HP 1325S
RACKPLANF MQONUTI.E
Manual Part Vo, 1375%-9115R
RFVYSFD

APR=26=7R

(D

HEWLETT
PACKARD



HP 13255
RACKPLANF MODULE
Manual Part Vo, 1375501158
RFVISFD

APR=26=78

NOTTCF

The {nformation contained in this Aocument is subiect to change
without notice.

[
|
|
|
:
YEWLFTT«PACKARD MAXES NO wARRANTY OF ANY KTND WITH RFGARD TO TWHIS |
MATERIAL, YNCLUDTYNG. B'T NOT LTMYTFD TN THF TMPLYED WARRANTIFS OF |
MERCHANTABTLYTY AND FITNFSS FOR A PARTTCULAR PNRPOSE, Hewlett-packard |
shail not be ljable for errors conta'ned herein or £0r incidental or |
conseguentfal damages in connectfon with the turnishina, parformance, |
or use of thig material, |
i
|
i
|
I
!

This document contains proorfetarvy information which {s nrotected hy
coovright. All riahts are reserved. No part of this document may be
nhotoconied or reproduced without the nrior written consent of Hewlett-
Packard rompanv.

- e D a W W A A D W D D >y - -

Coovriaht ¢ 1976 hy HFWLETT=PACKARD CNMPANY

NOTF: This document 1s part of the 264YX DATA TERMTNAL product
series Technical Intormation Packase (Hp 13255),



13258 1325%=9115R/n2
Rackvlane wodyle Rev APR=2A=78

1.0 INTRONUCTTION,

This sectfon contains design and application {nformatfon for the Rack-
olane Module and establishes the rules for interfacina hetween the
various functfonal modules and the hacknlane (terminal data bus).

The backplane is a vrinted-circuit board mounted to the bottom of the
terminal base and contafns a nOwer sunply connector and a numbher of
printed ct'rcuit edae connectors, In addition to orovidina nower to
the functional moAdules, it suoplies the 4,915 MHZ Svstem Flock (SYS
CLK) anA System Power On (PWR ON) signals, Data, address, and control
stanals for communication between the various functjional modules 1s

1s also supoplied hy the Backplane Module, The bus Is the primarv datas
path between the processor and memorv, displav and memorv, and the
processor and perioherals (such as the kevbonard, data comm, disrlay,
printer, and the CTU), All communication on the hys occurs in a
serfallv shared mode, with each bvte transfer being an indeoendent
non~interruntable transaction,

2.0 OPERATING PARAMFTFRS,
A summary Of oberatina parameters for the Backplane Module {s contained

in tables 1.0 throuah 3,2,

Table 1.0 Phvsical Parameters

- - -
1 3+ 3 ¥ 12 1t 1t 3t 2 3 3t 1 23+t St 1+ F A 2 £ 2 £ £ £ £

Numbher of Backplane Slots ReguiredA: NOT APPLTCABLE

1 Part | \ Sf{ze (I, x W x N) | wefaght |
{ Number ! Nomenclature ' +/=0_,100 Tnches I (Pounds)i
Jz===zzz=z=z=zz|==sSzz=s=s=ssszzsxssssssssssssz|sssssss s =sssse=zssss ===z
¢ 0264N=A0153 | Rackoplane PCA (9 Siot) ' 6.3 x S.3 x 0.8 I 0.56 |
1 ' | | i
I 02A4N=K000? | Rackniane Fxtender PCA [ 8.3 ¥ 3,7 x 0.6 [ 0.3 |
' ' (6 Slot) ' | |
| | | | |
| ' [} i |
L] ! ! | !
! ' [} . | |
| n264r-60158 | Racknlane PCA 18 Slot) 1 9.8 ¥ §,3 x n,R ] 0.81 t
[ | | [ |
i 1 ] i i
| f | | !
| ! ] ' [
' ' ] | {
' ' ] i i
! 02645-60005 | mMainframe Assemblv=264S% ] N/A } M/A
'==::888::2:::83==8===:=88=====::-‘-’2:::2:8:::2::8::2==2======:===::==:==’:======‘
! |
! |
| |
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Table 2.0 Reliabilitv and Environmental Information

Environmental: ( X ) HP Class B ( ) Nther:

Restrictions: Tvoe tested at product level

===:=::::2:::::2:::2:2:2‘2:::::::::::::3:::2‘2:2==:=:=:2====:=::=2:=’:===2::::‘
|

Faflure Rate: 0.377 (oercont ner 1000 hours) |

]

4t 133t 31+ 3 i1t 1t i1t 11t ittt ittt it i3ttt i1 t33IiIz 131ttt

Table 3.0 (Connector Information
-3 3 3 33ttt 3t 2 ittt ¢ -8—2-8"’ ::::’82:33:3:::::-:-:2:::::::2:::::::::::::::::::
Connector | sianal signal |
and Pin No. | Name Description |

I I T T I Ittt T Tt I I T T T v v 13
23 PR S T 2 233 2 - 4t E 2+ 2 1 2 22 2 2 £+ 2 2 % S 4

- -
== s=sszszss=j=zssszestssssss

Jt on |
02R4Nn=60157
anAd
N264N=6015RK

Pins 1

-2

-4

- +12v TN PUWER

-6 SYS CuK SUPPLY PCA

-7 ol?v
PWR ON

{
|
]
|
{
|
|
'
!
|
!
!
t -3
!
L
\
)
]
'
!
|
'
|
!
] Not lUised
]

|

)
z
2

LA K B A K L A& A A 2K 2L B A B _JF I A R
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Table 3.1 (Connector Intormation

- - - - - - o an- L T T T T D S T LT L S Y S O T T T
- 3+t 33t 3 3 F 33 33 2 3 3 ¥+ 3 2 3 31t 223 x4 2t i 2 2 3 2 E 2t 2 2 L+t L+ 2 2 X 2 P S R P S 2 R P

!  Connector | Sfanal ' sianal I
!t and Pin NO. | Name ] Description |
'3::::8:2:2:2:: b $ + 4 3 3 1 2 4 2 ¢t + ¢+ 3 ¥ :::::::::::2::========:::=:===:===:==:::::::::l
] | ' |
) | | [
I J?2 thru J10 | ' [
] on i ' [
I N2640-6015% | t '
! | ' |
1 J2 thru J16 | | |
] on [ ' |
I N2640-R015R | | |
{] | v [
] | ' |
t ] | t
] i | i
0 Pins 1§ | +5V | +S VOlt Power Supolv |
] ' f ' |
t -2 | GND f Ground Ccommon Return (pPower and Sfanal) i
! ) ' |
1 3 | SYS CLK ! 4,915 MHZ Svstem Clock i
i | ' i
. -4 | -12V ! =12 Volt Power Supply ]
. | ! [}
1 L | ATDRO ! Negatfive True, Address Bit 0. '
] | ) |
! -6 | ANDR1 ! Neastive True, Address Pit 1 I
] | ' |
' -7 | ADDP2 ! Negative True, AddAress Rit ? I
] t | i
' -8 | ADPDR3 | Neagative True, Address Rit ? |
] I | |
| -9 | ADDR4 ! Neaatjve True, AdAress Rit 4 '
| I | 1
] -10 | ADDRS | Negative True, 2ddress Rit § ]
| | ' . |
! =11 | ADDRS ! Negative True, Address Rit 6 |
! | ' [}
! [ ' |

> t -

- - - - - e e e o - - S - e Ep e G5 e S S D e G5 = - - - .-
3322 33+ 32 2 33 1 2t 2t 243 3 X i P 3 X T P+ ¥ 3 2 T

Lt 2 3332 + + F 2318 + 3 4

]
"
"
[ ]
"
"
"
[]]
[
[[]
"
"
"
"
"
"
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Table 3,1 Connector Information (Cont‘d.)

83::3::====3=========:g:232:::2::32:::3::8 2:8:::::2:?:3:2:2:::2:::2:::2:=:::::
Connector | sianal | Siagnal |
and Pin No, | Name | Descripotion ]
:3:2:2::82:!::' sEITITT== ===z ' -+ 44+t 433 13 1t 123ttt ittt ittt ittt 2ttt .
' ! [

| ' |

J? thru Jio | ' [}
on ] | '
0n2640-60153 | ' |
| ! |

J2 thru J16 | ' |
on | ' l
02640-6015F | ' |
| ! {

! ! |

! ' ]

| ! ]

| | !

Pins 12 | ADPDR7 ! Negative Truye, Address Rit ?7 1

| ' |

-13 | APDRS ! Negative True, 23ddress Bit R '

| | (]

-14 | ADDRY I Negative True, Address Rit 9 I

| ! |

1S | ADPR1O ! Negative True, AdAress Rit 10 '

| | |

-16 | ADPR11 | Negative True, Address Ritr 11 |

! ' |

-17 | ADNR12 ! Negative True, Address Rit 12 [

[} ! ]

-18 | ADDR13 1 Neqgative Truye, Address Rit 13 !

| ' |

-19 | ADNR1 4 ! Neaative True, AdAress Rit 14 )

| ' i

=20 | ADDPRYS ! Negative True, Address Rit 15 [

-21 | 7o | Neqative Trve, Tpout Nutput/Memnrv ]

I | \

=22 | GND ! Ground common Return (power and Sfgnatl) ]

| ! !

| |

P T T T eSS et e woe - D - T S W G W e e W e R W e
332 3ttt 3t P Pt s 42 e 2 ittt it it F 3 3t ittt E st S - T T

=3=
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Table 3.1 ronnector Tnformatfon (Cont‘°a.)

- o T > > > - T - T T 4 P P D A e WP S Y e W A T wp e T = P T e S P T P T P SR ST P T P Y e SR Ae Pe I = R e T > W A T e w = E a—
=== -————------—‘.‘—---3-—--—----—-—-------——-------—---——_-—--—--—-—-.——-------—-.

Connector | sfanal ! sianal [
and Pin No, | Name | Description |
SSs=zZss=3=T===T ' 3+ 33 33 2 t 3 2 23 3 &3 ' I+ 3+ 3433 t 3t 3 -1ttt i1t ittt 2ttt It it T sttt %
] | [}

[ ! ]

J?2 thru Jto | ' |
on | | |
nN2640-60153 | ! i
| 1 |

J? thru Jité | | ]
on | ' i
0264N0=-6015R | ' |
| | I

' ! [

| ' |

| ' [

Pins A | GND ' Ground Common Reryrn (Power and Si{anal) |

| — ' [

-A | PULL | Neocative True, polled Tnterrupt §

| ! Tdentification Request |

! ' |

- | +12vy ! +17- Volt Power Supnlv |

| ! !

=N | PWR ON ! Svstem Power On '

| U ]

-E | RUSO | Neaative True, Data Rys Rit N |

-F | RUS1 1 Negative True, Data Rys Rit 1 i

-H | rUS2 | Neagative True, Data Rus Rrit ? '

| —— | |

-3 | RUS3 | Neocative True, Data Rus Rit 3 ]

l ! 1

-k | RUS4 ' Neaative True, Data Bus Rit 4 ]

! —— ' . !

-1 | RUSS 1 Vegative True, Data Rus Pit S ]

i —— ' [

-M | RrUS6 ' Negative True, Data Rus Rit § L]

| ! l

| ' |

- - -
334233ttt t+ 13ttt 1 It 4t a1t i+t 2 P St S P ¢
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Tahle 3.1 Connector Information ("ont‘d.)

! Connector | Sianal ' sianal I
! and Pin NO, | Name ' Desrription |
':2:3:::::::::3':8232::::::::8::'====-=;::2:2:2:::::::::::::==:::::::::::::::::
! 1 ' |
] | | |
! J? thru Jto | ! |
] on | ' [
I 02640-60153 | t [
! | ! |
! J2 thrv J'6 | ! |
! on i ' I
I 02640-6015R | ] |
) | | |
1 { ' |
L} | ' {
' | ! 1
] Pins N | RUS? ! Negative Truye, Data Ruys Rit 7 |
| | ! |
] - | WRITE ! Neagative True, wWrite/Read Tyne CvcCcle |
] ! { |
! -R | ATN2 ! Neagative True, CTU and POlleA Thnterrupt ]
t | ! Reauest |
| | i
E -8 ) WATT ] Neacative True, Wait Control Tl.ine )
' i ' : |
' -T | PRTOR TN ' Rus Controller Prioritv Tn |
' | ! |
| L L | DRTORP NUT ' Rus Controller Prioritv nut |
L] | ' |
' -V | PROC ACTIVE | Neocative True, Processor Active |
| } ' (Controllina Rys) )
L] [} ! |
1 -W | RYUSY ' Negarive True, Bus Currently Busv [
! ) ! (Not availahle) |
| i ! {
! X | RUN ' Allow Processor to Access Rus !
| I — | |
! -y | REO ' Necative True, Reguest (Rus Data |
| | | Currently Valid) |
| { — ! |
| -7 | ATN ! Neagarive True, Data Ccomm Interrunt Request |
| | ! ) i
! | ' |

T T 3 T T T T T T N T T T T T T T T T T e T L D e ——
22+t 223ttt i ittt i3ttt i+ttt 1ttt it st s sttt 2 L P S E A 2 4 S S 23 S E F S E S X 2 F R X & £
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Table 3,72 Connector Informatinn

connector I Stfana) ! Stfagnal |

+ and Pin No. | Name ' Descrtption |
|=sss=s=scsescss eSS s rs s s oSS sSS e E TS ES 2RI =SS a2 sss====x==2
| [ [

J17 on i | |
02A40-60158 | ! !
Pins 1 | +5V ' — |

) ' ! ¢

?2 1 GND | To Power Surply PCA |

| ' | |

T +12 |l — |

i ! ‘ |

PY on [ | |
02640-601513 | ! |

) | |

| ! |

| ' }

Pins 1 | +5V | ¢S volt Power Supolv |

| ' |

-2 | +5V ! +5 volt Power Supolv |

| ! |

-3 | GND I Ground rommon Rketurn f(power and Sfgnal) |

' ! . |

-4 | fYS CLX 1 4.915 MMz Svstem lock 1

| ' |

-8 -12V | <12 Veclt Power Supply |

i — ! ]

-A | ADPDRO ! Negative Trune, Address Rit N |

| ' |

-7 | ADDR1 ! Neqgative True, Address Rit 1 {

! | —— | [
| -2 | ADDR2 ) Negative True, RAddress Rit 2 |
i | —— ! |
' -9 | ADDR3 ; Neqgative True, Address Rit 3 |
| | ' l
| 10 | ANDR4 ! Negative True, Address Rit 4 |
! ! ' i
! -11 1| ADDRS ! Negative Truve, Address Rit & |
] [} ! |
' | |

I I I I3 I I I s it i I i 3313 I3t 13 31 st 33
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Table 3.2 Connector Intormation (Cont‘d.)

sszs=cz==z =

! Connector | Stanal I
! and Pin No. | Name |
lz=zz2zz==z====2s|s==z====zc=s======|
! | |
| . ] !
! Pt on ' !
I 02640-60153 | !
! | !
| ] !
| | '
) | — !
: Pins 12 | ANDRg :

|

' 13 | ANDR? !
! ] !
| -14 | ADDRS !
| | [
! -15 | ANDRY9 |
| ] v—— |
| -16 | ADNDR10O !
' | '
| =17 ADNRI '
| N |
! -18 1| ADPR2 !
| | |
1 -19 | ADDR13 '
| I !
l «-20 | ADNRI 4 ]
! ] '
' -21 ADDR1S |
! | — 1
! -22 | /N ]
| i !
' 23 | CND '
! [} t
| -24 | CND |
] | |
| | 1

Sewmrecccrcmcmerewe~—w- -
2233ttt ittt i1ttt it - & £ 5 2

Siagnal

Description

13255=91150/09
Rev APR=2R=78

.
SEE=s =S CESsssSsTSEsTrE=sTIss=sIsss==sTs=s=x==z=s==|

Neaative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Neaative
Negative

Negative

Ground common Return (Power and Sianal)

GroundA Common Return (Power and Signal)

*rue.
True,
True,
True,
True,
Trve,
True,
True,
True,
True,

True,

Adaress
Address
Address
AdAress
Address
dddress
Address
Address
Address

Bddress

Tnnput Output/Memorv

Rit
Rit
Rit
Rit
R{t
Ryt
Rit
Rit
Rit

Rit

10
11
12
13
14

15

- e - G T D e > T G R G e G G G D G GE EE G WP P WD WD T G W G G G G A @

I P P P T I 2 T T 2 P 3 T P 1 3 3 I3 3t I3 I P 3 3 F 3 3 v
sS=a=

- et esRsSassw

-
L4 R X 21
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Connector
and Pin No

Pl on
02640-60151

-h

Yy T e
-

Table 3.2

sfanal

Name

T 3 3 T 3 4T3 1
222322 211 r 2 1 31 1 -t £ =

connector Tnformation (Cont‘’d4d,)

Sfona

13255=-9115Rr/10
APR=2f=78

2 2 2 X 2 2 A2 R R -

Necative

Neaative
Negative
Vegative
Necative
Neaative

weaatlye

+5 Volt Power

True,

SYS tem Power On

True, Data

True., Data
True, Data
True, Data
True, Data

True, Data

Supply

+12 Volt Power Supplyv

Rus

RuUs

Rus

Rus

Ground Common Return (Power and Sional)

PolleA Tnterruont
Identi¢ication Penuest
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Table 3.2 Connector Information (font’d.)

-1 - - - - - - - - - G - - - - - - aw @ = - - e D s e G e WD A P S WD S WD s GP TR s Sn G WS S W T G - G W - w-
2t s+ 3t 3+t 3 3t 3ttt 12 2ttt T T Attt 2 R P R R R R R

! Connector | Signal ' Signal |
{ and Pin No. | Name ! Descriotion |

- - . - - - - - - - - el - - an an a e - D D G TS G S G e G W G T e e R S W D S G S E - W S G W
Bt r ARttt ittt i ARt ittt T ittt ittt t -t st t e S P Pt 2L E R P £ 0 B 1

| | ' '
| ] ! I
| +1 on | ' |
| N2640-60153 | ) |
' | ' t
1 ] L] |
( 1 f i
| Pins v | RUS6 { Negative True, Data Rys Rit A |
! | —— | |
| - | RUS? | Negative True, Dsta Rys Rit 7 |
' | | |
! R WRITE ! NVegative True, wWrite/Read Tyre CvCle |
| i —— ! |
' -8 | ATN2 ! Negative True, CTU and PolleA Tnterrupt i
' | ' Request

' i — ! I
' T | WATT | Neagative True, Wait Control Il.ine '
] [} ! ]
' AL | PRYORP NUT t Rus Controller Prinritv nur |
' i ' . |
' -y | +5V ] +S Volt Power Sunply |
' { ' |
{ =W | PROC ACTIVE 1 Necatrive True, Procressor Actlve |
' ] ' (Controllina Rus) |
' ! — ' |
| X | RUSY i Neacative True, Bus Currently Busv |
| [ ! "-jNot Rvailable) |
! . [ t |
! Yy | RUWM ! Allow Processor to Access Rus |
] ] —— L |
! -7 1 REO ! Negative True, Request (Rus Nata }
1 | | Currently Vvalid) |
' | — ! ' |
' «Ap | ATN ! Negative True, Data rom™m Interrunt Regquest |
1 i | t
{ -RB | ND ' fround common PReturn (Power and Sianal) |
' | ' !
t ! ' '

- > e o e W e e - A = -
23 2+ 1 i 2 2t 2 s 2 A2 2 P 4 4+ 4 2 5 5
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.0 FUNCTYONAT. DESCPIPTTON - SIGNALS. Pefer to the schematic diaarams
(figures 1, 2, and 1), tyoical memorv modile {interface (ffgure 4),
tvoical 1/0 module interface (fiqure S), bys controller circult
(fiagure 6), bus controller states (fiaure 7), bus controller timing
¢ ancram (fiuure 8), and parts lists, (02640-6N0153, 02640=-60002,
02640-60158, and 02645-6000S) located in the apnendix.

3.1 ADDRO throuah ADDR1S5. These sianals are defined as module adAress
lines O throuan 15 and are used to Jdefine which module is being ad-
dressed, and which function (for an 1/0 modyle) or which hyte (for a
memoOrv moAule) within the addressed modnle is being addressed, B8it
assianments are as follows with ADDRO beinag the least significant bit,

MEMORY

STGNALS A1S A14 213 A12 Af11 A10 A9 A8 A7 R6 AS B4 N3 22 M3 MO
I/70 MNDULE — _—— e e mer e e e  —— o e—— -
ADDPESS -y - - - M2 Ml MO X4 X7 Y6 ¥YS M3 Y3 Y2 rYi1 YQ
. STGNATS
M°s = 1/0 Modvle Select Code Rits
X°s = 1/0 module Subfunction Strobe Bits
A’S = Memorv MoAule Address Bits
3.? BUSO through RUS7. These siagnals are defined as Aata bus bfits 0
_through 7. BIUSO is the_least sfanificant bit. All efght oits are
Ttransferred without modification over the bus, There is no parftv
check or other verification,

3.1 SYS ClLK. This sianal is the 4,915 uH? Svstem Clock used to svachronize
bus onerations. All bus control sionals must be chanaed only on neaa-
tive transitions of this clock. This is a S0 per cent Aduty cvcle TTL
‘lqn‘lo

3.4 I/0. This s the input output/memory signal and when low, indicates

that address 1ines are to be interpreted as 1/0 module addresses and
strobes, when hioch, it indicates that addresses are to be {nterpreted
as memorv references. :
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w
.
A

WRITE, When low, this sianal indicates that the current bus cvcle is

a wvrite or output_ooeration (data going out of the processor, tn the
modules), When hlah it Indicates that a read or input operation is In
proaress (data aoina into the processor from the modules).

3.k PYR ON, Svystem pPower On will be low for the first <0 milliseconds
after power is turned on; then it qgoes hiah and remains_hiah as lona as
power is on. The PWR ON 1ine should he used to inltialize anv circuits
whose beqlnnina states are important. Tt can be pulled manuallv 10w
with power still on bv oressing the RFSET TFRMIVNAL kev on the keyhoard.
(RESET TEPMTNAL is a switch contact. which oulls the 1line low for as
1ona as the switch {s depressed.) (Refer to module section 13255-91018
tor the evxact function of RFSFT TFRMINAL kev,)

3.7 RUN. This sional can be used to halt the processor. when pnulled low,
it prevents the processor from accessina the huys again, thus keepina
the processor in a waitinag state._ When the R''N 1ine is released, the
processor will resume running aacain, This line is not normaliv useAd,
and 1s orovided primarily for use with diaanostic and debugaira atds
to imnlement run/halt and processor sinale-cycle operations,

3.8 PROC ACTIVE, Processor Active indicates that the bus_cvcle currently
in progress is beina controlled _.by the orocessor. This line {s not
normally vsed, and is provided nx!narllv for dehuaaina and dlnonostic
purposes to implement processor slnole-cvcle and nrocessor 1nstrurt'on
flov monitorina? and so that 5 sampler module can mnn!tor bus orera=~
tions and be able to distinauish orocessor transactions from Aisplav
memorv access (DMA) or other transactions,

3.9 PRINR [N, when high.,_the Prioritv In line indicates ro a bus control-
ler that no hiagher nriority device {s contendina for control of the
bus. when PRTOP TN is low, it ind‘cates that a higher nr!orttv con=-
troller is attempting to aet the bus,

‘)

.10 PRINR QUT., The Prioritv Nut line is used bv a controller to sianal
other lower priorfitv controllers that they must wait before attemntina
to take control of the hus. A 10w level indicates that the bus is not
avatlable, _This sianal is Adirectly connected to PRTOP TN Of the next
lower prioritv module in a daisy=-chain from module to module,

3.11 BUISY. When 10w, RUSY indfcates to all other controllers that the bus
is currently heina controlled and {s not availahle. This g the methong
bV whiCch & lo¥ briorjty controller maintains control while A& hirn pri-
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oritv contronller is attemntina tOo_qain control. The nriority chain is
used to resolve which of the multiple contronllers sfmultaneouslv rcon-
tending for_control will cain the control when the hus hecomes not husv
(bus 1s avaflable).

e

3,12 RFQ. Reguest is the sianal which indicates to the adAressed module
that the data on the bys 1s valid., Nata being outout by the orocressor

1s valid hefore RFO Qoes 10w, wnile it 1s low, and after it goes hiah,

Therefore, REN mav be used to clock a flinefloo on either risina or
falling eAges, or to enable a latch, 1If data Is helnao read into the

processor, REN Is used to signal an addressed mndule to drive data onto
the bus, Wher REO again goeg high, data should immediately be removed
from the bus, The processsor will provide address and lata setup and
hold time for data beina sent to a module, but will sampnle the Aata

lines only at the trajlina (risinc) edqe of EFS when readina Adata from
a module,

3,13 WAIT, WATT mav be pulled )low bv an addressed module to sfgnal a con=-
troller that the module will be unable to respond to a 400 nanocecond

RFO,. WAIT causes the controller to hold REN 10w in increments ot 200

nanogeconds until the addressed module releases ;:;;. then PEN will go
high at the next SYS CLX fallinag edae, An adAressed module shoulA
release WAIT as sOO0N as vif}d data is put on the bys, but just after a
falling SYS CLK edqge, so that the data will have at leagt 200 nanc-

seconds to sSettle before beinao sampled fat the end of RFQ),

3.14 ATN. Attention (interrupt reguest), 1s used by a module to request
service from the orocessor, AtterAthe processor has read the status

of the interrupting module, the module should release the ATN line,

3.15 ATN?. ATN2 {s similar t0o ATN, but causes the processor to trao to a

different address. ATN?2 {s the preferred line to request service for
a polling interrunt oneration,
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4.2,

POLL. The POTL line 1s used to sianal rollable interruntina modules

that an identification cvcle is comina up, _After acknowledaing an ATN2
interruot_request, the orocessor will pull POLL low to fndicate that it
wants to identifv the source of the interrunt, Modules that have in-

terrunts rendina should monitor PNLL. When PNLL, I/0, and RED are low

and KRITE is hich, interrvoting modules identify themselves by rullina
a sinole bus data line 1owv. The bit to be rulled must he decided bv
agreement between hardware and firm-are, and should be Yumperaple on
hardvare® hoards,

DC RULES,

Bus sfanals are aenerally negative true loqic levels, The excentiors
are RUN, PWR NN, PRTO” TN, and PRTOR NUT, P11 »us lines with the ex-

ception of POLL and ATN2 have S00=-ohm _pullup resistors fnstalled on the
Backplane PCA., All bus lines except PRTOR IN and PRINR OVIT are con-
nected in paralle) to all backplane edge connectors. PRINR IV {s
pulled up with 500 ohms at the oower suoplv end of the bhus,

OFF THE BU'S. NO module may put more than two low=pnwer Schottkv {nnut
loads on anv bus sional: modules needina more must huffer the signals.
The onlv excention to this i{s PPINR IN as it will be loaded, at most,

bv onlv one module,

ONTO THF RUS., A bus driver must be capable of dArivina 28 low-power
Schottkv loads (14 slots x 2 loads ber slot) nlus the 500-ohm pullun
resistor (which amounts to 22 milijamoeres at 0,4 volts). The recom-
mended driver is a 741,538, althouah Tri-State may be used,

TIMING RULES.

SYS CI.LK. The 4.915 MHZ system clock syncnronizes all bus transactinns,
Bus drivers will chanae control signals onlv on the fallina edger ot tne
clock, Resnondina devices are expected to rerly imrediatelv upon ge-
tectinag thelir addresses, to allow sufficient time for the signals to
settle before the next fallina clock edoe,
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5.2 PRINRTTY TN/PRINRITY NUT, The rules for SYS CLX in section 5.1 ahove,
must also be applied to the priorftv chain, The oriority signal mav
have to ripole through many modules to reach the last one which miaht
be bidding for the bus at the same time as the first module, _The
first module must be able to Aisable the last one bv nropagatina the
Prioritv sional down the entire chain within 200 nanoseconds (plus< the
setup time of the la. module). The results are not nredictable {f an
attemnt is made to t. & control Oof the bus at other than immediatelv
(less than S0 nanoseconds) after a fallina clock edge, Modules which
are not controllers must tie PRTOR IN to PRTOR NUT in order to oreserve
the continufitv of the chain,

5.3 WAIT. This signal is used to prolong the bus RFO state. The release

R et

Oof WATT tells the controller that the REO state can be terminated at
the next eclock. Tn order for this to onmerate proverlv, data must be

Stable before the end of REN (implvina that data s driven onto the bus

200 nanoseconds before the end of RFO), Tn addition, WRAIT should onlv
be allowed to go high at a clock edae, and data should be valid and
starting to drive the bus at the same_time, Thus, dAata need not he
valid and settled, but it must he valid and startino to drive the bus

when WATT is released, This must Ooccur immediately (less than SO0 nano-
seconds) asfter a clock edae in order to allow sufficient settling time

for the data Jines, which have more loading than the WATT line,

5.4 ATN/ATN?. These lines are gampled asvAchronouslv bv the nrocessor
and have no particular sSetun reauirements. However, for the sake of
convention, it has been aqreed that an interrupting modnle will release
interrunt request as soon as the nrocessor reads the statug of the in-
terruotinag module and this must occur within 200 nanoseconds atfter the
end of the status read.

5.5 POLT., The POLL line is driven only bv the processor and is proarammeqd
bv the firmware, Tvpicallv, three instructions must be executed bv the
processor in order to perform the poll function, The first instruction

cpm——

causes POTL to be driven low, then an I/0 read is performed to obta'n
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the results of the parallel poll, and finally, an instruct ,)n {s

—p—
executed to reset POLU hiah, Therefore, there will be a minimuym of
1.6 microseconds setup and hold time before and after the input
instrucrion which does the vparalle]l poll.

5.6 PROC ACTIVE, This line also is driven onlvy bv the orocessor an? the

timina s the same as the timina ysed to Arive ADDR, WRITE, T/N, and
bus data Jines (all these lines will have 200 nanoseconds setup before

RFO and 200 nanoseconds of hold afier RFO)Y,

5.7 R'IN. RN is sampied hy the processor to determine whether to beqgfn a
bus bfd state by .ts controller. If at the time the nrocessor is ready
to beain a hus cvele, the RIIN 11ne 1s low, {t wil) cause 8 holdoff nf
the cvcle until RUN qgoes hiagh., When RUN goes high., the Bus Bigd state
will be entered at the next clock edae, and the bus cvcle will then
complete normalilv. Once bheaun, the cvcle will complete, R''N prevents
the processor from beainnina hacknlane bus cyrles, but cannot stop a

cvcle alreadv in nroaress. It miaht he pOssihle to use WAIT to holA a
cvcle in proaress: bhut 1f it 13 a4 Cvcle accessing dvnamic RiMs, (it
could cause a refresh failure if the cvcle is not allowed to complete

at its ratyral speeqd,

S.R BUSY, RUSY must be pulled low by a controller as soon as the Bus B81id
state has been successful. This prevents other controllers from taking

control while the bus 1s in use. BUSY should pe released at the end of

RFO, so that other controllers can uUse the 200 nanosecond beriod after

RFO to nerform their hus bids. In this way, all cinck nerjiods car he
utilired for data transfer an?® no time is lost nerforming purejv con-
trol functions on the bus.

6.0 RULFS FOR STAVE MODULFS.

6.1 MFMNRY MONULES. Refer to tiqure 4, Typical Memorv Module Interface (RK
RNMY., A memorv module will usually contain a sfzasble contiauous hlack
of memory address svace, The module will ysually trv to have its block
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6,11

6.2

startino address 1ie on an address which is an intearal multinle nf the
block sfze. For example, a board witn RK bvtes O* storage could kheain
at 0, at 8K, at 16K, at 24K, etc. This results in a board selert de-

tector congisting of a 3=bit comparator between ADDP1S5, ADDR14, APDR13,
and the outnut of a 3-pit module address switch or fumoer on the moA-

Ule. This 1s ANDed together with 170 high and PEO low to select tne
module. The direction of transfer {s indicated by WRITF, and the less

sianificant address lines (ADDR12 throuah ADDRO) select the addressed
bvte within the module,

1f the module cannot operate with a 400-nanosecond REO, then it should

utilize WAIT tOo force RF(Q tO last as lona as reauired, consistent with

the rules fO0r w2IT outlined in gection 5,3, 7Tt 1is not necessarv to use

WAIT {f the module is fast, nor is ft necessarv that WATT be nulled the
Same lenqth of time for reading as for writina. The {individual module
may take account of its own regquirements,

If a module contains mixed speeds Or tvynes of memorv, the varfous logi-
cal blocks should be considered logically separate units, with senarate
address detectors and separate data drivers. Acain, the module may put
no more than two active loads on any bus line, and 1f multiole nlocks
are loading the same® 1ines, it mav be necessaryv to buffer some lines to
comnly with these rules,

1/0. Refer to fiqure 5, Typical 7/0 ¥odule Interface. 1/0 modunles are
addressed diftferently than memory modules. There are 16 module ad-

dresses coded into ADPR11, ADDR10, ADDRY9, and ANDR4., E1ight other
address lineg (ADDRR through ADDRS and ADDR3 through ADDRO), are
driven by the prccessor and can be used for anv purnose aareed upon
consistentlv between the hardvare and firmware, It is expected that
these other lines (sometimes called "strobes™) act as further address
qualifiers or subrunction selectors, althouah it {s not necessary to
viev tham {n that manner.
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2.1

6.2.2

6.2,.4

In orAer for a module to recoonize 1ts asdAress, {t myst compare the

tour module address bits (ADDR11, ADDR1N, APDR9, and ADPR4), and then

e ——

compare that with 170 low and RFQO low, This establishes that the mod-

ule is currently beina addressed, and WPITE acain establishes the
direction of transter.

There is no current provision for multinle modules to share the same
module address fvlth 16 addresses and only ‘5 physical hacknlann clots
it is unnecessarv to share addresseés). If it becomes desiraole in the
future, it shouyld be considered as a spectal situation ocutside of the
normal bus rules and handled verv carefully,

— ————

A module which wants to interrupt must null one or the other (ATN/ATN?)
low., As soon as the orocessor interrogates status from the interrurt-
ina module, the module should assume that the processor {s about to
service the interrunmt and it should release ATN/ATN? at that time,

This {s independent of the vo0llinag {identification requirements for

pollable interruptinag modules, It {s not necessary to release AIN/

ATN? as a result of a pollinag omeration. (Refer to section 5.4

A p5)l1able Interrunting module wnich has an interrunt pending (re-
quested put not vet acknowledoed) mav be nolled bv the nrocessor. The

processor will pull PNLL low, and shortly_thereafter will perform an
input ooeration at some module address which is unable to resnond to an
input (read from the displav, for example), Dhuring this nseudo=-input
operation, a pollable module which has an 1nterrunt pending, must ownl)d
down on onre bus data 1ine, The line which is pulled fdentifies the re-
questing module to the nrocessor, Since there are eioht data ltnos, \Up
to efaht rodules mav be handled bv this method, Rv aareement, the

Cartridne Tabe Module pulls on RUS7, (Refer to section 3.16)
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7.0

7.0.1

1."0‘

RULFS FNR BUS CONTROLLEP MONULES.

A bus controller roaquires provision for derivina all the timing and
control signals used to transter data between iftself and a slave moAd-
ule, as well as resolving contrnl conflicts betveen {tself and other
controller modules, At a minimum, this implies a bus control circuft
(fiaure 6) includina control, address, Adata drivers and/or data re-
ceivers., There are other possible bus control circuit desians, but the
one shown is the simplest which is suftable for_all purposes, 2all of
the features of this circuit may not he needed fn all cases, (rRefer to
section 7,0.4 for the bus controller states, bus controller state
dlaagram (fiaure 7), and bus controller timing dfanram (fiaure 8) for an
explanation of state transitions.)

The bus controller circuit shown in giqure 6 is svitable for the main
processor in the svstem, This element has two reauirements not placed

on anv other controller-=they do the Ariving 0of PROC ACTIVE when that
module s controlling the bus (drivina address lines) and thev respond
to RUM to hold off transition from Tdle to Rus Rid states.

Modules other than the nrocessor 40 not need to use these signatls.

Thev must not drive PROC ACTIVE because this would orevent single-steo
processor cvcles from onerating predictably, It is not important for
non=-processor controllers to respond to RUN,

RUUN and Start Cvcle must be present_at the gsame time as a SYS CLK eAge,
otherwvise the cvcle start request will be missed. Tf Start Cvcle is
oulse, it mav_have to be latched (the latch can be cleared hy the B
tlip=-flop, which will be set when the bus has been obtained), Tf the
module Adoes not use RIIN, and 1f Start Cvcle is a pulse of longer dur-~
ation that one period of SYS €CLX, it s not necessary tn latch Start
Cvcle.
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RFQUEST

WALT

RFLFASE

INLF
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110

111

011

00t
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Signals Driven

T T I T I T I I I I I I I T I T I I I ™ - - -
4+ 3 23 33 it it 1 I 3ttt ittt s Tttt sttt 1 - 1 ¥

PRTOP NUT

———— 0 e

PRTOR NUT, BUSH thru BUS? ({¢ WRITF),

ADPRO thru APDR1S, BUSY,

PRNC ACTIVF (if main orocessor),

WRITF (if write overation), 7/0 (if not
memorv Oneration)

fame as 110 above, plus RED

ADPRO thru ADPDR1S, RFO, RUSY,

———— ———

RUSO thru RUS7 (1f WRITE), WRITE (1f write

oberation), PROC ACTIVF (1f main orocessor)

ADDRN thru ADD®1S, BHSA thru BUS? (4f WRTTF)

S
WRTTF (if write operatior), T/0N (if not memory

operation), PRAC ACTTVF (if main proressor)



13255

13255=-91158/22

Backoplane Moduyle Rev APR=2A=78

T.0,86

The oriority chain acate between PRIOR IN and PRTOR NUT functinns as a
neastive NR aate, whose outout Is low when efither {nput is low., When
PRINR IN s low, the controller is pnrevented from obtaining the bus (it
it is in the Rys Rid state) bv the 3-inout AND cate between the A and B
flio«flops. The eiansl must also be passed down the priority chafin to
other lower prioritv modules which mioht also be reguesting the termi-
nal bus at the same time. (This s true whether this controller fis
active or not, and hence the cate tO0 pass low PRIOR IN directly to a
low PR1NR QUT,)

Slave modules are entitled to expect that data anA address 1ines will
be valid and staple betore, durino,_and after R¥Q is Jov., Thev use RFY
to ocate their data onto the bus during a read cvcle (imrlving that Adata

———
will be chanaina verv shortly after REQO changes), The rise times may
be slow since all bus lines are onene-collector, ToO prevent loss of the
data, {t myst be latched up bv the controller module. ThresholAds may

varv, and the rise times of RFO may be S$10w. Therefore, it is recom-

mendeA that another, faster version of PEO be qgenerated_locally, iIn
parallel with the version used to drive the bus. This fast version of

RF0O can be a totem pole driver having a fast rise time, and therefore,

will occur rredigtably before RFO on the bus has had a chance to Als-
aole the Aata drivers in the glave module, The drivers provide the
reavired timing fOor control, address, and data lines., All adAress,
data, 1/0, and write sianals should be nresent tor lonager than the con-
trol sionals. in order to preserve the desired timing,
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TJUMPERS SHOWN AS INSTALLED

FOR B MEMORY wiTw Brock
STARTING AT

+

oz el ]

ADDR I5 ’ f

o RS N

ADOR 14 4o + p

— »—4::'“0—@_‘*}__<

ADDR!3 b 3 .

+
7
wsise 7415138
Re
x/0 ,
WRITE ]
¥z
ADDR 12 DEFCOPE Y_l
\
ADGR 11 1 | ‘
ADOR (P ENADLE ENABL T SNASLE ENAMLE ‘W~e FuaBLE ¢
JADDR ADDR APDR DDR AR ADDR ADOR ADDR
oATA DATA oA, . OATA oatA 2ATA T4
/0 0y 1 1 | Y 4o
ADUR A -ADOR : ]
DATA DRIVERS(8) e e n fe te te ‘e ¢
8US7-Buse @ L
1K x 8 ROM CHIPS (8)
TYLs38(2) K (8)

Flgure % ) )
Tvoical Memorv Moduyle Interface Diaaram
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TJUMPERS SHOWN AS

INSTALLED FOR MODULE
ADDRESS * /fg

+

p

!
DATA v

BUFFERS (B)

Figqure &

Tvoical I/0 Module
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3 —_—
MoDULE 8 T3 -+ " ¢638
) ODULE p— — ——
(AODR 1) . SERVICE —™SET Q T o— ATN om ATNZ
moovtE Biv2 | | ‘ REQUEST
(ADDR /p) D A3
MODULE &iT 1 »—o"o—%, i
(KCOR ) ' 1
L g
MODULE BiT 4 ‘W—‘_‘G_D__‘ PoLL 2°PE£;IF|QATION
(A0DR 4) ' “a
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O
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PoLL O— -
74LS138 —
[o -,
TES J——- INPUT DATA - &Us?
INPUT STATUS SHOWN ON BuS ¥
170 E— A3t —e OUuTPUT DATA
1 —
WEFE AL T2
STROBE 1
(XbbR 1)
STRO0E ¢ ~
(FEBTP YRPT DATA
DW‘;@( )
RivERS(E INPOT STATUS
——t X FROM INPUT DATA o€ STATUS REGISTERS
—_— 8 BITS g To DATA Ad
Bvs - . [>of—Fe= tonTRCL REGISTERS
oATA BIDIRECTIONAL : '

intertace Njiagram
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PRIOR OUT .-
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8Us BID (DISABLE PRIOR OUT)
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Fiqure 7
Bus Controller Circuit Njiagram
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Replaceable Parts

' s Mfr
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