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This manual contains safety information which the user must follow to ensure safe operation of this instrument . WARNING
information is intended to protect the operator ; CAUTION information is intended to protect the instrument . The following
are general safety precautions that must be observed during all phases of operation and maintenance .

Ground the Instrument

Do Not Operate in Explosive Atmosphere

Avoid L ive Circuits

Do Not Service or Adjust Alone

Warning Statements

7Α 16Ρ INSTRU CTION

WA RN I N G

Ϊ -ο reduce electrical-shock hazard , the mainframe (oscilloscope) chassis must be properly grounded. Refe r to the mainframe
manual for grounding information .

Do not operate this instrument in an area where flammable gases or fumes are present. Such operation could cause an
explosion .

Electrical-shock hazards are present in this instrument. The protective instrument covers must not be removed by operating
personnel. Component replacement and internal adjustments must be referred to qualified service personnel.

Do not service or make internal adjustments to this instrument unless another person, capable of giving first aid and resusci-
tation, is present.

Warning statements accompany potentially dangerous proced ures in this manual . The following warnings appear in this
manual and are listed here for additional emphasis .

To avoid electrical shock, disconnect the instrument from the power source before soldering.

To avoid electrical shock, disconnect the instrument from the power source before replacing components .
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PREFACE

Thi s manual contains two ma in d ivis ion s : o pe rat ion and service .
These d ivi s ions are separated by α heavy divide r page . Info rmat i on
following thi s divid er sheet is intended for qualifi ed service pe rso nnel
only .

The fir st d ivi sion (operator 's po rt ion ) beg ins wi t h an int rod uctory
sect ion that bri efly desc ribes the 7 Α 16Ρ Programmab l e Amplifi e r .
Spec ificat ions and pr ogrammable features o f the plug- in ar e al so l isted .
Section 2 descri bes eac h of the front-pane l cont rols and co nnectors, and
gives com plete inst ructions fo r manual operat ion o f the plug- in .
Measuring techniques and applications are al so d i scu ssed in Sect ion 2 .
The last sect ion o f t he operator 's portion describes prog rammabl e
ope ration of the 7Α 16 Ρ vi a the IEEE 488 Interface Bu s, also known as the
Ge neral Purpose In te rface Bus (G PIB) .* Α complete li st o f device
mnemonics i s provid ed in thi s section .

The second divi s ion o f t he manual (service port ion ) beg in s with α
sect ion on prevent ive and co rrect iv e maintenance . Included in thi s
sect i on are some general t roub l eshoot ing pr ocedures . Sect ion 5 then
pr ovides α detailed c ircui t desc ription of both the analog and dig ital
port i o ns of the 7 Α 16Ρ . Sect ion 6 i s α calibration procedure ; it l ists the
equipme nt needed, and the ste p s re quired fo r calibrating the instrument
wi thi n spec ified limits . The r emaining three sections provide electrica l
par ts li sts, sc hematic diagram s, and mechanical parts lists .

At t he bac k of the manual is α r emovab l e sheet which serves as α
poc ket programming aid . It lists all o f the high-l evel mnemonic codes and
low- l eve l hexad ec imal codes for exercis ing programmable control of the
7Α 16Ρ Progr ammabl e Amplifier .

*Deta iled info rmat ion on the IEEE 488 Bu s i s pr o vided in IEEE Standard
488-1975, pub li s hed by the Institu te o f El ect ri cal & El ectronics
Eng ineer s -- 345 Ε . 47 St reet, New York , NY 10017 .
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SECTION 1

INTRODUCTION

The TEKTRONI X 7A16P Pr ogrammable Ampl ifier is α wid en-bandwidth plug-
in amplifier d es igned fo r use in TEKTRONIX 7000-Series programmable
mainframes . The 7A16P may be inserted in any 7000-Series mainframe
wi t hout damage, b u t. Is recommended fo r use only in α programmable
mainframe .

The 7A16P h as cali b rated defl ection factors ranging from 10
m i.lli vol ts/d ivi s i o n to 5 vol ts/ div ision . Variable, but uncalibrated,
deflection factor s ar e al so pr ovided by usi ng the VARIABLE control . The
am plifier inpu t can be swi tc hed between t wo input connectors to aid in
automatic cal ib rat ion of the plug-in . Ei ther α 50-ohm or 1-Megohm
amplifier inpu t im pedan ce can be sel ected . AC or DC coupling of the
input signal can b e se l ected o r the amplifier input grounded to establish
α ze ro- reference l eve l .

The 7A16P has reado ut en coding and trace identify functions . Thus,
ve rt ical scale factor s can be di s pl ayed on α pr ogrammabl e mainframe
having reado ut di s play capabili t y .

All funct ion s o f th e 7A16P can be remotely programmed wi th the
except ion o f the VARIABLE an d GA IN cont rol s and the probe IDENTIFY
swi tc h . The statu s of each programmabl e funct ion can be set or read by
commands sent over the IEEE 488 bus . These commands can be sent in either
α hig h-lev el or low-level l ang uage, both of τ ini c h are decoded by α
mi c roprocesso r in the 7 Α 16Ρ .

Speci fi cations

Th e fo l lowing tables describe th e e l ect ri cal , pr ogramming,
env ironm e ntal, and physical spec ificat ion s of t he 7Α 16Ρ . Ch aracte rist ics
whose spec ifi cat ions are checked in th e cali b r at i on pr oced ur e are listed
unde r α col umn entitl ed PERFO RMANC E REQUIR EMENTS . Spec ifi cat i ons fo r all
other characteristics are li sted unde r SUPPLEMENTAL INFORMATION .
Info rmat i on in the SUPPLEMENTAL INFO RMATI ON column is of α general nature
and sho ul d not be considered as pe rfo rm an ce re quirements . In cases where
α part i c ul ar pl ug- in spec ificat ion i s mainfr ame-depe ndent, α note has
been inc luded referencing the manual for t he mainframe .



CHARACTERISTICS

De flection Factor

Calibrated Range

Gain-Ratio
Accur ac y

Un calib r ated
(VARIABLE)

Frequency Res pon se

Ba ndwidth

AC Coupled Lower
Band width Limit

Ste p Response

Ri set ime

Limi ted-Band wid th
Ri set ime

7Α 16Ρ INSTR U CTIO N

TABLE 1-1
ELECTRICAL SPECIFICATIONS

10 mV/div to 5 V/ div, 9
steps in α 1-2--5 se quence .

2% of indicated defl ect io n
factor wi th GAIN ad j usted at
10 mV/div .

50 ohm input - 200 MHz in
7900-Se ri es pr ogrammabl e
mainfr ame .

1 Megohm input - 150 MHz in
7900-Seri es programmable
ma infr am e .

50 ohm input - Χ 1 .8 nanoseco nds
i n 7900-Seri es pr ogramm abl e
ma infr am e .

SUPPL EMENTAL INF ORMATIO N

Continuously vari ab l e
betwee n calib r ated steps ;
extend s defl ection facto r
to at least 12 .5 V/d iv .
Ex pands defl ect ion factor
selected to at least 2 .5
tim es calibrated v alue .

10 Hz or less .

20 MHz, + 3 MHz .

21 nanoseco nd s max imum .

1-2
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CHARACTERISTICS

Capacitance

	

(

	

I Approx . 20 picofarads .

Baseline Shut

VARIABLE

7Α 16Ρ INSTRUCTION

TABLE 1-1 (cont .)

SUPPLEMENTAL INFORMATION

250 V (DC + peak AC) ;
AC component 500 V Ρ-Ρ
maximum, 1 kHz or less .

500 V (DC + peak AC) ;
AC component 500 V Ρ-Ρ
maximum, 1 kHz or less .

0 .5 division or less when
turned through entire
range .



Di spl ayed Noise
( measur ed tange n-
t ial l y)

7Α 16Ρ INST RUCTION

TABLE 1-1 (coot .)

PERFORMANCE REQUI REMENTS

	

Ι

	

SUPPLEMENTAL INF ORMATION

0 .5 divi s i on or less wh en
swi tc hed betwee n 10 mV /d iv
and 20 mV /div .

0 .5 divi si on or l ess wh en
swi tc hed between +UP and
INV .

0 .5 divi s i on or less wh en
swi tc hed betwee n FULL a nd
20 MHz .

De fl ects t race +0 .2 to +0 .4
divi si ons .

At least +10 divisions
to at least -10 divi sio ns
fr om grat i c u '_ center .

From +10 .24 to -10 .22
divisions in 0 .02 divi s ion
ste ps .

10 mV /d iv : 0 .1 divi sions
or less at FULL bandwidt h ;
0 .02 divi sions or less
at limi ted bandwidt h .



Overdrive Recovery Time
(tested at 250C)

Crosst,αιΙk
( unused input to
selected input)

Feedthrough
(ground functions
selected)

CHARACTERISTICS

Set-up Ti,,τze (Full

front pane l )

Low-level

7Α 16Ρ INSTRUCTION

TABLE 1-1 (cont .)

PERFORMANC E REQUIREMENTS

TABLE 1-2

PROGRAMMING SPECIFICATIONS

PERFORMANCE REQUIREMENTS

SUPPLEMENTAL INFORMATION

100 microseconds or less
to recover to wi thin 1
division of baseline after
remo val of overdriv e sig nal .
Overdrive occur s when the
foll owing peak amplitud es
are exceeded :

2% o r l ess up to 200 MHz .

2% or less up to 200 MHz .

SUPPLEMENTAL INF ORMATION

Front-pane l set-up t ime is :
(decode t ime)+( byte count) χ
(t ime/ byte)+(overhead) .

Decode tim e = 11 .0 ms
Byte count ^~ 60
Overhead ==0 .4 ms

Decode time a--1 .0 ms
Byte count = 10
Overhead ~-_ 0 .1 ms

4 .OV (on 10-50 mV r ange)
40V (on 100-500 mV r a nge)
70V (on 1-5 V r ange)
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ΤΑΒLβ 1-3

ENVIRONMENTAL SPECIFI CATIONS

Fo r temperatur e, al t i t ude, vibration, shock , and humi d i t y
specificat ion s, r e fer to the manual for the assoc iated mainframe .

TABLE 1- 4

SICAL SPECIFICATIONS

Weight

Dimen s ions

1 .2 Kg . (2 .6 lbs .)

Fits 7000-Series ma inframe plug- in compartment .

y of Programmable Features

The TEKTRONIX 7Α 16Ρ Programmable Amplifi e r can be ope rated in eit her
Local or Remote mode . In Local mod e, it o pe rates like a non-programmable
plug-in, such as the TEKTRONIX 7Α 16Α . That i s, i ts functi ons are
controllab l e only from the front pane l .

When the 7Α 16Ρ i s set to Remote mode, howev e r , the front panel is
rendered ino pe rat iv e except for three non-programmable functions :
VARIABLE, GAIN, and IDENTIFY . Under remote co nt rol , functions can be
controll ed only by commands sent ov e r the IEEE 488 bus . Howev er , as
con tro l sett ings are effected remote ly , the front-panel lig hts will
ind icate accordingly .

Th e Remote/ Local state o f the 7Α 16Ρ i s sl av ed to the Remote/Loca l
state of t he mainframe in which i t i s installed . Thus the ma inframe mu st
be set to Remote mode fo r programmed cont rol of the plug- in, and must be
set to Local. mode for fron t- pane l control of the plug-in .



Front-Panel Buttons
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Each pu shb u tton on the 7 Α 16 Ρ front pane l serv es as both α swi tc h and
an indicator . Α Light Emitting Di ode (LED) mounted behind each b utton
indi cates the presen t state of the function con trolled b y that bu tton ,
regardless o f whether the correspo nding function was set manually or
un de r pr ogram control . Th e swi tc hes t hemselves are α momentary-con tact
t ype ; it is only necessary to tap α particul ar button to set that
function .

Th e ope rat ion of the fron t- pane l buttons generally falls into one o f
two catego ries . The first catego ry inc lud es the VOLTS/DIV and AC-GND-DC
funct i ons . Since there are more than two swi tc h settings fo r each of
th ese fun ct i ons, pushbutton s in thi s catego ry are part of α ganged-switch
arrangemen t . Pr essing α part icul ar button cance l s t he setting of the
previously pr essed button and selects the new sett ing . Fo r exampl e, if
GND has been pr essed or remotely set as ind icated by the light ing of the
GND button , pr ess ing the AC button will ext ing ui sh the GND lig ht arid
swi tch the inpu t co upling to AC ; t he AC button will then be lit to
ind icate th e new sett ing .

The second catego ry of buttons includes th e fo l lowing funct ions :

BANDWIDTH (Full o r 20 MHz)
POLARITY (+Up or Inv e rt)
INPUT Conn ecto r ( Α o r Β )
INPUT Impedan ce (1 Mego hm or 50 ohm s)

Since t he re are j ust two settings fo r eac h of the above funct ion s,
bu tto ns in t hi s category are esse nt i ally toggle swi tches, and the
light ing of each button ind icates the c urrent state of the funct ion
con trolled by that button . For example, re peatedly pressing the POLARITY
button al te rnately illuminates and ext ing ui shes the POLARITY button .
When POLARITY i s lit, inverted po la ri t y i s selected ; when POLARITY is not
l it, normal po l arit y is selected .



Front-Panel Cont rols

7A16P INSTRUCTION

There are thr ee 7A16P front- panel rotary cont rols : POSITION ,
VARIABLE, and GAIN . Only the POSITION control i s fully progr ammable . When
the 7A16P i s in Loca l mode, the POS ITI ON control operates just like that
o f α non-programmable plug- in . That is, the verti cal position of th e
trace i s cont rolled by th e c urr ent posi ti on o f the knob . When the 7A16P
is set to Remote mode, th e POSITION cont rol is di sabled and the trace
posi ti on is dete rmined by comman ds whi c h set α 10- bi t Dig i tal-to-Anal og
Conv er ter (DAC) . Since the POSIT ION control is di sab l ed d uring Remote
operati on , its curr ent knob setting may not indi cate the true trace
posi t i on . Howev er , wh en the 7A16P i s again set to Local mode, the
verti cal pos i t i on of the trace r everts bac k to the position ind i cated by
the POSITION control . During Remote operatio n , the trace posi tion can be
read as well as set over the IEEE 488 b us .

The VARIABLE control allows the verti cal sca l e factors to be
incr eased to about 2 .5 t imes their calibrated value (e .g ., on 5 Volts/Div
the scale factor can be increased to about 12 .5 Vo l ts/Div ) . In Local
mode, the VARIABLE control can be continuou sly vari ed over i ts entire
range and is o perat ive only when in the extended (unlatched ) posi t i on . In
Remote mode, the setti ng o f the VARIABLE control can not be read or set .
Howev er , the VARIABLE control can be enabl e d or di sabled und er remote
control , regardless of wheth er th e cont rol i s in the extended or
unextend ed positi on . When changing from Loca l to Remote mode, the
VARIABLE control i s automati cally set to OFF so that the ver ti cal sca l e
factor s ar e cali brated .

The GAIN ad justment is α front- panel screwdri v er ad justment that can
vary th e am pl i fi er gain ov er α narrow range to allow for di fferences in
gain between mainfr ames . I t is di sab l ed when VARIABLE i s se l ected .

The probe IDENTIFY swi tch adds an offset to the display ed trace to
help the op erator locate the trace in α multi-trace dis play . Thi s swi tch
is av ail abl e only at th e pr obe tip and can not be set under remote
control . The swi tch setti ng can , however , be read under r emote cont rol .

Tabl e 1-5 provides α. li st of all the 7A16P functi ons and indicates
which functi ons can be set or read ( queri ed) under manual and remote
operation . Sett ing α function manually refers to pr ess ing α given button
or turning α cont rol ; reading α fun ct i on manual ly re fer s to looki ng at
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the ill uminati on of α particular button or noting the position of α
control . Setting and readi ng functi ons under r emote cont rol refers to
setting α functi on or interrogat ing the status o f α functi on by sending
or receivi ng messages over the IEEE 488 bus . Informat i on on how t hi s i s
done is contained in Section 3 .

For more information on each of the functi ons an d how they ar e used,
refer to Section 2 .

POLARITY_(+_U_Ρ - INV)
INPUT a Connector ( Α

_
-

INPUT Impedance (1 Megohm-50 ohm s)

INPUT Coupling ( AC-GND-DC)

	

~~
VOLTS/DIV υ 4
POS ITION Control
VARIABLE Control l

GA IN Adj ustment;
Probe_Attenuation~_γ
Plug- in Type3

7Α 16Ρ INSTRUCTION

TABLE 1-5

LIST OF 7A16P FUNCTIONS

ΝΟΤΕ

An "Χ " in the above cha rt denotes that α
parti cular function can be set or read .

1 The setting of the VARIABLE control i s not programmable, but
the control can be enabl ed or d i sabled in R emote mode .

; The GAIN ad j ustment is disabled if the VARIABLE control i s enabled .

The plug- in type (7Α 16Ρ ) is inscribed on the front panel and can be
read under program control wi th the ID command .
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Bloc k Diagram

The following is α s implifi ed bl oc k diagram of the 7 Α 16Ρ ( Fig . 1-1)
and α brie f descrip t ion o f th e bloc ks . Ι t is included here to provide
bac kground informat ion for th e sect i ons that follow .

The input s ignal i s applied to the attenuator through one of the
INPUT BNC connectors on the front pa ne l . Pr ec isi on attenuators are
switc hed into the signal path to se l ect t he desired attenuat ion ( VO LTS/
DIV ) facto r . The amplifier selects norma l o r inv e rted signal po l arity and
provides α 1Χ or 2Χ attenuat ion . The pos i t i o ning c irc ui t adds α DC
com pone nt to t he signal for posit ioning . Α fin a l amplifi e r state spli ts
the signal into separate displ ay and trigger s ignal s o f e qu al ampli t ude .

The 7Α 16Ρ attenuato r , fr ont panel , and IEEE 488 in te rface ar e
controlled by α mic ro processo r system in the plug-in. The heart o f thi s
system is α Motorola Μ6800 Micro processing Unit (MPU) . Α control
pr ogram, resident in 4Κ (1 Κ =1024) bytes of Read Only Memory (ROM),
directs the MPU activity . The MPU uses Random Access Memory (RAM) as α
"scratc h pad" .

Three Peripheral Interface Adapter s ( ΡΙΑ 's) handle internal
communi cat ion between the MPU and the other ci rc ui ts in the plug-in . The
switching logic drives the attenuator an d front pane l . The IEEE 488
interface handl es the handshaking on the bus .

The c loc k circuit generates the two- phase c l ock s ignal re qui red by
the MPU . When power-up occurs, the power-up c ircui t ini t ializes th e .MPU
and ΡΙΑ 's and starts the clock circuit . The reado u t c irc ui t encodes the
attenuator sett ings and sends the readout informat ion to the mainframe .

Α detailed circuit desc ript ion of these blocks is inc luded in
Section 5 .



Fig . 1-1 .

	

Block diagram of the 7A16P.
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SECTION 2

MANUAL OPERATION

This sect ion co ntains α desc ription of the 7A16P cont ro l s and
connectors, and inc lud es inst ructions for manual (non-programmable)
ope rat ion o f the plug- in . Thi s is fo llowed by α "funct ional ch ec k"
sect i on , which provides α qui c k ve ri fi cat ion o f instrument pe rformance .
Al so inc luded are in struct i ons fo r instal ling the plug- in, gen e ral
info rmat ion on s ignal input co nnect ions, and other sub jects that pertain
to vari ous measurement ap pli cat io ns .

Installatio n

Th e 7A16P i s calibrated and read y fo r use as rece ived . It may be
in stall ed in any compartment o f α TEKTRONIX 7000-Series Osc illosco pe
withou t damage, b ut is recommended for use only in 7000-Series
programmab l e mainfr ames . It is prim arily inte nded fo r use in vert ical
plug- in compa r tme nts .

CAUTION

Al ways t urn off the ma inframe powe r be fo re
in sta lling o r removing plug- in s to pr ev e nt
dam age to t he c irc uit ry .

To install th e plug- i n, alig n the upper and lower ra il s o f the 7A16P
wi t h the mainframe t rac ks a nd inse r t t he plug- in . The front pane l will be
flus h wi t h the fron t o f th e mainfr ame whe n the plug- in i s fully inse rted,
and t he latc h at the bottom l e ft co rner will be in place aga inst the
front panel .

To remove the 7 Α 16Ρ , pull on t he l atc h (insc ribed with the uni t
iden t ifi cat i on "7 Α 16Ρ ") and the plug- in will unlatch . Con t inue pull ing on
the l atc h to slide the 7A16P ou t o f the mainframe .



Fig . 2-1 . Fron t panel of the 7116Ρ .
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INPUT Connectors

Switc h

1 Megohm - 50 Ohm Swi tc h

0 AC-G D-DC Switches

7Α 16Ρ INSTRUCTION

Co ntrols, Connectors, and Indicators

Two ΒΝ C input connector s ar e pr o vided to aid in swi tching between
two inputs ( α signal source and α calib rat i on so urce, fo r example) .
Ei ther the Α or Β input is se l ected by α lig hted pushbu tton swi tch
ad j acent to t he connectors .

Selects ei t her the Α or Β input connecto r . Whe n lit, it selects t he
Β inpu t ; wh en unlit, it selects the Α input .

Sel ects an amplifier input impedance o f e i the r 1 Megohm or 50 ohms .
When lit, i t se l ects 50 ohms ; when unlit it sel ects 1 Mego hm .

These thr ee swi tc hes select one of the fo llowing input coupling
modes depending on whi c h of the t hree buttons was last pr essed :

AC : The AC compon e n t o f the s ig nal is coupl ed to the input while the
DC compo nent i s bloc ked .

GND : Th e input connectors a re disconnected from the amplifier
input .

DC : Bot h the AC and DC compo ne nts of the signal are coupled to the
ampli fier input .

(The button that i s curr e nt ly li t indicates the selected inpu t
coupling mode .)



POSITION Control

Contro l s the verti cal pos i t i on of the trace b y inject ing α DC offset
c urr ent into the amplifi er along wi th the input s ig nal .

(6 VARIABLE (CAL IN) Control

Pro vi d es continuo us ly vari able deflect ion factors between
cali b rated steps . The variable deflecti on factors overlap and ar e
uncali brated . When the 7 Α 16 Ρ i s set to Local mode, thi s cont rol i s
op e rat iv e only when in the extended posi ti on . Wh en t he 7Α 16 Ρ i s set to
Remote mode, it i s inoperativ e whether in i ts extended posi t i on or not
unless enab l ed under program con tr ol . I ts control setti ng i s not
prog rammabl e . When chang ing fr om Local to Remote mode, the VARIABLE
cont rol i s au tomat i cal ly set to OFF so t hat the verti cal sca l e factors
are cal ibrated .

1D GAIN Adjustment

Α front- panel scr ewdriver adj ustment that can vary th e amplifi er
gain over α narrow range to allow fo r differences in gain between
mainframes . I t is di sab l ed when VARIABLE i s sel ected, but can not be
di sabled under progr am cont rol (unl ess VARIABLE i s selected) .

BANDWIDTH Swi tch

7Α 16 Ρ INSTRUCTION

Selects full amplifier bandwi dth or reduced amplifi er bandwidth of
20 Megahertz . When li t, reduced bandwidth is selected ; wh en unl it, full
bandwi dth i s selected .

O)POLARITY Swi tch

Selects inv er ted or normal amplifi er mode . When lit, inv erted mode
i s se l ected; when unli t, normal mode is selected .
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10 VOLTS/DIV Switches

These nine swi tc hes select calibrated de flect ion factors from 10
millivolts/d ivi s ion to 5 volts/division in nine steps with α 1-2-5
sequence . The last button pressed determines the current setting . (The
button that i s curr ently li t indicates the selected deflection factor .)

IDENTIFY Switch

7A16P INSTRUCTION

Adds an o ffset (0 .3 div is ions as viewed on α CRT displ ay) to help
the ope rator ident ify the trace in α mul t i-trace displ ay . Scal e factor
readout i s replaced with the word IDENTIF Y . The IDENTIFY swi tch is
av ail able only at the probe t ip . It is non-programmable but can be
disabled (no trace shift) under program cont rol .

Fun ct ional Check

The following procedure demon st rates the use of the connectors and
co n t rol s of the 7 Α 16Ρ , while at the same t ime providing α means of
c hec king the basic operat ion o f the inst rument . Re fer to the desc ript ion
o f t he cont rols, connectors, and ind i cators whil e pe rfo rming thi s
proced ur e . If performing the funtional check procedure rev ea l s α
ma lfun ct i on or possible improper ad justment, fir st chec k the oper at ion of
th e assoc i ated mainframe . If the mainframe seem s to be wo rking properly,
hav e t h e 7A16P examined by α quali fied service techni c ian .

Preliminary Setup

W i th t he mainframe power off, install the 7A16P into the vertica l
plug-in compartment of α 7000-Series programmable mainframe . In stall α
7B-Series t ime- base unit (if applicable) into the horizontal plug- in
compartmen t .

Wi th t he mainfr ame powe r on, set the mainframe trigger--source switch
(if appli cab l e) to sel ect the appropriate vertical compartment . Set the
time-base uni t to α sweep speed of 500 microseconds/div and set the
trigge ring mode to PP AUT O . Al so, adjust the mainframe beam intens ity, if
necessary .



Power-up Sequence

When the mainframe i s turned on, the 7 Α 16Ρ is set to α predetermined
state as indicated by the lighted front-panel buttons . The status of the
front-panel buttons should indicate the following :

Procedure

BANDWIDTH : FULL
POLARITY : +UP
VOLTS/DIV : 5
INPUT CONNECTOR :

	

Α
INPUT IMPEDANCE :

	

1 Megohm
INPUT COUPLING :

	

DC

Also, the trace is moved to the position indicated by t he POSITION
control .

NORMAL OPERATION

7 Α 16 Ρ INSTRUCTION

1) After an adequate warm-up period (20 minutes or more), set the
7Α 16Ρ AC-GND-DC switches to GND, and ad just the POSITION control so that
the trace is vertically centered on the CRT graticule .

2) Connect α 0 .4 volt, 1 kilohertz square wave to input connector Α .
(Input connector Α is automatically selected during the power-up
sequence .)

3) Set the 7Α 16Ρ VOLTS/DIV switches to 100 mV/div (or 10 mV/div if α
10Χ probe is being used) . The VARIABLE control should be pressed in to
the calibrated position .

4) Set the AC-GND-DC switches for DC coupling .

5) With t he time-base set to α sweep speed of 500 microseconds/div,
adjust the LEVEL control for α stable display when PP AUTO triggering
mode i s selected .

6) Check for α four-division amplitude of the calibration s ignal .
(The GAIN adjustment on the 7Α 16Ρ can be used to achieve the proper



d e flect i o n o f the calibration signal .)

IN VERTED POLARITY

7) Pr ess t he POLARITY button . The POLARITY button should illuminate
and the dis pl ay shoul d be inverted . The CRT readou t wil l di splay an
inverted arrow (+) or minus sign (-) to indicate the inverted display .

AC COUPLING

8) Set th e AC-G ND -DC swi tc hes to AC . Check that the AC button is lit
and that the trace i s now centered on the display graticule .

BANDWIDTH L IMIT

9) Press the BANDWIDTH b utto n . Chec k that the button is lit,
ind i cat ing lim ited band wid th . NOTE : At higher freque ncies, the corners of
α square wave are rounded (the hig h fr eque nc y compo nents of the square
wav e are filtered ou t) .

VARIABLI

B CONNECTOR

GAIN

7Α 16Ρ INSTRUCTION

10) Unl atc h the VARIABLE (VOLT S/DIV) cont rol to t he exte nded, o r
unca librated, posit ion . Not ice that th e s ize of the di s pl aye d sig nal
decreases as the VARIABLE control i s turne d co un te rc l oc kwi se . The CRT
readou t will di spl ay an angle bracket (>) to in d i cate t he un calibrated
di splay . Pus h in the VARIABLE contro l to resto r e th e ca l ib rated di spl ay .

11) Pr ess the Β INPUT connector button and note that i t illuminates .
No signal should now appear on the displ ay at th e center o f the
grat icul e . Reconn ect t he cal ibrat ion signal to the Β INPUT conn ecto r and
chec k that the s ign a l aga in appears on the display .

INPUT IMPEDANCE

12) Press th e 1-Μεg ο hm/50-ohm swi tch . Check that th e bu tton i s li t,
ind i cat ing 50-ohm inpu t impeda nce . NOTE : If α signal generator with 50-
o hm out put impedance i s be ing used, t he displ ayed signal am plitude will
dec rease by one-half when thi s button is pr essed .



S 1 Connections

7A16P INSTRUCTION

When α 10 Χ or 100Χ probe with α readout-coding ring is present on
the selected input connector, the CRT readout (Volts/Div) will indicate
the actual deflection factor at the probe tip ; thus i t will not be
necessary to multiply the CRT readout by the probe attenuation factor .
However, u se of α probe with the 7 Α 16Ρ i s not always advisable, since the
amplifier input is optimized for 50 ohms and use of α probe may cause the
amplifier step response to have abberations that are out of
specification .

Vertical Gain Check and Adjustment

To check the gain of the 7Α 1 δΡ , select α VOLTS/DIV setting of 10 mV
and connect α 40 mV, 1 kHz square wave to the input connector . The
vertical deflection should be exactly four divisions if α 1 Χ probe or no
probe is being used . If necessary, ad j ust the front-panel GAIN for
exactly four divisions .

Input Coupling

General Operating Information

The AC-GND-DC switches allow α choice of input coupling methods . The
type of display desired and the applied signal will determine the method
of coupling to use .

The DC coupling mode can be u sed for most applications . For AC
signals with frequencies below about 30 Hz, and square waves whose low-
frequency components are important to the display, it is necessary to use
DC coupling to obtain α satisfactory presentation .

In the AC coupling mode, the DC component of t he signal is blocked
by α capacitor in the input circuit . The A C coupling mode provides the
best display of signals with α DC component much larger t han the AC
component .



VOLTS/DIV and VARIABLE

POLARITY Switch

Trace I dentification

7Α 16Ρ INSTRUCTION

The GND mode open-circuits the 7 Α 16Ρ input connectors and can be
used to supply α zero-reference trace .

The amount of deflection produced by α s ignal is determined by the
signal amplitude, the attenuation factor of the probe (if used), the
settings of the VOLTS/DIV switches, and the setting of the VARIABLE
control . Calibrated deflection factors represented by the settings of
t he VOLTS/DIV switches apply only when the VARIABLE control is in the
CAL position (pushed in) or when disabled under program control .

The VARIABLE control provides variable uncalibrated settings between
the calibrated settings of the VOLTS/DIV switches . With the VARIABLE
control extended and set fully counterclockwise, the uncalibrated
deflection factor is extended to at least 2 .5 times the attenuator
setting . By applying α calibrated voltage source to the INPUT connector,
any specific deflection factor can be set within the range of the
VARIABLE control .

The POLARITY switch provides α. means of inverting the displayed
signal . With the POLARITY set to +UP, α positive-going signal. at the
selected INPUT produces an upward deflection of the CRT display . With the
POLARITY set to INVERT, α positive-going signal will produce α downward
deflection of the CRT display .

When the IDENTIFY probe button is pressed, the trace is deflected
upward about 0 .3 divisions to identify the 7 Α 16 Ρ trace . This feature is
particularly useful when multiple traces are displayed on the CRT . In
mainframes with readout, i t also replaces the deflection factor readout
with the word "IDENTIFY" .



General

The following info rmation describ es th e proced ur es and tec hniques
fo r making vi sual measur ements wi th α 7 Α 16Ρ an d an assoc i ated TEKTR ONI X
programmable mainfr am e and time-base . (To some exte nt, t hi s info rmat i on
is also applicable to measurements made unde r program co nt rol .) These
applications are not desc ri bed in deta il , s ince eac h appli cat i o n must be
adapted to the req uireme nts of the individua l measur em en t . Thi s
inst rument can also be used fo r many applicat ion s whi c h are not desc rib e d
in this manual . Contact yo ur local TEKTRONIX Field Office or
representat ive fo r assistance in making spec ific measur em en ts .

Peak-to-Peak Voltage Measure

7Α 16Ρ IN STRUC TION

ents (AC)

To make peak-to-peak vo l tage measurements, use the fo llowing
procedur e :

1) Apply the signal to the se l ected input connector .

2) Pr ess the AC coupl ing switch .

Applicat ions

NOTE

Fo r l ow-freque ncy signa l s be low abou t 30 H e rt z ,
use the DC coupling mode to prevent atte nuat ion
o f the signal .

3) Se lect α VOLTS/DIV setting that di s play s abou t five vert i cal
divisions o f the wav e fo rm .

4) Set the t ime-base Triggering contro ls fo r α stab l e di spl ay . Set
the Time Base to α sweep rate which displ ay s several c yc l es of the
wav efo rm .

5) Adj ust th e 7Α 16Ρ POSITION control so the lowe r po rt i on of t he
wa v e fo rm coinc ides wi th on e of the graticul e l ines be low the ce n te r



horizontal line, and the top of the waveform is within the viewing area .
With the time-base POSITION control, move the display so one of the upper
peaks lies near the center vertical line (see Fig . 2-2) .

Fig . 2-2 . Measuring the peak-to-peak voltage of α vavefor

6) Measure the divisions of vertical deflection peak-to-peak (not
including the trace width) . Check t hat the VARIABLE control is in the CAL
position .

7Α 16Ρ INSTRUCTION

NOTE

This technique can also be used to make measurements
between two points on the waveform, rather than peak-
to-peak .

7) Multiply the distance measured in step 6 by the VOLTS/DIV switch
setting . Include the attenuation factor of the probe if used . (If the
VOLTS/DIV setting i s taken from the CRT readout, the attenuation factor
is already included -- assuming α coded probe is used .)



EXAMPLE : Ass ume that the peak-to- peak vert ica l de flect io n i s 4 .5
divis ion s u s ing α 10Χ atte nuator probe, and the VOLT S/D IV swi tch i s set
to 1 V .

ver t i cal
Vo lts = de flect io n

	

Χ
(divi s ions)

Sub st i tuting the g iven values :

7Α 16Ρ INSTRUCTION

VO LTS/ DIV
sett ing

Vo l ts Peak-to-Peak = 4 .5 Χ 1 Χ 10

the peak-to- peak voltage i s 45 vo l ts .

I f yo u are us ing α 7 Α 16Ρ with α coded probe and α mainframe equipped
wi th read o ut, simply mul tiply the di stance measur ed in ste p 6 by the
de flect ion factor displ ayed on the CRT .

Instantaneous Vol tage Measurements ( DC)

probe
Χ attenuato r

factor

To measur e t he DC l ev el at α given po in t on α wav e fo rm, proceed as
fo llows :

1) Connect the s ig nal to the selected input conn ecto r .

2) Se l ect α VOLT S/DIV sett ing that displays about five d ivis ions .

3) Wi t h the t ime base in PP AUTO mode, press the 7 Α 16Ρ GND coupling
swi tc h and position th e t race to the bottom grat icul e line or other
reference l ine . If the vo l tage i s negat iv e wi t h respect to ground,
pos i t i o n the trace to the to p gr at i cul e line . Do not move the 7 Α 16Ρ
POSITI ON cont rol after thi s r e fe r ence line has been established .

4) Press the 7 Α 16Ρ DC coupl ing swi tc h . The ground re ference line ca n
be checked at any time by pr ess ing th e GND swi tc h .
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ΝΟΤΕ

To measur e α voltage level with respect to another
( re fe re nce) voltage rather than ground, make the
fo llo wi ng c hanges to step 4 . Press the DC coupling
swi tc h and apply the reference voltage to the
sel ected input connector . Then posit ion the trace
to th e r e fe re nce line and disconnect the reference
vol tage . Reconnect t he vol tage to be measured to
the sam e input connector . ( I t is also possi ble to
conn ect t he re fe re nce vol tage to one input connector
and the meas ur ed vol tage to t he ot her input connector .
The Α/Β swi tc h i s t he n used to switc h from one signal
to th e oth e r .)

CAUTION

Do not attempt to " float" t he ma inframe to make
different ial measurements . Th e mainframe must
be properly grounded to reduce electrical-shock
hazard .

5) Set t he t ime-base Triggering contro ls fo r α stable d i s pla y . Set
the time base swee p rate fo r an opt imum d i s play o f the wave form .

6) Measur e the di stance in divi s ion s between th e reference lin e and
the point on the wa v e fo rm at which the DC level i s to be measured . For
example, in Fig . 2-3, t he measurement is between the re ference line and
po int Α .

7) Establi sh the po l ari t y of the wave form . With the POLARITY switch
set to +UP (o ff), any po int above the re ference line is pos it ive .

8) Mul t iply the distance measured in step 6 by the VOLTS/DIV switch
setting . Includ e th e atte nuat i on factor of the probe, if applicab le .

EXAMPLE : A ssume th e ve r t i cal distance measured is 4 .6 div ision s (see
Fig . 2-3) and the wave form i s abov e t he re ference line using α 10Χ probe
wi t h α VO LTS/DIV swi tch sett ing o f 0 .5 V .



Us ing the formula :

Co

vert ical
Instantaneous =

	

distance
Vol tage (divis ions)

Subst i tut ing t he given values :

parison Measur ements

7Α 16Ρ INSTRUCTION

Fig . 2-3 . Measuring instantaneous vol tage with
res pect to some re ference .

the instantaneous voltage is 23 volts .

Χ po lar i t y Χ

In stantaneous Voltage = 4 .6 Χ 1 Χ 0 .5V Χ 10

VO LTS/DIV
setting

In some applicat ions it may be desirable to estab li sh uni ts o f
measurement other than those indicated by the VOLTS/DIV swi tches . Thi s
is particularly use ful wh e n comparing unknown signa l s to α re fe r en ce
ampli t ude . One use for the compa ri so n-measurement technique is in
ca lib r at ing equipment, where the des ired amplitude does not produce an
exact numbe r of divisions o f de flect io n . The ad j ustment will be eas ier

probe
Χ attenuat ion

factor
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and mor e acc ur ate if arbitrary units of measur em ent are establi shed, so
that the co rrect ad j ustment is indicated by an exact number of divi s ions
of de flect ion . The fol l owing procedure describes how to estab li sh
arbitrary uni ts o f measur e fo r comparison measurements .

To estab l ish α ve r t i cal defl ection factor based upon α spec ific
reference amplitude, pr oceed as fo ll ows :

1) Connect th e r e fere nce signal to the Α input connector and select
the Α inpu t wi th t he Α/ Β i nput swi tch . Set the time-base sweep rate to
di s pl ay several c yc l es o f the sig nal .

2) Set the VOLTS/DIV swi tc hes and the VARIABLE control to produce α
di s pl ay which i s an exact numbe r of vert ical divisions in amplitude . Do
not change the VARIABLE co n t ro l afte r obtaining the desired defl ection .

3) To establish an arb i t r ary v e r t i cal defl ect i on factor that allows
th e ampli t ud e of an unknown s ignal to be measur ed accur atel y at any
VOLTS/DIV setting, the am plitude o f t he re ference signal must be known .
If i t i s not known, it can be meas ur ed be fo re t he VARIA BLE cont rol is set
in ste p 2 .

4) Divid e the amplitude of the re fer e nce s ig nal ( vo l ts) by t he
product o f the vert ical de fl ection (d iv i s ion s) established in ste p 2 a nd
the sett ing o f the VOLTS/DIV swi tches .

This i s the v e rt i cal conv e rsi on factor :

Vert ical

	

refe re nce sig nal amplitude ( vo lts)
Conversion = ve r t i cal defl ect ion χ VOLTS/DIV
Factor ( Divi sions) sett ing

5) To measur e the ampl i t ud e of an unknown s igna l, connect
unkn own s igna l to the Β input connector and se lect th e Ε inpu t
Α/ Β input swi tch . Set the VOLT S/DI V swi tches to α sett ing that
suffi c i ent vert ical de fl ect i o n to make an accurate measurem en t
re-ad j ust the VARIABLE con t ro l .

th e
wi th th e
provides
Do not
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ΝΟΤΕ

Α mo d e r ate amo un t of crosstalk from the signa l
pr eviously input to connector Α may be observed
at connecto r Β . As noted in the spec ificat ions
sect ion , thi s c rosstalk shoul d never exceed 2$ .
However , if crosstalk i s α pr oblem, remove the
re f er ence s igna l fr om the Α connector .

6) Measure th e ve r t i cal d e fl ection in divi sions and calculate the
ampli t ude o f the unknown s ignal us ing t he fo llowing fo rmul a :

Signal = VOLTS/DIV
Amplitude sett ing

EXAMPLE : Assume α re ference s ignal amplitude of 30 vol ts, α VO LTS/
DIV sett ing of 5V, and the VARIABLE control . ad j usted to provid e α
vert ica l d e fl ect i on of fo ur divisions .

Subst i t ut ing these values in the vertical conv e r s ion facto r fo rmul a
(step 4) :

Vert ical Co nv e rsi on	30V

Facto r	4 χ 5V

Then with α VOLT S/D IV sett ing of 2V, the peak -to- peak am plitude of

an unknown s ignal whi c h pr o duces α ve rt ical de fl ect ion o f five d iv i s ion s
can be determined b y us ing t he sig nal amplitude fo rmula (ste p 6) :

Sig nal

	

= 2V Χ 1 .5 Χ 5 = 15 vo l ts
Ampl itude

ve rt ical vert ical
Χ conv ersi on Χ de fl ect ion

factor (d ivi s i ons)
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SECTI ON 3

PROGRAMMING

The 7 Α 16Ρ can be o p e rated by remote control over a versatile
instrument bu s known as t he IEEE 488 bus . Α deta il ed desc rip tion of t he

bus is g iven in IEEE Standard 48 β -1975 as we ll as ANSI Standard MC 1 .1

1975 . Α bri e f int rod uct i o n to t he IEEE 488 standard is included in this
sect ion as bac kg round info rmat i o n .

The 7Α 16Ρ i s inte rfaced to t he IEEE bus through the mainframe in
which it i s installed . T h e mainfr ame pr ovid es α transparent interface
between the IEEE 488 b us and the internal 7000-Series bus used to program
the plug- in s .

The Remote/Loca l state of the 7 Α 16 Ρ i s sl aved to the Remote/ Local
state of th e progr ammabl e mainfr ame . Wh en the mainframe is set to Remote
mode, th e 7Α 16Ρ can be operated by remote control over the IEEE 488 bus .
Either the cont r o ll e r-in--charge or other designated talker and listeners
can then set o r read any of the 7 Α 16 Ρ programmable funct ion s . In Remote
mode, th e fro nt pa ne l is di sabl ed except fo r the sett ings of the VARIABLE
and GAIN cont ro l s and the pr obe IDENTIF Y swi tch ; these are the only non-
programmable fun ct i o ns on the 7 Α 16 Ρ . The status o f the probe IDENTIFY
switch can be read, howev e r .

Afte r the 7Α 16Ρ has been set to Remote state, it can be remote ly
contro ll ed b y messages sent over the bus . This remote programming can be
accom pli she d by ei t her of two types o f device-dependent messages : α high
level l ang uage (ASCII character strings) or α low- l ev e l l anguage
(hexadecimal codes) . The advantage o f the h igh- lev e l lang uage i s that
messages ca n be sent wi t h simpl e, easy-to-remember mn emoni cs . S ince the
plug- in i tse lf decodes these high-level command s, i t i s not necessa ry to
inco rpo r ate t hi s decoding capabili ty in to s p ec i al d riv e r so ftwa r e . Th e
ma in ad v antage of using the low-level cod e i s that fewer keyst ro kes and
less bus t ime is required than when programming wi th the hig h-l ev e l
language . Wh e n access time is more im po r tan t th an ease o f programming,
the lo w-l ev e l l anguage of the 7 Α 16Ρ should be used . Bot h met hods o f
prog r amming t he 7 Α 16 Ρ are expl a ined following α b ri e f int rod uct i o n to the
IEEE 488 bus .



The IEEE 488 bus is α versatile instrument bus designed to provide
an effective communications link for data and instructions . The bus
itself is entirely passive . The active components of the interface are
contained within each device . Instruments designed to operate according
to this universal standard can be connected directly to the bus and
operated by α controller with appropriate programming . The instructions
and data generated by instruments can be coded in either ASCII or
binary . The IEEE standard specifies only the mechanical., electrical, and
functional aspects of the interface . The operational, or device
dependent, aspects of the system are purposely not specified to allow
greater flexibility as to the types of devices that can be
interconnected .

Α Typical Syste

7Α 16Ρ INSTRUCTION

Introduction to the IEEE 488 Bus

The IEEE 488 bus uses eight data lines and eight control lines .
Information is transferred bit-parallel, byte-serial by an asynchronous
handshake . The handshake signals guarantee that each data byte has been
t ransferred properly before allowing another byte to be transferred
across the bus . This allows instruments with different data transfer
rates to operate together if they conform to the handshake state diagrams
defined in t he IEEE 488 standard .

Types of Instruments . Instruments connected to the bus can be
classified as either controllers, talkers, or listeners . Α controller
designates which devices are to talk or listen and exercises other bus
management functions ; at any given t ime, there can be only o ne
controller . Α talker is α device capable of transmitting data and
instructions on the Data lines ; there can be only one talker at α t ime to
avoid confusion in message and data transfer . Α listener is α device
capable of responding to data or instructions received on the Data lines ;
there can be more than one listener at α time since no confusion
results .

Α device n eed not be α talker or listener or controller at all
times . It may be idle part of t he time . Other devices (such as α digital



multimeter) may alternately function as α talker or listener depending on
whether they are listening to instructions or generating data .

Α typical system is diagrammed in Fig . 3-1 . I t includes α controller
(such as α TEKTRONIX CP1164 Controller), α talker (such as α counter or
digital multimeter), and α l istener (such as α line printer or signal
generator) . Also included is α TEKTRONIX 7912AD Programmable Digitizer which
may either talk or listen .

CP1164CONTROLLER ,
ABLE TO TALK, L13'ΓΕΝ

AND CONTROL
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3-3

7912AD
PROGRAMMAGLE

DIGITIZER,
ABLE To TALK AND

L ISTEN

D101
DI02 ~-~---
DI03
D104 ~-
DI05 --°-
D106 --~°-°~
DI07
DIOS -----

Fig . 3-1 . Α typical system based on the IEEE 488 bus,
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T~ιpes of Messages.

	

Messages on the bus are either interface messages or
device-dependent messages . Interface messages are u sed to manage the
interface functions of the instruments . They designate talkers and
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listeners, determine local or remote operation of devices, indicate
service requests, and communicate other important interface conditions .
Device-dependent messages, by contrast, are not used to change the state
or configuration o f the interface, but are used to control the operating
modes or device functions of designated instruments . Device-dependent
messages can also b e data, such as waveform data generated by the
TEKTRONIX 7912AD Programmable Digitizer .

Maximum Number of Devices . Up to 15 devices can be connected on the
IEEE 488 bus . More than 15 devices can be interfaced if' they are not
directly connected to the bus but are interfaced through another device .
Such α scheme is used for the 7Α 16Ρ plug-in housed in α 7000-Series
programmable mainframe such as the 7912AD ; the mainframe provides α
transparent interface between the IEEE 488 bus and the plug-ins .
Secondary addresses are used for the plug-ins . More than 'half of the main
devices connected at any time must be powered-up for the system to be
operational .

Maximum Cable Length . The maximum length of cable that can be used
to connect α group of devices on the bus i s :

1) 2 meters times the number o f devices

2) Or 20 meters, whichever is less .

Cables may be connected in either α star or linear configuration, or in α
combination of the two methods .

Electrical Specifications . The relationship between the binary logic
states of the bus and the voltages present on the signal lines is as
follows :

Logical 1 corresponds to α low voltage level (+0 .8 V or less) and the
signal is said to be "asserted" .

Logical 0 corresponds to α high voltage level (at least +2 .0 V) and the
signal is said to be "unasserted" .

The electrical states are based on standard TTL (Transistor-Transistor
Logic) levels where the power source does not exceed +5 .25 Volts DC
referenced to logic ground .



Bus Signal Lines
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The IEEE 488 bus i s functionally divided into three component
busses : an eight-line Data Bus, α three-line Transfer (or handshake) Bus,
and α five-line Management Bus . This bus structure is diagrammed in Fig .
3-1 .

The eight lines of the Data Bus (DI01 through DI08) are
bidirectional active-low lines used to convey data or device-dependent
messages . Device addresses and universal commands are also transferred
over these lines when ΑΤΝ i s asserted . One byte of information is
transferred over the bus at α time . DI01 represents the least significant
bit in the byte ; DI08 represents the most significant bit . Data i s
transferred in byte-serial, bit-parallel fashion . Data bytes can be
formatted in ASCII with or without parity, or they can be formatted in
machine-dependent binary code . The term "machine-dependent binary code"
refers to an internal binary format used by α device to store certain
programs and data .

The Transfer Bus i s used to communicate α handshake sequence that is
executed between the talker and all designated listeners each time α byte
i s transferred over the Data Bus . This handshake sequence prevents the
talker from placing α new byte on the bus until the slowest listener has
captured the previous byte . Thus the talker can not transmit at α rate
faster than can be received by the slowest listener . The three active-low
lines of the Transfer Bus are NRFD, DAV, and NDAC . (See Fig . 3-2 for α
basic timing relationship between these signals) . Their functions are :

NRFD (Not Ready For Data) -- This signal line i s asserted, until
all assigned listeners are ready to receive the next data byte .
When all of the assigned listeners have released NRFD, the NRFD
s ignal is unasserted, thereby allowing the talker to place the
next byte on the Data lines .

DAV (Data Valid) -- The DAV signal line is asserted by the talker
shortly after placing α valid byte on the Data lines . This
tells each listener to capture the byte presently on the Data lines .
DAV can not be asserted until NRFD has been unasserted .

NDAC (Not Data Accepted) -- This signal line i s asserted b y each
listener until all have captured the byte currently on the Data lines .
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Wh en the sl owest listener has captured the data byte, NDAC is
unasse r ted, thereby allowing the talker to remove the byte from
the Data lines . At t hat po int, the DAV line is unasserted and the
ent ire hands hake cyc l e i s repeated .

ι
Ι

Ι

: ,
Ι

	

Ί~

	

Ί
_. . .

FIRST DATA ΒΥΤΕTALK ADDRESS
INTERFACE MSG

	

-- DEVICE DEPE NDENT MSG

F ig . 3-2 . Α typical handshake sequence .

Th e Management Bus i s α group of signal lines used to cont rol data
tran s fer s ov e r t he Data Bus . These lines communicate important interface
messages su c h as detect ing an interrupt from α device, setting α device
to remote co nt ro l , and denot ing the end of α message . The five active-low
signal lin es a r e ΑΤΝ , IF C, SRQ, RΕΝ , and ΕΟΙ ; t he ir functions are :

ι L -. --,Ε-i ι
ι ι ι ι
ι RFD 1 ι Ι

ι
ι

NRFD ι ι ι ι
(LISTENER) Ι Ι Ι ιι "° Ι

Ι
Ι

Ι ι DAC Ι
ι ι Ι

ι
Ι

NDAC Ι
(LISTENER )
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ΑΤΝ ( Atten t ion ) -- Asse rte d by t he cont roller- in-charge to
spec ify how info rm ation on the Data Bus is to be interpreted . When
ΑΤΝ i s not asserted, t he info rmation on the Data Bus is interpreted
as device-de pendent messages and data . When ΑΤΝ is
the Data Bu s conveys universal commands, addressed
talk addresses ( ΜΤΑ ),
addresses (MSA) . Just
depends upon the byte
corresponding to various command s and addresses are defined
in Appendix Ε of the IEEE 488 standard .

asserted ,
commands,

li sten addresses (MLA), or secondary
which ad dresses and commands are sent
currently on the Data Bus . Th e codes

1 C ( In te rface Cl ear ) -- Asserted by the system controller
to ini t i aliz e the interface functions of all instruments to α
qui esce nt state and ret urn control to the system . The IFC function
does t he same thing as UNLi.sten , UNTalk , Serial. Poll Disable
and resets all devices ex cept the system controller to the
idle state .

SRQ (Service Request) -- Asser ted by an inst rument to request
serv ice from th e cont ro ll e r- in-c harge . The cont roll er usually
interrupts its curr en t tas k and co nd ucts α se ri al poll to
determine which device in te rrup ted . Th e cont r o ll e r can the n
branch to an interrup t serv i ce rou t in e wh e re a ppr o pri ate act i on
i s take n . After the interrupt has been processed, th e cont rolle r
may resume execution of the pr eviou s tas k .

E01 (End Or Ident ify) -- Asserted by α talker to indicate
th e l ast byte of its message . When ΕΟΙ is asser ted with ΑΤΝ ,
th e co nt roll e r conducts α parallel poll o f the devices
connected to t he bus .

RΕΝ ( Remote Enabl e) -- Asse rted by the cont roll er- in-charge
to allow devi ces on the bus to go to Remote mode, t hereby allowing
remote control o f th e ir programmab l e funct ions . When in Remote
mode, the front pan e l s o f the inst ruments are disabl ed exce pt fo r
any non-programmable fun ct ions .



Bus Messages

1) talk add r esses
2) li ste n add r esses
3) seconda ry add r esses
4) univer sal comman ds
5) addressed command s

7Α 16Ρ IN STRUCTION

As previously noted, messages on the Data Bu s ar e eithe r in terface
messages o r devi ce-depe ndent messages . When the ΑΤΝ line i s asserted by
th e con t ro ll e r , all dev ices "pay attention" since interface messages are
to be t ra n s fe rred ove r the Data lines . (By "pay attent ion " it is meant
that all devi ces hands hake and process all bytes trans ferred on the bus .)
Interface messages can generall y be cl assif ied as follows :

The first thr ee catego ri es r e fe r to how α device i s to be addressed .
That is, they des ignate wh ethe r α devi ce i s to be α talke r or α li ste ne r .
To des ig nate α device as α talker , th e co ntrolle r asserts ΑΤΝ and pl aces
the device's talk add r ess on the Data lin es . Simil a rly, t he co n t r o ll e r
des ig nates α listener by asse rt ing ΑΤΝ a nd pl ac ing the add ress of the
li ste ne r on the Data lin es . In cases wh e r e seco ndary addressing is
des ig ned into α part icular device, i t i s necessary to t ransmi t t he
devi ce's secondary address following th e prim a ry ta lk or liste n add ress .

Th e four t h category listed above (univ e r sa l. command s) co n s i sts o f
those inte rface commands which a ffect all . in st rum en ts co nn ecte d to the
bu s, r ega r d l ess of whet her they are currently addr essed as ta lker or
listen e r s . Exampl es of univ ersal commands are LLO ( Loca l Loc kout) and DCL
( Device C l ea r ) .

The fift h category in the pr eced ing li st (add ressed command s)
cons ists o f those interface commands which affect all in strum ents
currently add r essed as l iste ne rs . Exampl es o f addressed commands are GTL
(Go To Local ) and GE T (G r oup Exec ute Trigger) . Α complete li st o f
universal an d add r essed commands i s provided in Append ix E of the IEEE
488 standard .

In contrast to inte rface messages, device-dependent messages are
sent with ΑΤΝ unasse r ted and ar e transmitted only between α des ignated
talke r and on e o r more des ig nated liste ners . Α device-dependent message
can be e ither an inst ruct i o n (e .g ., set the input po lari ty to normal) or
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data (e .g ., 3 .456 volts) . The format of instructions and data is entirely
up to the device designer . Instructions and data are normally coded in
ASCII or binary, but this is not required by the IEEE standard .

This has only been α brief introduction to the IEEE 488 interface .
Further information can be found in IEEE Standard 488-1975, IEEE
Standard Digital Interface for Programmable Instrumentation . Α detailed
description o f the actual handshake timing sequence i s covered in
Appendix Β of t he standard .
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7Α 16Ρ Interface Function Subsets

The IEEE 488 standard is designed in such α way that not all devices
on the bus need to have the same capability to comply with the standard .
The instrument designer can choose from α "menu" of device functions, and
implement only those capabilities (known as "functional subsets") that
are appropriate to α particular device . The functional subsets are
described in detail in the standard . The degree to which the 7 Α 16Ρ
implements each o f the ten interface functions is described below .

1) Source Handshake Function : SΗ 1
The SΗ function provides α device with the ability to initiate
and terminate transfer of multiline messages on the Data Bus .
The 7 Α 16Ρ , in conj unction with the mainframe, conforms to
subset SΗ 1, meaning i t has full capability with no states
omitted .

2) Acceptor Handshake Function : ΑΗ 1
The ΑΗ function provides α device with the capability to
guarantee proper reception of messages on the Data Bus as well
as the capability of delaying initiation or termination of
such messages . The 7 Α 16Ρ conforms to subset ΑΗ 1, meaning it
has full capability with no states omitted .

3) Talker Function : ΤΕ6
The Τ function enables α device to send device-dependent data
(including status information) over the bus to other devices .
The 7Α 16 Ρ conforms to subset ΤΕ 6, meaning i t i s an
extended talker honoring secondary addresses . I t has full
capability except that it does not have α Talk-Only mode .

4) Listener Function : LE4
The L function allows α device to receive device-dependent
data over the bus from other devices . This capability exists
only when the device is addressed to listen . The 7Α 16Ρ
conforms to subset LE4, meaning it i s an extended listener
honoring secondary addresses . It has full capability except
that i t does not have α Listen-Only mode .



5)

6)

7)

8)

9)
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Serv ice Re quest Function : SR 1
The SR function enabl es α device to asynchronously re quest
service from the controll er - in-charge o f the interface . The
7 Α 16 Ρ conforms to subset SR 1, meaning it has full capab ility .

Remote/Local Funct ion : RL 1
The RL function provides α dev ice with the capab ility to
sel ect between two so urces of information : remote ( programmed
control ) or local (front- pan e l cont r o l ) . The 7 Α 16Ρ , in con junct ion
with the m ainfram e, conforms to subset RL 1, m eaning it has
full capab ility .

Parallel Poll Funct ion : ΡΡθ
The PP function allows α device to present one b it o f status
to the cont roll er- in-charge witho ut being previously addressed
to talk . The 7 Α 16Ρ conforms to subset ΡΡ (d , m eaning it has no
capab ilit y for respond ing to α par allel poll .

Dev ice Clear Functio n : DC1
The DC function allows
eithe r by itself or as
to subset DC1, m eaning
rece ives α DCL ( Device
buffer s ar e cl ear ed and the front pan el is set to the power-
up state . However , DCL does not affect plug-in sett ings
in Local mode .

α device to be cleared ( init iali zed)
α gro up of devices . The 7Α 16Ρ conforms
it has full capab ility . When the 7Α 16Ρ
Cl ear ) in terface message, its internal

Device Trigger Function : DT(Ο
The DT funct ion all ows the o perat ion of α device to be
triggered ( initiated) e ither individ ually or as part o f α
gro up . The 7 Α 16Ρ conforms to subset DT O, meaning it has no
capab ilit y for ind iv idual tr iggering . (The 7 Α 16Ρ i s always
in operat ion as long as it i s in sta ll ed in an operating
m ain frame .)

10) Cont roller Funct ion : CO
The C function provides α device with the capab ilit y for
send ing device add resses, univ er sal command s, and add ressed
commands ov er the bus . The 7 Α 16Ρ conforms to subset CO,
m eaning it cannot se rve as controller .

REV Α JUN 1979
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Add ressi ng Schemes
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Address ing the 7Α 16Ρ

I t was noted previously that two t ypes of communication occur on the
IEEE 488 bus : interface messages an d device-de pe ndent messages . The first
type of communicat ion occur s when the s ystem co nt roll er asserts ΑΤΝ and
beg ins se nding messages to all devices on the bus . The second type of
commun i cat i on occurs when ΑΤΝ i s unasse r ted ; in thi s case, communicat i o n
occur s only between α designated ta lker and one or mo re desig nated
li stene r s .

Interface messages can occur without the ass ignm e nt of ta lke r s an d
li stener s s ince, b y definit ion, the cont roller has an act iv e source
handshake an d all other devices have an act ive acce p to r handsha ke . On the
other hand, be fo re α device-dependent message can be sent, α talker mu st
be ass igned and at least one listener must be assigned . Th e process o f
assigning talker s and li stene rs i s referred to as "addressing" .

There are two types o f add ressing schemes allowed by the IEEE 488
standard : primary addr ess ing and secondary ad dressing . It is up to the
devi ce designer to decide whic h t ype of addressing scheme is to be
implemented on α part icular devi ce . Th at i s, some dev i ces use only
prim a ry add ressing whil e oth er s r e quire secondary ad dressi ng . The 7Α 16 Ρ
an d i ts mai nfr ame use α secondary address ing sc heme .

On α device t hat uses pr imary addressing, up to 31 possibl e talk or
li sten ad dr esses can be ass igned to α pa r t i cul ar dev ice . Once α talk or
li sten add r ess has been ass igned to α devi ce, thi s add ress becomes the
" name" by whi c h t he controller refers to that devi ce . Howev e r , thi s
"nam e" can us ually be changed since the addr ess i s ge nerall y dete rm ined
by α bank of swi tc hes on the back pane l of the in st rument . (In some
cases, th e address is determined by stra p s on α c ir cui t board ins ide th e
instrument .)

On α d evi ce t hat uses secondary addressing, α sl ig ht ly different
sc heme i s used . In t hi s case, there are st ill 31 possible talk o r li sten
addresses ava il ab l e . Ho wev e r , fo r each primary addr ess th e re can be 31
poss ible seconda ry add resses correspo nding to the prim ary add r ess . Thi s
allows α tota l of 961 possible addresses fo r α device incorpo rat ing



secondary address ing . Seconda ry add r essing is somet imes used on

instruments incorporat ing plug- in mo dul es . An example is the TEKTRONIX

7912AD Programm able Dig i t ize r an d i ts two pr ogrammabl e plug- in s : t he
7Α 16Ρ and the 7 Β 90Ρ .

Pr imary and secondary addresses ar e sent ov e r th e Data Bu s with ΑΤΝ

asse rte d . Data. l ines DI01 through DI 05 are u sed to conv ey the actual
device add ress . DI 01 corresponds to the least s ignifi can t bi t and DI 05
corresponds to the most s ignificant b it . Data lin es D106 and DI 07
determine wh et her this ad dress i s to be in terpr eted as α prim ary talk
addr ess (abbrev iated ΜΤΑ for My Talk Addr ess), α prim ary li sten address
(abbr evi ated MLA fo r My Listen Address), o r as α secondary address
(abbrev iated MSA fo r My Secondary Addr ess) . Inc iden tally, if DI06 and

D107 ar e 90, lines DI01-5 correspond to α univer sa l or addressed command
rather than α device address . This scheme i s d iagrammed in Fig . 3-3 "

"DON'T CARE" BIT
(a rbitrarily set

to 0)

7Α 16Ρ IN STRUCTION

DATA BUS (DIO)

6 5 4 3 2

0 0

DEVICE ADDRESS, range = 0 - 30,ο
(31 is reserved for LI NT & LINL command s)
D101 is the Least Significant Bit (LSB)

Device add ress is α ListenAddress (MLA)
Device address is α TalkAddress (ΜΤΑ )
Device address is α Secondary Address (MSA)

L ines D101-5 co rrespondtoα unive rsal
or add ressedcommand rather than α device
address

Fig . 3-3 . Interpretat ion of the Data Bus
( DI0 1-8) when ΑΤΝ is asserted .
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Determining Device Addresses
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The 7A 16P does not have any provision for changing its device
addresses since these addresses are α function of the mainframe in which
the plug-in is installed . In the case of the TEKTRONIX 7912AD
Programmable Digitizer, the MSA o f the plug-in installed in the vertical
compartment (such as the 7 Α 16Ρ ) is interpreted to be the ΜS Α of the
7912AD plus 1 . Similarly, the MSA o f the plug-in installed in the
horizontal compartment (such as the 7 Β 90Ρ ) i s interpreted to b e the MSA
o f the 7912AD plus 2 . However, this rule is not necessarily true for all
mainframes . Refer to the manual for your particular mainframe if you need
more information on this point .

So far, we have talked about addressing in general_ terms but have
not discussed the actual procedure for addressing the 7 Α 16Ρ for α talk or
listen operation . Perhaps an example using the 7912AD will best
illustrate the method . Suppose that the 7912AD is set for α primary
address of 00000 and α secondary address of 00001 . According to the
scheme previously mentioned, the MLA, ΜΤΑ , and ΜSΑ of the mainframe are :

To address the 7 Α 16Ρ as α listener, the controller asserts ΑΤΝ and
sends the MLA of the mainframe (3210) on the Data Bus . With ΑΤΝ still
asserted, the controller sends the MSA o f the 7Α 16Ρ (9810) on the Data
Bus . Recall that the MSA of the vertical plug-in is that of the 7912AD
plus 1 . ΑΤΝ can now be unasserted so that the talker can begin sending
device-dependent messages to the 7 Α 16Ρ .

To address the 7 Α 16Ρ as α talker, the controller asserts ΑΤΝ and
sends the ΜΤΑ of the mainframe (6410) on the Data Bus . With ΑΤΝ still
asserted, the controller sends the MSA of the 7 Α 16Ρ (9810) on the Data
Bus . ΑΤΝ can now be unasserted so that the listener(s) can begin
receiving device-dependent messages from the 7 Α 16Ρ .

MLA = 0100000 = 408 = 3210 = 2016

ΜΤΑ = 1000000 = 1008 = 6410 = 4016

MSA = 1100001 = 1418 = 9710 = 6116
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High-Lev el Messages

7Α 16Ρ hig h-lev el messages are device-dependent and the re fo re are
not s pec ifi ed in the IEEE 488 standard . However , these high-level
messages do confo rm to Te kt ronix standards intended to enhance Tekt ronix
compat ib il it y wi t h ot he r bus-compatible instruments . To accomplish this,
codes and syn tax a re des ig ned to be unambiguo us, to correspond to those
used by oth e r Tekt ro nix devi ces, and to be as simple and obvious as
possible . Th is min imi zes t he cost and time required to program the 7 Α 16Ρ
by making i t eas i e r fo r t he pr ogrammer to write and understand the needed
devi ce--dependent code .

The 7Α 16Ρ responds to d evice-de pe nde nt messages that contain one or
both of two types o f commands : Set and Que ry . During α Set command, the
plug- in acts as α listene r and uses t he incoming informat ion to effect
certa in ope rat ing modes or fron t- pane l sett ings . During α Que ry command,
the plug- in ini tially acts as α listene r un t il receiving an UNListen
command ; the n the plug-in is made α ta lker an d ret urns the stat u s o f α
spec ifi ed fun ct ion or ope rat ing paramete r . Th e s yn tax of α Set and Qu e ry
command i s ex pl aine d later .

Α device-dependent message begin s when the plug-in i s addr essed as α
talke r or liste ne r , wi t h ΑΤΝ asserted . Then ΑΤΝ i s un asse r ted an d the
actual device-dependent code is transmitted from tal ker to li sten e r . The
message is termin ated wh e n ΕΟΙ i s asserted . ΕΟΙ i s sen t concurr en t wi th
the last byte o f th e message, wh ether it be α data byte, α de limiter, or
α fo rmat cha racte r .

Wh en special driver so ftwa re i s be ing used, the user need not
conce rn himself with all the detail s of init iat ing and terminating each
message, si nce this is done automat i call y by the so ft ware . Most of this
sect io n thus deals wi th message syn tax rat he r than message t ransmission .
Howev er , fo r those who are not u s ing spec i al driv e r software, α bri ef
d i scu ss i on is included later as to the methods of ini t i at ing an d
terminat ing α message .



Explanation of Co

In desc rib ing t he s yn tax o f hig h-level commands, α modified fo rm o f
the Backus-Naur fo rmat i s use d . According to this format, descriptive

o r more times . Pun ctuat io n marks s uc h as t he semicolon and quest ion mark
are listed exactly as they are t yp ed ; hence they are not enclosed in
angle brackets .

The syn tax a llows fo rmat char acters at sev e ral points in each
command . Where th ey ar e allowed, t he wo rd " fo rmat" is spelled out . Fo rmat
characters are alway s o pt io nal , so the word " fo rmat" is always shown in
brackets . Α format item can b e α space, carri age ret urn, line feed, or
any combinat ion of these cha racte rs .

Set Co ands

7Α 16 Ρ
I
NSTRUCTION

Syn tax

Unl ess spec ifica lly des ign ated as query ( read) only, the headers
and argume nts listed in Tabl e 3-1 can be used to fo rm Set commands . Set
commands are used to set the states o f the va ri ou s 7Α 1 δΡ pr ogrammab l e
fun ct io ns . Α Set command for the 7 Α 16Ρ has the fo llowing syn tax :

[< fo rmat>]< head er>< header delimiter>[< fo rm at> ] <argum ent>

A s pr evi o us ly noted, α fo rmat character i s opt ional and may be α carriage
r eturn, line feed, space, or any combinat ion the r eo f . Th e head e r
delimiter is α space and is al ways requir ed . The fo llowing ar e all
exampl es o f legal Set commands, where <cr> denotes α carri age r eturn an d
< If> denotes α line feed :

1) POL INV
2) < lf>PO L INV
3) <c r >POL INV
4) <c r >< lf> PO L INV
5) V/D . ΓD5
δ ) <c r> V/D .05

Examples 1 t hro ugh 4 set t he amplifier POLarity to INVer ted mode and

words such as " heade r", " form at", o r "argument" are enclosed in angle
brackets (<>) . Op t io nal i tem s are enc l osed in square brackets ([]) . An
ellipsis ( . . .) ind i cates that the preceding argument may be repeated one



exampl es 5 and 6 set th e Vo l ts/Divi s i on to 0 .05 .

One or more Set command s can be inc lude d in t he same message as
explained later under the head ing "Messages" .

Que ry Co ds

All of the header s in Tab l e 3-1 can be used to form Q ue ry commands .
Query commands are used to determin e t h e states of the various 7 Α 16 Ρ
programmabl e funct ions . Α Query command has the fo ll owing syntax :

[< fo rmat>]< header>?

Aga in , [< fo rmat>] refers to an opt iona l carriage ret urn, l ine feed,
space, or any combinat ion thereo f . The quest ion mark (?) fo llowing th e
header argume nt must be typed wi thou t α preced i ng space o r ot he r fo rm at
characte r .

Exampl es o f Qu e ry commands are :

1) POL ?
2) <c r > PO L?
3) <c r>< lf> PO L ?
4) V /D ?
5) < lf>V /D?

7Α 1 βΡ IN ST RUCTION

Examples 1 throug h 3 que ry the state o f the POLari ty swi tch and exampl es
4 and 5 query the setting of the Vo lts/Division switches .
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TABLE 3-1

7Α 16 Ρ HIGH-LEVEL (ASCII) CONMAND SET

Input is fr om Α connector .
Input is from Β connector .

High (1 Megohm) input impedance is se lected .
Low (50 ohm) input impedance is selected .

Input is AC coupled .
Input is DC co upled .
Input is grounded .

Amplifi er polarity is normal .
Amplifier polarity is inverted .

Limited bandwid th (20 MHz) is selected .
Full bandwidth is se lected .

Vol ts/Divisi on is set to χχχχ ; argument must be α
numbe r in the range of 0 .01 to 5 in α 1, 2, 5
se que nce . 1,2

V/D θι means probe is on IDENTIFY .

Vert i cal Positi on of trace (from center screen )
i s set to χχχχ ; range is -10 .22 to +10 .24 in
0 .02 ste ps (example : POS 2 corresponds to +2 div .) . 3

Variab l e off -- deflection factors are calibrated .
Var iable on -- deflection factors are uncalibrated .

(NOTE : The fo ll owing commands ar e read only, or query .)

1Χ or unencoded probe is present on selected input .
1 ΟΧ probe i s present on seleted input .
10ΥόΧ probe i s present on selected input .
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FOOTNOTES

2

4

REV Α, N OV 1978

7Α 16Ρ INST RUCTI ON

Returns the plug-in type : ΤΕΚ/7 A 16Ρ ,V77 .1, LLL

This means Tektronix 7Α 16Ρ with language vers ion
77 .1, and low-level language . 4

Ret urns the settings of all of the above functions
with t he exception of the ones that are read-only .

1

	

Will accept <nr 1>, <nr2>, or <nr3> numeri ca l format, as defined
in ANSI Standard Χ 3 .42 . Response to queri es is in <nr3> .

Wi th α 10Χ probe on se lected input, allowab l e range is 0.1 to 50 .
Wi th α 100Χ probe, allowabl e range is 1 to 500 . If α probe is
identifyi ng when α Set V/D command is executed, no operat ion is
performed, and an execut ion error is reported . If α pr obe is
identifying when α Query V/D command is executed, 0 is ret urned .

3

	

Will accept <nr 1>, <nr2>, or <nr3> ; responds with <nr2> .

The 77 .1 nomenclature refers to the version of protocol
implemented ; it may be updated at α future date .

Summary of ANSI %3 .42 Numerical Formats

Signed or un sig ned integers (no decimal po int) preceded
opt ionally by spaces (<sp>) . The <nr1> re pr esentation of
value " ze ro" must not contain α minus s ign .

Exampl es : +1245, <s p>-328, <sp><sp>475, +φθφφ

Signed or un s igned numbe r s with α decimal point preceded
opt ionally b y spaces (<sp>) . The <nr2> representati on of
value " ze ro" must not co nta in α minu s sign .

Exam pl es : 0 .123, <sp>+5 .41, -6 .42φ , <sp><sp>φ . φφφ

Float ing-poin t numbers expressed in modified sc ient ific
notat ion . The mant issa always includes α decimal po int
and is preceded by sign (+, -, or <sp>) . The ex rad following
the mant issa begins with the character Ε fo llowed by α plus
or minus sign and then one or more digits for the exponent .
The <nr3> representat ion of value "zero" must contain an < nr2>
zero followed by an exrad wi t h plus sign and all zero digits .

Examples : -1 .5Ε+φ3, <sp>2 . Ε-1, +5 . φΕ -2, +φ . φΕ+φθ

3-19



Messages

7Α 16Ρ INSTRUCT10N

Α Set or Query command is referred to as α "message unit" . One or
more message units can be concatenated to form α message, if each unit i s
delimited by α semicolon ( ;) . Using the preceding terminology, the syntax
of α message may be described as :

<message unit>[ ;[<format>]<message unit>] . . .[ ;][<format>]

Notice that format characters may be included but are not required . Also,
the ellipsis indicates that one or more message units, and accompanying
optional format characters, may be included if they are delimited by α
semicolon .

The simplest message consists of α single Set or Query command . For
example, the following Set message sets the amplifier sensitivity to 0 .5
Volts/Division .

V/D 0 .5

Similarly, the following Query message reads the setting of the Volts/
Division switches :

V/D?

When the 7 Α 16Ρ i s made α talker, it responds by sending the current
Volts/Division setting . For the case of the preceding example, the
following query response would be obtained :

V/D 5 . Ε -1

This indicates that the Volts/Division setting is 5 χ 10 -1 (500
millivolts/division) .

Messages with Multiple Sets . More than one Set command can be sent
in the same message by concatenating them with semicolons . For example :

RIN LOW ; V/D 5

This message sets the input impedance low (50 ohms) and then sets the
vertical scale factor to 5 Volts/Division .



Here are some other examples of messages with multiple Set
commands :

In each of the preceding two examples, there are four Set commands that
accomplish the same settings, namely : INPut is selected from connector
Α , input CouPLing is set to DC, Bandwidth is set to FULL, and the Volts/
Division is set to 0 .2 .

Messages with Multiple Queries . In α s imilar fashion, more than one
Query command can be executed in the same message . With the 7 Α 16Ρ
addressed as α listener, each query is received and the results are
queued internally until the plug-in is made α talker . When the 7 Α 16Ρ is
made α talker, the results of the query are output in the same order they
were received . The response to the query is valid at the time of the
response, rather than at the time the query is received . The following is
an example of α multiple-query message and its resulting output :

BW? ;CPL? ;POL? ;V/D?

	

--*-- query message
BW FUL ;
CPL DC ;
POL NOR ;
V/D 2 . Ε -1

7Α 16Ρ INSTRUCTION

1) ΙΝΡ Α ; CPL DC ; BW FUL ; V/D .2
2) <cr><lf> ΙΝΡ Α ; <cr><lf>CPL DC ; <cr><lf>BW FUL ; <cr><lf>V /D .2

POL? ;BW? ;POL?

query response

Notice that the results of the query are executed in sequence and that α
semicolon, carriage return, and line feed are generated after all but the
last response .

When more than one Query command of the same type is included in the
same message, only the last occurrence of the Query is executed . For
example :

Executing the preceding message would cause an output such as :

BW FUL ;
POL NOR
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Since two PO L? queri es wer e execu ted in th e same message, t he first one
was ig no red .

The SET? Query . Α special ty pe o f Que ry command is the SET? que ry .
It interrogates the stat us of all the programmabl e funct ion s o f the
7Α 16Ρ . Th e SET? que ry is sent j ust like any ot her query m essage . That is,
the 7 Α 16Ρ is mad e α li stener and t he n SET? is sent over the Data Bus .
When the plug- in i s made α tal ke r , an out put suc h as t he following is
obtained :

BW FUL ;
CPL DC ;

RIN HI ;

VAR OFF ;
V/D 5 . Ε+ΓΧ ;

POL NOR ;

POS +2 .38 ;

ΙΝΡ Α

No rmall y , α SET? query will be the only que ry in α message . When α SET?
que ry fo ll ows some other query in the same message, all que ri es
preceding t he SET? query are ignored . Also, any que ri es fo llowing the
SET? que ry ca use t he SET? query to be ignored .

Messages With Sets and Queri es . When Set and Que ry commands are
included in th e same message, t he fo ll owing action is taken : First, all
Set commands ar e exec ute d in the orde r they are received . This is t rue
ev en if there i s mor e than on e Set command fo r t he same function . After
all Set commands are executed, th e plug- in i s made α talke r and t he
r esul ts o f t he Que ry commands are execu ted in se qu e nce . If mo r e than o ne
query for the same pr ogrammable funct ion i s rece ived, all b u t th e l ast
occurence o f that que ry i s ig nored .

To demonst rate t he e ffect of mul t ipl e Sets and Queries in the sam e
message, cons ider the fo llowing :

PO L NOR ; POL ? ; POL INV ; POL ?

Ex ecu t ing t he pr eceding message first sets th e am pli fi e r PO Lari t y to
NO Rmal mom entarily . Then, wi t hout further de lay , th e POLa ri t y i s ch anged
to INVerted as t he next Set command is executed . With both Set comman ds



exec uted , the queri es are the n ex ecuted . Si nce the POL ? query occurs
twi ce, only the secon d occur e nce is honored . When the plug-in is made α
tal ke r , the following ou t put i s seen :

POL INV

7Α 16Ρ INSTRUCTION

Query Responses . Th e 7Α 16Ρ responds to α. query by sending the status
of th e que ried funct ion at th e t ime of t he res po nse rat her than at t he
time th e que ry is rece ived . Α que ry rema in s valid (if the plug- in is made
α ta lker , it will return the requested status) un t il one of t he fo ll owing
occur s :

1) the plug- in is made α talker and sen ds th e re quested stat us .
2) α l ate r message unit conta in s the same que ry (in thi s case

the ol d que ry is cleared and replaced by the new one) .
3) α DCL ( Devi ce CLear interface message) i s rece iv ed .

This allows you to mix Set and Que ry commands wi thout regard to where
the que ry is in th e message . Fo r example, executing :

BW FUL ; BW? ; BW LIM

causes α respon se of :

BW LIM

Simi la rly, execut ing :

VAR ON ; SET? ; VAR OFF

r esults in an output suc h as :

BW LIM ;
CPL DC ;

RIN HI ;

VAR OFF ;
V/D 5 . Ε +V ;
POL NOR ;
POS +2 .38 ;

ΙΝΡ Α
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Notice that in eac h case, the resul t of the que ry is valid as though it
was included last in t he message .

Low-Level Messages

All of the programmable funct io ns o f the 7A16P can be set or que ri e d
b y α low-level language that is compl ete ly red un dant to the hig h- l e v el
l ang uage . The low-level code mere ly pro vides an al te rnat iv e met hod of
communi cat ion that requires l ess bu s t im e fo r pr ogramming t he plug- in
beca use data is moved in fewer bytes . Also, the l anguage is decoded
faster .

Unlike the hig h-level language which allows Set and Qu e ry comman ds
to be comb ined in the same message, the low-level, la nguage re quir es that
Sets and Que ri es be entered as separate messages . Howeve r , i t i s poss ib l e
to set or que ry mo re than one function in the same message, provided
certain rul es of syntax are fo llowed .

The fo llowing conv e nt ions are used in disc uss ing the 7A16P low-
level code . Th e te rm " hexadec imal " or " hex" re fers to α base-16 number .
Syntax item s shown ins ide square brackets ([]) are opt iona l and can
therefore be omi tted . Ang l e brackets (<>) are used to show that the
enclosed argumen t i s α desc ript iv e term .

NOTE

The TEKTRON IX 7912AD Pr ogrammabl e Dig it izer has
an in ternal st ra p th at all ows it to generate an
ΕΟΙ when α line feed i s detected . If the 7912AD
is strapped in thi s way and α 7 A16P i s
installed, the 7A16P low- l ev e l co d e will not
be funct iona l . Howeve r , the hig h-l ev e l language
will be funct ional if all messages to the plug- in
are terminated by at least 17 s p aces .



Set Messages

Both Set and Que ry messages are impl emented in low-level code . Th e
fo rmat of α Set message i s as follows, where each line is α separate 8-
b i t byte represen t ing α hexadec imal number .

15
<address>
<data>

<checksum>

Th e hex 15 (ASCII ΝΑΚ cha r acte r ) id e nt ifi es this message as α low-
l ev e l Set message . The <add r ess> byte spec ifi es the starting address in
7Α 16Ρ mem o ry fo r storing the < data> b yte(s) whic h fo llow(s) . The
<add r ess> byte correspo nds to α pa r t i cul ar programmabl e funct ion and the
fir st <data> byte correspo nds to th e sett ing of that fun ction . (See Table
3-2 fo r t he hexadec imal codes corr es pond ing to vari ous functions and
the ir sett ings) . The allowable range for the start ing ad dress i s 90 to
h ex VA . Thi s ad dress is automat ica l l y inc rem e nted bet ween <data> bytes if
more than o n e <data> byte is sen t . If the addr ess i s automat i cally
incremen ted be yo nd VA b y sending too many bytes, the ext ra bytes are
ignored . If argume nts other than the ones spec ifi ed in Tabl e 3-2 a re
sent, the 7Α 16Ρ may be set to an il legal operat ing mode, but no damage
will resul t .

The ch ec ks um i s t he 2's compl emen t of the mod ulo-256 s um of all t he
preced ing b ytes o f the message (inc luding th e 15 and add ress b yte) .
There for e th e mo dul o-256 sum of all bytes in th e message, inc lud ing t he
check sum, i s ze ro (fo r α correctly tran smitted b l oc k ) .

7 Α 16Ρ INSTRUCTION
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TABLE 3-2

VBL (HEXADECIMAL) CODES

Any data ot her than hex 16 written to this address
cau ses α command error .

Input Connector
Input Α
Inpu t Β

Input Impedance
50 ohm s

1 Megohm

Input Coupling

AC

DC

GND

Vo l ts/Division (ignores probe attenuation)
10 milliv olts/divis ion
20 mil livolts/div is ion
50 milliv olts/division
100 milliv olts/division
200 milliv olts/division
500 milliv olts/division
1 vo l ts/ division
2 vo l ts/d ivision
5 vo l ts/d ivision

High two b i ts of Position
Low e ight bits of Position

-10 .22 d ivi si ons
Midsc r ee n
+10 .24 d ivis ions
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Full bandwid th

Calibrated/Variable Gain

Defl ection factors can be manually
vari ed by VARIABLE control .
Ret urns defl ection factors to calibrated value
The posi tion of the front pane l switch for thi s
funct ion is not readable .

Probe Attenuat ion ( read only) . Α write to this

address is ignored .
Probe IDENTIFY swi tch is pressed

100Χ pr obe

10Χ pr o b e

1 Χ o r un enco ded pr obe

Computing t he Checks

To com pute the checksum, required as the l ast byte o f α low- leve l
Set o r Query message, do the fo llowing :

1) Find the hexadec imal (base-16) sum o f t he pr eceding bytes
o f the message .

2) If the sum found in step 1 i s greater than h ex FF (25610),
convert i t to modulo-256 by successively subtracting FF
unt il the rema inder is less t han FF bu t greater than 0 .

3) Conver t the remainder fr om step 2 to b inary representat io n .

4) Find the 2's complement by compl em ent ing all bits and
add ing 1 .

5) Conv er t the result ing number back to hexadec imal represent-
at i on , if d esired .
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To determine what <data> and <add ress> bytes are required to set α
par t i cul ar ope rating parameter , r e fer to Tab l e 3-2 . For example, l et's
suppose yo u wanted to set th e po l ari t y of the 7Α 16Ρ to normal . By looki ng
at the tabl e, yo u note that the add ress of the po l arity swi tch is 07 and
the value correspond ing to no rmal po lari ty is 08 . Thus the fo llowing
hexad ec imal numbers should be en te r ed in se quence to effect normal
polari ty :

15
07
08
DC

The last byte sent ( DC) is the 2's complement of the modulo-256 sum o f
t he preceding three bytes ( hex 24) .

Consider anothe r exampl e . Suppose that we wan t to set the following
input parameter s via the low-level cod e :

input im pedance : 50 ohms
input coupling : DC
Vo lts/Div : 5

To e ffect these sett ings, the fo ll owing hexadec imal numbers must be sent
ov e r t he Data lines in the se que nce li sted :

15
02
80
10
0Α
4F

The ex pl an at i on fo r the above num eri ca l sequence is as fo llows : First α
the beginning o f α low- l ev e l Set message . Next, α
address co rr es ponding to t he 7 Α 16Ρ input
fo llows sets the input impedance to 50 ohms . The
sequence (10 and 0Α ) set the input coupling to DC
respect ively . The l ast number in the seque nce

15 i s sen t to i ndicate
02 i s sen t whi c h is t he
impedance . Th e 80 which
next two numbe rs in the
and the Vo l ts/Div to 5,
(4 F ) i s th e checksum .



Query Messages
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Wh e n setting more than one programmabl e funct ion with th e sam e low-
leve l Set message, it must be remembered that the address counter o f the
plug- in i s inc remented automat ically if more than one data b yte is sent .
Thus the data bytes must be entered in se quence such that they correspond
to the inc remented address counter . In other words, success ive Set codes
can be e nte red only if they corres pond to th e normal se quence o f the
addr ess coun ter as listed in Table 3-2 . If th ey do not corres pond, then
mor e than o ne low-level Set message must be u sed to set more than one
programmabl e function .

Us ing the sam e syntax notat io n as j ust used fo r Set messages, the
fo rmat of α low-level Query message can be de fined as :

11
<address>
[<count> ] Ι
<check sum>

The hex 11 ( ASC I I DCI char acte r) ide nt ifi es t hi s message as α l ow-
lev e l Query message . Th e <add ress> byte spec ifi es t he first add ress in
7Α 16 Ρ memory to be r ead . Th e <co un t> byte s pec ifi es the numbe r of
addresses to be read . Th e <add r ess> byte corres po nds to α part i c ul ar

programmabl e fun ct io n and th e <co un t> byte designates how many successiv e
function s are to be que ri ed (see Tabl e 3-2) . If <address> and <co un t> are
both omitted, all add r esses are read beginning wi t h address ze ro . If
j ust <count> i s om i tted , o nly t he address specified is read (coun t
defaul ts to 1) .

If the add ress s pecifi ed is wi thin range (YO to hex OA), but <count>
i s too l a rge, no error is repo rted ; however, the output line includes
data only up to and inc lud ing VA .

Th e c hec ksum is al ways required and is computed in the same manner
as fo r t he Set message . That is, the checksum is the 2's complement o f
th e mod ul o-256 s um of all the pr eceding bytes in the message .

To determine wh at <address> byte should be used in α particular
Que ry message, refer to Table 3-2 . If no <count> byte is included, the



spec ified <add r ess> byte will determ ine the programmab l e fun ct io n to be
queried . If α <co un t> byte is included, the <add r ess> byte determines the
first funct ion to be que ri ed, and as the address coun te r i s inc remented,
addit ional fun ct i o ns fo ll owing t he first one queried a r e al so queri ed .

As an example, suppose you wa nted to que ry one funct ion -- the
sett ing of the Vo l ts/Div swi tch es . In t hi s case, no <count> byte is
necessary and thu s the fo llowing se que nce of hexadecimal numbers would
wo rk :

11
04
ΕΒ

The 11 id en t ifi es this message as α low-leve l que ry . The numbe r fo ll owing
(g4) is the add ress t hat contains the curren t sett ing o f the Vol ts/Div
swi tches . Fina lly, t he ΕΒ i s t he 2's complement o f th e mod ulo-256 s um of
the preced ing two b ytes ( hex 15) . When the plug- in i s mad e α ta lke r, the
Volts/Div sett ing will b e ret urned .

The response to α low-level Que ry message looks id en t ica l to α
correspo nding low-level Set message . Fo r instance, if the sett ing o f the
Vo l ts/Div swi tches i s quer ied as in the pr eced ing example, α respo nse
like the fo llowing hexadecimal numbe r s coul d be obtained :

15
04
08
DF

7Α 16Ρ INSTRUC TION

The 15 designates α low-level query response . The 94 is th e <addr ess>
byte correspond ing to the Vo l ts/Div swi tches, and the 98 i s the <data>
byte correspond ing to 2 Vo l ts/Div . DF is the checksum .

Co nsid er another exampl e . Thi s t ime let's query the state o f the
input connector , the inpu t res i stance, and the input coupling swi tches .
S ince t hese swi tches correspond to consecut iv e addresses in Table 3-2, we
can que ry all three settings in ει sing l e low-lev el Query message
con s i st ing of the following hexadec imal numbers :



11
01
03
ΕΒ

A s in the pr evious example, the 11 id ent ifi es this message as α low-
level que ry . The f 1 which follows is the start ing address in 7Α 16Ρ
memory that will be queried ; it corresponds to the sour ce of the input
signal (i .e . connector Α or Connector Β ) . The 03 indi cates that the
ad dress coun te r i s to be incremented twi ce so that two more funct ions can
be queri ed . Th ese two successiv e functions are the input res istance and
input coupling swi tc hes, correspo nding to addresses 012 and 03
respect ively . Th e message ends wi th the checksum ΕΒ .

The res pon se to t he above multiple-query message might be the
fo ll owi ng hexadecimal numb e rs :

15
01
40
80
10
1 Α

input connecto r i s Β , t he input impedance i s 50 ohms, and th e inpu t
coupling is DC . Th e 1A is the checksum .

As α fina l exam ple, consi der the fo llowing low- l eve l query :

11
EF

7Α 16Ρ INSTRUCTION

Thi s que ry conta ins only th e que ry designator (11) and the checksum
(EF) . Since the <address> and <coun t> b ytes we re both omitted, the state
o f all funct ions will be queri ed (ad d resses 00 through 0Α inclusive) .
Thi s i s anal agous to high lev e l. SET? que ry which ind icates all states o f
the plug- in wh en the plug- in is made α ta lke r .

Again , the 15 indi cates α respo nse to α low- l ev e l qu e ry, and the Q'1
indicates th e start ing <address> byte -- whi ch co rres po nds to the input
connector . The next t hree bytes (40, 80, 10) in d i cate that th e se l ected



The discussion so far has centered around the syntax of the high-
level and low-level messages, rather than the process by which these
messages are transferred from talker to listener and vice-versa . When
special driver software is being used, it is sufficient to know only the
message syntax since most of the details of message transfer are handled
automatically b y the software . However, when using controllers for which
driver software i s not available, it is necessary to know something about
the message protocol discussed in the IEEE 488 standard . The following
information will provide these details by showing the states of the
interface signal lines for typical message transfers .

Transmitting Set Messages

7Α 16 Ρ INSTRUCTION

Transmitting Messages

First, consider the case where α talker is transmitting α message to
effect α certain front-panel setting on the 7Α 16 Ρ . Here is α summary of
the steps involved :

1) Clear the bus . Before initiating any message transfer, it is α good
idea to clear the bus of any previously assigned talker and/or
listener(s) . (In some cases, such as immediately following power-up, this
step won't be necessary s ince no talker o r listener will have been
assigned .) To remove any talker or listener, the controller asserts ΑΤΝ
and sends the UΝΤ and UNL interface messages on the Data lines .
(According to Appendix Ε o f the IEEE 488 standard, UNT corresponds to
hexadecimal 5F and UNL corresponds to hex 3F .)

2) Assign the talker and listener(s) . Before communication of device-
dependent messages can occur, the controller must designate which device
is to talk and which device(s) are to listen . This i s done with ΑΤΝ still
asserted . To designate the talker, the controller sends the primary ta7.k
address ( ΜΤΑ ) of t hat device . This is followed by the talker's secondary
address (MSA) if secondary addressing is employed . Similarly, the
controller designates the listener (the 7 Α 16Ρ in this case) by placing
its primary listen address (MLA) on the Data lines . This must also be
followed by the secondary address (MSA) of the listener s ince secondary
addressing i s employed in t he 7Α 16 Ρ . The process is repeated for each
listener on the bus, although some listeners may not have secondary
addresses .



If the ΑΤΝ signal line is continuously asser ted during the pe riod
when the talke r and listener (s) are assigned , the ord er in which the
talke r and li ste ne r(s) are assigned is unimpo rtant .

In the case wh e re t he controller is to be the talker, it must have
addressed i tse lf as such and any ot her talke rs must be id le . ( I ts talk
address does not need to b e se nt over the bus .)

3) Send the device-dependent message . Wi th the talke r and listene r (s)
assig ned , the ΑΤΝ lin e i s now un asserted to init iate transfer of t he
devi ce-dependent message .

In the case o f α high-l ev el message, eac h ASCII c haracter of the
message is trans ferred in se que nce acco rding to the previ ous ly explained
s yn tax . Only lines DI 01 through DI 07 o f the Data Bus are used . DI 01
co rrespo nds to the least-s ignifi cant bi t o f eac h 7-bit ASCII c haracter
and D107 correspo nds to the most-s ignifi cant bi t . Line DI 08 of t he Data
Bu s i s α " don 't care" b it . As each char acte r i s t ransferred ove r t he Data
Bu s, th e ent ire handshake cyc le is execu ted . Thi s gua rantees pro pe r
recept io n o f each character be for e permitt ing α n ew ch aracte r to be
tran smi tted .

In the case of α low-level message, the process i s s imil ar exce p t
that all e ight Data lines (DIO1 t hrough DI08) are u sed fo r tran s fe rring
the message . Lines DI 01-4 t ransfer the low-order hexadec ima l d ig it and
lines DI 05-8 t r a ns fe r the hig h-order hexadec imal d igit . Th e handshake
sequence i s esse nt i al l y the same as fo r the high- level message .

4) Terminate the message . A s t he last character or digi t of the message
is sent, the ta lker asse r ts the ΕΟΙ s ig nal line along wi th the data byte .
This is to inform th e con t ro l le r that the talke r is finished so that
ot he r operat ion s can begin . (All Te kt ronix instruments funct ioning as
talke rs assert ΕΟΙ au tomat i ca lly wh e n out putt ing the last data byte of
the message, bu t thi s is not necessarily true of instruments from other
manufact urers -- par t i cula rly those des ig ned prior to the fo rmal re l ease
o f IEEE 488-1975 .)
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5) Clear t he bus . Though ste p 4 act ually terminates the message tran sfer ,
it i s o ften desirable to clear th e bu s o f ta lke r and li stener(s) so t hat
oth e r o pe rat ions can proceed immediately . The pr oced ur e fo r do ing t hi s is
iden t i ca l to ste p 1 .



As an example o f th e above steps, assume that the controller is to
effect two fron t-pan e l sett ings on α 7Α 16Ρ : t he ampli f i er polarity will
be set to norma l, and the bandwidt h limit will be set to 20 MHz . (The
plug- in is install ed in α 7912AD mainframe set fo r α pr imary address of
00000 and α secondary add r ess o f 0001 Ρ1 .) The following steps wo ul d
accomplish this :

1) The controller asserts ΑΤΝ , the n t r ansmi ts hexad ecimal 5F ( UN T)
and hex 3F (UNL) over Data lin es DI 01 through DI07 .

2) Wi t h ΑΤΝ still asserted , the cont ro ll e r se nds hex 20 (t he MLA
o f t he mainframe) followed by hex 63 (the MSA of the 7Α 16Ρ ) on
the Data lines . Recall from the subsection on Addressing the
7A16P t hat the MSA of the 7A16P is that o f th e mainfram e plu s 1 .
Since the controll er is to be the talker , no ta lk add ress i s sen t .

3) α ) In the case of α high-level message, th e ta lker (cont ro lle r )
tran smi ts eac h of the fo llowing ASCII characters over the Data
L in es :

POL NOR ; BW LIM

b) in the case o f α low-l ev e l message, the following hexadec ima l
bytes ar e t ran s fe rred ove r the Data lines :

15
07
08
go

DC
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4) A s t he last character or h ex byte i s t ransmitted , the talke r
asse r ts E01 indicat ing the en d o f th e message .

5) The co nt rol ler again clear s th e bu s by t r ansmi tt ing 5F (UNT)
and 3F (UNL) ove r the Data l ines .

Fig ur e 3-4 illustrates the above sequen ce mo re graphically .

Fig ur e 3-4 does not indicate th e statu s o f th e ΙF C, REN, and SR Q
signal lin es because t hey are relat ively unim por tan t to the po int b e ing



(α ) HIGH-LEVEL
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U U

	

Μ Μ
In the above diagram, Ν and Ν represent the UNTALK and UNListen commands . L and S represent the

Τ L

	

Α Α
Listen Address and Secondary Address, respectively . The remainder of the message is coded in ASCII .

ΑΤΝ

(b) LOW-LEVEL

	

D101-7

	

5 3 2 6

	

1 0 0 0 D

	

5 3
F F 0 3

	

5 7 8 0 C

	

F F
E0 1 ~

In the above diagram, F and F are the UNTalk and UNListen commands . 2 and 3 are the Listen and
Secondary Addresses, respectively . All of the message is coded in hexadecimal .

Fig . 3-4 . Stat us of the ΑΤΝ , !ΕΟΤ , and DIO s ignal lines during
α high-l evel. (a) and low-level (b) Set message .

made . Howe ver , it should be un de rstood t hat t he REN ( R emote Enable) line
i s co nt inuo usly asserted when ev e r th e plug- in is be ing ope rated un der
remote (pr ogram) control , as opposed to local (fr ont- pane l) co nt rol . The
IFC line will normally be unasse r ted during the ent ire seque nce . The SRQ
line can b e asserted whenever α devi ce r e qu ests se rvi ce . Howev e r , i t is
not r e l evant to the process o f data t r an smi ss io n d i ag rammed in Fig . 3-4
and i s not shown .

Whil e the handshake lines (DAV, NRFD, and NDA C) are im po r tan t in
the tran smi ss ion o f messages and data, the ir statu s ch a nges sev e r a l t im es
during the t ran smi ss i o n of each character in the message . Ap p en d ix Β of

ΆΤΝ
L_F_

U U Μ Μ Ρ Ο L <sp> Ν Ο R ; Β W <sp> L Ι Μ U U
D101-7 Ν Ν L S Ν Ν

Τ L Α Α Τ L
ΕΟΙ



the IEEE 488 standard gives α deta il ed desc rip t ion of thi s handshake
c yc l e .

Transmitting Query Messages

7Α 16Ρ 1NSTRUCTION

Th e pr evious sequence describes th e process fo r transmi tt ing α Set
message -- in which case the plug- in i s always α li sten er . Α s imil a r
se que nce occurs when α Query m essage i s sent to the plug- in . Howev e r, in
thi s case the plug- in is fir st made α li sten e r so that it can rece iv e t he
Que ry message ; t hen the plug- in i s made α tal ke r so that it can tr ansmi t
i ts res po nse to the query . Here i s α summary of th e ste ps invo lved :

1) Cl ear the bus . As pr eviou s ly noted, t hi s step is not al ways necessary
bu t i s good practice . The controll e r asse rts ΑΤΝ and se nds UNT ( hex 5F)
and UNL (hex 3F) on the Data lines .

2) Assign the tal ker and listener(s) . Th e cont rol l er designates whi c h
devi ce i s to send the query and which d evice o r devi ces are to rece iv e
th e Que ry message . This is done with ΑΤΝ st ill asserted . To designate the
talker, the controller sends the primary talk add ress ( ΜΤΑ ), fo llo wed by
the talke r 's secondary address (MSA) if seconda ry addressing i s used fo r
that devi ce . Simil arly, the contro l le r des ignates the li ste ne r (t he 7Α 16Ρ
in thi s case) by sending its primary li sten address (MLA) and seconda ry
addr ess (MSA ) . This process is repeated for each li ste ne r on the b us .

Wh en t he controller is to be th e ta lke r, i t must have add resse d
i tse lf as suc h and any other talker s mu st be id l e . ( I ts talk ad d ress does
not need to be sent over the bus .)

3) Send the device-de pendent query . Wi t h the talke r and listener(s)
ass igned, t he ΑΤΝ line is now unasse r ted to ini t i ate t ransfer of the
devi ce-de pe ndent query . Each ASC II cha racte r o r hex byte of the message
i s t rans ferred in sequence ove r th e Data lines accord ing to the
pr evi ou s ly expl ained syntax .

4) Terminate the query . As the last cha racte r o r dig i t. of the high-lev e l
que ry or series of queri es i s sent, the talke r asserts ΕΟΙ along wi th the
message byte . This informs th e cont ro ll e r that the talke r is finished so
that the que ry response can proceed .



7Α 16Ρ INSTRUCTION

5) Cl ear the bus . At this point it i s necessary to c l ear the bus so that
the plug- in can be ad dressed as α talke r . Aga in , thi s i s done by the
con tro ll e r asserting ΑΤΝ and by send ing the UNT and UNL interface
command s ov e r the Data lines .

6) Assign the talker and listener(s) . With ΑΤΝ still asserted, the
controller now assigns t he plug- in as α talke r and ass igns any ad dit iona l
listener s . If the co nt ro ll er is to be the only listener , it does not need
to address i tse lf as α liste ne r .

7) Send the device-depend ent query res ponse . The ΑΤΝ line is now
unasserted by th e cont ro ll e r to initiate transfer of the query respo nse
from the talker (plug- in) to any designated listener (s) . Each ASCII
character or hex byte o f th e que ry respo nse is t ransmi tted ov e r the Data
lines according to the pr ev iou sly d esc ribed syn tax fo r α que ry res po nse .

8) Terminate the query res pon se . As the last character or d ig i t o f the
que ry response is sen t, th e ta lke r (pl ug- in) asserts ΕΟΙ alo ng wi t h the
data byte, thereby ind i cat ing the end of the respo nse .

9) Clear the bus . Thoug h not re quired fo r this ope ration , the controller
can now clear the bu s o f ta lke r and li ste ner (s) so that fur t her
ope rations can proceed .

As an example o f the abov e ste ps, ass ume t hat the co nt roll e r i s to
que ry and receive the statu s o f two fron t- pane l fun ct i o ns on the ° ΤΑ 16Ρ :
the input coupling and the Vol ts/Divi s ion sett ings . (Th e plug-in is
install ed in α 7912AD ma inframe set fo r α primary and secondary address
o f (ό (D 011 .) T he followi ng steps describ e th e o pe rat ion s invo lv ed :

1) The controller asserts ΑΤΝ , th en tran smi ts hexad ec ima l 5 F (UNT)
and 3F (UNL) over the Data lin es, thereb y clearing the bus .

2) Wi t h ΑΤΝ still asserted , the con tro ller tran smi ts hexadec ima l
23 (the MLA of the mainframe) followed by hex 64 (the MSA o f th e
7Α 16Ρ ) over the Data lines . Thi s ass ign s th e 7 Α 16Ρ as α li sten e r .

3) α ) In the case of α high-l eve l message, th e ta lke r (cont ro lle r )
t ransmits each of the following ASC II cha racte r s over the Data
lines :



CPL? ; V/D ?

b) In t he case of α low-level message, the following hex b ytes
are t ransferred over the Data lines :

11
03
02
ΕΑ
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4) Α q the last character o f the que ry i s t r ansmi tted, the ta lke r
(cont roller ) asserts ΕΟΙ .

5) Th e co nt ro ll e r cl ears t he bus of talkers and listeners by
asser t ing ΑΤΝ and se nd ing hex 5 F and 3 F on the Data lines .

6) Wi th ΑΤΝ st ill asse r ted , th e co nt ro ll e r transmits hexadec im al
43 (the ΜΤΑ of the ma in frame) fo llowed b y hex 64 (t he MSA
of the 7 Α 16Ρ ) over the Data lin es . Thi s ass ig ns the 7Α 16Ρ
as α talke r .

7) Th e talke r (7Α 16Ρ ) now sends its query respon se to th e
listene r (cont roll e r ) .

8) As the last characte r o f t he que ry response is transmitted,
the talker (7Α 16Ρ ) asse r ts ΕΟΙ .

9) The controller aga in c lear s th e bu s by assert ing ΑΤΝ and
sending hex 5 F and 3F .

Figur e 3-5 illustrates the state of the ΑΤΝ , ΕΟΙ , and Data lines for
the above se que nce and α typical query response .



F ig . 3-5 . Status of the ΑΤΝ , ΕΟΙ , and DIO signal lines during
α high- l evel (α ) and low-level (b) Query message and response .



The 7 Α 16Ρ r e po r ts any o f the fo ll owing errors or special condit i ons
wh en po lled by th e cont rolle r :

1) Power on
2) Command error
3) Execution error

Busy

7Α 16Ρ INSTRUC TION

Serial-Poll Responses

If any of the above cond i t ions (excep t Busy) occur s, the 7Α 16Ρ asse r ts
th e SR Q line to init iate α serial poll . The cont roll er, if prog rammed to
do so, can then pr ocess the interrupt and provide an appropriate
res pon se . The following is α deta il ed descript ion o f each o f the four
cond i t ions :

1) Power on : Occur s wh e nev e r the pl ug- in goes throug h its ini t i aliz e
sequence, e i the r at t he t ime that po we r is first appl ied or when it is
reapplied following mom e ntary interrupt ion .

The serial-poll response b yte is 010χg001, where χ is α 1 if the
7Α 16 Ρ i s busy, and α 9 othe rwi se .

2) Command error : Occur s when ev e r th e plug- in cannot understand or
impleme nt the data i t rece ives .

Command errors detected for low-l ev e l messages are : ( α ) the message
i s mo r e t han 16 bytes long, (b) the modulo-256 s um o f α11: b ytes in th e
message i s not ze ro, (c) the start ing address i s too l arge, (d) no
add r ess i s s upplied wit h α Set message, or (e) an attemp t was made to set
add ress 0 (plug- in type) to the wrong value .

Command e rrors detected fo r high-level messages are : ( α ) syntax is
incorrect, (b) α Set command re fers to α read -only funct ion, or (c)
message uni ts a r e not recognized by the 7A16P .

If an erro r i s detected in α l ow- l ev e l message, the 7 Α 16 Ρ ig nores
t he ent ire comman d lin e . If the erro r i s α low-le v el query address out of
range, the outpu t queue i s c l ear ed (i .e . if there are any que ry-respo nses
pend ing, they are c l ea r ed) .
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If an error i s detected in α high- level message, any message unit
preced i ng the one with the error is processed normally . The one wi th the
error and any fo ll owing are ignored .

The serial-poll response byte for α command error is Γό 11 ΜΟ 1, where
χ signifi es the busy status .

Occasional l y, the 7Α 16Ρ may be addressed as α talker , but have
nothing to say . When this occurs, the plug- in sends α data byte wi th all
Data lines set to logical 1 ( hex FF) and ΕΟΙ asserted . Also, the plug-in
repor ts α command error .

3) Execution error : Occurs when the numeri cal argument for α high-
lev el Set comm and i s invalid or out of the all owable range . The command
for that functi on is ignored, as are any subsequent commands in the same
message .

The serial-poll response byte for this type of programming error is
Υ11 χ9019, where χ signifi es the busy status .

4) Busy : Occur s wh en α seri al poll is performed while the plug- in is
is χχχ 1 χχχχ . When not busy , the res ponse
bit) . The plug- in wi l l not accept data

decoding α command ; the response
is χχχVχχχχ ( χ is α "don 't care"
on the bus while reporting busy .

The 7Α 16 Ρ queues power-up, command
reports . If two or three conditions are
reasserted after report ing one error to
report .

error, and executi on error
wai ting to be reported, SRQ i s
indicate that there is more to

I f an error is found in α high-level command string, SR Q is not
asserted and the error is not reported unt il the message has been
completely received (i .e . α byte wi t h ΕΟΙ asserted is received ) .

3-41
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SECTION 4

MAINTENANCE

This section o f the manual contains maintenance informat ion fo r u se
in pr ev ent ive ma in tenance, co rrect iv e maintenance, and troub leshoot ing o f
the 7Α 16 Ρ .

Fur t her ma intenance info rmat i on rel ating to general ma intenance can
b e fo un d in the instruct ion manual s fo r t he 7000-series ma inframes .

Prevent ive Maintenance

Pr ev e ntive mai ntenance, con s i st ing o f cleaning, vi s ual ins pect ion ,
etc ., perfo rm e d on α reg ular basi s, will improve t he reli abili t y of t hi s
plug- in uni t . P e ri od i c c hecks of the semicond ucto r devi ces used in t he
unit are not r ecomme nd ed as α pr event ive maintenance measure . See
semiconductor-ch ec king info rm at i on given under Troub l eshoot ing .

The severity o f th e environment to which this un it is sub jected
dete rmines the frequenc y of main tenance . Α convenient time is pr eced ing
ad j ustment o f the instrumen t .

Cl eaning

CAUTION

Av oid t he use o f chemica l c l eaning age nts
whi c h might damage the plast i cs use d in thi s
uni t . Spec ial care should be ta ken wh e n clean-
ing t he fi re- retardent po lysulpho n e atte nu -
ato r board . Do not apply any solv e n t co ntaining
ketones, este rs or halogenated hydrocar bo ns .
To cl ean , use o nly water so luble detergen ts,
ethyl, methyl or isopropyl al coho l . (S p ec i a l
precaut ion s must al so be exercised when
soldering on th e atte nuator board ; re fer
to the discu ss ion o f so l de ring tec hniques) .



Exterior . Loose dust may be removed with α soft cloth or α dry
brush . Water and mild detergent may be used ; however, abrasive cleaners
should not be used .

Interior . Cleaning the interior of the unit should precede
calibration, since the cleaning process could alter the settings of the
calibration ad j ustments . Use low-velocity compressed air to blow off the
accumulated dust . Hardened dirt can be removed with α soft, dry brush,
cotton-tipped swab, or cloth dampened with α mild detergent and water
solution .

Visual Inspection

This instrument should be inspected occasionally for such defects as
broken connections, improperly seated semiconductors, damaged circuit
boards, and heat-damaged parts .

The corrective procedure for most visible defects i s obvious .
However, particular care must be taken if heat-damaged components are
found . Overheating usually indicates other trouble in the instrument ;
therefore, it is important that the cause of overheating be corrected to
prevent recurrence of the damage .

Lubrication

7Α 16Ρ INSTRUCTION

Generally, there are no components in this instrument that require a
regular lubrication program during the life of the instrument .

Troubleshooting

The following is provided to augment information contained in other
sections of this manual when troubleshooting the 7 Α 16Ρ . The schematic
diagrams, circuit description, and calibration sections should be used to
full advantage . Section 5 gives detailed information on circuit
behavior .



Troubleshooting Aids

Schematic Diagrams . Schematic diagrams are provided on foldout pages
in Section 8 . The circuit number and electrical value of each component
are shown on the diagrams . Power supply voltages are also shown .
Components that are mounted on circuit boards are outlined on the
diagrams with α heavy black line .
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Circuit-Board Illustrations . Illustrations of c ircuit boards are
shown opposite the schematic diagrams . Each board-mounted e lectrical .
component is identified by its circuit number .

Component-Locator Grids . Schematic diagrams and circuit board
illustrations are bounded by component-locator grids . When used with the
associated lookup tables, these grids allow you to quickly locate α
component on either the schematic or the circuit board .

Component and Wiring Color Code . Colored stripes or dots on
resistors and capacitors signify e lectrical values, tolerances, etc .,
according to the ΕΙΑ standard color code . Components not color-coded
usually have the value printed on the body .

The insulated wires used for interconnection in the 7 Α 16Ρ are color-
coded to facilitate tracing wires from one point to another in the unit .

Semiconductor Lead Configuration . The lead configurations of the
semiconductor devices used in this instrument are shown in Fig . 4-1 .

αιι1t .ί-Pin Connector Identification . Multi-pin connectors (also
called "harmonicas") mate with groups of pins soldered to circuit boards .
Pin number 1 i s indexed with α triangular mark on the circuit board and
molded on the holder o f t he multi-pin connector, as shown in Fig . 4-2 .
Each group of pins i s identified by its corresponding J o r Ρ number
etched on the circuit board . The J and Ρ numbers on the circuit boards
correspond to the J and Ρ component numbers on the schematic diagrams .

Rear Interface Connector Pin Locations . The 7Α 16Ρ PROGRAMMING-LOGIC
board couples the plug--in to the associated mainframe . Figure 4-3
identifies the pins on the interface connector as shown on the schematic
diagrams .



Fig . 4-1 . Semiconductor lead configurations .

4-4



Troubleshooting Equipment
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HO LDER

	

EN D-LEAD
MULTI-PIN

CONNECTOR

ΜUL ΤΙ-PIN
CONNECTOR

I NDEX 1986-68

Fig . 4-2 . End-lead multi-pin connector assembly .

The following equipment is useful for troubleshooting the 7 Α 16Ρ :

1) Semiconductor Tester -- Some means of testing the transistors,
operational amplifiers, comparitors, diodes, and FET's used in this
instrument is helpful . Α t ransistor-curve tracer such as the TEKTRONIX
Type 577-177 or 577-178 will give the most complete information .

2) Multi eter - Α voltmeter is required for checking voltages
within the circuits, and an ohmmeter for checking resistors and diodes .
The voltmeter should have α 10 megohm input impedance, α range of at
least 0 to 50 volts dc, and an accuracy o f 0 .1% . The ohmmeter should have
α range of 0 to 20 megohms .
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1986-69

Fig . 4-3 . Locat ion o f pin n umbers on rear inter face connector .

3) Test Oscilloscope -- Α test osc illosco pe i s required to view
wavε fo rms at diff er en t po in ts in th e c irc ui t . Α TEKTRONIX 7000-series
Osc illosco pe equipped with α readou t s y stem , α 7D 13 Digital Multimeter
unit, α 7B-series Time- Base uni t, and α 7A-series Amplifier unit with α
1 ΟΧ probe will meet the needs o f both i tem s 2 a nd 3 .

4) Plug-in Ex tender -- Thi s fixt ure permi ts o p e r at i o n of th e 7 Α 16 Ρ
outsid e o f the plug-in compartment fo r better access ib ili t y during
t ro ub l eshoot ing . Or de r TEKTRONIX Part Number 067-0589-00 .



Troubl eshoot ing Procedure
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This troub leshoot ing proced ur e i s arranged in an order which checks
th e simpl e trouble sources b e fo re pr oceeding wi t h extensive
troubl es hoot ing . The fir st few ch ec ks ens ur e pr ope r connection,
operat io n , and ad j ustmen t . If th e t roub l e is not located by these checks,
the remaining ste ps aid in locat ing th e compo ne nt . Wh en the de fect iv e
com pon en t is located, it should be r e pl ace d us i ng t he repl acem e nt
procedur e given un der Corr ect ive Maintenance .

1) Check Control Sett ings . An incorrect setting of the 7A16P
controls can indi cate α pr oblem that does not ex i st . If the re i s a ny
question abou t t he correct funct ion or operat io n o f α co nt ro l o r fr o nt
panel connector, r e fe r to the operat ing in st ruct i ons provided in Sect i o n
2 .

2) Ch eck Assoc iated Equipment . Befo re proceed ing with
t roub l eshoot ing o f th e 7Α 16Ρ , c heck that the equipment used with thi s
uni t is operat ing corr ect ly . If possible, subst i tute an am pli fier uni t
kn own to be o perat ing co rrect ly into the mainframe and see if th e prob l em
pe rs ists . Chec k that th e input sig nals are properly conn ected and that
the interconnect ing cab l es are not defective .

Vi sual Check . Vi s ua lly check the po rtion of the in strument in
whi c h the trouble is suspected . Ma ny pr obl ems can be located by visua l
ind icat i ons suc h as unso ld er ed connect i ons, broken wires, damaged circuit
board s, damaged co~riponents, o r, compo ne nts be nt over and touc hing .

4) Check In strument Pe rfo rmance . Check the adj ustment of the unit or
th e a ffected circui t by performing the pe rfo rm ance check in Section 6 .
The a p par e nt troubl e may only b e α res ul t of mis-ad j ustment, and may be
corrected by cal ibrat ion . Complete ca lib rat i on inst ruct i ons are given in
Sect ion 6 .

5) Check Voltages . Som etimes α circuit stage may not be operat ing
due to inco rrect supply voltages . Typica l supply v ol tages are giv e n on
the di ag r ams ; h owev er , these are not abso lute and may va ry slight ly
between inst ruments .

6) Trace the Sign al . The amplifi e r po r t i o n of the circ ui t ry can be
chec ked b y injecting α signal at th e 7A16P input and tracing the signal
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from input to output wi th an oscilloscope . By not ing wh ere the sig nal,
disappears or di storts, the so urce o f troub l e can be locate d .

7) Check Indivi dual Components . The following methods are provided
for chec king the individ ual compo nents . Com pon ents whi c h ar e so ld e re d in
place can somet imes be checked by disconnect ing one end to i so l ate the
measurem en t from t he effects of surrounding c ircui t ry .

NOTE

To locate intermittent or temperatur e sen s i t ive
compo ne nts moun ted on the attenuato r boa rd ,
Quik Fr ee ze (Miller Stephenson , MS-240, TEKTRONIX
Par t Num be r 006-0173-01) is recommended . Dry
ice or d i chlo r o-difluo romethane (Freon 12,
Dupont or Can-O-Gas) may al so be used . Other
types o f c ir cui t coo l ant may damage the
polysulphon e attenuator board .

Α ) TRANSISTORS . The best ch ec k o f t ransistor operat ion is actua l
perfo rmance under operat ing cond i t ions . Trans istors that are so ldered to
the circ uit board should fir st b e ch ec ked in-circuit using α dynam ic
trans i stor testor ; then α replacement can be substituted to further
verify that the old trans i stor i s bad . Soc keted trans istors can
immed i ately be checked by subst i tu t ing α compo nent known to be good ;
however , be sure that c ircuit cond i t ions are not suc h that α repl acemen t
might al so be damaged . If subst i tu te t r ans i sto rs are not available, c heck
the old trans istor out-of-circui t us ing α dyn ami c tester (suc h as
TEKTRONI X Type 577-177) . Stat ic-type teste r s may b e used, b ut since they
do not check operation under s imulated o pe r at ing co ndi t ions, some defects
may go unnoticed . Be sure the power is o ff before attempting to remove or
replace any transistor .

Β ) INTEGRATED CIRCUITS . Analog IC's such as compari tors and
operat ional amplifiers can usual ly be chec ked in-c irc ui t wi t h α vol tmeter
cr pest osc illoscope . An understanding o f th e devi ce a nd c irc ui t
operat ion i s essential fo r this type of troubleshooting . (Fo r ex am pl e, an
op amp can b e tested by measuring the input and ou t put c ir c ui t voltages
and comparing thi s rat io to the ratio of input and feedb ack res i sto r s .)



Analog IC's that are socketed can also be checked out-of-circuit using α
dynamic testor such as the TEKTRONIX 577-178 .

Digital IC's are best checked in-circuit using α logic probe or
voltmeter . Use care when checking voltages and waveforms around DIP
(Dual-In .line-Package) I C's so that ad j acent l eads are not shorted
together . Α convenient means of connecting α test probe to 14- and 16-
pins IC's is with an IC test clip . This device also doubles as an
extraction tool .

C) DIODES . Α diode can be checked for an open or shorted condition
by measuring the resistance between terminals with an ohmmeter set to the
R Χ 1 k scale . The diode resistance should be very high in one direction
and very low when the meter leads are reversed .

7 Α 16 Ρ INSTRUCTION

CAUTION

Do not u se an ohmmeter scale that has
α high internal current . High c urrents may
damage the diodes under test .

D) RESISTORS . Check resistors with an ohmmeter . Resistor tolerance
is given in the Electrical Parts List . Resistors normally do not need to
be replaced unless the measured value varies widely from t he specified
value .

Ε ) CAPACITORS . Α leaky or shorted capacitor can be detected by
checking resistance with an ohmmeter on the highest scale . U se an
ohmmeter that will not exceed the voltage rating of the capacitor . (Be
careful to observe correct polarity when checking electrolytic
capacitors .) The resistance reading should be high after initial charge
of the capacitor . An open capacitor can best be detected with α
capacitance meter, or by checking whether the capacitor passes AC
signals .

7) Repair and Readj ust the Circuit . Special techniques required to
replace components in this unit are given under Component Replacement . Be
sure to check the performance of any c ircuit that has been repaired or
that has had any electrical components replaced . Recalibration of the
affected circuit may be necessary .



7Α 16 Ρ IN STRUCTI ON

S pec ifi c Troub l eshoot ing I nformat i on

The foll owing info rmat i on provi des an ai d to t r oubl eshoot ing parts
of the anal og circui try and the mi c roprocessor sy stem . Before
t roubl eshooti ng t he inst rument, an under stand i ng of t he ci rcui t
o pe rat i on i s requir ed . Re fe r to the Circui t Descript i on for α di sc ussi on
of the circuit o peration .

Mi croprocessor System . If the 7 Α 1 δΡ fail s to power-up in t he correct
state, the fo llowi ng procedure prov ides an a id to l ocating the faul t
witho ut spec i al microprocesso r se rvice equi pment .

1) Measure all the supply v ol tages . If they are out of tol e rance,
t he power-up circuit in t he plug-in w ill not ini t i alize t he
mic r o pr ocessor system corr ect ly . C hec k for faults in the plug- in . If no ne
are found, check the mainfr ame power supplies .

2) Temporarily remov e th e STOP st rap, Ρ 1420, on the PROGRAMMING
LOG IC board . Pr ess any front pane l button (exce p t VARIABLE) to cause an
interrup t and start the ΜΡU c l oc k . Be sure to replace th e STOP st r ap when
you are through t r ou bl es hoot ing the clock c ircuit .

3) C hec k for va li d tw o- phase cl oc k si gnal s at ΤΡ626 ( Phase 1) and
ΤΡ726 (Phase 2) . Re fer to t he Cali brat ion Pr oced ur e for α discussi on o f
the MPU c l oc k adj ustment . If th e cl oc k si gnal s are pr ese nt, go to ste p
eight .

4) C hec k that the cl oc k j umpe r st raps are correct ly placed on t he
corresponding s quare pins .

5) C hec k the output (pin 11) of U 600 D . T hi s pin sh oul d be high (+2 .4
to 5 .0 volts) . If it is not, c hec k the flip-fl op formed by U620D and
U700A . The STO P line (pin 12 of U 610D ) should be high .

6) Chec k pin 5 o f U700 A . If thi s pin i s low, ther e is α faul t in the
power-up circuit (assuming t he supply voltages a re correct) .
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7) If no faults are found in ste ps fo ur through si x, there i s α
fault in the clock c i rcuit .

8) Chec k pin 40 of U920 ( MPU~_CS) an d pin 34 of U900 (OR). If either
of th ese lines is low, there is α fa ul t in the power-up ci rcuit .

9) Mom entarily sh o r t pin 34 of U900 to gr o un d . If t he plug- in
powers-up correctly , there i s α faul t in t he power-up circuit .

10) Check that pin 2 of U 920 i s hi g h and pin 39 i s l ow .

11) C heck that pins 36 and 37 of U920 are ti ed togethe r .

12) If these tests fail +ο id e nt ify the fault, troubl eshooting wi t h
α micropr ocessor debuggi ng aid (such as α Te kt roni x 8000-series
mic roprocessor lab) may be n ecessary .

Se lf T est Add resses . If the 7 Α 16 Ρ fail s + ο power-up and the above
steps fai l to i dentify the prob l em, the MPU may have detected α fault
whil e performing th e se lf-test routines . If α fault i s detecte d , t he ΝιΡU
" hangs" at α speci fied address . The fault can be determined by measuri ng
the state of address bus lines ( ΑΟΙ-All) wi th α DVM or l ogi c ana lyz er
(su c h as the Tektronix 7 D V1) . Tabl e 4-1 shows the add r esses an d th e
fault(s) detected by the ΜΡ0 for each address . If α faul t is indicated in
th e ROM , RAM or ΡΙΑ 's, replace the involved components and see if the
probl em i s cured .
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TABLE 4-1

7Α 16Ρ Self Test Hang Addresses

78 Β6 1 6 - The RAM was filled with ones . Data was read back and
complemented, and α non-zero byte was found . The RAM
i s left filled with zeros .

780716 - Any ones left from the previous test hangs the 6800
here .

78E616 - The RAM failed α pattern-sensitivity test .

790Β 1 6 - The ΡΙΑ control registers were filled with zeroes .
The registers were read back and α one was found .

792E16 - The ΡΙΑ registers failed α read/write test .

795516 - The high-level ROM (U830) failed α checksum test .

796116 - The low-level ROM (U630) failed α checksum test .
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Obtaining Replacement P arts

7Α 16Ρ INSTRU CTION

Correctiv e Maintenance

Cor rect ive maintenance cons i sts of component replacement and
inst rument repair . S p eci al techniques required to replace components in

this uni t are given here .

Standard Parts . All electri cal and mechanical part re placements for
the 7Α 16 Ρ can be obtai ned through your local T ektronix Field Offi ce or
representat ive . Howev er , many of the electronic components can be
obtained locally in less time than is required to order them from
Tektronix, Inc . Before purchas ing or ordering replacement parts, check
the parts li st for value, tolerance, rating, and description . The
vendor 's or manufacturer 's pa rt number and address are also provided in
the parts list .

NOTE

When se lect ing re placement parts, it is
important to remember that the physical
siz e and shape of α component may affect
the pe rformance of the instrument,
parti cul arly at hi gh frequencies . All
replacement parts should be direct
replacements unless it is known that α
diff e r ent component will not adv erse ly
affect inst rument performance .

O rde r al l specia l parts di rect ly from your loca l T ektronix Fi e l d Offi ce
or represe ntat ive .

Ordering P arts . When ordering repl acement parts from Tektronix,
Inc ., inc lude the following information :

1) Instrument Type .

2) Instrument Seri al Number .
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CKT NUMBERING EXAMPLE :

4) TEKTRONIX Par t Number .

Soldering Techniques

7Α 16 Ρ IN STR UCTI ON

3) Α description of the pa r t (if electrical, inc lude circui t number
found in the Replaceable El ectri cal P ar ts li st--Sect i on 7) .

8162 on Α 12 Assem bly = 812162 in P arts List

------A ssembly Number

WARNING

Disconnect the instrument from the power
source before soldering .

Attenuator C ircuit Board . The Attenuator Ci rcui t Board is made from
fir e-retardent polysu lphone . Use extr eme care when cleaning or sol d e ring
tr :ϊ s materia l . The following rules should be obse rved when removing or
r _μ lacing parts :

1) Use α low-wattage soldering iron ( not ov er 15 watts) .

2) Do not apply more heat, or apply heat for α longer t ime, than is
absolutely necessary .

3) Use some form of' vacuum so lder- remover when remov ing multi-lead
devi ces . (On most IC's, it is best just to cut the lead s .)

4) Do not apply any solvent containing ketones, esters, or
ha logenated hydrocarbons .

5) To clean, use only water-soluble detergents, ethyl, methyl or
i sopropyl alcoh ol .

Spec i al caution m! ι -st a l so be exerc i sed when soldering or unsoldering
the reed switches -on t he atte nuator board . Damage can be caused by :
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ϊ ) Bending α l ead near the glass r eed enc losure

2) Pulling or pu shing on the lead .

3) E xcessive heat ing of t he lead .

When so ld e ring, use the l east t ime and temperature requir ed to do the
j ob .

Ci rcuit Boards (except Attenuator board) . The compone nts mounted on
the c irc ui t boards in the 7Α 16Ρ can be replaced u s ing normal. c ircui t
board soldering techniques . Keep th e fo ll owing points in mind when
so ldering on the circuit b oard s :

1) Use α pencil-type soldering iron wi th α wattage rat ing from 15 to
50 watts .

2) Apply heat from the soldering iron to the j unct i on between the
component and t he c ircuit board .

3) Heat-sink the lead to the component b y means of α p air of long-
nose pliers .

4) Avoid excessive heat ing of the j unction with the circ uit board ,
as thi s could separate t he ci rcuit board wiring fr om the base materi a l .

5) Use electronic grade 60-40 t in lead solder .

6) C lip off any excess lead length exte nding beyond the ci rcuit
board . C lean off any res idu al flux wi th α flux-r em oving so lv en t ( note
solvent precaut i ons) .

Metal Terminals . When soldering meta l te rminals ( potenti ometers,
etc .) use 60-40 tin- lead solder and α 15 to 50 watt soldering iron .
Observe the following precauti ons when soldering metal te rminals :

1) Apply only enough heat to make the so l der fl ow free ly .

2) Apply only enough solder to form α solid connect i on . Excess
solder may impair t he function of the par t .
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4) C lean the flux from the solder j oint with α flux-removing
so lvent .

C ponent Replacement

7Α 16Ρ INSTRU CTION

3) If α wire extends beyond the sol der j oint, clip off th e excess .

WIRNT

Disconnect the equipment from the power
source be fore replac ing components .

Semiconductor R eplacement . Some transistors in the 7Α 16Ρ are
socketed . These shou ld not be replaced unless actua lly de fect ive . If
removed from their sockets during rou t ine mai ntenance, return them to
th e ir ori ginal sockets . Unnecessary replacement of transi stors may affect
the calibrat i on of the instrument . When t ransi stors are replaced , chec k
the p e rformance of any part of the inst rument that may be a ffected .

Replacement semiconductors should be of the ori ginal type or α
direct replacement . The schematic diagram shows the lead configurations
of the semiconductor s used in this instrument . If the replacement
semiconductor is not of the original type, check t he manufacturer 's
basing diagram for proper bas ing .

Front-Panel LED's . When replacing any front- pane l LED 's (Light
Emi tting Diodes), be sure to pl ace the new one(s) in t he same exact
alignment with the ot her LED 's to fac illi tate reassembly of the front
pane l . When so ldering LED 's, u se the minimum heat required to do t he
job .

Free-Standing Components . When replacing any compone nts that are
free-standi ng ( not directly mounted to c ircuit boards), be sure to place
the new components in the same physical locat i on and posi t i on as the old
components . If thi s is not done, the high-frequency characteristi cs of
the plug- in may be altered ; al so, there may be α poss i b il it y of
components touching and causing α short c ircuit .
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Circuit Board Remo val
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The 7Α 16 Ρ contains t he following circuit boards :

1) LED board
2) SWITCH board
3) ATTENUATOR board
4) ACTUATOR board
5) AMPLIFIER boar d
6) SHI ELD board
7) PROGRAMMING-LOGIC board

7 Α 16 Ρ INSTRUCTION

The LED and SWITCH board s are attached to the fron t- pa ne l cast ing .
The ΑTTENUATOR and ACTUATOR boards are enclosed in α metal case,
herea fter referred to as the inpu t attenuator housing . The AMPLIFIER,
SHIELD, and PROGRAMMING-LOGIC boards are all connected togethe r vi a
mounting studs and multi-pin ( inter boar d) connectors . These three boards
are held to the plug- in fr ame via spec i al fastening nu ts th at hold the
PROGRAMMING-LOGIC board to the top an d bottom plug- in rails . ( The SHIELD
board simply insulates and shi e ld s t he AMPLIFIER and PROGRAMMING-LOGIC
board s ; there are no components mounte d on it .)

In general , the AMPLIFIER and PROGRAMMING-LOG IC board s will rarely
need removal since most of their components are readily accessable and
easily replaced . The LED and SWITCH board s will need removal when
replacing front- panel components s uch as t he Light Emitting Diodes
(LE Ds) . Similarly, i t will usually be necessary to remove the ATTENUATOR
and ACTUATO R board s be fore troubleshooting or rep lac ing any of their
components .

The following proced ur e explai ns how to remov e each of th ese boar ds
from the plug-in . Performing all of these step s in the order li sted will
resul t in α complete di sassembly of the 7Α 16 Ρ . To reassemb l e the plug- in,
reverse the process of disassembly . (The explod e d-vi ew di agrams in
Section 9 ai d in assembling the plug- in .)

4- 1 7



7 Α 16 Ρ INSTRU CTION

Α ) Removal of LED and SWITCH Boar ds

1) R emove the front- panel POSITION con t r ol knob by loosening the
Allen set-screw .

2) R emove the tension spr ing from the end of th e plug- in pull

latc h ( inscribed with the word "7 Α 16 Ρ ") .

3) Di smount the front- pane l cover plate by gentl y prying on the
bottom wi t h α reg ular screw driver .

4) R emov e the two flathead Phillip s sc rews located betw een th e
two BNC INPUT connectors .

5) Remov e the four Phillips screws (one from each corner ) of the
front- pane l cast ing .

6) R emove side pane l from ri ght side of the plug- in .

7) L oosen the Allen-set screw in the VARI ABLE shaft coupli ng ;
then remove the VARIABLE control knob and shaft .

8) Gent ly rock the front- pane l casting to remov e the front- panel
assembly from the edge connector on the PROGRAMMING-LOG IC
boar d .

9) With th e fr ont-pane l assembly removed, di smount the LED boa rd
by removing all five Phillip s sc rews .

10) Care fully se parate the LED board fr om the SWIT CH board .

Β ) Remova l of ΑΤΤΕRUΑΤΟR and ACTUATOR Boards

1) Remove side pa nel from left side of plug- in .

2) Unsolder th e two leads of transformer Τ418 that connect to
the AMPLIFIER board , be ing careful not to overheat integrated
circ ui t U540 .

3) R emove ribbon connector harmoni cas Ρ630, Ρ632, and Ρ730 from
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their pins on the AMPLIFIER board .

4) Remove the Phillips screw at the end of the ΑΤΤΕΝUΑΤΟR board
that attaches to the AMPLIF IER board .

5) If the front pane l has not been previous ly remov ed, pe rform
steps 1 through 4 unde r procedure Α so that th e inpu t
atte nuator assembly can be removed from the plug- in .

6) Wi t h the attenuator assembly removed from the plug-in, unscrew
th e t hree flathead Phillip s sc rews that hold the cov er plate
of th e attenuator housing .

7) Remov e the t hree roundhead Phillip s sc rews on the opposite side
of th e atte nuator housing .

8) Unso lder th e two input leads from the BNC connectors .
Be very care ful not to break the reed switches .

9) Pull the ATTENUATOR-ACTUATO R boards back from the BNC connectors
to allow room to un so l der the two remaining leads from
these connectors . Th e n unsolder these leads where they
connect to the BNC connectors .

10) Remove the three roundhead Phillips screws that ho ld the
ATTENUATOR board to the ACTUATOR board .

11) Care ful ly se parate the ATTENUATOR board from the ACTU ATOR
board .

C . Removal o f AMPLI FIER, SHIELD, and PROGRAMMING-LOGIC Boards

1) If the input attenuato r assembly has not been pr evious ly
re moved, perform step s 1 thr ough 5 o f proced ur e Β .

2) Unfaste n coax connector s J20, J25, J38, and J 40 from the
AMPLIFIE R board . Do not remov e t he connector s on th e oth e r
ends of th e coax jumpers .

3) Loosen the fo ur roundhead Phillips sc r ews from the stud s
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connecting the AMPLIFIER board to the PROGRAMMING-LOGIC
board .

4) Car efully lift the AMPLIFIER board from the SHIELD and
PROGRAMMING-LOGIC boar ds . U se α gentle prying mot ion to
se parate the multi-pin ( interboard) connectors .

5) R emove the 7 Α 16 Ρ R ear Interface panel by unscrewing the
four roundhead Phillip s screws (one at each corne r ) .

6) R emove the screws from th e two fasteners that ho ld th e
PROGRAMMING-LOGIC board to the top and bottom plug--in ra il s ;
pull the board back from the front- panel edge-connector
soc ket if the front pane l has not been removed alread y .

7) To se parate the SHIELD board fr om the AMPLIFIER boa rd,
remove the spring retainer s from the mounting stu ds on the
AMPLIFIER board .

R ecal ibrat ion After R epair

7 Α 16Ρ INSTRUCT ION

After any el ect ri cal compon ent has been replaced, the ca librat io n of
that p art i cular circuit should be checked , as we ll as t he cali brat i on of
other c lose ly re lated circuits . R e fer to Section 6 for these procedur es .

Re packag ing for Shipment

If the 7Α 16Ρ is to be shipped to α Tekt ronix Service Cente r for
se rv i ce or repair, attach α tag showing : owner (wi th address) and the
name of an indiv i d ual at your firm that can be contacted , complete
inst rument serial number, and α description of the se rvi ce required .

Save and re- use the package in whi c h your unit was shipp ed . If the
original packaging is unfit for use or not ava i lable, rep ackage the
instrument as fo ll ows :

1) O bta in α carton of corrugated cardboard having ins ide dimens ions
of not less than si x inches more than the instrument dimens ions ; thi s
will allow for cushioning .
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2) Surround the uni t with po ly ethylene sheeting to protect the finish o f
the instrument .

3) Cushion the instrument on all sides by t igh t ly packing dunnage or
urethane foam b etween t he car ton and t he plug-in uni t, all owing three inches
on all sides .

4) Seal the carton with shipping tape or an industrial stap le r .

The car ton test strength for your instrument i s 200 pounds .
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Introduction

Thi s sect i o n desc ribes the 7 Α 16 Ρ b l oc k di agram and circui t operation
in deta il . Frequent r efe rence i s made to the sch emat ic d i ag r ams at th e
rea r of the manual . Each fold-out schemat ic i s tabbed and numbered for
ease of u se . A s you go through t he followi ng circuit descriptions, unfo ld
the appropri ate sc hemat i cs and refer to them as nee d ed .

Block D iagram

7 Α 1 δΡ INSTRUCTION

SECTION 5

Ci rcuit D escr iption

Be fo r e we beg in th e deta il ed circuit descript ions, we will di sc uss
the bl oc k diagram s hown in Fig . 5-1 .

The input si gnal is applied to the attenuator throug h one of th e
INPUT BNC connectors on t he front panel . Prec i si on attenuators are
swi tched into the signal path to se l ect t he
The amp li fi er provides for se l ect i ng normal
and α Χ 1 or Χ2 atte nuat i on . The posit ioning
the signal for posi ti oni ng . Α fin al amplifi er stage spli ts the s ignal
into seperate d isplay and tri gger si gnal s o f e qua l ampli tude .

des ired attenuati on factor .
or inverted s ignal pola ri ty
c ir c ui t ad ds α DC current to

The 7Α 16 Ρ attenuator , fr ont panel and IEEE 488 (commonl y refe rred
to as GPIB-Gene ral Purpose Interface Bus) i nterface are controlled by α
micro processor system in t he plug-in . The h eart of t hi s system i s α
Motorola Μ6800 Mi c roprocessing Uni t (MPU) . Α cont rol program, res ident in
4Κ (1 Κ - 1024) bytes o f R ead Only Memory ( ROM), d ir ects t he MPU act ivi t y .
The MPU uses 128 b ytes of R andom Access Memory (RAM) as α "scratch pad" .

Thr ee Peripheral Interface Adapters ( ΡΙΑ 's) hand le inte rnal
communi cation between the MPU and the oth er c ircu its in t he plug- in . The
swi tching logic drives the attenuator and front panel LED 's (Lig ht
Emi tt i ng Di odes) . The GPIB interface controls the hands ha king on the IEEE
488 bus .
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Fig . 5-1 . 7Α 16Ρ Bloc k Diagram
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The clock circuit generates the 2-phase clock signal required by the
ΜΡU . When power-up occurs, the power-up circuit initializes the MPU and
ΡΙΑ 's and starts the clock . The readout circuit encodes the attenuator
settings and sends the readout information to the mainframe .

Attenuator

7 Α 15Ρ INSTRUCTION

The Attenuator (Diagram 1) consists of the input selection and
coupling circuit, two Χ 10 precision attenuators, α buffer amplifier and α
selectable Χ2 or Χ5 low-impedance attenuator .

Input and Coupling Circuit . The input signal comes in on the Α or Β
INPUT BNC connectors (upper-left of schematic 1) . Control signals,
generated by the microprocessor, activate reed switch coils Κ000 or Κ010,
c losing S000 or 5010 . These switches select the Α or Β connector as input
to the plug-in . 0007 and LRO07 keep the Voltage Standing-Wave Ratio
(VSWR) on the input low . If the 50-ohm input impedance i s selected, the
microprocessor activates Κ004, closing 5004 and connecting R012, R010,
R002, and R 004 from the signal line to ground . The parallel combination
of these resistors appears as α 50-ohm impedance to the input . When S004
is open, the input impedance is 1 megohm . If DC coupling is selected,
S002 closes, shorting 0008 with R000 . For AC coupling 5002 is open, so
0008 is in series with the signal path .

Χ 10 Attenuators . The microprocessor switches the attenuators in or
out of t he signal path to set up the attenuation factors required for
each VOLTS/DIV setting . Table 5-1 shows the attenuator configurations
for each VOLTS/DIV setting .
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10 mV .

20 mV .
50 mV .

100 mV .

200 mV .

500 mV .

1 V .

2 V .

5 V .

7Α 16Ρ INSTRUCTION

Attenuator Co

TABLE 5-1

figurati ons

** This i s the Χ2 gain stage of the amplifier

OUT

IN

IN

OUT

IN

IN

OUT
IN

IN

OUT Indicates the attenuator stage i s bypassed (out of the circuit)
IN Indicates the attenuator is in the circuit

These attenuators are part of the low impedance attenuator

The Χ 10 attenuators are frequency-compensated voltage dividers that
are primarily resistive at low frequencies . At high fre quencies they are
primarily capacitive dividers . Each attenuator contains an ad justable
series capacitor to provide correct attenuation at high frequencies and
an adj ustable shunt capacitance to provide α constant input capacitance .
As α result, these attenuators provide α constant attenuation factor
and input characteristic throughout the bandwidth of the instrument .

The first attenuator ( ΑΤ 112) is switched by S100, 5110 and Q100 . In
all ranges except 10 mV/DIV, 20 mV/DIV, and 50 mV/DIV, 5110 i s closed,
S100 i s open and Q100 i s on . This puts ΑΤ 112 in series with the signal
path . For other settings of VOLTS/DIV, 5110 i s open, 5100 is closed and
Q100 i s off, providing α signal path around ΑΤ 112 .

The second attenuator ( ΑΤ 212) is switched into the signal path for
the 1V/DIV, 2V/DIV and 5V/DIV settings (see Table 5-1) . The switching
circuit i s similar to the first attenuator, except that Field Effect
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Transistors (FET's) are used in place of reed switc hes . Large res i sta nces
in series wi th the control lines i solate the l ogi c c irc ui ts from t he FET
gate capac i tance . Since the FΕΤ 's are floated on large res i stances, the y
can pass very li ttle c urrent to ground, and the c irc ui t can wi t hstand
large ov erl oad voltages . The diodes in the control lines (CR 116 and
CR 106) limi t the current into the FET circuitry .

When ΑΤ 212 i s unselected, the drain-to-source capacitance of Q200
co uld couple ΑΤ 212 into the c ircui t, degrading high frequency res ponse .
Q110 shun ts the i nput of the attenuator wi th α capaci tor when ΑΤ212 is
unselected . T hi s prevents the capaci tance of Q200 from coupling ΑΤ212
into the c ir c ui t .

Buffer Ampl ifier . The out put signal from the Χ10 Attenuato r network
appears at t he top of R 204 . High frequenci es are coupled through C207 to
α uni t y gai n amplifi e r, Q302 . VR303 provides α bootst rapped, posi tive
bi as vo l tage for the gate of Q302 . Q303 protects Q302 from overloads .

7Α 16Ρ INSTRUCTION

L ow fr equenc ies, in c luding correct i on for Q302's drift, are fed to
t he inve r ti ng input of U 310 . U310's output is inverted again by Q300 so
the s ignal at its collecto r i s in phase wi th the output of Q302 . The sum
of the output s ignal s i s coupled through emitter- follower Q304 to the low
im pedance attenuator . Α par t of the output si gnal is fed back thro ugh
R 307 to U310 . C202 sets t he roll-off characterist ic of U310 . R315 and
R412 provide nulling fo r U310's input c urr ent and offset voltage .

Low Impedance Attenuator . Q306, Q308, Q400, Q402 and t he assoc i ated
components at t he bottom of sch emat i c 1 form α sel ectable Χ2 or Χ5
atte nuator . When th e Χ5 atte nuat i on factor i s selected (see Table 5-1),
Q306 and Q402 are on and Q308 and Q400 a re o ff . As α result, R404, R406,
R407 and R400 form α Χ5 vol tage divider . L408 i s α " peaking" coil to
improve high fre que ncy response . Wh en Q308 and Q400 are on, Q306 and Q402
are off and the d ivider i s configured to provide α Χ2 atte nuat i on factor .
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The o ut pu t of the attenuator i s coupled to th e amplifi e r stages
t hrough Τ 416 . This t ran s fo rmer keeps shifts in the attenuator ground
level from be ing coupled into the amplifi e r by making th e shif ts app ea r
as α common-mode s ignal at the inputs of the amplifi er . R414 provides
DC bal ance for the amplifi er inputs .
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The amplifi er (Schem atic 2) consists of the polarity amplifi er, t he
2Χ gain amplifier, an add i t i onal gain stage, the pos i t ioni ng circui t, t he
si gnal spli tte r and the bandwi dth limit ing circui t . Several R-C peaking
networks t hroughout the am plifi er are used to main ta in good high
frequenc y respo nse . We will not di sc uss these networks in detail , but
r e fer to t hem in gener al where t hey are used .

P olarity Ampli fier . The output signal from the attenuator is fed to
the inputs of α paraphase ampl i fi er , U540 . The outputs of U540 are c ross-
connected , b ut onl y one half of the ampli fi e r i s active at any time . The
+UP and INV signals, generated by t he microprocessor , control which half
of the am plifi er i s act ive . When normal po lari ty i s selected, +UP is hig h
and the correspondi ng output trans i stor pair (collectors on pin 6 and 8)
i s enabl ed . As α resul t, the si gnal is applied wi thout inversi on to U440 .
If INV er ted polarity is selected, INV is hig h and +UP i s low . The
correspond ing output pa ir (pins 5 and 9) is enab l ed so the signal is
inverted and appli ed to U 440 .

The network on pins 2 and 3 of U540 pr ovides hig h fr e quenc y
peaking . R 540, L 540 and C532 are al so used for peaking high frequency
response . R 530 and R532 provid e α negat ive bias vo l tage for the
subst rate of U 540 .

2Χ Gai n Amplifier . The output of the po lari ty amplifier is fed to α
gain swi tc hi ng am pl ifi er , U440 . The gain of this stage is swi tched by two
contro l lines fr om the micro processo r . In the 10 mV /DIV, 100 mV/DIV and 1 V /
DIV ranges, the control line comi ng fr om Q702 (top-center of schematic 2)
goes high . Current flows thro ugh R454, into pin 11 and thro ugh the right
d iode at t he bottom of U440 . The voltage across t hi s forward-bi ased
diode enabl es the output pair at pins 6 and 8 . These pins are ti ed
directly to the n ext stage, providi ng full drive to U340 .

In other VOLTS/DIV ranges, th e cont rol si gnal coming from Q900 goes
high and current flows t hrough R 458 and R 456, enab li ng t he output pair at
pins 5 and 9 of U440 . The other pa ir (pins 6 and 8) st il l rece ives some
bias c urre nt through R 359 and R454 . The signal curr e nt from the input
transistors in U440 di vides equally betwee n the em itters of the out put
pairs . As α result, the ou tput c urrent at pins 6 and 8 i s red uced by one-
half and the signal i s attenuated b y α factor of two .
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CR338 an d R452 provide current to U340's bias network to keep the DC
bias l evel at the inputs constant in the normal and 2Χ modes .

R458 sets the 2Χ gain and R 446 sets the overall gain . The network on
pins 2 and 3 sets the low freque ncy response and balance . It al so
pr ovides high fre quenc y peaking .

Gai n Amplifier . U340 is the same type o f amplifier as previous ly
described in the Polarity Amp l ifi er sect i on . The outputs of U340 are
cross-connected so that the in-phase an d out-of- phase si gnals are mixed .
The stage gain i s set by adju sti ng t he ratio of the in-phase and out-o f-
phase si gnals, whic h i s determined b y th e rat i o of currents in the
control inputs (pins 11 and 12) o f U 340 .

Now refer to sc hemat i c 4 . When the VARIABLE cont rol is set to CAL
(VARIABLE knob pushed in, and VAR OFF under program control ), the output
of U600A (bottom-cen ter of sc hematic 4) is high . As α resul t, the output
of U 410B is low and Q408 is on . In thi s mode, Q408 supplies current to
R300 whi ch sets the rat io of the control c urr e nts an d the stage gain , as
j ust di scussed . R 300 i s set duri ng calibrati on for α fixed value .

If the amplifier i s set for VARIABLE gain (VARIABLE knob out, or VAR
ON under program control ), the output of U 600A i s low , so Q308 is on . Now
the VARIABLE control , R 200, sets the current ratio and stage gain .

R 318 (sc hematic 2) provides DC balance ov er th e range of the
vari able control . RT238 compensates for tem pe r at ure vari at i ons . C336 and
R 332 provide for high fre quenc y peaking .

Positioning Circui t . Q214 and the assoc iated components add α DC
l evel to the s ignal for posi ti oning . The pos i t i oni ng level comes from α
10- bit Digi tal to Analog Conv er ter ( DAC) shown in th e uppe r-le ft corner
of schematic 4 . The output of the DAC i s proporti onal to the value of the
10-bit input word from th e mic roprocessor . Thi s 10-bi t word can be set
from the front panel POSITION control or under program control . We will
disc uss the operation o f thi s circuit in more deta il late r . Looking back
to the left edge of sc hematic 2, R304 sets t he gain of the posi tion
circui t and R302 sets the posi t i on centering .

Many Tektronix probes have an IDENTify b utto n that causes the trace
to deflect so that it can be identifi ed in α mul t iple-trace display .
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When the IDENT ify butto n on the probe i s pr essed, α DC current is added
to the s ignal to de flect its pos i t ion slightly . If input Α is selected,
ΙΝΡΑ i s low (bottom ce nter of sc hemati c 5) . The out put of U210 D is high
and Q400 i s on . The IDENTify button on t he probe connects the outer ring
of the input BNC connector ( left-center of sc hemat i c 1) to ground . As α
result, the collector of Q400 goes low . The out put of comparator U 120A
goes low and the o utpu t of U410D goes hi g h, caus ing Q320 to conduct more
c urrent ( le ft-center of sc hematic 2) . The add i t i onal current through Q320
is ad ded to the s ig na l , caus ing the trace to de fl ect . The IDEN line also

shown at the rig ht edge of schematic 6 . When
readout information i s r e pl aced by the word

goes to the r eado ut circ ui t,
ΙDΕΝ i s asserted, th e normal
IDENTIFY .

7 Α 16 Ρ INSTRUCTION

Signal Splitter . The s igna l and posi t i oni ng c urr en ts ar e fed to
U240 . The two different ia l outpu ts of U240 are connected to se pe rate
common- base t ran s i stor amplifi ers to generate sepe r ate di splay and
trigge r s ignal s . U240's control . inpu ts are supplied e qua l c urr e n ts
t hro ugh R 250 and R252 so t he d i spl ay and trigger s ig nal s are e qual .

C232 and R138 are hi gh frequency peaking ad just ments . R136 ad justs
low fre quency response .

As the signa l travel s through the previo us stages, some common- mode
DC l ev el is added to the s ignal . The common-base trans istor amp li fi e r s
s hift thi s DC l ev e l bac k to zero wi thout a ffect ing t he differenti al DC
posi t ioning l eve l . If the full, bandwidth i s se l ected, ΒWF is asser ted and
t h e output o f U 710 E ( bottom-ce nter of schematic 2) is low . The output o f
U 810 E i s low , so Q140, Q142, Q110 and Q112 are on . As α r esult, th e

wi t hout bandwidthd i sp l ay and tri gger s igna l s ar e passed to the o utpu t
limi ti ng .

Wh e n lim ited band width i s se l ected, BWF i s low and Q132, Q144, Q100
and Q114 ar e on . The fil te r c irc ui ts in the collector s of these
t ransi stors limit t he bandwidt h of the dis play a nd t ri gger s ignals to 20
MHz . CR 032, CR 046, CR O04 and CR O14 i sol ate the bandwidth limi t i ng fil ter
fr om t he circuit wh en full b and width is se lected .

The d i s pl ay and tri gger outpu t s ignal s are fed to the mainframe
t hrough the edge conn ecto r s at t he rear of the ma infr ame .
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We mentioned in the block diagram discussion that the 7Α 16Ρ is
controlled by α microprocessor system in the plug-in . The maj or
components of the system are shown on schematic 3 . Full information on
the components that comprise the system is given in t he Motorola Μ6800
Microcomputer System Design Data Manual . I t will be helpful to have α
copy of t his manual for reference as you go through t he descriptions .

MPU and Memory . The Motorola Μ6800 (U920) is an 8-bit Micro-
processing Unit (MPU) . The MPU has α 16-bit address bus (13 bits are used
in this system) that allows it to selectively communicate with the memory
and ΡΙΑ 's . Α separate 8-bit bi-directional bus carries data to and from
the MPU .

If an external device asserts the MPU's IRQ (Interrupt ReQuest) or
ΝΜ1 (Non-Maskable Interrupt) inputs, the normal program execution
interrupted . The processor saves its current status, then determines
what caused the interrupt and executes an appropriate service routine .
These service routines include such tasks as scanning the front panel
buttons or getting α byte from the IEEE 488 bus . While servicing the
interrupt, the processor can mask its IRQ input so that further
interrupts will not be recognized until the current interrupt has been
serviced . The ΝΜΙ input cannot be masked . W e'll discuss the interrupt
sequence in more detail later .

The program that controls the ΜΡU's activity resides in two 2048x8-
bit ROM's (U630 and U830) . The ROM's are accessed by asserting an address
in the range 700016-7FFF16 . The MPU a lso uses α 128x8-bit RAM (U1030) as
α "scratch pad" memory . The RAM occupies addresses from 0-7F16 .

ΡλΑ 's . The processor communicates with other parts of the plug-in
and the IEEE bus through three Μ6820 ΡΙΑ ' (U900, U 1000 and U 1200) .
Complete information on these chips i s contained in the Μ6800 Micro
computer S ystem Design Data Manual . We'll discuss only t he relevant
details h ere .

Figure 5-2 shows α block diagram of the Μ6820 . Each ΡΙΑ contains two
separate Input/Output ( Ι /0) ports and control registers . Each line of the
Ι /0 ports can be programmed as an input or output by setting bits in t he
data direction registers .
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5- 1 0

Fig . 5-2 . Periphe ral Interface Ada pter Bloc k Diagram .

2308-02

Two interrup t o utpu ts (IRQA and fRQB) signal the processo r that the
ΡΙΑ has data or needs service . W hen an interrupt occ ur s, α flag i s also
set in the appro pri ate control register . Since the interrupt lines are
OR -t i e d to the MPU 's IRQ input, t he processor must read each ΡΊΑ 's
control r eg i ste r s to determine which one generated t he interrupt .

Power-up Circui t . When power is appli ed to the plug-in, the power-
up circ uit moni to r s t he power suppli es and generates ini t i ali ze signals
for th e ΝιΡU , cl oc k circuit, and ΡΙΑ 's . The power-up circuit is located
in the lower- l e ft co rner of sc hemat i c 4 .

Comparator s U220 B , U220C and U220D moni tor the +15 V , +12V , +5 .1 V and
-5 .2V supp l i es . The outputs of th e compar ato rs are OR-ti ed so that all
the suppli es mu st be pr ese nt be fore t he comparator outputs go high . When
they do, C520 begins charging thro ugh R420 and R422 . When the vol tage at
the top of R 422 r each es a bo ut 1 . 8 vol ts (about 2 mil li seconds after the
comparator outp uts go hi gh), DS520 becomes fo rward bi ased and Q520 turn s
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on . As α result, POR (Power-On Reset) and the input o f U'120Α go low . T he
output of U 720B and POR go high . The POR and POR lin es ini t i alize the
ΡΙΑ 's and assert the TSC (Three-State Cont ro l ) input on the MPU (Re fer to
the Μ6800 manual information on thi s input) .

U610 D and U700 A form an R-S flip-flo p that cont rol s the cloc k
circuit . S ince the output of U720A stays low for 2 milli seconds a fte r
the power supp lies are stable, this flip- flo p powers- up wi t h the o utput
of U 700A high . The flip flop wi ll stay in t hi s state unt il STOP i s
asse rted . We' ll di sc uss the STOP line later .

S ince pin 6 of U700A i s high, when the o utput of U720 A goes hi gh,
the out put of U600D al so goes high . The low-to-high transi t i on fires
U1430Α and the Q output goes low for abo ut 13 microseconds . Pin 10 o f
U 600C i s hi gh so MPURES (MPU RESet) is asserted un ti l U 1430 A t imes out .
T hi s negativ e-going pulse forces the MPU into α reset sequence . (Refer to
the Μ6800 manual for spec ific information on the MPU r eset se que nce) .

Clock Circ uit . U420A , U420B and the associ ated compon en ts in th e
upper-right corner of sc hematic 4 generate the 2-phase MPU clock s ignal .

Reca ll that the output of U600 D makes α low-to-high tran s i t ion
s hortly after power-up . Thi s transition fires U420B, so i ts Q output
goes low and U420 A is cleared . About 500 nanoseconds later , U420B times
o ut and the low-to-high transi ti on on the Q output fires υ 420 Α . υ 420Α
times o ut about 500 nanoseconds late r and the negative tran s i t ion on the
Q o ut put fires U420Β , re peati ng the process .

T he Q out puts of U420A and U420B feed open-collector driver s ( U 720 B
and U720D ) . The outpu ts of these gates drive phase 1 a nd phase 2 c l oc k
lines . The MPU c l oc k inputs requi re α shorter rise time than the o pen
co llector dri vers can prod uce with simple pull-up res i sto r s . Q620, Q624
and the assoc iated components form act ive pull-ups that improve the ri se
time of the driver ou tputs . We' ll di scuss Q620 and the assoc i ated c irc ui t
as an example .

Whe n the
_Q

o utput of U420 B makes α high-to-low transition, C614

the base o f Q620 must go be l ow about 4 .5 vol ts to turn on .
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couples the negat ive going pulse to the base of Q620 . As α res ul t, Q620
turn s on for α short pe ri od and pull s the o utput of U720 D up very
quickly . The posi t ive going tran si tion does not a ffect the ci rcuit s in ce
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The R-S fli p- flop o f U610D and U700 Α control s th e c loc k ge nerator as
previous ly di sc ussed . When the MPU i s idl e it asserts 80016 on i ts
add r ess bus for about 500 nanoseconds and VMA (Vali d Memory Address) goes
hi gh (uppe r l e ft of schematic 3) . U1320A and U1320 B decode th e add r ess
and asse rt ST OP while the add ress i s on the bus . When STOP goes l ow, t he

asserted) . S ince t he MPU is α dynamic device, data is lost if the c lock
i s stopped for more th an about 10 microseconds . As α result, when the
c loc k i s restarted, α power-on seque nce is ex ec uted as pr evi ously
di sc ussed .

Front Panel. Buttons . The front pane l b uttons provide for loca l
contr ol of the 7Α 16Ρ . Re fer to schematic 7 and noti ce t hat t he front
panel buttons ar e or ganized in α 4 Χ 4 mat rix . The microprocessor sets
the row lines (R O-R 3) low so wh en α b utton i s pressed , one o f the column
li nes (CO-C3) goes low (pull-ups in the ΡΙΑ ho l d t he lines hi gh when they
are open ) . If any of the column l in es go l ow, t he output of U700B
(bottom-center of schemati c 3) goes low, pul sing the CA 1 input . This
generates an inte rrupt to the MPU . Wh en the MPU servi ces the interrupt,
it takes all the row lines l ow, t hen it sets th e row lines hi gh one at α
time and reads the column lines to determine whi ch butto n was pr essed .
When the button is found , the MPU exec utes an appro pri ate se rvi ce
routine .

Switching L ogic

The Switc hing Logic (schematic 5) takes the output signa l s from th e
ΡΙΑ '3 and drives the Attenuator , Amplifi er, Front Pan e l and Rea d o ut
cont rol circ ui tr y . In some cases one logic signal. from the ΡΙΑ may
control several output lines . We' ll look at one example o f the logi c and
driver circuitry - the Α or Β input selection l ogi c . The ot her circ uits
are similar .

If the Α input is se l ected, the ΜΡU asserts ΙΝΡΑ (through the ΡΙΑ-
U 900) . The low in ΪΝΡΑ goes to pin 4 of U610B . If GND is not asser ted
(th e GND button is not pressed or CPL GND is not selecte d under pr ogram
cont rol ), pin 5 of U610B i s also low . As α resul t, t he output of U610B i s
low and Q722 is on . Current flows through Q722 and Κ010 (uppe r-l e ft of
schemat i c 1) is energiz ed . Thi s closes S010 and enabl es t he Α input .
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flip-flop i s r eset and the output o f U600D goes low, disabling the c loc k .
The c l ock remai ns off unt il an interrupt occurs (IRQ i s asser ted) or an
Interface C lear message i s received on the IEEE 488 bus (ik is



Looking back to schematic 5, since ΙΝΡΑ is asserted, the output of
U210D is high . Pin 2 and t he output of U610A are high, so Q720 i s off and
input Β i s not enabled . LINPA is high so the front panel INPUT LED (Light
Emitting Diode), DS410 (lower-right of schematic 7) i s off, indicating
that the Α input i s selected .

The comparators in the lower right of schematic 5 detect the type of
probe that i s connected to the selected input . If α Tektronix Χ 10
encoding probe i s connected, the outer ring of the BNC input connector is
grounded through α resistor in the probe . The value of this resistor is
selected to draw enough current through R404 to drop the voltage on pin 7
of U120B below about 3 .3 volts . This causes the comparator's output
( Ρ 010) to switch low . Similarly, if an encoding Χ 100 probe is connected,
α lower v alue of resistance connects the ring to ground and the output of
U120C (1d0) goes low . If the IDENTify button is pused, the ring is
shorted to ground, and the outputs of U120A, Β and C ( ΙDΕΝ ') switch low .
The outputs of these comparators go to the microprocessor and readout
circuit to modify t he CRT readout and computer V/D? query response .

GPIB Interface

7Α 16Ρ INSTRUCTION

The GPIB Interface handles all communication between the MPU and the
IEEE 486 bus . This description assumes α basic understanding of the GPIB
protocols . Refer to IEEE STD 488-1975 for α complete discussion of the
bus .

Before we discuss the GPIB Interface in detail α review of the
handshake process i s necessary . The IEEE 488 bus uses α three-wire
interlocked handshake to transfer all data bytes . When all the addressed
listeners on the bus are ready to receive data, NRFD (Not Ready Σο Data)
goes high . The talker asserts data on DIOOJ-DI07 and, when the data is
stable, asserts 5ΑΘ (Data Valid) . When all the addressed listeners h ave
accepted the data, NDAC (Not Data Accepted) goes high, and the talker
releases DA-V. This process is repeated for every byte that is transferred
on the bus . Refer to Appendix Β o f the IEEE Standard for α complete
discussion and timing diagrams of the h andshake process .

IEEE 488 Data Bus . The GΡΙΒ data us (DlOO-DI07) uses time-slot lines
2 through 9 (TS2-TS9) on the plug-in edge connector as α data bus . These
lines are used in non-programmable mainframes for the readout time-slot
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lines . In α programmable mainfr ame, Α24 (upper-le ft corner of sc hemat ic
6) i s ti ed to α l ine t hat is clamped to abou t +3 vol ts maximum, turning
Q1512 on . U 1500 expects th e mod ifed time-slot informat io n on TS1 and TS10
whil e TS2- TS9 are enables as t he GPIB data bus . We' ll di scuss the
reado ut system later .

Acceptor Handshake . The 7Α 16Ρ must " li sten " to the data bus wh ene ver
it has been addressed αr ΑΤΝ ( A ttenti on ) is asser ted . When ei ther of
these cases are true, the output of U 1530C i s high, enab ling U1530D ,
U 1620B and U 1620C . The Μ .ΡU asserts BUSY ( le ft center of sc hemat i c 6)
while it is process ing α byte from th e bus . Whe n BUSY and ΑΤΝ are not
asserted, t he output of U 1226A i s high . The output of U 1226B i s low when
DATVAL (DATa VALid) is unasserted and the out put of U1226 A is high . -NR-FD
is high ( unasserted ), indicati ng t hat t he interface is r eady for data,
when the output o f U 1530C is hi gh and the o ut put of U 1226 B is low. NRFD
is asserted ( low) if BUSY or DATVAL are asse rted, indi cating that the MPU
is processing α byte or th e interface is receiving α byte . When ΑΤΝ is
asserted the plug- in must li sten , so NRFD goes hi gh .

With NRFD high ( read y for data) the interface i s read y fo r the next
step in the handshake process . The talker places data on t he bus and,
after α sett ling delay , asserts §A-V . When DAV goes low the out put of
U 1520D goes high and the c l ear input of U 1630B i s re l eased . The MPU
asserts DATACC (DAT a ACCepted ) when i t has received the byte . On the
ri sing edge of DATACC, U1630Β i s c l oc ked and th e Q out put goes low . The
low on the input of U 1620B causes NDAC to go hi gh . Thi s te ll s th e tal ke r
that the data is accepted . Finally, the talker releases 5K-V and the
output of U1520D goes low, clearing U1630B and asserting NDAC . If BUSY i s
asserted, ( indicating that the input buffer is full or ΕΟΙ have been
received ), it i s re leased when the MPU is read y for more data . This
complete the acceptor handshake pr ocess .

Source Handshake . The source handshake i s not imple mented as defined
by the 1EEE 486 Standard . In stead, t he plug- in talks thr o ugh t he
mainframe using α non-interlocked handshake . The mai nfram e then generates
the standard three-wire GPIB source handshake and tran s fer s the data to
the IEEE 488 bus .

When the 7 Α 16Ρ becomes α talker , TALK ( l e ft-ce nter of schematic 6)
is asserted . The MPU places its data on the bus and pul ses_ SΕΝD low . If
'HR is not asserted, the negat ive transition on 9ΕΝD fires one-shot
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U1430B . The Q out put of U 1430 B is asserted fo r about 1 microsecond and
the out put of U 1620A (SND) goes low . When U 1430B times out, SND goes high
and the mainframe latc hes the data from th e plug- in . When the mai nfram e
has compl ete the transfer , DAV makes α low-to-high transition ( reca ll o ur
di sc ussion o f th e GPIB handshake process) . T hi s trans i t i on cl ocks U1630 A
and the Q o ut put goes to the curr ent state of ΑΤΝ . If ΑΤΝ is high
(un asserted), SENT goes hi gh, telling the micro processor that the data
transfer is complete . I f ΑΤΝ is asser ted d uri ng the data t ransfer , U 1430B
i s cl eared and BAD'f k i s asserted, indicating that the transfe r was
interrup ted .

W hen the 7Α 16Ρ i s li stening, U1500 sources c urr ent onto the bus . The
mainfr ame can sink thi s current and control the bus, but ot he r
pr ogrammable plug- ins ca nnot . As α result, when one plug- in i s tal ki ng,
all ot hers must be off the bus ( υ 1500 di sab led) . U 1330C gates SND wi t h
the Q ou tput of U 1430B . If SND is asserted and the Q output of U 1430B is
low , anot her plug- in i s talking, so the output o f U 1330C goes low . T he
output of U 1520F and ENABLE go high d i sabling U 1500 .

Readout Circuit

and sends the information to
B e fo re we begin the detail e d
readout sy stem is necessary .
desc rip t i on of the readout system .
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The readout circ ui t encodes the probe type and attenuator sett ings
the mainframe for di splay wi th the signal .
circui t description , α review of the bas i c
Refer to the mainframe manual for α complete

Basi c Readout Operat ion . In α non-programmable mai nfr ame, the plug-
in receives time-sl ot pulses on the time-sl ot li nes (TS1-TS10) . These
lin es are asserted (Pulled to -15 volts) sequen tia lly so that only one
line i s asser ted at any time . During these pul ses data is sent to t he
mainfr ame in the form of anal og currents on the row c urr ent and co lumn
current lin es . These c urrents range fr om z e ro to 1 milli amp in 100
microamp steps . The current lev el on these lines de fin es α part i cular
c haracter in α character selection matr ix s hown in t he mainframe manual .

The data encloded on the ro w and column lines i s ass igne d α
part ic ul ar meaning d uring eac h time slot (see Tabel 5-2) . For exampl e,
data on the lines d uri ng time slot 2 indi cates normal or inverted signal
polar ity .

5- 1 5
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Summing the Time Slots . Programmable plug-ins and mainframes use
time-slot lines TS2-TS9 as α data bus, as previously discussed . The time-
slot pulses are transmitted to the plug-in as α stream of pulses on TS10 .
The summation of the time slot pulses appears at pin 10 of 01500 . Q1515,
CR1515 and R1515 shift the level of the -15 volt pulses to TTL-compatible
levels . C1515 is α bypass capacitor to keep the voltage at this point
from changing rapidly as U1520 Ε changes state . This improves noise
immunity and prevents false pulses fro clocking 01230 . 01520Ε inverts the
pulses and improves their risetime . The output of U1520 Ε drives α. four-
bit counter (01230) . We'll come back to this counter shortly .

TS1 is asserted during its normal time-slot in both programm~ ίble and
non-programmable mainframes . VR1236, R1236, R1234 and Q1230 shift the
level of the TS-1 pulse and invert it . VR1230 and R1230 shift the output
of Q1230 to TTL levels . This output pulse clears 01230 to insure that the
counter always starts at z ero during time-slot 1 .

At the end of time-slot 1, pin 3 of 01230 goes low, enabling the
counter . The output of U1520Ε also goes low, and the falling edge clocks
01230 . 01230 continues to count up in binary until time slot 1 is
asserted again at the beginning of the next train of time slot pulses .
When time slot 1 i s asserted, the counter is cleared and process repeats
itself . As α result, the QA - QD outputs of 01230 count from zero to nine
and start over . These outputs drive 01220 and 01310 .

5-16
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Table 5-2
Standard Readout Format

Determines the decimal magnitu de (number of
zeroes di s pl ayed or pre fix change information)
or th e IDENTIFY funct i on . (No di spla y d uring
this time-slot .)

Indi cates normal or inver ted input (no display
for normal input) .

Indi cates calibrated or uncali brated condi t i on
of plug- in variable con tro l . (No di s play fo r
ca li b r ated condition .)

Not encoded by plug-in . Le ft blank to allow
addition of ze r oes by Readout System .

Defines th e pr e fix whi c h modifi es the units o f
measurem ent .

Defines the units o f measurement of the plug-
in uni t . May be stan dar d uni ts of meas urement
(V,A,S, etc) or spec ial uni ts se l ected fr om
th e cha racte r selection matrix .

5- 1 7

Selecting Row and Column Currents . U1220 is α fo ur-to-ten line
decoder that asser ts one out put for each bina ry input wo rd from ze ro
through nine (outputs 0 and 9 ar e not used) . Output pins 2,3,4,9 an d 10
drive c urrent swi tch es t hat sink the necessary row a nd column c urr e nts
duri ng time-slots 2,3,4,6 and 9 . F or example, during time-s lots 2,3 and
9, Q1414 i s on . Since the row and column current lines are vir tual.
grounds, when Q100 is on, it sinks 100 microamps on the row current
line .



the TS-1 pulse also goes to Q1300 and Q1302 . If α Χ 10 or Χ 100
encoding probe is connected, the corres pondi ng transistor s (both Q1300
and Q1302 for Χ100) are on and they source c urr ent into the row--current
output d uri ng time-slot 1 . When the n ext time-sl ot pulse arrives, U1230
is incremented and the normal or inverted signa l info rmat i on (TS-2) is
encoded and sent to the mainframe .

ΜΡί1 Control Example

7Α 16Ρ INSTRU CTION

U 1310 takes the BCD coded time-slot numbe r from U 1230 and t he
information on W1-W12 fr om the MPU . On t he basis o f th ese inputs U 1310
sinks α se l ected amount of cur rent on pin 19 . Thi s current and the
c urrent in Q1410, Q1400, Q1414, Q1300 and Q1302 combine to fo rm t he row
and column current for each time slot, and as α result, determin e th e
c haracter that is di splayed .

Encoding α Time-S lot . Now let's go thro ugh an ex ampl e of how one
time-slot's data is encoded to illustrate the op erat i on o f t he s ystem .

Assume for this example that the IDENT ify button on the pro be i s
pressed ( Ι6ΕΝ is asse r ted) . W i th these input cond i t ions, U 1310 s inks 1
ma . o f current at pin 19 . When TS-1 goes low, 200 microamps of c urren t
also flows through R 130b and R 1309 . The resulting c urr e nt on the co lumn
output is 1 .2 milliamps and the row c urrent i s 200 microamp s . Referring
to t he character se lection matrix shown in the mainframe manual, thi s
combinat ion causes the word IDENTIFY to be d i s pl ay ed .

We've di sc ussed the components o f th e mi c ro pr ocessor system and the
analog circ uitry . Now let's see how the MP U controls the plug- in by go ing
through one ro ut ine in the ROM progra ιn .

Reca ll from our di scussi on of the Pos i t io ning Circ ui t that the DC
posi tioning c urr e nt came from α 10-bit Dig i ta l to Anal og Conv erter
( U810) . The input word for the DAC i s set b y the micro processor . When th e
plug-in is in remote mode, the POS command sets t he value of thi s word .

5- 1 8 REV Α JUN 1979

During time-slot 1 U 1230 is c leared , so the out puts o f U 1230 are all low .
The outputs of U 1220 are all high, so Q1410, Q1400 and Q1414 ar e o ff . The
outputs of U 1420A and U 1330A are al so low, so the A , B ,C and D inputs of
U 1310 are low .



If the 7 Α 16 Ρ i s in local mode, the POSITION cont rol dri ves α
t rac ki ng ana log-to-digi tal converter con s i st i ng of α comparator circuit,
the mi cr opr ocessor and the DAC . I f, for example, the POSITION cont rol
( R 020 at the l e ft edge of schematic 4) i s t urned clockwise (up), the
voltage at FB5 becom es more negat ive . The current thro ugh R210 i ncr eases
and t he voltage at pin 11 of U 120D and pin 4 of U220A becomes negative .
As α result, the out put o f U220A swi tches high . We' ll come bac k to thi s
po int shortly .

FPEN (Fro nt P anel Enable) at the right-center of schemat ic 4 i s
asserted when the 7Α 16 Ρ is in local mode . The low on FPEN enables U 1330B
so the phase-2 cloc k pulses appear at its out put and are inverted by
U 500D . These c l ock pulses go to U610B and U 610C at the to p-center of
sc hemat i c 4 . When th e out put of U220 A switc hes high as j ust discussed,
t he clock pul ses appear at the ou tput o f U610C (POSUP ) . POSUP goes to one
of the interrupt inputs of U 1000 at the bottom-center of sc hemat i c 3 . The
negative tra ns i t i on on thi s input sets the interrupt request flag in the
contro l register o f the ΡΙΑ . At the same time IRQA goes low, assert ing
the IR Q input of the MPU . The MPU saves its c urrent status and sets the
interrup t mask bit so that no fur t her interrupts can occ ur unt il thi s one
is serviced or the mask is cleared unde r program contro l . Then the
processor j umps to α rout ine t hat eads
for α set inte rrupt flag . When the MPU
it find s t he POSUP in terrup t fl ag ( bi t
clears th e fl ag and j umps to α service
DAC input word .

The service ro ut ine chec ks if the in terrupt was from the POSUP or
POSDN comparator s . For our example, the POSUP fl ag was set, so the
service rout ine increments tha v alue o f the DA C input word . As α res ul t,
the output voltage at pin 3 goes more negative . The out put of U710 swings
posi tive and begins to compensate for the cha nge in t he voltage l evel at
the input of the comparator s . If t he voltage at th e in pu ts of the
comparators is ba lanced to between +0 .09 vo l ts and +0 .12 volts, t he
outputs of both comparators go low and the POSUP and POSDN o ut pu ts bot h
go high .

R EV Α JUN 1979
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the ΡΙΑ contr ol regi sters looking
reads control reg ister Α of U 1000,
6 of the regi ste r ) set . I t t hen
ro ut ine that takes control of the
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S ince t he POSITION contro l moves very slowly in re lat ion to th e
MPU 's speed, the POSITION servi ce routine incremen ts or d ec rements t he
value o f th e DAC input word by one and then checks all. interrupts again .
Thi s allows other faster interrupts, such as trans fe r s on the IEEE 48d
bus, to be services while the operator ad justs the POSITION control . I f
the o ut put of the DAC ri ses enough when the input word i s incremented to
bring the compar ato r inputs within their stable "window", no further
in te rrupts occ ur . If the comparators' input voltage i s not wi thin thi s
window, the POS UP interrupt occ ur s again on the next falling edge o f
POTCK . T he MPU re-enters the interrupt routine and incr ements the DA C
input word again . Thi s process is repeated unt il the POSUP interrupt
stop s occ urri ng or the 10-bit word reaches its maximum or minimum value .
The posit ioni ng current that is added to the signal , as previou s ly
di sc ussed, comes fr om the out put of U 710C (upper-l e ft of sc hemat i c 4) .

If no inte rrupts occur and the MPU becomes idle, it asserts the STO P
line . Thi s stops the c lock to minimize noise in the anal og c irc ui ts . When
an interrup t occ urs, or an IFC message is received, the c loc k restar ts
and t he MPU executes α power- up routine .

The MPU cont rols the attenuator , fr ont-panel buttons, front- pane l
LED 's and the GPIB interface in α similar interrupt driven fashi on .

5-20
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Introduction

To assure instrument accuracy, check the calibration of the 7 Α 16Ρ
every 1000 hours of operation or every six months if used infrequently .
Before complete calibration, thoroughly clean and inspect this
instrument as outlined in t he Maintenance section .

Tektronix Field Service . Tektronix, Inc ., provides complete
instrument repair and recalibration service at local Field Servie Centers
and the Factory Service Center . Contact your local Field Office or
representative for further information .

Performance Check . The performance of this instrument can be checked
by performing only the steps listed in the Performance Check procedure .
These steps check the instrument against the tolerances listed as
Performance Requirements (see Specification section of this manual) .

7Α 16 Ρ INSTRUCTION

SECTION 6

CALIBRATION

Limits and tolerances given in other check steps are calibration
guides and should not be interpreted as instrument specifications .
Operator front-panel ad justments are ad justed as part of the Performance
Check procedure .

Calibration . To verify proper calibration of the 7Α 16Ρ and to
prevent unnecessary re-calibration of t he entire instrument, perform the
Adjust- portion of α step only if the tolerance given in the Check- part
of t he step is not met .

When performing α complete calibration procedure, make each
ad justment to the exact setting even if the Check- i s within allowable
tolerance .



Test Equipment Re quired

7Α 16Ρ IN STRUCTION

Gene ral . The fo llowing test equipment and accessories, or their
equival ent, is requir ed fo r compl ete calibrat ion of the 7 Α 16 Ρ .
Sp ecificat ions given for th e test e qui pment are the minimum necessary fo r
accur ate calibrat ion . There fore, th e spec ifi cat ions of any test equipment
used must meet or exceed the li sted s pec ifi cat i o ns . All test equipment is
assumed to be correctly calibrated and o pe rat ing wi t hin the li ste d
spec ifi cat i ons . Deta il ed operat ing in st ruct io ns fo r the test equipment
ar e not giv e n in this procedure . Re fer to th e inst ruct i on manual fo r t he
test e quipme nt if more info rmat ion is needed . Tab l e 6-1 s hows α compl ete
list o f the test equipment .

Cali brat ion Equipment Alternativ es . All of the l i sted test equipment
is required to compl etely chec k and ad j u st thi s in st rument . Th e
calibrat ion proced ur e is based on the fir st item of e quipmen t giv en as an
example of a ppli cabl e equipment . When othe r equipm en t i s subst i tu ted,
control sett ings o r t he calib rat i on set-up may need to be al te r ed
slightly to meet the re quireme nts of the subst itute equipment . If th e
exact item of test e qui pment giv e n as an example in the Test Equipm ent
list is not ava ilabl e, first c hec k t he Specificat ions column car e fully to
see if any other e qui pmen t is av ail abl e which might suffice . Then check
the Usage column to see wh at thi s i tem of test equipment is used for . If
used for α check or ad j ustmen t whi ch is of littl e or no importance to
yo ur measurement requirem en ts, the i tem and correspo nd ing step (s) can be
del eted .

Chec king Programmable Features . The basic 7 Α 16 Ρ calibration
proced ur e does not require α contro ll e r . If an IEEE 488 interfaced
contro ll er is available, the programmabl e featur es of t he 7Α 16Ρ can be
tested by sending commands to the plug-in ov e r the IEEE 488 bus . Re fer to
the programming section of this manual for s pec ifi c info rmat i on on t he
command s .

Th e commands can also be used to change th e 7Α 16Ρ sett ings d uring
the ca librat ion procedure . For example, α prog ram loop could be wri tte n
to re pet i t iv e ly switch the 7Α 16Ρ POLARITY, s implifying the bal ance
ad j ustments .
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TABLE 6-1
Test Equipment

ρle of ~
Mini u Applicabl e
Spec ifications Usage Test Equip e t

Calibrat ion 7000-Se ri es program- U sed thro ugh- Te kt ronix 7912 AD
Mainframe mab l e mainframe, out proced ur e Programmab l e

7912AD required to provid e Dig i t ize r and
to check 7A16P display . necessary peri-
maximum band- pherals .
width and rise
time .

Time Base 7B-Series time base Used through- Tektronix 7Β 90Ρ
Unit unit . Sweep speed out procedure Programmable

to 2ns/DIV . to provide Time Base .
horizontal
sweep .

Calibration Standard Amplitude Used for gain Tektronix PG506
Generator output : Amplitude calibration, Calibration

accuracy-within low- and high- Generator . 1
0 .25% ; signal ampli-- frequency
tude-20 mV to 5V ; compensation .
Frequency-1 KHz
square wave ;
Fast Rise output :
Amplitude-at least
1V into 50 ohms .
Risetime-less than
1ns .

50-ohm Feed- Connectors-BNC Used through- Tektronix part
through out procedure . number
Termination 011-0049-01 .



ΤΑΒΙ .Ν 6-1 (continued)
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Performance Check Proced ure

7Α 1 δΡ INSTRUCT IO N

1 .

	

Inse rt the 7 Α 16Ρ into the ma infr am e . Turn on t he mainframe
power and allow 20 minutes warm-up t ime be fo re pr oceed ing .

2 .

	

Set the 7912AD to LOCAL and TV mode .

3 .

	

Ad j ust the Graticul e Intens ity and Focu s fo r α shar p
grat icul e .

Test Set-Up

CAUTION

Th e writing beam inten s ity in th e 7912AD i s
cri t ical . Excess ive inten s i t y can pe rmane nt ly
damage the scan converter target . Many po r tio ns
of t he Pe rfo rmance Check an d Calibrat i o n
proced ur es require adj ustm en t o f in tensit y o r
sweep speed . Remember that r educ ing swee p
speed has the same effect as inc r eas ing inte ns i t y .
Al ways reduce intens i ty be for e red uc ing swee p
speed .

Chec king Front-Panel Funct ions and Readout

1 .

	

Check- that all fr ont panel buttons and control s operate as
discussed in the Manual Operat ion sect ion o f thi s manual .

2 .

	

Check- that t he read out is correct for all ΤΙΜΕ/DIV ranges .

Set the 7Α 16Ρ co nt rols as follows :

VOLTS/DIV :

	

10 mV .
VARIABLE :

	

CAL ( pr essed in)
POS ITION : Mid range
INPUT : DC



Checking Balance

7Α 16Ρ INSTRUCTION

1 .

	

Check- I nput R Balance by setting the INPUT to GND and the
VOLTS/DIV to 10 mV . The vertical deflection should be 0 .5 major division
or less while switching between 1-Megohm and 50-ohm input impedance .

2 .

	

Check- 2 .5 Balance for α vertical deflection of 0 .5 division or
less while switching between 20 mV/DIV and 50 mV/DIV .

3 .

	

Check- Invert Balance for α vertical trace deflection of 0 .5
division or less while switching between +UP and INVerted .

4 .

	

Check- 2Χ Balance for α vertical trace shift of 0 .5 division or
less while switching between 10 mV/DIV and 20 mV/DI V .

5 .

	

Check- Variable Balance for α vertical deflection of 0 .5
divisions or less while rotating the VARIABLE control t hrough its range .

Checking Gain .

1 .

	

Connect α BNC cable from the constant-amplitude output of the
Calibration Generator to the Α i nput of the 7 Α 16Ρ . Set the generator
amplitude for 50 mV and check for α display o f five vertical divisions
when the 7 Α 16Ρ is set at 10 mV/DIV .

2 .

	

Set the generator output amplitude to 100 mV and check for α
display of five divisions with the 7Α 16Ρ set to 20 mV/DIV .

3 .

	

Check- that the vertical deflection is within 2% of t he
generator's output amplitude in all VOLTS/DIV ranges .

Checking Rise Ti

1 .

	

Connect the positive-transition fast-rise output of the
Calibration Generator to the Α input of the 7 Α 16Ρ . Set the 7 Α 16 Ρ input
impedance to 50 ohms and the VOLTS/DIV to 10 millivolts .

2 .

	

Set the generator and 7Α 16Ρ to provide α five division
display .



3 .

	

Check- t he rise time on the posit ive-go ing trans it ion . The ri se
tim e d i s pl aye d will include the 7 Α 16Ρ , mainframe and gene rator rise t ime .
Us ing α ge ne rator wi th α one nanosecond ri se t ime and α 7900-Seri es
ma inframe, t he measur ed rise time should be two nanoseconds or less . The
sy stem ri se t ime can be computed from the following formula :

Chec ki ng Bandwidth

t rs = (trm2-trg2)1 /2

7Α 16Ρ INSTRUCTI ON

where

	

trs = system rise time - given in specifications .
t rm = measur ed rise time .
t rg = generator rise time .

4 . Set the 7Α 16Ρ VOLTS/DI V to 100 millivolts and repeat step s
two and thr ee .

1 .

	

Connect the l ev el ed out put of the constant-amplitude sine-wave
generator to th e 7Α 16 Ρ .

2 .

	

Set th e 7Α 16Ρ INPUT impe dance to 50-ohms .

3 .

	

Set th e ge ne rato r to its reference freque ncy (50 kil ohertz fo r
t he SG503) and ad ju st the ou t put amplit ude to obtain α six division
d i spl ay .

4 .

	

Increase th e gene r ato r fr eque nc y to the system bandwid t h shown
in the specificat ions sect ion .

5 .

	

Check- t hat t he di spl ayed amplitud e is 4 .2 d ivi sions or
greater .

6 .

	

Set the 7 Α 16Ρ BANDWIDTH swi tc h to 20 MHz ( BW LΙΝι un der program
cont rol ) and reset the gene rato r fr e qu e nc y to 20 megahert z . The di s pl ay
ampli t ud e shoul d be 4 .2 d ivi s ion s wh e n t he ge nerator is set to 20
megahe rt z ±3 megahert z .



Calibratio n Procedure
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The fo llowing procedure is arranged so that the 7Α 16Ρ can be
calibrated wi th the least interact ion o f ad j ustmen ts and re-co nnect i o n of
equipmen t . Th e cont rol settings and test equipmen t set-up thro ug ho ut the
procedure cont inue fr om the pr eceding ste p s unl ess oth e r wi se noted . Re fe r
to Fig . 6-1 α and b fo r the location of adjustmen ts . Th e test set-up is
summar ized at the beg inning of each sect ion of th e calib rat ion proced ur e .
When perform ing the compl ete pr ocedur e, this summary prov ides α ch ec k of
the instrument sett ings . Any part of the calibrat ion proced ure can be
performed by sett ing up the equipment as shown in the tab les .

Preλ iί

ΝΟΤΕ

Control ti tl es th at ar e pr inted on the 7 Α 16Ρ
front pane l are ca pi ta lized (e .g . POSITION) .
Internal ad justments and assoc iated equipment
controls are init ially ca pi talized onl y (e .g .,
Pulse Amplitude) .

ry Procedure for Calibration

1 .

	

Re fer to the mainframe manual and remov e th e mainframe side
covers .

2.

	

Remove the 7Α 16Ρ side panels .

3 .

	

Inse rt the plug-in extender into the ma inframe v er t i cal
compartment and plug the 7Α 16Ρ into the extender .

4 .

	

Install the t ime base into the mainframe horizon ta l
compartment .

5 .

	

Turn the mainframe powe r on and adj ust for α vis ible trace .
Allow 20 minutes warm-up t ime befo re proceed ing .



Test Set-Up

7Α 16Ρ INSTRUCTION

NOT

This instrument shoul d be calibrated at an ambient
temperature of +20 degrees C to +30 degrees C for
best ove rall accuracy . The performance o f the
inst rument can be checked at any temperature
wi t hin t he 0 degrees C to +40 degrees C range .

Check/ Adju st ΜΡϋ Clock Speed

Set the 7Α 16Ρ con t ro l s as follows :

VO LTS/DlV :

	

100 mV .
VARIABLE :

	

CAL ( pr essed in)
POSITION : Mid range
INPUT :

	

Α in put, DC Coupling, 1-Megohm
POLARITY : +UP

1 .

	

Rem ove the STOP strap , Ρ 1420, on th e Progr amming Logi c Board
(see Fig .

	

6-1 α ) .

2 .

	

Install α Χ 10 pr obe on the Α inpu t o f th e 7 Α 16Ρ . Connect the
pr obe to ΤΡ 626 on t he Programming Logic Board .

3 .

	

Set the t ime base fo r 100 ns/DIV .

4 .

	

Press the POLARITY button once to start the clock , then press
it again to reset th e POLARITY to +Up .

5 .

	

Check- that the pulse wid th i s betwee n 480 nanoseco nds and 520
nanoseconds .

6 .

	

Ad just- R514 fo r α 500 nanosecond pul se wid th .

7 .

	

Move the probe to ΤΡ 726 .

8 .

	

Check- that t he pul se widt h is between 480 nanoseconds and 520
nanosecond s .



10 . Turn th e mainfr ame powe r off and remove the 7 Α 16Ρ from the
extender . Install the STO P st r ap , Ρ 1420 .

11 .

	

Remove the Χ 10 probe .

7Α 16Ρ INSTRUCTION

9 .

	

Adjust- R328 fo r α 500 nanosecond pulse width .

NO

Turn the mainframe powe r off
be fore removing or inserting
plug-ins .

12 . Remo ve the plug- in extender and in stall th e 7Α 16Ρ in i ts
place .

13 . Turn the mainframe power on .

Check/Adj ust DC Balance

Test Set-

Set the 7Α 16Ρ cont ro l s as fo ll ows :

VOLTS/DIV :

	

10 mV .
VARIABLE :

	

CAL ( pr essed in)
POSITION : Midrange
INPUT :

	

Α input, DC Coupling
PO LARITY : +UP

1 .

	

Check- that the vertical trace shift i s 0 .5 d ivi s io n o r l ess
whil e swi tching between 1-Megohm and 50-ohm input impedance .

2 .

	

Adjust- R315, Inpu t R Balance, fo r minimum trace defl ection
while swi tching between 1-Megohm and 50-ohm input imped ance .

3 .

	

Check- that t he ve rt ical trace sh i ft is 0 .5 divi s ion or l ess
while swi tc hing between 20 mV/DIV and 50 mV /D IV .



Fig . 6-1b . Test Point and A d j u stment Locations
Attenuator and Amplifier Board

Fig. 6-1α . Test Point and Ad justment Location s
Programming Logic Board
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4 .

	

Adjust R412, 2 .5Χ Balance, for minimum trace deflection while
switching between 20 mV/DIV and 50 mV/DIV .

5 .

	

Check- that the vertical trace shift is 0 .5 division or less
while switching between +UP and INVerted POLARITY .

6 .

	

Adjust R414, Invert Balance, for minimum trace shift while
switching between +UP and INVerted .

7 .

	

Check that the vertical trace shift is 0 .5 division or less
while switching between 10 mV/DIV and 20 mV/DIV .

8 .

	

Ad j ust- R418, 2Χ Balance (on the amplifier board), for minimum
trace shift while switching between 10 mV/DIV and 20 mV/DIV .

9 .

	

Check- t hat the vertical trace shift i s 0 .5 division or less
while rotating the VARIABLE control t hroughout its range .

10 . Adj ust- R318, Variable Balance, for m inimum trace deflection
while rotating the VARIABLE control through its full range .

Ad j ust Low Frequency Gain

Test Set-Up

Set the 7 Α 16Ρ controls as follows :

VOLTS/DIV :

	

10 mV .
VARIABLE :

	

CAL (pressed in)
POSITION : Midrange
INPUT :

	

Α input, DC Coupling, 50-ohms
POLARITY : +UP

7Α 16Ρ INSTRUCTION

1 .

	

Connect the standard-amplitude output of the Calibration
Generator to the 7 Α 16Ρ input .

2 .

	

Ad j ust the time base for α four- to five- cycle display, with α
one kilohertz output frequency from t he generator .



3 .

	

Set R422 (see Fig . 6-1b) fully counterclockwise .

4 .

	

Adjust- R317 (on the attenuator board) for α flat top on the
square wave .

5 .

	

Turn R422 clockwise until the corners j ust begin to overshoot
and back off slightly .

6 .

	

Recheck R317 and R422 .

Check/Adjust Gain

Test Set-Up

7Α 16Ρ INSTRUCTION

Set the 7 Α 16Ρ controls as follows :

VOLTS/DIV :

	

10 mV .
VARIABLE :

	

CAL (pressed in)
POSITION : Midrange
INPUT :

	

Α input, DC Coupling, one megohm
POLARITY : +UP

1 .

	

Center the front panel GAIN control .

2 .

	

Set the Calibration Generator for 50 mV output .

3 .

	

Check- that the display amplitude is five divisions +0 .1
divisions .

4 .

	

Ad just- R446, GAIN (on the amplifier board) for α vertical
display of five divisions .

5 .

	

Set the 7 Α 16Ρ to 20 mV/DIV and the generator to 100 mV output .

6 .

	

Check- that the display amplitude is five divisions +0 .1
division .

7 .

	

Adj ust- R458, 2Χ Gain, to provide α display amplitude of five
divisions .



7Α 16Ρ INSTRUCT ION

8 .

	

Set the 7Α 16Ρ to 50 mV/DIV and the gene rato r out put to 200 mV .

9 .

	

Check- that the d i splay ampli t ud e is fo ur divisions +~0 .1
division .

10 . Ad just- R406, on t he attenuator board, for α di splay amplitud e
of exact ly four divi s ion s .

11 . These adj ustments in teract wit h each ot her , so it may be
necessary to repeat the step s in thi s sect ion .

12 . Check- that the d i s play amplitude is wi thin 2% o f the generator
output ampl itude on all VO LTS/DIV ranges .

13 . Set the 7Α 16Ρ INPUT to INVert .

14 . Chec k- that the amplitude o f th e inv e rted displ ay is wi thin 2%
of t he generator out pu t am pli t ud e .

15 . Set the 7 Α 16Ρ INPUT to Limi ted (20 MHz .) BANDWIDTH .

NOTE

The calibrat ion generato r out put
fr equency must be be low 200 kilo-
he rt z . Some wav efo rm distort ion
may occur above one kiloh er t z .

16 . Check- that the amplitude of the displ ay is within 2% of the
generator outpu t .



Adj ust Positioning

T est Set-hp

7Α 16Ρ INSTRUCTION

Set the 7Α 16Ρ controls as follows :

VOLTS/DIV :

	

20 mV .
VARIABLE :

	

CAL (pressed in)
POSITION : Midrange
INPUT :

	

Α input, DC Coupling, 50-ohms
POLARITY : +UP

1 .

	

Set the Calibration Generator for α 200 millivolt square wave
output .

2 .

	

Set the 7Α 16Ρ to DC coupling and 20 mV/DIV . This produces α
display amplitude of ten divisions .

3 .

	

Turn the POSITION control fully counterclockwise .

4 .

	

Check- that the top of the s quare wave is at least 0 .2 division
below the center graticule line .

5 .

	

Adjust- R302, Position Centering, until the top of the square
wave is 0 .2 division below the center graticule line .

6 .

	

Set the 7Α 16Ρ POLARITY to INVerted .

7 .

	

Turn the POSITION control fully clockwise .

8 .

	

Check- that the bottom o f the square wave i s at least 0 .2
division above the center graticule line .

9 .

	

Adjust- R 302, Position Centering, until the bottom of the
square wave is 0 .2 division above the center graticule line .

10 . Reheck steps six through ten . If t he Position Centering cannot
be ad j usted to meet the condition described in steps six and ten, ad j ust
R304, Position Gain, to increase (counterclockwise) or decrease
(clockwise) gain as necessary . Then repeat steps six through ten .



Ad just Input Com pensat ion

Test Set-Up

7A16P INSTRUCTION

Set th e 7A16P cont rol s as fo llows :

VO LTS/DIV :

	

20 mV .
VARIABLE :

	

CAL ( pr esse d in)
POSITION : Mid range
INPUT :

	

Α input, DC Coupling, 1--MεZohm
PO LARITY : +UP

1 .

	

Turn the mainfr am e powe r off .

2 .

	

Remove th e 7A16P an d install the plug- in extender in its
pl ace .

3 .

	

Plug the 7A16P in to the exte nd er .

b .

	

Turn the ma infram e powe r on .

5 .

	

Connect th e high-amplitude ou t put of t he Ca libration Ge nerator
to th e 7A16P input through α 50-ohm te rmin ato r , an Χ 10 attεnuator , and
the RC No rm alize r (the Normalizer mu st be co nnected to the 7A16P INPUT
conn ecto r ) .

6 .

	

Set t he 7A16P inpu t impedance to 1 Mego hm and set the VO LTS/DIV
to 20 mV .

7 .

	

Adjust- the gen erator for α six-division displ ay .

8 .

	

Adj ust- 0002 for best s qua re corners and fl at tops .

9 .

	

Turn t he mainfr ame powe r off .

10 . Remov e t he plug- in extender an d in sta ll t he 7A16P in its pl ace .

11 . Turn the mainfr ame powe r on .



Adj ust Attenuator Comιpensat i.on

Test Set-Up

7Α 16Ρ I NSTRUCTION

Set the 7 Α 16Ρ controls as follows :

VOLTS/DIV :

	

100 mV .
VARIABLE :

	

CAL (pressed in)
POSITION : Midrange
INPUT :

	

Α input, DC Coupling, 1-Megohm
POLARITY : +UP

1 .

	

Remove the Χ 10 attenuator from the cable connecting the 7Α 16 Ρ
and the calibration generator .

2 .

	

Ad j ust the Calibration Generator for α s ix division display .

3 .

	

Ad just C110 for α fast rise on the leading edge .

4 .

	

Ad just-- C112 for best flat top on the square wave .

5 .

	

Repeat these ad j ustments for optimum response .

6 .

	

Remove the R C Normalizer and terminator .

7 .

	

Set the 7 Α 16Ρ for 1 V/DIV and ad j ust the generator for α six
division display .

6 .

	

Ad j ust- C210 for α fast leading edge .

9 .

	

Adjust- C212 for best flat top .



7Α 16Ρ INSTRUCTION

Adjust Low Frequency Compensation

Test Set-

Set the 7Α 16Ρ controls as follows :

VOLTS/DIV :

	

50 mV .
VARIABLE :

	

CAL (pressed in)
POSITION : Midrange
INPUT :

	

Α input, DC Coupling, 50-ohms
POLARITY : +UP

1 .

	

Connect the high-amplitude output of the Calibration Generator
to the 7Α 16Ρ through α Χ 10 attenuator .

2 .

	

Set the generator to obtain approximately six divisions of one
kilohertz square wave .

3 .

	

Adjust- R 137, Low Frequency Compensation for best flat top
(minimum tilt) .

Adjust High Frequency Compensation

Test Set-Up

Set the 7Α 16Ρ controls as follows :

VOLTS/DIV :

	

10 mV .
VARIABLE :

	

CAL (pressed in)
POSITION : Midrange
INPUT :

	

Α input, DC Coupling, 50 ohms .
POLARITY : +UP

1 .

	

Set the generator for α one kilohertz fast-rise pulse .

2 .

	

Set the 7Α 16Ρ to 10 mV/DIV and ad just the generator for
approximately six divisions of vertial deflection .

3 .

	

Set the time base to obtain α triggered display at
approximately 100 microseconds per division .



4 .

	

Adjust- R422 for sharpest front corners and flat to ps .

6 .

	

Adjust- R 332 and C336 fo r best front corner and flat top .

7

Test Set-

7Α 16Ρ INSTRUCTION

5 .

	

Set t he time base unit to 20 nanoseconds per division and the
calibration generator to one megahert z .

Set t he t ime base unit to five nanoseconds per division .

10

	

Adjust- high frequency compensat i on controls - R 138, C232,
8437, 0338, R540 and C532 fo r best front corner and fl at top .

Check Bandwidth

Set the 7Α 16Ρ controls as follows :

VOLTS/DIV :

	

10 mV .
VARIABLE :

	

CAL ( pressed in)
POSIT ION : Midrange
INPUT :

	

Α input, DC Coupling, 50 ohms
POLARITY : +UP

1 .

	

Connect the Con stant Amplit ude Sig nal Ge nerator to the 7Α 16Ρ
input throug h α Χ 10 attenuator .

2 .

	

Set the generator to the re ference fr eque ncy of 50 kilohertz
and ad j ust the out put amplitude for α s ix divis i on displ ay .

3 .

	

Increase t he generator fr e quenc y to 200 megahertz .

4 .

	

Check- that the amplit ude of the display is 4 .2 divi s ions or
gr eater .

5 .

	

Set the 7Α 16Ρ BANDWIDTH to 20 MHz .

6 .

	

Set the Constant Amplitude Signal Gener ato r fr equenc y to 20
megahe rt z .



7 .

	

Check that t he di s pl ay amplitude is 4 .2 divisions when the
generator is set to 20 megahertz 3 megahe rt z .

8 .

	

Turn the mainframe power off and di sconnect all test
equipment .

9 .
covers .

7Α 16Ρ INSTRUC TION

Remove the 7Α 16Ρ and repl ace the mainframe and plug-in side

This completes the 7Α 16Ρ Calib ration Procedure .



PARTS ORDERING INFORMATION

Replacemen t par ts are availab le f rom or thro ugh your local Te k tron ix, I nc. Field Office
or represen tative .

Changes to Te k t ron ix instrumen ts are som etimes made to accommodate improved
componen ts as th ey become availab le, and to give you the be n efit of the latest ci rcu it

i mprovemen ts developed in our en gi nee r ing departmen t . It is therefore importa n t, when
o rder ing parts, to include the following information in your o rder : P art nu mber , in stru ment
type or n umb er, se r ial numbe r , and modification number if applicable .

If α part you have ordered has been re placed with α new or improved part, yo ur local
Te k t ron ix, Inc. Field Office or represen tative will co n tact you concerningany change in p art
number.

Change in fo rm atio n , if any, is located at the rear of th is manual .

SPECIAL NOTES AND SYMBOLS

ΧΟΟΟ

	

Part fi rst added at th is se r ial num ber

ΟΟΧ

	

Part removed after t h is se r ial nu mber

ITEM NAME

In the Parts L ist, an Item Name is separated f rom the descr ip tion by α colon ( :) .
Because of space limitation s, an Item Name m ay sometimes appear as in comp lete . For
fu rt he r Item Name iden tification , the U.S . Fed eral Cataloging Handboo k Η6-1 ca n be
utilized where possi b le .

ABBREVIATIONS

ACTR ACTUATOR PLST'C PLASTIC
ASSY ASSEMBLY QTZ QUARTZ
CAP CAPACITOR RECP RECEPTACLE
CER CERAM IC RES RESISTOR
CKT CIRCU IT RF RADIO FREQUENCY
COMP COMPOSITION SEL SELECTED
CONN CONNECTOR SEM ICOND SEM ICONDUCTOR
ELCTLT ELECTROLYTIC SENS SENSITIVE
ELEC ELECTRICAL VAR VARIABLE
I NCAN D I NCA NDESCENT WW W IREWOUN D
LED LIGHT EMITTJ N G DIODE XFMR 'TRANSFORMER
NONW IR NON WIREWOUN D XTAL CRYSTAL



Replaceable Electrical Parts--MV
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CROSS IN DEX- MFR. CODE NUMBER TO MANUFACTURER

Mfr . Code Manufactu rer Address City, State, Zip

00853 SANGAMO ELECTRIC CO ., S. CAROLI NA DIV. Ρ Ο BOX 128 PICKENS, SC 29671
01121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE , W I 53204
01295 TEXAS INSTRUMENTS, I NC., SEMICONDUCTOR Ρ Ο BOX 5012, 13500 Ν CENTRAL

GROUP EXPRESSWAY DALLAS, TX 75222
04222 AVX CERAMICS, DIVISION OF AVX CORP . Ρ Ο BOX 867, 19TH AVE. SOUTH MYRTLE BEACH, SC 29577
04713 MOTOROLA, INC., SEMICONDUCTOR PROD . DIV. 5005 Ε MCDOWELL RD,PO BOX 20923 PHOENIX, AZ 85036
07263 FAIRCHILD SEMICONDUCTOR, Α DIV. OF

FAIRCHILD CAM ERA AND INSTRUMENT CORP . 464 ELL IS STREET MOUNTAIN V I EW, CA 94042
07716 TRW ELECTRONIC COMPONENTS, IRC FIXED

RESISTORS, BURL INGTON DIV. 2850 MT . PLEASANT BURL INGTON, ΙΑ 52601
12697 CLAROSTΑJ MFG . CO ., INC. LOWER WASHINGTON STREET DOVER, NH 03820
14193 CAL-R, INC. 1601 OLYMPIC BLVD. SANTA MONICA, CA 90404
14433 ΙΤΤ SEMICONDUCTORS 3301 ELECTRONICS WAY

Ρ Ο BOX 3049 WEST PALM BEACH, FL 33402
14552 MICRO SEM ICONDUCTOR CORP . 2830 Ε FAI RVIEW ST . SANTA ANA, CA 92704
17856 SI LICONIX, INC. 2201 LAURELWOOD DRIVE SANTA CLARA, CA 95054
18324 SIGNETICS CORP. 811 Ε. ARQUES SUNNYVALE, CA 94086
22526 BERG ELECTRONICS, INC. YOUK EXPRESSWAY NEWCUMBERLAND, PA 17070
24546 CORN ING GLASS WORKS, ELECTRONIC

COMPONEN T'S DIVISION 550 HIGH STREET BRADFORD, PA 16701
27014 NATIONAL SEMICONDUCTOR CORP . 2900 SEMICONDUCTOR DR . SANTA CLARA, CA 95051
32997 BOURNS, INC., TR IMPOT PRODUCTS DIV. 1200 COLUMBIA AVE. RIVERSIDE, CA 92507
50157 M IDWEST COMPONENTS I NC. Ρ. Ο. BOX 787

1981 PORT CITY BLVD. MUSKEGON, MI 49443
50434 HEWLETΓ-PACKARD COMPANY 640 PAGE MILL ROAD PALOALTO, CA 94304
51642 CENTRE ENGINEERING INC. 2820 Ε COLLEGEAVENUE STATE COLLEGE, PA 16801
55680 N IC H ICON/AMERICA/CORP. 6435 Ν PROESEL AVENUE CHICAGO, IL 60645
56289 SPRAGUE ELECTRIC CO . 87 MARSHALL ST. NORTH ADAMS, MA 01247
57668 R-OHM CORP . 16931 MILLIKEN AVE. IRV INE, CA 92713
59660 TUSONIX INC. 2155 Ν FORBES BLVD TUCSON, AZ 85705
72982 ERIE TECHNOLOGICAL PRODUCTS, INC. 644W. 12TH ST. ER I E, PA 16512
73138 BECKMAN INSTRUMENTS, INC., ΗΕLΙΡΟΤ DIV . 2500 HARBOR BLVD. FULLERTTOΝ, CA 92634
73899 JFD ELECTRON ICS COMPONENTS CORP . ΡΙΝΕΤRΕΕ ROAD OXFORD, NC 27565
74970 JOHNSON, Ε . F ., CO . 299 10TH AVE . S. W. WASECA, MN 56093
75042 TRW ELECTRONIC COMPONENTS, IRC FIX ED

RESISTOR S, PHILADELPH IA DIVISION 401 Ν. BROAD ST . PH ILADELPH IA, ΡΑ 19108
78488 STACKPOLE CARBON CO . ST . MARYS, ΡΑ 15857
80009 TEKTRONIX, INC. Ρ Ο BOX 500 BEAVERTON, OR 97077
90201 MALLORY CAPACITOR CO ., DIV. OF 3029 Ε. WASHINGTON STREET

Ρ. R . MALLORY AND CO ., I NC. Ρ. Ο . BOX 372 INDIANAPOLIS, IN 46206
91418 RADIO MATERIALS COMPANY, DIV. OF Ρ .R.

MALLORY AND COMPANY, INC. 4242 W BRYN MAWR CH ICAGO, IL 60646
91637 DALE ELECTRONICS, INC . Ρ. Ο . BOX 609 COLUMBUS, NE 68601
95348 GORDOS CORPORATION 250 GLENWOOD AVENUE BLOOMFIELD, NJ 07003
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Ckt No .
Tektronix
P art No .

Se rial/Model
E ff_Ρ- Μ~

No.
Dscont Name & Desc r iption_

Mfr
Code Mfr P art Number _.

Α10 670-5047-00 8010100 8041414 CKT BOARD ASSY :ATT'E NUATOR 80009 670-5047-00
Α10 670-5047-01 8041415 CKT BOARD ASSY:AT-ΓENUATOR 80009 670-5047-01
Α20 670-5046-00 CKT BOARD ASSΥ:ACΤUΑΤOR 80009 670-5046-00
Α30 670-4916-00 8010100 8010171 CKT BOARD ASSY :PROGRAMM ING LOGIC 80009 670-4916-00
Α30 670-4916-01 Β010172 8029999 CKT BOARD ASSY :PROGRAMM ING LOGIC 80009 670-4916-01
Α30 670-4916-02 8030000 8030664 CΚΤ BOARD ASSY :PROGRAMM ING LOGIC 80009 670-4916-02

Α30 670-4916-03 Β030665 8041353 CKT BOARD ASSY :PROGRAMM ING LOGIC 80009 670-4916-03
Α30 670-4916-04 8041354 8041606 CKT BOARD ASSY :PROGRAMM ING LOGIC 80009 670-4916-04
Α30 670-4916-05 8041607 CKT BOARD ASSY :PROGRAMMING LOGIC 80009 670-4916-05
Α31 670-7549-00 Β041354 8041606 CKT BOARD ASSY :MEMORY ADAPTER 80009 670-7549-00
Α40 670-4913-00 CKT BOARD ASSY :LEΠ 80009 670-4913-00
Α50 670-4914-00 CKT BOARD ASSY:SWITCH 80009 670-4914-00

Α60 670-4915-00 8010100 8010166 CKT BOAR D ASSY :AMPLIFIER 80009 670-4915-00
Α60 670-4915-01 8010167 8041593 CKT BOARD ASSY:AMPLIFIER 80009 670-4915-01
Α60 670-4915-02 8041594 CKT BOARD ASSY:AMPLIFIER 80009 670-4915-02
Α70 388-5478-02 PR INTED WIR I NG:SHIELD 80009 388-5478-02

ΑΤ10112 307-1013-01 ΑΤΤENUATOR,FXD:10X 80009 307-1013-01

ΑΤ10212 307-1013-03 ATl'ENUATOR,FXD:10X 80009 307-1013-03

C10000 281-0788-00 CAP., FXD,CER DI :470 PF,10%,100V 72982 8OO5H9AADW5R471K
C10002 281-0138-00 0AP.,VAR,PLSTC:0 .4-1 .2PF ,600V 74970 273-0001-007
C10006 281-0773-00 CAP., FXD,CER DI :0 .01 UF,10%,100V 04222 SA201C103KAA
C10007 281-0672-00 CAP., FXD,CER DI :11 .4 PF,1%,500V 59660 374 01700001149F

C10008 283-0414-00 CAP.,FXD,CER DI :0 .022 UF,20%,500V 51642 300-5OOX7R223M
C10010 281-0788-00 CAP.,FXD,CER DI :470 PF,10%,100V 72982 8005H9AADW5R471 K
C10100 281-0788-00 CAP., FXD,CER D1 :470PF,10%,100V 72982 8005H9AADW5R471 K
C10110 307-1013-01 ΑTTENUATOR ,FXD :10X 80009 307-1013-01
C10112 307-1013-01 ATTENUATOR,FXD :10X 80009 307-1013-01
C10114 283-0299-00 CAP., FXD,CER DI :51 PF,5%,500V 72982 8121N501COG510J

C10200 281-0759-00 CAP., FXD,CER DI :22PF,10%,100V 72982 8035D9AADC1G220K
C10202 283-0176-00 Β010100 Β030664 CAP., FXD,CER D1 :0.0022UF,20%,50V 72982 8121 Β058Χ7R0222Μ
C10202 283-0204-00 Β030665 CAP., FXD,CER DI :0.01 UF,20%,50V 72982 8121 N061Z5U0103M
C10207 283-0201-00 CAP., FXD,CER DI :27PF,10%,200V 51642 W150-200 X7R270K
C10210 307-1013-03 Α'ΓΓENUATOR,FXD:10X 80009 307-1013-03
C10211 283-0154-00 CAP., FXD,CER DI :22PF,5%,50V 72982 8111 Β061COG220J

C10212 307-1013-03 Α-Ι"ΓENUATOR,FXD : 1 OX 80009 307-1013-03
C10214 281-0811-00 Β010100 Β030664 CAP., FXD,C ER DI :10PF,10%,100V 72982 8035D2AADC1G100K
C10214 283-0154-00 Β030665 CAP., FXD,CER DI :22PF,5%, 5OV 72982 8111 Β061 000220J
C10216 283-0175-00 CAP., FXD,CER DI :10PF,5%,200V 59660 W 150-200-NP0100D
C10300 283-0204-00 CAP., FXD,CER DI :0 .01 UF,20%,5OV 72982 8121N061Z5U0103M
C10303 283-0204-00 CAP., FXD,CER DI :O .O1 UF,20%,5OV 72982 8121 N061Z5U0103M

C10308 283-0158-00 CAP., FXD,CER DI :i PF,10%,5OV 51642 100-050-ΝΡΟ-109Β
C10310 283-0204-00 CAP., FXD,CER DI :0 .01UF,20%,50V 72982 8121 Ν061 Ζ5υ0103Μ
C10400 281-0788-00 CAP., FXD,CER DI :470PF,10%, 100V 72982 8OO5H9AADW5R471 K
C10416 281-0788-00 CAP., FXD,CER DI :470PF,10%,100V 72982 8005H9AADW5R471 K
C20000 283-0000-00 CAP., FXD,CER DI :0 .001 UF , +100-0%,5OOV 59660 0831610Y5P0102D
020002 281-0775-00 CAP., FXD,CER 01 :0.1 UF,20%,5OV 04222 SA205E104MAA

C20006 283-0204-00 CAP., FXD,CER DI :0.01 UF,20%,5OV 72982 8121 N061Z5U0103M
C20010 283-0000-00 CAP., FXD,CER DI :0.001 UF,- F 100-0%,5OOV 59660 0831610Y5P0102D
C20014 281-0775-00 CAP., FXD,CER DI .0 .1 UF,20%,50V 04222 SA205E104MAA
C20016 281-0775-00 CAP., FXD,CER DI :0 .1 UF,20%,SOV 04222 SA205E104MAA
C20100 283-0204-00 CAP., FXD,CER DI :O .O1 UF,20%,5OV 72982 8121 N061Z5U0103M
C20102 283-0204-00 0AP.,FXD,CER DI :0 .01 UF,20%,5OV 72982 8121 N061Z5U0103M
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Ckt No. -mY
Tektronix
Part No .-- ,

Serial/Mod el
-.Eff ~

No .
Dscont Name & Desc r i ption

Mfr
Code~- Mfr Part Number.- .,-

C20106 281-0523-00 CAP., FXD,CER DI :100PF , -Ι - /-20PF,SOOV 72982 301 -000U2M0101 Μ
C20116 281-0523-00 CAP., FXD,CER DI :100PF , +/-20PF,500V 72982 301 -000U2MO1 01 M
C20206 283-0000-00 CAP., FXD,CER DI :0. 001 UF, +100 -0%,500V 59660 0831610Y5P0102D
C20208 283-0000-00 CAP., FXD,CER DI :0 .001 UF, +100 -0%,500V 59660 0831610Y5P0102D
C20300 290-0536-00 0AP., FXD,ELCTLT' :10UF,20%,25V 90201 TDC106M025FL
C20310 290-0536-00 0AP., FXD,ELCTLf :10UF,20%,25V 90201 TDC106M025FL

C30116 283-0111-00 CAP., FXD,CER DI :0 .1 UF,20%,50V 72982 8121 -N088Z5U104M
C30211 283-0330-00 Β010172 CAP., FXD,CER DI :100 PF,5%, 50V 51642 150-050-ΝΡΟ-10 1J
C30224 283-0010-00 CAP., FXD,CER DI :0 .05UF, +100 -20%,50V 56289 273C20
C30316 283-0330-00 CAP., FXD,CER DI :100 PF,5%,50V 51642 150-050-ΝΡΟ-101 J
C30420 283-0010-00 CAP., FXD,CER DI : 0. 05UF,-1-100-20%,50V 56289 273C20
C30422 283-0330-00 CAP., FXD,CER DI :100 PF,5%,50V 51642 150-050-ΝΡΟ-101 J

C30500 283-0010-00 CAP., FXD,CER DI :0 .05UF ,- Ι-100-20%,50V 56289 273C20
C30520 283-0187-00 CAP., FXD,CER DI :0 .047 UF,10%,400V 72982 8131N401X 5R0473K
C30610 283-0010-00 CAP., FXD,CER DI :0 .05UF ,-f 100-20%,50 V 56289 273C20
C30614 283-0000-00 CAP., FXD,CER DI :0 .001 UF ,+100-0%,500V 59660 0831610Y5P0102D
C30626 283-0000-00 CAP., FXD,CER DI :0 .001 UF ,+100-0%,500V 59660 0831610Y5P0102D
C30720 281-0546-00 CAP., FXD,CER DI :330PF,10%,500V 04222 7001-1380

C30730 283-0111-00 Β010100 Β041606 CAP., FXD,CER DI :0.1UF,20%,50V 72982 8121 -N088Z5U 104M
C30800 283-0060-00 CAP., FXD,CER DI :100PF,5%,200V 72982 855-535U2J101J
C30810 283-0010-00 0AP., FXD,CER DI .0.05UF,-Ι-100-20%,50V 56289 273C20
C60006 283-0010-00 CAP., FXD,CER DI :0.05UF ,+100-20%,50V 56289 273C20
C60010 283-0600-00 CAP., FXD,MICA D:43PF,5%,500V 00853 D105E430J0
C60012 283-0644-00 CAP., FXD,MICA D:150 PF,1%,500V 00853 D155F151 F0

C60014 283-0010-00 CAP., FXD,CER DI :0. 05UF , +100-20°/a,50V 56289 273C20
C60040 283-0600-00 CAP., FXD,MICA D:43PF,5%, 500V 00853 D105E430J0
C60042 283-0640-00 CAP., FXD,MICA D:160 PF,1%,100V 00853 D151 E161 F0
C60044 283-0010-00 CAP., FXD,CER DI :0 .05UF, +100 -20%,50V 56289 273C20
C60046 283-0010-00 CAP., FXD,CER DI :0. 05UF, +100 -20%,50V 56289 273C20
C60120 283-0002-00 CAP., FXD,CER DI :0 .01 UF, +80-20%,SOOV 91418 SM103Z5014R9

C60122 283-0002-00 CAP., FXD,CER DI :0 .01 UF, +80-20%,500V 91418 SM103Z5014R9
C60128 283-0197-00 CAP., FXD,CER DI :470 PF,5%,100V 72982 8121N075COG0471 J
C60143 281-0625-00 CAP., FXD,CER DI :35PF,5%,500V 59660 308-000COG0350J
C60212 283-0111-00 CAP., FXD,CER DI :O .l UF,20%,50V 72982 8121-14088Z5U104M
C60220 283-0002-00 CAP., FXD,CER DI :0 .01 UF , +80-20%,500V 91418 SM103Z5014R9
C60224 283-0002-00 CAP., FXD,CER DI :0 .01 UF , +80-20%,500V 91418 SM103Z5014R9

C60226 283-0111-00 CAP., FXD,CER DI :0 .1 UF,20%,50V 72982 8121 -N088ZSU104M
C60232 281-0161-00 CAP.,VAR,CER DI :5-15PF,350V 59660 518-00ΟΑ5-15
C60314 281-0534-00 CAP., FXD,CER DI :3 .3 PF , +/-0 .25PF,500V 04222 7001-1316
C60334 283-0201-00 0AP., FXD,CER DI :27PF,10%,200V 51642 W150-200 X7R270K
C60336 281-0158-00 CAP., VAR,CER D1 :7-45PF,50V 73899 DVJ-5006
C60338 281-0123-00 0AP., VAR,CER DI :5-25PF,100V 59660 518-00ΟΑ5-25

C60350 283-0111-00 CAP., FXD,CER DI :0 .1UF,20%,50V 72982 8121 -N088ZSU 104M
C60424 283-0010-00 CAP., FXD,CER DI :0 .05UF , 4-100-20%,50V 56289 273C20
C60430 283-0175-00 0AP., FXD,CER DI :10PF,5%,200V 59660 W 150- 200-NP0100D
C60434 283-0047-00 CAP., FXD,CER DI :27OPF,5%,500V 72982 0831522Z 5D00271 J
C60452 283-0111-00 CAP., FXD,CER DI :0 .1UF,20%,SOV 72982 8121 -N088Z5U 104M
C60520 283-0111-00 CAP., FXD,CER DI :0.1UF,20%,SOV 72982 8121 -N088Z5U 104M

C60522 283-0083-00 CAP., FXD,CER DI :0.0047UF,20%,500V 72982 811 -565C471 J
C60526 283-0111-00 CAP., FXD,CER DI :0.1UF,20%,50V 72982 8121 -N088ZSU 104M
C60532 281-0151-00 CAP., VAR,CER DI :1-3PF,100V 59660 518 000 Α 1 .0 3
C60536 283-0026-00 CAP., FXD,CER DI :0.2UF ,+80-20%,25V 56289 274C3
C60538 281-0814-00 CAP., FXD,CER DI :100 PF,10%,100V 04222 GC70 -1 -Α101 Κ
C60554 283-0000-00 CAP., FXD,CER DI :0.001 UF , +100 -0%,500V 59660 0831610Y 5P0102D
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C301130 283-0010-00 CAP., FXD,CER DI :0 .05UF , 1-100-20%,50V 56289 273C20
C301230 283-0010-00 CAP., FXD,CER DI :0.05UF ,+100-20%,50V 56289 273C20
C301310 283-0000-00 CAP., FXD,CER DI :0.001 UF , +100-0%,500V 59660 0831610Y5P0102D
C301332 283-0119-00 CAP., FXD,CER DI :2200PF,5%,200V 59660 855-536Y5E0222J
C301400 283-0003-00 CAP., FXD,CER DI :0.01 UF, +80-20%,150V 91418 SP103Z151-4R9
C301432 283-0032-00 CAP., FXD,CEH DI :470 PF,5%,500V 72982 0831085Z5E00471J

C301515 283-0060-00 CAP., FXD,CER DI :100 PF,5%,200V 72982 855-535U2J101 J
C301518 283-0000-00 Β010100 Β019999 CAP., FXD,CER DI :0 .001 UF ,+100-0%,500V 59660 0831610Y5P0102D
C301518 283-0150-00 Β020000 CAP., FXD,CER DI :650 PF,5%,200V 59660 0835030Ζ5Ε0 651 J
C301608 290-0746-00 Β010100 Β041606 CAP., FXD,ELCT LI` :47UF ,+50-10%,16V 55680 16U-47V-Τ
C301610 290-0745-00 CAP.,FXD,ELCTLT:22UF ,+50-10%,25V 56289 502Π225
C301620 283-0010-00 CAP., FXD,CER DI :0 .05UF ,+100-20%,50V 56289 273C20

C301628 283-0010-00 CAP., FXD,CER DI :0.05UF,-+-100-20%,50 V 56289 273C20
C301708 290-0746-00 CAP., FXD,ELCTLT:47UF,+50-10%,16V 55680 16U-47V-T
C301710 290-0745-00 CAP., FXD,EI-CT LT :22UF,+50-10%,25V 56289 502D225

CR20002 152-0141-02 SEMICOND DEVICE :SI LICON,30V,150MA 01295 1 N4152R
CR20004 152-0141-02 SEMICOND DEVICE :SI LICON,30V,150MA 01295 1 N4152R

CR20006 152-0141-02 SEMICOND DEVICE :SI LICON,30V,150MA 01295 1 N4152R
CR20014 152-0141-02 SEMICOND DEVICE : SI LICON,30V,150MA 01295 1 N4152R
CR20016 152-0141-02 SEMICOND DEVICE : SI LICON,30V,150MA 01295 1 N4152R
CR20100 152-0141-02 SEMICOND DEVICE: SI LICON,30V,150MA 01295 1 N4152R
CR20106 153-0057-00 SEM ICOND DVC,SE:SILICON,40 PIV,200MA,SEL 80009 153-0057-00
CR20116 153-0057-00 SEMICOND DVC,SE:SILICON,40 PIV,200MA,SEL 80009 153-0057-00

CR30210 152-0075-00 SEMICOND DEVIC E:GE,25V,40MA 14433 G866
~ CR30212 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MA 01295 iN4152R

;R30300 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MA 01295 1 N4152R
~;R30302 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MA 01295 1 N4152R
CR30304 152-0141-02 SEMICOND DEVICE :SI LICON,30V,150MA 01295 i N4152R
CR30324 152-0075-00 Β010100 Β041606 SEMICOND DEVICE :GE,25V,40MA 14433 G866

CR30400 152-0141-02 SEMICOND DEVICE :SI LICON,30V,150MA 01295 1 N4152R
CR60004 152-0141-02 SEMICOND DEVICE :SI LICON,30V,150MA 01295 1 N4152R
CR60014 152-0141-02 SEMICOND DEVICE : SI LICON,30V,150MA 01295 1 N4152R
CR60032 152-0141-02 SEM ICOND DEVICE : SI LICON,30V,150MA 01295 1 N4152R
CR60046 152-0141-02 SEM ICOND DEVICE : SI LICON,30V,150MA 01295 1 N4152R
CR60314 152-0141-02 SEMICOND DEVICE : SI LICON,30V,150MA 01295 1 N4152R

CR60338 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MA 01295 1N4152R
CR60802 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MA 01295 1 N4152R
CR301310 152-0322-00 SEMIC6ND DEVICE :SILICON,15V,Ν0Τ CARR IER 50434 5082-2672
CR301510 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MA 01295 1 Ν4152iλ
CR301515 152-0141-02 SEMICOND DEVICE :SILICON,30V,150MA 01295 1 N4152R

DS30520 150-1036-00 LAMP,LED:R ED,3 .OV,40MA 01295 TI L 209Α
DS40100 150-1036-00 LAMP,LED:RED,3.OV,40MA 01295 TI L 209Α
DS40108 150-1036-00 LAMP ,LED:RED ,3 .OV,40MA 01295 TIL 209Α
DS40110 150-1036-00 LAMP,LED:RED,3 .OV,40MA 01295 TIL 209Α
DS40120 150-1036-00 LAMP,LED:RED,3 .OV,40MA 01295 TIL 209Α
DS40200 150-1036-00 LAMP,LED:RED,3.OV,40MA 01295 ΓΙL 209Α

DS40202 150-1036-00 LAMP,LED: RED,3.OV,40MA 01295 TIL 209Α
DS40206 150-1036-00 LAMP ,LED : RED,3.OV,40MA 01295 Τ'I L 209Α
DS40208 150-1036-00 LAMP ,LED: RED,3.OV,40MA 01295 TI L 209Α
DS40210 150-1036-00 LAMP, LED: RED,3.OV,40MA 01295 TI L 209Α
DS40214 150-1036-00 LAMP,LED : RED,3 .OV,40MA 01295 TI L 209Α
DS40220 150-1036-00 LAMP ,LED : RED,3 .OV,40MA 01295 TI L 209Α
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DS40400 150-1036-00 LAMP,LED: RED,3.OV,40MA 01295 TI L 209Α
DS40410 150-1036-00 LAMP,LED: RED,3.OV,40MA 01295 TI L 209Α
DS40500 150-1036-00 LAMP,LED: RED,3.OV,40MA 01295 TI L 209Α
DS40508 150-1036-00 LAMP,LED: RED,3.OV,40MA 01295 TI L 209Α
DS40510 150-1036-00 LAMP,LED: RED,3.OV,40MA 01295 TI L 209Α

ΕΟΟΟ 276-0507-00 SHI ELDING BEAD,: FERRITE 78488 57-3443
E010 2'76-0507-00 SHI ELDING BEAD,: FERRITE 78488 57-3443
E30528 276-0507-00 Β010100 Β041606 SH I ELDING BEADJERRITE 78488 57-3443

J30120 131-1003-00 CONN ,RCPT,ELEC:CKT BD ΜΤ,3 PRONG 80009 131-1003-00
J30125 131-1003-00 CONN ,RCPT,ELEC:CKT BD ΜΤ,3 PRONG 80009 131-1003-00

J30138 131-1003-00 CONN ,RCPT,ELEC:CKT BD ΜΤ,3 PRONG 80009 131-1003-00
J30140 131-1003-00 CONN ,RCPT,ELEC:CKT BD ΜΎ,3 PRONG 80009 131-1003-00
J40100 131-1362-01 CONN ,RCPT,ELEC:CKT CD,DBL ROW,15 CONTACTS 80009 131-1362-01
J60020 131-1003-00 CONN ,RCPT,ELEC:CKT BD ΜΤ,3 PRONG 80009 131-1003-00
J60025 131-1003-00 CONN ,RCPT,ELEC:CKT BD ΜΤ ,3 PRONG 80009 131-1003-00
J60038 131-1003-00 CONN ,RCPT,ELEC:CKT BD ΜΤ,3 PRONG 80009 131-1003-00

J60040 131-1003-00 CONN ,RCPT,ELEC:CKT BD ΜΤ,3 PRONG 80009 131-1003-00

Κ10000 108-0891-00 0OIL,RF :FIXΕD,R EΕD SWITCH,4 .6V 80009 108-0891-00
Κ10002 108-0891-00 COIL,RF :FIXED,REED SWITCH,4 .6V 80009 108-0891-00
Κ10004 108-0891-00 COIL,RF :FIXED,R EEΠ SWITCH,4 .6V 80009 108-0891-00
Κ10010 108-0891-00 COIL,RF:FIXED,R EED SWITCH,4 .6V 80009 108-0891-00

Κ10100 108-0891-00 COIL,RF :FIXED,REΕΓ.7 SWITCH,4 .6V 80009 108-0891-00
Κ10110 108-0891-00 COIL,RF :FIXED,R ΕΕO SWI TCH ,4 .6V 80009 108-0891-00

L60002 108-0311-00 0OIL,RF :FIXED,153NH 80009 108-0311-00
L60020 108-0311-00 COIL,RF :FIXED,153NH 80009 108-0311-00
L60030 108-0311-00 COIL,RF :FIXED,153NH 80009 108-0311-00

L60050 108-0311-00 COIL,RF:FIXED,153NH 80009 108-0311-00
L60540 108-0420-00 COIL,RF:60NH 80009 108-0420-00

LR10007 108-0677-00 COIL,RF:57NH 80009 108-0677-00
LR60120 108-0184-00 COIL,RF :3 .2UH(WOUND ΟΝ Α 10 OHM RES 80009 108-0184-00
LR60122 108-0184-00 COIL,RF :3 .2UH(WOUND ΟΝ Α 10 OHM RES 80009 108-0184-00

LR301710 108-0537-00 COIL,RF:2000H 80009 108-0537-00
LR301714 108-0543-00 COIL,RF: FIXΕD,1 .1 UΗ 80009 108-0543-00
LR301720 108-0543-00 COIL,RF: FIXED, 1 .1 UH 80009 108-0543-00

Ρ60630 131-0608-00 TERMINAL,PIN :0 .365 L Χ 0.025 ΡΗ BRZ GOLD 22526 47357
Ρ60632 131-0608-00 ΙERMINAL,PIN :0 .365 L Χ 0.025 ΡΗ BRZ GOLD 22526 47357

Ρ60730 131-0608-00 Τ ERMINAL,PIN :0 .365 L Χ 0.025 ΡΗ BRZ GOLD 22526 47357

010100 151-1021-00 TRANSISTOR :SI LICON,JFE 17856 FN815
Q10110 151-1021-00 TRANSISTOR :SI LICON,JFE 17856 FN815
010200 151-1021-00 TRANSISTOR :SI LICON,JFE 17856 FN815
010202 151-1021-00 TRANSISTOR :SI LICON,JFE 17856 FN815

010204 151-1021-00 TRANSISTOR :SI LICON,JFE 17856 FN815
Q10212 151-1025-00 TRANSISTOR:SILICON,JF E,N-CHANNEL 01295 SF88129
010214 151-1025-00 TRANSISTOR:SILICON,JF E,N-CHANNEL 01295 SF88129
Q10300 151-0441-00 TRANSISTOR:SILICON,NPN 04713 SRF501
010302 151-1103-00 'ΎRANSISTOR:SILICON,FE,N-CHANNEL 18324 SD210EE
010303 151-1025-00 TRANSISTOR:SILICON,JF E,N-CHANNEL 01295 SFB8129
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Q10304 151-0447-00 TRANSISTOR :SILICON,ΝΡΝ 04713 SRF502-1
Q10306 151-1021-00 TRANSISTOR :SILICON,JFE 17856 FN815
Q10308 151-1107-00 ΓRΑΝSΙSTOR:SΙLICON,FET 80009 151-1107-00
Q10400 151-1021-00 TRANSISTOR :SILICON,JFE 17856 FN815
Q10402 151-1107-00 TRANSISTOR :S1LICON,FET 80009 151-1107-00
Q30010 151-0188-00 TRANSISTOR :SI000N,PNP 04713 SPS6868K

Q30016 151-0188-00 TRANSISTOR:SILICON ,PNP 04713 SPS6868K
Q30110 151-0188-00 TRANSISTOR :SILICON,ΡΝΡ 04713 SPS6868K
Q30300 151-0190-00 TRANSISTOR :SI LICON,NPN 07263 S0326'77
030308 151-0188-00 TRANSISTOR :SI LICON,PNP 04713 SPS6868K
Q30400 151-0190-00 TRANSISTOR :SILICON,ΝΡΝ 07263 S032677
Q30408 151-0188-00 TRANSISTOR :SILICON,ΡΝΡ 04713 SPS6868K

030520 151-0190-00 TRANSISTOR : SI LICON,NPN 07263 S032677
Q30528 151-0190-00 Β010100 Β041606 TRANSISTOR : SI LICON,NPN 07263 S032677
Q30620 151-0188-00 TRANSISTOR : SILICON,ΡΝΡ 04713 SPS6868K
030624 151-0188-00 TRANSISTOR : SILICON,PNΡ 04713 SPS6868K
060100 151-0221-00 TRANSISTOR : SI LICON,PNP 04713 SPS246
Q60110 151-0271-00 TRANSISTOR : SILICON,PNΡ 04713 SPS8236

Q60112 151-0271-00 TRANSISTOR : SILICON,PNP 04713 SPS8236
Q60114 151-0221-00 TRANSISTOR:SILICON,PNP 04713 SPS246
Q60132 153-0606-00 SEMICOND DVC,SE:MATCHED,6V,15MA 80009 153-0606-00
060140 153-0606-00 SEMCCOND DVC,SE:MATCHED,6V,15MA 80009 153-0606-00
060142 153-0606-00 SEMICOND DVC,SE:MATCHED,6V,15MA 80009 153-0606-00
060144 153-0606-00 SEMICOND DVC,SE:MA'ΓCHED,6V,15MA 80009 153-0606-00

060214 151-0341-00 TRANSISTOR :SILICON,NPN 07263 S040065
Q60320 151-0341-00 TRANSISTOR :SILICON,NPN 07263 S040065
060620 151-0188-00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Q60622 151-0188-00 TRANSISTOR :SILICON,PNP 04713 SPS6868K
060702 151-0188-00 TRANSISTOR :SILICON,PNP 04713 SPS6868K
Q60720 151-0188-00 TRANSISTOR :SILICON,PNP 04713 SPS6868K

060721 151-0188-00 TRANSISTOR :SILICON, ΡΝΡ 04713 SPS6868K
060722 151-0188-00 TRANSISTOR :SILICON, ΡΝΡ 04713 SPS6868K
060724 151-0188-00 1' RANSISTOR:SILICON , PNP 04713 SPS6868K
Q60820 151-0342-00 TRANSISTOR:SILICON,PNP 07263 S035928
Q60822 151-0342-00 TRANSISTOR :SI LICON,PNP 07263 S035928
060824 151-0342-00 TRANSISTOR:SILICON,PNP 07263 S035928

060900 151-0188-00 TRANSISTOR :SILICON,PNP 04713 SPS6868K
060920 151-0342-00 TRANSISTOR :SILICON,PNP 07263 S035928
Q60922 151-0342-00 TRANSiSTOR :SILICON,PNP 07263 S035928
0301230 151-0188-00 TRANSISTOR :SI LICON,PNP 04713 SPS6868K
0301300 151-0190-00 TRANSISTOR :SI LICON,NPN 07263 S032677
Q301302 151-0190-00 TRANSISTOR :SILICON,NPN 07263 S032677

Q301400 151-0190-00 TRANSISTOR : SI LICON,NPN 07263 S032677
0301404 151-0342-00 TRANSISTOR : SILICON,ΡΝΡ 07263 S035928
0301410 151-0190-00 TRANSISTOR : SILICON,ΝΡΝ 07263 S032677
0301412 151-0342-00 Τ-RANSISTOR:SI LICON,PNP 07263 S035928
Q301414 151-0190-00 TRANSISTOR :SI LICON,NPN 07263 S032677
Q301416 151-0342-00 TRANSISTOR :SI LICON,PNP 07263 S035928

Q301510 151-0188-00 TRANSISTOR :SILICON,PNP 04713 SPS6868K
Q301512 151-0188-00 TRANSISTOR :SILICON,PNP 04713 SPS6868K
Q301515 151-0190-00 TRANSISTOR:SILICON,NPN 07263 S032677

RT10416 307-0343-00 RES.,THER MAL:2000HM,10% 50157 40C20112
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R10000 317-0102-00 RES.,FXD,CMPSN:I K ΟΗΜ,5%,0.125W 01121 Β81025
R10002 321-0126-00 RES., FXD,FILM:200 ΟΗΜ,1%,0.125W 91637 MFF1816G200ROF
R10004 321-0126-00 RES., FXD,FILM :200 ΟΗΜ,1%,0.125W 91637 MFF1816G200ROF
R10008 317-0510-00 RES ., FXD,CMPSN:51 ΟΗΜ,5%,0.125W 01121 ΒΒ5105
R10010 321-0126-00 RES., FXD,FILM:200 ΟΗΜ,1%,0.125W 91637 MFF1816G200ROF
R10012 321-0126-00 RES., FXD,FILM:200 ΟΗΜ ,1%,0.125W 91637 MFF1816G200ROF

R 10100 315-0330-00 RES., FXD,CMPSN:33 ΟΗΜ,5%,0.25W 01121 CB3305
R 10102 317-0107-00 RES., FXD,CMPSN:100M ΟΗΜ,5%,0.125W 01121 ΒΒ1075
R 10110 317-0107-00 RES., FXD,CMPSN:100M ΟΗΜ,5%,0.125W 01121 ΒΒ1075
R 10112 317-0104-00 8041415 RES., FXD,CMPSN :100KΟΗΜ ,5%,0.125W 01121 ΒΒ1045
R10114 317-0107-00 RES., FXD,CMPSN :100M ΟΗΜ,5%,0.125W 01121 ΒΒ1075
R10200 317-0107-00 RES., FXD,CMPSN :100M ΟΗΜ,5%,0.125W 01121 ΒΒ1075

R10202 317-0107-00 RES., FXD,CMPSN:100M ΟΗΜ,5%,0.125W 01121 ΒΒ1075
R10204 321-0469-04 RES., FXD,FILM:750K ΟΗΜ,0 .1%,0.125W 91637 MFF1816D75002B
R10206 317-0470-00 RES., FXD,CMPSN:47 ΟΗΜ,5%,0.125W 01121 ΒΒ4705
R10208 317-0107-00 RES., FXD,CMPSN:100M ΟΗΜ,5%,0.125W 01121 ΒΒ1075
R10209 317-0300-00 RES., FXD,CMPSN:30 ΟΗΜ,5%,0.125W 01121 ΒΒ3005
R10210 317-0107-00 RES., FXD,CMPSN:100M ΟΗΜ,5%,0.125W 01121 ΒΒ1075

R10216 321-0618-04 RES., FXD,FILM :250KΟΗΜ,0 .1%,0.125W 07716 OBD
R10218 317-0683-00 RES., FXD,CMPSN:68K ΟΗΜ,5%,0.125W 01121 ΒΒ6835
R10300 317-0471-00 RES., FXD,CMPSN:470 ΟΗΜ,5%,0.125W 01121 ΒΒ4715
R10301 317-0123-00 RES., FXD,CMPSN:12K ΟΗΜ,5%,0.125W 01121 ΒΒ1235
R10302 317-0107-00 RES., FXD,CMPSN :100M ΟΗΜ,5%,0.125W 01121 ΒΒ1075
R10303 317-0101-00 RES., FXD,CMPSN :100 ΟΗΜ,5%,0.125W 01121 ΒΒ1015

R10304 317-0103-00 RES.,FXD,CMPSN :10KΟΗΜ,5%,0.125W 01121 ΒΒ1035
R10306 317-0106-00 RES., FXD,CMPSN :10M ΟΗΜ,5%,0.125W 01121 ΒΒ1065
R10307 321-0440-00 RES., FXD,FILM:374K ΟΗΜ,1%,0.125W 91637 MFF1816G37402F
R 10309 315-0102-00 RES., FXD,CMPSN :1 Κ0ΝΜ,5%,0.25W 01121 CB1025
R10312 321-0394-00 RES., FXD,FILM:124K ΟΗΜ,1%,0.125W 91637 MFF1816G12402F
R10315 311-1273-00 RES.,VAR,NONW IR:200K ΟΗΜ ,10%,0 .5W 32997 3329Ρ-L58 -204

R10316 315-0100-00 RES., FXD,CMPSN:10ΟΗΜ,5%,0.25W 01121 C81005
R10317 311-1270-00 RES.,VAR,NONWIR:12K ΟΗΜ ,10%,0.5W 32997 3329Ρ-L58-253
R10318 315-0300-00 RES., FXD,CMPSN:30ΟΗΜ,5%,0.25W 01121 C83005
R10319 315-0154-00 RES., FXD,CMPSN:150K ΟΗΜ,5%,0.25W 01121 CB7545
R10400 321-0147-00 RES., FXD,FILM:332 ΟΗΜ,1°/ε,0 .125W 91637 M FF1816G332ROF
R10401 315-0112-00 RES., FXD,CMPSN:1 .1 K ΟΝΜ,5%,0.25W 01121 C81125

R10402 317-0106-00 RES., FXD,CMPSN:10M ΟΗΜ,5%,0.125W 01121 ΒΒ1065
R10404 321-0162-00 RES., FXD,FILM :475 ΟΗΜ,1%,0.125W 91637 MFF1816G475ROF
R10406 311-0643-00 RES.,VAR,NONW IR:50ΟΗΜ,10%,0.50W 73138 82-33-2
R10407 321-0126-07 RES., FXD,FILM:200 ΟΗΜ,0 .1%,0.125W 91637 MFF1816C200R08
R10410 317-0106-00 RES., FXD,CMPSN :10M ΟΗΜ,5%,0.125W 01121 ΒΒ1065
R10412 311-1273-00 RES.,VAR,NONW IR:200K ΟΗΜ,10%,0.5W 32997 3329Ρ-L58-204

R10413 317-0106-00 RES., FXD,CMPSN:10M ΟΗΜ,5%,0.125W 01121 ΒΒ1065
R10414 311-1269-00 RES.,VAR,NONW IR:20K ΟΗΜ,10%,0.50W 32997 3329Ρ-L58-203
R10416 315-0101-00 RES., FXD,CMPSN:100 ΟΗΜ ,5%,0. 25W 01121 CB1015
R 10418 315-0154-00 RES., FXD,CMPSN:150K ΟΗΜ,5%,0.25W 01121 CB1545
R20106 315-0103-00 RES.,FXD,CMPSN: 10K ΟΗΜ,5%,0.25W 01121 CB1035
R20212 315-0103-00 RES., FXD,CMPSN:10KΟΗΜ,5%,0.25W 01121 CB1035

R30010 321-0239-00 RES., FXD,FILM :3 .01 K 0NΜ,1%,0.125W 91637 MFF1816G30100F
R30012 315-0103-00 RES., FXD,CMPSN:10K ΟΗΜ,5%,0.25W 01121 C81035
R30020 321-0187-00 RES., FXD,FILM:866 ΟΗΜ,1%,0.125W 91637 MFF1816G866ROF
R30022 321-0195-00 RES., FXD,FILM :1 .05K ΟΗΜ,1%,0.125W 91637 MFF1816G10500F
R30108 315-0103-00 RES., FXD,CMPSN:10K ΟΗΜ,5%,0.25W 01121 CB1035
R30110 315-0121-00 RES., FXD,CMPSN:120 ΟΗΜ,5%,0.25W 01121 CB 1215



Replaceable Elect rical Parts-7Α16Ρ

REV FEB 1983 7-9

Ckt No . -,
Tektronix

_Part No .
Serial/Model
Εff --

No .
Dscont ω.^Name & Description^~-

M fr
Codex M fr Part Number

R30112 315-0103-00 RES., FXD,CMPSN :10KΟΗΜ,5%,0.25W 01121 CB7035
R30114 315-0103-00 RES., FXD,CMPSN :10KΟΗΜ,5%,0.25W 01121 CB1035
R30115 315-0103-00 RES., FXD,CMPSN:10KΟΗΜ,5%,0.25W 01121 C81035
R30122 315-0221-00 RES., FXD,CMPSN:220 ΟΗΜ ,5%,0.25W 01121 CB2215
R30124 321-0152-00 RES., FXD,FILM:374 ΟΗΜ,1%,0.125W 91637 MFF1816G374ROF
R30125 315-0680-00 RES., FXD,CMPSN:68 0ΗΜ,5%,0.25W 01121 C86805

R30126 315-0363-00 RES., FXD,CMPSN:36K ΟΗΜ,5%,0.25W 01121 CB3635
R30128 321-0126-00 RES., FXD,FILM ι200 ΟΗΜ,1%,0.125W 91637 MFF1816G200ROF
R30200 311-1853-00 RES.,VAR,NONW IR:2 .5 K 0ΗΜ ,10%,0.50W 01121 18Μ838
R30210 321-0302-00 RES., FXD,FILM :13.7 K ΟΗΜ,1%,0.125W 91637 MF'F1816G13701 F
R30212 315-0274-00 RES., FXD,CMPSN:270K ΟΗΜ,5%,0.25W 01121 CB2745
R30214 315-0103-00 RES., FXD,CMPSN :10K ΟΗΜ,5%,0.25W 01121 CB1035

R30220 315-0103-00 RES., FXD,CMPSN :10KΟΗΜ ,5%,0.25W 01121 CB1035
R30224 321-03 78-00 8010100 Β029999 RES., FXD, FILM :84 .SK ΟΗΜ,1%,0.125W 91637 MFF1816G84501F
R30224 321-0358-00 8030000 Β041606 RES., FXD, FILM :52 .3K ΟΗΜ,1%,0.125W 91637 MFF1816G52301 F
R30226 321-0334-00 Β010100 Β029999 RES., FXD, FI LM:29.4K 0ΗΜ,1%,0.125W 91637 MFF1816G29401 F
R30226 321-0366-00 Β030000 8041606 RES., FXD,FI LM:63.4K ΟΗΜ,1%,0.125W 91637 MFF1816G63401 F
R30228 315-0681-00 Β010100 Β029999 RES., FXD,CMPSN:680 ΟΗΜ, 5%,0.25W 01121 CB6815

R30228 315-0202-00 Β030000 RES., FXD,CMPSN:2K 0ΗΜ ,5%,0.25W 01121 CB2025
R30300 315-0104-00 RES., FXD,CMPSN:100K ΟΗΜ,5%,0.25W 01121 CB1045
R30304 315-0104-00 RES., FXD,CMPSN:100K ΟΗΜ,5%,0.25W 01121 CB1045
R30306 321-0212-00 RES., FXD,FILM : 1 .58KΟΗΜ,1%,0.125W 91637 MFF1816G15800F
R30310 321-0212-00 RES., FXD,FILM :1 .58KΟΗΜ,1%,0.125W 91637 MFF1816G15800F
R30312 321-0270-00 RES., FXD,FILM :6 .34KΟΗΜ,1%,0.125W 91637 MFF'1816G63400F

R30314 321-0270-00 RES., FXD,FILM :6 .34KΟΗΜ,1%,0.125W 91637 MFF1816G63400F
R30316 321-0354-00 RES., FXD,FILM:47.5K0NΜ,1%,0.125W 91637 MFF1816G47501 F
330320 321-0341-00 8010100 Β029999 RES., FXD,FILM:34.8K ΟΗΜ,1%,0.125W 91637 MFF1816G34801 F
λ30320 321-0233-00 Β030000 RES., FXD,FILM :2.61K ΟΗΜ,1%,0.125W 91637 MFF1816G26100F
R30322 315-0222-00 RES., FXD,CMPSN:2 .2KΟΗΜ,5%,0.25W 01121 CB2225
R30324 321-0324-00 Β010100 Β029999 RES., FXD,FILM:23.2K 0ΗΜ,1%,0.125W 91637 MFF1816G23201 F

R30324 321-0329-00 Β030000 Β041606 RES .,FX D,FI LM:26.1 K ΟΗΜ,1%,0.125W 91637 MFF1816G26101 F
R30326 321-0705-00 13010100 Β029999 RES., FXD,FILM:41 .7K ΟΗΜ,1%,0.125W 91637 MFF1816G41701 F
R30326 321-0325-00 8030000 Β041606 RES., FXD,FILM:23.7K ΟΗΜ,1%,0.125W 91637 MFF1816G23701F
R30328 311-1268-00 RES.,VAR,NONWIR :10K ΟΗΜ,10%,0. 50W 32997 3329Ρ-L58-103
R30404 321-0273-00 RES., FXD,FILM :6 .81 K ΟΗΜ,1%,0.125W 91637 MFF1816G68100F
R30406 321-0181-00 RES., FXD,FILM :750 ΟΗΜ,1%,0.125W 91637 MFF1816G750ROF

R30420 315-0104-00 RES., FXD,CMPSN:100K ΟΗΜ,5%,0.25W 01121 CB1045
R30422 315-0331-00 RES., FXD,CMPSN:330 ΟΗΜ,5%,0.25W 01121 CB3315
R30504 315-0103-00 RES., FXD,CMPSN:10K ΟΗΜ,5%,0.25W 01121 CB1035
R30514 311-1268-00 RES.,VAR,NONW IR:IOK ΟΗΜ,10%,0.50W 32997 3329Ρ-L58-103
R30520 315-0222-00 RES., FXD,CMPSN:2 .2K ΟΗΜ ,5%,0.25W 01121 CB2225
R30522 315-0102-00 RES., FXD,CMPSN:I K ΟΗΜ,5%,0.25W 01121 CB1025

R30524 315-0103-00 RES., FXD,CMPSN :10K 0ΗΜ ,5%,0.25W 01121 CB1035
R30526 315-0102-00 RES., FXD,CMPSN :I KOHM ,5%,0.25W 01121 CB1025
R30530 315-0102-00 Β010100 Β010189 RES., FXD,CMPSN :1 KΟΗΜ ,5%,0.25W 01121 CB1025
R30530 315-0331-00 Β010190 Β041606 RES., FXD,CMPSN :330 ΟΗΜ ,5%,0.25W 01121 C83315
R30534 315-0472-00 RES., FXD,CMPSN :4 .7 K ΟΗΜ,5%,0.25W 01121 CB4725
R30620 315-0221-00 RES., FXD,CMPSN:220 ΟΗΜ,5%,0.25W 01121 CB2215

R30622 315-0102-00 RES., FXD,CMPSN:I K ΟΗΜ,5%,0.25W 01121 CB1025
R30623 315-0220-00 RES., FXD,CMPSN:22 ΟΗΜ,5%,0.25W 01121 CB2205
R30624 315-0220-00 RES., FXD,CMPSN:22 ΟΗΜ,5%,0.25W 01121 C82205
R30625 315-0221-00 RES., FXD,CMPSN:220 ΟΗΜ,5%,0.25W 01121 CB2215
R30626 315-0102-00 RES ., FXD,CMPSN:1 Κ ΟΗΜ,5%,0.25W 01121 C81025
R30628 321-1231-01 RES., FXD,F ILM :2 .52KΟΗΜ ,0 .5%,0.125W 91637 MF F1816G25200D
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R30710 321-0289-00 RES.,FXD,FILM:10K ΟΗΜ,1%,0.125W 91637 MFF1816G10001 F
R30800 315-0103-00 RES., FXD,CMPSN :10K ΟΗΜ,5%,0.25W 01121 CB1035
R30810 315-0103-00 RES., FXD,CMPSN :10K ΟΗΜ,5%,0.25W 01121 C81035
R30812 321-0277-03 RES., FXD, FILM :7.5K ΟΗΜ,0 .25%,0.125W 24546 NC55C7501C
R40020 311-1845-00 RES.,VAR,NONW I R:PNL ,5K OHM ,0.50W 01121 W8355
R40218 315-0131-00 RES., FXD,CMPSN :130 ΟΗΜ,5%,0.25W 01121 CB1315

R40220 315-0131-00 RES., FXD,CMPSN :130 ΟΗΜ,5%,0.25W 01121 C81315
R40300 311-1954-00 RES.,VAR,NONW IR:CKTBD,1 ΚΟΗΜ,20%,0.25W 12697 CM41724
R40402 315-0131-00 RES., FXD,CMPSN:130 ΟΗΜ,5%,0.25W 01121 CB1315
R40406 315-0131-00 RES., FXD,CMPSN:130 ΟΗΜ,5%,0.25W 01121 CB1315
R40408 315-0131-00 RES., FXD,CMPSN:130 ΟΗΜ,5%,0.25W 01121 CB1315
R60000 323-0212-00 RES., FXD,FILM :1 .58 ΟΗΜ,1%,O.SOW 75042 CECTO-1581 F

R60004 315-0470-00 RES., FXD,CMPSN:47 ΟΗΜ,5%,0.25W 01121 CB4705
R60006 315-0431-00 RES ., FXD,CMPSN:430 ΟΗΜ,5%,0.25W 01121 CB4315
R60010 315-0111-00 RES ., FXD,CMPSN:110 ΟΗΜ,5%,0.25W 01121 CB1115
R60014 315-0431-00 RES ., FXD,CMPSN:430 ΟΗΜ,5%,0.25W 01121 C84315
R60016 315-0470-00 RES ., FXD,CMPSN:47 ΟΗΜ,5%,0.25W 01121 C84705
R60020 323-0212-00 RES ., FXD,FILM :1 .580HM,1%,O.SOW 75042 CECTO-1581 F

R60030 323-0193-00 RES., FXD,FILM :I K ΟΗΜ,1%,0.50W 75042 CECTO-1001 F
R60032 315-0470-00 RES., FXD,CMPSN:47 ΟΗΜ,5%,0.25W 01121 CB4705
R60034 315-0431-00 RES., FXD,CMPSN:430 ΟΗΜ,5%,0.25W 01121 CB4315
R60040 315-0111-00 RES., FXD,CMPSN:110 ΟΗΜ,5%,0.25W 01121 C81115
R60046 315-0431-00 RES., FXD,CMPSN:430 ΟΗΜ,5%,0.25W 01121 CB4315
R60048 315-0470-00 RES., FXD,CMPSN:47 ΟΗΜ,5%,0.25W 01121 CB4705

R60050 323-0193-00 RES.,FXD,FILM :I K ΟΗΜ ,1%,0.50W 75042 CECTO-1001 F
R60100 308-0304-00 RES., FXD,WW:1 .5 K ΟΗΜ,1 %,3W 91637 RS2B-B15000F
R60102 315-0101-00 RES., FXD,CMPSN:100 ΟΗΜ,5 %,0. 25W 01121 CB1015
R60104 315-0101-00 RES., FXD,CMPSN:100 ΟΗΜ,5 %,0. 25W 01121 CB1015
R60110 315-0560-00 RES., FXD,CMPSN :56 ΟΗΜ,5%,0.25W 01121 CB5605
R60112 315-0560-00 RES., FXD,CMPSN :56 ΟΗΜ,5%,0.25W 01121 CB5605

R60114 315-0101-00 RES., FXD,CMPSN :100 ΟΗΜ,5%,0. 25W 01121 CB1015
R60116 315-0101-00 RES ., FXD,CMPSN :100 ΟΗΜ,5%,0. 25W 01121 CB1015
R60120 308-0304-00 RES ., FXD,WW:1 .SK ΟΗΜ,1 %,3W 91637 RS28-B15000F
R60130 308-0406-00 RES., FXD,WW:1 .2K ΟΗΜ,1 %,3W 56289 242EX1 K200F018
R60132 315-0101-00 RES., FXD,CMPSN :100 ΟΗΜ,5%,0. 25W 01121 CB1015
R60134 315-0101-00 RES., FXD,CMPSN :100 ΟΗΜ,5%,0. 25W 01121 C81015

R60136 315-0101-00 RES., FXD,CMPSN :100 ΟΗΜ ,5%,0. 25W 01121 C81015
R60137 311-1268-00 RES.,VAR,NONW IR:10K ΟΗΜ,10%,0.50W 32997 3329Ρ-L58 -103
R60138 311-1259-00 RES.,VAR,NONW IR:100 ΟΗΜ,10%,0 .50W 32997 3329Ρ-L58 -101
R60140 315-0560-00 RES., FXD,CMPSN :56 ΟΗΜ ,5%,0.25W 01121 CB5605
R60142 315-0560-00 RES., FXD,CMPSN:56 ΟΗΜ,5%,0.25W 01121 CB5605
R60143 315-0432-00 RES., FXD,CMPSN:4 .3K ΟΗΜ,5%,0.25W 01121 CB4325

R60148 315-0101-00 RES., FXD,CMPSN:100 ΟΗΜ,5 %,0. 25W 01121 C81015
R60150 308-0406-00 RES., FXD,WW:1 .2K ΟΗΜ ,1 %,3W 56289 242EX1 K200FQ18
R60202 315-0513-00 RES.,FXD,CMPSN:51K ΟΗΜ,5%,0.25W 01121 CB5135
R60212 321-0194-00 RES., FXD,FILM :1 .02K ΟΗΜ ,1%,0.125W 91637 MFF1816G10200F
R60214 321-0278-00 RES., FXD,FILM :7 .68K ΟΗΜ ,1%,0.125W 91637 MFF1816G76800F
R60215 321-0237-00 RES., FXD,FILM :2 .87K ΟΗΜ ,1%,0.125W 91637 MF F1816G28700F

R60220 308-0552-00 RES., FXD,WW:750 ΟΗΜ,1 %,3W 14193 SA30 750 OHM
R60222 308-0552-00 RES., FXD,WW:750 ΟΗΜ,1 %,3W 14193 SA30 750 OHM
R60224 323-0629-00 RES., FXD,FILM :43.1 ΟΗΜ,1%,0.5W 91637 MFF1226G43A10F
R60230 315-0102-00 RES., FXD,CMPSN:1 K ΟΗΜ,5%,0.25W 01121 CB1025
R60234 315-0102-00 RES., FXD,CMPSN:1 Κ ΟΗΜ,5%,0.25W 01121 C81025
R60235 315-0151-00 RES., FXD,CMPSN:150 ΟΗΜ,5%,0.25W 01121 C81515
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R60237 321-0069-00 RES., FXD,FILM :51 .1 ΟΗΜ ,1%,0.125W 91637 MFF1816G51 R10F
R60238 315-0151-00 RES., FXD,CMPSN:150 ΟΗΜ,5%,0.25W 01121 CB1515
R60240 315-0122-00 RES., FXD,CMPSN :1 .2K ΟΗΜ ,5%,0.25W 01121 CB1225
R60242 321-0069-00 RES., FXD,FILM :51 .1 ΟΗΜ,1%,0.125W 91637 MFF1816G51R 10F
R60250 315-0751-00 RES., FXD,CMPSN :750 ΟΗΜ,5%,0.25W 01121 CB7515
R60252 315-0751-00 RES., FXD,CMPSN :750 ΟΗΜ,5%,0.25W 01121 CB7515

R60302 311-1231-00 RES.,VAR,NONW IR:25K ΟΗΜ,20%,0 .50W 32997 3386F-Τ04-253
R60304 311-1225-00 RES.,VAR,NONWIR:I K ΟΗΜ,20%,O .5OW 32997 3386F-ΤΟ4-102
R60310 321-0110-00 RES., FXD,FILM:137 ΟΗΜ,1%,0.125W 91637 MFF1816G137ROF
R60312 323-0182-00 RES., FXD,FILM:768 ΟΗΜ,1%,0.50W 91637 MFF1226G7688OF
R60314 315-0751-00 RES., FXD,CMPSN:750 ΟΗΜ,5%,0.25W 01121 CB7515
R60315 315-0364-00 RES., FXD,CMPSN:360K ΟΗΜ,5%,0.25W 01121 CB3645

R60316 315-0152-00 RES., FXD,CMPSN:1 .5K ΟΗΜ,5%,0.25W 01121 CB1525
R60318 311-1228-00 RES.,VAR,NONWIR:IOK ΟΗΜ,20%,0 .50W 32997 3386F-Τ04-103
R60326 315-0822-00 RES., FXD,CMPSN:8 .2K ΟΗΜ,5%,0.25W 01121 CB8225
R60330 315-0111-00 RES., FXD,CMPSN:110 ΟΗΜ,5%,0.25W 01121 C131 115
R60332 311-1261-00 RES.,VAR,NONW IR:500 ΟΗΜ,10%,O.5OW 32997 3329Ρ-L58-501
R60333 323-0166-00 Β010167 Β041593 RES., FXD,FILM:523 ΟΗΜ,1%,0.50W 75042 CECTO-5230F

R60333 323-0149-00 Β041594 RES., FXD,FILM:348 ΟΗΜ,1%,0.50W 75042 CECTO-3480 F
R60334 323-0178-00 8010100 Β010166 RES., FXD,FILM:698 ΟΗΜ,1%,O.5OW 91637 MFF1226G698ROF
R60334 321-0120-00 8010167 Β041593 RES., FXD, FILM :174ΟΗΜ,1%,0.125W 91637 MFF1816G174ROF
R60334 323-0149-00 Β041594 RES., FXD, FILM:348 ΟΗΜ,1%,O.5OW 75042 CECTO-3480 F
R60335 323-0166-00 Β010167 Β041593 RES., FXD,FI LM:523 ΟΗΜ,1%,0.50W 75042 CECTO-5230F
R60335 323-0149-00 Β041594 RES., FXD,FI LM:348 ΟΗΜ,1%,O.5OW 75042 CECTO-3480F

R60336 323-0178-00 Β010100 Β010166 RES., FXD,FILM:698 ΟΗΜ,1%,O.5OW 91637 MFF1226G698ROF
R60336 321-0120-00 Β010167 8041593 RES., FXD,FILM:174 ΟΗΜ,1%,0.125W 91637 MFF1816G174ROF
R60336 323-0149-00 Β041594 RES., FXD,FILM:348 ΟΗΜ,1%,0.50W 75042 CECTO-3480F
R60337 315-0111-00 RES., FXD,CMPSN:110 ΟΗΜ,5%,0.25W 01121 CB1115
R60338 323-0123-00 RES., FXD,FILM :187 ΟΗΜ,1%,O.5OW 91637 MFF1226G187ROF
R60339 315-0272-00 RES., FXD,CMPSN:2 .7K ΟΗΜ,5%,0.25W 01121 CB2725

R60340 321-0069-00 RES., FXD,FILM :51 .1 ΟΗΜ ,1%,0.125W 91637 MFF1816G51 R 10F
R60342 321-0069-00 RES., FXD,FILM:51.1 ΟΗΜ,1%,0.125W 91637 MFF1816G51 R10F
R60350 321-0195-00 RES., FXD,FILM : 1 .05K ΟΗΜ,1%,0.125W 91637 MFF1816G10500F
R60354 321-0255-00 RES., FXD,FILM :4.42K ΟΗΜ,1%,0.125W 91637 MFF1816G44200F
R60355 321-0024-00 RES., FXD, FILM : 17.40HM,1%,0.125W 91637 MFF1816G17R40F
R60359 315-0302-00 RES.,FXD,CMPSN:3KΟΗΜ,5%,0.25W 01121 CB3025

R60410 315-0161-00 RES., FXD,CMPSN:160 ΟΗΜ,5%,0.25W 01121 CB1615
R60416 315-0102-00 RES ., FXD,CMPSN:1ΚΟΗΜ,5%,0.25W 01121 CB1025
R60418 311-1228-00 RES.,VAR,NONWIR:10K ΟΗΜ,20%,O .5OW 32997 3386F-Τ04-103
R60422 311-1269-00 RES.,VAR,NONWIR :20K ΟΗΜ,10%,O . 5OW 32997 3329Ρ-L58-203
R60424 315-0822-00 RES., FXD,CMPSN:8.2K ΟΗΜ,5%,0.25W 01121 CB8225
R60430 315-0101-00 RES., FXD,CMPSN:100 ΟΗΜ,5%,0. 25W 01121 CB1015

R60432 315-0102-00 RES., FXD,CMPSN:I K OHM,5%,0.25W 01121 CB1025
R60434 323-0184-00 RES., FXD,FILM :806 ΟΗΜ,1 °/ε,0 .50W 91637 MFF1226G8O6ROF
R60435 323-0184-00 RES., FXD,FILM :806 ΟΗΜ,1%,O.5OW 91637 MFF1226G8O6ROF
R60436 315-0331-00 RES., FXD,CMPSN:330 ΟΗΜ,5%,0.25W 01121 CB3315
R60437 311-1259-00 RES.,VAR,NONW IR:100 ΟΗΜ,10%,O.5OW 32997 3329Ρ-L58-101
R60438 315-0101-00 RES., FXD,CMPSN:100 ΟΗΜ,5%,0. 25W 01121 C81015

R60440 321-0069-00 RES., FXD,FILM:51.1 ΟΗΜ,1%,0.125W 91637 MFF1816G51R10F
R60442 321-0069-00 RES., FXD, FILM :51 .1 ΟΗΜ,1%,0.125W 91637 MFF1816G51R10F
R60443 315-0681-00 RES., FXD,CMPSN :680 ΟΗΜ ,5%,0.25W 01121 C86815
R60446 311-1263-00 RES.,VAR,NONWIR:I K ΟΗΜ,10%,O .5OW 32997 3329Ρ-L58-102
R60448 321-0080-00 RES ., FXD,FI LM:66.5 ΟΗΜ,1%,0.125W 91637 MFF1816G66R5OF
R60449 321-0080-00 RES., FXD,FILM:66.5 ΟΗΜ,1%,0.125W 91637 MFF1816G66R50F
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R60452 315-0302-00 RES., FXD,CMPSN:3K ΟΗΜ,5%,0.25W 01121 CB3025
R60454 315-0271-00 RES., FXD,CMPSN:270 ΟΗΜ,5%,0.25W 01121 CB2715
R60456 315-0202-00 RES., FXD,CMPSN:2K ΟΗΜ,5%,0.25W 01121 CB2025
R60458 311-1226-00 RES.,VAR,NONWIR:2 .5KΟΗΜ,20%,0 .50W 32997 3386F-Τ04-252
R60520 315-0100-00 RES., FXD,CMPSN:10ΟΗΜ,5%,0.25W 01121 CB1005
R60522 315-0682-00 RES., FXD,CMPSN:6.8K ΟΗΜ,5%,0.25W 01121 C86825

R60524 315-0202-00 RES., FXD,CMPSN:2K ΟΗΜ,5%,0.25W 01121 CB2025
R60526 315-0100-00 RES ., FXD,CMPSN:10 ΟΗΜ,5%,0.25W 01121 CB1005
R60528 315-0201-00 RES ., FXD,CMPSN:200 ΟΗΜ,5%,0.25W 01121 CB2015
R60530 315-0822-00 RES ., FXD,CMPSN:8.2K ΟΗΜ,5%,0.25W 01121 CB8225
R60532 315-0822-00 RES.,FXD,CMPSN:8.2K ΟΗΜ,5%,0.25W 01121 CB8225
R60533 315-0330-00 RES., FXD,CMPSN:33 ΟΗΜ,5%,0.25W 01121 C83305

R60534 323-0187-00 RES., FXD,FILM :866 ΟΗΜ,1%,O.SOW 75042 CECTO-8660F
R60535 315-0330-00 RES., FXD,CMPSN:33 ΟΗΜ,5%,0.25W 01121 CB3305
R60536 323-0187-00 RES., FXD,FILM :866 ΟΗΜ,1%,0.50W 75042 CECTO-8660F
R60540 311-1260-00 RES.,VAR,NONW IR:250 ΟΗΜ,10%,0.50W 32997 3329Ρ-L58-251
R60550 321-0045-00 RES., FXD,FILM :28.7 ΟΗΜ ,1%,0.125W 91637 MFF1816G28R70F
R60552 317-0101-00 RES., FXD,CMPSN:100 ΟΗΜ,5%,0.125W 01121 ΒΒ1015

R60554 317-0101-00 RES., FXD,CMPSN :100 ΟΗΜ,5%,0.125W 01121 ΒΒ1015
R60556 315-0681-00 RES., FXD,CMPSN :680 ΟΗΜ,5%,0.25W 01121 CB6815
R60558 315-0681-00 RES., FXD,CMPSN :680 ΟΗΜ,5%,0.25W 01121 C66815
R60616 315-0102-00 RES., FXD,CMPSN :1 Κ ΟΗΜ,5%,0.25W 01121 CB1025
R60620 315-0102-00 RES., FXD,CMPSN :i K ΟΗΜ,5%,0.25W 01121 CB1025
R60622 315-0102-00 RES., FXD,CMPSN :1 Κ ΟΗΜ ,5%,0.25W 01121 CB1025

R60700 315-0432-00 RES., FXD,CMPSN :4 .3K ΟΗΜ ,5%,0.25W 01121 CB4325
R60701 321-0156-00 RES., FXD,FILM:412 ΟΗΜ,1%,0.125W 91637 MFF1816G412ROF
R60702 321-0216-00 RES., FXD,FILM : 1 .74K ΟΗΜ,1%,0.125W 91637 MFF1816G17400 F
R60704 315-0202-00 RES., FXD,CMPSN :2K ΟΗΜ ,5%,0.25W 01121 C82025
R60706 315-0203-00 RES., FXD,CMPSN :20KΟΗΜ,5%,0.25W 01121 CB2035
R60716 315-0102-00 RES.,FXD,CMPSN : I K ΟΗΜ ,5%,0.25W 01121 CB1025

R60720 315-0102-00 RES., FXD,CMPSN :1 Κ ΟΗΜ ,5%,0.25W 01121 CB1025
R60722 315-0102-00 RES., FXD,CMPSN :1 Κ ΟΗΜ ,5%,0.25W 01121 CB1025
R60724 307-0541-00 RES,NTWK,THK FI :(7)1 Κ ΟΗΜ,10%,1W 91637 MSP08AO1-102G
R60'729 315-0513-00 RES., FXD,CMPSN :51 KΟΗΜ,5%,0.25W 01121 CB5135
R60800 321-0156-00 RES., FXD,FILM:412 ΟΗΜ,1%,0.125W 91637 MFF1816G412ROF
R60802 321-0216-00 RES., FXD,FILM :1 .74K ΟΗΜ,1%,0.125W 91637 MF F1816G17400F

R60820 315-0104-00 RES., FXD,CMPSN:100KΟΗΜ,5%,0.25W 01121 CB1045
R60821 315-0472-00 RES., FXD,CMPSN:4 .7 K ΟΗΜ,5%,0.25W 01121 C84725
R60822 315-0513-00 RES., FXD,CMPSN:51K ΟΗΜ,5%,0.25W 01121 CB5135
R60823 315-0104-00 RES., FXD,CMPSN:100K ΟΗΜ,5%,0.25W 01121 CB1045
R60824 315-0472-00 RES., FXD,CMPSN:4 .7K ΟΗΜ,5%,0.25W 01121 CB4725
R60825 315-0513-00 RES., FXD,CMPSN:51K ΟΗΜ,5%,0.25W 01121 CB5135

R60826 315-0104-00 RES., FXD,CMPSN:lOOK ΟΗΜ,5%,0.25W 01121 CB1045
R60827 315-0472-00 RES., FXD,CMPSN:4.7K ΟΗΜ,5%,0.25W 01121 C84725
R60900 315-0202-00 RES., FXD,CMPSN:2K ΟΗΜ,5%,0.25W 01121 CB2025
R60902 315-0203-00 RES., FXD,CMPSN:20K ΟΗΜ,5%,0.25W 01121 C82035
R60904 315-0332-00 RES., FXD,CMPSN:3.3K ΟΗΜ,5%,0.25W 01121 CB3325
R60920 315-0513-00 RES., FXD,CMPSN:51 K ΟΗΜ,5%,0.25W 01121 CB5135

R60922 315-0104-00 RES., FXD,CMPSN:100K ΟΗΜ,5%,0.25W 01121 C81045
R60924 315-0472-00 RES., FXD,CMPSN:4 .7K ΟΗΜ,5%,0.25W 01121 CB4725
R60925 315-0513-00 RES., FXD,CMPSN:51 K ΟΗΜ,5%,0.25W 01121 CB5135
R60926 315-0104-00 RES., FXD,CMPSN:100K ΟΗΜ,5%,0.25W 01121 CB1045
R60928 315-0472-00 RES., FXD,CMPSN:4 .7K ΟΗΜ,5%,0.25W 01121 CB4725
R301230 315-0122-00 RES., FXD,CMPSN:1 .2K ΟΗΜ,5%,0.25W 01121 CB1225
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R301234 315-0103-00 RES.,FXD,CMPSN: IOK ΟΗΜ,5%,0.25W 01121 CB1035
R301236 315-0104-00 RES.,FXD,CMPSN:100K ΟΗΜ,5%,0.25W 01121 CB1045
R301300 315-0105-00 RES.,FXD,CMPSN:IM ΟΗΜ ,5%,0.25W 01121 CB1055
R301302 315-0154-00 RES.,FXD,CMPSN:150K ΟΗΜ,5%,0.25W 01121 C81545
R301304 315-0154-00 RES.,FXD,CMPSN:150K ΟΗΜ,5%,0.25W 01121 CB1545
R301306 315-0105-00 RES.,FXD,CMPSN:IM ΟΗΜ,5%,0.25W 01121 CB1055

R301308 315-0753-00 RES.,FXD,CMPSN:75K ΟΗΜ,5%,0.25W 01121 C87535
R301309 315-0753-00 RES.,FXD,CMPSN:75K ΟΗΜ,5%,0.25W 01121 CB7535
R301310 321-0344-00 RES.,FXD,FILM:37.4K ΟΗΜ,1%,0.125W 91637 MFF1816G37401F
R301330 315- 0203-00 RES.,FXD,CMhSN:20K ΟΗΜ ,5%,0.25W 01121 CB2035
R301400 315-0/53-00 RES.,FXD,CMPSN:75K ΟΗΜ,5%,0.25W 01121 CB7535
R301402 315-0103-00 RES.,FXD,CMPSN:10K ΟΗΜ,5%,0.25W 01121 CB1035

R301404 315-0513-00 RES .,FXD,CMPSN:51K ΟΗΜ,5%,0.25W 01121 CB5135
R301406 315-0392-00 RES .,FXD,CMPSN:3.9K ΟΗΜ,5%,0.25W 01121 C83925
R301410 315-0103-00 RES.,FXD,CMPSN: 1OK ΟΗΜ,5%,0.25W 01121 CB1035
R301411 315-0154-00 RES.,FXD,CM PSN:150K ΟΗΜ,5%,0.25W 01121 CB1545
R301412 315-0392-00 RES.,FXD,CMPSN:3.9K ΟΗΜ,5%,0.25W 01121 CB3925
R301414 315-0103-00 RES.,FXD,CMPSN:10K ΟΗΜ,5%,0.25W 01121 CB1035

R301416 315-0392-00 RES.,FXD,CMPSN:3.9K ΟΗΜ,5%,0.25W 01121 CB3925
R301420 315-0103-00 RES.,FXD,CMPSN: I OK ΟΗΜ,5%,0.25W 01121 CB1035
R301430 315-0101-00 RES.,FXD,CMPSN:100 ΟΗΜ,5 %,0. 25W 01121 CB1015
R301432 315-0752-00 Β010100 8030664 RES.,FXD,CMPSN:7 . 5K ΟΗΜ,5%,0.25W 01121 C87525
R301432 315-0103-00 8030665 RES.,FXD,CMPSN:10K ΟΗΜ,5%,0.25W 01121 CB1035
R301510 315-0472-00 RES.,FXD,CMPSN:4 .7K ΟΗΜ,5%,0.25W 01121 CB4725

R301515 315-0222-00 RES.,FXD,CMPSN:2 .2KΟΗΜ ,5%,0.25W 01121 CB2225
R301520 315-0103-00 RES.,FXD,CMPSN :10K ΟΗΜ ,5%,0.25W 01121 CB1035
1301602 321-0193-00 Β010100 8041606 RES.,FXD,FILM:IKOHM,1%,0.125W 91637 MFF1816G10000F
1301604 321-0218-00 Β010100 8041606 RES.,FXD, FILM : 1 .82K ΟΗΜ,1%,0.125W 91637 MFF1816G18200F
R301610 315-0103-00 RES .,FXD,CMPSN :10K ΟΗΜ,5%,0.25W 01121 CB1035
R301612 315-0102-00 RES.,FXD,CMPSN :IKΟΗΜ ,5%,0.25W 01121 CB1025

R301630 315-0102-00 RES.,FXD,CMPSN :I K ΟΗΜ,5%,0.25W 01121 CB1025

RT60238 307-0125-00 RES.,THERMAL:500 ΟΗΜ,10%,25 DEG C 50157 2D1595
RT60526 307-0127-00 RES.,THERMALaK ΟΗΜ,10% 50157 2D1596

S10000 260-1237-00 SWITCH,REED :SPST 95348 MR-455-MODIFIED

510002 260-1237-00 SWITCH,REED:SPST 95348 MR-455-MODIFIED
S10004 260-1237-00 SWITCH, REED :SPST 95348 MR-455-MODIFIED
S10010 260-1237-00 SWITCk ,REED:SPST 95348 MR-455-MODIFIED
510100 260-1237-00 SWIrCH,REED:SPST 95348 MR-455-MODIFIED
S10110 260-1237-00 SWI-Γ'CH,REED:SPST 95348 MR-455-MODI FIED
S30004 131-0604-00 CONTACT,ELEC:CKT BD SW,SPR,CU BE 80009 131-0604-00

S50100 263-0020-00 SWI Ι CH,PBASSY:MOMENTARY 80009 263-0020-00
S50108 263-0020-00 SWI'Ι-ΟΗ ,ΡΒ ASSY:MOMEN7ARY 80009 263-0020-00
S50110 263-0020-00 SWITCH,PB ASSY:MOMENTARY 80009 263-0020-00
S50120 263-0020-00 SWITCH,PB ASSY:MOMENTARY 80009 263-0020-00
S50200 263-0020-00 SWITCH,PB ASSY:MOMENTARY 80009 263-0020-00
S50202 263-0020-00 SW 1TCH,PB ASSY:MOMENT'ARY 80009 263-0020-00

S50206 263-0020-00 SWITCH,PB ASSY :MOMENTARY 80009 263-0020-00
S50208 263-0020-00 SWITCH,PB ASSY :MOMENTARY 80009 263-0020-00
S50210 263-0020-00 SWITCH,PB ASSY :MOMENTARY 80009 263-0020-00
S50214 263-0020-00 SWITCH,PB ASSY:MOMENTARY 80009 263-0020-00
S50220 263-0020-00 SWITCH,PB ASSY:MOMENl-ARY 80009 263-0020-00
S50400 263-0020-00 SWITCH,PB ASSY:MOMENTARY 80009 263-0020-00
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S50410 263-0020-00 SWITCH,PB ASSY:MOMENTARY 80009 263-0020-00
S50500 263-0020-00 SWITCH,ΡB ASSY:MOMENTARY 80009 263-0020-00
S50508 263-0020-00 SWIΓCH,PB ASSY:MOMEN -ΓΑRΥ 80009 263-0020-00
S50510 263-0020-00 SWI I-CH,PB ASSY:MOMEN'ΤΑRΥ 80009 263-0020-00

Τ10418 120-0286-00 XFMR,TOROID :2 TURNS,BIFILAR 80009 120-0286-00

U10310 156-0854-00 MICROCIRCUI Γ,LI :OPERATIONAL AMPLIFIER 27014 LM308AN
U30020 156-0466-02 MICROCIRCUIΤ,D I : QUAD 2-ΙΝΡ NAND BF'R 01295 SN74LS37
U30120 156-0411-00 MICROCIRCUIT',LI:QUAD-COMP,SGL SUPPLY 27014 LM339N
U30210 156-0466-02 MICROCIRCUiT,ϋ I : QUAD 2-ΙΝΡ NAND BFR 01295 SN74LS37
U30220 156-0411-00 MICROCIRCUIT,LI:QUAD-COMP,SGL SUPPLY 27014 LM339N

U30410 156-0093-02 MICROCIRCUIT,DI :HEX INV BUFFER,BURN-IN 27014 DM8016
U30420 156-0733-02 MICROCIRCUIΤ',DI :DUAL MONOSTABLE MV,SCRN 04713 SN74LS221 Ν/J
U30500 156-0385-02 MICROCIRCUIT,DI :HEX INVERTER 01295 SN74LS04
U30600 156-0480-02 MICROCIRCUIT,DI :QUAD 2 ΙΝΡ & GATE 01295 SN74LSOSNP3
U30610 156-0382-02 ΜICROCIRCUIT,DI : QUAD 2-ΙΝΡ NAND GATE 01295 SN74LS00
U30630 156-0981-00 Β010100 Β041353 MICROCIRCUIT,DI:2048 Χ 8 ROM,CUSTOM MASK 80009 156-0981-00

U30630 160-1511-00 8041607 MICROCIRCUIT,DI:2048 Χ 8 EPROM,PROGRAMMED 80009 160-1511-00
U30700 156-0464-02 MICROCIRCUIT, DI : DUAL 4 ΙΝΡ NAND GATE 01295 SN74LS20
030710 156-0067-00 ΜICROCIRCU1Τ,LI:OPERA Γ10ΝΑL AMPLIFIER 01295 MICROA741CP
030720 156-0467-02 ΜICROCIRCU ΙT,DI :QUAD 2-ΙΝΡ NAND BFR,SCRN 01295 SN74LS38
030810 156-0927-00 MICROCIRCUI7,LI:DIGITAL TO ANALOG CONVERTER 80009 156-0927-00
030830 156-0980-00 8010100 Β041353 MICROCIRCUIT, D I :2048 Χ 8 ROM,CUSTOM MASK 80009 156-0980-00

U30830 160-1512-00 Β041607 MICROCIRCUIT,DI:2048 Χ 8 EPROM, PROGRAMMED 80009 160-1512-00
U30900 156-0427-00 8010100 8040951 MICROCIRCUIT,DI:PERIPHERAL INTERFACE ADPTR 04713 MC6820(L OR Ρ)
U40900 156-0427-04 Β040952 MICROCIRCUIT',DI:PERIPHERAL INTERFACE ADPTR 80009 156-0427-04
U30920 156-0426-00 Β010100 8030569 MICROCIRCUI T ,DI:MICROPROCESSOR 04713 MC6800S
U30920 156-0426-05 Β030570 MICROCIRCU ΓΤ',DI:MICROPROCESSOR,SCREENED 80009 156-0426-05
U31630 160-1511-00 Β041354 Β041606 MICROCIRCUIT,DI :2048 Χ 8 EPROM,PROGRAMM ED 80009 160-1511-00

031830 160-1512-00 Β041354 8041606 MICROCIRCUIT,DI:2048 Χ 8 EPROM,PROGRAMMED 80009 160-1512-00
060240 155-0078-10 MICROCIRCUIT ,LI:ML,VERTICAL AMPLIFIER 80009 155-0078-10
U60340 155-0078-10 MICROCIRCUIT,LI:ML,VERTICAL AMPLIFIER 80009 155-0078-10
U60440 155-0078-10 MICROCIRCUIT,LI:ML,VERTICAL AMPLIFIER 80009 155-0078-10
U60540 155-0078-10 MICROCIRCUIT,LI:ML,VERTICAL AMPLIFIER 80009 155-0078-10
060610 156-0479-02 Μ ICROCIRCUIT,DI :QUAD 2-ΙΝΡ OR GATE 01295 SN74LS32NP3

U60710 156-0385-02 MICROCIRCUIT,DI:HEX INVERTER 01295 SN74LS04
U60810 156-0140-02 MICROCIRCUIT,DI:HEX BUFFERS W/OC HV OUT 27014 DM8017NA+/JA+
U60910 156-0093-02 MICROCIRCUIT,DI:HEX INV BUFFER,BURN-1Ν 27014 DM8016
U301000 156-0427-00 Β010100 8040951 MICROCIRCUIT,DI:PERIPHERAL INTERFACE ADPTR 04713 MC6820(L OR Ρ)
U301000 156-0427-04 Β040952 MICROCIRCUIT,DI :PERIPHERAL INTERFACE ADPTR 80009 156-0427-04
U301030 156-0716-00 MICROCIRCUIT,DI :RAM,128 Χ 8 STATIC 04713 MCM6810S

0301200 156-0427-00 8010100 8040951 MICROCIRCUIT,DL PERIPHERAL INTERFACE ADPTR 04713 MC6820(1- OR Ρ)
0301200 156-0427-04 8040952 MICROCIRCUIT,DL PEHIPHERAL INTERFACE ADPTR 80009 156-0427-04
0301220 156-0736-02 MICROCIRCUIT,DI:BCD TO DECIMAL DCDR 80009 156-0736-02
0301226 156-0382-02 MICROCIRCUIT,DI :QUAD 2-ΙΝΡ NAND GATE 01295 SN74LS00
U301230 156-0656-02 MICROCIRCUIT,DI : DECADE COUNTER,BURN-IN 01295 SN74LS90
U301310 155-0135-00 MICROCIRCUIT,DI:DUAL IN LINE,20 LEAD 80009 155-0135-00

U301320 156-0541-02 MICROCIRCUIT,DI:DUAL 2 ΤΟ 4 LINE DCDR 01295 SN74LS139NP3
U301330 156-0479-02 MICROCIRCUIΤ,DI:QUAD 2-ΙΝΡ OR GΑΤΕ 01295 SN74LS32NP3
U301420 156-0386-02 MICROCIRCUfΓf,DI :TRIPLE 3-ΙΝΡ NAND GATE 27014 DM74LS10N
U301430 156-0405-03 MICROCIRCUIT,DI:DUAL RETRIG MONOSTABLE MV 07263 9602
U301500 155-0164-00 MICROCIRCUIT,DI:TIME SLOT SWITCH 80009 155-0164-00
U301520 156-0645-02 MICROCIRCUIT,DI:HEX INV ST NAND GATES,SCRN 01295 SN74LS14
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U301530 156-0382-02 ΜICROCIRCUIT,DI :QUAD 2- ΙΝΡ NAND GATE 01295 SN74LS00
U301620 156-0467-02 MICROCIRCUIT,DI :QUAD 2- ΙΝΡ NAND BFR,SCRN 01295 SN74LS38
U301630 156-0388-03 ΜICROCIRCUIT,DI :DUAL D FLIP-FLOP 07263 74LS74A

VR10303 153-0059-00 SEMICOND DVC,SE:ZENER,0 .4W,4.75V,5%,SEL 80009 153-0059-00
VR20310 152-0149-00 SEMICOND DEVICE :ZENER,0.4W,10V,5% 04713 SZG35009K3

VR30226 152-0437-00 Β010100 Β029999 SEMICOND DEVICE:ZENER,S 1 ,8 .2V,2%,0.4W 14552 TD332679
VR30226 152-0662-00 Β030000 SEMICOND DEVICE:ZENER,0.4W,SV,1% 04713 SZG195
VR30530 152-0508-00 Β010100 Β041606 S EMICOND DEVICE :ZENER,0.4W,12 .6V,5% 80009 152-0508-00
VR30534 152-0265-00 SEMICOND DEVICE :ZENER,0.4W,24V,5% 04713 SZG35009K8
VR301230 152-0055-00 SEMICOND DEVICE :ZENER,0.4W,11V,5% 04713 SZG35009K1
VR301236 152-0590-00 SEMICOND DEVICE :ZENER,18V,5% AT 7ΜΑ 04713 SZG35014K2

W30016 131-0566-00 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200Ε0
W60010 131-0566-00 BUSCONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200Ε0
W301435 131-0566-00 Β041607 BUSCONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200Ε0
W301712 131-0566-00 Β010100 Β041606 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200 Ε0
W30528 131-0566-00 Β041607 . BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200Ε0
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Symbols and Reference Designators

Electrical components shown on the diagrams are in th e following u n its unless noted otherwise :

V al ues one or greater are in picofarads (p F ) .
V al ues less th an one are in microfarads (μF ) .
Oh ms ( Ω ) .

Graphic symbols and class designation letters are based on ANSI Standard Υ32.2-1975 .

Logic symbology is based on ANSI Υ32.14-1973 in terms of positive logic . Logic symbols depict th e logic
function performed and may differ from the man u facturer's data .

inten ded fu nction wh en
Abbreviations are based on ANSI Υ 1 .1-1972 .
Other ANSI standards th at are used i n t he preparation of diagrams by Te ktronix,

The overli n e on α sig n al name indicates t h at the sign al performs its

Υ14.15, 1966
Υ14.2, 1973
Υ10.5, 1968

The following prefix letters are used as refere nce designators to identify components

The following s pecial symbols may a ppear on th e diagrams :

Cam Switch
Closu r e Chart
(Dot i ndicates
switch clos ur e)

Capacitors =

Resistors =

Drafting Practices .
Line Conventions and Lettering .
Letter Symbols for Quantities Used in E lectrical Science and
Electrical Engineering .

S ECTION 8---7A16P INSTRUCTION

ILLUSTRATION

Inc . are :

it goes to the low state .

or assemblies on the diagrams .

P lug to E.C . Boa rd

(Βόχ

	

Identifies P an el
Controls, Connecto rs and
Indicato r s

Modified Component---See
P arts List(De picted i n grey,
or with grey outlin e)

Sh ield i n g

-,- Heat Sink

Decou pled or Filtered
Voltage

Etched Circ u it Board
'

	

Outlined in Blac k

Α Assembly, se p a r ab le o r re pai r a b le Η Heat dissi pati n g device ( heat si nk , 5 Switch or co ntactor
(ci rc u it boar d , etc) heat rad iato r, etc) Τ Tran sfo rm e r

AT Attenu ator, fixed o r var ia ble HR Heater TC T he rmocoup le
Β Moto r ΗΥ H ybr i d ci rcuit l" Ρ Test poi n t
BT B attery J Co nn ecto r , statio na r y p ortion U Assemb ly, i n se pa ra ble or non-repairable
C Capacito r , fixed or va riable Κ Relay (integrated ci rcuit, etc .)

C B Ci rcuit brea ke r L Inductor, fixed o r va riable V E lect r on t ube
C R Diod e, signal or r ectifie r Μ Meter VR V oltage regulato r (zene r d io de, etc.)
DL Delay lin e Ρ Conn ecto r , m ova b le portion W W i r estra p or cable
DS I nd icati n g device (lamp ) ο Tr an sistor or silico n-co nt rolled Υ Crystal
Ε S pa rk Ga p , F err ite bead r ectifier Ζ Ph ase s hifter
F Fu se R Resisto r , fixe d o r var ia b le
FL Filte r FIT Th e rm isto r



Fig . 8-1α . Α10 Attenuato r Board-Fron t

Fig . 8-1b. A10 Attenuator Board-Rear

F ig . 8-2 . Α20 Actuator Board
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Α 'ΓΤΒΝUΑ 'Τ'OR BOARD



Α20 ACTUATOR BOARD
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Ρ/Ο Α30 PROGRAMM INC LOGIC BOARD

MPU CLOCK & MISC.
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CKT NUMBERING EXAMPLE
R162 on Α12 Assembly = R1μ162 in Parts List

L~Assembly Number

Fig. 8-Β. Α50 Switch Board .

Fig . 8-9. Α40 LED Board .
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PARTS ORDERING INFORMATION

Replacemen t p a r ts a r e availa b le from or t h ro ug h your local

Tektronix, I n c . F ield Office o r represe n tative .

C hanges to 7 ektro n ix i n strume n ts are sometimes made to

accommodate improved componen ts as t h ey become available,

and to give you t he benefit of t h e latest circuit im provements

develope d in o ur enginee r i ng depa rtmen t . It is t h erefo re

impo r tant, when o rd e ri ng p a rts, to include th e followi ng

informatio n in your orde r : Pa rt number, i n st ru men t typ e o r

numbe r, serial number, and modificatio n number if app lica b le .

If α part you have orde red has been re p laced wit h α new or

improved pa rt, your local Te k tro n ix, I n c . F iel d Office or

r e prese n tative will contact you concer n ing any change i n p a r t

numbe r .

C h ange i n formatio n , if any, is located at the rea r of t h is

manual .

SPECIAL NOTES AND SYMBOLS
ΧΟΟΟ

00Χ

P a r t first added at t h is se r ial numbe r

P art removed afte r th is serial n u mber

FIGU RE AND INDEX NUMBERS
items i n th is sectio n a re referenced by figu re and index

numbe rs to th e ill u st rations .

INDENTATION SYSTEM

Assembly and/o r Component

Attach ing parts fo r Assembly and/or Component

Detail Part o f Assembly and/or Component

Attac h ing par ts fo r Detail Pa rt

Pa rts of Detail Pa rt
Attach ing pa rts fo r P a rts o f Detail Pa rt

Section 9-7Α16Ρ

Th is mechanical p arts list is i ndented to i nd icate item

r elation s h i p s . F ollowi ng is an examp le of t he i nden tationsystem

used in t he desc ri p tio n column .

1 2 3 4 5

	

Name & Descrip tion

Attach i ng Pa rts always appea r i n the same i ndentatio n as

t he item it mounts, wh ile t h e detail parts are i n dented to th e rig ht .

I nd e nted items are part of, and in cl uded wit h , t h e n ext h ig her

indentatio n . The se p aration symbol ---' --- i nd icates t h e end of

attaching p a rts .

Attaching parts must be purchased separately, unless otherwise

specified .

In th e Pa rts L ist, an Item Name is sepa r ated from t he

desc ri p tio n by α colon ( :) . Because of space limitatio n s, an Item

Name may sometimes appear as incomplete . For fu rt her Item

Name i de n tification, t h e U .S . Federal Catalogi ng H andbook Η 6-1

ca n be utilize d wh e re possib le .

V IAT ΙOΝS

ITEM NAME

INCH ELC ΙRN ELECTRON
ρ NUMBER SIZ E ELEC ειεC ΤΗιCΑι
ACT Η ACTUATOR ELCT L T ELECTRO L YTIC
ADPTR ADAPTER ELEM ELEMENT
ALIGN ALIGNMENT EPL ELECTRICAL PARTS LIST
AL ALUMINUM EQPT EQUIPMENT
ASSEM ASSEMBLED ΕΧΤ EXTERNAL
ASSY ASSEMBLY F I L F I LL ISTER HEAD
Al ΥΕΝ Α 'IT ENUATOR FLEX FLEXIBLE
AWG AMERICAN WIRE GAGE FLH FL AT HEAD
BD BOARD FLTR FILT E R
BRKT BRACKET FR FRAME or FRONT
BRS BRASS FSTNR FASTENER
BR Z BRONZE FT FOOT
B S HG BUSH I NG F XD F IX ED
CAB CABINET GSK T GASKET
CAP CAPACITOR HDL HANDLE
CΕΗ CERAMIC HEX HEXAGON
CHAS CHASSIS HEX HD HEXAGONAL HEAD
CKT CIRCUIT HEX SΟC HEXAGONAL SOCKET
COMP COMPOSITION HLCPS HELICAL COMPRESSION
CORN CONNECTOR HLEXT HELICAL EXTENSION
COV COVER HV HIGH VOLTAGE
CPLG COUPL I NG IC INT EGRATED CIR CU IT
CR T CATHODE RAY TUBE ID I N SIDE DIAMETER
DEG DEGREE (DENT IDENTIFICATION
DWR DRAWER IMPLR IMPELLER

IN I NCH SE SI NG LE EN D
INCAND I NCANDESCENT SECT SECT ION
INSUL INSULATOR SEMICON D SEMICO NDUCTOR
INTL INTERNAL SHLD SHIELD
LPHLOR LAMPHOLDER SHLDR SHOULDERED
MACH MACHINE SKT SOCKET
MECH MECHANICAL S L S LIDE
MTG MOUNTING SLFLKG SELF-LOCKING
NIP NIPPLE SLVG SLEEV I N G
NON W IRE NOT W IRE WOUND SPR SPRING
OBD ORDER BY DESCR I P TION so SQUARE

SST STAINLESS STEEL
OVH OVAL HEAD STL STEEL
ΡΗ BRZ PHOSPHOR BRONZE Sw SWITCH
PL PLAIN or PLAT Ε Τ TUBE
PLSTC PLASTIC TERM TERM I NAL
PIN PA RT NUMBER THD THREAD
ΡΝΗ PAN HEAD ΤΗΚ TH ICK
PWR POWER TNSN TENSION
RCPT RECEPTACLE TPG TAPPING
RES RESISTOR TRH TRUSS HEAD
RGD RIGID V VOLTAGE
RLF RELIEF VAR VAR IA BLE
RTNR RE TAINER W / WITH
SCH SOCKET HEAD WSHR WASHER
SCOPE OSCILLOSCOPE XFMR TRANS FORMER
SCR SCREW XSTR TRANSISTO R
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CROSS I NDEX---MFR . CODE NUMBER TO MANUFACTURER

Mfr . Code Manufacture r Address City, State, Zip

OOOCY NORTHWEST FASTENER SALES, INC. 7923 SW CIRRUS DRIVE BEAVERTON, OR 97005
OOOFW WESTERN SINTERI NG CO INC. 2620 STEVENS DRIVE RICHLAND, WA 99352
00779 AMP, INC. Ρ Ο BOX 3608 HARRISBURG, PA 17105
08261 SPECTRA-STRI P CORP . 7100 LAMPSON AVE. GARDEN GROVE, CA 92642
09922 BURNDY CORPORATION RICHARDS AVENUE NORWALK, CT 06852
22526 BERG ELECTRONICS, INC. YOUK EXPRESSWAY NEW CUMBERLAND, PA 17070
22599 ESNA, DIV. OF AMERACE CORPORATION 16150 STAGG STREET VAN NUYS, CA 91409
24931 SPECIALITY CONNECTOR CO ., INC. 2620 ENDRESS PLACE GREENWOOD, IN 46142
57668 R-OHM CORP . 16931 M I LL IKEN AVE . IRVINE, CA 92713
71785 TRW, CINCH CONNECTORS 1501 MORSE AVENUE ELK GROVE VILLAGE, IL 60007
73743 FISCHER SPECIAL MFG. CO . 446 MORGAN ST . CINCINNATI, OR 45206
73803 TEXAS INSTRUMENTS, INC ., M ETALLURGICAL

MATERIALS DIV. 34 FOREST STREET ΑTTLEBORO, MA 02703
77250 PHEOLL MANUFACTUR ING CO ., DIVISION

OF ALLIED PRODUCTS CORP . 5700 W. ROOSEVELT RD. CHICAGO, IL 60650
80009 TEKTRONIX, INC. ΡΟ BOX 500 BEAVERTON, OR 97077
83385 CENTRAL SCREW CO . 2530 CRESCENT DR. BROADVIEW, IL 60153
85471 BOYD, Α. Β., CO . 2527 GRANTAVENUE SAN LEANDRO, CA 94579
87308 Ν. L . INDUSTRIES, INC ., SOUTH ERN SCREW

DIV. Ρ . Ο. BOX 1360 STATESVILLE, NC 28677
92101 SCHULZE MFG, 50 INGOLD RD

BURL INGAME, CA 94010
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Fig . &
Index
No .

Tektronix
P art No .ω.~

Serial/Model
E ff�

No .
Υ Dscont-..

Qty 1 2 3 4.-
5 ,_ ..�Name.& .Description . .__

Mfr
Code ., Mfr Part Number.-

1-1 337-1064-04 2 SHIELD,ELEC :SIDE PLUG-IN UNITS 80009 337-1064-00
-2 366-1189-00 1 KNOB:GRAY 80009 366-1189-00

213-0153-00 1 .S ETSCREW:5-40 Χ 0.125,STL SK OXD,HEX OOOCY OBD
-3 366-1184-00 1 KNOB:RED,0 .127 ID Χ 0.392 OD Χ 0 80009 366-1184-00

213-0153-00 1 .SE,rsCREW:5-40 Χ 0.125,STL ΒΚ OXD,HEX OOOCY OBD
-4 358-0301-02 1 BUSH ING, SLEEVE :GRAY PLASTIC 80009 358-0301-02
-5 366-1058-73 1 KNOB :LΑΤCΗ,7Α16Ρ 80009 366-1058-73

"'""""""(ATTACHING PARTS)""""""
-6 214-1095-00 1 PIN,SPG,SPLIT:0 .094 OD Χ0.187 INCH LONG 22599 52-022-094-0187

'""""""(END ATTACHING PARTS)""""'
-7 105-0076-02 Β010100 Β041689 1 REL BAR,LATCH :PLUG-IN UNIT 80009 105-0076-02

105-0076-04 Β041690 1 RELEASE BAR,LCH:PLUG- IN UNIT 80009 105-0076-04
-8 214-1280-00 1 SPRING,HLCPS :0 .14 OD Χ 1 .126"L,0 .16"DIA 80009 214-1280-00
-9 333-1213-09 1 PANEL,FRONT:7A16P 80009 333-1213-00
-10 348-0235-00 2 SHLD GSKT,ELEC:4 .734 INCH LONG 92101 OBD
-11 358-0408-00 1 BUSHING,SLEEVE :0 .46 OD Χ 0.41 ID 80009 358-0408-00
-12 386-1447-87 1 SUBPANEL,FRONT: 80009 386-1447-87

""""'""..(ATTACHING PARTS)"""'"""
-13 213-0192-00 4 SCR,TPG,THD FOR :6-32 Χ 0.50 INCH,PNH STL 87308 OBD
-14 211-0101-00 2 SCREW,MACHΙΝΕ:4-40 Χ 0.25,100 DEG,FLH STL 83385 OBD
-15 211-0016-00 5 SCREW,MACHINE:4-40 Χ 0.625 INCH,PNH STL 83385 OBD

""""""(END ATTACHING PARTS)""""'
-16 ----- ----- 1 CKT BOARD ASSY:SWITCH(SEE Α50 REPL )
-17 ----- ----- 16 SWITCH,PB ASSY:(SEE S50100,S50108, S50110

----- ----- - S50120,S50200,S50202,S50206,S50208,S5O2I
----- ----- - .S50214,S50220,S50400,S50410,S50500,S5050
----- ----- - .S50510 REPL)

-18 136-0263-04 8 .SOCKET',ΡΙΝTERM:FOR 0.025 INCH SQUARE PIN 22526 75377-001
-19 ----- ----- 1 CKT BOARD ASSY :L .E .D .(SEEΑ40 REPL)
-20 131-0589-00 8 .TERM1NAL,PIN :0 .46 LΧ0.025 SO 22526 48283-029
-21 131-1362-01 1 .CONN,RCP'Τ',ELEC:CKT CD,DBL ROW,15 CONTACTS 80009 131-1362-01
-22 361-0865-00 5 .SPACER,SLEEVE :0 .28 LΧ 0.14 ID,BRS,CU,SN 80009 361-0865-00

672-0645-00 1 CKT BOARD ASSY: PROGRAMMABLE ΑTTENUATOR 80009 672-0645-00
""".�""'.(ATTACHING PARTS) . ... . .. . .. .

-23 211-0016-00 1 SCREW,MACHINE:4-40 Χ 0.625 INCH,PNH STL 83385 OBD
....... .' "'"(END ATTACHING PARTS).........

----- ----- - CKT BOARD ASSY INCLUDES :
-24 200-1925-00 1 .COVER,CHASSIS:L000ELL ATTENUATOR 80009 200-1925-00

.......... .(Α'TTACHING PARTS) ...... . . . ..
-25 211-0101-00 3 .SCREW,MACHINE :4-40 Χ 0.25,100 DEG,FLH STL 83385 OBD

.........(END ATTACHING PARTS)...... . . .
-26 ----- ----- 1 . CKT BOARD ΑSSΥ:ΑΤΤΕΝUΑΤΟR(SEE Α10 REPL)

....... . . . .(ΑΤΤΑCΗΙΝG PARTS) .... . . . . . . .
-27 211-0007-00 3 .SCREW,MACHINE :4-40 Χ0.188 INCH,PNH STL 83385 OBD

... . . . ..'(END ATTACHING PARTS)*********
----- ----- - CKT BOARD ASSY INCLUDES :

-28 361-0791-00 1 . .SPACER,SLEEVE:0.225 LΧ 0.187 ID,BRASS 80009 361-0791-00
-29 129-0597-00 3 ..SPACER,POST :0 .415 L ,4-40 THD,BRS,0.219 80009 129-0597-00
-30 136-0252-04 24 ..SOCKET,PIN TERM:U/W 0.016-0 .018 DIA PINS 22526 75060-007
-31 131-0590-00 14 ..CONTACT,ELEC :0 .71 INCH LONG 22526 47351
-32 131-1852-00 7 . .CONTACT,ELEC :GROUND 80009 131-1852-00
-33 136-0514-00 Β010100 Β041414 1 . .SKT,PL-IN ELEC:MICROCIRCUIT,8 DIP 73803 CS9002-8

136-0727-00 Β041415 1 . .SKT,PL-IN ELEK:MICROCKT,8 CONTACT 09922 DILB8P-108
-34 ----- ----- 1 CKT BOARD ASSY:ACTUATOR(SEE Α20 REPL)

...........(ATTACHING PARTS).. . . . .. ....
-35 211-0007-00 3 SCREW,MACHINE:4-40 Χ 0.188 INCH,PNH STL 83385 OBD

.........(END ATTACHING PARTS).........
----- ----- - CKT BOARD ASSY INCLUDES :

-36 129-0593-00 3 . .SPACER,POST :0.377 L,W/4-40THD,BRS,0 .219 80009 129-0593-00
-37 136-0263-04 14 ..SOCKET,PIN TERM:FOR 0.025 INCH SQUARE PI 22526 75377-001
-38 131-1852-00 8 ..CONTACT, ELEC:GROUND 80009 131-1852-00
-39 129-0647-00 3 ..SPACER, POST :0.205 L,W/4-40 THRU THD,BRS 80009 129-0647-00

198-3681-00 1 ..WIRE SET,ELEC : 80009 198-3681-00
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No . _.__ .._Part Νο ......__. .._._Eff Dscont..-~_.Qty. η ..1.Ν2.:3.4_:5 Name & Description m~ ~,.__.~ . . :Code- -,Mfr Part Number

1-40 175-0826-00 FT . . .WIRE,ELECTRICAL:3 WIRE RIBBON 80009 175-0826-00
-42 175-0830-00 F1 . . .WIRE,ELECTRICAL :7 WIRE RIBBON 08261 SS-0726-710610C
-43 131-0'707-00 15 . ..CONNECTOR,TERM :22-26 AWG,BRS & CU BE GO 22526 47439
-44 352-0161-00 1 . ..HLDR,TERM CONN :3 WIRE,BLACK 80009 352-0161-00
-45 352-0163-02 1 .CONN BODY,PL,EL :5 WIRE RED 80009 352-0163-02
-46 352-0165-00 1 . ..CONN BODY,PL,EL :7 WIRE BLACK 80009 352-0165-00
-47 131-0679-02 2 .CONNECTOR,RCPT, :BNC,ΜΑ LΕ,3 CONTACT 24931 28JR270-1

""""""..(ΑΎΙΑCΗΙΝG ΡΑRΤS)-**. ......
-48 220-0695-00 2 NUT, PLAIN,DODEC:0 .500-28 Χ 0.90 INCH,BRS 73743 0BD
-49 210-1039-00 2 .WASHER,LOCK:1 ΝΤ,0 .521 ID Χ 0.625 INCH Ο 24931 OBD

""""'(END ATTACHING PARTS)"""""
-50 361-0790-00 1 .SPACER, PLA1'Ε:0 .09Χ 1 .5 Χ 0.312,BRASS 80009 361-0790-00
-51 252-0571-00 1 NEOPRENE EXTR:CHAN,0.234 Χ 0.156 85471 DIE#1353
-52 441-1315-00 1 .CHASSIS,AΓΙ EN:LOGCELLVERSION 80009 441-1315-00
-53 ----- ----- 1 CKT BOARD ASSY:AMPLIFIEΗ(SEE Α60 REPL)

..............(ΑlTACHING PARTS)` ..... .

---54 211-0155-00 4 SCREW,EXT,RLV Β:4--40 Χ 0.375 INCH,SST 80009 211-0155-00
.... . . . .. ."'(END ATTACHING PARTS).........

----- ----- - CKT BOARD ASSY INCLUD ES:
-55 129-0317-00 1 .POST,ELEC-MEC H :4-40 Χ 0.187 Χ 0.125 INCH 80009 129-0317-00
-56 361-0238-00 4 .SPACER,SLEEVE:0.25 OD Χ 0.34 INCH LONG 80009 361-0238-00
-57 131-0608-00 15 .ΓERMINAL,PIN :0.365 L Χ 0.025 ΡΗ BRZ GOLD 22526 47357
-58 136-0263-04 26 SOCKET,PIN TERMYOR 0.025 INCH SQUARE PIN 22526 75377-001
-59 136-0252-04 32 SΟCΚΕΤ , ΡΙΝ Τ'LRM :U/W 0.016-0 .018 DIA PINS 22526 75060-007
-60 214-0579-00 1 ΤΕRΜ ,ΤΕS Τ POINT:BRS CD PL 80009 214-0579-00
-61 131-1003-00 4 .CONN,RCPT,ELEC:CKT BD ΜΤ ,3 PRONG 80009 131-1003-00
-62 131-0566-00 1 BUS CONDUCTOR:DUMMY RES,2.375,22 AWG 57668 JWW-0200ΕO
-63 214-1140-00 4 SPRING,HLCPS :0 .251 OD Χ 0.375"L,SST WIRE 80009 214-1140-00
-64 386-1657-00 6 SUPPORT,CKT BD : 80009 386-1657-00
-65 ----- ----- 1 CKT BOARD ASSY:SHIELD(SEEΑ70 REP L)
-66 384-1464-00 1 EXTENSION SHAFT' :2.025 L Χ 0.125 OD,SST 80009 384-1464-00
-67 ----- ----- 1 CΚΤ BOARD ASSY:PROGRAM LOGIC(SEEΑ30 REPL)

.. . . . .. ...... " (ΑΤΎΑCΗΙΝG PARTS)...* . . .....
-68 211-0198-00 2 SCREW,MACHΙΝΕ:4-40Χ0.438 PNH,STL,POZ 77250 OBD

............(END ATTACHING PART'S) . ....... .
----- ----- - CKT BOARD ASSY INCLUDES :

-69 214-1190-00 1 CPLG,SHAFf',RGD :0 .125 OD TO 0.125 OD,AL 80009 214-1190-00
-70 351-0180-00 1 .SLIDE,GU1DE:SWITCH ACTUATOR 80009 351-0180-00
-71 214-1136-00 1 AC'ΎUATOR,SL SW:DUAL DPST 80009 214-1136-00
-72 131-0604-00 3 .CONTACT,ELEC:CKT BD SW,SPR,CU BE 80009 131-0604-00
-73 ----- ----- 1 RESISTOR,VAR :(SEE 8200 REPL)
-74 361-0515-00 1 .SPACER,SWITCH:PLASTIC 80009 361-0515-00
-75 129-0317-00 2 Ρos,r,ELEC-MECH:4-40 Χ 0.187 Χ 0.125 INCH 80009 129-0317-00
-76 131-0993-00 4 .BUS,CONDUCTOR :2 WIRE BLACK 00779 850100-01
-77 136-0578-00 8010100 8039999 3 .SKT,PL-IN ELEK:MICROCK'1',24 PIN,LOW PROFIL 73803 C S9002-24

136-0578-00 8040000 4 .SKI,PL-IN ELEK:MICROCKT,24 PIN,LOW PROFIL 73803 C S9002-24
-78 136-0252-04 4 SΟCΚΕΤ, ΡΙΝ TERM:U/W 0.016-0 .018 DIA PINS 22526 75060-007
-79 214-0579-00 8010100 8041606 14 TERM,TEST POINT:BRS CD PL 80009 214-0579-00

214-0579-00 8041607 12 .' ΓERM,TEST POINT:BRS CD PL 80009 214-0579-00
-80 136-0623-00 8010100 8040951 4 .SOCKE1,PLUG-1Ν:40 DIP,LOW PROFIL E 73803 CS9002-40

136-0623-00 8040592 1 .SOCKET,PLUG-1Ν:40 DIP,LOW PROFILE 73803 CS9002-40
-81 136-0260-02 1 .SKT,PL-IN ELEK:MICROCIRCUIT,16 DIP,LOW CL 71785 133-51-92-008
-82 136-0634-00 1 .SOCKEI,PLUG-1Ν:20 LEAD DIP,CKT BD MTG 73803 CS9002-20
-83 131-0590-00 26 .CON1-ACT,ELEC:0 .71 INCH LONG 22526 47351

131-0608-00 13 .T ERMINAL,PIN :0 .365 LΧ0.025 ΡΗ BRZ GOLD 22526 47357
-84 351-0188-00 4 .GUIDE-POST,LOCK :0.65 INCH LONG 80009 351-0188-00
-85 131-1003-00 4 .CONN,RCPT, ELEC:CKT BD ΜΤ ,3 PRONG 80009 131-1003-00
-86 386-1402-00 1 PANEL,REAR: 80009 386-1402-00

.......--(ΆΤΤΑCΗΙΝG PARTS)....... . . . .
-87 213-0192-00 4 SCR,I'ΡG, ΓΗD FOR:6-32 Χ 0.50 INCH,PNH STL 87308 OBD

......... . ..(END ATTACHING PARTS)....... . .
-88 220-0547-05 2 NUT BLOCK:4°40 Χ 0.25W ΧΟ .38 L OOOFW OBD

......... . . . ..(ATTACHING PARTS)...........
-89 211-0105-00 2 SCREW,MACHΙΝΕ:4-40 Χ 0.188,100 DEG,FLH ST 83385 OBD

......... . . .(ΕΝDATTACHING PARTS)... . . . . . .
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Mfr
No . .- .: : Part No .. Εff._. .- -_ Dscon,t 4 5 Description- ω. Qty T.:Λ 1 Τ 2. 3 ,5.. ν Namem& - Code Mfr Part Number

1-90 214-1061-00 1 SPR ΙNG,GROUND:FLAT 80009 214-1061-00
-91 426-0505-07 1 FR SECT,PLUG-1 ΝJΟΡ 80009 426-0505-07
-92 214-1054-00 1 SPR ING,FLAT':0 .825 Χ 0.322,SST 80009 214-1054-00
-93 105-0075-00 1 BOLT, LATCH :7A & 7Β SER PL-IN 80009 105-0075-00
-94 426-0603-06 1 FIR SECT,PLUG-1Ν : ΒΟΤ`ΤΟΜ 80009 426-0603-06

198-3682-00 1 W IRE SE- f ,E LEC: 80009 198-3682-00
334-3438-00 1 MARK ER,IDENT:MARKED TURN OFF POWER 80009 334-3458-00
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7Α1GP PROGRAMMABLE AMPLIFIER







COMITTED TD EXCELLENCE

000-2775-OOD

EFF SN Β042360

C HA NG E 'TO :

Α60

A60C538 281-0814-00
A60 R 52-8 315-0201-00
A60 RT526 307-0127-00

These p arts

REP LAC EABLE ELECTR ICA L PARTS & SCHEMAT I C CHANGES

670-4915-03

	

C K T B OAR D ASSY :AMPL I F I ER

are s hown on Diagram 2 .

D Ι Α5

Μ Ν ιVι
Date : Februa

	

_ 28,__1983 Change Reference: _:Μ50089__

Manual Part No . : ο70-2308,--ΟΟΤ ;_

CAP , FXD,C E R D I :100 PF ,10%,100V
RE S, FXD,C MP S N :200 ΟΗΜ ,5%,0 .25W
RE S,THERMAL :1 K ΟΗΜ ,10%

PART I AL D IAGRAM 2
(after Μ50089)

Page 1 of 1
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