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CHAPTER |
INTROIHUCTION

.1 FPURPOSE AMD S3COTE : ]

The DLY1!-E and DLY11-F are asynchronous line ivterface modules that inlerface the L8111 bus to
any of several scandard types of seriz] communications lings, The modubes recelve serial data from
periphera] devices, asyemble it into paralle] dats, aud trapafer it 1o the ES1-11 bus, They aceept data
from the LEI-11 bas, convert it into-serial data, snd transmit o 1o the peripheral devicea, The two
modules differ in that the DLV 1-E affers full madem coatrol, whereas the E’if."i-’! 1-F supporty either
20 mA current loop or EfA-standard hnes, but does not include modens contrel. :

This manuaj descriheos these arodules 1o the user. {1 treats the twe modeles together for those functions
comman o both, and separately for those areas in which they differ. 1tis sesumesd that the reader has a
general familiarity with the operation of the LEL-]1 computer 2nd with the requirements of the periph-

ere] eguipment. Refer to Hirmmwpmw Handpook, FH 06583 76, Tor detailed information about the
LSI-11. .

12 OPERATING FEATURES

Each asynchronous line interface is n:nnsr.ruclud on a single 21,6 em » 122.7 em (8.3 in X 5.0in) dual-
height modyle. The module mounts in any slot-in the LSI-11's backplane. Bolh the DLV 1-E and the
DLY11-F have the following features:

4 Jumper- or progratn-selectable arystal-controlled bawd rates; 50, 73, 11, 1345, 134, 300, &},
1200, 1300, 2000, 3600, 4800, 7200, swnd 2600,

+ Prowision: for wser-supplied external clock irputs for baud rate contral.
= Jumper-sclectable perity and data bit formats.

= LEI-11 bus m!.tﬂ'ac: and contral logic for imnterript procesmng am;l vmur:d a.&drrmslng of
intercupt service coutines. _

* Coplroi, status, and data buffer registers directly accessible via processor instructions.

+ Program und peripheral conrievtor plug campatible with the PIYP-11 L1 serics of asyuchio-
nous ine interface modules.

The DLY11-E is designed to interface date sets (modems with control capability) such as Bell modeis
B03, A1, and H2D,

The DLVI1-F is designed for either 20 mA current loop eéquipment of ElA-standard "“datu leads only™
{no modem conirol) operation. Flexibility is achieved by the use of wire wrap jumpers. Table
¥-1 compares the festures of the DLVIT-E and DLY11-F with those of the DEY!] and the DLIL
series. Refer wo Faragraph 4.4, Timing Considerations, for further information.




Table 1-¥  Featwre Comparson

{MOTE: X indicates feature avaitable.)

Fi:.lmﬁl- | grilgfhhﬂ DL1:-E DLYI11 1 DLV¥11-IF | DL¥VIl-E
Brogrammabie Haud Rates
(Write Only Bita) X X .
Maodem Cantrol : X X
BIA “Daw Leads Only™ . | X I X X |
'lﬂrr:..-*n ['.'I_lm-:!.!_t Loop | X . X X -
Iumpurlﬂl:ful.:luhlﬂ
Aznve of Passive
20 mA C:_i.irrent Loop - X X
: ErtFrr Hﬁgs | X X X X
BREAK ;Z'i:-n:mliun Bit X X X A X =
Receiver Active Bit X X X X
' -Maii;t:nﬂnm Bit X X X X
On-board Clocka for
Split Speed Operation X X X X
Halt o Framing Error | X X X
Boot on Framing Frror X X o
LUART l'::YJ:aE:d by INIT X X X X
Tia R;J" C-lﬂﬂred by DCOK X | .
Mo Trap on Write : :
to RBLUF _ X X x X
| SSTOPBITS X X ' i
- Modein Statns Bit - x

UL aa m me e m  nmn m —— g B S
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1.3 MODULE SPECIFICATIONS -

The following specifications and :pm*umhm are fm mfatmationu] P-'IJ-I'FHHﬁ nnh and arg subpﬂ {0

change withau! notce,
Fhysical Clinrscteriatics
LHMEnZions '
Circuit Card
L.cl.'Lg‘th; 2.6 cm (B.51n)

Height:  12.7 am (5.0 in)
Width. 1.3 om {0.5ia)

Cahble Connection
M ounting Regquirements:
backplane,
Modulg Tvpe
Y1 I-F ME017
DY I-F MEOES

Fower Reguirernents

L0 A {pominal) & 45V £5%. 5.0 W
150 A’ {nominal} 48 +312 V £5, 1.8 W,

151-11 Bus Loading
Presenis one bus load.

Enviranmental Charscteristics
Imnperﬂturg
Operating .
MNonoperating

IIfiin."::\til, Card Pios Handling
228 cm (8.9 in)

13.2 e (5.2 in}

L3 o (05 in)

Che $0)-pin headar conpector

Plugs directly inte any deal-height slots .o the
LEI-1§ backplane or L31-11 expansion box

S Cled” CHI"Flo122*F
=" Cto 66" C{-40" Fila 151°F)

Humidily {Operating and Neoroperating)
105 to 953%, maximtm wet bolb 320 C
(20° F) and mmimum dew point 2° O (35° F)

Altitude
Lrperating 2.4 kkm (B D00 ft)
MNonopersting 4.1 km (30,000 ft)

k4 MAINTENANCE

This manual explains the normal operation of the asynchronouws hne interface modules. This informa-
tior and the diagnostic maintenarce programs will aid the user when gnalyzing troubls symptoms Lo
determine negesaary cormeetive action. A sol of engineering drawings iz available for gach of the vwo
modules. Refer to DLV1I-E Asyschronous Line Inderface, Circvit Schematics {DIGITAL part num-
ber D-CS-MBOIT-0-1) or DLV11-F Asynchrodous Lisee Interface, Clrevit Schematios {IMGITAL part

numhber P-CS-MEO2E0-1),

1-3




Signal wames in the DLY11-F and DLY[1-F print sets are in the following basic form: -
SOURCE STGNAL NAME POLARITY

SOURCE indicalss the drawing aumber of the print set where the signal originates. I‘hc drawing
number of a print {K-3, hl-t K 5, etc.) is located abowve the title hlm"h:

SIGNAL NAME is the proper rame of the signal, The names wued in th:: print sed are slso used in
1his manoal.

POLARITY isgither H ar L o indicate the voltape level of the signal: T = 43V L ﬂa’-grﬂund. -

A5 an example, the signal:

(K-37 INIT H
origimates on sheet K-3 of the drawings s3nd megans “when TRTT s true, this signal i at approx-
imately +3V."

L.51-17 bus signal lings do ot ¢arry a SOURCE indicator. These names represent a bidirectional wire-
ORed bus, As a result, multiple seurees for o particular bus signal exist, The L3[-11 bus s:g&at NamLE
begrin with a “B" for “bussed.”

The DEV!1-E modole is shipped with an H315 modem lest ermnecior incioded. This 18 plugged inio
the interface cable in place of a dats set when runntsg meivtenance programs. The DILV1E-F dcu:-s ol

use this test connegtor,

A paper tape dizgnostic maintenance program is shipped with the module for checkout and maintes-
nence, The following programs are avalable:

DLY1]-E: MAINDEC-11-DVLDIVA
DLYIL-F: MAINDEC-11-DYV DV

-+
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 CHAPTER 2
GENERAL DESCRIPTION

L1 GENERAL . :

The DL¥11-E is designed to interface cquipment that. transmits and ceceives data over commt-
nications lires und conforms to E14 Standard RE232C-and CCTTT Recommendation V.24, The
DLVI1-E is used by the program to control a communications data set through the use of control
signals and handshake seguences. )

The [HVEE-F supports either EfA-competible dala lines or 20 mA current loop data lines. When
configured for ELA support, the DLY11-F transmits and receives bipolar levels over the data knez 1o
the deviee. This operation dock not include control lines, When vonfigured for 20 mA surrent foop
operalion, the DLV1Y-F can suppor; cither active or passive current loog devices, Figure 2-1 illusirates
sevaral applications of the modulas,

1.2 MOBDULE FUNCTIONS . . : :

The DLVELE and DLYI1-F asynchronous line interface modules take data from the LSI-1} ind
ecavert it to the speed.-character format, and sipnai levels reguired by the user's perinheral devices.
Conversely, they assemble inputs from the peripheral devices into the format required for transfer to
the computer. The camputer program can address any of four registers In the interface modulcs to
transfer data or slatus information, It can also enable the interface modules to:genetate interrupts,
Whan a peripheral devies requires service, the interface modute will, if ensbled, intereupt the progrom
and voctar to the NEcessary service routine.

Dot passes through thres main cireuits on its way to aod from the peripheral device {Figurs 2-2).
Dhteing compiter autpat operations, parallel data is taken off the LST-11 bus by & bug interface circuit
and placed un the module's inteinal three-state bus. The data oo the three-sisie bus eaters a data
iuffer, where it is serialized and formatted lor the peripheral device. From there it poes to a peripheral
interface circuit that changes it from TTL o cither EfA-compatible bipolar levels (DLY{{-E or
BLVEN-F)Y or 20 A current loop sigauls TDLY11-F only). The ditathen leaves the module on an
interface vable and goes to the uset’s peripheral devive. Data eoming into the computer from the
peripheral deviee goes throogh this process in veverse order.

The contret functions sithin the interfuce module are carried out by circuits that handle 70 transfers,
interropk reguests, and control and status informadonr, The DY 11-F interfaces controb signals as well
as dals between the LS1-11 and the peripberal. The exieni of this interaction is determined by the
program and the type of peripheral being suppored.

The DLY1I-E and DLV -F also have u self-test fanction, When the computer program pluces the
module in the maintsnance mode, parallel data iravels through the bug interface and the data builer, is
serialized, and then loaps back through the data buffer, is convenied back o parallel, and teavels
through the bus inwerface to the computer to be checked for accuracy.
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33 CIRCLULT PTJH{:TI{}HS"-

221 Genersl ' :
This section discusbes Eh-.: circuity on & fumuu_mai 'r:-. el and i B ikv.:}.rﬁ:i- Ler Figur: 21, Fm a 710y &-mule::l
m-r::mgc of a.::rn:.u;l. -:m:rmmn, mfer 1o Fhﬂpl:r 5 '

232 Buas Interfnce '
Tha bies mterfac-i I:El'l:.‘ult i:IE-IfI.‘.IT.I.'I‘.lS three bﬂ.-:-lil: fum:uﬂnsu

1. Mt converes sigmal fevels of dats moving between the LSI: H I:un. and the mcrfam mﬁdu‘ic'
internal thhes-state bus.

2. It decades the device a:i:!resr. drc pruﬂuue; an addre.us ::anﬁ:h {MATCH H) ::1'_:_';‘:151]-._
B (¢ 'i[EEFEi'ﬂ[iE 1m=-rru'1r veCtors: zmti places iham on lhi! LSI-IE Pas, -

The LSV signiala are Mandard TTL levels, The module’s J:TLE'.C%I.TLHJ th:.'mnta.w bus, howover, has three
siphia canditions. T hay TTE high and low steled, and alio a disabled stete, ' Whan 2 bus’ interface
Transceiver output is diabled, it goes to a high impeda.nﬂﬂ condilion that does to! afect other devices

criynected tiv the samb lire. This pm:'rtts Ehe litis 1o’ hu: uuﬁ in hﬂt[’: directicns b} high s.peaﬂ Tow

pﬂ-h-m' devices.
The hus intecface is nart én'al:ilarj b PecEive from the LSI 11 biw: Tt can he switched to mmimn

omta thi T.81-F] bus by either the ;0 control logic or ﬂiﬂ-!ﬂtﬁ‘ﬂ!p‘t fogic. The sigals ‘ﬁ:.ei'mi frovem t]&:
L5111 bus are ignored urless the Fl-l:il:lrm decoding function is crabled,
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The buy iterface eirendl masitars E8I-F1 Was Traes BDALCH L fhrough BDALTS L. Tt inverts (hose
sipmals end places tham on theee-stete bus lines DATOI H (hrough DATIE H. 1T the imformetion on
the BDAL lines is the address of a locatian in (he vpper 4K of addressing spece, Le, in the 1/O pape,
the Iffﬁinll asserts BHST [, This signal enables the device address decoding funclion in the bus
interface. .

Ta decode the address, the cireoit compares BRALAS L through BDALY 2 { with sddreas jumpers A3
through A12 IF the states of the BDAL lines match the cartesponding jumpers the user has frstalled,
the girooil sénds MATCH H o the TAO condrol logic. MATCH H 8 2 prerequisite for dula
Eransaclions.

The bus interface lopic generates vector addresses under the control of the interropt togic and the
veclor addeass Jumpers, The ¢ireuit ceeates owo wectors; one for receiver interrepts and one for frane-
mitter intereupts, The combination of VECTOR H and VECRQSTR H from the imarrupt logic and
the states of vector address inmpees V3 through V8 determnines what vector will be placed o6 the LSI-
11 bus lines,

233 10 Contind Logie '

The T, M0 contral togic directs data trangactions between the LE1-{ | and the interface madote. A dalu
transaction can be o word of a bvre, a high byte or a low byte, ao input or an outpat, orf atatus
information or character information. The [/ control logic maenitors the [.51-11 bes lincs to recop-

nize what type of transaction is to be accomplished. 1t uses this information to contrel four device

registers. The regiaters are named after their functions as follows:

Recciver Confrol /Siatus Register ' (RCER}
Transmitter Control fStatus Register FXCER)
Receiver Buffer {(RBU'F)
Fransmitter Bulffer (XBUF)

These four registers are described tn subsequent paragraphs of this chapter,

An 1/0 operation begins with the 1.81-11 addressing the interface module. Fhe hus interface decodes
the address, asseris MATCH H 1o the T/O coatral logic, and plaves the address om the three-stale bus
lines. Vhe [/ control lagic decodes the three least significant bits of the three-state bus lines (DATOO
H through DATO2Z H) and the LSI-11 bus conwrol signals. The circuit develops register selection and
byte selection sipnals Lo enabie the correct data paths between the compurer and the appropriate devica
revisler. It algo controls INWE L, which determines whether the bus interface transceivers are wans-
mitting or receiving. When data becomes avnilable, the /0 contral logic gates it to its destination
ifrom the. LS1.11 hus o the three-state bua for an output teansfer, or from the three-state huy to the
L5I-11 bus for an input transier),

134 Comirol /Staius Registers
The DIV I-E and DLYLL-F gach have two contral/starus cegisters: the RCSR and the KLSR The
compiiler writes controd bits o of these registers and reads status bits in from them. The registers
consist of 2 series of latches, data selectors, and gating circuitry. During dats transactions inwalving
control and status infermation, the [0 control logic enables the XCSR or RCSR o sither lutch in
control bits o7 gate oul status. bity. : :

When statas information is to be read into the computer, the 15{-11 addresses the device register
containing the desited information, The bus irterface and 1,0 control logic degnde the address and
eruble the conlents of the selested r@,istur Lo Be placed on the bus and tronsfetred into the computer,
When contool J.ufurma.tmn is to be written out Lo the interface modules, the computer addresses the
device register that.is to be Joaded, The bus interfase and /0 control logic decode the address and
enable the register Lo load the conlroel informetion when it is pliced on the bes.
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Mot 3fl control and status bits are both regd and write; some gre read-only bits and some are write-onlby
birs. A .ﬂﬂaugd::t:m-imiun ol each bt -is giw:u -M'Eh the p-rugmmming information in Chapter 4

2.3.5 Daste Buffers . ' . .

The DLVI(-F and the DL‘u’i [-F tach have two data hur’fers one for receive data (REUF) and one for
transmit data (XBUF). Both data buffers handie Mah} h}’m The IILHI.Hv alsu:- bolde error ﬂag b:ta
pertainng m tllf: ‘sl.atﬁs- of the received data, -

F‘hn daty received from the peripheral device i f.ran!rﬁtn‘ﬁf r-tnalh* from. l.l'uf pﬂtph:r&l m*ﬂn‘aﬂ: chrcuit

inte & recsive shift register i the dute balfer. From f:hﬂrl:: it s trgmsferted in paraticl 10 & holding
mg;mtur AL the appropriale tme, the bulfer control circuttny places the puraliel dista, wlong with error
information, onto the ntodele’s imternul three-state bus: The bis inlerface then transfers therdna to the
compulet,

Data to be transmirted 1o the peripheral device is taken off the thr&a-stai.{: bus in pa m'ir.:l L‘I'"- rj:e XBI_T F
and ih:n shified secially our to the periphetal interface cireuit.

Both the R BUF and the XBUE pmﬂdc ‘*dﬂuhll:-huffﬂrmg’* of the data, The hﬁﬁ‘enng is double-in chat
the circuits each have both a serial shife register and a parallel holding register. TIHP. '1LE1::-:~'-5 one charaab
tee t0 be hekd while ar nttmr . bﬁmﬁ moved into-ar ﬂi.lt ﬂ!’:thl:t misffer, - :

136 Rmﬂur Aﬂlm Clroult

The receiver active circuil monitors the seral r2oeved deta bme from the peripheral imgerfeoe arlr.! )
receiver dose (RDONE H) staius bit from the RBUF. The circuit penerastes a'busy siynal {RBUSY H)
1o indicate that the receiver {8 pclive. This signal sels 1he RCVE ACT bit in the RCSR.

1317 lacerrupt Logkc

When a: peripheral device interfaced by a DLV 1I-E or DLY11-F needs sevvice, the modube can, if
enabicd, interropt the computer program avd: vector to a service routiae, The interrupd logic can
initiate twa nymes of interrdpta: g reT-anterrapt and & (ramsmitier tnferrdpr. Thess jaterrapts are
handled through separate eceiver and transmitter cHannels.

For aw interrupt transsction to gecur, fast the progrem sets the nterrupt snable bit in the con-
Lridd ;ﬂatua regisler. Next, (he interrupt logie recopnizs the condition requiting service aod asserts the
tnterrupl request line (BIRG L) to the computer, When Lhe mw{*up{ b= aaicnaw]:@ud by the emn
pter, the l-mntmpt logic erabes. Lh-E bus rniﬁﬁaw {0 p!an& theveetor on thu hur u!“ﬂ-

There are two vectors: one for a receiver mturrupt nnl:l one for a transmitter mbm'rupl The mu:rr-upt
togic oaes WECROETH H 16 indicate which vector is =nabied.

The L8118 interTups acl:ﬂnw]edge mgﬁai (BIAKIL /BIAKO L) is daisy-chained through the devices
on the 151-11 bas, A device's priority is established by its position i the interrupt ncknowiedge daisy-
ghuin. The interrupl scknowledge chain goes thmuﬁ!'. both the receiver secticn and the ransmitier
section of the madule’s interrupt logic. It goes through the m .semrm ﬁm dlerabv giving the
receivet chanael priotity -over the transmdtter chasnel.

A regeiviar mterrupl iz initiated when the RBUE hos received and assembled & charaster of dats and is
rtati}' o eranefer it to the computer. A transmritter interropt-is initiated when the XBUF s holding
Tegister ia umpt:r and is ready Fm' anather -&nta input from t"!m computef. . .

The DL‘H-I!-E-drﬂhrs fruim t.:rra PLVIt-Fin that it mﬂmm-a. second condition FEQUITing & receivar
interrwpl. The DLV E-E mnitintes a recever interhipt when the data s¢t thet it ig intetfacing signals for
a handshako, The computer program cgn read the DLVII-E's RCSR Lo determine whelher the
receiver interrapt is for 5 handehake or for another character of date.
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1.3.8 Bawd Rade Controt

The baud rate control circeil penerates clock signzls that -:nntml the sp:mis. mt u.-hu.h the RBUT and

XBUF move seriaf data. The circudt can provide n common clock to both data buffer circuils (comrron
spged opeEration) of separate transmit and receive clocks (split specd operatiown).

In common specd operation. both transmit and roseive bavd rates are either set by wire wrap jempers
RE through B2 ar programmable by three-state bus fines PXATIZ H through DATES H. In split spend
operation, the trangmit baud rate is set by jumpers TO through T, while (he receive haud rate remiains
under the control of oither RO 1h"ﬂ-uuh R3 or the computer progrem,

Should il be desirad 1o use 2 hsud rute not available from the baud rate control’s cryﬂa] ~cantrofled
clock generatar, the rodule huy provisions Fot external inputs for both the lranamit and receive clocks.

2.3.92 Break Loge

A BREAK signal ia a coninuous spacing condition on the serizl data line. The DLYI1-E and
DLV]1-F can receive BRREAK signals from a peripheral device (normaily the comsole f'.mm;} and can
tronsmit BREAK signals 4o a p::tpheml device {permally anecher processor), Either operation can be
enabled or mh.ttrtm& by wire wrap jumpers.

When ThE‘- inierface enodule receives a BREAK signat from the scria] d:tlu line, it interprels the absencs
of STOF hits as @ framing crror, It can respoed to this apparent eror I{ur to an aciwal errar) in one of
thige wayy:

)t gan ignore 1t the apparanl error,
ft can place the LSI-11 in the HALT mode.
Tt can cowse the TST-[1 10 re=baor,

et bk 2=

Which action the module takes i controfled by wirc wrap jumpers. To place the cr;mpul:i:r in the
HALT reode. the break logic asserts BHALT L. To cause the compuler to reload a bootstrap, Lhe
breax logic nepates BDCOK H. Refer 1o Pacagraph 3.9 for further information.

&340 Maintenance Mode Logic

The EM.V¥11-E und DLVE-F have a maintenance mode for verifying the operation of the modules’
data paths up to (biet not including) the peripheral interface circuitry, This mode is qontrelled by the
compuber program; but is used anly for checking the interface module, hot the computer. In mainte-
aance mode, data from the camputer is transferred from the bus interface to the XBUF and serialized,
as in normal aperstion. But then, in addition (o going to the peripheral interface circuit, 2 sample of
the XBUF 5 senal output i3 glso routed back to the RBUF s serial input, There it ¥ converted (o
paralbel, ptuced on the three-stale bus te the bus interface, and transferred hack into the computer. The
program cdn then compare the received data with the transmitied dats to check for errors.

2.3.i1 DLYI11-E Perigheral Interface

The peripherat interface citcuitry converts the DLV I1-E': dat:li gad muﬁem conatrol signals from TTL
levels to ElA-standard bipolar levels for the peripheral device. Likewise, it converts the peripheral’s
dats and control lines from ETA levels to TTL Tevels for the interface module,

The circuit can receive four modem controi signats (RING, CARRIER. CLEAR TO.SEND, and
SECONDARY RECEIYEDR ATA) and can transmit four modemn comtrob signals (DATA TERMI-

NAL READY, REQUEST TO SEND, FORCE BUSY, and SECONDARY TRANSMITIED

DATA). The contrit signals are roated throogh the control/status registers. The interrupt logic waes
the recerved control sigmals to initiate data set interrupts, The program uscs the transmitied control
gignals o perform handshakes with the data set. Refor to Parap:aph 5.11-for an exomple of 4 hand-
shake sequence, : .
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1.3.12 DLY1I-F Peripheral Interfnce
The DLY 1 |-F penpheral imterfacs operates in one of two possible modes;

1. EIA Data Laeads Oniy - This iype of cperation supports ternunals that use ELA levels, bu:
do nof reguire control signil inleraciion.

bt
.

20 mA Current Loop ~ This operation sazpports terminzls thal use either active or passive
current icops. [t alsa controls the paper tape reader on DIGTITAT-modified TTY wunits thet
have a reader run relay.

Whet interfncing ElA-level ﬂqulpmcm the madule perfprma the TTL-to-EIA and EIA-lo-TTL level
conversion an che eransmit and recsive dats lesds srlv. During data feads ondy operation, the modie
dots ot monitor incoming contral signats. Outgpoicg control signals (REQUEST TO SEND, FORCE
HUSY, and DATA TERMINAL BREADY ) are held by driver circuits in 3 continuous TRUE
condition,

When the DLV I-F mterfaces o 20 mud current Lunp peripheral devics, it can hajumpﬂr»zd o operate in

either wetive ur pessive comfiguration. In the active mnf;'gl.mnun. the peripheral interface supplies the

cerrent for the loop; in the passive configuration, the current is supplicd by the peripherul device. Tn

E]:l"n&r w;l-s the recefve data line from the peripheral is optically isolated from the DLV I1-F's internel
ats pat

The &0 wA qurrent loop transmikter operates @ either the active o passive configuration, The fransmit
daia lines are opuicelly isolated from the DLVEEF's internal data path only in the passive
canfigurztion,

A Reader Run sigaal is produced for & peripheral device thar hes a reader run relay. When enabled by
the program. the periphersl imlecface circnit supplics cwrrent to the relay, cawsing the reader to
advance the paper TGpPE.

L1013 DOU-0=-DU Fomer Lverter

Both the DLV1Y-E and DL¥11-F need -12 ¥ Tor the data buffery and the peripheral interface, This
volege is produced on fhe megule by g small power inverter. The inverter us=s the +12 ¥ power
available an the L8111 hackpline to prodocs & repalared -12 ¥ for the data bufTers and peripheral
imterface circaits,
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CHAFTER 3
INSTALLATION

3.1 GENERAL :

This chapter describes the jumper configuration, 1he installation requirements, and ine checkowt of the
EYI1-E and DEV11-F wsynchronous line interface madufes, The wire wrap jumper Tenctions are
defined and application exampies are presemied. Wire wrapping instructions are presented in
Appendia B

Az CONFTGURATION

Before insialling the module, ensure that it is configured For your gpplication. The jamper locations
are depicted in Figores 3-1 and 3-2. Their fungtions are defined in Tables 3-1,-32, and 3.3, Tabie 3-4
explains the configerafion n which the modules are shioped from the Feceory. Tabie 3-8 lisis comnton
applications of the DLV]i-E snd DLV1I-F; Figuras 3-3 and 3-4 iliustrate examples of typical cabling
requircrents,

The DLY11-F ix shipped from the factory with capacitor C29 instalied (Fignre 3-2). This capacitor is
provided for spplivalions using Teletype® terminals. For applications wsing DIGITAL terminals, re
move capacitar T2, )

13 MODULE INSTALLATION

The DL¥11-E ar DLY11-F module can be mstalled in any slots in the LET-11 backplane, except the
first four slots (the L51-11 processor abwavs oogupies the frat siots). Do npt leave any snused oplion
locations between the processor and the DLY11-F of DLV11-F. AR open stol would break 1he inter-
Tupt acknowledes duisy chain. The priosity af the module is determined by its proxitnity o the proces-
zor on the bus (refer to Fipure 3-5). The closer the siol is 1o the pracessor module, the higher the
interface modole's promly.

Deeterrnine the appropeiare siot for (he modute. For example, if 2 LY 11-E i3 interfacing commu-
nicilions lines from A host computer, it would normally be placed in the alot closest to-the processor
module, followed by the moduole interfacing the conscle terminal, Refer to Microcompiier Handboak
(DMGITAL part ssumber EB 06583 76 for syvatem considerations,

“Teletvpe is o repistered trademiask of Toletype Carporaiion.

1.1
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Figure -t DLV1I-E Fumper Locations
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Table 3-1 Juoeper Definitions

NOTE
This table perinins o0 both the DLY1-F and the
DLY11-F, exciépt as noted. Jumipers are inserted to
enabic the Rncton they comtrol except for those
jompers that indicate aegation {such as *“B* and :
“B, Megated jumpees are cemoved o enable the B
fanctiony they contral.

Joemper

Funcilon

Alald

Vi-¥ia

Ri-R3

To-T3

EG

PB

C, Cl

5, &1

These jumpers correspond to hits 3-12 of the address word, When
imserted, they will cause the buy interface e check far # Frug conditan
o the cotresponding address Bil.

Used o penerals the vecior ducima of inlersupl ragsaciion. Eech
insertes] jumper will azsest the coreespoading vectlor addeess bil oo the
LSI-11 bus.

Peceivor snd traeswirter baud rete selece jumpers, dorieg commnn
speed operption,

Reveiver ooly baod rate seleol jampens dering sphi speed operedon (see
Tuhle 3-2). .

Transmitter bawd sate setect junipers darine spi speed oferglion,

Both eecoiver and transmitter pand rde i mainenance mode is entered
during spiil speed operation {zee Tale 327,

Jumper is inserted to enghle Break genmerstion,

Jumper Is inserted for operation witk parity.

Removed for even parity; inserted for add pamty. Receiver checks for
appropnate parity and irensmiiter insertls sppropriate parity.

Thess jumpery select the desred teenber of dsla bits (ee Tuble 3-7)
Jumper is inseried to engble the progremmubie band rale capabdilicy.

These jumpers ape inserted for common speed opergtion, [(Mote that §
and 81 auust be removed wheo C ang ©] are inserced.} '

Inserted for split speed operstion. (Note thal © and Ci must he re-
moved when 8 and 31 are mseried.)

This jumper is inserad to assert BHALT L when a framing error is
received, cxcept when tha Maintenanes bit is set, This places the F51-1T
in the halt mode. S
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Tabie 3-1  Jumper Deflnitions {Cond)

Jurnper

Function :

b -B

IDLVIEE).

BT :
(DLV1E-T)

-FDr _
{BLYII-E
onlvi

KR .
(IMN.¥V11-E
oRlys

LR
{DLVI-E
ondv)

Fh
{MX1-E
onlyd

14, 24,
and 34 -
(DLVLL.F
anlyd

1¥, 1P
(DLVEI-¥
anly)

44 EA
(DLYIL-F
ofis)

P, 4F
{PLVEI-F
anly)

rr
(LY
otk

MT
(ODLY¥IL-F
only)

M. M1

-Iu;—npcr B ix .i.nﬁvﬁ:rl-.‘..li o oegate BDCOK H when 1 BREAK stgnal ov

framing &reor i received, except when the Maintenance it i5 set, This
causes the L8111 to reload the bootstrap. {Jumper -B ot B must be
semoved when B iz ingarted.)

Jumper iz removed 10 force DA TA TERMINAL READY signel on.
Jumper s removed 10 force REQUEST TO SEND signal o

This jumper is inseried o enahle pormal tremsmeassian of the
REQUEST T4 SENIZ signal.

inrerted to enable rensmission of the FORCE BUSY siapak {for Beil
model 103E dawg 5ed8). i

Thesg three jumpers arc jinserted o make the 20 mA cerren: loop
receiver active, (Jumpers 1P and 2P must be removed when 14, 24 and
IA ate nscrted.) T

These jumpers are inseried oo make the 20 mA curteat Joop receiver
prsyrve, (Jumpers 1A, 24, and 34 most be removed when 1P and 21 are
installed.)

- Inserted Lo make the 20 .mA current iodp transmetter sctive, (Jumpers
- JP apd 4P must be removed when 44 and 5A sre inserred.)

igseried fo make the 20 mA cerent Joop trunsthilier passive. {Juntoers
48 mnd 5A muost be rermoved when 3P and 4P wre inserted.)

Jumiper ia removed to eaable the errar Bags 1o he read in the hiph byte
of the Reoemver Buffer.

When inserted, enables maintenamce Mt

‘These are fest jumpers osed during the masufacture of the module.

‘They are not delined for feld use.
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Table 3-2  Band Rate Sclections

]

Bit Bit Bit Bit Rit
- Program Control 15 14 13 12 il*
Recchve Fumpers [ R2 ‘R - RO Faud
Transmit Jumpers T3 T2 T} - Th F.ate
1 [ 1 1 S0 ;
I I | R 5
I H R I 1nn
| [ R ol 134.3
I R H I T
1 E 1 R Riby
1 E R I Hix
! K. K 11 120
K I I I 100 ey
R | I R kLY
: [ R I 200
Rk [ R K s
24 R I T eiry
4 R H (14 TN
R (14 R 1 a0
T oo Jugeper Inserted = Program Bit Cleared.
B = Jumper Remaved = Program Bit Set. T
YHit TE of the XOSR (W rile Oaly Bil) most e secin order to delect a now haud tate wender program control. 4 ko,
jompsr PB must be insestad g ennble buud rate selection under program copiol
Table 3-3  Data Bl Selectious
Jompers Musber of Buta Bits T
1
1 I 3
| R &
B I T =
L R i

S —
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TFable 34 . Juwsper Configuration When-Shipped,

l:lﬂ'l"lpl:!' Jumiper State A
Designation | DLVIL-E. | DLY11-F Function knplemented
A3 . R I . Jumpess A through A2 inplenest dwic&;:dd:ess
Ad ] R 17241 X For the DLVIE-E and 1 7756X Tor the DLV EL-F.
As i ol The icast sipnificanl odtal diegt is Sordwirsd on the module
A 1 It . te address the Tour deviee repisters as follows:
AT E H
AR A i X=0 RCSR
A E R Xwl " RBLT
Al I R H=4q KCSR
All ! R i} X6 XBUF
Al2 E R
W3 1 1 - “Mhis jumpes selection implements intermupt vector addres
W4 L K F Sowreepiver intermupts and 304, Tor transmstter
Vs | B interripda vin ‘I‘Fm: DLYVTI-E Om (e DESLEF i selects
Vi E 1 § 8y tor recciver indesrupts and 64 for transinitier
- ) 1 cintareeats, : .
VE 1 1
RO I J The moaule = condfipured o peceive at 110 baed,
1 4 R
R2 [ N I
R3 i I
TO { 1 The lransinitier & configured for 9600 bawd 1f aphy speéu'i
T R s pmeTbion 15 sed.
2 R [
I3 i [
B I 1 Hreak gn-_'m.l'im'L s enalie?,
F R B Purity hit is disubbad,
E E [ Parily Lype is ot applicdbl whea ¥is removed.
1 R - B 1:|"|:I-.".‘;I'-.'&I'.'i.4.‘.lll1 wilh & dulz bils per churecler.
2 R R
PR K R . Fronmasmemalble batd iate funciion disablad,
Ly i 1 Comreon spaad opeiation znabled,
€1 i |




Table 34 Juroper Comfipumtion When Shippad (Cont)

Jurmper lumper Siate . : . .
Designation | DLV11-E "[GLVIT-F Funetlon Implentemted
5 R R Split specd operaticn disabled.
51 24 F
H R 1 Halt an framing error disabled on DLV 11-E; enakled
o DLV E-F,
B R K Eoot on framieg errol Maabbed.
B 1 NiAT
B MIA 1 z -
-+ I MNrA The DATA TEEMIKAL READY simmal iz not foreed
continuotesly True.
IR I MiA The REQUEST TO SEME} signal is not foresd continuously
True, :
L 1 (L TN The circuitey controlling the KEQLUEST TO SEND sianal
i enalded, :
FB 34 WA The FORCE BUSY signal is disahlsd.
1A A 1 The 20 mA current loap recciver is configured as an
T4 MNIA | Atlive reoeiver.
1A M A 1
P N/A 4
o MiA (14
44 NiA i The 200mA corrent loog fransnitier is contresred for
5A NiA I active oporatio:s,
k13 MNiA R
AT oA H
EF ‘WA 1 Brror ffags are enabled on DLV11-K; disahled on DEVLE-T.
bt L1 R Factowy test jumpers. Not dafined lor fietd vse,
M1 R 14
MY NiA R Maintonance bit disabled.

e — g — S N N SR N S ——— AR N R e B LR e e LR R C LN
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Table 3-% . Modute Applicaslon Examples

Module, Mode . Eguipmeat Supparted
DLVI-E ... . . .1 BellData Sets, Models:
Modem Control 133

22

202D

212A

Bell Model [03 Data Set (10 avlomode}. -

DLY¥[1-F i Teletype dMode] 37 Teteiypewciber -

(BEA .ﬂ'ata Lendds Only _ I'E:Jﬁt:.rpF Ml.:rdel 33 i 33 TE-EE""}']HW['EIELE-

DLV11-F | Db s i

) THET | reaqdh wrile

20mA Cucrent Loop 1435 DECwriter fread caly)
¥ T8 Afphanumeric Terminzal
Y150 DECscupe (12 line)
VT52 DECscope {24 line)
E. T2 Alphanuwmeric Termikals
DFO-A Acoustic Telephohe Coupler
LT3 Taletypewriter .
LT35 Teletypewsiter

DATA 3ET CORTROL

: I .  ALOSE _ ATEIET -
oLy It -E (] E a i wi krF EI.:IELLLSIE.I .
RELr aga

Figure 3-3 DLV]]-E Cahling Example
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CURRENT LOOP. MOTE

40PN ' MATE —#—
Lo : -

LOH A
LOSN . . .
: L
LY sF M EFt F L] '-.-ng
- TTY

a0 PiN NATE-M-= MATE —# - 4% FiM .
{RECLEIVER ELOS M =¥ =0 I L W . ‘[HEZEIVER
Pas5IVE, M F F M M F F "3 FRIAIYF,
THANGMITTER i L LY B
ACTIWE) - ACTIVE]
4 PN MATE - K- MBTE = b= a0 [rEN
oLyIl—F SONY, Lo LA CORN.
{ RECE IVER BZSM HoDSF AWM
PASHVE, "] F [ F b ] F; FJ W bLil-c
TRnrEIT IER [
FASSIYEI

SER TDATA LEADS DNNLY" MODE

_ AC0 A ELOIF 1 E1AsceITT
N L F L] F -F M TERMINAL
: ) . HULL MOUEM CAELE : Y135 ST

40 AN
CONM Df =25

' ([} _— MELEL 168
“LY -7 ™ F . F LATHSET .
L A2 10 WODE) -

(L §

Figure 3-4 DLVIL-F Cabiing Examples
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FIEW FROM MODLLE JINE OF BACkILANE

A B o 3
sk 1
. .
MEVI -& | CLYH - E a2
— R —
—_— MEyIt- R RN 2
" FEYH DRV &

1=t

© Figure 3-5  Typical Backplene Configeration

After the module has been configured propecly and the desired locaion deterenined. instald it in the
compuber as [allows:

CALTHRN
D power mosi be removed from the backplaze dur-
iny mueduie eertion and remaral.

The module and backplane copmector hleek may be
damaged If the module is plugged in backwards.

i,  Position the moduole o that the components side 12 facing row .

2. Slide the moedule into its slot, taking cere thal the moduie fingera mesh mrm:thr with the
backplane connecior hlock. .

3. Press the module wnta the conneclor black, making sure thae the deep notch b the module
e seats against the connector block rib.

4. Mext, plug the interface cable into the module’s 40-pim header connector.

When the other end of the interface cable is installed, the module can he powered up and checked nut.
: Interfice cuble installations are shown in Figures 3-3 and 3-4. Tterface connector pinning is sted in
Tahles 3-6 and 3-7. Bus connector pinning s histed in Table 3-8

34 MODLLE CHECKOT

: A diagnostic program is shipped with the module, and should be run to verify the proper operation of
1le modele, The progrem suns on an L5111 with the most basic aphons. Perform the dizgnosiic
vheckont as explained in Pacagraph 3.4.§ or .42, [T 3 mabupclion 15 detected. contact the nearsst
GITAL Field Service office.
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B Bl o o 3 e e e e e

Takle 0 DLVII-E #-Pin Header Commector Planing
Header
Berg ME0IT Module BCOSC Modem Cable
Pin Signal Mames Signal Numes
A Crround 3sound
i Cround {Fround
[ Force Busy (ELAY Foree Busy
(W Sec, Clear to Scnd
E Serial Input (TTLY Enterfock in —
F Sersal Ouiput (EIA) Transmitted Iata
i
I Serial Tnput (ELA) Rectived Dats
K
L External Clock
M ELA Interlock Interlock Oyl ——
™ Seriat Clogk XMIT
P Seu Reguest to Send
E Serial Clock BCYR
5
T Clear to Send (EIA) Clesr :o Send
I
W Reguestto Send (ELA] | Renuest 1o Send
W - Power
X Ring (E1A) Ring
Y + Mot
& [ata Bat Ready
AA
BH Carvier {(EIA) Careicr
(L Exteroal Cloch Inputl (TTE)
] Data Terming] BTY (ETAY | Thata Terminai RDY
EE
FFF { Seeondary XMIT (EIA) 202 Sec XMTF
It i Dxternal Clock ENB{TTL)
il Secandary Rec (EIAD HiX Sec HCVR
Rk
LL EiA Sec XMIT
(5 Rt Signal Qualiny
| ELA sec BECYER
P¥
ER
a3 Seeal Owetput {TEL)
1T +3¥
L Liraund Ground
¥V Ground {Fround

*Thia jureper is bDailg into The agbls,
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Y

Table =T DLVii-F 30-Pin Header Contiéctor Pinning

Header MAGZE Modute BANSC Moden Cable

Fin Signal Mames Signal Names BOBSNE 20 mA Cuble
Ground Crrgund Garound
Croend Grannd
Forde Busy (ETA) Force Busy

LA Rl LR B el Al ol i Nl

UL
vy

Serial Inpur (ETL)
Serial Cheput (ETAD
HimaA Fnterfock

Serial Input (E1A)
Serial Input 4 (20 mA)

FTA Tnterloghk

Serizl Inpul — {20 mA)

Reguest 1o Seasd (EIAD

Serigd Output -+ maA)

Easl Clock Tnpet (TT1.)
Duale Terminal B 1Y
[ETad

Besder Bun - { M mAd

Ext. Clock Enb{TTL)

Serjaf Dulanl

Reader Bun+ 020 mA)

Scrial Owatput {TTLY
+5v

Ciraund

Ground

S Clewr po Send
Toterock In
Traresmitbed Dutn
Feceived Data

External Clock

Interlock Oty ==
Serial Clogk XMIT
See Request to Send
Berial Clock RUVER

Clear Ly Send

Reqoest i Send
- Pawer

"Einge

+ Power
Diatn Sel Beady

CAITICE

Pata Terminad RDY

A Sme XMIT
N2 Bee RCVR
ETA Sec XMIT
Signal Quaiily
ETA Sex RCVER
Signal Bate

Crroggd
Lrroeng

Interlock In U ¥
Trlerlwek Crut

Bacerved Prats +

Feeived Dala -

Trarsmued Data+~

: Teeder Rem -

Reader Bt

Lrronnd
Liound

3-13



Table 3-8 DLVI1-E and DLYI1EF Edge Connector Pinniug

Mavmoaiv Pin
+5 AAL
BAZ
+12 A
BBRYT L AP?
BDALDL ATia
BAG D L. A¥2
BDDALZL r2
RI2AL AL BF?
BlDal 4L BH2
BiDALSL Bi?
RDALE L KK 2
BIDALTL BL.>
HDALEL BM2
BDALYL BN
BOAL IGL BE2
BOALILILE " BR?2
BDOALIZE BS2
BDAL FIL BT2
BDAL L4 L B2
BEAL LS L 2Yv2
BDIN L AH2
ADOUTI. _ AE2
BHALT L. AR
FlawiL” A2
BIAK G AN2
BINIT I AT2
BIIMCH LY ART
B MO A%
BIRG L ALl
BRPLY L AF2
BEY N L 4]z
BDCOKH BA |
GND A2
GNDY ATI
4GRD [rT
GND BTI
MEPARE A {~11V¥) Akl Kk
AL
MEFAREB{EXT K CLK) BE} :] *3
BL]
SSPART 4 B
SS3PARES HEx
S3PARE S BEi -
SErARE Y BF1
SEPARF B{EXT T CLK} BH!

*lhese siphals are not bussed, they ate dassy-chained.
**Thisz jumper is wired oo the backplane.

1-i4



341 DLY11-E Checkout

To verify the operation of the DEVI1-E, turn off the de power and remove the interface cable from the
daza set. Leave the otber end connected to the maodule’s header connecter. Plug an HIE terminakoer
intg the froe end of the interface cable. Power up the computer. Losd and start MATNDEC-11-

¥ [3VA. When the program hus been cormpleled successTully, ture ot Lhe de power and reconsect the
interface cahle to the Jdais set.

42 DL¥it-I Checkont

The DLV1E-F does oot require a terminator pivg for checkout. Load and start MATNDEC-11-
DVDVC. Svecessful completion of the program indicakes the module is acceptable,
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CHAPTER 4
PROGRAMMING

4.1 INTRODUCTION

Both the 120.%13-F and IXLYE]-F are program compatible with PDP 1] software. Programs written
for PLP-11"s wsioyz 13015-A through -03 interface meodules will vun oo en LSI-4 1 using & LVI-F
eonfigured lor the skme application, Programs written for @ DL1E will ron with a DLV -E. Absao,
the DLYEI-F will operate with L81-1} programs written for the DLYEL

This chapler delies the bits i vach of the four devics registers. discusses imerrupts and visning consid-
OrationNs. adl fives ProfCamdiminge examsles.

4.2 DEYICE REGISTERS o

All saffware contral of the DLVIL-E or DLVIL-F Asynehronowss Line Interface is perfornied by
meeans of four device registers. These registers have bees assigned bus sddresses and can be reac o+
Ioaded [with the exceprions goted) vsing any LSI-11 instruction referring ro their addresses, Address
pssignments ¢ar be changed by aliering jumpers on the mrodule to correspond o apy address within
the range of TGO to 177777, Tablé 4-1 lists the addresses of the registers when the module iz used to

interface a cansele deviee, The ROSR is at the base address. Eoch subsequent register is two |locations
up from the one preceding it

Tahle 4-1 Repister Addresses for Console Intorfucing

Repisrer Minemuonie Address
Recoiver Cortral /Status Register HWCsR b7 560
Receiver Buffer Register - HBUF 1 OETTSE2
Tranymitter Controt/Status Regisier ' XCSR [77 504
Transmitter BufTer Register XBUF FT7566

The DLY1I-E RCSR differs from the LY -F ROSK; therefore, the bits for these two RCSRE are
defined separately. The DLV1I-E and TXLY11-F operate identically with respect to the three other
devics registers, The hit definition for these registers spplies to both moduies. Figures 4-1 and 4-2 show
ROSK bit assignments, Figures 4.3, 4.4, and 4-5 show vhe RBUF, XCSE, and XBUF, respectively.
Tables 4-2 thraogh 4-6 define the hit assignments.

d-1
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"5 1} i3 12 11 g ] 28 ot bl " od a3 az o ao
T 1] T T = T -
[aTa I CLA | ropm | ®OVE S SEC | _— Howg | FOWR | BEEY [ perp | e ¢ RER [ F g
s MEL CTHn| XY AET | REC | HEEEIR‘*'-‘ (1T I R I T B 6 T Y L B T,
5 5E ! i ¢

l-dBad

2L¥11-H ROCSR it Assieninents

DLY11-E BRCSRE Bit Assignments

Figure 4n1
Table 4-2
-'\—l'\-l—l—l--l'\.uf_"\-l'-.‘-u-'|—'—\.  —
Bil MName
15 DATA SETINT

14

[

[

(Data Sel [terrups)

RIMNG

CLE TO SEND
{Clear (¢ Send)

CARDET
{Carrier Detect)

L e

RCVR ACT
[Focsiver Active)

———

AT .

Meaning and {tperation
This bit inttiates &n imlerrupl sequetce provided
the DATA SET INT EMB bit {03} is also set,

This bit is sel whenever CAR DET, LR TO
SEND, ur SEC REC changes siate: e, on a d-to-1
or T-ip-0 transition of any one of shese hits. Ftis
glso sed when RING changes from O to 1.

Cleared by INTT or by reading the RCSR. Because
readigg the regisier clears the b, e is, in efflect, @
“red-omee” i,

When sei, indicates that a RINEGING sipnai s
being received from the dsteset. MNote thal Lhe
RANCGIMG sigral 15 not o level bul on E1A control
with the ¢ycle time as shown below:

____ 4 5ge = 4 gee _I
4 seg 2 nes | 2 3er

Head-anty GiL,

The stawe of this bil ia dependent on the stats of the
CLEAR T SEND signal from the data set. Whes
sl Lhis bil indicates an OMN condicion; when clear,
it wmdicedes un OFF condition,

Reat-oply Biw

This Bit i st when the data carrier 15 received.
Yhen clesr, it indigutes either Lhe end of the cur-
rent ITATEMISHION soaivity or un ecror condition,

Read-oaly bl

When sel. chis bit indicaees that the DLV [-E's re-
ceiver is active, Tho hit s oset ot the cefter of the
START hit, which is 1he beginning of the input se-
riat data from the deviee, and iz sleared hy the lead-
ing edge of B DMOME H.

Fegd-only bit; cleared by INTT of by R DOMNE H
(b 07}

4.2
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Tahle 4-2 DLV1I-E RCSR Bii Asaipnments {Cont}

(Raquest to hend)

Bit Name Mextlag and Operation
In SEC REC This hit provides a receive capability for the reverse
(Socondary Recetved channe] of a temuele stalion, A space (<+I10V) 5
or Sapervisory -repd 2z 2 1. A transmii cepability s provided by
Received Datad bit D3y
Read-only bit.
Q.8 Mot Used - Reverved . for furere pse.
a7 RUVE PONE This it is sef-when an entire character has been
[Heomiver Danel reosived wind is resds Tor trensler b the TEE-11.
Pt When zel, initiales an inlerrep! sequence provided
! : RCVR INT ENB (Gil 05} 1s also qel
Cleared whenever the receiver bulfes (RBUT) is
addressed, Also cleared by IWNIT.
Readnbﬂ:r bit
06 RCVE INT ENBE When set, allows an intersopt sequence 1o start
{Recciver Interrupt when RUYR DONE (hit 57 sets,
£ Enable}
Read, write hit: cleared by INIT, S Mote 1.
03 DSETINT ENB When set, allows an inpetrupt sequence to start
i data Set Intermeps when DATA SET INT (hit 13) sews,
Enalile .
Read fwrite bit; clested by ENTT. Soe MNowe .
{4 Mol [sed Regerved Tor fulure wse.
el
3 03 SEC XMIT This bit provides 1 transmil cepuadialily for o reverse
(Secondary Transmitled channel of a cemole station. Whett 521, lranstils o
of Supetvisory space (=410 YV (A receive capability s provided
Transmitted Data) _b}' Bit §0.3
Pead/write bit cleared by INIT.
02 REQTOREND A control lead to the data sei which is reguired for

transmisgion. A jumper on the [M.Y13-E ties this
bit to REQ TO SEND or FORCE BLUSY i the

duia set,

Read, weite bit cheared by INIT.




Tahle 4-1 DLY11-E RCSR Bit Assigoments [ Coal)

Rif Mame Meaning and Operation
m DTR {Tata Tecminal) A control lesd for the data sct communication
Poeadyy chuanel. When set, permits connsetion fo the chan-

nel, Wien clesr, disconrects Lhe interface from the
channel.

Eead write il must be cleared by e prograr, s
| not cleared by INIT. (See Mote 20 -

MNITES
I, When clearlmg an interrupt esahbte bit,
first sef the processnr to its bighest pricr-
ify [Frocessor Statos Word {PSW ) bit 7
= 1]. After the interrupt engble bhit is
cleared, the processor may be returned In
its normal priority (PSW hit 7 = ).

For example:
MTFS #20H
BiC §10. TSR
MTIFS §
EXIT

For further informaton refer fo Para-
graph 4.6,

2. The stafe of this bil i5 ool delined aftes
poweE-Hp.

b
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18 4 13 bE 11 10 L] ng a7 [n -] L] i [ 23 [ 3] o
I | Bl ': N 1 | L] H Iﬁ.l:'!"‘l' LS ] i |
KESEAVED { kR RESERVED | [oid | INT RESERVET Fhe-
n | i i il ENG | ] 1 ]

th- &REE

Figure 4-2  DLV11-T RCSR Bit Assignments

Table 4-3 DLVY11-¥ RCSR Bit Assigaments

: Bit MNanmie J Menning st Operation
15-42 | WotUsed Reserved for future use.
P 11 RCYR ACT When set, this bit indicates that the DLVII-F in-
! : Receiver terface regmiver is active, The bif 13 sen at the eonter
Active) . of the START it, which s the heginning of the
mnput seriat duta from the device, and is cloared by
the leading adme of EDANE H.
Read-omiy bil; clearsd by INTT or by RCYVER
DONE (hit 071,
08 Mot Uzed .Rﬁ.ﬂ\'t‘.’] for Futurc use,
W= .
T RUYR EYNE .This bit 15 s¢t when -an.entire character has been
{Receiver received and is repdy for transfer to the L51-11 bus.
Donej When set, inilieies an interrupt sequence provided
) - RCYER TNT ENB (il 6] is also sct,
Fead-only bit: cleared whetzver (ke recever bufler
(RBUF} is addressed or whetever RDE ENB
{hit 00} is set. Also cleared by INIT.
G L RCVRINT When set, allows an inlerrupt sequence Lo slard
EMNB - when RCYR DXOMNE (hit 07 sgig,
(Recciver .
Titerrapt Read 'write tat; cleared by INIT,
Enahlz}
2501 Mot Used Reserved for Tuture wse.
. 00 EDR ENB When set, this bil advances the paper-ispe readsr
(Reader i IGIT AL-modified TTY units (LT33-C LT35-
Enahle) A, -C) end clesrs the RUVRE DOME bit {bit 07).
This bit is cleared 21 the middle of the START bit,
which is the beginning of the acria! input from an
external device. Also cleared by INIT,
Jom,
t Wrile-oaly hi,

L — ——————————— ——————— . i A & A TR L aEE




11 14 13 e H 1% 04 o8 or 5 oo b ik iz o oo
. R k& e . | e EC PR ]
RERERYED T o 1 A .
ERFLE AR | EAr | =R Ef i FECElIYED LA18 BI . E
1= #BhH

Fipuee 4-3 DLV11-E and DLY1-F EBUT Bit Assignments

Table 4-4 DLVI1-E and DLY¥11-F RBUF Bit Assignments

Bit Man Meaning and (Fperation
15 ERRCE Lised 1o indicale that an erroe conditios s present,
(Error] This hit i3 1he Jopical OR of OR ERE. FR ERR,

and I* ERR {bus 14, 13 and 12, rcapectivoiv)
Whenever oite of these ties is s, it canses ERRODR
ta zet. This bit i3 a0t connccied to the inwerrupt
lopic, :

Read.only bir cieared by remaoving Lhe error-gro:
ducing cnndition.

NOTE
Error indications remain present until the next char-
acter is received, a3t which time the errer Bls are
apdated. INIT clears the errar hits.

14 OR ERE When sel, indicares that reading of the previously

{Owverrun received chatacier wos nod eompleted [ROCYR
Erros) DOME not clearsd) prior to teceiving v aew
character.

Read-anly bit, Cleared by INTT.

13 FR ERR ' When sct. indicates that the characler Lhan wis
(Framing rexd had no valid STOF Wil
Ercar] :
Read-only bil. Cleared by NI,
12 IERR When sel, indicates that the paricy received does
{Parity not apres with the cxpeocted parity. This il o
Eeror) plways O il oo parity s selected.

Read-only bit. Clesred by INIT -

108 Mt Lsed Reserved for tuture use.
-0 RECEIVED ' - Holds the character just read. 0 less thun cight bics
DATA BITS are selected, then the butier is right-justified into

the {eust sipnificant bit positions, [0 this case, the
higher wrnsed bis or bits are read oy s,

Read-only kits: noi cleared by INIT.

4uf
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5 14 RE] iR i 19 O el ar os el na [ B i e | g
E3k | Pei | P8R [ PR | PER | | . 7 | ERIT o j
BEL | =EL T o5 SEL | SEL | FI.E:iIEH-.'El:I .x';f“ me AESERVED Emr-:-r rg;mlgnzmé
-
Figure 4-4 DLV11-E and DLVI-F XCSE Bit Assignments
‘Trhle 4-5 .ﬂ]..."lrrll-E ang DIVIEF XCSR Bit Assigomenia
Bit Nane 1. Meulm ang Upﬂ-n.imn
15-i2 PBR SEL When set, these bifls choose 8 hawd rate from
(Proprammable S0-9600 band. Soe Table 3-2.
Baud Kate :
Select) Wnte-only bits,
11 PHR ENB This bit must be set in order to selecl & pew baud
{Programmable rale indicatzd by hits 12 to 15,
Baud Bate
Eaable) Write-only hits,
H3-1R - Not-taed Reserved for futsre vse,
a7 XMITRDY This bit is set when the iragsmitler bufler (XBUTF)
(Tranzmittey varl accept another character, Whea sel, it initizies
Ready) an mterrupt sequence provided XMIT TNT ENB
' (Bil 1) 18 slso set,
Fexd-only bil; get by INTT.
k] XMITINT EISB VWhen set, allows an interrupt sequenps to siar
(Y ransmitter when XMIT RIDY (bit 07) is gel.
Interrupt
Enuile) Reoad weite bits; clesred by INIT. See Note.
35013 - Hol Used Reserved [or Tulure use.
[Lrs Used for maintenance function. When set, con.

MAINT

necky the reansmitter serial oulput o the repejver
2eriad input while disconnesting tie external devies

*from the receiver seriad input, It also forces the o

oeiver Lo ruin al transmitter bawd rase speed when
zplit speed operation is enablad.

Read fwrite hit; cleared Dy INIT
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Tabie 4-5 OLY11-E and DLV11-F XCSB Bit Assignments {Cont)

Bit Name Meanicp and Operation

01 Not Used Reserved for future use.

o1 BREAK When set, transmits a continuous space (o the ex- %
ternal devies.
Resd /wrile bil; cleared hy INIT,

NOTE '
Whea clearing an Interrupt eoable bit, Brst set the
processor to lts kighest priority (PSW hit 7 = ¥).
Adfter the interrupt cunble bit is clesred, the proves-
sor may be retarned to its pormel priovity (FSW it
7 = ), For exempie:

MTPS §200
BIC #1008, CSR
MTES i
EXIT

For Further informetlon refer to Paragraph 4.6.

15 m hr o

MESERYED TRANDITTER PATE BLITFER

T1-E12%

Figure 4-5  [LY}H-F and DLV L.F XBUF Bit Assignments

Table 46 DLYVII-E and DLV11-F XBUF Bit Assignments

Bl Mame Meaning ard Operation

1508 Mot Usexd . Mot defined. Mot necessanly read as 0s.

07-00 TRANSMITTER Holds the character io be rranyferred to the extet-
PBAaTA BUFTFER aal device, I loas thao sight dils are used, the chars

acter thust be loaded 2o tha it is right-justificd into
the Jeasi sighificant bigs,

Writg-only bits. Not necessatily read as s,

48
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The ummsed and load-nnly bits are always read as s except for the XHUF, i which unied bits are
undefined. Laosding unused ar read-oniy hits has no €ffect on the bit positios. The maemonic INIT
refers to the initialisaiion sipnsl issued by the processor, Infrintization i ceused by one of the follow-
ing; issuing 2 progiamneed RESET instruction; pressing “G™ whilé in ODT, or the sccurrence of a
putwer-Up or power-down condition of the processor power sopply.

in the following descriptions. “‘transmiltter” refers to those registers and bits involved In scoepting o
parattel charascter from the LSI-11 for serial transmission to the cuernal device; “receiver” relers
hose regiviers and bits involved with receiviog serial information frond the extemad device lor parallkel
trandor te the LSI-11. . :

43 [NTERRUFTS

Both the DLY11-E and the BPLY] 1-F have two interrupt channels: one for receiver interrupts and one
for transmiteer interrupis. ‘These two channels operate independently. If, however, simultaneous inter-
rupl réguests ooeur, tht recciver channel has priority over the transmitier channel.

In both the DLY1]1-E and the DLY11-F,  transmitter indettupt can occur only if the itterrupt crable
bit (XMIT INT ENB) in the XCSR is set. With XMIT INT ENB set, setting the {ransmitler ready
(XMIT RDY) bit initintes an interrupt request. When XMIT REY (s sec, it indicatss that the XBUF s
emipty and ready do scespd another character from the bus for transfer to the cxternal davice.

A repeiver daxta interrupt can occur only if the interropt enable (RCYR INT ENB) bat in the receiver
R{OSR is set. Wih RCVE INT ENB get, setfing the recriver done (RCVR DONE} bit initiates an
iflerrapt reqeest, When RCYR DONFE is net, it indicaiés (hat as enlire characier bas becn received
and is ready for rransfer 1o the bus, The regeiver data inlerrupt occurs in both the DEVI-E aad the
DL¥11-F, The DLVII-E also hes & duta et intetrupl.

The recatver portion of the DLV11-E handles nrlisource interrapts, One-of the recetver interrupi
circuits i9 activated by RCVR INT ENB aad RCYR DONE. The olher irferrupt cifguil can sause ah
imterrupt only-if the data set intereupt enable bit (DATA SET INT ENB) in the RCSR s sel. With
DATA SET INT ENE-set, seiting the DATA SET INT bit initintes un intertupd request. The DATA
SET INT bit can be set by anv of four other bits: CAR DET, CLR TO SEND, SEC REC, or RING.

NOTE

When servicing a réceiver fniecrupt from . the
RLYIL-E, # a second receiver Inteyrapt conditun
develops a wecomd fnterrupt request BEY BOC bCCUT.
To avoid miseing this second interrupt condition,
cither all possible recelver imterrupt conditions
showld be checked after servicing the first condidion,
ur elee both Hitermupt epable bits (bits 05 and 86)
should be cleared upon entry to the senvice romtine
. then sef at fhe end of semyive.

I ——— e — 3 e e m ima e ha



44  TIMING CONSIDERATIONS )

Whes programming the DLY] 1-E or DLVI1I-F M}"m:hmmur. Lr.r: In Lv:-rf'un::, it.is mem‘tﬁn’g to con-
sider timing of certdin ﬂ.mctmna In order o use the sysiem in the most efficient meaner. Timing
mnmdur:llzmm for the recciver, transmitter, and brenk generation logic are d:m.lsm:d in the following
paTagrarks :

4.4.1 Recelver :
The ROCVE DONE ﬂag (it 07 in IihE: RCSRY sets when the rrc:['l.rct has a;s:mhlu;d a full cjmrac[sr
This occurs at the puddle of the first STOP bii. Because Lhe receiver s double beffered. dats. remains
valid unti! the next character in received and assembied. This permils one full gharaster time for
sepvicing the recerver inkprrupt.

442 Transoitter

The trunsmutter is alse doable buffered. The XMTIT RIDY flag (bit 07 in lh—e KLSR.J is se! u.fs,er in-
ilialiulion. When the XBUF i loaded wiih the first charecter from the bus, the flag cloars but chen
sets again withia a function of a bit time. A second charueler can (hen be I:md:rj which clears the flag
again. The fag cthen remaing cleared for nea.rh one [ull characier lime.

443 BREAX Gmrahm Logic - .
When the BREAK bit (kit 00 in the XCSR) is sot, it couses transrission -;:nf i ...r:mtmuam spae.
Beesuse the XMIT R I3Y fiag continues to fuaction nocmaly, the duration of 3 BREAK can be Limed
hy the pagudo-transmigsion of a mumber of characters, However, bocause the teansmitter is doubte
buffered; a nall charactier (all Bs} should precede tranamission of the BREAK to ensure that the
previous characler clears the Lne. In s similer anner, the inal pseudo-trunsmitied cheracter in the
BREAK :zhowld be null. - : S

444 Bystem Heset Timing

A system reset shouid not be performed immedistely after the processor lozds o gharaoter tnlo the
teansmitter buffer for serial transmission. If the system is reset before the lagl character has tefl the
teansnitter buffer, the character will be lost when the beffor i3 cleared by INIT. To avoid Lhis, the
program should transmit two null characters after the last charecter, and then wait fnr}iMIT RD‘I’ to
retarn to ifs true state, ) .

NOTE
Proprams developed oi the DLY=11 Sarlat Line Unht
(MTO40) may ook aclude these aull sharacters, shace e
the DLY-11s traaswmitter baffer is not cleared by the
IKIT slpml

4.5 PROGBRAMMING T_M"t‘ﬂ"f_h'ﬁ' '

Table 4.7 is an example of a typied] program that can be tsed 25 an echo program: for & DLYEL-T
interfacing a Bell Madsl 103 duta set. When a remote teranine] dials in, this program answess the call
and provides s character-by-characles eche. Cheracters are also copied ohte the console device.

Figure 4«0 depicts a DALY 11-F program. The program demnonstrates the flexibility of programming
with imterrupes. bt is performed on a consals terminad interfaced by the DEVI-F. The progrsm exer-
vists Lhe module's full-duplex capabibicy.
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Table 47 BLV11-E Programining Exainple

HE LD

Q02000
Dozo02
OOZ003
Q02006
UL
002412
4
¥Ha16

2020

002021
002026
00z034
002030
OR204+

(R0 20
Ol 7

Os0000
(2 D0y

204}
2
Q0030
Q02000
175610
iT5612
iTi614
175616
17564
177566
Q00000
000004

QOCHI00

o0s077
03277
Ny 774
{52707

oL27a7

daaka

EEHE

(LELL S

177744

177134

177744

=20
START. P BEGTIN
SYMBOL DEFINITIONS
RING= Q40000
CTs= Q20000
RDONE= " Q30200
I¥TR= (MMM
XROY= G20

200
RUSKH: 173614
RELUF: I'Ta612
KCER: 175614
XBUE: 175616
CXCBR: 177464
CXBUE: 1775300
BUFFER:
DELAY: 0

1]

BEGINNING OF ECHO PROGEAM

BEGIN:

LR

CLR
pIT
BEQ
Bl

MO

TROSR
# RING @RCSR
LOOP!
HDTRRCSR

#5.DELAY

AUMP TO BEGINNING
QF FROGEAM

:BIT 14 OF ROSR, RING
iBIT 13 OF RUSR,
CLEAR TO SEND

HIT 07 OF KO8R,
-RECEIVER DONE

AIT 0 OF RCSR, DATA
TERMINAL READY
BIT 07 OF XCSR,
TRANSMITIER READY

‘SR OF RECETVER
BUF OF RECEIVER
{CER OF TRANSMITIER
BUF OF TRANSMITTER
SR OF CONSOLE
TRANSMITTER

-BUF OF CONSOLE
TRANSMITTRH

FHIOLRE CHARACTER,
RECETVED

HOLDS BELAY COUNT,
HIGH ORDER

‘HOLDS DELAY COUNT,
L OW ORDER

START BY TNITIALLZING
ALL BITS TO ZERO

CHECK FOR INCOMING CALL
BRANCH 1F PHONE 1S NOT
RINGING

PHONE IS RINGING, 50
AMSWER WITH DTR

SET UP COUNT FOR DELAY

4-11
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Tablke 4-7 DLV11-E Programeing Example {Cont)

Q02052
002060
0BZ062
0n2070

274
2076
21
2104
203110
a02116
002124

002126

2134
002134

02144

Q0o2152
M}2154

NZ1462

o3IZTTT
(UHHEE L
162757
LIRS
M1t 752
Qa7as
QIZFTT
001745
Q3azTrT
#1770
017767
Q3777

(O 774
(118777

a3zTT

Q01774
Q1&777

Q00746

020000

G001
| ey

020000

Qo000

177656

QRICI2EK)

177652

alald Ty

177634

177710 LOOPL:

177730

17167 LOOP::

177Th62

177660

177as50  LOOP4:

177642

177636 LOOPS:

177630

BIT
BNE
SUR
SEC
BEQ
BE
BIT
BEQ

HIT

MOV
BIT

BELD
A T#AY

BIT

RE()
MOV

BR

#UTSARCSR
LOOF3

#1 DELAY+2
DELAY

BEGIN

LOOP?

TS ERCSE
WECIN

#RDONE ZRCSR
LOOP3

ERBLE BUFFER
#ERDY EXCER

LM
BUFFER.ZXBUF

AXBDY PCXCSE

LEOHOPS
BUFFER, @CXBUT

LOOP3

LHECK FOR C1LEAR

“TC SENT
BRANCIL TR 0N

ACHECK DELAY
DECREMENT A
TWOHWORD INTEGER
BRANCH IF WE ITAVE
AWAITED TOO LONG
BEANCH AND CONTINUE
TOWAIT FOR CTS

18 CHANNEL STILL
ESTABLISHED]
BRANCI IF OT2 NOT
PRESENT

CHECK FOR RECEIVED
LHARACTER
‘RRANCH IF NO
THARACTEE. RECEIVED
:HEAD RECTIVED
CHARACTER TNTO BUNFER
LHECK FOR THANSMETTER
‘READY
BRANCI IF NOT READY
TRANSMIT CHARACTER
“TO REMOTE TERMINAL
.CHECK FOR CONSOLE
-TRANSMITTER REARY
‘BRANCH IF NOT READY
TRANSMIT UHARACTER
TO CONSOLE

BRANCH AND WAIT FOR
NEXT CHARACTER

4-13
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46 PROGRAMMING NOTES _ _ _
Severu] programaming considerations ore presented helow, Additioral information i available fram
prograr istngs and cucrent sofiware manuals.

I. Character Format - Figure 4-7 shows e serial character fosmut. Note ikal when less than
gight data bits are nsed, the character must be dghl-justified to the leust sipnilicaat bil. The
character format pertaing o both the receiver and the trangmitter.

b

Mainrenance Moty - The maineenance mode is selecred Dy serling ihe MAINT bit (hit 02) in
the X8R, In this mode, the interfaee disables the normal input to the roeciver and "cpEaa:x
e with Ehi puipot of the transmiller. The programmer can then joad various bits into the
tranymitter and read them back from the receiver to verify proper operation of the Dl AN-E
and DL¥Y]11-F logic circuits.

1. Clearing Interrupt Enable Bits - Before executing an taktructico thal will clear the XCSR or
ROSR interrupt enahbie bits, the processor shaukd be set Lo its Tighest priority (P8 Rit 7 = 0.
This will prevent the progesaar from recognidng un XCSR or RCSR inlerrup request that
QCCUrs d-ur;ng inatruction-gxecution zod then ervaneously acknowledging that request afier
the instruction has clcared il 1 the computer were to acknowledge the interrupt request
after the interrupt enshle bit has been cleaged, it cowld result in a bus timeowt greor when ke
processnr atiempls £o input-a vector from the device,

4. Frogrammahle Buud Rate - The band rate is programmed by toading the desired hits into
the high tyte of the XCSR and setting bit 11, An exampic of 2 program atep thal does this is:

MOVE S30.XCSR+1 2300 BAUD BIT1] ENABLE PROGRAMMABLE

Toa .
EfETE OF RETURN 0 JOLE
LHE - p——————0 CATA 31T — .._m....J... i,ﬁ"?ﬁ‘nﬁl - " STATE OF LINE
1 il bl bl ool dolak e | T u-.{ 1]

oo a7 faTor .Ec‘rl:ﬂr ETAPT AIT CF

1M lor103 104 031 oK d J =1===" GEW CHARNLTER
0 m e b 5534,,4__¢_._¢__¢h-;“;55.'f L B -
ET%FI'_I[ S| b= GE BIT T e S RaU0 RaTE

I -&£3 20

Figure 4-7  Secrial Tduta Formal
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CHAPTER &
DETAILED TECHNICAL DESCRIPTION

51 GENERAL )

This chapter deseribes, o & detailed functional level, cach of the 12 cirenits discuszed in Chapter 2.
For a description of the major LSE chips. refor to Appendix A, For giteui? schematics, refer o DLV
E Axpchronoes Line Fterfoce, Clrowde Schemgtics (DIGITAL part npumber D-CS-MB017-0-1) or to
DLV -F dswnchronsie Live fnterface, Circuft Schemarivs (EIGITAL part sumber T-05-MB0ZE-M-1 5.
The functional arcas described in this chapier are illustreted individually. Yt may be helpfut, kowever,
i0 rofer back to Figere 2-3 far a general ovenview.

5.2 BUS INTERFACE

Four THZ00S tramsceiver chips pecform dhe bus interface funstions. The chips recelve frodm and (eaos-
@it 1o both the compuler's Bussed Addresz/Data Lings {(BDALs] and the modelc’s thece-state bus
data lines (DATsY:. The chips decede the module's address from the L51-11 bus end place intorrupt
vectors on the LEE-11 bus, .

#2.1  Address Pecnding

The cownputer addresses the moduls for both inpol and outpol dols treasfers. A duta treasfer occurs in
two sbuywes: address ome and data Lime, {Thes2 Tre described fuelther in Pasapgraph 5. 3150 Controd
Eugic.) During address lime the compuler places the address on bus lines BDALOD L ihrowgh
BATIL1S L and assects the memory bank 7 select sipnai (BRST L), This signal indicates 1har the
address 32 in 1he 2B-32K range of addressing space, and enables the DOODS wransceiver chips wo decode
lhe address. The circnit pesforms a logical invarsion on the entire address word and places it on the
(hree-srate bus. However, it decodes only bits 03 theough 12 (Figure 5-1), Rits (8 throvgh (] pereain to
davice register sefection, and arc romled to the {0 control logic for decoding, Birs 13 through 15
pertain o the seleetion of addressing space. Their stubes are alrepdy indicated by HBSY L. Bits (13
throwgh 12 contain the address of the specific DLVI-E or DLV11-F being addressed. THe bus inter-
Face’s address decoding arowiiry compares Lhe states of bils 03 throwgh 12 with the conditions sel by
eddress jumpers A3 throough Al2, If a match is decoded, the circuit asserts MATCH H 1o enabie 1!1:-
10 contro] Jopic, -

ﬂ'l.lrjng dari :jmnz:~ 1he tramseeivers tranafer data from the 1.5-11 buk lings 1o the thres-stare bus tings it
the operation is an output data transfer, 17 the operation 16 an input data transfer, the 1 70 control 1ogic
gsserts the i word™ signal (1NW D L), switching the transceivers to their opposite state, in which they
transfer dela from the ihrge-sfiade bes (o the LET-11 bus. )

522 Vector Mmm.:g . .
The hus intgrface circuit can place one of two vector at-drcasr-ﬁ on the BDAL lines when the interrupt
funetiom is ennshled by the program. Which vector is placed on the bus lines is determined by the
mterrupt legic. Bit 42 af the veclor word (Figore 5-2) s condrolled by YECROQSTS I From 48w mter-
vipd logic. Thisbit is in o TRUE sinte for 2 tramsmitter interrapt and is negated for o receiver interenpr,
Birs 02-08 can be selected by the user by removing ar inserting wectar jumpers V3 through V& The
remaintag bits are all zeTos,
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To place a vector on the bas lines, the imterru logc assecls YECTOR H. YVECTOR H enahlea thoae
bits whose corresponding veclor jumpers have been installed, This 'u:tmn does not require BBST L ar
INWID T,

£3 I/0 CONTROL LGGIC :

The 150 vonieol logic monitors LE1-T1 hus control signals, decodes the tevice address from the last
three bis of the address word, and contrals the low of duta in the madule. The major eloment in the
1'Crcantrod logic is a DO protecot chip. This chip decodes DATOD H through DATO2 H, monitars
VECTOR H rem the interrupt lopic and MATCH H from the tnm interface, and respondy to the
following LSI- 1[ bug controf lines:

CBRYNOL " Bussed Synchionize -
BWTHT L Bussed Write Byte S -
BOIM L Bussad Data In : ’ :
BDOUTL Bussed Data Out

5.2

FE RN e i el PN e S T G T i PN PP [ [ U S R s e e e o ] T N T e P Y s (I P R LY Y e o e e s e g S G P T I L i T E T B I el Bl O ke T



The chip controls four register select lines [or enabling the device regisiers (Table 5-1). It also generates
QOUTHB L and QUTLE 1. sipnuls to contiral which byte of a register i3 loaded, The chip produces the
“in word™ signal (INWD L} to control the direction of data flow through the bus interface trans-
ceivery, Ht also generates a reply (BRPLY L) to the L8111 bua,

Table 51 Regiater Selection

_ Select Line Reghaer

DATO2 H DATITH Anserted Selected
Eow Low SELOL ECSR
Low High SELIL RBUF
High Foare SEL4 L KCER
High High BELGL XBLF

531  Inpet Cperatdon
When the LSI-11 prograin reads data; in from the DI 1.-’1! E or DL‘lr’l[ F 10 the computar ([DATI bus
cycle), the input data transfer proceedd as follows:

.‘"."l'
1.
£ :
3.
s
4.
&,
b,

“=d

The prograr places Lhe device address on £51-i1 bus fines BIYALOG L through BDALISL,
and asreris BBST L {Figures 53 and 5-4), BWTBT L iz nggated at this time bechuse all mplit
tramsfers are futf words rather than bytes,

BAST L enables the bus intorface logic 1o decods the address. The cirdwil decodes the address
and sends MATCH H to the 1/0 control logic. Tt alsa inverts the addrass word and pleces it
ort three-state bus lings DATOH) H through DATIS H. DATHO H through DATOZ H are
applied to the 1,0 cortrol logic. '

The computer asserts BSYNC L. The leading edge of BSYNC 1. Iatches the states of
MATCH H and [2ATOQ H through DATO2 H into the pzotocol chip of the 1/0 control
logie, The chip decodes AT H through DATIR H to reoognize the address of the device
regtater, and then asserts the appropriate register select ling, Tt siserts SELD L, for example,
if the prograrm is addressing the RBUF, The register select sipnal comdilions a pure that will
luler he enabled for the daia wransfer,

The computer nest removes the sddress Trom the LSE-1f bus Lines, negates BBST L, and
psseris BOIN L, BDIN L is gated with the register select lines, This enables the selected
regisier 10 place irs contonis on the three-siete bus, BDIN L is also routed to the protocol
chip, which asscris INWD L. INWD L causes the bus interface transceivers to transfer the
data from the module's theee-stale bus to the LEL-I 1 bus, The chip waits sboet 130 ns for the
daty fo stabilice on (he threc-stale bus lines and then asserts INWD L and BRPLY 1.
BREPLY L signals the compuier that the duta s on the bus.

The computer reads in the data and then negates BDIN L.

The 170 control logic responds (o the negation of BDIN L by negating BRPLY L.

The compude: werarinates the hus oyele by negating BEYNC L.

In the absence of 2 TRUE condition on BEYWC L, the protocol chip releazes the regizter

select and INWD L sigaals. The bis interlace reverls to its novmal condition of receiving
from the 1LS1-i1 bus and trunsmitimg onko the thres-siate bus,
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532 Oorput Opecation

The DLY11-E and DLY11-F con aecept data from the compuler in sither byles or words. To write a
waord out jo the interface module, the compucer performs s DATO bus cyele: for o byte, o DATOH bus
cygie, An output dats transfer procesds as follows:

1.

R Oal

R SYHC

R GOUT

T RFLY

A B&T

A WTET

The program places the device address on LS1-11 bus fines BRDALGD L throngh BDALIS L.
and asserts BBST L (T-igure 3-3). BWTEBT L is asverted st this time. (Duning address time,
BWTET L iz nepated for an input operation and asseeted for an aukput np&rau'nn YBBST L
enubles the bus interfuce 10 deende the address and serd MATCH H to zhe 170 confral
logic. The bus intetface alsd applies DATH H thraugh DATI? H to the T 70 control loge.

The computer azserts BSYMNOC L. The leading edge of BSYNC L laiches !.h::. stuatey oF
MATCH H and DATH H through DATE? H inte the protecel chip, The thp decodes the
register address and asserts the appropreate select ling,
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5.

The computer removes the address from BDALON L through BDXAL IS L and negates BBST
L. 1f a byie iv to be transfecrod out to the devies register, BWTHT L remaing asserted 1 n
word is te be tranaferred; BWTBT Lis negated. At this tinte the computer places dats on the
1.51-11 bus lines and asserts BDOUT L. BDOUT L poes to the protocol chip and enables it
te devode the states of BWTEBT L and DATOD H. The chip uses these signals <o determine
the desired brie of the addressed register (Tahle 5-2). The device registers ave.configured for
output transfers oniess switched otherwize by BDIN L. Therefore, BIOUT L. i= not gated
with the regisier sefect and byre lines.

Fable 5-2  Byte Selection {Ouiput Operations Only)

Selegt Line Byie
BWTHEY L DATHOH Acsgeriad Salected
High o't Care OUTLB L apd " Both
OUTHB L
Lawr Low ' OUTLBL Eoorw
Law High OUTHBL High

About 150 s after it receives BDOUT L. the protaco] chip issues BRPLY L to the compuer
10 signal thet the module is loading data.

The compuler zemoves the duats from its buz lines and negaces RIOUT L.
The projocol chip responds to this by terminating BRPLY L,

The computer then lerminates the hug w:l-r: by negating BSYNC L and, if applicable,
BWTBI L. ' :

When BSYNC L is negated, the arotoeot chip negates the register sebect and byte select lines,

533 Vecior Operaticn o .

The 1/C control fogic has the addivonal functicn of asserting BRPLY L in response to VECTOR H
from the interrupt logic. This action i3 independent of BEYNC L und MATCH H. It i3 part of the
interrupt sequence and is discussed Further in Paragraph 5.7

54 CONTROL/STATUS REGISTERS :

The RCSR and XCSR cach consist of several types of flip-flop latches. raiher then single devices
Status bitz Mconl various eircuits are placed in the registers and then, ender the coniro! of the 1,0
comtrel logic. gated o 1o the throg-stete bus for wransfer 10 the computer. Control Bits from the
compuber are loaded into the regisiers from the three-stase bus. While in the registers, they direct the
operation of the modueles,

g . B h s & e s mmm e



541 CS5R Datz Flow

RCSR operation differs hetween the DLVII-E and DLVLL- F anly in those arens concernes with the
peniptheral intetface requirements {Figures 56 and 5-T) Some bits are set by the periphersl interface
wiruait, receiver active circuit, and the RBUF, while others are set by the program via three-siate bus
lines DATO) H through DATOH H. All RCSR bits exeept the DLV 1-F's Revder Run Enable bit may
be read by the program. Refer to Chapter 4 for a lisung of how the bits ere set and cleared.

SAURGE RCSR DESTIKATION
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XCSR operation ia the aume for both the BLY11-E snd the DLVIE-F (Figure 5-8). The bits for ihe
baud tate gontral circuit ace weite onty hits, TRANSMITTER READRY is a read only bit. The other
XCSR hits are hoth read and write biks.
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F L
54.2 Input Operation
The contents of the RCSR and XCER are read Juto the LS1-11 by an input duta transfer (DATI) The
compuier places the mddress of the repister on the 1.5T-1¢ bue and then the bus interface and 170

control logic decode the address. The [0 control logic genctates register select sipnaik that switch data
selectors to ke desired source (Figuse 5493, -

The select signals also enable the cutput of the data selecrors and, i Lthe RCSR is addressed, enable bus

- drivers, The status informution leaves the CSRe on the thres-stare bus. The bus interface ciroull then
trunsfers the data to the LSI-11 bus, o

b nata SELECTORS ]
TaLgany
TAANEMITTER
STATLS
P 2T
_ yas
- - I,
L ._g' THREE - STATE ELS l{)
RECEIVER :

STATIS L
BiTs
i 3 g Lo T— ey = s

DRIMER

AEQISTER SELECT

s
Cok TRIL
. LHE 2 :
o~ | EWALE .

o403

Figurz 39 Lontrol/Siatus Rﬂﬁ:i'ﬁ.!j.:rﬁ During TI4T1

54.3 Output Operation :

’ The L5l-11 writes contral bite aut to the CSRa by zh output data transfzr (ATO aor DDATORY.
Normally the RCSR is loaded by o DATOR cycle because only the low byte contains conirof bits, (The
bits used in tie high Dyte dre ol] vead ondy status bits.) The XCSR can be loaded by a DATOB aycle il it
is desired to laad anly the high byts (v.p., Lo change the band rate), or oaly 2 low byte. The computer
uses 4 DATOD cyole to transfor a full word to the XCSR,

When the computer addresses Lhe desired regisier, the bus interface and /0 controt logic cirenits

decode the address. The E/D control logic generates regisier and byre selection signals that enuble the
£ chips comprising the selected register {Figure 5100, Flip- flops lateh in control bits that ave held in the
' register, And daia seleciors routs ather bity 1o lalches 10 the cireuits which they control,

311
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L5 BDATA BUYFERS

Boih iransmitter and receiver data bulferiag funcrions arg performed mainly by a smgte LET chip, The

chip i3 # Universal Asynchronous Receiver, Transmitter {LART). The UART s a docble-buffered,
full-dupics receiver /trensmitter. The receiver section performs the RBUF function, accepting asyn- -
chronous aeriat binary characters, converting them Lo parallel foemat, und placing them an the three-

gate bus. The reansmyitter section perfarms the XBUT fonclion, accepting paraile] data lrom the three-

state bus and converting it 1o a serial aysnchronous oicpur. The receiver strips START, STOP, and

paciiy hits i1 the data caming in Trom the peripheral device. The transmilter appends START, STOF,

and parity hits to the data being transmitled out w the peripheral devics. Jomper cortrol of the STOP

and parity its, and the number of dala bits, is defined in Chapter 3,

The UART is driven by a clock signal (or two clock signals, for split speed operation) from the baud
rate eontral circwil. The ciock speed is 16 times the bawd rate of the UART, The UART transmitier
internally synchroaizes the START bit wilh the Jlock input to ensure a Tull 16-clement (clock periods)
START bit independent of the tinwe of datu iozding. The reomiver rejects any received START bit that
lagts fess than one-hafl af & bil tnwe.
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553 Receiver Operpilon
Serid dain coming in from the peripheral devics is cooverted to TTL levels by the periphersd intecface
and is applied o the TAR'T's receiver sectior (Figure 5-11). The UART sumples the serial i put data
fing &t L6 fimes the dets it rate. The line is in 2 continupus marking siate when idle; When & START
bit arrives, the UART detects the mark-to-space transition und begins loading the received charneter
inio Une recetver shift repister. The characker is shifted 20 bave ite beast signlficent bit in the Jowesl Bit
position of the register, [f jumpered Tor checking parity, the UART checks the tolal of the received
- data bits plus the purity bit. (It checks for an even total if even parity hus been selected, and an odd
total if odd purity has boon setected.y A parity error will resulc in a flag bit (P ERR) betng set (Figura S-
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The UART checks the STOD bit to see if it 1: marking. If the line is spacing whena the UART checks for
a 8T0P bit, the UART scfs the framing error flag (FR ERR).

When the UART receives the center of the first STOP bit, it transfers the dawe in parallel from the
peceiver shift register to the holding register. At this time, the data and ertor bits become availshla far
gating on to the three-stzte bug, and the UART asserts the receiver done (RDONE Hisignal. This scts
the RECEIVER DONME siatus bit in the RCSK,

if the receiver interrupl enable bit is sel, RDONE H initiates a5 irtereupt reqiest, The LSE-11 then bas
# full character period to service the interrupl befare the next character moves irto the holding repisier.
Druning this time the next character is being assembled in the receiver shift register. After an LSt
DATI sequence has taken the data, the [/ control logic resets the regeiver done statws bi. If the LSI-
i1 progeam does nol take the data hefore the next character enters the holding recister, EDONE H
duees aol ged resed. Tn dhis case, the TIART sets the dats overrun fag (OR ERE). This bit goes with the
next received datn word Lo indicste thet the ald data was lost,

Ary of the dree error condilions (Overrust Error, Framing Error, or Parity Ertor) sets so end check
errod flag (ER R} as weil a5 ils own Mag. These error bits do not initiate an interrupt reguest, bue Lthey
are gvailahle in the high byte of the RBUF for Lhe programmer's nse,

535.2 Trunsmit {dparation

The XHUF conmsts of teo registers and their conrolling loghe, 8l of which are contained in the
UART chip. A holding register stores the parallel data taken off the three-slate bus, and than irzpsfers
it in parallal o the teenstitter shift register, Next, the data is shifted cut serdaily. The farmat of the
character being {ransmitied is controlled by the datq format junpers.

Daring idle time the LART transmits a condinuows marking signal and helds the transmitler ready
status bet (XMIT RIYY} asserted in the XCER, XMIT RDY initiates & transmitter intersupe reguesl if
the Lransmitier eterrupt enable biv is set in the XCSR. I the inlerrupt Function is not ceabled, the
UART Cranamatler remaims tdle antil the program requires it.

When the program has dulu (o transmit 10 ¢ peripheral device, it uses 3 DATO or DATOS sequence to
address the XBUF and place the data on the bus lines, The bus interface moves.the data from BIA LG
I through BIXALOT L 1o DATOC H theough DATH? H, The 10 control logic snables the XBIF o
lond the data inio its holding register {Figure 3-11). When the data enters the holding register, the
UART negates XMIT RDY. The UART thea transfers the data in parsilel from the holding register
Lo the transmitter shift regisier and reasserts XMIT BDY. En the transmitter shift register, the UART
aitaches the selected START, STOP, and Parity bits. The assembled charscter is then shified serially
out ol the XBEHE toy the peripheral interface circnitey (Figurs 3-13).

The time between the leading edge of the register select signal from the 170 control logic and the
corresponctitg mark-io-space transitvon af the serigl output line iz within one clock evcle (1,16 of 3 bit
time) if the transmiticr lias heen dle.

XMIT RDY 15 esserted -as soon as o character is wransferred Trom the holding register to the feans-
mitter shill reptster, thereby indicating that the holding. register i3 empty, The acxt charscter may be
ioaded immediately, sven while the first charreter is still being satially shifted out of the transmitier
chift register. Thus. if the holding remster and trunsmitter shift register are both empty, the LS1-11 can
parallel-transfer a two-character pair inio 1the XBUF in less time than it takes For a single character to
be sericlly transmitted o the peripheral device. This advantage of double-buffering applies only 1o ihe
first two charackers: dhat is, iF o series of characters is being transmitted each churacter afier the sscond
must waie 2 serial character period far the XBUF o begome ready again, The actual time depends ou
Lhe bawd rate.
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56 RECEIYER ACTIYE CIRCUIT

The reciver wetive circuil produces 8 stains U o indicale that the RBUF is pecgiving u character of
Luta This staine bit, K FCEIVER ACTIVE, is sat by the START hit of {he recelved duata character and
cleavec by the eeceiver done (RDGNT H) signal from e LART.

During the pericd between reesived detn characters, S MARK H from the peripheral interfuce holds
the receiver clock counter in the cleared state {Figure 3- 14). When a START bitis received, SIMARE.
H changes state and releases the CLEAR line 1 the counters The counter begins ta cout- recsiver
clock pulses Crom the band rate eontrod circut. Fach RCLK H pulee is Ff1Gih of o bit ime, The
comntel sounts o eight, which places it in the conter of (he START bit, then usserts RBLSY H.
BRUSY H i= rouled to the ROSE, whers il can be read in by the prograi as RECEIVER ACTIVE. 1L
i atsa wged io slop the counter and to inkubit 51 MARK I from cleacing 1he counter. When the RBUF
hes finished receiving the character, the TART asseris RDONE IL RDOMNE H clears the counter.
therehy nepsiing RRLUISY H apd retursing the circwitl to its initial condition. Thes, RECEIVE
AUTTVE is set during the time from the center of the START bit te the feadimg edgc of | DONE K.

57 INTERRUTPT LAGC

Bk cranamitier aned recetver interrupt funclions of the intarrupt logic dre handled by a single DEOG
interrunt chip. This chip is described 12 Appendin A, The intersupt logic hay o recesver tesrops
channel, » trensmitter interrupt channel, anid coniral crcadry. Figure 5-15 shows the aignal flow
asanviated with the istzrmupt chip.
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571 PLYI11-E Receiver Interrupts

In the 130 VEI-E, & receiver interTupt seguence is started by cither the UART or the pertpheral inter-
fuee circuitry. Both ouses require that the appropriate enabling bit be set in the RCSE. When :he
vcoanpuler program seis RECEWER INTERRLPT EMNABILE (bit 06) in the RCSE, an imterrupl can
be caused by RDHONE H [rom the UART. The UART asserts RDONE B when the RBUF has
received and assembled a character of data. When the program sets DATA SET INTERRUPT
ENABLE (bit 05) in the ROSR, an interrupt can be initated by DATA SET INTERRUPT from the
peripheral interface circoic. The peripheral interface sets DATA SET INTERRLUPT when it receivos
control sygnals from s data set. When cither peir of conditions is satisiled. the receiver channel will be
enebled to request to intecrupt the program, When the interrupt is ackuﬂ'ni:dged (disvussed i Para-
graph 3.7.4), the JaterTupt chip asserty VECTOR H. This sigaal causes the assertion of the vectar
wddress bits thal cotrezponrd Lo he vector jumpers which the user bas insected. The bus interface circoit
places the biis set by jumpers V3 through VB dndo L-11 bus lines BDALOS L, t]-.mug‘n BADLOE L.
Al other BUIATs are pegated at 1his time, When the vomputer locates the service routine, it may
check the siatun bits in the ROSR to determine what condition iniriated the interrupt. Reles to Para-
graphe 4.3 and 4.9 for aotes regarding simult2neaus receiver and data set interrupd conditions.
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572 DLVIl-F Recefver Interrupts

The DLV -F intareupt vector flow is the sarte as thal of the DLV 1-F, with the excepuion tihal i1 Ras
e DATA SET INTERRUPT or DATA SET INTERRUPT ENABLE bits The module dogs not
suppart dala sel comtrot, end theretare produces a reegiver interrupt ealy for servicing the RHUT.
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573 Treowmitter Interrupis '

The DLYIL-E and DL.¥11-F function alike for transmitter interrupes. The interrupt logic generales
transmimer interrupt when the program sets TRANSMITTER INTERRUPT ENABLE (it 06) in the
XCER and the UART asserts XMIT RDY H. The UART asserts XMIT RDY H when the XBUF is
empty #nd ready for more data from the computes; When XMIT RDY H and TRANSMITTER
INTERRL'FT ENABLE are both TRUE, the rransmitter channel of the interrupt chip is enabted 10
request interrapt service, {Although these two signals are functionally hits 06 and 07 of the X CSE, they
ate physically localed in the interrupt chip) After the computer acknowledges the mkerrupt logic's
interrupt request. the circuit asserts both VECTOR H and VECRQSTR H, VECTOR H is appiied to
vecior address jumpers ¥3 thrqugh VE, the same as for a receiver interrupt vector, In this cuse, how-
ever, VECRQSTB H causes the bus interface 10 aasert BDALO2 L, 23 well 2y the pther selected Bits an
BDAL( L through BDALGE [, This results in 1he vector uddressing of the ransmitter imerrups
service rouhine.

574  Totercopt Tramsactons

Either type of intereupt beging with the interrupi logiz asserting BIRG L, the interrupt reguest hne.
This is fallowed by an tnkerchanpe of control sigtels and the vector address being ptaced on the LS1-11
bus Hnes, The sequence proveeds s follows:

1. The request i2 iniliated by the incerrupt logic waserting BIRQ L (Figure 5-16),
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The LEI-11 responds to BIRD X by ageserting BIMN L oand thee BEAKL T,

1 BIAKILis passed down the priotity chain undil it resches the section of the inlereap logic
that initinted the reguest. When the corewil receives bolh BDIN L aed BEAKIL L, i1 asserta
VECTOR H {and alan VECRQETE [1, I a transmitier interrupi} and nogates BIRD L.

4, VFUTOR H causes the 170 conlrol logic to issue BRPLY L to the compater, VECTOR H
CAamd YECROQETE H, if applicable) slso causes the bus interface ta place rhe vector on the
1.51-11 hus Lines.

5. The comguler reads in the interrepl vector and then, sx a fesult of receiving BRPLY L,
regales BOIN L, Shorthy afier thes it also aegetes BIAKT L.

6. The mterrupt logis negates VECTOR IT {and VECRQSTE H, if applicable}.

7. The regation of YECTOR H cawses ihe 10 control Ingic to negate BRPLY L, and the bus
imerface to remove the vector feom the LEIL-1 1 bos lincs, .

An interrapt ransaction does not vegqiire MATCH H, BE3YNC L, BBST L, or TWNWD L. The intersupt
leaic overrides 1he module’s normal 170 protocot, When the coimpiuter is inidelized, the intereapt logic
15 cheared by BIKET L.

58 HAUDR RATE COVMIROL

The baud rate contral circuit establishes the speeds av which the REUF and XBUL operate. The
cirenit corgists of twa wegs of wire wrap jumpers, geing circnitry, an osciflator, and & 5016 dual baud
rate geneeatar. The 506 chip divides 1he osciliator frequeney down to the [requency selected by the
jumpers or the progrem. In the splil speed mode of operation, it produces Wwo separate clock freguens
cies: ane for transmif and one Tor receive, The circuit rouies sither these elocks or an external clock fo
the LTART to conteal the baud rateds) at which the madole pperates.

Also included in the haud rate control are gatss that decnde o selection of 110 baud. When this
conditon is detected, the circut asserts 110 BAUTD H, This signal enables the UART to hundle s dats
formazl baving two STOP bits (Figure 3-17)

8.1 Frogram Conrcal

The 5076 chip has two seclions, each of which is driven by & 5 0688 MH= clock fram the cscillator, The
vy sections of the chip sach divide the 5.0088 Mz clock by a seleciable amount. The seleetion for
section B of the chip 15 secomplished by jumpoers TO threagh T3, The frequency in section A, however,
can Be conteolled by eicher fumnpers BG through B3 oe thrae-state bus lines DATI2H through DATILS
1. The source of control far section A af the chip s selected by a data seiector chip. This date selecior
iz fonctionally part of the hsgh byie of the XCSR, Lt is addressed by a combinaben of the ¥rogram-
matle Bawd Rare Frable bit {on DATL H) and register select lings [rom the 1/0 conirol logis, IF
AT H s asserted during & DATC outpat transaction, the data selector chip will route the logic
srates o DATT2 W through DATIS H to the dual beod rele Generator chip to program she frequency.
When DATI H is nor asseried, the data selector chip will select pernpers RO throwgh B3 to conteod the
dual baud rate gencratar.

Wher compuler power is first switched an, the asserdon of BDCOK L cavses the data selector ta seleet
iumpers RO ihrough B3 35 the source of ihe section A freguency condral. From that time on the cirouit
cais choose eisker the pwmpers ar the XCSR bils, 2 determined hy the state of the Programmalie Band
Rate Fnable bie, A tuble of jumper contbinations and their corresponding beud races is prasented 10
C’hapter 3.
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582 Fumper Costrol

YWhen the Programmabls Baud Rﬂ.tﬁ Enable bt is not set, section A of the 5016 chip is contratied by
jumpers RO through R3. This section is ased to conteal the recefver bhavd rate duting eplic speed
aperation, [uring common speed operation, section A {and jumpers RO through R3) conirals both
transmitier snd reeeiver hand rarcs,

Jumpers T0 theough T3 alwsys determine the output I'r:-qumc}' of section B of the chip. Truring split
sp-t:ﬂ-ﬂ operadon, this establishes the baud rete of the transmitter, During common spesd npq:.rhlm-n
Jump-crs TO through T3 and section B of the chip are not wsed, When the module is operating in its
mainfenance mode and in spilz speed. TO through T3 and section B produce the clock For botk the
RBLUF and the XBUF,

583 External Contral

Extermal cleck mputs can be iniroduced through either the backplane connectar or the header con-
necler. Fing BICE and B1.] are connected together by a ivmper (MEPAREEB) ut eack module logation
o the LRI-1F backplune. The ouwlput of secticn A i routed through this jumper.

The pumpes car: be cut and aa external clock applied 1o backplane pin BL1. This clock will then drive
the receiver in split speed cperation. or both the receiver and the tranymitter in commeon spesd
opserativn.

An exlernal clock san be used for the transmitter in split speed operation by removing jumper 51 and

upplying the external clock to backplane pin BHI, External clock frequencies musi be §6 times the
desired bawd rave.

‘The bawd rate c2a be controlled by an external peripheral device w.-ja the cabie to the module's header

connector. When 2 TTL logic low enabling signa! is spplitd to J1 pin HH it causes the clock contral
r"mltapl.,mr to select the externel clock on pln OC. When the enahling signal is negated the baud rate
reverds io ies Former configuration.

584 Clock Selection
The receiver and transaniter clock inputs to the RBUF and XBUF timing chrcaitty (in the CART) are .
selected by two jumpers and a mullipleser. Normally the muliiplexer selzcts the input fram pin BLE a3
the receiver clock. The CONN CLEK EN L signal, however, cavses the muliplexer te select header
connector pin OC s the receiver clock. Additionally, during the maintenance mode oniy. MAINT H
causes the multiplexer to choose the transmitter clock as the souree of the receiver clock in split speed
operation, and the receiver clock as the source of the transmitter cloek in common speed operalion
when jumper MT iz inatalled.

During split speed oreralion, jumpers 8 und 81 are inserted and jumpers © and Cl are removed, This
routes the receiver clock (o the RBUF section of the LART, and the wransmitier clock to the XAUF
soztion. For common speed operation. jumpers 8 and §1 are removed and jumpers © and C1 are
inseriet, This rowtes the receiver elock 1o both the RBUF and XBUF scctions of the UART.

Tuble 5-3 summarizes the possible connecticns dischssed in this section.

%9 BREAK LOGIC
The break logic performs rovo functions: it canses 4 BREAK fo he nansmmed and it determines the
dction taken when a fruming error or 3 BREAK is received.




Tuhle 5=3 LART Clock Sources

Clock Source Receiver Speat Transmitier Speed
- Dual Bavd Kate Crenerados
Common Speed wi-R3 RO-IL4
Split Speod s RO-R3 T0-T3

Hixdernal Clock on Backplane

Common Speed BL! RBii
Spli Speed Bl.i EHI

E:-.u:i-ml Clock on
Header Connector

Commoan Speed Only CC (-
(Reqguires Enable on pinn HH)

" 5.9.01 Recelye Uperation -

. During normal operation, the UART checks sach received character [or the proper number of 3TOP

kits. it dogs this hy wesiing for a marking condition st the appropeiate time, JF it finds 2 spacing

condition instead, it sels the framing mrror fag (FR ERR). The BREAK signal is 2 continucus spacing

condition, and is inleroreted by the UART as a data churacter that is missing 10s STOP biv(sh, The

CLART, therefore, responds to the BREAK signzl by asserting FR ERB H {Figore 3-15). MAINT L
from the XCSR iz gated with FR ERR H to inhibit the framing srrot wignal (FE H) during the
maintenance mode FE H is applied to jumper B, 4nd is inverted and applied to jumper H. I jumper 2
in inserted and ~B (or B) i removed, FE B #ill negate conirold line BRCOK H. BRCOK B indicgrsy ta
the LSI-1} that de power is “OF." When FE H negaies this signal, it causes the computer to reboad its
booisirap.

If jumper B ik removed and jumper —B {or Bj is tnsereed, the computer will not “hool™ ca o framing
BFTOH;

If jumper H s inserted. EE H will aepate contral line BITALT L. This cuusss the computer o halt
when a framing ervor i= repeived.

CATTERON ) '
If the [SI-11 is using MOS memory, data may be
lnst when BDOOE H ia negeted bovause (his achion
interropis the memory Tefresh cyele.

59.1 Transmit (peration

To iransmit a BREAK signal the program sets the BREAK bit (bit 00} in {he XCSH {Fgure 5-19). The
output of the XCSR lasch holding the BREAK hit s used o inhibit the serial data output of the
XBUF. This causes the peripheral interface circuitry to transmit a contmoeus spacing condition
(BREAK. signal) on the serial communicztions ling.

BREAK geaeratica cav he snabled by inserting jumper BG. This allcws the sluie of DATI H
- (BREAK bii) to control the BREAK inhibit gate. When the BREAK bt s sel, BR FAK L s
clocked to o continuous FALSE condition, thus inhibiting the Oow of serigl dota from the XBUF 1o
the peripheral interface.
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5.H MAINTENANCE MODE LOGIC

PERIFEERAL
INFERIGCE

IHEE 3 ER

* In the maintenance mode, the DLYEI-E and DLY1E-F modules route their eutput dats back to their

wnpul (Figare 5220}, To accomplish this the computer program sets the MAITNTENANCE bit in the
XCSE. The latch hodding thiz bit has fwo autpuks. Oke guaes to-the beizak legic (o prevent the goner-
ation of framing error signals during operation in the manténance made, The other oulput is applicd
to the mainienance mode data sebector. The datz selector normally Toutes the incoming data from the
peripheral inverface 1o the RBITF. in the mdintenance mode, however, # switches its inpul to the
outpul af the XBLUF, This adtios Ioops the aprial data out of the NBUF buuk inte the RBUF 2nd
discannects the peripheral interince’s received dats. While in the maintenance mode, the serinl outpur
of the XBUF continies to-go to the peripheral interface 2nd oat to the periphersl device.
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511 DEVIL-E PERIPHERAL INTERFACE

The DELVLI-E provides dala sei coutrol by produciog and responditg 1o ElA-comrpatible conzral
signals. EfA-level receivess in the peripheral interface circuit menitor the follewing contenl fines:
RiMG, CLEAR TOSEND, CARRIER, ard SECONDARY RECEIVERD DATA (Figure 5-21). Exch
of these coatrol lines is reprascried by a bit in the RCSR. The peripheral interface will set the DATA
SET INTERRUIT hivin the ROSH 1F RING changes staie from a O te a 1, or il any of the three other
sipnals changes state from either a St a 1 or a | ta 5 0. Thus, when the compuler program has set
DSET INT ENB, 2 signal on any of the incoming PIA coptral lines can wiliate o recelver intermupl,
Whert the intertupt is zcknowledged, the program can check the RCSR o determine which signal
intliated it, The program can then respond by asserting the appropriate control bits in the RCSKE, The
weriplieral ipderfuce responds te a True condigion on RCAR bits i, 2, or 2 (DATA TERMINAL
REAIYY, REQUIBST T SEND, and SFCONTDARY TRANSMITTED DATA, respectively) by
transmitting & TRUE condition oo the corresponding ELA coateol line. (1f the date sel has 2 TORCE
BLSY [unclion. jumper FB should be inserted to drive this control line with the REQUEST TO
SENDN bit.} The exchanpe of vontrol signals allows 2 remoie data set io establish a chanaet of commu-
nication with the LE1-1} through the use of a handshake,

A typieal handrhuke sequence proceeds os follows: A remote data el ceils the local dats set. The loce]
datn et sends a RING signal 1o the DLYLLE-E asynehronous tine ineerface, The BING signal initiles a
rooeiver interrupt {assuming DSET INT ENB is sel). The program reads the RCSR and deteriniaoes
that the interrupt was cauzed by the RING sigral. Then, through a service Toutine, it issues the DATA
TERMIMNAL EEADY and REQUEST TO SEMND signals. Thoese aignals direet (he locel data set 1o
enswer iMe remote data sct by sending # a carrier signal, The remate datu sel ackacowledges the carnier
signal by returning ws own carries signal, The locei dela wet delecis the remote data sev's carrer signal
and indicates this w the BLVIT-E by asseriing its CARRIER eontrod line. This causes another
receiver intarrpt. Upon recognizing the CARRIER-caused inecrupt, the program can gither regeivs
or transmit data. The anly prefequisites for this handshaking sequence are that the program use spprie-
priate setvice routines and (hoi the data set interrupt enable bit be set in the ROSE.
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Olhet exchanges imvolving CLEAR TO SEND und SECONDARY RECEIVED DDATA muey be pro-
grammerd. as reguired, by the equipment

SECONDARY RECEIVED DATA and SECONDARY TRANSMITTED DATA are provided for
the exchange of secondery of supervisory data with data sets having this capability. SECONDARY
RECEIVED DATA aflows the remote datn set o set one bitin the RCSE and o cause a receiver
mterrups. SECONDARY TRANSMITTED DATA allovs tie L5I-11 to transmit the state af one hit
i the ROSE 1o the remote datd e, THese enchenges involve anly 1we BCSKR bits and sraimdeperdent
of normal davs exchunges beiween the peripheral device and the DLV -E's deta huffer regiters.

ElA-Jevel duta from the data set arrives #t the DLV L-E on the RECEIVED DATA lne, The periph-
crad interface converts it to TTL levels and routes it to the RBUF, Data 1o be transmitted from the
compaier 1o the dats set is serialized in the XHUF and then sowed to the peripheral interface. The
interface cirenitry converts it to. the ETA-levels and transmits il out the TRANSMITYED DATA line
1o tha data ser,

212 DLYVIL-F PERIPHERAL INTERFALE _
The DF %1 1-F supporls either BlA daca leads (“Duta Lends Only™” operation] ar 20 mA careent 1eops,
It daes not perform handshakes or exchange conlrol signals with duta seta.

5.12.1 Eid Duta Lends Only Operation _ _

TFhe DL¥iL-F does not manitor LA coatral fines but it dogs, hiowever, hold three outgome TlA
contral lines in & continuoues TRUE condition, REQUEST TO SEND, FORCE BLSY, and DATA
TERMINAL BEADY wre bedd continuwousiy TRETE by separate ELA drivers (Figure 5-22). The
peripheral interface converts datla from UTL tevels to EIA levels for transmiksion on the TRANS-
MITTED DATA line. Data received over the RECEIVED DXATA line s converted from ELA fevels to
TTL levels and routed through an intertock jumper o the RBUF,
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$12.3 Current Loop Operstion

The peripheral interface directly interfaces terminal devices that use 20 mA current loops. TL provides
current for receiver and tramsmitter circuits, and alko controls the papet tupe reader on teleprinters
equipped with = Reader Ran relay. Both the transmitter aad receiver circeits wse neetral eursent Loerpm,
i that curreat {lows in only ooe direction [us opposed to polar current loaps, in which i llows either
way).

The transmitier con be jumpered far active opetation by inseriing jumpers 44 and 5A (Figure 3-23), or
for passive eperation by inserting jumpers 3P-and 4P, In active operation, the transmitter provides
20 miA (nominat) current to loop ibrough the peripheral devies, The cocrent is switched on and off by
data bits from the XBLUF,

In passive aperabion, data bics [com the XBIUIF arc optically isaluted ‘rom the transmission lines,
Through the isolator. the data controls @ swilching circuit that switches the 20 mA current an and off.
In passive operation. the pevipheral device pravides the power for the carrent flow.

The reader run cirenit supplies s cegaiive vollage {¢pproximately -12 ¥y and 4 positive woltage
{approximately +5 ¥} to enerpize the poripheral deviee's reader run relay. IT the READFR ENABLE
bit iz set in the ROSK, the reader tin circuil causes the peripheoral terminal's paper tape reader Lo
advance, When the START bit of 1the next character is recefved, the Receiver Active circujt asserls
RUYR BUSY II. RCVR BUSY H clecrs the reader ennhle biz, thereby switching off the currenl to the
peripheral terminal's reader run relay, The reader run bit must be set agrn by the peogram hefora the
reader Tun civcwil can drive the rolay again.

The recerver cireuit can be jumnpered to be cither active or passive, When vonfigured for active opEr-
ation {Figure 3-24) the cirevit supplies a ground and a positive valtage to the pecpheral device, When
jumpered for pussive operstion (Figure 5-25), the receiver uses power supplied by the peripheral
device. ln either case, current passes through an aptieal solator. The tsolator produces s TT1. autpur
that is clectrically isolated from the current Toop, The TTL. outpul is routed {o the RBUF.

The RBLF accepts TTL inputs from cither the EIA interface cizeuil or the 20 mA citeuil. The routing
15 deteranined by the cabie attached ta the 4kpin header connector (Figure $-26% An ELA modemn
ciable will jumper the cutoutl of the 20 mA receiver Lo the input of the RBUE.

5.13 DC-TO-DC POWER INVERTER

The power inverter operutes on +12 % from the 1SI1-1) power supply and produces -12 V lor the
UART, the FI& drivers. and, an the DLYLL-F, the reader ren circuil. The power inverier cirouit
eonsisis of an oscillater deiving & churge pump.

The output ol the oacillator is capecitively conpled 1o a rectifier, which develops a negative-poing

autput, This output pumps up an inductive charge storage netwark and is Zener-regulated back Lo
-12 ¥,
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APPENDIX A
IC DESCRIPTIONS

A1 DCHYINTERRLUFT LOGIC

Tie intercupt chip is an 18-pin DIP device that provides the Greuits to perform an intersupt transacs
tron i a computer aystem that uses a “pass-the-pulse” type arbitration schemc, The devicer iz used in
peripheral itierfuces wad provides two jnterrupt channels labeled “A" apd “B," with the A section 214
bigher priority than the B section. Bus signals use high-impedance input gircuits or high-drive opeii-
codlector cutpuis. which silows the device 1o direct!y attach to the computer system: nus. Muximum
cerrent required from the Vo supply is 140 mA.

igure A-1 is a simplified logic diggram of the DUODI [C. Timing for ihe A inlerrup scetion is shown
in Figure A-1 while Figure A-3 shows the timing for both A and B interrupt sections, Tabie A-]
describes the signals and ping of the D{O003 by pin and signal neme,

A2 DO PROTOCOL 1.0GIC

The protocel chip is a 20-pin DIP device that functions as a reaister selector, providicg Lhe signals
necessary b contral dola Row into and oot of up to four word registers {® bytes). Bus sigmaly can
directly sttach to the device because receivers and drivers are provided an Lbe chip, As RC delay
circuit in provided o stow the response of the peripheral interface to data transfer requests, The circuit
is designed such that if ght wleranue is nat required, tien only an external 1K +20 percent resistor is
necessary. External RCs can be added to vary the delay. Maoxitnum current tequired from the Voo
sepply 13 120 maA.

Figure Al is a simpiilied logic diagram of the DO0OG 10, Signal titing with respect 10 dilferent fnads
are tehularized in Table A-2 and arc shown in Figere A-5. Figure A-6 shows the loadisg [or the test
vonditiens in Table A-2. Signal and pin definitiony for the DOUOM are presented in Table A-3.

A3 WIS TRANSCEIVER LOGIC

The 4-hil Lrunsceiver 3 a 20 pis DIP, fow-power Schottky devive for primary use in penpheral devige
mferfaces, fonclioning as a bidirectional bufler between a data bis and periphezal device logic. In
addition 10 the isolation function. the device also provides a compatison cireuit for sddress selection
und # conatant gederator, useful for interrupl vestor addresses, The bus 1/0 port provides high-mped-
unce mputs and high-drive (70 mA} open-coileclot vitputs to aliow diresl connection to o connuter's
oty bux structure, On the peripheral device side, a bigirectional port is alse provided, with standard
TIL iopuis and 20 mA tristace drivers. Phada on this port is the logical inversion of the data on the bus
side.

Three address jumper inputs are ased (0 compare againgt three bus mputs and to gensrate the signal
MATCH. The MATCH oulput is open-collector, which allaws the owtput of several transcciver’s to e
wirgd-atded Lo form 3 composite address match signal. The address jumpers can also he DUt dnte a
third logical stale Lhat disgonncets that jurper from Lhe addsess match, allowing for “don't zap”
address hits, In addition to the three address jumper inputs, a tourth high-tmpedance input fine fs wacd
to enable/disabie the MATCH outpoet.

A-]




Three veclor jemper inpits are used to generate & constant that can be passed to the computer bus.
The dhres iputs dicectty drive three of the bux liges, overridiag the action of the control lines.

Twi control signals ars decoded to zive lhree vnerational states: receive daka, trunsmit dats, end
dizadhle,

Maximum current required [rom the Yoo supply is 190 ma,

Fipure A-7 is ¢ simplified lopic diagram of the TS TC. Timing for the various functions is shown ic '
Fizure A-% Signaf and pin definitions for the DCDOS are presented in Tabls Ad,
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Table A-1 DM Ping Sipnad Descriptions

Sigual

Descripthon

0
ir

YECTOR H

VECROQSTBH

BDINL

INITQ L

BINITL

BlAROL

RIAKIL

BIR{HT

REQETE H
REQSTA H

INTERRLUPT VECTOR QATING signal. This signal should
be used to gate Lhe appropriate vector cddress-onre the bus and
1o form the bus signy] called BEPLY L.

VECTOR REQUEST "B signal. When asserted, indicmees
ROST "B service vectar address is required. When unasseried,
indicates ROST “A™ sorvice veotor address is required. VEC-
TOR H is the gating sigral for Lhe entire vector address. VEC
ROQST B H 35 normally bit 2 of the vector address.

BL'S DATA T, This sipnal, generated by the processar BDILIN,
always precedes & BIAK signal.

INITIALIZE QUT :ignal, This is the buffared BINIT L signal
osed in the device interface for general initializatiom.

BUS INITIALLZE signal, When asserted, this slpnai brings all
driven lines ta their unssseried state (excep INTTO L)

BLS INTERRUPT ACKNOWLEDGE signal (OUT). This
signal is the dalsy-chained slgna? that is passed by a1l devices not
requesting interrupl service (see BEAKI L). Once passed by a
device, it muest remain passed undil 3 pew BIAK] T i generated.

BUS FENTERRLUPT ACKWOWLEDGE signal (IB). This sig-
nal is the processor's esponse to BIRCH L wriee. This signel is
daisy-chepined auch that the firsl requesting device blocks the
pignal propagution while nonrequasting devices pays fhe signal
an as BIAKO L to the next deviee in the chain. The leading edge
of BIAKT L cavses BIRGQ L 10 be unasserted by the regqueating
device.

ASYNCHRONOLUS HUS [NTERRLUPT REQUEST from u
device nesding interrapt servies. The request is penerated &y 2
trug ROQST signe: elong with the sssocitled true intarrupt
enuble gignal. The request is removed afier Lhe acceptance of tie
BTN I signat and on the leading edige of 1he BIAKIL L sigaal,
ar the remavel of the associated interrapt enable, or due to the
remiovul of the associated regeest signal.

REYICE INTERRUPYT REQUEST SIGNAL. When asserted,
with the enable “A™ Nip-Nop asseried, will cause the asssrion
of BIRQ) L orn the bus. This signai line normally remaing
atzeried until the request s serviced,
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Tahle A-1 DCDE Pin/Slgnal Deseriptions {Cont)

Fin Signal Drescription

i1 ENBSTH INTERRLUPT ENARLE “A"™ STATUS signal. This signal
18 EMNASTH . indicuies the state of the interrep! enable " A™ internal flip-flop.

which is controlled by the sgnal line ENA TXATA H and the
ENA CLK H clock line.

12 ENE DATA H INTERRUPT ENABLE “A” DATA signel. The leve! on thiy
15 ENADATAH lime, in conjuncticn with the ENA CLK H signal, determines
the state of the irternal interrupl enable “A™ flip-flop. The out-
put af this lip-flop is monitored by the ENA ST H signal,

13 ENBCLKH INTERRUPT ENABLE “AY CLOCK, When asserted {on the
14 ENACILKH positive edge), interrapl enable A" flip-flop asawmes the state
- of the ENA DATA H sienul line.
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Tabie A-2 DCE Signal Timing »3 Output Loading

With Chatpaat Cutppt
Respect Test lizing Being Figure A-5
Signal 10 Sienal Coved. | Asserted Amepbed Ref.
Min blu Min Max
fnesh (hs}
Sel {0,246+ L BEYMC T | toadE | LS 35 5 75 1
Load € 1 15 40 3 0 t5e b
OUTLE L BOOUTL | Losd B 5 25 3 g t
Load € 5 0 30 tg: H1i
QT L DROUT L. | Load B 3 4 5 23
Load C 5 a0 5 41 " Ho
INWI L RIDIN L Luoad A ; s 3 23 T
Load B s A1) 3 30 11-132
Tin 14 BRFLY L OUTLE L 0 A 1D 45
Connection (Load A3 (Toad B} I
BX =1K 3% '
35052 5% BRPLY L OUTHR L 0 6D i 45
L5 pl 55 {Losd A} {Loud B Fiztig
BREPLY L WD £, T 60 ~10 45
{Load A (Load ) R
BREPLY 1. VECTOR H 30 10 0 45
(Load A) EPRST
Pin 1§ BRFLY L OUTLR L K 00 -1 45 ,
Chmnaction (Load A3 (Loud B l3: t14
BRY =4 04K 11
RRPLY L OUTHRL A1) 0N .10 45
(Lol A} {Losd B) 13114
CX=220pft1% | BRPLYL INWE L 100 400 10 45
(Luad A} {Load B : fiz T4
HEFLY L VECTOR H 236 34} {r 45
{Laad A tyz b
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Table A-} DON FingSignal Descriptions
Plu Signal Description
1 VECTURH VECTOR. Thiginpul ceusey BRPLY L to be penersted through
the defay cireuit, Independant of BSYNC 1. and ENB H, o
2 BDALIZL BUS DATA ADDRESS LINES. These signals arc latched at
3 BDALEIL the assert edge of BSYWC L. Lines 2 and 1 gre decoded for rhe
4 BIDDALOL select cutputs; hine 0 iz used for byee selection.
5 BWTET L BUS WRITE/BYTE. While the BDOUT [ inpat iz asserted,
this signal indicates a byte or ward operation: Asserted = byte,
unasserted = word, Decoded with B OUT [ oand latched . —.
BDALD L to form QUTLD E and OUTHB L., '
6 BSYNC L BUS SYNCHRONIZE. At the assert edpe of this sipnal,
address infarmation iy trapped in four laiches, While unas-
serred, disables ell outpuls except the vector term of BRPLY L. ;
7 BRINL BUS DATA IN, This is & steobing sizral o elfect a dats input
transaction. Gererates BRPLY [ through the delay circuit and
INWD L.
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Table A-3 P04 Pin/Signal Descriptions {Cunt)

&ignal

Deseription

BEFLY L

BDOUT L

IMWIHL

GLITHH L
OUTLAL

SELIRE
SE1L2 L
SELA L,
SLCL& L.

RXOX

ENBH

wr—

BUS REPLY. This signal is gzneraied throwgh sn RO delay by
VECTOR H, and strabed by BIMN L or BDOUT 1., and
BEY¥NC L and Iatched ENE H.

BUS DATA OUT, This is a strobing signal fo effect a data
oulput trensaction, Decoded with BWTEBT L end BDALD o
form QUTLD L und OUTHSB L. Gereraies BRPLY L theouch
the dalay circuil.

I WORD. Used to gate (read) datu from a selected register on
ta rhe data bus. Enubled by BSYNC L and strebed by BDIN L.

OLT LOW BYTE, OUT HIGH BYTE. Wsed to logd {write)
datu nio the tower, higher, or both bytes of a selected register.
Eoabled hy BEYNC L and decode of BWTBT L and latched
BDALD L. and strobed by BDOUT L

SELECT LINES. (One of these Tour signals is true as 3 funciion
af BDAIZ L and BDAL1 L if ENB H is asserted at the assert
edgs of BSYNC L. They indizate that a word resister has been
selected for @ data transsction. These signals never becomg
asseriled except at the assertion of BRYNO L (then only 5T ENE
H is nsserled at that timg) and, obee usserted, are no unassected
until BSYNC L hecomes nnasseried.

EXTERNAL RESISTOR CAPACITOR NODE. This node is
arevided ta vary the delay belween the BDIN L, BDNOLT L,
and VECTOR H inputs and BRPLY [ ontput. The exiernal
resistor should be vied 12 VOO and the capacitar t2 ground. As
Al eALtpur, ib s the fogical inverston of RRPLY L

EnvABLE, This sigral is latchad ag the asserted edee of BSYNC
[ und is used 1o enable the select owipiis and the address rerm
of BRPLY L,
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Table A-4  TMCIKIS Pin/Sipnal Dhescriptions

Pvama

Tunctino

1
I'r

13
1a

i e —

L}

RIS 20 1.
REGS

1
HUST
BLIS3

PIAT{Z0 H
PIAT
14T
DaAT2
DaT3

JV{h1H
I
%32
I3

MENE L

MATCH H

JA AL
Iaki.
IaZ -1
Iad_-L

AMIT H

RECI

RS DATA, This set af fouwr ines constitures the bus side of the
transcovver  Olpen-collegtar autputs; high-impedance dnpads.
(AN =1,

PERIPHERAL DEVHIE DATA, These four tri-stade lines car-
rv the inverwsd recgived data from BUS (320 when the orans-
cover 15 the receive mode. When on transmit deta mode, the
duts earried on lhese fines {9 peesed ioverwed o BUS (300
When in the disehled mode, these Ines po open (hi-zh
HIGE = Q.

VECTOR JUOMPERS, These igputs, with inereal pull-dawn
resistors, dicectly drive BUS (31), A low or open on the jumper
pin will causge an open condstion an the corresponding BETS pin
W XMET I3 dow. A Righ el cause a one owh wo be frans-
mitled on the BUS pin. Moee thhal BUSD L is net coniralled by
Ay JUIper I

MATUH ENABLE, A bow an thiz line will enable the MATCH
outpuat, A Sigh will foree MATCH low, overriding the maten
T

ADDRESS MATCH, When BUS (3:[) match wilth the state of
JA (] and MEMB L s low, thiz output 15 open; otheswise, it is
lawr,

ADDRESS FUMPERS. A strap fo ground on these inpats will
alime a match to occur with & ome {low} on the corresponding
BLIS bng; un open will allow 4 malch with a sero (high); 4 sicsn
o Vo, will diwconsecl the corresposding address 9il rem the
COMLPariSan.,

COMNTROL {MPUTS. Thege lines controd the operational of the
transoeiver gg follows:

REC XMIT
0 D DISABLE: BUS. DAT open
0 1 YMIT DATA; 13AT Hus

1 0 RECETVE: BUS DAT

1 1 RECEIVE: BUS DAT

To gvoid tnuiste overfap conditions, an inlernal cread defays
the change of modes belween XMIT DATA moede, and deiavs
iristate drivers on the AT lines irom cnabling. This sction is
independent of the [3I5ARLE mode.
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A4 UNIVERSAL ASYNCHRONOUS RECEIVERTRANSMITTER

The Universai Asvochronous Recelver /Transmitter [(LJART} Is an ESI subsystem that gocepis binary
charsciers (rom either & terminal device or a computer and receives or transmite there chara ciers wilh
uppended conirol and srror detecting hits, 1o order to make this subaystemn universal, the bavd rate,
bits per word, patity mode, and number of STOP bits are sclected by external logic circuits,

The UART is a full duplex recebver/transtmitter, The seceiver section Beeepts asynchronous serial
mingry characters end converss them Lo a parellel format. The ‘ransmittes sevtion acoepls parullel
binary characters from the bys and cooverts them 1o a serial ssynchronous output with START urd
STOF higs added.

All UART characters eontain a START bie, five 10 eight BPATA bits, one or fwo STOP hits, and a
FARITY bil which may be odd, even, or turned off, The STOF bits are apposite in polacity ta the
START bit, Refer Lo Figure A,

Balh Lhe receiver and 1ransmitter are double bulfered. The UART in ternally svnchronizes the START
bil wilh the clock inpat (o ensure 3 full 16-element (clock periods) START bit independent of the time
of dala bouding. Transmitier distortion (assuming perfect clock input] is less than 3 pereent on any bil
upto PR bacd. The reciver strobes the input bit within £8 percent of the thearetica® cenler of the il
Fhe receiver elso tejects any START bik that lasts lesa than one-half of a_hit rigee.

[OLE
ETATE OF T RETURM T 1nLE
LiYE ~ ‘,u— .......... — 3 DOTA HiT§ e e ﬂ-:ll |5::: | STArE O i
1 l—r-:-h-T——-‘--.--nT-_T_|_T__1-——1-r;::-lr E‘T{plﬁ -n ::_:l;].:r _
S0 0T 107 1080941 a8 fe g 2 ET0R | L ETART BN OF
a wEx| 1 K
[ P (L5, 13— i _domdo b | 2 ] L% THARACTER
57"&'}'{ - = 3NE 27 TIML -ONESBMT AATE

2 GqEH

Figure A-2 UART Dala Format

Adl  Recelver Operation .

A block diaggram of the UART receiver is shown in Figure A-10, When the recoiver is in tre idle state,
it sumples the serial ieput line (SERLAL IN, pin 20} at the selected clock edpes (R CLK, pin 17 afier
the [rst mark-to-space lransition of the senal input line. If the Firsy sample i3 g mark (high), the
vecerver returns to the idle siate and is ready e detect apother MATE-ITspace trensition. IC howewer,
the firsl sumple is 2 space (tow), then the receiver eniers the data enlry state,

If the receiver control logic hes net heen conditioned to the me pority staie {a fow on pin 35}, then the
receiver checks the parity of the dats bits plus the parity bt following the dat birs und comparss i
wilk the parity sense on the parity select line (pin 393 If the parity semse of the received character
differs fram the parity of the UART control logic, thew the receive parity error line (P ERE, nin 13)
fois high and causes the P ERR bit in the RBUF register 1o et :

I the receiver contrel lugic has been conditioned to the mo parity state (a high an pin 5}, then the
recaives lukes no action with respect to perily and maintnins the parity error line (P ERE, pin 13} in
the FALSE {low) state, When the contral togic sensts a parity eceor, it pengrates o PERR signal. The
DATA AVAILABLE mignal updates the parity error indicaror,

A-[9
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The regoiver sumples 1the first STOF bit that ocowrs either ufler the PARITY bit, ar after the dsts aifsif
no parity is selected. i a valid (right STOP bt exists. na further action is taken. If, howeeer, the STOP
hit 1= FALSE {low), indicating an invalid STCP code, (ke the UART control logic provides a framing
error indiatioen {2 high an FR ERR, pin 14).

Becouse the serial inpus fram the saternal device is shifted inlo the UART ¢ bit at o time (51, pin 20,
peeuzrence aof 4 STOP code indicates that the cnrire dats characier has been received and shifted into
the receiver shift register. After the 310P bit has been sampled, the receiver control togic parallet
transfers the contents of the shift register into the receiver date holding register and then sets the dals
available (R DONE) flag. .

The dats avzilahie signal also functions as Lhe clock input ta the FRAME ERR. PARITY, and
OVERRUN flip-flops in the UART stalus register. At this point, the DA flip-flop is set, the DYER-
RUN flip-flop i4 clear but kas 2 high on the data input becanse of the output from the DA flip-flop,
and the PARITY wnd FRAME FRR flip-flops are st or cleared depending an the signal {TRUL or
FALSE) strobed in from the control logic. :

An OVERREN condition indicates that anotker data character is being sent to the UART befare [he
previous cheracter kos been rransferred out, [f the DA Rip-flop is sei. indicating a character i stoned m
the halding register, and the UART conlral logic aempts to set the DA flip-Nop again {indicating 3
n=w charucter has been ghifted into the shift regiater), the DA signal from the control logic provides a
cloek input to the OVERRUN flip-flop. This Mip-flop then se13 because the data input is hagh (DA
flip-Alap wss almeady set by the previdus DA signal).
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If the serin] input line poes from a svack {high) L o space (low) and remsaing at the low lovel, the
TeCiver ghifts i cre character, which iv all spaces. Lhen sets the FR ERR mdicator and waits ungh the
wmput linz gres high {marking) before shifting-in another character,

A.42 Trassmitter {Iperation

A block diagram of the UART transmitler 15 shown in Figure A-11, When the TTART transmitter iz in
the idle state, the sevial cuiputl Hae (pin 25) is o merk (high), When it ¢ dasired o transmit data, &
parallet character s strobad into the UART transmiiter data buffer (iines connected 10 pins 26-33) by
means of the dats strobe signal {pin 23% The time between the low- -to-high transilion of dats sirobe
and Lhe COTCESPLT dimg mark-to-space transition of the serial outpin lae is within ane cimk cycle (1716
of @ i fame) i7 the ronsmitter hos been idle.
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When the dutn hus heen loaded into the UART data buoffer, it ks nowt transferred (o rthe trapsmiser
shift regrister under conuol of signalﬁ from an encoder that aclects the format dotermined by the contral -
logic. This permils seleetion of parity ar ao parity ipin %), the type of parity (pin 393, the number of
STOFP bty {pin 36}, and ihe number of daks bits per charseter (pins 37 and 38).

The end-of-character (pin 247 cignul pees high egch eime a full character utzciudiug ETOP bitg) is
trangmaitted, IF this lime goes lovw, it prevests the liming generalor from leading another chasacter into
the shift register. The line Is noceadly hipgh when data is not being transmitted and goes Jow at the start
of transmizsion of the aesl characesg.

IT the transmiteer dace buffer is loaded while ehe previous character is being shilted through fo the
oulpul line, the START bit of the new character immediately [oilows the bast STOP bt af the presrous
chatacter,

Figute A-12 shows the pin locations ard Table A-5 defines the pin functions,
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Tabide A5 TUART Pin FuncHuons

Wn Mo, 10 Mame Mnemonic Funetion
1 I V. POWER SUPPLY Voo Y supply,
1 Nk 1 r —17 8T 1
2 I vﬂl POWER SUFFLY 1"'3.‘5' 12 % supply,
¢ I GROUND a Cround
4 | RECEIVED DATA BNABLE Rk A lew on the reeciver epable Sinc places the
taceived] data onta the outpiet HSaes,

5-12 0 RECEIVED DATA BITS RDE-RIM These are the gl data outpat bnes, These
limes ey be wireORed, Wlhen 5. Goor 7 Jeve!
oode 15 selected, the most stgmificunt unused
hits are Tow, Charselers will ke icht jostified

Cinta the lcast significant kilts. R{M {pin 12)
s the least significantbit, RIM8 (pin 5133 the
st sdpnilzoeet it A huph iodicates & sk
[ 2 FECEIVE PARITY ERROR LR Thais e poes oo high i the received chisd-
; acter parity does rof agree with the sefected
j FOE,
i
14 1 ? FRAMING FERORE TER Ths B poes Lo o biph 17 ihe reoeived chiasacier
' foms oo vabid slop bid, iz, the 4 Foliowing
the panty bit is not marking.
E
15 £y - THCEK R LIN [¥HE Thiz Bne poes fo0a Tigh of the peoviousby
received charactor is wot pead (DA Bne a0t
~resely befoze the predent chardoler 38 trund-
i leried 1o the seeeiver holding regsier.
1& 1 STATIS WORD ENABLE EWE - A fow ap tnis line places the status word bit
(PE, DA, THMT, Vi, ORY noneo the outpuet
_ Tisies.
17 | RECEIVER CLOCE LINE L Thiss ke s Lor o clock whees Fregqueacy is
L& teimes C1EXY e desired roceiver bawd
Tali
| [ RESET BATA AVAILARLE Ri¥A - ATaw on fhisline will reset 1he DA line.
14 L3 FECEIVELD DATA AVAILABLE i ¢ This ling goes e high when an entive charpeber

o bas been caceired and teansterssd to fhe peoeiwer

holding register,

e s . L
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Table A-5 UART Pin Puncilous {Condy

Pir ™,

L0

Mot

35

38

34

Munemonic

Funclion

M PARTTY

TWO STOM BITS

MUMBER OF BI'NS/CHARACTER

EVEN PARITY SELECT

TRANEMITTER

NP

258

MBI N

PEY

TP

A high o tites fead wili climinate the purly

hit froee the transmitted and received charecier,
The slop kvs will jmmeidately Toflow the ast
dagu kit o rransimission. The receiver will

not chack parity o reception. Tt will, whan
asserted, also clamp Lise PIE 1o g o,

This iead wili select the number of stop bits,
arte oF Do, o be appended immediioly
ifter Ehe parity Lir, A lew wilf fmert one
stop bitand a high wili insert twee stop hits.

Inese two feils witl be internally coded o
seiect pither 56, 7, or 8 dara Dits/cherscler.

NBZ 37y NBl (38] Bilk/Character

(L)
AR
[+
(H}

La
(K}
{L¥
Vs

—_ = O
—_— =
=] & Ln

o

The loris lavzl on this pin seiects the ivpe

of parity that will be appeaded immedialeiy
after the data pils. It also deteridnes Lthe pardy
that will be cirecked by tha feoeiver. A Jow

will inserl and check odd padiy and s Bigh

will insert and chock even parity.

Thislinz is for a clock whaose frequency is
10 rimes { LEX) the desired tiasswitter haud
rare.

A-25
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Table A5 UART Pip Fenctions (Cond )

Fin M,

™arke

=

Maemanis

Funetion

20

o
e

=211

34

)

)

SERIAL INPLT

CXTEENAL RESET

TRANSMITTER BUFFER EMPTY

DATA STRORE

EmEQF CHARACTER

SERIAL CUTFLT

1A 1A BET ENTETTS

CONTROL STROBL

51

XR

THMT

A0

DB )-TyRe

o5

This line accept= the s2ial bit inpul sleedn,
A high must be present when data iz not
peing reveived, Fligh 1 a moark, Low is s space,

i.‘& bigh 1evs] pulse on fhis pin will resel U0,
TRMY, and fi0C to a high level and RD4,
TER, FER. and BOR tea low Level,

The lrunsnitter bufter copty Jag 2o08 to 2
Irish wites: the dafa bils holling tegister raay
b fcrcied withy notier characier.

A Torar ta hizh lnsition op this line will
eribal the data b inlo the date Lits helding
pegisrer, Lata lnading w controfied by the
riging edps of 1,

This line goes 10 2 high each time a fult
character includine stop Lies s Lransinid Led.
T gemzing af this level undd the start af
Pransasessios of the next chuelcize, Stan of
tramamission i detiaed as the mark to space
transmission of the start Bl 1t remais at a
high when data s nol being tronsaited,

Tis ling serially, by bit. provedes fhe entire
granamitesd character, Boremains g1 a high when
o dakd iz being cransmictesd. Hivh s 2 maark
lowe is o space.

Theese wie the eigitt parallel duta inpul bnes.
VIT 5, 6, or T bits are bransmitizd, the least
st sinfaeanet bits are used. DAL s the
lgast sl significant hit {pis 205 L8 = the
masl =i feanl bit (o 320 A bigh inpiu
will conpse aommark (hieli) 1o De transmitisd,

A ligh on this fead wAll enter the coniaoi bits
(POE, MB1. MB2, 58, NTY inte the contecl
bils holding eegistes, This line can he slrobed
or Bard wised oo high Level.

——iu

a
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ﬁ AS SM6 DUAL BALD RATE GENERATOR

The Mith i3 an LS] MO device containizg two indeperdent sections, Each seclion divides iy input
chock dreguency by one of L& divisors to produce one of 16 different clock outputz. The divisors are
storesl in RO s on the chip, The ROMs are addressed by civewits that lazch in and decode the logicul
siales of the address lines (Figure A-13). The address lipes may be strobed ar keld sk a deicvel, Taele
A-6 Lists the frequencies selecled by Lhe addeess lines. Figure A-14 depicts the 5016 pin ipcations. Table
A-T defines their functions.

3
i
ETT e f—rmmms -
R
1'!' PN I
Ty ——4—t  LATEH
) 3 AN :::
-l1.‘w "5 e — -_IrcﬂnF :?l:l“'l
i = CIFCU TS
. -
T
oAl S — DIViDER — 14
ETETR — e DRVIDER "
s R Rt
Etw
PR .
By -
Az
R - -
R
:E' u “l-=pTR
Figure A-13 3016 Block Diagram
3
£

A=29




1
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.'?_E. e I 13 b— "i'g

S e Y [ T;

R — G 13— g

fip -4 7 12 faw BTT
STH -<pd i GiND
Yap — # 0k~ NG

[ETETE 31

Figure A-14 506 Pin L.n:ati-:mﬁ

Tuble A-6 515 Selecizhle Freguencies

S

e s ——— —— v o 2 g

. . B e ——— i e 8 i g il

Transmit  Repeive Theoretical P aciual
Adgress Bawd Frequency Frequency
13 'S B | A Hate 16X Clock (kHz2) | 16X Clock (kHz} | Divisor
0 0 Q il 50 0.z i3 606
4] i ¥ i 5 1.2 i.2 4224
L 7 1 { [ 16 1.7 176 ZEE
1] ] 1 ! F34.5 2152 11523 2353
v 1 N L [ 30 14 1.4 212
{1 ] a 1 3001 4.5 4.5 1056
1 1 t M LA 9.6 9.6 523
f ] ! 1 | 204} a2 102 264
1 n il o 1EOC 138 A8 176
1 o {k 1 2000 izn J208] 158
l ] ! 0 2400 KLY JEA4 132
| f i I 1500 T4 57.6 b4
I 1 L i 4500 TeB Rl Ba
1 L [ t TN 1152 1152 44
L | ! 0 Q00 1236 1535 33
t | 1 l 19200 T2 1168 16
i
Cryaal Frequeney = 5088 MH.
A-30
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Tatde A-7 5016 Pin Funictions

Pin Bvea, Muemanic E Mare Function
] CTALICK E Frternal Clock This Input s eiler anz pin of a :r}'szpnl 05CiEla-
| Teepat Lor packees or one polaciv of anothser external
] input.
2 Var Power Supply +5 W supply.
3 ti Reciever Outpur Touds ouepul s at the frequency selected
Froquengy b the receiver sddiess.
43 P By B Ry | Beceiver Address | The logic levels o these inputs aclect the
receiver cutput fizquency, Ip .
4 aTR Strobe-Receiver A high lewval input strabe loads the receiver
Adilresy mddress (R . Ry, Re-, Bplintwe the fatch and
deeode circuits, This input mas be strobed
or hard wirad o 2 high Jeval.
9 Vi Poower Suppiy +12 ¥ sapply,
Hi| ML Mo Connection
11 L} Cround Ciroed
1% BTT Arrobe=Trenss A hiedh level it strobe lowds the trapsmitier
miller Addreas addieeg {T:-,L, TE' TC" 'ID) inte the Fateh and
depnde cirpits, This mpul may e strobhzd or
hard wired to a high level
13—-14 TD‘ I'E" TE' TA Transmitles The logic bevels of these Inputs scloct the
Address eransmittey avtput frequency, By
17 i Transmitter This output runs at the frequency selected by
L_}utm:t the transmitter address,
Frequency
18 CLOCK Ieverted Faxgernal | This input is cither ome pin of a crvstal pack-

Chack Input

age of vne pofanty of amofer extemal fppat,

A-dl







A,

(A,

£

APPENDIX B
WIRE WRAFP INSTRUCTIONS

B1 PURPOSE
Tiis appendix is inisaded o assist the user who installs or retmoves wise wrap jumpers, it deseribes and
illeetrazes che preferred pracedures and standards for produciog high-grade solderless wiapped jumper
Wirg ConTeCLI NG,

H.Z DEFINITHONS
T he Lollwing terms ate used in discussing wire wrapping:

Solderless wrapped connection- This coanection comsists of a heis of conbruans, solid vninsalated
wire tightly wrepped around a wire wrap pin 1o prodoce o mechenicatly and electricaily stible can-
nection In sddition Lo the lenpth ol uninsulated wire wrapped around the wite wrap pin, a ha!f turn of
inzulated wire s wrapped around Lhe pin to ensure beqter vibration characieristics (Figure B-11

TaPEWEN TIP ON

EMD TallL-—, 7 FHE FIN [APEX]
T
IORWER CF YerE P14
_:-—-l'\--'ﬂi
g,
:,_
=

WRa3

8 A —
S LATED WIRE Mz, &0 AR WIRE

j--- REFEAFNCE COHMNER

12

Figure B=1  Solderless Wrapped Coensection on Wire Wrap #in

A turm of wirve - A ture of wire consists of one complete, singte, helical ving of wire wrapped 360 degrees
aronnd # wire wrap pin, fnterseeting foue corrers of the pin. Thus, & eonncerion having *n™ taras in
cpnizes with Lhe wire wrap pin will interseet the reference corner o + 1 times {Figore B-2).

2 half tarn of wire — A half juen of wire canlacts thres of the Faur corners of 4 wire wrap pie (Figare
-3,

¥nd tail - An gnd tail is the end of she last ium of wire on the wire wrep pin.

G-t
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WIRE COMTALTS 41 ©7UH CORNERS,
AMD CONTALITS THE REFERT NGE
UCRMER T'#:0E .

1-4575

Figers B-3 Fuil Turn

WIRE CONTACRS
M'MHRZIE CORMNERS
TF Mk

i=aprg

Figure B-2  Half Turn

B3 CONKECTIONS

Tamns are counted along the edge of a refercnce corner (Figure B-i%. There shauld be zeven to aine
lutns of spsufuled wire on the wire weap pin, Each e shauld be udjacent 10 the next tuen; ane turs
showid not be wrepped over unother turn. The ead fail may extend tungentially away from the wire
Wrap pin, it showd not exiend mare thar one wire diwmeter.

I3 secend level of wire wrap is placed on 2 wire wrap pitt, the bare wire of the secand level wrap
should not overlap the lirst kevel wrap, The fest turn of the insulated wire of the second level weap
muy, however, overlap the Fast turn of the frst lavel wrap [Figure B-4),

The wire used for the jumpers shocld be good quality wrapping wire. DIGITAL wses the fallowing
spectfivations for Lhe jumpers installed at the fectony:

Condiscior
Liauge

0 AW snlid

Malerin!
Stiver-canted copper

Flignmeter
(LO23T 4+ 000K o or 000 em 10.0008 & 00003 in or - 00001 in)
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2,

i et 21 e HEGCTHO LEVEL

FIREF LEVEL

L =-abkT?

Figure B-4  Twae Levels of Wire Wrup

fnsilation
Mulerial
Vigvlindene (lounide

Chepzide Thameict
48 £0.063 om (AN E £0.03 ind

bi.l.. Sivle Mo,

p421
DL Besistanes/ 3048 mn (1000 &)
1134 ohimis

NOTE
This wire should not be used for sotder applicadions,

Figures B-1 and B¢ show recommended soldertess wranped consections, Figure B-3 illustraces con-
peotions that shonld be avoided.

B4 PROCEIN.RE
T imslait 2 wire weap jumper. proceed as follows:

Cal g piece of 3 AW wire 5.7 ¢m (2-£ /4 in) fonger than the distance etween the Lwo wire

WTH PIE.

i

2. Strip 2.7 em {1-1716 in) off sach end of the wire.

L.

B-3
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PSS UEF LI AT INZULATION -MPRUEER SSRCINE AND

SMEIR THRAER EMD

T
S

HEMT WRLDH-P2AT NPZH #FAF

Figure B-5  Defecoive Wire Wreeps
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In=ert the wire into the wize wrap bit far 2nouagh for the insulation to ester (he feed slot
(Fioure B-8}.

4, Loop the wire throupgh the vnchoring satch,

3. Place the ioof on the wire wrap pia and actusse the rotniing spindle (ki) This should
prodice sipht urns of bare wire a5d one-half do two tums of insulated wire on the wise WAL
. [PELS.

G Load the tree ead of Lhe wire inte the wire wrap bit 2ad wrap the other wire wrap pin,

1 Llse am unwrapping 100! {0 remove & wire wrap jomper. A jnmpe: may De snipped out te break Lhe
eleectrical connection, but when it 45 desived Lo reuse the wirs wrap pin the remziming wire skould be
remved caretully. Pulhing the wite off may bead the pin end dent the pin corners. Thersfore. i iz
recomaeaded (han an uowrapping tool be usad to remove jumper wire wraps,

P Place the tool over the wire wrup pin sad insert the end il of the wrep inte the pewrapping Lol hit,
: Carefully upwrap the wice and discard it lumper wires shonld oot be rewsed,

IFit s desired ta place 3 sccond bevel wrap on u wine wrup pin, care showdd be taken rot to overlep lhe
firse wrap. T2 ikere s msuficient space 1eft on Lhe wire wrap pin for a second level weap, remove the
First leved fumper and install ¢ new nne lower on the pin. A wire wrap joint that Is instelled taa Righ an
the pin should act be forced Lo w lower bevel; it should be unwrupped and repiaced with o new one a7
the lower level

g

-
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_ ATATIONAAY

BLLIVE
FEED &14T
e MOTATING SFINTLE
feIfl s vmreans STRIFEF W.RE

__WIAE ANCHORENG

LHERR

ThaoL TIF WIRE INEERTED

H1E ARTHCSED

WROF-POST %>
INEESTION W%

- 22724

Figure B-f  Loading the Wire Wrapping Kit
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DLV11-E AKDDLY | L-F
ASYNCHRONOUS LINE INTERFACE
A USER'S MANETAL

ER-DLYi1-0pD01 Reader’s Enmments

Your commenls and sugpestivns will help os in oo continwows efferl o improve the guelity and vsefulness af

aur peblicatinns,

What is vour geheral resclion Lo this manual? Ie vour judament i it complete, accurate, well orpanized, well
written, ofe. B2 00 easy Lo use?

F
What feamess are most wyedd? .
;ﬂ-"‘\ B —_a e
What fawlts do you Iind with dbe manual? __ .
Dhoes Lhis manual satisfy the need you think 3 was intended to sabisfy? .
# 7w Bloes in satialy ponr needs? Wh? e
Woulbd you pleuse indizate any factual esrors you hewve found, —
Flease desoribe your position.
o~ Name: Organization —

Streer : Department

City Staw Zip or Uountry

T T T — ST
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