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SECT I ON 1

GENERAL DESCR IPTION

INTRODUCTION

The P I -4 5 8 Programmable Pu l s e Dr i v e r is a plug - i n u n i t desi gne d
t o o pe r a te in Te kt r o ni x TM-500 Se r ies Power Modu le s . It i s
com pa ti b l e wi t h o t h e r plug-in uni t s ma nu f a ctur ed b y Pul se
I nst r uments Compa ny , and wit h Tektr on ix TM-500 Se ries p l u g- in
units , ope rati ng in sta nda r d (no t cus tom-wi re d) Power Modu l e s .

The PI - 458 is a pr o g rammab l e l e vel s hif t e r whic h ma y a lso be u s e d
as a t rigge re d pul s e g e n e ra to r . As a l e v e l shifter , it con v e rt s
a TTL- le ve l input s ig na l int o a h i g h - powe r, 50 - o hm s ig n a l ha ving
other up p e r a nd l owe r volta ge l e ve l s s uc h as t hose used wi th MO S
nd MOS /CCD dev i ces . Outp ut hi g h a nd low l e vel s ar e
i nde pe n d e nt ly ad ju st able fr om +20V to - l OY a nd f r om - 20V to +l OV ,
r e s pectiv el y, ei t he r man uall y o r u nder ex t ernal v o l tage c ontrol
o r , i f t h e unit inc lu des Opt i on - 0 0 2 , b y d igita l pr ogr ammin g .

A vo l tage -prog rammi ng featu re p rovi des ove rvo ltage
whe n t e stin g CMOS de v ic e s , u sin g th e Vcc su p p ly t o
t rac k th e o u t pu t a mplit ude .

p rotectio n
limit a n d

Th e digit al programmi ng f ea t u r e i ncl uded i n t he PI -4 58-002
permits int erfacin g the un i t, thr ou gh a s uita ble cont ro l le r , in a
compu t e r -ce n t e r e d automati c te st in g sy s t em . Th e di gi t a l
in t er fa c e an d progr ammin g pr inciples a re de s c r ibed in Sec t io n 5 of
this man ua l . Re f er a l so to the PI d o cumen t Di git al Prog ra mm i ng
for P I - Se r i e s Plug-i n I n s trumen t s, whic h con ta i ns i n fo rmat io n
pertinent to special TM - 506 wiri ng a nd re ar pane l con nec to rs .

Ot he r va l ua b le f e ature s o f t h e PI -45 8 in clud e manual ly
pul s e del a y, o u t p u t puls e width, and o u t pu t i nve r si o n .

va ria b le

Th e compa ct and ver s a t i l e PI - 4 58 c a n be u s e d i n a wid e ra ng e of
a pp lica t io ns : Appl i cation s includin g dev i c e c ha rac te r iz a tio n i n
t he d e vel opment l ab orat or y a n d au toma t ic pr odu c tion t es t i ng .

COMPATIBILITY REQUIR EMENTS

The PI -4 58 , o r th e PI - 4 58 -00 2/003 , ma y be i n s ta l le d in a ny
sta nda r d Te kt r o ni x TM - 500 Se r i es Pow er Modul e , if u se o f t he
di g ita l pro grammin g f e a t u r e , o r t h e re a r input /o utput feat ure , i s
not req uir ed . To use t he di g i ta l p ro g ramming c a pa b i l i t i e s or t he
r e ar input / ou tput fea t u r e o f t he PI -4 5 8-00 2 /003 , h owe v e r t h e unit
mus t be ins ta l le d in a TM- 50 6 Power Modu l e co n ta i ni ng Tektr on ix
Optio n 02 , wh ic h h a s al s o been mo d i fied b y Pu lse I n s trumen ts
Compa ny to p rovide r e qu ir e d a dditiona l wi ring an d co nnecto rs
(desig nated MOD - DP , o r d e s i gn a ted MOD - 45 l , MOD- 45lA , MOD- 454 , o r
MOD-45 4A in ea r lie r units ).
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PERFO RMANCE SPECIFICATIONS

Ta ble 1-1 giv e s th e pr i ncipal pe rfo r ma n ce cap a b i l i t ies an d i np u t
re qu i re me n ts of th e ba si c PI -458 Pr ogr a mm abl e Puls e Dr i v er ; t ha t
is , t he unit not includin g the Di gital Programmin g fe ature
(Option - 00 2) . All measur ement s s h ould by made u s ing 3- foot
l en gt h , l ow loss 50 -o hm coa xia l cabl e s .

Per f orman c e s pecificat i o ns a n d in pu t r equ ir emen t s fo r the Mode l
PI - 458-002 (w h ic h inc lude s t he Di g ital Pr o g r a mmi ng fea t u re) ar e
given in Sectio n 5 of t h i s manual .

Ta b le 1-1 . Per f orman c e S pe cificat io ns , Ba si c PI -4 5 8

S pe c i f ic a t i o n

OUTPUT HI GH LEVEL

Manual

Volt age Program

OUTPUT LOW LEVEL

Man ua l

Voltage P ro g ram

OUTPUT AMPLITUDE

Cha rac ter i si tcs

+20V t o -lOY i n to 1 Me g o hm ; + l OV t o
- 5 V i n to 50 ohms . Fu ll r an g e
co nt ro l led ei t he r man ua lly , o r by
exte rna l vo ltage p rog r am . Cont ro l
se lec t ed with f ront pa ne l switc h .

Co nti n uously va ria b le o ve r f ul l r an g e
b y f r o n t pa n e l c ontr o l .

Cont inuou sly vari abl e o ver f u l l ran g e
wi th inpu t thr ou gh f r o n t pa ne l j ac k .
Of f s e t vo ltage wi t h 1 Me g o hm is
<75mV .

- 20 V t o +l OV i n to 1 Meg ohm ; - l OY
to +5V i nto 50 o hms . Full r an g e
co nt ro l le d e it h e r man uall y , o r b y e xt -
e r na l vo lt a g e pro gr am . Contr o l s e l ec t-
ed with fr on t pa n e l s wi tc h .

Co n t i n u o us ly va r i abl e ove r f ul l ran g e
b y f ro n t pane l c on t r o l .

Con ti n uou s ly va r ia ble ov er f u l l ran g e
with i n pu t th rough fro n t pan el j ack .
Of fs et v o l t a ge wit h 1 Meg ohm i s
<75 mV .

I V minim um to 25V maximum i n to 1 Me g
o hm . Mi n i mum 0 .5V t o l2 . 5 V
ma x imum i n to 50 o hms .
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Table 1 -1 . Perf orm a n ce S pec ificat io ns , Bas ic PI -4 5 8 ( c on t 'd)

S pec ifica t io n s

OUTPUT RIS E AND FALL
TIM ES

MAX OUTPUT REPETI TI ON
RATES

OUTPUT SETTLI NG TIME

OUTPUT ABERRATIONS

Ch a r ac te ri s tics

<5 ns f or o u t pu t a mpli t u d e < l OY
i n to 50 o hms
<6 ns for output a mpli t u d e <20V
i nto 1 mego hm II l5pf .

>50MHz fo r outpu t amp litu de
<lOY in t o 50 ohm s.
>40MHz for o u tp ut amplit u de
<20V i nto 1 mego hm II l5pf .

Approx 7 50 usee t o 0 .1% of ful l
scale.

5% plu s 3 50mV pe ak-t o-pe ak wi t h
o u t pu t a mp l i t u d e >3V , driv in g a
3 -foot-l ong , 50-ohm c a b l e term in ated
with l 5pf in parallel wi t h 1 me gohm .

OUTPUT POLARITY Ei ther norma l or inverted ,
wi th f ront pa nel switch .

selected

OUTPUT PULSE DELA Y

OUTPUT PULSE WIDTH

TRIGGER OUTPUT

TTL INPUT S I GNAL

VOLTAGE PROGRAM I NPUTS
HIG H LEVEL

LOW LEVEL

1 0 n s e c ma x wi th res pect to trigger
o u t put , o r adj usta b le f rom <10 nsec
t o >1 0 msec in 6 -de cade steps , plus
continu ously adjus t ab le ( 10 :1) con-
trol . Pu lse of at l e a s t 2 .5V, 10 -
nsec dura tion is re quired to tr i g ger
dela y c i r c u i t . Dela y j itter <0 . 1% of
sett in g +20 0 ps.

Determined by i n pu t , o r adjustable
f r om <10 nsec to >1 0 msec in 6-d e c ade
step s plus cont inuously adj ustable
(10 : 1) co ntro l . Pulse of a t least
2 .5V , 10-nsec du rat ion is requir ed t o
t rigger pu ls e width c i r c u i t . Width
j i t t er <0 . 1% of setti ng + 20 0 ps.

TTL-compa ti b le . Propaga tio n delay
from input is 4 0 n s e c max . Output
pu l se widt h d e t e r mi n e d by input .

2.5V t o 5V into 1000 o hms , throu gh
fr ont panel BNC co n n ec to r .

+20V max to - l OY min a c r o s s l OOk
ohms .

- 20V min to + l OV max a c r o s s lOOk
ohms .
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INPUT AND OUTPUT SIGNALS

Ta ble 1 -2 l i s t s an d defines i nput a nd output signals
interconnections on t he basic PI -458 , includi ng
input /output opt ion .

and
the

t heir
rear

For digita l signal interc onnecti ons to and from t he Mode l PI -458-
002 ( having t he digita l pr ogramming featu re), refer to Section 5
o f this manual .

Table 1- 2 . Input and Output Sig na ls , Basic PI -45 8
(inc luding Rear I /O Option - 0 0 3 )

S i g na l

TTL (c lock) i np ut

Dr iv e r o utp u t

Trigger o u tp u t
( buffe re d i np u t)

Mo n itor i n g po i n ts for
selected h i gh and l ow
l e vel s

Analo g ( vo ltage) program
inputs ( h i g h and low
l e vel s )

Gr ound connections

Co nnecto r

Fro nt pa nel BNC TTL INPUT c o n n e c t o r ,
a nd rear edge con necto r fi nge r 27A ,
con ne cte d as OR e d i n puts .

Front pa ne l BNC DRIV ER OUTPUT
c o n n e c t o r , a n d r e a r e dge co nnecto r
finge r 24A . In unit s wit h Op t i on
-00 2 o r -003 , fr o nt pan el pus h
butt on s wi tc h co n nec ts o ut put to
e i t he r front panel c o nnector o n l y ,
or to th e r e a r.

F r on t pa ne l BNC TRIGGER OUTPUT
con necto r .

Banana jacks present se lected h i gh
and low l e vel r e f e r e n c e vo l t a g e s
at f ron t pan e l e xcept whe n MODE
switch se le c ts vo ltage program mo d e .

Ba na n a jacks accept ex terna l ly
gene rated vo ltage program leve ls
when MODE switc h selects volt age
program mode .

Front panel banana jack marked with
schemati c Grou nd symbol .

Rear edge connecto r fingers 26A
( i n pu t retu rn), and 23A (outpu t
return) .
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OPERATING CONTROLS AND INDICATORS

Table 1-3 lists and describes operating controls and indicators
on the front panel of the instrument.

Table 1-3.

Control/Indicator

HIGH LEVEL/LOW LEVEL
controls

LOW LEVEL
potentiometer

HIGH LEVEL
potentiometer

INVERT/NORM
switch

Operating Controls and Indicators

Description

Inner knob of concentric LOW LEVEL/
HIGH LEVEL controls. Controls output
low level in Manual mode of
operation. Note that output low
level must be set to a value more
negative than that of high level. If
set more positive, no output will
appear.

Outer knob of concentric LOW LEVEL/
HIGH LEVEL controls. Controls out-
put high level in Manual mode of
operation. Note that output high
level must be set to a value more
positive than that of low level. If
set more negative, no output will
appear.

A push-push switch which causes in-
version of pulse output. Output is
normal when switch has been pressed
towards the front panel, inverted
when switch is out from the front
panel.

MODE
switch

Selects source of level
input, as follows:

MAN manual controls

control

DIGITAL PROGRAM -- digital signal
interface (Option -002
only)

Vprogram -- External voltages
(analog program). The
three switch positions
within the Vprogram area
permit selecting control
inputs for either low
(LO), or high (HI) level;
or both (HI & LO). When
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Control/Indicator

INT DLY/WIDTH
EXT WIDTH switch

DELAY RANGE SELECTOR
switches

DELAY
potentiometer

WIDTH RANGE SELECTOR
switches

WIDTH
potentiometer

Description

Vprogram (cont'd) the switch is in either
the HI or the LO position,
the un selected level is
controlled manually .

A lighted push-push switch , which ,
when turned on in the EXT WIDTH
mode, causes buffered input signal
to bypass delay and width control
circuits and appear direct ly at
high- and low-level control cir -
cuits . Delay and width controls are
effective when switch light is
turned off , in which case the sel -
ected delay and width range indicat-
ing lights are on.

A pair of momentary pushbutton
switches which selec t range of
input-to-output pulse delay . Ranges
are 10 to 100 ns, 100 nsec to 1
usee , 1 to 10 usee , 10 to 100 usee,
and 100 usee to 1 msec. Upper
switch decreases range setting, and
lower .switch increases it.

Outer knob of concentric DELAY/WI DTH
controls . Permits continuously
variable adjustment of delay over
the range selected with DELAY range
selector switch.

A pair of momentary pushbutton
switches which select r a n g e of pulse
width adjustment. Ranges are 10 to
100 nsec, 100 nsec to 1 usee, 1 to
10 usee , 10 to 100 usee , and
100 usee to 1 msec. Upper switch
decreases range setting , and lower
switch increases it.

Inne r knob of concent ric DELAY/WIDTH
controls. Permits continuously
variable adjustment of pulse width
over the range selected with WIDTH
range selector switch.

FR/REAR OUTPUT SELECTOR
switch

Fig 1-1 shows fro panel

A push -push switch which selects
either front panel output or rear
edge connector output . Rear outp ut
is operable wit h Options -002 and
- 0 0 3 only.

controls + indicato rs on the PI -458 -002.

6



WIDTH RANGE
Selector Switches

INVERT/NORMAL Switch

INT DELAY/WIDTH
EXT WIDTH Switch

MODE Switch

HIGH LEVEL/LOW LEVEL
Controls

FRONT/REAR
OUTPUT Selector

DRIVER OUTPUT

DELAY/WIDTH
Control s

••[ r., 1'"_ r: TRIGGER EDGE
- J Selector Switch

I ..
INPUTT .PTTL CLOCK

HI & LO LEVEL
MONITORS AND
VOLTAGE PROG
INPUTS

TRIGGER

Figure 1-1. PI-458-002/003 Programmable
Pulse Driver, Front Pa ne l
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SECTION 2

IN STALLATION

INSTALLATION AND CABLING

Install the PI -458 in any s lo t of a s ta nda rd Te k t r o n i x TM-500
Se r i e s Power Modu le if use o f the d i g i t a l p rog ramming feature , or
the rear inp ut /output feature , i s not required .

If the digital pro grammin g o r r e a r input /outpu t feature is to be
used , instal l the unit in a c ompa t i b l y keyed slot i n a TM-506 ,
Option 02 , Powe r Modu le h a v i n g PI MOD -DP c ustom inter p lug -in
wiring . (In e ar lie r u n i t s, t his wiri ng has been designa ted MOD-
451 , MOD - 45 lA , MOD-454 , or MOD-454A .)

Connect inte rco nnection cables as fol low s :

a . Co n nec t coa xia l input ca ble f rom t e s t c loc k so urce t o
e it her th e fro nt pa nel TTL INPUT con nec to r , o r to th e rea r pan e l
INPUT connecto r (see Fi gu r e 2-1) .

b. Co n n ec t co a x ia l o ut put ca ble f r om DR I VER OUTPUT con nec -
t or o n ei t he r th e fr ont pa n e l , o r the r ear pan el , to th e item
und e r tes t .

c . If the buf f er e d i n put s ig na l (TTL) i s t o b e u s ed e xter -
na lly , co nnect a c oa xia l c a b l e fr om th e fr o nt pa nel TRIG GER
OUTPUT co nne c t o r t o t he e x ter nal eq u ipme n t .

d . If dig i t a l p rogramming is t o b e us ed , con nect t he digi -
tal interface ca ble connector to t he 50-pin D- t y pe co n nec to r on
the rear pa nel .

e . If
c o n n ec t t he
equipment .

th e rear ou tput monitor func tion is to be u s e d,
rea r 25-pin D-type con nec to r to the ex terna l

Thi s c ompletes install ati on procedu res .
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F igure 2-1 Ty p ica! Int erco nnec tio ns
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SECTION 3

PERFORMANCE CHECKS AND CALIBRATI ON PROCEDURES

GENERAL

To verify correct operat i o n of t he PI - 458 , per f o r m proce du res in
t he follo wing pa rag rap hs . Refe r to Section 5 of t h is ma n ua l fo r
pe rformance checks a nd calib ratio n procedures applicable to t he
digital ly programma b le Mode l PI- 458 -002.

Because t he PI-458 i s carefully calib rated at the factory ,
subsequent recali bration s hou ld not be required and the following
procedures need, generally, to be performed only to ve r ify correct
per f o r ma n c e . If recalibration is req uired , readjust inter nal
potentiometers an d t rimmer capacitors in accordance with
instructions in these procedures .

TEST EQUIPMENT REQUIRED

The fol lowing equipment is required to pe rform the performance
checks :

Oscilloscope , dc to 300 MHz, 15 pf input capacitance
(Tektronix Model 2465 p referred)

DVM , 4 .5 digit (5.5 dig its required for PI-458-002)

Pu lse Ge nerato r

Adjustable Power Supply , 0 to 20V dc .

Feed-thro ugh Termination, 50 ohms , 2 watts

Coaxial Cable, 3 feet long RG-58C/U (50 ohm) .
Quantity t hree .

Adapter, BNC to banana jack

Tee Co nnector , BNC .

WARM-UP PERIOD

Allow t he plug-in u n i t to op e ra te in a TM-500
fo r at least 15 minutes before attempti ng
procedures .

1 0
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CHECKING OUTP UT VOLTAGE LEVELS

Checking Maximum Out pu t Hi gh Leve l

To c heck t he up pe r limit of t he outpu t h i gh l e v el ,
fo l lowing st e ps .

a . Set MODE switc h t o MAN posi tio n .

per f orm th e

b. Pus h out INV RT/NORM switc h to inv ert t he o utp ut .

c . Co nne ct n e g a t i v e termi na l of DVM to th e fro nt pa nel
bana na jac k ma r ked a s g rou nd , a nd co n nect po s i t i v e t erm i nal o f
DVM to th e DRI VER OUTPUT BNC connecto r , u s in g t he BNC-b an an a jack
ada pte r .

d . Turn OUTPUT-HI GH LEVEL co n t ro l f u l ly cl ockwi s e ( + 20V ,
n omin a l ) , a n d se t OUTPUT LOW-LEVEL co nt ro l t o th e posi t i on mar ked
o (h i gh-level settin g mi nu s low - leve l set ting must be l es s than
2 5V ) .

e . Read output volt a ge at DVM. DVM should i ndic a t e + 20 V
min imum .

f . Connect a
ba nana plugs a t
min imum .

50 -o hm, 2-watt resis to r b e t we en t he DVM l ead
the front panel. DVM s hould indi ca te +lOV

g . Remo ve t h e 5 0 -o hm r e si st or c o n necte d i n t he pr evi ou s
ste p f .

Chec k i ng Minimum Ou tpu t Hi gh Level

Wi t h the
fo llowi ng
l e v e l .

DVM conn e c t e d as in th e pr e cedin g ste ps , pe rfo rm
p roc ed u re to c hec k t he lower limi t of t he o ut pu t

th e
high

a . Se t bot h concentric OUTPUT k no bs fu l ly counte rcloc kwise
( -20V and - l OV, res pectively) .

b . Re ad o u t p u t vo ltage at DVM. DVM sh o ul d in d i c a t e - l OV
o r more ne gati ve .

c . Con n ect a 50-o hm, 2 -wa tt
ban an a plu gs a t th e fr on t pan e l .
n e g a t i v e .

resis to r be t we en t he DVM l e ad
DVM shou ld i nd ica te - 5 V o r mo re

d . Re move the 50 -o hm r e s i s t or c onnect e d i n t he pre v io us
s t ep c .
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Checking Minimum Output Low Level

With t he DVM connected , and with controls set , as in t he
preceding steps , perfo rm t he fo l lowi ng p rocedure to check t he
l o we r limit of the output low leve l .

a . Set OUTPUT-HIGH LEVEL control (outer concentric knob) to
t he position marked O.

b . Push in INVRT/NORM switch (ou tput n o t i nverted) .

c . Rea d output voltage at DVM . DVM should indicate -20V
or more negative .

d . Con nec t a 50 -o hm , 2-watt r e s i st o r between t he DVM lea d
bana na p l u g s a t t he f ront pa ne l . DVM s hou ld indicate -lOV o r
more n e gat i ve .

e . Re move th e 50-ohm r e si s t or co n nec t ed i n t he precedi ng
ste p d .

Checki ng Maximum Ou tput Lo w Le vel

With th e DVM co n n ec te d , and wit h contr ol s se t , as in
pr e c e din g steps, pe r f orm t he f ollowing pr o c edur e to c hec k
upp e r limit of t h e ou tpu t l ow l evel .

the
the

a . S e t b oth co nce nt ric OUTPUT kn ob s f u l ly cloc kwise
and +lOV, r esp e c t i v el y ) .

( +20 V

b . Re ad o utp u t vo ltage at DVM. DVM sho u ld i nd ica te +lOV
mi nimum .

c . Co n nect a
bana na pl ugs at
minimum .

50 -ohm, 2-watt r e s i st o r betwee n the DVM l e a d
th e fron t panel . DVM s ho u ld in dicate +5 V

d . Remove t he 50 -ohm r e s i s t or connected i n the preceding
step c .

CHECKING AND ADJUSTING OUTPUT OFFSET VOLTAGE AND CHECKING
VOLTAGE PROGRAMMI NG

Perform t he fo l lowing steps to c heck th e outp ut offset voltage ,
and vo ltage p rog ramming ranges .

a . Set MODE switc h to the HI a nd LO pos itio n .

b . Remov e DVM lead s f rom t he P I -4 5 8 f ro nt pa nel .
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CHECKING AND ADJUSTING OUTPUT OFFSET VOLTAGE AND CHECKING
VOLTAGE PROGRAMMING (cont 'd)

c . Connect Power Su p ply negative output lead t o LOW LEVEL-
I NPUT banana jack , and co nnec t Power Suppl y positive ou t pu t lea d
to Ground banana jack .

d . Adjust Power Suppl y output voltage to - 20V dc.

e . Connect positiv e le ad o f DVM to the - 20 V Power Su ppl y
output , and co nnect negative lead of DVM t o the PI -458 o u t pu t (at
BNC /bana na jack adapter ) .

f . Adjus t l ow level off set potentiometer R152 to obtai n
DVM readi ng of OV +lOmV (outpu t low l e ve l offset) .

g . At t h e Powe r Supp ly , s lowly adj ust t he
out put vo l t age from -20V to -IV , obse rvin g DVM .
i ndica te no vol t a ge greate r t ha n ±35mV.

Power
DVM

Sup ply
s ho uld

h . Di sconne c t Power Supply o u t pu t l e ad s , a nd t he pos i t ive
DVM l e a d, f r om th e PI -4 58 .

i . Pus h out I NVRT/ NORM switc h ( to i nve rt outp ut) .

j . Connect Power Su pply pos iti ve o ut put l e a d to HI GH
LEVEL-I NPUT ba nana jack, and connec t Power Su ppl y ne ga t i ve o utpu t
lead to Grou nd bana na ja ck .

k . Co nnect positi ve lead of DVM to t he Power Sup pl y
positive outp ut .

1 . Ad just Power Supply output voltage t o +20 V.

m. Adj ust hi gh level o f f s e t poten tiometer R15 3 to obta in
DVM reading of OV±lOmV ( output h i gh leve l offset) .

n . At the Power Su ppl y , slow ly adjust the
output vo ltage fr om +20V to +l V, observing DVM .
indicate no vo l tage greate r than ±35mV.

Power
DVM

Su pply
s hou ld

o . Disco nnect Power Supp ly ou tput lead s, and DVM leads ,
f r om the PI -458 .
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CHECKING OUTPUT RISE AND FALL TIMES

Pe r f o r m the fo l low i ng steps to chec k output rise a nd fa l l t imes .

a . Set MODE switch to MAN pos ition .

b . P u sh in INVRT /NORM switc h to o btain n o r mal (uninve rt ed)
signal .

c . Se t up Pu lse Gene ra to r to o btai n a 3 -vo lt , posit ive -
goi ng pu lse , h a vin g a pulse widt h of I On s at t he 1. 5 V l e vel .

d . Conne ct Pu lse Ge nera to r o u t pu t t o th e PI -4 5 8 TTL I NPUT
con necto r , us in g a 3 -foot - long, 50-o hm coax ia l ca b le .

e . Usi ng a 3 - foo t - lo ng , 50 - ohm c o ax ial ca ble , co n nect PI-
4 58 DRI VER OUTPUT co nnecto r t o a 30 0 - MHz Os cillo s c op e , a n d s et
o s c illo scope i n p u t to 1M- ohm DC.

f . Pus h o ut INT DLY/WIDTH/EXT WIDTH s wi tc h t o enab le Delay
a n d Width Contr ol fun ct ion s , a n d set PI - 458 output pul s e width to
a pp ro x i ma t e l y SOn s .

g . Se t Os c i ll o s c op e ve r tica l displa y to SV/ di v isio n .

h . Adju st concent ric OUTPUT
co n tro ls t o obta in a pul s e h e i ght o n
4 ce nt i me te r s (20V pe a k- t o -p e ak ).

i . Change osci l losco pe ve rt ica l
adjus t ve r tical gain cont rol k no b
disp la y .

HIGH LEVEL an d LOW LEVEL
t he Os c i l l o s c op e of e xact ly

dis p lay to 2V/ div is io n a n d
t o ob tain as-cent i met e r

j . Check ri s e and fa l l t i me s betwee n 10 per cen t a nd 90 pe r
cent l e vel points . Rise and fa l l ti mes s hould be less t h an 6 ns .

k . Set osci l loscope inp u t to 50 ohm DC and set ve rtica l
gain co nt ro l kn ob to t he full y CW posi tion (ca lib rated) .

1 . Re ad ju s t th e HI GH and LOW LEVEL cont rols , if
to o b tain a S c e ntimete r d i s pl a y .

m. Chec k r i s e and fall times betwe en 10 per cent a nd 90 per
ce n t leve l points. Rise a n d fa l l t imes s ho u ld b e l e s s t ha n 5 n s .
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CHECKING VARIABLE OUTPUT PULSE DELAY

To check
following
458 a s in

c o r r e c t operation of pulse dela y controls,
steps, with the Pulse Ge ne r a t o r c o n n e c t e d
the pre ceding p r oc e d u r e .

perform the
to t h e PI -

a . Conne c t 3 -f o o t - l o n g , 50-ohm coa xi a l cables as follows:

1. Between TRIGGER OUTPUT c o nne c t o r on PI-458A and
Vertical input of Oscill oscope Channel 1 , set t o 1M ohm DC.

2 • Between DRIVER OUTPUT connector on PI-458A and
Vert ical i n put of Oscilloscope Channel 2 , set to 50 ohm DC.

b. At PI-458, set DELAY range to 10 n s ,

c . Push out INT DLY/WIDTH/ EXT WIDTH switch t o enable Delay
and Width control f u nc ti o n s .

d . Set DELAY control (outer kn ob o f the concentric
controls) f u l l y counter c lockwise.

e. At Pulse Generator , set pulse ampl itude to 3V, and puls e
width to 1 0 nsec at the 1 .5V level (seen on Oscil loscope).

f.
between
TR IGG ER
leading

Oscillo s cope s h o u l d show no more than 10 nsec delay
the 1.5V amplitude point o f th e leadin g edge of the
OUTPUT signal, and the 50-per c e n t point (OV) of the
edge o f the DRIVER OUTPUT signal.

g . Set PI-458A DELAY control fully c l o c kwi s e .
sh ould show at least 100 n s delay between point s
pr e c ed ing step f.

Oscilloscope
defined in

h. Set DELAY control f u l l y countercl ockwise , and set DELAY
ran ge to 100 ns. Oscilloscope should show no more than
100 ns delay between the 1 .5V amplitude point o f t h e leading edge
o f the TRIGGER OUTPUT signal, and the 50-per c e n t point of the
leading edge of the DRIVER OUTPUT signal.

s h ow
step

i.
at
h.

Set DELAY control fully clockwise. Oscillosc ope should
leas t 1 use c delay between points defined in preceding

j. Set DELAY control fully counterclockwise , and set DELAY
range switch to 1 us position. Os cilloscope should show no more
than 1 usec dela y be tween the 1 .5V amplitude point of the leading
edge of the TRIGGER OUTPUT s ignal, and the 5 0 - p e r cent point o f
the leading edge of the DRIV ER OUTPUT signal.
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CHECKING VARIABLE OUTPUT PULSE DELAY ( co n t ' d)

k . Set DELAY co n t ro l fully c lo c kwi s e . Os cilloscope should
show at least 1 0 u sec d e la y between poi nts def ine d in preceding
st ep j .

1. Set DELAY c o n t r o l fully c o u n t e r c l o c kwi s e , a n d set DELAY
r an g e to 1 0 us . Osc i l losco pe s ho u ld sh ow no mor e t h a n 10 usec
de la y bet we en t h e 1 . SV a mpli t u de poi nt o f th e l e ad ing e dge of t h e
TRI GGER OUTPUT s igna l , and t h e 50 - pe r ce n t po i n t of t h e l e adi n g
e dge of t he DRIV ER OUTPUT si gn a l .

m. Set DELAY contro l f ul ly cloc kwise. Osci l loscope s ho uld
s how at l e a s t 1 0 0 u s e c de lay be t we e n poi nts defined in preceding
step 1 .

n . Se t DELAY c o n t r o l fully counterclockwise , and set DELAY
range swi tch to 100 us position . Osc i llosc ope shou ld show no
more th an 100 u s e c de lay between the 1 .SV amp litude point o f the
l e a din g edge of t he TRIGGER OUTPUT sig na l , and the 50-per cent
p o i n t of t he lea ding edge of t he DRIVER OUTPUT signa l .

o . Set DELAY contro l fu l ly cloc kwise . Osci l losco pe s ho u l d
s h ow at l e a s t 1 ms delay be tw e e n poi n ts d e f in e d in p r ece d i ng step
n •

p •
r an ge to
between
TRIGGER
edge of

Set DELAY co nt ro l fu lly c o u n t e r c l oc kwi s e , a nd set DELAY
1 ms . Oscil loscope s hou ld s how no more tha n 1 msec de lay
t he 1 . SV amp lit ude point of th e leading e dge of t he
OUTPUT signa l , and t he 50-pe r cent point of t h e leadi ng
the DRIVER OUTPUT s i g nal .

q . Se t DELAY c ont rol fu lly c l o c kwi se . Oscilloscope s h o u l d
s how at least 10 mse c dela y between poi nts defined in p re c eding
s t e p p .
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CHECKING VARIABLE OUTPUT PULSE WIDTH

Leaving Pu lse Generator and Os cill oscope leads connected , and t h e
Pu lse Gene ra to r and Os cilloscope set up , as in t he pre ceding
steps , c h e c k operation of PI -4 S8 pu lse width controls by
p e r f o r mi ng th e followi ng pr o c edur e .

a . Se t WIDTH ra nge t o
(inner kn ob o f co nce nt r i c
co u n te rc loc kwi se .

1 0 ns,
DELAY

an d set WIDTH co ntrol
a n d WIDTH co n t ro ls)

kn ob
f u ll y

b . Adj ust C unti l os ci l loscope sh ows a pu lse wid t h be t we en
8 a nd 9nsec at 50 -pe r c e n t a mpl i t u d e (OV) .

c . Se t WIDTH contro l full y cloc kwise. Os cilloscope should
show a pulse no narr owe r t han 100 ns at 50-per cent amplitude .

d . Se t WIDTH range to 100 ns.

e . Se t
s hould show
a mplit ude .

WIDTH cont rol fu lly c o u n t e r c l o c kwi s e .
a pul se no wider than 100 ns at

Oscill oscope
50 -per c e n t

f . Set WIDTH co nt ro l f u l ly c loc kw ise . Osc i l losco p e s ho ul d
s how a pul s e no narr ower than 1 u s e c a t 50-p er ce n t ampl i tu d e.

g . Set WI DTH range s wi tch to 1 usec .

h . Se t
s hou ld show
amplitude .

WIDTH cont ro l f u l ly co unte rc lockwise .
a pu lse no wider tha n 1 usec a t

Os c il l o s c o pe
50-per c e n t

i . Set WIDTH co n t r o l fu ll y cl ockwise . Oscillosc ope should
show a pulse no narrower t han 10 usec at 50-pe r cent amp l itude .

j . Set WIDTH range to 1 0 us.

k . Se t
s hould s how
amplitud e .

WIDTH cont ro l f u l ly co unte rc lockwise .
a pu lse n o wid e r th an 10 u s e c at

Os c i l l o s c o pe
5 0 -per ce nt

1 . Set WI DTH contro l f u l ly c l o c k wi s e . Oscil loscope s houl d
s how a p u lse n o na r r owe r th a n 1 0 0 usec at 50-p e r ce nt a mplit u de .

m. Set WI DTH ra nge to 100 us .

n , Set
should show
amplitude .

WIDTH control fu ll y c o u n t e r c l o c k wi s e .
a pulse no wider th an 100 usec at

Oscilloscope
50-per c e n t

o . Se t WIDTH c o n t r o l fu l ly c l o c k wi s e . Osci l losco pe shou ld
show a pulse no na rrower t han 1 ms a t 50-per cent a mplit ude .

p . Se t WI DTH ra nge t o 1 ms .
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CHECKING VARI ABLE OUTPUT PULSE WIDTH (cont ' d)

q . Set
s hou ld show
amplit ude .

WI DTH cont ro l f u l ly co unte r c loc kwise .
a pu lse no wide r t han 1 ms e c at

Oscil lo scop e
SO- pe r ce n t

r . Set WIDTH cont ro l f u lly c loc kwise . Os c ill o s c op e s hou l d
show a pu ls e n o narr ower t ha n 1 0 msec at SO- per cent a mpli tude .
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CHECKING MAXIMUM OUTPUT REPETITION RATE , AN D MINIMUM EXT WIDTH

Wi t h Pu lse Gen e r a t or and Osci l losco pe co nnecte d as i n t h e
p receding steps , pe rfo rm the fol lowing p rocedure t o c heck t he
upper limit of the output pulse repetition rate , and the lower
l i mi t of output pulse width .

a. Set OUTPUT HIG H and LOW LEVE LS to +5 V a nd - 5 V i nto 50
ohms , res pec tive ly , a nd INT DLY/WIDTH/ EXT WIDTH sw itc h t o EXT
IHDTH .

b . Adjust Osci lloscope to obtain a dis played pulse h e i gh t
of exact ly 5 centimeters .

c . At Pulse Ge nerator , a djust pulse repetition ra te to
a pproximate ly 10 MHz, a n d a djus t pul s e widt h to o bta in a 10- volt
pul s e o f minimum wid th .

d . S lowly inc rease
Osci lloscope . Pulse height
rises to at least 50 MHz.
Generator , if necessary ,
pu lse r e pe t i t i on rate .)

p u lse repeti tio n r a t e, observi ng
must r e ma i n at Scm u n til pu lse rate
(Readjust pulse width at t he Pulse

to maintain 5 -cm pulses t o the maximum

e. Pu sh I NVRT/NORM switc h to i nv e r t t he o ut pu t sig na l .

f. Perfo rm preceding ste ps c . a nd d . fo r the i nverted
output signal .

g . Set Oscilloscope i np ut to 1 M o hm DC and
Re a d ju s t HIGH and LOW LEVEL cont ro ls , if necessa ry ,
4- c ent im e t e r d i s pl a y .

5V/division .
to o btain a

h . Repeat steps d . ,
repetition rate .

e . , and f . for 40 MH z minim um pu lse

i . Adjust Pulse Generato r o utput repetition r a t e to
a p p r o x i ma t e l y 10 MHz . Osci l loscope s ho u ld display pulse widt h of
I On sec a nd l 2n s maxi mum, a t t he po in t of 50 -per cen t am pli t ude ,
wh e n i t s i n p u t is s e t t o 50 o hms DC a n d 1 M o hm DC , r e sp ec t i vel y .

j . Pus h INT DLY/ WIDTH/ EXT WIDTH switc h to ena ble DELAY a nd
WIDTH f unctions .

k . Set DELAY range and WIDTH range to 10 ns .

1 . Set DELAY a nd WIDTH con t rols t o ful ly co u n te rclockwise .

m, Repe a t ste ps d., e . , f . , g . a n d h .
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CHECKING INSERTION PULSE DELAYS

Wit h t he Pu lse Ge ne rato r an d Os c i l l o s c o pe co n nec te d a n d se t up as
in the p receding steps , check insertion pulse delays as fol lows .

a . Pus h in INT DLY /WI DTH/ EXT WIDTH switch to disa b le Wid t h
and De l a y co ntro l functions .

b . Conn e c t Os c ill o s c ope Ch annell i n p u t ca b le t o TRIGG ER
OUTPUT con n ec to r o n PI -45 8A f ro n t pane l.

c . At Pu lse Gene rator , adj ust output pu l s e width t o 50 nsec
(seen o n Oscilloscope). De l a y between leading and t rail ing edges
of the TRIGGER OUTPUT pu lse at 1 . 5 V amplit ude , a nd t hose of t he
DRI VER OUTPUT p u lse at 50- p e r cent poi nts , s houl d be n o grea te r
t han 15 nse c .

d . Di s c onn e c t Os c ill o sc o pe Ch a n ne l l i n p ut ca b le f rom
TRIGGER OUTPUT con nector .

e . Disconnect Pulse Generator signal output cab le from the
PI -458A INPUT connecto r , and co nnec t a BNC Tee co n ne cto r at t he
INPUT connec tor (see Fig u re 3 - 1) .

f . Conn ect Pulse Gener a t or sig na l o u t p u t c a ble , and
Osci l losco pe Channell input c a b le , t o t he Tee co nnecto r .

g . Set Channell input to 50 ohms DC.

h . At Pu lse Generator , a d jus t pulse amplit ude to 3V (s ee n
on Osc il l os co pe) . Dela y be t we en leading a nd tra i l ing e dges of t he
i n pu t pu l se a t 1 . 5V a mplit ud e , and t hose o f t h e DR IV ER OUTP UT
pul se a t 5 0 - pe r ce nt po i n ts , shoul d be n o g reate r t ha n 50n sec.
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CHECKING OUTPUT ABERRATIONS

Wi t h Pu l s e Gene ra tor a nd
t he pr e ce d in g s t eps ,
fol lows :

Oscilloscope co n nec ted and set u p as
c heck outp u t a ber ration amp lit ude

in
as

a •

b •
o btain a
and -1. 5V

Se t Channel 2 input to 1 M ohm DC .

Set co ncent ric HI GH LEVEL and LOW LEVEL cont ro ls to
pu lse (seen o n Osci l loscope) b e t we en +1 . 5 V (hig h l e v e l )
(low l e ve l ) .

c . Ad j us t Pu lse Ge ne rato r to o bta i n a pulse wi dth of 1 u s e c
(seen on Osc i lloscope) .

d . Osci l losco pe s ho u ld s how abe rra t io n n o greater th a n 0 .5V
pe ak- t o-p e ak .

CHECKI NG MA XIMUM OUTPUT AMPLITUDE

With Pul se Genera tor and Os cillo scope connected a nd s et up as i n
t h e pr e ceding steps , c h e c k maxim um output amplitud e by perf orm ing
t he f o l lowi ng procedure .

a. Set co ncentr i c HIGH LEV EL and LOW LEVEL co n t ro ls to
a p p ro xi ma te +10 , and -10 pos it io n s , r especti vel y . S lowly ro ta t e
HI GH LEVEL cont r ol cloc kwise un t il a ch ang e i s o bse rve d i n the
o ut put l ow l ev el ( base l in e ). Os cill o scop e s ho u l d s how a p u lse
of a t least 25V pe ak - t o-pe ak .

b . Se t Ch a nne l 2 in pu t t o 50 ohms DC. Os cill o s c o pe s ho u l d
show pul s e of a t l e a s t l 2. 5V pea k-to- peak .

CHECKING DI GI TAL PROGRAMMING OPTION ( -002)

If t he p l ug - in u n i t is Model PI -458-002 , perf orm Che ck and
Calibration pr o c e du r e s o ut li ned i n Sec tio n 5 of t h i s man ual .
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SECTION 4

THEORY OF OPERAT ION

GENERAL

This sec tion desc ri bes the theory of ope r ation of t he PI - 458 in
t erms of t he b l o c k d iagram (Figu re 4 - 1) , and wit h refe rence t o
t he sc hematic diagrams included at t he back pa rt of t his manual .

INPUT , AND DELAY AND PULSE WIDTH CONTROL CI RCU ITS

(Refer t o sc h ematic diagram, Sheet 1. ) The s e circui ts r e ce i v e
t he i np ut c lock p u lse , a nd per for m t he f oll owi n g f unctio ns :

a . Bu f fe r t he rece ived clock puls e to t he TRIGGER OUTPUT
con necto r .

b . Permi t ad ju st in g t he d ela y and wi dt h of t he
t riggere d by either t he r i si n g or the fallin g e dge of t h e
pul s e . The del a y a n d wid th o f the tri g ger ed pu l se
c ha rac t e r is t ic s of th e PI-458 outpu t pu lse .

c . Permit sele c tin g t he polarity of t h e o u t pu t p ul s e .

p u l s e
i n p u t
be come

Note t hat , excep t f o r t h e inp u t bu ffer and t he t rigge r o u t p u t
circuit wh i ch o pe r ate a t TTL l ogi c le ve ls , a l l c i rc ui ts s hown o n
s heet 1 of t he s c h ed ma t ic di agram o pe ra t e at ECL l o g i c leve ls .

The i nput c l o c k pul s e i s r e c e iv ed t h ro ug h e it her t he f ro nt pan el
TTL I NPUT co n necto r , o r thr ou gh t he r e ar pan el CLOCK con necto r .
The app li ed input is ORed to a buf fe r wh ic h puts th e r e c e i v e d
tri gge r sig na l at th e f ro nt pane l TRIGGER OUTPUT con necto r , a t
o ne i np ut of multiplexer (U33 -6) an d at t he d i f f er en t i a t in g
circui t (U32 - 1 1) whic h subseque ntly tri g ger s t he delay one -shot
(Q6 ) .

The de lay cont ro l ci rc uit delays t he r e c e i v e d p u lse t ransition by
a pe riod adjustab le from 10 nanoseconds t o 10 miliseconds . The
circuit comp rises t he o ne-shot whose de lay period is con tinua l ly
adjustable ove r a se lected range b y mean s of potentiometer R1 99,
acting th ro ug h (U l l - 14) . The delay r a n g e is se lected by two
pus h - button sw itches which con nect th e appropriate t i mi n g
capacitor to t he de lay one -s ho t ci rc uit t h roug h a FET switc h .
The delay ra ng es a re 1 0 ns, 10 0 ns , 1 u s , 10 u s, 1 0 0 u s a nd 1 ms .
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INPUT , AND DELAY AND PULSE WIDTH CONTROL CIRCUI TS (co n t ' d)

The del a y o ne -shot presents t he d e laye d t rigger pu lse a t the
i nput of th e width one -shot . The pu lse widt h co nt rol ci rc ui t
produces a pu lse whic h fal ls wit h t h e de layed t r igger pulse , a nd
r ises at a time determi ned b y t he setting of the WIDTH
po t e n t i omete r and r a ng e switch . Pulse width may be adj uste d f rom
10 nanoseco nds to 10 mi liseco nds .

The p ulse width circui t is simi la r to the de lay circ uit , with
pu lse widt h wit hin a se lected ra nge de termi ne d by the setti ng of
pote ntiometer R200, acting t hro ug h (U12 -17) . The wid t h ran ge
is se lected by two push-bu tto n swi t c h e s whic h con nect the
appropriate t iming capacito r to t he wi dt h o ne -s ho t ci rc ui t
th roug h a FET switch . The wi dt h r an g e s a re 1 0 ns , 1 0 0 ns , 1 u s ,
1 0 us , 1 00 u s and I ms.

The pul s e, de laye d a nd of the se l ec ted wid t h , appea rs at t h e
seco nd inpu t o f muli pl ex U33 -5 . Thi s d el a y e d pul s e be c omes th e
se lec t e d o utpu t when t he I NT DLY/ WIDTH- EXT WI DTH s wi t ch i s out ,
e na b li ng t he d is pl a y of t he se l e cte d de lay a n d wi dt h ran ge s .
Wh e n t h e sw i t c h is pu sh e d in , t h us illumin a t e d , the buffer ed
tr i g ger pulse i s se l ec te d .

Wh e n t he INVRT/NORM s wi tc h is p ushe d in , (NORM) , the i n p ut and
ou tput pulses a r e i n ph a s e. Wh e n t he swit c h i s pu s h ed ou t (INVRT) ,
t h e o u t p u t pul s e i s i n v e rte d wi th re spe ct t o t he i n p u t pulse .
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LEVEL CONTROL CIRCUITS

(Refer to schema tic dia gram , sheet 2 .) The se c i r cuits receive
i n pu t s from manual level contro l s , or from an e xternal vo ltage
program, or f rom th e in ternal Di g it al Pro grammin g Option ( -002) ;
an d deliver level -control vol t a ge s to High Level a n d Low Le ve l
channels in pulse generator circuits (schematic diagram , sheet
2) .

Th e control signal
s wi t c h , as follows :

sour ces are selected by means of th e MODE

a. I n the MAN (Manual) position , t he sw itch selects
vo ltages f rom the HIGH LEVEL and LOW LEVEL cont rol potent iometers
(R156 , and R157, respectively) . The voltage at the wipers of
t h e s e potent iometers a re in the ranges between -IOV and + 20V, and
be t we e n - 20 V a nd + l OV, respectively. These reference vol tages
are de r ived from the regu lated ± 2 6V supp ly l i n e s by add itional

r e g u l a t or circuits U16/U18, and U17/U19 , respectively .

b. In the DIGITAL PROGRAM position , the switch selects
c o n t r o l volta ges from the high -level and l ow- l e ve l DACs i n the
Digital Programming option (refer to Section 5 of this manua l for
a description of Optio n - 0 0 2 ci r cuits) .

c . In the HI and LO position ,
control volt ages present a t both the
LEVEL jac k , on the front panel.

t he switch selec ts exte rnal
HIGH LEVEL jack , and the LOW

d . I n t he
control voltage
panel , and the
potentiometer.

HI position , the switch se lects the externa l
present at the HI GH LEVEL jack on the front
voltage at the wipe r of the manual LOW LEVEL

e . In the LO position, the switch selects th e e x t e r na l
control vo ltage present at the LOW LEVEL jack on the front panel ,
and the voltage at the wipe r of the manua l HIGH LEVEL
poten tiometer .

The selected high -level cont rol signa l , and t he selected low-
level control signal , are each appl ied t o an amplifier c ircuit
(h igh level U22 , low level U36) . Each ampli fie r ci rcu it dr i ves
t h e rela ted pu ls e level switch circu i t (sheet 2) .
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PULSE DRI VE CI RCUITS

( Refe r t o sc hematic diag ram , s hee t ) . These ci rc u its co nsist
of a h i gh level dr i v e am pli f ie r , a l o w leve l dri ve a mplifie r , a
pair of c omp l im e n ta ry s wi tches , and a complimentar y o u t put
e mi t te r f o l l owe r sta ge. Th e s i gna l inpu t to th e s e ci rcu its is
deriv ed eit her fro m t h e bu ffer ed i n pu t c l oc k or a delayed pu lse
of a sel ected width , tri g g ered b y the inpu t clo ck .

Additiona l ly , a h i gh l e vel an d a l ow l e vel co nt ro l
vo l t ages are co nnected to th e s e ci rc u i ts fo r set ti ng
a nd lowe r vo ltage leve ls of t he o utpu t p u lse .

( r e fe re nc e)
th e u p per

The bu f f ered i n pu t cl o ck a nd t he dela y e d pu lse of s e lecte d wi dt h
a re mult ipl ex ed thr ou gh U3 3 , u sin g t h e fr o nt pan el EXT
WIDTH/ INT DLY/WID TH s wi t ch , r e sp e ct i vel y . Outpu t of U3 3 i s
level s h i fte d t hroug h U20 , a n d t he res ultant diff er ential
s i g n a ls a r e u s ed for dr iving the complimenta r y s wi t c h Q5 a nd
QII , o n e o f whic h i s ON wh i le t h e o t he r is OFF, o r v i sa ve r s a .
The o u t p u t s o f Q5 and QII a re th en co n n ec ted t o
comp l i ment a ry o ut pu t e mmi tte r fo l lower s tage U27 whi ch h a s an
effective ou tp ut im pedance of 50 o hms .

Ou t put shor t c i rcu it pro tec tio n is
dr op s ac ros s se nse re si s t ors R77 ,
turn t u r n on e i t he r Q7 o r Ql 8 or
o utput voltage s .

POWER SUPPLY

a c c ompli sh ed thr ou gh
R7 8 , Rl29 a nd R1 30
both , resul tin g i n

vo lt age
wh ic h i n
re d u c e d

( Refe r to sc hema tic di a g r am, s heet 4 .) The PI -458 r ec e ives bot h
ac a nd dc vol t ages f rom t he mai nf rame powe r s upp ly .
Rec tifie r / f i lte r c i rcuits r e c e i v e ac vo ltages a n d pro d uce
r e gul a t ed ± 26 V, a nd unr e gul ated i l l Y. Dc vo ltages f rom t he

ma inframe are r e gulated to obt a in s u pp l ies o f ± 5 V a n d ±1 5 V.

26



SECTI ON 5

DI GITAL PROGRAMMING OPT I ON

GENERAL

The Di g i t al P ro gra mm in g opti on ( -002) i s a fac to ry - i n s t a l l e d
feature wh i c h add s d i g i t all y p ro g r a mma b l e high level and l ow
lev el contro l t o th e ot he r capabilities o f the PI -4 5 8 . The
digit al in terface perm i ts u s i n g t h e P I -458 -002 , in c o n j u n c t i o n
with a suitab le co n t ro l l e r , in a computer -controlled automatic
t e s t i ng system .

I f the di gital pr o gr ammin g option is not re quir ed i n a g iv e n
a p p l i c a t io n , the PI-458-002 ma y be used in any standard TM-500
Se ri e s Power Module . In o r d e r to use t he d igital prog ramming
opt ion , however , it is necessa r y t ha t t he unit be installed in a
TM-506 Power Modu le with Opt ion 02 , and incorporating Pulse
Instruments s pecial wirin g MOD-DP .

The modifie d Powe r Module i n c l u d e s a dditional rear -pa ne l TTL
Cl ock In put , an d Pulse Dr i ver Out put connectors (BNC) , and a 25-
pin , D- t y p e outp ut monitor c o n n e c t o r . Di g i t al i nputs a re t hro ug h
a 50-pin , D- t yp e co nnecto r at t h e r e ar of th e Powe r Modu l e .
Digi ta l i nput s are com pati ble wi t h l o w- powe r Sc hot tky TTL
d e v i c es.

The 21 d igi ta l i n put sig na ls are as f o l lows :

DI

D2- D12

PSI -PS6

MS

LS

DS

Se lects o ut put pol ar it y ( negative/posi tive) .

Enco de o ut put l e vel mag nitude .

Se l e c t s t h e p l ug - i n .

Selects t he mainframe .

Sel ects h igh l e v e l, o r l ow level , channel
( hi gh /l ow) .

Da t a strobe loads data on lines DI -DI2 into
the plu g-in .

For detailed t imin g a nd ge n e r a l digital interf a ce in f ormation ,
re fer t o the Pul se Instrument Company document Digital
Pr ogrammin g for PI-Series Plu g -In Ins truments .
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FRONT PANEL CONTROLS

Cont ro ls and other facili ties on the f ront panel are t he same as
t hose on th e PI -458 excep t that t h e MO DE s wi tch may se lect t he
a d ded DI GI TAL PROGRAM po s i t i on. This po s i ti o n of t he MODE sw itc h
d isa bl e s a l l manual h i gh le vel and l ow level co n t r o ls , a nd
co n n ec ts d i git al i n p u ts to h i gh l e vel an d l o w l ev el c i rc ui ts .

The f ront pa n e l ban an a jac ks r e t a i n their mon itoring f unction in
digi tal prog ram operation .

REAR I NPUT AND OUTPUT CONNECTIONS

Th e - 0 0 2 or - 0 0 3 op tio n pr o v i d e s rea r input an d output
co nnections wh ic h a re ac ces se d t h ro ug h BNC c o nnect o r s o n t he
approp r i a t ely mod ified main fram e. Th e r e ar TTL Cl ock Input i s
OR ed wit h th e I NPUT co n nec tor o n th e fro n t pa nel, and i s
fu r nishe d fo r ca b li ng co nve n i e nce .

The rear Pulse Drive r Output is connected to t he o utp ut c i r c u i t
on ly when t he front panel FR /REAR switch is pu shed i n . Because
of the adde d cab le length to t he rear output co nnecto r and of t he
d i s c ont i n u it y int rod uced b y t he edge connec to r , it is r e c ommend e d
t hat t he r e ar o u t pu t be u s ed wit h a 50 o hm load te r mi na t i o n
whe n ev e r po s s ibl e .

S PECI F I CATI ONS

Exce p t for specifications given in
specifications for the PI - 458 -002 are
for t he ba si c PI - 458 ( refer t o Sectio n

28

Table 5-1 , pe rfo rmance
i d e n t i c a l to t hose given
1 of t his ma nu al ).



Table 5-1 . Performance Specifications

Specification Characteristics

OUTPUT LEVELS Same as for PI -458 but programmable
by means of digi tal program , as we ll
as man ua lly o r by voltage program.

DIGITAL PROG RAM

Re s olutio n

Ac cur a c y

RISE AND FALL TIMES
(at rear co nnec tors)

11 bits (10 mV ty pica l ) pl u s sig n bi t .

± lOO mV of pr o gr a mmed valu e .

<5 .5ns wi th 50 ohm terminatio n at t h e
e nd of a 3-foo t -le ng t h RG58C/U cable.

MAX OUTPUT REPETITION
RATE (at rea r connec-
tors)

DIGI TAL IN TERFACE

> 45 MHz
t he end
cable .

with 50 ohm termination at
of a 3 -foot - length RG58C/U

Op t ion -002 pr ov i d e s c o n t r o l l ogi c a n d s to rage r egi s ter s wi thin
the p l ug -i n i ns t r umen t whi ch i n terface wit h t he c us tom wi ri ng in
th e mainf rame . This wi ri ng prov ides 21 l i ne s co nnec ted f rom t h e
ba c kpl an e to a 50-pin D- t yp e co nnector a t t he r e ar of the
mainframe . The 21 lines have t he fo l lowi ng functio ns :

a . Data (Dl t hroug h D12 ) . Eac h of t hese 1 2 lines is wi red ,
in daisy -chain fashion , to the connector for each p l ug -in modu le .
Dl is the sign bit for the data , with a " 0" bit (low) specifyi ng
a positive output , and a " 1" bit (hig h) specifying a negative
output .

Bi t D2 is t h e mo st- s i gn i fi can t data bit , with bit D 1 2 t he l e a s t-
si gn i f i c ant bit. Al l 1 2 bit s a re loa de d , simult a n eo us ly , by the
DS (D a ta S tr o be) pul s e .

b . Mai nfr ame Se l ec t (MS). Thi s lin e is used t o se lect t he
s pec if ic main f r a me, amon g ot he rs , t o rece ive pr ogr ammed
informatio n . Th a t is , wh e n t he MS l in e is l ow , any p l ug - i n
i nst r ument in t he se lec te d ma in fr ame is e na ble d t o r e c e i ve da ta
if its re late d PS l i n e is a lso l ow.

c . Plug -in Se lect (PS l through PS6) . One of si x PS l in e s is
wi red to eac h plug -in position in t he TM-506 mainframe . When t h e
PS line at t h e positio n in which th e PI -458 -002 is installed
goes l ow, tha t plug-i n is enab led to re c e i ve da ta , if the MS l i n e
is a lso low .
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DIGITAL INTERFACT (cont 'd)

d . Leve l Se lect ( LS) ·. Th is li ne
plu g- in i ns t r ume n t s i n the ma i nfr a me.
dat a will be l oaded i n t o th e h igh l evel
i s l ow, da t a will be l oad ed in to th e l ow

is wire d i n common to all
When t he lin e i s hi gh ,
c ha nne l . Wh en th e l ine
l e vel c han n e l .

Once the mai nframe , pl ug -in , and the h i gh o r low le ve l hav e bee n
se lec ted , t he MS , PS , and LS lines must r ema in at the se lect
l e ve l s for as l on g as da t a is to be t rans fer red to th e
in s trumen t.

No s pe c ia l en a bl i ng se que nce i s r equ ired when communi ca t i ng wi t h
th e plu g-in, an d eithe r l ow leve l , o r hi gh l e vel da t a ma y be
loade d fi rst . The Da t a Stro be (DS) shoul d not r i s e un t i l da ta
ha s bee n on th e bus for at l e a st 14 microseco nds , and DS must
pe r s i st fo r at least 1 mic rosecond .

Note t ha t
than the
app ear .

th e pr ogramm ed hi gh l ev el must a l wa ys be mor e po s it i ve
progr ammed l ow lev el . I f i t i s not , no o u t pu t will

Figure 5-1 s hows t he gene ra l tim i ng r equ i r e d to perform a select -
and -t ra nsfe r cycle to set up t he inst r ument to receive data , and
to lo a d t he wo r d i nto its in t e rnal r e g i s t e r s .

IL..- 23 jJS
I"

I- 1 " 'I MIN

X

\

Figure 5-1. Digita l I nte r f a c e Timing
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DATA CODING

The l 2- b i t d a t a code i s comp lementary offset bi nary . This code
is obtai ne d by comp lementing th e straig ht bi na ry co de , a nd th en
subtra ct in g fr om t he mi dsca le val ue of t he s trai gh t b inary co de .

000000000000 = positi ve f u l l sc a l e
111111111111 = ne g a t i ve f u l l scale
01 1 1 1 11 1 1 1 11 = midsca le va l ue , o r zero

Table 5-2 gives codes fo r typica l output l e vel va lues .

The bin a r y wo rd req uired to ge ne rate a positive out put l e v e l VO+
may be obtai ne d u sin g th e eq ua t ion :

VO+ = a l + a 2D2 + .. . a 1 2D12 = al + a i Di

where Di is th e we ig h t of a g ive n bit ( s ee Table
an d ai is t he b in a r y co e f f i c i en t . The t e r m a l
for positive o r zero output l e vel s, and al = 1
nega tive ou tput l e ve l s .

5-2)
= 0
for

Cod i ng is be st i l l us t r ated by an example . Referri n g t o Ta ble 5 -
2 , no t e t ha t bi t Dl s pe cifies pol a r i t y , a n d b it s D2 th r ou gh D12
s pec if y vo lt a ges in bin a ry -weight ed i n c r e me n ts .

Wi t h r e s o lut i on of 11 bit s ( 1/ 20 48 ) , t h e nomin a l vo ltage of 20 . 48
may be resolve d to 20 .48V/2048 , or O. Ol OOV , t he va l ue of bit 1 2 .
The digital code co r responding to a ny positive vo ltage between
ze ro and t he maximum vol tage is found by ad ding toge t her bit
weig hts whose sum is t he req ui r d voltage . For e xample :

Encode th e voltage +8. 20 0 0 V:

Firs t, ide nti f y th e r equir ed t erms in th e e q ua tio n .
i de n t i f ie d a n d th en ad ded toge t h e r as follow s :

Val ue Term

5 .12 D3
2 .560 D4
. 3 20 D7
. 1 60 D8
. 040 Dl O

S um 8. 2000
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Then ,
a l0)
"1".

set the corresponding coefficients (a I , a3 , a4 , a7 ,
eq ual to " 0" , a nd set the r ema i n i ng coefficients equal
Th e r e sult in g b i nar y wo r d is :

W = 0100 11001011

and
to

When this binary word is loaded into eit her t he high leve l
c ha n ne l , or t he l ow level channe l , of t he PI - 458-002 d i g i t al
logic , t he se l ecte d o utp ut will be at a l e v e l of +8. 200 0V ±1 0 0 mV

max .

A negative voltage may be expressed as W - 1 , where W is t he code
for th e co rrespo ndi ng positive vo ltage . For e xamp le :

If H
Iv - 1

+8. 20 0 0 0 = 01 0011001011, th en
= - 8. 20 0 0 = 101100110100 - 000000000001 = 1011 0 0 11 0 0 1 1 .

That is , to fi nd the bina ry code for a negative output
first dete rmine t he i n put for the co rres pondi ng po s i t i v e
com plemen t t ha t co de , a nd the n s u b t rac t 1 .
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PERFORMANCE CHECK AND CALI BRATION PROCEDURES

Be f ore pe r f ormi ng t h e fol l owi ng pr o cedu r e s, c omp le te Per f orman c e
Chec ks an d Ca li b ratio n Pr oce d ures in Sec tion 3 of t h is ma nual .

Because t he PI -458 -002 is carefully calibrated at t he facto ry ,
s ubseq uent recali bration sho u ld not be r e q u i r e d and the
f oll owi n g pr o c edure s need , ge ne ra l ly , t o be per for med o n ly to
ver i fy c o rrec t per form a nc e . I f r e calibrati on i s req uired,
r e ad ju s t in t ernal po ten tiometers in acco rda nc e wit h i ns t ruc tio ns
in t hese proced u res .

Set - up a n d Te s t Equi pment

Th e s e proce d u r es r equ ir e th e same test e q uipment as
fo r t he basic P I -458 ( refe r t o Sectio n 3) , as wel l a s
Manua l Prog ramming Bo x (Pulse Instr ument Company PIN
if a s uitab le cont ro ller is not avai lable .

pr o c edur e s
t h e PI -810
99000160),

No te th at th e PI -4 58 -002 can be c h ec ke d and c a l i b r a te d onl y
it i s ins ta l le d i n a TM- 50 6 Power Mo dul e (main fr a me ) whic h
b e en s pecia l ly wire d ( Pulse Ins t ru ments MOD- DP) . Note
equivalent modificatio ns , made p rior to 1982 , a re designated
4 51 , MOD- 45 lA , MOD-45 4 , an d MOD-454A .

wh en
h a s
th a t
MOD -

To s pe e d c hec k i ng a n d ca l i b rati o n ,
i nsta l le d in s lots 1 , 3 , a nd 5 of
r e c al ib r a t ed at the same time.

thr e e PI -45 8- 0 02 unit s may b e
t h e mainf rame a n d c hecke d an d

Connect the Manua l P rogramming Box (PI-8lD) to t he r e a r pane l 50 -
p in co nnecto r . The PI - 8l D is u s e d to co n tro l pl ug - i n a n d l e v e l
se lect io n , an d to l oad t h e binar y wo rd i n to the se l ecte d plu g-in .
Tabl e 5- 2 giv es t he binar y codes whic h se lec t ty p ica l o u t p ut
l e vel s. Fo r op e rat i ng ins truct io ns for th e P I -8 l0 , r e f er to th e
i nstruct io ns f u r nis hed wit h t he P I -8 lD .

When performi ng t he f oll owin g proced u res ,
n o sig nal co n nectio n to t he f ront o r
c onn e c t or . Mea sur e o utp u t volta g e usin g
a coaxia l ca ble a nd a BNC-t o-ban an a jack
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Warm - up Period

Al low t he PI-4 58- 0 02 t o opera te i n th e ma i nframe fo r a t l e a s t 25
mi nutes before attempting to perform the fo l l owing p roce dures .
During warm up , verify that the digita l program mode is operating
by loading binary codes for a number of selected high and low
levels , and checki ng correspon ding outputs at the DVM .

NOTE

In the following procedures , the MODE switch
on the PI -458 -002 is first set to t he MANUAL
positio n , and the Hi gh and Low Level DAC out -
pu ts , wit ho ut the driver ci rcuit s , are cal i -
br a t ed . The driv er o u t pu t o f f s et vo ltage i s
th e n c hec ked , a nd fina l ly th e p rogrammed out -
put Hig h and Low Leve ls are checked .

Checki ng and Adj usti ng DAC Out p u t Vol tage Of f s e t

Th e DAC bi pola r offsets are a djuste d (if necessary) u s i n g
poten tiometers accessib le at t he r i g h t - h an d side of the pl ug -in
unit (see Figu re 5 -2) . The h i g h leve l offset adjustment is
designated R37, and t he low leve l offset a djustment is designated
R21 . A s mall f las h light will hel p in locating sc rew s lots in
a d j us tme nt po t en t i o mete r s .

P r o c e e d as fo llows :

a . At the PI-B IO , set -up and load codes for - 20. 4 BOV for
both Hi gh a nd Low Levels ( refe r to Ta b le 5 -2) .

b. Co nnect DVM l e ad s to t h e DAC o ut p u t tes t poi nts a s s ho wn
in Fig ure 5-2 .

c . Adj ust High and Low Level offset potentiomete rs R3 7 and
R21 to obtai n DVM read ings of - 20. 4 8 0V±2mV.

Checki ng and Adjusting Gain

Hi gh l e vel an d l o w le vel c ha nne l ga i ns
ne c e s s a ry ) u s in g p o t ent i omete r s a c c e ss i bl e a t
o f t h e p lu g- i n u n i t ( Figu r e 5 - 2). The
potent iomet er is designated R3B, and t h e
potentiometer is designated R20 .
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Proceed as follows :

a . At t h e PI- Bl O, set -up and load codes for + 20 . 47 0 V for
bo t h hig h a nd l ow l e v e l s (r e f e r to Table 5-2) .

b . Adj us t h i g h and l ow l e vel gai n po t en t i ometer s R38 a nd
R2l to obtain DVM r eadin gs of + 20. 4 70V ± 2mV.

c . Re peat DAC of fset vo ltage adj ustments , an d ga i n
a d j u s t men t s, as n e c e s s a r y unti l l ow leve l and hig h l e vel c h an ne ls
a re ca lib rated to end poin ts wit hin ± 5mV.

d . Re ch e ck o ut put offset vo l tages as outli ne d in Sec t i o n 3 ,
if des i r ed . Rec alibr a t e if o u t p u t of fs e t vo l tag es a re g re ater
t han ± 3 5mV.

e . Con n e ct o utp ut to DVM wit h a 3-foot l e ngth coaxia l cab le
a nd a BNC to banana jack adapte r . Verify a ll vo l t ages listed in
Ta ble 5-2 , if that is desired . Any voltage selec ted shou ld be
accurate to wit hin ± l OOmV.

Ch e ck in g Re a r Pan el In pu t a nd Minimum Ou tp u t Tra ns i tio n Ti me

Per f o rm t h e fo l l owi ng pro cedur e s t o c hec k per f orman ce u s in g re a r
pan el i n put an d o utpu t co n necto rs .

a . Set front pane l FR/ REAR s wit c h to REAR.

b . Connect Pul s e Generato r output cab le to r e ar pane l BNC
co nnecto r mar ke d TTL CLOCK IN PUT .

c . Ad ju st Pu l s e Ge ner a t o r t o obtai n a pul s e o f 3V a mp l it u de
at t he rear pan el TTL CLOCK INPUT conn e c tor .

d . Co nnec t rear pan el BNC co nnec to r mark ed CCD
POWER SUPP LY OUTPUT to Ve r tical inp u t of Os cill o s c op e ,
Os cill o s c o pe i n pu t 50-o hms .

CLK
a nd

AN D
se t

e . At P I - 8l 0, l o a d codes to obtain a pulse betwee n - l OY
(low l e ve l ) , and + l OV ( hig h l e vel ) . The Oscilloscope disp lay is
ac tu al l y ± 5V, du e to t h e 50-o hm l o a d . Ad j us t p u l se h e i gh t on

Os c ill os cope t o e xac t ly 5 c m.

f . Nei t he r ris e time nor fall ti me should e xce e d 5 . 5 n s e c
a t po in t s t ha t a re 1 0 per c ent , a nd 90 per c en t , of pu lse he ight .

g . If rear pane l ou tput is not to be u s e d,
pane l FR -REAR swi tch to t he FR pos ition .

r e s t o r e f ront

h . Di s c o nn e ct a l l t e s t eq u ipment ca bles from t he rea r of
t h e main fra me .
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