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AM 502

EoROEEE AR SO2 DIFFERENTIAL AMPL

F3E2-

AM EOZ Diftersnbinl Amplifior plug-in moduile.
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INTRODUCTION

Description

The AM 502 is a de-caupled differential amplitier with
axcellant common=-moade rejection capabilities and kigh
gain far low voliege measuremenis, Thede oftsed capabili-
fy permits nulling up o 1 valt de, 3¢ that low level, low
frequency signals impressed on & doc level can be
amplifled withou! the degradation oftan introdissed by ac
input coupling. High and low frequanacy —3d3 podnts can
be salected at the front panel to swit the apglication. Skgnal
inputs and cutpuis are available at the rear connacior as
witll as at the fronk panel. & froni paned lamp indicates
most overrange conditiong of axcessive input signal,
axshLsive gain, or exceggive ofised

The input circult can be represented by approximately
1 megohm fo ground paraileled by approximateky 47
pheofarads. The input impedance can be raiged to abaut
200 megohmas with the remaoval of 8 jJumper.

Owerload protection is provided by fuses in sories with
the input which cpan witeh large amounts of currant fiow
dus to cverloading eonditions.

A STEP GAIM DC BALAMCE control i provided to
adjust for zero shifi as the gain switch s changed from one
pogition o anothar

The DC OFFSET COARSE and FINE cantrols give
offset up to +1 voit de polential difference at the npul
connaciors. The amplifier internal bias i changed fo
accomplish the offset. The LF =3 dB switch must be i the
DS OFFSET position to actuate these controds,

The HF =3 gB swilch i$ used to reduce the upper
bandwidth limil as secessary to improve the signal=to-
nose ratio when using the AM 502 in low-fregquency
apphications. The LF —3 dB conirol increases the lower
béafid width fraquency

Use of the pre-charging feature prevents surge
currants, dus to charging the ac coupling capacitar, from
damaging the circuit under test

REV O SEP 1580

Section 1—AM 502

OPERATING
INSTRUCTIONS

Installation and Removai

mrmn E

Turn the power moduie of{ befd e ingerfing the plug-
in; otherwise, damage may Occur Io the plug-in
girewitry, Becausa of ihe high currant drawn by e
AM 502, It & aig0 recommenasd thal the powear
moduie be furmed off befora femoving the Al 502,
Ragfar 1o Fig. 1-1. Check fo see thal the plaalic
barrigrs on the iterconnacting jeck af the gelactad
power module compartment match (he cul-ouls m
the AM 502 circult board sdge cannecior,

Align the AM 502 chassis with {he upper and lowear
guides of the salectad compartment. Pugh the modubs in
and prass firmly to seet the circuit board i the intar-

connecting jack.

Te remave 1ha AM 502, pull on the rélease latch located
in the lower laft corngr, until the intercannecting jack
disengages and e AM 502 will shide out,

Controls and Conneclors

Reter to Fig. 1-2. Evan though the AM 502 is Fully
calibrated and ready to use, the functions and actions of
the controls and connectors should be reviewed before
attempting to use it Pull the Powsr switch on tha powar
module to apply power to the AM 502 The POWER
indicator light indicates when power i3 applied 1o the AM
52,

OPERATING CONSIDERATIONS

Owverheating

The AM 502 s designed to operate at an ambient
temperature from 0° to +30° G, However, when operating
severdl power Supplies ina multi-plug-in power madule,
azpecially at low aulpul vollages, orwhen aparating close
to other heat-producing equipmant, inlemal lemperature
may excesd safe limits and actuate a thermal cutout in the
power module. Refer o the power module instruction
manual for more complete information.
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Ciperating Instructions—~AM 502

| TATIITEEE-T

Fhg. 1-1, Plug-in installation and removal.

Input Conneclions

Unshielded tast leads can be used to connect thea AR
502 1o a signal source when a high-level. low-frequency
signal i\ manitored &t a low impedance painl. However,
when any of these factors & missing, it becomes in-
creasingly important to use shielded signal cables. In all
cagas, the signal-transporting lesds should be Kept as
short as practical.

When making singli-gnded inpul measuremeants
(conventional amplifier aparation), be sund o establish a
common ground connecibon bDetween e device under
test and the AM 502. The shield ol a coaxial cable =
normally wsed for this purpose, Sea Fig. 1-3 for reference.
Push the GMND bullas fof thie input not connected bo the
device under best,

In some ceses differantial measuremenis requine no
common chassis ground conmection, and therefore ama
less susceptibla to interference by ground-lcop currents.

Consider the change in the source operating
charactaristics due to loading by the signal input cables
The circwit at the inpul conmectons can be rprésented by
appromimately 1 megohm o ground paralielec by ap-
proximalely 47 picolarads Two leet of 50 ohm coaxial
cable increases ine parallel capacitance by about &0
picofarads, which could b2 excessive in many situations.
Ta minimize thess affects, wse a higher impedance cabby
of an atlenuator probe

1.2

Probes

Atienuator probes decrease the resistve-capacitive
loading of a signal source, They also axtend the measure-
et range of ihe AM 502 to substaniially highervoitages
SOMme MBaSFUrements requing a higher resistance input to
the AM 502, with wery little source loading o sighal
attenuation. In such siivations use a FET probe or the
high-mpedance Input provision of the AM 502. Contact
wour Tektronly Representative for further infarmatian an
probes.

High Impedance Inpul

Ta raise the internal input impedance of the AN 502 to
about 200 megohma, remcve the P40plug (Fig. 3-1). Maka
certain the attenuator is in the NORM mode. Signal source
impecance now becomeas an impartant factor. For exam-
pig, & 100 picoampere gate curment through 10 magohma
produtes a one-millivalt oftsat. This alfset may result in
gignificant error when small voltages are measuned

Input Owerloading

When measuring unknown de m|ﬂgh. prush the =100
ples BUten in, 3mvd S1ar with the 100 position on the GAIN
gwitch, Increase e SAIN swilch seling and finally
rebease the =100 pushbutian until 8 surlable autpulsignal
is obtaimed. If the imput circuit of the A 502 (s overdriven,
large amownis of currant will flow, opening the protective
fuses.

REV C SEP 18980



Operaling Insiruclicns—AM 502

+ 100 Pushibutton

STEF GAIN DC BAL Control Diiwides GAIN switch seriing
Adjusts dc balonce in the by 100. DC OFFSET COURSE and FINE
praampliier stage. Controls

Provides iniemal oftset of
spprogimately =1V 1o ingut
signal.  LF —3 dfl switch must
be inthe DC OFFSET position
lar eontrols fo apetate,

¥ariable Gam Conirol con-
linuewsly variobis.

Calibraded in the £w poklon.

GAIN Switch

Selects ampitiier gain. \\J

OVER RANGE Indicaior

When [, indicates mostaver- =
range conditions

FOWER Ingdicaior

When B, indicaies power is
" appiied.

HF —3dB Swiich

'f-" Selects upper ~3dB poind of
ihe amplidier.

AL Pushbulion

Selects the inpul signal (scar ™
de} into the negative side of the
presmpiifisr,

+ Input Connestor

BNC coapecior lor  She
pukitve aide al the amplilier,

LF =3 dB Swilch

=" Selecis lower —3 dB point of
the amplifier and aclivales DC
OFFSET eondrals.

GHD Pushbution |
GErounds — amplifiar input

Ground Binding Post —]
Provides & chasais return lor

signals. /
= Impiil Connesio:

OUTPUT Connector

BNC oulpul iemminal cons
AeGior,

W AC Pushbution

BNC conneclor lor e L = Belects the input signal (s of
nagative shde af Fhe amplifiar. o) imbo 1he posilive side of the
et amg il

Ralemss Lalch
Pull to remowe plug-in.

152319

Fig. 1-2. AM 502 contrads and connecion.
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Operating Instructions—AM 502

Wavelorma applisd 1o the (=) and
{—] Input connechors.

{+ )

Towets ignals of diMeoent arplids,
o .
] i T N = S

appdied to the (+) inout Theinterering
ignal [sine wave | b abuo applied to the
[~} Input ecnnectar.

b= 4= =

165835

Fig. 13, Wawsborms showing ditberentisl repeclion of § comman-made dighal, Reulient wevlonmms L ke e gilerence betasen

e bee shgmals.

Dutput Connections

Make sutpul connections weing a bnc to dual binding
posl connector, o B coaxial cable with at least one bRc
connecior. To prevent current limiting in the oulput stage,
do not load the cutput with less than 250 ohms. Output
surment is imited 1o 20 millilamperas

1.4

Step Gain DC Balance

If this conirgl is misadjusted, the do oulput level will
shift as the GAIN swilch position i changed. Puth bath
GMND bultons and place the GAIN swilch in the 100
position. Rotate the GAIN switch from stop to stop while
adjusting the STEF GAIN DG BAL control for no do shift at
the QUTPUT terminal,

REW  SEF 1960




DC Offset Coarse and Fine

Use thesa controls to offsat up te =1 voll de potential
difference at tha inpul conpaciars. The amplifler intemal
bias is changed 1o accomplish the offsst, The differantial
rejection capabilities of the AM 502 are not affected. The
LF =3d8 awitch must ba in the OC OFF5ET position to
activata these conirals,

HF and LF Bandwidth Reduction

Ligs the HF —34B switch to reduca tha upper bandwidth
fimit, &% necassary, o improve the signal=to=nosa ratio
wihen using tha AM 502 in low-Treguendy applications.
The LF —3dE control inCreases the |lowad bandwidth
frequency, Use this control to redwce dc drift, when
raising the lower bandwidth does not undesirably reduce
thie bandwidih for the signal being measurad,

Pre-Charging

Use of this featuré prévents surge currenis, due io
charging theé ac coupling capacitar in the AM 502, from
damaging the circuit under test. Belore connecting the
ABA EOZ to & signel contalning a de component, push the
AC and GMO pushbutions. Connact the imput to the cirguit
under fest Wait about one second for the coupling
capaciior to charge. Release the GMND pushbutton, and
the coupling capacitor is charged Yo the walue of the de
vollage 1o be maasurad,

Ditersntial Opearation

A differential measurement is made by connecting
aach of the twa inpuls 1o selecied poinis in the beat circubl.
The inpul to the amplifier will then be the difference in
woltage al the twa selacted points. Conssderation should
Be given to the proper connection method used batwesn
the A& 502 end the ciroult under test: otherwise iImproper
mressurement resuits may occur See Fig. 1-4 for
refarenca

Dilferential vollage measuraments are made by apply=
ing the shgnals to the +input and —input conneciors. Set
ihe input coupling switches o the same position, AC or
DEC. depending on the measurement being made. In
differantial mezswraments, anby 1he voltage diffarence
oetwean the two signals s amplified. Common mode
signals ([commaon in amplituce, phase, and freguency) ane
rejecied. Soa Fig. 1-3 A, B, and C for referenice,

Single-ended measuraments often yiekd unsatistactory
results because af the interferance resulting from ground-
loop currenis belween the AN 502 and the dewvice undar
teat. bn other cases, (@ may be desirable to aliminate & o
woitage by means other than the wse of a blocking

REV C SEF 1560
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Fig. 1-4. Connecting a differential amplifeer bo & signal saurce.

capacior, which could limit the low-fréaquancy responss
The limitations of single-anded messuremants are affec-
tively eliminated by using differential measuremants.
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Operating Instruclions—AM 502

DG Oftset Operation

Sy using the FIME and COARSE DS OFFSET controis,
it ig poagible to was the AR 502 differantially naslide-back
maode, to observe a small signal whose do potential
difference may be considerable, The offsel voltage |s
continuously adjustable from pius 1 «oit @ minus 1 wall,
and is internally available for all of the QGAIN switch
positiang. Tha LF =348 switeh muzt ba n the DC OFFSET
position to activate the affsat circuit.

Common Mode Rejection Ratio

The sbility of the AM 502 to réjecl common-mode
pigraales is indicated by the eamman-moda rejaction Fatio
(eimifrl, For example, assume that & signal consists of
unwanled 60 hedtr at 10 volis peak-to-peak (comman
mode connacted to both inputs), plus a desired signal at 1
millivolt peak-to-peak (differentially connaciad 19 ohe
input). The Ak 502 gain is set at 200, The oulpul of 1he AR
502 shows the desired sighal at an amplitude of 0.2 vadt {1
millivall X 200). and the &0 hertz signal s viewed at an
amplilude of 0,02 waits. The cmrr in this application s
100,000 o 1. Thiz fgure = calculated oy mulliplying the
wilua of the comman-made signal {10 valt] by the gain ol
thie amiplifier (200} for a product of 2000 wolts, This product
is divided by the cbhserved 60 herlz voltage al 1he owtput
§0.02 voit) and result is the cmrr, 100,000 b2 1, |1 would, of
course be impossiple o view the 1 millivelt signal
superimposed on e 80 hertz signal by using aingle input
rrethads,

Degradation of Common Mode Rejection

Thers arg a number of factors that degrade comman-
mode rejection ratio (emrr). The prncipal requinremant for
maximum rejection s for the common-mode signal 1o
afrive at the input FET gates al the same phase and
amplitudge. & difference of anly 0.01% in the atlenuation
ratics of the mput attenuators will reduce the reEction
ratio fo 10000 ta 1. Ao, anmy difference in source
impedance will Segrace tha rajection ratio. Figures 1=5
and 1-6 show common-mode rejection degradation dus to
differances in source impedance. The frequency of the
commeon-moda signal alse atlecis the common-mode
rejection ratic, Generally, as the frequency of the Inpul
sigrdl increases, the common-mode repection ratio s
miore difficull to maintain

1-6

v _
mcunn-jﬂ =201

A, 59950 volls

B-A = 0005 vall

- Imlﬂﬂﬂﬂ=*£‘;—u =20.000:1

15836

Fig. 1-5, Aelationahip of lesl polnl source Impadance o The
amplifler inpul Impedance and ihe apparen] CMAR coused by (A)
large differsnce betwesn el-point Impedences and (B) low
impedance el painis,
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Tolerance CMRR
1% B
-1% 501
% =:1
—% =:1
% 181
—-3% g1

IDTATI1E882-3

Fig. 1-8. Simolfied inpul circutt and {sble thowing the change in
CMAR due to 10X probes that sre within 1,2, and 3% of
their atienuation values (with malched 1 megohm resistars)

REV & SEP 1880
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Tha high freguency cmirr will also depend upon the
signal source mpedence, since  warous  shunt
capagitances between the source and the input gate must
charge and disgcharge through that impadance.

Qutsice influences such as magnetic fields can akso
degradeé the performanca, particularly when low leval
Segnals are invoived, Magnetic intederence may ba reduc-
ed by using identical signal tranaparting leads to the two
inputs. Twist the two leads together ower as much ol their
length as possible. Low-frequenty megsuraments can be
similarly protecied by using a shielded cabla that containg
a twisted pair of conduciors.

1-7



Section 2—AM 502

SPECIFICATION AND
PERFORMANCE CHECK

SPECIFICATION

Performance Condilons

Tne electrical characteristics are valid only il the AM
502 has been calibrated at an ambéen! temperaiung
betwesn ~3H0°C and -+ 30°C and is pperating at an ambient
temparature batweer 0°C and <50°C unless olhereiss
noted,

Items listed in the Ferformance Regquirements column
of the Electrical Characteristics are verilied by complating
the Performance CGheck in this manual. [tems listed in the
Supplemeantal Information column are not varified in this
manual; thay are sithar axplanatory notes ar parfarmancs
chaeractanstics for which no limits are specified.

Table 21
ELECTRICAL CHARACTERISTICS

Characteristics Perlarmance Requirements Supplemantal Information
Gain
Mormal Mode 100 e 100,000 within 2%, :
10 steps in 1, 2, 5 sequente,

+100 Mode 1 iz 1000 within 2%.

Variable Range Contnuausly variable uncal-
ibrated gain {o at least 2.5 fimes
the calibraled gain setting,

Frequency Respongs
CHirect Coupled de 1o 1 MHz With Gein controd set to 20K
[ or less, salactable HF —3d8
poinis are within +1d8, —2d8.
[ Uppar —3d8 point reduces to
500 KMz at 50K gain, and
250 KHz at 100K gain
AT Coupled 2 Hz or less, at lower
fraquency —3dB point 1o 1 MHz
Bandwidth : -

HF —3da 100 Hz to 1 MHz, 9 stepa in Retorance approximataly 5.0 V

1=-3 sequence. peak-io-peak output at 1 KHz

Accuracy 1148, —2d8 | Reading range —2d8 1o ~5d8.

LF —3dB 0.1 Hz to 10 kHz & sieps in

| 1=-10 sequence.
Arcufacy =1d8, —2dB Reading range —2dB to —5dB

REV. B MaR 1978
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Specification and Periormence Check—AM 502

Table 2-1 (Cont)

Characteristics Performance Requirements Supplemental Inlormation
— = =
Cutpul
Violtage Swing +8W,
Current | =0 maA
R. 5 {1 or less
Minimum Load 28001
Impedanca
Comman Mode
Maormal Mode
Range 5V,
Rajection Range 100 dB&, dc to 50 kHz, ! Diirect coupled with Inputs
shortad together.
+100 Mode
Range =50 .
Rejection Range 50 dB, de to 50 kHz. Direct coupled with less than
100 W peak-peak sine-wave input
DC Otfiest
Range At least -+ and = 1V,
Maximum Safe Input '
Voltage |
Direct Coupled |
Mormal Mode | 18V (de plus peak ac) to
| 5 MHZ or less,
+100 Mode 380 W (de plus peak ac) o
£ MHz or less.
AC Coupled I 350V [dc plus peak ach with

coupling capacilor precharged,

Maximum Input Gate

Current [each input) | 50 ph at 25°C,
Moese (Rederred to |
Input)
|
HMORK mode =25 uV, tangentkally 10 Hz 1o 1 M-z selected
measurad with 25 0 bandwidth. Typically
or less sowrce resislance =80 nV// Hz above 1 kHz
+100 Mode Typically <2.0 gV, Ha

from 1 kHz to 9 kHz,
decressing in & L'F
tashion to SB0O v/ Hz

abowve 30 kHz,
Voltage Drift with i |
Time |
Shart Tarm 10 pWV {peak-to-peek) ped Rourd

2:2 BEV C SEP 980



Specification and Perlormance Check—AM 502

Table 2-1 (eant)
Characterislics ] Performance Requirements Supplemental Information
{
Lang Tarm 20 uV (peak-to-paak) per Rouf.
Woliage Drift with | 100 p'¥ par * C
Tempearature
Resistance, 1 ML
input R and C Capacitance, Approximately 47 pF.
Table -3
ENYIRONMENTAL
Characleristics information
Tampearatura
Dparating o 1o +50°C
Storage —40° ta +T5°C
Altitude To 15000 fest. maximun
i operating temparature
Rpmting decreased by 1°C/1000
fpat from 5000 to 15000 beet
Storage T 50,000 feei.
ibration With the mstrumeni complete
: and oparating, vibration fredg-
Cperating :rn::l uangy swepl from 10 1o 55 o
Nom-operating 10 Hz at 1 minute per sweep.
Vibrate 15 minutes in each af
the three major axes at 0015
imoh {otal displacemeant. Hold
10 minutes a1 any major reson-
anace, or in nona, at 55 Hz.
Total time 75 minutes.
Bnock 30 g's 12 sine, 11 ms duration,
2 shocks in each direction along
= HW:IM 3 major axes. for a total aof 18
bl _ shacks.
Table 2-3
PHYSICAL CHARACTERISTICS
Characteristics | Infermation
Dverall Cimensions (measured &l Maximum paints)
Hieignt 5.0 inches
12.7 esntimslar
Width 2.5 inches
8 35 canlimalar
Length 11.8 inches
0.0 centimaiar
Met Weight [ Imstrument Onky) 1.8 ibs.
B2 kilograms
23

REV C SEP 1880



Specification and Perarmance Check—AM 502

PERFORMANCE CHECK

Introduction

This procedure checks the electrical characteristics of
the AN 502 that sppaar in the Specilication section of this
manual. If the instrument taiks (o meal the reguiremeanis
given in this performance cheéck, (e calibration
procedure should be perfarmed. Thia procedure can alsa
b ysed by an incoming inspeciion facility o determine
accaptabliity of perlormance.

The electrical characterstics in Section 2 are valid only
if the AM 502 s calibrated at an ambiant temparatume of
+20° C 1o +30" C and operated at an ambisn! temparalure
of 0*C o +50¢ C. Forced air circulation = mequired for
ambiant lemperature above +40°C,

Taolerances thatare spacified in this perlormance check
procedure apply o the instrument under 281 and do not
include test aguipment errar

Test Equipment Regquired

Tha following test &quipment. of équivilant, i% Fequinad
to parfarm the perormance check. Test egulpment
characiedistics listed are the minimum reguired to verify
the performance of the equipment under test. Substitule
equlpment mual meal or excead the stated reqguirements.
All test eguipment ks assumed to be oparating within
tolerances,

Special lest devices are used where necessary o
facilitate the procedura, Most of these are availabla from
Tektronix, Inc. and can be ordered through your kocal
Tektronlx Field Office or representative

Tabkls 2-4
LIST OF TEST EQUIFMENT REQUIREMENTS
Perlormance '
Descriplion Reguirements Applications | Example
Cszilloscope Bandwidih, de 1o 2 MHz: | Used throughoul pro- TEKTROMIX 5170,
Minimum deflection cedure (o provide SA13M, 5B10M.
factor, 30 my/div, display,
sweop rate, .2 ma'div
to 1 ps/div, accuracy,
| within 3%,
Fower Module | Three compertments or | All lests

More.

| TEXTRONIX TM 503 ar
| TM 504.

Calibration Gan-
earator

Amplitude calibration,
5 mV 1o 10 V; accuracy.,
£0.25% imig 1 M out=
put, squarne wawve at
approximately 1 kHaz.

| Amplitier gain chaek

TEXTRONIX PG 506
Calipration Generaior®

Function Ganerator

Wawetarms, sing and
square; valiage ampl-
itude, 10V p-p; freg-
wency range, 1 kHz 1o
50 kHz: accuracy, with-
in 3%.

| Signal genaration
for Cross neutral-
| kzation and high

| frequancy cmrr
check.

TEKTROMIX FE 501
Function Generator.”

Termination Impecance, 50 (O accur- | Output termination | Tektronix Part No,
acy, within 2%; conn- for signal gen- 011-00458-01
actors, bnc. grator |

Atenuator, 10X impedanca, 80 0); accura- | Dulput attenuation ! Tektronix Part Mo

{4 required) cy, within 2%:; conn- lor signal gen- 1005802
ectors, bR, ergtor. Moise check. |

Coaxial cable impedance, 50 {; langth, | Provides signal | Tektronin Part No

{2 required] 36 inches: connectors, | intereonnection | D12-0057-01

bAc.

' Reguires TM 500-5aries power modulbe
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Praliminary Procedurs

1. Ensurg thal all test egquipment and the Al 502 undar
test are suitably adapted 19 e fine voltags to ba applied.
Refer fo the instalialion section of the power module
manual,

2 Ensmure that all test equipment is suitably adapled ta
the applied line voltage.

3. Install the AM 502 into the power module, and il
applicable, install the Th 500 serias test equipmeant into
the test aguipmant powar madula.

4, Connect the eguipment under iest and the test
egquipmént {0 a suitable ling voltage source. Turn all
equipment on and allow at least 20 minutes for the
equipment fo stabilize,

Initial Control Setlings
Sat the folkowing controls during warm-up time:

AM 502

STEP GAIN OC BAL midrange
+104 pushbutton aul
DC OFFEET

FINE and COARSE midrange
GAIN 100
CAL fully clockwise (cal)
HF —3dB 1 MHz
LF =348 DC OFFSET
+ AC pushbutton aut
+ GMND pushiputton oul
— A pushbuiton aul
— GMD pushbutton

Oscilloscope

Sat for well-delingd fracs
and narmal Brighiness

Imtensity, Focus

Vartical Amplitier
Valts Div 1V
— bnput dc

Varabla fully clockwise (cal)

REV & ALNG 1873
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Time Base Plug-ln

Tirme/Div SHms
Varigble [=al in)
Trigaering
+ Slops gelected
Mode p-p auto
Coupling B
Source internal
Pasition St 50 trace starts at laft
sida of graticule
Dizplay Mode Mdin Sween
Megniliar X1
Calibration Generalor
Amplituda v

PERFORMANCE CHECK PROCEDURE
NOTE

The cscilloscope vertical amplifier system gaim,
ihe S0-ohm termination, and 50-ohm aitenuaion
arg régquired 1o be calibrated within 0.5% Be-
BUFREY BrOF 10 procesding with Slapse T and 2
The PG 506 callDration gensraior may be used
io gel [he systam o 0.5% sccuracy.

1. Check Amplifier Gain. Gain Accuracy is within
2%

i Connect the calibration generalor to the AM 302 +
inpul connectar through a 50-chm cable, a 50-ohm 10X
attenuator and Sl-ohm terminator

b, Connect a 50-ohm cable from the AM 502 OUTPUT
conneciar 16 the vartical amplifier inpul connactor.

¢ Adjusi the AM 502 DC OFFSET controbs |FINE and
COAREE] until the OVERRANGE indicator light goes oul
Fosition the crl display to the center of the graticule with
the wertical amplifier position control

d. Check—using the AWM 502 GAIM and calibraticn
geserator ampditude settings given in Tabée 2-5, checkthe
vertical deflecticn within the given limits
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Specification and Performance Check—AM 502
NOTE

The OVER RANGE indigator Wght must ramain
off durirg all Switch seifings. Adust the DO
DFFSET controls as required during the check
procegure,

NOTE

install both pilug-in side covers and insert plug-
in into power module for cheching gain beldw
5K getling fo mimmize noise on the display.

Table 2-5
AMPLIFIER GAIM ACCURACY
| Calibration

AM 502 | AM 502 Generabor Vartical
GAIN HF =3 d8 | Amplitude | Deflection
Sefting | Switch Setting | Setting | In Divislons

100 , 1 MHz 1V 48-5.1

200 ' 1 MHz B 4.8 -5

500 ! 1 MHz v 48-51

1K 1 MHz 1 48-51

F 1 MHZ 50 mv 45=51

5K 1 MHz 20 mv 49=51

108 10 kHz 10 mv 48-51

20K 10 kHz & my 49-51

S0H, 10 kkz 2 mi 483-51

100, 10 kHz 1 my 49-51

2. Check +100 Amplifier Gain Accuracy. Gain
Accuracy Is within 2%

a. Disconnect all cables and repeal Step 1 pansa. b.c,
and d,

b. Sat the AM 502 GAIM switch fo 10K and tha HF -3
dB swilch to 1 MMz, push in the +100 pushbutton

¢ Sat the calibration geanerator amplitude controf to
1W. Adjust the AM 502 DC OFFSET contral [FINE and
COARSE) until the OVERRANGE indicatar light goes out

d, Position the crt display io the center of the graticula
with the vertical ampiifier positon contral

& GChack—the crt disglay amplitude 'or 40 o 51
divisions.,

26

. [esconnect the S0-a0hm terminstor fram the AR 502
tinpul connector and connec! i tothe — input conneclor,
Push inthe + input GMND pushbution and push and rejease
the — input GND pushbutton.

g Chech—repeat parts d. e and t of this step.

n. Disconnect the 50-ohm termination. 10X attenuator,
and cabla.

3. Check Common Mode Rejection. Rejection Ratio
is 100 dB, dc to 50 kHz

a. Connect a dual-inpul connector cable betwesn the
AM 502 + input and = input connector,

b. Set the AM 502 +100 pushbuttan aul: the = input
and — imput AC and GMD pushbuttons out, and the GAIN
switch to 100,

c. Saithe AM G02HF =3 dB ewitch o .3 MHz and the LF
—3 dB switeh ia DC

d Sel the vertical amplifier deflection factor lof
10 mdew.

e Comnect & 50-ohm cabde from the  function
genesator to the center connectocr of the duai-input
connector. Set the function generator for & 100V, 50 kHz
sing=-wavg oulpul signal, with DC offsot sef o 0 at <1V

f. Adjust vertical amplifier pogition 1o center Saplay an
SCrEemn.

g Check—lha et display lar ane division of vertical
detlection or less

4. Check =100 Commaon Mode Rejection. Rejection
Ratio is 50 dB, dc 1o 50 kHz

a. Cesconnect the 50-chm cable from the function
generaior and connect it to the calibration Feneralor
ouiput, Press in the +100 pushbuiion,

b Set the vertical amplifier deflecten factor for
100 myrdiv,

¢ Set the calibration generator for @ 100 voll, square-
wave gulpul signal.

d. Check—crt display for 31 divisions or less ol
vertical deflection.

g [Dizconnect the cual-icpul connector and S0-ohm
cable from the AM S02 inpul connectors
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5. Check HF —3 dB Bandwidth. Accuracy is =1 dB,
-2 dB

a Sat the AM 502 HF =1 48 swilch to 1 MHZ the -
input pushbutton to GND, and 100 pushbutton out.

b Set the vertical amplifier deflection factorbo 1 Vidiv,
and the time-base swesp rate o 1 ma/div.

&. Ser the funclion generator controls for a 50 mi. 1
kHZ sine-wave outpul signal. (Lise appropriate altenuation
1o aliminate ingut owerdrive condition. |

d. Connecl a 53-0bm cable from the fumction
gerrator (o the AM 502 + input comnecior. Adjust the
vartical deflection amplilvde for a five-division display,

. Set the function genesstor outpit frequency ta 1
MHz.

f. Chack—tha amplitude of the ¢rt display for 3.15 to
2 BE divisions

NOTE
The specification i past [ of this 2lep mus! be

mat before procesding with part g of this step.

g. Check—tha remaining setfings of the HF —3 dB
switch, using Table 2-6 as reference. (Change time-base
sweep rate A% neaded for lower eguencies, )

Table 2-6
HF =3 dB BANDWIDTH ACCURACY
AM 502 Functign | Vertical
HF -3 dB8 Generalor Deflection

Bwitch Setting IWFM!‘ IHDHHHHIJ

3 MHz 300 kH: | 315-385
A MHz 100 kiHz 315 - 3.85
a0 kHz 30 kHz 315 - 3185
10 kHz 10 kHr 3.15 - 3.85
3 kHz 3 kHz 3.15 - 3.85
1 kHz 1 kHz 3.15 - .85
hHz 300 Hz 3.15-385
1 kHz | 100 Hz 315-385

I, Set the HF —3 dB swiltch to 7 MHz,

HEY B SEP 1580

Specification and Perlormance Check—AM 502

6. Check LF —3 dB Bandwidth. Accuracy is +1 dB,
—2 dB

8. Check—the settings of the LF —3 JB swilch, using
Table 2-T as referance. Adjust the time-base swesp rate 1o

chtain an appropriate display.
Table 2-T7
LF —3 4B BANDWIDTH ACCURACY -
AM 502 Function Vertical
LF -3 dB Generator Deilection
Swilch Seiting  Ouipul Frequency | in Divislone
10 kHz 10 kHz 2.15 - 385
1 kHz 1 kHz | 3.15 - 3.85
1 EHZ 1 kHz | EITE-E_.EE_
10 Hz 10 Hzx 3.15 - 3.B5
1Hz 1Hz | 3.15 - 3.B5
NOTE

The companants used i the .1 Hz position ane
alzo used in the other positions of ihe swich,
therafore, the lolergnca of thi 1 Mz posidian is
checkad

B Pressinthe AN 502 + input AC pushbution. Se he
fuenction generator contrals for a 2 Hz output signal

€. Check—the amplitude of the ot display lor 3.15 1o
3,85 divisions.

d. Disconnect the 30-ohm cablie from the AM 502 -
imput connecior and connect it 1o the — input connecior.

2. FPrass intha AM 502 + inpul GND pushbuttan and —
input AC pushbutton. Press 1o release the = inpul GND
pushbution.

t. Check—tha amplitude of the cri display for 3.15 to
3.B5 divsions,

g. Saetthe LF —3 dB switch to the DG OFFSET position
Fregx in e AM 502 — input GMD pushbution.

h. Disconnect e S0-ohm cable from the M 502 —
input connactor.
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Specification and Performance Chack—AM 502

7. Check Dverall Nolse (Tangentially Messured)

g, et the AN 502 GAIN control o 100K, press in (o
release the + inpul AC end GMND pushbution, and the -
input AC pushbutton

b. Set the vertical amplifier defiaction factor to 5 Vidiv.
Set the time-base sweep rate to 10 pa'diy, and e trigger
spurce swilch to external,

c. Connect a S0-ohm termination to the AM 502 +
input connecior, connecl four seres-connecied 10X
attenuators to the Sl-obm termination

d. Connect & S0-ghm cable from the calibration
generator fast-rise oulput connector to the end of the
attenuator string. Set the pulse duration conirol for 1 ma.

& Agjust the AM 502 DC OFFSET controls (FINE and
COARSE) until the OVER RANGE indicator light goes out.

f. Adjust the calibration generator pulse amplituds
control and obsarsa two noise bancs as shown in Fig. 2-14
(remove one attenusfor i necessary, o produce the
desired display)

5. Decrease the calibration genarator pulse amplitude
uniil the noise bands just merge. See Fig. 2-18

h. Remowe three of the atenuaiors and connect the
signal through the S0-ohm attenuator (Inciuding the 50-
ahm lefmination), 9 the vertical amplifier input and
measure the pulse amplitude. Calculate the tangentially
measured display nodse as follows

Signal level (measured in part b

Mo | W
a0 Aftenuation Removed

Typical figures are:

1
J%‘:L_ 12 x 107™* = 12 gV of noise

28

i)

158337

Fig. 2-1. Typical dispisy of (&) two nolse bands and (B) nose

i. Dmconnect all cables and equipment,

This complates the Performance Check of the AM 502
Ditterential Amplifier.
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Introduction

This adjustment procedure is 1o be used o resiorne the
AM 502 to the original performance specification. Adjust-
mant need not be parformed unkess the instrumant fails to
meet the Performance Aequirements of the Electricsl
Characteristics |sted In the Specification section, orF the
Parfcrmance Chick cannot be completed satisfaciorily

Completion of all adjustment steps in s procedurs
ansures thal the instrumant will meat the perdormance
reguirements fated in the Specificabon saction, Hewevar,
o fully ensure satisfactory parformance, it is recommend-
ad that the Performance Check be performed after any
adjustment is made.

Bervices Available

Tektroniz, |Inc. provides complete instrument repair
and adjustmant at local Field Service Centers and at the
Factory Service Center, Contact your local Tektronix
Fiaid Office or represantative for further imformation,
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ADJUSTMENT

Test Equipment Required

The test equipment lisbed in Table 3-1, or equivalent. is
raquired for adjustment of the AM 502 Specifications
given for the test equipment are the minimum necassany
fr accurate adjustment and measurement. All teat aquip-
meant |8 assumead o ba correctly calibraled and aperating
within spacification.

If other test equipment is substituted, contral settings
of calibration setup may nead to be aitered 1o meal the
requitements of the equipmant used,

A Hexible plug-in axtender, Tektronix Part Mo, DET-
DE45-03, is usefut for roubeshooting or adjusting tha AM
502 howewar, the complete Adjusiment Procedurne can be
periormed without use of the axtender. Remove tive power
maduie cablnet to make adjusimenis to the AM 502 inside
thie powear modula.
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Adjustmeni—AM 502

Table 3-1
LIST OF TEST EQUIPMENT REQUIREMENTS

Performance
Description Fliecjialravefits i Applications Example
Dscilloscopa Bandwidth, dc 1o 2 MHz; ; Lized throughout pro- TEKTROMEX 5110.
minimum daikection cadure to provide BAT3MN, SB10N

factor, 20 my/div;
swaap rate, .2 ms/dv
to 1 psidiv: accuracy,
within 3%

dispiay

Digital Valtmeter

Range, 0 to 50 V, accuracy,
within 0.1%

Valtage measuraments,
Duiput voltage fatness
chech,

TEKTROMIX DM 507 Digital
bultirmegter.

Fower Module Threg companrments All tests TEKTRONIX TM 503 or
or More. T™ 504,

Calibration Gan- Amplitude calibration, Amplifier gain chack TEKTRONMIX PG 508

argtor 5 mV fo 10 V; agcuracy, Calibration Gensrator.

TO.25% into 1 ML, oul-
pul. square wave &t
approximately 1 kHE.

Function Generator

Wevalorms, sine and
square; voltage ampl-
itude, 10 ¥V p-p; freg=-
wEncy range, 1 kHz to
S0 kHz; accuracy, with-
if 3%,

Signal geanaration
for cross neutral-
ization and high

frequency cmim chack,

TEKTROMNIX FG 501
Function Generator*

Autotrensformer
with ac velirmeter

Capable of supphing
an pulpul voltage from
a0 e 132 ¥, ac. 120
walts of power at the
upper limil.

Power supply check,

General Radio WI0MTRIW
Varigc Autotransiormer

Inputl RC normalizer

Time constant, 1 M x
47 pF, conneciors, bne,

input capacitance
chech,

Tektronix Fart Mo,
067-0541-00

Termination Impasdance, 50 00 ¢onn- Ourtpust tprmination Tektronix Part Mo,
ecisrs, b lor signal gen- 01 1-0045-01.

eralor.

Attenuaior, 10X Impadance, 50 0 conn- Crutput attenuation Tektrenix Part Mo,

{4 requined) aciors, bng, for signal gen- o1 1-0058-02
arafor. Noise check

Coaxial cable Impedance, 50 (0, ength, Provides signal Tektronix Part No

{2 requslned) 36 inches, connacions, inmterconnection. 012-0057-01,

Bnc.

‘Requires THM 500 Series power module

3-2
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Preparation

a. Remove the left and right side covars of the Al 502
o gain actass to the component side of tha circuit boards,
Pyl theie rear end of 1he Side cover outward from the side of
el instrument (he cover Snaps info place).

b. Inziall the A 502 inlo the left power module
compartment, or if appropriate, connect the AM 502 o the
power module by means of the fexible plug-in extander.

¢ Sat tha power modula for the line voltage to be
applied (see power moadule manual) and connect it o the
varidble autoiransformer. connect the autotransformer to
the line vollage source. Be sure that the power switch is
aft,

d. Install the T 500-series equipment, inzluding e
AM 502 Into the power modube,

e, Connect all tast equipment 1o a suitable line vollage
SOUTCE.

f. Turn on all tes! equipment and allow at least 20
minutes for the equipment to warm up and stabilize.

Initial Conirol Settings
Set the following conirols during warm=upg time:

AM 502

STEP GAaiM DC BAL mmisdrange
=100 pushbution out
DC OFFSET

{(FIME and COARSE) midrange
GAIN 100
CAL fully clockwise (cal)
HF =3dB .1 kHz
LF =348 10 kkHz
+ AC pushbutton ouf
+ GND pushbutton in
- AC pushbutton out
- GND pushbutten in

DOsciloscope

Set tar well-delined
traceand normal brightness,

Intensity, Focus

Vartical Ampiifier

WolisDiv 1¥
+ Impust de
Yariable fully clockwisa [cal)

HEV. O MAR 1878
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Time Base Plug-in

TimeasDiv S ms
Variabie (cal in)
Triggering
+ Slope saleched
Mode poak-to=peak Auto
Coupling ac
Source imternal
Position Sof 50 trace stars
at left side of graticuls
Display Mode MAin swesp
Magritier X1
ADJUSTMENT PROCEDURE

1. Check +15 Volt Power Supply

8. Connect the digital voltmeter batween the +15 V
est poinl on the Main circull board, and chassis ground
See Fig. 3-1 for volitage tesi point locaton,

b. Check—for & meter reading of +14.25 to +15.75
wolis

€. Disconnect the digital volimeter,

2. Check —15 Volt Power Supply

a. Connect the digital voltmater batwesn the —15
tast point on ihe Main circuit board, and chassis ground
Sae Fig. 3=1 for voltage tast point location.

B, Check—for a meler reading of —14.25 to —E75
volts

c. Ddsconnect the digital voltmeter.

4. Check +5 Yolt Power Supply

&, Connact the digital voltmeter batwesn the +5V lest
point on the Main circuit Boand, and chassis grownd. Sae
Fig. 3-1 for voltage tes! point location.

b. Check—Ilar a metes reading of +4.50 to -5 50 walts,

c. Adjust the autotranshormer cutput vollage from the
lowe limit to the Righ limit es indicated in Table 3-2. Mater
reading should not vary more than £500 millivalts. Repaal
this chack for the +15 volt and —15 valt supplies, axcap!
tha meber reéading shoukd not wary morg than =750
milivolts. Return (he autoiransformer to the nommal ling
voliege satiing.

d. Disconnect the digital volimeter
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Adjustment—AM 502

1

A0S
mu:;g1mip A10% LE.;EEEUI:SHHF{EHT
AN DT BAL + INFUT GATE COMP A&

LEAKAGE CLIRRENT
CoLER

+15 W At / CZid \ X
A8 Teat Point —18 Y GRIM C150 =+ INPUT CROSS o1z + INPUT
OUTPUT D5 (AE18] Test Point HF MEUTRALIZATION — jyPyuT CROSS — COMP
LEVEL [REEE CHMAA NEJTRALIZATION
TER2. 104
Fig. 1-1. Location of powsr supply lssl polais, and all sdpsiments.
Table 3-2 ¢. Adjust—Step Gain AC Bal, R161, lor minimum trace
POWER MODULE UNIVERSAL TRANSFORMER shift whila switching the AM 502 GAIN switch between the
100 and 100K positions. See Fig., 3-1 for adjustment
Line location.
Sslecior Regulating Ranges
Block
Position | 110-Volts Nominal 220-Volts Hominal d. Return the AM 502 GAIN switch to the 100 position.
w
L 80 Vacio 110V ac %“lﬂh%?lﬁ
A 198 W ac to 127 V ac 18E V ac o WV oac
. Adjust ¥ Gain DC Balance
H (108 Vacto132Vas | 216 Vac B4Ves sriable Gain DC
Line Fuse a. Setthevertical amplifier daflection factor ta .1 Widiv,
Data 1.6 A slow-blow 0.8 A slow=biow

4. Adjust Step Galn AC Balance

8. Connect a 50-ohm cable from the AM 502 OUTPUT
connacior the wartical amplifier input.

b. Check—for a trace shift of not more than thres
divisions wvertlcally while switching tha AM 502 GAIN
gwitch bwiwaan the 100 and 100K positions.

b. Check—for & trace shift of nol more than one
division werfically while rotating the AM 502 CAL control
from fully clockwise o fully counterclockwise position,

¢. Adjust—Variable Gain DC BAL. B389, for manimum
trace shift while rotating the AMS0Z CAL control from fully
clockwise 1o fully counterclockwise position, Ses Fig. 3-1
for adjustment |ocation. Returm control to the fully
clockwise position and note the position of the trace.
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6. Adjust Quiput DC Level

a. Set the verlical amplifier deflection factor 1o 10
mi i,

b Without changing the AM 502 comtrel positions
from the prévious step, nola the position of the trace.

. Adjusi—Output DC Lewal, R181, to place trace at
same position as was establishad in Siep 5 part ¢

7. Adjust Coarse Step Gain DC Balance

i, Set the verticel ampiteer deflection faciorto 2 Vidiv.
Position ihe trace to the center of the graticule.

b. Setths LF —3 dB swiich to the DC position (not OC
OFFSET), the GAIN switch to 10K, and STEP GAIN DC
BAL control to midrange. Leave the other AM 502 controls
as in the previous siep.

€. Adjust—Coarse Siap Gain DT Bal, R4581, to retum
trace 1o the center of the gralicule, See Fig. 3-1 lor
adjustment location,

d. Tum the AM 502 STEF GAIN DO BAL coniral fully
clockwise and fylly counterclockwsa, and abserne trace
ghift of af least two divis:ons above and balow (he graticule
cenierline, raspectfully. Saturn the trace 1o the graticule
canfar,

8. Adjust + Input Gate Leakage Current
Compensation

a. Comnect a 50-o0hm termination to the AM 502 +
input Conmecior

b. Setthewvertical amplitier deflection lactor fo 1 Vidiv.
Press in to refease the + GO pushbutton.

c. Adjust—the + Inpul Gate Leakage Current Comp,
A104E, while aliemately depressing and relegsing the +AC
pushbuticn, for minimum trace shifi.

d. Press in to release the +GND and +AGC pushbut-
tong. Remove tha termination from tha + input Connactor,

8. Adjust — Input Gale Leakage Current
Compensation

a8, Connect & S0-ohm terminatkan to e AM 502 —
input cannecior,
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b. Fress in io release the — GHWD pushbutton,

. Adjesi—tha = Inpul Gate Leakage Cument Comp,
R205, while altermately deprassing and raleasing the — AC
pushbutton, for minimum trece shift,

d. Prass in the — GND pushbutton, and press i 1o
relgase the —AC pushbutton. Remowve the termination
from the — inpul connector,

NOTE

The oscilloscope vertical ampiifier system gain,
fhe H-ohm terminehion, and S0-ohm atfenuaror
are required fo be calbrated within 0.5% ac-
CufBcy priof 1o procesding with Steps 10 and 11,
The PG 506 calihration genesgior may ba Lsed
fo set the system 10 0.5% SCeuracy.

10. Check Amplifier Gain,

a Set the wverical amplifier deflection fector to
0.2 Widiv.

b Setf the AM 502 GAIN control to 100, the LF —3aB
switch to DG OFFSET. and the HF —3dB switch 1o 1 MHZ.

c. Connact the calibration genarater 10 the vertical
amplifier input, using a 50-chm cable

d. Set the celibration generator for & five-division,
sguare-wave display; set the Deflection Error contro! for
rafo par cant error. Disconnect the S0-chm cabie from the
virtical amplifier input.

& Connect the calbration genarator to the AM 502 +
irput connector throwgh a 50-chm cable, a 50-chm 10X
attenuator, and a S0.ohm termination. (This reduces the
genarator output by 50°%.)

f. Connect a 50-ohm cable from the AM 502 OUTPUT
connector tothe vertical amplifier input connector, Set the
varfical amplifier deflection factor 1o 1 Widiv,

g. Adjust the AM 502 DC OFFSET controls (FINE and
COARSE) wntil the OVER RANGE indicator light goes out.
Posilion the crt display to the centar of the graticule with
the wartical amplifier position contral.

h. Adjust—Gain, A153. for a five-division display
amplituce.



Adjustment—AM 502

i. Rotate the AM 502 CAL contral fully
counferclockwise and check for two divisions or lass of
display amplituce.

| Set the AM 502 CAL control fully chockwise and in
the detent position.

k. Check—uysing the AM 507 GAIN and calibration
penerator amplilude saitings given in Table 3-3, check the
vartical daflection within the givan limits,

NOTE

The OVEA RANGE indicator light must remain
off during all swilch seftings, Adjusé the DC
QFFSET cantrals 85 reguired durng the eheck
procedurne.

NOTE
Ingtall both plug-in side covers and insert plug-

in info power module for checking gain below
5K seffing 0 minimize noise on the dispiay,

Table 3-3
AMPLIFIER GAIN ACCURACY
| Calibration
AMS502 | HF -3dB | Generator | Vertical
GAIN Switch Amplitude | Deflection
Satting Setling Satting I Difvisbons
100 1 MHz 1 W 48-51
200 1 MHz 5V 48-51
500 1 MHz 2V 49-5.1
1K TMHz | AW 49-561
2K 1 MHz S0mv | 49-51
5K 1 MHz 20 mv 49-51
10K 10 kHz 10 mv 48-51
20K 10 kHz | Smv_| 48-5
50K 10 kHz amV | 49-51
100K 10 kHz 1 my 49-5

11. Check +100 Amplifier Gain Accuracy. Gain
Accuracy is within 2%

8 Dizconnect il cables and repeat Step 10 parts a
through 1

B, Setihe AMSDF GAIM switch 1o 10K and the HF —348
switch to 1 MHE, push in the + 100 pushbuilon

£ Set the calibration generator amplitude control to
10V, Adjust the AM 502 DC OFFSET controd (FINE and
COARSE) until the OVER RANGE indicator ight goes out.
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d. Position the crl display to the canter of the graticula
with the vertical amplifier position confrol.

&, Check—the ert display amplitude for 49 10 51
divisions.

1. Disconnect the 10X atlenuator from the A4 202 +
inpui connacior and connact it o the — input conmasior
Push in the + inpul GND pushbuffon and push = 10
release 1he = inpul GND pushbution.

9. Check—repaat paris d and & af thiz step,

h. Disconnect the S0-ohm termination, 100 attenuatar,
and cable.

12, Adjust Input Cross Neutralization

a. Set the Al 502 = 100 pushbutton oul. the + and =
inpul GMD pushbuttons oul, the + and — AC pushbutions
in, thie LF —3d B switch to D0, and tha GAIN switch 1o 100,

b. Connect a S0-ohm terminatan and & 10X attenuator
to the AN 502 + input connecior.

c. Connect a S0-ohm cable from the fast-rise outputal
e cahbration generalor 1o the 10X allenuator on the +
input of the AM 502

d. Sal tne calibration generator amalitude control ba
produce a five-division crf display (1 ms period). Set the
time-base triggering controls lor & stable, triggened dis-
play

e. Check—ine crl digplay for roll=o0M or ovarshoot
fupper comes of the leading edge) within 0.2 divison.

1. Adjust— <+ Input Cross Neutralization, 222 for
minimum roil=0ff or owrshoot {wpper front corner of the
leading edge).

g. Disconnect the S0-chm termination [(with 10X
attenusior and S0=-ghm cable attached) from the + input
connecior, and connect it to the — inpul connacior

h. Repeat part @ of this step.

I Adjust— —lnpul Cross Meutralizaton, €122, for
minimum rofl-aff or overshool [epper comer of the
leading edge|.
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13. Adjust Input Capacilance

a DOisconnact the 50-ochm mermination from the —
input and conmact a 47 pF Normalizer to the = inpul
conmector, connect the 50-onm termination 1o the other
end of the 47 pF Normalizer,

b, Increase the signal amplitude of the calibration
generator o maintain five divisions of display.

c. Check—tha wpper front corner of the leading edga
for roll-off or overshoot, within 0.2 division.

d. Adjust=— —Inpul Comp, CED, for the best upper
cormar on the leading edge of the displayed squarns wave,

@8 Disconnect the 47 pF Normalizer, with S0-ohm
termination, 10X attenuaior. and S0-chm cabla from the —
input connector and connect them to the + input connec-
har

1. Repeat pan c of this step,

g, Adjust— +imput Comp, C30, for best llai fop
(rmindmum roll-off or cveranoost on upgers front comes) on
displayad wavetorm. See Fig. 3-1 tor adjustment lacation

14. Adjust Attenuatar Compensation

g. Press in the + 100 pushbution, Set the wertical
amplifier deflection factor to 1 Widivision,

b, Disconnest the 10X afenwator that is connected
batwesn the S0-ahm termination and 1he S50-ahm cable:
reconnact tha S3-ohdm cabla 1o the lerminEton

. Readjust the calibration generator amplitude con=
tral o maintain a five-division display.

d. Check—ihe cri display for roll-off or overshoot
{upper comer of the leading edge) within 0.2 division.

& Adjust— + Attan Comp, C32-C35, for best flat top
(menimum roll-0df or ovarshaot on upper front comear) an
displayed wavelorm. See Fig. 3-1 for adjusiment location

f. Disconmect the 47 pF Normalizer, S0-0hm termina-
tion, and S0-chm cable from the + impul connecion and
connect them to the - input connectar,

g. Resdjus! the calibration generglor amplitude con-
fral i maintain a five-division display.
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k. Check—ihe crt display Tor roll-of or overshoot
{upper comer of the leading edge) within 3.2 division

I. Adjust— —Aten Comp, C52-C55, for best fiat fop
{minimum roll=off or overshoot on upper front cormer) on
displayed waveform. Sea Fig. 3-1 for adjustment locatson.

j. Disconnect the &7 pF Mormalizer, S0-0hm termina-
tion and cable fram the AM 302 = Inpul Connecior.

15. Adjust High Frequency Common Mode
Rejection

A, Comnect 8 dusl-inpul connector cable behwean the
AM 502 + input and the — input connecior.

b. Set the AM 502 +~ 100 pushbution out; the + kput
and — input AC and GND pushbutions out, and the GAIN
switch to 100,

e Sel ihe AM B2 HF -3 dB swilchto AMHz and LF -3
O swilch 1o DG,

d. Set the wertical amplifier deflection facior for 10
mWidin

& Connest 8 50-ohm cable from the function
genarator output to the center conneciorof the dual-input
connector, Sat the function generator fora 10, S0 kH:z
sing-wave oulpul signal.

. Check—the ert display for one division of vertical
dellecion ar less

. Adpest—HF CMRAR, G150, for minimum crl display
amplitude within one division or less.

16. Adjusi + 100 Commen Mode Rejection
g Saf the AM 502 = 100 pushbutian in

b. Saf the verlical amplifier defiection factor or 3
Widiv

¢. Discannect the S0-ohm cable from ihe funclion
ganerator aulput and connect il to the calibration
generator output. Sel the calibration generatar for a 100
Wil output sigral

d. Check =the crl display for 3.16 divisions of vertical
deflection or kess. (Deregand spikes on squarewave. )
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Adjustmeni—AM 502

e, Adjusi— — Atten Comp, C52, and Atten DC CMAR,
R40, for minlmum cn display ampfitude within ane
division or less_ |Interaction batween C52 and R40 will
occur. Adjust for optimum display.)

1. Disconnect the dual-inpul connecior and S0-ohm
cable from AR 502,

17. Check HF —3dB Bandwidth

a. Satthe AM 502 HF —3dB sawitch 1o 1 MHz, tha = 100
pushbutton out, the — Input pushbutton to GND.

B, Set the vertical amplilier deflection tactor 101V div,
ard the ime-base sweep ralte 1o 1 ma'div

¢ Sat the function generator controls for a 50 my, 1
kHz sine-weve output signal. {Use appropriaie attenuation
to eliminate input overdrive condition.)

d. Connect a B0-ohm cable from the Hunsction
geEnesator outpul o the A 502 + input connechor. Adjust
the verical deflaction amplitude tor a live-division disglay.

&, Set the function generator output freguency to 1
MHz.

f. Check—the amplitude of the et display bor 315 to
3.85 divisions.

NOTE
The specificalion in part f f s step mus! be

et belore procesding willh part g of thes slepg,

o. Check—the remaining seitings of the HF =348
gwitch, yeing Table 3-4 ag relerence. (Changs time-hass
Eweap rate B8 needed for lower frequencies. |

Tabile 3-4
HF =3 dB BANDWIDTH ACCURACY

AM 502 Funciion Vertical
HF =1 dB Generator Deflection
Swilch Setting | Oulpul Freguency | In Divislons
3 MHz 300 kHz 3.15 - 385
g MHz 100 kHz 3.15-385
30 kHz a0 kHz 3.15 - 3.85
10 kM 10 kkz 3.15-3.85
3 kHE e A 3.15 - 3.85
1 kH} 1 kkg 3.15 - 3.85
-1 kHE 200 Hz | 315-385
1 hHz | 100 Hz | 316-385

h. Saiihe HF —3 0B switch to 1 MHZ

18. Check LF —3 dB Bandwidth

a. Check—the LF —3 B switch settings, using Table 3.
5 as reference. (Adjust the time-bese Sweep rale a5 needed
for iower frequency seitings.) Obtain a 5 division disgiay, do
coupied, on each range betore proceeding to Step b.

Table 3-5
LF —1 dB BANDWIDTH ACCURACY
AM 502 l Funetion Vertical
LF =3 dB Generator Deflection
Switch Setting = Outpul Freguency in Divislons
—
10 kHz 10 kHz .15 - 385
1 kHz 1 kHz 315 - 385
1 kHz 1 kHz 315« 188
10 Hz 10 Hz .15 - 3.85
1 Hz 1 Hz 315385 _
NOTE

The componenis used in the T HZ positon ane
aizo used in the other positions of the switch;
thrarefove, the iolerance of the .7 Hi position i3
checked

B Press in the AM 502 + input AC pushbuttan

c. Check=—ihs amplitude of the crt display for 315 1o
385 divisions.

d. Disconnect the S0-ghm cable from the AM 502 +
inpul connecior and connect i1 to the — inpul connRector.

g. Pressin the AM 502 4 input GMND pushbution and -
input AC pushbutton. Press o release the = input GND
pushbutton,

f. Check—ine amplitude of the crt dizplay for 3.15 1o
365 divigions.

g. Seatthe LF —3dB switch to the DG OFFSET position
Press in tha AM D2 — input GND pushbutton.

h. Disconnect the 50-ohm cable from the AM 507 -
input connecior
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18. Check Overall Noise (Tangentiaily Measured)

& Sei the AM 502 GAIN control to 100K: press in to
relaase e + input AC and GMND pushbutton, and the —
input AC pushbutton.

b. Set tha wrtical amplifier deflection facior o 5
Vidivigion, Set the time-base sweap rate bo 10 re/division
and the frigQer Souncs switch o extamal.

&, Connecl a S0-ohm termination 1o the AM 502 +
impul connecta, connect four seres-connecied 10X
aftenuators to the S0-ohm termination.

d. Conmect a S50-ohm cabbe from the calibration
generator fast-rise output connecior to the and of the
attenuatar string. Set the pulse duration contral for 1 ma.

&, Adjust the AM 502 DG OFFSET conirgls (FINE and
COARSE) until the OWVER RAMGE indicatos light goas aut,

f, Adjust the calibration generaior pulss amplitude
contred and obserye twio nolse bands as shown in Fig, 3-2A
(remova one attenustor if necessary, o produce the
dagired display)

g. Decrease the calibration generator pulse amplitede
urtil the noise bands just merge, See Fig. J-2B.

h, Aemove thres of 1he stlenuaion &nd connect the
signal through the S0-ohm atienvator (including the 50-
ohm termination), to the vertical amplifier input and
measure the pulse amplitude. Caiculate the tangentially
measured display noise as follows:

Signal level [measured in part hj

RICH: (V) Aftenuation Removed

Typlcal figures are:

12 mv
%m:ﬂu‘f 12 4V of noise

AEY ALIG 1381

158233

{B)
Fig. 3-2. Typical display of (A) twa noise bands snd (B) nolse

i. Disconnect all cables and equipment,

This completes the Adjustment procedure of e AM
502 Ditterential Amplifier,
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Seclion 4—AM 502

MAINTENANCE AND

INTERFACING INFORMATION

Preventive Malntenance

Thare are no Spedial prevéntive mantenance
procedures that apply to the AM 502, Refer 1o the powar
module  instruction  maenual for general preventive
mainienance proceduras and inglruclions,

Comeclive Maintenance

Raler 1o the powsr module instruction manual for
general corrective maintenance procadures and instrsc-
ticma.

Troubleshooling

Use the Periormance Check, Adjustment Procedure,
and Circuil Description as 2ids to locate irouble in the
event of equipment fallure, The test eguipment listed in
the Performance Check and Adjustment Procedune will
prove wseful in troubleshooting the AM 502

Functions Avallable at Rear Connector

A slat between pins 23 and 24 on tha rear connecior
identifies the AM 502 as a member of the signal sourca
famiby. Insert & barrierin the corresponding pasition of the
power module jack to prevent other than signal source
plug-ins from being wsed in thal compartment; this
profecis (he pleg-in should specialized conneclions be
made o that compartment, Consult the Building A System
secthon of the power module manual for further informa-
Han

Signal aulputs, ar other specielized conneciions, an
macde to the rear interface connectors as shown in Fig, 4-1,
The Skgnal In and Shgnal Grownd are not factory wined, I
Signel in connections areé made, use coaxial cable.
Connect one end to the pads as shown in Fig, 4-1 and tha
other end to the frant panel bne canmectar

REPACKAGING FOR SHIPMENT

if the Tektronix instrement is to e shipped ta a
Tektronix Service Center Ior senvice oF repair, attach a tag
showing: owner [with address] and the name of an
individual at your firm that can be contacted. Include
compdete ingtrument serial numiber and & descnption of
the sarvice requined.

Save and re-use the package in which your ing ir i
was shipped. If the original packaging is unfit for uae of
nat available, repackage the ingirument 83 follows

Surround the instirumeni with polyathylens sheeting o
protect the finish of the instrument. Obian & carton of
coffugated cardboard of the correct caron strength
and having inside dimensions of no less than six incheas
mofe tham the imstrumenl dimensions Cushion the
brstrument By tightly packing thres inches of dunnage
or urethane fosm betwesn caricn and instrumsent, on gl
sides. Seal carton with shipping tape or industrial
staplar,

The carton best strength for your ingtrument g 200
pounds.
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Muintenanes and Inlsrfacing Infarmaetion—AM 502

ASSIONMENTS
FUNCT IDN CONTACT

Pad For + Signal In Groand B ———a4

m-—':l.;
Pad for - Signal in Grourd 278 —————=|
213 —+i

_'Jlf_

Pad for + Signal In

Pad Fer = Sigral in

KOTE: Thima csncsbesd i #d
it lactory wired.

-

»

AESIGNMENTS
CONTALCT FUNRCTION

) i ZHA.  Bignal Out
e ZTA Sagnsl Out O round

} Facrary wirse

15824

a2

Fig. 4-1. Inpul'Cuipul assignments &t rear connecter,




Sectlon 5—AM 502

CIRCUIT DESCRIPTION

introduction

Thas section of themanusl contains & description of the
circultry used in the AM 502 Differential Amplifier. In-
dividual descriplions are separated into the following
parts; Input Coupling, Input Attenwators, Input Cwverdrve
Protection. Gate Current Compensation, Preamp,
Fioating Power Supply, Comman Mode Rejaction, Cross
Meutralization. DC Offsel, LF =3 dB Freguency Selector,
Gain Swilching Amplifier, HF =3 dB Freguenty Selector,
YVariable Gain Stage, Qutput Amplifier, Overrange In-
dicafior, and Power Supplies. The clrcult titles correspond
te thoge listed in the Black Diagram. The numbaned
diamend By each title miers 1o the cormespoanding circuit
diagram in the Diegrams section of this manual.

input Coupling @

& signal applied o the + oF — input connacior passes
through the inpui-toupling selectar swilch o the input-
attenuator circuit, The sigrals can be ac coupled, do
coupled or disconnected internally. The + and — Inputs
are |dentical excapt for clrcult numberns. Except whers
nesded for clarification, only the amplitier for the = input
will be describad In detail.

‘Whan tha input-coupling switeh is in the DC position,
thie input signal is coupled directly to the attenuator In the
ALC pogition, the signal is coupled inrough capacitar C10,
The capacitor prevents the do componeni of the signal
from passing to the attenuator. The GMD positbon dis-
connecis the pul signel from the attenuaiors and
connecis it to ground throwgh C10 and R0, This
reprasents the same ioad fo the signal source as was
prasented when tha Input switch was set in the AC mode.
Thus, a ground referance o the input of the ampilifier is
provided without the need to remove the appled signal
source. Tha PRECHG position limits the instantamneous
currant, caused by connecting a large signal fo the input
connecior, by insarting A10 in series with C10.

Input Attenuators @

The input aftenuators for the + and — lnputs are
identical and are conventicnal AC type attenuators. The
atlenuators are frequency-compensated voltage dividers
that provide a straight-through or MORM position, or a
+100 pogition. Resiztar A0 provides he 1 misgohim irput
reqistance, while C28, C30, and siray capacitance make
up the 47 picofarad input cepacitance i the NORM
position. bn the =100 position, R35 in series with A34
comprise the 1 megohm input resistance, and alsa form

the 100X divider for 1he de companent of the signal. The
paralbel combination of C32 and C34 in garies with C38,
comprise the ac 100X circwil. Each attenustor contams an
adjustable cagacilor 1o provide correct attenwation athigh
frequencies, and adjustable shunt capacitance to provida
correct input capacilanca.

input Overdrive Protection @

Fuses F100 and F200. combined with dicde clamps
CR108, CR108, CR208, and CR208 provide cverdrive
profection for Q1214 and B at the £18.2 voll level. The
+16.2 voll level i set by reners VR43E and V448, through
isplation diodes CRL36 and CR448_ and the clamp diodes.
If the signal amplilude exceeds approximately 16.2 volis,
depending on the duration of the excess valtage. the fuses

will opan.

Gate Current Compensation @

The leakage associated wilh ihe gates of the inpul
Figld-Effect Trangistors (FET] may be az high as 100
picoampeanes, This amount of leakage current (through 1
miegohm, RA0 or RSD, to grownd ) will produce an offiset of
100 microvalts, which al high gain settings, drives tha
owtput inlo overrange. To campensate for this alfect, the
gales of the input FET may be adjusted to zero volta by
rrlurning A107 and 106 through variabie controls R105
and R205 to e slightly negative supply woltage.

Leakage current associated with the gates of the input
FET and the overdrive protection dicdes, incréades rapidly
with temparature, approvimately doubling for every 10
degrea Calsius. To compensate for this increass, a
tamparatum sansitive inpui-=curreni balancing netwark (S
included, using thermisiors AT104 and RT203 as sensing
ahEmEnts.

As the gale current increases due 0 a emparatun
increass, the resistance of the thermistors decreases. ihus
maintaining & constant voltage ditference as a function of
temparature

s >

From the input attenualors, tha signal is couplad to the
preamp. The preamp conalsts of two dentical fesdback
amplifiers connected in 2 differential configuration. Ex-
cepl wherne needed for clar fication, only the amplifier for
e + put will be described in datail
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Circuil Description—AM 503

The supply vollages for the two ampliliers ang oblmined
from a comman power supply thal is bootstrapped o the
input {o improve the common-mode rejection ratio of the
preamip.

The fesdback circuit for the + inpul consisls of
comparator Q121A, error amplifier Q1314 and O13E,
feedback modifier R125 and R128, and outpul |oad
rsistor B138 9126 i3 the galn-satting resistor for the
amplifier. Diode CR131 connected between the base-
ernifter of Q1314 protects the transistor against reverse-
bias breakdown, and also provides negative feedback to
stanilize the clrouit ai higher freguencies.

Tha last stage of the preamp congists of 01524 and
01528, Zener dicde VR252 provides the collecior supply
valtage for this stege. The gain of this stage is ap-
proximaieiy 5

STEP GAIN DC BaL contral, R158, halanoes the de
lewel a1 the output &nd 8 adjusted for minimum dc leval
shifl when the GAIN switch & rotated throughout i1s
range.

Floating Power Supply @

Rafer to Flg. 5-1. The supply vallages for the preamp
and the do offset circuit are derived from a sernes-
connected resistor chaln conslsting of R431, R4X3, R435,
two Current sOurces, plus a current-setting transisior,
Q443 The positive current source consists of 04104 and
B. and Q416. The negative current source consists of
Q4224 and B, and C426,

Any common-mode changes thal occur in the input
amplifier, except &t the outpul, are soupled 1o the power
supply throwgh G451, which s connected as an emitter
follower. |t acts az a X1 bootstrap amplifier whose gain is
maintained very close to unity by the minimum loading
presented 1o its output by the high collector impedances of
Q1214 and B, thus achigving good bootstrap efficiancy.

Cutescently, approximately 13 milllamperes of current
flows through Q4224 and B. R421 shunts aboul 4
millampens of this curment from Q422A, leaving a balance
al § milliamperes flowing throwgh the positive curreni
source, 04104, 4108, and 0418 Approximately 12
millamperas of current from the negatise curment Sounce
also flows from Q4228 and Q426, and to the dc olfset
circuit, Q1414 and B, and Q145A and B, In any mode
excapt the do offset, the 12 milliamperes of curment spiits
egually and becomes the negative curren! source for
C1214 and B. About 4 milliamperes is shunted through
Q136 and Q238 This leaves the batance of 9 milllamperes
of currant to fow through Q1214 and B, and o the
summing point 8t the collecior of 5418
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Resigtors R440, A441, R442. ang A443 sef the base
vollage of Q443 witn CR441 providing the temperatune
compensaiion, Current throwgh R445 divides betwéen
0443 and 0448, The current through 0445 & The negative
current source for G314 and B. Alar flowing throuwgh
21314 and 8, it relums and passes through emitter-
followers Q1. then 1o the summing point at the coflectar
of Q416

The 1.8 milliampernes of current fiowing trom O443 and
throwgh reststor chain A435, R433, and R431, continues o
tha summing paint 8t the colisctor of 418, Tha voHlage
drop scross each resisior, in refarence to the emitier of
451, sets the "fioating” powsr supplies. The difference in
thi B milliampéres of curren nesded 10 satisfy the current
demand of the positive current source, and whal llows inio
the summing point from G433, G431, and 1214 and B,
will come {rom 451,

Common Mode Rejection @

One of the primary functions of the preamp is (o reject
any comman-made companent in the inpul signals, and
amplity anly the dilerance. In the axtrame case of the
mputs tied togather and a commaon voltage appiled, the
output of the amplifier is ideally zaro, and would actually
be zero provided ihat the characterialics of all cormespon-
ding alements an the two sides of the amplifier (see Figs.
1-5 @hd 1-8) were sxactly matched In practice, any
mismateh will cause & differential output. Even with
periect matching, there |5 stll @ common-mode output
currant resulting in &n undesirable common-mode signal
applied to the subseguent stages of the amplifier [com-
mon mode gain},

The floating power supply sliminates these difficulties
and improves the common mode rejection, I§ can be sesn
thal the entire power supply and amplifier moves an
amouni egual o the common-mode wollage, and that no
changs in voltage of curment levels occur anywhere within
the amplilier as a resull of this common-mode valtage,
except lor Q128 and J238 drain 1o gate woltage. Thus the
only miamaich of imporance is that of 0136 Q236
amgplification factors. Being in the ihind stage of the
amgplifier at & polnt of relativaly large differential signal
level, this causes only & small degradation in common
mode rejection

Al higher frequencies the stray capacitances from
warious poinis in the preamp to ground begin bo inpect
eignificant current into the amplifier &e & el of comiman
mode skgnats. Differential capacitor C150, connected
from a paint in the floating power supply to the teo output
lines, is used to inject adjustable currents into the output
fo compensate for the change
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Circuil Description—AM 502
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Fig. 1. Premmg floating power supply showing positive and negative cumend sounce,
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Clreult Description—AM 502

Cross Neulralization @

Fefer to Frg. 5-2. The use of a common bootsirap power
sUpply resuits n an undesirable capacitve coupling
batwean the two inputs. Consider the effect of applying +1
volt to the + input of 21214 whils keaping the = nput of
Q1218 at zarc voits.

The results are: an outpul current of i of 4 milllamperes,
and a ghift of all supply voltages and several other voltage
levals by +0.5 vall due to the divider action af B128 and
A226. operating Into the bootsirapped power supply
system. Specifically, the drain of O1218 also rises +0.5
valt and inpects current |y throwgh the drain to gate
capacilance, Cy of Q1218 and into the — input. If thare s
any impadancs bebwesn the — input and ground, i, will
develop & voitage acrogs ihe impedance, and since its
applied (o lhe = input, sublracts from the ariginal + inpui,
thereby causing an erronecus oulput |see Fig, 5=3}.

1E03-0

Fig. 5-2. Simplified preamp circull shawing cross neuirslizsiion
eireult,

+INIPLIT

£
|"
Haz mput

#;ﬂ —INPUT grounded through 1 meg—47 pF
awigiul
murrent
—ineur TS
eI1-0

Flg. 5-3. Eltects of high Impedancs o ground in the — Inpul,

Capacitor 0122, connaciad in tha < input circwit. is
adjusted o divert the undesirable capacitive curmanl Swiy
Iram the inpul paint, minimizing the unbalance, Capacibor
iC222 performs the sarme function lor signals applied bo ke
= Input circult.

oc omset 7

The purposs of the dc oftsal system is to allow a
ditfereniial slide-back measuremant; that |5, to buck out
gmall gt components of input signals and allow the
armplitier 1o amplity only the varying components, while
keeping ine differential capability. This means thatwhen a
de vallage iz applied asraas the inpuls, some means must
be found to balance oul the resuliant culput curmen)

The de otisatl system. with zero input signal conditlons
and resulftant currents is ilustrated in Fig. 5=4. Source and
oufpul  currgnis remain at 2 milliamperes and 8
milliampares respeciively, thereby pradusing a balanced
outpul. The amplifier and do offsel system illustrated in
Fig. 55 shows the current conditions when g 0.25 walf a¢
signal voftage |s appiled to the + inpul. This voftage
causes an additional 1 milliampers of curment 1o flow
thraugh R126 and R226, However, il a 1 milliampere offsat
curmenl is supplied by the offset genaerator, the met cutput
current will remain at its zere signal value

Whan the dc offsst iz nat uaed, the de affset conlrals are
swilched by the LF —3 dB switch, 1o a fixed referance
voliage divider R4E0, R461, and R462.




Cirzult Description—AaM S02

CHIAE D

THAT11

. ler mnd de cihisel
Fig. m.l.‘rrqui l:!rmm.iu:rnhu Dslanced outpul

LF —3 dB Frequency Seleclor

This swiich selects the low freguancy —3 dB point of
the ampitier and has a range of 0.1 Hz to 10 kHz in six
decade steps. Salection is done by switthing the resistor
and capacitor of a pair of capacitor ouplings in each side
al the amplifier, betwesn the pre-amp and the gain-
switzhing amplifier. For 100 Hz 12 10 kHz, CATD s used.
and resigiors R4T4, R4TR, and R4TO are switched to the
output in the following combinations:

1 kHz2 10 k2

—3 dB frequency | 100 Hz
oulput resisiors A47T0

R4T0 & A474 |R4TO & R473

Whenawer R474 or R4TE ks notl usad on the oulput side
af C258, the resistance (R4 74 or R478) is placed across the
input to keep the Righ freguency load resistance, &5 seen
by the pre-amp, consiant

Capacitor G472 is switched across G470 for the lower
thres ranges (0.1 Hz, 1 Hz. and 10 Hz} and C258 isshorted
out for de coupling. Resiators R474, RETE, and R4T0 are
gwiiched in 1he same combination for the lower three
positians as they are for the thraa highar positions

namg AT
—L

Fig. 5-5. Amplifier and dec oflsel system, shaowing a 0.25 wall de
aftisl and reswltan! currend conditions.

Gain Swilching Amplifier @

The gain switching amplifier is a balanced differential
canfiguration very similar 1o the preamp bwl with a fized
powar supply. A gain of D468 1o 450 = changed by
swilching different values of resistance with switch 5480,
D624, Q644 and 0188 comprise the switching
amplifier. D167 and Q26T serve tad funclions; tha base-
amitter |uncllons sarve as reversa bias protection for Q1848
and {268 and they drive the over ranges indicalor cirguilry
to indicate a differsntial over range condition

Step Gain AC Balance control, R161, s used to remove
any initial unbalance A the jate-to-sowrca wolages of
21624 and B, and s&ts the vwoltage across the gain-satting
resistors when fhe diflerential input (gate<to-gate] voltags
5 o

Capacilors 164 and G264 are in the circuit for peaking
al frequencies near 2 MHEZ Inductors L164 and L3G4
reduce ihe gam al high fregquencies. thus praventing
aEciflations.
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Circult Description—AM 502

HF —3 dB Frequency Selecior <:>

This switch salecis the high freguency -3 dB paint af
the amplifier and has a range of 100 Hz through 1 MHz in
pine steps of & 1-3 sequence. Thig is sccomplished by
simply swilching ditterent values of capacliance across
the gutput of the gain-switched stage.

Variable Gain Stage @

The variable gain stage (D171A, C1T1E and Q187,
J281) s & fesdback amplitier having a gain Ange of
Epproximately 2.5:1, determined by CAL control RI1TH,
Fesdback resistors RT3 and RETI, plus gain selling
resistors R177, RETT, and R178 et the overall gain of the

stage at 10

The common mode signal at the outputof the feedback
amplifier is compared to ground by comparaior 3185 and
0195, A dec fesdback loop s provided 1o 1eed back the
putput of tha comparator to O171A and B wia emitter
tollower 0263 to maintain the junclion ol R175 and RETS &t
a zero wolt lewsl,

Variable Gain OC Balanoe R263 adjusts the input lewvels
of 3171 A and Bso thair source voltages will Ba egual. With
the source levels equal, rotating the front panal VAR
control causes no shilt of the de sutput level,

Cutput DG Level control R191 adjusts for a zero-voltdo
leval &t the owtput of the amplifier, R191 and R193 aclas a
curment source or sink 1o set the voltage difierence across
R175 and B275, Their common junction is al zero volts dus
to feedback action described earlier, QA5 and Q285 ac
85 the negative current source for the wariable gain stage.

Diodes CR181 ang CRI1EZ act as peak deleciors,
providing a signal to the over-range deleckor circuit (s
emifter), A voltage swing greater than =8 vofts on the
collacior af Q181 of Q281 will produca an over range
indication, lighting indicator lamp DS50.

Output Amplitier @

The cutput amplilier stage consists primariby of tran-
sistors D5614 and B and O571A and B and provides a £5
winlt differental vallage swing with a zers-valt de leval. The
output R, i1 5 ohms or less. Transistors 0555 and (0558
comprise the positive and negative curment sources

raspectively,

&6

The output stage is short-circuli prolected to ground. If
the current in AST1 causes the woltage at G5T1E collector
to fall below the level of Q555 emitter. CREES conducts.
taking curreni from Q588 theéraby reducing the drive 1o
QET18, limiting the autpul currmand

Over Range Indicator @

When the LF =1 dB swilch is in & position othar than
DG, thare is no gn=-screen indication af the dg conditions
in the preamp or gutput amplifier, and i1 may ba driven into
non-linearity or gwverload by a de companent, keading o
errongous displays The owlr range indicator clrouit
detects this condition and so indicates by means of
indicator lamp DE60,

The ower range circult consists of three input tran-
sistors G501, 0511, and Q521, monastable Multivibrator
0832 and O541. indicator lamp driver Q540 Whean any of
the thrae input fransisiors become lurmed an by &n over-
ranga signal from the respectivé amplilers, a tum-on
current iz supplied to the base o! Q5532 Thiz starts the
mullivisralor actien which has 8 minimum on timea of
approximately 200 milksaconds; thus the indicator Bmp s
held on for 8 minimum of 200 milliseconds regardiess of
thve duration of the owver-range signal, The timing com-
ponents are G538, AS3E, and AG31.

Power Supplies ®

Regulation of tha +15 wolt angd =15 wolt supply 1S
accomplished ihrgugh the reapectve operatonal
amplifier, U810 and U930, Zener diode VRS0 sats the
raference valtage for U910, the +15 wolt supply seis the
refesenca for U990 The operational amplifars control the
current to the AM 502 through seres-pass lransisbors
kocated In the power module. The inpuls of bolh in-
tegrated circuits seak commeon levels by varying the
currant supplied to the unit. Should the power supply load
incraasé, pin 2 of 980 goes mare positive, causing pin B
10 go mone negative. This action increases current flow in
ihe serigs-pasa transistor and restores the voltage io the
initial level The +15 wolt supply operates in the same
manner axcepl the polarities are ditferant,

Transistors 0910 and Q990 act as currenl fensing
regulators. Should the current increase to a lavel hat the
voltage drop across AS70 (RE20) is great enough fo cause
QOo0 (2910) to conduct, current is faken from the sarles-
pass transistor until it is tumed off. This action limits the
curreni availgble to the ampiifier, should an owverioad or
shart chrouit ooour

This +& valt supply is comprized of 0940 and 0942 The
baze voltage level of D242 i3 et by divider R945 and RB46.
The base-emitier drop of the transisiors produce the =5
valt supply



Seclion B—AM 502

OPTIONS

Mo options are available at this time.
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Tedktron  SeralfAssembly No, kit
Component Mo, Part Mo Effective  Dscont  HName § Description Coda  Wiv, Fart No.
G138 154=-9025-00 BIH00 WISFIT TRmS [STOR: FET M-CHAN 51, T0-92 M7 SPFI3E
a136 151=W42=00 BORIDOD SEMLCOMD ONC SE;FET 50,7T0-92 M3 SPFRITME
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g §51=01RE=00 TRINS [S TR P 51, TO-92 MY iSi-0188-00
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Section B—AM S02

DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS

Symbols and Reference Designators
Electiical caompangnts shawn on the diagrams are in the fallowing unit onless nofsd othersia:

Capacitors = Waluei one or greater are in picofarads [pFl
Walues less than one are in microfarsds {uF ).
Resistoes = O (030,
Graphic symbaols and class designanion leters are based om ANS| Standard ¥ 32.2:1975.
Logic symbalogy is based on ANS| ¥32.14-1873 in terms of positive logic. Logic symbols dapict the logic
function parformed and may differ trom the manufactures’s dats,
The averling on a signal marme indicates that the signal performs its intended function when it goes to the low state.
Abbreviations are based on ANSI Y1.1.1872.
Oiher ANSI stanclards that are used in the preparation of disagrams by Tektroniz, Inc. are:
Y1415, 1988  Cralting Practices,
¥14.2, 1873 Ling Corwéntions and Lettering,
Y108, 1088 Leteer Symbals for Ouantities Lsed in Electrical Scence and
Electrical Enginegring,

The following prefix letiers are used as reference designators 1o dentify companents or assemiblies on the diagrams.
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Component Reference Chart
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LOC | ND LOC |ND LOLC | NO LOC

E1 R1RS c2 | R4S M Aadd 1
Lb | ATH B4 |R48D Fd | A3ag CE
E1 A133 3 L Ragi G4 | AS43 EB
ci R155 05 | Rd4GT F4 | A4S ES
= r) H1 R385 BS | Rddd Hi ARdE Fi&
3 Qi1 €1 R198 A5 | P4EE H1 | RGEd HA
3 |OBSE B3 |RAME 12 (R4 FE |REBE  HE
ek

G

OsS8 A2 |RI0E 13 (AM471 ES |R9EA  ES
4 |Q8E1 £2 |R3T 3 A4T4 G5 | RETO BS
M 4 RATS F5 REEL ]

BERRERGERE
n

3 BS

L1 -] o0 B |REN 14 RATE A | A9Ea (5.1
cwr a2 Ké |God0 B6 |R222 M |pupq g |R994  CS
cizz 3 K3 (642 D6 |RZIS M |pagp gp |R9ES OS5
c1m o1 (G990 B8 |RIE26 8 lgasr g1 |RTIDE  HZ
HZ

i
cla8 16 83 B2 5 (nesz g1 |ATI03
c150 S B2 (W10 Ka |RIG  GE |pagr gy
cle4  E3 B2 (R20 K8 |RZT G5 |pea g1 |sioa La
c1e B2 Bl [R30 K3 |R241 U8 puse g2 |sioB L4
GH . B2 (R3S K2 (RS U8 fpug G2 |sWA LS
co7 12 B2 |RIM K2 |RM6 M6 lpegy  F1 |S20B LS
£122 18 RaD L2 (A2 G5 |pegm  F1 |s30 L4
cIn WA 2 [mso w2z |RIM W8 lpepe P2 |s17B o3
€2 a5 i3 |RS5 L2 |RISE  GE it eh
264 Ea RSE Lz A260 D4 AS0T o1 CAHD G
[ -} EX Fx SR k] H1 R267 E3 A% o1 cig0 T A4
[ iy | S Fa A 105 iz RI62 D4 HSd o1
C433 M & (RS 12 (RIGE B3 lpgay  p1 (g0 AG
CAIE K kS RT3 |R3BE EL pgp  F2 |ueed A
438 B ®a |R1ZD 4 A268 L E1
GddT iLa K3 A1 [[] RAZ64 C4 AS513 [ VAIEI o6
Cdal K3 4 R1Z2 Ha R2F0 F3 ASZ1 a3 VA4 47
CAS0 Kd Ha A1 Ha R2IT E2 AST3 Ef VRS 43
cATO ES A R1Z& 14 R2T3 EZ AS74 01 VRSO %
G477 ES % |R13 13 (RI?S DI pmay EN
caT Féi (£ AT3S ca  |RITE 03 |pe3z a1
C473  ES Ga (A7 G4 (RITT D3 psry 21
Cago @ pa |R141 a6 |RIBA D2 fpsls
cas1 Ad E3 A145 a5 RZAS cZ ASd ] &1
Cam3 B4 F3 |A14& HE |R41D ] AS42 a1
cand Ad E3 (AR152 @I |[RA4N M AS50 B2
caec Y C2 F2 |R154 H3 |Rat4- & RAS51 az
Cag6 t 02 g3 (RSB G4 |R420 WS [ASS2 D2
CaeTt C2 oz (RIST  F1 |Ra@ K5 |ASs3 B2
cagst @2 c4 (A1 o5 |A427 KS |(RSS55 B3
cégat A2 % |R1G0 D@3 |R423 K5 |ASSE B2
[ R = | H4 |R161 o3 |R4zs KB |RS58 BRI
CS36 c1 [ i} R1&62 o3 |Ra3t pes AS&d c2
ChE2 c2 F3 R164 E3l |R433 44 ASE1 a2
CoEd g2 5 |R1SE EX |Ra3s Jd ASBZ ;2
csM B2 EZ |RiGE D& |Ra36 43 Asfo  C2
©810 BE (=P8 Fz |Raz8 Jz ASM 2k}
Coz3a pE Od1de 45 |[®ITa Ex |R42d K4 |ASFZ 2
co24 ME a0E 44 ATy E2 Aaat (2] A B
Co28 ME DE22s U8 |m1rs D2 |A442 K4 | AST0 D8
coay @ MM KS (mi7E D03 |Rd43 W4 |R9IS  CF
CodZ DE E:i; 44 RATT (5 F} 45 K3 ARS8 1]
Coed cE L& Ri7TH E3 Aa48 43 A0 £
o8 Ge K4 |R181 E2 A&48 az A2 ES
CREE e ] 1 Ji A184 £1 AR50 34 RET4 HE
CoE o8

o WLt e REV OCT 1588



VOLTAGE AND WAVEFORM CONDITIONS

Dangarous poleniials exisl atsavasal podnts throwghou! this instrumaent. When the ingfrument
8 operaiad with the covers removed, do nol fouch exposed canmechions ar companenia
Some frangistars have volteges presanl 08 Iheir Cases, DicOnnect the power source before
replacing parts

The voltages and waveforms shown on the diagram 1 and 2 werne taken with the AM 502 front panel
controds sel as folbows:

VOLTAGES WAVEFORAMS"
ZaIM 1003 GAIN 100
+100 pushbwtion out +100 pushbution out
HF =3 dB switch 1 KMz HF =3 d8 awiich 1 MHz
LF =3 dB swilch DC LF =3 dB switch oc
+ inpuit AC pushbuiton out + lnput AC pushbution out
GMD pushButicn in GND pushbution cut
— input &C pushBution out — jnput AG pushbution out
GEMD pushbuticn in GHD praghbution in
STEP QAN centerad STEP GAIN centared
CC BAL oC BAL
OC OFFSET centered oC OFFSET cantered
{GOURSE - FIMNE) {COURSE- FINE}

"Ground relerence: cender horiponial graticule Sine

The waveforms shown were taken with a 50 mV square-wave inpul signal applied o the — input
connecior of the AM 502,

Voltage Conditions. The voltages shown on the diagram were obiained using a digital multimeter
with a 10 megohm mpul impedance (TEXTROMIX DM 501 Digital Multemater or TEKTROMNIX 7013
Diigital Mullimeler used with readout equipped, TE-seqies ascilloscope),

Wavetorm Conditions, The waveforms shown are actual wavelorm photographs taken with a
Tekironix Oscilloscope Camera System and Projected Graticube. Vertical deflectian factor shown on tha
wavelorm is tha actual deflection tactar irom the probe tip. Vollages and wavetorms on the diagrams ang

not absalule and may vary belween instruments becauss of component tolerances, internal Calibration
ar front-panel settings. Feadouls are simulated i larger-than-normal typa
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VOLTAGE AND WAVEFORM CONDITIONS

WARNING I

Dangerous polavhials gxisl af severad parts throughkoul (his instraomeant. When the insirpmenf
& gperaled with the covers ramoved, do Aol louch axpdsed coarngolions or companenis
Some ransisionrs have valipges presenl an (heir cases hscomrmec! the power founce belore

FERIRCITG Parrs,

Thia l.n::-ll:agns and wavalorms shawn an he diagram 1 and 2 weare 1aken with the 40 502 (rant panel

conirols il as follows

VOLTAGES

GAlMN

=10

HF —3 dB swich

LF —3 aB switch

t imput AG
GO

nput AG

GMD

STEP GAIN

O BAL

oC OFFSET

{COUASE - FINE)

100
pushbulton ol
1 MHz

DG

pushbuttan ol
pushbullon i
pIJE-!'ItrLItt-Dﬂ ot
pushbutton in
canbered

cantered

‘Giround relerence: cenier horlzontal graticule line

WAVEFORMS"

GAIN

=100

HF —3 dB swiich

LF —3 dB switch

& nput AG
GHD

- input AC
GrD

STEP GAIN

O Bal

O:C OFFSET

(COLURSE- FINE)

100
pushbution oul
1 MMz

Do
pushbution cut
pushbullon out
pushbuwibon cut
pushbutton in
contared

cantered

The wavelorms shown waere taken with a 50 mV sguare-wave input aignal applied 1o tha + input

conmecior al (he AWM 502

Voitege Condilions. The vollages shown on the diagrem were oblained wsing a digilal mallimeier
with & 10 megobm nput impoedance [TEKTROMIX DM 501 Digital Multimeter or TEKTRONIX TO13
Diigital Multimeter uged with readout aquipped, TO00-saries oscilloscope).

Wavetorm Condilions. The wavelorms shown arg aclual wavelorm photographs laken with a
Tektronix Cecilloscope Cameara System and Projecied Gralicule. Varlical delection facior shown on the
wavelorm is the aclual deflection lector fram the probe lip. Vollages and wiveforms on the diagrams are
nit abaolube and may vary between ngtrumenis becapse ol component talarances. internal calibration
of lfanl-pangl seftings. Readouts are simulated in larger-inan-rarmal bype
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VOLTAGE CONDITIONS

Digngerous polentials agist al several pownils throughow! this festrument, When the ik trorigad
iz operated with the covers removed, do fol fouch exrpossd CONnMEcinongs of cOm@omants,
Some transisiors have valtages prisent on iheir gases. Dizsgconmect the power source belfore
raplacing parts

Theveltkges shawn on the diagram ware iaken with 1he AR 502 lroni panel controks set as {olborws:

VOLTAGES
{Gain 100
+100 pushbuthon owt
HF —3 dB switch 1 MHz
LF —3 dB swiich WL
+ Input AC pushbutbon oul
GRID pushbutbon in
= inpul AC pushbaibon out
GHD pushb-utton in
STEFP GAIN canterad
O BAL
OC OFFSET canterad

{COUARSE - FINE)

Voltage Conditions. The voltages shaown on ihe disgram were oblgingd using & digital muitimeter
wilh & 10 megahm inpul impedance [TEKTROMNIE D .I.‘il:l1 Digital tuitimeter or TEXTRONIX 7013
Drigital Muliimeter vsed with readout equipped, TOM-series cscilloscope).
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Seciion §—AM 502

REPLACEABLE
MECHANICAL PARTS

PARTS ORDERING INFORMATION

Boglacamant parts dare gvailahis o o IRidugh your DGl
Tektronin, Imc. Fhald Ofce of regresen tative.

Changes 19 Takironie ingrumsnts ane somaimes made D
Actommddsls Mptovkd CoMPorents & thay becomes wailasia,
ird i give you [he Benefil ol e est cirgu® improvements
deveioped in our enginesing depariment. 0 i Sereione
imporiant, when ardering paets. 10 wclude e following
inloimaiion i your order; Pan number. ingtrement type ar
rramier, sarisl mumiar, ard modifoation number if appdicabis

i1 @ par yeu have oroensd has Bean molaced wim a new o
improved parl. your local Tekionil, Inc. Fiesd Office ar
repragentsiive will contiet you concerning any change in part
AL

Change nformason. i amy, ie lotaied at the resr of this
mafiual

SPECIAL NOTES AND SYMBOLS
000 Fart first added ai this serial numbaer
oo Part removed ety thes sasial niambsr

FIGURE AND INDEX NUMBERS

fema in il selion are referenced By ligurs and indaex
MiJingsra 1 v ilusraticns

INDENTATION SYSTEM

This mechamecal pars fst s indanied 00 indicale ikem
relaborshigs. Following (s an assmpi of iha indeniation Syamee

used in e descripfion coluimn

12545 Narne & Descriovan

Azpamaiy ol or Componsnl
Alfachimg paris far Assembiy and‘or Somponent

Dafan! Fert of Assembiy andior Compananl
Atfaching party far Qerad Parr

Perig of Dedpil Pary
Arpeiing panty for Parme of Deli o

Altaching Pars alwayl ippedr in e 4ame indeniation a8
T itam d mounts, whils me deckil Darms gns ird emled i3 ke fght
mdented iems are part of, and iInCluded wilh, e Al Righer
indarriaton. The soparation symilgd - - - © - - - indicabes the and gf
atiacking cans.

Absching parts must be purchassd separstely, uniess oSersis
spacifad,

ITEM NAME

I the Parta Lisl an %em Mame i3 separaied from Se
dageripfian by 0 Salon (L. Because of space limetatans, an lem
MNam@ iy s9halirss sopear 25 Incompiete Bor fukher em
HNarmg identification, {he U5, Federal Crmaioging Handbook H-1
can ba ublized where posaible

ABBREVIATIONS

- HagH ELCTRN  ELECTROM

] RIGBER SIZE ELESTRICAL

ACTR ACTUATON BETT RECTadLYNC
kT sparfEn ELER ELEMERT

ALNGH AL GHMENT BLESTAIGAL PARTH LIFT
il AL EDPT ECILRPRIENT

ARG AREERRLED EXT EXTESMAL

ATTe AE LA pam v il FRLLSTER HEAD
ATFEN ATTERUA TR FLEX FLENIDLE

AWD AMERICAR #RE adgE Fi FiLAT e f

L FLTH FLTER

BANT Bk CET FR FRLGIE or FICHT
L] SAAEy FET kil FasFEnER

EAF BEONIE T FEGT

L2-tah] BrGimriG L in) foED

[L1. CADMET OaRT

= CAPACITOR HORL HAMCEL I

CER CERAMI HEX WRAGON

g T AT ] SEK =0 rEA LGOI WEAD
oxT CIRCLIT NS0T HERAGORE: GOCEET
Coage COMPORTHON HLCPS Hif | FRAL CIDARPFESTIC
e ] COMMECTIR HLETT HELECAL EXTEMGHEY
oo CINER -y A OL TARE

CALG CoLUPLIMNG [ iy PTEBRATED CIASLAT
CAT CATHIDE may FURE [=] P IDA DA L TER
BEQ oeNT IDENTIFICATION
Crem CRAWER LR APELLER

L] R 7 SINGLE IND

INCANDE  MCAKDERCEWT BECT SECTHON

iR NEULATOR AT BEWCOMDITTOR

INTL IMTEANEL et G ELD

LPFA.DR LARMPHTRJEA SHLOA SO DHERED

WACH i kg E+ SOCKET

[T T L] WESHERC AL £ E-1=

TG D INT NG SLFLHG RPN IS

T HPPLE VG S EEWING

m WIRE ST ol YOLND arn hra

Lo L] ALER Y DCSCAPTION o STLIARE

o e ] AITSIRE OIKMETES 55T STAMLEE: STEEL

A e, WA 5T STERL

P ART PUCEPE DS E ] FATTCH
PRI o PLATE T TopE

BLETS PLAZTIC TEfmM TEAL

Py PART bl MIER: FHO TedtEan

P Ak HEAD T heile] b [

Pypail BrraER THESN TEFS R

acrt RECEPTACLE TEG THATRG

ALS RESISTOM TRH THuSE HEAZ

AGD AmGID W WL TagE

ALF REL ¥ AR VAR E

ATWA RETAINEA W WTH

BEH SOCRET HEAD ke ArAEER
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Replaceable Mechanical Parts = AM 502

CROSS INDEX - MFR. CODE NUMEBER TO MANUFACTURER

(%],
Code  Manufacturer Address City, State, Zip Code
02107  SPOETD MAD CD =500 N mDOSTER RO DOYER (H #8622
P g aag
UFREF  DuRMOY CORp RI(HAEES &VE WOEMALE CT 06652
1257 FREEWOY CORP 1 SLLEN R CLEVELRMD OH #4125
13511 [(MPHEMOL COORE DIV BUMKER ROMD CDEF Lo5 GATOS Ca
2505 M PNT E 1 OE MEMDURS 0OMD OO [WC 30 HINTER LAME COMP HILL PR 97011
) PONT COMMECTDR 575TEMS
I WEYDD MOLDED PRODUCTS W7 RICHIGHM BVE KEMILMOETH M 07033
F 0 X 1650
45777  USH CORP, . PORKER-KDLOM FOSTEMER QIW CONPBELLSVILLE, KY aZMB
SEATE SPS TEDWMOLDGIES IHC HiGHLAND &WE SEMEINTOM PR 19088
1= BRISTOL SDCEET SCRER CD mOTERREY CT
TATES TR THE 1501 WORSE OVE ELE GROVE VILLAGE [L EOOO7
TR CIMCH COMMECTORS
TAM3 FISOMER SPECIOL MFG CO M RGN 5T CINCINMAT] OH 85308
TS HOLD=KROWE CD 31 BB 5T MWEST WORTFORD CT DE110
Tra SHOEEPRDOF SAIMT CHEELES @ ELGIN 1L BOL20
01 OF JLLIMOTS TOOL WORKS
TEIED TLLIMOIE TOOL WORES IHC ST DHERLES ROMD ELGIN IL s0L20
SHOCEFROF OIV1S10M
79136 HALDES WDHTMOOR THC &7-16 BAUETEL PLACE LG [SuBs CITY WY 19909
2L TEETRIMIX 1MC 90 5 W GRIFFITH DR BERVERTIN OR 97077
PO X 500
BliES WICRODOT ROMUFACTURTHG [T 271 W BIG BENVER RD TROT Ml wo0eg
GREER-CEMTRAL OIW
BEYTE SENSTR(M WFG €O IMC 701 SOMDEE OVE GLEMDALE 08 91201
Rl e] EINGS ELECTRIMICS €O IWC 40 SR EDELE DOAD TUCERROE MY #0707
Qa7 TEXTRON [MLC B0 15TH EVE ROCEFDRD 1L G109
ChuCaR oIV
TEiEE?  NORTHMEST FOSTEMER SOLES [WC A28 o (1S ORIVE BENVERTON QR 87005
TE43E  LEW]S SCREN CD 4914 £ PEDRIA CHICAS0 1L BOB0D
QT 0 HAORG METOL PRODUCTS CO A7 ERDMMON ST SOM FREMCISCO CR 98907
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Feplacaable Mechaneal Paris = A4 5002

Fig, &
lr:n Takironii Sarial/ Aszembly Mo, hdfr,
Ho. ReHhl LK ol T 1 P M. P!'t B,
1 33139901 B0 1305 2 SHIELD ELEC:SIOE BOODS 3371300
IF-13901 108 i SHIELD ELEC:SIDE 80009 33713901
=2 r-1390-00  §13s 1 EH1ELD ELEC:SI0E BOODS  339=1396-00
| ol ] i EMOE: GRAY MITH SETSCREW BOOMY  3E6-0434-00
213=-1153=-00 1 CSETSCREN:5-40 X 0,725 5TL TEDI9Z DRDER BY DESCE
] HE-1518-00 6010100 BO90GSS i EMOE:GY 0083 10 X 6,292 00 X 0.8 H BO00Y  IBE-1518-00
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




