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PREFACH

This wscr’s manual iz a detailed traublgeshooting and reference puide Tor isplating Unibes problems
ralargd to [A) ayeeeme whizch are inoperative und (b) systems whick are marpinul.

Due tiy the complesines snd lecmnolopy sssocialed with che Thnibus, this manual aleo contalins
descriptivns, definilions and relereabce maderial relative to the Unibos and associated hardware,

NOTE
‘Thixs manual dees not define the optimum syatem
confiurations for threurhpol or lulency Golerease
which may he depeodenl on cusbter osape nod
applications cavirgioenl.

This manuul supersedes Tnibus Marein Tester uscr’s guids, document number B -FS0E2-030- PRI

~OTE
The MYINE Margim Heads are direct replncenients
for the MYAF Margin TTewds, However, fhe V23
allows for preater marginiog voltoge (2.93 to0 TS V)
flean the V2303 (4.2 10 7.0 V).







CHAPTER I
INTRODUCTION

1.1 SYSTEM OVEEVIEW

Blosi of the POP-11's inlernal elecimonic compoenants and system peripherals are connecred 10 and
cornminicate with cach ocher through the Unibus, There are 36 lings on the bus that handle such
signals as addrgse. data and cantrol information, Each device, including memory locations and per-
ipherul devige registors, i assigned ong sddrgss on the Unihos.

MNOTE

This wignund is inledded fer ose by antbwrized DIG-
ITAL EGUIPMENT CORPORATION pucsonme
anly. Information conknined in this manual Ls aeitber
imtencled t0 be a producr specificntion nor o super=
sede or replace any afher publishad information thar
iv wrailsble tnh customers or users of 1MGITAL
products,

Same PDI-1E svseem configuzations expecience pecsmaoent ad mdermiienl bas Tailures due Lo
iTprapar signal mrmlmu-:nu and lc:nadmg lechniques. {These problems can exisl even when (he proper
guidelings and mles for svstem configurations are followed,) This manval will assist in Lhe proper
pracedurss for isalacing canfiguration and Unibus pml:llcms. and corrective aciion thar can be imples
mented for hegtet syatem operatan,

Dhae G complecily el svilem confguration snd operation, all Linihas systems are subject to additicnal
elecirical amd mechanical Caviors sehich mey become even moce Televant when, and 1T, these Mactors
inceract. IF this ioeraetion becomes larze enough, 11 can cause false sireal levels thal carn seciously
effcar aysicm ongration, Some of the signal conditions that can occur because of these additienal
elecinicul and mechanigal Factars Fallaw,

Sirnal cuused hy de ading of receivers and drivers

Signui loss cuaied by nomesro resiacanee af BC L jumper cable

Bigitul Jose caussd by connecior cumLuct resiviunee

Standiog wave reflections from devices on the line

Mngregsed propagation delay caused b devices on Lhe line und high [requency cable losses
Crognesle om dws lings cavsed by the cable or by dovices atlached Lo the bue

Sgnul skew caosed by multipls Righ-frequency loading on different lines by a device

e e e




1.2 UNIBELS TROURBLESHOOTING TECHNDLUES
Currantly, thers arc thrae troubleshooting wids that can be vsed co frouhisshoot and isalave Unibus
prollems,

1. Hi/Lu Termicator Margin Cards
2 Unibus YVoltage Margin Tester Huox
3. Single-Ended Margining Technigue

A Twurth woubleshaoting aid is the flowehart {refer to Chepler 3) which s arganized into a general
How and refercnee diagram which points out pacticular seclions Lthae contain trownleshooting tech-
nigques and suppartise infarmation. The supporlize informaiion wilt aid in the understandimg of, und
provide hackpround for, the use al the Unibus Troubleshooting techmiques outhined m Chuapler 3 of
this munual.

1.3 TT/LO TERMINATOR MARGIN UARDS

The ITi;Lo Terminater Margin {ards are used to repluce the MS30 bos lerminator in the PDP-11
svslem for margm.mg purpeacs, The Hi /Lo Terminator Cacds are used a8 2 @0/no go test and ars not
ta be installed in the system on & permanent Basis. (Refer 1o Chapter 4 for additional operational
procecurcs and rli::-:.r'ptmm }

14 TUNIBUS ¥VIOLTAGLE MARGIN TESTER BOX

The Unibms Volrags Margin Tester Box iz desipned ta test Tmbus driver vnd receiver igcminating
ietwarks for the PI_‘.I-P-I] s¥stCm. The teater 19 connested ter the TInibus theough special terminator
enrds called margining heads. When the teater is cabled o the TTnibus, the operator can selest which

signaliz) (zingle, EITUPS, Or all] iz o be teated, (Aefer to Chapler 4 Tor wdditicnal operational pro-

cedures and deseriptions.)

1.5 SINGLT-IRNOED MARGINING TECHNIQLIY

For some PDP-L] processors (g, PIXP=11/04 ancd PIDE-11734%, it s nol pussible to use the M930
marpining heads with the Unibus Valtape Margin Tester Boa. This is due o additional hardware on
the terminaior madnle (oot atrap function, sack turnareodd, sle) which must be present in arder far
the proesssor to aperate normally. T is N Lhese processors thar the Linibos Tester Box single-ended
margining technigque has been developed. Towever, this techniguc can he used with uny Unibus pro-
cessar. {Reler to Chapler 4 Toe wddilional operational proceduares and technigues. )




CHAPTER 2
UNIBUS CONFIGURATION

2.1 GENERAL
After the Unibas aprion configuration (hassd vn WPR Jutency, physical location, etc.) is determined;
these apeiony must be interconnected wsing the correct procedure and 1echnigues,

The deFnitiuny, rules and puidelings wullined in this section are desipned to aid you in configuring an
electrically reliable Unibus. Theve rules and puldeling are inrended for now spiremy and are not i he
comsidered qo o jundifoetion for aip ehanger Boexiving sesremms, wlesr Dkihuc selated protlens are
earcorimtered anid canmor e resolved i ary other wy,

The canfiguratian teles {Parsgraph 2.3) ensure, with rewsonuble coalidence. thal Unibuos segments will
be electrizally reliahle, i, resalting de hus levels will guaraniee an zdequate noise margin, and reflec-
tiong from lumped lnads will nol be exeessive.

To venligure o Tnibus syslem, the required ceder of aptions on the Lnthus, based an NPR latency,
physizud localion, ele., should fivst be derermincd. The rules will ther determine the lenglh the Onibus
cahle inlerconncering the options and the numher and Iocation of bus cepealers. TC e aumber of bus
repeatoes s cxoessive, wotai cable length can sumetimes be reduced by rearvanging the order of options
pn the bus (again, paving closs sitenlion lo NPR lalency, ele.h. Then, atter eeapplying the rulcs in this
guide, one ar mare bus repealers way be eliminated or located farther down the bus to aptimize svstem
speetl. For lacge syaleins, more thun one pass of this procedure may he nestssary to achicve satisfac-
Loty Tesulls.

A reazonable offort shonld always be made to cosure tatal cable length is us short as passible, partic-
olarly if onc or mare bus repearsrs can be eliminated in the process. Buy reneaters are costly and slow
dnwn the aysten. Hefore implementing configuration rules, the user should carefully read and under-
stamd the definitieny thac follow.

L2 UNIBUS DEFTNITIONS :
Privr 1o conlieuring the Unibus, review the definitions outlined in Paragraphs 2.2.1 through 2.2.140.

221 Bus Sepment

The Bus Segment is defined as that portion of 8 Unihus system between and including twa terminators.
A hus seament consists ok o leeminator, 2 120 ohm transmission path (coble) with oplions containing
drivers and receivers wllached to i1, and another lerminator in that erder. A single bus system is one |
which hes ose bus sepment. A mallipie bus system is ong which has more than one hus segment,
witlally separated by bus repeaters [DB1L1s) or bus switches {[3T03s — which gontain bus repeaters).

k-




2.1.1 Bus Cable

A Bus Cable is defined as cable connecting two buckplanes which scts as u 120 ohm transmissian line
with a length af two feet or more. A BC1IA cable s defined to be hoth a cable and a bue clement. Tor
our purpoucs, the cable is a subsct of the bus element and should be tredted as such, The foliowing bus
clementy are Unibug cables

BCILA-2  2-foot Unibus cable (60,96 co)
BV A-1 3-Tool Udibus cable (91,44 cm)
RUCILA-5  5-[ool Unibus cable {1,537 m)
BCILA-&  é-foot Unibus cable (1,82 m)
BC1LA-2F B.5-foor Unihus cable (2,39 m}
BCIA-1T  [-foot Unihus cable (3.04 m}
BCIIA-15  15-Toot [Tnibus cable (4.57 m}
BOCTTA-ID 20-Tows Unibus cable (6,07 m)
BC11A-25 25-food Taibus cable (8.6 m}
HC11A-10 3:foor Unibos cable (914 m)
nMa202 24inch falded Linibus cable (60,96 m)

The M9202 i3 considsred o be a cahle (for the purpozes of this manual) beeuuse i1 contains 2 foet of
P20 olun cable,

223 Bus Flement _

A& Bus Flement s defGued as any madule, backplane, cable ot group of these items thal has 4 cemimaon
designation which has 2 direct eleetrical comnection Lo one or more LUnibos signal hines (alther than AC
LAY or D LG LY. Farexample, an M930 terinaler, an M7521 module, 1 BBL backplabe, 3 BCI1
cuble, und an RE L cantraller are nibus elements. An H720 power supply, an LAYS DECwriter and
a BAlLl expander box are not Timbus elements,

2.2.4 lumped Load )

A |umped Losd is defined as 4 group of Linibus slemens, oither than cabls or jumpers, which are
inlerconnected via Unibus jumpers and direct wiring (backplane wire, P cteh] only. The group is nol
a lumped load if it uses 3 Unibus cuble Lo inverconnect the Unibus elements or il the elements are
separdted by 3 bus repeater. (Be cerlein Lhe dilference between “jumper'’ und “vable” iz nnderstood -
see Figuarzs 2-1 and -2

2105 Bus Tumper .

A Bus Jumper is delined as a Linihus element connecting two back plangs which contains less thun Lww
et ol cable. The following clementy ure UTnibus jutnpers:

M 520 Jumper
Wl G200 jumper willy boards 127 ¢m (0.5 in} apart
Y081 Juetipes S lerminator

BClIAQ G-inch cable (15,24 om)

The BCL1A-D is considersd o he w jumper (for the purposes of this manual) hecause 11 conlaing less
1hian 80,30 ¢m (2 fect) of 120 ohm cable,
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[n this system, there are tovo lumped loads;

L.
L

MO0, 15418 CPL, and MMI1L-L
RELL-1}, DD1I-B, DL11-Aand RS301

Suppose the M9 15 replaced by an M9202:
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Naw there ure three Jnmped loady:

1.

2. RELLD
DLt I-B, DLI11-A, and MO3MH

Fipure 2-1

MPzEnz

-+ DOp41-8 —HW—I

Moy, 1105 CPT und MMI11-13

DLy -a

l" —
LimpPel LOAD

Lumped Loads {Example &)

1=
s




JJUMPER JIUMFER JUMPER

(LR e :pjﬁ l’ Ma2C0 — nraza DE11 & —I Ma2c [— oot--o | - { mMAam

T
: L I R
N . - — | '—D g
LU PED W40 : -
| niTa
: DL11-&
|
P ] 4
' LR 3EMA Lo
|
I
. LININLS __!__, ) LMIELS
SEGRAENT H SEGMENT

~FJAFL:

This svstem Luas 7o Linions segmenis separated by o bus repeater, so the system has two lumped loads:

[ B, 11745 CPIT BDREL-A (ell side)
& DO I-A (right side), DDI-B, fowr ZLEL-As, MY301

NOTFE
T nese examples sre for illustrative porpocs only 2ed
do ot represent practical confiyuralions,

Figare 22 Lumped Loudy (Caumple )

116 Bus Teiminntor

A Bus Terminatar is defined av o Tnibus element or patr of an element containing a resistive netwark
which canncets 0 the end of & [Tnibus segaent and mmarches the 120 ohow charseterstic impedunce of
the Linizas transmissivn palh. The M0 and 39306 are Lnibus werminators iF they sonnecl W lhe
Lonines. The following Gue slements codtely Linibns serminatars;

Mo#]| jumperrerminatar

MY [Inihus H terminutor (&4 '5'3'.'] + MNPR logich
MU hantstrap/ Lerctinalar

R D[ hIID weith SACK raturen

T bus swilch

DBI-A hus repealer
P11 CrUCNOTE; other CP1e alao cnmtain termimalery)

A Unihns segment muose slways huve o Tnibos lerminnior i each end ot its 120 ¢hm transmission
nath.

LT Seol-lweped Loac
A zemti-lomped loud s delfined as a proup of lnmped loads iotercamnected by 91,44 cm (3 fi) or less of
cahla (MY, BCL-2 or BCLL-3) and noo scparated by a hus repeaier, Refer to Figure 2.3,
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I his syutemn has two [nibus sepments, wich o total of four lumped loads and thres semi-lumped lowds.

Lumped Toads:

L adqs0, 11745 CPC

2 DIBIT-A {left gjde)

1 DIB1-A (rght side)

i DD -8, Toer DL, h9301

Sern-lusitped Loids:
L. M&»an, [1:45 CPU, DBL1-A (left side)

3. DRL1-A (right side)
3. IHI-H, four [I1LE1s, M%30]

Fipure 3-3  Semi-Lumped Loady (Eaumpie C)

.08 AL Unit 1.nad

An ue anil load 1= defined gy a numhber related o the impedance that & Tnibus element presenis o a
Toibus sirnwd dine {due te buck plane winne, PO eteh runs, recsver mpul loading, and driver ouiput
Loadinay, This ittpedunce load aon a irensoission line causes o "reflection™ w occue when a step is sent
dowrn the line. This retlectivn shows up on an oscillescope as a spike occnrring shortly afrer asscrting
or unasserting edge, An ac unit lead is nominally 9,35 pF of capacitance. Ming lemped ac lnads rellect
2 pereent and 20 lumped ac loads reflest 40 percent of 3 25 na nisetime step. AC loads musl he
distributed nn che aibus in the manner deseribed by the rules in this manowl in order o provids bus
vperalion with rellectiony puaruanteed toe be at ar Jess thun g talerable level.




The a unil load ratiog of Unibus elemenrz is wsually bazed on the greatest of the capacitanees that the
elament presents o the BBEY, 881 M. and MEYM Unibus signai lings, Appendix € contuins lhe ae
loading specifications af the Linibus glgments, If the element 4 customer-desigaed, 3y ac unit Teedimg
must e dotermuned Prom a reasonahleestimate of the eguivelent coprcitenee nreseeled 1o the Toious,

229 D Unit Laad

A de unil Toud js delined as o nuber relaed to the amownt of de leakage current that a4 Lonibus
elemenl presents 1o & Unibus sigaal ling which is high (undriven], A dc unit foad v nominelly 105 pA
{80 aA - recoiver plus 23 A — driver). Howewver, the de unit loed ruling of o hue elemenl 1§ nol sieicly
hagcd an the 2lement’s signal line that huas Uhe prestest leakage, {ep.. de leakage iz less important on [3
lines than it is an S5Y W) The de uhil loading of zn etement should alwayvs be obtained from the
speilication Tor thal elemeat {22e Appendix D}, It should nat be abtained from a galoulacion of the
receiver and deiver leakage cuerent, unless the element is custom-designed and iy not lsted in the
upplicuble documentation.,

1210 Unibus Length and Loading

The Unihos is 4 tranymission line an which duts translers are asynchronous and inlerlocked, Signiti-
cunt electrical delay allecting svslem operation may, therefore, ba imposed throngh unnecessarily § gung
TImbus cabies,

With ribbon cable the maximum length is 1524 m (50 ). For proper ppeculion, e lengrth of taps ar
stubs must be minimized, The Unibuy signals should have receivers wnd Leansmirters in one placs (near
the Linitma cable) oo act a8 a hufler belween the Unibus and the sipnal lines careving U nibus signals
within the cquipment. The maximum length of Abbon cable is obtainable only if the individual tp
lengthy are l=ss Lhan 5.08 cm (2 in), ictuding peined circuic etches and if the loading i5 nat more than
vne slundird bos boad, Oue bes load is defined as one ransmitter and one recelver (uee Feore 2-40.

The Unitms is limited ta o moaximmm of 20 bas logdgs, This limit is set to mainwn e sofficient naise
margin, For more than 2IF hes Ioads, a Unibus repeater aption (DB11-A) 15 wsed.

—— e ——
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Figure 2-4  Hus Losd Cxemple

L3 UNIBLS COMNFIGURATION BLLES

The foliowing rules and gnidelings are intended t0 be used for new systema and/or existing ayatems
that experience Unibus prahlemes. The seven rules are listed helow for guick reference. A more detuiled
descriplion, comments, snd sugeesbons ure deseribed in the Tellowing pacapraphs.

Rule Ba, 1 (Maximum canle lengihy — The 1olal length of Unibus cable in a U nibus segment should
ol cxoeed 1324 m {30 rth,

Rule N 2 (v aximum de loading) - The total number of deunit loads on a Linibus signal ling shauld
nod expeed 200 (Xec Appendix 13

Rule Mo, ¥ 0o hnped loadingy - Na lumped load on o Taibus secment should codtain more
than 20 ac vnit loads wuless the ciuire segment Colsiss of one lumped load.

Rule Mn. 4 (Skewed cable lengths) — T (a) & lumped load (called the "affected lumped boad ™)y has 2,59
m ([R5 Tty wur longer cuhles comnected to hath bus in and bus oot and {8 the sum of the i unit Ipads in
the Lo fwmped foady connected Lo Lhe vpposite ends of the cahles sxceeds 158, ar (@) the sum wf the ac
wil Teods in the Dwo semi-lumped Joads connected 1w cthe opposite ends of the cobles saceeds 36, then
the lengths of (ese cables should differ by 152 m {3 ) ar moce wilh the leonger cable Being on the end
with the greatest sumber of ao unit loads (if chere is a practical choigse).

e e




Rule Mo 3 {Skewed cuhle lenpibs supelemetit) - 7 the length of one of the ¢ables connecled o Lhe
atfeered lomped lowd in Rule Mo, 4 must be increaved because of that rule, then the lunger cuble showld
have at s apposile end of the semi-lumped Inad with the greater number al ae uml leads. This ole
showld he impleieared only if it s practical to do so, e, 0 eases whers it implementation will noc
inurease lolad cabic length mere than 152 m (3 111,

Rule Mo, & (Vialstien of Rules Wo. | through Mo, 5] - Rules No_ 1 ihrough hoa, § shauld not be
grosshy wialuted T bus sepment wiolates & tule alighlly, and for practical ressons reconfiguring e
unclesiranle, Len (e see-nent #sr pass valtage-murgin lesis (3] shen the syslem = anginglly cen-
fiawred und (b) when any 1L nihus element is udded, delered, or swapped {including the swapping of a
defective madule a7 Backpline).

Rule Mo 7 [Systemn acoeplance) - Even if mles Na, 1 throueh Moo § are implemented, all Tsthus
seements ol 4 svslern should De voltage margined aluer the system is contigured.

231 Nuxioeaor Coble Length ( Bule Mo 13

T Eule Mo, | is vialated, (5) the de drop across the bus, when driven at nne end wnd received an the
olher, may be cxesssive, snd (B far-end crosstalk may be cxeessive. Inoeelewlating lenaths, the M%20
shianld he cansidercd as wero Meel, Lthe M 9202 as 6196 cm (2 ). and the BCLLA-Das 15324 em (i ink.

If the length ol & sepmenl exceeds 1524 m {3 fi), reennfiguring (changing the arder of bus elements)
may redues Lhe leneti. IF that fails, a [PH11-A huys repealer will be noccssaTy,

2.3.2  Moximum de Loading (Kuie hn. 2] _

It 1o maay de loads are put on a Unibus segrment, the quicssent andriven vollage may be lowered to s
Igwe! where hus recsivers hesume susceptible ta reflections Mmam lumped loads and ths everall nose
margin on the high emd {bus wodeiven) may besome tan small. DBL] bos repeaters should be wsed {as

ragquirec ) to implement 1his cole.

233 Muxinwm Lumped 1.oading {Kuie Mo, 1)

If a lumped laad is too large, it may generale u reflection on the Lonibus large enouph Lo create 2 false
lagic signal and cause # lailure (aee Figures 2-5 wnd 2.6}, M9202 folded cahles {or BC11A-23, if M%202
is unavailables should be used in place of MU20s in arder to separale Jacge Tnmped loads, The effece ul
the S012 35 Lo ocause e peak retlections from the lumped loods il separaies to ocour ai shghtly
dillerent lices. The following examples (see Figures 2-7 unid 2-B} illustrare implementation of Rule Mo,
1
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Fipure 2-3  Rule Mo, 3 Violation {Hleck Thogram)
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‘I'he wystemn shown in Figare 2-5 violates Rule Ma, 3. When the deiver in the alfecled bus element
unusesiy the hes, the reosiver in thae element will spe the following waveform:

IDAIYEF ¥} &'WEFDR K

Figure 2-0
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Rule Mo, 3 violation {Wavcform Example)

The retfleciien may cause Lhe threskold of the 8840 roceiver 1o e crossed a second Lme, ancd o Maiture
miay result. To unplement Rule Mo, 3. the lumped lnad muat he split into rwo egual loads by wdding an
VENGR in place of an M920 (see Figure 2-T).

&FFECTED FLEMENT
=0y

AHA I :

Figur: 27

Fule Mo, 3 Implemenlation (Black [Diagram)
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The conditions ta satisty Ruls Na, 3 are now implemented, Whea the driver in Lhe uffected bus elemant
unAsseTts the bus, the receiver in thel element will see the fallowing waveform (Figure 2-3).
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Figure -8 Rule No, 3 [mplementation {(Wavelorm Example)

Moow the 3630 tweshald v nol crossed and the dunper of a fajlure is reduced.

Fule Ma, 1 staten that there is na Hmit te e nuober of ae unit lewds on 2 lfln.ihus segmenL (uruless the
enlice sepment cunsigts of one lumped load), Tihe reason Tor Lhis statement is that there i oo 120 chm
cable in The sepment on which reflections can travel, The follewing scgment (Figure 2-%) is an cxample,
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Tigure 28 Multiple Bus Systam kxample




This sepment vheys ull confignration fules, [t has zera () Jeel of cable, 200 de unit louds, and an
irrelevant number of we loads. B this configurstion none of the M920s have ta be replaced by M%202s.

224 Shewed Cable Lengths (Rele Mo 4}
There may be several wenys to implement Rule Mo, 4, Consider the following bus segment (| Figure 2-14F).

© AFFESTER LLUMFED | QAL

LLFAILD LD .
MITH 1% AL | 15211 A—1i |-— LLir¥rn —@— WITH & AT
1A LIRIT | QAL

LT LLsLE

Figure 2-101  Rule Mo 4 Violation (Block | Magrum)

Thiz scgment viclates Bule Mo, 4 hecwuse the sum of he lumped loads that are connecled 1o the
spposiic ends of the cahles exceed 18 unit louds. AC nit loads equal 27 (18 + 9 = 27) lumped ar the
ends of the BC 1 As of equal lengih. One way (o implement Rule No. 4 is (o increase the length of ane
cable w457 m (15 [ (see Tieuee 2-110

5. FFECTED LUKPED LOAD

LLAiPED LDAN e
WITH 10 R L _| RO 1814 !_ LUWIFET —--—] BC11R0 WITH B
LAl LINITLOADS

Rl LUsDE

"FA-n

Figtice 2-11  Rule Mo, 4 Implementation (Fxample 4} Block Disgram
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Anather way iz Lo split 1the lnmpad lnad on the fefl into twa lunped leads nsing an M9202 (sec Figure
2-17).

, HHEIO oD ] UAPCD Lo D REPECTED "1 THMEEFE 04D
MIT A W] l WIT- 30 [ERERL LLAPED LS EL T WITHTAT
| JYIT LoD | UHIT DS LoD S UHIT 3405
v -
. — -
SEN LUK TPLC LOAC A1T1 - g
IC A LMNIT LOG05 . S LUHF L
. LD AT T
QA NI

Rt B

CFIL

Figure 2-12  Rule Nuo_ 4 Implementation (Example B) Hlogk THapruam

When this rule is violated and when o driver in the allected Jumped load nnasserts the bug, reflections
tram the ends of is hus in and bus aut cables will arrive at the atfected lumped load simultanecusly
and superimpnase, The net ceflection moy veoss the BG40 threshald and cavse a failure (see Figure 2-11).
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CAOLE TEHL-

e

Figure 2-13  Rulg Mo, 4 Vielation (W svelorm Exam ple}
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When the rule is implemented by making the lengths ol the bus in and bus out cables different, the
relleclions will areive ai slighely different timey (see Figure 2- 14

_ —-,I,—'— + i W au) THES
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ARIVER NCILECTEIN REFL=G 110N HET KAavEranmMm
[r Y | RHLIL kRl PO CHD ATa-FFIEN
’ CraousIn LkHUE OUT UMPrCiLano
GALLE Biid .k )

Figure 2-14  Rule No. 4 Implementacion {Wavelorm Bxampte)

Now the reflegtion does nat eress Lhe 8640 theeshold and the dapger of 1 Twlure is reduced.

The conlizurzlion in Figure 1-12 dogs not violate Rule ha, 4 hecause the sum of the ac uait loads

lwimped al the ends of 1he BCLLA-10 sables is 15 (% 4+ 9 = 18} and the sum of ac unit loads in the semi-
luzeped Boads at the B 1A-1Ps onds of the cables is 9 plus the lnmped loads {18) far 2 total ol 27 uml

loads {3 | 1% = 27),

"Either of these meshody could be wsed Lo implement Rule No. 4 but the sepond 1y more desirable 1n chis
cxample beowuse it minimizss the Lolal cable length of the segment,

5 Skewed Coble | engtha, Supplement [Rule Mo, 5]

2.2
To understand why this rule is necessary, consider the following example (Figure 2-15).
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LUMPED La AL LUSIPER LOAD UM PED Lka D
WITH 20 4 WIgFN? WITH 1D AC Wik WITH 20 AL |- — 3
UNMTLOAOS LHIT LDADA UMIT LOKOS
A
L y -
SEW.LLPAPED LCAD &1THAD
AL LMIF LD
LLAWPED
| Camit 1 AFFECTER COmiE a2 WITH 20
oA lasHl ::;:;ln I T e ] AL LIMIT
: L anE
SEMI-LLMF
LDOAC WITH
20 A UNIT
LEADE o= 2

Figure 2-15  Skewed Cable Length ¥inlution

Sippeise that the lenarh of eable no, 1 eguals the lenplh of vable no. 2. This vivlales Rule No. 4. In this
case, the aflfected lumped load will see the Mollowing wavetorm (Fipure Z-16) when 115 driver Anusyerls

the hus.
_|_
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Figure 2-16
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Skr-.;wed Cable 1.ength Yinlation (Wavelorm Exomple)
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The reflectinn in this waveluril crovses the 3840 threshold and may cause a fwilure, The hest way to
imnlement Rule M. 4 in this eaample is W0 increase the length of mither cable no, | or cable na. ¥ by
|32 m (5 [4). Suprose the leagth of cable no. 2 is increased ny £.52 m {5 N1, (This violates Rule Mo, 5
hecuuse Lhis is Uie end with the smaller lumped Lload,} In this case, the alTected Inmped losd will see the
fullowing wavelorm (Figuee 2-17) when its driver unseserey the b,

ne4n

+ -+ — - _: T T 7 IHHEBHDOLD
- |
L
L l I
- W — | — 5 b
=T | 1= \ . H + y
A W — A —_— h—h\#___
DAINER REFLECTION HEFLEGTIGN "F""-"-'-?'.‘.'E_F':IH“
WAVEFLIAM FRCIM GO OF FEC K ERD ATAFTCLTER
GAHLE §1 CFCARIF A2 LLMFED LD B

[ FE]

Figure 2-17  ¥Yiolatiom of Rule Mo, 5 {(Wavelorm Example}

I he reflectinn in this waveform alsa erosses the §640 (heeshold and may cavse a failure,

Naw suppose the length of cable no. 1 s increased by F.52 m (5 fi) insread of cable no. 2 This wll
unplement Rule Mo, 5 coreectly. In this case, the affected lumped load will see the following wavelorm
iFigure 2-18] when its driver unasserts the bus,

I 13 | b
i A W A b i L - 4
LAIWER FREFLECTION REFL FCTION MET WAYWEFDORM
W& VE SRR . FAC-M ENN OF FROM EM D AT AFFECTEO
CanLE §1 CABLE 2 ) LUMPED LOAD

Fizure 2-1%8  Tenplemenlution of Ruole MNa. & (Wavelorm Examnple)
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The eeflection fram the cnds of cables na, 1 and no. 2 do superimpose somewhat, but got much. As o
resuli. the §640 threshold i not crossed.

2.6 Role Yivlations {Rule No. &)

Fules Moo | lhrough ™o, 5 shonld be implemented if possible, O rare occasions it may nat be prae-
Lical 1o do so. For example, the last bug segiment on a syetem may exceed the 1524 m (50 ) muximum
lengthe rule by 132 m (5 fit), and implementing Rute Ma. | may require wnother DBL1-A repeuler,
which may require another BATE-ES expander boa, which muy reguire another HP60 cabinet, In this
zase, it 15 aoceptable to violate Role Wa. 1, providing that the system is tagged so that Rule Mo, & is
wlways Foallaowed when Lhe syseem undergoes n::hu_ge oT gorrective maintenance, Common sgnse hak tn
be exervised Mooy of Rules No. | [-]J,['DI.IE]] Ko, 5is Hniatcd

The voltage margining proesdure follaws.

1. Reoplace the two terminutors of Lhe sepment (B930, K930, M9301, M9302, M9281) with the
approprisle low-macgin vards (M9304, H9305),

2. Run complete diagnostics and system gxercisers,

3, Replace the twa low-margin cends by the corresponding high-frueem cards (M9304-T A,
MG305-Y A

4. Run cutaplete diapnoslics ahd gystem exercisars.
5% Replace the two high-margin cards with the original terminutors.

If any dizgnostic or syatem exereiser Tuils dueing (his procedure, the sysiem has a problem, [t may be
necsssary ta implemenl o rule violation in order 10 correct the prablem, & Unibus mltﬂgc Targining
Lester hox {(Chupler 4) may be necessiry o izolag the problem, To determing if there is g murein
problem. Lailuces during margining must correspond with (o7 compured toh no failures when not

rrewEining.

2.3.7 Myatem Acceprance {Ruole Ma. 7)

{m rare aceasions, Fules Wao. 1 throggh Mo, 5 may nol be sutficient to eliminate all reflection prab-
lems. On Lhese vecasions, o DTnibws voltage margin 1ester box (LY M=-TA) shouwld he used (along with
common sefise) 10 isolate the problem and implement solutians, When an option faila {gives data
ereors, hangs the bus, ere.] during & margining rest, particularly the low-margining test, be swspiciows
of reflections from surrending aptions after chiminating wewk deivers, leaky receivens, ete. The solution
may be ta replace an additional M920in those surrounding ppticns with an MO202 {or even s BCLLA-
3y in arder oo Morther spread oot and reduce cefleclions. TEBules Mo, | through Mo, 5 do not eliminare
a refllection preklem, plewse consull T8I 1 Product Supporrt in Maynard.




L3 Actual Hos |nading

FidP-11 avatems are confpgured ta have no more Lhan twenly lowds or 1524 m (50 ) of Unibuz cable
om acgeven bus, Mosl devices are specified 1 leeloe of whole aumbear loads bt in fact 1his is oor always
lhe caye. Tehle 2-1 lisls realislic numbers for vatious oprions and using the system shown (Figure 2-15),
il % zeen bew loading may differ from that determined by conventional configuracion guidelings,

NOTH
If quiedcent valtayes are correct, then de loading is
probably not 2 problem.

1148
(e}
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B EWniir [NIRE] AK HE11 THMI11 411 Zh11 LP11
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F-'igufc 2-19  Agtnal Bus Loads Example

Cautian must e exercised in cuscomer situations - the published loading specifications for cach devies
[as ligted in Apnendix 13) must he used in discussions with non-1YkC peraonnel, Tahle 2-1 is included
onlv for yaur infarmation. {Kefer to Chapter 3, Patagraph 3.5)
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Table 2-1 Realistic Load Yalues

Max. No. Rlax. Mu.

unit unit

loads if loads il

Nu. ol Diriver Mo ol Rerrs Rewrs

Optien Dirlvers Type HRevrs ate JE08 are Bl
AALLA 3 RES1 2 1.52 Th
AALLB b RESL 2 1.52 Th
AALLC 2 BBE1 2 1.52 TG
AAlIL 5 BBEEIL 2 1.52 TG
AMTTE 5 EB4l 2 1.52 T
AN 1 2841 1 1.11% T80
ARCI z LR | 1 l JE140
BMTO2Y 1 LEE 1 SR 5
BMBIETZ l MNONE 2 1.523 Te19
CH11 2 AEE] 1 1 5180
Cini L 28E] 1 1.119 T30
Ch1L 4 BHEL 1 1.238 MET
CERI1I 4 t1.2. 1 [.238 AT
DAILB 2 B 1 [ 140
DALLF i LELY l t £1090
DRLLA [ A8R1 l SRR 5
1311 3 %8E] 1 1.114% 1380
IDHN I 28E1 3 2.40d 1.261
DIl 2 EHE1 I 1 L1
DKl 2 B 1 ! S L]
DLIL 4 a1 t 1.238 A3
DMLLIBB 2 1AR1 I 1 B1K]
1T 2 A381° | I Bl
Ep Il 3 R&E] | 1.119 TR
IZR11A 4 E&R] i 1.238 BATI
DRLIG 2 Bisl i 1 1]
DRLIC 4 BER 1 1233 43T
DTAO3F 2 L I 1 S50
X1l 2 RES| 1 1 L1990
CFIb 3 EES] 1 1.11% TR0
KIl1a I BREL 1 B0 .
K1 2 GLET 1 1 H190
KWI1IL 1 LEL 1 B30 o
EwWIlIP 1 HRH1 | 1.11% AR
LEa 4 RES1 1 1.23% B3
.ETE 2 BEE1 1 ] A£190
I.Ps11 2 BBS1 ) 1.52 TG
[ 2 B a%] ] 1 £190
L¥ll 2 GBS 1 1 H190
M2 1 LA 1 B30 o
MELT I T4H0 -1 I 1.952 [.571
MET1 L T41101-1 1 1.4952 1.571
MM11 L 74HO1-1 1 1.552 L.E7]




Tahle 2-1

Bealistic Load ¥olues {Cont)

BIux. No. Muax, No.

undi wiil

loads if loads it

Pvin. ol [Iriter e, of Rors Hovrs

kptinn Drrivers Type Rerrs are 38is are fadis
M1 1 Ednl 1 ARG )
k1511 2 ERRT 1 I A1)
S 4 EAR1 1 1.23R E5Ti
FRF1 3 EAE 1 1.23E JEET]
kEC N 3 Ragl 1 1.11% _TARD
RETI11 2 RER] 1 1 A1
EEIIC 2 Exgl 1 1 Al
ELE_ LT 2 CEEET 1 I L)
Erll 2 WA 1 I ] )
Tall 3 KRR 1 1114 TR0
1007 2 EAR 1 1 B0
il pl ERE1 1 1 190
D GRE] 2 .52 Ta

2.4 UNIBLS LATEMCY )

‘T'his zeccinn is derigned to familiarize the Field Service Enginger with the II:_I'.'D]'I'ITI'IEndEd MPR iJevies
Seguence on the Tnibus aed alao provide the shility ta determine snd minimize possible “ate Late™
ETCOTH.

The device seguences for u oven FDP-1] System {CPU, memories, and devices) con be obtained by
applyving e alaecithm given in Figure 2-20 apd Table 2-2.

Tahle 2-2 Maximum NPR Eates of the X PR -
Devives with ¥urizhle Speed

Maxioium Data L% FENE (T
Derice Trursler Rate MER Rare
CDI-E 1000 card Smin 1.33 kHz
Co1l-A 12043 ¢argd fmin 1.6 kHz
DALI-BDRU-R | S0A00 word, s 500 b H
13H11 16 % 9600 Baod 154 kHz
NQ11-Txa [Tk () Buud 1 kIl
D11-Ca 1 Megabuud 100kH:
oT40 20 s/ poini J0kH=z
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[Tsing the procecurs puslined in Figure 2-20 and the musimum NPR eates speeificd in Fable 2-2, the
lollowing steps should be wsed Lo approuch « DATA LATE problom,

. Determime the correct sequense of deviess on the Unibus. I the conliguration is meorrect,
Ccarcecl i,

Dtormine from the confeuretien tables whether or non the system is cxpested to eapenience
[1¥.75 due it Lmbus bandwidih {eefer Lo Figore 2-247%

bt

A, If the syslem is nui eapected to experignee [IL.Te but neverchelews dowes, molite the hardware
mallunctivn willt e bus busy measurement eehnigue.

I soume cases. it mav he oseful to spply the Bus Bosy messirement 1echnique ta systems
whizh may cxpericnee [late Lules due 1o Unibus bandwidth. In such instamess, the lech-
nique halps to demoenstrale that the hardware is finetioning carrceely.

NOTE
Fur the purposes of thiz mannal, bandwidth is defined
s the sutuber of bug eyeles that can he accom-
modated and still provide successful execution of the

application safow are.

2.4.1 Device Clutepoties

A1 exivting WPR devices Lhal are conngcted 1o the Unibus are considered te be in one af the rwa
defined culerorie.. ™ot (e fact that all communication devices are conuidered o De in calegary 1
olassilicalion sven thowel smme devices have data buffers of more then six words (usually, these

devices multiplex more than cne lingl,

Catcgary 1 - Ixvices whose controllers have siz or Jewer words of data hoffer {excluding
REIT/RSLT which, althoueh it has ooly o one-word data botfer, falls more clasely into
catezory 2 simply because 10 cun wail for o maximom of three disk covilutiom time ar 100 me
withuul getling “diate lae™ erroes). Other devices in this category wre: CD, DALl DHIL
DGl DRILL GT40, REDL/REOS TAMLSTU0, and 1O TTISR.

Colggary 2 [evices whose controllers have mare Lhan six words of data butter (including
RF11/R%11 as described under category 17, Devices included in ehis caiegony ame: RIS04,
RIPDM, RKA1T/RE DS, RISOI, RPIIC/RPOS, TITU4S, TIULA, and EEUE/RELT.

T NFR Culrulativos for Tl
M PR rales of calegory | Jevices can be computed in ong af the following ways.

NPR RATE = haud rate A0 (may he different lor dilfsrent devices), of

= word y, or
= gard min ¥ .33

Within Cotepory 1, devices with higher MPR rates should be placed belore devices with lower NPR
rilles.




2.43 Lwlvaer Tolersaoce Calcolafiang® _ ) _
The procezs of derarmining earegory 2 device sequenes can be girnpilified by comtparing TL (maximum
seleranee hopween bos cveles) ol auch device, which can he compuled as telbows:

wherty:

Ploas

k.

[ g5

T o= I'DAES - TBELUT < 2

TOES - Timeta cransfer S words o/ from the device (in ws)
DBS ~ 1¥ata huffer sire of the device conroller (for RHET, RS = 64)
TRBLLP = [ypical dula hubble up time of the device controller (for RHI1L TEBILLF =14

PEN

nate the Tkl inlocmation caeefiilly,

Il the seclor size of a devie is larger than DB, TDBS s simply the product of the
instant dneons daia transfer rate of the device and the DBS of ¢the devies controlbec: Tor
example, the sectar size aof K P s 256 words (DBS = 66 words), and the instuntunecus dita
transfer ratc iz 2.4% puSword, so TDDS = 248 = 66 = 164 ps,

[T the sector size af @ device is smaller chan 1285, the sector gop and interleaved sector and
eup (i ey must ke accounsed for to eampuis TTIBS. The silualion can be clarifisd better
willy the examples tizat follaw, RR03 has seclees of 64 words, sectar gaps of 250 gs and un
ingiantancons data transfer tats af 3.6 ps/word. s DB {or sila) has two more words Lthan v
seotar; therefore, owo words must be polten 1o/ rom the next scoorr.

Sector-zominierlsaved (4l wd): TDBS = 36 % 6d + 206 + 36 1 = 203 ps
Sector-mlecleaved {8 pe/wdh TDBE = (36 M 64 + 258 % 2+ 26K 2 = 519 ps

~0OTLE

Within categony 2, devices with greader TE shionld he
plaved after devices with soaller T All catezary 2
devices should ke placed before category 1 devices
wilth NP'R rule fess dong 1.7 EHz, except Tar asyn-
chireneus cominaication devices (ey., INH11] which
leave preat Intency tolerance capacity, DITIT can be
aced in vear of all other derives,

2.4.4 HE Darices _ i )
AlL 1the HR device should be placed afler NPR deviccs, Haowever, samelimes lor comrelence sake
surne BR devices ooy be pul before MPR deviees (e.g., 4 DECwriter muy be placed next 1o the TP,

245 LUnfbus Loading Reoles

1.

axitum loading helfore the frsl bus fepealer is 19 de bus loads; borweesn two adjucent huy
remediers i 0B due bus leads.

Blaximam Unibus cahle lengeh hetwesn che first buy repeuter und the CPU or between the
adjacenr bus rgpoarers is 13,24 m (31 ft). For exumnle conligure a svstam with 117435, 128K
af Wi FI-UP, 20 1-ALAKL, KW H-L, RE T REQS, RIS, RIPM, DHI1, D411 -EA (at
125K hawdy, RETE/REVTCTTULG, SGT40, CIH -E.

*lLerengy tolesunee camasles ul desices in cazegary 2 are delioed and sompuzed vsing “Lutency Toleranec
Caprcities of NP Conemelles Thevices and Coafiguration GGeidelines™, 4723075

r-F
I
Lal




Aller going weueh Figure 2-20 and Tahle 2-2, the Tollowing sequence results,

COLL-E{1L3I kH7;
DX 1-EA (1,25 kHx)
TOTAL 2 UNITLOADS

Dievice ' Uniboss Yarauds
(1745 2
KW 1-1. I
LA LAID i
(28K MELL-LIP &
EKI1/EKOS (90 kHz) 1
(T {1 kHz7) 1
SO 1
F P 1
TITIA 1
RILLLRELL 1
DIILI{l34kH?) 2
I
|

There ure ¢ 1etal of 22 unit loads, Therefare, o DBI1L-A is addad ac the cod and DH1, TQTI-EA and
CDLI-E are repasitioned after TYBT1-A.

MNOXIE
Tl NPR device sequence algnrithm doees nel fake
fnto rocotnr the measores ol the usaye of the devices,
For example, suppose that in the sysich piven above
0 ia sefdom wsed, GT4F moay e placed hehind
HF11 /RS b improse sFatem thooaghpot.

2% BLIS BUSY TEST TECIINIQULES

1"he fallawing description iz designed 1o aid in determining “nominal” device bus busy times far PDP-11
qystemn conliguralions. It is inleaded far use in cases where a sysiem under test is configured correctly,
but ix 5101 ncuzring Unibos [ Late™ emrors.

Alinost cvery PI2E-11 1:0) device, trunslerring data at the NPR level, has uopeciod of ime i which a
word ar hyte of date can remain ia its data buffer before the neat incurming weed displaces it, This
period of Lirme is known as @ device's latensy. [f. during this period of time. the deviee is unahle lo
curnplele 2 Unibus transter, the werd in the data bulfer will be displaced and lost, A data lute srrorwill
cesull and the transfer operation muost be aboried wad mestarted, This is obvicusly an undesirable

condatio.

latengy, or 1Jata Lale, ecrors may ocewr as a result of many factors, e, device abd memory types.
b imihus conficurativns, seliwere in nse, and hardware mallfonetion. This documene will address hurd-

wure mallunciions.

2.5.1 RBps Busy and atency Taolerance
in many instances stand-alme digpnostics and systerm exercisers will provide sulhicient wfermatian 12
allow the problem e be identified und isolaced, This generaliv leads tier a tredilional troubleshooting

approach.

e e




Surmelimes. hewever, ibe malfupetion will be more subtle, eluding even the most rigorows diagnostics,
L 1l past, Javge devices werc slow (by today’s standards) and there was little concern about how lang
a devize taok 1o complete & transastion on the Linibus, Ag aystems have expanded im size and devices
have heoome faster and software mote atringent in ity 170 demands, the need Tor WPR devess o
compete Lheir tranzactiony and relesss the Unibus e another device ws soom as possible has become
I peralive.

It an MPR device hold: BBSY asserted on the Cnibus for an abpormally tong period of time, that
deviee (in somc configueations) conld “erowd cut™ another PR device competing for Linibua time
foreing an grror condition to oeeur, It shoubd be cvident, then, that Data Lates heing reported by one
device may -be cauyed by another device on the system being o “'buy hog''

The Lolluwing parageapts will show how Lo predice nominal BBSY time for a given confipuration and
how Lo measure the actual BBSY times. Guidelines are included o help determine whether or not the
measwred BBSY rimes fall within an scceptable range around the predicied value,

1.5.2 Calcolating Mominal Bus Bosy Times

NOTE

It docsn’ meatlee iF the caleolations necessacy Lo pre-
dict 1 BESY thame e petforimed fiest or iF the nieas-
nrewents are made firet, In some cases howerver it is
necessary oo determine IF a deviee is condncting
“single cycle” or “double cycle™ fransactons, ns this
will affect the calcolations that must he made. This
will be true of wme Y asshos devices (RH1T. If in
doubt, proceed to Parayraph 243 and make this
determlontiod.

"T'hiz segtion deals wich caleulatiog or prediciing a BBSY time for a device wirhin a given configuration,
Component eolerances throughout the svstem make exact caleulations impossible, hut typically a
device should Tall within s plus-or-minus 3¢ pergent range of the predicted value. If, after measuring
the reu] BOSY Llime, i exveeds the predicted value by more than 30 percent, a potentisl problem area
hite Deen Jound und sweps shoutd be whken to bring the nffending device nearer to speeificalion.

For the purposcs of this mamal, BBSY can be thought of as colmposing fout separate componcnts:

1. 13dw

This1s the internul iming delay af the device itvelf. The figure can he pbtuined from Tuhle 2-
7

-

Dma
This iz memory acccss time o e time it 1akes memory to assecl S8YW afier il sees MSYM,
This fipure can he obtained from Tabbc 2-4,

b2

1a

D
This is the delay wssoviuled with Unibus tranumitters and receivers. Thin figure may be
obvained from Table 2-5

4 p
This is the propagatinn deiay of the L nibus itselt, taking into account its lengh and loading
properiies. This must be culeolated from a formoula,




Tablc 2-3  Device Delay (T

Iy [ in naoeseeotids)

Coniraller Single Dhouhle
Type Cyele Crele
TC, TM, RP1-C,RKIT-C. RFL] [ 140 MSA
DHII L350 - MNSA
RE1L-12 Q35 MNSA
RH11 A& L1558
Table 2-4  Memory Access Drelay (Dmn}
I}ma (in wnovsveunds) '

Moy Sinyle 1Jpuhle
Type Crcle Crele
Wi ME11-1. 1nk T30
Ak MIE11-LP 430 gal
Thik MTIL-TT K 140
Iak MIEFIL-UD 4n0 Wi

© e Corg 411 20

Table -5 Traosmitrer;Heceiver Delay (Dir)
Drir i nonk0secods )

Trasmirrer, Hecgiver Single Drouble
Type Cyele Cyele
e HR& I () 10
DeRRsE ] il
DL 3ED 40 Al
D Eadd] 44 20

Singlc Cycle = Dip = (3.4 % LIL) + 3,5 3 do uml bouds)
auhle Cyele = Dp = (6.8 € UL + (7 % de ol loads)




bhe summalion vl theee Jour components yiclds a BBEY walue unigue to purticuisr device and
conlipuralion.

BBSY = Dddvr + [ma + 12tr + |Ip

The firse thres sompoenents of the Tormule (Ddv, Dera and Dy arc easily abtained by referring to the
refereneed tubles. Lucale in the lable the upprapriate device. memory typs or transmitier /eceiver Lype
and exlracl the awber feam cither the "single -:::rclc“ ar “douhle cvele™ column ws i pertaine 1o the
device, Deletnioing “single ovele™ ar “double cyole™ i explained in Purugraph 2,53,

The faurth companent af the formuola (D7) may be derived in the Tollowing manngr,

Sinple Cyele
[p = 34 X U + (3.5 ¥ de uoil loads)
' or

ouble Cyele
p = {08 X 01y + (7 3 de onit louds)

where:
11 = TImihus length mometer (feel) belween 1hie devies and memary

OC Uit Loads — (e namber of [ Uit Loads between the devices und memuory, incliedivge the de
il laacs presented by memory itsclf.

‘I'o tlinstrate chis, ook sl the sample configuretion shown in Figore 2-21. If the device vnoder test were
the BE11-12 the value of T weald be 60,96 cm (2 () and the de wnit loads would be 3 (1 de wnit Toad
for each 16K bank ol memory ). 15 e device under test were the TRII1. L1 would cqual 213 m {T [t)
and e unst Toads would equal 4.

~“UTF
If the device under test is located hehiod one or oece
BR1T bus repeaters add TS os (for devices dolog
Usimple crcle™ trmsfers’ or 7 05 {Tor devices doing
“donble cyele™ rronsfars) to the calenlations for each
bus repeater berween the device and memary.

.33 Messoring Dus Dusy Times

A dusl-lrace vecilluscope with three probes will be needed to conduct the following wsts. The third
probe will e wsed Lo mediter MSYN in order ta determine if some al the NFR devices (such i3
RITHs) are doing "double cvele™ rransactions, it ik certain that all the devices 1o be esrad will be
canducting “sizgle ovale™ transfars only, the third probe may be eliminated wnd all calenlations will be
tade from figurce cxtragted from the “single cyele” columns in Tables 2.3, 2-4, and 2-3,
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Sctoup the oscilinscope s follews:

Coupling = ds

Trigger = External positive
Mode = Alieriate )

Volg 12w = |1 [with M1 prohes)
Tirne/ 1%y = 5 microfeconds.

Morw leule o convenienl dccess to the U nibes, The TC11{ DECtapey 3 v pond access point if available,
atherwize any backplane with Unibus-in or TInthus-out will do.

Connect the probe sorcesponding t externel Leigeee Lo SACK L ar pin ARZ,
Cronnect the probe curresponding 1o chdanel 1 ro BESY L at pin APL
Connect the probe coerespanding 1o channcl 2 to MEYN 1. at pin BYIL.

The sefiware to be run during these tests will be DEC/X 11, Before procecding, note that Table 2-4
(1?ma) doesn™t include data on MO8 or bi-polar memary systems. For Lhis rewsan, ensure hal
I3EC/ KT doesn’l use MOS8 o bi-polar as write buffer space. | the syutern under (sl is an all core
yystem this will nel be of any concern, If the system does inelude MOS or bi-polae it will be necessary
Ly back the runstime cxerciser in memory (vis the RUNL command)] so Lhat the beginning of
DEC/ X1 1s writc hufier space (which coincides with the last addreess + 2 o the last module) is in core.
[t is acccptahle if the DEC X011 code eaereises [ror MO8 o bi-polar as long as the write hufTer space
is in core. Finally, inhihit write bolTer rotetion via the ROTCEFF command.

=28




Belors Gsuing e RUNL command, DESelect all modules and SELect Lhe madule corresponding L
the el device 1o be tested.

NOTE
By resting only one device at & time and hy triggering
the seope from SACK, it i cnsured that the signals
scen will be those ssued by the deviee under best,

Ouge BBEC X1 hag been started and the scope trigger Lias been properly adjusted, the brace should
correspomed to ong of che teo figures shown in Figures 2-22 and 2-23, Figure 2-22 shows a device doing
single-oyele trunsuction, and Figure 2-23 showa g device perfarming douhle cyele transagtions,

The key here s Lhe channel 2 trace displaying MY M. If MSY N i 3ecn being asserted onee during the
BESY lune displayed on channel t, the deviee i performing Hingln—v:.:rl::lc transfers and the “single
crele’ coluced i Tables 2-3, 2-4 uml 2-5 should be wsed. I MISYN iy ueen heing asyerted twize during
he BESY tlime the device i3 performing double oyeles and Lhe "double m-;]-:“ calumn in the tables
shauld be vsed for the calculations on that devics.

The HBSY tme heing displayed on channel 1 is the time to be wltimately concerned with. This is the
vabue that should eoincide (plus-ar-minus 30 percent) with the calewlated valuve,

Cince the measurements heve been taken for u device, issue a contral C from the keyboard ta stap the
run-lime exerciser. When DEC/R ] ba ready to seeepl new commands DLSelest the devices juse tested
and 5ELcet the module correspondizg 1a the nexr device Lo be Lesled und repeat these proceduress until
all NFR devices an the sysiem have been jneasured.

- MASYT MF 4-‘
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CHAMMEL 2

Cchan=4

Tizure 2-22 Sapgle-Cycle Transaciion




[ EEBY TIME— ]

THANNEL 1

CHANNEL 2

, i
1t MSYH 2ni Ma‘t"" UM IHzn ~

_Figure 2-23 Double=Cycle Transaction

15.4 Configuration Tahles i
The vonfiguralion teble {Tigure 2-24] in presented hers to FEamiliarize the vser with 1ata Lace (DLT)
aucnrrance possibililies of sare comman POP-11 systems, Mo attempt i made in thiz manoal to cover
all possible configurations becawse of the camplexily of the problems that could be eneountered.

In all conlipurations, the general rules are;

I.  Ifa coofigucation runs DLT-Teee, then o subsen of the confipuration should alio cun DLT-
free.

2. Ifa configuration rons with LT, adding more devices to the syatem should alse give DLT, 1
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CHAPTER 3
TROUBLESHOOTENG

A1 GENEERAL

I his wection is dexipned Lo wid in isolatiog and woubleshaoting Unihus fuilures. The Unibus Treuble-
shaating Tlewcharl (Tiouee 3-13 i dasipned to provide a step-hy-siep procedore [or checking and
carrecting Unibus prablems, The flowehart relferences chaplers und pursgraphs (which contain addi-
tienal information and passinle salutions to solve [Tnibus problems) are includsd for reference,

32 TIMING CONSIDERATTONS®
Bome system failores such sz sddress errnry, missing data, egal lraps and system halls can eecnr
becavse of hus timing relutionships.

310 DATO-DATOE
The Unibus specilicition slales that MSYIN muvst be asserted 1500 ns {minimum] afier the address,
vonteol, and data (for DATO and DATOH transactions), This delay includes 75 as 1 allaw internul
logie in the slave devies to decode the address, [F MEY N s ayserted before 150 oy, inswlhinent deskew
and signal decoding ac the slave may Tesult in erroes. An 8881 driver whd an §640 recaiver combination
can cause up e G0 ny of skew leaving us e s 13 s a8 the allowable skew becanse of the Unibus
Lrumseoission medin. The most ming-sensitive lines have been fovad to e BESY, MSY N, 35Y N and
IMTR. Cable length and configuration can be a noticeable factor in these lings,

J2.2 DATI-IRATIF

Fara 13AT1ar i34 FIF operation, the slave puts requested duta on the © liney und then psseres S5Y M.
['he shave should noc assers 85Y™ at the doiver input belore the dula wnd enable lines are valid ae the
data driver inpuls. The crilivel point seems 1 be araound 3540 as shew in 55YMN vs, DATA at which
painl it s poseible For high-speed svstems (such as the 11 /43 which allows ooly the 75 ns maximum
skow) 2 cleck in crrongous daga,

Snme memarics have 8 potential prablem with this timing relavvnship in cectwan syvalems. When a
syatemm iy upgradsd Fom an 10705 or 1120 1o vn 11745 or when more ol this memory i3 added in an
eatended cubinel by a longer Unibus cable, the cisk factor For problems boeomes greater. [f problems
are cxperienced with these memorics (MMI11-L, MM 11-8, MM11-E. MM11-F}in high-sapeed syatems,
censult F5, Produgt Support.

¥Reler Lo Lhe 1475 Peripieral: Handhook far Unibos timing informaticn.
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323 Interrupt Tramsscilons

A typicul 11745 syslem will cxpericies prablemy il Lhe data lags the INTR line on the cable by more
than 340 ns. Must DEC interfaces assert the veclor address and INTR at exuetly Lhe same time and
TTnihus skew limes may cause o timing problem if the bus is long. Bxperimenls with 1 1¥pical system
show e wectar address kygring TNTR on the cable by a6 much us 30 ns with 3,14 m (30 ft) of Linihus
cabic and 2 TE11 o7 45 ns with 9.44 1w (31 ft) of bus and 2 L1 | The electrical configuration rules wy
listed in Chapler 2 wild rinimize these problems when properly applied.

32.4 High-Fregquenwy Calde Losses

The inerease in Lrues:ission line conductor Teaistance at high [requencies. kpown as skin effect, may
he 4 [ucwer In bus analysis. This funstion exhibils a very Nasl rise time to 30 peresnt of the input, bul
very sl dribble up fram 50 percent to 90 percenl of the input, .

A B5,24 ™ ¢ 510ty hus cable sould theoeetically have a drivhle up noticeable Tue vp 1o 170 0s in response
ta o step function al the mpot.

The hus should, therefore, be kept as short as pessible w avoid potential timing prablemy. The pub-
lished {ig. allowanled Uoibus length is 15.24 m (50 1), buc it is desirable 1o use as little cable us
pussibile for a given configuration (see Figure 3-2). Devices should be physically arcanged in Lhe same
vrder 23 ey are electrically connected, il possible. (IF M9202 folded cables sre nesded due (o physical
arrangcmens, they should not be replaced by B920s in order to decrease buy ledpth.)

o

CAEINET CABINET LRYIVET

[ L[

GaeieT CRHIZE] CABINET

A ;] L - B [

THIZ MOT THIE

Figure 3-2  Systemn Cabling Configuration Example




325 Peripberal Dala Eaie

L is possible o support only o certain rate of data transfer an the Tnibus - bevond 1his rawe, daca late
sitnations will occur, A method for ropghly determining permissible combinalions of situltanaous
peripheral device activity {such as would veeur when éxecuting DECX] L) follows,

1. Determine u window for o given syslem based on the slowest NPR u:lr:':'im: transfer rate {py).4
Il you have an RK 11, RF1i, TMI11 and TC11, the slowest device will be the TC11 with 4
teanster rate of 200 us/ward.

Wwindaw = 20HL ay [in this case)

Dietermine how muny teansfers the fasler devices will perform in the windew time,

[

(Window Time}: [ Transfer Rate)

REIL{11.1 a5/ word) A1, 0= TR
TR (27,7 s word) AN PTT = 1.2
RPUT (7.5 oy wordy 30075 = 26,64

1 Calculane the tered number of reansfers occuering within she windew.

TCLI =10,

Fkll = 18.02
BEF1 = 2o.t6
ML =722

Total — 523 cransters will ocour within 2K us window,

4, algnlage the time per tranafer by dividing the {otu] number of lrunslers into the window
time.

200 + 520 .= 378 as/Lransler rale

Ifthis Aaure is greater than 2.5 gs*, the system should run withaut data lwees [This is approsmatedy o
rate of 4010 kHz.)

33 PROPAGATION DELAY

I g vollaee is sapplied between any (wo conductors, they may be considered as a ransmission ling,
The ideal ransmizsion line input impedance laoks like pure resistange hut, in fact, is mainly a com-
hinatien of capacitance and inductance {sce Figure 3-3).

When the voltage at ane end of the lransmission hne is changed, that change dogs not instenlaneously
appear at the ather end. There 1 seme delay, which s called propagarion delay (see Figure 3-4). The
propagalion delay ol BCLL Unibus cable is approximately 1.4 t2 1.9 ns per foot (or 0348 m),

hall £ T rr_TlL'.||-.:'r'\, g kg swilches vl degrsose The ol =iyl -iIJ[‘:-['h.‘:ll'IEI“.'h: na the hus, & ﬁg_u:n: at 3.0 maw be more
applicatle pnoa redoed lice.

-t




r,__,-.

1
il
|

¥ ndld

Figure 3-3 Transmission Ling Circuit BExample
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Figure 3-4 BC11-A Linibus Cakle 1delay Exumple




A, lassless Lremsmizsion line of infinite Jength looks like 2 pure resistance of value £ = L/C. IMsuch a
line is broken and terminatad with a resistor of 1his value (R = Z). the ling will hehuve like un infinitely
lne fine, L., appear tesistive {see Tigure 3-5). The impedance () of Limihius BCI cable is approx-
unately 120 ohms with Unibas Jvam and ag low as 64-R0 ahmy unfosmed.

L~ 1! .
R TEHERATIDN

Fieure 3-5 BC11 Unibuws Cahle Impedunce Example

When a voltage is applied to the ling, the instantaneosus power consumed will be:
b= EiE P = E120

Suppose now that the rerminating resisior (R is not cqual to the characteristic impedanee of Lhe line,
The power which iz travcling dawn the line bafare it resches the termmation (during propagation
d-;,]:l,';'_] is equal to F3Z, bur the pu'.:'rcr dissipated in the resistor aller propapalion delay s apprax-
imarely equal tn B/ H'.

IF resistunce (R is greater thun the impedance (Z), there will be extra coergy fvailable st the termi-

nutivn und sinde enerey cannol simply disappear, it will e reflected back inta the line. A lter one maore

propajalion delay L{-::ur the return journey), this reflection will be seen hack at the source (see Figure 3-
aAL

3-8
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ITE RMNETISHI

. _If—

Figure 3«6 Impedunce Mismateh Fxample

wome of this reficction will be dissipated by the seucce impedance and sorae will be re-refected buck
inLi Lhe hine. When this re-refleerion iz scen at the termination (Figure 3-6B), {afler stll another propa-
ratiun deluy], the enerey difference will be reficeted back to the sovrce, Eventually borh source and
lerminalion will armive at the wame level, The impertant point to note here is that what wos intended to
bt a level chanpe wilh w clean trunsition did sat turn cut that way on the line dug te » termination
misrarch between B oand Z.

Essentially che same simation occurs when Lhe teemination resislor is smuller than the characteristic
impedance of the ling, If resistance {R) is less than impedance (Z), there will be « mismaleh and thiy
will wlso be rellected back to the source (sec Figue 37,

REFLEG 114w

.

ISOURCFE:

TEEMINATION:

Fu | 1]

ok Mk

Figure 3-7  Impedancs (Low Besistunce’ Misitatch Bsomple

14




Mate ghat {a) fransmission line which is not terminated in itz characteristic impedance will have reflec-

tions and {h) the voltage scen at any point oo the line or at any instant in lime will be & combination of -';

the incident und refl=cted voltage,

The amount of reflection depends oo Lhe mistnhatch, and appeoaches 100 percent for either w shorled or
a; open line (see Figure 3-E)

117035

REFLECTIGN

inns

TF IR

Figure 3-8  Mismatch Reflection Curve Example

Essenlially che same thing happens on 1he negative paing edpe ol u lewel chanpe yo that what seemed ta
e 4 cloan transition as in Figure 3-94, may look more like Figure 3-9B.

Figure 3-9  BCI1 Unihus Cable Mismateh (Waveform Exuamiple)
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Tu lurther sompound the preblem, cach device in the bus cantributes its cwn woique inpedance wnd
mismatch in complex time relationships (Figure 3-100,

I ]

DOEYICE J@
-

DEVICE @
— < =

©
DEW FE [

r=i332

Tigure 3-10 Svstemy Device lmpedance Exammle

All ol thiy impedangs and resistance mismareh is normal and 1o be expected in Unibus svsiems. The
abjeclive here s 1o eint aot the possible impedance mismatch and Low to use the appropeiate teols to
mlinunise lhe ellects af reflections and “waise™. Referenee the technigques listed in che following
puorasraphs.

331 Line Termbnnlion Teelmigue

| he questian may be asked. how can @ 178 and 383 ol eesislor propecly lecminate a line which hus an
impedance of 12 ahme?

ir]




A perfeet power supply has an ac resistance (impedance} of zero ohms, so for ac considerations the

terminatien diagram chinges somewhat to that shown in Figure 3-118 and simplified in Figure 3-11C, .j:-

17831
2712k

1Al

;
e — e

Fom o120

BB 4! ‘% 1T i
[

+au
POWER
SLIFPLY

L

Z- 120l

183 winn
Al & AZ
H7a (ELEIRH ;

.
—

TFALH

Figure 3-11  ling Terminution Technigus Example

The choice of these 1o values satisfies both the guigscent condition and Lhe requiced tectuination

impeediange.

A4 CAHLR AMD CONTACT RESISTANCE LOSSES

The Lhreshold poinl al which a bus receiver switches (asserted) from a{hto u 1 s approximalely 1.3V
II'a driver ool pull the line low cnowgh to completely assert the line, erralic sysiem opecalion will
acenr, There must he adeguate low-threshold marein to prevent Lhis problem.

In thz wsserted [low true} condition, wire and contect resistance may cause the nput volmage at a
receiver pate to be hipher thun the driver ontput.
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Tgure 3-12  Cuhle Reasistonce Problems Example

Referring ta Figure 3-12, assume a pure cable resistance ol 00607 3048 m (1 110" and ignore contact,
resistance {which wauld only agpravate the prohlem}. IT the cable betwesn Lhe driver (A and reoedver
(By were 1324 m (30 1) then Byp = 300 or .60 X 15,24 (30) = 944 (M.

A volloge will be develaped scrass B g with the polurily us indiceled when the driver asscrrs the line,
This voltage conld be us grest a5 0.7 V.
W, will ol be 8 ¥, bot insledd
Vi, =08 ¥+ YRyp
Ln this cass, V., mizht be as high as 1.5 ¥ {04 +H07) and erratic system operution may resall. Unibns

cahlz card gontacty mast he clean (to mimmize centeet cesislance] and cable lengih showld be as short
as pissihle (ta momimize wire resistanoes).

B TLA cably i Ivpically 001537003043 1w (. Considering the czturn puth io addition 1o Lhe sipoal ling, cubls
resisluner i apornximately 02013048 m [ft) of cable length.
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41 GENMRAT

{CHAPTER 4
BLUS MARGINING

baperience hus showa Lthal ¢ properly funetioning U'nibus will aperate with teriminator seurce voltuges
al between 4.2 und 7.0 voltz withoot any adverse effcots, IFthe vonltape 1w vamesl betwesn these valies, it
rray be possible ta doteet and for aggravate buy prohlems snd thas make il essier Lo define and cotrect
ke Failuces. AL prasent, thers are twa methody that can be used 1o chanpe 1he quiescent levels on the

Ulnibus far murgining purposes.

1, Use a Unibuy Vellage Maorsin Tester Box 1o vasy the souree woitage applied to the terma-

nalrr e lvwork.

!;\-_'l

Use HifLo Teeminaror Cards to vary the terminaior nelwork (rather Lhan (ke voltape). The

havdware required for this methad 35 less expensive and more portable than the Unibes
voltage Margin Tester Box, however, thiv melkod is more difficull 1o use for rrowble-

shanting Unibuas Failures.

MNOTH

A third method, relerred (o in this manual as the
single-gnded margining technigoes, iy an extension of

~ the L¥W-TA methid deseribed im ilem 1. Tlds
method must be wsed Tor these processcrs thot
crapluy Suck twronrcid or Bootsirap Tuctions oo

the wermionbor cands.

4.1 BLS {MUIESCENT LEVELS

Wormal bus guissesnt levels ars listed in Tahle 4-1. Any level that devistes from the nocmal Jevel
ahould be crnsilersd fa o p::uLﬂ'ln.iI failure. Tn many instances Lhe improper level will be the result of
either g defective bus receiver or driver. Tn the case of AC/DC LIW, these levels are power supply

denendent.

Table 4=-1 Bus {siiescent | grels

Signal Cruiescent Level
B 74 +.45 ¥ (£0.35)
NPC

AL Law +4.9% (44,35

[ §.oor

All{3thers +i4V (202 V)

[kxeept BHAY which depends on CPT tepe)

4-1




Tu measure quisscenl Unibus levels:

. lurn the system on with the processor hulted. Press the START key und release il (with
HALT down).

2. Usea cafibraled nscilloscopa (or voltmetes) to measurs the Ulnibus signal lings, {Sec char of
Llniwus slot backplane pins, Figure 4=1.1

NOTE
‘To ohtain meanimgful resdings of bus prant lines | B
AT and WG, they showld be mensared ac che graor
ficpar of each devloe down the length ot fhe bos.

A1 buges shontd he checked in muliinle hus systems,

4.2.1  Quieseent Coraditions
Low tms lincs: ¢Address, ata, Cantral and Achitration)

The low ttue Unibuy lines are cherastenzed by o lerminaticn a1 both ends and some number of
Clovda determined by e svslecl coofipuraticn s shown in Figore 4-2,

In the quicscent condilions we are dealing with de levels, lgnoring loads for a mament, consider the
eyquivalent Upibus.ling circwit based on termination alone as shown in Figure 4-3.

The quiescent de level an the fine may be caleulated vsing Ohms law, where:
I = F/RI+FHZ = | = Ela9--101s = Q0ETEA
E o= [(1#RN = (0819015 = 34087 (1.41) vols

T the puiential oo the lioe weve measuved (with respeer to ground), it would he 341 valls ws stowa
Fipure 4-4,

In theory, the hrads should nul alTect the quiescenl level of the bus lines, but in practice thisis impos-
sihle Lo uchieve. Ta be comsidersd scceplable, one load eanaot contribute more than 210 p & ol leakape
vurrenl {s2e Chapler 2 For detfinition of de undt load), but eren this level will have un ellecl on Lhe
guisscent level of the line,

11 200 loady wre added o e eoipinal esample (Fiygore 4 5}, wich cagh drawing 210 p& of coreent, the
ciloulatiun changes somewhar,

(20 % 210 g A = DAODA2 umps of leakupe cucrent}
The lotal currenl threough B 1 aow inereazes which incrzascs the LR! drop,

The quigzcent icvel of the ling will now be approximately 3 waits,

S —
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Figure 4-4  Oicscent de Level Example
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Figure 4-6  Quiescenl Level v&, Bus Loading (Worst {2asc)

By §!nihuy comvention, these liacs are asserted true whem Jow {=!} and negated when kigh (=0} The
threshull puini al whizh a recciver switches [Tum a one b 4 Zero is approximately 2.5V using a DRC
150 Receiver Madulz dor 1.7 ¥ wilk un BG40 Receiver Module), If enough louding s present to foree
e quicseant lewel law enoagh {see Figure d-8), system operation may become prtromncly erratic.
{There must be an wlsquale noise margin shove the threshold level wo ablow for crosstalk wnd
reflections.)

4.31 Muliple Bus System Considerations o
Multiple bus syseems are thoss which include bus repeatars or bus nwitches; the eive Luibus is re-
prapagared (zee Figure 4-T) When margining techniques are emplayed wilh multiple bus syetemy, 1y
dosirshle e marmin all bus seclions on an individual hasia! (T4 is nol necessary to margim multiple buses
simultuneously.)
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It is imporeanl that the correct termination points are used for any given bus in u systert - ot Mot FHOSE.
Refer Lo Lhe madule utilization prints to determine which terminatars go with which bus,

4.2.3 Grant Line Termination ' ) )
The grant lines on the Unibus represcat a specisl cuse of lermination and assertion levels (high = true),

Cirant lines mey not alwavs run fram ane physical end of the bus to the other. The Grati line is broken
at sach device wired o it and reprapuguted if Lhar device is not requesting (see Figuree 4-B). [t should he
noted that changing the bus guisscent levels at the terminatar will dot affect granc lincs which huve
weert repropagated, To measure the quiescent level of grunt lined oe Lo obzerve grant line waveloems, it
i necessary ta check al Lhe specitic point of interest.

DEYICE & DEVICE B

(M1

U IBLE ! i:)‘]‘
1

" READ TEAMIRNAT LHE ZMI280
C:EGRGING DL FSTrLT LEYELL

B THALENE TFAKIASATAR
WOl TLGEE MF HFTAARE ROFE

WOT AFT50T 5 ARKT LIMES

"WHIGH HLW T RFFK ACPRALSTLD

Fignre 4.8  rant Ling Bus Muargining Technigue

d3 HT/L0 TERMINATOR BLS MARGIN NI,

The TTiLo Terminalor cieds {se¢ Figure 4-9) are desipned to Lesl the high and low bus margining
visllapes by varving the wermingter nopwerk (tather than varving the voltzge when wsing the LV M-TA
testerh. The MY30 terminatars muat he remuved oo the system under st and he replaced hy M0304
low margin ar hy the MO44Y A high mergia lerminator cands,

There is 0 spevial lerminator nsed in the 11735 and 11,/ processars which combines the funstions of 1

lermingtos wud o vnibus jumper moedule (M%81) There are 11i/Lo terminator cards to fit chis uppli-
cativa alse (MBS low margin and MMO305-Y A high marping,

4




Ml rgin terminaones s used 45 5 wo/no go test and are per o be ingtalled inthe syscem an & permanc
husia. | Lhey are coe lar ge ur [iLin an expandst box with the covers closed which will help avoid this
mistake ) Figure 4- 10 dlustrates the circuil representution of the T La terorinater cacds plus represen-
Lalive load values.

WARMINILG
When using apecial terminators, it is important thai
the same type (Ei or Lo} be installed 2t hoth ends of
tbe bus For the test e huve oeaning.

Figure 4-%  Murrining Cards

4.9
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I_ IWIRLR | - UMIALS
o
TRIGH HETIN
o 2t

Fioure 4-10 I Lo Tersvnatnr Cirewl Cronipls

High Msrygin
. BS-TA
iBeplaces the MY Terminator)
2o MRAA-YA
iMWoplaces the 8MUAT special case |1-357]1-40 terminacor)
Cuiescent = 3 V(iR drop caused by Joads)

Failures Dere csually caused by weak drivers, receiver with merainal threshold or dirty hus cabis
suntact fegors

Low ¥largin

. 0304
[Eozplaces che MYAD)
200 MBINS

fReplaces che MOET special cuse 01-3571E-40 termingtors)
Cuizseenl = 303-0R drop cadsed by Joads)

Tailures hers uscally censed hy a regsiver with murginal theesliold or reflecsions on M5Y M, B8YM,
IWNTR, BBSY,

4.4 1INBUS VOLTAGE MARGIN TESTER ROX .
Lhe [Unibus Veligs Mozain Tester (UVM-TA) is a portable lester desipned Lo cicck all Unibus
seveivers and drivels inoa grsiend citler singly or us 5 group. Figurs4-1 1 lusieates s civguit repressn-
et of the IV M-TA shis represencative lnad values, The vonteol panel [Figure 4-132) furnishes o
swilgh for cach of the designazed hus sigzale and is wsed 1o provids fixed (+5 %) o1 verable lermi-
natian voltuge o speciul lermnmnator beards fcalled Margining Heads - MUY which are used 10 plasd
of the atandard 330 lesmineiees. The marginiog heads 2ards allow che villages selected 1o be aaplicd
ek ternicling nelsark an an individuai basia. Reler 2o Fipure & 13 (o a block diageam averview
af the LIVM-T A,

NOTE
This dewes nol clisnge the effective Laibuy length,

410
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4.4.1 Tunctional Peseriphinn
Funcliozally the WY -TA consisls of a fized supply. 3 variable supply, o vonieel pancl, Linibos
cihles, and terminator camls Lhal enable the user to margin valtaees m Lhe Tinibus seclicns.

MANTE
The vse of the Unibux cable it this tosder Is 505 @
power transmission cable,

The fized supply provides the voltage for normal system nperation. The variable supply fwhen
galected] provides the vasiable voltage. far systern maremning purposes. The frear panel conmrals and
indicatars contrel U cheice of fized or varinble vallaee, vary Lhe vollape, display the valtage, indicute
poth ac and de power an, and select individoal Unibus sigpoed lines.

CALTION
This TInibus ealle st Sever ke phagped directly
imtn n CTU, uption or peripheral while connected te
the wsler - it shoald he plugged inte the margining
[T TTT

With the recommended pragram (12ECX 1T or operating sy$lem) mnning in the system. the user now
seleuts any of all lines ra be margined. The respeclive swilches should be placed in the VARTABLE
pasilian, The margin voltage cen then be varied by using the ¥ 4 RLAHLE potentinmeter. The vodage

lewel ar weivich zhe system Cails or when Uie limil of the supply arc reached, may be ablained by viewing -

the maetored display.

4,42 UVALTA Operation pnd 1esr Procedures

1, Linlatch and remove the lop cover frn the suilcase lester and place w0 one side, This allows
rawim lor the cabling 10 be connecled e he tester box,

2. Remuve lest heads M9303, B2303-Y A and BCL1-A from ingide the fop eover pockel. Plece
all sipnal swilelies (36 tatal) in the “down™ or FEXRDY pouition. Place powsr switch in Lhe
QFF pogitian,

‘Turn wystem pawer alT. Rernove the MO340 lerminators frem both ends of 3 section of i:!lug_ in
the unit onder sl and replace willh e M9303 margining heads (MYI03-Y 4 far 11,740
CPTIG.

“al

4. DPlug the Unibug cable (BCTLAY inpe the margimimg heads,

3, Plagthe (BO11-4) power cable into the margining heads, Plop the BC L1-A cable into rester
slots 1 and 2,

CALTTERN
I"lugging the HCLI-A Lnibos cahle ditectly into 4
CPL ar peripheral without the best heads ¥9303-
YA may cauqe the 1nikos drivers Lo burn op.
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Il

135

Plug tester box ge cord inta 4 convenient power souree. Power cun now be applied 1o 1he
yvsbemn und the Lesler.

Macc power switch in the OM position and adivst che varizhle volage to +3 V.
Lnad recommended aroprems (DECXTT or operetiog seslem ).

~NOTE
signal switches mmst wot be switched while che sys-
tem i mnming. Always aalt the system hefnre
atrempring to change szlection switch setting.

Ihers s one swileh for each of the designaled bus signole und is labeled on the tester box
conlrol penel. By gelling e swilsh in e VARLABLE “up™ pasicion. the margin valtage
displaved i3 applied to the individvual pull-vp resistars and thus the signal lings can he mar-
ained by varying toe ¥V ARLABLE potentiometer,

With the avatem hulted, puc &t (2R buy signal switches in the VARIABLE “up™ position,
Restart system runming Lhe selecied proprem. Adjusl Gie variable collage 0 9 Y and run
syslem lor 15 minules {ur longer} seich all epucos selecied. Then, increass in 5 Y steps (or
sintailer inceements 4 oecessaryd ol the Eiduee oceurs, Becard this valoe,

CALTIHON
Halt and restart the program cach time g new wolt-
agre iy selectod when runzing DECXT11.

Adivsl variable vollage 1o 4.3 ¥ and run svstem for Lbminutes (ar langer, Then, decrouse in
A% steps (or emaller if necessaryt until a failure cocurs, Record this value.

CALTICMN
Halt and restart the program each Eime a new wali-
ape 8 used wheo ruaning DECXT1.

Every ayvatem st CUR borwgen 3.2 Y and 7Y, If a syerem failure occurs, margin the llow-
ing iive signals anhy:

SEVN, MSY N, INTH, SACK, BRSY

I0i0 1% nut one al chese sipoals that Rolesd continue o mareis seclion:s af the bus until a line
Catlure wr group ol Lines s isolated as the problem area, Bcpair the defeative ling and recheck
e marging fot:

Lo byte cluta

Aoldress and Clines
Fegues, line: (NTPR/BIO
Hiph bwic dara
Remaining lings

I =l ol

When Lesly wre complete, tum pawer all, remove the special lest eyuiprnenl. seplace (hc
tercoicialor cards and rernove lester froim power sonrce,

4-14




4.3 SINGLE-EMDED MARGIMNI NG ]
a7 sasime PrOCCsEars, il is not pasuinle W we e MY303 series af merein heads with the valtage manen
lesler. Tois is Decause some machines melude addidonal hasdware on e teeminater moadale (hirot-
sleap functian, sack tornzraund, ele ) which must he present for the moching to apetate normally. For
Uese maghings, d single-snded macgining technigue hes been developed (PRIP-11704; 317140, This
rechnigue may he ssed with any Unibus machine. :

Simale-snded margining is aceamplished by plocing a voltags margin terminalor va oaly ore end of &
bius sesent and vaneing the valtage spplied (o jt {(see Figare 4-14). This eccomplishes the same results,
ot che conaideratons are slighlly diffecearc,

MNOTLE
Using 1he M90S single-ended mangio lerginntor,
systent should operate suceessfully betwern 7RS¥
(ligh marging and 2,93 ¥ (low nuarging s displayed
By the panel metcr on the rolinge margin tester.

HEY SYSTE W TEAMINATN
s
-
< 1
= .-"'"j r —l
i | g |
| I PMINLS VLI RCE
E I WAy TEATER
430 é h
y | =1
LT
Y
] L \\ NeuAdE §INGLE CHLUE L
= Mil5 .IMLC MASGIN TEMM MATOF

| Hotl N

Figuic 4-14  Single-Fndad Cicowl Exampla

4.5.1  Setup and Operaticn [Using b9308 Single-tnded Ylargin Tlead)

1. TInlawcl and cemove tha top cover fram the suilcase wster and plase io vne side. This allows
roamn tor the catfling 1o he connected inwe e eEler box,

Hemove test head M908 und BCL1-A from the inside cover top poclet, Place all signal
switehes (361 in the “dowa™ or FIXEID position {00 Place pawer gwitch in lhe OTF
THHsILILL. .

r-J
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]

Lo

Ll

Turn system power afl Bemove the BI930 svsem terminator (see application table) and
install the 39308 marein head. IF the MY304 i5 not uaed at the clegtrica! end of the buy,
disable SACK mrnareund with che switch located an the MYANE module.

Plug the Lnihos gable §BC11AY into the M2I0E murmning head.

_ CALTIOM
Connecting the BCIL power cable directly jmfn a
CPU or peripheral withawt dhe margin head may
cnnse gquipment d2zmage.

Connest the BOT power cable mmlo tesler slets | oo 1

Flug lester box ac covd ioro @ convenicne power sourae, Prvwer may novw be applied Lo e
svilemt and the tester,

Flage power switch in the O posilion end adjust the variable weltage o +4,34 ¥,
Load recommended proccams (DECKL] ar operating svstemi,

SIYTE
Hignal awitehes most not he wwitehed while syslem is
runming. A lways halt the system belfore albeopling Lw
change selection switch sellinp,

There 35 one swilch Lor eucl of the designated bus signals and s labeled an che lesier box
contrel panel. By serling a switch in the YARIABRLR *up" position, the muergin volisge
displaved js applicd e the individual puli up resistnra - thuy, the signul Iines cun be mar-
gined by varying the v AR [ABLE potentiometer.

With Lhe syatem halusd. put wll (56) bus signal switches in the ¥ A RLABL E pasitian, Adjuat
vuriable vollape 1o & Y and restart sysiem running program selected, Then, inceeasein 3 ¥
sleps (or smaller incecments, i€ nocessary] until a failure accurs. Record this vulue.

CATUTION
Halt and restart the proproe ecach e o ocw vol-
are is selected when runsing DECX11,

Adjust vaeiable vollage to 4.0V and run system for 10 minutes oc longer. Then, decrease in
SO¥ steps (ar smaller, if negossaary] until & failome necwes. Becurd Lhis walue,

CALUTION
Halt and cestart the progrant such time o pes yolt-
apy s wsed wheo cwalog DECXIL,

Every svstem must mn borwegn 2,93 % and 745 ¥ I syalem lwillure ovcurs, margin the
Fallawing five signal only:

S5% M, MEYN. INTIX, SACK. BBSY

* 416




2. 1@ the prablem iz aot with one of the above signals, conlinue Lo merein sscicas of the bus
unlid a failing ling or group of lines is isalated as the problerm ares. Repair the defective line
and resheck smargins for

Luw hyvle dila
Adidress + C lines
Rxdquest lines

. High byre data
. Remuarmng linca

13, When lesls are complele, lurn power off. eamnove the special test ::]1111'H'm:nt replace the
leciminator anwuule and eemave tester from ag power source. IF marpin values wre recordsd
Lo Eulurs wee, e sure ta note that these salues were ahtuined with h1n[.]b—l:lidc'ﬂ LeclifigLes.

4.5.2 Single-bmded Circoit Consideration

The wser of Lhe single-ended mareining techinigue should be awaes of the theary and applization nfthe
Ornescesl Volluge wersus UVR-TA YVoliage consideeations, Calenlarions are not necessary haguse
Fiecure 4-15 15 desiened Lo provide this information, However, the differcnce must be made betwesn
single-ended and deuble-ended marginiag techniques because of che different voltsges thut must be
applicd by fhe UWM-TA toster vnder these conditions.

Tahle 4-2 supplies terminator application dula [er The MY308 single-ended margin head plus double-
ended termenatary, and how Lhey relute Lo particular CPU bus segiuenes, [n bns sggments not ingiuding
a P, Lhe seme procedures sppls.

ﬂ-.c:r:-'-.‘liniq tn Thevinen's Theorem, any line or netwock of impedance and generators., when sizwed
fram any lwo potaliin the melwork, cazt be replaced by an equivalent voltage source and an equivalenl
impedunce I series. A3 4n exomple, consider the termination notwork used om the M930 Unibus
ler e,

The valiage laoking “hagk’ into the network will he 342 ¥ becuise ol the vallage divider action of R1
and K2, This woan equivilent voltupe sooree of 342 ¥,

ni
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The Thevinen squivalent impedunce, By of Lhe eiveuis is found by sherting the generator and caleu-
lating the cirouil impedane,

1zan

e ]

Tle equiralent valtage saurce san he represented by o cirenit consisting of g 3,42 V sguree in series
witl wz imocdanas of 123157 ohms.

Ta
APPLIEL
WOLTAIE

gl

[ L

The terminaticn netwerk vsed on the MU singleended muarein weeminaor congists of IO ohms e
the voltags soures and 50 nhms to ground (ees Do 4-16)

IT tams metwnrs s considered w Thevendn pederator, it becomes & source af 8.9 percenl X woilage
apmisd (hecause of the wolluge divider aclion) in serics with 11%.4 anmsa.

L
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1dau! 150
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Figurg 4-16 Y308 Termination Circwl Caample
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The wolioge soen oo e bus lne may be computed by considering what happens when these twn
aeneralors are cenaceled together, For example, if the MY30K has THS volts applied to it

I =600 =342 =274 v
£ B 12Mr = 18 4t = 24140

i L=FERE

1,35 mA
4. vollbgs drop seroes By = 1133 ma ) 1230 = 1390 Y
5 Yoliuge on the bus line ~ 342 4+ 1396 = 48V
[ this application (gince the Trewenin cquivalent impedences are similarh, a simple rule af thumb ia:
A4+ 0Ty X LW¥M-TA)2 = ¥ bus line

453 SACK Taoeou

In sume processore, i SACK & ool ceceived widiin len ms eliee a grant is issued, the processor will
timeoy? and procecd a8 if oo geanc had been issued {unless. of conrse. a roquest line condnucs to be
asscrted ), [n others, the processsor will consioue ta wait for the retarn of sack: this will cause the bus 1o
mang. ‘This prohlem v sobved nn aome terminatoss by tuming bus grant uround and sending SACK
buck o the OPL. The processar will then releass BRSY and, 10 no device is recuesling, will immedi-
alesy rerain vanloal of e Bos chroush e possive bus release mechaniam. The MB308 acgin head
will turn Bus arand arouad inlo SACK and scr a lacch, There is a LED installed oo the M330% 10
“eemember the fen thar a granc was reeeived (net @ nocmal condition ac che cad of the bus), Switches
are provided e enalve 34K furnaronnd and reset the lagch {scc Sigure 4-17),

“OTE
i SACK turpaeouod is vonbled, the BTOME must be
nzed ot the dlecteical ead of the bus.

4.0 MODIFYING X430 TERMINATOR CARD
ohe rest canipment provionely described is nol avilable i is 510 possibie to empioy vallare mansn-
ing technigques.

4.6.1  FEquipment Keguired

Lo Yarwable de power supply with a | peccent a regulytion (or ketters aiod 3 2 amp oupu rating -

rm.pituamj,

£ Modilied MUK Lermingtors (oasa cach),
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Figure 4-17 M9308 SACK Turnaround l.ogic

4.6.2  Modifying the M3

1.

"
L.

On ogide 2 af the M23, cut etch at pin AAZ

Omn side 2 of Lthe M930, cur eich ar pin BAZ

Attach oneend of a 4,57 m (10 ft) picee af No. 16 gauee (ar Jarper) insulaced i to the etch
as indicated in Figure 415 {siep 31, This will be Lhe plus {+) lzad to the variable power
supply, . .

Attach oneend of w457 m (10 A) piece of Mo, 16 gauge [or lacger} insuluted wire Lo 1he elch

s tndicaled in Figure 4-18 (step 4). This will be the minus (-] lead to the variable power
supply.

412

_."'_"H..




RTCF I na akd

5TEF 1
w1aan

-~
STEH 3 |

Figure 4-13 W93 Modilication Example

$.6.3  Procedurs Tor 1se

.  Turn udl svstem power off,

2. Connest modified terminators to the variable power supply (double check potarity).

3. Hemove systen M930 lerminelons tom Unibus,

4. Tnstal]l modified lerninoloss in systam whers standard tcrminatars werg,

5. Tura on variable power supply and adjust output to +5 V.
fi.  Turn on syvstem power.

7. Proceed wilh bus margining a5 desceibed in Paragraph 4.3,

4.2







CHAI'TER 5
U¥YM-TA TESTER

S0 L¥M-T'A DVERYIFW
This chapier provides THGTTAL Field Serviee personne] wilh soilicient mlormition lo operste wnd
maiwlmn the Tmbus Volluee Murcin Tester (OVR-TAT und use il 1o roubleshool TTatbus Problems.

The WY M-TA is a portable device (see Figure 5-1) designed to check all Unibns receivers and drivers
in & svaiem by applying 4 margining volrage to the Unibus lines, The tester provides B dc termination
voltige 10 speeinl terminator beards, These special terminator boards, called margining heads, are
usedd in plece of the standard MY30 terminator, The margining heads do rot change effective Tinihus
lenzth.

52 TESTER EIT COMPONENDS
The complete tester kit coasists of the components shawi o Tubh: 5 l.

Table 51 ‘Lester Kir Companents

Number ' Description ' Part Number
1 L¥M-TA Tester
2 Mearmminge head M 3202
b Margining head MY3L3 ¥ A
TRS Cnibus Cable BO11-A
1 LVM-TA Troubleshooling

: Guide

The UYM-TA is a relatively simple clestrical Linibus testing device. Tt contains 1wo de power supplics
fa fized supply and a variahle supply), & digital voltmeter (DVM) W monilor Lhe power supplier, and
S RPIXT switches.

The Mxed § Vide power supply provides the vollage nornmally nsed o terminate the TInihus lines. &ny
uf the 36 Unibus iine switches placed in the fixed position will connect the terminating nelwork of the
sclected ling to che fved supply, This allows the operator to keep cerlaid lings a1 the nocmal 1ermi-
nating voltage while varyping the terminating valtage on other lines. The fxed supply also supplies
pover b the WA,

The variable dv power supply provides berwaen 2 and £ ¥de to margin Linthos lines, The supply s
adjustahle via a feont pansl control and js monitered by & VR alaa logated on the (tont nenel. Any
of the Linihai ling termingting networks can be connegted to this supply by setting the corresponding
dutu switeh th YARIABLE.

3-1




THeure 5-1  Umbus Vollage Munnn Tester Box

‘Fhe _r‘rc:m panel DVM normully monilors the variable supply. When the DESPLAY TTXED ¥YOLT-
ACE hutton is pressed, the DVB displays the voltepe of Lthe faed supply.

53 TLESTER SPECIFICATIONS
The legter comaing Lwo de power supplics, a fixed suppdy and 2 variable supply,

Fixcd supply FVdeat2amps
YWariablc supply 2ViEn 3 Y At smps

The lesler is desipned bor use in the field. I is packaged in a bricf case (vpe earrving cascand weeghy 33
pounds. The carrying case helds the tescer, margining heads. cahlss and the manual. The tester
requircs 115 ar 230 ¥ae (10 percenc), 50 or 60 He single-phase power.

—
'




54 UNMPACKING PROCEDLURE,
Tounpack the LY M-TA:

L.

-

3.

Rewove the carrving case from the shipping carton and mspecl Nor exterior damage. Dam.
age claim should be diregted ta the responsible shipper.

Open Lhe carrying case wnd inspecl the campoaents for damage.

Verify (hal oll compangnts are present, (Sce Paragraph 5.2 for Kit Companents).

5.5 ACCEPTANCE TEST :

The U¥M-TA is shipped ready-tn-use. 1T the wnil is nol vpecaling properly, refer to Preventive
Maintenance {Paragrapk 39 o disgnose and correcl the peablem, Service should ke performed by
gualified oersonnel ool & Tripplel (model 630-WA) or Sinpson (moedel 260% maltimeter is ceguired
L perlorm Lhe acveplance esl. '

Ta check o the LV AT A

fi.

Flug tester ac cord intn power sourse,

Place 30 spanil swilches in the dosn posttion.

Tuen tester oo, ¥erify visvally thae power indigutor-ie on, FIXED DC INTERNAL

indigaror is on, and I?¥M s displaying a voltage between 1 and 9 ¥de. An imlecnal fan will
SOTE BT I'his can be verified by listening for the sound of the fan.

Lising the VARTABLE polentiometar, vary the internal variable de supply between 2 and 8
volrs, This can be vetifled by observing the DVM. Set the variable de supply ta & volta. The
VaR[ABRLE 3O INTERNAL indicator will he lit, Press 12ISPLAY FIXED VOLTAGE.
EIVM will read 5 v,

Usinp the multimeter, probe pin BS1 of the test connector | Vollape will sead 3 ¥dz, Put
ADDHRECES REGISTER switch in up or VARIABLE posidon. Yoltage will read 6 Ve, Put
sviledy inle FIXED or down puesilion and probe similae pin on test conneetor 2, Voltage will
read 5 Vde Switel o up position, ¥oltage will read 6 ¥de, Leave switch up to indicete i1 hes
heen wested,

Fepeal step 5 Tor remesmne 535 Umbus sicowl swiiches,

6 CONTEOLS AND INDICATORS _ )
All wonlrols azd indivulors for the UVB-TA are located on the front punel af the unit (Figure 5-2),
The lurciion of cach conrrel and indicator 3 listed in Tahle 5-2.

5.7 OTFLEATING PROGCEDLRE
Refer 10 Chapler 3, Purapraph 4.4.2 Jor vperaling peocedures.
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Figure 5-2  Concrols aod Trndicetors (Indesed)
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Tahle 5-2 {_'.r_!ntmlﬂ and Tndicatues | ladexed)

Lodex Mo, . Funtion

| FUSE 2.5 AMP ~ Protests tesber Nvom current everload,

-4 OMAOPT - Swilch contrals ac power 1o 1osteT,
3 ON/OFF Indicator = Lights when tester 1 on.
4 56 single-pole double-throw swilches - control margining velt-

age to sach of 56 individus] Unibos lines. When in the down
pasition the selected line is connecled o 2 5 Vde fixed voltage
supply. When in the up position the selected line is connected to
varuhle de vollage supply,

5 Tester connectors = canneets selected wollage levels Lo marcgin-

ing haads,

& Cantrals putput valtaee of yareble voilape.

T When depressed, digical voltmeter meonivors voltage of fixed
supply voltage. DWK pormally monitors varishle supply
yoltage,

E ) - I¥gital voltmeter monilors vollage ol selected power supply,

s VARTABLE lighls when variable supply is apgrating, Bright-

ness i3 proportional to selected voltage.

o " FIXED lights when fived supply iz aperating.

53 MAINTENANCE PHILOSOTHY

‘Pester maintenanve consists of preventive and corcective maintenunce procedures. The preventive
maintenance procedures shonld be performed regularly in order to detesd uny Jamage caused 1:}:#
unpreper handling of the enic, A trouhleshooting Now disgram 8 previded Lo aid service personnel in
isalating and repairing faults within the tester aredits. The teoubleshaoting flowchart and corrective
mainggnance infarmation given in this chepler covers only the tester wnit. The flow dixgram makes wse
of the seceptance lesl provedure oullined in Maragraph 3.5,

To perfurm disassembly/assembly and preventive and sorrection muintenanue, only a multineter and
sluridurd hand tools are required, Regommended multimetery wre: (1) Triplett model 630-NA or (2)

Simpaon model 260,

84 PREVENTIVE MATRNTENANCL

As prevenlive muinlesance, the acoeptanse st [:mn:n:dum should be performed [ro Lime 1o doe 1o
easure colplers aperational readiness and to check the unit adjastments. The [reguency ot (he chack-
atls depend -on hours of han-:llmg, and environmental conditions. The schedile given in Table 5-3 is

suggestcd as o minimum time table

5.5




‘Tahlg -3  Praventire Mainteoance Seheduls

Performaace Intervul Test wr Provedure

Monthly Visually inspect for physicai damage: corrzct if required,
Clean rxtemally.

Cuarierly Clean inlesnally with vacuuin cleaner of a 200l brush
Check for looseness of the knobs, switches. and indicarors.
Perform acceptanee test procedure (Paragraph 5.5}

5.0 CORRECTEVE MAINTERANCE

IT ihe tester futls the woceptunce test of fails while teating a TInikus svstem, corrective maintenance
sl be perlormed. The Nawchart {Figure 5-3) will pinpoant the faulty tester component. Hawever,
before using e Oowcharl, unsceew and 1l up ihe control panel and perfarm a visual inspection. Look
for burnt or damaged wires or comtiponents. Replace any faully wires and componenl(s), if found, and

perform the acceplance rast procedure to derermine it the tester has been cepaived. I nol, begin using
the flowchart,

CALTIOMN
Cortain circuils in the tesior opecate st 100 Fae,
Special care mwsl be tkes wheo probing ovar these
cirendis, Before dbsconpecting, replaciop  awd/ur

reconnecting any part other than & fuse, tory (esrer
nff and unpleg if.

WOTE
Turn tester off wheo replacing Frant panel fuse.

A11 DISASSEMBLYASSENVBLY
Muny of the compunents within the wsler are ulso acoesstble and cun be replaced withowl peclocming
il disussembly. The swilches, indicatees, and plugs on the tesier conrol panel sre easily accessible for
cepail or replacement, However, to remove either power supply; the transformer, of the fan, the testes
must be dizassembled, To disassemble fhe tesier, perform the followiog procedure:

. Unplue line cord.

2. Bewmove the tester from ils -.:n.rr'yiug case by slipping it out of the case.

3. Lnserew and Lift up the coateol panel,

4. Taremave the pawer supplies, remove the power supply bracket using 1 socket acrewdeiver.

4.  Remove the lrapslformer, unscrew e four mounding bolis ol (he buse of the iransformer
using a screwdriver. Tnsolder the ransformer connecting leads,

5. To remove the fan, first remove the fan mounting bracket assembly from the tester using a

Fhillips head serewdriver, Lnsalder the fan connecting leads. Then remove the fan from the
maunting hracket using w socket head screwdnvzr and g Phillipa hesd nerewdriver.
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APPENDIX A
LCO HISTORY AND REWORK

A1 UNIBUE TEH‘HF\I ATCRS (M93N

The inwial ECOs ta tie MO0 {ddL::al I'T’{I} ::]l:mg\,d .hc termination of bus AC and DC L0, which
brwught the M43l en etch tevisien B This creh revision is naw obsalele. If sysiem bus probleme are
suspeered for Sailure, luler ewcl weeminators tham the B =teh should be Lided,

Aa.1.1  Herisinn O Fich

B Mo o the 2830 Uaibus Terminators chanped the teemination eosistors talgranee tom 5 per-
cemd Lo 1 pereent. This change improves the woesl case noise olerance and wich suspecled bus prob-
leme, | percedl w@rmizatars should be oued.

CALTION
Eome U etch terminators woere manulacteeed wio
misging etch runs. Fins AMT, AL ARL and ANI
shonld he connecicd to pin BEL. These rans were
omitted. The missing cleh rons wee groads sod it not
present may contribule W sysfen noise.

AL Hevision 1) Fich

RO Ma.d to <he W00 Unihus Terminators adds four decoupling cupucitoes and improved ground-
ing. This chanae significantiy decreases naise on the bus. Rev D is e optimum cteh revisinn carrently
used {Sepl. 19767 and showld be nsed if hus problemy sre suspected because of old type steh boards.

There are atlier terminatare which will be available for new processars and systems m the near fuiurce.

A2 BLE RECEIVERS

A number ol integrated circuit tvpes (Le., chips) have been or will be wsel as Unibus receivers {Tahle
A-17. O Lhese, e DEC 380 was mast common. TL hay been phased owt and is na langae availanle. A
recer:d series ol BOOS to most nptians which wsed the DEC JBD novw wses [IFL BA40 Hus receivers, The
DEC 5640 is 3 pin-compacible replucement fur the GEC 380 and is wsed in Lnihos apphcalions
becanac it has more closely defined specilications aad higher anise immunity (ses Figume A-L) Sub.
stituting anc 131 O A640 un 2 module does 0o NeeREsiate changing all DEC 3B, these chips may
teside in aoy comhinslion. (Thizs is o phasc-in and field Tl:'r'rmk s nul mleeded except tor repair
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DEC 330 ' DEC BB
Tigure A-1  Comparison of 3640 vs. 380 Threshald (Worst Cuse’
Table A-1 [lnibus L, Types
Basveiviers
Input ¥ nltage
T¥pe DECIP/N Funetinn Mote T.ow High
AL [ 300 3ES Quad nor 1 13 2.5
R 13-1136% Chiad nore 2 13 1.7
11340 1411113 Chiad nor | Hysterasis
aadd M oot assipmed Hex invgrter i 1.3 1.7
L [9-12]128 7 innut nor 3 1.4 1.7
il3 1909704 7 inpul nur 4 1.3 25
REL [ -0RdHEA Quad or l 13 2.5
WAFT I9-11110 . Hex inwverter dq 13 2.5
Drivers .
8831 [9-05705 (Quad nand
TAHML JERL R Quad nund {
Transceivers
Red1 10-115799 (Juad transcciver 3
LR [9-1TE17 Juad trangceiver [
Motes
I, Katallewed in pew designs.
1. Heplages the DFEC 380 in Unibusg opplicalions.
1 Avuilable in luly ‘75,
4. To be ueed m new designs only until pin compatible replagements arc available,
LL. Replacement
al4 EbdA
RIT7 5544

Ml

Leakage
160
4]

RO

160
160
160

1D

1600




A2 BLUS DRIYERS .
The 1IEC #4841 s the stundard Unibus driser, Others which have been used are listed in Table A-1,
Unibus pin ssstpnments aee Rusteated in Figure A-2,

A3 GRANT LINE TERBMINATION

The lerminaloes on each of the Lnihus do way terminate grunt lines which are received and repropa-
puled. Grant lines arc terminated as shawn in Figure A-3 (berween devices teeciving a grant linel. A
reeent scrics of FOOs that ineludes wll devices using grant fines has changed the previvuy terminulion
techmiques as discussel previously. (A 1806 pull up resistar has heen added (o Lhe pranl ceceivers of
each device). This sicnificantly redvces reflections and Fulse prunty on the bus, 1e., teaps to 0, trops (o4
and wndelined inerrupts.

A.31 Rework Procedure
L. . Ohiain a supply of 1802 resistars. {These ey be oedeved under YEC PAR 13401320,
2. Using the proper print sel oe eacl option, locate the grant receiver input.

3 00N mo 12304 pull up cesistar is instalied tram the input of the grunt receiver Lo +5 W, idstull
urie (refer Lo the applicable ECOs),

NOTE
Hus switches and repeatecs alrewdy have these resist-
ors instulled.

CALTICMN
Sone devices receive more than one grant line and
many devices receive bath NPG and Blxx sipnals,
All grant receivers should be lorminsled io this
mAnner.

MOTE
To wuintls erminndon consistangy, a 1804 puli up
could be added at the receiver oo’ a 3N pull down
could e ndded at the driver. H a device with the driv-
er pull down were used with o device which did meo
* have the receiver pull up, the sssertion level would nod
b hiph cnowgeh o ensuce reliable operatlon.

A.d BCIL CABLE FOAM

The BCLLA cable (see Kigure A-4) congists of twn (60 condocier) mylar Flex-print cobles used 1o
canect system units in different-mounting cabinets or to sonnecl peripherat devices no lecated within
the cahingrs, I'ne two Flex-princg cables are taped Logether Lo forin w single flul 20 senductor cable. In
system apnlicatinns, there is Httle conteol over how this ceble is covted. Inpedance of the BCLL cable
can vary widely due lo physicyl redune and has been found (e be in the radge of &-8082 in typical
svnlems, (Desien speeilicauen s 120400,

CCONa. BC | EA-0M cortrects Ui low-impedance problem with che addition af foam hetween the two
mylur vcubles. The wnpedance af the cabic is stahilized ar 12040 and is nat too sensifive Lo physical
conlipuralion whea Lhis foaim is inscadled,
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4.4.1 Foam Tnstallation Procedure

£3btuin sullicienl foam o do the job, Phis may be vrdeced vider DEC part numher 9-OREE] (see
Tipure A-3) The lengeh required will be twice the sum of all BCYL exile lenplhs in the syslem, plus
vwice the length of abl paraflel cuble rune.

m—ai

Foam Taoe
[Part $UC-0OHEELD

Figure &-5  Foam Tape Tnslullation

Perform the followinp sleps for all BCI cables in the 3ysiem:

Hemaove Lhe lape halding the rwa mylar Flex-print cubles tngether. .
Cxunmine Lhe cables for any nicks, cuts or sharp oreases, discerd che coble i unserviccabis,
Sepurate 1he cables and apply the foam tape w balh edres lor the endice length of the cable.
Relupe Lhe two mvlar cablcs togethor with electrical tape, (Foam is sandwiched belwesn
cubles and 4 sipgle flat cable results, [do not squecre the cables together ul Lhe luped points)

Fu Ll bd —

NOTLE
IF teen BOTY cables ren parallel wooesch otber for aey
distnnee, foam should e placed hervesn them. See
Flire A=0 Tor wnitiple cable foam instaliarinm.

P < -

BEeE
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S i

Figure -6 Muldple Cable Foam installulion
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APPENINX B
W5202-2 UNIBLS JUMPER INSTALLATION

B.1 CLENERAL

Rellevtions on (e Unibus can e caused by termination mismatch, stuba, or Toads. {Stoubs cunnot be
alched, any stob will cause A veflection,) Backplanes have wires sttuched to the Unibus which acl us
stubs, [n additfon to this, individual modules may have buos lines carri=d un eleh which adids length wo
the backplang stuh, Individual devige aptions cause reflections oa the [Tmibues which ace called signa-
tures, I'hese signatures comhing tn form the cnmposile wavelorm seen on the bus. (See Figure B-1.)

: |
I
b
u e
_%\f
c Y%

e el 3

Figtee B-1  Composite and Signature Wavelorms
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A& leve] chunre, in theoty, should be a clean Lransition.
Dewices placed an the bus may contribute signature refestions,

Muny devicey in close proaimity may condribute o composite refleclions geeal etouph a ctoss rér
the threshald level of hus receiver.

The X920 Caibuz junper madule {double module) connects the Linibes from one syatem unit device
o the next. Lz length is very short clectrically., 1f device options are installed in cloge proximity to each
ather (lumped loads), theit signatures muy combine to place s luree rellection and false information on
the hus,

IT these sipnaturey could be sepaculed, they would ool present such a problem, The M9202-2 Lnibus
Tumiper Module s physically compatible with the BM220: however, it induzes somc delay and lessens
- the elfect of lampad Joads. The same signaturcs shown in l-f'u;um B-2 can he 5cp1rat'rl to reduce the
compasite signal, This will prevent gomposite signal from grossing the hus receiver threshold und thus
from prosentieg false information due to lurge relections.

REGE IMEH
THAZAHALD

WL TIPLE HEFLECT IO
SEFARATED IM TIME 75
FRFWEET THIFR PRFAKA
FANY COMMLIKING

LK AE

Figure H-2  Keparation of Multiple Reflections

This does ol aliopether eliminale the source of the problem, however, it docs offer a rearonahle
alternative for ceducing the etffect of cefloctions.,

B.1.2 .lumper Installation
A Nrsl puse approxioelion e instel]l one M3292-2 bus jumper Berseet each 4 10 8 unit loads (repiace
the existing M920 wirh o K9202% (Reler 1o Chapler 2 for detailed cantiguration rules.)

NOTE
The MYIZ i3 a wseful troubleshonting sid and
showld be left in the system on 3 permaoent basis il
regquired, The MY202 will not Nt in BALL-Cs wr
BATIL-Ex mouwotiop bexes. Lo ihese sysiems. nse
RO LLA-Z cahbles.
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Fipure B-1 Conflguration Using 920

Llsing the configurstion shown in Fipore B-3, the following wavelommy (see Figure H-d] were obiained
at 88¥ ™ on the KK 11T backplane.
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Fipure B-4  Jumper Threshold Levels
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APPENDIX C
AC AND DC LOAD TABLE
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DIGITAL EQUIPMENT CORPORATION, Corporate Headguartars: Maynard,
Mazesachusetts 01754, Telephona: (617] B97-5111

SALES aMD SEAYICE QFFICES

UMITED STATES—aALABAMA, Huntsyllle = ARIZCMA, Phoenix and Tucson =
CALIFORMIA, El Sagunda. Les Angeles, Oakiand, Ridgecrest. San Diego, San
Franclzco [(Mountalin ¥lew', Santa Ana. Santa Clara. Stantord, Sunnyvale and Woodland
Hillz = COLORADD, Englawood » COMBMECTICUT, Fairfleld and Meridan + DISTRICT
OF COLUMBIA, Washingion (Lanham, MO « FLORIDA, FI. Lavderdele and Orlando =
GEQRGIA. Atlanta + HAWAI, Honolulu = ILLIMCIS, Chicago (Rolling Meadows) =
InNDIAMA, Indianapolia + 1OWA, Bellandorf « KEMTUCKY, Loulsviila » LOUISLAN A,
Maw Orleans Matairia] + MARY LAMD, Odantan « MASSACHUSETTS. Marlborough,
Wallhem 8nd Westtiald * MICHIGAMN. Detrolt {Farmingten Hilis) = MINKNESGTA,
Minneapalls « MISSOUR], Kansas Clty [Independencal and 5t. Louis = WEW
HAMPSHIRE, Manchester » NEW JERSEY. Cherry Hill. Fairfisld, Metuchan and
Princaton « MEW MEXICO. Albugquargua « MEW YORK. Albany, Bufiabo (Chaek-
towage}, Long Island (Huntington S1ation), Manhettan. Rochester and Syracuse =
MOATH CARGQLIMA, Durham/Chapel HIll + OHIO. Clevaland (Euclid), Columbus and
Daytan +« QELAHOMA, Tulza = OREGOM, Eugansand Portland = PEMHNSYLVANLA,
alleniown. Phlledelphie (Blusbell] and Plttsburgh + SOUTH CAROLIMA, CGolumbla =
TEMMESSEE. Knoxville and Mashvilie = TEXAS. Austin. Dallas and Houslon = UTAH.
Sait Laka City » ¥IRGINIA. Richmond + WASHINGTON, Ballevue = WISCONSIN,
Milwaukea [Brooklleld) »

INTERNATIONAL-ARGENTINA, Buenas Alres ¢+ AUSTRALIA, Adaleida, Brizsbana.
Canberra, Melbourna, Parth and Sydnay » AUSTRIA. Wianna « BELGIUM, Bruzsals =
BaLIvi4, La Paz » BRAZIL, Rio de Janelro and Seo Paule = CAMNADA, Calgary,
Edmonton. Helifax, London. Mantresl, Cttawa, Terante, Yancouver and Winnipag =
CHILE. Santlego = PEMMARK. Copenhagen = FINLAMD, Heksinki = FRAMGE,
Granchble and Paris ~ GERMANY, Berlin, Cologmez, Frankfurt, Hamburg, Hannmaver,
Munich and Stutigard = HOMG KOMG = IMDLA, Bombay « INDONESIA, Djakarta =
IRELAND. Crublin » ITALY. Milan and Turin « JAPAN, Csaks and Tokyo = RALAYSI4,
Kuata Lumpuar = MEXICO Maxico City »+ HETHERLANDS. Utracht = NEW ZEALAMD,
Aucklend + MORWAY, Osla « PUERTO RICO, Senturca = SIMGAPORE = SWEDEM,
Golhenburg and Stockholm @ SWITZERLAND, Geneva and Lurich = UMITED
KIMGDOM, Binming harm, Bristol, Edinkurgh, Leads, Lendon, Manchester and Aoading
» YEMEZUELRA. Caracas *



