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CHAPTER 1
GENERAL DESCRIPTION

1.1 INTRODUCTION

The DZLI is an asynchronous multiplexer that prowvides an interfuce hetween w PDP-11 processor wnd
eipht (8) asynehromons serial lines, I can be used with PDP-11 systems i w vatiely of applicalions that
include commumnications processing, time shering, transaction processing and real time processing.
[ocal aperation to terminals or complters @3 possible ot speeds up to 9600 baud using either ELA
REZ32C interfupces or 20 mA curtenl loop sipnaling. Remote operation using the public switched
telephone network is possible with DZ11 models offering EIA RS132C interfaces, Enough data-set
control is provided 1o penmnil dial vp (auto answer] operation with modems capable of full duplex*
operdtion such as the Bell models 103 or 113 or equivalent. Remuote operation aver private lines far full
duplex™ point eo peint or full deplex* multipoint as 2 canlrol {Imastetr) scalion is also possible. Figure
1-1 depriets acveral of the poswible applications for the DE1I in a PDF-11 svstem.

The DZ11 hus several lealures that provide flexible control of communications’ parameters such ay
baud rate, charscter lenpth, number of stop bits for cach line, odd or ¢ven panty for such line, and
trunsmilier-receiver interrupts, Additional features ingluds limited data set cantral, zeto receiver baod
tate. break generation and detection, sile buffering of received dats, module plug-in Lo hex SPC slots,
and line turnaround,

Each DZ 11 module provides for operation of eight (%) asvnehroneus serial lines, Sines the module
inlerfuces W these channels with a sixteen (146} line distibutian panel, two {2} DZ11 moedules can ba:
nsed with one pancl. Also note that the twa versiona af the D211 {ETA or 20 mA oulpul) consiats of
ditfercnt module and panel types, This fuct allowa s system to mix ELA and 20 mA by vsing multiple
LZL s,

1.2 PHYSICAL DESCRIFTION

The DZ1] (B-ling cotligurabon) comprizes a single hex SPC module and a 5.25%inch, unpowered
distribution panel, connected by a 13-foot ribbon cable, Several types of ioterconnecting cables are
used berween 1he distribution panel and the modem or terminal, depending on the deviee, A [é-line
configuration uses too modules and a single distribution panel cannested by two rikbon cables, The
NDF11 modules and distribution panel are shown in Figures 1- and 1-3. The Hul‘.lm.lucnt prurapraphs
present g detuiled deseription of Lhe phyaiea] aad electtical specificalions of the various DZ11 npimns
urd conligurdlions.

*The T3 || data-set conteal doss not support half duplex operations or the sscoodery traosmit and receive
operadons availebie with some moderna such aa the Bell moedel 302, e,
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1L.2.1 DF11 Coaflpuratdoss

The DZ1 1 can be supplied in six different configurations, each designated by a suffix letter (A, B, C, 13,
E, or Fi. The DZ11-A and the DZ11-B options are ElA deviess with parntial modem contral. The
DZI11-E is the combination of & 1IX211-A and a DAT1-B, The DZ11C and the DZ1H-D) are 20-mA
loop output versions. The [MA11-F is the combinetion of & DZ11-C and a DZ11-D. Teble 1-1 shows
the variowy aption conlyzurations and (he reguired hardwars for (he vacions conlfgurations ia shown in
Tigure 1-4.

Tahle 1-1 DF11 Maodet Configurations

Model Crutput Modele Panel Consiector
Drri-A EIA MTELD HA1T-E H325/HI17
DZX1L-B EIA TR — Hax?
Drll-E ElA *ATHLY HI1T-E H325 /*Hi2T
DZN1-C rmA MTRId H3171-F —

12°11-12 MmA MMTE14 — —

[EFARMD 2hmA "NTEE H3al7?-F —_—

* = quantity ul 1wa

The DZ11-A and D¥11-B each utilize an M7T31% medule that plugs into slot 2 or 3 of a DD 1-B, or
any gystem unit with 4 hex SPC glot; however, slois in the PDP-11/20 BA1l box cannot be waed. The
H317-F distribution panel provides 16 communications” lines from two MT419 modulea (3 lines per
murdule}, und is ingInded with the DZ11-A and DZ11-E configurations, The H317-F distdbulion patel
provides 16 lines for the DE11-C and BZ11-F confgurations, which utilize the MTE14 modules (20-
mA svstem). The distibution pancls require no power and can he mounied in an H960 1%inch
cabinet,

hodems or terminals are connected Lo the H317-E, the ELA panel, by cables that attach to its 146 ¢ineh
17B25P commeciors. These cables are not provided by the DZ 11, therefors are bought separately by the
custemer. The BCOSD=25 cable is recommended far data set 1o telephone line inerconnections, and
the BCUOIM cable is recommended for local terminal intercontestions, A BCOFW-15, S0-conductor flat
shiclded cahle connects from the MTE19 module we the EIA panel. This conductor arries the data and
control signals of all B lines. Connections between terminals and the H317-F, the 2 mA panel, are by
customer yupplied cables to its 16 four screvw terminal strips. ‘The data and cantral signuls of all 8 lines
are carried Lo the distribution panel by a BCO85-15 40 canductar, Aat shiclded ribbon cable.

Two gcoessory test connestors, HA25 and H3I2T, wre provided with sach DZ11-A, and the H327 is
provided with the 13211-B. The H325 plups inlo an EIA connector on the distribution panel ta loop
back dats and modem signald oo a single line, The H327 connector plugs inta the MTR19 tnedule
sicket housiog and siaggers the data and modem lings as shown in Figure 1-5. The contectors ate
shown in Figuce 1-A.

A prioricy level 5 inseri plugs into  socket om the M731% module to establish interrupts at level 5 on
the Unibus,

1-5
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L2.Z General Specificatlons
The following arc clecerical, covironmental. and performance specifications or ell TXA11

configurations:
OUTrUIS
LBElL-A, -B, and -E

For each line, the 12411 provides a voltage level interface whose levels and connector pinnings
ganform to ELECTRONIC INDUSTRIES ASSOCIATION (El1A) standard RS232C and
CCTTT recemmendution V.24, The leadys suppotied by this option are*

Clrcuit AA (CCITT 101 -Pin 1 Proteclive ground
Circuit AR (CCITT 102) - Pin 7 Signal ground

Cirpuit BA - {(CCITT 103) = Pin 2 Transmitted daca
Circuit BB {CCTTT 104} - Pin 3 Received data

Cirewit CO (CCITT 108.2) - Pin 20 Data terminal Ht:ﬂ-l,‘l:r'
Circuit CF (CCITT 125} - Pin 22 Ring indicutor

Circvnit CF (QCITT 109) - Pin & Corrier

NOTE
Hignal ground and Profective ground are connected
tucther.

TR T

Wirguin CA (COITT 105, Reguest 10 Send, is connected o aireuit CL (TR theough 4 jumper on the
disteibiwtinn pancl. This allows the 325 conncetor wiom aeovnd DTR ik Dol OO wod BI {eiccwits CF
and CEL I also alloww concrol of the Request to Send [(RTSE {CA) line far madeny dan gel 202

applications.

DEIL-C, -y and -

2 mA loop versions, SPEC will be supplied at a later date.
INFLTS

The PDP«11 Unibus is the input for all DE L1, The DE11-A, B, C, and D presents ore unit lowd
to the Untbws and che DZL1-E and -F present two unit loads 1o the Unibus.,

FPower Reqoirements, DA11-A, -B, and -1*

Typical Muximum

22 .3 auiperes at 4+ 5.0volts, de
i3 015 amperss at =154 volts, de
01 o3 ampercs at + 150 volts, do

ZEL-L power is twice the abawe values
Power Requirements, DE11-C-T2, and -F

To Be Supplied



Environmentsl Requirements, all D1 1s

{lass C Envircument Operating Temperature: 3° C (o 407 CF
(500 Cto 122 ° F)

Relative Humidity: 10% or less to 95%, with a maximum wet
bulh of 32° C{NF¥ Fiand a minimwm dew-
paint of 2 ° {36° F}
*Maximum operating temmperaiure 33 reduced 1.5% C per 1000 meters (1.0 F per 100 fect) far aper-
glion at mltiude,
LCooling
[3411-A, -B, und -E: Aar Now 3 cu. feel fmin.
DZ11-C, -D, and -F:r To Be Supplied
Hent IMasipaton
DZ11-A, -B, und -E: 57 Biu/hr
DZLL-C, -}, and -F: To Be Supplicd
Disterdon
I¥i1-A, -B, and -BE

The musimu “space to mark™ and “mark to space” distortion allowed in w recerved char-
wcler s 0%,

The masimum speed distortion allowed in 1 received character for 2000 baud is 3.8%, All
ather baud rates allow 4%,

The maximum speed distortion from the transmitter for 2000 baud is 2.2%. All other band
rates have less than 2%,

Tahle 1-2 lists the nerformance parametsrs of DZT L operation.

Interrupis
EDMONE - Clgeurs each time o character appeats at putput ol the sila,
KA - Silo Alarm, acourk after 16 churecierys enter the 3ilo, Beacrmed by reading the silo.
This intercupt disables (he RDOME intermapt,
TRDY ~ Occurs when the scanner finds a line ready to transmit on,

WOTE:  There are no modem inteTrupts.



Table 1-2 DZA11 Perfurmance Parameters

Operuting Mode; Full Duplex
Dranta Formal: Aggnchronouy, serial by bit, one stare and 1, 1-1/2 {5 level codes only). or 2
stop bits supplied by the hardware under program contral,
Character Size: 3, & T.or & bits - progrom selécrable. {Does nat include parity bit,)
Purity: Parity is program sclectable, There may be none, ot it may be odd or even.
Bis Polarities Unibus Inierface ETA Qut
MODEM DATA bow=] High =1 Low = | = MARK
High =0 Low=1{ High = = 3PACE
MODEM CONTROL Low=1] High =1  Low =0OFF
Iligh =0 Low =0 High = ON
Order of Bit

Trunsmission freception  Low order hit fitst

Tnterrupt Level
Normally Level 3 is supplied. Tt van be modilied by a prianty plug.
Maximmm Configoration .
6 DZIT modules per [Tnibus
IMstance
[¥X11-4, -B. and -E:
50 el - up to Y600 baod, of cuble is less than 2500 pf.
DZILAL, <Dy, and -F:
To Bz Supplicd
1.3 FUNCTIOMNAL DESCRIFTION _
The following parapraphs present v general deseription of [X21] operation. A moare detailed descrip-
riom 18 found in Chapter 3 (Proprammingy atid Chupter 4 {Theory of Operation), Figure 1-7 193 general

functional blogk diagram that divides the DZ11 into theee basic components: Unibus Tnterfuce, Con-
trol Logie, and Ling Intorfagse,

1-10



W HEZE

Ly

ATNREIS
la—

CONTROL
b —

FDF 17
1M1 EHRGEL

[commmor

HLASTERS

= AGANMER p—! =

LINE
INTERFACE

Figure 1-7  General Functional Black Diagram

1-11

AEIN
-IES

I'-43525



13,1 PDP-11 Unibus Interface

The PIIP-I] Unibus Interface component of the #1711 handles all transactions between the Unibus
and the D11 Contrel Logic. The Unibus Tnterface performs three Functions: data handling, address
recogmbivm, and interrupt control, [nits data handling function, the Interface routes data to and from
the various regislers in the Control Logic and provides the voltige condilioning necessary to transmit
and receive data to nd Irom the PDP-11 Lnibus, The address recognition and contral logic setivates
the praper load and read signals when it recognizes its preselested address on the Unibus. These signuls
are used by the data handling function Lo roule the incoming snd quigeing data o the desired loca-
liona. The interrupt cantral function initiates and conlrols interrupt processing between the DZ11 and
the PDP-11 pracessor.

1.3.2 Counrrod Logle

The Conroel Logic provides the required timing snd control signals to handle all transmitler und
receiver aperations. The Contret Logic can be divided into two major sections: the scanner ind the
regesters. The spanmer pontinuovsly examines each line in sucoession, and based on information from
the Line Interface and the registers, it generates signals that couses duts o (aw to ar from the appro-
priate line. The scanner compriaes & 5,068 MHz oscillator (clock), a &4-word FIFO receiver huffer. a
four-phase clocking newwaork, und other control generating legic.

The 13711 uses four Dievies Registers in a manner thut yields six unique and aceessible registers. each
haviog w |6-biL word capaecity, The six discrete registers temporarily store input and outpue dara,
moenitor condeo] signel conditioning, and catablish DZ11 operating status. Depending vn their fung-
tions. some of the regislers are accessible in hytes or words; athers are restricted o word-only oper-
ation. Registors can be read or loaded {wiitlen), depending an the operation, The abilily e read ar
write 4 register allows the vse of two of the Devivce Registers us four independent registers,

1.A.3 Line Interface

Two of the most importend operations in the DZEL are the conversions from serial-to-paralle] and
parallel-to-gerial data formads. These conversiony #re required sinee the DZ1L is located belween 1he
PDP-11 Unibuos (a parallel dars path) and either local terminals or telephone lines (serial data paths).
Conversiony for each ling in the D211 are pertormed by independent Universal Asynchronous Receive
er—Trunsmitler {LTART) integrated circuits, Another componenl of the Line Interface, the Linc
Receiver or Driver, cunverts the TTL voltage levels in the D] ] so that they correspond w those in the
cxternal device inpul lines (muedem ot teeminal),
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CHAPTER 2
INSTALLATION

2.1 SCIFE
This chapter contains the procedurca for the unpucking, inslallation, and initial checkaut of the DA |

Asynchronaus Multiplexer. Maore detailed checkout procedures are outlingd in Chapter 5 of this
manual.

32 CONTIGURATION DIFFERENCES
The TZ11 can be supplicd »ith or witheul a Distribution panel, The [DZ11-B und -D do not have
CHsicibution pansls, The following lisl describes the variations:

DZ11-A  BlA level conversion with distribution panel
13£11-B  TIA level conversion vithout distribution penel
[Z11-C HemA Joop conversion with distribution panel
DZ11-D 2-maA loop conveesian with distribution pansl
DZI1-E DZ11-A und DZ11-B with distribution panel
DZL1-F 1%71-Cand BZ1 1D with distribution panel

231 LNPACKING AND INSPECTTON

The 12411 is packaped in accordance with commetcial packaging practices. First, remove all packing
material and check the cquipmenl against the shipping list. Dumage or shortages should hereporied w
the shippet immediately, and notification given the DEC representative. lnspect all parts and carefully
ingpect the module for cracks, loose components, and separations in the ctehed palhs.

1



14 INSTALLATTON FROCEDIRE :
The [ollowing proveducs should be followed to campletely cheek and enutall the [3A11 module in a
PDP-1] svsienm:

1.

Duantity

— e e LAL B L B e . . e

Check the shipment for a complete agreement with the shipping list, The following ilems per
canfiguration should be supplied:

-
=

Deseription ECRDF
B7HE19 Madule
H1ZT Test Conngctor
Priprity Insert (3]
H117-E Disteibution Panel Assembly
H325 Test Conneclor
BCOAW-15 Cable
Pancl Maonnting Hardware Sct
Printset (B-TC-13411-0-6)
Printset (B-TC-DZ1 1-0-10%
- Haliware Kit
DZ11 Muainlenance Manusl
M7%14 Module
BLOES Cable
Pringset (12411-C and F)
Printset {Z11-T)

e

W o o W e
oMo M o xHH a2y

o

4
e
R

*The IZ11-L shiprmenl vonluins o of the ivems [sled,

e
=

EN

Check all parts for damage.

[mxtall the H31? [Matribubion Panel acoording ta the Unit Agsembly Drawing D-LIA-12711-
(-0},

Cheock to cosure that all of the mackinc-inscrtable jumpers on the Distribution Panel are in
plazs, Ses Drawing 13-C8-53411%28-0-1 in the Printset for jumper logations.

Module Tostullalion
a,  Check the moduleis) for obvious damage.

b, Engure that the Priority Insert (level 5) is properly seated in socket E32 on the mod-
ulefw). Refer to drawing D-TUA-MTE10-020.

¢ Refer to Chapter 3, the paragraph describing Address Selection, and set the switches at
ER] such that the module will respond to its assipned address, (Refer 1o Chaprer 3 for
the address assignment scheme.) When a switch is closed, 2 binary 1 is decoded, and an
oren awitch decodes as a binary 0, Nate that the switch labeled #1 corresponds to bit 3,
#2 corresminds to bit 4, ete,

1=t
1
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Yactor seleetion is aceomplished by the eight-posilion switch al E11, Switch position #1
and #& wre not used. Switch position #2 corresponds Lo vector bit 5, #3 correspands Lo
vector bil 4, ele. An open switch decodes as binacy 1, and a cloed switch decodes as
binury 0. .

Ensure that the H327 Test Connector is properly inslalted ad 1 {the cable connector at
the top of the modele),

Inaert the modube in its SPC slot and run Diagnostics in the staggered mode o ven(y
module opecation, Refer to MAINDEC-11-DZDZA, the disgnesuic listing, and to
Chapter 3, Programining, of this manual lor the correcl procedure. Run st least two
psses without error,

CAUTION
Insert ad remove modules slowly and carefully o
avold snagging module components on the card
gnides. Aand possibly changing switeh sctlings
inadverfently.

Replace the 327 Test Connector with the BCOSW-15 cahle (RIB-STDE UP, and
observe the same caution as in Step T ahove. Tnsert the other end of the cable
(SMOOTH-SLE UPY at J18 ar J20 of the Disteibution panel. BE CERTAIN THAT
THE CORRECT S113E OF THE CABLE TS UP IM EACH CASBE] Ses Figure 2-1.

Connect the H325 (or un H315) connector to the firse line and run the Disgnodties in
Cxlernul mode. Repeat thiz step for each linc.

Run DEC/X11 System Exerciser to verily the absence of Unibus interferencs with
ather system devices.

The DZ11 1s tow ready for connection to external equipment. If the conneclion is 10 be
made 1o a terminal, a oull madem cable must be used. The BCOAM, HIL2-A, or BCOZP
aull modem cables will suffice far connection betwesn the Disttibution panel and the
terminal, Howewer, if the H312-A null modem unit is used, two BCDSIY EiA cahles
(one om each side of (he null modem unil} are required. 1f connection is ta be mude toa
Bell 103 or equivalent modem, a BCOSD-25 foet cable is requited betweaen Lhe Dislribu-
livet panel and the modem. All of the cables mentioned in this step must be ordersd
sepacately as they are MOT components of a ytanderd D11 shipment.
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CHAPTER 3
PROGRAMMING

31 INTRODUCTION

This chapter provides basic infarmution [or programming DZ11 system operation. A description of
euch DZ L1 register, its format, programming consteaints, and bit functions dre presenled to aid pro-
gramming and maintenance efforls, Specin] programming features are also presented in this chapter,

3.2 RECGISTER BIT ASSIGMNAMENTS

A comprehensive pictorial af all register bil assigunents is shown in Figure 3-1. The four device
segisters (IR0, DR2, DRY, und DRE) are subdivided to farm six unigue repisters. This subdivision is
acenmplished in DR2 und DR6 by assiguing read-only (RO) or write-only (W0) status to cach regis-
ter. Since the resding and writing of 1YR2 snd DRG accesdes 1wo registers, PI3P-11 processor instruc-
tions thal perform o read-modify-write {PATIP) bus cycle cannot be used with DR2 ar IDRE_ Alsa,
DR.2 permils only ward instrugtions, but cither byile of word instructions may be used with DR6. DRO
and R4 have no programming constreinls. In all register operations, the following applies: read-oaly
bits arc nat affected by an utlempt Lo weite, and write-only and “nat-used™ bils appear as a binary O if
a read aperalion is petfotimed, Specific programming construints for each register arc discussed in the
subseguent parageaphs. A description of such bit lunction is presented in Tables 3-1 throueh 3-3.

The D115 device and vector addresses are selected [rom Lhe floating vecror and device sddress space.

KQTE: The device floating address spuce is 1600 0 o 163776y,
The vegtor Moating addvess space is WKy to TToy,

Its Nersting addeess spase follows the DJ11; DHLL; DY 1) DULL DUFLL LK 1I; and DMCLL.

Itz Moating veetor space follows the DC1; KL1L/DL11-A, B, DP11; DM11-A; DML DMLL-BE aned
other modem control vectors; DRI-A; DEL1-C; FAALL reader, PAGI punch; DTIL; DXL DLI-
.0, F; D1 DHUL T4k LPSLL DO KWW, DU, DUPLL DV LE1-A; DWLUN, and
DAL TTe DZ 1L is installed ik @ system with any of the above listed options, then its assigned veclor
and device address should follow the vector and device address of che other optiony.

A=t



Two examples follow:

Firsl, lhe simplest case whene there is anly ong [3211:

Optlon Address ¥echar £ omment

GAP L 6L Mo DJI11s
GAP 1 600KN] NoDHIIs
GAP L 60030 o (301 1s
GAP 1 GO Wo XS
AP 1 G050 MaDLP11s
GAap 1 HM1EA) MNaLKlls
GAP 1R ] Na DMCI s
LZEl 1a0E00 00

GAT Laidk 10 Momore 127115

Nexl, o syytem with vne 1311, ong DHIL, one GT40, one KW 11-W and two DZ11s.

Opron : Address Vector Comment

M [ AR 0]

GAFP 160020 By mane 1231 148
GOAF 100 DHIil musl slacl on

an addeess bovundary
that is & multiplc

al 20

DHI 110 30

TS

GAT L Mo moere DHI1s

T di] 20 Cr T4l address is not
en the Moating
addiess spuce.

KW1l-%w 330 KWIl-W address is
not in the floating

’ wddrias spuace.

GaP 16074 No DO s

GAP 16 K] NoDUlLls

AT led 10 Mo DU s

AR lal1 20 Mo LKlls

(AP 160130 Mo DMC1139

(LAR 1 40 340 '

DZ11 16 30 34t

CAP 160140 Mo more DZI s
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MEB _ ©OHIGH g LOW : : LEE
15 14 13 iz 1 10 aa ¥ o7 UE 45 ™ pd | o2 al 0
Ao |[mv | RO RV ro | Ao |ro Iro |[mw | Aw | Rw RW
A, L thy
cowtroL | T (T Lo Pswo [ S/t LTk | fex [ Rx | omast ol &l &
& STATUS ADY |[INTR | ALARM | aLanm 55" LiE | Lime | Line Joone| inTR | scan | cLEAR | maNT 5’49 5} 5‘.*
ICSRA ENAD ERNAR o B A EMAB | ENAB
RO JRO | RO RO pe (Ao {r0 Iro |ko |wo YRo o | RO | Ro [ RO |
RECEIVER DATA FRAM | PAR §1= AR
OUFFEH YaLlajiwRN] FRR ERR LINE | LINE | LINE JHEUF | BEUF | RELIF | RRUIF RBAUF RBUF| REUF| ABUEF
IRBUF? c B A o7y | pe | os Dt D2 pr | m B
wo wo |wo |wa |[woe [Jwe |wo |[wo | wo o wo [ wo | wo
LINE Ta R | U T T T 1T T fooo | PaR | STOR | CHAR | CHAR
PARAMETER 2 | o FREC | FREO | FREQ | FREQ |Par | EnaE [ cooE | LoTH | LeTH | wine | LiNE | LINE
ILPR} F = e B i B A C B A
LY
[ par LA AW Jnmw [ Rw T Rw _JRW [ kw | ww  Rw | pw_ | Aw_ | nw_ | AW |
TRANSMIT oats | pATA | DATA |DaTa| DaTa | Data
CONTROL TERM | TERM | vERm | TERM | TERM | TERM JLINE | LINE | LINE | LINE LiE LINE | LINE | LINE
ITCR] ADY ADY ROY | rDY | ROY | ROy
4 F 3 7 1 o 7 B 5 ‘ 2 2 1 3
Ro |ka | Ao RO A0 |Ao0 |ro |re Jre fRD RO | RO RO ro | Ao | RO
e e ey e m— e g — o aE T WY B B e o | e ek L L aam B G e Sl BPEE BN PR BT UL PR OGL B B e R B O B ik e Al e e . MR e e o am can
MOOEM RING | RING [RING [RING | RING BING | RING | RIS
STATUS co (oo | oo oo o |co |eo (e fwo e |[mwo | ino NG e | IND | IND
IM5AY 7 8 B a 3 z 1 a 7 & & a 3 2 1 o
wo  |[wo | wo wo wa  (wo |wo |wo Jewa fwo [we |wo wo wo o we | wWo
TR NMEIT [
DATA ERK |ERK | BRK BRK BRK |erk fexk |eRK JTBUF | TBUF |TBUF |T™mUF | TAUF | TRUF | TRUF | TEUF
ITDRI 7 3 5 1 3 2 1 i 7 B 5 1 3 2 1 o

.T""IHLLT{.: 3-1 Register Bit Assgnments
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Tahle 3-1 SR Bit Functinns

Title
Mot Liged
hATHT

CLE

hlasier Scan Enuhle

RCY INT Enubig

RIXOINE

Trun Line ¢

Not Llsed
SAE {§ilo Alarm Knable)

Funcrion

A read fweile L, when set, causes the serial outpot data
from the transmiiler 1o be fed buck as serial input data
to the receiver, All lines are turned uround, Bit is clearcd
by BUS INIT and CLE.

A read/write bit that fires A one-shol Lo generate a 15-
microsecond reset Lo clewr the recoiver silo, all UARTS,
and the CSR. Alter w CLR {5 jssugd, the CSE and line
parameters must be sl apain. CLR in progress is
indicated by CLR = 1, Modem conleol registers are not
affected, nar hits 00 through 14 of RBUF.

A read /write bir Lhal sctivates the scanner to coable the
Recziver and Transmiller. Cleured by CLR and RUS
TMIT.

A read/write hit that enables the receiver interrupl.
{leared by CLRE and BUS INIT,

A read only bit (hardware set) that generates w ROV
INT (it 08 = 1 und bit 12 = 1. The bit clears when the
EBUF is redd and resets when another word reaches the
output of the sile (RBUTFY I hit 06 = {3, RDONE can
he veed as a flag to indicute that the silo cootains a char-
acter, If bit 12 = |, RDONE dees not ceuse interrupts
bl atherwisze acts the same.

When bil 15 = 1, Lhese three read-only its indicate that
the line that is ready lo trunamit 1 character, Bit 15
clears when the character is loaded into the transmit
buffer, but sete again if anather line s ready. A new line
nlmber appears within a minimum of 1.9 micresecoads.
The bils 08—10 return to line O after a CLE or BUS
INIT, These bhils are meaningful only when biv 13
(TRDDY}is true.

A read fwTite bit that enables the silo alarm wnd prevends
RI¥INE from intecrupting if R1E (hit 06 = 13, 1f bit 06
= 1, the SAE allows the SA (hit 13) tn caure an inerrapt
after 16 entrics in the silo, If bil 06 = 1, the 84 can be
wsed ws a (ag. The bit is cleared by CLE and RESET.
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Bit

L3

14

15

Bit

-7

10

14

Table 4-1 USRK Bit Fomctions

Title

24 (Silo Alarm)

TIE [Tran Inot Enab}

TRDY (Tran Ready)

Table 3-2
Title
ROV Charuoler

Line Mumber

Mot Llsed

Farity Error
Froaming Error

Oreertin

Dt ¥alid

Function

A read-only bit set by hardware after 16 charactors enker
the silo that cawses an interrupt if bit 06 = 1, Cleared hy
CLR, RESET, and reading the RBUF. When the siln
[ag occurs [8A4 = 1), the silo must be stnpUed Lo prepace
Lhe Reg lof recopnition of 16 wdditional characiers.

A read /write bit that allows an interrupt if hit 15 = 1
{TRAN Ready).

A read-only bit set by hardware when o line aumber is
found whose buffer can be loaded and whose TCR hit
has been st by the program, See hits 08-14 funetional
description

RBUF Rit FancHons
Fumtino

These bits contain the reccived character. |f the selected
code [evel is less than § bita wide, the high order biws are
forced ta zero.

These bits present te line number on which the charac-
ler was received,

This bt indicates whether the received bit had a parity
error. The parity bit is generated by hardware and does
not appear in the RBUF waord.

This hit indicates improper Framing (slop bit not o
murk) of the received characcer, and can be used for
break detection.

This bit indicates receiver buller overflow. The result is
a teceived churaeter which is replaced by another
received characler before storage in the silo, A character
ix Josl Bud the received character put in the silg is valid,

This hit indicates that the churucler rend fram 1he sila
(REBLF} is vulid. The RBUF should read until the DY
bit = 0, indicating an invalid character and ecmpty sila,
Bit is cleared by CLR and BUS INIT.
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Tuable 3-3 LFE Bit Funciions

Bit Title Foncton
-2 Line Number These bits select the ling for parametor loading,
-4 Charaeter Length Theac bits set the character length Tor the selected line.
The parity bit iz not part of the characler leagth.
4 3
g 0 Ihbits
[ I ahits
I 0 Thils
i I BEhitz
3 Stop Code Thas bit sets the Stop Code length, (0 = One-unit stop, 1
= Two-unil stop of t5-unit stap if o 5-Jevel code is
employed.)
6 Parity This bil sefecls the perty option [0 = Mo panty ¢heck, 1

= Parity snabled on TRAN and RCYV)

T Odd Parity Thiz bil selects the kind of parity selected (} = Tven
Parity Select, | = Odd Parily Select ) Bit {6 must be set
for this hit to have offoet,

E11 Bpeed Sclect These bits selevt the TRAMN und RCY apeed for the line
selecred by bits 0—2. Refer to Tuble 3-4 for list of avail-
able haud rates.

12 RCVE ON This hit must be set when loading parameless to activate
the receiver clock. (Transmitter clock s abaruyvs on A
CLE or BUS INIT tuens the recerver clock off.

I3-13 Mot Lsed

A.2.1 Coeblrol and Status Repister (LSRR}

The control and statws regieter (CSR) containg the states of flags and enable bits for scanning, process-
o interrupes. clearing, and maintenance. The 16-bit TSR has no programming conktraints. The CER
format is depicted in Figure 3-1, und bit functions are deserihed in Tuhle 3-1.0 Write-enly wtd “not-
uyed" bily read s reros Lo the Uaibus, ond read-only biss are not allecled by wrile allempis.

A.2.2 Eeceiver Baifer (EBLE)
The rezeiver buffor (R BLF) regiater eontaing the reseived character bits, with line identification, eenor
ytatus, and data vabdity lag. Aw ane al two registera in DRL (RBUF and LPR), RBUF is accessed
when a read operatiom s performed on DR (wrilte operalion accesses the LEER} The RBUF register
s several proeramining constraine which wee:

1. Byte instrugtions cannat be used,

2. Tiis u “Read Onlv"” register.
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J.  TS8T or BIT insteuctions cannol be used ay they cawse the loss of a character.

4, it 00 through 14 arc not affocted by CLR or BUS INIT. Bit 15 (Drata Valid) is explained in
Tuble 3-2.

The reaister formar of RBUF is depicled in Figure 3-1, und hit funetions are described in Table 3-2,
Fach reading of the RBUF register advances the silo and presenis the neat character to the program,

.23 Lise Pacunteter {LPR)

The line parameter repisier {LPR) is a 16-hil write only register that sets the parameters {character and
stop code lengrhs, parity, speed, and receiver Clock) for each lime. Rita 00-02 zelest the line for parame-
ter loading, Ling parameters for each line must be reloaded afier a CLE (bit 04 of CSR) or RLS INIT
operatiom. The programming constraines for the LPR are:

1. BIS or BIC instructions are nob allowed.

-

2, Bytec opcracions have na effect.
The LPR lwrmut is depicted in Figure 3-1, and bit functions are described in Tuble 3-3.

324 Traemil Coolrol (TCR)

The 16-hit (two-=bwte] ansmit conteol cegisler (TCR) has rend wnd write capabiliey, The TCE low byte
carrcspands o lines in the multipleser, and when a line bit is get, il enahles the scunner to transmit on
the line. Line interrupts are gengrated by the AND condition of TCRXX » TRDY = TTE.

Clearing a TCR bit prevends the ling from (ransiitling. To transmit to a ling, the TBUF Register
(YR 0, low byee) ia Jleaded with the desired characrer. The TCR high byte contains a 13T R hit for cach
line. The TCR low hyts ia cleared by a CLE or BUS INIT; the high byle is cleared by BUS INIT paly,
Tu envure lranamission of the last character on a ling, the TCR line bit must nol be cleared for at leust
20 microseconds ufler the charscter is loaded into the ‘TBLUF register.

A2.5  Modem Status (M3R) _

The madem status register (MSR) consists of two 8-bit, read-only registers. The low byte provides a
ring inthicator (K1) for each line, and the high byte reads che state of the cartier (SO lead Tor each line.
The MSR 1= the read-unly component of DR, The MSEK 15 not affected by CLE and BUS INIT.

3248 Uransmit Dafa {TDR}

The tranamit data register (TDR) is the write-onily segment ol DR& The TDR constitutes twa #-hit
repisters, the low byte (TEUF) containing the character to be transmitled, und the high hyte containing
u BREAK bil fur euch line. 1F s BREAK hit i6 set, the line transmits zeroz conlinuously. Clearinge the
BRL bit (CLR, BUS IMIT, ar wtiling ceros in the hit position)} terminates the break condition, The
break time interval is program conteolled. The break fewiure cunnat be used when the data lines are
turned araund hy kit 03 of the CSR. For character lengths less than 8 bils, the character must he right-
Juslihed, ay the mout significunt bits are foresd to zero by the DZIL hardware.

3.3 PROGRAMMING FEATURES .
The 13211 hag several programming feaiures thal allow contred of baud rate, character lengeh, stop
bitz, parity, and interrupts, Thia section discusses the application of these controls to schieve the
desired vperating parameters,

321 Baud Rate
‘The aclectian of the desired cransmission and receplion speed 18 controlled by the conditions of bis 08
thraugh 11 of the LPR. Tablc 3-4 depicts the required bit contipuration for esch operating speed. Also,
U Bl tule fur ewch line iy the same for koth the transmitter and veceiver, Furthermore, Lhe receiver
clock is turned on wod off by selting and clearing hit 12 in the LPR for the selected line,
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Table 3-4 Bamd Rate SelecHon Chart

Bits
1t 171 v 0% Bond Rafe
o a0 0 0 50
¢ 0 0.8 75
a4 0 1 ] 110
0 L £ 1345
3 I Boa 150
3 1 [ ] MK
T 1T 0 &)
o 1 1 1 12044
1 g o0 dq 1 =503
1 00 0 1 2000
| J 1 0 406
a1 1 36
| 1 n ] JB00
| 1 H] 1 T200
| 1 1 ] Sa(N)
| 1 1 1 Mot Used

332 Charncter Length

The selection of one of the tour available character lengths is contrelled by bits (3 and (4 of the LPR,
The hit conditions for hits (4 and 03, cespectively, are as fallows; (0 {2 levely, 01 (6 lewel), 10 (T level),
and 1§ {8 lgvel). For character lengths of 5,6, and T, the high order bity are foreed to zeco.

A.33 Siop Blis

The length of the stop bits in 4 serial character string i6 determined by the (5 bit of the LPR, If bit 05 is
a zero, the stop tength is one unit; bit 05 sgt to a ane selects w two-unit stop, unless the 5-level churucter
length {hits {13 and 04 st zero} is selected, then the stop bit leapth iy 1.5 unils.

.34 Tarily
The patity aption is selecced by bit 06 of the LPR., Parity is cnabled on transmission and reeeption by
setting hit 06 ta one. Bit 07 of the |.PR allows selection af even or odd parcity, and bt 06 moat be set for
bit {¥T ey he signilicant. The parity bl s generated ond checked by hardwace, and doez nol appear in
the RBUT ur TDUF. The parily ercoc (hit 12, EBUF) flag is set when the received character had a
parily error,

335  Interrapis
The Receiver Interrupt Enable (RTE)} and Silo Alarm Ensble (SAE) bity in the C8R control the circum-
stenees upon which the DT receiver interrupls the PDP-11 processor.

If RIE and SAE arc both clear, the DZI1 never interrupts the PDP-11 processor, Tn this ouse, the
program must periedically check far the availability of data in the STLO and empty the SILO when
thata iy present. If the program operates all a clock it should cheek [or characers in the SILO ot leas) es
vlilen ay ihe tme ot lukes Tor the STLO Lo 6], allowing & safety faclor la cover processor respoise
delays and tine to emply the silo. The RDONE bit in the CSE will set when a character is available in
the 1[4}, The program can periodically check this bit with a TSTB or BIT instruction, ¥When
RIDOIME 8 set the program should empty the S1LO.
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If RIE ix sel und SAE iz clear, the 12211 will intercupt the PDP-11 processor to the D711 receiver
veclor nddress whet RN H s set, indicating the presance of a character at the bottam of the SILG.
The iolermpt scrvice routine can oblain the character by performing a MOV instruction from the
RBUF. If the program then dismisses the interropt. the D211 will interrupst when u subsequent charae-
ter is availahle (which may be immediately if additional churacters were placed in the S1LO while the
interrupt wus being serviced), Alternatcly, the interrupt service rourine may respend to the interrupt by
emptying e SILD before dismissing the intertupt.

If RIE and SaF are hath set, the DZ11 will inferrupt the PDP-11 processor (o the DZ11 receiver
vector whon the SILO ALARM {SA) bit in the CSR 13 set. The SA bil will be set when sixbeen
characters huve heen placed in the sile sinee the last time Lhe program has aeccased the RBUIL. Apgess-
inz the RBLF will clear the $A bit and the asvsociated counter. The pragram shauld [ollaw the pro-
cedure descrived in Paragraph 3,326 to emply the silo completely in respanses Lo 4 sibo alavm intereapt,
This will easure thas any charucters pluced in the silo while it is being emplied ate processed hy the
PLOTan,

NAOTE
If the program processes only 16 eniries in response
ter vach sllo alarna interrupt, characters cominy in
while hiterynpts are bheing processed will build op
without being counted by the silo alaria clrcult nnd
the silo may aventually overflow without the alarm
being issved.

If the gila alarm intecrupl is used, the program will mot be interrupled if fewer than 16 characters ure
received. Tn order Lo respond to shart messages during periods of moderate activity the PDP-11 pro-
prum should perfodically empry the sila. The scanning period will depend on the required responsive-
riess 1o reocived characters, While the program is emptying the silo it should ensure that DZL ] recgiver
interrupts are inhibited. This shoutd be done by raising the PDP-11 processor priority. The sila alerm
Enterrupt Feature cun signiticantly reduce che PDP-11 processor overhead required by the DZ11 receiv-
er by eliminuting the need to enter und exit un interrupt service routine cach ume u character is
Tecelvel,

The transmitter interrupl enable bit {TIE)} controls trunsmitler interrupts 1o the PDP-11 processor. If
enabled, the DZ 11 will interrupt the PL2P-11 processor o the DZ1L transmitter interrupl veclor when
the Trunsmitier Ready (TH1¥Y) bit in the CSR is ser, indicating that the DZT1 is ready to atzept 2
character to be transmitted.

336 Emptving the Sile

I'he program cun emply the SILO by repeatedly petforming MOY instructions from the RBUF to
temmurary slorage, Bach MOV instruction will copy the bottom character in the STLO s0 icwon't be
lest and will clear out the hottom of 1he SILO, allowing the next character 13 move down for access by
i subscgquent MOV inatruction. The program can determine when it has emptied the S1LO by testing
the DATA ¥ALID bit in each word moved gut of the REUF. A 2ero value indizates that the SILO has
been emplied. The lest can be perfarmed conveniemtly by branching on the condition code following
euch MOV insteuction, A TST or BIT instruction must toc aceess the RBUF because these Instrog-
Lens will cawse the next entry in the SILO o move down without suving the cuteent bottom character,
Furthermore, fallowing & MOV from the RBUF, the next charucter in the silo may be available within
1 migrosecond. On [ust CPUs, the program must use sufficient instructions or NOP ta edsure that
yuccessive MOVs from the RBUFE are separated by at last | microseeond, Thia will prevent a false
indicarion of an empty silo.



3.7 ‘LIragsmirting a Character

"The program controls the DZ11 transmicter through five registets on the Utibuy: the Control and
Status Register (USR] previously mentionsd, the Line Parameter Bepister {LPR), the Line Register,
the Tranumitter Bulfer (TBUF) and the Break Register (BAREK).

Following D L1 initialization, the progeatn must use the LTPR register o specify the spzed and charac-
ter [nrmat for each ling to he véed and must set the Master Scan Enable {(M3E) bil in the CSR. The
program should set the Trungmitter Interrupt Enable (T1F) bit in the CSR if it wants the DZ1 1 trana-
miller lo vperale on o progrem ioterrunt basis.

The Ling Register is used to enable and disable lransmission on euch line. One hit in this eight bit
register in asgociated with each ling. The program can sel and clear bits in Lhis repister by waing MOV,
MOVE, BIS, BISB, HIC and RICH instroctions, (If word instruetions are used, the Line and DTR
regristery will be simultuneausly secessed.,)

The D11 transmitter is controlled by a scanner which is constantly looking for ua enabled line [Line
bit sel) which has an empty UART wransmitter buffer. When the scanner finds such a line it loads the
number of the hing inta the 3-bit Tramsmit Line Womber {TT.IWE) field of the CSR and sers the TRDY
hit. interrupting the PDP-11 provessor iF the TTE bit i set. The program ¢an clear the TEDY bit by
moving a character for the indicated line into the TBUF or by cleaning the Line bit,

Clearing the TRDY bit frees the scanner to ceswme its search for lines needing service.

To iniciage transmission on an idle ling, Lhe progeam should sel the TCR bit o Lthat line und wait far
the sganner to request service oo the line, as indicated by the scanner [oading the number of the line
intoe TLIME und setting TRI1YY . The program showld then load the character to be wransmitted inlo the
TBLT by using a MOYE instroction, T interrupts are to be used, a eonvenicnt way of starting vp a line
s 1o sel (e TCR bil i the muoin program and let the norial franamitter interrupt routing load the
character into 1he TBUF,
NOTE

The seanner muy find a different ling neading service

before it Tinds the line heing started wp. This will

oecnr i other lines yeqnest service before the scanner

can find the ling being started. 'I'he program st

alvwuya check the TLINE field of the SR when

respording to TRDY to ensure it loads characiers

Tor the correct Hae, Assuiing (he program secvices

limes a3 requested by the scanner, dwe sconncr will

eventually find the line being started. 1T several lines

royuire service, the scanner will request service in pri-

oty vrder 25 determined by line numhber. Line 7 hag

the highest priority and line 0 the lowest.

To coulinue runsission on a ling, the pragram showld load the next character to be transmied into
the TBUF each fime Lhe scannet requests service for the line as indigated by T1LINME and TRV,

Ta terminate trunsmission on a ling, the program mav use either of lwo approsches. Tn the Rrst
approach the progeam cleurs the Line bit after loading the |ast characeer inta the TBLIF, The program
must gnsnre that a minimun of I mictddecodds elapses between louding the TRUF and clearing the
Lineg hit, othereise the last character may be lost, In the second upprouch, the pragram [oads the last
churacter narmully and wuits for the scanner to request an additional characier for (he line. The
program clears the TCR bit at thia time instead of loading the TBUF,

10



The sormal rest condition of the Trunsmitted Data lead for any line is the macking 1) state, The Break
Regisier (BREY s used to upply & conlinuous spacing sipnal to the line, Qne bit in this eight bl rejnster
is associated with each line. The line will remain in the spacing eondition so leng as the bit remains set.
The program should use o MOVB instruction ta acoess the BREK register. If the program continues fo
loud charucters for a ling after setting the break biy tronamitler operation will appear normal to the
program despite the fact that no churacters can be transmitted while the line is in the eontinuouy
spacing siace, The program may use this Facility for sending precisely timed spacing signals by setting
the break hit and using Transmil Ready interrupts az a timer,

1t should be remembered that cuch line in the DZ 11 is double buffered, The program must not sei the
BRK bit too soom or the twe date characters preceding the spacing may not be Lransmilied. The
propruts must ulio ensure that the line returns o the mark state at the end of Lhe spacing period beforc
transmitting any additional data characters. The following procedure will accomplish this, When the
SCARNST requests service the first time after the pragram bas loaded the last data charucter, the pragrat
should loud an ull-zeco character. When the scanner roquests service the second lime, the program
should set the BRK bit far the line, At the end of the spucing period the program should load an all-
zoro charaeter ¢ he transmitted. When the scanner requests service indicating this charscter hay hegun
trumsmmission Lhe progream should clear the BEK bit and load the nest dala character.

38 Data Set Confrol

13711 models with KTA interfaces include daca sel control as & standard lesture. The program may
aenae the stute of the Carrier and Ring Indicator signala from cach data et und may control the seace of
the Tuly Terminal Ready signal to each data sct.

The prograns uses three 3-hit reginters ta wecess the DZ L1 data sec control logie, Ong bit n cuch regmuter
in grsnciated with each ol the B lines. There ate no hardware interlocks between the duly set conceol
lopie und Lhe receiver 4nd transmitter logic. Any required coordination shauld be done under propram
conrrol,

The 13uta Terminal Resdy (DTR} register is o read/write register, Setting ar clearing o bit in this
register will lurn Lhe appropriate Data Terminal Ready signal an or ofl. The progeam may access this
register with word or byte instructions. (1F word instructions wre used the DTR and L.ine registers will
be simultanoously sccessed ) The DTR regiater 14 cleared by the INTT signal oo the Unibus but iy not
clesred if the program clears the DZ11 by setting the CLR bit of the T3K.

The Carrier Register (CAR) and Ring Register {RING)Y are rend-omly cepisters, The program <an
degerming the current state of the curmer sighal for a line by examining the appropriate bit of the CAR
resmister. TL cin delermine the current state of the ring signal by examining the appropeiate bit of the
BING register, The program can examing thess repisters aeparaiely by using MOVE or BITH instrue-
tions of can examing them as a single 16 bit register by using MOY or BIT instructions, The DZ11 dutw
ket contral Toeic does aol intettupt the FDP-11 processor when a carmier or minge signel changes state.
The program should periodically sample these registers to determine the currenl status, Sampling 4t a
high rate is not necessary.

34 PROGRAMMING EXAMPLES
The fallewing five examples are sample programs for the DZ11 oprion, These examples arc presenied
ooly Lo indicaic how the DEI1 can be nsed.

3-11



Example | - Initaliziog the DZ11

The BZ11 ia initialized by: a power-up sequence, s reset instruction, or o device clear insteuction,

Device Cleating the D11

O GO0
oaloo2

D04
Q01006
(01010
(11012
o104

(LAY [

112737
QOKIRX Lk

L a0
DA77
OO
L BO100
LUEFES

QO00HK]

START:

1E

I'--I'f'.}"rf g, DECSR

BIT #4), DZCER

BNE 1%

HALT

124C5R = 160100 = control and status register address

Example 2 — Transmit bipary count pattern on one line

CHFH}
001002

(M1 14]0:4
OO0
LAV
L0 [0 B!
a4

aoLolG
IRLAL
022
annzd

010G
MIUTLEL
001032
Qolo34
{H1k36
Q0 Lk

(MH04.2
(W11 613

a12337
(HE)

160100
032737
CHA20)
140 {K]
001374

013737
Qo170
160102

012737

BLEAILAT
[60104
012737
DO
16010
(I}

5737
lan1m

START:

i

2%

MOV ¢20, DZCSR

BIT #20, DZCSR

BNE 1§

MOY gn, DZLFR

MOY §1, DETCR

MOV #m, DZCSR

CLR RD
IST DZCSR

312

:Set hit 4 in the 211
wodtrol and stytus
JIegisters,

‘Test bil 4.

JFbikd g still ser, the
:branch eondition is trug
v the desqee lear
function i3 sl in
ITORTEES,

1 The device vlear
;Tunctign is complete and
Ahe TVE11 huas been
welenred,

15t bit 4 in the DZ11
cuntral and status
register.

Test bit 4,

:If it 4 s stilt get, the
sbranch condition 15 true
sand the device cleat
dunetion s still in
progress,

Loud the paramcters for
iline O & WL churacter;
2stop bic 110 buod.
‘Enable line D
transmitier.

5ot seanner enable bit
:51n the contral and
slatns registar,

St blnary count paliern
ito 7T,

;Test the transmitter
sready flag (hit 15),



Example 2 {Cuout ]

001046 100375 BPL 23 :1f branch condition is
Julke, continue;
sotherwise tesy afain.

1050 10037 MOYB RO, DETDR L-oad character to he
201032 160104 sransmitted.,

ms4 105200 INCRE R4 JInerement binacy count,
(056 100371 BPL 25 It branch candilion 14

:false, the binary count

;patteen is complete,
1060 QOO0 ' HALT

RO = BEepister ¢ = Binary Count Paltern

DEZCER = DZ11 Control and Status Begister Address = T80100
DZLPRE = DZ1] Line Purumeter Register Address = 160102
DZFTCE = DZX1] Transmit Condrol Register Address = 160104
[XATIZR = 1211 Transmic Data Register Address = 160106

Eanmple 3 - Trumimit 3 binary count to g terminal in Maintenance Ioophack moge, with the recelver
*On™ 18 the Intertrupl mode. Troosmit received duts to coosole.

01410 {05000 CLE RO =t binary connt 1o zero.
O LKL 0Ll MOV 1400, RL SeL B o firsl wddress of
X120 01400 ‘dala buffer,
1120 h2Ta MOV 5P, R6 :lnitialize stack pointer.
120 01100
D121 OL2737 MOV INT, RVEC JSet 12411 vectar address
1214 a1 3 L ytart of TECEivEr
Kli21e RO dnlerrupl rauline.
001 220 5037 CLE (EYEC+2) 'Set up processor slatis
w221 Qo032 word for DZ1E receiver
ifLerrupL,
1224 012737 MOV, [YECSR et bitd inthe DZLL
1224 Qo020 woomtrol and ytatus
tepisler.
1230 1604
1232 032737 1% BIT#Z0DECER ‘Test hit 4.
1234 Q0020
(K123 16U
(1240 K113174 BME 1% Al i d as sl set, the

‘branch condition is true
rand Lhe device function
i 5131l in progress,

001242 012757 MOV #PaR, DZLPR ;Load the parameters for
] 24 011070 Time O 8 bit churacter;
L] ReT 16002 2 5lop bis, | E0 buud;

: 1143 PATILY; Feceiver o,
(1230 212737 MOV 21, DETCR :Enahle ling

tranamitter,

01252 D EENE
234 16104

313



Example 3 (Cont)

256 Q12737 MOV #1530, DZCSR
(I 26} 000130

{01 262 L&D

ap264 QO5T3T I TST DZLCSR

(KI1266 RTINS

11270 100375 BFL 2%

am 272 L1003T MOVEB RO, DZTBUF
aol2vg 1601 (k3

a0L276 105200 iWCH RQ

LHENE 01371 BNE 2%

013402 LV IErE BE .

Receiver lntermupt Service Rouline

0o 304 013711 MOV DZEBUE, (R}
Q0L306 11102

001310 (22721 CMP J100377, (R1yT
oM 100377

(LHEIE Q014N BEQ .+2

1314 {HI0A0k2 RT1
L(¥11320 2701 MOV 21400, R
(X11322 31400

01324 105737 Lk ISTBTPS

O0L326 177564

CI00T 334} LCD375 HPL 35

o33z 137 MOYH{RT). TPB
1)) 334 177568

{H1133a Q22721 CMP #100377, (R1)T
401340 100377

001342 {11370 BHE 3%

11344 LLLAILY HALT

RVEL = 13411 Receiver Interrupt Yector Address

13*C8K = DZL1 Control and Status Word Address

DZLPE = DZI1 Line Parameter Reglster (Write Onaly) Addresy
DZICR = D711 Transmit Conlrol Repister Address

DZTBUFK = DZ11 Transmit Buffer Address

13ARBIIT = DZI] Receiver Buffer Address (Read Only Fegister)
TPS = Teletype Punch Status Register Address

TPB = Tecletvpe Punch Dats Register Address

Turn scanner on, enable
receiver interrupts, and
loop lines buck on
themselvas,

‘Tesl the transmitter
ready flag,

Ifbranch condition is
sfalse, continue
matherwise 1esi again,
‘Lowd chatacter to be
(ransitied,

sIncrement hinary count.
If branch condition iy
false, the binary caunt
;pattern is complete,
“Wait for 1ast character
stcanamitted 1o be
steceived,

Store in mentory
table.

WCheck tor last
wharacter.

:Branch condition is
vt when fust
.eheracter is found,
+Exit rowine,
;lnitialize pointer
;to gtart of duta

N MEemory.

Tesl L see if
console punch is ready,
SWait, and tesl again.
Tf condition is met,
rtransfer character
e gomanle punch,
:Check For last
‘character,

ot finished if
scondition 15 true.
Jinished.



Example 4 = Trunsmit aod receire in Maimtenance miode on 2 single line. The Switch register bits SYWWROD
= SWERO7 holds the desired dara pattern (character).

{101 [eH)
001 2

0] (0
K ) (W
Qo100

(0Lme2

(LA OB
1016
Ooozn
1022
01024
01026

001030
LI LR
31034
01036

031040

{2737
LIEA]LM

1601 (M
12737
o174

160102

MI7a7
LLEIR
16010
5737
1a0ER0
HH)3TS

113737
L3TaT)
1601046
0240

8] ]|
L7TaT

START:

Test I;

MOV #LINE, DZTCR

MOV gPAR, DZTPR

MOV §N, DZCSE

TST, DEZCSR

BPL Test2

MOVE SWER, DETHLUFF

WOP

MOV § DEL, R1

315

Select the line far
LransTiling o
Choese ot of eiphil.
iLite #1 selected.

Select desired linc
;parameters fur
transmitting line

.and turn on receiver for
that line.

B level code, 2 slop bits,
;and no parity selected.
;14,2 K baud selecred
iwote: 192K baud is
;not Used by the customer
Jbul can be used for
wiagnostic purposcs to
speed up the
stransmit-reccive

Jloon tp make

b eusier Lo uope}
JBlare scanner and sel
smaintenance bit 3.

Test for hit 15
greansmicler ready).

:If the branch condition
:is Tulse, the lranymmitter iy
sready; iftrue, go back
:and teat again.

;Load the tranzmit
:character from the
sBwitch register.

;Na operation, This
Jocalion can be chunped
;to A branch instruction
dfanly test 1 iy

sesired (Teplace (D24
-with DOTTIY.

Delay equals a
;constant that will
;allow enough time far
sthe receiver done

;lug to set hefore
srecyeling the leut. The
svalue will change with
;baud rate and
processor, The
;ennstunt given is

spood for 192K baud
;ona PDP11 M5,



Example 4 {Cont}

L] [
01
LMY

Q01050
WILTRLA R

CH 1054
(D55

(100

105737
L LILLY
1003012

Q05201
0ot3T3

D13T00
lafoz

Q00760

Test 2:

I3

T5THEDZCSR
BMI L}

INC R1
BNETERT 2

MOV DERBUE, R0

BE. TEST

Example 5 - Slnplc lise wsing silo alarm in Mainfenance mwode,

[W11:20K]
(et 202
(31204
(120
1210
iz
x11214

naizlG
1220
0i2i2

01224
001226
Q0230
{01232
001234
001236
Q01240
01242

Q01244
{01246
OG1250
01252

001254
001256
0 26
(m 2a2

Q12706
COR]EY
012737
Hi274
(O30
MW15037
b

M 270
AT
012737

Q0D
1604
TL2T3T
Q17470
1602
M 2T
Q5050
100

Q32TH
Q20000

1eH 00

Q01774

13720
[a0102
Q2440
QoeI2an

2%

MOV #1100, Ré
MOY §35. TYEC

CLR TVEC+3
MOV #)DBUF, RO
MOV g1, DZTCR
MOY $17470, DZLPR

MOY $50050, DZCSR

BIT #2000, DLCSR

BEQ 1%
MOV DZRBUF, (ROy+

KNOP
NOP

3-1

Test bit 2 - receiver
done fag.

When the hranch
seotdition 1s true,
ithe receiver done
flag is =et.
Jncrement delay.
(ITthe branch
wonditioh is Lrue, the
:delay is not finished,
Read the ¥A11
ireceiver buffer 1o
Tegister 0,

:Loop beck and

itest again.

;Inicialize stack poincer.

Inivighze transetilier
vector address,

;lnitialize transimilier
JFRCLOT Processar states
ward,

;8et it address of input
sdata lable 1ol RO
;BEnable line 0
transmitter,

:3el up line paratietery
;and turn on the receiver
:clack far line 0,

;:Enuble lransmitter
sintecrupl and salo alarm.
sTurn an scanner and
Maintenancs mode,
:Test for sila ularm.

sLoop until silo alarm
flag sets,

:Read D2 L1 sila receiver
;buller putput,

Deluy 1o allow nexl
sword in silo o filter
;down L the

ssilo puiput,



- memdiaras N

Example 5 (Conth

(K11 264 1773 BMI 23 :Crata valid set suyy that
qwvprd 13 pood; ;o back
far more.

11266 012700 MOY JDBRUYF, RO :3ilo has heen emptied.

1270 0] 304 :Remitinlize dala table
soddress pointer.

ooL27e . 0 T64 BEE 1§ Do it again.

Transmifter Inferrupt Service Rontine

aoL2ia 112737 I MOYVEB DAT, DZTBUF  :Tronsmit
Q01276 Qa5 ;character 252
1103 3600 1607 D
Qo302 OO0 RTI
1¥ata ‘T'ahle
134 100252 Word #1
1306 100252 . ¢

. : + .

- L | [ ]

L | ] [ ]

- | ' [ ]

* | [

o ' .
1340 100252 Ward #16
1342 OO0 52 Datu valid not set

icharacter is invalid

NOTE; It is possible to get more than 16 words because they are being put into che silo simultaneously
with the reading of the ailg,
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CHAFPTER 4
DETAILED DESCRIPTION

4.1 INTRODUCTION

The detailed descriptions of DZ 11 eireuit aperation are cantained in this chapter, Signed [ew, paner-
ation. and interaction with external devices are discussed to facilitate underslanding of DZ11 aper-
ation a5 a companent of 4 PDP-11 system, The text is supplemented by references to DEC enginecring
drawings und specifications, simplificd diagrams, and marerial in Lhe Appendices of this munual.

The DZ 1| medule performs three busic date functons: control, storags, and transformation.

Data teavels in two ditections through the module circuitry: from the PDP-11 TTnibuy to the selected
terminal ot modem ling, and in the opposite direction, When data flows from the Unibus, through the
madule, to the selected putput line, the DZ11 is assumed b0 be in the trunsmit mode. Flow from the
external device, through the module, to the Unibus is considered 1he receive made, The subyeguent
paragraphs discuss data flow within the DZI1 system during the transmit and receive-modes.

4.1.1 Maodem-Ta-Unibus Data Flow {Recelve)

When receiving daca from o terminal or modem, the D711 madule interpres o serial data stream, and
performs a serial-to-parallel conversion before transferming the dala to the Unjbus, Befer (o Figure 4-1.
Each terminal cornects to ane serial data line, REC (7:00, throwgh the Distribution panel to con-
nectar T1. The ETA receivers match the incoming signal levels to that of the DiZL 1, and feed the data Lo
the receiver countrol Jogic. At this point, the dats passes (hrough 2 maintenanegs vanirol cirenit which
alliows the DZ11 to “receive™ its own tranamissions during muimteaance wests, From the receiver cod-
trol logic, the data is fed into the uppropriate UART for the serial-to-parallel conversion, A parallcl
data format, corresponding 1o ils setial input, is moved to a FIFQ storupe “Lank,” called a silo, which
has u fd-churacter capucity, When requested by the processor, each character is read from the “bl-
tom™ of Lhe silo (a register called RBLUF), causing the remaining characters to shilt one position
downward, and the mad churacter in multiplexed through the bus drivers we the Uniows, Maodem
{Contral signals [or gach kne are routed directly to the output mulbipleser.

4.1.2 Umibos-To-Modem Data Flow [ Trausmit}

During 1 transmit eyele, paraliel data is brought in from the Unibus for transmission to one of the
gight terminuls {or modems). Refer to Figure 4-2. The 16 bus lines BD(15:00) are fed through duta
trensceivers and distributed o the devics registers and UARTs. When the DZLL s roady to transtin, 2
charactor is read from the TAUF and loaded into 1he appropriate UART for the line. The UART then
performs the paruliel-to-serat dowa conversion, adds the desired character concrol bits, and sends the
duta to the selected (ransmission line, through an EIA line driver, and subsequently to the madem at
termingl connected to that line, The Break register connects direcily to the ELA drivers, selling the
break by forcing the drivers inta a continuous “space” condition. The DTR modem o terminal con-
trod lines alen go directly to the EIA drivers.

4.2 UNIBLS INTERFACE
The DZ11 Lnibus Interfuce provides access for (the DZ11 system to the PDP-11 Unibus, All signals
that puss belween the Unibuz and the DZ11 are routsd thraugh the Inwerface.
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The [nterface logic can he divided inta three major areas: Address Selection, Data Transceiving and
M ultiplexing, and Taterrupt Conlrol, Each of thess components is shown in Figure 4-3. The Interface
performs several funciions for che remainder of the DXL system, In getieral, these Moctions are:

1, Selectiom and recogniton of the TZ11 addresses und device registers,

2. Determination of the DZ11 mode of operation with the PDP-11 processor (DATIL ot
DATO, word or byte),

3. Haundling of data Lo and from the devics registers and ather DEL1 control elaments.
4, Cantrol intecrupts between the DZ]1 and the POP-11 prrocessor,

5. Trunsmission of responses to master signals from the PDP-11 processor during interlecked
communications (“master and alave™).

f.  Trunsmission of DZI1 and modem siatus signals to the P13P-11 proeessor.

d.2.1 Address Selection

The addreess selection logic determines the DZI] device address and recognizes thul nddress when it
appears on the Unibus, A recognized address indizates that the DZ11 hus been selecied by the proces-
zor or another bus “master™,

The desired address s selected by awitches that correspond to Unibus address hits 03 throngh 12
{Figurs d-4). Bits 13 through 17 are always degoded as hinary one's (Figues 4-5), Bis 00 thraugh 02
determine which devics repisler 32 (o be selected. This bit scheme allows devics addresaey [ram DRIO0X,
to 17777X;. However, the DZ11 docs not, use the entire range, but makes use of the floating address
space LI to EA3T70. A delulled deseription of DZ 11 address assignments is presented in Chapsler
3.

4.2.1.1 Device Address Selection [Fiyure d-6) — Three 6-bit compuratoes [DB3136) are in patallel with
cach other and provide u common putpul that is fed 1o e WAND gate (E73), These comparutory [E7T L,
EED, and F51) receive inputs from the Unibus, E71 and E&l reseive Lnibus inputs al B1-B6 and E&D
rescives L'nibus inputs at B2-B35, These sixteen inputs are compared with Lherr associated logie levels
ul the D inpuls. The D inputs at comparators E71 and EBD are selected by ten switches ul ER L. An open
switch produces a high at the corresponding T inpul and 2 closed switch produces a low, Bach switch
prsitivn iy velected 2o that the comparators will accept only the appropriate address Mramn the Unibus.
The DI-D& inputs at E6l arc kept low by being hard-wired to ground. T the Unibus address bits
match the preset address bits at ETI and ERD, and the sis Unibus inputs wt E61 arc low, with an
asaerted low at B2 (MYSN) Fom the Unibus, thea a high outpuc is generated at QUT 2 for each
cottparelor. When all three comparator culputs are high, the NANKD gate {ET3) in enabled.

4.2.1.2 Hegister angd Maode Selection [Figore 4-8) - Unibus address lings A{2:000 and contral lings &
and T1 are wsed Lo seleel the DZLI repisler and esiablish the direction aof the data transfer. Two
decodors (TA1L5138) at K74 and K75 wee the signats from the Unibus to penerate the register select
sipnals. ET4 prodoces a load pulse {DATO bus cyele) and a read pulsc (AT bus cyveleh. The load
pulse is rovted o each register, and the reud pulse is nent ta the receive scanner contral, BTS generatss
twor pulses [or gavch repister, excluding the LPR. The signals from ET4 are wsed anly durmg a word
pperalion. For byte operations, one pulse from E75 is wsed to load the low byte of & word and dhe
other pulse loads the high byts. When w byte operation is performed, only one of the signals from ET3
i used as in & DATOB cyele.
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Eeceived address lines RA1 and RA2, and eantrol line RCT are sent to the putput dats multiplexer
{refer to Paragraph 4.2.%) 1o sélect the register to be loaded anta the Unibua during 2 tead {DATI)
operation. Beccipt of MSYN and bits A{1T:03) from the Unibus and subsequent assertion of 3EL
cuuses generatiott of S5YN and LDATA, S5YN is the [DZ11 responss ta MSYN, and occurs 100
nanoseconds after receipt of MSYN, The delayed response i produced by the network E12, R13, and
€93, However, when the LPR iz accessed, a S00-nanozecond INH S8Y M pulse an one input of ET2 g
uned to prevent 83YN from being put on the Unibus, The LDATA pulse (deluyed an additional 100
nanosecands) is vsed to generate a strobe signal for the LPR, Figure 4-7 shows the 1iming for loading
the LPR.. The delays and inhibit signals allow proper data “selup™ time befare strobing the ling param-
ceers. The RUS TNTT signal ix also received (at ET0} ahd used to clear the DTR register und peneruls o
device resel pulse.

42.1 Interropt Confrol

The interrupt conteol logic handles the processor = Unibus - IXE11 dislog ta permil processor incer-
mpts, The lagic generates vector addresses lor provessor location of inswructions, and ressives inker-
rupt commands lrom the TSR, The DZ1] operates at prioricy levels 5A (Teceiver) and 5B (transmiltet].
When two D211 modules are used, the first madule (slot 1) has priority aver the second {slot 2), The
priority insert establishes the D211 pricrty level by directing the U nibus request and graot signals
from the approprizte LInibus lines to the DZIT. A series of swilches permit alteration of the vectar
address to yuit programoming requirements, Refer to Chapter 3 of this manval for vector seleclion atd
s FHTIEN 1.

4.2.2.1 Receiver Interrupt (Figure -8} — The receiver interrupt signals the processor when the DAL
receives g churacter fom the terminal, and storcs the character in the RBUF (silo huller). After
processing by the UART, the character is loaded into the silo, and CSR biL 07 {RDONE) is sef:
RDOME causes generation of the BINT signal. RINT is fed to the B847 receiver interrupt logic and
the BR, A signal ik transmitted tor Lhe processor via (he Unibus at priority level SA. W hen the processor
status poes below level 5, 4 BG3 sipnal is vouted through the priority insert (on the DZI medule) 1o
the GRANT IN input of the 8647, cavsing generation of MASTER, BUS $ACK, and BUS BESY.
The MASTER signal is inverted and gated to ¢reate the BUS TNTR [or teansmission to the Unibug
and the TNTR crested for use in other DZ11 logic. The vector address is strobed to the Unibus from
the output data multipleser by the TNTR signal.

4.2.2.2 Tranamitter Toterrupt{Figure 48]- The ransmitter interrupt ocewrs when the BDZ1 1 s enguped
in churacler transmission o the terminal, and the processor must be intemrupted to request additiotnal
data far transmission, The interrupt sequence begins with wssertion of TRDY and TIE signals, which
generate the TINT pulse. The TINT signal begins the provesor-DZ1 1 intereupt dialog via the Lnibuy,
The 8647 tranamitter inlerrupl pHorily 9 1ess than that of the receiver, therefors, buk granty are
received only wheh & receiver interrupt is not in process. The transmiteer interrupt logic canses gener-
ation of the same signals as the receiver logic, moluding strabing the vector address; howeyer, the
transmitter vector is located two wordy uller the receiver vector, For example, a receiver vector af 300
automaticalty plages the tranamitter vectar at 304,

4.2.3 Dats Traeseeivers add Outpul Muoltlplexers {Flgure 4-%)

The duta ransceivers and cutput multiplexers contrel data flow to and from the Unibud. The 4:]
multiplexers select the contones of the CSR, RBUF, TCR, and MSR, for trunattission o the LTnibus,
Figure 4-40 details the correlation between the Unibud lines and the DZ11 register bits. The vector bits
are also transferred to the [Tnibug by the same logic, The INTE pulse determines whether the vector or
the CSR hits are Lo be Lranaferred. The reset logic is triggersd by bit (4 of the CAR [DEVICE CLR), ar
by Lhe received BUS INIT signal. The resct pulses are 13 microseconds in duration. RAL und RA2
drive (he mulliplexsr's select lines and the SEL signalis A WDed with RC1 (DATT bus evele) 1o pate the
gelecred register to the Unibus transedivers,
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43 SOCANNER

The spunner penerates Gming sipnals for 1ransmission and reception of data between the Unibus and
the UARTs. The scanner timing sigonals originate at the 5.068-MHz clock, a continuously runoing
signal that is verted twice to yield MASTER CLK L und MASTER CLK H pulees, Thess pulses
cantral the baud rate logic, and a divide-by-fve counter uxes the pulses 1o penerate the CLK H pulses
that drive the phase generator logic. Line-sampling occurs during 4 4.0-micrasecond period, which is
divided into four eyual phaves. Phase 1 weiggers a line counter, which produces the 5CAN A, B, and C
line-select sipnuls. Each line is sampled sequentially. Refer to Figure 4-11,

43.1 Receive Conizol

The scanner times the operation of loading & charecter into the silo and reading the RBUF. Refer to
the timing diugram in Figure 4-12, At the (railing edge of phase 4 (the leading edpe of phage 1), the
scenner is incremented to the next kline for sampling, During phase 1, the Dats Available (DAY flag is
sampled, and if set and the silo is aot full, 3 Shife-Tn (SHI) pulse (leading edge of phase 2} moves &
character from the UART for that line to the silo. At the wrailing edge of phase 2 (start of phase 33, the
Resci [Jata Available (RDYA) pulse rescls the DA flag it the SHI oceurred during phase 2, Phase 4
torminates the R DA pulue and the scanner increments 1o the next line at the |sading edge of the nexl
phase 1. Ta vomplewe the scanner operatiot, the Unibus initiates u character shift out of the sito by
reading (he RBUF. Refer to Figure 413,

412 Transmit Control

The transmission ol w cheracler from the DZ11 s primarily controlled by 4 network of lopgic circuits
called the Transmil Concrol section (Figure 4-14), This network penerates Lhe timing signals for line
selection, UART control, and data transfer to the modem pr terminal connected o the DZ1L When
the TBMT signal goes high, it indicates that the transcmitler buffer is empty for the UART being
sampled. The inverted signal is fod o & T4L8151 chip st E3] and strobes the appropriate line enable
{LINE 0~77 signal co the Al input of E92. The SCAN A, B. C signals fecd E?1 and E102 (2 T4ALS15T)
0 provide the proper selecied line, As in the receiver control, the trunamitter operates in four phases.
The phuse | pulse iz delayed 30 nanoseconds before being routed to the T4LEL5T at E102 to allow
propagalion time through the circuwit and avoid race coaditions; as phase 1 ends and phase 2 begins,
the delay ensures that the 8-hit addressable lntch at EED3 is latched before data is changed in Ei02. The
latches at F103 hold their conditions when pins t4 and 15 are high; latch selection in determined by line
selection nutputs Mrom E102 {Figute 4-15). The E-bit addressable latch autputs to two 74LE175 chips at
Fo3 and TI04, which are contralled by MSCAN EN H and the autput of the AND gate at E107. The
privrity encoder chip ac ES2 (3 3318} receives the line select duta from E93 and EL, and produces the
T LINE A, B, C signals which are sent to the output dace maltiplexers, The signals G35 from the 2218
Priority Encoder disables the T4LS0E AND ELOT pate fepding the clock inputs of E93 and E104. Thus
prevents the inputs to the 9313 from changing until the ling has besn serviced or disabled by the
]_'I-TI.'!IE_THI'I'ITI'H:T.

Characler transmission i3 allowed for the firut 300 nanoseconds of each phase during CLK H pulses
only, except in phase 1, when transmission is inhibited to allow sampling of the line cnuble bits. The
C35 omiput From pin 14 of the priotily encoder (9318 at E82) and the output from the T4LE74 ae E1039
are used b peneroie the TRDY H pulse, signifying that a line is available for transmission and a
chuaruecler is loaded in the TBUF,
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Trunamission & mitisted by loading the Transmit Bulfer register {TBUF). This cauaes flip-flop E109,
pin & to set; wnd Trensmil Ready (TRDY) drops und catnel be psserted apain until this Mip-Aap s
cleared. Pin 13 of E97 is now Lrue and if the scanner is not in phase | {pit | inpuc) eapd CLE H is 1rue
{pin 2 input) then pin 12 of EAT will cause flip-flop E®6, pin 8 to direct sat. The output triggers E10G,
pirt 11 (W02 one-shot, M) nses) and does the following:

1. The pulse is paled Lo the Strabe Inpul of E33 1o peaerule w Duta Strobe (D5} pubye La the
LUAERT. DS louds the conlents of the TBUF into the UART and eransmizsion swuris, The
correcl DS pulse 15 zelected by input pins 1, 15, 3, and 13 of E83 which are connected to the
TLINE bit sutputs of the priority encoder {E42).

Z.  I'he pulse ik gated ta pin 14 of E103 snd opens the latch selected by input pins 1, 2, and 3.
DGuringe phase 2, 3, and 4, these inputs are the TLINE bils from Lhe priorily encoder und the
data inpul, pint 13, is al ground level, so that the lawch for Lhis line is cleared.

3. The pulse cauaes the priority encoder ta turn off after it times aut. This makes pin 14 of EA2
(priarity encoder) eo high and cawses g clock output from pin 11, T10T. This vurput updates
the B-bit repister fTrom the BE103 wddressable lach oulputs and presents o new sel of inpuls Lo
ER2 [privrity encwder) Fin L1 of ELOT also triggers a 150 nsec one-shot which allows for
propagation delay and data sectling time at the priority eneoder inputs {E&2), When this
delay times out, flip-flop ER4, pin 5 i3 clearsd and E107, pin 4 is disabled, The output of this
gate goes low and turns the pricrity sneeder buck oo,

4. The pulse, also goes to fip-flops E10% and E96 to clear for the next Lransmizsion, It anather
line is ready to transmit, pin 14, E82 (priority encoder) will go low and the TRIXY signal will
be peasserted, The TLINES will sontain the value of the next line ready far transmission,

If the ling gnable bit is turned off instead of loading the TBLUF, then pin 6, T92 will go high. This will
praduce a pulse on E99, pin 11 and aet E109, pin 6. This will tripger E1O6 (9602 oae-shol) ind penerale
the sume 300 naec pulse thal occurred when Lransmitling by loading the TRUF. Howeyer, this time
there will be no TS pulse to scart the UART. This is becavuse E92, pin 5 is low and disables gate E94,
pin 1. Figuee 4=16 shows the timing for both a character transfer and a line disuhling situation,

FA2 1 u 9313 prianty encoder. Tey inputs are labeled O 1o 7. Each ascending numbered input has
priomily over Lhe inpal with o lower number, Le., input 7 has priority over input £; input 6 has priority
over inpul 5 ... .. and inpint § has prioeity over input 0. The output = AD, Al and A2 - is a BUCD
number representing the higheat priority input that is trug, The output labeled G5 indigates that ong or
thore of the inputs ars true, A truch table for the 1€ can be found in Appendix A.

d.3.3 Silo aod TART Cluweks

The recelver sile consisis of four 3341 integrited cirenits configured to form a 16-hit X &d-word
register. As serial data comes into the DZ11, the UART transforms cach charucter to a parallel for-
mar, and loads the silo with the charactzr, the line number on which the charecter was received, and
the character averrun and errar hits, The character i Ted o the alo on the RDI{T:00) lines from the
L'ART, A SHI pulse enables the silo la store the character whenever the Input Ready (IR) signal is
avuilahle frem Lhe silo and Lhe DA flag is set. The IR and DA signals atlow generation of the 3Hi pulse
in phuse 2. Outpul from the silo is the RBUF, and is enabled by a Shift Cut (SHO) command to the
gilo, The SHO signal is generated if the RIJONE signal i3 true, signifying an putput ready condition,
and if the RBLUF i3 being read to the Unihus. As a charecter i tead from the RBUF, the remaining
characters in the sila shilt dewn one pesition, and the RBUF is reloaded. The character from the
R BIIF is senl Lo the output data multiplexers to be transferred to the Unibus, The UART timing for
the eceplica and transmission of dara is supplied by transmitter and regeiver clecks (XCLK) und
ROCLK) for cach UART, The ¢lock frequencics ure determined by RO 11:08) which wre usesd 1o drive
four MM G integrated circuits. The receiver clock ja the swutn of the crensmiler clocks for each corre-
apronding line and the bit vonditions of RD{2:00 line aumber) and RD12 {receiver on). The transmitter
and receiver Tor ench lime must operate at the same baud rate.
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4.4 REGISTERS

The DZ 11 uses four Jevice Regiaters in o manner to yield six uniquely accessible registers, cuch having
a 16&bit word capacity. The six discrele registers temporarily store input/output data, estublish DZ11
operating rtatus, and moniloe conlrol signal conditioning, Depending on the fudetion of the register,
some are accessible in bytes o words; others are restricted to word-only opetalions, Since registers can
be read ot wrilien, the selection of either a read or write operation allows two of the device Registers ta
functiom as lour independent registems,

The subscquent paragraphs describe 1he operation of each DZ11 mgister, Refer to Chapter 3 of thig
matwal for additional information regarding register bit assignments, bit lunctons, and programming
tecnniques.

d.4.1 Control and Stntus Reglater (CSH)

The Control and Status Kegister {CSR) comprizes 1wo 74LE8 175 chips at lacations E26 and E2T {Figure
4.1 7. Additional gates sre used Lo control Lhe register and generate signals that are CSR bils but are
nat stored in the TALSITS chips. The Unibus lines, after rauting through the DZ11 bus wansceivers,
dirget the operation of the DZIL in ageord with the PDP-11 sysiem requirements, Bits RIN{3:06),
RI212, ard B 14 are stored in the C$R chips sines thess bils are read or write, The ©5R 6 contralled
hy LDy IICSR, LI} LCSK, and |.13 CSR stgnuls from 1he address selection logic. Thess signals are
puled Lo the C5R chips through WOR logie to yield selection of the upper {HCSR) or lower (LCSR)
poctions of the register, The RTNT and TINT signals are produced by the cutputs of the CSR and
gates that reecive other signuls required to generate reeeiver and transmitler inlerrupt commands. The
SR {9 reset by & RESET L pulse to the CLR input of the chips. The LD CSR sipnal activates koth
5K bytes und accomplishes the loading of the entire CSR. Several bits (0, 1. 2, and 11) are not used
and have no effect on 13211 operubion.

4,47 Eeceiver Buffer (RBLT

The Heceiver Buller (RBUTF) is a read-anly register that cantuins the received character (lovwer byte),
the receiver line number (bits =10, and four character-condition signals relating to crrors in reception
{hits 12-15}. Bil L1 is not vsed in the RALUF, The RBUF read command is generated in the address
select fopic whenever a AT from Devies Register 2 i3 decoded from the Unibus. The RD EBUF
sigmil 18 inverted and fed to the receiver control logic to cawse the first-in character of the silo Lo be
read from the “hottom™ (RBUF) of the silo {four 3341 chips at 52, EAQ, BE57, und E58). The trailing
edge of RT) RBUT command causes 8 SHO H signal to be sent Lo the silo to shift the next character
down through the 1é-character positions,

d4.4.3 Line Parameter Register (LFR)

The Line Parameter Register (LPR) is the write-only segment of Device Register 2 (Figure 4-18), The
LPR contains various line parumelers such a3 line oumber, character length, slop code, parity, DZIL
baud rate, and A receiver-vo bil, The bits 13=15 are not used. The LD LPR uignal is penerated by the
address uelecl logic and fed to a 9602 cag-shot {300 nanoseconds) that drives FE&2, an cight-bit address-
ahle lulch, and inhibits 53¥ W from heing awserled on the Unibug, The latch is open and the LDATA L
sipnal on pin 13 is gated to the proper UART, selected by RD(X0) on pins 1, 2, and 3. This is the
Cowcrot Strobe (C8) signal thal loads the line parameter data for that line {e.g., character length, stop
bits. and parity}. The C8 signal ocenrs approximately midway inte the Inhibit 35YN signal; this allows
proper data sel-up lime for the UART inputs. Refer to Figure 4-7 for the timing of the €8 signal.

Lateh &2 recards bit 12 for the ling selected and luras on the receiver clock [RCLK) Mor the selecled
line. Bits & through 12 are strobed inta the bavd rate generator chips by the CS pulse. The output of
ihis chip is the transmitter vlock (XCLK), which iz gated by the condition of the output from lakch Eé2
to give the RCLK lor the UART.
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444 Trunsmit Control Register [TCR}

The Tronsmit Contral Register (TCR) is 2 cead-write register thut comprises four 74L5 175 chips. two
for the low bybe (line transmissich enable) at £34 and E42, und twa for the high byte (data terminal
ready flagey at K15 und C1E (Fipure 4-19). The register i conlrolled by LD TCR, LD LTCR, and LD
HTCR signals Mram the address select logic, The inputs to Lhe register originate from the Unibus lines
and pays Lhrough the bus transesivers. The low byte of the TCR is cleared by RESET L and the high
byle 15 cleared by INIT L,

445 Maodem Status Regisier [FMISR)

The Modem Slulus Register (MSR) is a read-anly segment of Devies Register 6. The MSR shown in
Figure 4-20 examines data relative to the stalus of modem operation on cach line, such as ring
indication (low bytch and carrier-an Naps thigh byte}, The register is dynamic in that il represents the
current stacg of these lings. These lines must be continuously monitored as transitions on them do not
CAUsE NTErTupts.

4.6 Traopsmit Drata Reglster (T1IR ) .
The Trunsmit Dara Register (CLIR) is the write-only segment of Devies Register 6. The TDER, using
[our T4LS175 chips, comprises two bytes, (he low {E35 and E43) containing the characier {TBUF) to
be wansmicted, and the high (E16 and E17) containiog the bresk (BRE) bils for each line, When the
BR.K bit is set, the ine lransmits zeros contiouowsly, This is aecomplished by 3 NANID gate far cuch
line that requires the BRE signal and D¢ (serial dats out) w produce the TRANS 0-7 L signals. The
TEIR is cleared by the RESET L pulse; for characier lengths less than eight bits, the churacier must be
righi-justified. a5 the most significant bie are torced to zero, The TDR 1 controlled by LD HTDR,
LD LTDR, and L13 TI?R commouends trom the address select logic.

4.5 LINIFERSAL ASYNCHRONOLS RECEIVER-TRANSMITTER (LART)

The UJART i u complere integrated circuit subsvstermn that teansmits and receives asynehronous data
in duples /half-duplex operation, The transmiler and receiver operate independently, and Lhus can
operale simultanecysly, The transmitler accepls parallel binary-coded churacters and converts them to
serial formats, and the receiver performs the reverse operation (serial-to-parallel}, The UART requires
several control sigaals to propetly time ita operation with that of the remaining DZI1 cirguitry. Each
L AKRT is a 1602 inlegtated circnit, and one chip is used Tor each line, The LART chips are located al
E44 through E5| on the DZ11 maodule, The baud rate, characier length, parity made, and number of
sLop bits are selected external to the UART. Tigure 4-21 presents 3 block disgram of UART operation.
A rroree detailed deseription of the TTART is presented in the Appendix A al Lhiz manual.
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CHAPIER 5
MAINTENANCE

51 INTRGDUCTION
MOTE
This chaptcr witl b revised m the fmal version
ut the nanual.

The 13711 maintenance philosophy wsswmes that proper and regular preventive maintenance cun elitn-
inate most equipment (ailures before they oesur, The DZ11 module is designed such that module
replacerdenl cdn restore the system to operating stitas it mingtam time, The correclive malntananes
procedures containsd in this manual and chapler ar: destgned to assist the field service personnel m
detecting sommpeonent mallunctions on the DZI] madule, and ensuring proper DZ11 operation wilh-
in the inteprated systemt.  Prior o performing the procedurss outlined in this chapter, the material
presented in the previous chapters shiould be tharoughly understood.

52 PREVENTIVE MAINTENANCE

Preventive maintenanes eonsists of tasks performed at periadic intervals to ensure proper equiptent
aperation and minimum onschedufed downtime. These tusks consist of ronning diapgnostics, visoal
inspection, operutional checks, adjustments, and replocement of marginaily operating componenis.
The prevenlive meintenance schedule depends on the environmental and operating conditions that
exist al the nstallation site. Normally, preventive maintenance congists of inspection and cleaning
every 600 hours of operation or every four months, whichever oogurs first. For extreme conditions of
temnperature, humidity, or dust, and with sbhnormally heavy worklowds, more lrequent muntenance
may be noeessary- [t is recommended that the DZ1I diagnostic (MAINDEC-11-DZDZA-REV-FR),
he run onee w week us pagl of Lhe normal preventive maintenance schedule,

521 Mechunivil Cheeks

Periodically inspect the DZ11 and the distribution panel for general mechanical condition, Inspect all
wiring and cables for cuts, breaks, frays, deterioration, kinks, strain, and mechanical security, Chock
the moedule for praper seating and the security of all connecting cables; repait or replace any defective
wiring or cable covering.

52.1 Teut Equipment Boguired

Maintenance activities for the DZ11 require the standard test agquipment and diagnostic programs
listed in Tahle 5-1, in addition to standard hand tools, cleaoers, test cables, and probes. Special ¢est
equipment required far any adjustments are given aa part of thet procedure.



_I'ﬁhle =1 | Teat Faguipment Required
Multimeter Triplett or Simpson Model 630N A or 260

Crseillaseane Tektronix, Type 454 or equivalentl
Module Extender  ITex double-sided  WHM

Cringnostics MAINDEC-11-132D24A
MAINDEC11-DZDZA

53 D71 MAINTENANCE SOFTWARE

The D¥11 makes use of three different soflware puckapes which diagaose problemas al the module
level; werily operation ul the system level: and verify operation over a communication’s network chan-
nel. Thiz software includes:

1. “The [¥A11 diagnogtic - MA[NDEC-11-DZ0DZA
2. The DZI1 syutern softwuere exercisor module - MAITNDEC-11-DXTIEA
3. The Inlerprocessor Test Frogram (ITEM overlay - MAINDEC-11-DDADZR,

The following pamgrapiﬁs will describe cach of them,

531 XA Diagnnstic :

The DL huk one digpnostic thut tests the lwo basic pprions available: The DELL-A, B, und E which
use the BITE19 meatule wilh ELA gulpol and the DE1L-C, I, and F which use the M7314 module with
20 mA output. Although both modules may be found in the same system, only ane type at a time can
bi tested by the diagnostic. However, mare than one madule of the same type fup to 16 can be teated.

The Function of the DZ11 diagnostic is ta verily operation according Lo specifications and for proper
operation in ity setus] environmenl. Tesl parainelers can be supplied to the program by either AUTO-
SIZTNG or by inputs from the user on the console. Console input can be performed at any time,
however, auto-sizing is petformed only the first time the program is started with all the computer
console swirches s¢t 1o Zero.

The dispnastic tests all parts of the DZ.11 such as cables, distribution panel, and the interface madule.
Ta cun the lesis, several items are required:

Any PIIP-11 family CPU with a minimum BK memaory
ARR-33 ar gguivalent consale
IT EIA Opteons, H3S (o H325) wnd H327 (f purity snd break are lested) 185t conneclors,

%5.3.1.1 Sterage — The program uwses all 8K of memory except where ABRL and ROOTSTRAFP
LOADER rcside. Locations 1300 throwgh 200 are to be noted espegially so that they remain
unforched after ¢he parameters have heen input by consale or auto-sizing. These locdriond may be
changed anly il the user understundy their mesning and sighificancs, and if different parameters are
reqquited [or the tests.



53.1.2 Loadiog - All programs are in absolute format and are loaded using the ABSOLUTE
LOADER. II the diapnastics are stored on another medium, such as disk, magnetic tape, DECtape, or
casserte, follow (he insiructions for (he monitor provided For lhat mediom, The ABSOLUTE
LOADER addrcss is 500, with the following sizes corresponding to the memory capucities: 4k — 17, BK
-3, 12K - 5T, 16K - 71, MK = 117, 24K - 137, 28K < 157, To load the disgnostics, perform the
following:

1. Place the address of the ABSOLUTE LOADER {3007 inte the switeh register, and plage the
ALT switch Lo s up position. )

2, Depress LOAD ADDRESS key on the console, then release the key,

1 Depress START KTY on the cansole und release, The program should now be leading into
1he CPLL

5.3.1.3 Starting - After loading the prograin. the following procedure will begin the diagaoslios:
1. Set switch register to (QO0200,
2. Depress and celease LOAD ADDRESS key.
Yo 8¢t SWR to zero for AUTORSIZING, or set W00 = | for user input.
4. Depress START key and release, The program will type “baindec”, “'name™, and “'pro-
gram nome" i this was (he first sturt-up of the program or paremeters were changed by

EWOL = L. Alse, Lhe propgram will 1ype the following.
MAPOFDZILISTATLUS

1500 160010
1502 Q00300
1504 Q00005

1506 Qo077
L1 017470
1512 TCAHEID

The ubove prntaul iy only an example that would indicate that the States Table starts at address 13500,
The Status Table musi be verified by the wser il aulo-sizng if done. For additional information on the
Status Table, refer to Paragraph 3.8, After the Status Table, the program will ype “RUNNING', aod
procecd fo tun the diagnostic, The following control switch settings coan be made:

SWwi3 Halt on Error

SWli4 Loop an Current Test

SW13 lahibit Error Prinioul

SW12  Bellon Error

W1l Inhibic Herations (Quick Pags)

W10 Lscape to Mext Test

SWOE  Loopwith Current Dhata

SWOBE  Cawch Error and Loop

SWOT  MNoAuto Size, CLE Do Aulo Size (i fGrac storl alter loading
SWDE - Eesclect DZ1Ls Desired Acuve

EW0S  Hescrved

Wi Allownsselection of test delays from console {vsed only as troublesheoting aid)
SwWol Latra Purartieler Inpuot

SW02 Lock on Selacted Test

SWil  Restart Program at Selected Test

SW  Get User’s Parameters from Console

3-3



53.1.4 Repister Restrictions = The following regisver restrietions must b¢ observecd by the vser:

1.

RESELECT 12411 DESTRED ACTIVE (SW0&) - I the systemn has four X2 11%, a meszage
18 typed out For sstting the switch regiseer equul to the DVET s active, meaning that hits {6,
01, 02, 03 will be ser in memory location DEACTY from the swilch repizier. Swilch SWia
alters the DZACTY location, therefore, if four DZL1s are in the system, DO NOT set
switches greater than SWO3 o the up positions, Alsg, D0 NOT seleet more active DZ11s
than information given in the parameter input with SWO0 = 1, The correst progedure iz as
Fallowe:

. Load weddress 200, and star with SW06 = |, Propram will 1¥pe message.

b, Ber the binary nwmber of DZ11s desited active (for example, 1 = 1 D211, 3 =2
134115, T=3 04115, 17 = 4 DET s, etg,),

. Pregs CONTINUE and the number 221 in the switch resistor will be displaved in the
dala lighes {on o1l but the 1105

d,  Set other desired switch settings and press CONTINLIH,

RESTART PROGREAM AT SELECTED TEST (5WH] - TL 14 supgzested thut at least one
puss hus been mede before 1Hdng Lo selecl o 1est pol in the sequential order, since 1he pro-
srram has Lo clear areas and set parameters. If tonning muldple DZEI L5, the DF1 1 desived to
be under test must be selected by 3W0O6 before test lock-on; in ather words, each time the
program is stareed, the first DZL will be selected to be under test unless SW06 is used to
select the desired one,

LOGF ON CIUIREENT DATA (SWH) — This switch is aclive anly if Lhe call SCOPL is in
LI Lest. Since most vests deal with blocks of different data, one pattern cannot be singled out
nuless specified.

SELECT DELAY (SWd) - Thiy switch utlows the dispnostic delays to be selested from the
constle. Tt 18 strictly used for rowbleshooting in order e shorien loops sa thal a problem
can easily e checked with an oscilloscope, The awitch should be used with switch 1 and 2 ta
starc and lock on the test that 13 failing, The normal delay count is “36", The shortest count
is 1 {0 cannot be used); alse, carc showld be taken not to introduee failures becauwse of ton
short a delay eount.

5.3.1.5 SWTITCH RLEGISTER PRIORITIES

ERROR 5WITCHES

W12  Bellonerror

5W 13 |2elete error printout

EW5 Halt o the errar

SY0R S o 1o begitaing of the test (on ereor)
SWID Gotonext fest{on error}k

S-d



5316 SCOPE SWITCHES

WO

EW14
SW 11

(I emubled by 'SCOPYY an an error; if an "™ is printed in front of the test no., (ex. ™
TEST

MO, 10] SW09 [s incorporaled in that test dnd therefore SW 09 45 * usuatly * the beat
switch for the scope loop (5W14=0, SW10=0, SWid=1, BWOS=0), TF SW0% ia not
enabled; and thereis a * HARD * error {conatant), SWOR is heat.

{SWIi4=10,3W1d=0, 5W=0, SW08=1), for intcrmiteent ecrors; SW 14 = | will loop
On Lest rr.g.:u::l]r-ls of errar or not grror.

(SWI4=1, SWI0=0, W=D, BWi=1,0

5317 STARTING ADDHRESS

AN

SA2LI0

Address 204 is tor novinal execution of 1the dsgaeatic. This will do the major testing
necessary for verification of hardware.

CABLE/TCHOQO - Terminal Tests, Starting at address 2 10 will give the wser Lhe option
Lik 'uenE], 1he ETA cubles at the dist pnl or verify a trug link to any I2EC supported ELA
terittinal supporied by the DL 20 mA modules cunnot do Cuble Test but only the
ECHO Test to aterminal.

NOTE
Tr address (00042 is non-zero the program assnmes it
Is uader ACTI1 wr XXDFP control and will act
accordiogly. Aler * ALL * available DE11s are
tested the program will return o “XXDP" o
“ACT-11."

33 LEB Opernilods Frovedure

(a) MOHRMAL START OF DIAGMNOSTIC

On the [irst slaetl of the diapnostic at address 2060; if aute siving is nat wsed ar whenever 3W0O0=1: the
Tollowing gquestions ace asked wnd musl be dovwered.

15T CSR ALDDRESS (160000 163 7000:

You must type in the first DZ11 CSR in the system you wish testing to begin at. RANGE:
LE00M0: L&3T00

15T VECUTOR ADNDEESS (300: 7700

You must type in the vectar of the first DZ11 in the system under test. RANGE: 1003770

BR. LEVEL [4:Tk

Type in the prierity level of the DZIL] that the above information has been given about. RANGE
4 or 5 or A

'.I.ll
]



TYPE "A"” FOR ElA MODULE OR “B" FOR 20 mA (A:B)
Type “A" il running & DZ11-A, B, E {ETA)
Type “B" if ruanidg a DZEIL-C, IV, T (20 mA)
Typiog a <CR> defaults to ELA MODULES,

MAINTENANCE MOHDE

[EXTERNAL <H325> (E}]
[INTERNAL <DZCSROG=1>  (T]]
[STAGGERED <T1327> (5]

Type “E” ar "I or *8™ depending on which mode you wish to run in. 1f running "EXTERNAL™; all
selected lings must be terminated by 4 H323 test eonnectar,

§OF DX 1s <1N OCTAL= (1:207:
Type total number af 1341 Is fo be tested in the system. RANGE is 1 thru 20 in octal,

eretereat [ SW)3=] THEN *¥etetetes
I SWak=1 1he [ollowing will be printed.

LIMES ACTIVE BY BIT <IN OCTALZ (0031377

Fach bil represenls 4 line and any combinalion of lings may be selected (HOWEYER T 3T AG-
CERED MODE TWO ADIACENT LINES MUST BE SELECTED ({1, 2-3, 4-5, 4-71).

DEFAULT BAUD RATE <IN OCTAL> {317}

‘Thia gives the user a chance to change the default bawd rate wacd in APF, 90% of the test, Normal
aperation wa 17" {192K% or “16™ {3.6K), “00 {30 haud} - Wat advised.

T T ITEL FIHEy TET L]

It 15 important to nate that all 21110 the system must be CONTIGUQUS for both AR ESS
and YECTORE, also sl the EXTR A PARAMETERS other than CSR end YECTORS are given
tar Lhe EXTSTTNG DZ11s in the aystemi. TE not all DZt 1y gre seme prority or if the mode of
operalion 1 different for each DZ11:; THIS MUST BE “"PATCHED" INTO THE CORRIECT
STATUS MAP ENTRY which is printed at stare time, An alternative i3 1o pul SWOl=1 al slarl
time; answer questions about DZ11 under test and INDICATE ONLY | DZ11 in the system. IF
THE STATLUSE WMAP |5 TO BE “FATCHED” IT MUAT BE DONE AFTER THE QLIES-
TIONS ARE ANSWERED OR AFTER THE ATITO SIZE,

(b) HOW TO RUN THE “CABLE/ECHZ'' TESTS

Mormal starting for the first time would bey LOAD ADDRESS 210; START WI1TH THE SWR
ROUAL TE 213,

NOTE
SWi=1 ASKSFOR“VECTOR™AND “CER™
- 5Will=1 ASKS FOR “WHICH TEST FCHOD
OR CABLE™, “BALD RATE", “LINE” UNDER
TEST. Frogram will print aat:



VECTOR ADDRESS-

Y ou type veclor with o </CE>,
CONTROL REGISTER ADDRESS

Tou wpe in DECSR under test
WHICH TEST! CCHO OR CABLE{E QR C)

Lets do the CABLE THEST firae. **THIS TEST IS ONLY TO BE DONE ON THE FIA VER-
SION OF THE 12211 NOT THE 20 mA VERSION™. Type “C" <CE>

BAUD RATE-

Type cicher 50, 110, 135, 130, 300, 600. 1200, 1300, 200K, 2400, 3600, 4800, 7200, 5600 followed by
<R

LIME:

You rype the line which has the H325 test connestor, (Type either 0, 1, 2, 3,4, 5, &, 7). Program
will then prnl:

CABLE TEST
and if everything i working; the following will be printed:

PASS DONE.
PASS DONE.
ete,

to chamge lings: IOT ANY PEINTING KEY ON YOUR CONSOLE TERMINAL WHILE
TIIE PROGRAN [S RUNMNING und the following will be prineed:

LIMNE:

Mow chunge Uhe TT325 1est connector o another line and type the new line, Program will then
prinl:

CABLE TEST
PASS DDONT.
FASS DONE.
Continue this gperation until all lines are ested.
b HOHOY TEST

Tf progracn has already been staried at 2140 and the veclor und address have been fyped in; just Tosd
address 210 and starf with SR equsl Lo 212, Progeam will print:
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WHICH TEST? LECHO OR CABLE (E OR C)
MNow Lype an “E" to do the ECHO TEST. Progrum will print:
BAL Y EATE-

Trpe BAUD RATE ul which the terminal is et that ia connected to the 1311 dist pol. Program
will print:

LINE:
Type Lhe ling Lhe terminad iy connected to at the diat .an then the program will print:

TERMINAL ECHO TEST
rxx AT THTS POINT THE MESSAJGE;

THE QUICK BROWN FOX JUMPEE OVER THE LAZY DOGS BACK (123458789
SHOULD BE PRINTEND ON THE TEREMINAL CONNECTED TO THE DZI1. IF THIS
MESSAGH 18 DESIRED TG BE CONTINUCGUSLY QUTPUT. SET THE 8WR TO 377
HFWER=37T) WHILEIT If BRING OUTPUT OR WHEN PROHGEAM I8 STARTED AT 210,
WIIEN TIHIS MLESSAGE 1S DONE AND THE S8WR 18 NOT EGLUTAL TO 3777, THE CON-
S0LE WILL PRINT:

IYPE A CHAR, ON 1211 TERMINAL

unny prantable char hil on DZLI termingl should be echoed back an the terminal. **1F YOI HTT
CNTIRL C <-C> ON THE DZ11 TERMINAL THE PROORAM WILL PRINT:

PARS IJONE,

o the codsale teemindl and the “QUICK BROWN FOX™ will be printed on DE11 terminal
az2ain and the echo tast will be running. TO CHANGOE LINES: do like cable lest. HIT PRINT-
ABLE KEY ON CONSOLE TERMINAL, and change the line on which the terminal is cons
neeted, and enter the new ling to the program.

5.3.1.9 Prgrem and/or (hperatar dction

The typical approach should be

Hult an error {via SW15=1) whenever an grrar accurs,
Cleur 5W13.

Sel 5W 4 [loop cn this test)
Sct W1 3: finhibit error printout)

e e o

The TEST NUMBER and PC will be typed out and possibly an error message (this depends on the
test) to mive the operator an idews as to the source of the prablem, IF it 19 necessary to know morg
iwformation cosicerning the ettor repoty, LOOK IN THE LISTING for that TEST NUMABER which
was tvped ol and then NOTE THE PC of the ERECE REPORT this wav Lhe EXACT FUNCTION-
ING: of the tose CAMN BE INTERFEETED,
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EREORS

A lescribed proviously there will always be a TEST NUMBER and PC typed oul at the time of an
ervor (providing $W13=0 und 5%W12=0), in most caser additicoul information will be supplicd to the
error message which is 10 pive the operator an indicution of the error.

FRECE RECOYERY

It for same teason the DZ 1L should “HAMNG THE BLS" {gain conttol of bus so that console manual
functions are nhibiled) an init or power downfup is necessary for operator to regain control of CPUL
Lf this sheuld happen; look in location “TSTNO™ {address 1216} for the number of the lest that was
runming at the time of the catastraphic error, In this way the operator will have an idea as to what the
DZL L was deing at the time of the error,

RESTRICTIOMS
STARTING RESTRICTIONS

Status tible shauld be verified regardicss of how progrum was started, Also it is important to use this
listing ulong wilh Lhe information printed on the TTY Lo completely isclatc problems.

DPER._ATH*«IG RESTRICTIONS

Parameter musl be input from vser if “AUTO STZING™ i3 not used.

MISCELLANEOLYS

EXECUTION TIME

Al 13711 device diagnostics wilk give an “END PABE™ message [providing no errors and SW]2=0)

wilhin | min. This i3 zesuming 5% 11=1{DELETE ITERATIOMNE) 14 set to give the fastest possible,
execution, The actual execution lime depends greatly on the PDP-11 CPU configuration,

PASS OOMPLETE

NOTE: * EYERY * time the program is slaeied; 1he teses will run ae if W11 {delete iterations) was up
(=1}, This is to “¥ERIFY NO * HARD * ERRORS” as soon wy possible. Therefore the first pass
_FACH TIMF PROGRAM IS STARTED- will be a “QUTCK PASS™ until all DZ11s in system ure
tested. When the diagnostic has completed & pass the following is an example of the printout 1o be
expecled.

END FASS DZDZA-A CSR: 160010 VEC: MKy PASSES: 000001 ERFOERS: KKK
MOTE

The numbers far CSR and VEC are not necessarily
the ralues fur the desice. They are only for this

exannple,
KLY LOCATIONS

RETURN (1204} Contains the address where progeam will return when itgrakion
count is reached ot if loop on test is asserted,
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NEXT {14K5)
TETNG (1216)
RUN (1304)

STATLS M AP

(1500 - {000
DEACTY 13000}
DEZSCR (14200

Contains the address of the next test to be performed,
Contains the numhber of the test now being performed.

The bil in "RITN" always points ane pase the 11 currently
being tested, EXAMPLE: (RUN) P304 /00000000 1000000 M eans
that 12411 mo, 05 is the DZL1 now cuning.

Thess locetions contuin the information needed to test up to L6
(decimal) DZ11s sequentially. They contain the CSKE, YECTOR
and STATL'S concerning the configurulion ol each D11,

Each bitl &L in thiy [ocation indicates that the agsociaoed DFL 1 will
be rested in lurn. EXAMPLE: (DEACTY)
1000000000000 L1 LT means that DZ11 no. K100 02 03,04 will
he tested. EXAMPLE: (DFACTV) 1300 Q000000 (00
Meanys that L1171 na, K04 will be tested.

Cantains the receiver CSR of the current 3211 under test,

MORE ON THAT “S5TATUS TABLE" (13021003

MAPOFIJZ1]1 5TATUS

1A% 16000
1502 Q0300
1.5 WILEL ok
150Mh (HIFTY
1510 o174
1512 QOO0

The above information will be repealed or cach af ap to 8 DZLLs in the svstem (these will Tollow
under this tahlg], EXPLANATION:

1500 lemdid
1502 DCHAIN)
1504 DOOONRS
[ 506 (KW1377
1514 017470

Thisis the system control register for 1he 1st DZ11 in the syytem.
This is veciar “A™ [or the first 12711 in the syseem.

This reprosents the bus interrupl priocity level af the DETL, Bit 15
of thiz location indicates either EIA or 20 maA, il kit 15=0 module
shauld he ELA; if bit 15=" module should be 20 ma,

This is the binary representation of what lings are to he tested.,

This is the purameter logation vsed in most of the lests. T
tndicaled purumeters of, RX ON, SPEED SELECT 17 {149, 2K
Baud) EIGHT BITS PER CHAR, ANTI TWO STOP BITS, The
uscr may alter the stop bils wnd the speed, hot the remaining
parametars should be lett alone.
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1512 LLELEL This location wifl contein either ull seroy indiceting thut intermul
loop was sclocted as mode of operation or it will contein 10000
mdicating that “staggered mode™ was selected or it will contain
00N indicating that “external” wasg the mode selected.

The above i3 repeared for each DZLI in the system. The table iz filled by AUTO SIZING or by the
manual parameter input program as deseribed previously, Also if desired by nser. the locations may be
altcred by hand {Loggled ind to suit the specific configuration.

5.32 DZI1 Systerm Exerciser

Each PIP-11 svitem has associated with it 2 DEC X /11 system exerciser program made by linking
togother software modules that exercise the various hardware in the system. The software modunle for
the 124711 runs up to eight consecutively addressed M 7319 or M7314 modules (two software modules
are needed i 16 ot more than § D2 interfaces ame on the system). It wses the maintenanes mode (bit3 -
el CSR seld 1o lransmil aod receive s binary count puttern outltted and received in 64 churacter
bursls, All devices selected for test are aclivated and run concurrently wilh wll eichit lines ve each aelive
devier schected,

5301 Steraye - Bech software module requires 1289 waords,
PASS DEFINITION:

One pass ol the 127ZA madule consists of transmitting and receiving 8964, Characters for each line of
euch D11 selecled.

EXECUTION TIME:

Execution time iy proportionad to the baud rate but should take an average of one minute to complete
une pass when running alone on a FDP-11,/40 af 9600 baud,

CONFIGURATION FARAMETERS:

Irefuult Parsmeters:
DVA: 1, VWCT-1., BR1:5 DBRX2:S5 DVC-1, SRI:0

Required Parameters:
At eonfiguration tme the user must speify:

DV AAddress of Niesl DZIT TSR e
VCTHeclor uddeess of first D211
DYCMo, of DZ11s if greater than 1

Modube lncation DVIG (APC =14) may be modified (MO0, CMM 12 ta cxercise any combination of
eight DZ1 Ls.
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should be used:

Fie the Baud Bule SRI=
T00 1
JR0AH 2
3600 4
2400 L
2204 20
1HlA] 4}
120M1 1CH}

(1L 1] 20H}
300 A0
50 LR
[34.5 MM}
110 ELL ],

15 1 RO

50 20000

The Deluull Rule 14 9600 baud (SR 1=(0).

Madule location SK 1 {APC=16) may be modified to select a different baud rate, The following table

LOC 1=

2060
2LK)
1730
1460
1330
1350
1200
GE
130
150
L44
120
m
45

(Location 336 is the location of the iteration constant, Using these values will yield an End of Pass
cloae tn one minute for each baud rate.)

Module loeation SLCTLIN (APC=310} may be modified to run any combination of eight lines,
The combinution is then tun an all selegted devices, The default selection is all cight lines,

NOTE
SLCTLIN Talls on 4 byte bowidary, Be sure to

restore the blts set Lo the other Byoe.

! Muodule loeation RESTRT +2 {APC=336) May he modified ta wiry the period bebwesn Fnd of

Pass Reports.

Madule Location TMRSET +2 (APC=752)  May be modified to vary the period of the Watch-
il dng Timer. It is presenthy sct to cxpire after sevcniy-five seconds when DA is running alone,

MONSSTANDARD FRINTOLUTS:

When 3 status crror is detected, DZA uses the ERIUORN call Lo report il The first aumber piven is the
number of the deviee (0 e 7). The second is the contents of the read buffer (DZRDBUF= CSR + 2,

e, 1R0O02Y.

When sl characrers are not received, an ERRORM call i3 reporied. The first awmber is the number of
characters expecued, The second is the number of characters that were not received.

All vlher printout s standard,
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MNEMONICS
The following infarmation vhauld be usefulin underscanding names given (o variables in this program.

KAT refers Lo the transmiller

BCY relers Lo Lthe receiver

ERR reters to anvthing to do with errar handling

FLG refers to a software flag, waually u bit fap

L F refers ta a Aest in, lesl owl Buffer

TME refers 1o soltwdee Liming tunetions

CHNT refers (o a word used as a counter

QT refers to a pointer associated with a queus bulfer
1 is am inscrtion pointer, (018 an gutput pointer

LN refers to something invalving a given ling

N M is another relerence W Loansmicler

CT penerudly refers Lo a conunt

&.g.X VUTOPO=tranamitter gueus painter out
Orthers are basicully self-eaplanatory.
532 DZ11 I[TEF OYERLAY
1 ABSTRACT . o
This program s designed us a mueinteasnce aid for Field Service Personncl. It will verify the proper
operation of 4 complete comuunication link from one PRP-11 avstem to another or to o common-

iiceliog Lesl center,

This program must he vsed in conjunction with (the inlempeocessar test program (DZITP) ona PIP-11
gyspermn with a 121-11 mterlace.

20 REQUTREMENTS
21 EQUIPMENT

A, FPDP-1] system with 4K of cora,
B. A DZIl communication interfaee,

2.2 STORAGE

JK af core

30 LOADING FPEOCEDURE
This program is in absalute format, The ARS loader must be wied to Joad the progeam,

44t OPERATING PROCEDURES
4. Two methods of entering parameters are provided.
l.  Load Address 20 and start to enter params Mrom console TTY. Proceed to Section B.
2. Loed Address 200 and s.el switch register bit | 5 hefore starting to enter params [rom
consele switches, Proceed to Seetion O,

NOTE: The program may be restarted st Loc 204 {onee purameters have aleeady been
selested),



Console dislosue pacameter input (current values for parameters are found in overlay),

1.

The program will ¢vpe out the name of the yariable overlay.,

u.  II you wish Lo sel up just the indicated owverlay, 1¥pe a clrridge return,
b, I vou wish (o set up a DNLL, type in DN,
& If vou wigh to set up & DM11RA, type in DME,

IFIXN ar [YMB wans typed in atep 1 uhove, then the Bus Address, Vector, ete. referred to
in steps 2 theowgh 7, pertaid to the D11 ar DMBE.

The program will type the defanlt Bus Address of the interface under test.

a. Typea car, return ta use default Bus Address.
b, Twpe in wetus] Bus Adireess.

The program will type out the default Yector Address,

a. T¥pca car. return to use defaul address,
b, Twpe in actusl ¥Vector Address.

The program will 1ype out the default intesface priority,
NOTE: 200=PRI1}4, 240=FR10 5, 3M=PR 10 6, ¢ic

i. Typea car, retumn to use default value
h. Type in wctusl value

The program will cype oul the dataull value of param #1, it requiced by the ISE. {See
Baction 100 in Owverlay Listing for Farameter.

a. Ty¥pe a car. return to vee default value.

b, Twpe in actus] value

The propram will lype oul the default value of param #2 if requirved by the ISE.
w. Type 4 car. retorn 1o use detault value.
b. Ender actual value,

I'he program will type out the default value of param 23 17 cequieed by the Cverlay.

a. Type & car. tetorn bo wse default value. The DR-11 will use param 3 as the # 1o
dial. If wiing a mwodem without antomatic handshaking, the number must
terminace with an “End-of-Number'' character (i)

b. Enter actual valua,

The program #ill teturn to step BT iF thia setup was for DN or DMITBB.

The propram will cequest that switch regiser be set.
w, Set up switch register as specified in step I3, and ty¥pe a car. metum,

NOTE,  If any of the abhove itema 2 through 7 were chunged by entering new valies,
the new value becomes the defuult value For swbsequent testarls of the progtam.
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Manuoal paramerer input from Swilch register.

1. The progrem halts for 158 {Interface Service Rouling) spevilication.
SWERI4=5a up DM-11B ISR
SYWR1I=Set up DN-11 ISR
SWR =00 =5t up Variable TSR

2. The following balts are pepeated for each ISR specified. Setup sequence s 13M11,
Dk 11-BB then Variable Overlay. {Each entry sat awilches Lhen hit CONTINUE)

rpoE

r.

ITALT for Bus Address of Interface

FIALT Mor Veetor Address af [ntecface

HALT for Priority of Tnrerface

HALT for Interface param #1 (See Seclion 100 in Owverlay Listing for parameter
description )

HALT for Interfage param §2 (DN1E and DMBB paratielers are discussed in
Section 100 of the MM

0 back Lo step A il this detup was for 1M or DMB,

3. HALT far operational swirch seitings. (See Step D)

Press COXNTINUE o stare testing.

Before attempting to run this proeram, the aperator musi asceetain fhe complete communication
loap and procedurss to be used, including the type of modems, the type of interface being used at
the other CPL and the modes of operalion, dala and parameters ta be used at each CPU,

This will reyuire vocal communication with the operator al the ulther CPU unless its con-
fipwraticn und operation ate fxed a3 a Test Center,

Afeer determining that the equipment is cormputible und agresing an the mode and variable
rarameters ta be uacd, The system which is Lo receive duwa first shouold be loaded und started., if
the nodem being used on this system has an automatic answer fealure, it should be enabled.

The syslem which is Lo trunsmit firat should then be loaded and started and the connection
eatablished cither manwally ot awtematically (Aa DPN-11],

D, Operational Switch Settings

EW5=1 Tlalt on Errur
EWl4=1 Bingle Pass
W14 has no affect if SW04=0
EW11i=1 Inhibit Frror Typeouts
SW12=1 Tnhibit all Typeouts Except Ervors
IT5W | 2=0 and 5Wid=]1 end pass Is fvped and transmitted, ceveived dula is typed
W= Use previcusly spectfied data
SW 0= Data Salect (with SWE)
SWIN=1 [Jata Scloct (with W 10)
U0=1 Cret data from opecrator
0l=1 Tesl meswage #1 ($A QUICK BROWN FOX)
10=1 Test messuge #2 (58 NUMFERICS)
L1=] Test message #3 ($C COMTEST/QUICK HROWN FOX/NUMERICS)
AW0=1 Transmit received data (Inlemal Loopback mode)



SWwDT=1 g nol lest received data
SW06=1 hManitor transmicted data on consople TTY *
SW05=1 Maonitor received data on console TIY.*

*Tn many cases, not all dute will appir on the conaole TTY. This is cspecially true when the OO0 b
[nterface is running al ¢ Fsler buwd than the congale, bat cven &t equal or efower bands, wll characters
muy oot uppenr vo Lhe consale,

FWhdm | Ecturn to monitor for end pass
When SWIM =0 program loops in the overlay never returning to the monitor.
SWwi3=1 Interns] Loopback mode
AW02=1 Calernal Loopback mode
SW0l=1 One-¥Way-1o made
SWO0=| One-Way-Chit mads

If aperatar specified dats was indicated, (he progeam will type a request for the date. Date may
b entered as ASCIT charucters or octal code. Type in the data perminated with a CR. Octul code
may he entered by Lyping an 1 {up arrow) followed by the octel code (in the range 000 co 377)
geparuled by spaces and terminated by 1 {up arrow).

e, ABCDH 000 123 37Tt EFG (Cur. relurn)

A typical switch setting for helf-duplex= QD3 150, This setting uses internal loophack mode, loops
in gverlay, monitars lransmitied and received data an the conaple TTY, and Lesls received data
uRiTE test messape 83,

A typical switch seiting for full-dupiex=003144, Thiz setting is t.ha same as above except it uses
the external lpopback made.

Al standurd messapes (test messages 1-3) are preceded by 2 Nl churacters (177), and are followed
by a CR{015), LF{012}, reccive terminating character(001), 4 Hlls(177); and a transmit termi-
nating character (00, During transmission, when o 000 character is seen, the transmission is
slopped, During reception, when a 001 charecter is received, the recziver is shut off, If the mes-
sage was input hy the operutor, the terminating characters are added,

TEST MODES
TNTERNAL LOOPRACK MODE

1. The overluy waits (o receive 3 message (teeminuted by <0012 )

2 Verilies the data against the data selected by SW09 and SW 10 (SW =}

% Trunsmic the data selected by SW09 and SW 10 {SWE=") or transmit the received data
(S¥W3al)

4.  Returns to monitor for “END PASS™ (Swdwm 1} or go o step 1, (SWd4={)

EXTERNAL LOOPBACEKE MODE

Tha overlay sets request tr send

Wait for clesr to send

Tranamits the selecied data

R ety reguest 1o send

Wail for message to be reecived

Varifles the daca (SWOT=0M0

Femurns to monitar [or “"END PASS™, (SW04ms ) or go to step | [(SW =0

gk Lh g T P e
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ONE-WAY-IN MOIE

1, The overluy waits for message to be received
2. Venles the dala (W07 =) _
3. Returns Lo monitor for “EM[ PASS™ [SWild=1} ot g0 to step | [SWHH={

ONE-WAY-AOLT MODE

The averlay sels request to send

Wails for ¢clear to send

Transinits selected data

Returns to manitar for “END PASS", (SW0dm]) or go to step 1 (SWM=0]

Fo b b

E. The overlay is then entered and a connection established either manually or uucomatically.

T One-Woy-In or Enternal Loophack modey ure selectad, the overlay will scr data terminal
ready and wait for daea.

If Ome-Way-Chut or External Loopback modes were selected, the overlay will set daca termis
nal ready and request Lo send, The overlay will then wait for clear Lo send before attempting
tea trumsmil data,

The program will printout & “WAITING FOR CLEAR TO SEND™ messuge and the
contents af the XMIT C5R every 60 seconds until Clear to Send s uaseried.

F. T SWO0=0, the overlay will continue to transmitreceive data.
If SWd= |, the overlay will return 1o the monitor and type “ENID PARS™.

[f both SW0d=1 und §Wid =1, the program will request new interfocs params atler one pass
af the selected test mode,

Test exccution may be interrupted by Lyping the following characters un the console TTY.
LINE FEED = Restart program at logation 200,
{MIESTION MARK = Prinlout first 8 words af input bulfer (ASCIT).
Sel Switch 1% and press CONTINUE lor next B words,
Program wuse be restarted at 277 alter pridting.
CARRIAGE RETURMN = Hestart ut reguedt Tor new operational switches,

PROGGEAM AND/OR GPERATOR ACTION

IT the operutor wishes to mannally examine the tranamit or receive butfers, do the following: Ta find
the starting address of the receive buffer, Ioad address 10020 and examine, To find the starting address
af 1e 1ransmit buffer, load address 10022 and axemine,

EREOR EEPORTING

The only error report from the contral program oceury if the interface specificd is not lowded.

IF data is roccived and switch 7 (no data compare) 38 reset, the data will be compared against the

preselected data after w line feed character s reccived. [f there ia u mismatch. the following error report
& printed.
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EECEIVED NMATA=HERERR

ATA SHOIULD BE TTTTTT

DATA COMPARE FRROR: BAD DATA=BBB GOOD DATA=GGG
Where HRRRERER is the recsive buffer (up to 312 characters)

TTTTTT is the tranumit bufTer (Lip ta 511 charackers)

BHEB 1 the bud daly character
GO0 s Lhe pood daca cheracler

1€ the nterfase deopets a data error. ¢he following will be princed before the data is compared:
There wes u receiver error, Becever Data repister = XXXXXX

Where XXXXXX iz the contents of the Receiver Dara register, (he low byie is the data, and the hiph
hyte is the ¢rror hits,

Il » recenve lerminating charucler <007 > is nat detected 'mthm 512 churacters 1 “BUUKFER FULL™
printeul will oeeur.

FEESTRICTIONS
The operation of this progrem requires coordination betwesn the operatar and the operator of anather

FDP-t ] syelem unless one of the systema 19 always operaking ins faed mode. The following tuble lists
the valid combiaations:

CPU (P #2

Cne-Way-Chut One-Way-In

Choe-Way-In One-Way-Out
External-Loopback Inlernat-Loopback
Internai-Loophack External-Loopback
External-Loopback Exterual-Looptack (fult duplex)

When the communication link myvolves madems the following restrickions apply.
It running in full duplex mode both systems must be in Extarnal Loopback mode.

Hath systema should be ronming identical routines, Bxample:  Switches 14, 13,7, 4 should be the same
an hath CPTTs .

IL propram is oailing in o scan rouliee wnd ypes oul w “WATTTNG MESSAGE™, i an incoming
message staris during the rypecur, it will be lost because the cypeout priceily is at level 7, this will resuli
in oveerun or silo overmun errors, depending on the device, To avoid this sitnation, ran with switch 13
un. [T overrun does occor during o typeout the program should he restaried,

If using an asyncheonons device, modems aod the Mavsacd Test Stalion and idiislize dogs nol cleur
the connectian (Example: the D11, if the progrant is restarted in the middle of 4 message at Loc 204
at by hitting CR, an immediate error message from Maynard will be received, this is because the test
statiom is still oo king far the rest af the inberrupted message. To avoid this greor, restart program only
al the end ol the messape corrently being transmitted.
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MISCELLANEQLS
ITEP was checked vul wsng the follovwing Bell Telephote madems.

201A {hali-duplex synchronous 2000 baud)
202C {halt-duplex asynehronows 1200 baud)
1034 (full-duplex asynchronous 100 bawd)

PROGREAM DESCRIFTION

The D211 intecface service params are set up, as specified by the opcrator, by the ITEP control
Progeanm.

TIME: Providey & meany ol messuring elupssd ome. Tt s incremented every second by 2 clock inter-
runt rouline in ETEP.

Wlhen the overlay is fizst entered by ITEP at location STARTI, the contencs of the Switch register are
stored in Fegister 0, The Modc and 13ata sclections arc fixed at this time and cannot be altered without
returning to the control program. The interrupt vectory and variabley ure then set up. The selected
ritutine determined by the mode 15 then etilered.

The overlay then loops in routines:  FOWILIM“ONE-WAY-TN" modc was selected. $0W0, if "ONE-
WAY-OUT" mode was selected, SILB, if "INTEENAL LOOP BACK" mode was selected, SXIB. if
“"EXTERMNAL LOOP BACK"™ was selected.

HOWE  In lhis routine the reggiver is initialized ans program loeps waiting for the receiver to finish, If
nothing. is teceived fur 60 sveconds, o “WATTING" message is typed. When the receiver is done, the
program checks data if switches permit, and Lypes END PASS depending on switch seillings.

FOWO:  The trunymitter is initialized and program loops wailitg for transmitter o finish, A " WAIT-
ING™ messape s typed every 80 seconds if there is no action, When the trunsmitter is done, the
program cither loops back o 3OWO or types END PASS depending on awitch settings,

$ILB: The receiver is inilinlized and program loops waiting for receiver Lo finish. A “WAITTNG"
message is typed cvery 6l seconds if no action, When receiver is done, program checks data if switch
sellings permit, and BN PASS is typed if switch settings permil, then the transmitter is initializd. A
“WAITING™ message is Lyped every 6l vecands if no action. When transmitter is dane, program
returns to sart of routine. (SILB).

FRLB. IIin hali-duplex, the transmitter is initialized. A “WATTING " message is typed every 60
seeonds ifthere is no aetion. When the transmitter i6 done, the receiver is initinlived, A "WAITING®
message is typed every 60 seconds if there is no wotion. When the receiver is done, duta iy checked iT
s%ilch sellings permit and ENLD PASS is typed if switches allow. The program now repeats cycle
starting at $XLB.

IF i1 full-duplex, the receiver and transmitter are initialized. A "WAITING" message is typed every &)

seconds it thees s nw action. When bath the recciver and transmitier ure done, data is checked, END
PASS i3 typed, and progeam loopy to $XLEB depending on the switch seidings.
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9.4 The Return o Monicor Routine for END PASS at EQF: Locks out interrupts and saves the
tramsmitter intecrupt cnable bit and all General registers, [t then returns to the monior to type “EMNL
FASS", The monitor checks SW14; i up, it returms to enter:, otherwine it restarts the propram.

9.5 ENTER: iz entered from the moenaitor after typing “END PASE™, it restores the Generad registers
and the trassmitter CSE as saved in EOF. The delay flag is set and program returns to the sean routing
{(OW 0, WL LLE, XLB)Y where it came from.

9.4 The Initialize Transmit Subrowting at STARTX: Seta up the interfage wnd painters necessury Lo
initiate 4 tranymit operation. Aler setbing “DATA TERMINAL READY" und “EEQUEST TO
SCENDY, a check 1s made on patam 2 o detecmine if hall-duplex operation was seleciad by the oper-
wlee. If i1 was, he subroutine waits for Clear to Send. A “WAITING FOR CLEAR TO SENDT
printowt oocurs every 30 seconds untd CLEAR TO SENLD (s asserted,

9.7 U'he Initiglize Received Subrautine ut STARTR: Sets up the interface and pointery necessury Lo
TEOEIYE W MEYsAre.

9.8 The Transmil Intecrupt Service Rouline, ot XISR:, is entered via tronsmit intecrupts from the
inlerface, A rest is made to sea if (he last character transmitted was a NULL (all zeros) character, §if it
was, the Tranamit Lagie in the interface is reset and the fransmit complets flag ia set. At XISR1; the
next charagter i transmitted and printed on the TTY il the monitor transmit switeh 18 sel

99 The Beceive Inlerrupl Service Eoutine, ot RISE:, is entered win receiver interrupts from the
-interface. The received characeer is stored in the Input buffer and printed on the TTY if the monitor
receiver switch is set, If the input butfer is full. a “BUFFEER FULL™ printout will apgur, This indicages
that a line fred character was not recognized in the received data (wdithin 1000 charagtera). TF the
received character s a ling fegd, the reesived logic ik reset und the receive complete Nug is set. 1 s
“"RECEIVE CRROR" 15 detected al RTISE:, the TSR und DBE will be saved and prinled ouc afier the
camplele thessape has been received.

10 The Data Test Subrontine at TESTD: iz entered after a complate message has bean recaived. 1fa
“RECEIVE ERROR™ had been deteeted, the contents of the *"RECELYE BUFFER™ at the time the
errar oconrred wikl he printed, The data is compared until 3 “ALL ZEROS" characteris recopnired.,
“FLL.L" {all vmes) characters are ignoted, ITa mismatch is detected, the complets contents of the input
bufler and poad data is ponted.

oy PFARAMETERS FOF THE DFL]

Faram #1 iz lnaded intn the Ling Parumeter register (IZ1LPR)

Bty Q-2 Line nurnber bemg Used. Defaull = Line 0
Bris 2,4 Characler Lengih, Default = eight bits

Bil3 Stop Bit Couni, Detault is two stop bits

BitG. T Parity Enable and Select, Default is Mo Parity
Hita #-11 Baud Rate Select, i2efault is 110 Band

Bit 12 Rectiver om (thia should slwayy be set)

Param #2 iz nol used al s point in lite.

Param #3 iz mat used (177777)



DZ11 RESTRICTIONS

The BTS modem signal on the DE L is jumper selectable at the termination panel, Tt is gither always
aszcrted or asserted when Data Terminal Ready (DTR) is sel. Conueguedtly, at this point in time,
12411 ITEF gannat he used with serics 200 and other half-duplex modems. All TTEP modes ure valid
with full-duplex modems, and all modes may be wsed to terminals {only one way oul and in are
recommended here, however).

54 CDRBECTIVE MAINTEMANCE

The following parageaphs owtline standard troubleshooting 1echnigues 1o wssisl in delermining wheth-
¢r the 17711 module has a defective component or the malfunction is cansed by external equipment.
Prior Lo beginning (2411 corrective maintenanee procedures. cosure that all external equipment is
funclioning properly. Reler Lo the sppropriate maintenance manvals and examine the DZ11 Mainte-
nance Log 1o delerfmne whelher the luult is recurning and check previous repair techniques,

541 DHZIL Test Procednres

The following progedures will cest the DZ11 and its various options, Prhor o performing these pro-
cadures, it i recommended that the reader is thoroughly familiar with the operational theory of the
FOP-11 Unibus and the DZ11. Muwntenanes of the DZ11 is apcomplished by followding this test pro-
caedure while using the DL diagaostecs. The test procedure may be divided into five peneral areas:
Yizual [nspection, Internal Loopback, Stegpered Loopback, Externnl, und Oo-Line with Terminal.

S4.1.1  Visual Ingpection — A visual check for solder shorts and domaged or missing componenls cat
sare cansiderghle checlkout time,

5.4.1.2  Interoul Loopback - The internal loaphack is the simplest maintenanee mode, and is mun first
in the sl procedure. Wilh bil 03 of the DEL1 CSIL 2ed, 1he ouiput serul data from the TARTS are
turned around into their respective serial data inpuats, All lines are lurned around simullanesusly, buc
the output EIA gonverters (or 20-mA loop circuits) are excluded.

54.13 Stuggered Loophack — The stuggered loopback mode is used only with the D¥11-4, B, and E
(ElA) vplions. This lest mode uses the HIIT tesl connector in the 50-pin PO aocket houwsing that
normally aocepts the BOOSW L5 cable, Bic 03 of the CSR musl nat Bee sl The bines are tumed around
in e following manner: Line O transmits data w Line | peceiver, Litte | transmits to Line 0 receiver,
Ling P IYTK to 1.ing 1 earrier and ring indicator, and Line 1 DTE to Lina ) carrier and rving indicotor.
The remutning lines are connected in the sume manner, with Lines 2 and 3 paired, 4 and 5. and 6 and 7.
This lesl munle allows lesting of the ourpot level comverters in wddition to the chesking aut of all
UART paramelers,

a8.4.14  External - This maintenance mode runs the lines to the point where the cusiomer of uset
cannests, and requires an H315 or H325 loophack connector atrached to the snd of the BCO3D cable
thut ariginates at the distribution panel. The test connector is placed at the oustomer cad of the cable
wilh Lhe dislribulion pene] end of the cuble remaining connected,

%4.15 Ou-Line with Termipal = In this test, a 20-n04 or ELA terminal is connecied Lo a sinple ling on
the distribution pancl, and all lings are checked individwally by means of an HCHO test that is a part of
the 12411 disgnostics.

5.4.1 DZ11 Optivn Testiog

The tollowing procedure chacks all options of the DEL1, ond diflerences in the procedure thet apply to
a specitic oprion are noted:
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Althouph the board has been GiR tested, it i3 still 2 good ides to check [or power shorta to
ground and for sharts between dilferent voltages. The power distribution foom the module
pins & shown on sheet #1 of the circuil schematics and below,

+3V pinAlsecion A.B C.DLE and F

+15 ¥ pin U1 section ©

-15% pin K2 sgction

Gnd pinCland Tlaection 4, B, C, D, Eund F.

Check the jumper labeled “W1'™" an the board. This should be in ac all times. It is token out
ouly for GR testing.

Check to see that the priority § insert is plugged into spoket E52 an the M7319 module or
F41 omn the MTE14 module.

Sel the address Lo 160000 (all swilches off) and the vecwor to MK (all switches on except
awitches for veetor bits 6 and 7). If a second module exists (Z11-E or DZ11-H) set its
address to 1600010 and vector to 310,

O wn MTEIY module, make sure that the H327 connector (L cotmes with Lhe module) 8
inzseried properly. The arrow on the conneclaor should malch the artow oo the 50 pin PO
gocket housing,

with all power off, insert the module -WITH CaRE- inta the SPC slot being vaed, Y atch
lor wirtes on any H32T connector getting snageed snd companents newr the modile's edie
greliing cuwghl m 1he card puides. Also, be sure Lhe address and veclor swicch sellings don’
change while inserting the module.

Turn on power and load the DZ1E diagnostic (MAINDEC-DFDZA) into metnory.

Loud uddress 200 into the switch regizrer and depress the load address key, Set swich register
bir 0 Lo A cnoe. Sterl the program and answer the following questions us they appear en the
leletvpe:

"It CSE ADDRESS (1600001 637007

Tvpe I the [irst’s DF 11 address, 1G0000 (carriage return)

“1st VECTOR ADDEESS (3007700

Type in the first's DE11 vector; 300 {carriage relorn}

“BR LEVEL (4:7):"

Ty¥pe in priarity level (gl [3A11'5) 5 (carmisge return)

“TYPE A" FOR ETA MODULE OR ‘B° FOR 20 mA (ABY™

Type 'A" for DELL-A, B and E (carriage return)
Type "B for PZ11-C. > and F {carriage retumn)



“BMAINTENANCE MODE
EXTERNAL (H325) E
INTERMAL (DECSR03=1) "I
STAGGERED (H327y'5' ™

Type ‘T (carriage returm)
"¢ GF DZ1 14 (TN OCTAL) - (120%™

Type 1 for DZ11-A, B, C or D fewrriage return)
Type 2 for 13Z11-E or F (carrisge retum)

The [irst pass of the program goes Lthrough each test onee (approximately 1-172 minules).
Subsequenl passes go throwgh several iterations of each test in about 3 minutes [if no errors
accur) Swilch register ywitch 11 can be set to inhibit these iteratbons if 30 desired,

Run at jcast one error-free pass withput jterations.

NOTE

The diagnastic will run up to 16 DZ11 modules {must
bu all wee type, FlA or 20 ma). I doey this by run-
ning 2 complete pass on each one In seguence (the
DZ11 TSR address is typed out with each pass com-
pete). Therefore, il more than one module 12 helng:
tested, am error-iree pass must pecur for each one.
Far example, i wo modules are being tested then
twa passes of the program are reguircd to check hoth
idules, .

IT 2} mA module go to step “o* (DZ11-C, D, and F). Rerun each module under test for 2
pussey withaut ecrgr, and with iterations, D thiv by restarting at addrese N0 and unawering
57w question “MAINTENANCE MODE?! or load address 1512 for the [st DZ11. 1526
for the Zad DZ11, ete. and deposit 100000 (was BH0000).

Hilt program and power down system.
REemoeve the module and unplug the slagpered tuen=around connecior (H327),

Connect the BCOIW-135 cable to the 50 pin socket on the module and connect the other end
to the HILTE distribution panel; to J18 for the Tak [2211 and J20 for g second DE|1.

NAOTE
BCOSW-15 cables used with the DZ 11 have labels
that saoy “This Side Up™. I there are no lahels, plig
in the cable with vib side up at the modnle and with
smooth side wp at the distribution panel.

Turn puwer an.
Slurl a1 address 230 and answer “E™ o question “MAINTENANCE MODE™ or load

address 1512 for the 1st DZLL, 1526 for the 2nd DZ11, ete, and deposit 200, Run I passes
without errors and with iterations.

Stop program and run the cable (g5l in the following manner;
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Load address 210,
Start with 213 in the switch repister,
Answer the [ollowing questions on the tcletype:

“VECTOR ADDEESSY' 300 carriage returh

“CONTROL REGISTER ADDRESST™ 160000 carrizge return
“WHICH TEST? ECHO OR CABLE (E OF " C carriage retum
"RALID RATE™ 9800 catriage return :
“LTNEY O curnage relurn

The program will run the cable test and print qur s “PASS DONE™.
Run this test on lines O thrma T withouwt error.

MOTE: To chanpe lines; hit any printing key on yaur consale terminel whils Lhe progratm is
running tnd type the new line number,

The ECHO test can he run on hoth ETA and 20 mA loop modules. Each line should be
tested a single ling at a time in the following manner:

For HlA disconnect the H315 or H325 from the BOOS[-25 cghle and use s BCOIM or
RCO3P null modem cable between the BCOSD and the ETA terminal, Connect the 20 maA
loop cable directdy from the terminal block on the punel te the wrminal,

Eaad address 210,
Start with 213 in the switch repister.
Answer the following questions an the teletype:

“YTCTOR ADDRESS?” A0 carriages return

SCONTROL REGISTER ADDRESS™ 160000 carriage return

“WHICH THST? ECHO OR CABLE {E OR Cy* E carriage return

“BALD RATE™ enter band rate and carriage return {baud rate of tercunal being usad)
HLINEY O carriage redurn

The propgram will print:

“FERMINAL ECHO TEST" . .
~THE QUICK BROWN FOX JUMFED OVER THELAZY DOG™S BACK 0123436743
“TYPE A CHAR: ON DZ11 TERMINAL"

The program now allows you to type characters, Type several characters and then hit con-
trol © and da the aext fine. This test should run withaut any errors.

NOTE: To change lines, hit any printable character on the telecype consale. Chinpe telrmi-
nal Lo next line., Type n velug of next ling {i.c., the line munber}, Repeal this step until all
lines are tested,

After runming all of the abave stepa so (hat the diagnostic runs completely without erver, run
the module or modules in a heat chamber that cycles between 50° F and 130° F. Run the
modules in Internal moede for vwo cygles 33 shown.

Any errors that develop must be corrected. Unit must run al least ane cycle error [ree.

13411 is aow ready for acceplatce.
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5.4.3 Svaten Checkont Procadore

The IX£11 s a priority 5 devies that has it addresses sssigned to it rom the foating address and
flpating vector spuce. 1t is erdered after the DWMC11 in the Noeting address spuce and afler the DRC]L
m the Moating vectar space. Relerence te Chapler 3 of this manual can be made for further details on
DZI 1 veclor und address assiphunents,

The following lises itemive the hardware, software, and refergnee materisls to he psed during Lhe
subsequent procsdurs;

Roeyuired Hurdware

DF1l-A, Bor E

HAX7 tost conncctar

H3AT4 or HA15 test connector

BCOAW -15 cuble

BCO3P or BOHAM aull modem cable
EIA terminal (Y T0S5, VIS5, LA3G, etc.)
Fiar-11 swstom

DEN-C. Trar F

BCOES-15 cable

Cable to go from panel to 20 mA terminal

20 mA terminal (ASRE 33, 35, LA, etc.)

Reqeired Software

MAINDEC- I -DZIDZA

NEC/ X1 Svstem Fxerciser Softaare

Retferences

DE11 manual

NZ11 Field Muinlenance Print Ses

p. Check the DZ11 madules for their propee address, veclor and priority,

: CAUTION

Insert amd remore the DEIL modulen (M7HIY or
M7TEL4) slowly and carefully to avoid snagging comn-
poneuts in the card guides. Alpn, to prevent the voctor
and address switch settings from belng changed by
rubhing sgainst an adjacent modole.

b.  IMa DZIL-C, D or F po to step k or else insett or verify that the H327 test connector is in J 1
of the module farrows of connector and J1 should match).

c.  Load the DZ11 diagnostic and tun 2 passes in siaggered mode without any errors. Relevence
the diagnostic buting in this manual,

5-25



i

When step O ta complete, eeplace the HI27 test connector with the BCOSW-13 sable (Tib
side up or with label showing). Observe the 3ame caution as above for removal and insertion
of the moduls. Insert the other end of the cable inta J18 or T20 an the HI1TE diswibutlion

- pacel (smooth side up or with label showing).

NOTE _
The distribution paacl ean handle 16 lines. J18 dis-
tribures to the cight 8 Anes (1e., J1 to J¥ read Trom
right to icft), J20 disirfbutes to the left A lines {19 1o
Ji46).

Cannect an H325 or HY 5 test connector 1o the firse line and o in external mode for 2
error Freg passes. Do this for each ling.

Repeal slep e, bul run the cable test for each line.

REemove the test connector angd with a BCO3P ar BCE'IJM, aull modern cable, connect to an
ELA terminal,

Run the echo test an each line one pass without error,

Roui the DEC /X1 | system exerciaor {sclect several pther devices too) for 15 minutes without
error.

Svstem chegkout complete,

H211-C0,F Provcedure

k.

o,

a4

Load the DZLL diagnostic and tun 2 passes in internaul moede wilhoul ecror.

When step k is complete, connect the BCOES-15 cable from J1 on the module to 11 or 12 on
the Hi1TF diatnbution panel.

Connect 4 20 mA terminal to line 0 and run the echo 1est one pass wirthout error, Do this for
cach hine.

Run the DXEC/ XE ] system eaercigor (select several other devices too) for 15 minutes without
BETOL,

System checkout complete.

IMagnuatic Tests

The following Lable lists all the tests of the disgrnosdc and can be used for easy reference whils trouble-
shooting. Also, a shart toggle in program is included below to sid in debugping the transmitter and
receiver secticns.



Location
1}

1
12
14
16
»
26
32
36
42
46

i}
&2

)
Gl

Instructon A oemonic

DI2737
LINT #

START, MOV 4LINE, TCE

TCR Address

oe2yar

MOV §PAR, LPR

aramceers
LPR Address

] e
0O 54

MOV §50, C5R

CESR Address

QosTar TESTI, TST TRDY

CSE Address

100 T BPL TEST!

013737 MOV (SWR), TBUF

177570

TBUF Address

QoaTI MNOP, BRTESTI

127l MOV FDEL, R1

NEL.AY

105737 TESTZ, TSTR C8R

SR Address

Qos20L INC EL

QoLaT4 B-NETEST?

Q13700 MOV REUF, RO

EBUYF Address

AR BR TESTI
NGTE

a. If the TRIMY hit is failing to set, pat the Bramh
lostruction in Lovativn 36 {NOT'1.

b I “TRI}Y™ is not Failing bt “RDONE" fuils to
sef; piut @ NP instruction (000240} in locatlon 36;
put a constant into location 42 [ Delay) - 177650 for
a PDP-11/40. This allows recycling of the test about
crery TOO s, Other proceasors might reguire 4 dif-
ferent constant.

¢, Inlocaton 2 (Line #).5et the line hit that is Fail-
ing (Bits 0-7 onlyL.Ooly one bit should be set.

L TIn lvcatbon L0 {Far), pot in line parametens;
(1T4TX (X = lime number) 1 iy recomnmmended. This
gives an 11-hit charaeler (1 = spart, I = stop, ¥
dut)
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MEATNDHC-T-DZDZAA <3775 JEIGHT LINE ASYNC MUX TESTS
TEST 1

This test proves the alave syme response during & read or write to the following address:
DACSKR, BERBUF, DATCR, HAMSR

TEST 2
This test proves that bit *DCLR™” can be set and that it will clear by itself after a period of Lime.
TFST 3

Test 1o verily that bit “MATNT™ can be el Then verify that bit “MATNT™ can be cleared {wrilten ta
a #erp), and fipally verity that atter being set again, it can be cleared by 2 “DEVICE CLEAR™.

TEST 4

Test Lo venly thul bit “MSEMNABR" cun be set. Theo verely Lhat bit “MSENAB' cun be clewred (written
1o a sero). and finally verify that afler being sed apain it can be cleared by a “DEVICE CLEAR™.

TEST 5

Test to verify that bit “STLOEN™ cun be set, then verify that hit “STLOEN" cun be cleared {written to
u zerg), und fimally verify cthal aller bemg sel agradn i1 can Be cleared by o “DEVICE CLEAR™.

TEST &

Teat ta verify thut it “RIE™ cun be set, then verify that kit “R1E" can be eleared (written to 3 zena),
and Nnatly venfy that uller being se apain it cun be cleared by & “DEVICE CLEAR™,

TEST 7

Tost ta verify that hit *TIE” can be set, then werify that bit “TIE™ can be cleared (written to 3 zerao),
and finally verify that after heing set again it can be ¢leared hy a “DEVICE CLEAR™.

TEST 10

This tcsta chat all of the following bits can he Set, Cleared, Cleared By “DEYICE CLEAR™,
Hits tested are;

TCRG, TCR I, TCR2, TCR3, TCR4, TCRS, TCRe, TCRY
TEST 11
This tesits that all of the fellewing bits can be: Set, Cleared, Cleared By “RESET TNATR * NOT *
DEYICE CLEAR"™. Bils 1ested are:

DTED, DTEL DTRZ DTR3, ITR4, DTRS, DTRS, DTR?
This test is not done if module is 20 mA version.
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TEST 12

This Lzl performs mesel testing and testing of write only or read only bit,
Tesl hils “R[HT"'IE. BIT 1, BIT 10, BITS, BITE, BIT2, BIT1, ]EIITCI STLOAL" are read only and
that TRDY s zero nutil a line is selected and MSENAB is set.

TEST 13
This Lesl pecforms resed westing and testing of read only and write only bits in register DFECSR.

Verify that “TIE™, “SILOEN™, “RIE", “"M3ENAR", “MAINT" are the only R/W bits in the
127C5R, then set "DCLR™ and verify they ane cleared,

TEST 14

This test performs reset festing and tesiing of read only register DZRBLUF and testing of write ondy
register DZLER,

TEST 15

This tesi performs reser testing and cesting of read only register DZMSE and tesiing of write anly
register DETDR.

TEST 16

Yerily that if we are in “"STAGOERED™ maoda that setiing “DTR™ for a line will bring up “RING™
and “CARRIER™ for the associated line in which we are staggered!
LINED DTR=LINE] RING AND CAREIER
TINE]l DTR=LINEDN RING ANI? CARRIER
LINT2 DTR=LINC: RING AND CARREIER
LTNE]l DTR=LINE4 RINC AND CAREIER
ETC..

TEST 17
Teat ton venify that if in “EXTERMAL" made; setling DTR for selected finey will bring up “CAR-
EIER"™ und “"RTNG" [or thel samee line.
MNOTE: IT vou have selacted mode as “"EXTEENAL™; the H323 test connector must be usad on aff
specificd lines, linca may be specificd by SWR0A=1 and SW R =1 at start time or altering stams map.

TEST 24

This tesl verifies that TRDY is 381 when 4 line is ready (o be loaded, and that 1the line specified in bits
810 of DZCSE correspond to the line selected in DETCR.

TEAT 1

Tesl Lo Lrunsmil e chare and receive ofie chat on one line al 8 time. The char s “252" and oll svelected
lines will be turned on one at o time. This is the first time any doia is checked in the receivet.
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TEST 12

Thus Lest proves that che trapsmitier trunsmits characters {(FLAG MODE) and the teceiver rgcgives
(FLAG MODE) (one ling at a time, based upon wvalid lings), This is the tirst time that ull data is
checked.,

THEST 13

This test will prove thal:
{13 The rransmitter “BREAK BIT" works,
{2} The receiver can flag “FRAMING ERRORS™,
(3} The receiver can flag "PARITY ERRORS™
Only ohe line ul o Lime will be exereised, This test will nol be exercived unless connecied by external

plug,
TEST 24

This test verifies that the device does not interrupt while the processor status is set exactly 10 what Lhe
DZ11 prioeity v set to,
Defanll priorily is al [evel 5 (2400,

TEST 25

Thiz test venhies that the devics dogs interrupt while Lhe processor status is set to exactly one level
lower thar the TED L. DZ1T priority defavlt to level 5 minus one level i level 4,

TEST 26
This test verifies that the receiver will tnterrupl befare the trangmiteer even though the transmiller was

enabled Mral. Set PR ta level 7; got RDONE and TRDY to aet; Set TX [E and BX [E: clear P8 and
cupect RXY Lo interrupt fimst.

TEST 27

This est verifies overrun and silo alarm one line at s Hme — hased upon valid lines as each of the lirst
16 churs are sent; giln alacm is tested to be cleared, on the 16th char the program then expects sila
alarmn to sel. Then Lhe entite silo i filled and an overrun is expected on the 65th char pulled out of the
gilo, '

TEST 3
This resl that “S5ILO EMA ALE™ will inhibit receiver intertupes und that on the 16th char that "'SILO
ALARMY will cause an interrupt with “KIE™ e,
This will do all selected lines one at u time,

TEST 21

This test runs wll fines Tull bore hased upon qualified lines
. .This is an interrupl tegt oa the receiver and transmitter.
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TEST 31

DZI11 Relauve Timing Test,
Kach sclected ling will in torn run 16, Chars at all hand rates and Lhen the highest baud wilh all char
lengths, Each new purameter should decrease in ime from the previous parameters selocted, The time
is checked against the last parameter used and a lower time is capected on the current parameter.
Purumetery are;

Eighi Bits/per/char - Two stop bits at 30, 75, 110, 134.5, 150, 300, 600, 1200. 1300, 2000, 2400, 3600,

4B, 7200, 60K baud, 19.2K baud - Two stop hits at seven, six, five bits; per/char.

After cach line hay finished all the above putsmeters the next sslected line is the tosted.

TEST 33

Thin test verifies that even paricy works for all 0dd lnes selected and that odd parity wocks for vl even
lines selected.

The mun lunetion of this test is ta verify that “PE" {parily error) can be Aagged by the UARTs. This
test will mol be done unless you are in "staggered™ mode.

8] chiars are used for this Lest.

All seleeted lines will be enabled ul the sume time!

TEST 34

T his test verifies thar odd parily works [or all odd lines selected and that even patily waorka for ull even
lines selected, The main function of 1his Lest iy to verify that “PE™ {parity errar] can be fegeed by the
LIART:, This test will not be done nnless you are in “STAGGERER" maoda.

YR} chary are uscd for this tost,

Al selected hines will he enabled at the same time!
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ARG
T4L5T4
LS80
2134
gad1
Bad7
Us1R
Qa2
TALSI11R
TALS151
TALS153
TALS5S
TALS15T
T4L5175
L5193
T4L 5254

d-Hit % Word Propagatable Register
Baud Kate Generator

Dhual Flip-Flop

4-Bit Decade Caunter

5-Bil Unified Bus Comparatlor
Cruad Unilied Bus Transceiver
Unibus Chip

Priority Encoder
Multivibrator Flip-Flop
Devoder B ullipleser

8o | Muliplexer

Drual 4 1o 1 Multiplexer

2to 4 Line Decoder

Quad 2 to 1 Multiplexer

Quad Storage Register

4-Bit LIp; Down Counter

B-Bil Address

A=l

APPENDIX A
INTEGRATED CIRCUITS






APPENDIX B
GLOSSARY OF TERMS

BREK BREAK. Bits 0 through 7 correspond to lines O through 7. When a bil is set, the
serial output line ig beld in the spacing condition. These bits are write only [fom the Unibus as part of
Lhe TD*E ar Transmit Dula Register (device word $6, upper byte),

CLK CLOCK 15 used by the scauner io generate the scan phases and to synchronize
the loading al the “ L ART® transmit bulTer with the scan cyele. Tt is upproximately | MHa with 2 40%
om, 80% off duly eyele. It is derived by dividing the 5.0668 MHz crystal oseillator output by 5.

CLR CLCAR i3 hit 4 of the Control und status register. When set, it gencrates a 13
miceosecond reset pulse Lhat clears evervthing including itself. The onc exception is the DTR Rvte,
This cighl it register is cleared by “BUS INI'T* or by program control.

L8 CONTROL STROBE clocks in the vatious line purameter information o the
UARTS. There is one lor each UART Hoe.

CS5R CONTROL und 5TATUS REGISTER af the device. [t is device word O,

Lo CARRIER is a modem signal indicating that o chunnel (line) is established end

ready (o send data. The device monitars the stute of this line for all eight chunaels, Thess states can be
read ¢o the Unibus by reading device word #6 (Modem Status Register), Lthe upper 8 hits or the high
byvte containing the state al the “C0" lines, .

DA DATA AVAILABLE is a "UART™ signal indicating that it has o churacter
reddy, The DA lines arc bussed together as the LARTS are sampled one at u time.

[ LY DATA YVALID is read as bil 15 of the silo cucput and indicutes the character is
valid,

D=8 YATA STROBE clocks the contents of the transmit buffer into the UARTS

transmit bulfer. There is 3 DS pulse [or esch TART line,

DTR DATA TERMINAL READY is a signal sent to the modem indicating a ready
condition to send or receive dala. There is a DTR line for each channel and it is controlled from the
Unibus by addressing the wpper byle of the Transmit Conrol Register (devies word 4}, These
reacl/wrile bils ure cleared by Bus Init of by program control only [i.e., CSR bit 4 {CLR ) docs not reset
these hits),

FL{IER) Uart stutus bit indicating 2 FRAMING ER ROR wher set,

TEDY TEDY indicares that g trangmitter line is etoabled and jts transmit buffer is
e¢mpty. This signal hay ta be true for a transmit interrupt to occur.
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IMHSEYM This level is gencrated when Toading the line parameters of the Uarts (T8 Pulse)
from the TTnibus. This level prevents the Address Seleclion Logic from returning “S88YN™ unlil the
Uart has hud time 1o sample the received duatu bus lines.

™NIT The received “Bus Init Signal” is used to clear the “DTR™ repister and gener-
ales g reset o initialize the rest of the logic, .

IH IN REA[DY, when true, indicates that the silo has room for and s able w
accept anolther wopd,

IKTR INTERRUPT initiates the processar interrupt and gates the vecter onto the
Unibuos data lines,

LID{5H LOAD C5R

LD IICSR LOATD HIGH byle of TSR

LD HTCR LOAD HIGH byte of TCR

LI} H TR LOAD HIGH byte of TDR

L.LD LCSKE LA 1 LOW byte of CSR

LD LPR LOADLINE PARAMETERS

L.LDLTCR LOALD LOW byte of TCR

LD LTDER LOAD LOW bvle of TDR

LDYTEUF LOAD TRANSKMIT BUFFER

LIDTCR LOADTCR

LDTDE LOAD TDR

LIME There are eight “line™ bits, one Tor each channel, They are accesred from Lhe

i nibus via the lower byie of the TCR (Transmit Contral Regisier = word #4), When set, it allows a line —
with its tranutiil buffer empty to cause a teansmit interrupt {if TLE is set).

MSCAN EN MASTER SCAN ENABLE, Bit 5 of the CSR._ This bit turhs on the scannecr
when sct.
OR (OVR) Uart status hit indicating an overrun condition, i, another characier was

received before the last ang was taken [rom the buffer.

PE(FER) TTurt stuius it indicating a PARITY ERROR.
FAl RECEIVED ALXDRES5 BTT 1

RAZ RHECEIVED ADDRESSBIT 2

RC1 RECEIVED CI BIT



ED < 500>

EDA

RECEIVEDBRLUE DATA BITS
RESET NATA AVATLABRLE. A level used to teset the “DA™ bit an the Uart

that was currently sampled,

RDEDUF

READ RECEIVER BUFFER, the output of the silg, to the Unibug and arm

logic for next receiver ntermpt.

RESET

A master clearing pulse 15 oicroseconds long that is generaled by “BUS INTT”

andfor CSR hit 4 being set (clear).

RI

RING INDICATOR from modeni, Each channel is monitered and can be

aveessed by reading the TDR register, The lower byte of this register has a carrespanding bit for euch
ring line {deviee monitor).

RN E

RECETYER DOME. Thid réad anly bit of (he CSR repister is set when o char-

acter is loaded into the wila. Tt is Bt T of the C8E (device word §0).

RIE

RECEIVER INTERRUIT ENABLE, Read /write bit § of the CSR, When set,

il enebles a racerver interrupt to occur.

54
ig trie,

SAE

SAM

SCAN A, B, C
SDO

SEL

SHI

|

SILO)

S0

THRUT

milted by the Ward.

TBMT
TCR
T < 15003
TDE

SH.0 ALARM. This fug is true afler 16 characters have entered the silo if SAE

SILO ALARM ENABLE. The flag enables the silo alarm flag,

SAMPLE. A sample lewel iz generuted for such line by the receiver scanner.
Three-hit putput indicating the ling number being cutrently scanned.

SERIAL DATA OUT of the Uart.

BELELCT. This level i3 trus when the devies cecoiifzes 11q buase address.

SHIFT INTO ailes.

Serial dataince TTart,

G4 # 16 Fratin, first oot huffer,

SHITT OUIT af x_»ilu-

TRAMSMIT BUFFER. An ® bit register thar holds the characeer to be trans-

The Uarts trunamit hufler is empty {TRDY)} when this level is true.
TRANSMIT CONTROL REGISTER {device word g4,

DATA TOBE TREANSMITTEDR OYER THE LINTBUS DATA LINES,
TRANSMIT DATA REGISTER [device vond g6}



Tl TRANSMIT INTERRTIPT. True when TIE — LTNE - TRDY ure true {CSR
hit 15} Ty read only.

TIE TRANSMIT INTEERRUPT ENABLE. (TSR bit 14). Is read /write,

TRLY Llart’s transmit buffer iz empty, This level iz ANDed with LINE and if TLE is
set will cwuse 8 transmit interrupt,

TLIMNE A,B.C The hione number whose Uarl bos it transrmil bulTer empey and caoysed the inter-
rupl. A 3 bic read out in CSE bit 3 through 10.

LART UMIVERSAL ASYNCHRONDUS RECEIVER / TRANSMITTER.,

50068 MH= The vutput of the crystal orgillator.
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AFPEMNDIX C
UNIVERSAL ASYNCHRONOUS
RECEIVER TRANSMITTER (UART)

C.1 INTRODICTION
This appendix provides 4 furctional description of the UART. Tt includes w table of UART signal
functiony snd simplified block diagrams and timing dapraris of the UART recelver and transmiteer.

C.2 UART FUNCTIONAL DESCRIFTION

The UART is a MOS/LSI device packaged in a 40-pin DIP, Itin 2 camplete subsysiem that transmits
and receives usynchronous data in dwplex or half duples operstion. The receiver and transmitter can
aperate simullanecusty, The transmitter accepts parallel binery characiers and converts them to a
seriy] wsviichronous output.

The eeceiver accepts serinl asynchronous binary charactars and converts them o 4 parallel vutput, The
receiver and transmitter clocky are separate and must be 16 times the desired Buud rale. The allowable
clock tate s D to 160 kITz.

Cuontrel bits are provided vo select: charucter lenglh of 5, &, 7, or § bies, {excluding parnity) mode, odd or
even paricy, and ong or ten stop bits for &, 7, or 3-bit characters, For 3-hit churacters, 1 or 1-1,/2 slarel
bits arc used, The format of a typical input/output serial waord is shown in Figure C-1.

! KEXT
FIRST CHAAARLTERK —M8M T LHARACTER

MRk (F GTART OST® . ATEH DalAs DATAG CATAS LATAE J0Thy DATA3 PARITY STORY STCPE RTaHT DATAT

F"T- "~ T~— "1 =T~ "I~ T~ ~"I——~ -—-
jISHE 1 1 1 1 - I 1 M3B 1 1
SPACS(C] | [ T NN DD (NSRS P U P | -

11- 2935

Figure C-1  Formac of Typical Input/Cuipul Serial Character

Both the receiver and transmitter have douhle churacler buffering so that at least one complete churae-
ter is ulwars uvailable, A register is alvo provided (o store control information.

A block diagram and simplified Liming diagram for the UART trunsmitter e shown in Figuee C-2,
The transmiller dacs buffer {holding) register cun he loaded with a character when the TBMT (Trans-
milwer Boffer Empty) line goes high, Lowding 19 accomplished by generating 2 short negative pulie on
lhe DS {Data Strobe} line. The positive-poing teailing edge of the X8 pulse performa the load oper-
atian, The character ik automatically tansferred to the UART transmitter Shifi Register when this
register beonmes empty. The desired stare, stop and parity bits ure added Lo the data and transmission-

ina. Ome siateenlh of a bit time before a complete charueter (included stop bits) has been frans-
mitled, the FOC (End of Charagter) ling goes high and remaing in this state until transmission of a new
characler begins,
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Fipure C-2 UART Transmitter, Block Diagram dad Simplified Timing
Driggrnim

A block diagram and simplified fming dizgram for the DART receiver are shown in Figare C-3, Serial
asynchronaus duly is sent Lo the S (Serial Inpud) line, The UART searches for a high to low {mark to
rprace) transition on the 5T ling, IT this transition is detected, the receiver looks for the center of the start
hit ux the Grst sompling poine, If tiis point is low (space), the signal is assumed to be o vulid sturt bit
and samplimz continnes at the ceater of the subscquent data and stop bits, The chardcter is nssembled
Bil by bil in the recciver Shift Register in accordance with the cantrol signals that determine the
number of daca bits and stop bits and the type of parity, il selected. IT parily is selected and does not
check, the PER (Receive Parity Brrar] line goes high, If the first stop bit is low, the FER (Framing
Frror) line goey high. Afler the siop bil is sampled, the receiver transfers in paralle] the contents of the
teceiver Shifl Repister into the receiver data buffar {holding) register. The receiver then sets the DA
{Received Data Available) line and transfers the state of the framing error wnd parity ercor to the
Statns Holding Begister, When the 211 accepts the reoelver outpul, il drives the RDA (Reset Data
Availabtcy ling low which clears the DA hne. TF this line i not reser before a new character is trans-
ferred ta the receiver Holding Register, the OR (Overcun) line goes high and is held thers until the neat
charscter is loaded inlo Lhe receiver Holding Register, )



RFC

HEC DATA PARITY FRA&MING
Al LA E CHERRLUN LNRM ERROR
L t
PomIALLAS
i-a ik 13 |1t wihe
LM HGTES "B
unlh EITE
—_— - ] f.
are:s A
'.'IHHT T L 1L 1 T 1. T_as
L LI
SEE ] | |
GaTy —— aur hn k5 RESET g .
EhABLE Dot e R 5 1 FRAME
I T T fumsELE Do 1351 B HUK PARITY ERF
n | L% 13 L [ a
| i ] I -T L
nRio POLJIMG REG 57D [—— . |
I | . |
I i
HERIAL
CaTa =m0 LF WER CSHIFT FEEETZA
IH3JT :
P
| 1nTe el LEBLE |
- - F&3ITy ERAOR i
. mUR A4S LA e ——
Sagia [ LN FREWINE EARDR I
INFT I I i
e o
E'VER n NHE HE"
“mn Y FARITY  HUWBEA O
SCLOGT EITS/ LFATAZTCN

e

Figure ©-3  UART Receiver, Block Diagram and Simplified Timing D-
gram

Fignre C-4 is u pin/signal designation disgram for the UART. The function of esch signal is given in
Tahle -1, Tn the Function eolumn, Lhe references to high and low signals are with respect to the ping
on the JART. This information is used during servieing of the device, Programmers should refer to
the D}Z11 tegister deseriptions {(Chapter 3) for infarmution concerning the function of these signaly.
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Table L-1 UART Sipnal F unetlans

Fim b, nenmon Mane Fumtlion

=12 RD1-RDE Fzeeived Data Eight dara ool lres i can he wire ORzd. RDS (pin 53 is
Me MSE and BT {pin 12 & the LSB, When 3, 8, or 7 hil
clanacter 2 seleeted, the mose sigvifican) wonced ita ane
low. Character i= gghtl jusdifed inw ce leas significant
hira.

i3 FER Frcoive ity Conies liigli i Ue eocepmed character parity cloes nol agree

Feruir il the selected pacity,

14 FER Framloug Ersor Ciocs hiph i the teceived character has oo valid stop bit

15 DR OvcIrur Ciuen bigh A0 the previously received clarnctsr is rol mead
(Tah dime ool resct) before :he present chomscler s
tanslaned to the recciver Lolding Kegister.

[& WL St Weord Enzshle When low. plases che stotus wurd bits (TR, O, TEMT, EL,
and DAl ot cutpt lines.

17 L Tezeive: Clock Input for ar sxferngl chich whese Nsqueoey poac be 16
titmce cle desiped receiver Haisl rala.

LK FTA Faosct Chata When e, resels the recenred DiA (Dats Avziluble] line.

Availzhle
[0 (1Y Ieceivel kil Gogs hugly when ao enties chimacler has Baen recelved and
Averilahle transferred to the roceiver Holkling Tepister.
20 LI Sanal Inpur Lopus for serfal agynchronous data.
n L MR Lizturnal Henel After powor iz tumned on, this lioe should e poled igh
i which reaces all reydslers, sl soial oocpat Lo high, sois
cod of charasies Frie high, ardd sets transmicter bhuolter
emply Jing ligh.
1z TEMT Trunannister Goes iigh when the cransmitter Dala Hosdieg Fegister may
Butfer Vmply he lonaded prth anathar charicier.

22 s Lxata Sliohe Fulsed low Ao leind the dara bits iato the transmiclsr kia
[lolding Begister duriug the posite-poing trailing sige nf
the puls.

et BT Erd of Character Croros Righ euel Lroe o Full character, inclding stop bits, &

trarsani el To rernaing hiph untdl ccensmission of e nexl
clarpctar slairta. Thiz is defined as the mark {highl du space
(nw} oiansition of the stacd bit. This line reesaiins high when
na data i being teansmittes], When Tl speed tranamiszion
aeewrs, this lead goss high for 1786 hit ume at the end of -
cach charaeier,
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L EERTE ST EEES—

Tahle C-1 UART Signul Funelivas (Conl)

Finlio. | bMoemonk Mame Foncilon

2h S0 Seriak Cartpun Oweput for tranamitted cheracier in cerisl asyochronous
Formac, A mark is high snd o space is low, Remeios high
witen no dute is being fransmitfed.

D FXAT.1138 Dy lnpal Eight parallel ate In lines 1388 (pin 53) s Lhe MY 3l
ME1 (pin 362 3 The TER M 5, 4, ne 7 bil chiraclams are
selecten], Upe [easl sigadficinn bifs are use,

3 {5 Contral Slrohe Wien high, plices the eonlrl hins (IOF, SR, 35, KB el
MWB2) iulo tle conteol hics Haolding Register .

35 Ny Mo Parity Wheo luply, climinares the parity blt t'rl:u.n tlue iransnidcted
snd received character and deives the received parity eroor
FEKY Iine low, As o cesuld, the cecziver dors oot check
pirily n TEI,:E'FIIiI::II:l il -:llJrEnj.e ITamsmiszion the 'sinp bifx
imiEdiately Mnllos Uie l250 dawa lil.

Ji 258 Twir Gtop Bits Selcets the mamber of stop bits thal immediately follow the
pucity bit, & low Imseres ! osdop hic aod o high nseces 2 stop
I Ls

37 38 LB2, MBI Bamber of Bits Seloot 5,4, 7, or 8 dada bus per characeer as follows.

per Lharactar
{Excluding Pibae)
Bils/ Nkz MAT
Char am {38)
5 L L
G H
7 L
i n

g FOLE LEwen Pavity Seleat Selects the typr of petry o be added durice tranamisaon
and checked during reception. A low seleors odd paritry and
o high acleais cven pacic,

4o FLAE Trunsmitter Clack [nput juor an extzmal clock whiose frequency must be 14

fimes Lhe |_:|r:xir4.-. Iriresmidier Bl mie.
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D711 MAINTENANCE MANIAL ' Reader’'s Comments
EE-DZ11-0MM.-PRE .

Your commenls and suggestions will beip us in vur continvons effort 1o improve the quslity and usetulness of
our publications.

Whal is vour peneral reaciion fo this manual? [nyour jadpmest s it complete, acearacs, well orpanized, well

written. ele.? il easy W use’

Whar Fegtiercs are most uselal?

Whal [aults de you find with the manoal?

e

Does this manual aatisfy the need you tiink i weas int2nded ro sansfe?

Dhoes 16 zatsfy Jarer nceds? Wit

o ~a

Would vou pleasc indicate any facturl emors you have [ound. e

Pleaze deseribe your postfion.

MNume Oeganization

Streat ' Department

City State : . #ip or Country
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