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copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
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,‘GENERAL INFORMATION

. iy ;-
[P "K N

.~ or aspect,of the instrument. AII schematics are focated’ at
.. thé rear'of t
» reference w lle reaalng any part 3f manual

R Thr ughout' the. text” of /this: manual
I the Hewlett-Packard Model 1160A Pro-
' grarnmable Waveform Processor shall

RN _‘ ¥ 13 ' ThIs sectaon contams a descnptlon of the Model
' 1150A Instrurnent specrficatjons are listed:in_ table 1-1.

" manual’ (except sectlon Vi The parts. list uses computer’-
supplned abbreviations {refer to table’6-1}. ‘Accessories”

cessoﬂes furntshed ith the instrument are Iisted m table

INSTRUMENT DI:SCRIPTION

1'-4

Sl 5. Basically, Modei 1150A isa fully prograr})
“dual channel, 1-GHz" “sampling oscilloscope. that di

e I1024dots. RN, ey

on & remote CRT (cathode-ra\p tube) dlsplay By manual

‘jﬁdlgital-to-analog lDIA) converters are used. to. drwe the
"X and Y axes of a rymote dlsplay ‘These generel purpose
DIA converters also allow. any computer-generated graphics.
or. ‘alphanumerics’ to output-th the M

;control

. generates precrslon ’,'_'reference slgnals
sfer

5 1.2, Thls nfanual pr’o\ndes operatmg and servlcmg infor
“mation. for. the Hewlett-Packard Model '1150AProgram-
i" mable’ Weveforht Processor (flgure 1. ])“ The:mariual .is-
‘ dwided into elght sectlons, eech co,venng a spe;.:ihc topic

avallable.. but not. supplled are Iisted in “this’ sectlonl Ac-.

rhable o
|g|t|zes
- the incoming analog, waveform ‘and counts the requency :
.. -down to 50 kHz or less. Sarnpler featureslnclude 2 m\lidw" :
de T deflection ‘factor, mtemal tﬂggering to 1 GHz, 50-chm . -
el inputs,.’ ‘and signal - averaglng uThe r\umber ‘of data pomts;'._ L

R | programmable and can be set to 128 255 512 or,.- .

'.‘I-"“or program selection, the two channel traces can be dis- .
played on alternate samples lntemal 10-bit’ f1024 dots) -

odel =1150A

improves the rneesurernent accuracv of the‘r‘
Model 1150A to 1%'ln both trme and amplrtude Cah- ‘
,bratton is Iaccomplished by calllng 3 drwer subroutlne' :

‘manual end can be unfolded and used for .-“ i,

correct'all raw data frefﬁ’ the Model 1150A."

i ‘ . ’ . i :
.;;drg;tal cahbratron words to the Modql. 11 50A whlch con-
' verts ‘these words 1o “analog’ references “The ' analog re-

ferences ‘are” then. ap “to: the: Mode! 1150A  inputs,

pled dugltrzed af#:urned to the computer in bmary
ormat. The ratig of .the: injtial value to that sent through
the -system . is, called a correction’ factor and s used to

B E'xternal probing'devices can: be- '.included'm'_the ¥

calubrataon loop through a'8NC connector located on the

v rear panel of the ‘Mode| 1150A, Connectlng the probe to

.j 'the callbratlon connector cahbrates the probe along’ wrth I
"lthe Model 1150A al'ld allows the' software to- sense the

Table 1-3: lists and describes: ebbrevlatlons used in th|§ o

jprober. sensltlwty to. properly scale’ the resu,lts. Powerw

connectlons ere prowded for‘tbree ectwe probes L

The warrentv mav be voud for fnstru-
ments ha\nng a mutilated senal numben

v 1 12, Table 12 Ilsts eccesiones used w;th the Model
" 1150A. These accessories are availalile at addmonal cost,
-~ “For eddltronal mformatlon concerning ‘the ‘listed acces:
"~ sories, contact the neerest Hewlett Packerd SaleslSemc 1

o 16, Anv wo’ ehahnels can be selected for presentatton“"

. Ofﬁce. .

HP Part Number ' i‘:-""Deac.rip':i‘.jp'i' % e

: Panel accessory Gl
L Kit,: lnputhutput lnterface j
“‘Cable X-YZDrsplav

',Cable Storage Drsplay

. 10486A :

itle ‘page. The sarial prafn;g

d'.gie n the instrument serial number (flgure 4.2).] The
'on a tag Iocated ‘the rear"




n 'Internal Nolse (appeartng on baselme of re-

Y "" F:Ixered <2mV.; . :: , .?

Sk mota dlsplay)

drwo externald‘fsplay X and. Y scale factor
-are’'0 to +1V. Z'blanking' equals +1V; 2 un-
blanlung equals OV !nten ify ,equal

“Thit co\trol\word Fourimost signlflcant hats

10 ns/dur 0 50 usecldiv t12 cal s
] : 18, 3@: .12) ;are _address. blts
“to. select apmop ate program board as-

"Norma]

storage and will ‘retam
: valuo indeﬂnitely or umll reprogram ed

: : ng |
g 1\00 fn seven cahbrated steps ion ali
_normal. ‘time scales. extends. range)to
7000 ﬁsldw “Accurdcy is 4% without.
“software. cdwection :1 b with software’
”correctlon on all time: - scales except
XIDO expansnon which is ﬂ‘!ﬁ.

‘Interface: TTL, ,ground| toug. '“ﬁeq\
‘Input-output Kit; HP Model 10487A

P

ing for internal or external tﬂggor.slgnals ;
Ravirig -amplitude: Ei:f 200" mV 0. 1V SR

“any risetinte less ¥han*50 nis, and repe ; RO
tition rate of:100 kHz: Pulse width) must SR
be gréémr thai 30 ns. and duty. cycl

must’ be Jless tan' 20%.For repetition
Jrates betwoen ﬂkaz and 1 MHz, trigger |
- confidence . lthout readlustment is -
>95% For trigger condmons ‘other than
fbregomg, ‘recessed front- panel controls
_ ;' may‘ be: manuaily adjusted 16 - obtain -
Lo tngq;' ing oveg wlder range of condrtrons e

n‘__, M L

Altlmde\to 15000 ft. e

shock 309 11‘Pps ‘Asme' jave,.. '

! xterrral _controlled by compu_ r wnh
‘maximum of 1024 doidscan;

e 5060-0776 -

: "300 .‘

og' mmg. accomphshed 'by. means of - 16-'

sembly. Each program b{lrd contalns local
ts\programmed 8

V_lbration wbrotod in three planes for 1Qmm ,
",* each: wnh 0.010 in. excursnon 10 to 55 Hz. -
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v

- SERIAL PREFIX NUMBER

1. 15 Check= the serial preflx .number of th\e mstrument. -
If the senal. preflx number is dufferent from that Ilsted on

. usrmt;lv :

- attenuator,

" resistive terminat Ion

motor, fan’ - .
" battary.

"~ eapacitor -

- coupling.

“diode:

delay line

‘ e v
_=“_de:- llgnallnq {lampl MF' .

- lmpan(l) :

‘- lmpllflnr(s)
" agsambly -
= amplitude
oo - w boarils) | .

Y- handpan .

--carbon . e
= coumerclockwlu
L= coaxial
Ll cocmci-nt
‘,"' common -

.ﬂeld-cffect .

.+ transistor ls)

L

- giga 1107
. groundtodi
'hcn:vliasl o

hour(8). 5

) .l:lcwlntt-Packard
;htru

Inurrmdln- mq.
Intornal

kite, (10 ).

_.‘:E"poundls) i
: Icw- a1 filt-rh)

'munuo,,r ‘
mags (10°)

mlllincond

It - pico HO
"= printed: lctchld)

‘. traniistor |
i resistor, B}
tharmistar 3\

I3

.- nano UO

" - pormally clmd
.= normally open .
= negative- pasitiw-

. negative
- nanoucand:

12)

- cireuit(s

. woltagels) -
.).plcosacond
peak worklng

RS

lntegrmd\c ult ],
i, lunrepairablay -
vacuum-tubc ﬂoon
bulb,: photoall e

voltage r!ﬂulator

' (diode

. interference .«

Foot mean; ﬂl-lll‘.




‘ Check 1he electncal performance of the mstrument '
; mmedlately efter recenpt. Refer to Secuon V for the pe
_‘fermance check procedure The performance check wnll
deten%lne whether or’ not. the rnstrument Is. operating. -

! cedures and precauuons are presente;j 'r\“:s‘e wnthm the specaflcations hsted in; tab!e -1 .the\instru-.“"

T { : : ”‘ ?aimrf r epaira and i ment doeé"not operate as specufied ; refer to. the Iaums.

S 2 8 The mstrument is deslgned fogeuher bench or raclc
: mountmg A rack mountmg kit is shlpped with. the instrus
ment /for proper mstallatlon Install the mountmg Hard:
ware by followmg the mstructlens given below (see ilgure




. W

button and slrdmg feet lree

. b Fllemove alumrnum tnm strlp lrom each srde of
lnstrument wnh thm blade tool P

; stnp was removed luse ‘serews: provlded wrth krt) Large
_notch of flange should be posmoned at bottom of lnstru

2_-:\10 The lnstrurnent :retmlre ‘a power source of elther
_A'1'15 ‘or 230 volts acI*‘lO% ngle -phase, 60 to 400 Hz .
that can delrver 175 volt- amperes lmax,rmuml 'l'he instrus -

b Replace factorv mstalled LI.NE FUSE |2Al Iocated

. i
)

d Fleconnect mput power corde

2 11 THREE CONDUCTOR POWER CABLE. i o

S

2 12. For the protectron of pperatmg personnel Hevvlett-
Packard Company recommends. that the-lnstrurnent panel

when connected ‘to- an

iy rf-" . 'conductor . power cable; -
Ve approprnate receptable,i, grou _the )hstrument through
RS IR the offset pin. The: power jacRdand“mating plug of the -
B ik power cable meet Intarnatlonal Electrotechmcal Com-‘
¥

.'.,'.the adapter wlre to ground at the power outlet

2-13 INSTR UMENT COOLING

'.‘alr crrculatlon No specral coolmg aslrequrred

‘a. Detach t|lt .stand bylpressmg it. awav lrom front. p

“feet.: Flemove alt. plasttc leet bv- depressmg loot release -‘_ n el L
C PR L 2 lG If phvslcal damage is lou}d or |f operatlorr'ls not”

Coas) spec:f:ed when ‘the instrumeny’ is received, notify ‘the -~
" "ciirier ‘and nearest Hewlett.Packard SalesIServlce Office. .~
mmedlatelv The . Hewlett: Packard Sales/Service "Office . -

wlll arrange lor repalr ‘and’ replacernent wlthout wamng
for settlement of the clarm wrth the carrler AN

2 1'5 CLAIMS..-£

_-2 17 REPACKING FOH SHlPMENT .

2. 13‘»4 1t the Model 1 tBOA |s'to be shupped toan l-lP Sales!

‘Service' thce for servrce ‘oF repaur attaqh a'tag showmg

owner l\-ﬂth address)" complete mstrumentserlal number

and 3 descrlptuon of the servrce requtred ‘
. r L . :

219'uw i
".al if the orlg al .
,HP..Sa'esfSw

. recommendatrons on rnaterrals td- be ‘used. Matenals used N
for shlpplng an‘»1n$trument normally mclude the followang : '. o

' _ent is- oormally shl’pped from the factorv set to operatp“ .;
from, a 115-volt ac’ Ppawer source, To operate th_e instru-
lnent from a 230 volt ac power source proceed as followr k "

- “on rear of mstrurnent wrth 1-ampere fuse HP Part No.
:~‘_ ‘121100007 e, o . . TR SRR

. proved shock absorbmg_matenal such as extra frrm poly~ R
- urethanefoarn g : Dol -
i a:-Haarr
be grounded Thrs mstrument iis equrpped wrth a.three-": '

RN mrssuon lIECl safety standards To preserve thl,'. protecnon-
S feature when’ operatmg from"a two-contact outlet, use’a’”
‘_ " three-conductor ‘to-two-canductor, adaptér. aod connect‘j_g i

214_ The mstrument ls adequatelv cooled bv normal

Pk

e origlnal shlppmg carton and packlng materi- s
packmg material T3 not avallable the";
Offlce will - provide lnlormanon ‘and -

b Heavy paper or sheets of cardboard 10 protect all
" instrument surfaceis‘ use’ a nonabrasrve materaal such ‘as’’
polyurethane or'a sealed arr packaglng matenal such as
AIRCAF around all prolect:ng parts. L '

!_'

‘_ c. At least:. 4.'mches of tnghtly packed lndustrv ap

carton

aororzo'
_ 120to 140
140t0160%




SECTION III

| IOPERATION‘ :

T
'[hls sectldh contams ani explanauon mstrument

pelatmg...c@ntré]s operator’s -ehecks ‘operatat - coding, :

bles, ands t\lpkoal test, routme

the‘operatmg controls,‘ lndlcators,\ id oD F
is:for ﬁaq d 2 are identi

- e NORMAL/EIL

.'tw\een nor’mal sampler efflclency and
and ER teduced" samp[er eifucuenoy,
when: the! mppt su_:;nal1 has excesswe*‘ is
mode mu’oduces somednstortl rfor I

speeds aee seleetecl‘ in 12 ranges from an t
div. The! ‘ﬂl\lltch ‘produces a binary codg'thit is hsed 10 .
; eleat the per: sweep developed mr the tlme bas_eassem-

: - The expanded TIME}DW swntch: syectst i

"'.”attenuat:on\ for'” XPAND -position,: The expand sweep
speed‘ -must: alwags be faster tharr. the maurl sweep speed
The expanded TlMEJBl‘f!v«lltch produces ai binary cod
, which: is used to_select the, proper, e:ipand sweep speed.
The bmarv COde‘IStabHShEdi by the posm i

" rean l;e read d wectly mto the: computer.l

'.-"ot".the sweep. Dependnng Lpon

3.14 The,mgger HbLDOFF cantrok;

time befere the next sarnp[e oan be taken When a select ]
.ed"tngger level and slope comblpauon octurs more; tha
Vorice per cycle on 3'¢camplex waveform, HOLDOFF altpw

-'selectiorv-ol' the exact pomt where tnggenng is d ed-

tl'le swntch sémng, a flxed
nu’mber of samples are taken.pe: tl_me wmdow. Thls swntch 5

1 AMPLESIDOT ‘switch-. selecte the nurnber f.:
o‘f se_mples taken ner .dot bv controllmg the: operatlon of -
he: @ou riter in the digital, scannér. The switch produces.

ode that can b ead'dlrectl Sint -the computer' :

\at lOl‘I c-rcutt is gantrg
Z};h Selecno
\5 @ar\f coﬂ ‘1 he binary codt,:
ﬂﬁl ANNEL 'I rl'LVfDlV

"‘ lnnarv code Whlch‘ selects on & 32:‘ a ly 2
he'blnaryq;ode can

,posltlon for thls= mode of operatyon. lt normallv is'
‘BEMOTE posmon ‘for computer. operatlon .




7

- CHANNEL 1 POSITION Input voltage that adjusts venlcal posmon of
e display '

- " |‘ . ; . . L.
3 'NORMALIFILTERED Seleets0 normal sam‘bler effsclency or flltered

.GUTPUT DATA bus Iamp
output data bus Ime (typtcal 16 places) _‘ :

response 10 reduce effect of nolse. lt is not programmable. i

pand POSITION In EXPAND mode selects point on’ unexpanded

S

| .}!splay to be expanded Point about whueh dlsplay is expanded is shownl S
- onCHTdnsplayasbnghtdot. P SR A DR S

"1 ; e

TIMEIDIV Selects honzontal sweep tlme per dwlsaon in DIRECT rnode L
of operauon. . ; . _ -
e ]




N — i' A g van - b - —r bt . Ly
’ . - “ [§ . -
. o s ( - s i .
. - ) ,-“ ‘ . ‘ ‘l“ * “ \v“‘ . B !
7ie 0 -Model TIB0A o s T T e TR S SR S R g
T s ' - B T ! . ! ‘ C ) ‘ .
EORELN . ' .o ) L. ‘* v \\ "f N I
el B b o . * TR “':-‘ L ..
' NURMAI.JAUTO )aets mode where sweep is trlggered only bv
incomung trigger - ‘signat INORMALI selects: mode ‘where " free- runnmg

“ sweep  results. to pro\nde baseline in absonce of incoming trrgger slgnel o
lAUTO) It is not programmablo B

) : CWISLOPE Selects +)or (= )'slope on. whioh sweep triggers. CWsettmg
used fe tr)ggorlng on sine wavel al:ove 750 MHz. It is not programmable

CHANNEL 1-2 Selects channel ueed for intemal triggermg It 5 e
programmable. P ol i

‘ INTIEXT Selects internal or extemel trigoer source. !t is not program s
(: meble ol DR
: e A e - ‘,' . n - |f‘ -'

“ DOTSISCAN Selects number of dots per meep

SAMPLESIDOT, Selects number of semples per dot.« L

| i

e

P _ Puwar 9mtch Appliesac pm%r ko m'str'uf'ﬂ'!'='r't-’:_-}“.,'_':.‘-‘ L
’ r"‘,'.' R 26 LINE lamp. Lights when pow,"_.f\applied to mstrument, ;:_-‘- S
e . LOA'D 'Loiads data Into mstrument from‘MANUAL INPUT swm:hes :

e 28 " ‘ MANUAUREMOTE Selects front-panel MANUAL INPUT swrtches
T PO : or. computer es‘source of input data. -




Wl

E*TENDEH Output to addmonal external vertical channels.




'. R - TRACE switches. The channel controls in turn cohtrol.

e l"'

Moder nsoA S R

f3 25. ePeaArons CH ECKS

>3 26 Channel controls .s're selecled bv the A TRACE and

© . the signal applted to CHANNEL 1 INPUT or CHANNEL .
- 2.INPUT connectors. When twochannels are being viewed -
- {for example, A TRACE s set to Chanpel 1 and B TRACE
Tis set to Channel .2), an alternate dot mode of dtsplav will = -
X I‘result This mode is used for display only since “the com: .-
‘ “puter can process tlata Irom only one channel at’ a ume. Ea
r- ;,. " A £ .‘,‘_." s {
! 3 27 The 1nstrument operates in elther Local or Program oL
mode. of operatton “The mode of operatlon is controlled &
by the: computer Wlth the CONTFIOLLER connector-]‘

T _tnstrument erI operate in Local mode onlv, :

,,1t

T

“ . L :'3 28 To msert mformatton from the MANUAL INPUT ""

X swttches ‘on. the front panel of . the mstrument The
~ MANUAL/R EMOTE switch must be in MANUAL posmon e
A 16 blt ‘word can be set. ‘up.on the. MANUAL INPUT o
i swrtches and’ processed by pressing ' the-LOAD pushbutton"
'] switch.  Information is manually. msertecl into the lnstru-

' ment onlv as a tmubleshootmg ard ; ;

.329 A dragnostlc tape ‘is. furnlshed wrth Interlace Ktt
- _','.:Model 10487A ‘far_initial checkout of the Model, 1150A "
o, with the ,computer. Refer. to Sectlon v for inmal setup
- procedures and use of the dnagnostlc tape o \

G,

n ‘ o

‘ . 3 30 To use the MANUAL INPUT swrtches for tmuble— o
. shootmg the mstrument refer to tables 3 1 through 3 9

: '3-‘31;.-T'veic"lti'.TE'sr=R0uriN_Er.. S

4 +{J38 on the- Irear of the: lnstrumentl drsconnected the ERREROS
o o '~when |t rs readv to accept mlormatlon. e

. '?ﬁ,computer storaqe ol Model 1150A front'panel control .

o 'puter for luture testmg ol th is wavelorm

_ b and € above

P Contmue selectlng waveforms"and stonng l;ont-
_'-panel control settmgs in computer After all front- panel
" setups are stored test routrne can: be executed whenever

i _:The tables guve proper btnary codmg Ior those assembhes

IslotsI whlch can’ be mdwrdually addressed

v . ‘. . .

L
o

'u._.-. .-; i. v

"'3 32 The abllltY to read front panel controls' dtrectlyw."

{mto the computer slmplllues the generataon ‘ot ;test
i arouttnes. The! operator does not have to calculate,, each
.,fcontrol settmg and’ then program each control separately
LA tvplcal sequence used 1o generate 3 test routtne is. as
. lollows"' ' - : -

S8, Computer quJ lrght LEARN Iamp on Model I150A

v

R b Manually set Model llSOA front pane! controls Ior
“ desrred waveform oh CRTdaspIav L \4_ L

c Press LEARN pushhutton svvttch Thls results int

settmgs. These settnngs can now. be’ dupltcated by com-

;r. b .

Select another waveform to be tested Repeat steps

deslred

- _— ;' Operatlo_r,_t s




' ~'The Calibrato,t Assernblv can \ e'_programmed to supply a

table tnme mark- slgnal or accurate de; voltage to enable
.,the generauonr of correction factors by software routlnes
-In_calibrate mode of’ operat:on the callbrator waveform is :f
connected to ‘the sampler input, in’ addition, an approprrate-'
rigger is apphed to thf.J tlme base assembiy to generate the ‘

L

_FUNCTION

Assemblv Address

o1 ‘Notmal Operat:on

Probe Calnbratlon -

Honzomal Cahbratton

8 Vertical Ca‘libra‘tion‘v_' B
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’ . ) - - . ’ : . ST N ' . . L . o St LI L . Lo .

I . " S . - - - . o ol AT o o . - . .
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'

_ “""Mod;e;l’_ils'o;\: E SR T 09‘-"3"0" S B
ST o7 Table31:Coding tdf Galibrator Assembly, AG4 (Contd) o b Ty T

3... . Vestical Calibration coding is as folows: 7 70 T e

e T BIT LOCATION and LOGIC LEVEL - 0 ”/ e T S A
S FUNCTION /. e —— T T T T — T — e T
G e [iatab a2 g e 8l 7008 164 < T 2N £ DO N Y I
_VERTICALICAL, LI O I IR P R P
107 mV/DIV..
5. mV/DIV
f_ 2 rnWDIV | I Al R S
', 7 : ) DA EOY I T e i 1
55 BN BN NSO AT+ Y A T Y+ S0 L g
4 " lesdro v o :
+ 3 el befe
+. 2 : L e e[ o
o , TN A L
A ; S I 0 B Y N
-1 AP e T S A Y (8
2. RS BNl B Y PR A 0 E S S I I
3 B RS EEUEN R I e R B
o ] RO ORI PO AL I O 3% IR S
8 . : 2 . ] Sl e e 10
. T . A . s . L S - . ;‘ ;._‘.l‘ _l R . i

Note' f Buts 0 1 and 2 control a DIA converter at 200 mVlblt U
2 Blts 4 5 and 6 control arl attenuator m series with DIA converterm o o

RN 'Je\'" 2

4 Horizontal Callbratlon codmg isasfollows : . S Celai
R T C el

‘BIT LOCATION and Loc;_tb. LEVEL <. .

N B
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f . v ' = 1 - . -~ .
- . - . .
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e 4 . At e
. S
. L] F \ '
V. <R e 1
: . ‘ . - 4
: . ' . ! i - - " . R e v 1
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. , Lo L Vs . t . . . Ea S - i . R R K . . . . . B A L o
, Operation, Lo AT T I Medel 1IS0A

LN

. B!t 0 through Bit. 9 encode a 10-bit‘DM converter‘ DIA convener output rs{O to +1V. whlch cor- :
" responds 10 10 honzontal dwrsions on the drsplay (+0 5V h ruzontal center of drsplav) b

‘ -‘.,,"B:t 0 throUgh Brt g encode a 1.0rbit D!A converte .‘?‘D’Ar converter output ts 0 to ‘+‘IV which 'cor
: responds to 10 vertrcal d:vlslons on. the d:splav l+0 EV = vertical center of dlsplay)

lWhen programmmg, .the Y-deta word should be; programmed ftrst X-data word triggers_ a 5 to 11)-
mrcrosecond sagna! wh;ch unblanks the dlsplay,-;_-.:‘.‘.I'-":_-';: ‘ Sl S Lo

The posnﬂon in ume. about whuch the sweep is expanded is’ _ Vi
a determmed by programming the expand pOsmon D/A COﬂverter T
! wnh the following bmary code.' PR




Cine Rend/Mditinlexer. ‘Assembly, AOT,
_ gmmmmg the fol!omng funcuons.z' '

'-:.: Hl Local!Program Mode

| {2} Sampler Command

- 3 Read Command.'.'

.'Flead IExpand_Posmon {REP) o .. =

; _Read -I’.éemcallPosmon IRVP)

). :_-;Read Sweep Tlme Saale (RSA)

. . ARead Scan Control 1RSCl
I5) "Flead Vemcal Sensttwnv {HVA}i-].-

L:j__'nead AID Data Output (HAD)

Read Channel Select (RCA)

'_;_Read Learn (RLN).

' (9). Read LocaIIProgram Mode.

A typlcal sequence of operatlon for the Model 1150A'1s as
fnllows..__l'- T T e ey N

‘In Local mode of operatmn, 3he operator makes a
o front-panel setup "to’ obtain -the desired dlsplav and. .
) 'then presses "LEARN pushbutton. swnch This- gene: "

' rates ‘a. 100 microsecond pulse to ‘the- cornputer The L
‘computer then stores.-the-’ front panel semngs as sux R
_ dlgltal words' < ~ TR

N

. In Program mode of operation the cnmputer.sequen- '
, tically | appltes the: stored”, |nformaﬂon‘,lfront -pariel
isettmgs} to the Model 1150A 10° 'duphcate the ‘pré.
wavefn'mu der




.

.L':I"FUNCTION
IDENTIFIER

LOCAL MODE

PBOGFIAM

s :" Bmarv codes 1o sense LEARN and LocaijProg.-am slgnals ;
-areas follc\msf' : Al

. - BIT.LOCATION and LOGIC LEVEL . -

Tarlo] o le {7 e ls

S

yEOL

As‘.semblv Address :

: “READ" SR B
IDENTIFIER

LEAHN
{See Note 1)

LOCAL/
_PHOGRAM _
E -lSee Note 21




S e - Model 1180A

are as follows" '

BIT LOCATlON end LOGIC LEVE‘L__

g .u;.-

- FUNCTION

IR

w1019

“’ nREADn
: DENTlFlEFl

. POSITION
‘--f:l_See‘Note 2)

This code connects the voltage;frorn front-panel expand POSITION control to the AID converter o
Dugital infariation. from ‘the 'A/D converter is connected 10 /output’ data’bus lines. 0BB@ through
OBBQ The flag is‘ held busy untrl the sequence is completed lRefer to paragraph 6 tl'us table forn -

Thrs code connects the voltage from front panel vertlcal CHANNEL 1or CHANNEL 2 POSITION o
.- control to the A/D co’nverter. ‘Digital mformation from the A/D converter is connected to outputdata - -
. bus lines’ CBBd through OBBQ _The flag is held busv until the'sequence is cornpleted Desired vertical ' |...
channel must be selected prlor to thls comrnand (Befer to table 3 5: for Channel Select codrng [ |
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Model 1150A

' Operation.. .

:'-j.. comleeren
- {See' Note .1.)”‘ o

This qode connects the digitel output of the AID converter © the output data hus Imes, lt shouldbe :

sent prior to taking a senes of semples. o

- EORRYIRT .;‘
r

2. Thls duglte! sequence encodes the sampler and after proper delay encodes the AID converter The"
- flag is held busy untal the sequence is completed’ ERSTE . S e

1fa0] e [8] 7}

Slnce the computer cen ‘read; only one channel ata ime, elther the Al TRACE swst
_F posmon when readlng front-panel‘ control settings. L
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S L R G LS S
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. Model 1150A SRR T I ¢ R
R IR S ‘Table'3-5. Coding for Channel Select Assembly, A8 S

. . “: ,'_,‘,' SRR I o e SR - S
" Binary codes. for, Channel Select Assembly, AQ8, are as follows: 2. -

T S
| Assembly Address.

[T T

BIT LOCATION and EOGIC LEVEL .

B

o

[ Assembly’ Address

vemticat

. posITION -

- "

Cod e for Qbut D/Aconvérterthatproducesa ana.log‘voltage of Oto +10V(+5V =center ofCRTp

Pt tn




{Fab‘[eﬁ_-ﬁ Cod ilhg: for ‘St'.'ar't. Att_e"ri‘ "t’or!'D-ec'bd'dr.';A‘ﬁ s

Ll follaws::

Binary” codes for main: sweep

LoGic

‘i‘;.M';in Sweep

~Andicator

S T R
Ty R
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..Honzontal scannmg-us fumished by an i‘hternal dlgltal scan
*ge.nerator ‘or, from ‘an. external sodrce such as.a c‘.umputer

DOTSISCAN.. "

1024




. . - PR N O . : o v N . .

B l v .
‘ | e ‘ I . ”“ " Operation;.- o S
i ; ’ 1&mwcmmmm@m&mmemA3wmml U T S T
~ N ‘_{‘ : »‘ - . 1t

v e B ' ' . - e ’ B R L s L L ,‘ .
S Lo !

wofe)s]ir|e

T sCAN Fundsor
L e I dentifier

< K‘E:'it't'e"rnal Scan
s E ldentiﬁer"- ‘

& T

.-;ﬁfg?fe EXTERNAL

SAIT |- Nates

1

‘ . Y _ : b L .
e Lol e e 4, - Bmary codes for freerun on extemal sampler comrol are B
EARR R N PR as, follows. SRR R RN LR Lo -

e P e U BIT LOCATION and LOGIC LEVELS L
e sl ReNeToN L BT T T T T T T T T T T
U --;,';‘ ‘_ j”1"' 15174 {112 |1 |09 {8 | 7 [6] 6| 4]3|2[1 0

SR \ Functionldenﬂfnér St ER R A I B BN DN T SRR R SIURORS IR N DT

) anﬁenun

:EXTERNALE B

In FREEFIUN scanner ‘freeruns; in’ EXTERNAL SAMPLER CONTROL.scanner waits for"ﬁEAD SAMPLE
._q;ornmand (table 3-4) to lncrement scpnner one dot poslnon Both commands apply to the PROG RAM,




¢, Operation. - S TR L . * Model 1150A Voo
| P 'Tabié 39. Coding for Ve’rﬁt_ich!}A't.te‘uatb‘r"Ass’efpbl‘y',"Alﬁr e R ;T

T+

i

Vertical attenuators

B

programm

e

".

(after channel -.lseilect'ion'),viri't*hv- the following binary codes

-~

< BIT LOCATION'Sid LOGIC LEVEL *

" t i

¢ WVerticat
Attenuatian:

200" MV/DIV.
20 mV/Di

5

- As_sgmlj.}lv_: Address .

100 mVIDIV

10 mViDi




4 2, Thls ;ectron'provldes clrcurt descnptlon .of'Model .
T150A. Prog mmable- Waveforma Processor,:Due fo'the s
-unique na_tul'e of the mstrumentm samphng clrcurt theor\r .
,'-,wrll be-cov red frrst .on a’ general basrs followed bv'af
: block-dragrarn xplanatlon far, Model ]150A Detarled
~block r.llagrams are located - in: thrs sectlon Flefer 1o the
applrcable dragrams while readlng the text.rscrrernatlcs for.
the mstrurnerrt ‘are - located -.in' ‘Section’ Vit "(ree of

oscrlloscopes ‘com

-~ for. each:; rnput waveform occurrence‘only one voltage
sample mﬂl taken at a’ dlscrete .pomt in; tir rfor each
occu;rence of the mput srgnal Subsequent occurrences
of the:: mput waveform “are: sampled - .-other drscrete

: pornts m: tlme«-These voltage sample are dlsplaved on

: deray- tube}’ isplay
4B A..conv'enfio ;

'.'sweepr the':beam’ horrzontlally" across'the ‘CRT: The hor
~zontal: signal‘ sed - ‘rs provlded
by a scan generator a

,‘,,Each tlrne an input: t gger is accepted the mput srgnal is

y §ampled ancl held, arid"a.dot'is. dlsplaved onthe CRT at
a hortzontal -position;, correspondmg .10 the amplltude of:
the scan. voltage. Atter ear:h"sample, \th scan’, voltage
level' is 1ncteased y-one §te -Thrs moves the CRT'L bearn
one’ posmonr and lncrements‘ the - tifeat vvhlch the nex
sample is: taken on ‘the: mput waveform by one. DQSLlan

Each step of the starrcase_llrepresents one’ sampled pomt '
pr,esents"one- %vyeep across the
oltage |s reset ah :

and: tne entire. stal
: ' .of dlsweep, the:

4 sampllng.. process is. lmtlated by 3. trrgger 0
‘ talned fr m' afrxed pomt ona repetitrve i’nput waveform
: ~-lfrgure ) ’l'_he‘ trrgger starts a Iunearly r;;rnd rarnp whose

nrtral va e : 'determrned Ey' the Ievel of, the scan oltage

_ ther mput to» the voltage comparator in
dc ‘teferen The rarnp voltage risés until it Is équal
‘the & oltage, and ‘then the tomparator _flres.
_ ep com‘mand to the
_generator Thns generates al trme delay between the: trrgger

jnal;, : trme‘at whtch the sample is" taken.. Th

DC REF LEvEL- scaN vot.tni

lgure 4 1.\Comparato‘ Operatro

47, On the flrst sample of: ‘scan, the: scan voltage is .
“zefo. Each tlme tl‘te scan. generator is triggered by the com‘K
) rator it mcreases the ‘scan. voltage by.one- increment. s
/ﬁre scan voltage is subtracted from the de’ reference ‘at.
the cornparator_‘ o determme the startlng voltage of the
next. tlmrng rarnp“ The tlme requrred “for the” ramp to"
reach "the de’. comparator level is proportronal to ‘the’

d:fference between the ramp-start voltage ‘and - the dc'_‘?;.“.r'u

comparator Ievel As the scan” voltage is. lncreased., each

sarnple :s taken at a success ely Iater polnt on- the lnput oy s

lorder to drsp]av amplltude informatron on-the
T, sample ‘and. hold crrcurt is used A slmple sampl
nd hol_d c‘lrcurt |s shown ln frgure 4.2, When the take-a-




w o

- . . . . ; -

. . “switch Is a diode bridge: that is normally biased off. The - the sample.was taken,” resulting .in an overall sampling .. R
- bridge i’ momentarily switched “on-by a narrow strobe efficiency. of 100%. The feedback time constant is. fairly o
pulse, . Lol lo o L. slow so that at- some time after the stretcher switch s..- ©

: AR U S8 P TN A s iy Sl . opened Cin angrC become tharged 1o’ the voltage on the :

el 4411, When the sampling ‘switch "is closéd; Cin, begins to . stregqhgf:upaclgp'r."T.he.change;in'.yiolt'age'bn‘ thestratcher. = - .o T
“cnarge to Ejp with-a-timg constant determined by R, . ‘capacitor: is_proportional t0:the difference between Ejp - .~ 1o S
. the circuit impedance {figure 4-3). Since the time constant ~and . the.voltage on Ciy: therefore, if the :overall sampling . . ©
" isilong compared to:the time -that the’ switch is closed, efficiency s not 100%, edch additional sample at voltage " . .
- /Cjn" charges to” only-about ' 5% of ‘Ejn.. (The sampling Ein’ ijedyce;jth'e;-outpqt"'eniof}be_cf?ause*",of: the feedback. - /" T
. efficiency is said 'to'be 6%.) 1t is desirable for the sam:: Sampling efficiency . of less.than 100% is sometimes used . K
- pling efficiency to be 100% $0'that the voitage displayed :

P Y

Cae

o reduce noise. A large number of spmplesper:scan must, . ‘
“-on the CRT is exactly the same as. the input waveform . - be used to'maintain fidelity of the disptayed waveform. .~ -
i voltage at the time of the sample. To do this, a strétcher " o L T
.. eireuit, is. used. The stretcher consists of an. amplifier,
o st.retcﬁér'qapaciidr'%nd switch, and  feedback circuit.!: */-

'4-14; ‘Figure; 44 shows a complete sampling circuit in- "
.+ cluding timg' base. The time base of 'a’sampling escille-. /- ° ",
' scope differs from that.of & conventionel ‘oscilloscope. ' |

' .As discussed’ In_paragraphs 4-6 ‘and’ 4-7, the ‘time base' N\
"+ ‘generates’a series of successively longer: delay .intervals -
'between- the ' acceptance. of a trigger and the point of. -~
" signal 'sampling.: The length-of a given Interval is propor:
- - “tiopal 1o the scan'voltage amplitude. " " *

4112 The:voltage prodiged ‘on- Cin when-the sampling

* switch Is closed Is amplified approximately 20 times to

" compensate for the 5% sampling. efficiency. The stretcher .
-.'switch is-closed for about & microseconds and the stretcher - -
., capachior ‘charges to 20, times the voltage on-Cip. This is”.

‘equivatent to the: voltage of the: input waveform when "
s Ry T e ,_, ‘n-_'_“w\ e [ IR : “ .

R R T N

" SAMPLING .
\“"A SWlICHJ
. .“_7‘.} 4 :

Bt

d <"‘Ei9ﬂl‘f_‘e‘ 42.8

as

L LBy O—=—0 NO—
o "sgxr_rl-éﬂc'“- PRSI S : ;
i Lo T ) S "==.\C'-|N:T;c_" ‘.“. L

- STRETCHER
. {_:APACITO!! :

o

e

ol STRETCMER !
- CAPAGITOR

138

| recoeR v
o CIRCUIT F i
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Model 11504
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. 4 15 The other lunctmn of the tnme base is: to reconstruct

" the mput waveform by posutlonmg the. samples (dotsl in
the’ proper arder oil the CRT with the earliest one at the
left and each subsequent sample farther.to the right. This "
+is dane by applymg the scan 'Voltage 10 the honzontal de- . "
“flection’ circuttry Each increase in’scan voltage moves ‘the - S

-:resolutton Decreas:ng the scan density - reduces trace

4 18 The horizontal ttme
- be: vaﬂed in‘two wavs. The slope of the tlming rémp may.
be changed (hgure 4-6) or’ the scan voltage to the delay

"generator\may be attenuated lﬂgure 4.7). The staircase, .
voltage to the honzontal ampllher is. not’ attenuated .
Decreasmg the amplutude of the. ‘scan bv attenuation - has ‘
ft the same’ effect as increaslng the slope of the tlmlng ramp, £ .
expandmg the dlsplav on the l‘ace of the CRT SR

'ﬁ, 4-19 The slope ol‘ the tlmmg ramp is changed to make -
decade shangés in the’ horizontal ‘time ‘scale. For each .0 |

dot larther to the nght on’ the CRT whlle lncreasmg the

] 4 17 The number of samples plotted durlng one’ scan |s B
determlned by ‘the- number of steps in the scan. Changlng I
. ‘the scan density varles the number of samples taken in’

"'each scan without alfectmg 'the _horizontal time scale
{lagure 4. 5l Increasmg the scan denstty improves drsplay

ale. of the presentatlon can :

“ lllcker By varying scan densltv, thedlsplay can. be opt:- .-" i

decade change a different timing capac:tor is. swltched

into” the tast ramp, generator by the. TlMEIDlV S‘Nttch

AR B L

B 422“ Flgure 49 shows a block dlagram ol the Model

- [
ar, :

\"

-Scan attenuatlon is used for establlshlng the mtermedlate

(DIHECT) ranges. within" the decades selected. Scan at:

tenuation is also used -on - the expanded portion ‘of ‘the

TIMEIDIV swttch o obtam expansion of the horrzontal . .

,scale up to 100 tlmes RECRE

r &-‘_- ' . e hNy -\_.

4 20 ‘As shown in ftgure 4-8 when t\he tume scale ;s ex-

o panded onlv a fractron of. the tuning ramp is scanned. In
“the EXPANDED sweep mode, "the 'scan rides on a dé volt-
: age adjusted’ by the POSITION EXPANDED ‘cantrol. Thls'
'control allows any portron of the unexpanded ldrrectl

1150A Time Base, The ‘signal in or external trrgger Is
epphed to: the Trigger: Circuit - !A23l where a slgnal is
generated that starts the ttming ramp The oorrect.tlmlng

v

. Figure 46, Scan Density =~ 7

L CAT.DISPLAY




TTheary L

“ramp is selectegi bv Sweep Decoder AI L The scan stgnal
" from A12 sets the voltage level at which the timing’ ramp
, . starts: . THe: timing rnmp\'\s apphed to Cothparator ‘and ”
Strobe Generator A21 which generates the strobe pulse
and stretcher gate pulse when the timing ramp. reaches the -
compare Ievel The strobe pulse and stretcher gate pulse

. 4 23 The st:an voltage, generated bv a DlA converter an

. A12 is the signal applied to the X-axis of the CRT. The cor- -

rect attenuauon of the scan.voltage for the desired sweep

'. “speed is 'selected by Sweep Decoder A11. The sweep speed’

i, selet:ted by front. panel controls or is programmed by the

computer The scan . D/A converter is control!ed hywau:
. counter. on_ assernbty A13 so that each ttme ‘3 sample’is.
taken the counter |s tncremented one count Thts swrtches"f

‘1.-“,' 'a'rz -] :

: ;'Arreu vscmt

- '-Modell‘] 150
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“the, D/A converter to the next voltage level and the next -’ '; ‘ apphed to Trrgger Pickotf cirguit A16 where'lt is: routed o SRR

sample taken is- moved oveér .one _position‘on the input ** - to the trigger circuit- {A23} to start the timing ramp. The ;" co I,
L waveform, The counter can be controlled by front-panel - Linput srgnal also goes through'a delay line'(A31} 1o gener-~ . ' )
o B ,controls of bv the' compdter ln addmon the’ computerr._. “ate enough delay so that the ‘edge of the input signat that .. ,--.' S L]

:_can .control the DIA converter dnrectly. Thrs ‘allows - the . generates the trlgger can be ohserved on the display. The

+

computer to deterrmne what polnt on.the mput waveform .,: s srgr\al from the delay line {s applled toa samplmg biNdge

S et on aéembly A22 where it is sampled when the timeba\e: © > v
. generates the strobe srgnaluAfter the sample is taken! N
. Stretcher A22 Is. actwated by the Stretcher:Gate Pulse.>. "

;..of the ‘waveform to be expanded may be sqlected by the v The stretcher regenerates the voltage of’ ‘the’ input‘wave- )
“expand .POSITION control. A voltage is generated by a " form. at - the time- the sample was: Itaken and thdS that
: front-panel ‘control “or “by' the computer: using. Expand .voltage untnl another 53' !"? is taken’, T 4

- ‘."“_ﬁ-244.": Whenlth'e'exlpanded sweeomode is'u'sed.-‘thebortion‘ ‘

. . Position D/A AOE, This voltageis summed with the scan . . 2 e R
: ‘_ voltage in Expand Attenuator A12 to generate'an appro- . 4 27 A vertlcal D°§'ll0ﬂ VO'“Q!’-' is QGHEfalEd bv a ffOﬂt- -
. priate' de offset for the attenuated scan signal. The expand .- - panel. contfol or by a D/A converter, circuit {AD9) when - g
.-,voltage Js alsa’ routed to ReadlMultlplexer AO? s0 that. . ‘under computer control “This’ voltage 5. applled 103 the : ? s .
i vthe front panel settmgs can be read by the computer. AR Streteher where itis used to posmon the waveform on the. R S i,
f 2 -g. ‘.. P o
Verucat‘ Attenuator A14 where the: desured scale factor Jon

4 26 Flgure 4. 10 shows a block dragram of the Model ) of the dtsplayed waveform is obtained “The atteriuator: is :
- 1750A Sampler and Verttcal cnrcuu. The' rnput slgniI e ontrolled by front-panel controls or by the: computer.u '
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4:29, The output of the attenuator ‘is routed 1o Fleadl
Multlplexer AD7 that sefects ane of several analog stgnals
and applles. it e A/D Converter A27 and 1o the' Y- -axis of.
the display. Normally Channel Selector AO8 selects the
eutput, of the' desired channel vertlcal attenuator. An A/D .
converston is then made on the- stgr‘lal far. each sampla

'taken The..dtgttal data is touted to..the. computer for..
processtng..B\t coqtrollmg thescan’ counter and scan D.’A
conuerter the computer also knows. atwhat lel‘lt in, ttme
each voltage occurred. .Thts allows the computer to re-
- construct the wavelorm and calculate the rlsettme pulse-
w”‘Wldth overshoot amplltude etc., of the waveform i

430 The Flead/MuItlplexer can also select the expand
posmon or; the verttcalposntton stgnals for AID converﬂon '
In_this manner, “front.panel. control set}ings can’ ‘be Stored: .
“inthe computer lor use at a Iater time, Recall-of front-‘
panel control settlngs is accomplnsned bv programmlng

C

Jﬂﬁfl 4 AL

CURQSITION .
CONTROL:] - 7

."'uti‘.Tls:EL‘
> JARTENUATOR
)

CAL RELATS .

B TRIGGER: .

e drE e |

CTRIGGER' |
“emeut. e
NITER

TIMEBASE’
: 1.‘“.2|.‘l .

the appropnate DIA converter. An addttlon lhe Flead!
‘-,"Multlplexer routes the Channel Select, Vertlcal‘ Attenua- o
. -tion,. Scan Control, and Sweep Control signals to the com-
*puter - for storage The sugnals lrom these controls are
‘dtgttlzed and cam be read dlrectly by the computer lno
_‘ND converssdn ls n

o 4 31 To |mprove the accuracv of rnea;ured data a calt-
.,.bratlon slgnal can; be switched ‘into’ ‘the’ slgnal mput of
“Model 1150A by . Qallbratlon‘Rela\(s oh- assembly’ A6,
"The. caltbratton slgnals are generated by Callbrator A04
~and: conslst of @ tlme caltbratlon signal from a crystal- .
"controlled oscullator ‘and an. amplltude caltbratlon stgnal
- fropva. DIA converter. These signals are used onlv when
" under” computer control They are ‘switched in’ and are ;‘
,measured bv ‘the. computer,'to ‘obtain correctlon factory
to apply 10 data taken ‘on external waveforms belng
rneasured 7 P

| svaerenen are . -

Model 1 1504

T '

L

cauanron :

an4 -

Pt

' f,oELAr "

L SAMPLING®

- BRIDGE:

L~ PULSE -,

S YL I | o

. POSITION.

oraa09-t v

b vemncal ol

VERTICAL

: ATTERUATOR. T

ime

o CHANNEL: |

. SELEGTOR.:

< e [

--——-— £XFAND Ppslrlou

OTHER VEHTICIL

CNANNELS'




o “Moaa 1504

4 32 BLOCK DIAGRAM DISCUSS!ON

e
overall black dsagram for’ Model 1150A Controls and -
functronal blocks are: shown along wrth ttrpes of stgnals
RIS ESEE L exchanged Flefer 10 the overallblock dtagram and certain’
R SRR f - selected: detail ‘block . dlagrams when examtnrng the func

R ttonal descrtptrons that follow ; VL

_h_ -
!

L.

_434 Two operatlng modes of. Model IIBOA are l..ocal
"""" " In."Local, mode,” alF functnoqs of Model
1150A are controlled bv front panel controlst This: mede
Cis “Used for setup and trqubleshooung The Program mode,
. of operationis used tttr rocess .data on the waveform
under test. This: mode is ected bv the computer, Certam
front panel controls can ‘e programmed 50 tHat the wave-:
_ form " under, test wull “falt wtthm the.. time, window of
" Model T150A, Data |s then taken on ‘the, waveform and

~with Modet 1150A using a_16-bit ‘word’ lor output data
{from Model 1150Al and a"16-bit"word’ for* mput ‘data
lto Model 1150Al Refer 10 Sectton N for coding | tnfor
. matton ' “The bit’ data to and from . the computer are in;
parallel ‘In addttton there sa devwe command generated

A bv the computer whlch tntttates an operatton by the in:-
strument Model 11504, in ‘wrn,, generates a flag~s|gnal

busy with an tiperatton When the, busy sugnal ends,’ the
computer sensas ity absence and reads’ the rnformatron
“on the’ output data bus Irnes. The flag’ slgnal is generated
by control ssemblies .AD3,.AD4, ADS, ADS, AU7,A0B,
S ST ADS, A1, A13, and A14 Each assembly develops a busy -
L LR -signal for the Iength of” trme réqurred to. complete s

_ assembltes the: duratrort of the llag srgnal wtll also vary
4 35
atlon of Model I150A is as follows lfrgure 4. 23)

" a The computer generates a 16 brt program word and
s @ device command srgnal ‘These signals appear, at the out-.
“put of the CPU /0 card The signals go’ through' lnter

face Aszembly AO? to t.ocal/Flembte Assembly A03~

i be programmed In: addttlon the d;v%ge command signaf
from: the computer is converted to a‘ta strobe pulse bv

b. Assembly-

it all programmable assembltes and to the Channel Ex-

a- 33 Flgure 4 28 located. at. the end of thrs sectlon s the . i_'f

processed by the computer The computer commumcates He

" that indicates’ {to. the’ computer) that the mstrument is’

specrftc operatton Stnce thrs time varies for. the dlfferent '3‘7 :

brtef descrrptton ol the computer tnterface oper- ‘

where the most stgnthcant four bits of data (l:ut 12 through o
blt 15} are decoded 'into ari address. for the' functton W

sw-rch to select data from the tront anel swrfch redrster

applled to the tnput data bus ||nes whlch are connected'

e tender .connector . on . the: rear . panel of the, tnstruments
5 From the address stgnals only one’ assemblv is: selected‘
1o receive the program; data. The datd strobe pulsecloc s; :
the data lnto storage reglsters on the assemblv addressed" :

Th.eo.ry'i L

d When an assernbly is properly addressed and recerves

" adata strobe, itinitiates a Flag signal. The Flag and. output . :
data generated by the programmed operation are wired -OR ; - ‘, o
‘to the oytput ‘data bus. lines, This mformanon is routed

g ‘_'_.th!ough assemblres_AOS and A02 fo the compu ter - -

REREN e'a The front panel Iamp regrsters are connected 10 the S S
: mput ‘and output’ data bus llnes and to. the Flag bus. to ’
L rndrcate status of” these stgnals ‘for 'troubleshootmg pur '

: 4 36 ‘In Progran‘t mode of operatron ‘a Iocaf program f LP}
- signal. is generated by the computer through ReadlMultlt
~ -plexer; Assembly A07 which, switches alt assemblies 1o the
-program modé, Some assembltes have overrrde swrtches to. o

‘ ‘. : -,;_lorcea particular assemblv to tocal lfront panel} operatron S
,T. ‘when troubleshootmg o o

. a. 37 :‘A Learn mode ol operatlon allows the computer to.
fread front panel control settmgs of the. rnstrument This o LT
feature, is used ‘when programmtng ‘s test sequence The 5 R
d Learn sequence |s as follows"‘ = LT

o

S The computer sends a command fl'-lead Learnl to
o ;HeadlMultrplexer Assembly A07 whrch ‘connects’, "thé:-
LEARN ‘pushbutton, swttch to an output data bus line and
jlrghts the LEAHN lamp on the front panel‘of the rnstru
ment. I .

b After frontpanel controls are:: set to drsplay the
--"\f'waveform "to be ,measured, . the- LE,AFlN pushbuttoo
S switchr is. pressed causung the computer to tmuate 2
"‘fserres of Read commands R T

i l : s

- o When a l'-lead command for @, partrcu?ar control i :
l' received by ‘assembly ‘A07,’a signal is generated which = T
' causes the data for, that control settlng o be applled to R
o " the output data 'bus lines.: The ‘omputer ‘stotes the data” « . [
. ,and 'then generites @ command to read anather control.
This process is. repeated until all _controls are .read and
R stored The computer will then send another read- learn
s command and wait for another operator input or tt goes T
Snoon to execute some other programrned sequence T B

.r,.‘t-'

.. '4-‘~‘t3't To sample data on a waveform under test, the
o computer switches, the mstrtjment o Program mode B
“of operatlon Next the scan must be sét to a nonfreerun
:{condrtron AT st:an ‘data: word is applted to Dtgttal Scan
. Assembly” A13 to ‘select 3 point, in time, on 'the wave:
'~'form. where the sample ‘will be taken The computer thert
'_‘.,sends ¥ sample command signal. An ,AID= convers[on i
il made on the output voltage of the stretcher atter a trlgger,
s ‘received and ‘3 sample is taken. The data is sent to the '

4-39 Art alternate rnethod of generatrng the scan |s to .
‘use the rnternal scenner. counter. The:, ‘counter- can ke,
-.programmed by the computer for a partrcular number of
.’ dots per scan. The computer generatesr the. sample com:
;m'and and the frrst sample is takenz upon. recerpt of the




Theor\‘r' _
.' L ; .. i "y
puter which- then generates another sample command.
S 777 When the next trigger occurs, a sample is"taken at the,
S e T second” posrtron and .the counter is incremented, to” the
okt o thied® position.; The computer stores the Iatest sample
AR ST '-'taken “and agarn generatesa sa'nple command -This, pro-:
RS T cess s repeated unul ‘the number. of samples for’a com
B Tk plete scan - are- taken! Smce the samples are’ taken in se
quence, the computer Knows-at what point in trme a sam-’

mation, the computer can calculate the parameters of
the waveform under test PR :

B FE L&
R '_'4-40 Model IISOA has the capabllrty of processmg ‘-
B R _mote dtsplavs Drsplav Control Assembly A05 contains -
; S two D/A converters. (X axus and Yamsl that can be con-:
" trolled by the computer In. remote’ display: mode of
opératlon drgrtal waveform mformatron that is stored
LAn” the, computer is applled 1o r”a.f.sembl\r A05 The data is™
5 ‘converted to an Xy analog voltage whrch is applred 1) the
R e o1} display,” In 'local ‘'display modg of operatron Model
SRR "-V«'jllSOA furmshes.thedrsplay mformatlon.. AP
e . . s o - y

n‘

'1’,441 INTERFACE BOARD ASSEMBLY

o '4 42-& Informatron to: an\‘l frorr}lthe computer wrll normal
1y be connected through lnterf’ e Assembly A02. Under
] ‘;current confnguratlon thls assemblv slot is |umpered)lsee

g 'aeii'or E.
N INPUT
OATA

‘second pasition, The sample data is stored by: the com-”

tsolatlon when computers other than Hewlett P'tckard'
"‘are used ) . r ST .

4. 44 lnbut data Imes from the computer and lront panel
_hdata ‘switches' ara ‘connected’ to. Local/Remote’ Assembl‘y
‘A03.. Each, set of nnput Irnes is connected to separate .’

" iiple was taken on’ the mput waveform;: With thls mfor--

'MANUAL-REMOTE": switeh, one':set. of tnput gates is* "0
"-,enabled 'In REMOTE posmon .the remote mput gales L
ol are enabled and mput data lines’ frorn the computer are .

' '_1 gated to the’ lnput data bus lrnes In MANUAL posatuon

" the-. locat input: gates are enabled and front. panel ‘data:

et R . '.

"l GarEs
| us-ua

‘ Model 1150A .

4

.

‘frgure 8-10 for- wrnngl When requnred thls assembly

¢an be. desngned 1o’ allow tor voltage levelshifting and l', ;

e
I

,:.1‘

‘243, LOCALIREMOTE Asservlet.v A03 |s«'e“'ri§d'_re
AN RE

1

input ‘gates): Dependmg upon the settmg of. front panel

‘swutches control the l'nformatton applied 10 the |nput data T v

" bus. linés.: The mput data bus drstrrbutes the' mlormatron
. to aIlJ control assembltes and’ the front panel data lrghts.

ST e

‘445. CALIBRATOR ASSEMBLY A04 ts» flgure4 12)

-‘4 46 The calrbrator assembly develops the honzontal
,and verttcal calibration: signals used 1o determrne cors:
rectlon factors needed for absolute measurements of wave- "
- forms, The calrbrator ‘must: be programmed 10 produce

'e‘ther a horlzontal or vertical callbratron slgnal Itcannot S
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perform both functlons slmultaneouslv When lhe hon— ] 4-48.,D]SPLAY ASSEMBLY A05 (See hgure4 13l i

S e . zontal. calibration” luncuon is selécted, 2 50 MH: crystal-
T “controlled “oscillator generates four timing slgnals and - 449 .Thedlsplav assembly is used to generate X YZ -axes.

H
BRI tﬂgger slgnal which is used to cal:brate the time base.” - - information. needed for dlsplaymg ‘the nutput from the
S o When the vertical" callbrauon funcnon is programmed, ~ “:sampler on an external display device, It can also be pro-" -
. L ' DIA converter ‘generates several dc voltage levels to cala-. P grammed to dlsplav computer data on the same external '
e brate absolute dc. voltage and ‘gain correction’ “factors.” ."f.d;splay device, Two' 10-stage, dlgltal topanalog tDlAl con- ‘ o
e T 'An attenuator network is used to/develop the appropriate- . verters are’ used to convert a-10-bit. computer- dataword
L ‘ W Al “level for each. mWDl‘J scale, In addmon 2.50-kHz’ square '’ toan analog function: that furnlshes ‘the X -axis or Y- axis oo o

. .‘voltage for an, external dlsplay ‘Since the assembly uses
*.the same 10-bit input. data bus lines for both the %axns Y
‘and | Yaxls |nforrnauon “both: functlons cannol be pro- ‘

g -grammed sif ultaneously Wt\len programmmg, lhe Y fun—- B

-7 - etlon 'should’ ‘be programm first, Programmlng ‘the X

S el RN EERIETIT i RTER " functian automatlcally results in a:10- m:erosecond (ap-
:447~--Wh3“ !he cahbrauon fUﬂCllO" lslpfogfamm'?d a ..° " proximately), unblan'lung sagnal,‘bemg appliéd: to the Z-,. .
relay on: assembly A6 ‘selects eithér the vertical or hor|~ - axis of the! external dlsplay The. erase function needed i

ibration " signal - and applies. it 1o the’ ‘sampler . . to cantrol a storage type display_is also_ developed in.this

ahead: of the tngger plckoff CII'CUIt and signal delav L ;l-assembly To display the; -sampler: oulput the D/A con- -
¢ Ta accomplish this, the channel relay of the channel . . " yerters are ' discornected and the sampler outpuits are-con;
being callbrated is switched. This daseonnects the ehannel . ._'i"neaxed ‘to. the : x-output and Y output cnrcuuts Sngnals

INPUT mgnal and- connects. the callbranon sngnal to the L frome the’ sampler are used to generate the br;ghtdot or

=] tngger plckoff cu’cutt and delay Ime. ' ... blanking signal for’,t’he r4 ayris I -

-wave' is generated fo supply the..trigger: slgnai sance"lhe_L
< 50-MHz -osciltator - {used for’ horizontal cal:brauonl
B mhlbned durlng \(e'mcal cellbratlon : o
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450 EXPAND POSITION BOARD ASSEMBLY AIOG dlgltal mformatlon apphed to the output data bus lmes Loehe o
L g e e T N usthen processed‘bythecomputer. L e e S
I 4 51 The expand posmon assembly is used lor ‘the" rew ' S ‘ ! Bl S
kol mote, _mode_of {operation. “It" consists of a’nine-stage " 455. CHANNEL SELECTOH BOAﬂD ASSEMBLY’AOS. e

DIA converter that converts the dlgltal data stored bythe .. (See flgure4 151
computer to.an analog voltage The “voltage ' is ‘used- toi : :
. posmon the. expanded sweep, tlme wmdow The analog
'_voltage is applled to/Scan: D!A and Attenuator Assemhly g
'T'A12 ‘When the instrument isin ‘the Local ‘mode: of’ oper--'
atian, .front panel EXPAND POSITION potentlometer :
controls the analog voltage applled to assembly Al2'
-52 READIMULTIPEEXEH BOARD ASSEMB LY AO? ;
lSee flgure 4. 14 I

. 4 56 The channel selector assembly selects one of.tvvo
channels currently av‘allable..‘llhe mstrument can; ‘be ex-.. 3
tended for 32 channel operatlon hy addmg future: external .
‘ _equupment. ‘When. opgrating’ in Program rnode channel.r..
- salection is accomplnsh by the computer. The computer &
:cannot: select both, chdninels slmultaneously. When opera- . .
. ting ‘InLocal - rnode channel selectlon is made by the
CHANNEL SELECT swntches on the’ front panel of ;the'f
-instrument. ' 1f the A TFlACE swntch is set for, Channell ’
o _' and the B TRACE swrtch is'set for Channet 2, a chopped
o mode of dlsplay wm result One channel sw:tch. must bein
' the OFF posltnonwhemusmg the Leam mode ol operatuon

K

_1.4 53 The readlmu!tsplexer assembly controls the over‘all
operd'hon of the instrument. It controls the: Local- Program
mode and 'the Learn mode It deterrnlnes whether data on
La waveform or front: panel. controls are read by:the com:= .
" plter.’ Tt selects wh:ch fro‘nt—panel control i to be read -,"
;and generates a. s:gnal that connects data from that con-
ERE trol to the appropnate output.data bus Imes. t o
. ,“l_r U.'t ‘_ } .‘l HRt \
4. 54 The readlmult:plexer also. contams an; analog multn
plexer ‘that ‘routes. the correct analog slgnal to. Analog -t0-

m

h
)

,,puter to generate a posatlonal‘ -voltage for the sampler
: _- when: operatlng in Program mode The assembly receives. -
drgltal IAID) Converter. Assembly 'A27. Then an A/D ( “its mforrnatlorn from the input data busllnes A, contams
Ce onverslon command is generated..After conversion,’ ‘the - 'tvvodlgltal to-analog (D/‘A];convtherclrcuns (onefor each
RPN et 'dtgltal lnformat:on is- routed backuthrough the' read/-' channel] Each convert'er crrcutt has. teustages When. pro- ',
multrplexer assembly 1o the output data. bus.. llnes The» perly addressed and- strobed by the: computer ‘the: drgltal
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AT : : ER L
‘lnformanon on’ the |npul data bus lmes |s applled to ane
af the D/A. cmcuns ‘where nt is. converted to an analog

voltage The output of A09 |s apphed to VerttcalAttenu-'

oLJ 'i:ia'ragrapt"n' 4-3! for mphng theorvli The assern-
recei\:es scan data. {ln dlgntali form}, from D|gttar Sca
Assemh[\!uM?; ,(The dlgltal mformatlon ls converted toan

Scan attenuat:onv mformatlon decoded by' assembly A1.1

X elects the proper attenuatlonn for the _sweep speed desired.’!

The output o{ A12 is apphed to Tlrne BaseAssemny A21
bl .
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jtloned‘ toa certamx point by the cpmputer. The ne ;
is free-runnlng whenn the inst[ument is operatedl logally: - Ievel is qhangecl (propormnally) to that'requlred by Sam«
In remote operatlorr the compuler steps the coun by . plnng Assemblaes A22 and A?4,. Input attenuatlon data-
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Theary o Model 1:‘1‘,‘50,A" B N
starts a lmearlv nsm amp la composrte of the scan and e S
" fast ramp signal) . wilich ™ drives one mpur of the tnmmg .
comparator The other’ mput to the comparator isarefer- .o
Tenge- Ievel When the, ragtp voltage equals the dc. reference

Ievel the tlmmg cnrcun generates a strobe pulse

"457 TRIGGEH PICKOFF ASSEMBLY
.ure 421] e

: :‘CHANNEL; 2 «of_both ' INPUT connectors on the ‘rear:
- panel .of ‘the rnstrument The se{ectron of mput s:gna ‘rs
>accomplnhed bv relays The parallel |mpeda ce ',
_ delay . lme {A3.ll and trrgger plckoll cnrcuet[lprowde a
~60-0hm" mput rmpedance at enther INPUT connecror The
'tngger prckofl circuit selects an mput signal from Channel
_ .kl or Channel 2 (controlled by the front-panél CHAN EL.
NS swrtchl and: applles it. to Tr:gger Assembly A23 for mter?.
" nal triggering. The: trrgger pickotf assernblv also’ containg’
relays used. to swrtch a calibration. srgnal into thei input of’
“sChannel- 1- or: Channel 2 in place of the extarnal sugnal“’
c 7 These' calubratlon srgnals are " u\sed for - automatlc cal

R bratrort of Model 1150A bv thecqmputer

4 71 When the trrgger pulse lrom A23 |s recewed the
- timing circuit also energizes a holdoff’ c:rcurt_ he holdoft ‘
“eireuit’ preventsnrecogmtlon ol a new' trigger- pulse fora®

; perlod long ‘encugh to” permtt one “sampling cycle.. Th‘e
;";,tront panel ‘HOLDOFF. control mav ‘he adlusted to, syn-
._chromze thé holdeff penod with, the perrod of ; 2 complex
‘ pulse tram S SINeE

4 72 When tr:ggered -the'strobe dnver generates a step
;that IS drfferentrated |nto 3 pair’ oi narrow pulses one .
-jposutwe and the other negatwe The narrow pulses (sam S
. pling, strobe) initiate: the takmg of one'sample i inthesam-." " L

plers hv gahng ‘the dlode bridge. Another wrder pulse i
Calsg generated “This pulse.. lstretcher ‘gare} turns” on the
stretcher circuit in’ the samphng channel and trnggers the’
scanwand blankmg generators on D|g|taE' Scan Assembly

B _f 4 70. "The mam element of.the trrnmg cifcuit is the com« B
parator The pulse output of’ Trrgger Assernbly 'A23

P, T s:ue'LruG:"
D RS GD - A GATE ONTAZEL L
o DPAGABN i
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oTRGGER |y
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‘o S S B
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.10 tmeozn "
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Figure 421,
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474 There are' separate sampimg assemblles for each

,channel: The two samplers are l:len'm:alE A samphng bndge

in .the: samphng c:rcun s turned ORY, for approxlmatﬂ

350 plqoseconds by the’ samplmg strobe from A21‘ When -corfectnon the sampler wtll respond only tu lhe difference
‘the: samplmg gate . ls’ turned on," the: samplmg capacutor ,between ‘the: slgnaL alue stored and lhe |nput voltage'a
charges toward the apphed sngna! from the delay Ime The L jthe next, sarnplmg : ‘

;-.tretcher 6utput to change by’ Q} amount equalw
‘slgnaf change between the !ast sampIe and the current'
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unwanted nonse cn the dusplay The FILTER ED modo in- o to an exact subharmomc of the mﬁuz slgnal In CW there
troduces some dustornon of aWaveform |f the dot densuy L S o
on a transmon of the waveform is low -

A AUTO the blas on the mgger circult is a ramp. )
The rampvanes the sensutwttv of threshold detectnon from’ "
Jan.; mrtlal unsensitwe state to, a hnaF free-runmng state RLEND
an mput srgnal ls present, lhe sensltwlty wnlt be adequat
:-to trlqger at some point or the' slgnal it no input s:gnal is.
present tnggerlng ‘will occur when’ the free-run;; astahle
- state is: reached ‘In AUTO, the: LEVEL control’ provrdes
“limited. selecuon of the trigger pomt The HOLDOFF con-+
“trol ad;usts the slope of the bias; rampv for ; automanc trlg- '
:‘germg on stgnals mth{ Iow repetmon rates. RURIETI .

ger packo!f sagnal or an external tngger sagnat to drwe the
trigger_circuit, The trlgger crrcurt accepts :the- waveform B
‘ _rrom the INTIEXT swuch and generates a trlggei' for the

buslable or astable th{eshold detemor dependmg on the
teigger LEVEL comrol setting. In. lhe bl&table moqie ‘the
LEVEL cantrol- adiusts the pomt whereﬂ  triggering . will -
~'oceuron.thei input slgnal n the astable maode, the LEVEL
- control adjusts the, frequency of" trlgger generauon forcw

. -.4 82 When the mstrument fs operaled |n the calahrauonr_ o
n mode ‘a: tngger relayr is. energized and a 50 MHz trlgger-.“,_ o
srgnal is applred to the tlme base IAZTI When' ‘the instru- ' = g
mert3i _‘operated normallv_ the mgger relav apphes the_l' ‘

‘4'-79 In enher |+l o (-—l_slope “the., trlgger clrcurt is
bnased to opefate in the bnsta'ble mode over most of the
range of: the LEVEL conu‘ot The slope of theinput signal
- on whach tnggermg. occurs‘ls selected‘i:v choosmg enher

+4-84. The A)D assembly isa h|gh speed analog to dlgltal‘
“ converter capable of encodmg *10-volt. input slgnals.mto!... _
-10 binary bits of data. The.converter performs two basic
' lunctrons' if" measures ‘the input voltage by comparmg it
--'agaimst an: lnternal prec:saon referenice voltage‘ and. n: ::on-
verts‘ the rneasurement mto a dngnal’ word Lo

; . "aslable operatlon over most of the‘ range “of the LEVEL
L cantrol. The LEVEL :ontrol ad‘usts the astable frequencv
oo o! oscallahon so that the tngger k:srcutt w:ll be synchromzed

'

W

L 'l LEVEL [_ .' . =
| .' O .-'J

i
G

CrrigeER . §on L F i
SLOPE .. 1 CRELAY -

N ';‘:" Ctiweur, | | teaegweco |
X Q8 =W

L AMPL * CETECTOR |
] - eRSEAT,

raiaaes
imrrt!hsal"’




. ModeHlsOA

LIRERN

4 5. "n' DE Al s

i : - i. " ;

e 486 ln Iogrr: otrcuttrv, rt ts necessarv 10 establtsh tvvo
voltage levels. that rebresent a‘logical. 1 and:a logloal 0.7
S These voltage levels. are referred to as either: the high; or .
' -low’ state - of : the “logic’ ‘circuit. The' high state is always.
- more posrtrve than the: Iow state When usrng positive,
" logje,: ‘the- logical 1" Jis the mare" posttrve state Ihigh} and
oy ther Iogu:al O state is the more negative state’ {low). Nega-
'; tw,a Iogu:: is just the oppostte “The logical. 1 state is more
“‘negative’ ‘thare. the logical 0O state. In dehnmg posrttve or’
"negatrve Iognc the only conslderatton necessary is whether
“logical 1 is more posrtwe or more negatrve than Iogrcal 0..

" two levels are above oF. below ground lOVI
48? Most logu: used throughout the mstrument is nega
“~‘ttve Iogte, that is, Iogu:al 0.>+2.4V, and logrcal 1K+0.4V,
S : However alr’ gates on thé schematics' are: dravvn usmg
R ' standard: posmve true TTL symbols, The computer inter-
L face and both data huses are ground true One excepttort
s, to be noted “The' four address blts and- the data’ strobe
are posmve true. The address‘brts are lnverted on assembl\g
vAO3, .and routed to the approprlate assembly so’ that alt
-lrfpu‘ts to ‘the address decoder gates are positive ‘for the
i-. partrcular assemblv berng addressed To avoid confusron
“the termrnology htgh Tevel l>+2 AV).and low Ievel

CIJSSIOIT

st '. 488‘ The mstrument is. pnmarlly a drgsta! systern where o
LT : < ary understandmg of: the crrcultry orgamzatlon is far more -
rmportant than an. understandrng of crr:urt detatls. The

_circuit. theorv that 'follows” wﬂl refer fo" functtons per- -

formed bv ‘different’ mtegrated crrcurts Iy as ‘opposed.
- tracing each stgnal through the crrcurt Detalled rnternal

constructlon and a brief; descrlptton of IC used in- this *

- instrument are’ given’ in Section ViI1. W.hrle readmg the
followrng crrcurt theorr‘ use ithe schematlcs m Seotron
VIII as a reference . &

The controls’ are physically construct”ed ‘to prevent the' -
‘:‘operator from. madvertentlv changmg them whrle in the
",';Program ‘madde - of operatlon -These oontrots ‘are  INT [
(EXTL CH‘ANNEL CW/SLOPE; NORMAUAUTO HOLD
OFF LEVEL andNOHMALIFlLTEREIj

4 9‘[ The cornputer programs the. 1nstrument forr ‘Local
or Program mode of operatron Drsconnectmg the inter-
'onnect cahle from the computer returns the |nstrument

waveforms applred to- gHANNEL t lNPUT CHANNEL2
NPUT or both' channels srmultaneouslyr. Whenr operated
a'c

- selector for- rnput data from the oomputer ‘or lront panel
E data switches.” Integrated ‘cifcuits, UT. through U4 are .
“the input gates for the 16 front: panel data switches, Inte :
; grated circuits- U5 through U8 are, the input gates for the;
“-16-bit word. from.the computer, Front-panél MANUALI ‘
: REMOTE switch §2 enables one set of mput gates. '

3 drsabhng the other set<.-: . 2

”495 Alr |nput gates functron |dent|cally,therefore only
" the remote bit:8 .gate will- be explained  {schematic- 1)~ *
‘.; thh front panel swrtch $2:in REMOTE oground llowl "

Lis applred to one tnput o all’ remote rnput NOR gates

- This relatronshrp holds regardless of’ ‘Nhether or not the

mput holds the output of ear.h Iobat input’ gate low, The
| ‘presence of REMB srgnal onr the mput line vvrll make UBA.

Alowis applied to bufferldrrver U158 (pm 3). The output -

l<+0~4Vl will* be used throughout the followrng dts- o '4 96, The absence of REMB on’ the input Itne from the L -

R I

';‘- output of UIOA s, hlgh .The 'high:is applied: through' ’
- bu!ferldnver UIEB to the mput data bus llne IBBB :

o " ang F where F complements of the bit informationon B
’ the computer input: lines are developed The complemem-'-' -

4-90. Certamfront panel controls r;annot/‘:»e programmed, o

"$27} are set' for the destred 16 bit

Theory
a03. LOCALIREMOTE crnouus. ts« tchemattcs 1 o

-\,"

494 LocallRemote Assemblv A03 serves. as’a buifer!-'-’7

IUS through' US} n addmon 4BV thigh} is' appltedf‘;,..'
through load’ resrstor RY to one mput on each local input
“NOR gate {U1 through: u4), A htgh state applred toone. .~

«{pin 3) lovv Wlth both tnputs Iow ‘the output of UBAvvrll :
" be high," Thrs hlgh is apphed to' NOR gate U10A. A high -
apphed to either input ona NOR gate ‘holdsits. output low. 7

of UISB {Iowl is connected to tnput data bus Ime IEIBB

computer wrll apply 2’ high” to. UBA {pin 3k Sipce a high B
applled to elther input on- the NOR ‘gate will produce ao

L low In'its output, a low is applled 15 U10A {pin'2} A low G

s also app