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CHAFTER |
INTRODUCTION

§.1 GENERAL

This manua! cantains information necessary for the operation, mstallation, and mamienance of the
Farmity ol real-time analog snd digital 170 deviees which DEC provides a= options for the L5311
Processor. .., the ARVIL-A Anslog-to-Digital Converter, the KWYH-A Real-Titme Clock, the
AAVE]-A Dhigisl-uo-Analog Converter, and the BRY1] Paralie] Line Interface. Operating informa-
lion for each device is provided in a chaprer specific to that device which inclides functionn] deserip-

“tlion, specifications. theory of operation, and programming backpround. Inslaiiation end mainkenancs

infarmation is provided for all units in Chapter 6.

&1] membecs of the L31-1F real-time |/ family are desipned bo interface between the processor and
emalop or digital signals in the world external to the processor, Al devices are configured on one quad
or daoble-height hodrd designed Lo moant in an LEl-11 backplane or expander box and to reccive
power (rom L3011 supplies. All commupnicate with the L8111 bus and teceive imterrupt prionty as a
function of their location in the backplane. Finally, abi have Facilities to pormit usees to sssign device
addresses, and where appropriate. interrupt vector logations,

A numher of recommendations are made in this text regarding speciftc inlerfaci g confipurations and
penerz] good practice. However, no specifie. interfaeing claims. are made over and sbove thase
expressed in the gencral specificatians far cach module. The responstbility for coanecting DEC modu-
bes Lo exterial equipment rests ulbmsdely with thie user.

1.2 REFERENCES

v \icraromputer Handbaak [EAM5AT 76 (G753}
e N1 Bue Speciflicotion

1-1
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CHAPTER 2
ABV1I1-A ANALOG-TO-DIGITAL CONVERTER

Lt GENERAL DBESCRIPTION

The ADV11-A is & 12-hit successive- appmmmat!m anzlog-to-digital converter with buili-in sl
plexer and sampie-and-hold for wse on the [51-11 has. The moltiplexcr section acenmmodates 16
srnple-coded or B qu.m -differentinl inputy, aedd the converter sectton utilizes a pntzntmiaum@ﬁmmg
design that measures the sampled signel with respect o the oifset of its own intermal mfcuttry and thus
elfectively caneels out ils own offsat. ersif buu!n{'mhnn_i to Lhe measirement. ,

AD cossversions are inibaiad either by program comotand,; chock overflow, or external events ax
determined by peogram conral of thie K DVEL-AS Caontrol/Status Register [EER} The clock overfitw -
command iz supptied by the KWVYIl-A clock opticn. E.l.t?mal gvent inpuis may originote divectly
from user eguipment of from the Sehmiti tngg'n_r diput om the KWWY1L-A clock. Ilwmiﬂ 1 con-
version data s routed throngh & buffer register wo the LEEY] for programmed transter i inte manory.
This buffering optimizes the throughput rate of the converter by all-}wmg data from one Cofiversion to
be tranxferred to the processor afier a snh&uqmt conversion heging,

A vernier pflset digital-to-analop converter is inchided in the ADY11-A's unelog cireuitry to [scihiate
YETY duiIrdie pmﬂmmv[-ﬁmruﬂﬁﬂ trimmming of the A;/D's olfset. Three t=al signals ~ 1wo de levels and
ane hipalar irieagular waveloim - are avatlable for-2se an any channel input. The triamgular wayveg san
be used in conjunction with diagnostic wftw&m and the wrmar IYAC to produce extremely mm'mlgh
and procise analog tesfing. P )

L1 SPECIFIUATIONS

221 Eletricsl (BTa » 107 C o +60°Cp ..

Trputy

Analog Inpist Protection Fusible resis{or guarinteed o open al £85 ¥V within 6.25 see-
r.r._rlﬁs. Cuarantesd not o open foom =20 V.to +15°Y ar the
input. Oyverioad affects no components othef than the fusible
-resistor, on, the pverloaded channel; no other channels are
affected. :

Logic Tnput Protégtion Fanibile rosistor jmm';tmd W open gL = 25V within 625 sec-

] b e e qndsﬁunmmapﬂml to oped from -3V 1p +8 ¥ attha inpul,

Analog inpuat 10,24 ¥ .hipq}ar ';['—.5. 2V o +5.12 V)

F:_,.l_]] EF_._-T:.I:.E'EI: Eu_l_lg:;:{PEE.}



laprts [Cont}

Analog nput

Dynamic Resistance

(f¥in/ = 5,12V

Anslog Input Higs Cuoreent
D{AVind € 512w

© 7 bogid Input Voltages

Logie Finpud Currents

bogie [nput Rise,/Full Time
227 Coling
A/ Converter
| Flamhiz.iun

- Formai

Yernier DA
Resalution

Farmar

112 Perfarmauce -
¥me Error:
{Mfset Error

© Dilforecial Linearicy
S

Intcgra! Linearity

T T

PO MECE, aminitrigm
50 nA, maximum
‘Low = 0.0 {a +0.7 V, high = +2 ¥V to +5 ¥
Low=-6EmA etV in,; high=+13mA at +5V in
400 s, mAkimum
. . .."ﬂ|._i:
* 12 bitz, hinary weighied
Parallel offset binary, right justified
A [npui ¥oltage _ﬂutplit Code
- +FS.1L8B . - T - s
LU ST 4000
I--'FE- HA . n -=rs
(FS= 512 Vi1LSBw 25mVy *
8 s, binary weighted
Offset binary encoded
Inpet Code " Approvimate Offset Voltage .
377 +2. 54D 158 (+6.4 mY) o
200 ti
o _ -25A/DLSB(-654mV)

“Adiustable o rers B
. Adjuntable to zero

Wi skippéd slates) no states wider thap 2 LSB. 99% of state-
widths + 1/2 L8R

+ 1 L5B, maximum non-lincarity {"refe'n:nchd io enid pois)



Ferformanee {Cont) - -
Tempersiure Coelficients Oain = 6§ 'p;im per degree ©
.. Linearity = 2 ppm ‘af Fuiis s,n:ajr: range par dogree C
{Mfser =18 8 ppm of Full-scale cange | degeee C

Naise Module = 175 L38 rms; | LSB peak
Systom = 173 LSB rms; 1.5 LSB peak

Warm-Lip Thog 5 minutes, maxiorum
L4 Timing

External Segrt Loow leve] pulss, 50 o% cunimuen Lo 1 s makknum; conversion
stares on leading edge

Synchroairation ' Oto T

Conversion Time . . . 18T
(T = clock petiod = 2 uyd

Transition Interval 9 o
ireacquisition irterval
© bétwesli engd of conversion . 0 ¢
“of chanhef’ ﬂhangﬂanﬂ #Lﬁrt B
o ew cﬂﬂvcmms}l S

_1.:3.1 rp,nzéigmls : BT ' il
The ADH [y fimmim thl‘n: UL 'mlingra i‘n:ur Eﬁt pumﬁm

l: k‘c:-suwt_ de level, +4.4 V [_._J:ﬂ:ﬂ

L o

Negative de level, —4.4 V (£15%)

tal

1 rtajagq:lp.r wiive, s I-I:'.' EIH!IIH.E] {:& l‘.'.i'llj
:}: I.ﬁ Fwer Keguirements '

+'§ v d.:, 4 5% @20 A, mavimufm -
+12 Ve d:l%ii-‘.'#mmh mmmm-h- :

i

Ll anm. AL nmmwum L

. _F.' it 1:11.~;-H1:5 ¢|1_¢ mm_ﬁ:ﬂ Lhunnﬂ

LA [ m:fap]-&- b ol 1& m‘ngte-em]ed {nrt 'i:rfE» dn’!‘-:rhnmd} a,ﬁ,a}:ﬁgmput ﬂha:meh ?mﬁﬁd b;.l e
_ _n:ummj propeain- 1-4:mg tﬂﬂ'ﬁﬂl T a-nqwm B t*eiiﬁhh: ml_ni’ﬂ} refrﬂnﬁ& ﬂqmﬂ I

Y It wcoepts a command to pﬂ:‘fmm an AT conversion,

4. I huE&s the sampled reference equivalent during 12 succassive interedgalion inlervale

3




3. When the feast significant bit has been sesolved in the Successive Approximation Rejister
(SAHR), the ADVI l-A trunsfers the contents of the aow-filled SAR to ihe Dary Buffer Regis-
ler (DK} where it can be. accessed by the processor, . I :

6. It isforms the propessor that conversion data is available,
Ao It reacquires and Lracks the programmed channg,

These sieps arc implemented in the ATJ\".Ii'-A'h}' components that can be grovoed together in foor
functicnal categorics: ) , .

1. Channgi selection . ‘
oA ASDcopversian -
I Processec/ADY1i-A interface

4. Conteol bogic thul coordinaies the above steps with roapect to one another and to the nesds
af the processar. "

These caleyones are discussed Balow,

2wl Chasnd Selection ) ) :
Lhannel selection 5 accomplished under program cuntrol by two S.channel multiplesers. und i= 5
fanction of the dota weerted in bits 8 through 11 of the Control/Status Register (CSR). Each.of the 16
andabog inpul chunnels ix rauted to the single oulput channel throogh o MOS Geld-effect. Lransistor
whizh acis =3 2 normaliv-open switch, During the samiple interval, the dats psttern in CSR bits B
throwgh 11 selects one of these transistors and causes i to change from a condition of nearly infinite
resislance {1 GU or more) to one of very iow resistance (1000 {F or tess), Since in dhe selected state the
transistor conducts current within the £35.02 ¥ limits equally weil in saoth divections, it fow functions
A8 1 closed swiich, effectively routing 10 the omput line whatever analog gignal i contevted Lo its
inpui,

232 A1y Coarersiug

AL conversions can be initiated in three ways under. pragram comirol, o _overflow fram the
EWViE-A Heal Time Clock, ot on external input. When a conversion is completed or the controd
progrem writes a multipleser addresa into the CSR, the contro! fogic initiates the Trangition Lacerval -
2 debay of about 9 us to allow the multiplexer adequate selection und settling Grae aad to permit a valid
represenlation of the signal lovel to be established in the sample circuis. IT o A /D Sart signal has
occurred by the time the Transilion interval has clapaed, the sample circuit metely followes ahe signa
transmuitted 1o il theough the selected multiplexer channe] and waits for an A /D> Start signal. When an
A (13 Stave signal oceurs — ot ae the end of the Transtion Intersal if A /13- Start was previgusiy pener-
uted hy the writing of the CSR GO bit - the sampte and hald circyrits.are switched 1o hold, susteining
the sampled tovel for the next atep. The multiplexer oltput is then set to its hold condition, i e, 1o
grouad If the angle-ended {3.E.) input is set low for single-ended measarement, to the scoond ditferen-
ta] input return lined if the 5. E. input is not set low, Note that if an exwernat of cloek stard signal ocours
during the Transition Interval, conversion sty immediately without waiting for the Traagition Tnter-
vat ta he eomplated, Bit 156 the CSRIAD ERROK) is set, however, and an iptermupt is generated if
bit 14 ferror interrupt enabie) b set - alerting the program that conversions are occutring oo fast and
are consequently ligbte ta be i eeror, |, . ;o e e e :

2-4
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I

Under tiormat condilions, 1t is pot until the Trunsition Interval is complete that the measerement
process is begin. The Supcewsive Approximation Regimier ($AR) is cycled through 13 stutes by the
clock, In the first state its owput code involves ooly the most significant bit (M5B} of the 12-bit SAR
word. This eutput code causes the feedback digital-to-analag comverter {(DAC) te generate an oulput
equivaient to that produced by the hold circuits in respanse o a sample voltage of 4. The DAC outpat
ig summed with that produced by the hold cirewits and with that coming lrom the grosrded multi-
plener oulpat (single-ended mode) or from the socond differential inpur {euasi-differential made). 1
ihe current from the summing node is negative, the first approximation Wes too low, 4and the com-
parator sigmdis the SAR to myintain the state o bit t1 and repeat the process with bit 10, 1 ihe current
ftom the summing node is positive, the first approRimaion was too high and the SAE changes the
slyte af bt | befare eyeling into the second approximation. This process continues until all 12 ity in
ihe word have heen-set, tested, and if necessary, changed. The | 3th stute (end of conversion, or EOC)
indicaies that the mrasurement is complets and that the SAR now contains an offset binary equivalent
af the sampied valtage and may therefare be transfered to the progossor. FOC causes the sample and
Bold ciceuitd vo retarm mo thie sample mode:und to rései the SAR , preverting firther SAR activily until
the occurretce of the next hotd condition. L . ' ,
Node that becauss the reference polnt agoainst which the sample voltage is com pared is'at the qutput af
the mullplexer dtself rathier than internal to the sample and hold circuits, all offset voltages penersied
by the inlervertng circiuds Are dommoh to both sample and hold conditions and are therefore cancelied
ou of any measurement. Fn single-ended mode, praunding the multiplexer outpat {and thereby estob-
lishing this reference point) is identified as auto-zeroing the converter.

233 Jurerface Tunctioas - - . :

In siddhion o stopping the SAR clook and reestablishing the sampie mode, the end-of-convefsion
sigital slso imitiaigs the pricess thal causes the SAR data o be transferred to the processor, Sisce this
aperation ke 4 finiie amount of time which would inleefare with subsequen: measiring operations,
the SAR daza s firsl tranyferred fo a hoiding devies, the Diata Buifer Repister (DBR). where it wili
remidin until the processor e -be patified o read the convertion data for processing. In the meantime,
the channel sefection and AfTY covwersion circuits can begin the next measurement as dictated by

tlaf i)

Control /Statub Register (C5R} it conditions controlled by the proesssor,

Included in the ADVT1-A interface is an extension of the DBR designed to aceept S-hit weite informa-
tion from (he BES D2ATA A DDRESS lines. This buffer permits programmed setting of the Vernier
DAL (see Faragraph 6.2.1.3). Also included are trensceivers thut eonnect the Si-directional BLUS
DATA linesto.the LE1-1) Bus DATA/ADDRESS lifies. Associated with these transoeivess are switch-

es thut permit assigning deévice and vertor addresses 10 any given ADVI1-4,

234 Conieok. . ) ' o

Ax the ahove Jiseussion suggests, a large aumber of signals must be pregisely orcheslrated each {ime
the ADVIL-A execites 2 conviesion. The sontral logic contains an assortment of gates, latches, read-
cly memories, 4nd fiming circuits-designed to assure that multiplexer channels are property selected,
sampde duralions are of adeljuate length, conversions are not initisted during urncompicted previous
conversioms; cie, In general, ths logic precludes the need for the wser to attend Lo any bul the most-

elermentary details of the conversion process, e.g., making necdssary coanections Lo the system and

wrilng control programs that make appropriste use of the CSR.

24 USERINTERFACING ;

241 Auslog Inputs Ce |

2.4.1.1 Eir_lgl_i:hli'l_njﬁ'é'ﬂ_tﬁ#'j - fﬂliﬁgiﬁ_cndﬁﬁ anatﬂ.g inpist vignals for the M'j"‘f"r’! i-.'-;'l. Ry m:nf WO

types, grovnded and floating. A grounded input is one whose beved -3 refarenced to the groand ol the
instrument that is producing it. as illustrated in Figure 2-2, Since the instrument may be logated at a

TThe ADY -4 is factory-sel For differentigl mode. Single-ended sode muost ba selected a5 described in Faragruph 2433,

1.4



digtangée From the compiiter, there may be somie voltage difference between the ipstrument gronnd and
‘the corhputer ground. The voltage seen by the ADVIL.A wiil be the sum of the undesired ground
difference voltage and the desirnd insinnment signal voltage. In cases where such differences " are
encoumcred, thry can be minimized by plugging the instrurent into an ac owilst as close as possible to
thet previding power to the compater. Do add TR & -wire fram user's ground to the ADVE-A analog
ground. Suck: 3 wire can cause ground. loop curreiits which alfect results not onfy on the inpait channel
in question. butalto on other channels. o ' '

. 27T T
—— i . i - i
CSER'S SULRZE o TSk . __l_[_,_'h"“ ' i
I SEPPYS L. s . L I
e 2 e s v B S
i - 1. . r-—‘—-—-:- - ] Ij’_.. ; !
| | n S s | |
i —4.a
L ' -J . i— a ‘
e . w— — — —i — !
e g nA I
RGN E_.__...,..,._..____l.__..i
COMP STER
FAH™I
P T

Figure 22 Single-Erded lapwt Referenced to User's Giround

A Haattng inpat is one whose shgnal voltage is developed with respect 1o 3 point a0t connested to
ground, a5 dlustrated in Figure 2-1. The dentifying characierstic of a floating sotme is that con

-pecting the sienal returi o the ADVH-A ground dosi not result i A current path Hetwean the
'ADV A pround and the intramént growpd: - 0 T T :

Moty that the retur of & floating inpit mast. be connésed 1o une of the ADV]1-A’s analog ground
termingls (see Figure 23}, Ground paints may be shand among chanels, as sflustrated by the hatlery-
powgred saurces in Fipure 223, - :

2.4.1.2  Oamsi-Differentnit Mode - Fhe “qmﬂu in “quasi-gifferential” cam hest be explazned i
the context Af a prelimnarereview of woe di 1l perition. A troe difforential impat invelwen two
signal lines copmecied ti a dilferantial am ifier in such & wiy that (ke output of the devios is 4 function
of the. ipstantunisous diferance between the voltages o the two signal lines. Oni advantage.of sacha -
configurution i ilustrated in Figure 2-4. . oo S :

Figure 2-#(a) usaneés asinglie-onded generating -device that produces 4 signal, Yy, with respect Lo its
ground-and s siiuated suffisiently Farfrom e recehringy device for a dgnificiod aoise viallage, ¥n. tobe
devloped i the power disttbutionground Hres: The resdlt i that, 2t any given instant, the differen-
tul amplifizr in the receiving deviee seek both rie sighal voltage and the noise voltage. 135 cutput, Vs, 18
u fanction of ¥y + ¥y, and is in errec with respect to ¥, dlone.

-1
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Figure -3 Floaiing ADV1E-A Input Signals

Figure 2-3{b} illustrates the same devics comnested in true differential mode, The same naise voltage
euikts in the power distribution ground system, but this tine tho generaling device gzound is connecied
directly ro the negative inpwe of the receiving differential amplifier. Since the instantaness noise
voilege is comunon to bath the + and the - inputs, it is cancelled out of the Fagl amplifler owtput. ¥,

now pepvides a valid representation of ¥y ulone, - R -
Figure 2-5 itlustrates the ADV1i-A operating in the cuasi-differential mode

The major contrasy berween true differensial operation as described. abive and the operation of the
ALV IL-A in- differential mipde is that 3n che fater, the two sidés of the sigral srenot simulianentyly
inpue tord differemtial-gmphifler. Rather, their difference:is estublished Wy 3 sequential dperation thal
~Aizst samples the voltuge 2t ane of he twoinputs and then, holkding this value fixed, in affect subtedets
from il the voliage at the sscond input. For tear de conditions, this procedure pidduces a:resule ke
that of true differential operatian - that js, the output is & Tunction of the diforence Belivesa the twi
Cimput-voltagds, and common mode yoltages ace capcelled-out! But, gnce there d5 i sipnificant. tirne
“lepse botween-iaking the sample. a0d . compieting the final EPPrONTAtian; & poasiility for ermos is
nirwidiuced by the APV 1A that increases we o function of commen mode sighai freqisgacy, The result
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i fhal the common mode rejection ratio, while esseniiglly infinile at de, rolts off for ac signads, and is
about 40 4B at 60 Hz line freguency. Ia addition, siree tive holding action of the sampie-and-hald
vircui i3 only i effect -on the st {(noa-inverting, signal) mput ol ot on the fecond (invertiog,
relutny wspul, e voltage rate of change ou the sesond input should be kept below 25 mV /ms. Thisis
the slope that results in 3 quarter-LSE change during the coaversioh interval, Such 3 rate of change
corresponds o 125 mV peak-to-peak at 6} Hz line frequency, This cynamic response difference
bitween the two isputs fequites us 1o distinguish the ADVE1-A's differential wiode from- true differen-
tial aperation. Hence the term *quasi-differentizl.”
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Figurg 24 Single-Ended Yersus True Differential Input Mordos

141 - Avoiding Spivious Signais : . _ ' '

As & prefiminary step; confich that ‘the compiter power supply grouad is congected 1o power line
fearth) ground. I contimuity checks reveal wo such connection, witach u fength of 12Z-gaupe wire
hetwean the power supply graand and a convenient point asscelmted. with curth ground,

2421 Twisted Pait Topwt Lines - The effects of magnetic coupling on the input signals may be
reduced for floating single-ended or differential ifpuets by twisting the signal and retirn lines in the
input cahbe. If the indugtive pickup voltages of the two leads march. the net cifect seen at the ADV11-4
input s zevo, Use of twisted psirs has no effect with 2 single-ended noa-floating signal {referenced to
ground =t the insitumeant ered). C
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2.4:1.1 Slilgdded Input ]M - The effects of :Ir,mmmﬂe cobpling on vie inpul signals may be reduce
e by shiciding the sigaal wires. Thij is-gapecially importarit if the indtiuntene or tranddikier bas high
source impedance, To prevent the shileld from caerying curres] and this developing ground oo
volingus wirbin I;I."h: .&EWH A, éaniiﬂnt t’Hﬁ grci:md at tim-msmmimt erd. :ml\'

14,23 Allowinp for bigst im:lm; with Bigh Snéroe. I = All mhdw:hi: muh:piﬂtr, injeel u
small amount of chargs into thelr input lives wlien chim l}}.ﬂi‘lﬂﬂk calsing a {ransisnt erros voltage
that in discharged by the mput signal’s sowiree impedanoe, Thi: ATIVI1-A shares this charasteristic, and
als injects o snall charge into the selected Input line at theend ol sach conversion when Lhe suto.zero
switch ts turned off (see Paragraph 2.3.2). After any chuanel change and after any conversion. the
ADYI1-A's control logic allows 4 9 s inbérval (idéntified g8 tiwe Trapgition Interval) during which
conversions catiot slart without gencrabing ercer conditions. Normally, this is sufliciem ume for the
inpui trangient to setthe out. Hawgver, miore lime may be nesded wheri Lhe multiplexer i swilehing lato
an isput channel with high souree impeilance, particulsvly when large amounts of shurd capaciianes
exist i ihe interconseciing cables. Sourde impedance/cabilé shunt copacitetce products greater than 1
w5 shoahd be avoided whenever mﬂ?ﬂrbiun& are to- bo Made 2t maximum rate with less than 1 /2 LEA
greor. This means that cable ghunt captcitance for a 1000 § source should not exceed 1000 pF (107 x
10 = §0r), that shunt aapamt.arm:: for a 106 § souree should mot exceed GO oF (102 3 10T = 4rey,
ete, Assuming twisted padr cable capacitance of 50 pF/foot, theae consteaints iranslfte jntd & max-
imum run of 20 feet from a 1D00-0 sOuTCE, 0 feat from a H0-42 souree, etc. NWote that these valoes are
consistent with good practice for aveiding naise pi:ei::up in long, tah'[a runis. Wote alsa that settling
errary can be elimingied by increasing the lime beélween conversions ot incorporeting a sofoware delay
heeworn ghannel changes wied program star] commands.

143 Conpectogs
Figure: 2.6 llustrates the location of uue-r connectors and switches on the component ﬁdr of the
AD"v’iE A baard.

Araleg mput signals are iaput 10 the ADV]]-A through the 40-pin conuector. Pin aﬁagﬂmmm for the
pofinector aré shawn in-Figure 227, The proper Berg-to-Bierg cable 1y the BCOAR, the praper Berg o
arepared open-ended cable is (he BODZ, (Sse Maintenance chapter for further nformation )

2.43.1 Distritnition Panet - Figuré 3-8 shows an H322 Distribgtion Panel that is connected on the
fear Lo-the ALY 1A Beorg conmesiod and ob the front provides: sastly identifiable and conveieatly
accessible barrier strip conpections for user apparatus. Each H322 sconmmedates two ADVI bAs or
one ADYT1-A and one other single-postieetor: devics, The ADVLI-A s shipped with decal weté that
specifiéally identify ADY 1A inpuly wad biitputs, Wale that the H323-9 Potentiometer Box mey ror
be wxed with th: AIH-’E k-AL (Bee. Mmmmmmchaﬁw for &pp-tnwﬁam mmﬂmﬂer hox cireul Y

1.#.3 2 - External and Chick Starts - Thum:eruh‘um 5i aﬂm;: pinB ufthurlkrg compeitor or TAR
3 [see Figures 26 aod 2-7), 0n o TTLS0tpsible inpit thut. prexegits. five unit fosds: B0 TAY 10 By
ﬂnwng gL ‘Cofiverdons mn on theiam!:um-!nw tmﬂﬁﬂm o thm su_mm

In fost cases, the r,:r.temﬂj gtart signal will be prmh:bud Bya gmrmdud {nbn-Anatin Inlhl:- EENETRior
of logic & mu!trj.;' located in 2 grounded hlﬂnHﬂML Thevesirn path far the Exterpal Start signal will be

throlih The-power line: toind m this ¢eason, g::uﬁd diffronées IIH'#I}EI’I ot und ugm-

‘puier-shoulid e mivimized io! pmg:pun tart puless due W mm:t fnfee. 1 ho case showld &
separate retar-Hoe e rae hatween gmun ded Sdurce dnd the ¢ gt preund. Crly with Aoating
deviens shoisld Tetirn Hepes be'rur betwedn sduirce loglc groufit ind lagic ground pins of the ADV11-A
Berg: conmestor. External davices that raquive Wiffetig tan te interfiesd to the APV 1A throngh
Scheritt Trigher | of the KWVILAelack: r;k‘i‘i Connection isnade b meanaof s DECTOMTM type
jumper (Figure 29) 1o TAB § (Figore 2-8) of the ADV1-A,
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_'fg:r}i"{f;r;ipﬁq ihal miust be initiated in.cansequence of me intervils or un every nik gﬂ:ﬁm;é@ﬁg may
be triggered from the KWYI{-A Jhn::fh & DEC 7010771 type jumpsr posnected from theclack T

aitpit tah (C1,K) 10 the ADVL1-A clock éxérflow. b (C).

3433 Mode Comrol - The ADVLI-A i5 equipped with jumper. lugs: (see Figure 2-6) that parmis
chungiog apcrating mode from quasi-differéntiai (no copnection) o single-snded (jumiper installed),
The single-ended mode can also be seleeted by connecting Berg canngetor pin C to bgic ground. This
allernative is provided t¢ permit coaveniedl external mode selection in installations tho! reyuire fre-
quent sllernation hedween one mode and the other. : . . .

4.4 - Yector and Address Seleetion - Device gnd vecior addreuses are dastened to the ADY -4 by
means. of fwo switch pucks (82 agd S1, Figure 2:6).52 is a.pack containing [.single-pole single-throw
auitches, qumbcred 110, that commubicate with data lines HDAL 2211, Assuming BDAL lincs 1213
b be st by the processor to. 1, 81 permits ssngiing uny, adduess between _'!?ﬂﬁﬁﬂ.iiiﬂ'.a?:rma. The
recorystignded addresy for she ADVIL-A Siatus .l%gaiﬂtﬁf 18 170400, net an itiustrated in Flgure 3100,
'Fﬂﬁ““ﬂ-ﬂﬂﬂﬂ-R:mkérféulw*ﬁﬁﬂr.@*ﬁ the next even pdiress following thit assigned 10 the
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25 PROGRAMMING

LA, | Gkl Statis Reginler (CSRY
Thwm:uf:ﬁh&hf%ﬂ LER ...!*ﬂ dﬁﬁnm hn!m-.t
mu;'Jgﬁa*ﬁmwwwwmﬂmmmznm&m ; %
&;-I w&m‘i&rﬁtﬂﬁ IEE«hﬁaﬂhﬂmﬂﬂfiﬁﬁliﬁhmm#Im

- ﬂﬂ!"%ﬁﬂg mﬁfﬂngwﬂmﬁimh‘mﬂﬂ !E F'tﬂiltﬂ!-ﬁ _ g .:_;E.I?;

E : . l.l ..- -" ; .I .h:l oy .\. :
St Fa.ﬂngm;&.mm: :-'::i.ui't ufawhﬂrﬁmmﬁm hﬂﬁfﬂ dw.myi ng_fma:efm mﬁmm-m
iz 14, ERROR INTERRUPT ENABLE { Read; Write) - When sct. enables a Program interzupt upon

R eryar candition (A D ERR{}RI qu:rrupt in generated whnm:ver bits 14 and lS are set, repardless
af whiich was set Frst.

Qs rA-12 Mal wsed,

Hipz {14 MULTIPLEYER. .-iﬂﬂRE.‘ES fﬂm.;fj H‘mﬂp E‘ untnm ;ha nﬂmhu.r nli'. &h: UrTEnt. ana,-:-g
mmu. Eﬁ&ﬂﬂﬁ] heing iﬂ-:ﬁh?rﬂd : e St i

.h'ﬂ' :;*?‘ A,f.ﬂ ﬂﬂHEfRandj - Sqt,ai -ﬂ:p mmpﬂﬂmn -;f & mnwrﬂua Whﬂ: Ihl dsl.n Imfﬁer ,1.5 upd;umﬂ
C lewresd when the date buffar is read and by the pracessor INITIALIZE. If enabied Interrupts are
requested simultamecusly by both his 07 and 13, bil 07 bas the higher priority, :

L s

-y
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Bir (- DOUNE INTERRITPT ENARLE | Readi Write) - When set, enihles @ program intecrupt at the
completion of 4 conversion (A /[3 MONE). Interrupt is generated whes bit 07 and hit U8 are both set,
regardiess of sequence,

Bir 03 CLOCK START ENAALE | Read Write) - When set, enubles conversions to be imitiated by an
overflow frooy the clock optien. '

Bii (M EXTERNAL 8TART ENABLE | Read; Write] - When set, enables conversians to be initisted
by an external signal or through a Schumitt trigger from the clock option,

Biy (13- [T ENABLE { Resd! Wrike) - Whien set, cavses hit 12af the Data Buffer Regisver 10 be loaded
toa | at the end of aay conversion,

Bis 02 MAINTENANCE [ Read; Write] — Loads, when tel, all bits of the canverted data autput equad
ta Multiplexer Address LSB (bit 08) at the completion of the next conversion, Cleared by the pracessor
INITIALIZE. Used for “all 03" and *alt Is" tests of ASD conversion logic.

Bir ) Mot used. '

Bit 0 4/ D START | Read! Write) ~ Initiales a conversion when sct. Cleared at the completion of the
canversian and by the processor [NITTALIZE,
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Figure 2-100 ADV11-A Address and Yector Switches {Rocker or Shde Switches)
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VERMET fiid E LS
S B —_—— ek —_—— —
: "D T
= ] 3 ¥y 0 oo o i 0B U rna o3 R ‘i 7]
g 1 . -
7 !
: ! '
+ e : - -
— "-\—-‘EF-I —— S e L T o e e ____.._I.i.'
i CONYERTED D& A [RE aDn
1 d%eg

Figore 2-i2 ADYI!I-A Dain Duefer Repisler iDBR)
L.5.7 Data Buffer Register ([PHR}
The DBR is gotuslly twe separate resisters = one read oni ¥. the ether write gnly.
Read Only (Cleared ar processor initialize)

Airg 15-11: Mot used. Should read as D,

Bir 12: 1D Regd) - When 1D ENABLE {hit 031 of the TSR kas baen set, iYAR bt 12 wilt be

lcaded 10 a | at the end of conversion,

Mty PO CONVERTED DATA {Reod) - These bits conlein the resubts of che last A/D

CORVERIIXL
Write Caly {Sct 10 200 2t processer initizlize)

Biis 1308 MNal used,

Bits 0700 VERNIER D/ & i Write] - These bils provide o programmed offset 1o the copverled
value (scaled 1 /A LB = 150 A /D L5R). The hardware mitiaitzes Lhis vailpe o 200k [mid-

rangeh ¥alues greacsr than 200, make the input voltage appéar more positive,

-0
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Read 1y A /D conversions fram chennel § into tocationg 4000:-4176: and hall.

CLE
My
Pue .
TATE
BPL
INE
Moy

Cup

ANE
HMARLT
170400
tin402
+END

AADEFR
¥460D RO
RADSK
RADSP

Loop

AADSE
RADBR; (RO )+

RO, 4200
Laoe

ETART

*&rarling a subesquent converdon before moving dsta from & previous conversion @ 1o he recommended only
willl syelemg sguipped with oon-progesaor memory refresk. de provided in the REV1] oprions, Withoui this
cunabvility, dewa will be los: ocrasionally by CPU memoty refresh intervenzng hetween the TNT and MOV com-

rCLEAR A/D STATUS REGTIETER
15FT JP FIRST ACDDFESS

(START &/5 CONVERSTON

prHECN DANE FLAG

rWAIT UKTIL FLAG SET

IETART NEXT COMNVEFRSIOKS
PRPLACE CONVERTED VAILVE

FEGY ASD RUFFER TETO MEMORY
FLGCATION AnD SET UP KEXT
pLOCATION FOR TRANEFERS
1CHESX IF 100 JONVERETICHE
tHAYE REEN LAKE

puny GET KEXT CONYERSION
tDRNE

$A /0 BTATUS REGLATER ADDRESS
phy¢d BUFFER REGISTER AGDRESS

mands. in general, ren-processor memory fefresh 15 essential (o reallzing the full potential of the ADVI1-AL

START:
LOgPa
e
LODERT
ACHRAY
#F5
A
-
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CHAPTER 3
KWVIl-A PROGRAMMABLE REAL-TIME CLGCK

31 GENERAL BESCRIPTION :

The KWY¥11-A g srocraminahle elock fcounter combination that provides & variewy of means for
delermining 11me miervals o counting events. Tt can be used to goncrate merrupls Lo the L3I-11
TIrOUERSer Al pr::!m::rninﬂd peervats, 1o syachronize the processer io exiernal events, OF B0 CASHIC
time intervals or establish programmed ratios between input and output events. Tt can also be vsed Lo
weierl the ALY T1-A Analog-to- Digital Converter gither by clock counter overflow or by the fiting of a
Schanitt tripaer,

The clock caunler has i resolution of 16 bitz and can fe driven [rom any of five internal crystal-
coetrollerl freguensies {100 Hz to 1 ME2), from a line freguency isput or from a Schmirt ingger fired
hy an cxlernal imput, The KWV LA can be operated in any of four pregrammable modes: simgie
imterval, repeated interval, exteral event timing, and excernul event dming from zaro hase.

Ihe B %1 1-A ineludes tovo Schmiit triggers, sach with integral slope and devel controls. The Schoitl
Izigpers oerniit the user to stark the <lock, initiare A/ I¥ convErsions, of goncTale progrim mterrupls in
response Lo exiermal svends.

The physice! siruceure of the KWWY 14 is lustraled inn Figure 3-1, The uni is contained on onc guad
sice madiic whase Ringers interfape w the LSI-11 Bus, User interfacing for the Schmitt triggers and
clock averFlow sionals is accomphshed by means of 3 mult-pin cenpecior {J11}. FAST ON connectors
WCLE. ST1] are nrovided o permit direct and sitrpie connections of dock overflow and Schmitt
LPiggeT nstpuls Lo corresponding terminals on the ADVE-A A /D Converter. Switch packs permil
eelocting SR (Conlrol /Status Regisier) address, interrupt vector address, and Schmitt trigger slope
and level eonditions. Screwdriver contrals (REE and R 1%} permit setiing Schmiet trigger igveis. Prowi-
sion i aise made vis the muolti-pin consector M1 for external user-provided slope switches and level
CETALTLS.

11 SPECIWFICATIONS

321 Clock
Acouriry RHE
Ra'ngr: . . Base frequency {10 MHy) divided into five selectable rates

1 MHz, 100 kHz, 10kHz, | kHz, 1 Hz} line frequency:
Schmitt {rigger 1 input .

3.2.2 Input g Ouiput Signals

AH ieputs and oulpuls are 1 L1 contpatible unless otherwise specified,
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tnput Sighals

[ b ]

EWY | E-A Conneciors, Switches, and Conlrals

©SE1IN [Schimitt Trigger b laput)

tapul Range
CidKiniem hraits)
Assertion Level

Cngin

Response Time

Hysterass

Characterestios

Y e HM Y

Depends wpon position of siope reference seloctor swiich
and level control; triggering range, -12 ¥ to =12 ¥

Llser device

Depends upon inpul waveform and Hnm!nud.., Lypicalfy
EDI] ns -.uth ’]’TL fogic ieput

Approximately ¢.5 ¥, positive and negative

E:nglc-:nd-::d mput IUD kY rfnpt:ian:: wr ground

ST2 1™ (Schmilt TTI.LEI:I.‘ 2 !n[:ut}

Sarme deserptinn a5 371 N
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3111 Oupur Sigraks
[, CLE OV {Clock Overflow)

Asserted Leved Low

Deslinalion ' Dser device or ADVI A

Duration CApproximately 500 ns

Charncteristics TTL open-collector deiver with 470 8 puil-up to +3 Y

Maximem seurce cuerent from output throogh load o
ground when satput is high {& 24 Vi 5 mA

Maximum sink current from extertal soursc voltage
through load to outpul when oulpul i fow (=08 VR BmA

3. STY Out {Schonit Trigger 1 Outpa)

Same description as CLK av

Lagd
'

ST2 OUE [Schmile Trigeer 2 Output)
Same deseription oz CLK OV

1.2.2.3  Pawer Rpquirements (from LS1-11 Bus Power Supply)
+5 Y TS A Typical
+{3¥ B0 maA typical

13 FUNCTIONAL DESCRIPTION

331 Baus Contrel -
Figure 3-2 illusirates the KWV il-A in block dizgram form.

Tie logic pesociated with the bus coatrol bleck mdintahs perpeT COommEnizatiohs protocal belwees
the processar hus and the KWV1E-A, This logic generates and ‘monitors the bus. signais involvea
dieing interrupts and dula transkers botween the processor and the KWYIE-A, [t perenits the KWV L.
A ta recognize when il is being addressed by Lhe processor {address defined by the Adtdress Switch
Puck). o prescribe the losation in mentory pointing (o the sthrling uddresses of interrupi servies
coutines [y wizans of the Veotor Address Switch Pack). wr input conlrol data from the proesssor, and
ro odprek duls Lo iBe procrator. '

Enterrups can be enabled Tor both cosater overflow and operation of ST2. Sirce cach of these condi-
tioms kdizes 3 flag hbit in the Control /Statua Register, and since separate intetrupt voctors exist far each
condition, the canditions ntay be distinguished either by vectors or by testing Flag bits

332 Comrol/Ssatus Register . ) . : : :

The Control /Staius Register [CSR ) provides 2 means for the procassor to control the operation of the
KW¥11l-A end to:derive information sbou its-opcrming condilion. Bits are provided for erubling
interrupts, mode selottion, matrtenunce operations, starting the counter, and overflow and Schmiit
irigger event moaitoring. {See Figure 3.9 and Table 3-1.)

3
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3..3  Maode Costrol
Logic vircuitry associated with the mode sonteod Block permits WY 1E-4 aopergivom in four different
nmtes ew specilted by bits 7-1 of the CSR,

3301 - Wode U :Single Unterval) : : :

When che G0 Bl is set in this mode-either by the processor of oy a Schimitt Trigger 2 event, the counter
is kaaded from the BufTer/Preset Register (whick has previously been oaded with the 2 complernent
of the number of covnls desired before overllow). Onee loaded, the counter will incremest ar the
selecled rate until it overflows. Overflow ciears the GO bit, sets the Overfiow Flaz, and interrapts the
processor i that Fumction has been enabled. IF intersupt has not been enabled, the KWWY -4 waits for
ICESLGE indervenlinn. ; : }

3.4.3.2  Wlade [ {Repenied [nterval)

Wien the G0 hit is sef ip this maods, the counter is loaded from the Bufer, Presel Repister fBPRY and
is then incronentsd to averflow as for Made 0. In Mode [, hoewever, overflow docs ool clear the GO
nit; insteqd, Il causes the counter to-be reloaded From £he BPR, ruises the Overflow Flag, initiatzs g
mlerrupt sequence i the CSR intercupt on Overflow bit i set, and couses the count to be continued
wilh Ao dass of deta, . o _

34



33331 Maode 2 {Externa! Event Timing)

When 1lye Ci€3 bl is sl in this mode, the counter is sct to & and then incremented st the selected rate ws
lang 29 the GO bit remains sei. An external signal to 3chmitl Trigper 2 {8¥2 causes the curreni
contants of the counter to be loaded imio the BPR while the counter continues to tun. Al the same lime
the T2 Flag is sel and, if Imerrupt 2 is enabled, an interrupt is peneraled, thag permaicting che program
L reid thee wakue held m the BPR. '

The counter eontinncs to run ufler the 5T2 event and rlso continues to run after ovesMow. Entereupl on
Cverfliw may be enabled (o alert the progrars (o the overflow condition,

3334 Mode 3 (Externad Event Timing from Leore Bose|
Operation in Made 3 i identical ta thet in Mode 2 except that the counter is 2eroed each time an 312
event |oads ks conterls inle the BPR,

1.33.% Flag Overrun
Ui ait mades, if & secont overflow pceutrs before the Overflow Flag is rased {i.2.. before a prior event 15
serviced by the processor), or iEST 2 fives when the 5T 2 Nag is already se, the Flag Overrun it s sed.

A34 Oseillater, Divider, Rale Coutrol Chain

“Fhe circuitry ssocidled with these blocks provides the lime base that is fed {o the counter. The
KWYI-A permiiz eight clock conditions to be wpecified by bits 5-3 of the C5R: STOP, 1 MHz
KT kIIz, 1 kHaz, 1 kHz, 100 Hz, an exterpal time base appiied o 3T, and line frequency (30 o7 60
iE¢) picked up from bus |ine BEVMT, External poriodic or aperiodic pulses may be applied to 3T1 and
counted, provided they meet the criteria in Purapraphs 3.2 and 3.3.6.

3.3.5 Boffer!Presel and Counter Registers _

The Huffer/Presel Register is a ward-oriented, 16-hit read/write regisier that can be loaded either
wnder progrum contral or from the counter. tn-Maodes 2 and 3, the [iring of 512 causes the BPR 1o be
Lowarbed wilt the contents of the couater, The BPR caonal be losded by the program in these modes as
b e Uhe 300 bit is set.

The cownler is @ 16-hit interaal register acorgsible anly by way of the BPR; in Modes 2 und 3 it can be
read indivectly through tie BPIL '

336 Scheait Trigeers

Boih Schmitt riguees are aquipped with switches to permit sefecting slope direction (+ or -} and
threshatd reference level (TTL or —12¥ to +12V continuously variable). Each Schmitt trigger s alzo
cquinped with a sceewdijver-operated potentiometer to primit selling (the variable threshold lewel.
Swiich-pack and poleatiomeler tesininals are alk brossght. to multiple cotnector 11 to permit attach-
ment of exterpal usér-provided slope and tevel controds, (See Figure 3-3.)

The two Schmirt triggers are used in somewhat different ways:

ST) - Verforms as a4 cxternal time base inpul or external input Tor apericdic signals o bo
counzad, Crutputs hoth tn 8T1 FAST OM conaecior to provide external start stgnals to ARV E-A
and, through rate control circuliry, (o permit seiection as input to the counter. Maximum fre-
quency vurees as 4 {unction of input waveform,

ST7 - Wher the 5T2 GO ENABLE bit fs 51, fiving ST2 in any mode sets the G0 bil and iniliaces
crunter sedion, causes the ST7 Flap to he asserted, and 'gt'.'lﬂ‘ﬂh'-ﬂ an interrupt if that funetion is
enubled. When the GO bit is sef in Modes-2 and 3, fring ST2 causks the Buffer /Presct Register to
bie loaded from the counter, the T2 Flag to be s, and sn interrupt io be gonerated if enabled.

35
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“Figure 3-3 Connecting Externad Lizer-Supplied Slope and Level Conteals

34 CONNECTOHS, SWITCHES, AND CONTROLS
Figure 3-1 iiuslrates the lnestion of user conaectors, switches, and comieals on the component dide of
the KWWY LA board.

3.4.1 &B-Fin Connector

Figure 3-% illustrates the 40-pin connector pin assignments for user inputs 2nd outputs. These pink may
be coppected w the optional H322 Distribution Panel® {see Paragraph 2.4.3.1} for convenien: external
user socess. The proper Berg-to-Berg cable is the BCOBR. The proper Berg to prepared gpen-ended
cable 15 the BCOOAL. : '

142 FAST ON Conncelors {Clock (Overflow and ST1 Outputs) :

Two FAST ON compectur tabs labeled 1K and ST1 are situsted in the upper-right corner of the
KWWY il-A board (sce Figure 3-1). These tahs ars electricaliy in parallel with pins RR (CLE OV Ly aad
LT STL OUT L) an tke Hkpin connector and are intended to facililic cornections by means of
rrlike franpers (shown in Figure 2-8) ta the clock ovellaw and exsernal srart inpuls on the AV LA
Isee Paragrapeh 2,43} ' '

343 Sdecror Switches ( Address, Vreetor, and Stope/Reference Level)

I‘if:l.lt"FE__!--j identilies I:_h_rl::: switn_:_h packs {EL_ 53, and 33) that the KWV} 1-A provides to facifiale the
':::r‘ﬁ!nr_: of ES‘_I.'u-IIdr:iq, vectnr address, and stope freference levél conditions for Schmste Triggers 1
angd 2 '

R e TR,
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3433 Address Selection - Swiich Pack 81 contains 10 sinple-pole/single-throw switches that com-
municate with dala fines BIXAL T1-2 The KWV11-A reads the BBRAL lines only in response Lo BBST
which the processor asserts only for an address of L0000 or higher. For this reason, and because (ne
KWY1i-A (ransceivers are bard wired 1o respond oaly when BIDANL bit 12 is set ta | 8] permits
ussigniep the CSR #ny address ending i D or 4 between |THNE) and §77774s. The recommended
sddtess for the KWY¥11-A CSR is 170420, set as Hlustrated in ¥igure 3-5. The BPR awvlomatically
receives the neat even addeess following that assigned to the CSR.
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Figure 3.5 KWVIi-a CSR Address Switches (Set for 170420}

T-a1re

3.7




3432 Vector Selection - The clock overltow interropt vector address is set by means of 53, a 7-
switch pack of which only six switches are utilized. These switches cammunicate with BDAL lines ¥-3
ard can be selin increments of 1y, The $T2 intereapl vector sutamaticafly receives an address thut ix
four locations higher thars the clock overflaw interraptl verlor whose recnmmended address is O00O0E41
rsee Figure -Gh .
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Figure 36 KWY11-A Vector Addreds Switches (8¢t for G00440;

3.4.33  Stope and Refercnee Level Sclecer Switches and Coatrols (See Figure 3-7) - Skope and refar-
ence hevel seleenion for 5T1 and ST2 are aceomplished by means of 52, 2 T-switch pack af which onfy
swilches | -6 are uied. Twa reforence modes are seiectuble for cach Schmitt Lrigger - one that picks 2
fixed bevel uppropriate ta TTL fogic, and one that packs a varizhlg level that permits setling the ST
throshrold fooany point between — 12 and +22 W,

NOTE

User should take cave that botl TTL und variahie
wwitchos [or vither Schmitt trigger are gol oa simul-
tageoas]y. This eondition wili do no damege w vvm-
poveeis. bat produces unpredictahle referedce leveis,
Mede also tha if ne siprat is connected 1o o Sehindi
trigger input, boih threshold switches for thar 5T
should he open for ol imunlty. Allesnatively,
Tt IN amnd ST2 IN can be groonded cxternally.

Slope selection is accomplished by separute switches for ST) and 5T2, respectively, When the related
swilch s am. the firing poing effectively occurs on the pasitive stope of Lhe inpal wavefarm. When she
switch is off, the Tiring point oceors on the negative stope. (Sce Figure 3-B.)

35 PHOGRAMMING | o

153 ('SR Rit Awigomenis
CER bit assignments are identified in Figure 3-9 and defined in Table 3-1,

3-8
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352 Bulfor/Preset Register {BPR)

The BPR is a 10-5it, word-oriented, read/ write register. Any atiempt 1o write a byte into this register
will sexult in a whole ward being written. o Modes 0 aad 1 the program ey load it with the 2's
camplement of the number of eounts desired before overflow, In Modes 2 and 3 it permits indirect
reading al the clock couneee. -

3.53 MNormal Control Sequenves

353,10 Mede U (Shgle Interval) - Control code [or aperation in Mode 0 must support the following
SEQUENCE

1. Conieol program writes desived count (2's complement) intu BPR (see Paragraph 3.3.5).
2. Program writes contral codé into Contred/Satus Kepister 22 indicated in Tuble 3-2.

If €700 bix s set high, KWV I-A responds by loading the 16-bit counter (see Paragraph 3.1.3)
from the BPR and enabling the counter; 1F'GE it Ls set low and ST2 GO ENABLE bur &5 301

high, KWY11-A waits for 5T2 ovend, then ssts the ‘GO bit and louds and enables the
O nebEr.

ad

4. Comsiler morements uniit overflow, ther hulis (GO bit is cleared)

5. KWYV1i-A raises Overflow Flag and tisues interrupt if1he CSR.INT OV bit is sgt; # inder-
rupt is not enabled. KWY11.A waits for program imtervention. '

fi.  Program responds to interclpt or intervenes in conrsgguence of other eriteria {¢.2., testing the
Owverflow Flag ot the AT Yere Flag if overflow was used Lo vlart an A /D conversion).
Program reads the CSR, clears the Overfllow Flag, and if o counting or mede changes ars
requircd, sets the GO bit or the $T1 GO ENABLE bit to rectter the sequence at sfep 3
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Table 31 KWVT1-A CSR Rit Definitions

Set By /Clenred By

T

e e L e 2, L

Rermrks

{5 ST7 Flag

Bead /Write ta ) .

MINT2
(INTERRLPFT
ON §T2)

fead /W ritr:.
138T2 G0
ENABLE . -
Read /W rite

i? FOR

(FLAG OVERRUN; ~

Fead /Write

1t DD
(DISABLE
INTERMAL
OSCILLATORY
Read /W rite

10 MAINT Q80

Wtte Only

o MAINT 512
Write Ouily

Set by the firing of Schmill Trigger
2 or the setting of the MAINT ST2
bit in any mode while the (GO bit or
the 8T2 GO -ENABLE bit is sef.

Cleared eader propram control,

Aiso cleared at Lhe 1"-going tran-
sition of the GO bt unfess the 572
G0 ENABLE bit has previously

" been sef,

et und <leared under program

contral,

" Set ynd cleared under program con-

trod, Also -cleared at the “ " -going
rrandition of the GO bit.

Set when an overflow occurs and
the Overflow Flag is still zet from a
previous poturrence, or when 512
fires and the 812 Flag w afready
get, Clearad under program contral
and at the 1 "-going transition of
the (30 bit,

820 and -a;lemd uhder program
conkrol. '

St under program control, Clear-

i i not tequired, Always read as

g0

et under program controb. . Chear-

.. ing s nol reguired, Alwaye read as -
e

e

311

e =

T ETF TR

T I S R

‘Must be cleared after servicing an

T2 interrupt to enable farther
interrupts, When cleared, any
perding ST2 interrup! request will
be cancelizd, IF ennbbed interrupls

dre reguested at the same time by

hits 7 and 15, bit 07 has the higher

. prioriy, -

When set, the asseriion of 512 Fiag
wilk cause an interrupt, IF st while
572 Flag is set, an imterrupt i3
mitiated. When clsared, any pend-
img 3T intercupt roquest will be
canic]led.

When set, the asseroon of 5T My

Wil se (ke GO Bit wnd clegr the
ET2 GO ENABLE nil.

This bit provides the programmer

.owith an indication that the -hard-

ware is being asked to operate at a
specd higher than is compatible
with Cha sofiware,

For mainlensfce purposes, this b
inhibits the imigrnal crysiafl
esellodor fromy incrementing the
clock counter. Tised in conjunciion
with bit 10 delow.

For maintenince purposes, ReLling
this bit high stmulanes ome oycle of
the imtcrpal 10 MHz crystat
oscillator wsed to increment the
clack counter,

Setting this bit stmulates the fiving
af Schewitt Trigger 1. All functions
initisted by 8T2 can be excreived
under program contral by esing
1his bif.

o —




Bit

B MAINT 5T1

Write Only

TOVFLO FLAG
Read,/ YWrie lo 0

i INTOY
{INTCHRELFT ONM
OVERTLOW)

Fead W zite

51 RATE

Boad Write

211 MIOPDE

Read; Wriile

G0

Koad Wriie

FEFEY

e R

Tabie 3-T KWWY -4 C?R Bil Del.'::t[lm!!b 1{.4.\11:!]'

I e e e

St By ((Chared By

S - T

Rn:m&rkh

Sel vnder progeam contral, Clear-
ENg i mot reguired. Alwuys read as
‘IID [ L}

bet gach lime the counter gver-
fows, Cleared under program con-
trof and at the *'|"-going transition
of the GO bit.

Bzl wnd clesred wnder propram
contral.

Sct and cleared under program
contral,

Set and cleared wnder pmgnan-r
oo

Set and cleared uwnder program coti-
trol. Also eleared when the counter
overflows in Mode (). -

-

Liy

i of 8T,

“lo enahle Further overflow

—re e (T O

Setting thia bt simulatey the firing
All fanctions inftiated by
ST1 can be exercised under pro-
gram control by osing thie bit.

If hit 6 {9 set, hit 7 set will in:tiate an
wrerrupt, Bit 7 must be cicarcd
wleer the interrupr has been serviced
intar-
rupts. I deared wihile an overflow
interrupi request to the prosessor is
pending, the request is cancelled. [
enibled interrunts ure requosted at
the same Lisne by btz OF and 15, bit
07 has the highet priorily.

When this bir is set, the ussertion of
O¥FLO Flag will penerate an inter-
rizpl. Interrupt is alic generated if
bit 6 i3 9t while OVFLO Flag is seil.
Il cledred while an overflow inter-

repl reguest to the processor i

pending the requeni is canceiied,

These hits select clock eounting rate
T S0UCCE,

4 3 Eaix
g 0 STOP
a 1 Mt HE’
1 0 1t kHz
1 ¢ I0kHz
o 0 ! kFe
DL 1M Hr
I O 571
I | Line{50/% Hz)
2 1
f Moade(; OO0
Mode 1- O 1
Mode2: 1 0
Mode 3: 1 |

‘Setting this bil initiates counfer
aelion a8 detzemined by the rate

and mode bits. In Maodes 1, 2,'and 3
it remains set uwatil cleared. Tn
Mode 0 it clears itsell when counder
grverllow  occurs. Clearimg bit @
reroes Amd inhibis the counter.

e R Rt I e e e T el AL I R B e e
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. Figurs 3-9  CSR-Bit Asngnments

1532 Mode 11 Héﬁeﬁtgd-!ntehah— Control code for oporation in Mode 1 must suppart the Totow-
I SeqUEence: -

1. Control {:mgt:am_ writes disired count {2's complement) into the BPR,
P 3, -F'mgrﬁm writes control code inte CSR 45 indicated in Table 3-3,

1, H GO bil is set high, KWV -A responds by loading the bE-bit counter from the BPR and
enuhling the cownter; il €303 bit 15 sot low end 5T2 GO ENA BLE bhit is sot high, KWVIl-A
weuits Tor 8T2 cvent, then sets the GO bit and ioads and enables the counter,

4. Couvnter incremeends wati) overflow.

5. KWV II-A redoads counter from (ke BPE. reenables the counter, raises the Overflow Flag in
the OS8R, and igsues interrupt ko the processor iF interrupl & enabled,

G, [Ifsccand overflow poours before Tirst is serviced fi.e,, if Orverflow Flag is.still high when nex
overlaw pecurs), KWVil-A Flag Overrun {FOR) hit in the CSR 15 5t high to alert pro-
gram that data has been lost.

7. Program responds to interrupt of intorvencs in consequence of other ontera. Progeam reads
CSE. clears the Qverllow Flag, and if no eounting or mode changes are reqquired, sets the
GO bit or the ST2 GO ENABLE bit to reenter the sequence a1 siep 3.

et 3533 Mode 2 (External Eseat Timing) - Controd code for up-ur.ati-nn in Mpde 2 must support the
' Forllpwing seqQuende:

1. Program wtiles control code inte CER as indicated in Table 3-4.

1, KWYVIL-A responds by mcrementing the counter {zeroed when the (3} bit wus cleared) uat
the selected rate wniil the OO bit i3 set to [,

1. 5T? pulse Toads current counter contents into BPR, sets the 8T2 Flag, und generates inter-
copt if INT 2 is enabled.

“ 4. Owerflow séts QVFLO FLG high and, if INT OV bit is high, gonerates interrupt.

3, Coutdier mt;ﬂnuc_q to inerement nntil processor seta GO bit 1o 0.

Normally, program wnibles INT 7 and/or INT OV bits, permilting the procssor La synchronize its
o peraliens with the exiernal ST2 events and prevent loss of data by reinitializing the process afier step
T 4 :
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Table 3-2 . "CSH BitSettings for

ST2VLG

INT 2

ST2 OO LNMA

iR,

TH

L MAINT D&

MAINT ST

MAINTETI

{:.!"._"F-':I GFLG

INT OV

RATE 2

RATE !}

RATED

MODE |
MODE D
o

T

SER———

f

Muode B, Sinple Interval
Bit Condicion | o
ux Written by !
Frocessor i Remntarks
il Will be set 4s | ain ST2 event, Cleared
by leading edpe of 30 bit asscetion
except when ST2 G0 ENA has pre-
wigusly been sel.
% Set to 1 by program if intetrapt on
AT2 event w3 desived.
X Set iy L by program if GO 1510 be sy
by exlernz! signal to ST2. Cleared by
i leading edge of GO bit assection.
AL ;
f]
It i
{
J
(- ; Will e sel Lo | by counter overflow,
i Abwzes cleared by leading edge of GO
i hit asgerrion.
K Sed tc | by program fOF interrapl on
counter averflow.
X
X ! See Tabie 3-1,
3 |
1 .
(1 { Bet by program Lo 0.
¥ 3e1 hy program 1o [
14 Set by propom to 1 ynless ST? GO

EMA s set; remeins | ontil wiitten ta
0 by progeam. Clepred when counzer

- overflows,

[ L =

-

= 0ar i, gepending 0n wher recuirem enia,
3 by wssertion.

W = Auvtematiclly eledred by 5

S

RTT

m - ——s

e

F14
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PN

Fr,

E

Will be set 1o | an §T2 event. Cleared
by leacing edge of GO bir asserlion
expept when 812 GO EMA has pre-

Set 1o | By program it interrupt on

Set to 1 by program if GOy 1o be set
by exlernal signal to $T2. Cleared by

Will be set o | by coumer overflow,
Always lesred by leading edge of GO

Set 1o 1 by program for interrupl on

Same as for Mode 0. gxcept thay bit s
aot cleared when counlet overflows.

; Bit Conditiom - |-
C5R us Written by -
Bit Mo, Name - . Frogessor a Hemarks
L1 &} F_T..E'r 0 1
1 viousky boen see.
b4 - INT 2 [ X |
1 1 ST2 event is desiced.
13 | ST2GOENA X |
leading edge of GO b assertion.

12 | FOR [
11 i PID ! 0
Lo l MAINT OSC 0 :

% | MAINTST2 L |

E | MAINT 8T ¢

7 OVFLOFLG (i

| | ! bil asseriion.
& |INTOV x :
counter overflow,

3 KATE2 ] X

4 !,' RATE L X Se¢ Tahle 3-1.

3 RATED ]

2 MODE 1 0 E

: Y - 5el by program o e,
i MODEQ 1
0 GO . X
1

% = Dor |, depending on user pécpsiMEments.

(01 = Aueomaticaiby clesred by GO bit assertion.

3-15
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Table 34 CS5R Bit-Séinngs for Mode 1, Externs] Event Timia

E Bit Candition -
CSH as Written by
Bif M. Mame - . Processor . Remmarks
5 ETIFLG : E 5 Will he set to 1 on 8T2 dvent. Cleared
- by leading cdge of GO bit asseition
gxeept wher 8T2 GO ENA has pre-
vinisly been set.
|4 [T 2. x Set to | hy progrem o interropt an
| 312 event is desired.
13 STIGOENA g, X Set e 1 by program if G0 is o he sot
_ _ © by externsi signal io ST2. Cleared hy
| ¢ leading edge af GO bit asserltion.
12 IFOR i (U}
;
W IHD 1
[ M ATNT OSC )
9 MAINTSTZ Ll
b MAINTETI i}
) DYFLOFLG Ll Wali be set to b by counter overflow.
: : Always cleared by lcading edpe of GO
! bitl assertion.
6 HNTOY . ! X Set i | by prograre Tor interrupt on
;; j coirter overflow.
f
5 RATE 2 ' X i
i
4 EaTE X P Sew Takle 240,
3 RATED A
Z MOLIE § L § .
F Set by program to 2.
1 |MobpEo 0 "
!
1] GO K b St by program o 1 unless 5T2 GO
. b ENA iz sel: remaine 1 unel writtea to
& by program. Cleared when counter
) owes[ows. )

x = For |, dependisn un user requirements.

(0] = Auromaticaliy cleased by €30 bit aasertion.

[T T P
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3.5.3.4 Maode 3 {External Event Tuming from Zeeo Base - Operation is identical ta that in Mode 2
cxcepl gt counter i zetoed aiter $T2 pulse. Counter continues to increment entil GO it is set to

Moie thas the interval between two S3T2 events may be measwresd directly in Mode 2 or 3 with processor
assistamce if the SR ST2-GO ENABLE and Interrups. 2 Wits are set hefore the frat event and the GO
bt 15 et chear, Uinder these conditipna, the first $T2 event will set the GO bil {end thus siort the
countng process) and simullanescusly issue an interrupt. M the imterrupt service routine now clears the
572 Flug bit. the next 372 everi wili cause the BPR {0 be loaded from the counter in Lhe ormal Mode
2 fushion, The choice of Mude 2 or Mode 3 for such measuremenis will dependd on whether or aot an
ampaing accumlation of time after the second event is reguired by the application. If such &n accumu-
lative: is necessaty, Made 2 is appropriate sinee the counker is nol zeroed afler 5T2 evonts.

3.54 Programminy Example _
Pecord paint in doubkeé- precision timeframa for each 5T event fellowing GO, Program makes uac of a
32-bil couater, the law arder bits of which ame taken directly from the KWV 1-A (KWBFPR) and the
Itigh order bits of which are taken from 3 software counizr (HICNT) that iy incremented with each
KWRRFE overflow.

‘MIPB L
MOy $3T2BRY, BETIVEC

JCLEAF PBW

sLOAD BTR VECIOR
Falph

16ET UF Paw FOR 813
JINTERRUPY (DIBAALE
yALL BUBSIQUELNT

1 INTERRUPTE]

jLGAD ©Y YECTDR
1ADUR

1 5ET UP PaW TOR OV
jLWEEHEURTY [(DISABLE
jALL BUHEEQSENT
[ENIERRUPTE)

MOy 1200, RET2PEW

Moy POYERY, ADYWEC

ROV FEOC STV PEW

MY PAUFFER, RO PSET LR POINTER 1U
pBEGINNING OF

YBUFFER ABEA

VCERPDEIT §MHT, MORE 2,
gINT OV EN, INT §713 EN,

FRND LT INTL EWCER

Tl A0y PAG 1B, BRERCGR

CUJINT HARIT pFOe LHTERRURPT
peY CVFLD OR 517
AlT Ay RERESS fI8 FOR BET SETT
HED CLULUNT SN CONTLNUE
JMF FLRSHY r1ES; SERVICE FLAG
raveERRUR CoxNBITION
DUERY BLT LR RTETLT PR et 1) 1i8 512 FLAG SET?
RE& a4 yhEOy CSATINUE
.TaT X uBFR g0l 8T CLCCUR EEFARE DW7
BPL 5 pUuUO; EBHAMCH
T HLICET ; (HE ) & rifE&, SSRVICE AT FLRAT
LT AEWHFR, [FOY+
BIC »heibra, A Pl B8 TACENOwLEDNGE 572
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{example continved on next page)
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4.1 GEMNERAL DESCRIFTION

CHAPTER 4
AAVi1-A DIGITAL-TO-ANALOG CONVERTER

The AAVEL-A is 3 d-chennel digital-to-analog converter module for use on the bus of the LSI-1)
precessor. The wait is made ap of control and inter{acing circuitty, four DYA converters, a de-de
canverier (o provide power fo the analog cireuies, nd 4 voltage referetice. Each chamiel F'EEJ"-"EdE'E 2
hils of resolatton. Fach has its own holding register which cen be separataly gddeessed and can he
writton #nd read in etther word or byte format. fa addition, bits 0-3 of the fourth hﬂidmﬂi!ﬂﬁtﬂ are

brought 1o the 1/0 connestor for use as & 4-bir, digital cutpul regisver. :

Tumpers psring m anul w‘l-:.-:ti_un af qulggq range gnd bpﬂ{aﬁ:{ug made ['h'r;;nlar" or umipglar).

4.2 SI’EL’IH CATIONG
Number of BrA Converters

Digital Input

I'Yighal Storage

Anglog Cutput Yoltame Kange
{jumper sehacted)

Pigital Crayputl Characteristics
(BIAC 3 Holding Registor

Bits 3:0p

Resolution

Wourm-Up Time

Cain Accuracy

Gain Temperature Cosflicient

Offst Temperatuce, Coelticient

Lirsearity '
Difterential Lineatity

Cutpue Impedance

4

12 hits {hinary encuded for unipoler mode, Df"S-E‘ binary
encoded for bipolar model _

Read-write, w-:'rrd of i_:r:'.-':g: uperaﬁlc,_singlg:_ J:lu}'fér_:d

256 ¥, £5.13 ¥, £10.24 ¥ bipolar, 0.V 10 +5. 02V, 0 ¥ o
+I0.24 V unipolar L

Bource' 5.2 mAE Z4Y

Sink: tebmA 04V

1 part in 4096

5 r':'l:iﬂlLIEE ninimum

| Aﬂmsﬁbl: {factory.set for., bipolar 502 ¥, setection of other
ranges may requirg recalibration)

18 ppm per degree C, medmum

10 ppm of full scule range per n:]-;:i'l:n_:f: ., maximi

+ /2 LSB maximum non-linearity
+ 172 LSB, monotonic

1 & muximpm at DAC outper, 4 2 maomom at end of BCOSR
£ [ cahle

de}

N . I T -~ S s emm— e a————— e R
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Iwive Uapability £ 5 mA maximum per converter

Slowing Speed AW g

Hize and Settling Time 4 s # wy with 5000 p¥ load in paralle] with 1k &
flo 4% of fnal valug)

Power ConsumpLion SYEIREIS5A 12V@od A

flram L5I-11 Bus power supply)

Fackianing Ore guad moduele

Bus Laading I ks joad

4.3 FUNCTIONAL DESCRIPTION
Figere &1 ilastrates the AAVIL-A in block diagram fonn,

4.3.1  Bus Confen] _

The lupic asseciated with the bus control section mainlaing proper ¢ommusicatioes protocal between
the processer L1 bus and the AAVIT-A. This lugic generates and monitors the bius signals
invelved daring dala trarslers between the proczsser and the AAV]1-A, permitting the AAVi-A Lo
recognize when 1L 1s being addressed by the processar {address defingd by setting on the Address
Swileh Pack). Lo aceept input dats from the processor, und to cutput data to the pracessor.

432 Control Lopic _

The AAYT1-A has no Controt! Status Repister, The four digilal-ur-analog converters continually gen-
erate vallages af their ourpes that reflect whatever digitsl values have mtost recently been mritten inlo
tieir respective bolding registers. Therole of the cantrol logic is 1o make the necessery discriminations
mebeeen reguesis Lo change the state of the holding regiskers (i.e., to weite into the holding registers),
and reguesls Lo put she holding register contents onte the Bid Hoes whete they can be picked up
threwgh Lhe fransdeivers by the processor.

433 DACSD, §, and 2 : _
Ligial-ta-anslog smversion fenctions are perforted in soch of the four AAV]]-A channels by identi-
cal gircuits :

* A hodding register which stores the digital value outpu by the progezsor

+ A digital-to-analon converter (DAC) proper which generates u current that is 2 function of
the hobding register value and ol the made/level jumper conditions

*  Anamplifier thag trenstates the cureent into a proportional volluge, provides o low putput
' impedance fur the channel. and permits adjustment of signal offset.

434 TFAl 3

DAC 3 s identical o DACs 0,1, und 2 except that Holdiag Register bits 0-3 arc routed to 14e 10
somienlor os well as 1o the DAC. This arrsngement permits these bils ta be routed to external eq Lig-
meat that regieres hinary conteol sigiials al programmable intervals, Control data in these hit PSR-
tions aifeets any [2-hit D/A conversion thar they goincide with, but since lhey nvalve the icas:
significent bits of the word, the wordt-case ecror is less than 0.5%. Conscquently, DAC 3 can be used as
a 13-bit BAC ar a5 an 8-bil DAC pius four outpui bits for CRT Intensily, Store, Non-Store, Erase,
ere. : ' :
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dd  CONNECTORS, SWITCLIES, AND CONTROLS
Figesre s 2 Hiustrages the localion of user connactors. switches,
side of the AAY| 1.4 board.

arrd conlrals located oa the compongm

i Vi o
i . . . —t n
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Figure -2 AAV11-A Copneciors, Switches, tnd Controls

d.4.1  4i=Pisi Conncector

Tigure 4-3 illwstraces lhe 40-pin connector pin assiznments for s gutpers. These PGS iy be on-
riected to the optional HI22 Distribution Panel® {see Paragraph 2.4.3.1} for convenient cxrernal Gser
wevess. The proner cable for Lhis purpose m the BCTSK, Also available iz & Berg Lo prepared open-

erided cahle the BUQAS,

Lither 3 VR 14 or VRI7 CRT may he interfaced vo the 11322 vin 3 user-vreated cable terminating in x
24-pin Ampherod, or equivalect. male plug (3EC #12-03466-000, A user-cresied cabic may be cn-
nected Lo olher types of CRT svstems using a 25-pin canfectar stch s u male DBEISP type plog (DEC

EIREISLEL AN

* The A&V 114 s shipped wilk decals which pesitat permzeent idetilcation of sigoal Ene: soomared with H322 cermzeels.

44

S ——— ——————— ——_ i A s g e a m o

e



P,

N P L
£. 0
— b —_
E br
Pt IR | ———
_Hd " - P
H L
1 .
3.
M o K 4
S o il
z i
s — S S
L1 . PO L
w k|
—_— [ e A,
. e o— &
N - L
o hir :
BIF 4 duT
EE frr
—_— ) oorenf—oWIT T OUT
DAL L HE D ——f——a g™ a1 out
. K| L
R 1 L o -anT 4 gl
MK ay
GAL A 1 FHD e o DAL A GLT
. BR
BV TOSF ——d——o 4T sl 2 ouT
36 it
+i%y TEST 1——'—|-|:h B L O el =1 LHIN L' P
o -
GRG @ HAE OMT e wemey 1% nan 0 oueT

I
BDARD BCLE

ELEH |

Figure 43 #.Pin Connector Pin Assignments

The DCMZ signal lines may be connected 10 aseceelected ping on'z male or female connegtor. A
Fernale 23 pin conmector of the DBISS type (DEC #12-08326-00) may be used for gencral purpases. A
mala 25-pin connestar of the DB2SP type FDEC #{24058B6-400) will interface sevepal popular CRT
svazems 1o the AAVIL Cither a VR 4 or VRI7 CRT may be interfaced by micans of a 2d-pin Ambie-
rrod, or eguivalent, male plug {DEC #12-03466-30) Lo the BCOMZ, Both the AAV!] and selected CRT
taust be set up and adjusted for electrical compatibility. The CRT manual should define appropriate
connector ping for each AAY ! signal ine. Appropriate software will be necoasary ta controt s CRT.

4.4.7  Address Swifohes '

Figure 4-2 ldenlifies e Ll::n:a.'E.H:!nl'F !JE 51, a switch Pﬂ‘ﬂ"i Lﬂnt&tmﬂ{: 10 SERE.I‘E-W!E sr‘:gje-thmw 5“'11'311'-'?-5 |: 1
unused) which, when set, fransmit  logic levebs Lo the compare inputs of the transceivers. Whene

the AAVT1-A sees BBST transmit 2 Yogical 1 findicating thal ihe processor has placed an 170 ci:vtc:
address on the bus), 1he transceivers compare the pattern creaied by the switches with that appeanng
an Bus Dalu/Address (BDAL)Y lines 3—11. IF the patterns maich, the processor is addressing l.hL
AAY T E-A . snd (he batter nrepares o lood the DAC holding regisier identified Iy decoding bsts | and 2
of the address word as defited wt Figure 44, _

Since the AAV] I-A mpkes e mmp:mmn :mh' in mpaus': w3 BAST [which the processar sels to |
only in response o an &ddrws of 16000 o highier) when geddress e BD12 = 1, 51 permite assigning
the four TIATCe any contiguous sl of Four even word addresses between U000 and 177770, The
recommended setting far S1 gn the rst AAV1I-A is 170440, illustrated in Figure.d-5, Since LSI-11 bus
addeats assighments | far the AAV|1.A cxtand from ;m 1o 476, up to four "AAVLI-As can bo
il-l:WT‘I'E'IT'H}da’E:':d o th:: amm*. pmmm i )
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faAYIt-2 ADLSISE WORD

15 14 1 12 11 1 LR . o aT ] 4] [+ e E] et o ac
i 1 . 1
! 1 : FO 0 L E ! o a 1 o b 2| m L]
| H 2 {
] | : 1 [}
r 0 ' = + %
rp - U WAL G LUW nYTe fig ay 1L
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Figured-4  AAVil-A Address Decoding
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.F'!ELLE'L-: 4-5 AAN11-A Addeess Switches (set for 17044n)

343 DWiode/Level Selector Jempers

As shipped from the factoey, the AAVLI-A is set for bipolar operation belween -5.§2 and +5.12 ¥,
Linipolar vpersdion end operation with ather voluage ranges can be achieved by proper chariges in the
I11'¢dti‘a'tevel Jurtipers {iHustrated in Figure 423 See AAV11-A Installatdon and Service chipter for
derssls, :

4.5 _ﬂ‘ql'l ERFACING TO QUTPLUT 11EVICES

451 Grooad Connectlons

Artuloe output devices such as oscilloseopes may be either grounded or Qoating. 1 the vacillascope is
grovided. either thegugh fis power plug or through contace between ity chassis and a grounded cahi-
net, the osvilloseope ground should net be connected 1o any of the AAVII-A ground pins. Doing so
may résull in 4 pround loop which wilf adversely dffect seope conirol results os well as any ADVEL-A
upergtions, 1" the dscilloscope i3 foating, its ground should be connectad to the AAV|1-A togic
ground, ping L, N, F, or T of the Berg connector, Note that the faregoing asstiumies thai the compuier
power supply grovnd is connected to powet line (certh] ground. If dontinulty checks reven] ne xuch
sonnection. atiich a length of 12-gauge wire between the power supply grousd and 2 convenient paint
assouiaied with earth ground.
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Oscilloscope X and Y inputs may be cither differeniial or single-cnded. Differentinl tnputs should be
driven =5 in Figure 4-6.
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Figure 4-8 Conrnection to Oscillascaps with Differential Tnput

When oscilioscapes with single-ended inputs are involved, the AAY11-A anulog grounds {ping UU
and HE are not used. Return path for X and ¥ signs) currents is through growsd for a prounded
oscilioseope ar through logic ground (pims L. N, R, or T} for = floating oscilloscope. Since the
graunded, stngle-ended oscillozcope sees un mput volinge which is ihe sum of the AAV1I-A ouipuot
and the ground difference valtage between the oscilloscape and the AAV (1A, naise and line frequen-
¢y qrrors may be ininimized by plugging the scope into an se socket a3 close a3 possible to the com-
puker. Running single-ended seopes in o Beating configuration will eliminate naise and line frequency
ereors which ave due 1o ground voltage differences,

4.5.3 Twisting

The ellect of magnetic coupling inte the scope nput ines can be minimized for a dferential-input
scape by running the AAY 1A outpot and s return Line in & wisted pair. Mo benefit in derived from
o Iwisted pair with j single-ended scope nput,

4.5.3 Shiciding

The «lfect of slecirnststic coupling into the secope input lines can be minimized by shiclding the input
Hnes Teom AAYT1-A 10 the scope. The shickd showld be cannected to ground at cne end only, Ground
ing the shicld sy both ends may result in & ground loop which will adversely affect scope control resulis
ad any ADVI1I-A AT operaiions,

4.5.4 Drive Capsblliry
Careful selection of cabling is essential. The D/ A ouiputs ate capsbie of deiving s meximum of 3K
rF. Outpul iwpedance s 1 chm. Outpu current fimit is 5 mA.

d.6¢ PROGRAMMING

All [our DAC holding registess are automatically set to zero on system inilialization. This produces
~5 12 ¥ at the AC oulpits when the mode/level jumpers are connected as delivered from the laciory.
Any haiding registes vilue remaing i effect until changed by the processor in response (0 a pdogranm
smstruction. Coding to the DA converters is offset binary for bipoiar operation und straight binary for
wnipotar operatton, Offsel binary defines ¢ as meimom negutive voltage, mid-point (i.¢., 400 for the
12-bi AAVIE-AY as 0V, and all 15 {7777,) a5 maximum posidve voltage. These relationships are
ilustrated in Table 4-£.

4.7
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Table 4-7 - AAVEL-A Digiral-to-Analog Conversions

Blpwdar Lindpalur
Tnput Code | +£2.56 ¥ 512V | 2104V [0V 4512V | 0V e 11124 ¥
[arctab {anlis) fralix | velis) Tegd st fenlkg)
{0 = 1.36 -5.12 - 1024 10 +0.
{1 - 1.55R7S «5 1178 = 10235 | +000i25 +0.023
i -000125 — 00025 =000 | +7.55875 +3.117%
40n30 4.0 .0 0.0 +1.56 +35.12
4 A0 001 2E +0.0025 A VAL (K +E.86125 +5,12235
TN | +7. 33875 + 54175 +10,335 +5.11875 +110,2375
L

CErRe] ey ry e h!p-l.ﬂE:T, S.tt'.'l.ij:h'l: |:'-ir|w_l,' for unipoiar Opera [i:l:lg modes. Conversions miay he miade beoween 2's

somplemeni signed binary sod ofTsel Siaery numbers by sublresting #0500y feom the 2's com plement nmember
far wafding 40005 Lo the affsen Binacy mimber) and using oaly the faw ordes 13 iits of the resul],

t Mete ihat on alf cy nEes. actual maxuitum positive voltage outpol is 1 LAB Tes2 Ui neminal maxisum cositive

rdlpul.
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CHAPTLER &
DRVi1 PARALLEL LINE UNIT

51 GERERAL DESCRIFTIOMN

The DRV i5 2 general-purposs interface unil used for connecting parallel-iine TTL or DTL devices
taire 1.57-11 bus aver up 1o 25 feet of cable: I perinils program-controlied daty truasfers al roies ugy o
GOK wards per second and provides [81-1 1 bus interfzce and control logse for mlerrupl provessing and
veetar generation. Data is handled by 16 diade-clamped input fines and 16 latched output lines, Device
adddress is user-assipred and Control /Status Registers (CSR) and Deta Regmiers are conrpatibbe witk
PRP-11 soliware roulines,
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Figure 5-1. DRY]| Perailel Line Unit

52 JLMPER-ZELECTED ADIMRESSING ATND ‘FEL’TI_'.ZIHE _

5.2.1. - Eocutiens : S . _ _ : _ E
Jumpers for device address and vecins sclection aré provided on the DRV as shown in Figute 322,
Jutnpers are installod at the fagtory for address 167770 (IXRCSR] and vectors 300 (interrapt A) and
304 fimterrupt B). These can be cut or rémoved by the user o program the module forhis system
application, aF deseribed in the following pavagraphs. - S c
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5212 Addressing

fempers involved with addressing include A3 theoogh AT, Only dddress hite 03 throwvgh 12 arc Pra-
grammed by jumpers for DRV addressing, producing the 16-bit address word shown (o Figure 5-1.
The appropriate jempers are removed to produse fogical 1 hits; jumpers are instatled o produce
topice]l O Bits. . . . ) i o A

5.1.3 Vevtods : - : . : S ’
Fumpers invalved with vector addressing include V3 theough V7. Only vector bits 03 through 07 are
programeacd by the jumpers for BRY H vectar addressing, producing the 16-bit word shown in Figure

3-4. The uppropriate jurpers are removed to produce Iogicaf | bits, jumpers are installed to pronduce
fogical O bits.

Ly
H
[

RS S I Rl Mol Tl el o B B e o a8 R L i i el e e = e e —— e e —— e



= wmd oo TEE O TET T

e

[ TS U A N NN SN N NN S N SN DR

[ —

| | . L sSY1E SELECT
| ‘- we hinh BiEgE 14
H G lpm 3pipl 3-74

aa -

'| i

| Lo I
E' (=] m P =n - |
=T - o L -a | RERINTEM
e e i e e ... DOD%: ORGSR

1% - ORDATOUF
aOORESS cLWPLRS: IElr\-'-: - Ezmdgfy

IHHITE L LED =t ‘- S Enrack

AEROVED = e ql:-lrl-f:{-:

Figure 5-3 DRV Device Address

]
L Lame
L. mEguEdt wILT
. EH Tz @4 RED A
——— s - i "REQ B
YEGTOR JUWFES
6= The 1 Ef3a
RERAYED <1

wr

SFSTI

" Figurs 5-+ DRV Vestor Address

53 INTERFACING 10 THE USER'S DEVICE

53.F  General

Trlerfasing 1he DRY11 to the user’s device #s vie the two heard-mounted HBS4 40-pin maic con-
neclors. Pins are locatod a5 shown in Figure 524, Signal pin assignments for input interface J2 {con-
nector i 23 and outpat interfuce 11 (connector no, 1) are heted in Table 5-1. The proper Berg-to-Berg
cabie is 1 BOOKR, The proper Bere 1o open-ended cable s s BCO4Z : Conbsection o the DRY L] can be
aTade through the H322 Distribution Penel {see Figure 2-8). This unit is provided with decals. which
when spplicd according to instructions an the decal sheet, identify the HAX2 screw terminals with

Ao respoct to the associuted ping on the DRV Berg connectors (A, B, UL, ¥V, cte.}. Space 1s provided

an the degal Mo specific nser idendification, Note that DRY1/H322 terminal relutivnships assumed
by the decal sheet cest on connection of the BCOBR cable so ihat stamped labels on femafe cable ends
mutch smbozsed labels on male connectars — ASB to A /B, ULLYY fo ULVY. This rormally means
thel any “ths side up™ labels face away from the board on which the mele conneclor is moumed.

Fach BCO4Z cable from a DRV may be terminated in.a female 25-pin canneeter such as a DB23S
tyyre (DEC #12-00326-00) sncket. The user may assign the signaf and ground lines from the BCO4Z to
specific connectar pins, Lser apparatus may be connecied:itte the sockst by meanz of & male 23-pin
conuestor such as a2 DBXSP type plug (DEC #12-05886-04).

532 Ouorput Date Inferface

The output interface is the 16-bit buffer DROUTBUF. It can be cither loaded or read under progrum
centrol, When DROUTHEUF is loaded by the CPU, the NEW DATA READY H 30 ns pulse is
genctated Lo inform the pser’s device of the data transfer, In order to show data Lo setils on the
interface cabie, the tratling edge of this positive-going puise should be used to strobe the data into the

. uges's device, The system initialize siznal {BINFT LY clewrs DROUTBUF. When an cutput Hoe is set to

{ugiga! L the I'TL outpat ix high {7 2.7 ¥} when an outpot is set to dogical O, the TT1. obtput iy low
(€ 0.3V} -
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B oar 12 Connector Pin Locitions

Al oarlput ‘-mmlrﬁ are TTL levels cupable of d'm'mg five unit loads {3 mA sink®* ﬁ. 0.5 V. 400 s
suuuu-"“ w27 ‘N except for the ﬁ:rEEuwmg

NEW DATA READY 10 it louds =16 mA sink** & r;:.a V. 400 kA

. SOUrce®™ e @ 24 Y
INET (Initielize)® = 10 unit loads fcennector

DATA TRANSMITTED = 30 il foads w48 mA siek*t @ 04 ¥,

3 omA
o™ e A 7.Y :

|_|.l.|_|.
Fomran agnal an I:uml-. COROSCtaRs,

** Sind refers to gurrent fromt ekterdal +5 W RLtpflf_'r' thn:-ur_h }ﬂ.lnd! W gutput lins \rth:n u-u.tpui‘ 3 .'nm
=4 Searce relers to current fram olipat line through load to geound when owtput is high.
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Tabe 5-1 DRV11 Inpni and Ouiptt Signad Pins®

. hnputs CruLputs
Signsl ;| Connectod n- . Slgmal - - FCornector | Pia
MO - B OUTO . it C
INO1 Iz LL QT it K
N2 12 | HUE QUTH? . S NN
1e% 1> | BB QLT3 ' 1] 1
NG T RK | QUTO . Mo |L
Nps 1 JHE ] OuTes. b N
IR0 2 | EE CLITG Tt R
INOT 1o OUToT i T
INGIE ST S A I 4 T4 T | W
- INge oy T OUTe ' H X
N0 22| W GUTIO L I 4
INTY nogv o oumi ' I3 AA
HUE b oy QUTE? ' ' I BB
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CSRE n 17
IMET 11 P
INIT 12 |RE,NN

* e Ei;};ua];., appronimarely Xik-ns wide, Widih can he changed by -

533 Tupul Dmte Deterface . . o

The input interface i3 the 16-bit DRINBLUTF read-only register, comprising gaied bus drivers that
trumsfer data from the user's device ontd the L8111 bugs under. propram control, DRINALUF is ot
vepable of storing date; honee the weer must keep input data o the IN lines nntil! read by the L51-11
rcrabrocessor, When it has read the data, the DRVII generates a positive-goisg 300-ns DATA
TRANSMTITTED H pylse which informs the user's device that the date has been accepted, The tradl-

ing edge of the pulse imdicates that the input transfer has been completed.,

All input and request 3i..grtu.]5 are one standgrd TTL unit load; inputs arc protecied by diede clamps 1o
pround and +5 V. A 2.7 ¥V to +5 ¥V input is read a4 logical 1; 0V 10 0.7V as logieat O

534 Wequest Flags oo

Two sigral lines (REQ A H and REQ B H) cun be asaerted by the user’s device as flags in the DRCSR
ward. RED B is available via connecior ne, ? and can be read in DRECSR bix 15, REQ A @5 available
via ponnector no. 15 it can be read in DRCSE kit 7. Two DRCSR interrupt enable bits, [NT ENB A
fhit ) und INT ENB B (hit 5}, allow automatic generation of an interrupt request when their respec-
tive REQ A or REQ B signals arc asserted. Once the user’s regues signal has been anserted (logiead O to
logical | tramsicion), it must remain asserted ontil the CTPLU completes interoupt processing. Al this
time, DATA TRANSMITTED or NEW [DATA REATYY signals (se= Paragraphs 5.3.2 and 5.3.3) can
be used (o cancet the requesi. Mote thut Reguest A has a higher priority than Reguest 8, and that each
of ihe interrupt enable bits can be sal or reset wnder program conmol.

¥irolng pias for cannesar FEJ, M, 5 ¥, Y, OC, BE KK, MM, PF, 83, UUJ. Cooaestor J2: J, L, &, T. . AA, DT, 11,
MM, PR, T, 11, _
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535 Intfialization _
The BIMNTT 1. prmnan*-g&nemt:ﬂ m:tiahm sigmal is ﬂ.ppi]ﬁi to BXRV1i citcuits for interface logic

intializetion. [t 15 also available 10 Litf. user's edrotizs 'u'm connectors 31 and J s fallows:

Connector/Ta Signai
JL/P AINITH
I1/RR ATNIT M
JI/ NN BINIT H

An active BINEE L signal will clear the foliowing: DREOUTBUF duta; DRUSEK bits 6, 5, 1, 0; bits 1§
ard 7 {when the maintenznee cable is connected); and interrupt Reqguest and Inh:rrupt A.:]-umw!ﬂdge

Tn-1Fops.

L6 MEW DATA KEADY and DATA TRANSMITTELD Pulse Width Modifeation

An opliosd capucitor can be rdded by the user to the DRV module to extend the pulse width af
botk the MEW DATA READY and DATA TRANSMITTED pulses. The module w:‘rhuuL external
capaciiance {15 shopped} will produece 300 ns pulses. The capycitor can be added in the location shpwa
in Figute 3-2 to produce ke spproximate pulse widthe listed helow.

Optonal Kxternal Appronimate
Capacitance (pF} Fulse Width {ns)
Mone ) F00
£ K] 300
L2000 L
o000 F2HY -

54 PROGEAMMING

5.4.1  Addyessing
Addresses for the DRV can rang-: from 160000 theough FT7T7X,. The least Elﬂ'ﬂtﬁcﬂ.ﬂt three bits

address the desired DRV repister ax follows;

Address® _ [resbee Ruepister
IXXXXD _ " DRCSR
IXXXX? _ DROUTAUFE
THRXME PRIMALIF

Addresses 177540- 177366 afe neserved Fu::ur the comale devies and sHeuid r:ut be'used for E!IR"l.-’H
addressing, The following addredss aysignments are gormally used:

First DR
DECSK =677
CROUTRLF = 167772
DRINBLUF = 177774

Second DRV
FET M0 ta 1607764

Third DRVI
L GTISD L 16778

*addrean | XAXXE will not produce 8 Fespotad [rom the DRV

5-f
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Sacond DRV
LTI to 167404

Third DRV1]
167750 1o 167754

542  lsterrupt "Pﬁ:mri
Two inlecoupl YEcLOrR are Jumpey- _selected in the rangs uf 0 through 37X,. The leust sigmificant three
bits identify the inters upung Tunatmrl

(HHxn0 - Iﬂt&rrupt &
(K nd Interrupt B

Vectors 60 and &4 are reserved for the Wﬂ.:i:l.‘.l:lﬂ deviee and shoudd not be used for DRV vectors.
54.3 Word Formsads

The three word formats associatsd.with thl: DR‘L’I | ate shown in Flgur-a 5.6 and are deseribed in Tabie
52 .

5.4.4 1,0 Timing
E/O trunsfers through the DRV I QCCUL 258 i]lust[ami im t'igum 3T

- 83 a . . .a : ] [ 4 . . a
: ! | . “t i B
DALEA 1 : f
O S R S | N N
| l ol -leuaa ok |
w B : : EST & [ . mx g
;anﬂ':'éum ' :Hmﬂn "{FEADV WRITE {REALWMITEN
' ' HIT EME & San
FAELD FWRITE . {HE&D 9ITE)
n ’ 9 T &
I ; I . T -1
DR 4T B4F [ [ ; . . .
A Y DO S S P I
" — ——— o : ot x
' ' DaTA QLT
| READ: WRITE!
15 ] [ | T " ) Q
DRINEF . i , O , ' .
I I N HN NS SO S || | i ]
% - P e e ST
BATA i
I RERD (Mo Th
LF=isk

Figure 5-6 DRVI1 Word Formats
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Table 5-F Word Formats

Word

Bitin}

Fuooetion

LRCSH

15

05

002

RELILIEST B — This bit is under control of the user's
device and may be used to indligle an interropt se-
qabetice of 10 generare a Alag that may he tésted by the
Brogram. ' .' ' -
When used 25 an interrpt redquest, W i asserted by
the external device and iniriates an toterropt provided
the INT EMNE B bir (bit 03 i3 also set. ¥When used az o
flag, this bil ¢an be tead by the program o thonitor ex-
ternal device statns. ’

When the mafptenaice cable Is wsed, the state of thig

- hit is dependent on the state of CS5ED (hit 07). This

peemits checking interface operation by loading a 0 or
1 it CER) and thon veritying thai REQUEST B i
the samevalneg,

Read-vmiy bit, Clearcd hy INIT when in maintenance
minde.

Mot usml, Hewed as .

REQUEST A — Performs the same funetion as RE-
QUEST B (bit 3) cxeept thai anintercupl Is generated
only if INTENE A (bit 06) is alspset.-

- When the maintenenes cabile is used, the state of RE-

DIEST A isidentical tothat of CSRD {bit 30,
Head-onty bir, Cleated by INIT when in mairtenance
mote, :

INT ENB A ~Interrupt enable bit, When sel, allows

an Interrupt reguest 1o be generted, provided RE-
DUEST A (hic (17T becnmes set.

Lan be toaded or read by the program (read write
bat). Cleared by BINTT,

- INT ENB B — [nterropt enable bit. When see, allaws

a7 infeptipl seguence to be inigiated, provided RE-
CLEST B fhit 15 bevomes sct.
Mot sed. Pead as0.

Can be loaded or vead by the program fread write
bafh, Clearad by INIT,

L.

-
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Table 5-2  Word Formats [Cout)

Word

Bitig)

Function

DRCSKE

DROUTBUF

DRINBUF

01

3-00

| 500

CSR1 — This bir can be boaded or read (under pro-

 gratn control) and can be wred for w user-defined com-
" mand tothe device (appeats only on Cannector No. 1)

Whemhn,mmmeumubhnmd setting or clearing
1h1s bit causes an identical state in bit 15 {(REQUEST
BY. This permits checking operation of bit 15 which
ecannat be loaded by the program, -

Can be loaded or read by the program {read/wrile
b}, Cleared by INET.

CSHD — Perfotins the same funclons as CSRT thir O1)
but appears onky on Connector No. 2.

W hen the maintenaﬁcﬂ cable is used, the state of this
bit controds the siute-of bt 07 {REQUEST Ah

Head/write bit, Clearsd by INIT,

Outpud Dute Buffer - Contains a full 16-bil word or
ore or two-B-bit bytes: Hrgh Byiz = 15-8, Low Byte
= T4

Loading is accomplished umder a program-controdled

DATO or DATOBR bus cyele. It can be read under &
program-controlled DATI eyele,

lnpur Data Bulfer — Containg a full 16-bit woed or
" one o two B-bit bytes. The enfice 16-bit word is read
wndder apmgfa.m -::mt:ull:d DATI bus cycle.

S0
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LIMOE:; IHTBY Qs bt Arpaet By bk
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ORCSA

ot 5 Irkeerugd 1 nobis &
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| | | CHAPTER 6
ADVLI-A, KWVI-A, AAVIT-A, and DRVI1 MAINTENANCE

6.1 MAINTENANCE FPHILOSOPHY - )

Digital logic circoitry in the ADV1E-A, KWY11-A, AAVIT-A, and DRVL] is to be repaired in the
normul mannes. Analog circuilry, however, js to be repaired ofily at the fagtory, 1l any snzlog Failures
acrur in the field, modates are to be board-swapped dnd retumed to the factory [or repair. Instalis-
tinns performed by DEC include installation nf DEC-supplied eguipment only. The customer is
responsibe for wiring from his equipment to the H322 Distribution Parel ot 18 the end of the DEC-
supphied cable. o )

62 ADV1i-A ANALOG-TO-DLGITAL CONVERTER
$2.1 Instaltztion ' '

6.2.1.} 1ocation - The ADV1EI-A i o' simgle-module option which interfaces to an L8I-11 o¢ PDP-
11/03 through one of the quad locations in the L.81-11 backplane or in an expander box. Within Lhe
congiraints imposed by the ESI1-F 1 bus structure (refer to the L% 1, Microcomprter Handboak - EB-
(6553 76 09753 the unit may be mounted i any dvailable (ocatfon and will operate within specifica-
lians, regardhass af praximity to the proegisor, memory, o other DEC options, Where circumstanees
permit, however, analog performance may he'improved beyond specification leveds by insiailing the
kit away [rom the processar, memory modules, or other toise-producing options. Wote that priority
transfer reguires that no empty unstrapred Iocations exist in the backplane between the processor and
any device that communicates with 1t ' o '

8.2.1.2  Address and ¥ector Sclectton = Select and set CSE end Vector addresqes as indicated in Para-
zraph 2.4.34, Note that whese more than one ADVEI-A is invelved, CSR addresses must be four
locutions apart {2.8., 170400, 170404, 170410, ete.). Vector addresses must be By locations apart (=g,
(00406, 0004 10, DAY, cic. ). Rerember to reinstalt any covers remaved from 4witch packs 51 and 5.

6.2.1.3 Board Imertion - Select a ql..:al.i location, shd making sure that the keyed cdge connector
malches the physical configuration of the terminat block, apply firm pressure alternately to the extrae-
tur handies near the apposite corners of the board wntil it is squarcly and fully seated in the connectar.

6.2.1.4 Test .l:-f[-nnnl:.lfur - Do nok iasert 140 cables into the Herg connestor.ai this point. Fastead.

inseri the 132894 test coupecior, which establishes the .comditions teguired by the ADV1
Wraparound Test < that is, all dhannel inputs aro grownded except 1, 2, 3,.and 17, with internally-
generated +4.5 V signal on chammel |, 4.5 ¥ signal on channei 2, ramp signal on chanael 3, and
provision for external reference vollage on channel 7. _

6.2.1.5 Shields — Tostsll the 70002102 electromagnetic shicdds on both sides of the ADVIL-AL

Shields sire insulated om both sides zod physically separate the ADV{1-A from adjacent modules bur
are a0t slectrically connected 4o the systam. - : :

-1
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§.2.1.6 Acceplance - Conduct an acceptance test as specified in A-SP-ADVELA.
6.7 Firal Connectlons

Cahles

Remove Lhe M 289 test connector and install the BCOER cable (ADVI1-A to HI22 Distribution
Fanel} or thie BOCOdSY, cable (ADVI-A to user devices) in the ADVH-A Berg commector. Connect
BCOER al botk ends so that the stamped labels on the famale cable ends maich the embossed |abels on
the male cormectors — A /B ta AYB, ULAYY 1o U /Y Y, This normally means that any “this side vp®
falweis Face sway from the board on which the male connector is mounted.

OTE
The BCISR cable is % mmcirically wired but for wey-
eral remsons is unsyomactrically laheled. That is
" wires identifled 22 A 2nd B on nae end are identificd
a8 UL and ¥V on the ofher end.

To simplify system relatonships, the H322 PO
board compensates for dils loversion oa the PU
buard that distribrtes Herg connector signals to front
panel screw termimals, Kor thiz renson, the user can
copticct both cods of the BCOXR according (o the
labels, ASB to A/Band UV0L/VY a2 LIL/YY, So con-
tecied, signzls from the ADV1I-A will properly
appear af {ront panel terminzals which have been
labeled necording to the losiractions on the ADYV1E-

A decal shoet. Each BC04Y cable from an ADVI1-4
‘may e ternilnated ln a femade 25-pin conmector such
as a D255 ovpe (BEC 12-19326-00) socket. The
urer niay nssige il sipoul and grooed fines fram the
BCO4Z. to speciilc connector pins. User apparatus
may he connected fo the socker by means of a male

" 15-pia copnector such g5 3 DBISP type plup (DEC

12-D5886-th b,

if i-:‘-#-‘\'_! 1=\ is present, cannect Fasion terminals, oy described in Paragraph 2432

Mams! Yoltage Contral '
Applications which require variable do voltages to be applied 15 one or more chanpels of the ADV -
A can be implemented by the circuit ilusirated in Figure 6-[. Note that the Hi123-B Porentiometer Box
muy ror be used with the ADVI1-A. : '

2.2 ADV11-A Clreuitry e :

The digital interface end control logic of the ADY | 1-A conforns in general to standard DEC practices
ani shonld be understandable to gualified mohnicians who heve access to ADYT 1-A print sets and are
famibar-with overall ADYI1-A functions as described in Chapter 2. Since the analog power aupply
andd Lhe & /D conversion sections Involve some nonstamdard circuits, they are dircussed betow.

ﬁ.E.ll. AD #’tf-ﬁ Anulog Power Sapply

General T : : IR - -

" The + 15V power for the analog circuits 13 derived from a de-dc converter which consists of three basic
sectiong: a 12V power switch, positive and negative voltage doubler dioda-capacitor batiks, und a duzl
tracking voluge regulator. Qutput jumpers (W1 ond W2} are provided o permit removing the Taad Far
troubleshooting purposes,

f-2
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- Figure-6-2 Analog Power Supply Block Diagram
Power Switch

Trangistors Q15 and QL6 constituie the ontput atage of the 13 ¥ power gwitch and provide a 0V 1o
+12 ¥ switching signal. which is derived from (hie 8W A and EW B signaly, -énd which drives the
vollage douhler disde-capacitor banks. Since saturated eransistor switches turn on faster than they
turte off, sn idle is included (pee Figure 6-3) 1o ensure that {315 and £} 6 are never on at the samc time,

Voltage Deublers = L : o
The: basic vohage doubler consists of a charge trensfer stage (D4 and C,y in Figure 6-4) and o chazge
SIOrage Fr‘?{ D and Cp in Figure 6-3). When the power switch output s 2t 0 V, Cy charges.vo ¥y -
L3 V). When ﬁ;:.gﬁnﬂm mitel gotpul goes bo +12.V, Dy 18 reversp-brinsed and eharge is
tranferred feom €, to Cp. The power switch. ontput then retorns to 0.V, reverse-blesing Dy and
recharging Ca - D4. The voltuge on Cg builds up to epproximately +12 V - V. +12 ¥ - ¥,

f-3
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*Figure 6-4  Bawic Positive Voltape Doubicr

T BN -

The negative voltage doubler operates in 2 simitar manner ard consists of two basic doubler civcuits in
cascatde with an addilicnal input negative voltege gencrating stage (D6 and C47).

Theal Voltage Repalatar

The dual voltape regulator comprises an LM325N (E30) tracking regulator and power boosters [ENT
und TRy, Ohatput current 1imit sensing is provided by 80 and R&1. This stage regulates the outputs
[rom the doubler circuits 1o pravide the 4 15 V of #nalog power required by the various analog circuits.,

6222 ADVII-A A/D Convérslon Clrowit — The ADYLH-A A /D) converter cirenit utilzes a patented
HULO-ZEIOINE, SuCCEskivE APProximation techrique, The basic chmponents of 1his civcuit are (lustrated
m Figure 6.5, - e ' R '

Anmalog Multiplexer _

The analog nultiplexer consists of two 8-channel, single-ended multiplexer 1Cs (BE47 and E4R) whose
~eulpuis are connegted together, thus forming a H-chasinel multipfexer. Durlhg sample, when no con-
verslon is in process, the addressed muliptexer chiannel i3 on. During hold, iwe cofiditions are pos-
- gible. W minyle-ended (SEY mode is picked, all'channzls of the multipleter aré off and the auta<zerg
:;rit-.:h diu on. ¥ 5E:mode is not picked; the aegative side of the selected quasi-dierential pair is
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A= rern

1m-dpl

Dhuring sample. the Tecdback signal switch (G5, O, Q8, Q9,Q140, and Q1 1} connets the output of the
feedback preamplifier (372 - G4) to the input of the sample-and-hold (13, E31, C67}, thus completing
the amplifier feedhack path and sllewing the sample-and-hold 1o track the anatog input {(yec Figure 6-

t).
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Figure 6-6  A/D During Sample
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Summing currents into the % node:

I.'_n = E + Ef:.sl - EI.']E.: +E_:_§E__-_'__E_C£2_ - E\r . {E)
R, R,

Eqogy is the offset of the inpul buffer amplifier {E49) and Bpga is the offset of the feedback
preacnepli Der. |

Whes ¢ conversion i3 initisted, the feedback signal switch dsconnects the cutput of the feedback
preamplifier from the input of the sampiz-anud-hold, thus storing the signul, and coneects the pre-
atnplifier outpul ta the comparator (37 and 12} inpui, Next, the A /D input, ;. is either switched to
1he negative chunnel or i grounded through the auto-zero switch, E44, depending upon whether or nat
single-ended operdtion was scigebed.

Ax the completion of the conversing, the T node is ideally equal to Eqgy (vee Figure 6-7).

E:H
% K
E::“I r_u_n_._u-n...\.rl"_l.'\.
£y —= + — _ % WGOE -
O_ 1'[ | |~ —— EOW
——— I
. : 14
1.:5'51 ‘!'E.:jrq' Qim
i K
FEEQRETE C/B © WERNFER o
J] hu.hlngu cohprinas [fm prasirrglif i,
ihe wganl wedck, gre 198 nmgs - anr - hald
Figure 6-7 A/ During Conversien -
Again summng currents to the 3 node:
1.*= By 't Fg ¥ Ban -Fog T :
o = oS08 208, 2)
R, i,
Subiracting equation (2) from equation [1);
i - F,' R CE. T R LB M m w {3}
e Iy % bk = (L =3, 7) +E‘RLIE Fosi' _Fogy —Eog + Pon ™ Egn _
K, It R /{Ry, i,
iy

e
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Note thel since the offset due to the input huffer i the same in both cases,

Eogl .—DEQEE

is aqual to zero. Ensy - Eqey is conteclled by RIS by forcing an offsct shift in the feedbeck pre-
amplifier and is used to nuil the offsct cauped by the cample-and-hold pedestal {Egy ~ Egy ). Note also

that the conversion is nol dependant upon the magaitude of Eogy, but upon the forced shift.
Therefore:

R -E )
L =Ty =ekch = (=1,
Ry

If no vernier offset is programmed, Ty = Ly, |

arc:

’ i <1y= S (#)

S1,t=
I ! R'fr
A /D Conversiog ) .
The 12-hit feedback 1/ A (E46) is initialized to 4000
K 'ID'=J'{:IF'HH ‘-[.I.EH . .. {5}

During cofversion, sach bt of the feedback D/A is intorrogated. in sequence by the SAR {E39), '

. starting with 1he MSB. At the end of each interragation interval, the decision of the comparafor 10

accapt af reject that bit is-slocked it the FAR wheve thid decislon is reld, A positive voltage on the §
tode will canse the comparator to reject @ bit. Because of the overall negative fexdback, thiz process
will cause the 3 node 1o work ils way towerd nulf (Figure 6-8). After the L5B interrcgation, the
contents of the SATR are transferred to the Drata Buffer register, - '
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Figure -8 T Node During Conversion
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Since
by mue =
mid
fp max = Ifgg - It 33,

egualions (4) and (5) permit vollape/current conversions 1 be derived as ifiustrated in Table 6-1,

Table 6-1 AV 1-A Voltye/Carrent/Bit Relstionships

R —

b’ Conches Iy’ | Bty
o 177 20T g =1 g0 izt i:"""'" “Frg )
112 (L g ! 37T “dig e
Doga— ! :qrs RHHJ'E—__ -1/ Ilr-mvltm AL -

6.2.2.1 The Yernier DAC - The Vernier DAC is 1 digital-to-anziog converter packaged in o single
chip serviag o provide programmahle small increment offsets to the summing node of the AT con-
vericr, 1i has been included in the ADVIE-A cireuit primagrily to facilitate tutomatic testing of the
modile and ix uded by the diagnostic routines in the measurement of noigse, offset grror, and inter-
channel setthing error. The Vernier DAC i3 controlled through. bits 07:00 of the Duta Buffer rogister

© {wrte-only), accapting B-bit ollset inary code to prodocs positive and negative full scals Gflkees of 2.5
A/D LSBs. . . : .. : .

6.2.3 ADVI1-A Performance Test (MAINDEC-IL-DVADA-A) i : )

This diagnestic package permits vomplete testing of alf Rinctiona) aspects of the ADVil-A, It is
chivided into four mejar routines which are described below, Reler to diagrostic listing MAINDHC-£ -
PDVADRA-A lor run instractions.

L Wraparounnd Fowline - consistz of four subtests which car be .run individuslly or
consecutively:

2. Anuslog Test - checks ail channels and their aulputs (o ascertain whether or not multi-
plexing and gross conversion functions are working.

b.  Noise Test - determines whether or not the amount and distribution of shert-term
noise within the A/D converter is wiihin limics.

¢, Interchonmel Settling Test = Determines whether or net the A /D converter can recover
Tom measurements at opposite exttemes within specified tirves {Fwitches aiternately
between channets | and 2 - e, between +4.% ¥ and -4.5 V.

4. ifferential Linearity and Relative Accutagy Test ~ makes mulifple randomized mean-
urements of ramp sigaal on channel 2 to determing, within 0.01 LSB, the width of the
voltuge hand correspording to each of the 4094 Fnite width states,

1. Calibration Routine - works interactively with operator to facikiiate precise calibration of
ASD. Requires precision vopltage sonrce,
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3. Prind Values routine — works interagtively with opérator to execute, and if desired, print oud
tesudts of conversivns ob tetetted channgls.

4. Logic Test Routine - consiste of 23 sobtests thal run sequentially without aperator intes-
venbion and check status regisier read /write operation. initiaiize cunditions, 4/ done Ray
geiting and clearing, error flag setting, interrup: functions, ecc.

6.4  Maintenance '

In general, both rountine maintenunce and apecific troubleahooting efforts will Fallow the Now defined
i Frgure 69, Preventive maintenance will consist of removing sirharne dust accumulations, checking
i power supply levels whenever new devices are added o the system, and rupning dizgnostics when-
gver performunce confirmation is desired. '

6.2.5 Cualibration {Requires Precision Voituge Source ~ EDC V81N or Equivalent)

With test ennnector instailed in ADV11-A Berg socket, connect the foating teference vollage to the
twa clip-terminated leads (channel 175 Then, run the Calibration Routine and follgw the stepaby-step
instrizcitons it issues. The prograss wilk specify reference voltage settings snd indicute when oifset and
Eain potentiometers (identified in Figiore 2.6} showld be adjngbed,

&3 KWVYI1i-A REAL TIME CLOCK
6.3.1 Tnstallation

63.1.% Location - The KWVLL-A is 4 single-module option which interfaces to ah LSI-14 through
one of the gued focations in the LST-11 backplane or in an expunder hox, Within the constraints
mposed by the L3111 bus structore {refer Lo the Microcomprier Handbaok — £BAG587 786 09/ 54), the
wnit may be mounted in any available Jocation. Mote that L5111 priority transfer requires that no
empsy undripped locetions exist between the processor and the fast device conmected 1o the LSI-11
boins. .

€.3.1.2  Address md Vector Selention — Seleci and set CSR and Vector Addresses as indicaled in
Paragraphs 3.4.3.1 and 3.4.3.2. Note that where more than ore KWY11-A is ronnoected to the SR
bue, CSR addresses must he four locationa npart (o.g., 770420, 170424, 170430, e}, Vector addresses
for muitiple KWY11-As must be 10 Jocations upart (c.g., (00430, OIS0, 0080, ete.). Remember 1o
reinstall uny covers on switch packa $1 dAnd 53, ' '

63,13  Board Insertion - Sclect a quad location, and making sure that the KWV1i-A board i urien-
ted 50 that the keyed edge carinector matches the physical configuration of the terminal block. sppiy
lirm pressure allernately to the extractor handles near the opposite cornets of the hoard untl it s
synarcly and fully sested in the copnector.

6314 Test Comnectlons — Do not connect user equipment to Berg connector J1 wi this fime, Disg-
nastic /G signal tests will require jumpers between specilied pins on 41,

6.L1.5 Acceptunce - Conduct aa acceptance test as specified in A-SP-KWV (-A-3,

¢.3.2 Floal Connections

fustall FAST ON conneciors betwesn CLE/ST] tabs and ADVII1-A tabs as required. Instail ile
BCOBR cable (KWVY1E-A to H122 Distribution Panel) or BCO4Z cable (KWY11-A to wrer devices)
between the Berg connector {31} and the approprate terminus. Connect. the BCOER. at both ends 50
that the slamped labels on the female cable ends match the embossed labels on the male conn=ctors —
AR o ASB UU/VY 10 ULV, This normally means that any “'this side up™ labels face away from
the board an which the maie connector is mounted. (See Wote in Paragraph 6.2.1.7.}
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6.3.3 KWVYil-A Circuitry .

The digital logic of the KWV1l-A confarms in gencral to standard DEC. practices and should be
understandable to quadified technicians who have acizss L0 E'WY¥1i-A print scts and ure familiar with
KW TL-A functions s described in Chapter 3,

$34 KWVI1L-A Disgnoatic (MAINDEC-LL-AFVEW A-A-Di } _ : :

The KWV 1-A diagnostic i divided into two main routines, the frst designed Lo test logic functions
on up ko fowe KWWV 1-A moduies, the second to Lest gelectat module 1,0 functions, ST, 812, and
ciock averfiow, Refer tér dizgnostic listing MAINDEC-11-DYEWA-A-D for run instructions.

63.5 Mainfenance T _

Preventive mainteaunce consists of removing airborne dust secumulations, checking thet power sup-
piv levels romain within specifications whienever new devices are added to 3 system, and running
diagnostics whonever pesformanés confirmation ls desired. o

6.4 AAVI1-A DIGITAL-TO-ANALOG CONYVERTER
6.4.1 Insialtation

$4.1.1 Location - The AAVLL-A i3 a single-reodule aption which interfages to an LEL-11 or FIP-
1103 through one of the quad cations in the L31-11 backplane or in an expasider box, Within the
constraints imposed by the LS1-11 bug structure {refer to the Microcompuier Fondhguk - ER-0GI83 76
9753 the wunit may be mounied in any svsilable location and will aperate within specifications,
regardless of prosimity io the procsssor. memory, er other OEC opuions. Where circumsiances permit,
however, analog performance may be improved beyond specification levels by instaliing the unit away
from the processos, memory modules, or other naise-producing optidas. Note shat priority transfer
reqaires that ao empty unsirapped locations exist In the backplane bitween the processor and any
devige that communicates with il : .

6.4.1.2  Addrass Selection — Selecd and set address us indicated in Paragraph 4.4.2, Mote 1kt the least
significent three bits of the address word are reserved for software addressing of the four digital-to-
anulog converters {DACS) and sre thercfore pot selectable on the switch pack, For this reason, if
severasl AAY1I-As are installed on & system, they must be ussigned addresses thal are 10y locations
apait : :

£.4.5.3 PBnanl Inserton - Select 2 quad lovation on the connector block, and making sure that the
AAY11-A hoard i oriénted g0 that the keved edee connector matches the physical configuration of the
conpnectar hiovk, zpply firm pressire afternately to the extractor handics rear the opposite CoIners of
the board until 1 is sguarely and fully seated in the connector block.

6414 Test Conmectors — [f AAVILA signals arc to be routed 1o the H322 Disiribution Pand,
spnneelion may be made {o that unit &t this time (ses P‘E_ﬂtEﬁ:’ph 6.4.27, (hherwise, leave the Berg
conneyior emply to allow for menitoring ARVET-A altput sgmiks in tho nexi stap.

6.4.1.5 Aeceplance Test ~ Conduct #n suoeptance tost 08 deseribed in the AAV1}-A Manufacturing

“and Field Acceprance Froctdire (A-SP-AAVIT-A-Y). 7 :

64.2 Final Conncctions _

Instufl the BOOSRE cable (AAV1I-A 1o H322 Disiribution Panel) or BEGZ cable (AAV1I-A td aser
devices) between Berg connsctor (J1) snd the appropriete terminus, Connect BCOSR at both ends o
that the stamped labels on the femzle conoectors match the embossed tabels on the male connectors ~
ASB o A/B, UUSYV-to UUI/VV, This norically means that any “this side up” labels face away from
the bagrd on which the male connector is mounted. (Soe Mote i Paragraph 6.2.1.7.)
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64.3 Mode/Level Selection

As shipped from-the factory, the AAV1I-A is set For bipolar operation betwéen =512 V and £5.12 ¥,
Unipolar dperation and cperation in other voltage rangss ¢an be dchicved hy proper changes in
mode/level jumpers {illustrated i Figure 4-2). Tublc -2 indicates jamper eonfigurations fn::rr'uu]IE bipa-
lar waltage ranpees; Table 6-1 indicates those for all wnipolar ranges. Note thai each of the Four DACS
on 4ny given AAVI-A may be set for a different mode/leve! condition. Nate also thas any change
from the Factory settings-mav réquire recalibration of the DA favolved {zee Parapraph £.4.7).

Table -2 Jumper Coafigurations for Bipolar Operation

2.8V 502V +1024 ¥

DACE

w1l N IN . ouT )
W4 OUT - ouT IN
W5 I ouT ouT
W IN IN ™
-DAC2 _ .

L : IN | M ouT
W : ouUT . OuUT IN
CWwWY IN auUr oOuUT
win AN 1% IN
"DACE _

Wit I~ 1M Ut
Wiz OUT ouT : N
Wiz I LT ouT
Wid . IM N ™
DAL 4 _ .

Wis ™ ™ ! ouT
Wik ouT OUT N
W7 _ N OUT ouT
WwWIig j IN N | N

&.4.4 AAVII-A Circultry . - . .

The digital interface and control logic of the AAVT 1-A contlorms in genersl to standard DEC practices
and should be understandabie to qualified technivians whe have access to AAV] 1-A print pets and ure
famitiar with overall AAYE1-A functions ae described in Chapler 4, The anabog power supply and the
digitalao-analog circuitry, however, make use of sochniques and components with which D FC rech-
picians niay oot be familiar. Sinee the analog power supply and the [/ A conversion sections involve
some nom-eiandard circwits, they are disgussed betow.

Sodd.l  AAVIL-A Amalog Power Supply
Geperal (see Figure 610 - . fer e : :
The 13 ¥V power for the analog circults iy detived From a de-de converter which consists of three basic

sections: a 12 ¥ power switch, posilive and negative voltage douhler diode-capacitor bunks, and & duul
tracking voliage repulator.

=12
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biaring D'y and rechiarging €, through By

Table 6-3 Jumper ConBigursilons for Unipular Operation

OV -+532V OV -—+1024Y¥
- DAL .
Wl o N IN
Wi - OUT . our .
Wa [ O
Wa - OUT b LT
DAC2 {
W ] N I
W . ouT - OUT
W AN OouT
WG - QUT R
DACS : . :
Wi I S 1+ B
L T - S OUT ouT
WIi : EN OUT
Wwi4 OuT OuUT
" DACH N .
Wwls I~ IN
Wi ouUT ouT
w17 N OUT-
wis OUT }oour. .

Fable 64 AAVI1-A Taput Cude/Quiget Voltage Relutionships

 faputCode. i -Unlpolar, | Bipolar
0000 oev 1 Fs
4000 112 8 DV
7777 .. +ES-1/2LSB | +F5-1/2LSB .

Puwer Switcy - . - : SRR L : -
Transistors Q2 and Q3 copstitute the ourpuy stage of the 12 V. power switah and previde 30 Vo +12
V¥ swirching signal, which is derived from thie SW.A and SW B.signals, end which drives the voltage
doubler dinde-capacitr hanks. Since saturaied transistor switches turn on faster than they turn off, sn
idle Hme i8 included (see Figure 6-2) (0 ensure that ©2 and O3 are never on at the same fime.

Vaitage Dogblers -

The basic voltage doubler consists of & churee transfer stage (D and Cy in Figors &=3)end a charge
slorage stage-[Dp and Cg in Figure 6-3). When the power switoh-opritiz at Y. Oy charges to Vi -
Ypa (+11.3 ¥) through D4, When Lhe power switch cutput goes 1o +12 V. Dy is reverse-hiased and
chargs is transferred from C4 to Cpthrough Dy, Thepower switeh output then returns to 0V, reverse-

“he vollage on Cp builds up to approximatedly +12 ¥V -
Vs +12 Y - ¥pp (22 V) R

&-13
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The nepative voltuge doubler opetutes in a gimilar munner and consisty of two basic dowbler cronits in
cuseade with an addittonal input negative voltage generating stage {D21/22 and C42/43),

Daini Voltage Repulator : :

The dusl voltuge regulator comprises an LM3I2SN (E3B) tracking regulator snd power heosters (Qd
andg {3} Outpat current limit sensing is provided by R57 and R5B, This stage regulates the outputs
from the doubler circuits to provide the £ 15V of analog power required by the vuripus analog cirenits,

6.4.4.2 Digital-to-Analog Circnits - The analog sections of the AAY11-A consist of four 12-1i Dy A
vonvertens [each contained on ong 2d-pin chip), four 2505 cperational smplifiers, end 2 + 10V preci-
sion referenoe sovurse.

Each 3/A converier (DAC) contrins the necesury circuits to generate a0=2 mA output current and to
madify that current s a function of the 12 inpui deta bits, A 1-15B change in the data register
-eorresponds t2 2 change of 1 part in 4096 of (he full scale output, approximately 1,2 kA

Phe cutput of the DAL ia fod into a 2505 operutional amplifier which canverts the drive current inba a
voltage outpul. The feedback from the output of the amiplifier is passed through the selected feedhack
resistors, The interconnections between these resistors, determined by the mode,/ Tange sirapae iltus-
trated in Figure 4-2, determine ihe operating mode (unipolur or bipolar) and voliage runge of the DAC
M Juesbion. :

Gain and olfset of cach DAL are controlled through the exterrally-adjustable potentiometers (see
Figure 4-2%.

6.d8  AAVEL-A Diagnostic Test (NAINDEC-71-Dv AAAAY .
The AAVE]-A Dingnostic Test is divided inte four toutines. Each is briefly described below.

. Lopic Tesls (starting address: 200} ~ exercises and moniloes hehavior of interface and can-
trol logic of att DACS on 2 AAY11-As in & system. Checks that DAC holding repisters can
be loaded, éleared, and modified withow ersgr.

b

Hump Loop (starting address: 204) - reitettively increments the holding register for each
AL to produce full-scule ramp voltages successively at the output of esch DAC. Permits
confirtmation by oscilloscope of DAC linearity, settling time, end channe! tsolation,

¥ Static Calibration Loop (starting address: 210} - permits aperator to input control data to
all DACs 3ud menitor resulting outpul conditions. Run with a precision DVM as output
meaitar, the Statie Calibration Loop permits calibration of pain and offeet af each DAC,

4. Dynamic Calibration Loop (siarting address' 214} - reiteralively switches each DAC
belween maximum and minimum ovtput conditians, Fecilitates checking DAC rexponss
- and recovery characieristics 2s well 35 arplifisr ibew rates. - :
Gd. & Maiocenance - ' : ' '
In peneral, both routine maintenance and specific troubleshooting efforts will follow the Now defined
i Figure 610, Sinee the diagnostic program has no way of evaluating AAV1{-A anzlog performance,
‘pass or failire of all but the logic tests depends on the judgment of the operater. Refor 1o the AAV11-
A Munuficturing and Field Acceptance Procedure (£-SP-AAV11-A-3) for applieste criteria. -

Preventive maintenance consists of removing sivhorne dust aceimulations, checking thiar POWEL S

ply bevels remain within specifications whenever new dovices are sdded to a-system and HINRINE
diagnositics whenever performance confirmation is desred. _ :

G-14
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Figure 6-10 AAVil-A Troubleshooting Procedure
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#4.7 Calbration :
Prepare the system o parmit access to signal line{s) and eulibration potenticmeters of DAC{5) to be
cadtbrated. Conncet DVM of appropriate precizsion {note that | LSB on £2.56 V bipolar or 0-5.12 ¥
unipolar = 125 mV) o output of DAC to be messyured. Float the DV as illustrated in Figure 6-11,
Tuke cate to connmect DVM common lead 10 HQ ground associawed with the DAC in question. Then
procesd a5 follows: :

f. lLoad DAC holding register with (5000,

2. Adjust offsct potentiometer (see Figure 4-2} for DVM reading appropriate to selected
moche/level condition {ses Tabie 4-1).

d.  Load B2AC holding register with 7777.

4. Adjust gain potentiometer for DYM reading appropriate to selected mode/level condition
{see Table 4-1). : o

A, Load DAC holding register with 4000,
6. Check DVM for reading appropriate to selected made/fevel condition (see Table 4-1).

Step & showld produce & reading accurate 1o i-172 ILSB.

L“—ﬁ-\_-}__ - __"‘-"‘“- nvn . . M‘l.l".i-.;

-

Ny JAC i
"5 POWER

_|. e . B e -1

LI L . S Cal RET

A

MELETE]

I e g

Figure 6-11 Flouting the DVM

6.5 DRYH PARALLEL LINE INTERFACE
Refer to the Microcomputer Handhook | EB-O638F 76 e 53),
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GLOSSARY OF A/D TERMS

Adsodure decwracy
The snalog error. expressed os o pereentage of Tubl scale. relferenced to the National Berese of Swandards voall. -

Acguisision 1 oo ’
The time duration berween the giving of the sample comapand and the poinl whea the autput remain: wilhi 2
aprecified error bard around the inpul value. .

Aperiure Delgy Thne | . . R . . ) .
The lime clapsed between the hold command and the poist-al which ‘the sampling switch s complawely open.

Apearrure Lirceriainty
The varistion i apercure delay time fie o particubar saroplesand-hodd. -

oo Mops Relectnan [CW R,

The abitity of & dilferential amplifier (o rejecl agize commor to boti mputs. -Cowmon -made rejeciion is
sapressed s & ratio, the Common Mode Rejection Rauo (CMRR) A glifferential amplifier with a CMRR of 52
B 190,000: 1) woukd have ap output voltape of 0.3 mV il both inputs weie 3% (3 ViR dB.

Crokizaik . L . . o )
The amoud of sigra! coupbed fo e outpul 23 a percentage of input signa apptied to all off channeks.

Didfesential Impwis f Trael’ . . oo :

Two exlernal Signals zpplied Lo the input cicowitry of an Ay D system whigreby the best is suberacted Arodge (ha
sceond . The difference s applied ta the A /Dy sysiem, Thia is generally used with twisied patr winng 10 redyce
neize pekup. S

Exumple
Nk

W, = (V- ¥y
= W, + ¥, ) nodse} ¢ Vo + W00 neise]
= [W) - Vo b + WL Fnoim s AL b i)

For twisted pale wiriﬁg:
Vi ) molse = Vi, b nbie
AV =Y -V

g MOISE T tene

GLOSSARY -]

P S S ¥ J . I . i




=]

TR Iy i 6, T T P Sl TR 6 Y i1 | b e g e, e 1 B e e+ e e e

Differenial fapite | Predo )
I his method ol inputling s similar o true differentint inputhing except that the Azgative mput to the A [T} swstem
i comanon o the other inpts.

L Terential Linegwit |

The rakimin deviation of aniselind] staled width (om its theovetical value For any code over the fulh ra ngze of
the coaverter, A dilTerential linearity of £ 171 L858 means thad the wideh of carh code aver the range of the
converteris | LSB & 1/2 L5B. Missing codes in an A7D converter accur when the outpud code skips diget. This
keppens when ihe differenzial Heearity i waorse than 1 LSE.

darin
{3rifL s« function af the termperuture coefficicnts of the components. Tt is the major contributor to gain and
el grror

Craacnd Erbor :

The error. axpressed us o perceniage, by which Ue actual [ult scale 1ange difers from the thearericst frll scale
range. This zzrar s adiostuble oo zero. . ' —
Lorine Temaperieire o ficient )

Thig 15 1he amount of gain thai chupees wilh a change in femperatuze. This may he espressed in ppmSt Cogr ¢

C/LSR a fulk scule. IFan A /T bas o gein temperature coefTiciem of 20° C/LSB at F.5., 1he A7D converiod value

will b ofT iy | 'LSB at foll scabe i the lemperalure rises 30" O glhove 357 O :

frpwt Bias Cpreeny
The umount nf currenl that Nows into dee selecied ALY channel Srom 6e somree

Tomes feopedarce (o] . .

Fhe resislance seen af the mpyt Lo en A J D svstem,

Limrpeity : :
Lircarity is defined us the mavimun deviilion from g srrgight Hie driowa between oe e arints of the converter
transler functien. Linearity may be expressed us @ peroentage of fel! scule o7 a5 a fracticn of yn LS5,

Aulripiexar
The multiplexer & 4 sel of ywitches that perits snalog duta From differeat sources fckennets! m e supphied o
the sitmpie-and-hold {nF A (D converter) individally,

Muliiplexer Sertling Time
The masimum time reguired 1o reich o specified arrar and around the input vitue when switching channals,

Lfrer Erend
The ecear by which the ransfer fanction fils 10 pass through the atigia, This & usually adjustable to zera.

Leanrizavion Eecor o _
Quansizshion errar is defived as ihe basic ancertainty asoctied with digitizing am uriwboeg sirnal, due no che faite
resobulios of an A D converter. An ideal converzer has a saximum gquantization error of +£1/2 LSE.

Chczri= 0 Teromeial : C

Lixe truc differenisal operation {3ee Differential Inputs] in ihat measurement is mde of the diffarence between
an input and 4 fetaen lie Uniike true differentiad, however, 18 thet messuremant i tot maede st 1= insgant in
time, bt rather throwghost 'the veristion of the conversion.

Rolative Acowracy -

This is defined us the inpuk 10 notput efror as 2 fraction of full seale wilth gain and olfset ereors adrusied o zero
Relative accuracy is dependent on linearity.
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Roxobictlon _ ' S
The resaiution of 2n A/D convericr ia defined ax the smalkeat analog chinge 1hat can be distingwished. f esole-
tior is the anetog waiue of the least significont ML

. Full nzle
RESQITON = " st Smeilieant bt

For example, if & systen fequires a weight measarernent sange of 1540 h, measured 10 the nearest 3 Lb,

= §47 enele pmnbinations

q
Eogofutiar = 2':'}

The clovesd sandard & /D converter resobulion sveifable is 10-bils binary. A hinary resolution of 10-bits selecred.
The new resolution for this cheonnel s recalculated for 10 bars,

F u1.1 sk TR -‘II:I'
1_!1. ”J.."

1 L3B (lesm ggnificann ndi) = =il

Kampleand-1iotd ' ' : .
Yo gpder G ensure that input voltage dees fol change during 8 conversion,-a sample-and-hold is required. 1Fthe
change dering & conversion cycle is less than /2 158, then a rample-snd-hald dreuit i not required.

Fun‘q:-'.la
Conversion Spesd = .-ﬁ' I'T
- Full Seale input Range (FSR) = .24 Y
Cooverter Besolutine, = 18 bits
L5k VYalue = 0O ¥/ bit
172 LSB = 0005 ¥

Maximom abew = 0005 V20 psec w13 WV pser = 250 V sec -
(Rate required for o swenpieind-hald)

for e, = 172 (FSR)sin w1t Wipax " 2 TF {BW)
fhen deddt = 0 2R (FER) cos o |
“deddr Tmax = (L3R o, AFSR) = (BW) (F3E}
or 230 Vs = = (W (FERY
BW = 250 Ve fr (14,24 W3 =777 Ha
Slew Rave

The capahility of the uu1pui of an analos dircuit to change its vollige in a given period of time. 1F the slew maie is
TV fusec, the anniog cirowit ouipue will change seven volts it one usec.
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Swicernve A pprocinignios
4 mgthod 1hat i wsdd to transiorm the amelog signal to & digital number,

AWALOD WPUT - ofo DOMPRRDTOR

| L
Cea, : SONTROL
COMWVERTER

- LD
¥ LR . LIE
< B0 COMGERTEE waL LIE CALOE

TH-IERE

An unilog signal is compares! to a logic pensrated sigoat, 1 he logic alwavs suppiics a half range signik initially.
Fuor evample. (he full scale input to ar A /D converier system 35 10 ¥ and the inpur 1o the svsiem is 7 V.

e — ek [ L E——

Try* I Mew Lugis Yeldags I3 the Fupu AlD Plecivion AL

i cGeeater Then  -|. Buifer Repister

i I Mow Vol Birs Value
W LTy et : L Ak =5 = 45 HELTTTE i)
1IW R EERY Mu - Fs aiest hing i [KESHHX
125V PoS+125Y ¥es P Add 1,25 =625 A e
DRSS G, 25+ G225 Y ; ey i K] A G5 = LHTE (NI ERELEY
IR TS+ DI2EW 1] a Ik e hing 117 T
JSR25 Y AETS 41562 i I The riet bipg TOF 17y
TEL2S Y RIS+ UTHIZY Wi n g ik [IPE1TS 1O 1ed)f

*Phls = & T-hiz ASD
LRI = T W En B W OERele seals ropps

)
et

L L e

- I2AY
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Fhropehpad Speed

The Wyguise wmplng rheorem siates that a minimum of tha samples per e yche are reguired Lo completely
fecover conlintous signals in 2 noiscless envitoament. Tn typical instrumentation sygiems notse does axist and

from 5- 10 sampies per cycle are required.

Fai applications with de and very low frequency signals, sample rate is uwsually B sub-muiliple of the powerline
Frequency o provide sssemtislly sofinile rejection of these frequencies.

The minimum: sumpling speed required i the tumber of samples per cycke multiplied by the highest frequency
companent of the date. For time mltiplexed systems, the speed requirement of the A /D converler is deperndcnt
on syslisn Whroughpui speed, System conversion speed is determined from data handwidth, the natnber of chen-

nelz, and the sampling Faclar by

System throughpue = (M) (a) (B.W.} samples/second

1 = nutikber of channels

where M = mumber of samplesscyele (sampling fastor)
B.W. = lurgest bandwidth of uny channei

Exanepls
Channe’ 1 banclwidth 100 Hz
Charsnd 2 handwidoh 208 He
Channel 1 bandwidih 250 He

theoughpus = 80 X 3 {2500 = 7500 sample, second

W =10
n=13
B = 250 Ha

Tac A/ D thrughipet is comprised of the fotiowing:

Mullepleser settiing time

Sumple & Hald settling ime

A/ conversion speed

A} recovery Tme

Computer segquigition time {Software)
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S —



. . PR 3 - - i
R [
. : - . i .
. Sy
1
T
- L
L
B
El

e o e = 1 e e e P s e v

- e RE A -




"

ADV1I-A. KWY1Ii-A, AAVIE-A, DRVLE USERS MANUAL

. PLADIVL ORI Reader’'s Comments

¥pur comments aad sagpestivns will help 03 in our coRtmOO0E effort to improve the goality aod usefulness of
our pablications.

What s yout genersl reactlon to this manual? In your judgment it it complets, acourate, well organized, well
written, etc.? 15 it easy Lo use?!

What features gre most weelul?

What Taulis do you find with the manual?

Does this manual satisfy the need you think it was intended to satiafy? _

Diwes it satisfy your needs? Why?

Would you please indicate any factual eors you have found. -
Hnaa:-ﬂmﬁhayuufmdtime. T i _ N

Masne . . - ' Organization ' —
T S Department

City — L Sinte . Zip or Country
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