂ+5*LRCC)MW;;m___LlQWmiruﬁlwmm“m

BE— "'*j*MEMhR%W"*“__*“‘Memoryuwrite—clockm ; - (Tow-true) ——-
. INSEND _ End:instruction time . (high true)
. INCRTA Increment instruction (tn) time ~ (high true)

| Internal signals

i DESTR@ZN Destination RZ (RCD) (low true)

T . T T FPDREQ -~ Front pamel data request (RCA/E)-— (high true)—-——




PB/80 Computer

Devices

_23foff inverters

T 2TefE ANDZ 3 ey

1.3 off NAND2

ILLSgh

T7RLS@gT T

7L1LSPA

— 01 e
8. off NAND3 3 off 74LS1d
fffffffffffffffff i ff-OR2 - o ff74LS32
1" off switch SPDT o -
- T 70Tt AND20RZIRV ™ T e it ooma -
) 1 off AND3OR2INV 1 off 74LS51 ]
1 off ANDLOR2INV _ 1 off 7LLS55
o ~-“-*~ﬁw-}~~ofvaKFF~{net} : —a of f-74L:576
1 _off switch SPDT momentary 7 T
ST eI 3 to 8 decoder T ot 7LLST3S
Y __off resistor 1K .
! 4. off resistors 10K _
iz OF - resistors 150 . e S
1 off resistor 10
—t—off-capacitor—1Ouf tant. -
o~ 2 off transistorsBC548
- 2 off LED's red, '
Front—panel (.-untrblt; o
T DREQ Data requést from FPR LED, o
[ RUN 'Run'_state indicator LED,
i DEPOSIT FPR data deposit switch.
T T BREQEN————BRE§-walt enzble/disable;
e ———— i ——— o
e ,iﬁm_ I " . -
- - -
N 7



_J,,PB[&QJComputer}_ e __....Er,,,.,,,__,_E‘.lf..(’:’___2;2;';\_,_,_,__,l_:.__7___7__._i

L RCCﬂhi ERQMWALU fupctiqﬁiéontrdl-ﬁecher{._Wf f'{--. BTN
" (Ref: TAB 1-2) o o o

¢

RO —
Rt 2—
- R A

YYYY. o ‘

)

)
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_PB/80 Computer . Fg2-2p

RCA, RCB, 'RCD & RCE .
A Ty
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/END"
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: _PBZ§Q—£-;ommt?r.. e SUM 223

. - ROM’ RAM,&,FP,C e G u.,,,,,,,‘. e e e

N
,ﬂf“ﬁ\_ . —

| Séquence control ROM, ROM address MUX and Front panel control,

IRRB-ﬁ 7 ~ Instruction reglster bus “_wmu*ﬁmm"(hlghftruejm”“_

'm_“—RAM*A-B~ ****** ———ROMaddress—source—seleect—  — ———(Ref, TAB 2-3).

o Iy WW,”___fﬁ time signal

ROMA-Q, ROM time address (Ref. TAB 2-3)
INCCYC ~ Increment timifig cycle 51gnal_““m"‘fh1gh true)
_(high true)
f1 f1 tlme 51gna1 (hlgh true)

Control lines ount - - T o ) o

| RCA-@,1 a 1A' source code
‘RCB—@“ e e AR oA Pee--e08e e S
RCC~@,3 ALU function code (Ref. TAB 2-2)

- RCD=-@,2 Destination code

.. RCE=@#,1 __  Instruction end code

REGC-{, 1 Register select code (high true)

e o ~———HALT-instruetiondetect signal . (high true).
ZABUS Zero 'A' bus (reset detect) {(high true)
N :L__ernal 51gnals - - i o

RSTIWT Reset interupt : (high true)

TN FPCBRE, 2 Front panel control bus- (Refi—TAB-2=3)~

“_Egggzgtl_m Front panel register select | .Khighnggg)____
 ROMA-2,7 ROM 1nstruct10n/macro address (Ref, TAB 2.3)

- _ -.{Appendix A) __
__ I Devices i o )
i R £ PRLSILS. - -
| 2 off 741876 -
e g B P PHTS A Py e S
b off 74LS153 e
|72 off 745387 R
0 £ 24LSER S - -
.1 off 74LS@8
. ——— e e ,1,,770_ff ?LFLS 1 I - — e e SR [ - S
,,,,,,,,,,,,,,, 17 off resistors 1K -
. 8 off resistors 10K o B
- i of £ resistors_10.. S -
7 off capacitors 10uf tant
B —r 2 off ewitches SPDT-- ‘ - - T
i 5 off switches SPDT momentary
1 off sw1tch DPDT _ ) o
cooem e = — i Fpont—panel-controls —— — - B
i W “ ‘

_DIS/LOA .. Reglster/memory-dlsplgy/load select.

DIS~-PCR Display PCR switch

“‘_I‘NC;PCR‘_’_ - Inerement PER-switch—-— - — - o h

LOA-PCR Load PCR switch

o RESET ~ Reset switch (reset PCRY ™ -
- QEG-¢11meWum"_Reglsier selectgsw1tches i : B
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... PB/80 Computer = FIG 2-3a

E”']ERAIVI"''IRC},D'IE;{idcl:r-:ess;Mult:i;;p:l.-eﬁi:er
'ROM ROM sequence controller .

PR IRR (1)

7

 FPCR~1 3

.

FPCR~2 v

e mm

- RSTINT
FPC&-&
FPR&-1L
-F-PRS-_-gﬁq el

Z-2A8

— 4‘5\]
W L

T

eg

e

IClf .
20—+ |
e b—

T))
ac)
iet—¢ L—
aC1
te2
a2
Ic3a
2

2¢3

300 LS

ac2
i1c3
2%
1cg
2op|—
ey
2c]
VW2
2L
HC3
2C3

TSIy | [ THLSIs 30| 7isis3
: : 1 12 ae &% ov| 12 aB Ba& 12 AB &G

- Roa-7
ROMA-L
, F\Dmﬂ-SE
cf ) ROMA-
1.0 RomA-3 |
: ROMa-2. -

1] .HGﬁ:DCBH;JHGrzﬁch . §H?FEbeA¥jﬁJf
T ';'::5'7”R53é§7._'””' T ﬁ7”H33é57 o "*:.f74{£32§f~?Vf"?fmﬁf
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~ PB/80 Computer
' 7. FPC".
. REGISTER - CDISPLAY
E MEMORH

Front Panel Control

FIG 2-3b

| REGISTERSELECT . o

L0AD. D FeR IN'C.-PC.R. IOAD PCR. . RESET 0 L
S L * . ;.

|

7 1224567 |
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: IVdKV :.

FOCB-2
FPCB-1
FPLB-p-

- FPRS~1—— o
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