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'IEktronix@ MANUAL CHANGE INFORMATION

COMMITTED TO EXCELLENGE Date: 7-8-81 Change Reference: C1/781

Product: DCc5009 Manual Part No_: 070-3888-00

DESCRIPTION

All references to the SA 501 in
this manual now apply to the
067-1090-00 Signature Analyzer.




Product: _.

DC 5009

m"onix@ MANUAL CHANGE INFORMATION

COMMITTED TQ EXCELLENCE Date: . 11-25-81 Change Reference: C4/1181

Manuzl Part No.: {070-3888=-00

DESCRIPTION

Change

Change

Fip. 8-6

CHANGE TQ:
Fipg. 8=53

SA CLOCK

5A CLOCK

SETUP CONDITIONS

TP 1302 to a falling edge (™ [_).

SETUP CONDITIONS

TP 1302 to a rising edge ( ).
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anix@ MANUAL CHANGE INFORMATION

Product:

C3/182

COMMITTED 1O EXCELL ENCE Date: 1-15-82 Change Reference:

DC 5009 UNIVERSAL COUNTER/TIMER 070-3883-00

Manual Part No.:

DESCRIPTION

EFF ALL

SN
TEXT CHANGES

Pape 1-3 Table 1-2, ELECTRICAL CHARACTERISTICS

Characteristic: Trigger Levels, Accuracy

CHANGIC:

Pape 1-4

Characte

Supplemental Information to read:
45 mV 40uV/OC referenced to 25°C. (Typical)
[+ 15 mV +40uV/°C at front panel connectors,]
Actual triggering veltage is subject to changes
in input signal to noise ratio and risetime.

See resolution and accuracy statements.

Table 1-=2 (cont)

ristic: Trigger Levels (cont)

Trigger Level Output Accuracy

CHANGE:

Page 4-4

CHANGE:

Page 4=5

CHANGE:

Page 4-5

CHANGE:

Performance Requirements to read:
Within #30 mV of intermal DC .

4. Check the CHANNEL A TRIGGER LEVEL Qutput Accuracy; +10 mV
of Internal DC Trigger Level Voltage

10 mv to read: £30 wv

2. CHECK—that the digital mulrimeter readout indicates
between —.010 and +.010 V.
-.010 and +.010 V to read: -.030 and +.030'V

i. CHECK—that the digital multimetrer readoutr indicates
between =.010 and +.010 V,
-,010 and +.010 V to read: =-.030 and +.030 V




'Ibktronix® MANUAL CHANGE INFORMATION

COMMITTED 10 EXCELLENCE Date: 10~19-81 C_hange Reference: M446373

Product; _DPC 509 and DC 5009 . Manual Part No.: seg balow

DESCRIPTION

pC 509 (070-3464-00)
DC 5009 (070-3888-00)

EFF 5N B0O20408 (DC 509 and DC 5009)

TEXT CORRECTIONS

Page 3=11 Change the second paragraph for Rear Interface Signals to vead:

The measurement GATE signal to the rear interface is via

P1410-4 (J1410-4). The microprocessor interprets the reset
inpur from UI321F to pin 33 of Ul332 as the electrical
equivalent of the front pamel MFASUREMENT RESET pushbuttom.

Page 5«8 (DC 509)
Page 5-9 (DC 5009)

Change:

Page 5-9 (DC 509)
Page 5-10 (DC 5009)

CHANCE TO READ:
Pin Z8B.

Fig, 5-9

Measurement To Read: Measurement

ate ——
Gate Out Gate Out

Pin 288

Measurement Gate Qut--This line is in the low
state during the current megsurement process

and iz capable of driving one L8 TTL load. The
gate duration iz dependent on the input signal

frequency and the AVERAGES selected.




Product: .

DC

509 and DC 5009

10-19-81
Date:

M&4633
Change Reference:

DESCRIPTION

SERIAL DATA

DIAGRAM@ CONTROL LOGIC AND MEMORY - Partial
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jltgﬂk(l:'1t’ljli)‘5 MANUAL CHANGE INFORMATION

COMMITYED TO EXCELLENCE Date: 3-23-%32 Change Reference: M45587 REV

Product: DC5009 UNIVERSAL COUNTER/TIMER Manual Part No.: _070-3888-00

DESCRIPTION

EFF SN B021120

REPLACEABLE ELECTRICAL PARTS AND SCHEMATIC CHANGES

CHANGE TO:
Al 670-6855-01 DIGITAL BOARD
A16R1203 315-0433-00 RES.,FXD, CMPSN: 43K OHM, S%, 0.25W

ADD;
A16R1204 315.0104-00 RES,,FXD, CMPSN: 100K OHM, 5%, 0.25W

DIAGRAM ® MICROPROCESSOR, CONTROL LOGIC AND M-MORY - Partial

BEENERREED
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Product: DC5009 UNIVERSAL COUNTER/TIMERDate: 3=23-R2

Change Reference: M45587

DESCRIPTION

CHANGE TO;
AlL £70-6797-01
"A14R1301 %15-04%3-.00 RES.,F XD, CMPSN: 43K OHM, 5%, 0.25W

ADD:

A14R1305 315-0104-00 RES.,FAD, CAPSN: 100K CHM, S%. 0.25W

DIAGRAM <£;>GPIB MICROPROCESS0R, MEMORY and CONTROLLER - partial.
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|-0|'1ixO MANUAL CHANGE INFORMATION

COMMITTED TO EXCELLENCE Date: 3-26-82 Change Reference: M45904 gy
Product: DC_5009 UNIVERSAL COUNTER/TIMER Manual Part No.: _070=-3888-00

DESCRIPTION

EFFRCTIVE SN:

DC 5009 B021120

DC 5009-01 B021040

CHANGE TO:

ATPR1504 2]15-0474-00 RES.,FXD,CMPSN: 560K OHM, 5%,0.25W
ADD:

A12C150k 281-0661+-00 CAP, FXD,CER DI: 0.01lUF,10%,100V

MOVE;

Move connection of C1521 to +5V3.

These changes are located on schematic

0.0/ uf
PHASE LDCKED LOOP

oy w 2 RISI! cig1g s
5.6k 8. IpF
ey / A} g RIS!13 | TPi4E
5 _t‘_“ Yor RIS2 ——-—fff»-—, Lit
e (4138} 3 VIR 6 St
32 lln.?m T BF T T F AARN = ; ml?kz )
f; 19 b AAA ot d RIS16
_ oF -~y s, , LK ‘ CcRI521 5
+5v R1515 u1sz18 3, _I_ et
mﬁ‘ﬂ &5"5 risgz  TPIS1e B3 14s UIS21A l:'ﬁz; |
2 RiS1e 1438 WF ) U523
A 7\\\3 " I . U122 o l 19165
3 3" +5 l/’:?
—1= U150 v u1sz4
3] < 1% 845\4 LTS
cises L
IDERS ‘ane T 3 II
UIBT 1A U16118 2 bk
74084 T4RAA /;; '

-

CHANGE TO:
Al2 £70-6795-01 ANALOG CKT BOARD ASSY (STANDARD)

Al2 £76-6854-C1 ANALOG CKT BOARD ASSY (OPTION 0O1)

Page 1 of 1




MANUAL CHANGE INFORMATION

Date: __11/5/82 Change Reference: _M46267 REV
Product: DC_509/DC 5009, DC 509 Opt 01/DC 5009 Opt O1Manual Part No.:

Tektronix

COMMITTED TO EXCELLENCE

See Below

DESCRIPTION

(070-3464-00)
(070-3888-00)

FEFF SN: DC 509

DC 5009

B021580 {(Std.)/BC21610 {(Opt. O1)
B021130 (Std.)/B021250 (Opt. 01)

REPLACEABLE ELECTRICAL PARTS & SCHEMATIC CHANGES

CHANGE TO:

A2
A12

670-6795-02
670-6854-02

CKT BOARD ASSY: ANALOG (Standard Only)
CKT BOARD ASSY: ANALOG (Option 01 Only)

REMOVE

A12C1503
41201502

281-0786-00
151-0190-00

CAP.,FXD,CER DI: 150PF,10%, 100V
TRANSTSTOR: STLICON,NPN

AT2R1501
AT2R1505
A12R1510
A12R1517
A17PR1518
A12R1519

315-0103-00
315-0393-00
315-0512-00
315-0102-00
315-0102-00
315-0332-00

RES

RES.
RES.
RES.
RES.
RES.

. ,FXD,CMPSN:
,FXD, CMPSN :
,FXD,CMPSN:
,FXD,CMPSN:
,FXD, CMPSN:
,FXD,CMPSN:

10K OHM,5%,0.25W
39K OHM,5%,0.25W
5.1K OHM,5%,0.25W
1K OHM,5%,0,25W
1K OHM,5%,0.25W
3.3K OHM,5%,0.25W

ATPU1501 156-1126-00 MICROCIRCUIT,LI: VOLTAGE COMPARATOR

176-0122-00 WIRE,ELECTRICAL: 22 AWG BARE

PARTIAL DIAGRAM <:> TIME BASE, 100MHz PLL & NOISE GENERATOR
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—— i
Motse a1se
U141 1= 1 i P A

% i

PHASE LUCKED

L amz
M3
50K l‘\lvf

I

4
s > L] w512
CETs % ::;__ i
AR
3 o,
uUi5218
1458

KiSt4
e

TPISIC

000-2776-00D




MANUAL CHANGE INFORMATION

32983 Change Reference: M 49902 (REV)
Manua} Part No.: _070=3888-00 =

Tektronix

COMMITTED TO EXCELLENCE

DC 5009

Date:

Product:

DESCRIPTION

EFF. SN: _ BO30000

REASON FOR CHANGE: To assure compatibility with the DP 501, improve GPIB operat-
ing characteristics, and stabilize the display over the full

operating temperature range for the instrument.

REPLACEABLE ELECTRICAL PARTS & SCHEMATIC CHANGES

CHANGE:
Alk

A12(std)

FROM:
TO:
FROM:
TO:

A12(0Opt O1)FROM:

Alb

A14R1301
AL4R1305
Ailkmaoce

A14U1201

A16CR1221

A16U1312

ADD:

Al4 1 the GPIB BOARD and is shown on Diagram
A14U1102, A14R1301, and A1L4R1305.

Al2 is the ANALOG BOARD shown on Diagranm

0:
FROM:
TO:

FROM:
TO:
FROM:
TO:
FROM;
TO:
FRCM:
TO:

FROM:
TO:
FROM:
TO:

TC THE Al2 CKT

4

5 @

1 FIFIAERL B

670-6797-01
670-6797-03
670-6795-02
670-6795-03
670-6854-02
670-6854-03
670-6855-01
670=-6855-02

315=0433..00
315-0333=00
215-0104-00
315=-0753-00
160~-1091-00
160-1091-02
160-1092-00
160-2092-02

152-0071-00
152-0322-00
160-1076-01
160-1076-02

BOARD:
214098200

NP —g

el a—
TN 14 e

ahield has been installed.

J1215-4 - )’18!.-3 ~ I( g’:-sv

GPIB
GPIB
ANATOG
ANALOG
ANAIOG
ANAIOG
DIGITAL
DIGITAL

CKT BOARD ASSY:
CKT BOARD ASSY:
CKT BOARD ASSY:
CKT BOARD ASSY:
CKT BOARD ASSY:
CKT BOARD ASSY:
CKT BOARD ASSY:
CKT BOARD ASSY:

RES,FXD,CMPSN: 43K,0.25W,5%,
RES,FXD,CMPSN: 33K,0.25W, 5°/

RES, FXD CMPSN:100K,0.25W, 5'/ (REF:MU45537)
RES, FXD,CMPSK: 75K,0.25W, 5%
chnocmcum,nx. u096 x 8 MROM,PRGM
MICROCIRCUIT,DI: 4096 x 8 MROM,PRGM
MICROCIRCUIT,DI: 4096 x 8 rmon PRGM
MICROCIRCUIT,DI: 4006 x 8 MROM,PRGM

SEMICOND DEVICE: GERMANIUM,15V,L4OMA
SEMICOND DEVICE: SIG,SCHOTTKY

MICROCIRCUIT,DI: 4096 x 8 MROM,PRGM
MICROCIRCUIT,DI: 4096 x 8 MROM,PRGM

CONTACT,ELECt GROUNDING (See Illustration Pg.h)
, the location of Al4U1201,

© Li:':.. e

U13i3e

*
LrEw "':"'

uz UTSIZD

e,
L I
P12

\ 282

\'ml-u

P2 -1 LAL)

!

+ the board on which the new spring

Page 1 of 7




Product: ¢ 5009

Date: 15 Feb. 1983 Change Reference: M #9902

DESCRIPTION

and Al6CR1221.

KERNEL SIGNATURE ANALYS1S

Table 5-3
Signature Yersions

Add Table 5-3 to Page 5-15 of the DC 5009 Manual (070-3388-00).

A16 is the DIGITAL BOARD shown on Diagram , the location of Al6U1312

Assembly Version

ROM Fo1
Ald GPIB 670-6797-01
u1102 160-1091-00
ut2o; 160-1092-00

Veraion
F12

€70.6797-63
160-1091-02
160-1092-02

Diitat 670-8855.01
U132z 180-1076-01

870-6855.02
160-1076-02

affected by these changes.

Hgo 8‘8&0

The internal signatures as shown in Fig. 8«5, Fig 8«6, & Fig. 8~7 are not

Change the caption under the KERNEL SIGNATURE ANALYSIS (DIGITAL BOARD) to read:
Kernel signature anslyeis (Digital board). F 0.1 Version.

Add the following Kernel Signature Analysis charts to the DC 5009 Manual.




Product: ._DC 5009 Date: 12 Feb. 1983 Change Reference:

|
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DESCRIPTION

Version F 1.2
KERNEL SIGNATURE ANALYSIS (CP1B BDARD).
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v
Product: w":’l Date: 35 Feb. 1983  Change Reference: M 49902
| DESCRIPTION |

+
W b N il L —— i,

TEXT CHANGES

Page L1 Left hand column, paragraph two!

mom‘- To ensure instrument accuracy, check the calibration ev~
ery 2000 hours of coperation or at a minimum of every six
wonthe 1f used infrequently.

To ensure instrument accuracy, c¢heck the calibration eve
ery 2000 hours of cperation or at a minimum of cnce every
year if used infrequently.

FPage 1-3 Table 1-2, ELECTEICAL CHARACTERISTICS
Characteristic: Trigger Levels, Accuracy, Suplemental Information

FROM: '-'-15 oV Lo $V/°C referenced to 25°C. (Typical)

101 25 mv ¥ 2 mV/*C referenced to 25°C. (Typical)
%15 mv I 2 mV/°C at fromt panel comnectors.
Actual triggering voltage is subject to changes
in input aignal to noise ratio and risetime.
See resolution and accuracy atatumentn;

'3




Product:; __DC 5009, DC 5009-01 Date:15 Feb. 1983  Change Reference: M_4¥9902
DESCRIPTION

Al> ANALOG BOARD CHANGES

REASON FOR CHANGE: To make Events B during A apd Ratio B/A work properly
when CH B input frequency is below approximately 200 Ez.

REPLACEARLE ELECTRICAL PARTS &k SCHEMATIC CHANGES
ADD:

A12RI426 215.0122-00 RES,FXD,CMPSN: 1.2K, 5%, 0.25W
AL2R1427 315-0511-00 RES,FXD,CMPSN: 510 OHM, 5%, 0.25W

R1426 (1.2K resistor) is installed between Pin 3 of Ul42l and the lower end
of R143%3 (another 1.2K resistor). See partial schematic below.

R1427 (510 Ohm resistor) is installed from Pin 3 of T142)1 and the upper end
of C1ihl (a 0.1 cap off the base of Q1433). See partial schematic below.

PARTIAL SCHEMATIC @ GATING, ARMING, & SYNCHRONIZERS:

01243 . |
d 1z We hazg-1
ﬂij;— > —- 91420—17

3
R14318 N
a0 'SG% Ulfﬁfc naze-z | (-‘\/

sb‘}; iy £oL 3> - PM?!-.’.‘J

T mazi0 " 3220 R1i427
. ARaS

8 510
Q1421

Jare-1
—) -— PlAIR-1

Ji3328
1 ®

L]
J1a12-%
1419

w e i R3533
U1431A Utaz1a U1421B

—= PrAIE-2

10182 o8 18231 1823

5 z
e 2 { a2 AVAYAVS
R1432! _
158

? piapc s 1.2k
2 [ ; e R1426

2.7V

2.7 y1azic
imez acc B

L
D LI R Y ]
.11421-2' @
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Tektronix: MANUAL CHANGE INFORMATION

COMMITTED TO EXCELLENCE Date: _B+25-83 Change Reference: 45763

Product. DC5009 UNIVERSAL COUNTER/TIMER Manual Part No.; _070-3888-00

DESCRIFTION PG 76

EFFECTIVE SERIAL NUMBER: BO41720, (BO41760 for Option OL)

CHANGE TO: (New mechanical package)

Al6
Al2
Al2

670-6855-0l

670-6795-05
670=6854- 05

CKT BOARD ASSY: DIGITAL
CKT BOARD ASSY: ANALOG (STANDARD)
CKT BOARD ASSY: ANALOG (OPTION O1)

The following items refer to the Replaceable Mechanical Parts Listj

Fig &

Index No.

1-1,1-2
1-12
1-21
1-23
1-19
1-.31
1-32
1-98
1-99
«(2)
1-(2)
* (1)
*(3)
(1)
“(2)

Part No.

Z237-30359-00
366-1851-01
105m0866-00
105-0865-00
333-1857-00
337-3135-00
386-4910-00
Lot 072524
426.0724=25
105-0932-00
210-0201-00
211-0025-00
211-0101-00
214-3143-00
214236400

* New item.

Description

SHIELD,ELEC: SIDE
KNOB,LATCH
LATCH,RETAINING: PLUG-IN
EAR,LATCH: ZTLEASE
PANEL, FRONT ,AS3Y: DC5009
SHIELD,ELEC: SUB-PANEL
SUFPORT ,FRAME: REAR
FRAMZ,SECT: TOP
FRAME,SECT: BOTTOM
LATCH,PANEL: SIDE
TERM,LUG:0,12 ID,LOCKING
SCREW: 440 x 0.375 L
SCREW: 4-h0 x 0.250 L
SPRING: LATCH
FASTNER,LAICH: SIDE




Product:

MANUAL CHANGE INFORMATION

Date: _4-18-84 Change Reference: C11/0484

DE5009 UNTVERSAL COUNTER/TIMER Marnual Part No.. _ 070-3888-00

PG 76

DESCRIPTION

CHANGE TO:
Al4  670-6797-04 CKT BOARD ASSY: GPIB

The new 670-6797-04 is identical to the 670-6797-03 except it does
not include U1102 (160-1091-02) or UI1201 (160-1092-02). These parts
must he ordered separately.

Q0027 75000}




DC 5008
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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is
for both operating and servicing personnel. Specific
warnings and cautions will be found throughout the manual
where they apply, but may not appear in this surnmary.

TERMS

In This Manual

CAUTION statements identify conditions or practices that
could result in damage to the equipment or other property.

WARNING staterments identify conditions or practices that
could result in personal injury or loss of life.

As Marked on Equipment

CAUTION indicates a personal injury hazard not immediate-
ly accessible as one reads the marking, or a hazard to prop-
erty including the equiprnent itzelf,

DANGER indicates a personal injury hazard immediately ac-
cessible as one reads the marking,

SYMBOLS

in This Manual

This symbol indicates where applicable
A cautionary or other information is to be found.

As Marked an Equipment

; DANGER —- High voltage.
@ Protective ground {earth) terminal,

A ATTENTION — refer ta manual.

Power Source

This product is intended to operate from a power module
connected to a power source that will not apply more than
250 volts rms between the supply conductors or betwean
gither supply conductor and ground, A protective ground
eonnection by way of the grounding conductor in the power
cord iz essential for safe operation.

Grounding the Product

This product is grounded through the grounding conductor
of the power module power cord. To avoid electrical shock,
plug the power cord into a properly wired receptacle before
conngcting 10 the product input or output terminals. A pro-
tective ground connection by way of the grounding conduc-
tor in the power module power cord is essential for safe
operation.

Danger Arising From Loss of Ground

Lpon loss of the protective-ground connection, all accessi-
ble conductive parts (including knobs and controls that may
appear to be insulating) can render an electric shock.

Use the Proper Fuse

To avoid fire hazard, use only the fuse of correct type, voli-
age rating and current rating as specified in the parts list for
your product,

Refer fuse replacement to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate this product in an explo-
sive atrmosphere unless it has been specifically certified for
such operation.

Do Not Operate Without Covers

To avoid persanal injury, do not operate this product with-
out covers or panels installed. Do not apply power to the
plug-in via a plug-in extender,
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SERVICE SAFETY SUMMARY
FOR QUALIFIED SERVICE PERSONNEL ONLY

Refer also to the preceding Operators Safety Summary.

Do Not Service Alone

Do not perform internal service or adjustrment of this prod-
uct unless another person capable of rendering first aid and
resuscitation is present.

Use Care When servicing With Power On

Dangerous voltages may exist at several points in this prod-
uct. To avoid personal injury, do not touch exposed connec-
tions and components while power is on.

Disconnect power before removing protective panels, sol-
dering, or replacing components.

Power Source

This product is intended to operata in a power module con-
nected to a power source that will not apply more than 250
volts rms between the supply conductors or between either
supply conductar and ground. A protective ground connec-
tion by way of the grounding conductor in the power cord is
essential for safe operation.
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‘H.}M COUNTER'S
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3288-01

DG 5009 Programmable Universal Counter/Timer.



Section 1—DC 5009

SPECIFICATION

Instrument Description

The DC 5009 is a one-wide, Universal Counter/Timer
plug-in. it features reciprocal frequency, pericd, events B
during A and Totalize measurements to 135 MHz, time in-
terval and widths features 10 ns single-shot resclution, for
timing measurements. For repetitive timing measurements,
averaging and pseudo-random time base modulation circuit-
ry provides increased accuracy over a wide range of input
signals.,

The DC 5008 provides trigger level outputs at both the
front panel and rear interface for increased measurement
convenience. Shaped outputs and an arming input are indi-
vidually available at either the front panel of the rear inter-
face. Both Channel A and Channel B may also be sourced
from either the front panel or the rear interface using the
front panel switch or remote contraol,

IEEE 488 (GPIB) Function Capability

The DC 5009 is programmable via the digital interface
specified in IEEE Standard 488-1978. “Standard Digital In-
terface for Programmabile Instrurmnentation”. In this manual,
the interface is commonly called the General Purpose Inter-
face Bus (GPIB).

The standard is published by the Institute of Electrical
and Electronics Engineers, tnc., 345 East 47th Street, New
York, New York 10017.

NOTE

Bus drivers are open coliectors,

The |EEE standard identifies tha interface function reper-
toire of an instrument on the GPIB in terms of interface func-
tion subsets. The subsets are defined in the standard. The
subsets that apply to the DC 5009 are listed in Tabie 1-1,

The DC 5009 is GPIB programmable and allows any
manually selectable function ar mode to be operated over
the GPIB bus, including all input conditioning controls. After
the DC 5008 is set to the remote state by a system control-
ler, its operating modes and settings can be set and read by
programming mnarmonics sant to it in ASCI code over the
bus. The instrument’s settings may also be read whilg in the
local state. The DC 5009 connects to the bus through &
GP(B-compatible connectar on the TM 5000-Series power
maodule.

Table 1-1
IEEE 488 (GPIB) INTERFACE FUNCTION SUBSETS

Function Subset

Capability

Source Handshake SH1
Acceptor Handshake AH1
Basic Tatker T6
Basic Listener L4
Service Requést
Remote-Local
Parallel Poll
Device Clear

Device Trigger

Controller

Complate.

Complete.

Responds to Serial Poll.

Unlisten if My Talk Address (MTA) is received.
Complete.

Complete.

Does not respond to Parallel Poll,

Complete.

Compiete,

No controller function.




Specitication—DC 5009

Measurement results are displayed in an eight-digit LED
readout, with the decimal peint autemnatically positioned.
The digplayed count overflow is indicated by a flashing dis-
play. The counter also uses three digits of the seven-seg-
ment LED display to indicate internal or operating error
codes and two digits for external signal probe compensation
results.

The DC 5009 can be equipped with an optional, oven
controlied, 10 MHz ¢rystal oscillator to obtain a highly stable
and precise internal time base,

This instrument is listed with Underwriters Laboratories
Inc. under UL Standard 1244 (Electrical and Electronic Mea-
suring and Testing Equipment).

Instrument Qptions

Option 01 reptaces the internal 10 MHz time base (clock)
circuit with a self-contained proportional temperature con-
trolled oven oscillator for increased accuracy and stability.

Standard Accessoties

1 Instruction Manual
1 Refgrenc@ Guide
1 Cable assembly, bnoc-to-tip jack

NOTE

Refer to the tabhed Accessories page at the rear of
this manusal for more information.

Performance Conditions

The limits stated in the Performance Requirgments ¢ol
urmns of the following tables are valid only if the DC 5009
has been calibrated at an ambiernt temperature between
+20°C and -+30°C and is operating at an ambient tem-
perature between 0°C and 450°C, unless otherwise
stated.

Information given in the Supplemental Information and
Description columns of Tables 1-2 through 1-5 is provided
for user information only and shouid not be interpreted as
Performance Check reguirements.

The DC 5009 must be operated or stored in an environ-
ment whose limits are described under Environmental

Characteristics.

Allow at least 20 minutes warm-up time for operation to
specified accuracy, 60 minutes after storage in a high hu-
midity environmer.
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ELECTRICAL CHARACTERISTICS

Specification—DC 5009

Characteristics

Performance Requirements

Supplemental Information

CHANNEL A and CHANNEL B INPUTS

Input Frequency Range
Front Panel (Ext)
DC Coupled

> OHZ 10 =1y emion

See Functions Specifications

AC Coupled

=10Hz to Zfrumcmu

Rear Interface (Int}
DC Coupled

> 0 Hz to =50 MHz

AC Coupled

<10 Hz to =50 MHz

input Sensitivity
X1 Attenuation
;’} ) DC Coupled

=20 mV rms (56.6 mV p-p} from = 0 Hz to
=100 MHz

=40 mV rms (113 mV p-p) from 100 MHz to

=
/fFUNCYION

Rms values for sine waves from 25 Q
source

AC Coupled

=20 mV rms (56.6 mV p-p) from <10 Hz to
=100 MHz.

=40 mV rms (113 mV p-p) from 100 MHz to

==
/fFUNCTION

X5 Attenuation Accuracy
(AC or DC Coupled)

Typically <<5% p-p aberrations. <2%
at de

Minimum Input Pulse Width

3ns @ 115mV p-p

Input Dynamic Range

—-32=V < +3.2

X1

V. pp =3V. (For Input

in
risetimes <5 ns)

Signal

X5

V., PP =15V. (For Input Signal
risetimes 15 ns)

Trigger Levels PG
Manual Range | B

AUTO TRIG and
Programmable Levels
Range

+3.200 to —3.175 V with 25 mV resolution

Accuracy

+15mV =40 uV/°C referenced to
25°C. (Typical)

Auto-Trigger
Sensitivity

<125 mV p-p times attenuator. <20 Hz to
=100 MHz

Duty cycle independent. Trigger point
is set once (each time the button is de-
pressed) to a nominal 50% of the p-p
input signal. For signals from dc to
20 Hz the level will still be set between
0% and 100% but will not necessarily
be the 50% point.




Specification--DC 5009

Table 1-2 (cont)

Characteristics

Performance Requirements

Supplemental Information

CHANNEL A and CHANNEL B INPUTS (cont)

Trigger Levels (cont)

Trigger Level Qutput Accuracy

* 30
Within 318 mV of internal dc trigger level
voltage. (Actual triggering voltage is subject
to changes in input signal-to-noise ratio and
risetime.} See resolution and accuracy
statements

me e e

Maximum Input Voltage
Front Panel
X1

V., <200
V", <400, dc to 50 kHz

V" <20/f MHz 50 kHz to 1.33 MHz
Vp_p =15 1.33 MHz to 1560 MHz

Vv, =200

Voo =400 dc to 5 MHz

YV, =2000/f MHz § MHz to 80 MHz
VW =25, 80 MHz to 150 MHz

Rear Interface
X1, X5

V. 36V
pk

Input Impedance
Front Panel
X1, X5

1 MQ +2%, <30 pF

(—13V <V _<+13V,X1)(~65 <V _
<+65V, X5)

Rear interface
X1, X5

5090 £10% @ dc

Slope

Independently selectable. (+) for counting
positive pulses. (—) for counting negative
pulses

ARMING INPUT, SHAPED QUTPUTS

Arming Input

Arming is not recommended for Chan-
nel A frequencies =70 MHz

Pulse Response

Pulse width <100 ns V, =24,V =<04)

Armed when V,_ =2.4. Disarmed when
V' <04V,
Iy low ~32mA (2 standard TTL

loads)

Maximum Safe Input Voltage

vV, <10V

Shaped Outputs
Delay from front panel input

13 ns typically

Amplitude

0 to =+0.3 V from 50 @ ground referenced
source

Risetime

3 ns into 50 2 (typical)

Q
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Specification—DC 5009

Characteristics

Performance Requirements

Supplemental Information

FUNCTIONS

FREQUENCY A
Range

=100 yHz to =135 MHz

Resolution

+L3D +1.4 X Trigger Jitter Error/N X
{Freq AP

Accuracy

Resolution + (Timebase Error X
Frequency)

PERIOD A
Range

=7.40 ns to =3.05 hours

Repetition Rate

=135 MHz

Clock Period Counted

10ns

Resolution

+L.8D 1.4 X Trigger Jitter Error/N

Accuracy

Resolution = (Timebase Error X
Period A)

RATIO B/A
Range

107 to 108

Averaged by A

Frequency Range
CH A
CHB

=01t =135 MHz
=0to =125 MHz

t
I ‘ Resolution

+1.8D +1.4 X B Trigger Jitter Error X
FREQ B/N

Same as Resolution

f@l Accuracy

TIME A =B
Range

=15 ns (10 ns typical) to =3.05 hours

!‘Ql Resolution

*=LSD 4 (+CH A Trigger Jitter Error
+CH B Trigger Jitter Error)/+/N. Us-
able resolution <5 ps

Accuracy

Resolution +=(Timebase Error X Tl) +
(CH B Slew Rate Error —CH A Slew
Rate Error) + Channel Delay Mismatch

Clock Period Counted

10 ns

Channel Delay Mismatch

External Input (Front)

Internal Input {Rear)

Minimum Dead Time
B ~A}

(Time

15 ns (10 ns typical)
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Table 1-2 (cont)

Characteristics

Performance Requirements

Supplemental information

FUNCTIONS (cont)

EVENTS B DUR A

Range

10~7 to 10°

Averaged by A

Maximum B Frequency

125 MHz

Minimum A Pulse Width

15 ns (10 ns typical)

Minimum Time Between A
Puises

15 ns

Minimum Time Between A Start
Edge and first B Event

15 ns {7 ns typical)

Resolution

+18D + (FREQ B/+/N} [+ Trigger Jit-
ter Error {A Start Edge) = Trigger Jitter
Error (A Stop Edge)]

Accuracy

Resolution + FREQ B (Stop Siew
Rate Error —Start Slew Rate Error)

WIDTH A
Range

=15 ns (10 ns typical) to =3.05 hours

Resolution

+LSD + (xStart Trigger Jitter Error
+ Stop Trigger Jitter Error)/y/N

Accuracy

Resolution = (Timebase Error X
Widthy + (Stop Slew Rate Error
- Start Slew Rate Error ) £5ns (2 ns

typical)

Clock Period Counted

10 ns

Minimum Dead Time
Between Pulses

15 ns (10 ns typical}

Time Manual
Range

0 to 3.05 hours

Electronic  Stopwatch—accumulates
time from Start until Stop

Resolution

+LSD

Accuracy

+ Resolution =(Timebase Error X TIME)

LsD

100 ms

TOTALIZE A
Range

0 to 2% (1.09 X 10" Counts

Accumulates A events from Start to
Stop

Repetition Rate

= { to =135 MHz

Display Scaling

Displayed Result = A EVENTS/N Where N
= 1, 10, 10% to 10° selected by the AVER-
AGES control. In AUTO, N = 1

Aliows totalizing to more than 8 digits
of display. While totalizing, the display
may be shifted to display LSD's with-
out affecting the measurement in
progress.
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Table 1-2 (cont)

Characteristics Performance Requirements Supplemental Information

FUNCTIONS (cont)

TOTALIZE A (cont)

Probe Comp Displays 0 or 1 for each channel Requires external square wave signal
of =2 V amplitude at the counter in-
put. Frequency should be =1 kHz
0—Under Compensated
1—Over Compensated

Accuracy Instrument set to X1 attenuation
<Probe Atten. X 50 mV X 100 (%)/V
at Probe

Accuracy (2.5% nominal for X5 probe
with 10 V p-p at the probe.

Resolution and Accuracy
Definitions

Trigger Jitter Error (Seconds RMS) = /l(e,* + (e 2] (V rms)

Input | Slew Rate | at Trigger point (V/S)

Where e | = 120 »V rms typical Counter Input Noise
e, = V rms Noise Voltage of Input signal at Trigger Point measured
with a 150 MHz bandwidth.

Slew Rate Error (Seconds) — tnput Hysteresis/2 (V)/input | Slew Rate | at Trigger Point (V/S)
Note: Input hysteresis is typically 20 mV p-p.

N = Number of Averages
The minimum number of averages is selected by the
AVERAGES control in decade steps from 1 to 108. At
Channel A repetition rates above approximately
250 Hz the actual number of averages will be:
N~ [FREQ A (Hz) X 4 mSec] + AVERAGES setting
N = AVERAGES ssetting (below 250 Hz)

In the AUTO mode the counter measures with a fixed mea-
surement time of about 300 ms,

N (auto) =FREQ A (Hz) X 0.3 seconds.

N is always = 1.

LSD: (Rounded up the nearest decade)
FREQUENCY A (Freq AN X 10%
PERIOD A 10 ns/N
RATIO B/A Freq A/(Freq B X N)
TIME A—~B 10 ns/\/N
WIDTH A 10 ns/\/N
EVENTS B DUR A Period B X (EVENTS B DUR A)/(Width A X+/N)

. Time Base Error is the sum of all errors specified for the time base used.
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Table 1-2 {cont)

Characteristics

Performance Requirements

Supplemental Information

MEASUREMENT TIMING

.

Minimum Display Time

100 ms (typical)

Auto Averages Measurement Time

300 ms (typical)

GPIB Data Output Rate

=10 readings/sec max

GPIB Shipping Address

Address 18, EQI only

INTERNAL TIME BASES

Standard Time Base
Frequency (at calibration)

10MHz +1 X107

Error Terms
Temperature Stability
{0°C to +50°C)

=5X 108

Aging

<1 X 10~ %year

Adjustment Resolution

+1 X 1077 or better

Option 01 Time Base
Frequency (at calibration)

10MHz =2 X 108

With proportional oven

Error Terms
Temperature Stability
{0°C to +50°C)

+2 X 1077 after warm up

Warmup Time

Within =2 X 107 of final frequency in less
than 10 minutes when cold started at 25°C

ambient.

Aging
At time of shipping

1 X 10~%day maximum

After 30 days of
continuous operation

4 X 10~ %week maximum

After 60 days of
continuous operation

1 X 10~ %year maximum

Short Term Stability

<1 X 10~? rms based on 60 consecu-
tive second measurements

Adjustment Resolution

+2 X 107® or better

Adjustment Range

Sufficient for 8 years of aging
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Table -3
MISCELLANEQUS

Characteristics

Description

Typical Consumption at 25°C and nominal ac line voltage

DC 5009

TM 5000 Series Power Modules
~11.9W

Option 01

~148 W

Recommended Calibration nterval

2000 hours or 6 months whichever ocours first

Table 1-4
ENVIRONMENTAL®

Characteristics

Description

"Temperature
Operating
Non-operating

Meets MIL-T-288008B, class 5
0°C to +50°C
—55°C to +75°C

Humidity

95% HF, 0°C to 30°C
75% HF to 40°C
45% HF to 50°C

Exceeds MIL-T-28800B, class 5

Altitude
Operating
Non-operating

Exceeds MIL-T-28800B, class 5
4.6 Km (15,000 ft.)
15 Km (50,000 ft.)

Vibration

Meets MIL-T-288008, class 5,
when installed in qualified
power modules®

0.38 mm {0.015"} peak-to-peak, 5 Hz
to 55 Hz, 75 minutes

30 g's (1/2 sing) 11 ms duration, 3 shocks  Meets MIL-T-288008B, class 5
in each direction along 3 major axes, when installed in qualified
18 total shocks power modules®

Bench Handling ©

Meets MIL-T-28800B, class 5,
when installed in qualified
power modules®

12 drops from 45°, 4” or equilibrium
whichever occurs first

Transportation ©

Qualified under National Safe Transit Association Preshipment Test Procedures
1A-B-1 and 1A-B-2

EMC®

Within limits of F.C.C. regullations, Part 15, Subpart J, Class A; VDE 0871 and
MIL-461A tests REQ1, RE02, CE01, CEQ3, RS01, RS03, CS01, and G502, with
exceptions'

Unused plug-in compartments must be covered with a blank plug-in

Electrical Discharge

20 kV maximum charge applied to instrument case

® With power module.

P Refer to TM 5000 power module specifications.

© Without power module.

d Requires retainer clip in plug-in exit direction.
® System performance subject to exceptions of power module or other individual plug-ins.
! Within 20 dB of REG2 limits at 100, 300, 350, 400, and 600 MHz. Within 30 dB of RE02 limits at 150 and 200 MHz.
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Table 1-5

Characteristics

PHYSICAL CHARACTERISTICS ‘

Description

Finigh

Plastic-aluminum laminate front panel. Anodized aluminum
chassis

Net Weight
DC 5009
Option 01

21Ibs., 6 0z
21bs., 10 0z

Maximum Overall Dimensions
Height
Width
Length

~=126.0 mm (4.96 inches)
66.8 mm {2.63 inches)
296.6 mm (11.68 inches)

Enclosure Type and Style per MIL-T-28800B

Type
Style

1]
E (style F in rackmount power modules)
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Section 2—-DC 5009

OPERATING INSTRUCTIONS

FRONT PANEL OPERATION

INTRODUCTION

First Time Inspection

Inspect the instrument for visible damage (dents,
scratches, etc.). Keep the original shipping container and
packing material for future use. I the instrument is
damaged, notify the carrier and the nearest Tektronix Ser-
vice Center or represantative.

Repackaging for Shipment

Should it become necessary to return the instrument to a
Tektronix Service Center for service or repair, attach a tag
to the instrument showing the owner (with address) and the
name of the individual to be contacted, complete instrument
serial number, option number, and a description of the ser-
vice required.

If the original container and packaging material is unfit for
use or not available, repackage the instrument as follows:

. Obtain a carton of corrugated cardboard having inside
dimensions no less than six inches more than the in-
strument dimensions; this will allow for cushioning.
The shipping carton test strength for your instrument
15 200 pounds.

. Surround the instrument with polyethylene sheeting to
protect the finish,

. Cushion the instrument on all sides by tightly packing
dunnage or urethane foam between carton and instru-
ment, allowing three inches on all sides.

. Seal the carton with shipping tape or industrial
staples,

. Mark the shipping earton “FRAGILE INSTRUMENT"
1o indicate special handling.

Operating and Non-Operating Environments

The instrument may be operated, stored, or shipped
within the environmental limits stated in the Specification
section of this manual. However, the counter should be pro-
tected at all times from temperature extremes which can
cause condensation to occur within the instrument.

PREPARATION FOR USE

Rear Interface Considerations

A slot between pins 21 and 22 on the rear connactor
identifies this instrument as a member of the TM 5000
counter family. If you desire to use your counter to build a
system, insert a family barrier key (Tektronix Part No. 214-
1593-02) in the corresponding position of the selected pow-
er module jack in order to prevent plug-ins belonging to a
different family from being used in that compartment of the

power module.

To avoid electric shock, disconnect the power module
power cord before inserting the family barrier key in
the power module jack. Refer the barrier key insertion
to qualified service parsannel.

The DC 5008 has the following rear interface input and
output features:

CH A and CH B inputs

Trigger Level Qutputs (CH A and CH B)
Shaped Qutputs (CH A and CH B}
Measurement Gate Qutput

Arming Input

10 MHz Clock Cutput

External Clock Input (1, &, 10 MH2)
Prescaler Function

Reset Input
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NOTE

Reaar interface information wilf be fournd in the Mainte-
nance section of this manual. Refer the imterface con-
nections to qualifiad service personnel.

Installation and Removal

The DC 5009 can only be used in the TM 5000-Series
power modules.

NOTE

Refer to the Oparator's Safety Summary in the front
of this manual before installing this instrument in the
power module.

Refer to the power medule instruction manual and make
sure that the line selector hlock is positioned correctly for
the line voltage in use. Check the counter and the power
module for the proper fuses. Be certain that the power plug
for the power module has the proper grounding conductor.

[EEU'”ON

To prevent damage to the instrument, turn the power
module off before installation or removal from the
power module. Do not use excessive force to install or
remove the instrument from the power module.

Check to see that the plastic harrier keys on the
imerconncting jack of the selected power module compart-
ment mateh the cutouts in the rear interface connector for
the counter. If they do hot match, do not insert the counter
until the reason is investigated.

The plastic lpckouts (see Fig. 2-1) prevent programmable
instruments from being used in the TM 500-Series {(manual
ingtruments) Power Module,

If the cutouts and barrier keys match, align the chasgsis of
the counter with the upper and lower guides of the selected
compartment. See Fig. 2-1, Insert the counter ino the com.
partment and press firmly to seat the rear interface connec-
tar. Apply power by operating the POWER switch on the
power maodule.

POWER
MODULE

Lockout
Guide

Plastic
Lockout

Groove

(1431-21} 3464-02

Fig. 2-1. Plug-in installation and removal,




To remove the counter from the power module, turn off
the POWER switch, pull the release latch knob (located in
the lower left front corner) until the intérconnecting jack dis-
engages. Pull the counter straight out of the power module
campartment.

FRONT PANEL DISPLAY, CONTROLS,
AND CONNECTORS

Display

The display contains eight seven-segment LEDs and six
annunciators. All measurerment results are displayed with
the best possible resclution. The readout (result) for the
measurement is always displayed in a right-hand justified
format with the decimal point automatically positioned. Dis-
played count overflow is indicated by a flashing display.

Four of the annunciators are used to indicate the unity of
measurements: Hz/SEC for Hertz or seconds, kHz/mSEC
for Kilohertz or milliseconds, MHz/eSEC for megahertz or
microseconds, and GHz/nSEC for gigahertz or nang-
seconds,

The GATE arnunciator, when illurmninated, indicates that
the counter is in the process of accumulating counts for the
measurement. The REMOTE annunciator indicates the in-
strument is in a remotely-programmed state, when illurmirat-
ed. The settings may be different from the front panel
switches.

In addition to displaying the measurement results, the
counter uses a three-digit, seven-segment LED display to
indicate internal or operating errar codes, and two digits to
report the results of compensating an external signal probe.
See Self Test Display and Probe Compensation,

Controls and Connectors

The following information is a brief functional description
of the front panel controls and connectors. These iterms are
referenced by number (see Fig. 2-2) and described as
follows;

@ FUNCTION—a lever switch used to select the follow-
ing reasurgrment and special purpose functions for
the counter;

FREQUENCY Measures CHANNEL A signal peri-
A od and converts result to frequency
uhits,

FERIOD A Measures CHANNEL A signal peri-
od and displays answer in units of

time,

RATIO B/A

TIME A—B

WIDTH A

EVENTS B
DUR A

TIME MAN-
UAL

TOTALIZE A
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Measures and displays the ratio of
signal events occurring on Channel
B 1o the signal events occurring on
Channel A, The decimal point is ap-
propriately iocated for the selectad
number of averages chosen for the
Channel A signal.

Measures the time interval between
the triggering event on Channel A to
the succeeding triggering event on
Channel B and disptays answer in
units of time,

Measures the time interval between
the triggering point on the leading
edge of a pulse applied to Channel
A to the corresponding triggering
point ont the trailing edge of the
same pulse. Polarity of the ieading
edge is selected by the CHANNEL
A SLOPE pushbutton. Answer dis-
played in units of time,

Counts and displays the number of
triggering events (pulses) applied to
Channel B during a preselected gat-
ing interval applied to Channel A,
Polarity of the leading edge of the
Channel A gating intervat selected
by the CHANNEL A SL0PE
pushbutton.

A stop watch function. Measures
and displays the time interval (to the
nearest one-tenth of a second) be-
tween two successive depressions
of the MEASUREMENT STOP/
START pushbutton. Time count
may be reset to zerp and restarted
immediately by pressing and then
releasing the RESET pushbutton
while in the start mode.

This mode of operation is essential-
ly the same as TIME MANUAL, ex-
cept that the events counted are the
triggering events (pulses) on Chan-
nel A rather than the internal clock.
For this function the position of the
AVERAGES lever switch can be
used as a power-of-ten scaling fac-
tor, effectively increasing the num-
ber of displayable digits,

A probe compensation function.
This function allows the operator to
uge the counter display to adjust

2-3
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GHz  MHz  kHz

REMOTE GATE  nSEC - pSEL

FUNCTIDN

WIDTH A
EVENTS B OUW A
TIME MANUAL {3

TOTALIZE A
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gg;rsn{.}mvsi CHANNEL A

3888.02

Fig. 2-2. DC 5009 front panet display, controls, and connectors,




the frequency response of signal
probes. The most significant digit is
the indicator for a probe connected
to CHANNEL A input, the least sig-
nificant digit for a CHANNEL B
probe,

A self-test function. This mode
checks the functionality of the pro-
gram memaory, the internal data
paths, and the integrity of the inter.
nal counters.

@ AVERAGES—a lever switch used to select the mini-

rmum number of Channel A signal events over which
the count is to be averaged. Changing the position of
this switch automatically resets the counter,

AUTO This positton provides the best res-
olution possible with a measure-
ment gate time of approximately
300 ms,

As the switch is changed from the 1
position to the 10° position, the
counter displays the averaged mea-
surernent result accurnulated over
more and more cycies of the Chan-
nel A input signal, For example, &
1 MHz signal input and a setting of
10% results in a measurement time
interval of at least one second (107;
for at least 10 seconds, ete). For
the TOTALIZE A function the
AVERAGES control allows scaling
of the display in decade steps. For
example, with a setting of 10°, the
least significant digit will increment
every one million events. However,
the exact number of events may still
be seen by changing the AVER-
AGES switch to 1. If the number is
larger than eight digits, the display
will flash to indicate overrange. This
allows totalizing to more than thir-
teen digits.

NOTE

The 1 position of the AVERAGES switch is used for
single-shot measurements (measurement for the se-
lected FUNCTION is averaged for at least one evert).
The AVERAGES switch has no affect in the TIME
MANUAL, PROBE COMP, and TEST functions.
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(3) MEASUREMENT RESET--holding this pushbutton in

aborts the current measurement process for all select-
ed functions and causes all digits in the display to read
8.8.8.8.8.8.8.8. Al six annunciators are also illuminat-
ed. When this pushbutton is released, a new measure-
ment process is initiated for the selected FUNCTION
and operating conditions. If a TIME MANUAL or TO-
TALIZE A measurement has been stopped by the
MEASUREMENT STOPR/START pushbutton, press-
ing MEASUREMENT RESET causes the previous
measurament to be reset to zero, but does not start a
new measurement,

MEASUREMENT STOP/START—used to start and
stop the measurement process for all operating
modes except the TEST and PROBE COMP func-
tions, The current rneasurament process is aborted
for the STOP mode {GATE annunciator not illuminat-
ed) and a new measurement process generated for
the START mode (GATE annunciator on). The STOP
mode does not reset the accumulated count. Chang-
ing the FUNCTION switch whilg in the STOP mode
tauses the counter to enter the START mode.

ARM--3 tip jack input normally at a TTL high level.
When set to a TTL low state the countar is prevented
from making 2 measurement until the input goes to a
TTL high state.

L —arming input ground, tip jack connected to
chassis (frame) ground.

AUTO TRIG—uzed to automatically set the triggering
levels of both channels to their mid point values;
{maximum value 4+ minimym value)/2. The levels are
set each time the AUTO TRIG button is pressed after
having been released (out), When released (out), the
triggering levels are returned to the values set by each
individual LEVEL ¢ontrol.

LEVEL—controls used to adjust the triggering level
for Channgt A and Channel B,

EXT INPUTS—bnc connectors for Channel A and
Channel B input signals.

CHANNEL A SLOPE, SOURCE, ATTEN, and
COUPL—pushbuttons that select the positive (+) or
negative (—) SLOPE of the input signal, the front pan-
el (EXT) or rear interface (INT) input SOURCE, atteru-
ation (ATTEN, X1 or X5), and the ac or dc coupling
{COUPL) modes for the Ghannel A input amplifier,
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CHANNEL B SLOPE, SOURCE, ATTEN, and
COUPL—pushbuttons that select the positive (+) or
negative (—) SLOPE of the input signal, the front pan-
el (EXT) or rear interface (INT) input SOURCE, attenu-
ation (ATTEN, X1 or X5), and the ac or dc coupling
{COUPL) modes for the Channel B input amplifier.

SHAPED QUT (A, B, with COM)-—tip jack cutputs
that provide an exact replica of the internal signals
being used for the méasurement. Used as an aid to
proper triggering on complex waveforms. COM tip
jack connected to chassis.

TRIG LEVEL (A, B)—tip jack outputs that provide the
dc levels from Channel A and Channel B that corre-
spond to the actual internal triggering levels set by the
LEVEL controls. Use SHAPED OUT COM as ground.

INST ID—when pressed, displays the current GPIE
address. A decimat point displayed with the address
indicates the message terminator switch is set to
ILF/EQI. Refer to the Maintenance section for further
details, The INST 1D switch may also assert an SRQ
through the USEREQ ¢ommand.

OPERATORS FAMILIARIZATION

INTRODUCTION

General Operating Characteristics

The DC 5002 is a universal counter based on a micro-
processor system. The counter is capable of eight measure-
ment functions with full eight-digit resolution, plus two
specialized functions; probe compensations (PROBE
COMP) and self-test (TEST).

The microprocessor system automatically sets the mea-
surgment gate interval, performs the necessary calculations
on the acquired data, and causes the result 1o be displayed
with the best possible resolution for the selected measure-
ment FUNCTION, number of averages (AVERAGES), and
operating conditions.

Self Test Display

When power is applied, one of the error codes listed in
Table 2-1 may appear in the display window if the counter
fails its self-test routing. Refer the error code condition to
qualifisd service parsonnel,

NOTE

At power up, a signal with a large dc offset voltage
connactad to the input terminals for either charrel

may cause the entire input signal to be outside the
triggering level range. If this condition exists, an error
code may be displayed. Disconnect all inputs or re-
duce the offset and reapply power. This errar condi-
tion can also be caused by low level ARM input signal
during power up.

Table 2-1
POWERUP AND TEST FUNCTION ERROR CODES

Displayed

Error Code Error Condition

000 No error, passed self-test routine.
Displayed while in TEST function

320 through 326 | Channel A failure

330 through 336 | Channel B failure

340 RAM test failure (power up only)

361 ROM placement (location) error

381 ROM checksum error.

NOTE

Refer error code conditions to qualified service
personnel.




INPUT CONSIDERATIONS

Maximum Safe Input Voltage Limits A

R
% CAUT! Dﬂwg
A Tl T

To avold instrurment damage, make certain that the
input voltages to the front panel connectors or rear
interface inputs do not exceed their specified limits.
See Specification section.

The outer shell of the front panel bne connectors is
connected to earth ground through the ground cona
nection for the power rodule power cord. Do not al-
low the active lead of the input signal connection fo
touch these outer shells.

Always use a step-down isolation transformer (less
than 15V output) when measuring power line fre-
quencies (50 or 60 Hz).

Ba careful with high-frequency, high-amplitude signals
{above 80 MHz). The front panel maxirmum safe input
voltage at these high frequencias is 25 V., peak-to-
pesk.

W
: ‘ Connecting External and internal Signal Sources

The DC 5008 can be used to measure input signalg to
either channel from the front panel or the rear interface.
Pushing a SOURCE switch selects the rear interface input
(INT). The SLOPE, ATTEN, and COUPL pushbuttons are
effective in conditioning the signal from either source.

If a high impedance signal probe is (o be used between
the fromt panel bne connectors and the measurement
source, use a probe capable of compensating for the input
capacitance of the counter (less than 30 pF). A high imped-
ance probe such as the TEKTRONIX P6125, is recommend-
ed for all digital logic applications.

The counter retains the last reading when the input signal
source is disconnected, Reconnecting the signal source
causes the countar to update its display with new data. This
feature is especially convenient when using a probe in
crowded circuits.

MEASUREMENT CONSIDERATIONS

Input Coupling, Noise, and Attenuation

You can use either the ac coupling (AC COUPL) or dc
coupling (DC COUPL) mode to couple the input signal to the
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CH A or CH B input amplifiers. If the signal to be measured
is riding on a de level, its amplitude limits may not fall within
the triggering level range, The AC COUPL mode should be
used for repatitive signals having a fixed frequency and a
constant duty cycle when they are riding on a large de level.
SLOPE selection is relatively unimportant when measuring
sing-wave frequencies,

if the signal duty cycle changes during a measurament,
the triggering point will shift, possibly causing erroneous re-
sults. Use the DC COUPL mode for low frequency ac sig-
nals without large do offset, signals with a low duty cycle,
and during time interval measurements.

Noise may be coupled to the input amplifiers along with
the signal to be measured. Noise may criginate from the
operating envirgnment, the signal source, or be caused by
improper connections. If the noise is of sufficient amphtude,
it ¢an result in inaccurate measurements due to false trig-
gering. Using an external attenuator may solve the problem.
See Fig. 2.3.

The input dynamic range specification describes the larg-
est amplitude sighal with a risetime or falltime less than
about 5 ns that will nat cause ringing and distortion internal
to the counter. Thig is primarily of concern in TIME A -B
whan measuring rise or fall times. Ringing may cause
mistriggering near the positive or negative peaks of the
signal.

The minimum sighal amplitudes are defined by the input
sensitivity requirements for the AC COUPL and DC COUPL
mades (see Specification section). Proper use of the ATTEN
(attenuation) controls will ensure operation within the maxi-
mum limits; £3.2V for X1 ATTEN, =16 V for X5 ATTEN.

Triggering the Counter

The de triggering level is determined by the SLOPE and
LEVEL controls, or by the AUTO TRIG switch concentric
with the CHANNEL A LEVEL control.

The manual LEVEL controls are used to adjust the trig-
gering hysteresis window continuously up or down through
a +3.2V range. The hysteresis window is typically 20 mV
(peak-to-peak) for low frequency signals, 40 mV (peak-to-
peak) for high frequency signals. The + and - areas desig-
nated for the LEVEL controls provide only a coarse
indication of the trigger level setting. To determine a more
accurate trigger level, measure (or use the LEVEL controls
to set) the internal dc level at the TRIG LEVEL output tip
jacks,
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Fig. 2-3. Advantages in signal attenuation.

NOTE

The actual triggering level is subject to changes in the
input signal-to-noise ratio, duty cycle changes (AC
COUFPL) and risetime.

When the AUTO TRIG mode is depressed (in), the
microprocessor performs a softwara routing to determine
the maximum and minimum peak voltage valuas of the input
signal and automatically sets the triggering levels for both
channels to the midpoint (median) value. These values are
maintaingd untl the AUTO TRIG button is depressed again
{out-manual level contral) or depressed twice (in) to initiate
ancther AUTO TRIG. The AUTQ TRIG mode is useful when
making pulse width measurements (WIDTH A function) at
the 50% level, or when the triggering level is not eritical, as
is usually the case in FREQUENCY A, PERIOD A, RATIO
BiA, and TOTALIZE A.

The use of AUTO TRIG does not reduce the need to
consider input noise amplitudes, coupling modes, and at-
tenuation factors. Large amounts of overshoot and ringing
of the input signal may ¢ause erroneous measurements due
to an undesirable level setting, The madian value of the in-
put signal may be measured at the TRIG LEVEL outputs.
For midpeint settings. the low frequency limit for the AUTO
TRIG moda is 20 Hz. Below 20 Hz, the automatic triggering
level will still be set, but not necessarily at the midpoint.

Figure 2.4 lllustrates typical trigger level settings and
shows the importance of setting trigger levels properly in
order 10 avoid errors due to input signat risetimes (falitimes),
or wherg the transition times of the start and stop pulses
are differant, or just slow. Observation of the SHAPED OUT

2-8

signals on an oscilloscope while setting the trigger levels
can aid in reducing trigger errors,

NOTE

The ARM input signal must be high when the AUTO
TRIG routine s being executed,

Reducing Measurement Errars

As an aid in recucing measurement errors, keep in mind
the following factors:

® Use the proper ATTEN controls and high impedance
attenuator type probes when measuring signals from
high impedance circuits.

* Consider trigger errors caused by input signals with
slow rise or falltimes.

* Average the measurament over a larger humber of
cycles of the input signal {(greater number of
AVERAGES),

® Maintain the countar énvironment at a constant
termperature.

* Apply a 1 MHz, 5 MHz, or 10 MHz external time refer-
ence standard (NBS) to the rear interface inputs.

* Recalibrate, if necessary.
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3484.05

Fig. 2-4. Typical triggering levels and sources of triggering errors.
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MEASUREMENT EXAMPLES

Frequency A and Period A

When the counter is in either the FREQUENCY A or PE-
RIOD A modes, it always measures the period of the Chan-
nel A input signal. For FREQUENCY A, the microprocessor
computes the frequency as

f m~::_-(T = period)

and displays the answer in frequency units. For PERIOD A,
the answer is displayed in units of time. See Fig. 2-5 for
measurement examples.

Ratio B/A

In RATIO B/A mode, the counter measures the number
of events on both channels during the time it takes to accu-
mulate the selected number of Channel A events (averaged
by A events). The total number of Channel B events is then
divided by the total number of Channel A events and the
answer displayed without units of time or frequency.

The ratio range is from 10~7 to 10% Applying the higher
frequency to Channel B produces a ratio greater than one;
applying the lower frequency to Channel B produces a ratio
less than one. For best resolution with large ratios, apply
the higher frequency signal to Channel B.

Width A and Time A—B (Time Interval)

Figure 2-6 illustrates measurements for the WIDTH A
and TIME A—B functions. The WIDTH A function measures
the time interval between the first selected positive or nega-
tive edge (+ SLOPE) of the waveform applied to Channel A
and the next opposite polarity edge.

The TIME A—B function measures the time interval be-
tween the first selected edge (+SLOPE) of an event on
Ghannel A to the first selected edge (+ SLOPE) of an event
on Channel B. The measurement can be averaged (AVER-
AGES) by the selected number of Channel A events be-
cause there is one Channel B event per Channei A event.

When either the WIDTH A or TIME A—B functions are
activated, an internal pseudo-random noise generator is en-
abled that phase modulates the internal 10 ns time base,
aliowing the counter to properly average input signals that
are synchronous with its time base. See Fig. 2-7.

In Fig. 2-7 the time interval (15 ns, WIDTH A) cannot be
measured accurately with a non-modulated time base or by
making a single-shot measurement. The pseudo-random
phase-modulated clock causes the counter to count one
clock pulse one-half of the time and two clock pulses one-
half of the time. For example, if ten widths were averaged,
the total time for the count is at least 150 ns. Ten averages
yields 15 counts (5 counts + 10 counts). Dividing the total
count by the number of averages gives an answer of 1.5
counts, or 15 ns.

Single Shot
l—— Perlod —
i)

Period Averaged (10')

FREQUENCY A or
PERIOD A

Frequency or
Period Averaged

L

Gate open for at least ten periods I
or < 0.3 seconds in the AUTO AVERAGES mode, ———— ™
I

3464.06

Fig. 2-5. Measurement examples for FREQUENCY A or PERIOD A.
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Fig. 2-6. Meagsurement examples for WIDTH A and TIME A--B.

Events B During A

The EVENTS B DUR A function is basically the same as
WIDTH A, except that the counter counts the selected num-
ber of positive-going or negative-going events (+ SLOPE,
Channel B} oceurring during a selected positive or negative
pulse width occurring on Channel A (+ SLOPE, Channel A).
The internal time base is not counted for this function. See
Fig. 2-8 for a measurement example. The Channel B events
are averaged over the selected number (AVERAGES) of
Channel A pulse widths,
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Time Manual

The TIME MANUAL function measures and displays the
time interval {to the closest one-tenth of a second) between
the first and second depressions of the MEASUREMENT
STOP/START pushbutton. The time count can be reset to
zero and restarted by pressing and then releasing the
RESET pushbutton. The AVGS switch has no effect in the
TIME MANUAL mode.

Totalize A

The TOTALIZE A function is basically the same as TIME
MANUAL, except that, instead of counting the internal time
hase pulses, the counter counts the total number of Channe!
A events occurring between two successive depressions of
the MEASUREMENT STOP/START pushbutton and the
AVERAGES switch is active in this mode. The AVERAGES
switch operates as a power-of-ten scaling indicator (allows
totalizing to more than eight digits). For example, with a
1 MHz input signal and the AVERAGES switch set to 108,
the least significant digit represents 10° counts and will in-
crement at one count per second (10° Hz/10% = 1 Hz).

Probe Compensation

The PROBE COMP function ailows the operator to com-
pensate an external probe for the input capacitance of the
counter without an oscilloscope.

This function requires an external square-wave signal of
approximately 500 Hz to 1 kHz and an amplitude of approxi-
mately 2V times the probe attenuation factor (for 2.5
percent accuracy). For example, a 5X high impedance probe
would require about 10 V amplitude for this accuracy. The
larger the signal the more accurate the compensation will

WIDTH A

_’.
15 ns

Input Signal

Non modulated
Time Base

Averaged
Result
{20 ns)

Phase
Maodulated
Time Base

Averaged
Result
(15 ns)

3464.08

Fig. 2-7. Measurement example for synchronous input signals.
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CH B Events

I
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CH A INPUT

(+ SLOPE} I | I | |
Events- - - T

Counted
3464 09

Fig. 2-8. Measurement example, TIME A—B using the ARM
input.

be, providing that the positive peak value of the input to the
counter is less than 3 V.

With a probe connected to either CHANNEL A or CHAN-
NEL B input and the ATTEN switch set to X1 with the
square-wave signal applied, perform the following steps:

NOTE

The most significant digit (far left) is for CHANNEL A,
the least significant digit (far right) is for CHANNEL B.
The GATE light will flash, indicating the rate at which
the input is checked for compensation.

1. Insert adjustment tool in the probe compensation ad-
justment slot.

. Select the PROBE COMP function and press RESET.

. Slowly rotate {approximately 90° per 5 seconds) the
probe compensation adjustment in either direction un-
til the display for the channel being compensated
changes to a “1”. If the adjustment has not been
rotated at least 180°, continue rotating the adjust-
ment until the display changes to a "0” and then to a
aqr

. Reverse direction of rotation and again slowly turn the
adjustment until the display just changes to a “0".

. Reverse direction again until the display goes to a “1”
{only a few degrees of rotation will be required).

6. Once again reverse the direction of rotation and very
slowly turn the adjustment until the display just
changes to a “0" (only a few degrees will be required).
At this point the probe will be compensated.

If at any point in the procedure the display should remain
a “1” for more than one complete rotation, press the RESET
and start again. This may be caused by one of several
problems.

® The adjustment is rotated too fast or with a jerking
motion.

® The applied signal has too much low frequency noise
(amplitude jitter).

® The connection to the probe is intermittent.

NOTE

If at any time the display alternates between 0 and 1
without the compensation adjustment being varied,
slightly change the amplitude of the square-wave in-
put signal and repeat the procedure.

Test Function

A 000 display for the TEST function is an indication that
the microprocessor has checked the read-only memory, the
internal serial data path, the integrity of its internal counter
chain (accumulators) and, as a by-product, the operation of
the digital-to-analog converter and input amplifier circuits,

The random-access memory space (RAM} is not checked
during this self-test; the RAM is checked only at power up.

NOTE

If the CHANNEL A or CHANNEL B inputs are con-
nected, the input signals peak must be within the trig-
gering level range of the counter. An arming (ARM)
signal, if connected, must also be at a high TTL level.

The GATE annunciator flashes each time the complete
test routine is successfully completed. If one of the tests
fails, the GATE annunciator will stop flashing and a three-
digit error code will be displayed. The test routine is halted
at this point and will not continue untit the RESET is de-
pressed. This provides a memory for intermittent problem
troubleshooting.

NOTE

Refer all front panef error code conditions to qualified
service personnel.




Arming (ARM Input)

Arming provides 2 means by which single events or sets
of events can be selected for measurement within a com-
plex analog or digital signal,

The ARM input requires TTL signal levels. With no signal
attached the ARM input is normally pulled high and is thus
continuously armed. When the ARM input is pulled low, the
counter is prevented from starting a measurement. Arming
may be used in all measurement functions with the excep-
tion of TIME MANUAL, PROBE COMP, and TEST. In these
three functions the ARM signal must be high.

The ARM signal must be high when the active start edge
of an event occurs. It must then remain high as long as
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successive events are 1o be included in the measurernent.
The ARM signal must then be low before another active
start edge ocours.

When operating in the FREQUENCY A, PERIOD A, or
RAT!O B/A functions and a single armed “burst” does not
satisfy the averages condition, the displayed resolution will
be greater than the actual measurement resolution. This oc-
curs because the display is formatted for the standard single
* 1 count error in @ach measurement; whereas with arming,
there will be instead a =1 count for each burst, For exam-
ple, if the input repetition rate is 1 kHz and the arming signal
selects 10 periods to measure with the AVERAGES control
set for 107, the 10 “bursts” of 10 sach will be included in
each measurement, See Fig. 2-9 for examples of arming for
each of the major measurement functions.
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Fig. 2-9. Exampies af arming.




Operating Instructions-DC 5009

PROGRAMMING

Introduction

This section of the manual provides information for pro-
gramming the DC 5009 by remote control via the [EEE-488
General Purpose Interface Bus (GPIB). The following infor-
mation assumes the reacer is knowledgeable in GPIB com-
munication and has some exposure to programming
controflers. Message protocol over the GPIB iz specified
and described in the IEEE Standard 488-1978, *Standard
Digital Interface for Programmable Instrumentation™ Al
GP1B references in this manual refer to the IEEE-488 GPIB.
T 5000 instruments are designed to communicate with
any GPIB-compatible controller that sends and receives
ASCIHl messages (commands) over the GPIB. These com-
mands program the instrument or request information from
the instrument,

Commands for TM 5000 programmable instruments are
designed for compatibility among instrument types. The
same command is used in different instruments to control
similar functions, In addition, commands are specified in
mngmonics related to the functions they implement. For ex-
ampia, the command INIT initializes instrument settings to
their power-up states, For further ease of programming,
command mnemonics match those on the front panel in
nost cases.

instrument commands are presented in three formats:

! Published by the Institute of Elecrical and Electronics Engi-
neers, Inc., 345 East 47th Streat, New York, N.Y., 10017.

* A front panel illustration--showing command relation-
ships to front panel operation (see Fig. 2-10).

* Fynctional Gommand List—a list divided into function-
al groups with brief descriptions.

= Detailed Command List—an alphabetical listing of
commands with cormplete descriptions.

TM 5000 programmable instruments connect to the
GPIB through a TM 5000 power madule. Refer to the Oper-
ating Instructions section of this manuai for information on
installing the instrument in the power module. Also review
this section to become familiar with front-panel and internal-
iy salectaple instrument functions. The GPIB primary ad-
dress for this instrument may be internally changed by
qualified service personnel. The DG 3008 is shipped with the
address set to decimal 18. The message terminator may
also be internally selected by qualified service persarnel.
Message terminators are discussed in Messages and Cam-
munication Protocol {in this section). TM 5000 instruments
are shipped with this terminator set to EQ! ONLY. Refer
gualified service personnel to the Maintenance section of
this manual for locations and setting information. Pressing
the INST D button causes the instrument to display its se-
lected GPIB primary address:; the far right degimal point
lights if the selected message terminator is LF/EQI
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COMMANDS

The instrument is controlled by the front panel or via
commands received from the controller, These commands
are of three types:

Setting commands-—control instrument settings.

Query-output commands—ask for data.

Operational commands—cause a particular action.

The instrurment responds to and executes all commands
when in the remote state. When in the local state, sefting
and operational commands generate errors sinee instru-
ment functions are under front panel control, only guery-
oulput commands are executed,

Each command begins with a header—a word that de-
scribes the function implemented. Many commands require
an argument following the header, a word or number which
specifies the desired state for the function.

| cauTion |

Using fewer characters than the abbreviated header
or argument should be done with caution since erro-
neous results or damage could result if this data is
sent to the wrong ingtrurment.

FUNCTIONAL COMMAND LIST

INSTRUMENT COMMANDS

Function Commands

EVE BA —Counts Charngl B during Channel A
pulse width

—Measures frequency of input signal on
Channel A

—Query returns current instrument
function

—Measures period of Channel A signal

—Enables probe compensation

-~Measures ratic of B events to A events

—Measures time from A event 1o B event

---- -Manual timing function (stop wateh)

— Totalizes Channel A events

—Measures pulse width of Channel A
signal

FREQ A
FUNG?

PER A
PROB A&B
RAT B/A
TIME, AB
TMAN
TOT A
WID A

Measurement Control

AVE or AVGS --5ets  number  of
averaged

measurements

AVET? or
—Query returns AVE <znumz; (—1 for
AUTC Averages)

FPTR —Enables control of trigger levels by
fromt panel knobs

—Query returns RDY 1 for new data
ready or RDY 0 for new data not ready

RES —FResets counters, restarts current
measurement

~5tarts TMANual, STOPped, or
TOTalize measurement

—Stops any measurement except TEST
or PROBECOMP

RDY?

START

STOP

Input/Output Control

ATT 1 or o —1X or 53X Attenuation

ATT? —Query returns ATT <Ipum -

AUTO —Sets trigger level to signal mid-point
(both channels)

—Seltects channel for succeeding input
settings

—Query returns CHA A or GHA B

—Sets input coupling mode

CHA A or
CHA B
CHA?
COU AC
or BC
cou? —Query returns COL AC or COU DC
LEV —Sets selected channel trigger level,
Num range = +3.200 to —3.175 (X1)
or +16.00 to0 —15.875 (X5)
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LEV?

MAX?

MIN?

PRE ON
PRE OFF
FRE?
SEND

SLO POS
SLO NEG
SLO?

SOUR REAR

—Query returns trigger level setting of
selected channel, LEV 9999 indicates
front panet control

—Query returns last AUTOrig maximum
peak voltage

—Query returns last ALUTCOtrig minimum
peak voltage

- —Enables prescaler and internal scaling

—Disables prescaler and internal scaling
—Query returns PRE ON or PRE OFF
—OQbtains and formats new
measurement results

—Triggers on positive slope

~—riggers on negative slope

—Query returng SLO NEG or SLO POS
—Selects rear interface as signal source

SOUR FRONT —5elects front panel connector as signal

SOUR?

Source
—Query returns SOUR REAR or SOUR
FRONT

System Commands

DT GATE
DT TRIG
DT OFF
DT?

ERR?

—<GET= ¢ontrols Start and Stop

—<GET > performs RESET

—Disables Device Trigger

—Query returng DT TRIG, DT OFF, or
DT GATE

—Returns error code for most recent
avent reported by serial poll when RQS
is ON; with RQS OFF it retumns the

. highest priority status

Status Commands

OPC ON

OPC OFF

QPGC?
OVER ON

OVER OFF
OVER?

ROS ON
RQS OFF

RQS?
USER ON

USER OFF

USER?

~=Query returns instrument type and
firmware versions

—-Sets to current front panel settings and
power-on parameters

—Cluery returns current instrument
settings

—Tests ROM, /O, accumulator

—Enabies assertion of SRQ on
OPERAT!ON COMPLETE

—DBlisables SRGQ on OPERATION
COMPLETE

—Query returns OPC ON or OPC OFF

—Enables asserting of SRQ on courtsr
averflow

-=Disables SRQA on counter overflow

—Query returns OVER ON or OVER
OFF

—Enables SRO assertion

—Disables SRQ assertion and clears
SRG

—Query returns RQS ON or RQS OFF

—Enables asserting of SRQ when INST
ID button is pushed

-—Disables asserting of SRQ when INST
1D is pushed

—Chuery returns USER ON or USER QFF
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DETAILED COMMAND LIST

ATTENUATION

Type:
Satting or Query

Setting Syntax

ATT = number

Examples:

ATT 999999
ATT 5.00001
ATTENUATION 1

Query Syntax:
ATT?

Query Response:

ATT 1,
ATT 5;

Discussion:

The ATTENUATION command sets the input signal at-
tenuation on the selected channel o X1 (no attenuation) or
X5. The argument is rounded to an integer and if itis not a1
or a 5 an execution error (ERR 205) is issued indicating the
argument is out of range. “

For infarmation on selecting channels see discussion of
the CHANNEL command.

ATTENUATION

AUTOTRIG

Type:

Operational

Syntax:

AUTO
AUTOTRIG

Discussion:

The AUTOTRIG command causes the DG 5009 to auto-
matically set the trigger levels for both channels to the
midpoints of the input signals. The maximum and minimurm
peak values are saved and may be read out of the instru-
ment using the MAX7? and MIN? queries.

Any previously set trigger levels are replaced by the new
valuas and front panel control of trigger levels is disabled, If
the input signals are outside the range of the DC 5009, the
AUTO trigger levels may not be at the midpoeints,

Tirmg recuired for the AUTOTRIG operation to complete
is dependent an both Channel A and Channel B amplitudes
and frequencies. Worst case time is approximately 2.5
seconds.

The following command sequence causes an AUTO
TRIGGER to be performed and the resulting trigger levels to
be output when the AUTOTRIG completes:

AUTO:CH A;LEV?,CH B;LEV?

AUTOTRIG
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AVERAGES

Type:
Setting or Query

Setting Syntax:

AVE <number=
or
AVGES <number>

Examples:

AVE —1
AVGS 1.E+42
AVERAGES 100

Query Syntax:
AVE? or AVGS?

Query Response:

AVE -1;
AVE 1.E+4;

Discussion:

The AVERAGES command sets the minimum number of
events to be countad oh Channel A before calculating mea-
surgment results. Valid <number> arguments are:

<number> =0 - Sets DC 5008 to “auto-averages”
mode. In “auto-averages”, thé instrument accumulates
counts for =3 seconds.

When in “auto-averages” query returns AVE —1,

<number= = 1, 1.E+1, 1.E+2, 1.E+3,
1.E+5, 1.E+6, 1.E4+7, 1.E+8

1.E+4,

The argument <-number> is first rounded to the nearest
power of ten. If the resulting value is not one of the above
valid values, the averages setting is left unchanged and an
execution error (ERR 205) is issued.

The AVERAGES setting is also used to scale the dis-
played resuits for TOTALIZE measurements. Results output
to the IEEE-488 bus, however, are not scaled.

AVERAGES

CHANNEL (CHANNEL SELECT)

Type:
Setting or Query

Setting Syntax:
CHA (A
B

Examples;

CHANNEL A
CHAB

Query Syntax:
CHA?

Guery Response:

CHA A;
CHA B;

Discussion:

The CHANNEL command selects the channel that the
subsequent input setting commands affect. The input
settings commands are SLOPE, SOURCE, ATTENUATION,
COUPLING, and LEVEL. Valid arguments are:

A — Channel A is affected by input setting commands.

B — Channel B is affected by input setting commands.
On power-up the initial setting is CHA A,

CHANNEL (CHANNEL SELECT)

1
|




COUPLING

Type:
Setting or Query

Setting Syntax:

COU (AC
lbc

Examples:

COUPL AC
Cou DC

Query Syntax:
cou?

Query Response:

COU AC;
COu DC;

Discussion:

The COUPLING command sets the input signal coupling
to AC or DC. Valid arguments are:

AC — Select ac coupling for input signal.

DC — Select de coupling for input signal.

When switching from DC Coupling to AC Coupling or
when the dc level of an input signal changes and the signal
is ac coupled, the following settling times are required:

X1 probe connected — 1.0 seconds
X5 probe connected — 2.5 seconds
X10 probe connected - 5.0 seconds

The above times specify the time until the Coupling ca-
pacitor is charged to within 1% of its final value and as.
sumes the source has a very low impedance,

For infarmation on selecting channels see discussion of
the CHANNEL command.

COUPLING
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DT (DEVICE TRIGGER)

Type:
Setting or Query

Setting Syntax:

DT (GATE
TRIG
OFF

Examples:

DT GATE
DT TRIG
DT OFF

Query Syntax:
DT?

Query Response:

DT GATE
DT TRIG
07T OFF

Discussion:

The DT command controls the instrument's response to
the GROUP EXECUTE TRIGGER = GET= interface mes-
sage. The valid arguments are:

GATE —In this Device Trigger mode, -GET:=
cohtrols the STARTIng and STOPping of
the measurgment. If measurement is
STOPped, <<GET> will START measure-
ment. When STARTed, =GET:= wil

STOP measurement.

—In thiz Device Trigger mode, < GET>
causes & measurement RESET to be per-
formed. If the measurement is already
STARTed, this causes it to be reset and
restarted. If the measurement is currently
STOPped, this causes a single measure-
rment to be initiated.

—In this mode a < GET= causes instru-
ment to issue an execution error (ERR
206).

The power on initigl setting is DT OFF.

DT (DEVICE TRIGGER)
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ERROR

Type:
Quigry

Syntax:

ERR?
ERROR?

Responae:
ERR <number:;

Discusgsion:

The ERROR quety is used to abtain information about
the status of the instrument,

If RQS is ON, the ERROR query returns an event code
< number= describing why the RQS bit was set in the last
Status Byte reporied by the instrument. The event code is
then reset to 0.

If RQS is OFF, the ERROR query returns an event code
< number> describing the highest priority condition cur-
rently pending in the instrument. This event code is then
cleared and another ERROR query will return the event
code for the next highast priority condition pending.

EVENTS (EVENTS B DURING A)

Type:

Operational

Syntax:
EVE BA (argument is optional)

Examples:

EVENTS BA
EVE

Discussion:

The EVENTS command sats up the DC 5009 to measure
the total number of events occurring on Channel B during
the pulse width of the input signal on Channel A.

EVENTS (EVENTS B DURING A)




FPTRIG (FRONT PANEL TRIGGER)

Type:

Operational

Syntax:

FFTR
FPTRIG

Discussion:

The FPTRIG command enables setting of both Channel
A and Channel B trigger levels via the front panel trigger
level controls while the DC 5009 remains under program
corrol.

Setting of the trigger levels can be returned to program
control by the LEVEL command or the AUTOTRIG
command.

The Front Panel LEVEL controls cannot be independent-
ly selected for either Front Panel or program control.

FPTRIG (FRONT PANEL TRIGGER)
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FREQUENCY

Type:

Qperational

Syntax:
FREQ A (argument is optional)

Examples:

FREQUENCY A
FREQ

Discussion:

THe FREQUENCY command sets up the DC 5008 to
measure the frequency of the input signal on Channel A,

FREQUENCY
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FUNCTION

Type:
Cluery

Syntax:

FUNC?
FUNCTION?

Response:

/ EVE BA:
FREQ A;
PER A;
RAT B/A;
TIME AB; >
TMAN;

TOT A;
WID A;
PROB A&B:
TEST; /

Discussion:

IDENTIFY

Type:
Query

Syntax:

D?
IDENTIFY?

Response:
ID TEK/DC5009,V79.7,Fr.y;

Discussion:
The IDENTIFY query returns the above response where:

TEK/DC 5008 —Identifies the instrument type.

V79.1 —ldentifies the wvergion of Tekironix
Codes and Format Standard to which
the instrumeant conforms.

Fx.y —ldentifies the firmware version of the
instrument, where Xy s a decimal
number.

The FUNCTION query returns one of the responses
shown above. The response indicates the measurement

function currently selected.

FUNCTION IDENTIFY




INITIALIZE

Type:
Operational

Syntax:

INIT
INITIALIZE

Discussion:

The INIT command performs a power-on initialization of
the instrument’s settings.

At power-gn the FUNCTION, AVERAGES, SLOPE,
SOURCE, ATTENUATION, and COUPLING settings are set
to the state of the front panel controls. If the AUTO TRIG
button s in, an auto trigger is performed; otherwise, the
Trigger Levels are set to the Front Panel LEVEL controls.
The other instrument settings are initialized to:

CHA A
OPC OFF
OVER QFF
PRE OFF
DT OFF
USER QFF
RQOS ON

The INIT command does not generate a Power on SRQ
nor does it put the instrument in LOCAL mode as a normal
Power on does.

INITIALIZE
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LEVEL (TRIGGER LEVEL)

Type:
Setting or Query

Setting Syntax;
LEVEL < humberz-

Examples:

LEVEL —1.025
LEV 0.005
LEV 7.5

Query Syntax:
LEV?

Query Response:

LEVEL —1.025;
LEVEL 0.000;
LEVEL 9999,

Discussion:

The LEVEL command sets the trigger level of the pre-
viously selected channel to the value specified. The value is
expressed in volts and has a range of —3.175 10 3.2 when
in X1 attenuation and 15875 to 16.0 when in X5 attenu-
ation, The resolution is (L.025 far X1 attenuation and 0,125
for X5 attenuation.

The value is rounded to the nearest step and if this is not
within the range of the DC 5009 the trigger level is left un-
changed and an execution error (ERR 205} is issued.

The “LEV 9999;" is returned by the LEV? when the trig-
ger level is being controlled by the front panel controls. For
example, the following command sequence will return “LEV
9999,;":

FPTRIG;LEV?

At all other times the trigger voltage level is returned,

Channel A and Channel B trigger levels are either both
under program control (AUTO or LEV) or both under front
panel control (FPTRIG).

If the trigger levels were under front panel control
(FPTRIG), the LEV command causes the trigger level of the
unselected charnel to go to its last programmed vatue.

For information on selecting Channels, see discussion of
the CHANNEL ¢ommand.

LEVEL (TRIGGER LEVEL)
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MAXIMUM

Type:
Query

Syntax:

MAX?
MAXIMLIM?

Response:
MAX <rumbers-;

Discussion:

The MAX? query returng a value indicating the maximum
input signal voltage measured during the last autotrigger cy-
cle. If the signal has changed andfor the input signal condi-
tioning has changed since the last autotrigger, another
AUTOTRIG is required to obtain the new MAX values.

MAXIMUM

MINIMUM

Type:
Query

Syntax:
MIN?

Response:;
MIN =number =

Discussion:

The MINIMUM? query returns a value indicating the mini-
mum input signal valtage for the selected channel measured
during the last autotrigger. If the signal has changed and/for
the signal conditioning has changed since the last
autotrigger, another AUTOTRIG is required to obtain the
new MIN values.

MINIMUM




CPC (OPERATION COMPLETE)

Type:

Setting or Query

Setting Syntax:

OPC| ON
| OFF

Examples:

QPC ON
OPC OFF

Query Syntax:
QOrC?

Query Response:

OPC ON;
OPC OFF;

Discussion:

The OFRG command controts the asserting of SRQ when
a measdrement is completed. This command allows a con-
troller to start @ measurement, and then process some other
task while waiting for an SR to inform it that measurement
data ts ready.

When QOPC is ON and a measurement completes, SRQ is
asserted and remains asserted until the status is read via a
serial poll or until a device clear is performed. Operation
Complete is indicated by a Status Byte of 86 or 82 and an
ERRCR query response of ERR 402.

For more Status Byte and ERROR information, see “Er-
ror and Status Reporting”,

The Power on initial setting is OPC OFF.

OPC (OPERATION COMPLETE)

Operating Instructions—DC 5009

OVERFLOW

Type:
Setting of Query

Setting Syntax:

OVER | ON |
|OFF |

Examples:

OVER ON
OVERFLOW OFF

Query Syntax:
OVER?
Query Response:

OVER ON;
OVER OFF;

Discussion:

The OVERFLOW command controls the asserting of
SRQ when the internal counting capacity of the DC 5009 is
gxceeded. This command allows the controlier to detect and
to respond to overflow conditions.

When making measurements, the DC 5009 uses two in-
ternal 40-bit counters, one for Channel A and one for Chan-
nel B.

For EVENTS, FREQUENCY, PERIOD, RATIO, TIME, or
WIDTH measurements, OVERFLOW usually indictes that
one of the input channels is not set up propetiy.

For TMANUAL and TOTALIZE measurements, OVER-
FLOW pan easily be used by the controller to extend the
range of the measurement, When making TMANUAL mea-
surements, an QVERFLOW indicates that the Channel B
counter has counted 2% internal time base pulses
{=108951 seconds). When making TOTALIZE measure-
mentg, an OVERFLOW indicates that the Channel A
counter has counted 2*0 (=211 x 10'%) on the Channel A
input. For both TMANUAL and TOTALIZE, the measure-
ment result is reset and the measurement continues after an
overflow is detected,

PROBECOMP and TEST measurements do not gener-
ate overflow conditions.

When OVERFLOW is ON and the instrument's internal
capacity is exceeded SRQ is asserted and remains asserted
until the status is read via a serial poll or until a device clear
is performed, Channel A overflow is indicated by a Status
Byte of 193 or 208 and an ERROR query response of ERR
711. Chanrel B overflow is indicated by a Status Byte of
194 or 210 and an ERROR query response of ERR 712,

The Power on initial state is OVER OFF.

OVERFLOW




Operating Instructions—DC 5009

PERIOD

Type:
COperational

Syntax:

FPER A (argument is optional)

Example:

PERIOD A
PER

Discussion:

The PERIOD command sets up the DC 5009 to measure
the pericd of the input signal on Channel A.

PERIOD

PRESCALE

Type:
Setting or Query

Setting Syntax:
FRE | ON
OFF

Examples:

PRESCALE ON
PRE OFF

Cluery Syntax:
PRE? (Query form)

Query Response:

PRE ON;
PRE QFF;

Discussion:

The PRESCALE command multiplies the Channel A
count by 16 before calculating FREQUENCY, PERIOD, RA-
TIO, and TOTALIZE. This command should be used when a
divide by 16 prescaler is attached to Channgl A, otherwise
etroneous measurements will result, Valid arguments are:

ON —The Channel A input is multiplied by 16 before
caleulating results.

OFF —The Channel A input i3 not scaled beforg the
results are calculated.

When the PRESCALE command is used and a compati-
ble precaler is not connegted to the DC 5009 an execution
warning (ERR 804) is issued.

The Power on initial setting is PRE OFF.

PRESCALE




PROBECOMP (PROBE COMPENSATION)

Operational

Syntax:
PROBE A&B (argument is optional)

Examples:

PROBECOMP A&B
FPROB

Discussion:

The PROBE COMP command sets up the DC 5009 to
provide information which can be used to help compensate
probes.

This function generates 2-digit results. The most signifi-
cant digit is the result for Channel A and the least significant
digit is the result for Channel B.

For more infarmation see description of Probe Compen-
sation in this manual.

PROBECOMP (PROBE COMPENSATION)
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RATIO

Type:

Operational

Syntax:
HAT B/A

Examples:

RATIO B/A
RAT

Discussion:

The RATIO command sets up the DC 5009 to measure
the Ratio of events on Channel B to the events on
Charnnel A.
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RDY (DATA READY)

Type:
Query

Syntax:
RDY?

Response:

RDY Q;
ROY 1;

Discussion:

The RDY query returns “data ready” status. If the value
returned is 0, measurement data is not currently available, If
the vaiue returned is 1, measurement data is availabile.

When measurement data is not available and the
DC 5009 is “talked" by the controller, the instrument re-
sponds in one of two ways. !f “talked” after recgiving the
SEND command and data is not ready, the DC 5009 waits
for data to becoma ready and then sends it. If “talked” and
the instrument has not received the SEND command and
data is not ready, the DC 5009 responds by sending FF_
{all data lines asserted).

Data becomes ready when a meagurement is completed.
it remains ready until the data is read out of the instrument
or until an instrument setting, except averages, is changed.
Data Ready (s also cleared by a RESET.

RDY (DATA READY)

Type:
Operational

Syntax:

RES
RESET

Discussion:

The RESET command resets the instrument's count
chains and initiates a new measurement, For FREQUENCY,
PERIOD, RATIO, TIME, WIDTH, or EVENTS measure-
ments, a single result is determined if the meagurement had
been *STOPped” before the RESET. For PROBECOMP
measurement, RESET clears current compensation status
and restarts compengation process. For TEST measure-
ment, AESET clears any existing error result and restaris
TEST process.




RQS (REQUEST FOR SERVICE)

Type:
Setting or Query

Setting Syntax;

RQS{ ON |
| OFF {

Examples:

RQ3 ON
RQS OFF

Query Syntax;
RGQS7?

Query Response:

RQS ON;
RQS OFF;

Discussion:

The RQS command is a giobal control for assertion of
SRQ by the DC 5009. When RQS is QFF the DG 5009 wil
not assert SRQ under any circumstance, When RGES is ON
the DC 5009 is allowed to assert SRQ under appropriate
cireumstances; i.e., errors, operation complete, etc.

The ERROR? query can be used while RQS iz OFF 1o
sae if any SRQ type conditions have ocourred.

5SRO will be asserted for any previously unreported 3RQ
event when RGOS is turned ON after being OFF,

The Powet on initial setting is “RQS ON".

RQS (REQUEST FOR SERVICE)
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SEND

Type:
Output

Syntax:
SEND

Output Examples:

45.13755019E+-6; (Frequency)
3.0018E-6; (Period)

01; (Probecomp)
395, {Test)
1977249 ; (Totalize)

Discussion

The SEND command formats available data for output.
Data is available when a completed measurement result has
not previously been output. If no data is available the SEND
command causes the DC 5009 to wait for the current mea-
surement to complete and then formats the result.
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SETTINGS

Type:
Query

Syntax:

SET?
SETTINGS?

Response:

<function=; CHA AATT <=tnum=;COU xx;5L0Q
*GEOUR oG LEY <hum>;CHA B; ATT =num:=;COU
A%3L0 x0GB0UR xxLEY =nhumz=,AVE <num=,0PC
%X, OVER xx;PRE xx;DT xx;USER xx;RQS xx;

Discussion:

The SETTINGS query returns the current settings of the
instrument,

The SETTINGS query response may then be used at a
later time to reset the instrument back to those settings.

SETTINGS

Type:
Setting or Query

Setting Syntax:

SLOINEG]
POS|

Examples:

SLO POSITIVE
SLOPE POS
SLOPE NEGATIVE
SLO NEG

Query Syntax:
5L0O7

Query Response:

SLO POS,
SLO NEG:

Discussion:

The SLOPE command sets the input trigger for the se-
fected channel to the specified siope. The valid arguments
are;

NEG —Input will trigger on negative going edge,
POS —Input will trigger an positive going edge.

For information on selecting channels see discussion of
the CHANNEL command.




SOQURCE

Setting or Query

Setting Syntax;:

SOUR( INT
REAR
EXT
FRONT
Examples:

SOUR INT ar SOUR REAR
SOURCE EXT or SOURCE FRONT

Query Syntax:
S0QUR?

Query Response:

S0OUR REAR;
SOUR FRONT

Discussion:

The SOURCE command selects one of two possible
sources for the mput signal. The valid argurments are:

INT or REAR —Either of these arguments will select
the internal source located at the rear
interface connector,

EXT or
FRONT

—Either of these arguments will select
the front panel bne connector as the
external source for the input signal.

For information on Rear Interface see the Maintenance
section of this manual.

For information on selecting channels see discussion of
the CHANNEL command.

REY GGCT 1881 SOURCE
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START

Type:

Operational

Syntax:
START

Discussion:

The START command starts a TMANUAL or TOTALIZE
measurement. For EVENTS, FREQUENCY, PERIOD, RA-
TIQ, TIME, or WIDTH measurerments, START restarts mea-
surement if STOPped.
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STOP

Type:
Operational

Syntax;
STOP

Discussion:

The STOP command stops all measurements except
TEST and PROBECOMP. The STOP command is ignored
when TEST or PROBECOMP measurements are being
made.

When FREQUENCY, PERIOD, RATICQ, TIME, WIDTH, or
EVENTS measurements are 3TOPped, the maasurement in
process is aborted,

When TMANUAL or TOTALIZE measurements are
STOPped, the current result is retained and the measure-
mant can be rastarted from the point where stopped.

Type:
Operational

Syntax:
TEST

Discussion:

The TEST command sets up the instrument to perform
repetitive self tests. The tests performed are the ROM tests,
Serial I/0 Hardware Test, and the Counter Hardware Integ-
rity Test.

The tests performed by the TEST command are the
same as those tests performed during the power-on self
test sequence, with the exception of the instrument BAM
tests. The RAM tests are only performed during Power on.

If a failure is detected by any of the tests, the test se-
quence is halted. The sequence is restarted whan the instru-
ment executes another TEST command or a RESET
command.

The results of each TEST sequence are made available
to be output by the instrument. A result of 0 indicates that
no failures were detected. if a failure is detected, the value
generated for output is the same as the error code that is
displayed for Power on self test failures.

See section on “Error and Status Reporting”.
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TIME (TIME A TO B)

Type:

QOperational

Syntax:
TIME AB (argurment is optional)

Examples:

TIME
TIME AB

Discussion:

The TIME ¢ommand sets up the DC 5008 to measure the
time interval from the first cccurrence of an event on Chan-
nel A to the occurrence of the first succeeding event on
Channel B.

REV OCT 1881 TIME {TIME A TO B)
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TMANUAL (TIME MANUAL)

Type:
Operational

Syntax:

TMAN
TMANUAL

Discussion:

The TMANUAL command sets up the RG 5009 to mea-
sure time in a “stop watch” type operation. Measurement is
started by the “START" command and is halted by the
“SBTOPF" command. If in “DT GATE™ mode, TMANUAL oper-
ation is started and stopped alternately using the Group Ex-
ecute Trigger << GETz= interface message.

See discussions of 3TART, STOP, and DT commands.

See discussion of <<GETx= in |EEE Sending Interface
Control Messages section of manual.

TMANUAL (TIME MANUAL)
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TOTALIZE

Type:
Operational

Syntax:
TOT A (argument is optional)

Examples:

TOTALIZE A
TOT

Discussion:

This command sets up the DC 5009 to measure the total
number of events ocourring on Channel A. The measure-
ment is started by the “START” command and stopped by
the “STOP" command. If in “DT GATE" made, TOTALIZE
operation is started and stopped alternately using the Group
Execute Trigger < GET= interface message.

See discussions of START, STOP, and DT commands.

See discussion of <<GET> in |[EEE Sending Interface
Control Messages section of manual.

TOTALIZE

USEREQ (USER REQUEST)

Type:
Setting or Query

Setting Syntax:

USER | ON |
OFF

Examples:

USER ON
USEREQ OFF

Query Syntax:
USER?

Query Response:

LUSER ON:;
USER OFF;

Discussion:

The USEREQ command controls the asserting of SRQ
when the front panel INST 1D button is pushed. This pro-
vides a8 communication capability bétwést the instrurnent
and & controller that can be initiated from the front panel of
the instrurment.

When USER is ON and the INST D button is pushed,
SRQ is asserted and remains asserted until the status is
read via a serial poll or until a device clear is performed. The
User Request is indicated by a Status Byte of 67 or 83 and
an ERROR query response of ERR 403,

The Power on initial setting is USER OFF,

USEREQ (USER REQUEST)

0 -\.‘
|




Type:
Operational

Syntax:

WID A (argument is optional)

Examples:

WIDTH A
WID

Discussion:

This commang sets up the DC 5009 to measure the
pulse width of the input gignal on Channel A, The slope
setting of Channel A determines whether positive going
pulse width or negative pulse width is measured.

Operating Instructions—DC 5009
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Programming Guide

A programming guide for Tektronix controllers, such as
the 4052 Graphic Computing System, is available. This
guide contains programming instructions, tips, and example
programs for use with this instrument. Ask your Tektronix
Sales Engineer for & copy or order tha GPIB Programming
Guide, part number 070-3985-00.

MESSAGES AND COMMUNICATION
PROTOCOL

Command Separator -

A message consists of onre command or a series of com-
mands, followed by a message terminator. Messages con-
sisting of multiple commands must have the commands
separated by semicolons. A semicolon at the end of a mes-
sage is optional. For example, each line below is 2 message.

INIT
TEST;INIT;RQS ON;USER OFF;(D?:SET?
TEST;

Message Terminator

Messages may be terminated with EQI or the ASCI line
feed (LF) character. Some controllers assert EQI ¢oncur-
rently with the last data byle; others usa only the LF charac-
ter as a terminator. The instrument can be internally set to
accept either terminator. With EOQl ONLY selected as the
terminator, the instrumant interprets a data byte received
with EQ! asserted as the end of the input message; it also
asserts EQOl concurrently with the fast byte of the output
message. With tha LF/EQI getting, the instrument interprets
the LF character without EQI asserted (or any data byte
received with EOl asserted) as the end of an input message;
it transmits carrage return (CR) followed by ling feed (the LF
with EQ| asserted) to terminate cutput messages. Refer
service personngl to the Maintenance section of the manual
for information on setting the message terminator. TM 5000
instrurments are shipped with EQ! ONLY selected.

Formatting A Message

Cemmands sent to TM 5000 ingtruments must have the
proper format (syntax) to be understood; however, this for-
mat is flexible and many variations are acceptable. The fol-
lowing describes this format and the acceptable variations.

The instruments expect all commands to be encoded in
ASCIl; however, they accept both upper and lower case
ASCI characters, All data output is in upper case (see Fig.
2-11),

As previously discussed, a command consists of a head-
er followed, if necessary, by arguments. A command with
arguments must have a header delimiter which is the space
character 5P between the header and the argument.

RQS, ON

If extra formatting characters SP, CR, and LF (the LF can-
not be used for format in the LF/EQI terminator mode) are
added between the header delimiter and the argument, they
are ignored by the instrument. ($P) (CR) and (LF) are shown
a3 subscripts in the following examples:

Exarnple 1: HQSSPON;
Example 2: RQS ON;

S
Example 3: AQS ON

SP GRLFSPSP

In the command list, some headers and arguments are
listed in two forms, a fulllength version and an abbreviated
version. The instrument accepts any header or argument
containing at leéast the characters listed in the short form;
any characters added to the abbreviated vetrsion must be
those given in the fullklength version. For documentation of
programs, the user may add alpha characters to the full-
length version. Alpha characters may also bé added to a
quéry header, provided the question mark is at the end.

USER?
USERE?
USEREQ?
USEREQUEST?

Multiple arguments are separated by a comma; however,
the instrument will also accept a space or spaces as a
delimiter,

23
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NOTE

In the last example, the space is treated as a format
character because it follows the comma (the argument
delimiter).

Number Formats

The instrument accepts the following kinds of numbers
for any of the numeric arguments.

¢ Signed or unsigned integers (including +0 and —0).
Unsigned integers are interpreted as positive. Exam-
ples: +1,2, —1, —10

Signed or unsigned decimal numbers. Unsigned deci-
mal numbers are interpreted to be positive. Examples:
—3.2, +5.0,1.2

Flcating point numbers expressed in scientific nota-
tion. Examples: +1.0E-2, 1.0E-2, 0.01E+0

Rounding of Numeric Arguments

The instrument rounds numeric arguments to the nearest
unit of resolution and then checks for out-of-range
conditions.

Message Protocol

As the instrument receives a message it is stored in the
Input Buffer, processed, and executed. Processing a mes-
sage consists of decading commands, detecting delimiters,
and checking syntax. For setting commands, the instrument
then stores the indicated changes in the Pending Settings
Buffer. If an error is detected during processing the instru-
ment asserts SRQ, ignores the remainder of the message,
and resets the Pending Settings Buffer. Resetting the Pend-
ing Settings Buffer avoids undesirable states which could
oceur if some Setting Commands are executed while others
in the same message are not.

Executing a message consists of performing the actions
specified by its commandis). For setting commands, this in-
volves updating the instrument settings and recording these
updates in the Current Settings Buffer. The setting com-
mands are executed in groups—that is, a series of seiting
commands is processed and recorded in the Pending
Settings Buffer before execution takes place. This allows
the user to specify a new instrument state without having to
consider whether a particular sequence would be valid. Ex-
ecution of the settings occurs when the instrument pro-
cesses the message terminator, a query-output command,
or an operational command in a message.

When the instrument processes a query-output com-
mand in a message, it executes any preceding setting com-

240

mands to update the state of the instrument. Wt then
executes the query-output command by retrieving the ap-
propriate data and putting it in the Output Buffer. Then, pro-
cessing and execution continue for the remainder of the
message. The data is sent to the controlier when the instru-
ment is made a talker.

When the instrument processes an operational command
in a message, it executes any preceding setting commands
before executing the operational command..

Multiple Messages

The Input Buffer has finite capacity and a single message
may be long encugh to fill it. In this case, a portion of the
message is processed before the instrument accepts addi-
tional input. During command processing the instrument
holds off additional data (by asserting NRFD) until space is
available in the buffer.

When space is available, the instrument can accept a
second message before the first has been processed. How-
ever, it holds off additional messages with NRFD until it
completes processing the first.

After the instrument executes a query-oulput command
in a message, it holds the response in its Output Buffer until
the controller makes the instrument a talker. If the instru-
ment receives a new message before all of the output from
the previous message is read it clears the Qutput Buffer
before executing the new message. This prevents the con-
troller from getting unwanted data from old messages.

One other situation may cause the instrument to delete
output. The execution of a long message might cause both
the Input and Qutput buffers to become full. When this oc-
curs, the instrument cannot finish executing the message
because it is waiting for the controller to read the data it has
generated; but the controller cannnot read the data because
it is waiting to finish sending its message. Because the in-
strument’s Input buffer is full and it is holding off the rest of
the controllers message with NRFD, the system is hung up
with the controller and instrument waiting for each other.
When the instrument detects this condition, it generates an
error, asserts SRQ and deletes the data in the Output buff-
er. This action allows the controlier to transmit the rest of
the message and informs the controller that the message
was executed and that the output was deleted.

A TM 5000 instrument can be made a talker without hav-
ing received a message which specifies what it should out-
put. In this case, acquisition instruments (counters and
muitipliers) return a measurement if one is ready. If no mea-
surement is ready, they return a single byte message with all




Gits equal to 1 (with message terminator); other TM 5000
instruments will return only this message.

Instrument Response to IEEE-488 Interface
Messages

Interface messages and their effects on the instrument’s
interface functions are defined in IEEE Standard 488-1978.
Abbreviations from the standard are used in this discussion
which describes the effects of interface messages on instru-
ment aperation.

UNL. —Unlisten
LUNT—Untalk

When the UNL command is received, the instrument’s
listener function goes to its idle state (unaddressed). In the
idle state, the instrument will not accept instrument com-
mands from the GPIB.

The talker function goes to its idle state when the instry-
ment receives the UNT command. In this state, the instru-
ment cannot output data via the GRIB.

The ADDRESSED light is off when both the talker and
listerer functions are idle. If the instrument is either talk ad-
dressed or lister addressed, the light is on.

IFC—Interface Clear

This uniline message has the same effect as both the
UNT and UNL messages. The front panel ADDRESSED
light is off.

DCL—Device Clear

The Device Clear message reinitializes communication
between the instrument and controller, In response to DCL,
the instrurment clears any input and output messages and
any unexecuted settings in the Pending Settings Buffer,
Also cleared are any errors or events waiting to be reported,
except the power-on event. If the SRQ ne is asserted for
any reason other than powar-or, when DCL is received the
SRQ is unasserted,

5DC—Selected Device Clear

Thiz message performs the same function as DCL; how-
ever, ohly instruments that are listen addressed respond to
50C.

GET—Group Execute Trigger

The instrument responds to GET only if it is listen ad-
dressed and the instrument device trigger function has been
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enabled by the Device Trigger command (DT). The GET
message is ignored and an SRQ generated if the DT func-
tion is digabled (DT OFF), the instrument is in the lecal state,
or if a message is being processed when GET is received.

SPE—S5erial Poll Enable
SPD—Serial Poll Disable

The SPE message enables the instrurment to output
serial poll status bytes when it is talk addressed. The SPD
message switches the instrument back to its normal oper-
ation of sending the data from the Qutput Buffer.

MLA—My Listen Address
MTA—My Talk Address

The primary listen and talk addresses are established by
the instruments GPIB address (internally set). The current
setting of the GPIB address is displayed on the front panel
when the 10 button is pressed.

LLO—Local Lockout

In response to LLO, the instrument goes to a lockout
state—from LOCS to LWLS or from REMS to RWLS.

REMN—Re&maote Enable

If REN is true, the instrument goes to a remofe state
{from LOCS to REMS or from LWLS to RWL3S) when its
listen address is received. REN false causes a transition
from any state to LOCS; the instrument stays in LOCS as
long as REN is false,

A REN transition may occur after message processing
has begun. In this case execution of the message being
processed is not affected by a transition,

GTL—Go To Local

Only instryments that are listen addressed respond to
GTL by going to a local state. Remote-to-local transitions
caused by GTL do not affect the execution of the message
being processed when GTL was received.

Remote-Local Operation

The preceding discussion of interface messages de-
scribes the state transitions caused by GTL and REN. Most
front panel controls cause a transition from REMS to LOCS
by asserting a message called return-ta-local {rt). This tran-
sition may oceur during message exscution, but in contrast
to GTL and REN transitions, a transition initiated by rt! does
affect message execution. In this case, the instrument gen-
erates an error if there are any unexecuted setting or oper-
ational commands. Front panel controls that only change
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the display (ike ID) do nhot affect the remote-local
states—only front panel controls, except trigger level con-
trols, that change settings assert rif. The ril message re-
mains asserted while multiple keystroke settings are
entered: and it is unasserted after processing the front pan-
el control change. Since rtf prevents transitions to REMS,
the instrument unasserts r# if a multiple button sequence is
not completed in a reasonable langth of time (approximately
5 10 10 seconds).

The instrument maintains a record of its settings in the
Current Settings Buffer and new settings from the front
panel ar the controller update these recorded settings.

Local State (LOCS)

in LOGS, instrument settings are controlled by the opera-
tor via front panel controls. When in LOCS, only bus com-
mands that do not change instrument settings are executed
(query-output commands); all other bus commands (setting
and operationaf) generate an error since their functions are
under front panel control,

Local With Lockout State (LWLS)

The instrument operates the same as it does in LOCS,
except that #f will not inhibit a transition to remote.

Remote State (REMS)

in this state, thé instrument exacutes all instrurment com-
mands. Changing a front panel centrol, except trigger level
controls, generates an rif and causes the instrument to re-
turn to local (LOCS).

STATUS AND ERROR REPORTING

Through the Service Request function (defined in the
IEEE-488 Standard), the instrument may alert the controller
that it needs service. This service request is also & means of
indicating that an event (a change in status or an error) has
occurred, To service a request the controfler performs a
Serial Poll; in response the instrument returns a Status Byte
(8TB) which indicates whather it was requesting service of
not. The STE can also provide a limited amaount of informa-
tion about the request. The format of the information en-
coded in the STB is given in Table 2-2. When data bit 8 is
set, the STB conveys Device Statug information which is
indicated by bits 1 through 4.

Table 2-2

If 0, 5TB indicates event class
If 1, 578 indicates device status

—- 1 if requesting service
r —- 1 indicates an abnormal event
r—— 1 if message processor is busy

== Define events
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Because the STB conveys limited information about an
event, the events are divided into classes; the Status Byte
reports the class. The classes of evenits are defined as
follows:

COMMAND
ERROR

Indicates the instrument hag received a
command whigh it cannot understand.

Indicates that the instrument has received
a command that it cannot execute. This is
caused by arguments out of range or
settings that conflict.

EXECUTION
ERROR

INTERNAL
ERROR

Indicates that the instrument has detected
a hardware condition or firmware problem
that prevents opetation.

SYSTEM
EVENTS

Events that are commeon to instruments in
a system (8.9., Power on, User Request,
gte.).

EXECUTION
WARNING

INTERNAL
WARNING

The instrument is operating but the user
should be aware of potential problems.

Internal warning indicates that the instru-
ment has detected a problem. The instru-
ment remains operational, but  the
problem should be corrected (e.g., out of
calibration).

DEVICE
STATUS

Device dependent events.




The instrument can provide additional information about
many of the events, particularly the errors reported in the
Status Byte, After determining that the instrument request-
ed service (by examining the STB) the controller may re-
gquest the additional infarmation by sending an error query
{ERA7). In response, the instrument returns a code which
defines the event. These codes are described in Tabie 2-3.

Table 2-3
BUS ERROR CODES AND
SERIAL POLL RESPONSE

Error
Query |Serial Poll®

Description Response | (Decimal)

Command Errors

Command header error 1M a7
Header delimiter error 102 97
Command argument error 103 97
Argument delimiter error 104 97
Naonnurmeric argurnent 105 97
{nrumeric expected)
Missing argument 106 87
Invalid message unit delimiter 107 97

Execution Errorg

Command not executabte in
Local

Settings lost due to “rtl”

/O huffers  full,  output
dumped

Argument out of range
Group execute trigger ignored

Internal Efrors

Interrupt fault
System error

System Events

Power on”
Operation Complete
User request

Device Warnings

Channel A 50 11 protect
Channel B 50 ! protect
No prescaler

Device Dependent Events

Channel A overflow
Channal B gverflow

Na Errors or Events N 0 0

"I1f the instrument is busy, it returns a number which iz 16 higher
than the number shown.

PSea Table 2.2 for example.
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If there is more than one event to be reported, the instru-
ment continues to assert SRQ until it reports all events.
Each gvent is automatically cleared when it is reported via
Serial Poll, The Device Clear {DCL) interface message may
be used to clear all events except Power On.

Commands are provided to control the reporting of some
individual events and to disable all service requests. For ex-
ample, the User Request command (USEREQ) provides in-
dividual control over the reporting of the user request event
which ceeurs when the front panel ID button is pressed. The
Requests for Service command (RQS) controls whether the
instrument reports any events with GRQ.

RQS OFF inhibits all SRQ's (except Power-on event) so
in this mode the ERR? query allows the controller to find out
about events without first performing a Serial Poll. With
RCGS OFF, the controlier may send the ERR? query at any
time and the instrument returns an event waiting to be re-
ported. The controller can clear all events by sending the
arror quary until & zero (0) code is returned, or clear all
events except Power-on through the DCL interface
message.

With RQS OFF the controller may perform a Serial Poll,
but the Status Byte only contains Device Dapendent Status
information. With RQS ON, the STB contains the class of
the event and a subsequent error reported in the STB.

Tahle 2-4
FRONT PANEL ERROR CODES

Serial I/O Fauit 313
Channel A

Courter Integrity
Channel B

Counter Integrity 330-338
System RAM Error U1332 340
System RAM Errar U1210 343
ROM placerent error 1312 ‘ 361
ROM placement error U102 374
ROM Placement error U120 375
ROM checksurn grror U1312 381
ROM checksum error U1102 304
ROM checksum error U1201 395

320-326

2-43
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SENDING INTERFACE CONTROL MESSAGES

are set under control of the front-panel LEVEL knobs, The 0
other instrument settings are initialized as indicated in
Table 2-5.

Bus communications are performed through use of the
controller input and output statements, ASCI commands
are transmitted using the PRINT statements. The DC 5009
is factory set to address 18,

PRINT (@ 18:"SET?;"

ASCH replies are raceived by the controller using input
statements.

INPUT @ 18:A%

Table 2-5
POWER ON SETTINGS

Header Argument

CHA A
QPC QOFF

Bus interface control messages are sent as low level OVER OFF
commands through the use of WBYTE and RBYTE control- FRE OFF
ler commands. For the following commands A = 32 plus the DT OFF
instrument address and B = 64 plus the instrument USER OFF
addrass, RQS ON

Ligten

Unlisten

Talk

Untatk

Unlisten-untalk

Davice clear (DCL)

Selective device clear (SDC)
Go to local (GTL)

Remote with lockout

Local lockout of instruments
Group execute trigger (GET)

WBYTE @ A:
WBYTE @ 63
WBYTE @ B:
WBYTE @ 95:
WBYTE @ 83, 95:
WBYTE @ 20:
WBYTE @ A, 4
WEBYTE @ A, 1:
WBYTE @ A, 17, 63:
WBYTE @ 17:
WBYTE @ A, 8:

The INIT command performs a power-on initialization of

the instrurmnent's settings.

The INIT command does not generate a power-on SRO
nor does it put the instrument in LOCAL mode as a normal

power-on does.

EXAMPLE PROGRAMS

TALKER LISTENER PROGRAMS

This sample program allows a user to send any of the
commands listed in the Functional Command List to receive
the data generated.

These commands are for the Tektronix 4050-series con-
trollers and representative for other controllers.

If therg is more than one event 1o be reported, the instru-
ment continues to assert SRQ until it reports all events.
Each event is automatically cleared when it is reported via
Serial Poll. The Device Clear (DCL) interface message may 100 REM DCS009 TALKER/LYSTENER FROGRAM
be used to clear all events except Power on. ;;\g ‘;m 1955099 FPRIMARY ADDRESS = 18

150 gN SR THEHW 240

. : 140 DIN A$C20D)
Commands are provided to control the reporting of some 150 PRINT "ENTER MESSAGE(S): "3

individual events and to disable all service requests. For éx- 140 INFUT C$

ample, the User Request command (USEREQ) provides in- 170 PRINT 218:C#

dividual control over the reporting of the user request event 180 REM CHECK FOR QUERIES

which oceurs when the front pane! ID button is pressed. The 170 IF POS(CH," 7,104 THEN 220

Request for Service command (RQS) controls whether the 200 REM CHECK FOR TSENDT

instrument reports any events with SRQ. 210 IF FOS(CH,"SEND".1)=9 THEH 150
220 REM INFUT FROM DEVICE
230 INFUT R18B:4%

POWER ON SETTINGS 240 FRINT A%
250 B30 T¢ 150

At power on, the FUNCTION, AVERAGES, SLOPE, 240 REM SERIAL FOLL ROUTINE
SOURCE, ATTENUATION, and COUPLING settings are set 270 POLL X Y318
1o the state of the front-panel controls. If the ALITO TRIG 280 PRINT "STATUS BYTED "iY
button is IN and Auto trigger is performed, the trigger levels 290 RETURN

Talker Listener Program For 4050-Series Controllers
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This sample pragram allows a user to send any of the
commands listed in the Functional Command List to receive
the data generated.

Talker Listener Program For 4040-Series Controllers

REM DCUD0Y TALKER/LISTEMER PROGRAM
REM DCUHOO? PRIMARY ADDRESS = 18
OFEH H1:"GFIB(PRI=IB,EOM=<>) "
ON SRO THEM GOSUE 170
ENABLE SRQ
DIM A% TO (170)
FRINT "ENTER COMMAND(S) / QUERY "
INFUT C%
IF Cs=“EX" THEN GOTO 185
FPRINT H1:CS%
REM CHECK FOR BUERIES
55 IF POS(CH,"?",1)<>0 THEH GOTO 170D
IF FOS{C%,."SEND",1)=0 THEM GOTO 130
REM INPUT FROM DEVICE
INFUT #1:4A%
FRINT A%
GOTO 130
STOF
FOLL 5B .F,5,18
FRINT "SRG SEEN. STATUS BYTE:",.SR
RETURHN

Operating Instructions—DC 5009

PROGRAMMING HINTS

The purpose of this section of the manual is to show how
to prograrn the DC 5009 to perform some basic measure-
ment functions and how to take advantage of some of its
special programmiryy features,

The following examples are given in 4050-Series BASIC.
The implementation details vary from controller to controller,

Changing Input Channel Settings

Before a meaningful measurement ¢an be made, the in-
put signal conditioning settingsmust be set properly. The
following example firt sets up the channel A input signal

conditioning. Next the trigger levels are automatically set to
their micpoints using the AUTO command and the AVE -1
command sets up the instrument to make measuremeants at
a rate of approximately 3 per second. Finally, the DC 5008
is instructed to make FREG (frequency) measurements.

OO FRINT Eips"CHA A5ELO MOS:5QU FROM
110 PRINT @igr"Lou DCiATT 1;aU70"

126 PRINT RIB:"AVE -1 FREQ;SENDY

140 INPUT @18:R

140G PRINT "FRLG # "R

150 END
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Making Single Measurements A00 PRINT &if:"FREQY

JTk3 :
Single measurements may be made using either of the 10 IHPUT BiuiaAs

two methods shown in the following examples. To make a &;U IF LEN( %*’ yull THEN 610
single measurement, the instrument is first set to “STOP” 630 FRINT “FREQ = "ia$
mode. A *“RESET" then causes a single measurement to be &40 END
made and then the meagurement process is again stopped.
The first examplef shows how 1o make a single TIME interval Both the RDY? and OPC commands can be used to de-
messurement using STOP and RESET. termine when measurement data is available to be read out.
. Data ready status can be queried using the RDY? guery
300 FRINT R1B:"AVE 1;TIME;" command, as in the following example.
J10 PRINT @i+ "STOPIRESET FSENDY
320 INRFUT E18:R W00 PRINT #i8:"PERIOD®
330 PRINT "TLME INTERVAL = "R 410 PRINT LG ROYTY
340 END 520 INPUT EI8:IR
430 IF R=0) THEN 410

The next example shows how to use Group Execute 440 PRINT E1B:"SENDY
Trigger <GET= in place of the RESET, to make single 450 INPUT R19:4
measurements. To use <GET=, the inatrument’s Device 460 PRINT PPERIOD = ":a
Trigger Function must first be enabled using the DT TRIG 470 END
command. Again, the instrtument must be set to “STOP”
mode before the < GET> causes a “RESET" and a single
measurament to be made.

The following example shows how the OPC command
allows the Service Request (SRQ) and the Status Byte re-
200 FRINT B1E:"DT TRIGIAVE 1;TIME" sponse (STB) to be used to signal data ready.

. N h t

S g Bt oF 100 RER  USING OFC INTERRUPT
230 REH "50" IS ADDRESS (18432) 11O REM - AND STATUS BYTE 70
940 KER "B" 15 <GET> 1EEE-488 i;g :;HE-‘: GIGNAL DTS DTARY

250 FRINT RI8:“SEND™ - . R .
e TNFUT @19.:;\-0 140 FRINT #318:"PER;OFC ON: "™
270 PRINT "TIME INTERVAL = iR 150 ON SRE THEN 220

$40 WATY

2B0 END . . -
170 IF A= THEN L&0
) T8O FRINT Ei8:"SEND: "
Reading Results 190 INFUT R1G1E
There are two basic ways of obtaining measurement 00 FRINT "FERIOD =";h
" data from the DC 5009. The first method shown below uses 218 ENG
the SEND command to request a measurement result from 220 POLL D,5:18
the instrument. If a measurement result is available, the 230 IF s=66 OR G=8R THEN 260
DC 5009 will respond immediately when “talked”, otherwise DA PRINT YSRE OCCURED, STATUS =Mig
it will wait until a result is available before responding. 250 G0 TO 270
240 A=l
270 RETURN
500 PRINT 2Ii8:"FREGQ;SEND™
S1d INFUT B1Bi4 Making Time Interval Measurement

220 FRINT "FRER = ™; . .
;; 6 END PA The following example sets up the instrument to measure
: the time interval between two TTL level signals connected
to the charnel A and channel B inputs using X5 probes.

36D PRINT @18:"CHA A;SLO FOS;R0U EXT

The other method that may be used to obtain measure- 310 PRINT @LB:"ATT 1:;COU DC;LEV ,275"
mant data involves just “talking” the DC 5009 and then 320 PRINT ei8:"{H4 B;SLO FOS;S0U EXT®
reading the results. If a result iz available, *“talking” the in- 330 PRINT RIB:"ATY 1:C0U DCFLEV .275"
strument causes the result to be output. If a result is not 240 PRINT @i8:"AVE 1;TIME;SEND
available, it causes the instrument to output an FF(hex) byte 350 INFUT 218:T
instead. The following example shows how to read out data 3460 PRINT “"TIME A& TO B = ";7
by Just “talking” the instrument and checking for FF(hex). 370 END
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Again, only those input channel settings not already at
‘ the desired states would have to be programmed.

Risetime and Slew Rate Measurements

Risetime, Falltime and Slew Rate measurements can he
made using a combination of commands. First the 10% and
90% points must be calculated from the MIN? and MAX?
query responses after an AUTCOTRIG. To determine
Risetime, the LEV command is then used to set the channel
A trigger level to the 10% point and the channel B trigger
level to the 90% poiint. The TIME function is then used to
measure the time difference between the 10% and 90%
points. Falltime measurements can be made similarly. Slew
Rates can easily be determined once the 10% and 90%
points and the Risetime have been measured. The following
example measures both Risetime and Slew Rate. Thig &x-
ample assures that the same signal is connected properly to
both channels A and B and that the signal falls entirely with-
in the range of the instrument.

400 REM RISETIME AND SLEW RATE

410 PRINT @1B:"CHA A:SLO POS:CHA B;SLO POS"
420 FRINT &18:"AUTO;RINTIHAXT Y

430 PRINT ®18:"MINT;NAXTICHA ATAINY MAXT"
440 INFUT E1B:B1,B2,A1,A2

450 AD=Al1+(AZ2-A1)x0.1

460 AT=A2-(AZ-A1)*0.1

470 BY9=£2-(B2-B1)*0.1

480 FRINT ®i18:"CHA ALEV "iRA0

490 FRINT @18:"CHA B;LEV ";BY

wg0 FRINT @iB:"TIME;SEND"

510 INFUT R1B:R

920 S={A9-A0)/R

510 PRINT "RISETIME = "R

w40 FRINT "SLEW RATE = ";§

530 END

Phase Measurement

A combination of PERIOD and TIME measurements can
be used to make Phase measurements. The following ex-
ample determines the phase difference between the channel
A and channel B signals by first measuring the PERIQD of
one signal and then using the TIME function to measure the
time difference between the two signals. The Phase angle is
then computed using these two measurements. This exam-
ple assumes that the appropriate signals are connected to
input channels A and B and assumes that the trigger levels
are set correctly.

100 REM PHASE WEASUREMENT

110 FPRINT @iB:"CHA A3;SLO POS;CHA B:;SLO FOS
120 PRINT ®18:"PER;SEND"

130 INPUT #18:F

140 PRINT =18:"TIME:SEND"

150 INFUT ®i8:7

160 P=T/P¥3460

i70 FRINT "THE FHASE IS ";F

180 ENRD
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Duty Cycle Measurement

Duty Cycle measuremants can easily be made using a
combination of WIDTH and PERIOD measurements. The
foliowing example determines the Duty Cycle of the positive
going pulse of the Input signal. This example assurres the
trigger level is already set to the desired value.

200 KREM DUTY CYCLE MEASURERENT

210 PRINT B18:"CHA A7SLO POSIWIDSEND®
220 INPUT #18:W

230 PRINT RiB:"FERSEND:"

240 INFUT @18:P

250 PRINT “THE DUTY CYLLE IS “;W/P

260 END

Using INST ID Button

Communication between the controller and an instru-
ment operator ¢an be accomplished using the INST 1D but-
ton and the USER command. The following example allows
a front panel operator to compensate probes and then in-
form the controller that the PROBECOMP is complete. As
shown, the probes can be compensated and INST 1D button
used even while the rest of the front panel controls are
locked out.

106 REM  USING 3D BUTTON

110 PRINT "COMFENDATE FROBES - "5
120 PRINT "PUSH INGT ID WHEN DONE"
130 PRINT EIg:"USER ON:FROBE"

LAD WRYVE 217:

150 REM 17 18 BFIE LLO LOMMAND
Lz ON SR THEN 220

120 I=0

Led WalT

20 1F I=0 THEM 180

200 FRINT "COMPENSATION DOMNE"

230 END

223 POLILL LG 18

2A0OYF wmAY OR B=83 THEN 2460

240 FRINT "SRE OCCURED, STATUS="34
290 G0 Te 280

F60 PRINT "INST XD BUTTON SENSED"
EVAV IR

UL KRETURN

The INST ID button can also be used to inform the con-
troller that the instrument has been set up properly 10 mea-
sure the input signals. Once informed, the controller can
then “learn” the current instrument settings, using the SET?
query command, and save the set-up for later use.
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S0
310
J20

REM LEASRN SETTINGS
PRINT "GEY UF THE
FRINT "“"PUSH INST fD
30 DIN As{2i%)

240 I=0

380 PFRINT &18:"USER
350 OW SRUE THEN 434
370 WAIT

330 IF [=0 THEN 370
J90 PRINT @igeMmgETHY
400 INPUT eigras
410 FRINT "SETTING
420 END

420 FOLL D, 5318

440 TF B=67 OR =83
450 PRINT “SRE OCCURED.,
440 GG TO 480

470 I=1

L0 RETURN

WHEN DONE"

ON i

STORED"

THEN 470
CTATUG="35

Extending Range Using Overflow

OVERFLOW occurs when the internal 40-bit capacity of
the counter is exceeded. By detecting these occurrences of
OVERFLOW, the range of TMANUAL and TOTALIZE mea-
surements may be extended.

The following example monitors a TOTALIZE measure-
ment watching for the count to reach 1.0E+13, approxi-
mately 10 times the counting capacity of the DC 5009. This
is done by counting cccurrences of OVERFLOW and using
this count to extend the precigion of the result.

100 REM EXTENDING RANGE USING

110 REM QVERFLOW - TOTALIZE A

120 C=0

120 PRINT €18:"OVER ON;TOT;START"
140 ON B8R4 THEN 230

150 PRINT EBiB:"SEND"

1460 INPUT B1G: 4

170 R=A+Cx1,099511428F 412

180 IF R41LOE+13 THEN 139

190 FRINT "RESULT 18 ";R

200 END

250 FOLL D.Tiie

260 IF 8=19% OR $=20% THEN 290
270 FRINY "SRE OCCURED, STATUE=";8
280 RETURN

290 C=C+1

J00 RETURN

INSTRUMENT -3

The next exampla monitore 2 TMANUAL measurament
to determine when 10 hours have elapsed. Since 10 hours is
equivalent to 36,000 seconds, it exceeds the 10995.1 sec-
ond ¢counting capacity of the DG 5009. By counting the Q¢-
currencas of OVERFLOW, the precision can be extended to
count this amount of time.

400 REM EXTENDING RANGE USING

410 REM QUERFLOW - TIME MANUAL

420 T={

430 PRINT Ei8:YOVER ON:TMAN;ETARTY
440 ON SRE THENW 2340

450 PRINT #18:"GEND"

460 INFUT 218:4

A70 Rep+0x10999.1162778

480 IF R<34000 THEN 458

4%0 FRINT "RESULT IE "R

300 END

90 FOLL D.5718

560 IF G=1%4 QR 95=210 THEN 390

70 PRINT "GRE QCLURED, STATUS=";S
580 RETURN

590 C=f+]

600 RETURN

Additional assistance in developing specific application
oriented software is available in the following Tektronix
manuals,

{1) 070-3985-00--GFIB Programming Guide. This man-
ual is specifically written for applications of this instru-
ment in IEEE-488 systems. It containg programming
instructions, tips and some specific example
programs.

(2) 070-2270-00-—4051 GPIB Hardware Support Man-
val. This manual gives an indepth discussion of IEEE-
488 bus operation, explanations of bus timing details
and early bus interface circuitry.

(3) 070-2058-01-—Programming In BASIC

{(4) 070-2059-01—Graphic Programming [n BASIC

(5) 51/00-700 4/0—4050 Series Programming Tips

(6) 070-2380-01—-4907 File Manager QOperators manual

{7) 070-2128-00—4924 Users manual

l-\.
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{8) 070-1940-01 —4050 Series Graphic System Opera- (10) 070-3918-00—4041 Operators manual
tors manual

(11) 061-2546-00-—4041 Programming Refer-
(9) 070-2056-01—4050 Series Graphic System Refer. ence manual
ence manual




WARNING

THE FOLLOWING SERVICING INSTRUCTIONS
ARE FOR USE BY QUALIFIED PERSONNEL
ONLY. TO AVOID PERSONAL INJURY, DO NOT
PERFORM ANY SERVICING OTHER THAN THAT
CONTAINED IN OQPERATING INSTRUCTIONS
UNLESS YOU ARE QUAUIFIED TO DO SO.
REFER TO OPERATORS SAFETY SUMMARY
AND SERVICE SAFETY SUMMARY PRIOR TO
PERFORMING ANY SERVICE.
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THEORY OF OPERATION

BLLOCK DIAGRAM DESCRIPTION

Introduction

Reter to the Block Diagram illustration iocated in the
foldout pages at the rear of this manual during the following
distusgsior.

Channel A and Channel B Amplifiers

The functional biocks for the Channel A and Channel B
Amplifiers are essentially identical. Each channel amplitier
circuit contains three magnetic latching relays that controt
the selection of the front panel or rear interface input sig-
nals, the ac or de coupling maodes, and the 1 or x5 at-
tenuation factor, The data for these relays are sent from the
microprocessor via data shifted through serial to parallel
shift registers in these functional blocks. The trigger slope
selection data is also latched in these same registers. The
slope selection circuits are located on schematic 3.

Each ampiifier channel centains an input differential am-
plifier, two cascode amplifiers, and Schmitt trigger circuits
that provides the hysteresis window for the overall amplifier.
The outputs of the Schmitt circuits are buffered before appli-
cation to the slope selection gates.

The +5 V power for both input channels is regulated by
a three terminal regulator that uses the interchannel shield
for a haat sink.

Trigger Level and D-A Converters

This functional clock contains triggering level controls
and digital-to-analog converters for Channel A and Channel
8. The microprocessar, depending on the mode, selects the
setting of the front panel triggering LEVEL controls or the
outputs of the D-A Converters to be applied to the input
differentiat amplifier circuits located on schematies 1 and 2.

The D-A Converters are driven by B-bit parallel words
latched in two serial-to-parallel shift registers in this func-
tional block.

Gating, Arming and Synchronizers

After slope selection, the signals to be measured are
routed through the proper logic gates for the operating
mode selected. These gates are enabled (or disabled) via
latched data in a serial to parallel shift register located in this
functional block.

The A and B SHAPED QUT signals criginate in this block
and provide exact replicas of the signals that the counter is
measuring. These cutputs provide a 50 {2 output impedance
capable of driving a 50 1 load.

The counter has what is sometimes called a “ratio archi-
tecture”. That is, events are always accumulated in one
count chain, called Accumuiator A, and a time related or
Channel B event count is accumulated in another counter
chain, called Accumulator B. The microprocessor actually
controls the measurement interval, which is always asyn-
chronous with the input signals. The Synchronizers in this
functional block guarantee that the accumulators always
see a whole number of pulses of input signals or a whole
nurnter of pulses from the internal time base that is being
counted,

The arming input (ARM) from the front panet or rear inter-
face is also applied to this block where it is logically ANDed
with the measurerment GATE generated by the micro-
Processor,

Time Base, 100 MHz PLL, and Noise Generator

This block contains the 10 MHz crystal controlled time
base, a 100 MHz PLL (phase locked loop) and a pseudo-
random noise generator that is activated for time interval
averaging measurements,

The 100 MMz PLL circuit contains a frequéncy and phase
comparator, a filter circuit, a Varactor diode for 100 MHz
tuning, and a divide by 100 feedback loap.
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CH A and CH B Accumulators

The Channegl A signal is divided or counted by two ECL
binary stages, six TTL binary stages, and then by four bina-
ry stages in a single CMOS counter. The CARRY A output
from the CMOS counter is then applied to a rmicroprocessor
peripheral device on schematic 7, where the signal is count-
ed by another 16 binary stages internal to that device,

The CH B Accumulator is similar to the CH A Accurmula-
tor with two ECL binary stages, six TTL binary stages, fol-
lowed by 16 binary stages in two CMOS counters. The

"CARRY B signal is also applied to the microprocessor pe-
ripheral device on schematic 7. Both accumulator circuits
have ECL to TTL translator clrcuits where required.

The outputs of these counters are applied to the parallel
inputs of five parallel to serial shift registers (two for CH A
and three for CH B). To obtain the binary count accumulated
in these counters, the microprocessor asserts the Serial
Read Latch Line at least once for every measurement
interval.

Cantrol Logic, and Memory

The microprocessor lacated on the GPIE board controls
the measurement gate interval, generates the relay strobe
signal, and by using address decoding circuits enables the
ghift registers, display strobe circuits, and the data buffer for
the front panel settings.

Thig functional block has a microprocessor paripharal de-
vice containing a 128 x 8§ static RAM, a 16-bit pro-
grammaile counter, an 8-bit serial data channel, bidirec-
tional data lines, and interrupt inputs. Program memory
spdce is provided by'a 4096 % 8 ROM device.

Front Panel Keyboard and Display Drive

The key elemant in this functional block is a ten-state
dacade counter that provides the time siot decoding for
scanning the front panel pushbuttons and other controls,
The counter also provides the multiplexing functions for the
seven-segment LLED display and annunciators. Information

is presented to the dizplay by latching six bits of data from
the microprocessor parallel cdata bus. Four bits of the
latched data are then decoded from binary coded decimal to
sever-segment information. The remaining two bits are
used to drive the annunciators and decimal points.

Display

The display consists of eight seven-segment LEDs and
six annunicators. The time slot lines generated by the ten-
state decade counter drives the cathodes of the savan-seg-
ment LEDs and scans the annunciators. The anodes of the
seven-segment LEDs are connected to & butffer circuit
through current limiting resistors.

Power Supplies

The +12 Vdc supply is derived from the +26 V raw dc
from the power module, The —12 V regulated supply is de-
rived from the —26 V raw dc from the power module. The
+5V regulated supply is derived from the +8V raw dc
from the power module. These supplies are individually pro-
tected by their own fuses. The 3.2V supply is derived
from the +12 V regulated supply, whilie the +2.7 V supply
is derived from the +5 V regulated supply. The +3.2 V sup-
ply opeérates as the refergnce for the —12 V supply and the
digital-to-analog converters.,

GPIB Microprocessor, Memory, and Controller

The GPIB consists mainly of a microprocessor, two
RAOM's, one RAM, and a GPIB controller chip. An address
switch is also available 1o set the listen and talk addresses
for the DC 5009. In the DC 5008, the GPIB board connects
to the digital board and is used to communicate with the
IEEE 488 Digital Interface.

The microprocessor uses a serial data loop, an 8-bit par-
allel data bus, and a 16-bit address bus to communicate
with the instrument functions. The microprocessor fetches
instructions from memoty via the paraliel data path, de-
codes the desired operation, and executes the instruction.
The activities of the microprocessor occur in cycles generat-
ed by its own 1 MHz system clock.




NOTE

Since the CH B Ampilifier and Relay Contrel circuit is
essentially identical to the GH A Amplifier and Relay
Control circuit, this description discusses the theory of
aperation for the CH A Amplifier and Relay Control
circuit with the associated circuit component for the
equivalent Channel B circuit in parenthesis.

The input signal enters the instrument either from the
front panel bne connector J500 (J510) or from the rear inter-
face input connection P1625-16A (P1625-17B). The exter-
nal ar internal signal source ts selected by K1031 (K1041).
When the internal signal source 8 selected, the
microprocessar also activates K1621 (K1622).

The AGC COUPL or DG COUPL mode is selected by
K1032 (K1042), while the »1 or x5 ATTEN modes are se-
lected by K1033 (K1043), The x5 attenuation network in-
cludes R1023 (R1043), R1131 (R1141) and their
compensating  capacitors, C1022 (C1042) and (1031
(G1043),

The input differential amplifier stage Q1121 {Q1141)is a
matched dual DMOS FET with high input impedance and
low offset between the triggering level and signal input gate
terminals. Transistor Q1122 (21142} and associated com-
ponents operate as a current source, providing good Gom-
mon mode rejection for the differential amplifier stage.

The + 5V drain supply for the input differential stage in
both charmels is obtained from a three terminal regulator,
U50¢. This regulator uses the interchannel shield for a heat
sink.

Input protection for the DMOS FET differential amplifier
is provided by CR1121 (CR1131), CR1123 (CR1141),
CR1124 (CR1143), and CR1122 (CR1132). These diodes
clamp the input signal amplitude to about +13V and

13 V.

The first cascode amplifier stage consisting of Q1223
{Q1241), Q1221 (Q1233), Q1222 (Q1234), and Q1224
(1242), and associated components provides a gain of
about three. The second cascode stage, Q1225 (Q1235),
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DETAILED CIRCUIT DESCRIPTION

CH A and CH B Amplifiers and Relay

control T

Q1226 (QA1243), Q1228 ((11245), Q1227 (Q1244), and asso-
ciated components provides a gain of about three and
drives the Schmitt trigger circuit consisting of Q1232
(Q1248), Q1229 {11247), and associated components. The
Schmitt trigger circuit sets the hysteresis windoew for the
overall input amplifier. The ECL line receiver, U1331B
{U1331C), operates as a buffer between the Schmitt trigger
and the slope selection circuits on schematic 3.

The input relays for each channel are the magnetic-latch-
ing type. They are set to their proper positions by the binary
data latched in the serial to parallel shift register U1101
{U1111). The parallel data from these registers is buffered
by U110 (U1112), a Darlington driver integrated circuit. The
most significant bit (pin 11) from the shift registers deter-
rminges the triggering slope for each channel.

The relay strobe circuit for both channels consists of
G101, Q1102, Q1103, and associated components. The
relay strobe signal is programmed by the microprocessor,
The strobe signal generated at the collector of Q1103 is a
positive pulse of about 7V, and strobes all of the relays
simultanecusly. However, the state of only one relay is
changed with each strobe event. The feedback connection
from R1103 and R1104 to the emitter of Q1101 operates to
requlate the pulse amplitude under all supply conditions. Di.
ode CR1211 prevents the strobe pulse from gaing more
negative than about 0.6 V.

Gating, Arming, and Synchronizers

Transistors Q1411 and G412 form a differential compa-
rator. The base of Q1411 is at approxirmately 3.5 V; set by
the voltage divider network, R1413 and R1414. The base of
Q1412 iz biased by R1404, R1403 and R1415, with R1403
providing positive feedback to generate the hystersis at the
arming input. Diode CR1401 and the measurement gate
buffer, Q1401, are in a conducting state before the mea-
surement gate signal on J1410-2 goes negative. The wired-
OR junction at the emitter of Q1407 must be low during the
measurement interval. If the arming input signal on the base
of Q1411 is held low the wired-OR junction is held high,
preventing the counter from making a measurement,

Setting the counter up to accept the arming signal via the
rear interface requires only that qualified service personnel
reverase the connections of P1402 and P1403.

Both the inverted and non-inverted forms of the input
signals from the Channel A and Charngl B amplifiers are
available; Channel A signals at the emitters of Q1331 and
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A signal is then inverted by U1431B and clocks U1421A on
pin 6. The CH A complement signal also appears on pin 6 of

Q1332, Channel B signals at the emitters of Q1333 and
(21334. Only one of the two transistors for each channel is

active at any one time, depending on the selected slope;
Q1332 and Q1333 for positive slope selection, Q1331 and
Q1334 for negative slope selection.

After slope selection, the signals are buffered by U1332A
and UT331A, and then lavel shifted by common base ampli-
flers, Q1442 and (1441, before application to the front pan-
el shaped outputs via J540 and JB60, or to the rear interface
via P1625-23A and P1625.248.

The microprocessor determines the measurement gate
interval on pin 12 of U1332B. Integrated circuits, U1421A
and U14218, operate as Synchronizers to ensure that the
accumulator gates, U1332C and U1431C, open and close at
the proper time for the desired measurerment, Synchronizing
the accumulator gates with the signals 1o be counted en-
sures that the accumulators will contain a count corre-
sponding to & whole number of input and time bage pulses.
Tha signals to be counted clock the Synchronizers on pins 6
(U1421A) and 11 (U14218).

Before each measurement is initiated by the micro-
processor U1421A and U1421B are set by the MR (master
resat) pulse on J1410-1; U1332C and U1431C are disabled

by the high levels on pins 2 and 15 of the Synchronizers.

For those modes that use the CH A Ampiifier with posi-
tive slope triggering, negative-going edges are generated on
pin 2 of U1331A. Pin 14 of shift register U1411 is latched
high for all operating modes except the time interval modes
(TIME A — B, WIDTH A, and EVENTS B DUR A). With pin
14 of U1411 high Q1343 and U1431B are enabled. The CH

U1431B.

NOTE

Transistors Q1342, Q1344, Q13471, Q1423, Q1422,
Q1421, and Q1343 operate as switches 1o route the
CH A, CH B, and 100 MRz time base signals through
the proper logic gates for the selected front panel
FUNCTION. Transistor Q1344 is used to disable
UT431A. See Table 3-1. ‘

FREQUENCY A and PERIOD A. If the gate signal from
the migroprocessor and the arming signal on pin 17 of
U1332B are both low, a low is set on the D input (pin 7} of
U1421A. This low is transferred to pin 2 on the first CH A
edge that clocks U1421A after the measurement gate start-
ed, The low on pin 2 enables the second synchronizer,
U1421B, and the CH A Accumulator gate, U1332C, With
U1332C enabled the next negative edge of the CH A signal
is allowed to pass through U1332C in its inverted form and
be counted by the first binary stage of the CH A Accurmula-
tor on schematic 4.

For the FREQUENCY A and PERIOD A functions, pin 7
of shift register U1411 is latched high. This turns on Q1422,
allowing the 100 MHz time base signal to clock U1421B on
pirn 11, The first time base edge to clock U14218 after
U1421A changed state sets a low on pin 10 of U1431C and
turhs on Q1433, enabling the CH B Accumulator gate and
indicating that a reasurément cycle is in prograss. The next
negative edge of the 100 MHz time base signal then passes
through U1431C in its inverted form and counted by the first
binary stage of the CH B Accurnulator (schematic 4).
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Table 3-1

SIGNAL ROUTING SWITCHING LOGIC
(X = Saturated, Blank = Qff)

Emitter
Q1344

Function

Q1341

Q1423

FREQUENGY A

PERIOD A

RATIO B/A

TIME A -~ B

WIDTH A

EVENTS B DUR A

TIME MANUAL

TOTALIZE A

COMP

TEST

After the Synchronizers and accumulator gates have
been enabled, all succeeding input pulses are counted by
the CH A Agcurmnulator and all succeeding time base pulses
are counted by the CH B Acoumulater.

The counting process continues until the selected num-
bet of averages have been satisfied or the time out period
while in the AUTO made has been satisfied. At this point the
gate signal from the microprocessor goes high, setting the D
input (pin 7) of U1421A high. The next positive edge of the
input signal then clocks U1421A and pin 2 goes high, dis-
abling U14218 and U1332C. The next 100 MHz time base
edge then clocks U1421B, disabling U1431C and turning off
Gr1433 to tell the microprocessor that the measurement cy-
cle has ended.

When the measurement cycle has ended, the
microprocessor reads the total counts in both accumulators.,
The CH A Accumulator contains the number of events or
periods and the CH B Accumulator contains the number of
time base clogk puises ¢counted over the same interval, The
microprocessor divides the number of events in the CH A
Accumulator by the total time in the CH B Accumulator to
obtain the frequency (FREQUENCY A) or divides the total
time in the CH B Accumulator by the number of events in
the OH A Accumulator to obtain the period, or time per CH
A avent (PERIOD A).

Ratio B/A. The RATIO B/A mode ig the same as FRE-
QUENCY A and PERIOD A, except that instead of counting
100 MHz time hase pulses, Q1422 is disabled by a low on
pin 7 of shift register U1411 and Q1423 is enabled for the
CH B signal to clock U14218. The counts are accumuiated
over the time interval-determined by the number of averages
selected. The RATIO B/A result is then caleulated by divid-
ing the number of CH B gvents by the number of CH A
gvents.

TIME A — B. For the TIME A —~ B function, 1343 is
disabled; QT1427, Q1422, Q1341 and UT431B are enabled.
The first CH A pulse slope i5 selected, passes through
U1332A and applied to pin 6 of U1431B. The Synchronizers
have been set by the MR (rnaster reset) pulse and the CH A
pulse clocks U1421A on pin 6.

A so0n as the gate signal from the microprocessor sets
pin 11 of U1332 B low, the next CH A clock edge to U1421A
transfers the low on pin 7 10 pin 2 and sets pin 3 high. The
high on pin 3 passes through Q1421, disables U1431B, and
prevents LI1421A from being clocked by succeeding CH A
pulses. The O output of U14217A (pin 2), being low, enables
U1431A and allows the firat succeeding CH B pulse edge 1o
clock U1421A, setting pin 2 high and pin 3 low, again, Pin 3
going low with the CH B edge, also enables U1431B again
for the next CH A edge to clock UT421A.
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Puring the period of {ime that pin 2 of LH421A is low,
14218 is enabled. The 100 MHz time base clock pulses
are synchronized and gated by U1421B and L1431C, and
then counted by the binary stages in the CH B Accurnulator.

Since Q1343 is off, U1332C is enabled with a low on pin
12 and each TIME A — B interval appears as a negative
pulse on pin 13, This negative time interval is converted to a
positive time interval pulse by U1332C and then counted by
the binary stages in CH A Accumulator, Thus, for &ach
TIME A — B interval, a count is accumulated in the CH A
Accurnulator and duting each of these intervals the
100 MHz clock pulses are accumulated in the CHB
Accurmulator,

The microprocessor is continually reading the counts (ac-
curnulated time intervals) in the CH A Accurnulator. When
the selected number of averages (10™ or the measurement
time in the AUTO mode (approximately 0.3 seconds) has
been satisfied, the microprocessor sets the gate signal on
pin 11 of U13328 10 a high ievel. The next CHB pulse
clocks a high through U1421A to pin 10 of U14218 and
disables U1431A. The next 100 MHz clock pulse then
toggles U14218, disabling U1431C and allowing the collec-
tor of Q1433 to ge low. This tells the microprocessor that
the measurement cycle has been completed. The
microprocessor then makes a final reading of both accurmu-

Iators, divides the total time by the number of intervals, and
updates the display during the next measurement cycle.

WIDTH A. The WIDTH A function is essentially the same
as the TIME A -~ B axcept that Q1341 is disabled and
(11342 is enabled. This then allows the leading edge of the
pulse width to be measured, to be applied to pin & of
U1431B and the trailing edge to be applied to pin 5 of
U1431A,

The Synchronizers {U1421A and U1421B) and the accu-
mulator gates (U1332C and U1431C) function exactly like
they did in TIME A — B. The pulse widths are regenerated
on pin 2 of U1421A and during each of the negative pulse
intervals, Ut421B and U1431C are enabled so that the
100 MHz clock pulses (via Q1422) can be counted by the
CH B Accumulator. Also, each regenerated pulse is passed
through U1332C and counted by the CH A Accumulator.
Again, when the averages conditions have been satisfied
the microprocessor stops the measurgment gate, reads
both the accumulators, and divides the total time by the
number of régénarated time intervals to obtain the average
pulse width,

, EVENTS B DUR A. The EVENTS B DUR A function is

the same as WIDTH A except that instead of counting
100 MHz clock pulses via Q1422, the instrument is counting
CH B events during the selected CH A pulse width via

1423, To do this, Q1342, Q1423, and Q1421 are enabled.
The leading and trailing edges of the CH A pulse are again
applied to pin 6 of U1431B and pin 5 of 1431A.

The CH B signal passes through Q1423 to ¢lock the sec-
ond sychronizer, U14218. When the gate signal on pin 12 of
M332B goes low, the Synchronizers and accumulator
gates function exactly as they did in WIDTH A (and de-
scribed for TIME A — B). With U1332C enabled on pin 12
the CH A pulse widths are counted in the CH A Accumutator
while the CH B events are counted in the CH B Accumuia-
tor. In EVENTS B DUR A the instrument is counting CH B
events during CH A pulse widths and averaging by the se-
lected number of CH A events.

When the seiected or AUTO averages condition has
been satisfied, the gate signal on pin 11 of U1332B goes
high, the next CH A trailing edge disables U1421A (pin 2
high), and the succeeding CH B edge sets a low on pin 14 of
U14218, completing the measurement cycle.

TIME MANUAL and TOTALIZE A. For the TIME MAN-
UAL and TOTALIZE A functions, the microprocessor as-
serts the gate signal on pin 11 of U1332B when the
START/STOPR pushbutton on the front panel is depressed
to start the measurement. The gate is unasserted (set high)
when the pushbutton is depressed to stop the
measuremant.

For TIME MANUAL Q1344, G1422, and (21343 are en-
abled. Immediately after asserting the gate signal the
micropracessor mormentarily changes the CH A Level on pin
14 of U1321D from its current setting to —=3.175V to
+3.2 V and then back again {0 its original setting, This pro-
vides an artificial CH A signal that enables U1421A and al-
lows the 100 MHz clock signal count to be accumulated in
the CH B Accumulator. The accumuiation cantinues until the
measurement is stopped, at which time the microprocessor
unasserts the gate signal and provides another trigger level
change to disable U1421A and stop the accumulation of
time base clock count. The results in the CH B Accumulator
is then directly displayed with the proper annunciator
illuminated.

For TOTALIZE A Q1344, Q1343, and Q1423 are en-
abled. When the gate signal is asserted, CH A events arg
counted (totalize) in the CH A Accurmulator until the mea-
surement is stopped. In this case, the microprocessor does
not read the CH B Accumulator, only the CH A Accumulator
counts are displayed. Display scaling is accomplished by the
microprocessor using the position of the AVERAGES switch
to select the desired scaling factor (power-of-ten). Time or
frequency units are not displayed for this function.
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PROBE COMP and TEST. For the PROBE COMP fung-
tion, the operator applies probe compensating signals to ei-
ther Channel A or Channel B. For either of these modes, the
counter is set up (internally) in RATIO B/A. Thig allows the
Channet A or Channel B signals to pass straight through to
the accumulators. For the TEST function the micro-
processol generates artificial signals by programming the
digital-lo-analog converters (schematic &) through their full
range. The cutputs of the digital-to-analog converters are
applied as trigger level changes to the differential amplifier
cirguits in the CH A and GH B Amplifiers (schematic 1).

NOTE

A complete description of the seif test function is de-
scribed in the Maintenance section. Front panef pro-
cedures for the PROBE COMP function are found in
the Operating Instructions.

CH A and CH B Accumulators

Before each measurement is initiated by the
microprocessar, the MR (master reset) signal is asserted via
pir 26 of L1332 on schematic 7. This reset signal is inverted
by U1202E and U1202F and level shifted by Q12071 to pro-
vide an ECL compatible reset sighal to the Synchronizers on
schematic 3, and to provide both ECL and TTL compatible
reset signalg for all of the count stages in the CH A and
CH B Accumulators.

The CH A Accumulator signal clocks U1221A on pin
while the CH B Accumulator signal clocks U1221B on pin
11. The first two binary stages for each accumulator are
ECL stages, U1221A and U1211A for the CH A Accurnula-
tor, U12218 and U1211B for the CH B Acocumulator. The
next two hinary stages for each count chain are TTL;
CH A « U1201A and U1113A, CHB — U1201B and
U1113B. Transistors Q1213, Q1211, Q1221, and (H212
operate as ECL to TTL translators.

The individugl TTL binary stages for each accumulator
are then folowed by TTL 4-bit counters, U1112A and
U1112B, and then by CMOS 4-bit counters, U1111A and
U11118. The CH B Accumulator has an additional 12-bit
CMOS counter, U1012. The CH A Accumulator also has an
additional 16-bit counter intermal to U1332 on schematic 7.
This arrangement provides a total of 28 hardwired bits for
the CH A Accumulator and 24 hardwired bits for the CH B
Accumulator. Since each accumulator requires 40 bits, the
GH A Accumulater has 12 bits supplied by a firmware
counter and the CH B Accumulator has 16 bits supplied by
a firmware counter,

Five parallel-to-serial shift registers, U1102, U101,
L1103, L1011, and U1002, are used by the microprocessor
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to read out the contents of the CH A and CH B Accumuia-
tors. Whan the parallel/serial contro! iine (pin 9 of each regis-
ter) is low, data is shifted through the registers
synchronously with the positive transition of the serial clock
signal (pin 10). When pin 9 is pulsed high to read these
registers, data is put into the registers asynchronously with
the clock. The serial data path is further deseribed under
Control Logic and Memory {schematic 7).

Trigger |_evel Control and D-A Converters <'5>

This circuit contains two digital-to-analog converters:
1201 for Channel A and U1211 for Channel B. The con-
verters are used by the microprocessor for the COMP and
TEST functions, and for tha AUTO TRIG mode, The con-
verters are driven by B-bit words latched in two serial 1o
parallel shift registars, U1202 and U1212. The output cur-
rents of U1201 and U1211 are converted to voltage levels
by F1203 and R1214. Qutput current is differentially shared
between pins 2 and 4 on each converter. Output current carn
vary batween 0 and —2 mA, corresponding to +3.2 V and
—3.175 V trigger levels, respectively.

The outputs of the front panel trigger level controls, R300
and R510, are attenuated by wvoltage dividers,
R1303—R1302 and R1306.—R1309. The attenuated levels
from the front panel conirals and the voltage outputs from
the converters are then applied to a CMOS analog switch,
U1311.

The microprocessor, depending on the mode, selects ai-
ther the outputs from the converters or the front panel con-
trots, Qutput selection is determined by bits 6 and 7 latched
in shift register L1411 located on schematic 3. These bits
turn on or turn off Q1312 and Q1311; both transistors are
never on at the same time. For example, if the base of
Q1311 iz low while the base of Q1312 is high, the
microprocessor has selected the converter outputs to be
applied to the inputs of the unity-gain operational amplifiers,
U1321A and U1321B. The huffered trigger levels are isolat-
ed by R1322 and R1321 and then applied to the front panel
via JB80 (J570) and the rear interface outputs, pins 22A and
22B.

Operational amplifiers U13210 and U1321C, with their
associated components, operate as summing amplifiers,
providing adjustable offset levels that compensate for the
offset voltages in the GH A and CH B Ampilifier circuits.

The adjustable reference voltage (+3.2 V) circuit for both
converters is located on schermatic 10. With this reference
voltage set properly, the gain of the converters is adjusted
by potentiometers R1102 and R1211.
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Time Base, 100 MHz PLL and Noige Generator

The 10 MHz standard time base consists of a 10 MMz
crystat, Y1601, along with a Colpitts oscillator circuit,
Q1611 and associated components. The frequency of the
standard time base is adjusted by C1602,

The Option 01 high stability time base consists of a self
contained, oven gontrolled 10 MHz oscillator, Y1531, This
time base is adjusted via a hole in the rear of the case
(accessed through the instrument back plate).

The 18 V input to this time base is derived from the fused
+26 V source in the power module and reguiated by a three
terminal regulator cirouit, U1601 and associated compo-
nents. If the Option 01 time base is installed, the compo-
nents for the standard time bage cir¢uit are removed from
the board.

The 10 MHz output from either of the internal time bazes
or from an external source (1, 5, 10 MHz) is applied to the
base of Q1612. Diode CR1611 allows C1612 16 discharge
during the negative portions of the input signal. The buffered
signal at the collector of Q1612 can be either 1 MHz,
5 Mtiz, or 10 MHz. If the input signal frequency is 1 MHz,
jumper P1511 is placed between pins 4 and & of J1511 10
apply the signal to the base of Q1502. A 5 MMz input signal
reguires that U1611A divide by five and P1511 must then be
placed between pins 2 and 3 or ping 3 and 4 of J1511. A
10 MHz time base signal requires that U1611A divide by
five, U16118 divide by two, and P1511 be placed between
pins 1 and 2 of J1511. The signal to the base of Q1502
must, in all cases, be 1 MHz.

Emitter follower Q1502 and associated components op-
erate as a single-pole filter, générating a sawtooth signal at
the negative input terminal of comparator U1501. For the
TIME A — B, WIDTH A, and EVENTS B DUR A functions,
tha base of Q1501 is &t low via pin 14 of shift register
U1411 (schermatic 3). For those functions, the noise gener-
ator U1502 is enabled by applying +5 V to the V__ input (pin
4). The output from U1502 will then be a —12V to 45V
signal with a pseudo-random edge distribution. This signal is
then attenuated by R1504 and applied to the positive input
terminal of U1501.

For the praviously mentionad functions, U1501 operates
as a phase modulator circuit, The output of U1501 will be a
1 MHz signal with the negative edges phase modulated by
the nolse signal generated by U1502. For the remaining
functions Q1501 is turned off, 1502 is disabled, and
1501 operates only as a buffer stage.

Integrated circuit U1522 operates as a frequency/phase
comparator circuit, comparing the divided down 1 MHz
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faedback signal on pin 3 with the 1 MHz time base reference
signal on pin 1. The output of the phase comparator (pins 5
and 10) consists of a series of positive-going or negative-
going pulses. These pulses are integrated (smoothed) by the
filter circuit consisting of U1521B and associated compo-
nents. The output of U15215 is then amplified and inverted
by operational amplifier I1521A, The output of U1521Ais a
de level applied to the voltage-controfled capagitor diode
(Varactor), CR1521,

Integrated circuit U1523A, along with CR1821 and asso-
ciated components, operate as a 100 MHz, Varactor tuned,
voltage-controlled oscillator circuit. Tha 100 MHz output
fram U1523A is fed back via C1523 and then divided down
to a 1 MHz signal on pin 2 of U1524 for comparison with the
1 MHz time base reference. The 100 MHz signal is buffered
by U1523B before entering the gating logic on
schematic 3.

Control Logic and Memory

Introduction. The DC 5009 is a GPIB programmable
digital counter based on a microcomputer system. The
microprocessor, U1301 (located on the GPIB board, A14),
controls the internal operations of the DC 5009,

The read only memory {ROM), U1312, has instructions
(bit patterns) called firmware, This firmware controls,
through the micropracessor, the various operations of the
instruction to be performed.

Integrated circuit U1332 contains a random access mem-
ory (RAM) space that provides & maxitnum of 128 locations
(addresses) which the microprocessor uses to temporarily
store B-bit data bytes. This data is not permanent and will
be destroyed wheneéver the ingtrument power is turned off.
When power is applied, the RAM data occurs as random
bits and is therefore meaningless. During instrument oper-
ation, the microprocessor writes data into the RAM at var-
ious addresses for |ater recall and use.

When a command i§ received, the microprocessor per-
forms a routine called an “ingtruction fetch”, where one or
more successive data bytes from the program memary are
loaded into the microprocessor. The instrument word is then
decoded, and U1301 generates the machine states and con-
trol logic signals necessary to execute the command.

Power Up Reset Cycle. When the instrumeit is powered
up, comparator U1222 (and associated components) oper-
ates as a delay/comparator circuit.to provide a pulse to
reset the microprocessor to its reset vector address
location,




T ==

s

E

Pin 1 of W1222 is held low for approximately 1.5 sec-
onds. During this time all of the internal registers of U1332
(except the 16-bit counter and serial shift register) are
cleared to lpgic zergc. This action places all of the
bidirectional input/output lines of U1332 in the input state
and disables the internal shift register. timer input (pin 37),
and the interrupt output (pin 4). Also, during the low level
period of the microprocessor reset signal, the writing of data
to or from U1301 is inhibited.

When the positive edge is detected on pin 40 of U1301,
the internal rask interrupt flag wil be set and the
microprocessor will load its internal program counter from
the reset vector address listed in Table 3-2. This is the start
location for program control.

Table 3-2
DC 5009 INTERRUPT VECTORS

Vector Address Type of Interrupt
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There are three possible reasons why U1332 sets an in-
terrupt pending flag, two external events and one internal
event. The two external events are: a negative edge detect-
ed on pin 36 (Carry B signal) or a negative edge detected on
pin 37 (Front Panel Interrupt Clock), the one internal event
occurs when the 16-bit counter (U1332) overflows.

Address Decoding. The microprocessor addresses
U1312, U1332, and U1333 when communicating with the
instrurnent functions. Tablg 3-3 lists the hexadecimal ad-
dress ranges for these davices.

Table 3-3
DC 5009 MEMORY ADDRESS RANGES

Hexadecimal

Address Range Comments

High Byte

Low Byte

$1FFC

$1FFD

Power Up Reset

- §1FFE

$IFFF

Interrupt Request (U1332)

$1000 - $1FFF
$0000 - $007F
ar
$0100 - $017F
$0080 - 50087

U1312 (4K x 8 ROM)
U1332 (128 X & RAM)

1333 (Front Panel,

NOTE

Dollar sign (8) means that address code Js in
hexidecimal notation.

interrupt Vector (IRQ). Integrated circuit L1332 has two
internal registers for interrupt control, an interrupt enable
register and interrupt flag register. Corresponding bits in
these registers are logically ANDed to set an interrupt re-
guest pending flag. When U1332 detects the pending flag
bit, it asserts pin 4 as a low output, generating an interrupt
request to the microprocessor.

When a low level is set on pin 4 of U1332, the
Mmicroprocessor completes the current instruction before
recognizing the interrupt request and exarmining its own in-
terrupt mask flag bit. If the interrupt mask flag bit is not set,
the microprocessor starts an interrupt routine. The contents
of its program counter and status register are temporarily
stored in RAM, the interrupt mask flag bit will be set to
prevent further interrupts, and the program counter wilt then
be loaded with the high and low bytes of the interrupt vector
address listed in Tabie 3-2. This is the start location for the
interrupt routing for U1332.

Display, Serial Data
Latches)

Memory select decoder U1331 and inverter U1321A,
along with address bits A12 and A7, operate to select the
proper memery device during program control. See Table
3-4.

Table 3-4
MEMORY SELECT CODE

Address Bits Device Selected

A2 AT

0 0 RAM (U1332), Input/Output

0 1 1333
1 0N ROM {L1312)

The input/output sections internal to U1332 are
accessed by the microprocessor using address bits AD
through A3 for specific control of the internal functions. See
Table 3-5.
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Table 3-5
ADDRESS CODE FOR U1332
{$0T00-5070F)

Address Bits Internal Functions

A3|A2|A1: AD

ot 00 Port A

00 Port B

10 Read Lower Counter/Write
Lower Latch

Read Upper Counter/Write
Upper Latch and Download
Wrlte Lower Latch

Write Upper Latch

Serial Data Register

Interrupt Flag Register

Interrupt Enable Register
Auxiliaty Control Register
Peripheral Control Register
Data Direction Register—Port A
Data Direction Register—Port B

L=

o
o=

e I e e e I = . o )
—_ i = DO O D ak -l
R o I o BT R T o, G Ry
O = 0O -0 =0 =0

NOTE

Due to the cornplexity of the internal functions associ-
ated with U1332, a detailad description of this device
will not be attempted in this manual. If more delailed
information i needed, refer to the manufacturer's
data sheels.

Serial Data Path. The serial data path is shown on the
block diagram. Serial data iz written, via pins 38 and 40 of
L1332, to five serial to parallel shift registers located on the
Analog circuit board (A12 assembly). This is done when the
microprocessor sets the instruments internal circuits for the
desired function, These ragisters are, in sequence:

A12—U1202 35
Al2—Ut212 3
A12—U1101
A12--U1111

A12—U1411

The serial data output from A12—U1411 then goes, via
P1310-6 (schematic 4) 1o five parallel to serial shift registers
(CH A and CH B Accumulators) located on the Digital circuit
board (A16 assembly). Serial data is shifted through these
reglsters and returned to the microprocessor via the data
buffer U1322B. Serlal data is read from the following parallel
to serial shift registers:
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A18—U7101
A16—U1102
Al6—U1002
A16—L1011

A16—U1103

Pin 40 of U1332 serves both as an input and output for
serial data. When the microprogessor is in the serial write
mode, pin 40 is configured as an output and bytaes of infor-
mation are loaded into the internal serial data registers of
U1332. They are then shifted out serially to the ghift regis-
ters on the A12 assembly (Analog board). During the writing
of serial data the three-state data buffer, U1322B, is dis-
abled with a high level on pin 15, preventing the serial data
input from contending with the serial data output via
J1310-1. The microprocessor addresses U1333, causing a

negative pulge on pin 11 (Serial Write Latch) to fatch the
serial data in the serial to parallel shift registers.

When the microprocessor is reading the serial data from
the CH A and CH B Accumulators, pin 15 of U1322B is set
low at the same time pin 40 of U1332 is configured as an
input. The serial data is then read in as five consecutive
bytes. During this time pin 13 of U1322B is held high, pre-
venting the serial data being réad from reaching the Analog
board via J1310-1. The microprocessor addresses U1333
and uses pin 10 (Serial Read Latch) to latch data during the
serial read process.

Front Panel Interrupt Clock. The front panel keyboard
and displays are interrupt driven by the timing circuit con-
sisting of U13218, U1321C, and asgociated components.
This circuit operates at about 1.1 kHz. The negative edges
of the signal on pin 37 of U1332 interrupt the
microprocessor, telling it to update the display and search
for a new key push or conirol setting. The microprocessor

addresses U1333 and uses pins 12, 13, 14, and 15 during .

this process.

Power Up Sequence. After the microprocessor and pe-
ripharal device L1332 have been reset at power up, the
DC 5008 microprocessor generates the following sequence
of events.

1. Loads a 0 in the most significant bit position of the
front panel display.

2. Tests the RAM, starting at address $0000. If a RAM
failure Is found, error code 340 will be displayed. The RAM




on the GPIB board is similarly tested, starting at address
HCO00.

3. Tests the three ROMs for byte location and deter-
rmines the checksum. If a ROM error is found, error code
361 or 381 will be displayed.

4. Checks the logic state on pin 35 of U1332 to see if
the instrurment is in the signature analysis (SA) tést mode.
The SA test mode is indicated if P1331 is disconnected from
J1331. If the 5A mode is not indicated, the interrupt regis-
ters in L1332 are enabled.

5. Initializes peripheral device U1332,

6. Performs a serial input/output test. If an error is
found, error code 313 will be displayed.

7. Sets up the hardware to determine the state of the
front panel, loads the serial to parallel shift registers, and
generates the relay strobe signals via pin 32 of U1332 and
o130,

8. Performs the counter chain (CH A and CH B Accu-
mulators) integrity test. If this test fails, an error code, (320
through 326 for CH A or 330 through 336 for CH B) will be
displayed,

9. Starts the measurement cycle by pulsing the master
reget line (pin 26 of U1332).

10. After the master reset pulsé, the measurement gate
on pin 29 of U1332 i3 started. During the measurement gate
interval, the microprocessor is continually reading the con-
tents of the CH A Accumulator for a count that is greater
than or equal to the number of averages indicated by the
front panel AVERAGES switch. When that count is réached,
the measurement gate & unasserted and the
microprocessor waits for the signal on pin 28 of U1332 to
go low, indicating the end of the measurement cycle. The
accumulators are then read again for their final count and a
new measurement cycle iz started after the result is calcu-
lated and the display is updated.

Rear interface Signals. The Frescalé line for U1332 (pin

27) operates as an input that indicatés to the
microprocessor the presence of an external prescaling
counter. When an external prescaler is used, the
microprocessor multiplies the Channel A  accurmulated
counts by 16 before the display is updated.
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The measurement GATE signal to the rear interface is via
P1410-4 (J1410-4). The microprocessor interprets the reset
input from U1321F to pin 33 of U1332 as the electrical equi-
valent of the front panel MEASUREMENT RESET push-
button.

NOTE

Complete data for all of the rear interface signals aré
given in the Maintenance sechion of this manual,

Front Panel Keyhoard and Display Drive

Tha microprocessor uses four control lines and the 8-bit
data bus to communicate with the Fromt Panel and Display
Drive circuits. The four control lines (Display Latch Enable,
TS Clock, TS Reset (TSRST), and Keyboard Read
Enabié) are all derived from U1333 located on schematic 7.

The interrupt signal from the Front Panel Clogk (Timer)
circuit to U1332 (schematic 7, previously discussed) occurs
approximately once every 900 us. Each interrupt causes the
microprocessor to start a software routine for servicing the
Front Panel Keyboard and Display Drive circuitry.

Each chigit and annunciator in the display, each position
of the FUNCTION and AVERAGES switches, and each con-
trol or pushbutton is assigned a time slot period approxi-
mately equa! to the period between successive interrupts.
The time stots, TS0 through TS9, are generated by U1432,
a decade countet with 10 decode decimal outputs. The
counter provides time slot decoding for scanning the front
panel controls and multiplexing the seven-segment LEDs
and the annunicators located on schematic 9.

Each interrupt signal causes the microprocessor 10 ¢lock
U1432 with a negative pulse of abowt 500 ns on pin 14,
advancing the count to the next time slot. Immediately after
clocking U1432 the microprocessor updates the digit asso-
ciated with that time slot by sending data to U1431, which
containg six D-type flip-flops. Data is latched in U1431 when
pin 9 goes low and transfers to the outputs on the positive
edge of the Display Latch Enable signal. The BCD output of
U1431 is then decoded to seven-segment information by
U1421. The seven-segrment information is buffered by dis-
play driver U1411 to activate the desired segments of an
LER in the display. The display drive power supply filter is a
pi-network consisting of G1402, L1401, and C1403, This
filtter circuit prevents display noise pulsés from disturbing
the sensitive instrument cirguits. Data bits D4 and D5 on the
internal data bus are also latched in U1431 and directly
buffered by Q1432 and Q1431 to drive the decimal point
and annunicator displays.
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After updating the dispiay, the microprocessor asserts
the Keyboard Read Enable signal on pin 1 of data buffer
U1322A and reads data bits DO through D3 to determine
the status of the front panel pushbuttons and the AUTO
TRIG switch (D2 and D3) associated with that particular
time sfot. At the same time the microprocessor proceeds to
check the status of the FUNCTION and AVERAGES switch-
es (51511 and 51512) via data bitz DO and D1,

After updating the display and checking the front panel
status, the microprocessor returns to the routing of
rasetting the input circuits (if necessary), monitoring the
measurement cycle, or collacting the data for the selected
function. This continues until the next front panel interrupt
signal oceurs, when it again clocks U1432 for the next time
slot and repeats the above procedure.

Display

The eight digits in the display are seven-segment, com-
man cathode LEDs; DS1002 is the most significant digit and
DS1305 is the least significant digit. Time slots TS0 through
TS7 are connected to the cathodes (pin 6) of each LED,
while the anodes of the individual segments are connected
to common lines (2 through dp} and driven by the display
drive buffer through P1411 (J1411), The microprocessor
sends all 1's (D0-D3J) for the seven-segment information
when leading zero suppression is indicated. All 1's are de-
coded by U1421 (schematic 8) as a blank.

To iluminate the proper annunciator or indicator in the
display, the microprocessor sets pin 1 of F14312 (J1412)
high only during the time slot (TS2 through TS5) that corre.
sponds to the displayed units of measurement or indicator.

The illumination interval of the GATE light (CR1012) dur-
ing time siot TS1, is only approximately equal to the actual
measurement gate intérval. The GATE light is turned on and
then off only to tell the operator that the counter has been
triggered and that the microprocessor has completed
the functional measurement for the selected number of
averages.

Power Supblies

The +12V supply is derived from the urregulated
+26 Vdc power in power module. The +12 V supply is reg-
ulated by a three terminal regulator, U1641, The —12V
supply is derived from the unregulated —26 Vde power in
the power module, while the 45 V supply is derived from
the unregulated 48 Vdc power. The three supplies are
short-circuit protected and reverse polarity protected by
F1341, CR1641, F1542, CR1621, F1641, CR1421, respec-
tively. The +12V supply provides power for the —12 Vv,
+5Vand +3.2 V ragulator circuits.

The +5 V regulator circuit consists of 01531 and associ-
ated components. Load current for this supply passes
through R1435, the current limiting resistor, and the npn
series-pass transistor in the power module. The +5 V sup-
ply is reguiated within design limits by varying the voltage on
the base of the npn series-pass trangistor via pin 10 of
1531, Should the load current exceed about 2 A, the volt-
age drop across R1435 becomes great enough to limit the
current. The over-Current voltage is sensed betwaen ping 2
and 3 of U1531 and reduces the base-to-emitter voltage of
the npn series-pass transistor. Feedback signals for voltage
regulation of the +5 V supply occur on pin & of U1531 with
C1531 providing frequency compensation.

The voltage at junction of the R1308 and R1307 is regu-
lated to about 9.4 V by the operational amplifier circuit con-
sisting of U1401A, Zener diode VR1301, and R1305, The
+3.2 V at the junction of R1307 and R1304 is adjusted by
R1301 and applied through unity-gain buffer U1401B to
serve a3 a reference for the — 12 V supply and the digital-to-
analog converters, U1201 and U1211, on schematic 5. The
—12 V supply is referenced to a +3.2 V source via the volt-
age divider network consisting of R1541 and R1542.

The —12 V supply consists of error amplifier Q1445 and
Q1444 error signal amplifier Q1531, current limit genge am-
plifier 01443, and associated components. The reference
voltage on the base of Q1445 is about 0V and dicde
CR1422 provides temperature compensation for the error
amplifier circuit. This supply is regulated within desfgn limits
by varying the voltage on the base of the pnp series-pass
transistor in the power module via the collector of Q1531.
Should the load current through R1534 exceed approxi-
mately 220 mA, Q1443 increases conduction, the bases of
Q1445 and Q1531 go more negative, and the base of the
pnp series-pass transistor goes more positive; thereby re-
ducing the load current below the design limit,

The +2.7 V supply, located on the Digital circuit board
(A16 assembly), is used as a terminating supply for all of the
pull-down resistors located in the ECL circuits on schemat-
ice 3 and 4. The +2.7 V supply is derived from the +5V
supply on the Analog circuit board (A12 assembly) and con-
sists of error amplifier Q1002, amplifier stage Q1001,
emitter-follower output stage Q1003, and associated
cormponents,

This is a temperature compensated supply that tracks

the ECL output levels and maintaing essentially constant -

current through the ECL terminations. Temperature cormn-
pensation i obtained by connecting Q1002 ag a common-
base error amplifier whose offset voltage (base-emitter
drop} approximates the ECL output level temperature
coefficient.




GPIB Micraprocessor, Memory, and Controller

The GPIB circuit board (A14 assembly), with the
microprocessor U1301, eontrols the operating system for
the instrument.

Two ROMs (U1102, U1201), one RAM (L1210), and a
TMS 9914 GPIB controller chip (U1101) are used to com-
municate with the |EEE 488 Digital Interface providing
hexadecimal addresses CO00 through FFFF to the memaory.

The microprocessor recognizes, accepts, and decodes
commands (key-pushes and control settings) from the front
panel logic circuits oh schematic 8 and sets the opeérating
parameters in response to these commands,

The microprocessor is an 8-bit paraligl processor with an
B-bit data bus (DO-D7, pins 26 through 33), and a 16-hit
address bus, AD-A15 (ping 9 through 20 and pins 22
through 25). The data bus is bidirectional; the address bus
is not. The address bus is used by the microprocessor to
address the other internal functions of the instrument. The
16 address lines provide up to 65,000 discrete addresses,
commaonly referred to as 64 kilobytes of memory. Basically,
any device addressed by the microprocessor is considered
to be a memory device,

SYSTEM CLOCK. The microprocessor contains a single
phase internal ciock generator (U1301, pins 37 and 39)
whose 1 s penod {(approximately) is controlled by inverter
U13120 and the RC feedback network consisting of R1301
and G1302. An instruction gycle censisting of two to twelve
machine cycles is required to fetch and execute the instruc-
tion words or data from memaory. A machine cycle is defined
as the interval between two successive negative-going tran-
sitions ot the system clock, The number of machine cycles
required depends on the instruction and addressing modes
used for the microprocessor.

NOTE

Due 1o the complexity of the internal operation of a
microprocessor, 8 detailed description of U1307 will
not be attempted in this manual. If more detailed infor-
mation is needed, rafer to the manufacturer's Jdata
sheet.

Logic gate L3138, along with address bit A15, is used
to enable or disable the proper memory space during the
communication process. When pin 15 of U1313B and pin 6
of U1311 are low (A15 — 0), the microprocessor ig uging the
Iow memory space on the Digital board to communicate
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with the instrument’s internal functions. When A15 is high
(= 1), the upper memory space on the GPIB board is used
to communicate with other instrurnents on the IEEE 488
Digital Interface. Logic chip W1311 operates as a three-ling
to fourine decoder to select the proper memory spaces
that have starting addresses of C0O00, D000, EDOO, and
FOOO (see Table 3-6). The memory devices associated with
these addresses are indicated as such on the schematic.
The interrupt vector addresses for U1301 are FFFA through
FFFF.

The GPIB controller chip, U1101, perforrns the interface
functions between the microprocessor and other devices on
the bus. Due to its internal architecture, it relieves the
microprocessor from the task of maintaining the protocol as
defined in the IEEE 488-1978 standard. The handshake pro-
cess is handled automatically within W1101,

The GPIB output lings, ping 22 through 29 and 31
through 38 on U1101, are connected to the IEEE 488 bus
via transceivers U001 and LN002. The dirgction of data
flow is controlled by the talk enable (TE, pin 21) and CON-
TROLLER (pin 30) outputs generated on U1101. Since the
IEEE 488 controller function ig not implemented in the
DC 5009, pin 30 is always false (high). The TE line will be
high for talk, low for listen. The TE and CONTROLLER out-
puts are routed within U1001 and L1002 so that the internal
buffers for particular lines are controlled as required. Tran-
sistor (211071 operates as an output buffer for the TE signal.
Pins 9 and 10 on P1001 are not connected to the IEEE 488
Digital Interface; they are reservéd for future use.

Communication between the microprocessor and U111
is carried out with thirteen internal, memaory-mapped regis-
ters in W1101. Fourteen internal registers are available, but
one register {parallel poll) is not used. A migroprocessor
read operation passes control data back to W1301, while
the write operation passes status information or measure-
ment data to the |IEEE 488 bus.

The three least significant address bits (A, A1, A2) con-
nected to pins 6, 7, and 8 of U1101 determine the particular
register selected. The high order addréss bits (A15, Al4,
A13, A12) are decoded by U1311, U1312C, U1313A, and
the systemn clock to cause pin 3 of U107 to go low for a
read or writé operation on an internal register. Reading and
writing to the same location will not access the same regis-
ter within U1101, since they are "read only™ or “write only”
registers. When reading a register internal to U1101, the
rhicroprocessor sets pins 4 and 5 high; when writing to a
register, pins 4 and 5 are set low.,

Each device on the |EEE 488 interface is given a five-bit
address (A1-AB) enabling it to be addressed as a talker or
listener, The OC 5009 address and end-of-message termi-

313
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nator (TC) is set on 81210 before power-up. For more de- NOTE

tails, refer to the GPIB switch discussion in the Maintenance

section. As part of the system initialization procedure, the For more complete and specific details concerning the
ricroprocessor enables U1310, reads the address that was internal registers and architecture for U1101, refer to
get and stores it in an internal register of U1101. When the manufacturer's literature for the TMS 9914 (Texas
U1101 detects the DC 5009 talk or listen address on the instruments, In¢.).

interface, it responds by entering the required addressed

state and generating an interrupt signal {IRC}, pin 9) to the

microprocessor. Interrupts to the microprocessor from

U1101 are generated by the following:

» A data byte has been received (byte input). Table 3-6

e U101 is ready to accept the next {or first) data byte DC 5009 MEMORY ADDRESS RANGES
for output.

Hexadecimal
# EQ| has ocourred with ATN = 0. Address Range Comments

» Interface Clear (IFC) has been raceived. $C000 - $COFF Ut210 (256 x 8 RAM)

= A remote/local state change has occurred. 30000 - D008 U110t (GPIB chip)
* A Group Exacute Trigger command (GET) has been $EQOO - BEFFF U1102 (4K x 8 ROM)

received. $FO00 - SFFEF L1201 (4K x 8 ROM)
e An Unicentified Universal command has occurred. ;

e An Unidentified Addressed command has ocourred.

# Device Clear Active State (DCAS) has occurred. NOTE

e A Serial Poll Active State (SPAS) has occurred with Dollar sign () means that address code Js in
data bit 7 set in the sarial poll register. hexadecimal notation.




Section 4-—DC 5009

CALIBRATION

PERFORMANCE CHECK PROCEDURE

Introduction service center. Contact your local Tekironix field office or

‘ ) representative for further information.
This procedure checks the electrical performance re- P

quirernants as listed in the Specification section in this man-
ual. Perform the Adjustrment Procedure if the instrument
faiis to meet these checks. in some cases, recalibration may
not correct the discrepancy; cireuit troubleshoeting is then
indicated. Also, use this procedure to determine acceptabil-
ity of pertarmance i an incoming inspection facility.

Calibration Interval

To ensure instrument accuracy, check the calibration ev-
ary 2000 hours of operation or at & minimum of every six
months if used infrequently.

Services Available

Tektronix, Inc, provides complete instrument repair and
adjustment at local field service centers and at the factory

Test Equipment Required

The test equipment (or equivalent) listed in Table 4-1 is
suggested to perform the Performance Check and Adjust-
ment Procadure.

WARNING I

Dangerous potentials axist at several points through-
out this instrument. Caution must be exercised. When
the instrument is operated with the covers remaved,
do not touch exposed connhections or compeonents.

Table 4-1

LIST OF TEST EQUIPMENT REQUIREMENTS

Performance
Requirements

Description

Perform.
Check

Adjust.
Proc.

Example

Power Module

X

X

TEKTRONIX TM 5000-Seties

De to 260 MMz band-
width

Oscilloscope Mainframe

X

TEKTRONIX 7704A ,t = b{,{

Vertical
Plug-in

Bandwidth, de to 200 MHz

TEKTRONIX 7A16A g
- o e

Morizontal
Plug-Irt

Fastest sweep rate 10 ns

TEKTRONIX 7880

1B A

Leveled Sinewave
Generator

Calibrated amplitude
=135 MHz

TEKTRONIX SG 503

Pulse Generator Risetime =1 ns

TEKTRONIX PG 502

Range, Sinewave 10 Hz to
1 MHz; Offset +7.0V
level

Function Generator

TEKTRONIX FG 301A

Digital Multimeter

4-1/2 digits, 0.5%

TEKTRONEX DM 501A
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Parformance Check Procedure

Table 4-1 (cont)

Description

Performance
Raquiraments

Perform.
Check

Exarmple

1 MHz Frequency Stnd

1 MHz =1x10~*%

Receiver SPECTRACOM

Type 8161

Corp.

50 @ Feedthrough
Termination (3 ea.)

Bnc connectors

Tektronix Part No.
011-0049-01

Coaxial cable, 50 &
Precision 36 inch
(2 ea.)

Bnc conhectors

Tektronix Part No.
012-0482-00

Adapter, bnc Female to
Dual Banans

Tektronix Part No.
103-0090-00

Cable Assembly RF
{bnc-to-tip jack
connector)

50 Q copaxial cable

Tektronix Part No.
175-3765-01

\/ 50 2, 10X Attenuator

Bnc connectors

Tektronix Patrt No.
011-0069-02

Flexible Extender

Tektronix Part No.
067-0645-02

Power Divider GR

Tektronix Part No.
017-0082-00

GR to bng Female
adapter (3 ea;)

Tektronix Part No.
017-0063-00

Adapter, bnc T

Tektronix Part No.
103-0030-00

Probe, 10

TEKTRONIX P6048

Probe tip ground cover

Tektronix Part No.
166-0404-01

Probe, 5%

TEKTRONIX P&125

Controller

GPIB compatible

TEKTRONIX 4050-Series or

TEKTRONIX 4041

RC Normalizer

30 pf

Tektronix Part No.
067-0552-00
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Preliminary Control Settings

7000-Series Oscilloscope Mainframe

POWER

FOCUS

INTENSITY
VERTICAL MODE
HORIZONTAL MODE
B TRIGGER SOURCE

ON

As desired for a well-
defined display

LEFT

B

VERT MODE

VErtical Plug-in

VOLTS/DIV
VARIABLE (CAL IN)

POLARITY

AC-GND-DC

A

in

+ UP
DC

Calibration—DC 5009
Performance Check Procedure

a. Connect a coaxial cable from the 1 MHz frequency
standard output to the DC 5009 CHANNEL A EXT INPUT.

b, Adjust the DC 5009 CHANNEL A LEVEL control for a
stable readout on the DC 5008 display.

¢. CHECK—that
99999399 kHz  and
count),

the DC 5009
1.0000061 MHz

readout is  within
(6.0 ppm, =1

2. Check Time Base Oscillator Frequency (Option
01)

Horizontal Plug-In NOTE

TRIGGERING

SLOPE + (ew)

MODE P-P AUTO

COUPLING AC

SOURCE INT
TIME/DIV 2 us

VARIABLE (CALIN)  in

MAG X1 (in)

The temperature stability for the Option 01 time base
is 0.2ppm (0°C to 50°C} with an aging rate of
+ T ppmy/year and + 1 count.

a. Connect a coaxial cable from the 1 MMz frequency
standard output to the DC 50089 CHANNEL A EXT INPUT.

DC 5009

FUNCTION FREQUENCY A

AVERAGES 10®

AUTO TRIG out

CHANNEL A and

CHANNEL B
SLOPE
ATTEN
SOURCE
COUPL

b. Adjust the DC 5009 CHANNEL A LEVEL control for a
stable display readout.

c. CHECK—that the DC 5009 readout iz within

929.99873 kHz and 1.0000013 MHz.

+ (out)
X1 {out)
EXT (out)
DG (out)

d. Remove all cable connections from the DC 5009.

-
(1 3. Check Trigger Level Range, ==+3.2 V

Refer to Fig. 4-1 check setup and preliminary control
seftings with the following exceptions.

1. Check Oscillator Frequency (5Standard time
base)

NOTE DC 5009

The timebase accuracy is a function of temperature AVERAGES AUTO

and time. The temperature stability for the standard
time baseis &5 ppm (0°C to 60°C) with an aging rate
of + 1 ppm/year.

Digital Multimeter

EXT {out}
20V

INPUT
RANGE/FUNCTION
After ane year of operation (since the ltime base was
calibrated), the 1 MHz frequency standard should
read 1.0000000, L 6.0 ppm for any temperature be-
tween 0°C to 50°C. The = 6.0 ppm are determined by
+5 pprit due to temperature; + 1 ppm due 10 aging,
and +1 count to synchronization error. After this
check is completed, the user should determine if a
time base re-calibration is required.

a. Connect a coaxial cable from the DC 5009 A TRIG
LEVEL (biack lead to COM) using a cable assembly RF
(bne-ta-tip jack connector) to the digital multimeter LOW
and VOLTS/D input connectors using a bne female-to-dual
banana adapter.
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Performance Cheack Procedure

DC 5009

CHANNEL
EXT INPU

o

CHANNEL
EXT INF4

Digital
Multimatar

LOW VOLTS/®

Power
Module

(3464.11) 380804

AMB
COM  THRIG LEVEL
Q Q0

Fig. 4-1. Chack setup for Performance Check steps 3 and 11.

. Adjust the DC 5009 CHANNEL A LEVEL control to
clockwise and counterclockwise positions and note the digi-
tal multimeter display readout.

¢. CHECK-—that the digital multimeter readout indicates
=432V (clockwize) and = — 3.2 V (counterclockwise).

d. Repeat above steps with tip jack connected to B
TRIG LEVEL, adjusting the CHANNEL B LEVEL control fo
check the CHANNEL B Trigger Level Range.

a. Remove the digital multimeter cable connections,

4. Check the CHAN#L A TRIGGER LEVEL

Output Accuracy; = Y0 mV of Internal DC Trigger
Level Voltage - 3 o

Refer to Fig. 4-2 check setup and preliminary control
gettings, with the following exceptions,

Function Generator

ddB

{triangla)
QFFSET
AMPL
FREQUENCY Hz 10
MULTIPLIER 10
FREERUN in

DC 5009

FUNCTION PERIOD A

DG 5009 @ ig
Multimeter
CHANNEL A

EXTINFUT  Punction

Generator
CHANNEL B

SHAPEBD out EXTINRUTY
Q]

A&DB ""-
SO TRIG LEVEL
COQ O

LOW VOLTS/i

- QUTPUT

- 504
Termination

_O--0--A

10X /

Attenuator

{3464-12) 3088-05

Fig. 4-2. Check sewp for Performance Check steps 4 and 5.

a. Connect a coaxial cable with & 10 attenuator and
5 (@ termination to a bne-to-dual banana adapter. Connect
this adapter to the digital multimeter LOW and VOLTS/Q
jacks (observe polarity). Connect the other cable end to the
function generator QUTPUT connector.

b. Adjust the function generator OFFSET controb until
the digital multimeter readout indicates 0.000 V.,

c. Move the coaxial cable with the 10 attenuator and
50 ¢ termination from the digital multimeter to the DC 5009
GHANNEL A EXT INPUT. Then conhect a bne-to-tip jack
connegtor from the digital multimeter bne-to-dual banana
adapter to the DC 5009 A TRIG LEVEL output. Adjust the
DC 5009 CHANNEL A LEVEL confrol for a stable display
readout.

d. Adjust the function generator FREQUENCY Hz dial
until the DC 5009 readout indicates 10.00XXX 5 (the last
three digits are unimportant for the check).

e. Set the DG 5009 FUNCTION switch to WIDTH A.

{f. Adjust the DC 5009 CHANNEL A LEVEL control until
the DC 5009 readout indicates 5.00XXXX xS (the iast four
digits are unimportant for the check).




g. CHECK—that the digitai multimeter readout indicates
batween .. G40 and + 03V,

., 020 Gucf 320

L)

s ';."]-l'\ S

./ 5. Check the CHANNEL B TRIGGER LEVEL

Et /"

Output Accuracy
Refer to Fig. 4-2 check setup for the following.

. a. Move the DC 5009 A TRIG LEVEL output conngction
" to the B TRIG LEVEL.

b. Maove the DC 5009 CHANNEL A EXT INFPUT cable
* connection to the CHANNEL B EXT INPUT.

c. Adjust the DC 50089 CHANNEL B TRIG LEVEL con-
trol until the digital multimeter display readout indicatés
0.000 V.

d. Move the DC 5009 B TRIG LEVEL connection to the
B SHAPED OUT and the cable end from the digital multi-
meter connected bne-to-banana adapter to the DC 5009
CHANNEL A EXT INPUT.

g. Adjust the CHARNNEL A LEVEL control for a stable
display.

Calibration—DC 500%
Performance Check Procedure

f. Adjust the DC 5009 CHANNEL B LEVEL control until

the DC 5009 readout indicates 5.00XXXX uS (the last four
digits are unimpeortant for the check}.

9. Move the coaxial cable from the B SHAPED OUT to
the B TRIG LEVEL.

... h. Move the other end from CHANNEL A EXT Input to

*the bnec-to-banana adapter on the digital multimeter.

i. CHECK—that the digital multimeter readout indicates
between — @10 and + .0 V.

—30nd + O3B0V

j- Remove the cable connections.

6. ‘Check the Input Sensitivity: X 1 Attenuation,
DG and AC Coupled; 56.6 mV to =100 MH2

Refer to Fig. 4-3 check setup and preliminary control
settings with the following exceptions.

D¢ 5009

AVERAGES AUTO
CHANNEL A
LEVEL
COUPL
CHANNEL B

LEVEL

midrange
DC {out)

midrange

Sinewave

DC 5009  Generator

CHANMNEL A
EXT INPUT

.
CHAMMNEL B
EXT INPUT

AEB
SHAPED OUT

e

50 2.
Termination

7000 Series Mainframe

|
Harizantal

Plug-in

Vartical
Plug-in

500
Termination

(3484.13) 3686-06

Fig. 4-3. Check setup for Performance Check steps §, 7, and 8.
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Horizontal Flug-in

TIME/DIV 20 ns
VARIABLE (CAL IN) in

Sinewave Generator

FREQUENCY RANGE 50-100
(MHz)

OUTPUT AMPLITUDE
FREQUENCY VARIABLE
AMPLITUDE MULTIPLIER

0.57
100
XA

a. Connect a coaxisl cable from the DC3008 A
SHAPED QUT (biack lead to COM) using a bne-to-tip jack
connector through a 50 & termination to the vertical plug-in
INPUT.

b. Connect a coaxial cable with a 50  termination to the
DG 5009 CHANNEL A EXT INPUT. Connect the untermi-
nated cable end to the sinewave generator QUTPUT
connector,

c. Adjust the DC 5009 CHANNEL A LEVEL control for a
stable display readout on both the DG 3009 and oscillo-
scope. The crt display is & sinewave,

d. CHECK—that the DC 5009 readout indicates ap-
proximately 100 MHz.

e. Change the CHANNEL A COUPL switch to AC and
check that the DC 5008 display still reads approximately
100.

f. Remove the DC 5009 CHANNEL A EXT INPUT eable
connection and connect to the CHANNEL B EXT INFUT.

g. Change the DC 5009 FUNCTION switch to the RA-
TIO B/A position.

h. Mave the DC 5009 A SHAPED QUT connection to
“the B SHAFPED QUT.

i. Connect & coaxial cable from the 1 MHz frequency
standard cutput to the DC 5009 CHANNEL A EXT INPUT.

j. Adjust the DC 5009 CHANNEL B LEVEL control for a
stable display on both the DC 5009 and the oscilloscope,

k. CHECK-——that the DC 5002 readout indicates ap-
proximately 100 MMz.

I. Change the CHANNEL A COUPL switch to AC and
check that the DC 5009 digplay still reads approximately
100 MHz.

7. Check the Auto-Trigger Sensitivity: =125 mV
p-p Times Attenuator, =100 MHz

Refar to Fig. 4-3 check setup,

a. Set the sinewave generator QUTPUT AMPLITUDE
control to 1.25.

h. Depress the DC 5009 AUTO TRIG switch {in).

c. CHECK—that the DC 5009 readout indicates ap-
proximately 100 MHz.

d. Remove the 1 MHz frequency standard output from
the DG 5008 CHANNEL A EXT INPUT ¢onnector.

&. Set the DC 5008 FUNCTION switch to FREQUENCY
A and move the 50 £ termination and coaxial cable from the
CHANNEL B EXT INPUT to the CHANNEL A EXT INPUT.

f. Depress the DC 5009 AUTO TRIG switch twice (out to
in) for new triggaer.

g. CHECK—that the DC 5009 readout indicates ap-
proximately 100 MHz,

8. Check the Input Sensitivity: X 1/X5
Attenuation, DC and AC Coupled; 113 mV to
135 MHz

Refer to Fig. 4-3 check setup.

a. Change the sinewave gengrator OUTPUT AMPLI-
TUDE control to 1.13 and set the FREQUENCY RANGE
{(MHz) switch to 100-250. Rotate the FREQUENCY VARI-
ABLE control to 135.

b, Move tha DC 5008 B SHAPED QUT connection to
the A SHAFED QUT,




c. Adjust the DG 5009 CHANNEL A LEVEL control for a
stabie display readout on both the oscilloscope and
DG 5009, The crt display may be used as a guide for
triggering.

t. CHECK—that the DC 5009 readout indicates ap-
proximately 135 MMz,

&. Change the sinewave genenerator QUTPUT AMPLI-
TUDE control to 565 and the AMPLITUDE MULTIPLIER to
x* 1. Bet the DC 5009 CHANNEL A ATTEN switch 10 x5
{in).

f. Adjust the DC 5009 CHANNEL A LEVEL control for a
stable readout on the DC 5009 display,

9. CHECK-that the DC 5009 readout indicates ap-
proximately 135 MHz.

h. Press the DC 5009 CHANNEL A COUPL switch to
AC (in) and adjust the CHANNEL A LEVEL control for a
stable readout on the DC 5009 display.

i. CHECK—that the DC 5009 display readout indicates
approximately 135 MHz.

j. Move the DC 5008 CHANNEL A EXT INFUT cable
connecticn to the CHANNEL B EXT INPUT, and the A
SHAPED QUT connection to the B SHAPED OUT.

k. Set the DG 5002 FUNCTION switch to the\HATIO
B/A position. R

!. Reconnect the 1 MHz frequency standard signal to the
DC 5009 CHANNEL A EXT INPUT.

m. Set the DG 50089 CHANNEL A ATTEN switch to 3¢
(out) and the CHANNEL B ATTEN switch to x5 (in).

n. Adjust the sinewave generator FREQUENCY VARI-
ABLE control for a 125 MHz readout,

o. Adjust the DC 5009 CHANNEL B LEVEL gentrol for a
stable readout on the DG 5009 display.

p. CHECK—that the DC 5009 readout indicates ap-
proximately 1256,
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q. Set the DC 5009 CHANNEL B ATTEN switch to x1
(out) and switch the sinewave generator AMPLITUDE MUL-
TIPLIER to x.1. Set the OUTPUT AMPLITUDE control to
1.13.

r. Adjust the DC 5009 CHANNEL B LEVEL control for a
stable display readout.

5. CHECK—that the DC 5009 readout indicates ap-
proximately 125,

t. Change the DC 5009 CHANNEL B COUPL switch to
AG (in) and adjust the CHANNEL B LEVEL control for a
stable display readout,

u. CHECK—that the DC 5009 readout indicates ap-
proximately 125,

v. Remove the frequency standard signal from the
DC 5009 CHANNEL A EXT INPUT.

9. Check the Input Sensitivity: X1 Attenuation,
DC and AC Coupled; 56.6 mV at =<10 Hz

Refer to Fig. 4-4 check setup and the preliminary controi
settings with tha following exceptions.

Function Generator

Frequency Hz 10, "u
MULTIPLIER 1
OFFSET in, cw
—20dB in

Vertical Plug-In

VOLTS/DIV 10 my

Haorizontal Plug-In

TRIGGERING
MODE NORM
COUPLING DC

a. Set the CHANNEL A and CHANNEL B COUPL
switches to DC (out).

b

b. Connect a coaxial cable with a 10 attenuator in se-
ries with a 50 4 termination from the vertical plug-in INPUT
to the function generater QUTPUT.

¢. Adjust the function generator AMPL control to 58 mv
(5-1/2 major vertical graticule divisions).
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Function

DC 5009  Generator

CHANNEL A
EXT INFUT
A
SHAPED QUT

&
CHANNELE  OUTRUT

COM  EXT INPUT
¢ |

| ——— 500
Termination

Attenuator

7000 Series Mainframa

!-lurizc.mtall
Plug-in

Vertical
Plug-in

INPUT

(3464-14) 3888.07

Fig. 4-4. Check setup for Performange Check step 9.

d. Move the terminated cable end from the vertical am-
plifier INPUT and connect it to the DC 5008 CHANNEL A
EXT INPUT.

2. Set the vertical amplifier VOLTS/DIV switch to 1.

f. Move the B SHAPED OQOUT connection to the A
SHAPED QUT and connect the other cable end to the verti-
cal amplifier INPUT.

g. Adjust the DC 5009 CHANNEL A LEVEL control for
stable readout on the DC 5008 using the oscilloscope crt
display as a guide.

h. CHECK—that the DC 5009 readout indicates ap-
proximately 10 Hz.

i. CHECK-—that the A SHAPED QUT signal is =03V
peak to peak.

j- Set the DC 5009 CHANNEL A COUPL switch to AC
(i)

k. Pull the function generator QFFSET control out.
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I. CHECK—that the DC 5009 readout indicates approxi-
mately 10 Hz. (The CHANNEL A LEVEL control may need
to be adjusted slightly.) '

m. Remaove the DC 5009 CHANNEL A EXT INPUT ¢on-
nection and connect to the CHANNEL B EXT INPUT,

n. Move the DC 5009 A SHAPED OUT connection to
the B SHAPED QUT,

0. Connect the 1MHz frequency standard to the
DC 5009 CHANNEEL A EXT INPUT,

p. Adjust the CHANNEL A LEVEL control for a stable
display of approximately 1 MHz.

Q. Set the DC 5009 FUNCTION switch to RATIO B/A.
T, Push the function generator OFFSET control In (off).

z. Adjust the CHANNEL B LEVEL control for a stable
readout on the DC 5009 using the oscilloscope crt as a
guide. .
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t. Set the DG 5009 AVERAGES switch to 10%,

u. CHECK—that the DC 5009 readout indicates ap-
proximately 0.000010.

v. CHECK—that the B SHAPEDR QUT signal is =03V
prak to peak,

w. 3et the DG 5009 CHANNEL B COUPL switch to ac
{in}. (The CHANNEL B LEVEL control may have to be
adjusted slightly.)

%. Full the function generator OFFSET control OUT (on).

y. CHECK—that the DC 5009 readout still indicates
0.000010. (The CHANNEL B LEVEL contral may have to be
adjusted slightly.}

10. Check the Arming Input Pulse Response;
Pulse Width =100 ns (YH =2.4, 'L =0.4)

Refer to Fig. 4-5 check setup and use the following con-
trol settings.

DC 5009

AVERAGES AUTO

Calibration—DC 5009
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Pulse Generator

PULSE DURATICN SQUAREWAVE
PERIOD A ps
BACK TERM (PULL) in

Horizontal Plug-In

TIME/DIV 50 ns

a. Change the vertical plug-in VOLTS/DIV switch to 1
and adjust the POSITION control to center the trace on the
crt graticule.

k. Connect the pulse generator QUTPUT to the vertical
plug-in INPUT using a coaxial cable with 50 {2 termination.

¢. Adjust the pulse generator PERICD VARIABLE con-
trol for a 200 ns period on the ort,

d. Adjust the pulse generator QUTPUT controls for a
kv level of 0.4 V and & high level of 2.4 V.

e. Disconnect the vertical INPUT  cable

connection.

plug-in

f. Set the sinewave generator FREQUENCY RANGE
(MHz) switch to 50-100 and the FREQUENCY VARIABLE

Sinowave
Generator

Pulse

DC 5009 Generator

CHANNEL A
EXT INPUT

[

AFW

Power .7

Maodule

500
Termination

10X
Attenuator

7000 Series Mainframe

¥
Horizontal
Plug-in

Vertical
Plug-in

(3484-15) 3688-08

Fig. 4-5. Check setup for Performance Check step 10.
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gontrol for a display readout of 70.0. Set the OUTPUT AM-
PLITURE cantrol to 1.25.

g. Connect a coaxial cable with a 50 & termination from
the sinewave generator QUTPUT to the DC 5009 CHAN-
NEL A EXT INPUT.

h. Depress the DC 5009 AUTO TRIG switch (in).

i. Connect a tip Jack-to-bne connector from the DC 5009
ARM input 10 2 50 Q termination to the pulse generator
CUTPUT connector,

j. CHECK—that the DC 5009 readout indicates approxi-
mately 70.00000 with the display GATE light blinking.

k. Disconnect the pulse generator OUTPUT cable con-
nection with 50 2 termination still attached to the bnc end.

I. CHECK—that the DC 5009 readout indicates approxi-
mately 70 MHz and the display GATE light not blinking {but
may bae lit).

m. Reamaove all cable connections.

11. Check Input Impedance (1 M2 £2%)

Refer to Fig. 4-1 check setup and use the fallowing con-
trol settings.

DM S01A

2000 k&
INPUT
k&

a. Connect a coaxial cable with a female-to-dual banana
adapter from the digital multimeter LOW and VOLTS/Q input
connectors 1o the DC 5009 CHANNEL A EXT INPUT.

b. CHECK—that the digital multimeter readout indicates
batween 980.0 and 1020.0 {(kQ).

¢. Change the DC 5009 CHANNEL A EXT INPUT con-
necticn to the CHANNEL B EXT INPUT.

d. CHECK--that the digital multimeter readout indicates
between §80.0 and 1020.0 (kQ).
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a. Remove the connections.

12. Check Input Capacitance, =30 pF

The check procedure in steps 12a through 12 require
qualified personnel anly.

E CAUTION 3

ingtail the probe tip ground cover (insulating sleeve) to
pravent surrounding component damage.

Refer to the Adjustment locations (in pullout pages) and
use the preliminary control settings with the following
exceptions,

Horizontal Plug-In
TIME/DIV 100 us
Vertical Plug-in

VOLTS/DIV 2v
COUPLING AC

DC 5009

AVERAGES AUTO
CHANNEL A cow
and CHANNEL B LEVEL

AUTO TRIG out

Function Generator

FREQUENCY Hz 1

MULTIPLIER 10°

FUNCTION "L (squarewave)
OFFSET OFF (in)
QUTPUT midrange

a. Turn off the power. Then pull the DC 5009 from the
power module and remove the right side cover.

b. Connect the DC 5009 to the power module using the
flexible plug-in extender and turn oh the power.

¢. Connect the test probe to the vertical plug-in INPUT
connector. Make certain the test probe is compensated o
the oscilloscope,




d. Connect a coaxial cable with a 50  termination and
30 pF normalizer from the function generator QUTPUT to
the DC 5009 CHAMNEL A EXT INFUT.

e. Carefully connect the test probe tip to the junction of
transistor Q1122 collector, loczted on the Analog board.

f. Adjust the function generator QUTPUT control for ap-
proximately 1V pesak-to-peak squarewave on the cort
display.

Q. CHECK—that the displayed squarewave is over com-
pensated {over-peaked).

h. Remove the DC 5008 CHANNEL A EXT INPUT con-
nettion and connect to the CHANNEL B EXT INPUT,

i. Remove the test probe tip from transistor Q1122 and
connect to the junction of transistor Q1142 collector, also
located on the Analog board.

j. Repeat steps 12f and 12g,

13. Check Prabe Compensation Function

Refer to the Adjustment Locations (in pullout pages) and
use the following control settings.

WARNING I
The check procedure in steps 13k through 13q require
gualified personne! only.

Function Generator
QFFSET OFF (in)
Vertical Plug-In

COUPLING AC

a. Disconnect the DC 5009 CHANNEL B EXT INPUT
connection and remove the 30 pF normalizer and the 50 Q
termination. Reconnect this cable to the vertical plug-in
INPUT,

b. Adjust the function generator OUTPUT control for ap-
proximately 10V peak-to-peak.

Calibration—DC 5009
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¢. Remove the coaxial cable from the funetion generator,

d. Connect the instrument probe to the DC 5008 CHAN-
NEL A EXT INPUT. Attach the probe tip to the function
generator OUTPUT using the probe tip-to-bne connector.

e. Set the DC 5009 FUNCTION switch to PROBE
COMP, insert the adjustment tocl in the probe compensa-
tion adjustment slot, and press RESET.

f. Slowly rotate (approximately 80 degrees per & sec.
onds) the probe compensation adjustment in either direction
until the display for the channel being used changestoa “1",
If the adjustment has not been rotated at leagt 180%, contin-
ue rotating the adjustment until the display changes to a “0"
and then to a “17.

NOTE

The MSLD digit (far left) is for Channel A, the LSD digit
(far right} is for Channal B. The GATE light will flash,
indicating the rate at which the input is checked for
compensation,

4. Reverse dirgction of rotation and again slowly turn the
probe adjustment until the display changes to a "0".

h. Reverse direction of probe adjustment again until the
display goes to a “1" {only a few degrees will be require).

i. Once again reverse direction of probe adjustment and
very slowly turn the adjustment until the display just
changes to a "0". At this point the probe will be
compensated.

NOTE

if at any point in the procedure the display should re-
mairt & “17 for more than one complete rotation of the
probe adiustment, press the DC 5008 RESET button
and repeat steps 13f through 135, If at any time the
display alternates between "0" and “1" without the
probe adiustment being varied, slightly change the in-
put signal amplitude and repeat this procedure,

j. Change the DG 5009 FUNCTION switch to FRE-
QUENCY A (or any function except PROBE COMP or
TEST).
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k. Connact the test probe to the vertical plug-in INFUT
connector and carefully connect the probe tip to the collec-
tor of transistor 1122, located on the Analog board (or
transistor Q1142 collector, if Channet B is used).

I. Change the vertical plug-in VOLTS/DIV switch to
100 mv.

m. CHECK—that the displayed waveform overshoot
(aberration on positive going edge) i5 =b0 mV (approxi-
mately 1/2 major graticule division).

n. Hemove the probe connection from the DC 5008
CHANNEL A EXT INPUT and connect 1o the CHANNEL B
EXT INPUT.

0. Repeat steps 13e through 13i.

p. Remove the test probe tip from transistor Q1122,

q. Repeat steps 13) and 13k,

r. Remove the probe and cable connections,

14. Check the Minimum Input Pulse Width (3 ns @
115 mV peak to peak) .

Refer to Fig. 4-6 check setup and the following control
settings.

Pulze Generator

PULSE DURATION =2 ns
PERIOD =4 ns
VARIABLE ow
QUTPUT (VOLTS)
LOW LEVEL ]
HIGH LEVEL 2
BACK TERM (PULL}) out
COMPLEMENT NORM (out)

DC 5009

FUNCTION FREQUENCY A
AVERAGES AUTO
CHANNEL A and
CHANNEL B
LEVEL midrange
SLOPE, ATTEN, COUPL (all
SOURCE out)

Pulae
DG 5009 Generator

CHANNEL A
EXT INPUT

CHANNEL B
EXT INPLIT

500
Termination 1

10X
Attenuator l

7000 Saries Mainframe

o

Vartical !:Iorizontal
Plug-in Plug-in

500
Termination

f,] 10X
Attanuator
]

(3464.18) 368809

Fig. 4-8. Chack setup for Perfermance Check step 14,




&

VOLTS/DIV
BANDWIDTH
POLARITY
AC-GND-DC
POSITION

TRIGGERING
MODE
COUPLING
SCURCGE

POSITION

Vertica! Plug-In

50 mv

FULL

+ Up

DG

trace centered

Harizantal Plug-In

P-P AUTO
AC
INT
as desired

TIME/DIV 20 ns
VARIABLE [a]
MAG 10 {out}

a. Connect a coaxial cable with a 10x attenuator and a
50 (i termination from the pulse generator OUTPUT connec-
tor to the vertical plug-in INPUT connector.

b. Adjust the pulse generator LOW LEVEL contral to po-
sition the displayed bottom of the waveform an the crt cen-
ter graticule line,

¢. Adjust the pulse generator HIGH LEVEL control untit
the crt displayed waveform is 2.3 major graticule divisions
high.

d. Adjust the pulse generator PERIOD VARIABLE con-
trol until the crt displayed waveform indicates a period of 4.0
major divisions.

e. Adjust the putse generator PULSE DURATION VARI-
ABLE urnil the ert displayed positive pulse width is 1.5 major
divisions.

f. Move the vertrical plug-in INFUT cable connection to
the DC 5009 CHANNEL A EXT INPUT.

g. Adjust the DC 5009 CHANNEL A LEVEL control for a
stable readout.

k. CHECK—that the DC 5009 display readout indicates
approximately 125.00000 (MHz).

i. Disconnect the DG 5009 CHANNEL A EXT INPUT and
conngct to the CHANNEL B EXT INPUT.

Calibration-—DC 5009
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j- Connect the 1 MHz Frequency Standard signal to the

DC 5009 CHANNEL A EXT INPUT. Adjust the DC 5009

CHANNEL A LEVEL control for a stable display of approxi-
mately 1 MHz,

k. Set the DC 5009 FUNCTION switch to RAT!IO B/A
position,

I. Adjust the DC 5009 CHANNEL B LEVEL control for a
stable readout,

m. CHECK—that the DC 5009 display readout indicates
approximately 125.00000.

rn. Remove all connections,

15. Check Width A Range (=15 ns) and Minimum
Dead Time (=15 ns)

Refer to Fig. 4-6 check setup and the following control
settings.

Puise Generator
PULSE DURATION a5ns
PERIOD 10 ns
DG 5009

FUNCTION WIDTH A

CHANNEL A and
CHANNEL B

LEVEL midrange

Vertical Plug-in

VOLTS/DIV 2V

Horizontal Plug-in

TIME/DQIV 5ns

a. Connect a coaxial cable with a 50  tarmination from
the pulse generator QUTPUT to the vertical plug-in INPUT.

b. Adjust the pulse generator OUTPUT (VOLTS) LOW
LEVEL and HIGH LEVEL controls for a 1 V peak-to-peak crt
displayed pulse (referenced to ground).

¢. Adjust the pulse generator PERIOD and PULSE DU-
RATION controls for a crt displayed squarewave with a
30 ns period,
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d. Move the vertical plug-in INPUT connection to the
DC 5009 CHANNEL A EXT INFUT.

&. Depress the DC 5009 AUTO TRIG switch.

f. CHECK—that the DC 5008 display readout indicates
approximately 15.00 (ns).

g. Remove all connactions,

16, Check Channel Delay Mismatch (=2 ns)
Refer to Fig. 4-7 check setup for the following.

a. Connect a coaxial cable from the pulse generator
OUTPUT to one port of a 50 & power divider {using the GR-
to-bnc adapter).

b. Connect two short equal length coaxial cables to the
remaining ports (2) of the power divider (using the GR-to-
bne adapter).

c. Connect one of these cables with a 50 2 termination
to the DG 5009 CHANNEL A EXT INPUT. Connect the oth-
er cable with a 50 2 termination to the CHANNEL B EXT
INPUT,

Pulse
DEC 5009 Genarator

CHANNEL A
EXT INPUT

CHANNEL &
EXT INPUT

/ ‘RR 500

Power Terminations

Module
/

Power
Divider

(3464-24) 388810

Fig. 4-7. Check setup for Performance Check steps 16 and 17.
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d. Set the DC 5009 FUNCTION switch to TIME A —~B
and depress the AUTO TRIG twice (out then in).

a. Note the DC 5009 display readout.

f. Set the DC 5009 FUNCTION switch to PERIOD A,

g. Note the DC 5009 readout.

k. CHECK—that the difference between the two read-
ings is less than 2 ng.

17. Check EVENTS B DUR A Minimum Response
(15 ns)

Refer to Fig. 4-7 check setup.

a. Set the DC 5008 FUNCTION switch to EVENTS B
DUR A,

k. Set the DC 5009 CHANNEL B SLOPE switch to —
(ir).

c. Depress the DC 5009 AUTO TRIG switch twice (out
then in).

d, CHECK—that the DC 5009 dispiay readout indicates
1.000.

18. Check the GPIB Bus Through the Controller

Refer to Talker/Listener sample programs in the Operat-
ing Instructions.

a. Cormect the controfler to the TM 5000 power module,

b. Run the sample program for your selected controlier
using only gueties.

¢, GHECK—the DC 5009 display readout for returned
query data.
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REAR INTERFACE CHECKS

NOTE

Thiz procedure requires the removal of the power
moduie top cover. Coaxial cable (50 2) interfacing is
required betwesn the power module and DC 5009,
Good high frequency connection technigues are also
required.

WARNING
When instruments are operated with covers removed,
DO NOT touch exposed connections or components,
This procedure is to be completed by qualified techni-
cal personnel only,

19. Check CHANNEL A and CHANNEL B Rear
Interface Input Frequency Range (=50 MHz, DC
and AC) and Input Impedance (50 & +10% @ DC)

A sighal source capable of =50 MHz frequency with an
amplitude of =20mV rms, 56 mV peak-to-peak and a
1 MHz frequency standard is required for this check.

a. Turn off the power module.

k. Remowve the top cover from the power module, expos-
ing the interface connectors (refer to the Maintenance Sec-
tion in the power module instruction manual).

¢. Using an appropriate length 50 coaxial cable (no
connectors), attach one end of the cable center conductor
to pin 16A of the DC 5009 rear interface connector, Attach
the shielded conductor (same cable end) to pin 17A of the
rear interface connector.

d. Attach the other cable end (center conductor and
shield) to the appropriate output connections on the signal
generator. Set the generator for 56 mV peak to peak at
50 MHz.

e, Set the DG 5009 FUNCTION switch to FREQUENCY
A, AVERAGES switch to AUTO, and the CHANNEL A
SCURCE switeh to INT (in).

f. Connect the tip jack-te-bng cable from the DC 5009 A
SHAPED OUT (black lead to COM) to the vertical plug-in
INPUT.

g. Adjust the DG 50089 CHANNEL A LEVEL controt for a
stable display on the DG 5009 and oscilloscope crt.

h. CHECK—that the DC 5008 readout indicates ap-
proximately 50 (MHz2).

i. Change the CHANNEL A COUPL switch to AG (in) and
check that the display readout remains approximately 50
{(MHz).

j- Move the sighal generator cable connections to the
digital multimeter LOW and VOLTS/Q input connectors,

k. Set the digital multimeter INPUT switch to EXT and
press the 200 ¢ switch in. Make sure the k& switch is in.

. CHECK—that the digital muitimeter readout indicates
between 45 and 55 ().

m. Detach the coaxial cable center conductor from pin
16A and attach o pin 178 of the DC 5009 rear interface
connector, Detach the shield conductor from pin 17A and
attach to pin 168 of the interface connector.

n. CHECK—that the digital multimeter readout indicates
between 45 and 55 (7).

o. Move the digital multimeter connections back to the
signal genarator.

p. Connect the 1MHz frequency standard to the
DG 5009 pin 16A (shield to pin 17A) and adjust the CHAN-
NEL A LEVEL control for a stable display on both the
DC 5009 and oscilloscope ¢rt.

g. Change the DC 5009 FUNCTION switch to RATIO
B/A, and the CHANNEL B SOURCE switch to INT (in).

r. Move the DC 5009 A SHAPED QUT conngctian to the
B SHAFPED OUT.

8. Adjust the DG 5009 CHANNEL B LEVEL control for a
stable display readout.
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t. CHECK—that the DC 5009 readout indicates approxi-
mately 50.

u. Change the DC 5009 CHANNEL A COUPL switch 1o
AC {in) and check that the display readout still indicates ap-
proximately 50.

v. Remove the cable connections.

This completes the Performance Check.
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ADJUSTMENT PROCEDURE

Introduction

Use this Adjustment Procedure 10 restore the DC 5008
to original performance requirements, This Adjustment Pro-
cedure nead not be performed unless the instrument fails to
meet the Performance Requirements of the electrical char-
acteristics listed in the Specification section, or if the Perfor-
mance Check procedure cannot be completed satisfactorily.
If the instrument has undergone repairs, the Adjustment
Procedure is recommended. Allow thirty minutes warmup
time for operation to specified accuracy (sixty minutes after
storage in a high humidity environment),

Satisfactory completion of all adjustment steps in this
procedure assures that the instrument will meet the Perfor-
mance Requiremeants.

Test Equipment Required

The test equipment (or equivalent) listed in Table 4.1 is
required for adjustment of the DC 5009. Specifications giv-
en for the test equipment are the minimum necessary for
accurate adjustment. All test equipment is assumed to be
carrectly calibrated and operating within specifications.

If other est equipment is substituted, the calibration
setup may need to be altered to meet the requirements of
the equipment used,

Preliminary Control Settings

DG 5009

FUNCTION FREQUENCY A

AVERAGES 108

AUTO TRIG out

CHANNEL A
SLOPE
ATTEN
SOURCE
COUPL

CHANNEL B
SLOPE
ATTEN
SOURCE
COURL

+ (out)
X1 (out)
EXT (out)
AC (i)

+ (out)
X1 (out)
EXT {out)
AC (in)

Preparation

Access 10 the internal adjustments is achieved most
easily when the DC 50092 is connected to the power module

with a flexible plug-in extender. Remave the right side cover
of the DC 5009 to reach the adjustments on the Analog
board. Refer to the Adjustment Locations and Setups in the
pullout pages at the rear of this manual.

NOTE

Make adjustrments at an ambient temperature be-
tweerr +20°C and +30°C.

. Adjust R1301, +3.2V ADJ
a. Set the digital multimeter to the 20 V de range.

b. Connect the digital multimeter LOW test lead to the
DC 5009 COM tip jack connector. Connect the VOLTS/Q
test lead to TP1341, located on the Analog board.

c. ADJUST=—=R1301 until the digital multimeter readout
indicates 3.200 volts.

d. Remove the VOLTS/Q test lead from TR1341.

2. Check the —12 V Supply Accuracy

a. Connect the digital multimeter VOLTS/Q test lead to
TP1631, located on the Analog hoard.

b. CHECK—that the digital multimeter readout indicates
between —11.400V and —12.600 V.

c. Rermave all test leads from the DC 5009.

3. Adjust the Standard Timebase Accuracy, C1602,
O5C ADJ

a. Connect a coaxial cabile from the 1 MHz frequency
standard to the DC 5009 CHANNEL A EXT INPUT.

b. Set the DC 5009 CHANNEL A LEVEL control for a
stable reagout.

c. ADJUST—C1602 until the DT 5009 readout indicates
between 999.98980 and 1.0000001 MHz.




Calibration—DC 5009
Adjustment Procedure

NOTE

This sets the DC 5009 oscillator within 1 part in 107 1t
will take approximately 1 second for the display to
update.

4. Adjust the Optional Timehase Accuracy, Y1531

NOTE

The Optian 01 timebase adiustment is made through
an access hole in the back of tha oven timebase,
Y1531 is located on the back side of the Analog
baard.

a. Connect a coaxial cable from the 1 MHz frequency
standard to the DC 5009 CHANNEL A EXT Input.

b. Set the DC 5009 CHANNEL A ILEVEL control for a
stable readout.

¢, ADJUST—Y1531 until the DC 5009 readout indicates
1.0000000.

d. Change the DC 5009 FUNCTION switch to PERIOD
A

e. ADJUST—=Y1531 until the DC 5009 readout indicates
999.99993 or 999.99999.

f. Remove the cable connections from the DG 5009,

5. Adjust R1102, CH A DAC GAIN

NOTE

Refer to Fig. 8-2 in the foldout section for adjustment
setup. Use the following controf settings.

DC 5009

CHANNEL A
COUPL,
CHANNEL B
CourL

DC (out)

DC {out)

Function Generator

0dB in
OFFSET out (ew)
AMPL cow
FREQUENCY Hz 10
MULTIPLIER 10¢

A, (TRIANGLE) (in)

a. Connect an HF cable asgembly (bno-to-tip jack con-
nector) from the DC 5009 A TRIG LEVEL (plack lead to
COM) to the digital multimeter LOW and VOLTS/2 connec-
tors using a bnc female-to-dual banana adapter.

b. Connect a coaxial cable from the DG 5009 CHANNEL
A EXT INPUT connector to the function generator QUTPUT
connector. This provides a de offset level greater than +5 V
to the input of the DG 50089,

¢. Press the DG 5008 AUTQ TRIG switch {in}.

d. ADJUST—R1102 for a digital multimeter readout of
—3175V,

6. Adjust the CH B DAC GAIN, R1211

NOTE
Refer to Fig. 8-2 in the foldout section for adjustment
setup.

a. Dizconnect the DC 5009 CHANNEL A cahle connec-
tion and connect to the CHANNEL B connector.

b. Move the A TRIG LEVEL connaction 10 the B TRIG
LEVEL ¢connector.

¢. Press the DC 5009 AUTO TRIG switch (out), then
press it again (in).

d. ADJUST—R1211 for a digital multimeter readout of
—3175 V.

e. Remove the digital multimeter cable connections from
the DC 5008. ‘




. Adjust R1317, CHANNEL A QFS

NOTE

Refar to Fig. 8-3 in the foldout section for adjustrment
setup. Use the following control settings.

Function Generator

OFFSET cut (centered)
0dB in)
MULTIPLIER 10°
FREQUENCY Hz 10,
AMPFL. cw

DC 5009

FUNCTION FERIOD A
AUTO TRIG out

a. Connect a coaxial cable from the function generator
OUTPUT with a 10X attenuator and 50 € termination to the
digitat multimeter LOW and VOLTS/A? input jacks using a
bne-to-dual banana adapter.

b. Ratate the function generator OFFSET control until
the digital multimeter display readout indicates 0.000 V.

¢. Move the coaxial cable with the 10X attenuator and
50 4 termination from the digital multimeter to the DC 5009
CHANNEL A EXT INPUT. Theh copnect a coaxial cable
from the digital multimeter bng-to-dual banana adapter to
the DC 5009 A TRIG LEVEL using a bnc-to-tip jack
connectar.

¢. Rotate the DC 5009 CHANNEL A LEVEL control until
the digital multimeter display readout indicates 0.000 V.

e, Rotate the function generator FREQUENCY Hz dial
until the DC 5009 display readout indicates 10.00XXX us
{the last three digits are negligible).

Calibration—DC 5009
Adjustment Procedure
f. Set the DC 5009 FUNCTION switch to WIDTH A.

g- ADJUST—R1317 until the DC 5009 dispiay readout
indicates 5.00, + .01 ps.

8. Adjust R1323, CHANNEL B OFS

NOTE

Rafer to Fig. 8-3 in the foldout section for adjustment
setup.

a. Retain the function generator settings and move the
DC 5009 CHANNEL A EXT INPUT cable connection to the
CHANNEL B EXT INPUT,

b. Move the DG 5009 A TRIG LEVEL connection to the B
TRIG LEVEL output,

c. Rotate the DC 5008 CHANNEL B LEVEL control until
the digital multimeter display readout indicates 0.000 V.

d. Move the DC 5009 B TRIG LEVEL connection to the B
SHAFED QUT and remove the cable end from the bnc-to-
banana adapter on the digital multimeter and connect to the
DC 5009 CHANNEL A EXT INPUT.

. Adjust the DC 5009 GHANNEL A LEVEL contral for a
stable display readout,

f. ADJUST—R1323 until the DC 5009 display readout

g. Remove all cable connections and replace the
DC 5009 side cover. This completes the Adjustment
Procedure,
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MAINTENANCE

Static-Sensitive Components

? CAUTION g

Static discharge may damage semiconductor compo-
nents in this instrument,

This instrument contains electrical cormponents that are
susceptible to damage from static discharge. See Table 5.1
for relative susceptibilty of various classes of semi-
conductors. Static voltages of 1 kV to 30 kV are common in
unprotected environments.

Observe the following precautions to avoid damage:

1. Minimize handling of static-sensitive components.

2. Transport and store static-sensitive components or
assemblies in their ofiginal containers, on a metal rail, or on
conductive foam. Label any package that contains static-
sensitive assemblies or components,

3. Discharge the static voltage from your body by
wearing a wrist strap while handling these components.
Servicing static-sensitive assemblies or components should
be performed only at a static-free work station by qualified
service personnel,

4. Nothing capable of generating or holding a static
charge should be allowed on the work station surface.

5. Keep the component leads shorted together when-
ever possible.

6. Pick up components by the body, never by the leads.
7. Do not slide the components over any surface.

8. Avoid handling components in areas that have a
floor of work surface covering capable of generating a static
charge.

9 Use a soldering iron that i connected to earth
ground.

10. Use only special antistatic suction type or wick type
desoldering tools.

Test Equipment

Before using any test equipment 10 make measurements
on stafic-sengitive components or assemblies, be certain
that any voltage or current supplied by the test equipment
does not exceed the limits of the component to be tested.,

Table 5-1
RELATIVE SUSCEFTIBILITY TO
STATIC DISCHARGE DAMAGE

Relative
Susceptibility

Semiconductor Classes Levels®

MOS& or CMOS micrecircuits or
discretes, or lingar microcirouits
with MOS inputs (Most Sensitive)

ECL
Schottky signal dicdes

-

Schottky TTL

High-frequency bipolar transistors

JFETs

Linear microcircuits

Low-power Schottky TTL

Lo 2 I e I NI O o I I 1 B < N I % I I

TTL (Least Sensitive)
f Voltage equivalent for lovels:

1=100to 500V 4 =500V 7 = 400 to 1000 V (est.)
2= 200t0500V 5 =400to 600V B =900V
3=2350V 6=G00toBOODYV 9=1200V

{Voltage discharged from a 100 pF capacitor through a resis-
tance of 100 &.)

Circuit Board Removal and Replacement

1. Remove the snap-on side covers,
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2. Remove the GPIB board from the Digital board by
removing the small screw attaching the GPIB board to the
rear cover and by removing the two screws located as
shown (A & B) in Fig. 5-1.

3. Carefully separate the GPIB board from the Digital
board. Do not overstress or bend the interconnecting pins.

4. Remove the rear cover which is secured by two phil-
lips screws (top of cover) and two 3/16 inch hex bullet con.
nectors (bottom cover).

5. Remove the relay hold-down screws.

6. Rernove the front cover by unsoldering the four Ana-
tog board connections from the front panel input connec-
tors. (See Fig. 5-2.) Remove the front pane! display lens by
releasing the two plastic tabs (as seen from the top front
panel) that secure the lens to the front panel. Be careful not
to overstress the plastic tabs. The lens rotates out from the
top. With lans removed, locate the two corner SCrews secur-
ing the display board and remove. Ramove the four front
pane| corner screws, securing the pane! to the top and bot-
torm covars, Carafully pull the front panel cover away, clear-
ing the panel pushbuttons and levers.

7. Remove the two connectors, from J1301 and J1303
located on the Analog board (back side). (See Fig. 5-2.)

8. Remove the five screws that secure the Digital board
to the Analog board. (See Fig. 5-1.)

388811

8. Separate the Digital board from the Analog board
using care not to overstress or bend the interconnecting
jack pins,

10. To replace the boards, reverse the order of the
ahove procedure.

Switch Maintenance

After separating the two boards, the front panel lever
switches may be removed by removing the three screws
attaching each lever switch to the circuit board, Use care
when removing or assembling the lever switches to the cir-
cuit boards to prevent bending the contact fingers. When re-
assembling, carefully align the screw holes on the switch
cover with the board, Place the switch cover on the board in
the proper position before insérting the screws.

To remove the front panel pushbutton switches, refer to
Fig. 5-2. Pull to remove the extension shafts. Carefully bend
the plastic tab back and raise the rear of the switch clear of
the tab.

To clean the board and switch contacts, use a lubricated
contact cleaner such as, No Noise Contact Restorer'. How-
ever DO NOT USE THIS CLEANER on the magnetic latch-
ing relays {refer to proper cleaning procedura).

Front Panel Latch Removal

To replace the latch, remove the screw under the pull
tab, Carefully pry up the pull tab from the latch assembly.

Magnetic Latch Relays

To prevent damage 1o these relays, do not remove them
from the Analog circuit board unless absolutely necessary. If
the relay contacts become noisy or the relay fails to operate,
remove the relay from the circuit board.

Clean the circuit board ¢ontacts with a small brush and
isopropyl alcohol. Do not use any solvent that may attack
polycarbonates such as hydrocarbon chlorides, ketones,
esters, etc. Do not use a cotton swab as small cotton fila-
ments may remain on the contact area,

Clean the contact fingers on the relay armature by lightly
brushing the contacts with a brush dipped in isopropyl
alcohol.

Fig. 5-1. Screw locations for GFIB circuit board removal and
Digltal circuit board removal.

B2

1 Elactronic Chemical Corporation, 813 Communipaw Avenue,
Jersey City, N.J. 07304

REV DEG 1981
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Extension Shafts /

Il

e [lisplay Board Screws (2)
[ [
[ E—— Plastic Tabs
A i

- —— =
[ S

J1301 J1303

Jack Connections

3464-17A

Fig. 5-2. Partial right view of instrument with cover removed (pictoral).

To remove the relay armature from the relay, obtain a
wire or tool with a diameter less than 0.040 inch, such a3 a
paperclip. Before removing the armature, mark the orienta-
tion of the armature to the housing. Orientation is important
for proper operation. Place the tool in the siot on the side of
the housing and gently lift the relay armature, {See Fig. 5-3.)

Clean the interior of the relay, around the pole pieces,
with isopropy! alcohol. The interior of the relay must be com-

REV DEC 1981

plately dry before reinstalling the armature. Use air 10 dry
excess alcohol from the housing. Make sure that the relays
are perpendicular to the board before replacing the cover.

NOTE
Do not spray contact cleaners of any type on the re-

lays or the board contacts. Any foreign material, in-
cluding lubricants, can cause faully operation.
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2815-18

Fig. 5-3. Method of removing magnetic latch relzy armature.

Cleaning Instructions

This instrument should be cleaned as often as operating
conditions require. Accumulation of dirt on components acts
ag an insulating blanket and prevents efficient heat dissipa-
tion that can cause overheating and componant breakdown.

Avoid the use of chernical cleaning agents that might
leave a film or damage the plastic material used in this
instrument. Use a nonresidug type of cleaner; prefer-
ably, isopropy! alcohol or totally denatured ethyl aico-
hol. Before using any other type of cleaner, consuft
your Teklrohix Service Center or representative.

Exterior. Loose dust accumulated on the front panel can
be removed with a soft cloth or a small brush. Dirt that
remains can be removed with a soft cloth dampened with a
mild detergent and water solution. Abrasive cleaners should
not be used.

Interior. Dust in the interior of the instrument should be
ramoved occasionally, due o its electrical conductivity un-
der high humidity conditions. The best way to clean the inte-
rior is to blow off the accumulated dust with dry, low
pressure air then use a soft brush. If further cleaning is re-
quired, use a mild detergent and water solution, flushing well
with clean water.

Do not clean the circuit board with water, air, or any
solvent, unfess the pushbutton switches amd relays
are removed first. Any dirt forced or carried under the
comtacts can cause intermittent operation. Circuit
boards and components must be dry before applying
power to prevent damage from electrical arcing.

Drying can be accomplished with dry, low-pressure air or
by placing in an oven at 40°C {0 80°C for approximately
four hours.

After making minor board repairs, cleaning is best ac-
complished by carefuilly flaking or chipping the solder flux
from the repaired area.

Isopropyl alcohol can be used to clean major repairs to
the circuit board; however, flush the board weil with clean,
isoprapyl alcohol. Make certain that regin or dirt is carefully
removed from the board.

Obtaining Replacement Parts

Electrical and mechanical parts can be obtained through
your local Tektronix Figld Office of representative. However,
many of the standard electronic components can be ob-
tained from a local commercial source. Before purchasing or
ordering parts from a source other than Tektronix, Inc.,
check the Replaceable Electrical Parts list for the proper
value, rating, tolerance, and description.

Ordering Parts

When ordering replacement parts from Tektronix, inc., it
is important to include all of the following information.

1. Instrument type (include modification or option
numbers),

2. Instrument serial number,

3. A description of the part (if electrical, include the com-
ponent number),

4. Tektronix part number.
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Soldering Techniques
WARNING

To avoid efectric shock hazard, disconnect the instru-
ment from the power source before soldeting.

The reliabifity and accuracy of this instrument can be
maintained only if proper soldering techniques are used
when repairing or replacing parts. General soldering tech-
nigues which apply to maintenance of any precision elec-
tronic equipment should be used when working on this
instrument, Use only 60/40 rosin-core, electronic grade sol-
der. The choice of soldering iron is determined by the repair
to be made.

2 CAUTION

The Analog and Digital circuit boards in the DC 5009
are muttilayer type boards with conductive paths larmi-
nated between the top and bottom board layers. Alf
soldering on these boards should be done with ex-
treme care to prevent breaking the connections to this
conductive path. Only experienced maintenance per-
sonnel should attempt to repair these boards. Do not
allow solder or solder flux to flow under printed circuit
board switches. The printed circuit board is part of the
switch contacts; intermittent switch operation can oc-
cur if the contacts are contaminated.

When soldering on circuit boards or small wiring, use
only a 15 watt, pencil type soldering iron. A higher wattage
soldering iron can causé the etched circuit wiring to sepa-
rate from the board base material and melt the insulation
from small wiring. Always keep the soldering iron tip proper-
ly tinned to ensure the best heat transfer to the salder joint.
Apply only encugh heat to remove the compongnt or to
make a good solder joint. To protect heat sensitive compo-
nents, hold the component lgad with a pair of long-nose
pliers betwaen the component body and the solder joint.
Use a solder removing wick to remove excess salder from
connections or to clean circuit board pads.

To remove in-line integrated circuits use an axtracting
tool. This tool is available from Tektronix, Inc.. order
Tektrorix Part Number 003-0619-00. If an &xtracting tool is
not available, use care to avoid damaging the pins. Pull
slowly and evenly on both ends of the integrated circuit. Try
to avoid disengaging one end before the other end,

Maintenance—DC 5009

Interconnecting Pins

Several methods of interconnection, including square pin
and circuit board pin and ferrule are used to electrically con-
nect the circuit boards with the other boards and
components,

Several types of mating connectors are used for these
interconnecting pins. If the mating connector is mounted on
a plug-on circuit board, special sockets are soldered into the
board. If the mating connector is on the end of a lead, an
end-lead pin ¢onnector is used. This connector mates with
the interconnecting pin. The following information provides
the removal and repiacement procedure for the various
interconnecting methods. '

Square Pin Assemblies

See Fig. 5-4. These ping are of various lengths. They are
attachad to each other with & plastic strip. To remove them
simply unsolder from the circuit board.

Fig. 5-4. Typical sguare pin assembly.

Circuit Board Pins and Ferrules

See Fig. 5-5. A circuit board pin replacement kit {includ-
ing necessary tools, instructions, and replacement pins with
attached ferrules) is available from Tektronix, Ing.; ordet
Tekironix Part Number 040-0542-00. Replacing circuit
board pins on multilayer boards is not recommended. (The
multilayer boards in this instrument are listed under Solder-
ing Techniques in this section.)
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REPLACEMENT
PIN

i SPARE
FERARULE

PROPER
PLACEMENT QF
FERRULES iN

CIRCUIT BOARD

1967-5

Fig. 5-5. Exploded view of circuit board pin and ferrule.

To replace a damaged pin, first disconnect any pin ¢on-
nectors. Then unsolder the damaged pin and pull it from the
board with a pair of pliers, leaving the ferrule in the circuit
board, if possible. If the ferrule remains in the circuit board,
remove the spare farrule from the replacement pin and
press the néw pin inte the hole in the circuit board, If the
ferrule is removed with the damaged pin, clean out the hole
using a solder removing wick and a seribe. Then press the
replacement pin, with attached spare ferrule, into the circuit
board,

Position the raplacement pin in the same manner as the
original. Solder the pin to the circuit board on each side of
the board, If the original pin was bent at an angle to mate
with a connector, carefully bend the new pin to the same
angle. Replace the pin connector,

Dual Entry Cirguit Board Pin Sockets

The pin s0ckets on the circuit boards are soldered to the
back of the board. See Fig. 3-6. To rermove or replace one of

2871-09

Fig. 5-6. Dual entry ¢ircuit board pin socket.

the tabs on the socket and remove the socke! from th
board.

Place the new socket in the circuit board hole and pres:
the tabs down adainst the board. Solder the tabs of th
socket to the circuit board. Be careful not to get solder in
side the socket.

NOTE

The spring tension of the pin sockets ensure a good
conngction between the circult board and the pin. This
spring tension can be destroyed by using the pin
sockets as & connecting point for spring loaded probe
tips, alligator clips, ete.

Bottom Entry Circuit Board Pin Sockets

To remove or replace these sockets unsolder the pin:
from the circuit board. Use a vacoum or other type
desoldering tool to remove excess solder. Use caution tc
prevent circuit board damage. See Fig. 5-7.

Multipin Connectors

The pin connectors used to connect the wires to the
interconnecting pins are clamped to the ands of the wires
To replace damaged multipin connectors, remove the ole
pin connector from the holder. Do this by inserting a scribe
batween the connector and the holder and prying the con.
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It the individual end lead pin connectors are removed
' from the plastic holder, note the order of the individual wires

; for correct replacement in the holder. For proper replace-
ll ‘ ment see Fig. 5.8,

END-LEAD
MULTI-FIN
: CONNECTOR

e
\.|.|

END-LEAD
MULTI-PIN
CONNECTOR

MULTI-PIN
CONNECTOR
INDEX

Fig. 5-7. Bottom entry circuit board pin gocket. Fig. 5-8, Orientation and disaszembly of multipin connectors.

198668

2971-10
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REAR INTERFACE CONNECTOR

Introduction
Refer to Fig. 5-2 for the following.

A slot between ping 21 and 22 on the rear connegtor
identifies this instrument as a member of the TM 5000
counter family. Insert a barrier in the corresponding position
of the power maduie jack to prevent noncompatible plug-ing
from being usad in that comparttnent. Consult the power
module manual for further information.

Functions Available at Rear Connector (P1625)

Pin 14A.

Pin 18A.

Pin 168.

Pin 17A.

Pin 17B.

Pin 22A.

External Ciock Input—This input allows an
external 1, 5, or 10 MHz freguency standard 10
be used in place of the internal timebase. The
input is ac coupled and has a 1Kk&{ input
resistance. The peak-to-peak input voltage
required is =3 V.

Prescale—When thig available line is held low,
the ¢ounter automatically adjusts the displayed
answer for use with a divide-by-16 prescaler in
FREQUENCY A, PERIOD A, RATIO B/A, and
TOTALIZE A modes (=21 TTL load).

10 MHz Clock Qut Ground—This terminal is the
ground return for the clock input-output signals.

10 MHz Clock Qut—This available output line
will drive one TTL load. This line is not intended
to drive large capacitance loads and cable
length ghould be kept to 2 minimum.

CHA Input—This I8 the Channel A input
connection when the front panel CHANNEL A
SOURCE switch is in the INT position. This
input is terminated in 50 @ with a maximum
input of 3.6 V peak (10 V rms, sinewave).

CHEB Input Ground-—This terminal is the
ground return for the rear interface Channel B
input.

CHA Input Ground—This terminal is the
ground return for the rear interface Channel A
input.

CHB Input—This is the Channel B input
connection when the front panel CHANNEL B
SCURCE switch is in theé INT position, This
input is terminated in 50 & with a maximum
input of 3.6 V peak (10 V rms, sinewave).

Trigger Level Qut CH A—The voltage at this
aconnection follows the Channel A front panel

Pin 228.

Pin 23B.

Pin 24B.

Pin 26A.

Fin 27A.

‘trigger LEVEL' control. The signal level is

approximately +3.2 V.,

Trigger Level Out CH B—The voltage at this
connection follows the Channel B front panel
trigger LEVEL control. The signal level is
approximately 3.2V,

Shaped Out, CH A—This terminal provides a
replica of the intarnal signals being used for the
meagurement; used as an aid to proper
triggering on complex waveforms, This signal,
when routed to the rear interface, is not
available at the front pangl. This routing may be
accomplizhed by interchanging P1341 (J1341)
and P1441 (J1441). See the Analog board in the
pullout pages.

Shaped Out, CH A Graund—This terminal is the
ground return for the rear interface shaped out
Channel A signal.

Shaped Out, CH B Ground—This terminal is the
ground return for the rear interface shaped out
Channel B signal.

Shaped Qut, CH B—Thig terminal provides &
replica of the internal signals being used for the
measurement; used as an aid to proper
triggering on complex waveforms. This signal,
when routed to the rear interface, is not
available at the front panel. This routing may be
accomplished by interchanging connectors
P1442 (H442) and P1443 (J1443). Ses the
Analog board in the pullout pages.

Reset Input—When this line is set low, the
current measurement process is aborted for all
selected functions and causes all digits in the
display to read 8.88388838 Al six
annungiators are also illuminated. When this line
is set high, a new measurement Process is
initiated  for the selected FUNCTION and
operating conditions. (CMOS VIL =1.5V and
YIH =35V with a minimum pulse width of
approximately 10 ms.)

Arming Input—This terminal is normally &t 2
TTL high level. When pulled to a TTL low state
with @ TTL signal or transistor collector, the
counter is prevented from making &
measurement until the input goes to a TIL high
state. When this input is routed to the rear
interface it is not available at the front panel.
(YH=24V, YL =0.4V approximately 2 TTL
loads). This routing may be accomplished by

@
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Output or
Input

Output or
Input

Measurermert

Remote Start

Shaped Qut,
CHEBE

Shaped Out,
CH A, Ground

Trigger Level Out
CHB

Barrier
Slot

Arming Input
Ground

Arming Input

Reset Input

Shaped Cut, CHB
Ground

Shaped Qut, CH A

Trigger Level Out
CHA

CH 8 Input

CH B Input
Ground

10 MHz Clock Qut

Prescale

+33.5V do

Collector lead of
PNP series pass

+32.5 V commen

—33.53Vdc

Collector lead of
NPN szeries pass

TM 500
barrier
slot

CH Alnput Ground

CH Alnput

10MHz Clock Qut
Ground

External Clock Input

+33.5vde

Baselead of
PMNP saries pass

Emitter lead of
PNP series pass

+33.5V common

—33.5Vde

Emitter lead of
MNPMsories pass

+11.5 V commaon

+11.5 V common

+11.5V dc

Rear
view
af
plug-in

Baselead of
MNPN geries pass

+H1.58Vcommon

+11.5 ¥V commaon

+1.5Vde

Fig. 5-9. Rear interface connector assignments,

3464-21
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interchanging connectors P1402 (J1402) and
P1403 (J1403). See the Analog board in the
pullout pages.

Fin 28A.  Arming Input Ground—This terminal is the
ground return for the rear interface arming input
signal. ‘

Pin 28B. Measurement Gate Out—This line is in the high

state during the current measurement process
and is capable of driving one LS TTL load. The
gate duration is dependent on the input signal
frequency and the AVERAGES selected.

GPIB Rear Interface Connector (P1001)
Refer to Fig. 5-10 for the following.

Functions Available at GPIB CONNECTOR (located
on the GPIB board, A14)

GPIB SWITCH

Setting the Address Switches

A single hank of six switches is Iocated on the GPIB
circuit board. See Fig. 5-11.

Five of these switches (AS through A1) set the desired
value of the lower five bits of the listen and talk addresses
far the DC 5008. The decimal value of these switches is
called the instrument's primary address (see Table 5-2).

The DC 5009 microprocessor reads these switches at
each power-up event and displays the primary address in
the front panal display window each time the INST 1D push
button is pressed. If the termination switch is set 1o EQI/LF
{logic 1), the GPIB address is displayed with a decimal paint,
If it is set to EOlI ONLY (logic 0) the GPIB address number is
displayed.

Pins 1 GPIB data bus lines—UDigital data input-output
through  lines (one through eight).
8
Pin 11 EOI — End or Identify, SET | SET
) LOGIC | LOGIC
Pin 12 IFC — Interface Clear. 0o 1 A
Pin 13 DAV — Data Valid.
EOI ONLY = 0 1 |LF/EOl = 1
Pin 14 SRQ — Service Recuest. B
° 2 [e
Pin 15 NRFD — Not Ready For Data.
mls 3 [
Fin 16 ATN — Attention. o
Pin17  NDAC — Not Data Accepted. ADDRESS | ) weiG
a2 5 |2
Pin 18 REN — Remote Enable.
Push: left side for loglc 0, right side for logic 1.
Output or Qutput or
input PIN PIN Input 368613
Dio1 1 s Dins . . "
Bloz2 3 4 DIOG Fig. 5-11. Bus address and message terminator switches.
|__DIo3 5 6 DIg7
—9'0.4 7 8 D“::B The address byte gsent by the controller is actually eight
CE 9 10 TE bits wide. Bits 5 through 1 are for the primary address set
EQI 11 12 IFC aceording to Table 5-2, while bits 7 and 6 determine whether
BAV 13 14 SAQ the byte is a listen address (32 + primary address) or a talk
NRFD 15 16 ATN address (64 + primary address). Secondary address bytes
NDAC 17 18 REN (where bits 7 and € are both a logical 1) are not uged by the
NG 19 20 NG DC 5009, so they are'ignored. The DC 5000 is factory set to
a2 primary address 18,

& not used In DCE00S.

Fig. 5-10. GPIB raar interface connector assignments.

510

Before power-up, set switches A5 through A1 as de-
sired. Do not set primary address 0 when using

REV QCT 1981




TEKTRONIX 4050-Series controllers. They reserve primary
address  for themseives, Setting the primary address to 31
legically removes the DG 5008 from the GPRIB. It dees not
respond to any GPIB addresses or commands, and remains
both unlistened (UNL) and untalked (UNT).

Table 5-2
IEEE 488 {GPIB)
PRIMARY ADDRESSES

Switches

Primary
. Address
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Setting the Input/Qutput Message Terminator
Switch

The top switch (number 1), illustrated in Fig. 5-11, is used
to select the terminator of messages on the bus. i LF/EQ! is
selected, the DC 5009 interprets either the line feed (LF)
character or the assertion of EOQI concurrently with a data
byte as the end of an input message string, If EQ] ONLY is
selected, the DC 5008 interprets the byte sent with EOI as-
seried as the end of an input message string.

This switch also selects the output message terminator
fram the DC 5009. If set 1o LF/EOI, the DC 5009 adds the
carriage return (CR) and line feed (LF) characters, with EOI
asserted along with LF, after the last byte in the output
message string. If set to EQI ONLY, the DC 5009 asserts
EOQ! concurrently with the last byte of the output message
string.
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DIAGNOSTICS

Introduction

The following information is intended to aid in the diagno-
sis and repair of a malfunctioning instrument. With signature
analysis checks and other troubleshooting data, the quali-
fied service personnel will be able to verify proper operation
of detect maifunction in this instrument,

All of the instrument faults may not be isolated by this
information or indicated by the instrument's built=in self tast
features, The service personnel should then refer to the
Theory of Oparation section, in this manual for a better un.
derstanding of the circuit details.

Equipment Required

The recommended diagnostic tests require the following
equipment or equivalent.

Data analyzer. TEKTRONIX type SA 501 or type 308

Data Analyzer (for signature analysis)

TEKTRONIX type DC5H03A (for
timebase frequency checks)

TEKTRONIX type DMBOIA (for
checking power supplies)

Digital courter.

Digital multimeter.

Also refer to the equipment list in the Calibration section
of this manual for suggestions on oscilloscope systems,
probes, adapters, terminations and other equipment that
may be useful for troubleshooting purposes.

Adjustment and Test Point Locations

When locating adjustable components and test points,
rafer to the Adjustment and Setups Location in the puliout
pages of this manual,

Solf Tast

The DC 5009 has two modes of self test. The automatic
test saquence at Power On and the TEST function selected
by the front panel FUNCTION switch.

The automatic test sequence at Power On (Power On
Self Test) ig initiated each time the power is applied to the
instrument. The microprocessor sequences through special
data patterns to test the operation of the circuits in the in-
strument. At power on, after the microprocesser reset line
has been released, the following sequence of events takes
place:
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1. The display (time siot genarator, schematic 8) is reset
to the most significant digit (digit to extreme teft) and a 0
readout is displayed.

2. The RAM in the address range 0000 to OO7F
hexidecimal is tested first. By writing & known bit pattern
into the RAM and reading it back, aach byte in the RAM is
verified. If any byte does not verify, the RAM test error code
is displayed on the front panel and the test sequence stops.
The patterns written are FF, AA, 55, 00 (hexidecimal) in suc-
cession leaving the RAM cleared when the test is finished. If
this test is not successfully completed, the proper error
code is displayed and the self test sequence stops. The

RAM on the GPIB board is similarly tested at C0Q0 to COOF

{hexadscimal).

3. Next, the ROM's are checked. The thres ROM's are
each checked in turn for both placement and also
checksums. The check order is $1000 to $17FF, SEFFF,
and $F000 to $FFFF. If any of these tests fail, the Power On
self test sequence is stopped and the proper error code i5
digplayed.

4. Next, the automatic test sequence sets the instru-
ments gating to the RATIO B/A function and seéts the con-
trol of the trigger levels to the digital-to-analog converters
(DA converters). If the digital board jumper connection,
P1331, is disconnected, the instrument is ready 1o enter the
internal signature analysis mode. This mode will be de-
gcribed later.

5. The serial /O data loop iz checked next, by writing
out a data pattern to the serial-to-paralle! shift registers. The
data pattern is read back through the parallel-to-serial shift
registers., If the data is correct, the Power Oh seduente con-
tinues. if the data is not correct, the error code for this test
is displayed and the test sequence stops. This test checks
the shift registers and the data path, including the serial
clock but does not check the input or output stages of the
shift registers or the latch control lines. Troubleshooting of
the serial 1/0 loop is best accomplished using signature
analysis.

6. The next test is the counter integrity test. This test

first resets the instrument’s Channel A and Channel 8 accu-

mulators by pulsing the MR (master reset) ling. It then
checks each of the tested counter stages to verify that all
bits are reset. If any bits are not reset, the propér érror sode
is displayed and the test sequence stops. Next, the GATE

signal, schematic 7 is asserted. The instrument then inputs
counts 1o the accurnulators. These counts are generated by
changing the trigger lavels for both Channel A and Channel

@




B using the D/A converters. The D/A converter level
changes (¢ycles) from its current setting to +3.2 V then to
-3.175 and back to +3.2V. This cycle represents one
count if the Channel A and Charngt B input voltages are
within this voltage range and the ARM signal, schematic 3 is
in the high state.

After each cycle or set of cycles, the accumulators are
read and checked to see if the proper count has been
reached. If the proper equnt has not been accumulated, the
error sode for that accumulator stage is displayed and the
soif test sequence stops.

NOTE

The signal path starls at the D/A converters and the
cyele must pass through the amplifiers, gating, and
the accumiiators.

7. If the counter integrity test fails for any of the de-
scribed reasons, control of the triggering levels is returned
to the front panel LEVEL controls. This allows qualified ser-
vice personnel to manually change these levels while
troubleshooting the amplifiers. The gating, schematic 3, re-
mains in the RATIO B/A function and by applying a signal to
the appropriate channel input, the service personnel can
trace this signal through the amplifier, gating, and accumula-
tor circuits, Also refer to Table 8-2 in the pullout pages.

TEST Function

The TEST function is similar to the Power On Self Test
sequence with two exceptions. The RAM test is not execut-
ed, preventing the instrument's setlings from being lost
while in the TEST function, The signature analysis mode
cannot be entered {even if the digital board jumper connec-
tion, P1331 is remaved).

TROUBLESHOOTING

The following is a general troubleshooting procedure 1o
use when the instrument malfunctions.

First, verify that the instrument is properly connected to
the appropriate power module and that this power module is
aperable. Then refer to Fig. 8-4, General Troubleshooting
Flowghart, in the pullout pages. This flowehart is a guide for
qualified service personnel to locate various areas of circuit-
ry, depending on the instrument symptoms. It may also refer
the service personnel to the following signature analysis
procedure,

Maintenance—DC 5009

SIGNATURE ANALYSIS

Introduction

The DC 5008 was designed to provide two sighature
analysis methods. Internal signature analysis—this is a
microprocessor driven pattern generator contained in the
ROM. This mathod will only work when the microprocessor
and its associated ROM, RAM, and connections (kernel) are
functional.

Kernel signature analysis—this requires the use of an
external kernel test service kit (Tektronix part number 0&7-
1007-00). This method allows qualified service personnel to
test and isolate problems in the kernel of the instrument.

Internal Signature Analysis

The internal signature analysis mode is entered at power
on when jumper connection P1331, located on the Digital
board, has been removed. This mode will not operate if the
instrument fails the power on RAM test, Refer to Figs. 8-5,
B8, and 8-7 in the pullout pages, for the internal signatures
setup information for each circuit board.

In the internal signature analysis mode, the serial loop
and display c¢ircuitry are most easily diagnosed. The
START, STOP, and CLOCK edge polarities must be proper-
ly set as shown on the appropriate signature diagram. When
the instrument is in this mode, all segments and annunci-
ators in the display are lighted.

Kernel Signature Analysis

évuxfxfwul"v'\

CAUTJON?
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The Digital board microprocessor, U1311, is removed
{observing proper static handling procedures) before
making the kernel fest.

The kernel signature analysis mode is used to diagnose
problems that prevent the microprocessor kernel circuitry
from functioning properly. 1t is used with a signature analyz-
er to verify signaturas in the kernel circuitry.

Make certain the power module power is off when con-
necting this service kit to the instrument. Ta make the
DC 5009 kernel board connections, the GPIB board (A14)
musst first be removed {refer to Circuit Boards Removal and
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Replacement). Then, connect J1002 and J1003 of the Ker-
nel Test board to J1210 and J1211 on the instrument Digital
board (A18), respectively, using the cables and square pin
adapters provided with the kit. Make sure that the cables do
not get twistaed, The GPIB board is attached to the Kernei
Test board as shown in Fig. 5-12. Connect the START,
STOP, CLOCK, and GROUND connections of the analyzer
to the test points as indicated on the appropriate Kernei
Signature (Fig. 8-8 and Fig. 8-9) in the pullout pages. Also
make sure that the START, STOP, and CLOCK polarities
have heen properly selected on the analyzer.

In troubleshooting the kernel, the follawing infermation
may be helpful.

Microprocessor kernel problems in the DC 5009 can be
isolated to either the GPIB board (A14) ar the Digital board
(A16). This may be accomplished by first remaoving the GPIB
board from the instrument. Then, insert the microprocéssor
(see the Electrical Parts list for U1311) in the L1311 1C
socket on the Digital board. If the problem remains, check
the Digital board. Troubleshaot the Digital board with the

P1211 (on GPIB board)
J1001 {on kemel test board)
P1210 (on GPIB board)
J100¢ {on kernal test hoard) Start/Stop
b (TE1000)
' / KERNEL TEST BOARD
"
2
2
— ==
-ﬂ‘
GPIR BOARD
JRE—— — ] Lr
] L/
\. S
M el
J1216 J1211
DIGITAL BOARD
spag-14

Fig. 5-12. Kernel Signature Analysis connactions.
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Kernel Test board and signature analyzer, as shown in Fig.
8-8. If tha instrument operates properly, the prablem is most
likely on the GPIB board. Troubleshoot the GPIB board for
kernel problems using the previously described kernel test
and referring to Fig. 8-9.

The Kernel Test Service Kit may also be used to extend
the GPIB board from the Digital board to troubleshoot com-
ponents on the Digital board. This may be done by using
just the cables and square pin adapters provided in the kit.

Two physically adjacent points having the same signa-
ture, whether one or both are incorreet, may indicate they
are shorted together.
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A point with 0000 signature is grounded, or in a low
state. A point with the 4 5 V signature (noted on gach signa-
ture diagram) may be opened or the driving node may be
stuck in the high state,

When the malfunction has been identified and corrected,
carefully re-insert the Digital board migroprocessor, making
certain that pin 1 is property oriented and all pins insert in
the socket properly, DO NOT FORGE the pins.
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OPTIONS

Your instrument may be equipped with one or more instrument options or optional accessories, A brief description of
each instrument option is given below. For further information on instrument options or optional accessories, see your
Tektronix Catalog or contact your Tektronix Field Office. If additional options are made available for this instrument, they may
be described in & Change Information insert at the back of this manual or in this section,

OPTION 01

Replaces the standard 10 MHz oscillator with a self contained, proportional temperature controlled oven oscillator for

increased accuracy and stability. Information relative to Option 01 ¢an be found on schematic 6, and in the Specification,
Calibration, and Theory of Operation sections.
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REPLACEABLE
ELECTRICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or thraugh your local
Tektronix, Inc. Field Office or representative.

Changes to Tektronix instruments are sometimes made 1o
accommodate improved components as they become available,
and to give you the benefit of the latest circuit improvements
developed in our engineering department. it is theretorg impor-
tant, when ordering parts, to inciude the following information in
your order: Part number, instrument type or number, serial
number, and meodification number if applicable.

If a part you have ordered has been replaced with a new or
improved part, your iocal Tektronix, Inc. Field Office orrepresen-
tative will contact you cencerning any change in part number.

Change information, if any, is located at the rear of this
manual.

LIST OF ASSEMBLIES

A list of assemblies can be found at the beginning of the
Electrical Parts List. The assemblies are listed in numerical order.
When the complete component number of a part is known, this list
will identify the assembly in which the part is located.

CROSS INDEX-MFR. CODE NUMBER TO
MANUFACTURER

The Mir. Code Number to Manufacturer index for the
Electrical Parts List is located immediatefy after this page. The
Cross Index provides codes, names and addresses of manufac-
turers of components listed in the Electrical Parts List.

ABBREVIATIONS

Abbreviations conform to American National Standard Y1.1.

COMPONENT NUMBER (column one of the
Electrical Parts List)

A numbering method has been used to identify assemblies,
subassemblies and parts. Examples of this numbering method
and typical expansions are illustrated by the following:
Example a. component humber

————
AZ23R1234 A23 R1234

Assembly number Circuit number

Read: Resistor 1234 of Assembly 23

Exampte b. component number

A23A2R1234 A23 A2 R1234
Assembly Subassembly Circuit
number number number

Read: Resistor 1234 of Subassembly 2 of Assembly 23

REV AUG 1982

Only the circuit number wiil appear on the diagrams and
circuit board illustrations. Each diagram and circuit board
illustration is clearly marked with the assembly number.
Assembly numbers are also marked on the mechanical exploded
views located in the Mechanical Parts List. The component
number is obtained by adding the assembly number prefix to the
cireuit number.

The Electrical Parts List is divided and arranged by
assemblies in numerical sequence (8.g., assembly Al with its
subassemblies and parts, precedes assembly A2 with its sub-
assemblies and parts).

Chassis-mounted parts have no assembty number prefix
and are |located at the end of the Electrical Parts List.

TEKTRONIX PART NO. (column two of the
Electrical Paris List)

Indicates part number to be used when ordering replace-
ment part from Tektronix,

SERIAL/MODEL NO. (cotumns three and four
of the Electrical Paris List)

Column three (3} indicates the serial number at which the
part was first used. Column four (4} indicates the serial number at
which the part was removed. No serial number entered indicates
part is good for all serial numbers.

NAME & DESCRIPTION (column five of the
Electrical Parts List)

In the Parts List, an Item Name is separated from the
description by a colon (1), Because of space limitations, an [tem
Name may sometimes appear as incomplete. For further Itemn
Name identification, the U.S. Federal Cataloging Handbook HB-1
can be utilized where possible.

MFR. CODE (column six of the Electrical Parts
List)

Indicates the code number of the actual manufacturer ofthe
part. (Code to name and address cross reference can be found
immediately after this page.)

MFR. PART NUMBER (column seven of the
Electrical Parts Lisl)

Indicates actual manufacturers part number.
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CROSS INDEX~-MFR. CODE NUMBER TO MANUFACTURER

DOVER, NH 03820 l

Mir. Code Manufacturer Address City, State, Zip

Q001D G & £ MICROCIRCUITS 2000 W 14TH STREET TEMPE, AZ 85281
00779 AMP, INC. P 0 BOX 3608 HARRISBURG, PA 17105
01121 ALLEN-BRADLEY COMPANY 1201 2ND STREET SOUTH MILWAUKEE, WL 533204
01295 TEXAS INSTRUMENTS, INC., SEMICONDUCTOR P O BOX 5012, 135060 N CENTRAL

GROUP ) EXPRESSWAY DALLAS, TX 15222
03508 GENERAL ELECTRIC COMPANY, SEMI-CONDUCTOR

PRODUCTS DEPARTMENT ELECTRONICS PARK SYRACUSE, NY 13201
04222 AVX CERAMICS, DIVISION OF AVX CORP. P O BOX 867, 19TH AVE. SOUTH MYRTLY BEACH, SC 29577
D4713 MOTOROLA, INC., SEMICONDUCTOR PROD. DIV. 5005 E MCDOWELL RD,PO BOX 20023 PHOENIX, AZ 85036
07263 FAIRCHILD SEMICONDUCTOR, A DIV, OF

FAIRCHILD CAMERA AND INSTRUMENT CORP. 464 ELLIS STREET MOUNTAIN VIEW, CA 94042
12697 CLARDSTAT MFG. CO., INC, LOWER WASHINGTON STREET
13511 AMPHENOL CARDRE DIV., BUNKER RAMO CORP. LOS GATOS, CA 95030
14433 ITT SEMICONDUCTORS 3304 ELECTRONICS WAY

P 0 BOX 3049 WEST PALM BEACH, FL 33402

15238 ITT SEMICONDUCTORS, A DIVISION OF INTER

NATIONAL TELEPHONE AND TELEGRAPH CORP. P.0. BOX 168, 500 BROADWAY LAWRENGE, MA 01841
18324 SIGNETICS GORP, 811 E, ARQUES SUNNYVALE, CA 94086
22526 BERG ELECTRONICS, INC. FYOUK EXPRESSWAY NEW CUMBERLAND, PA 17070
24546 CORNING GLASS WORKS, ELECTRONIC

COMPONENTS DIVISION 550 HIGH STREET BRADFORD, PA 16701
27014 NATIONAL SEMICONDUCTOR CORP. 2900 SEMICONDUCTOR DR, SANTA CLARA, CA 95051
33096 COLORADO CRYSTAL CORPORATION 2303 W 8TH STREET LOVELAND, CO 80537
34576 ROCKWELL INTERNATIONAL CORP.

ELECTRONIC DEVICES DIVISION 3310 MIRALBMA AVE, ANAHEIM, CA 92803
50434 HEWLETT-PACKARD COMPANY 640 PAGE MILL ROAD PALO ALTO, CA 94304
51984 NEC AMERICA INC. RADIO AND

TRANSMISSION DIV, 2990 TELESTAR CT. SUITE 212 -FALLS CHURCH, VA 22042
55210 GETTIG ENG. AND MFG. COMPANY PO BOX 85, OFF ROUTE 45 SPRING MILLS, PA 16875
55576 SYNERTEX 3050 CORONADD DR SANTA CLARA, CA 95051
55680 NICHICON/AMERICA/CORP. 6435 ¥ PROESEL AVENUE CHICAGO, 1L, 60645
56289 SPRAGUE ELECTRIC CO. 87 MARSHALL ST. NORTH ADAMS, MA 01247
59660 TUSONIX ING. 7155 N FORBES BLVD TUCSON, AZ 85705
71279 CAMBRIDGE THERMIONIC CORP, 445 CONCORD AVE. CAMBRIDGE , MA 02138
71400 BUSSMAN MFG., DIVISTON OF MCGRAW-

ERISON CO. 7536 W. UNIVERSITY ST. ST. LOULS, MO 63107
72982 ERIE TECHNOLOGLCAL PRODUCTS, INC. 644 W. 12TH ST. ERIE, PA 16512
73138 BECKMAN INSTRUMENTS, INC., HELIPOT DIV. 2500 HARBOR BLVD, FULLERTON, CA 92634
74970 JOHNSON, E. F., CO. 299 ]1O0TH AVE, §. W. WASECA, MN 56093
80009 TEKTRONIX, INC. P O BOX 500 BEAVERTON, OR 97077
91637 DALE ELECTRONICS, INC. P. 0. BOX 609 COLUMBUS, NE 68601
95348 GORDOS CORPORATION 250 GLENWOOD AVENUE BLOOMFIELD, NJ 07003
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Name & Description

Mfr

Code Mfr Part Number

AlQ
Al2

412

AlQ

ALOCRIOIL
AJOCRIOL2
ALOCRILL]
AlOCRIZI]
AIOCR121S

AIQCR1311
AI0DS1002
AlODS10035
Al0DS1102
A10DS1105
A10D851202

Al10DS51205
A10DS1302
Al10DS1305

670-6826-00
670-6795-00

670~6854-00

670~6797-00

670-6855-00

670-6826-00
150-1036-00
150~1036-00
150-1036-00
150-1036-00
150-1036-00

150-1036-00
I150-101i-02
150-1011-02
150-1011-02
150-1011-02
150-1011-02

150-1011-02
150-1011-02
150-1011~02

CKT BOARD ASSY:DISPLAY
CKT BOARD ASSY:ANALOGC
{STARDARD ONLY)

CKT BOARD ASSY:ANALOG
{OPTION Q1 ONLY)

CKT BOARD ASSY:GPIB

CKT BOARD ASSY:DIGITAL

CKT BOARD ASSY:DISPLAY
LAMP ,LED: RED, 3.0V, 40MA
LAMP, LED: RED, 3.0V, $0MA
LAMP,LED: RED, 3. 0V, 40MA
LAMP,LED:RED, 3.0V, 40MA
LAMP, LED: RED, 3.0V, 40MA

LAMP, LED:
LAMP,LED
LAMP, LED
LAMP, LED
LAMP ,LED
LAMP , LED

LAMP, LED
LAMP, LED
LAMP, LED

RED, 3.0V, 40MA

RDOUT:RED, 7
RDOUT: RED, 7
RDOUT: RED, 7
RDOUT: RED, 7
RDOUT : RED, 7

RDOUT :RED, 7
RDOUT:RED, 7
RDOUT : RED, 7

8EG,1,0DIGIT
SEG,1.0D1GIT
SEG,1.0DIGIT
SEG,1.0DIGIT
8EG,1,0D1GIT

SEG,1.0DIGIT
8EG,1,0DIGIT
SEG,1.0DIGIT

80009
80009

80009
80009

80009

670~-6826-00
670-6795-00

670-6854-00
670-6797~00

670-6855-00

670-6826-00
TLL 2094
TIL 2094
TIL 209A
TIL 2094
TIL 209A

TIL 209A

150~1011-02
150-1011-02
150-1011-02
150-1011-02
150-1011-02

150-1011-02
150-1011-02
150-1011-02

65500116
65500136
65500136

Al0J1411
Al0J1412
Al0J1412

131-1857-00
131-1857-00
131-1857-00

TERM. SET,PIN:36/0.025 S0 PIN,ON 0.1 CTRS
TERM. SET,PIN:36/0.025 SQ PIN,ON 0.1 CTRS
TERM. SET,PIN:36/0.025 SQ PIN,ON 0.1 CTRS

L~2007-1
L-2007-1
L-2007-1

AlOW1009
AlOW1OL1
Al1OW1012

131-0566-00
131-0566-00
131-0566-00

BUS CONDUCTOR:DUMMY RES, 2,373,221 AWG
BUS CONDUCTOR:DUMMY RES,2.375,22 AWG
BUS CONDUCTOR:DUMMY RES,2.375,22 AWG

HEV AUG 1982
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Tektronix  Serial/Model No. Mfr
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Numbe
Al2 670-6795-00 CKT BOARD ASSY:ANALOG 80009 670-6795-00

---------- {STANDARD ONLY)
A12 670=6854-00 CKT BOARD ASSY:ARALOG 80009 670-6854-00

---------- {OPTION 01 ONLY)
A12€1021 283-0057-00 CAP.,FXD,CER DI:0.lUF,+80-20%,200V 56289 202025U104Z20
412€1022 281=0578~00 CAP.,FXD,CER DI:18PF,5%,500V 59660 301-050C0G0L8!
41201023 281~0812-00 CAP, ,FXD,CER DI:1000PF,10%,100V 72982 B035D9AADK7RI
412€1031 281~0799-00 CAP, ,FXD CER DI:62PF,2%,100V 04222 MA101A620GAA
Al2C1041 283-0057-00 CAP. ,FXD,CER DI:0.1UF,+80-20%,200V 56289 2020250104220
A12C1042 281-0716-00 CAP, ,FXD,CER DI:13.8PF,1%,500V 59660 374-014C0GOL3
A12C1043 281-0622-00 CAP.,FXD,CER DI:47PF,1%,500V 59660 308-000C0G047H
Al2¢1101 290-0804-00 CAP, ,FXD,ELCTLT : 10UF ,+50~10%, 25V 55680 25ULALOV-T
Al2C1104 281-0773-00 CAP.,PED,CER DI:0,01UF,10%,100v 04222 GC70~1CLO3K
Al2c1111 281-0775-00 CAP, ,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104MAA
Al12C1120 281-0773-00 CAP. ,¥XD,CER DI:0.0lUF,10%,100V 04222 GCT0-1CLlO3K
a12c1121 283=0359-00 CAP.,FXD,CER DI:1GOOPF,10%,200V 72982 8131N203COGOL
At2C1122 281-0812~00 CAP, ,FXD,CER DI:1000PF,10%,100V 72982 8033DYAADXTRU
Al2c1123 281-0775-00 CAP, ,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104MAA
A12C1130 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100v 04222 GC70-1C103K
Al2C1131 281-0775~00 CAP, ,FXD,CER DI:0.lUF,20%,50V 04222 SAZ05SE104MAA
A12¢1132 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 04222 GC70-1G103K
412C¢1133 281-0812-00 CAP,,FXD,CER DI:1000PF,10%,100V 72987 8035D9AADXTRI
Al2cl141 283-0359-00 CAP, ,FXD,CER DI:1000PF,10%,200V 72982 8131N203C0GOL
A12¢1142 281-0775-00 CAP, ,FXD,CER DI:0.1UF,20%,50V 04222 SAZ05E104MAA
A12C1143 281-0775-00 CAP.,FXD,CER DI:0,IUF,20%,50V 04222 SAZO5SE104MAA
Al2C1144 . 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100V 04222 GC70-1C103K
Al2c1201 281-0775~00 CAP. ,FXD,CER DI:Q,1UF,20%,50V 04222 SA205E104MAA
A12€1202 281~0773~00 CAP, ,FXD,CER DI:0.0}UF,10%,100V 04222 GC70-1C103K
Al2c1211 281-0775-00 CAP.,FXD,CER DI:0,1UF,20%,50V 04222 SAZOSE104MAA
A12C1212 281-0773~00 CAP, ,FXD,CER DI:0.01UF,10%,100V 04222 GC70~1C103K
Al2c1221 281-0797-00 CAP, ,FXD,CER DI:15PF,10%,100V 72982 8035D9AADCOGL!
Al2C1222 281-0537~00 CAP.,FXD,CER DI:39FF,+/-3.9PF, 500V 59660 308-000C0G039(
A1201223 281-0775-00 CAP.,FXD,CER DI:0.l1UF,20%,50V 04232 SAZ05EL04MAA
Al2c1231 281-0773-00 CAP, ,FXD,CER DI:0,01UF,10%,100V 04222 GC70-1C103K
412C1232 281-0773-00 CAP, ,F¥D,CER DI:0.01UF,10%,100V 04222 GC70-1C103K
412¢1233 281-0797-00 CAP,,FXD,CER DI:]l5PF,10%,100V 72982 8035D9AADCOGL!
A12C1241 281-0517-00 CAP, ,FXD,CER DI:39PF,+/-3.9PF, 500V 59660 308-000C0G039
Al2C1242 281-0775-00 CAP.,FXD,CER DI:0,lUF,20%,50V 04222 SAZ05E104MAA
A12C1243 281-0773-00 CAP, ,FXD,CER DI:0.0IUF,10%,100V 04222 GC70-1C103K
A12C1245 281-0773~00 CAP, ,FXD,CER DI:0.01UF,10%,100V 04222 GC70~1C103K
A12C1301 281-0775-00 CAP.,FXD,CER DI1:0,1UF,20%,50V 04222 SA205E104MAA
Al2c132l 281-0775-00 CAP.,FXD,CER DI:0.lUF,20%,50V 04222 SAZ05E104MAA
A12C1334 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104MAA
A12C1341 281-0775~00 CAP.,FXD,CER Di:0.1UF,20%,50v 04222 SA205E104MAA
A12C1342 290-0804-00 CAP. ,FXD,ELCTLT: 10UF,+50~10%,25V 55680 25ULAIQV-T
41201343 281-0775-00 CAP.,FXD,CER DI:0.lUF,20%,50V 04222 SA20SE104MAA
A12C1345 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SAZ05E104MAA
A12C1347 283-0204--00 CAP.,FXD,CER DI:0,01UF,20%,50V 72982 8121N061Z5U0M
A12C1348 281-0775-00 CAP.,FXD,CER DI:0,1UF,20%,50V 04222 SA20SE104MAA
A12C1349 290~0804~00 CAP. ,FXD,ELCTLT: 10UF, +50-10%, 25V 55680 25ULALOV-T
A12€C1411 281-0775-00 CAP.,FXD,CER DI:0.10F,20%,50V 04222 SA205E104MAA
Al2c1a21 281-0775-00 CAP, ,FXD,CER DL:0,1UF,20%,50V 04222 SA205E104MAA
Al2c144] 281-0775-00 CAP, ,FXD,CER DI:0.l1UF,20%,50V 04222 SA205E104MAA
Al2C1442 290-0267~00 CAP.,FXD,ELCTLT: 1UF, 20%,35V 56289 162D105X0035C!
A12C1501 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100V 04222 GCTO-1C103K
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Replaceable Electrical Parts—DC

Tektronix  Serial/Model No. Mfr
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Nu
Al12C1523 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%, 100V 04222 GC70-1C103
A12€1525 283-0024-00 CAP.,FXD,CER DI:0.l1UF,+80-20%,50V 72982 B12IN083IZS
A1201526 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%, 100V 04222 GC70-1C103
Al2C1531 281-0770-00 CAP. ,FAD,CER DI:0.00LlUF,20%,100V 72982 8035DYAADX
Al2C1541 281-0773-00 CAP.,FXD,CER DI:0.01UF,10%,100v 04222 GC70-1C103
A12C1547 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104M
A12C1601 281-0775-00 CAP. ,F¥D,CER DI:0.1UF,20%,50V 04222 SA205E104M
—————————— (OPTION Q1 ONLY)
A12C1602 281-0153~00 CAP.,VAR,AIR DI:1.7-10PF,250V 74970 187-G106~0
—————————— (STANDARD ONLY)
A12C1603 281-0564=00 CAP, ,FXD,CER DI:24PF,5%,500V 59660 301-000C0G
~~~~~~~~~~ (STANDARD ONLY}
A12C1604 281~=0775~00 CAP, ,F¥D,CER DI:0.1UF, 20%,50V 04222 SAZ05SE104M
—————————— (STANDARD ONLY)
A12C1605 281-0630-00 CAP, ,FXD,CER DI:390PF,5%,500V 72982 630000Y5D3
——mm e (STANDARD ONLY)
Al2cl1611 281-0630-00 CAP.,FXD,CER Di:390PF,5%,500V 72982 630000Y5D3
---------- (STANDARD ONLY)
Al2C1612 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100v 04222 GC70~1C103
A12G1621 281-0775-00 CAP.,F{D,CER Di:0.lUF,20%,50V 04222 SA205E104M
—————————— {OPTION Ol ONLY)
A12C1622 290-0804-00 CAP. ,FXD,ELCTLT: 10UF,+50-10%, 25V 55680 25ULALOV-T
A12C1641 281~0775~00 CAP, ,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104M
A12C1642 283-0220-00 CAP. ,FXD,CER DI:0,.01UF,20%,50V 72982 8121N075K7
AE2C1643 283-0220-00 CAP. ,FXD,CER DI:0.0lUF,20%,50V 72982 B121N075X7
AY2CR1121 152-0246-00 SEMICOND DEVICE:SW,SI,40V,200MA 03508 DEL40
AF2CR1122 152-0246-00 SEMICOND DEVICE:SW,SI,40V,200MA 03508 DEL40
A¥2CRII23 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
A12CR1124 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N41SZR
A12CRI131 152-0246-00 SEMICOND DEVICE:SW,SI,40V,200MA 03508 DEL40
Al2CREL 37 152-0246~00 SEMICOND DEVICE:SW,S1,40V,200MA 03508 DE140
Al2CR1141 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
AIZCRI142 152-0141-02 SEMICOND DEVICE:SILICOW,30V,i50HA $1295 1N4I52R
Al2CRI211 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG4016
Al2CRI224 150=1036-00 LAMP,LED:RED, 3.0V, 40MA 01295 TIL 2094
AL2CR1244 150-1036-00 LAMP,LED:RED, 3,0V, 40MA 01295 TIL 2094
AL2CR1401 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
A12CRI411 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1R4152R
A12CR1412 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
AL2CR1421 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LG40L6
Al2CR1422 152-0322-00 SEMICOND DEVICE:SILICON,15V,HOT CARRIER 50434 5082-2672
A12CR1442 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA - 01295 1N4152R
Al2CR1521 152-0269-00 SEMICOND DEVICE:SILICON,VAR VCAP.,4V,33PF 04713 SMV1263
A12CR1541 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
A12CRI611 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1H415ZR
A12CR1671 152~0066~00 SEMICOND DEVICE:SILICON,&400V,750MA 14433  LG4016
A12CR1641 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 14433 LGAOL6
Al12F1541 159-0025-00 FUSE,CARTRIDGE ! 3AG, 0. 54,250V, FAST=BLOW 71400 AGC 1/2
A12F15472 159-0025-00 FUSE, CARTRIDGE : 3AG, 0. 54,250V, FAST-BLOW 71400 AGC 1/2
A12F)64]) 159-0015-00 FUSE,CARTRIDGE : 3AG, 34,250V ,0.65 SEC 71400 AGC 3
A1271010 131-1934-00 TERM, SET,PIN:1 X 36,0.1 CTR,0.9 L 22526 65539-001
A12J1031 131-0608-00 TERMINAL,PIN: 0,365 L X 0.025 PH BRZ GOLD 22526 47357
mmmm— - (QTY 2)
Al271041 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
—————————— (Qry 2)
Al12J1301 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
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Replaceabie Electrical Parts—DC 5009

Tektronix ~ Serial/Model No. o Mty
Component No. Part No. Name & Description Code Mfr Part Number
41231310 131-1934-00 TERM, SET,PIN:1 X 36,0.1 CTR,0.9 L 22526 65539-001
A1231331 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
---------- (QTY 2)
A12J1341 131-0608~00 TERMINAL,PIN:0.365 L X 0,025 PH BRZ GOLD 22526 47357
—————————— (QTY 2)
Al2J1402 131-0608=-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
mm—— e (QTY 2)
A1271403 131-0608-00 TERMINAL,PIN:0,365 L X 0,025 PH BRZ GOLD 22526 47357
—————————— (QrY 2)
A1271410 131-1934-00 TERM. SET,PIN:1 X 36,0.1 CTR,0.9 L 22526 65539-001
41271411 131=-0608-00 TERMINAL,PIN:0,365 L X 0,025 PH BRZ GOLD 22526 47357
---------- (QTY 2)
A1231420 131-1634-00 CONTACT ASSY,EL:{31)0.025 SQ X 0.825 L 22526 65311-4
A1271421 131-1634-00 CONTACT ASSY,EL:(31)0.025 8Q X 0.825 L 22526 65311-4
A1271441 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
—— - (1Y 2)
Al2J1442 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
———— e (QTY 2)
A1271443 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
---------- (QTY 2)
A12715(1 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
~~~~~~~~~~ (oY 2)
Al231511 131-0608-00 TERMINAL,PIN:0.365 L ¥ 0.025 PH BRZ GOLD 22526 47357
—— - (qTY 5)
Al2J1521 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
~~~~~~~~~~ (QTY 2)
Al2J1522 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
———— e (1Y 2)
A12J1621 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
———— e (1Y 3)
Al271622 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357
---------- {QTY 2)
Al2J1623 131-0608~00 TERMINAL,PIN:(0,365 L X 0.025 PH BRZ GOLD 22526 47357
e {qTY 2)
AlZK1031 148-0128-00 RELAY,ARMATURE:]1 FORM X & 1 FORM Y,8VDC 80009 148-0128-00
A12K1032 148-0128-00 RELAY,ARMATURE:1 FORM X & 1 FORM Y,8VDC 80009 148-0128-00
Al2¥1033 148~0128-00 RELAY ,ARMATURE:1 FORM X & 1 FORM Y,8VDC 80009 148-0128-00
AlZK1041 143-0128-00 RELAY ,ARMATURE:] FORM X & 1 FORM Y,8VDC 80009 148-0128-00
Al2K1042 148-0128-00 RELAY,ARMATURE:1 FORM X & 1 FORM Y,8VDC 80009 148-0128-00
AlZK1043 148-0128-00 RELAY,ARMATURE:I FORM X & 1 FORM Y,SVDC 80009 148-0128-00
A12R1621 148-0076-00 RELAY,REED: 1 FORM A,5V,0.254,100V 95348 FBL-1447
AlZK1622 148-0076-00 RELAY,REED:1 FORM A,5V,0,254,100V 95348 TF81~1447
Al2L1331 120-0382-00 XFMR,TOROID: 14 TURNS,SINGLE 80009 120~-0382-00
A121.1333 120~0382-00 XFMR, TOROLD: 14 TURNS, SINGLE 80009 120-0382-00
Al2L1521 108~0643-00 COIL,RF:FIXED, 54NH 80009 108-0643-00
Al12Q1101 151-0190-00 TRANSISTOR: SILICON, NPN 07263 5032677
Al2G1102 151-0188-00 TRANS ISTOR: SILICON, PNP 04713 SP$S6868K
Al2Q1103 151-0335~00 TRANSISTOR:SILICON,PNP 04713 SJE9L7
A12Q112i 151-1117-00 TRANSISTOR:FE DUAL,N~CHANNEL,SI 80009 151-1117-00
A12qQ1122 151-0427-00 TRANSISTOR: SILICON, NPN 80009 151-0427-00
A12Q1141 151-1117-00 TRANSISTOR:FE DUAL,N-CHANNEL,SL 80009 151-1117-00
A12Q1142 151-0427-00 TRANSISTOR: STLICON, NPN 80009 151-0427-00
Al2Q1221 151-0367-00 TRANSISTOR:SILICON,NPN,SEL FROM 3571TP 01295 SKA6516
A12Q1222 151-0333-00 TRANSISTOR:SILICON,NPN,SEL FROM MPS918 04713 §8P51752
Al1201223 151-0367-00 TRANSISTOR:SILICON,NPN,SEL FROM 3571TP 01295 SKA6516
Al201224 151-0333-00 TRANSISTOR:SILICON,NPN,SEL FROM MP5918 04713 SP81752
41201295 151~0369-00 TRANSISTOR: SILICON, PNP 01295 SKA6664
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Replaceabte Electrical Parts—DC 5009

Tekironix  Serial/Model Nog.

Component No. Part No. Eff Dscont Name & Description Mfr Part Number

AY201226
Al2Q1727
Al2Gl224
Al2Q1229
A1201231
Al2Q1232

A1201233
A1201234
A12Q1235
Al2qQ1241
A12Q1242
A12Q1243

A12Q1 244
AVI01245
41201244
Al201247
AL201248
A12G1311

A12Q1312
A12Q1331
A12Q1332
A12Q1333
A12Q13%4
Al2Q1341

A12Q1342
A1201343
A12Q1344
A12Q1401
A12Q1411
A12Q1412

A12Q142]
4121422
A12Q1423
A1201433
A12Ql4a41
A12Q1442

A1201443
A12Q1444
AL2Q1445
A12Q1501
Al2Q1502
A12Q1531

Al2Qléll

Al2Ql612
AlZR1022

151-0369-00
151-0221-00
151-0221-00
151-0367-00
151-0427-00
151-0367-00

151-0367-00
151-0333-00
151-0369-00
151-0367-00
151-0333-00
151-0369-00

151-0221-00
151~-0221-00
151-0427-00
151-0367-00
151-0367-00
151-0188~-00

151-0188-00
151-0220-00
151-0220-00
151-0220-00
151-0220-~00
151-0220-00

151-0220-00
151-0220-00
151-0190-00
151-0190-00
151-0190-00
151-0190~-00

151-0220-00
151=0220=00
151-0220-00
151-0221~-00
151-0221-00
151-0221-00

151-0432~00
151-0453-00
151-0453-00
151-0188-0¢
151-0190-00
151-0302-00

151-0190-00

151-0190-00
315-0102-00

TRANSTSTOR:SILICON,PNP
TRANSISTOR: SILICON,PRP
TRANSISTOR:SILICON,PNP

TRANSISTOR:STLICON,NPN,SEL
TRANSISTOR:SILICON,NPN
TRANSISTOR:SILICON,NPN, SEL

TRANSISTOR: SILICON,NPN, SEL
TRANSISTOR: SILICON,NPN, SEL
TRANSISTOR: SILICON,PRP

TRANSLISTOR: SILICON,NPN, SEL
TRANSISTOR: SILICON,NFN, SEL

3571TP

a571TP

3571TP
MPS918

35717
MPS918

TRANSISTOR:SILICON,PNP

TRANSISTOR:SILICON,PNP
TRANSISTOR: STLICON,PNP
TRANSISTOR:SILICON,NPN

TRANSISTOR: SILICON,NPN, SEL
TRANSISTOR:SILICON,NPN, SEL

TRANSISTOR:SILICON,PNP

TRANSISTOR:SILICON, PNP
TRANSISTOR:SILICON, PNP
TRANSISTOR: SILICON, PNP
TRANSISTOR:SILICON,PNP
TRANSISTOR:SILICON,PNP
TRANSISTOR:SILICON,PNP

TRANSISTOR: SILICON,PNP
TRANSISTOR:SILICON,PNP
TRANSISTOR: SILICON,NPR
TRANSISTOR: STLICON, NPN
TRANSISTOR: SILICON,NPN
TRANSISTOR:SILICON,NPN

TRANSISTOR: SILICON,PRP
TRANSISTOR:SILICON,PNP
TRANSISTOR:SILICON, PNP
TRANSISTOR:SILICON,PNP
TRANSISTOR: 5ILICON,PNP
TRANSISTOR:SILICON,PNP

TRANSISTOR: STLIGON, NPN
TRANSISTOR: SILICON,PNP
TRANSISTOR : SILICON, PNP
TRANSISTOR: SILICON,PNP
TRANSISTOR: SILICON,NPN
TRANSISTOR: SILICON,NPN

TRANSISTOR: STLICON,KPN
{STANDARD ONLY)
TRANSISTOR: SILICON,NPN

RES. ,FXD,CMPSN: 1K OHM,5%,0.25W

5KA6664
SP5246
SPS246
SKAG516
151-0427-00
5KAB516

SKABSLE
§P81752
SKAG664
SKAG516
3P581752
SKAG664

SP5246
SP5246
151-0427-00
SKA6516
SKA6516
SP56868K

SPS6868K
5036228
8036228
5036228
5036228
8036228

5036228
5036228
5032677
5032677
5032677
5032677

5036228
£036228
5036228
SP5246
§PS246
SPS246

151-0432-00
151-0453-00
151-0453-00
SPS6868K
3032677
5038487

5032677

8032677
CB1025

A12R1023 321-0891-00 RES.,FXD,FILM: 800K OHM,1%,0.125W MFF1816GB0002F
A1ZR1024 317-0910-00 RES.,FXD,CMPSK:91 OHM,5%,0,125W BBYL0S

A12R1030 315=0200-00 RES.,FXD,CMPSN: 20 OHM,5%,0.25W CB2005
A1ZR1031 315-0510-00 RES.,FXD,CMPSN: 51 OHM,5%,0.25W CB5105
A127R1032 317-0510-00 RES, ,FXD,CMPSN:51 OHM,5%,0,125W BB510S
A17R1039 317-0910-00 RES.,FXD,CMPSN:91 OHM,5%,0.125V BBY105
A1ZR1040 315-0200-00 RES. ,FXD,CMPSN: 20 OHM,5%,0.25W CB2005
ALZR1041 315-0102-00 RES.,FXD,CMPSN: LK OHM,5%,0.25W CB1025

A12R1042 315-0510-00 RES.,FXD,CMPSN: 51 OHM,5%,0.25W CB5105
A12R1043 321~0891-00 RES.,FXD,FILM:800K OHM,1%,0.125W MFF1816GB0002F
A12R1045 317-0510-00 RES.,FXD,CMPSN:5L OHM,5%,0.125W BB5105
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Replaceable Electrical Parts—BDC 5009

Tektronix  Serial/Model No. Mfr
Code Mfr Part Numb

Component No. Part No. Eff Dscont

Name & Description

ALZR1102 311-1236~00 RES.,VAR,NONWIR: 250 OHM,10%,0.50W 73138 72-22~p
Al12R1103 315-0431-00 RES. ,F¥D,CMPSN: 430 OHM,5%,0,25W 01121 (OB431S
AlZR}104 315-0301-00 RES, ,FXD,CMPSN: 300 OHM,5%,0.25W 91121 CB3015
Al2R1105 315-0121~00 RES. ,FXD,CMPSN:120 OHM,5%,0.25W 01121 CB1215
Al2R1106 315-0512-00 RES. ,FXD,CMPSN: 5. 1K OHM,5%,0.25W 01121 CB512Z5
AlZrll2t 321-0481-00 RES.,FXD,FILM: 1M OHM,1%,0.125W 24546 NAADLOOAF
Al2R1122 315-0154~00 RES.,FXD,CMPSN: 150K OHM,5%,0.25W 01121 CB1545
Al2R1123 315-0680-00 RES. ,FXD,CMPSN: 68 OHM,5%,0.25W 01121 CB6805
Al2R1124 315-0820-00 RES. ,FXD,CMPSN: 82 OHM,5%,0,25W 01121 CB8205
A12R1125 315~0820-00 RES.,FXD,CMPSK: 82 OHM,5%,0.25W 01121 CB8205
Al2R1126 315-0513-00 RES. ,FXD,CMPSK: 51K OHM,5%,0.25W 01121 CB5135
Al2R1127 315-~0561-00 RES. ,FXD,CMPSN: 560 OHM,5%,0.25W 01121 CB5615
Al2R1131 321-0618-00 RES, ,FXD,FILM: 250K OHM,1%,0.125W 91637 MFF1816G2500:
Al2R1132 315-0751-00 RES. ,FXD,CMPSN: 750 OHM,5%,0.25W 01121 CB7515
AIZRI1I33 315-0162-00 RES. ,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 CB1625
Al12R1134 315-0301-00 RES. ,FXD,CMPSN: 300 OHM,5%,0.25W 01121 CB301S5
AlZR113S 315-0101=-00 RES. ,FXD,CMPSN: 100 OHM,5Z,0.25W 01121 CBl0Ol5
AIZRII36 315-0201-00 RES. ,FXD,CMPSN: 200 OHM,5%,0.25W 1121 CB201S5
Al2R1137 315-0513-00 RES. ,FXD,CMPSN: 51K OHM,5%,0.25W 0lizl CB5135
A12R1139 315-0820-00 RES, ,FXD,CMPSN: 82 OHM,5%,0,25W 01121 CB&20S
Al1ZR1140 315-0101~00 RES, ,FXD,CMPSN: 100 OHM,5%,0.25W 0l12F CB10O15
Al2R1141 321-0618-00 RES. ,FXD,FILM: 250K OHM,1%,0.125W 91637 MFF1816G2500:
AlZR1142 321=0D481=00 RES, ,FXD,FILM: 1M OHM,1%Z,0.125W 24546 RA4D1004F
Al2R1143 315-0154-00 RES, ,FXD,CMPSN: 150K OHM,5%,0.25W 01121 CB1545
A12R1144 315=-0680=-00 RES.,FXD,CMPSN:68 OHM,5%,0.25W 01121 CB680S
A12R1145 315-0820-00 RES. ,FXD,CMPSN: 82 OHM,5%,0.25W 01121 CB8205
Al2R1146 315-0301-00 RES. ,FXD,CMPSN: 300 OHM,5%,0.25W 01121 CB3015
Al12R1147 315-0561-00 RES, ,FXD,CMPSN: 560 OHM,5%,0.25W 01121 CB5615
Al2R1148 315-0751-00 RES, ,FXD,CMPSN: 750 OHM,5%,0.25W 01121 CB7515
A12R1149 315-0162-00 RES, ,FXD,CMPSN:1.6K OHM,5%,0.25W 01121 C©CB1625
A17R1201 321-0210-00 RES. ,FXD,FILM:1.5K OHM,l%,0.125W 91637 MFF1816G1500(
AlZR1202 321-0214~00 RES. ,FXD,FILM:1.65K OHM,1%,0.125W 91637 MFF1816G1650(
A12R]203 321-0242-00 RES. ,FXD,FILM:3.24K OHM,1%,0.125VW 91637 MFF1816G3240(
A12R1211 311~1236~00 RES.,VAR,NONWIR:250 OHM,10%,0.50W 73138 72-22~0
Al2R1212 321=-0210=00 RES.,FXD,FILM:1.5K OHM,1%,0.125¥W 91637 MFF1816G1500(
Al2R1213 321-0214~00 RES. ,FXD,FIIM:1,65K OHM,1%,0.125W 91637 MFF1816G1650(
A12R1214 321-0242~00 RES.,FXD,FILM:3.24K OHM,1%,0.125W 91637 MFF1816G3240(
Al2R1220 315-0121-00 RES.,FXD,CMPSN: 120 OHM,5%,0.25W 01121 CBL215
Al12R122] 315-0130-00 RES. ,FXD,CMPSN:13 OHM,5%,0.25W 01121 CB1305

© Al2R1222 315-0130-00 RES, ,FXD,CMPSN:13 OHM,5%,0.25W 01121 CB1305
Al2R1223 © 315-0200~00 RES. ,FXD,CMPSN:20¢ OHM,5%,0,25W 01121 CB2005
Al2R1224 315-0200-00 RES. ,F{D,CMPSN:20 OHM,5%,0.25W 01121 CB2005
AL2R122% 315-0200~00 RES.,FXD,CMPSN:20 OHM,5%,0.25W 01121 CB2005
Al2R1226 315-0111-00 RES. ,FXD,CMPSN:110 OHM,5%,0.25W 01121 CBl1l5
AlZR1227 315-0681-00 RES. ,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB681S5
Al2R]1228 315-0680-00 RES.,FXD,CMPSN: 68 OHM,5%,0.25W 0l121 CB6805
Al2R1229 315-0680-00 RES, ,FXD,CMPSN: 68 OHM,5Z,0,25W 01121 CBA805
Al12R1231 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 cB1015
Al2R1232 315«0302-00 RES, ,FXD,CMPSN: 3K OHM,5%,0.25W 01121 C©B3025
Al2R123) 315-0821-00 RES. ,FXD,CMPSN: 820 OHM,5%,0.25W 01121 CB8215
Al2R1234 315~0510~00 RES, ,FXD,CMPSN:51 OHM,5%,0.25W 01121 CB5105
A12R1235 315-0131-00 RES. ,FXD,CMPSN:130 OHM,S5%,0.25W 01121 CB1315
A12R]1236 315-~0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBlO1S
Al2R1237 315~0680-00 RES. ,FXD,CMP5N: 68 OHM,5%,0.25W 01121 CB68O5
A1ZR1238 315-0680~00 RES.,FXD,CMPSN: 68 OHM,5%,0,25W 01121 CB6805



Replaceable Electricai Parts—DC !

Tektronix  Serial/Model No. Mfr
Component No. Part No. Eff Dscant Name & Description Code Mfr Part Nu

AlImi241 315-0201-00 RES. ,FXD,CMPSN: 200 OHM,5%,0.25W 01121 CB2015
A12Ri242 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBlO15
Al2R]1243 315-0200-00 RES. ,FXD,CMPSN:20 OHM,5%,0.25W 01121 CB2005
A12R1244 315-0200-00 RES. ,FXD,CMPSN: 20 OHM,5%,0.25W 01121 CB2005
AJZR1245 315-0200-00 RES.,FXD,CMPSN:20 OHM,5%,0.25W 01121 <CB2005
Al2R1246 315-0111-00 RES.,FXD,CHMPSN:110 OHM,5%,0.25¥W 01i21 CBLLIi3

] AYZR1247 315-0681-00 RES.,FXD,CMPSN: 680 OHM,5%,0.25W 01121 CB68LS
AI2R1248 315-0302-00 RES. ,FXD,CMPSN: 3K OHM, 5%,0.25W 01121 CB3025

A12R1246 315-0130-00 RES, ,FXD,CMPSN: 13 OHM,5%,0.25W 01121 ©B1305
A1ZR1301 311-1248~D0 RES.,VAR,NONWIR:500 OHM,10%,0.50W 73138 72-23-0
A17R1302 315-0332-00 RES.,FXD,CMPSN: 3. 3K OHM,5%,0.25¥ 01121 CRB3325
AI12RE303 315~0752-00 RES. ,FXD,CMPSN:7.5K OHM,5%,0.25W 01121 CBYS25

A12R1304 321-0238-00 RES.,FXD,FILM:2.94K OHM,1%,0.125W 91637 MFF1816G29
Al2ZR1305 321-0158-00 RES.,FXD,FILM:432 OHM,1%,0.125W 91637 MFFiBloG4]
A12R1306 315-0752-00 RES. ,FYD,CHMPSN:7.5K OHM,5%,0.25W 01121 GB7525
A12R1307 321-0269-00 RES.,FXD,FILM:6.19K OHM,1%,0.125¥W 91637 MFF1816G61
A12R1308 315-0331-00 RES.,FXD,CMPSN: 330 OHM,5%,0.25W 01121 CB3315
A12R1309 315-0332-00 RES. ,FXD,CMPSN: 3. 3K OHM,5%,0.25W 01121 (¢B3325

i ARZ2R1311 321-0481-00 RES. ,FXD,FILM:1M OHM,1%,0.125W 24546 NA4D1OO4F

| AlZR1312 321-0281-00 RES, ,FXD,FILM:8.25K OHM,1%,0.125W 91637 MFF1816G82
AL2R1313 315~-0103~00 RES.,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CEBLO35
Al2R1314 315-0103-00 RES, ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB10O35
Al1ZR1315 315-0103-00 RES. ,FXD,CMP5SN: 10K COHM,5%,0.25W 01121 CBl0O35
AlZR1316 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 <CBlG35

A1ZR1317 311-1245-00 RES. ,VAR,NONWIR: 10K OHM,10%,0.50% 73138 72-28-0
| A1ZR131E 321-0481~-00 RES. ,FXD,FILM:1M OHM,1%,0.125% 24546 NAAD1004F
A12R1319 321-0281-00 RES. ,FXD,FILM:8.25K OMM,1%,0.125W 91637 MFF1816G82
I ‘ Al12R1321 315~0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25% 0l12]1 CB1035
A12R1322 315-0103-00 RES.,FXD,CMPSN: 10K OHM,5%,0.25%W 01121 CB10O3S
A12R1323 311-1245-00 RES.,VAR,NONWIR:10K OHM,10%,0.50W 73138 72-28-0

A12R1324 321-0481-00 RES. ,FXD,FILM:1M OHM,1%,0.125 24546 NAADI0OLF
ALZR1325 321~-0281-00 RES.,FXD,FILM:8.25K OHM,1%,0.125W 91637 MFF1816G82
A12R1326 321-0481-00 RES.,FXD,FILM: 1M OHM,1%,0.125W 24546  NA4DIOOAF
B Al2R1327 321-0281-00 RES.,FXD,FILM:8,25K OHM,1%,0.125W 91637 MFF1816G82
‘MI Al2R1328 315-0510-00 RES.,FXD,CMPSN:51 OHM,5%,0.25W 01121 CE5105
A12R1329 315-0101-00 RES, , FED,CMPSN: 100 OHM,5%,0.25W p1121 CBlOl5

A12R1332 315-0131-00 RES.,FXD,CMPSN: 130 OHM,5%,0.25W 01121 <€B1315
. A12R1333 315-0122-00 RES.,FXD,CMPSN: 1, 2K OMM,5%,0.25W 01121 <B1225
l A12R1335 307-0707-00 RES. ,NTWK,FXD FI:4,4.7K OHM,2%,0.2W 01121 208B472
A1201338 315-0511-00 RES.,FXD,CMPSN:510 OHM,5%,0.25W 01121 CB5115
412R134) 315-0510~00 RES, ,FXD,CMPSN: 51 OHM,5%,0.25W 01121 CB5105
A12R1342 315-0131-00 RES, ,FXD,CMPSN:130 OHM,5%,0.25W - 01121 €B1315

AI2R1343 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBIOIS
A12R1344 315-0101-00 RES. ,FXD,CMPSN: 100 OHM,5%,0.25W 01121 CBLO1S
A12R1345 315-0122-00 RES, ,FXD,CMPSN: 1, 2K OHM,5%,0.25W 01121 €B1225
Al2R1346 315-0510-00 RES. ,FXD,CMPSN: 51 OHM,5%,0.25W 0l121 (CB5105
AYZR1347 315-0511-00 RES.,FXD,CMPSN: 510 OHM,5%,0.25W 01121 CB5115
A12R1348 315-0131-00 RES, ,FXD,CMPSN:130 OHM,5%,0.25W 01121 CB13I5

ALZR1349 315-0121-00 RES. ,FXD,CMPSK: 120 OHM,5%,0.25W 01121 cBl2l5
zs AL2R1401 315-0512-00 RES. ,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CB5125
l AL2R1402 315-0512-00 RES, ,FXD,CMPSN: 5. 1K OHM,5%,0,25W 01121 ©B5125

AL2R1403 315-0112-00 RES.,FXD,CMPSN:1.1K OHM,5%,0.25W 01121 CB11325

AL2R1404 315-0181-00 RES. ,FXD,CMPSN: 180 OHM,5%,0.25W 01121 CBL815
l A12R1411 315-0512-00 RES.,FXD,CMPSN: 5. 1K OHM,5%,0.25W 0112k CB5125

OHM,5%,0. 25W 01121 CB5L15
5%,0.25W 01121 CB1225
v

s B L12) fAl1ay s LB
ahio il NIl ("2 B I B

Al12R1412 315-0511~00 RES.,FXD,CMPSN:5
A12R1413 315-0122-00 RES, ,FXD,CMPSN:1
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Replaceable Electrical Parts—DC 5009

Tektronix  Serial/Model No. Mir 0
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number
A12R1415 315-0242-00 RES.,FXD,CMPSN: 2. 4K OHM,5%,0.25W 01121 CB2425
A17R1416 315-0511-00 RES.,FXD,CMPSN:510 OHM,5%,0.25W 01121 ©B5115
Al2R1421 307-0707-00 RES. ,NTWK,FXD FI:4,4.7K OHM,2%,0.2W 01121 208B472
AlZR1523 315-0512-00 RES.,FXD,CMPSN: 5. 1K OHM,5%,0.25W 01121 CB5125
A12R1425 315-0152~00 RES, ,FXD,CMPSN:1.5K OHM,5%,0.254 01121 CB1525
A1ZR1431 307-0695~00 RES NTWK,FXD FI:9,150 OWM,2%,0.2W EACH 01121 2184151
A12R1432 307-0695-00 RES NTWK,FXD FI:9,150 OHM,2%,0.2W EACH 01121 2104151
A1ZR1433 315-0122-00 RES. ,FXD,CMPSN:1, 2K OHM,5%,0.25W 01121 CBi225
ALZR1434 315~-0362-00 RES, ,FXD,CMPSN: 3, 6K OHM,5%,0.25W 01121 CB3625
A12R1435 308-0244-00 RES. ,FXD,WW:0.3 OHM,10%,2W 91637 RS2B162ER3000K
Al2R1441 315-0510-00 RES.,FXD,CMPSN:51 OHM,5%,0,25W 01121 CB3105
ALIR1442 315-0820-00 RES.,FXD,CMPSN:82 OHM,5%,0.25W 01121 CB82G5 I
A12R1443 315-0820-00 RES.,FXD,CMPSN:82 OHM,5%,0.25W 01121 CBB8205
A12R1444 315-0510-00 RES. ,FXD,CMPSN: 51 OHM,5%,0.25W 01121 CB5105
A1ZR1645 315-0272-00 RES.,FXD,CMPSN:2.7K OHM,5%,0.25W 01121 CB2725
A12R1446 315-0152-00 RES.,FXD,CMPSN:1.5K OHM,5%,0.25W 01121 CB1525
Al2R1447 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0.25W 01121 ¢B1025
A12R1501 315-0103-00 RES, ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
A12R1502 315-0512-00 RES, ,FXD,CMPSN:5.1K OHM,5%,0.25W 01121 CBS5125
AIZR1503 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0,25W 01121 ¢B1025
A12R1504 315-0474-00 RES, ,FXD,CMPSN: 470K OHM,5%,0.25W 01121 CBA4T45
A12R1505 315-0393-00 RES. ,FXD,CMPSN: 39K OHM,5%,0.25W 01121 CB3935
A12R1510 315-0512-00 RES.,FXD,CMPSN: 5, 1K OHM,5%,0.25¢ 01121 CB5125
Al17R1511 315+0562-00 RES. ,FXD,CMPSN:5.6K OHM,5%,0.25W 01121 CB5625 l
Al12R1512 315-0113-00 RES. ,FXD,CMPSN: 11K OHM,5%,0.25W 01121 ¢BL13S
Al2R1513 315-0223-00 RES. ,FXD,CMPSN: 22K OHM,5%,0.25W 01121 ¢B2235
A12R1514 315-0182-00 RES.,FXD,CMPSN:1.8K OHM,5%,0,25W 01121 CB1825 0 ‘
A12R1515 315-0332-00 RES.,FXD,CMPSN: 3, 3K OHM,5%,0,25W 01121 CB3325
A12R1516 315-0332-00 RES, ,F¥D,CMPSN: 3, 3K OHM,5%,0.25W 01121 CB3325
A12R1517 415~0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0,25W 0112} CBLO25
Al2R1518 315-0102-00 RES, ,FXD,CMPSN; 1K OHM,5%,0.25W Q112) CB1OZ5 ‘
Al12R1519 315-0332~00 RES, ,FXD,CMPSN: 3,3K OHM,5%,0,25W 01121 CB3325
A1ZR1521 315-0133-00 RES. ,FXD,CMPSN: 13K OHM,5%,0.25W 01121 CBI335
AlZR1522 315-0471~00 RES, ,FXD,CMPSN:470 OHM,5%,0,25W 01121 CB4715
A12R1526 307~-0103-00 RES,,FXD,CMPSN: 2.7 OHM,5%,0,25W 01121 CB27GS
Al1ZR1528 315~0471~00 RES.,FXD,CMPSN:470 OHM,S%,0.25W 01121 CB4715
A12R153] 315-0101-00 RES. ,FXD,CMPSN:100 OHM,5%,0.25W 01121 CBLOL3
Al2R1532 315-0102-00 RES. ,FXD,CMPSN: 1K OHM,5%,0,25W 01121 CBl025
A12R1533 315-0512-00 RES.,FXD,CMPSN:5.1K OHM,5%,0,25W 01121 CB5125 '
A12R1534 307-0103-00 RES.,FXD,CMPSN:2.7 OHM,5%,0.25W 01121 CB27G5
A12R1535 315-0102-00 RES, ,FXD, CMPSN: 1X OHM,5%,0.25W 0112) CB1025
Al2R1541 321-0242-00 RES, ,FXD,FILM:3.24K OHM,1%,0.125W 91637 MFF1816G3Z400F
Al12RI542 321-0297-00 RES.,FXD,FILM;12.1K OHM,1%,0.125W 91637 MFF1816G12101F l
Al2R1543 315-0102=00 RES.,FXD,CMPSN: 1X OHM,5%,0.25W 01121 CR1025 !
A12R1544 315-0132-00 RES.,FXD,CMPSN:1.3K OHM,5%,0.25W 01121 CB1325
A12R1545 315-0202-00 RES, ,FXD,CMPSN: 2K OHM,5%,0.25W 01121 CB2025
A12R1547 315-0202-00 RES. ,FXD,CMPSN: 2K OMM,5%,0.25W 01121 CB2025
A12R1548 315-0100-00 RES. ,FXD,CMPSN: 10 OHM,5%,0.25W 01121 CBlOOS
A12R1601 315~0183-00 RES.,FXD,CMPSN: 18K OHM,5%,0,25W 01121 CBi835
---------- (STANDARD ONLY)
A12R1602 315~0562~00 RES. ,FXD,CMPSN: 5, 6K OHM,5%,0,25¢ 01121 CB5625 H
m——— e (STANDARD ONLY)
A12R1603 321-0105-00 RES. ,FXD,FILM:121 OHM,1%,0.125W 91637 MFF1816G121R0F
e mmma— (OPTION Ol ONLY}
A12R1604 321-0213-00 RES, ,FXD,FLLM:1.62K OHM,1%,0.125W 91637 MFF1816G16200F l
---------- (OPTION Ol ONLY) .
A12R1605 315~0152-00 RES. ,FXD,CMPSN:1.5% OHM,5%,0.25W 01121 (CB1525 0
.......... (STANDARD ONLY) I
7-10 REV AUG 1982 I




Replaceable Electricai Parts—DC 5009

Tektronix  Serial/Model No. Mir
Part No. Eff Dscont Name & Description Gode Mfr Part Number

Component No.

AJ2R1611

AlZR1612
Al2R1613
A1251010
Al251011

Al281012

Al2TP134}
Al2TP1410
Al2TPI411
Al2TP1431
Al12TP1519

A12TP1520
Al2TPIA2]
AIZTP163]
Al2TP1632
A120500
AR2U1101

Al2U1110
A17201t11
Al2Uil12
Al2U1201
Al7U1202
Al2U1211

Al2ui212
Al201311
Al2u1321
Al211322
41201331
41201332

Al201401
Al2U1411
Al2U1421
AI2U143]
Al2U1433
Al1201501

Al201502
Al201521
Al211522
Al2U1523
Al2U1524
Al2v1531

Al1201601

412u1611
Alzule4]
Al12VRI301
Al12VRI302

Al2VR]32]
AI2VR]341
A12W1220
Al2W1230
Al12Y153]

Al2Y1601

REV AUG 1982

315-0102-00

315=0511-00
315-0102-00
263-0033-01
263-0033-01

263-0033-01
214~0579-00
214-0579-00
214-0579-00
214~0579-00
214-0579-00

214-0579-00
214-0579-00
214=0579=00
214-0579-00
156-1263-00
156-0796-00

156-1245-00
156-0796-00
156-1245-00
156~1255-00
156-0796-00
156-1255-00

156-0796-00
156-0644-00
156-1200-00
156=0494-00
156-0369-00
156-0182-00

156-1191~00
156-0796-00
156-0880-00
156-0205-00
156-1263-00
156-1126-00

156-1433-00
156-0158-00
156-0124-00
156-0182-00
156-1248-00
156-0071-00

156~1161-00
156-0079-00
156-0285-02
152-0317-00
152-0647-00

152-0278-00
152-0278-00
131-0566«00
131-0566-00
119-08%4-01

RES.,FXD,CMPSN: 1K OHM,5%,0.25W
(STANDARD ONLY)

RES, ,FXD,CMPSN: 510 OHM,5%,0.25W
RES. ,FXD,CMPSN: 1K OHM,5%,0,25W
SWITCH PB ASSY:1 MOMENTARY,7.5MM
SWITCH PB ASSY:1 MOMENTARY,7.5MM

SWITCH PB ASSY:1 MOMENTARY,7.5MM
TERM,TEST POINT:BRS CD PL
TERM,TEST POINT:BRS CD PL
TERM,TEST POINT:BRS CD PL
TERM,TEST POINT:BRS CD PL
TERM,TEST POINT:BRS CD PL

TERM, TEST POINT:BRS CD PL
TERM, TEST POINT:BRS CD PL

TERM,TEST POINT:BRS CD PL

TERM, TEST POINT:BRS CD PL
MICROCIRCUIT,LI:VOLTAGE REGULATOR
MICROCIRCUIT,DI:8 STG SHF & STORE BUS RGTR

MICROCIRCUIT,LI:7 XSTR,HV/HIGH CUR
MICROCIRCUIT,DI:8 STG SHF & STORE BUS RGTR
MICROCIRCUIT,LI:7 XSTR,HV/HICH CUR
MICROCIRCUIT,LI:D/A CONVERTER
MICROCIRCUIT,DI:8 STG SHF & STORE BUS RGTR
MICROGIRCUIT,LE:D/A CONVERTER

MICROCIRCUIT,DI:8 STG SHF & STORE BUS RGTR
MICROCIRCUIT,DI:QUAD RILATERAL SWITCH
MICROCIRCUIT,LI:OPERATIONAL AMPL
MICROCIRCUIT,DI:HEX INVERTER/BUFFER
MICROCIRCULT,DI:TRIPLE LINE RECEIVER
MICROCIRCUIT,DI:TRIPLE 2~3-2 INPUT GATE

MICROCIRCUIT,LI:DUAL BI~FET OP-AMPL,B DIP
MICROCIRCUIT,DI:8 STG SHF & STORE BUS RGTR
MICROCIRCUIT,DI:DUAL D MASTER SLAVE FF
MICROCIRCUTT,DI: QUAD 2-INPUT NOR GATE
MICROCIRCUIT,LT:VOLTAGE REGULATOR
MICROCIRCUIT,LI: VOLTAGE COMPARATOR

MICROCIRCUIT,DI:KOISE SOURCE
MICROCIRCUIT,LI:DUAL OPERATIONAL AMPLIFIER
MICROCIRCUIT,DI:SGL FREQ/PHASE DETECTOR
MICROCIRCUIT,DI:TRIPLE 2-3-2 INPUT GATE
MICROCIRCUIT,DI:PRESCALER/DIVIDE BY 100
MICROCIRCUIT,LI: VOLTAGE REGULATOR

MICROGIRCUIT,LI:VOLTAGE REGULATOR
(OPTION 0} ONLY)
MICROCIRCUIT,DI:DECADE COUNTER,TTL
MICROCIRCUIT,LI:VOLTAGE REGULATOR
SEMICOND DEVICE:ZENER,0.25W,6,2V,5%
SEMICOND DEVICE:ZENER,0.4W,6,.8V,5%

SEMICOND DEVICE:ZENER,O0.4W,3V, 52
SEMICOND DEVICE:ZENER,0.4W,3V,5%

BUS CONDUCTOR:DUMMY RES,Z2.375,22 AWG
BUS CONDUCTOR:DUMMY RES,2.375,22 AWG
OSCTILLATOR, RF : LOMHZ , 18V

(OPTION 01 ONLY)

XTAL UNIT,QTZ:10MHZ,0.001%,PARALLEL
(STANDARD ONLY)

01121

01121
01121
BOOOY
80009

80009
BOOOY
80009
80009
80009
80009

80009
80009
80009
80009
27014
80009

04713
80009
04713
04713
80009
04713

80009
80609
01295
80009
80009
80009

01295
80009
80009
04713
27014
51984

27014
18324
20009
80009
80009
04713

27014

80009
27014
04713
04713

04713
04713
55210
55210
80009

33096

CB1025

CB5L15
CB1O25
263-0033-01
263-0033-01

263-0033-01
214-0579-00
214-0579~00
214-0579-00¢
214-0579-00
214-0579-00

214-0579-00
214-0579-00
214=0579=00
214-057%-00
LM341P-5.0TB
1536-0796-00

MC1413PDS
156-0796-00
MC1413PDS
DAC-0BHQ
156-0796-00
DAC~08HQ

156-0796-00
156-0644-00
TLOT4CN

156-0494-00
156-0369-00
156-0182-00

TLO72ACP
156~0796-00
136-0880~00

MC10102 (P OR 1)

LM341P~5.0TR
UPC311C

MM5837H
MC1458N
156-0124-00
156-0182-00
156-1248-00
MC1723CL

LM317T

156-0079~00
LM340T-12
SZ2G20012
SZG35014K3

§2635009K20
82G35009K20
L-2007-1
L~2007-1
119-0894-01

PB110%




Replaceable Electrical Parts—DC 5009

Tektronix  Serial/Model No. Mfr
Component No. Part No. Eff Dscont Name & Description Code Mir Part Numbe
Al4 670-6797-00 CKT BOARD ASSY:GPIB 80009 670~6797-00
Al4clo0l 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104MAA
Al4C1002 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104MAA
Al4ClIL0 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50v 04222 SA205E104MAA
Al401201 281-0775-00 CAP.,¥XD,CER DI:0,1UF,20%,50V 04222 SA205E104MAA
Al4c1202 281-0775-00 CAP, ,FXD,CER DI:0,1UF,20%,50v 04222 SA205E104MAA
Al4C1210 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 04222 SA205EL04MAA
Al4C1301 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50v 04222 SA205E104MAA
Al4C1302 281-0811-00 CAP.,FXD,CER DI:10PF,10%,100v 72982 8035D2AADCIGL
A14C1310 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104MAA
Al4C1311 281-0775-00 CAP, ,FXD,CER DI:O0,1UF,20%,50V 04222 BSA205E104MAA
Al4Q1101 151019000 TRANSISTOR:SILICON, NPN 07263 3032677
AL4R1101 315-0103-00 RES. ,FXD,CMPSN: 10K OHM,5%,0.25W 01121 CB1035
Al4R1210 307-0597~00 RES NTWK,FXD,FI:7,6.8K OHM,2%,1.0W 01121 208A682
Al4R1301 315-0303~00 RES. ,FXD,CMPSN: 30K OHM,5%,0.25W 01121 CB3035
41451210 260-1589-00 SWITCH,PUSH: (6)SPST,0. 14,5V . 00779 435166~4
41401001 156~1414=00 MICROCIRCUIT,DI:OCTAL GPIE XCVR DATA BUS 01295 SN75160
Al4U1002 156-1415-00 MICROCIRCUIT,DI:OCTAL GPIB XCVR MIG BUS 01295 SN75161
Al4U1101 156-1444-00 MICROCIRCUIT,DI:GPIB ADAPTER 01295 TMS$9914 (N OR
Al4U1102 160-1091-00 MICROCIRCUIT,DI: 4096 X 8 MROM, ,PRGM 55576 SYP2333
Al4U1201 160-1092-00 MICROCIRCUIT,DI:4096 X 8 MROM,PRGM 55576 SYP2333
Al4U1210 156-1484-00 MICROCIRCUIT,DI:256 X 8 SCRM 000ID 35392C
Al4U1301 156=1425-00 MICROCIRCUIT,DI:MICROPORCESSOR,8 BIT 55576 SYP6502
Al4ulslo 156-0649~00 MICROCIRCUIT,DI: 3 STATE HEX., NON INVT BFR 80009 156-0649-00
A14U1311 156-0569-00 MICROCIRCULT,DI:BCD COUNTER 27014 DM74L8190
Al4U1312 156-0382-00 MICROCIRCUIT,DI:QUAD 2-INPUT NAND GATE 01295 SN74LS00(¥ OR
Al4U1313 156-0382-00 MICROGIRCUIT,DI:QUAD 2-INPUT RAND GATE 01295 SN74LSO0(N OR



Replaceable Electrical Parts—DC

Tektronix  Serial/Model No. Mfr
Component No. Part No. Eff Dscont Name & Description Code Mfr Part NI
Alb 670-6855-00 CKT BOARD ASSY:DIGITAL BO09 6706855
A16C1001 281-0773-00 CAP. ,FXD,CER DI:0.01UF,10%,100V 04222 GC70-iC10
A16G1002 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SAZ05Ei04
A16C1101 281-0775~00 CAP.,FXD,CER DI:0.lUF,20%,50¥ 04222 SA2050104
AL6C1102 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50v 04222 SA205E104
AlBCI11] 281-0775-00 CAP. ,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104
ALBC1201 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104
A16G1202 281-0757-00 CAP.,FXD,CER DI:10PF,20%,100V 72982  8035-D-CO
Al6C1211 281-0775~00 CAP.,FXD,CER DI:0.IUF,20%,50V 04222 SA205E104
A16C1271 281-0775-00 CAP, ,FXD,CER DT:0,10F,20%,50V 04222 SA205R104
Al&C1231 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104
Al6C1232 281-0773-00 CAP. ,F¥D,CER DI:0.01UF,10%,100v 04222 GC70-1Cl10
A16CL233 290-0535-00 CAP. ,FXD,ELCTLT: 33UF, 20%, 10V 56289 196D336X0:
AL6CT1301 281-0775-00 CAP. . FXD,CER DI:0.1UF,20%,50V DA222  SAZ205E104]
A16C1311 281-0775-00 CAP,,F¥D,CER D1:0,1UF,20%,50V 04222 SA205E104]
A16C1331 281-0775-00 CAP. ,FXD,CER D1:0.1UF,20%,50V 04222 SA205E104]
Al16C1401 281-0775-00 CAP. ,FXD,CER BI:0.1UF,20%,50V 04222 SAZ05E104]
A16C1402 290~0755-00 CAP.,FD,ELCTLT : 100UF,+50-10%, 10V 56289 5020223
Al6C1401 290-0755-00 CAP. ,FXD,ELCTLT: 100UF , +50-10%, 10V 5628¢ 5020223
Al6C1411 281-0775-00 CAP, ,FXD,CER DI:0,1UF, 20%, 50V 04222 SA205E104!
Al6CLl412 281-0775~00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205E1041
A16C1420 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205EL04!
Al6C1421 281-0775-00 CAP,,FXD,CER D1:0,1UF,20%,50V 04222 SAR05SE1041
AY6C1422 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205EL04
A16C143] 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA205E104
Al16C1501] 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50V 04222 SA2058104}
Al6CR1201 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4152R
Al6CR1221 152-0071-00 SEMICOND DEVICE:GERMANIUM, 15V,40MA 15238 GB65
A16CR1272 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 184152R
A16CR143] 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1N4152R
A16CR1432 152-0141-02 SEMICOND DEVICE:STLICON, 30V, 150MA 01295 1IN4L52R
ALGCR]1423 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1IN4152R
AlGCRISG] 152-0141-02 SEMICOND DEVICE:SILICON, 30V,150MA 01295 1N4152R
Al6CRIS502 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1IN4152R
A16CRIS03 152-0141-02 SEMICOND DEVICE: STLICON,30V,150HA 01295 1N4152R
Al6CR1521 152-0141-02 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4152R
Al6CR1522 152~0141-0D2 SEMICOND DEVICE:SILICON, 30V,150MA 01295 1N4152R
Al6CR1523 152~0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 LB4LI52R
A16CR1524 152-0141-02 SEMICOND DEVICE:SILICON,30V,150MA 01295 1841521
A16CR1531 152014102 SEMICOND DEVICE:SILICON, 30V, 150MA 01295 1N4L52R
A16CR1532 152-0141-02 SEMICOND DEVICE:SILICON,30V,150M4 01295 1N41528
A16J1210 131-1934-00 TERM, SET,PIN:1 X 36,0.1 CTR,0.9 L 22526 65539-001
Al6J1211 131-1934-00 TERM, SET,PIN:1 X 36,0.1 CTR,0.9 L 22526 65539-001
Al6J1331 131-1857-00 TERM. SET,PIN:36/0,025 5Q PIN,ON 0.1 CTRS 22526 65500136
A16J1411 131-1857-00 TERM. SET,PIN:36/0.025 SQ PIN,ON 0.1 CTRS 22526 65500136
A16J1412 131-1857-00 TERM. SET,PIN:36/0.025 SQ PIN,ON 0.1 CTRS 22526 65500136
Al16J1413 131-1857-00 TERM. SET,PIN:36/0.025 5Q PIN,ON 0.1 CTRS 22526 63500136
Al6J1431 131-1857-00 TERM, SET,PIN:36/0.025 SQ PIN,ON 0,1 CTIRS 22526 65500136
A1611401 108-0622-00 COLL,RF:FIXED,82UH 80009 108-0422~0
A16Q1001 151-0342-00 TRANSISTOR:SILICON, PNP 07263 5035928
A16Q1002 151~-0341-00 TRANSISTOR: SILTICON ,NPN 07263 S040065S
AY6Q1003 151-0462-00 TRANSISTOR: STLIGON, PNP 04713 TIPIOG
A16Q1201 151~0188-00 TRANSISTOR:SILICON,PNP 04713 SPS6868K
Al6Q1211 151-0220-00 TRARSISTOR: SILICON,PNP 07263 3036228
Al6GI212 151-0220-00 TRANSISTOR:SILICON,PNP 07263 8036228
A16Q1213 151-0220-00 TRANSTSTOR: STLICON, PNP 07163 5036228
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Replaceable Electrical Parts—DC 5009

Serial/Model No. Mir 0

Name & Description Code Mfr Part Number

Tektronix

Component No. Part No. Eff Dscont

416Q1301
Al6Q1421
A16Q1431
A16Q1432
Al6R1001
AlERID02

A16R1003
Alsrlioll
A16R1012
Al6R1013
Al6R1101
Al6R1102

Al6R1111
Al6R1112
Al6RI201
Al6R1202
Al16R1203
Al6R1211

Al6R1212
Al6R1213
Al6RI2]14
Al6R1215
Al6R1221
Al6R]1222

Al6R1223
Al6RI224
Al6R1225
Al6R1226
Al6R1227
A16R1230

Al6R1231
Al6R1232
Al6R]1233
A16R1234
A16R1235
Al6R1236

Al6R1237
Al6R1238
Al6R1239
Al6R1301
Al6R1302
Al6R1303

A16R1304
Al6R1305
Al6R1311
Al6R1321
Al6R1322
Al6RI323

Al6R1331
Al6R1402
AL6R1403
ALlG6R1404
AL6R1405
Al6R1411

Al6rlal?
Al6R1413
AI6RIAZ1

151-019¢-~00
151=0223~00
151-0302-00
151-0302-00
315-0681-00
315-0361-00

315-0511-00
315-0751-00
307-6108-00
315-0201-00
307~0540-00
315-0511-00

315-0512-00
307-0540-00
315-0512-00
315-0512-00
315-0303-00
315-0910-00

315-0910-00
315-0220-00
315«0220-00
315-0512-00
315-0512-00
315-0512-00

315-0512-00
315~-0151~-00
315-0151-00
315-0104-00
315-0393-00
313-0272-00

315-0151-00
315-0151-00
315-0103-00
315-0105~00
315-0102-00
321-0311-00

321-0318-00
321-0318-09
321-0318-00
315-0101-00
315-0512-00
315-0512~00

315-0512-00
315-0104-00
315~0302-00
315-0104-00
315-0103~00
315-6302-00

315-0302-00
315-0150-00
315-0150-00
315-0150-00
315-0150-00
315-0150~00

315-0150-00
315-0150-00
315~0512-00

TRANSISTOR:SILICON, NPH
TRARSISTOR: STLICON, NEN
TRANSISTOR:SILICON,NPN
TRANSISTOR:SILICON, NPN
RES, ,FXD,CMPSN: 680 OHM,5%,0.25W
RES.,FXD,CMPSN:360 OHM,5%,0,25W

RES. ,FxD,CMPSN:510 OHM,5%,0,25W
RES. ,FXD,CMPSN: 750 OHM,S5%,0.25%
RES.,FXD,CMPSN: 6,8 OHM,5%,0.25W
RES. ,FXD,CMPSHN: 200 OHM,5%,0.25W

RES,NTWK,FXD,FI:(5) 1K OHM,10%,0.7W

RES, ,FXD,CMPSN: 510 OHM,5%,0.25W

RES, ,FXD,CMPSN:5.1K OHM,5%,0.25W

RES,NTWK,FXD,FI:{5) 1¥ OHM,10%,0.7W

RES. ,FXD,CMPSN: 5. 1K OHM,5%,0.25W
RES. ,FXD,CMPSN: 5. 1K OHM,S5%,0.25
RES. ,FXD,CMPSN;: 30K OHM,5%,0.25W
RES. ,FXD,CMPSN: 91 OHM,5%,0,25W

RES,,FXD,CMPSN:91 OHM,5%,0.25W
RES.,FXD,CMPSN: 22 OHM,5%,0.25W
RES.,FXD,CMPSN: 22 OHM,5%,0.25W
RES, ,FXD,CMPSN: 5.1K OHM,5%,0,25W
RES, ,FXD,CMPSN:5, 1K OHM,5%,0.25W
RES.,FXD,CMPSN:5, 1K OHM,5%,0,25W

RES. ,FXD,CMPSN: 5, 1K OHM,5%,0,25W
RES. ,FXD,CMPSN: 150 OHM,5%,0.25W
RES.,FXD,CMPSN: 150 OHM,5%,0.25W
RES. ,FXD,CMPSN: 100K OHM,5%,0.25W
RES.,FXD,CMPSN: 39 DBEM,5%,0. 25K
RES.,FXD,CMPSN:2. 7K OHM,5%,0.25W

RES. ,FXD,CMPSHN: 150 OHM,5%,0,25W
RES. ,FXD,CMPSN: 150 OHM,5%,0.25W
RES, ,FXD,CMPSN: 10K OHM,5%,0,25W
RES, ,FXD,CMPSN: 1M OHM,5%,0.25W
RES, ,FXD,CMPSN: 1K OHM,5%,0,25W
RES, ,F¥D,FILM:16,9K OHM,1Z,0.125W

RES.,FXD,FILM: 20K OHM,1%,0.125W
RES.,FXD,FILM: 20K GHM,1%,0.125W
RES, ,FXD,FILM: 20K OHM,1%,0.125W
RES, ,FXD,CMPSN: 100 OHM,5%,0,25W
RES.,FXD,CMPSN:5.1K OHM,5%,0.25¢
RES.,FXD,CMPSN: 5, 1K OHM,5%,0.25V

RES.,FXD,CMPSN: 5, 1K OHM,5%,0.25W
RES.,FXD,CMPSN: 100K OHM,5%,0.25W
RES.,FXD,CMPSN: 3K OHM,5%,0.25W
RES. ,FXD,CMPSN: 100K OHM,5%,0.25W
RES.,FXD,CMPSN: 10K OHM,5%,0.25W
RES. ,FXD,CMPSN: 3K OFM,5%,0.25W

RES. ,FXD,CMPSN: 3k OHM,5%,0.25W
RES, ,¥XD,CMPSN: 15 OHM,5%,0.25W
RES, ,FXD,CMPSN: 15 OHM,5%,0.25W
RES. ,FXD,CMPSN: 15 OHM,5%,0,25W
RES, ,FXD,GMPSN: 15 GHM,5%,0.25W
RES. ,FXD,CMPSN:15 OHM,5%,0.25W

RES, ,FXD,CMPSN: 15 OHM,5%,0.25W
RES. ,FXD,CMPSN: 15 OHM,5%,0.25W
RES, ,FXD,CMPSN: 5. 1K OHM,S%,0.25W

072563
04713
07263
07263
01121
01121

01121
01121
01121
01121
01121
01121

011121
01121
01121
oi1z1
01121
01121

01121
01121
01121
01121
01121
01121

01121
01121
01121
01121
01121
01121

01121
01121
0i121
ol121
01121
91637

91637
91637
91637
01121
01121
o112l

0i121
01121
01121
0it2i
01121
01121

01121
01121
01121
01121
01121
01121

01121
01121
01121

5032677
8Ps8026
5038487
5038487
CB6815
CBE3615

CB5115
CB7515
CB68G5
CB2015
2064102
CB5115

CB5125
2064102
GB5125
CB5125
CB3035
CB9105

CB9105
CB2205
CB2205
CB5125
CB3125
CB5125

CB5125
CB1515
CB15135
CB1045
CB3935
CB2715

CB1515
CB1515
CB1035
CB1055
GB1025
MFF1816G16901F

MFF1816G20001F
MFF1816G20001F
MFF1816G20001F
CB1015
CB5125
CB5125

CB5125
CB1045
CB3025
CB1045
CB1035
CB3025

CB3025
CB1505
CB1505
GB1305
CB130S
CB1505

CB1505

CB1505
CB5125

REV AUG 1982
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Replaceable Electrical Parts—DC 5009

Tektronix  Serial/Model No.

Mir Part Number

Componrent No. Part No. Eff Dscont

Name & Description

AI6R1431
Al6R1432
A16R1433
Al6R1434
Al6R1435
Al6RIA36G

Al6R1437
Al6R1438
Al6R1531
AI6R1532
Al6R1533
Al6S1511

Al651%12
Al681521
Al651522
A1681523
Al1651524
Al1681531

Al1681532
41651533
Al6851534
A16TP1301
A16TP1302
Al6TP1310

AI6U1002
Al6Ul011
Aleul012
Al6Ul101
Al6U1102
Al6U1103

Al6Ullll
AléU1112
Al6Ul113
Aleul2cl
Aleyl2o?
Al6U12)1

AleUl221
AléU1222
Al601312
Al6U1321
Al6U1322
Al601331

Al6U1332
Al6U1333
Al601411
Al6U1412
Al1601421
Al6U143!

Al6U1432
A16VR]301

REV AUG 1982

315-0470-00
315-0150-00
315-0242-00
315-0242-00
315-0512-00
315-0103-00

315-0104-00
315-0512-00
315-0104-00
315-0104-00
315-0104-00
263-0081-00

263-0082-00
263-0010-01
263~0010~-01
263-0010-01
263-0010-01
263-0010-01

163-0010-01
263-0010-01
263-0010-01
214-0579-00
214-0579-00
214-0579-00

156-0576-01
156-0576-01
156-0545-01
156=0576-01
156-0576-01
156-0576-01

156-0579-02
156-1172-01
156-0388-02
156-0331-03
156-0385-01
156-0230-01

156-0880-02
156-1225-01
160-1076-01
156-0494-00
156~0649-00
156~0469-00

156~1530-00
156-0469-00
156~-1150-00
156-1407-00
156-0795~-00
156-0391-00

156-0799-00
152-0195-00

RES. ,FXD,CMPSN:47 OHM,5%,0.25W
RES. ,FXD,CMPSN:15 OHM,5%,0.25W
RES. ,FXD,CMPSN: 2. 4K OHM,5%,0.25W
RES. ,FXD,CMPSN: 2. 4K OHM,5%,0.25W
RES. ,FXD,CMPSN: 5. 1K OHM,5%,0.25W
RES.,FXD,CMPSN: 10K OHM,5%,0. 254

RES.,FXD,CMPSN: 100K OHM,5%,0.25W
RES.,FXD,CMPSN: 5.1K OHM,5%,0.25W
RES. ,FKD,CMPSN: 100K OHM,5%,0. 254
RES. ,FXD,CMPSN: 100K OHM,5%,0.25W
RES. ,FXD,CMPSN: 100K OHM,5%,0.25W
SW LEVER ASSY:FUNCTION SELECTOR

SW LEVER ASSY:FUNCTION SELECTOR

SWITCH PB ASSY:1 PUSH,7.5 MM,1 CONTACT
SWITCH PB ASSY:1 PUSH,7.5 CONTACT
SWITCH PB ASSY:1 PUSH,7.5 CONTACT
SWITCH PB ASSY:1 PUSH,7.5 CONTACT
SWITCH PB ASSY:1 PUSH,7.5 CONTACT

SWITCH ASSY:1 PUSH,7.5 CONTACT
SWITCH ASSY:1 PUSH,7.5 CONTACT
SWLITCH ASSY:1 PUSH,7.5 CONTACT
TERM,TEST POINT:BRS CD PL
TERM, TEST POINT:BRS CD PL
TERM,TEST POINT:BRS CD PL

MICROCIRCUIT,DI:8 BIT PRI INP/SER OUT
MICROCIRCUIT,DI:8 BIT PRL INP/SER OUT
MICROCIRCUIT,DI:12 BIT BINARYCNTR,SCRN
MICROCIRCUIT,DI:8 BIT PRL INP/SER OUT
MICROCIRCUIT,DI:8 BIT PRL INP/SER OUT
MICROCIRCUIT,DI:8 BIT PRL INP/SER OUT

MICROCIRCUIT,DI:DUAL 4 BIT BIN COUNTER, SEL
MICROCIRCUIT,DI:DUAL 4 BIT CNTR,BURN IN
MICROCIRCUIT,DI:DL D FLIP=FLOP,CHK
MICROCIRCUIT,DI:DUAL D TYPE POS EDGE TRIG
MICROCIRCUIT,DI:HEX, INVERTER
MICROCIRCUIT,DI:DUAL D MA-SLAVE FF,SEL

MICROCIRCUIT,DI:DUAL D MASTERSLAVE FF
MICROCIRCUIT,LI:DUAL COMPARATOR,SCREENED
MICROCIRCUIT,DI: 4096 X 8 EPROM,PRGM
MICROCIRCULIT,DI:HEX INVERTER/BUFFER
MICROCIRCULIT,DI:3 STATE HEX. NON INVT BFR
MICROCIRCUIT,DI:3-LINE TO 8-LINE DECODER

MICROCIRCUIT,DI:RAM AND 1/0 CNTR,PROTO
MICROGIRCUIT,DI: 3-LINE TC 8~LINE DECODER
MICROCIRCUIT,DI:7 XSTR,CA3082
MICRGCIRCUIT,DI:MOS-TO~-LED 8-DIGIT DRIVER
MICROCIRCUIT,DI:BCD 7-SEG LCHDCDR/DRVR
MICROCIRCUIT,DI:HEX LATCH WITH CLEAR

MICROCIRCULT,DI:DECADE CNTR/DTV
SEMICOND DEVIGE:ZENER,0.4W,5.1V,5%

CB4705
CB1505
CB2425
CB2425
CB5125
CB1035

CB1045
CB5125
CB1045
CBLO4S
CB1045
263-0081-00

263-0082-00
263-0010-01
263-0010-01
263-0010-01
263-0010-01
263-0010-01

263-0010-01
263-0010-01
263-0010-01
214-0579-00
214~0579-00
214-0579-00

156-0576-01
156-0576-01
MC14040BCLD
156-0576-01
156-0576-01
156-0576-01

156-~0579~-02
SN74L8393

156-0388~-02
156-0331-03
156-0385-01
156-0230-01

5C22689P231
LM393N/AT
160-1076-01
156-0494-00
156-0649-00
SN74L5138W

R6531P098
SN74L81384
156~1190-00
156-1407-00
MC14511BCL

7418174(N OR J}

156-0799-00
SZ11755




Replaceable Electrical Parts—DC 5009

Tektronix  Serlal/Model No. Mft
Component No. Part No. Name & Description Code Mfr Part Numbe
CHASSIS PARTS
J500 131-0955-00 CONN,RCPT,ELEC: BNC, FEMALE 13511 31-279
J510 131-0955-00 CONN,RCPT,ELEC: BNC , FEMALE 13511 31-279
J520 136~0387-00 JACK, TIP:GRAY 71279 450-4352-01-0.
J530 136-0387-00 JACK, TIP: GRAY 71279  450~6352~01-0;
J540 136-0387-00 JACK, T1P: GRAY 71279 450-4352-01-0.
J550 136-0387-00 JACK, TIP: GRAY 71.279 450-4352-01-0:
J560 136-0387-00 JACK,TIP:GRAY 71279  450-4352-01-0;
1570 136-0387-00 JACK, TIP: GRAY 71279  450-4352-01~0;
J580 136-0387-00 JACK, TIP: GRAY 71279 650-4352-01-0;
R500 311-2105-00 RES. ,VAR, NONWW: PNL,, 10K OHM,10%,0.5W 12697 CM41776
_————— e (FURNISHED AS A UNIT WITH S500)
R510 311-2095~00 RES.,VAR, NONWIR:PNL, 10K OHM,10% 12697 SERIES 388
5500 ——rmee dn—— (FURNISHED AS A UNIT WITH R500)



Section 8—DC 5

DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS

=1

Symbols
Graphic symbols and class designation letters are
ANIOT g 5.

based on ANSI

Standard Y32.2-197

Logic symbology is based on ANSI| Y32.14-1973 in
terms of positive logic. Logic symbols depict the logic
function performed and may differ from the manufac-
turer's data.

The overline on a signal name indicates that the signal

performs its intended function when it is in the low state.

Abbreviations are based on ANS| Y1.1-1972.

Other ANS| standards that are used in the preparation

2 oSRAiaal as L LR |2 i

of diagrams by Tektronix, Inc. are:

Assembly Numbers and Grid Coordinates

Each assembly in the instrument is assigned an
assembly number (e.g., A20). The assembly number
appears on the circuit board outline on the diagram, inthe
fitle for the circuit board component location illustration,
and in the lookup table for the schematic diagram and
corresponding component locator illustration. The
Replaceabie Electrical Parts list is arranged by assemblies
in numerical sequence; the components are listed by

Y14.15, 1986 Drafting Practices,
Y14.2, 1973 Line Conventions and Lettering.
¥10.5, 1968 Letter Symbols for Quantities Used

Electrical Science and Electri

Engineering.
American National Standard Institute
1430 Broadway
New York, New York 10018
Component Values

Electrical components shown on the diagrams are
the following units unless noted otherwise:

Capacitors = Values one or greater are in picofarads (p

Values less than one are in microfarads

{0
.

Resistors = Ohms ({1).

The information and special symbols below may appear in this manual. ——

The schematic diagram and c¢ircuit board compon
location illustration have grids. A lookup table with
grid coordinates is provided for ease of locating -
component. Only the componentsillustrated onthe faci
diagram are listed in the lookup table. When more tt
one schematic diagram is used toillustrate the circuitry
a circuit board, the circuit board illustration may o
appear cpposite the first diagram on which it was
lustrated; the lookup table will list the diagram numbe)

component number *(see following illustration for other diagrams that the circuitry of the circuit boi
constructing a component number), appears on.
....................................... ! e ! Modified Component—See
Function Block Title 77 77T T T e - g — Parts List (Depitc':ted)in grey,
T or with grey outline
Internai
Screwdriver .| l . fLINE svic GeN il Strap or Link
Adjustment ~ +Sv GETUP 10,y L_:@ osge
Cam Switch M®é’ RaB -~ 2BmJ S92
] 1K =17 +15V
Closure Chart 1 ; . e | |‘ B |
{Dot indicates | (REZ > =2
switch clesure) \ cas N E#-ET I Ll PEB e Plug to E.C. Board
Etched Circuit Board ... 578 ¢ o~ Wi J8z. P82 Jlea i
Smagreghgord — | | peev ba S S el (o] Jooptton pnel,

Reter to Wavetorm ~

Function Block
Cutline

1C type ——1 .

Indicators

Coaxial connectors:

male

- femaie

Piug Index; signities pin No.

DEeY
o

",

External Screwdriver Ad].
Shielding

" Selected value, see Parts List
and Maintenance Section for

Test Voltage
Heat Sink 3 ol —
Board Name -
i - ]
P/O~—Part of L P70 A8 Timing Boaro |

Seilection Criteria

o]

%;xxx-xx

circuit board

Assemnbly Number ~——
Tektronix Part No. L COMPONENT MUMBER EXAMPLE

frr rivroit hmnedn

Chmrrnent Kiemter

Decoupled or Filterad
Voltage

Refer to Diagram Number
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Ri211
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ADJUSTMENT LOC.
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R1301
+3.2 V Adj
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Ella)iie] ¥ A
£ = A L Bl
; I UE]lII —J
® = S _
. A | |
/ B3464-23

Q1122
*CH A Probe Comp
& Input Cap.

*Performance check locations

*CH B Probe Comp
& Input Cap.

NOTE: OPTION 1 OSC ADJ Y1531
located on reverse side of board.

Fig. 8-1. Analog Board {A12).




Fig &1, P-& 7 §-3
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TMENT LOCATIONS AND SETUPS e 5008

DC 5009

Digital
Multimeter

CHANNEL
EXT INPUT

Function
O‘ Generator
CHANNEL
EXT INPUT

ST

O LOW VOLTS/Q
Power / ‘};‘Ig Q O
Module com LEVEL

000 ? o QUTPUT

S I (3464-24) 3888-15

3464-23

Fig. 8-2. Adjustment setup for steps 5 and 6&.

by Y1531
ilof board.

DC 5009 Digital
Muftimeter
CHANNEL A
EXT INPUT Eunction
Ql Generator
CHANNEL B™
EXT INPUT I
| Low VOLTS/D
Power .~ ALB | ouTRUT o Q
Module coM LEVEL @)
000 00|
+ | oo
T i

| I E:l Tetrmination
N\

b=

™~ 10X

Attenuator

|
|
|
lL B (3464-25) 3886-16

Fig. 8-3. Adjustment setup for steps 7 and 8.



DC 5008

Turn Power
Switch on
Mainframa “ON~

l

Is Display

f

Check Mainframe

Check Power
Supply Vaoitages

Dark
?

boes
Latt Digit

L

Check Power Dn
Reset Circuit

an

1

v

Check Micro
processor Clock

¢2 on

'

GotoavDr
Initially
?

is
An Error
Caode Displayed
7

Check Interrupt
Clock U1321,B,C

on

See
— Tabhle
8-1

Check Interrupt
Clock U1321B,C

on

Error
Code

Action

Y

Check
KERNEL
SIGNATURES

313

340
a4
381
381
320-326

330-236

374
378
384
395

e —

Serial /O Error—See INTERNAL SIGNATURE ANALYSIS
Fig. 8-5 (DIGITAL) and Fig. 8-6. (ANALOG)

RAM Error—Suspect U1322 or Connections
RAM Error—Suspect U1210 <7>
ROM Placement Error—Suspect U1312 @
ROM Checksum Error—Suspect U1312 <7>

CH A Gounter Integrity Error—See Table 8-2 and Counter
Integrity Test Description

CH B Counter Integrity Error—See Table 8-2 and Counter
imtegrity Test Description

ROM Placement Error—Suspect U1102 @
ROM Placement Error—5uspect U1201 @
ROM Checksum Error-~Suspect 11102 @
ROM Checksum Error—Suspect U1201 @

(3464-26)3888-17A
Fig. &-4. General troubteshoating flow chart.



Table 8-1
GENERAL PROBLEMS

PROBLEM SUSPECT CIRCUITRY
— e —— S rr———
Measurements are stable but not accurate. Time base oscillator (4 18 V supply for Opt. 1),
buffer—Q1612, divider—U1611, or Phase Locked Loop
Components.

Does not trigger properly {may be indicated by Dual DMOS in amplifier , 12V,
incorrect shaped outputs). ~-12V @ ; +5V, supplies ; amplifier
compaonents ' .

Input conditioning does not function properly. Switch : Relays @ , <2> , Relay

Drivers 0 , @ s U1332-4 ® )

Display does not function properly. Display Circuitry , sea INTERNAL SIGNATURE
ANALYSIS Fig. 8-5 (DIGITAL),

Auto Trigger does not function properly, +3.2 V supply @ ; D/A converters—U1201,
U121 ; Serial-to-Paraliel shift registers—U1202,
u1212 . Input amplifiers . ; Analog
gswitch—U1311 <5> » buffers—U1321

Measurements with low frequency input signal END signal <'3> , @ suspect Q1433,
are not stable. U14218, ;1332 </> ; Schmitt triggers,

amplifiers% \ <?> .

Gate light always on. No measurement com- msigna[ . @ suspect 01433, U1421B,
pleted. <3> L U1332 .

REV OCT 1981




Table 8-2
COUNTER INTEGRITY ERRORS

ERROR CODE

SUSPECT CIRCUITRY

320

CHNOH s LN

Check that Input signal is within Trigger Level range, or no input.
Make sure ARM input is high <3>

Check MR and MR gs %9

Check CH A DAC :

Check CH A AMP <>

Check Gating

Cheek Input to Abcumulator @

Suspect U1221A @
Suspect U1102 &>

321

Suspect U1211A @
Suspect U1102 @

322

Suspect Level Shifter Q1211

Suspect U1201A } @

Suspect U1102

323

Suspect U1113A <4>
Suspect U1102

324

Sugpact U1112A

. Suspect U1102

Suspect L1101

325

Suspect U11114 Q
Suspect U1101 Q

326

Suspect U1332 @

330

S e e

Check CH B DAC

Check CH B AMP

Check Gating

Check Input to Accumulator @
Suspect U1221B

Suspect U1103 @

331

[

Suspect 1211B @
Suspect U1103

332

L~

Suspact Level Shifter Q1212

Suspect U1201B } @

Suspect U1103

333

Mg =k

Suspect U1113B
Suspect U1103 } @

334

Ry —=

Suspect I1112B
Suspect U1103 } @

336

ry —

Suspect U1111B
Sugpect U1011 } @

336

—

Suspect U112
Suspect U1002 } @
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CLOCK ANALOG BOARD
INTERNAL SIGNATURES
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SETUP CONDITIONS

Internal Signatures (Digital Board)

SACLOCK — L_ TP 1302 (92 on digital board)
SA START — L

SASTOP _ [
GROUND TP 1310 (digital board)

} TP 1301 (STRT/STP on digital board)

NOTE
All front panel switches in out position,
FUNCTION switch set to FREQUENCY A.
AVERAGES switch set to AUTO.




Frg §-b
Sht lorF 3

i;. ‘ | DC 5009

il SETUP CONDITIONS

Internal Signatures (Digital Board)

SA CLOCK __| TP 1302 (92 on digital board)
SA START ~ L_

SASTOP _ [
GROUND TP 1310 (digital board)

} TP 1301 (STRT/STP on digitat board)

i NOTE

| All front panel switches in out position.
i FUNCTION switch set to FREQUENCY A.
| ‘ . AVERAGES switch sat to AUTO.
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Fig. #-7

G AF SeF=3 DC 5009

SETUP CONDITIONS

Internal Signatures (Analog Board)

| SACLOCK ~ L_ TP 1302 (§2 on digital board)
‘:U SA START ~ L_
i SA STOP [

GROUND TP 1310 (digital board)

} TP 1301 (STRT/STP on digital board)

NOTE
All front panel switches in out position.
| FUNCTION switch set ta FREQUENCY A.
B3 AVERAGES switch set to AUTO.




" Fig P- P
‘ Sht JoF"3
C 5009

SETUP CONDITIONS
Kernel Test Signatures (Digital Board)

SA CLOCK ~1_. (02 on digital board)

SA START ~ L_\ (START/STOP test point
SASTOP __ | [ onkernel test board)
GROUND TP 1310 (digital board)

NOTE
All front panel switches in out position.
FUNCTION swiltch set to FREQUENCY A.
AVERAGES switch set o AUTO,
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Fig. 8-9. Kernel signature analysis (GPIB board).




@
@
i
®
é@
5@3
i
@
B
@
]
i
i}
&
gw
5@
L]
L]
]
&

® 7551
@ o000
@ ooot
| TARE]
® 7050
@ o2
® suerF
® 3105
® 41
@ oHeA
B ooua
@ see7
@
& pror
@ ru2s
i ovoo
@ 550

U110t

Fig. 8-9. Kernel signature analysis (GPIB board).

n 7707 ® B rror [
& azca 5778 @ @ A3c1 5775
© 21 HHes @ ® 7211 HHEG €
@ Anos acos @ @ Anoe AC39 Ji301
& caca o e & caca 0000 P -] 155U @
Qo2 S wr@| Qo g @ (@7 wE
@50 5 PCFIQ ®@wns0 5 wrd @ 765U @
®ci Pu2s @ ®cia PU2E @ © eusr ®
@ 3195 P797 Q) @ a1ss P7978 e L
@441 crIg @ an crrad @ 7550 L ]
@ aHea 5807 @ © onea 5667 @ ® ®
8 o0UA @ Y 0UAQ (-] 3195 @
®cia 1m0
|+ IARE @ |@®7050 oHEA D
@ 3195 70508 (@ o172 otuA €
@ 4141 o728 | |@caca ses7 @ -
U1210 (@ oHea caco@| [@anes crra@ E N
Qoous Ancs@| |@7211 Pro7@ a A
@507 72119 | [ @ A3ct Pu2a @
@ crra axci@| (@707 755U @
@rrer 707Q| [ @57TA ®
@ ruze @) OHHss ®
@ 7550 ®||®sr1  reri@
) ovood® | 1@ acee ®
1312
U1310 ipw a2y @ Brers @) l@mssu @
® ® L - ®| (@0 @irssu
Q315 @ ® - O @y @y
- @ cm@ 1@ 5 O @ @|un
N ®un @ ® @ |9 su @5
@ o 7@ ® 7su@] i@ooe  @i7ssu
®oea @ @ wunsugl |@ ® /0000
® owr@ & rcri@
o909 OID
g 232 §
U1313 EERRE
00000 S
38848.-22

+5 V Signature ~= 755U




Ffw"iﬁ?

Sht-SofR

SETUP CONDITIONS
Kernel Test Signatures (Digital Board)

SACLOCK ~— L_  TP1302 digital board

SA START I TP1000 kernel test board
SASTOP 1 TP1000 kernel test board
GROUND - TP1310 (digital board)

NOTE
All front panel switches in out position.
FUNCTION switch set to FREQUENCY A.
AVERAGES switch set to AUTO.

DC 5009
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| Table 8-3
[ COMPONENT REFERENCE CHART
b (see Fig. 8-10)

P/O A12 ASSY CHANNEL A AMPLIFIERS AND RELAY CONTROL @
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
c1021 E7 B4 Q1229 M8 F4
c1022 F6 B4 Q1231 L8 E4
c1023 E2 Al Q1232 L8 Fa4
c101 F8 B4
c1101 D1 D1 R1022 E? B4
C1104 c2 D1 R1023 F& ca
C1111 Ed p2 R1024 E6 B4
c1i1 H6 c4 R1030 C7 Ad
c1122 K? D3 R1031 D7 B4
Cc1123 J5 E4 R1032 H8 BS
C1131 JB D4 R1103 D2 D1
C1132 H? D4 R1104 D2 D1
ci221 Ma F3 R1105 c1 D2
C1222 L6 E4 R1106 Ct D2
c1223 K4 E4 R1121 H7 c4
c1231 Ja E4 R1122 H6 (o1}
Cc1232 M5 Fa KH1123 J7 (o]
C131 L6 G3 R1124 J5 D4
C1334 M8 F4 R1125 Ks D4
C1342 D8 F2 R1126 K? D3
C1343 Dg G5 R1127 J7 D4
1348 D8 G6 R1131 F7 ca
C1349 Da G6 R1132 H8 D4
R1133 H7 D4
CR1121 J& D3 R1134 JB D4
CR1122 47 D3 R1135 Jg D4
CR1123 Jé D4 R1136 L8 E4
CR1124 J7 Da R1220 M4 F4
CR1211 E1 E2 R1221 L3 F3
CR1224 L4 F4 R1222 Ma F3
R1223 L& E4
J1010 B2 c1 R1224 K6 £4
J1031 or) A5 R1225 K6 Ed
J1331 M2 G6 R1226 K5 E4
J15821 C7 L3 R1227 K4 E4
R1228 L4 E3
K1031 D6 B4 R1229 Ka E3
K1032 E6 B4 R1231 K7 E4
K1033 F& Cc4 R1232 J4 E4
K1621 BY L3 R1233 M5 F4
R1234 M5 F4
L1331 D8 G5 R1235 M5 F4
L1333 s]:] G6 R1236 M8 F4
R1328 L8 G4
P1031 c7 A5 R1329 M6 G3
P1331 M2 G6 R1332 M7 G4
P1521 c7 L3 R1333 M8 F4
P1625 87 N3 R1338 M7 G4
Q1101 B2 P1 U1101 D3 Cc2
Q1102 c2 D2 U1110 E3 c2
Q1103 D1 E1 U133 M7 G5
Q121 J6 D3
(%0 Q1122 J8 D4 VR1321 L7 G4
e Q1221 L5 E3
2 Q1222 L5 E3 w1220 L4 F3
] Q1223 K5 E3 ‘
I Q1224 KS E3 J500 A7 Chassis
| Q1225 L5 F3 P500 M2 Chassis
] ‘ I Q1226 M5 F3 usoo M2 Chassis
| ‘Hi ! Q1227 M6 F4 W500 c7 Chassis
; }H‘H‘ Q1228 L6 Fa
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COMPONENT NUMBER EXAMPLE

Component Number
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Chassis-mounted companents have na Assembly Number
prelix—see end of Replaceable Electrical Parts List
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Table 8-4

COMPONENT REFERENCE CHART

(see Fig. 8-10)

P/O A12 ASSY CHANNEL B AMPLIFIERS AND RELAY CONTROL <2>
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C1041 F6 B5 R1041 E7 B5
c1042 F5 B5 R1042 D7 A6
1043 F7 A6 R1043 F6 C5
c1133 K6 D5 R1045 H7 B6
Ci1141 H6 C5 R1137 K6 D5
C1142 Ja ES R1139 K4 D5
C1143 J8 D& R1140 J7 D6
C1144 H7 06 R1141 Fr C5
C1233 ma F5 R1142 Hé (o]
C1241 L5 E6 R1143 H6 cs
C1242 K3 E6 R1144 J6 C5
G1243 K4 E6 R1145 J4 D5
c1245 M5 F6 R1146 Js D6
C1341 L6 G5 R1147 J7 D6
C1345 Ma F6 R1148 H8 D6
C1347 M8 H5 R1148% H7 D&
R1237 L4 E5
CR1131 J5 D5 R1238 K4 E5
GCR1132 J7 D5 R1239 L4 F§
CR1141 J6 p5 R1239 M4 F5
CR1142 J6 D5 R1240 M5 F6
CR1244 L3 F5 R1241 L8 E6
R1242 K8 E6
J1041 D7 AB R1243 L6 E6
J1522 c7 L4 R1244 Ké E6
R1245 K5 E6
K1041 pé AB A1246 K4 EB
K1042 E6 A6 R1247 K4 E6
K1043 F6 Ab R1248 K4 EG
K1622 B6 L4 R1249 M4 F5
R1341 M5 F6
P1041 C7 A8 R1342 M5 F6
p1522 C7 L4 R1343 M7 F6
P1625 B7 N3 R1344 Mé G5
R1345 M7 Fé
Q1141 J6 DS R1346 L7 G6
Q1142 J7 né R1347 M7 G6
Q1233 L5 ES R1348 M6 G6
Q1234 L4 E5 R1349 M3 F5
Q1235 L4 F5 R1526 B7 K3
glg:; Eg Eg U111t Dz D2
Q1243 M3 F5 uitii2 E2 D3
Q1244 M5 F5 41331 M6 G5
L5 F5
8.1' %ﬁg L8 E6 VR1341 L7 G6
M7 F5
a1248 M7 Fe W1230 L4 F5
F5 B5 J510 A6 Chassis
2}833 Cs A5 wi10 c7 Chagsis

P/O A12 ASSY also shown on @@@@@




j ¥ii-529Ld \I
hY

-—
89l—czald ¥ THOH

- HAMOd
A ﬂh_.lmﬂm_.nm CANTY  LndMT -

| o TnyH
o ¢ s+
rain Z291% % 2 TI3NNVHD @
2 et @
8181
z :
—a
INL
|
v
B
ITY]
ZLIPIN Sy ._N
@ s yivg o
Wik
I 5-2251 41y
HE. 8 34078
j wra] <7 #‘e
s w|%
- -latin
o SO mw e 4 m
x zl 1 E mf™®
i ., Pemrg Yoo Wi Loreue A_V
B s o~ [¥ a4 R —_—
¥vIv0 e AL-iBLL0
z ¥ VIND TVIEES
2 ¥l J £ 5™
20 [—— As+
£13
iNg sl < z 5
na o1 o] ' g N
creer
i 2 lrion Len
i cgitin
il e
[
it
i

TUISAT —‘

& \n\...:\m..w \G\U%‘b UQU\K\\O\&\V\Q \\MQQ@Q%




Sht o f Sh

67)@0/75_/ Ié] ﬁm/o/f'ﬂ'ez"s f’/@l

RELAY

HGOE | POSITION

EXT A

i1 B

C A

A B

A

x5 ]
v,

CR1244

L T *
geg S 68 R12%9
13 ‘"Eg" ‘:Ilszgl-g

| —

/Qy C)aﬁ *o/

HE IV
-~

2 mizag
$is

Qrzqz

24

+5. 0/ 44,2V

"
=

248
2

Q1233

RyZ248 Ci241
25 e

Q1248

AMA

R1242
k]

=-12Vy

01244

+3_1v/ 18218

4. 0v/
+5.0V 13

R1547
SR

SCHAITT
TRIGGER

R1343

C1347
B1pF

u1331c
.V g 15

1533

[T ]
14 S 1334

U1331

1816

[ P/0 A1Z  ANALOG BOARD

CHANNEL B AMPLIFIERS & RELAY CONTROL

Static Sensitive Devices
See Mainterance Section

COMPONENT NUMBER EXAMPLE

Component Number
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A23 A2 R1234
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Number Subassembly rﬁ;ﬂr
Number (if usad)

Chassis-mounted companents have no Assembly Number
prefin—see end of Replazeable Elettrical Parls List.
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Table 8-5
COMPONENT REFERENCE CHART
(see Fig. 8-10)

P/O A12 ASSY GATING, ARMING AND SYNCHRONIZERS @
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION

C1411 M8 13 Q1423 F7 14 *
Cta21 Ma 14 1433 M5 15
C1441 Ms 15 Q1441 E7 15
C1442 E4 HE Q1442 E4 15
CR1401 H1 4 R1335 D7 H4
CR1411 D2 12 R1401 Lt J1
CR1412 E1 J2 R1402 J2 J1
R1403 H1 J2
41310 E8 G1 R1404 F1 J2
J1341 C4 H6 R1411 F4 12
J1402 c2 12 R1412 c2 12
J1403 c2 12 R1413 D2 2
J1410 AB J R1414 D1 12
J1410 L1 J1 R1415 H2 J2
J1410 M4 4 Rt416 F2 J2
J1420 M3 J4 R1421 K8 13
J14z21 m7 Jd R1423 F6 13
J14a1 Cs HE R1425 E7 13
J1442 c7 16 R1431 L3 Ha
J1443 cs 16 R1432 Js 14
J1501 B2 L1 R1433 M5 14
J1622 B8 M3 R1441 E4 HEé
J1623 B5 M4 R1442 E3 H6
21443 E6 H6
P1341 1444 E7 H6
-3 202 g; :;6 R1447 K4 I5
P1403 c2 12 R1533 M6 J5
P14a1 H
P1442 g; |ts6 u1322 c4 H3
P1443 cs 16 U331 E3 as
P1501 B2 L1 u1332 E6 H5
P1622 B8 M3 U411 D8 12
P1623 BS M4 U1421A K5 13
P1625 A8 N3 U1421B L5 13
g B M s 8
P1625 AS N3 uU1431¢C M7 14
Q1331 D3 G4 u1431D J6 14
Q1332 c3 H4
Q1313 cs6 H4 J520 B2 Chassis
Q1334 D6 H4 J530 B2 Chassis
Q1341 F6 H5 J540 B4 Chassis
01342 Ha H5 J550 B4 Chassis
Q1343 K3 H6 J560 B7 Chassis
Q1344 F5 H6 W520 B2 Chassis
Q1401 K1 J1 W530 B2 Chassis
Q1411 F2 J2 W540 B4 Chassis
Q1412 F2 Jz2 W550 B5 Chassis
Q1421 K4 13 w360 B7 Chassis
Q1422 L8 13 ws70 B8 Chassis
P/O A12 ASSY also shown on @ <z> <5> @ @
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Table 8-6
COMPONENT REFERENCE CHART
(see Fig. 8-11)

P/O Al6 ASSY CH A AND CH B ACCUMULATORS @
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION

C1002 M8 Bt R1211% F4 E3
C1111 M8 D3 R1212 E8 E3
Cc1201 Ms E2 R1213 E2 E3
C1211 L8 F3 Rt1214 E8 E3
C1221 La E4 R1215 Ca E3
Cc1231 81 E5 R1221 C2 E3
CR1201 B2 F2 R1222 p7 E4

R1223 Co E4
P1310 B6 F1 R1224 c2 E4
P1410 B3 D1 R1225 cs E4
P1420 B1 D4 R1231 B2 E5
P1420 B2 D4 R1232 A8 E5
1421 A8 D4

U1002 M6 B2
Q1201 B2 F1 ut1011 K6 B3
Q1211 E2 E3 Uut012 L7 B3
Q1212 EB E3 Ut101 K5 Cc2
Q1213 C3 E3 U102 G5 D2
Q1221 D7 E4 ut103 He D2

Uttt L3 c3
R1101 K4 C1 Ut112 J2 D3
AR1102 M8 D1 U1113 G2 D3
R1111 G1 D3 u1z01 F2 E2
R1112 H7 D3 U1202 F4 F2
R1201 B2 F1 U1211 D2 F3
R1202 B3 F1 u1z21 Ccz Ed4

P/O A16 ASSY also shown on <7>
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Table 8-7

COMPONENT REFERENCE CHART

(see Fig. 8-10)

P/O A12 ASSY

TRIGGER LEVEL CONTROL. AND D-A CONVERTERS @

CIRCUIT SCHEMATIC BOARD CIRCUIY SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C1201 E3 E1 R1313 KS G2
C1202 E4 E1 Rt314 J5 G2
c1211 E4 E2 Rt315 J5 G2
c1212 E7 E3 R1316 HS G2
R1317 L1 H2
J1301 F8 F1 R1318 Lt H2
J1303 F8 G1 R1319 L2 H2
J1310 B2 G1 R1321 L3 H2
J1310 B6 G1 R1322 L2 H2
J1411 M4 H3 R1323 1.3 G3
R1324 L3 G3
P1301 F8 F1 R1325 M3 G3
P1303 FB8 G1 R1326 L3 G3
P1411 M4 H3 R1327 L3 G3
P1625 M4 N3
uU1201 F2 F1
Q1311 K5 G2 u1202 D2 F2
Q1312 J5 G2 U211 F5 F2
U212 D6 F3
R1102 p1 D1 Ut311 H3 G3
R1201 E1 E1 U1321 K2 H3
R1202 E2 E1 Ut321 M1 H3
R1203 G1 E1 U322 B7 H3
R1211 D4 E2
R1212 E4 E3 VR1302 G6 G2
R1213 ES E3
R1214 G2 E3 J570 N4 Chassis
R1302 G8 G2 J580 N4 Chassis
R1303 Fa G2 P590 E8 Chassis
R1306 G8 G1 P600 E8 Chassis
R1309 G8 G2 R500 1] Chassis
R1311 L2 G2 R510 D8 Chassis
R1312 M1 G2

P/O A12 ASSY also shown on @ @ @ @ ®
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COMPONENT NUMBER EXAMPLE
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’....—.—ﬁ_q
A23
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Number {if used) vmeer

Chassis-mounted cumpenents hava a0 Assambly Number
prefix—see end of Replaeable Electrical Parts List.
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P 5009 Table 8-8
COMPONENT REFERENCE CHART

(see Fig. 8-10)

P/O A12 ASSY TIME BASE, 100 MHz PLL AND NCISE GENERATOR @
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBRER LOCATION LOCATION NUMBER LOCATION LOCATION

C1501 Ms K1 R1505 E3 K2
C1503 c4 K2 R1510 c3 K2
C1504 E1 K2 R1510 ca K2
C1511 F3 K2 R1511 H2 Jz
C1512 J2 Jz2 R1512 J3 J2
C1521 L3 J3 R1513 K3 J2
C1522 L6 J3 R1514 H3 J2
C1523 1.4 J4 R1515 H3 J3
C1525 K4 K3 R1516 K3 J3
C1526 J4 K4 R1517 D3 K2
c1601t F8 L1 R1518 Ca K2
C1602 1t c7 L1 R1519 €3 K2
C1603 1t c7 L2 R1521 H3 K3
C1604 t1 D6 L2 R1522 M4 Ka
C1605 b7 L2 R1528 M3 J4
c1611tt D7 L2 R16011t c7 L2
C1612 Bé L3 R1602tt C7 L2
c1621% J L4 R1603 H8 L2
R1604 H8 L2
CR1422 L2 J3 R1605tt D7 L2
CR1521 L3 J3 R16111t D8 L2
CR1611 (03] L3 R1612 cs5 L3
J1511 A3 K3 R1613 c6 L3
Jig21 A m3 TP1410 K2 12
TP1510 F3 K2
L1521 L3 ¥ TP1520 H4 L3
P1511 A3 K3 TP1621 B3 L3
P1621 A6 M3
P1625 Bs N3 u1501 D3 K1
U1s02 D1 K1
Q1501 C1 K2 u1521 K3 J3
Q1502 c3 K2 u1522 F3 K3
Q11114 D7 M2 U1523 L3 J4
Q1612 cé L3 U1524 J4 K4
u1s01t H7 L1
R1501 E3 J2 U1611 D5 L2
R1502 1 Jz
R1503 E3 J2 Y1531%* J7 K4
R1504 D2 K2 Y16011t B7 L1
P/Q A12 ASSY also shown on @ @ @ @ @

1t Deiete for Option 01.
1 Add for Qption 01,
* Component located on back of board,
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Be 009 Table 8-9
COMPONENT REFERENCE CHART
(see Fig. 8-10 and Fig. 8-11)

P/O A16 ASSY MICROPROCESSOR, CONTROL LOGIC AND MEMORY @
CIRCUIT  SCHEMATIC BOARD CIRCUIT  SCHEMATIC BOARD
NUMBER LOCATION LOGATION NUMBER LOCATION LOCATION

c1202 D8 F2 R1230 A5 F5
C1232 B3 F5 R1233 c7 E5
C1233 AB F5 R1234 BB E5
C1301 D8 G2 R1235 B8 E5
C1311 D3 H4 R1236 B7 E5
C1331 H7 HE R1237 B8 ES
C1401 K4 1 R1238 A8 E5
R1239 A8 ES
CR1221 F1 F4 R1301 H3 G2
CR1222 Ht F4 R1302 H3 H1
R1303 F3 H1
J1210 M8 F3 R1304 Fa4 H1
J1210 M3 F3 R1305 F3 G2
J1211 M7 F3 R1311 F2 H3
J1211 M8 F3 R1321 H1 G4
J1310 K3 G1 R1322 H1 G4
J1310 K1 G1 R1323 D6 G4
J1331 Ja H5 R1331 Fa H5
J1410 K2 J1 R1435 M2 J6
P1010 Ja K1 TP1301 F2 H1
P1310 J2 F1 TP1302 F5 H2
P1310 J1 F1
P1310 M8 F1 U1202 F2 F2
P1331 J4 H5 U1222 B8 F4
P1410 J2 B1 U131 E7 G3
P1410 J3 D1 U1312 K5 H2
P1625 K3 M3 U1321 H8 G4
P1625 K1 M3 U1321 E8 G4
Q1301 Ha H1 u1322 c2 E‘;
1 U1332 D2 5
S R T S I S -
R122¢ B s VR1301 F3 G1
P/O A16 ASSY also shown on @
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COMPOMNENT REFEREMCE CHARY

DC 5008

Table 8-10
COMPONENT REFERENCE CHART
(see Fig. 8-10 and Fig. 8-11)

[ s
P/O A16 ASSY FRONT PANEL, KEYBOARD AND DISPLAY DRIVE
CIRCUIT SCHEMATIC BOARD Circuit SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
C1411 ER 12 R1404 J1 iz
C1412 Dé J2 R1405 J2 12
C1420 D2 13 R1311 J2 12
C1421 B4 Jé R1412 J2 i2
C1422 B1 J5 R1413 J2 12
C1a31 B1 i5 R1421 BS Jé
R1431 J3 J5
CR1431 D6 J5 R1432 J3 Jb
CR1432 Ccb J5 R1433 F3 J5
ChR1433 )] J5 R1434 F3 J5
CR1501 E6 K2 R1436 K6 J6
CR1502 H7 K2 R1437 Ky J6
CR1503 F7 K2 R1438 Bs5 Jb
CR1521 C6 K4 R1531 K& L6
CR1522 B& K4 R1532 K5 16
CR1523 K7 K4 R1533 K5 L6
CR1524 BB K4
CR1521 D6 Ké S1511 HS5 L3
CR1532 J7 K6 S1512* J5 1.3
81521 B? K4
J1411 J1 12 S1522 BY K5
Jia2 M4 J2 §1523* Cc7 L4
J1413 M6 J3 51524* [0+ :] L5
J1431 K7 J6 51531 D8 Kb
51532 u}:] K5
P1010 F7 K1 $1533* 08 Ls
P1411 J1 2 S$1534* E8 L5
P1412 Ma J2
P1413 M6 J3 U1322 L5 H4
P1431 K7 JB6 uigii F1 13
V1312 ES J3
Q1421 B5 J4 U1421 D2 iq
Q1431 H3 J5 Ut431 c2 15
Q1432 H3 J5 U1432 cs J5
R1402 J‘l 11 S500 J8 Chassis
R1403 12
P/O A16 ASSY also shown on <3> @ ‘
P/O A12 ASSY FRONT PANEL, KEYBOARD AND DISPLAY DRIVE
J1010 F7 C1
51010 H8 B3
S1011 H8 B3
81012 F7 B3

*Component located on back of board
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COMPONENT REFERENCE CHART

Table 8-11
COMPONENT REFERENCE CHART
(see Fig. 8-12)

f—

P/Q A10 ASSY

DISPLAY

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION
CR1011 D& A2 J1411 B4 B1
CR1012 D7 B2 J1412 B6 A3
CR1111 D7 82 J1413 B1 B2
CR1211 D? c2
CR1215 D8 c2 Pt411 B4 B1
CR1311 P8 D2 P1412 B6 A3
P1413 B1 B2
D51002 C3 Al
DS1005 D3 A1 W1009 F7 A2
Dg1102 E3 B1 W1011 F6 A2
DS1105 F3 B1 w1012 F7 A2
DS1202 J3 B1
DS1205 K3 C1
DS1302 L3 C1
PS1305 M3 D1
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Static Sensitive Devices
See Maintenance Section

COMPONENT NUMBER EXAMPLE

Gompenent Number

st
A23 AZR1234

! .
Assambly . Schematic

Lo (it
Number Subassembly ;Eur,ﬁge;
Number fif used)

Chassis-maunted componants have no Assembly Number
prefic=spa end of Replaceable ieciricat Parts List.
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D 5009 Table 8-12
COMPONENT REFERENCE CHART
=| (see Fig. 8-10 and Fig. 8-11)

:‘i P/O A12 ASSY POWER SUPPLIES
il |
i e
| CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD
NUMBER LOCATION  LOCATION NUMBER LOCATION  LOCATION
i G301 B7 H1 R1301 D7 G1
| C1531 c4 K5 R1304 D7 G1
‘ C1541 F8 K6 R1305 6 G1
| 1542 G2 Ké R1307 D8 H1
C1622 K8 L4 R1308 D5 H2
| C1641 D2 M5 R1434 F6 I5
i C1642 Fa M5 R1435 F3 J5
1643 B3 M6 R144% H7 18 |
: R1446 H7 J6
il CR1421 H3 Ja R1531 J7 K5
I CR1442 Heé Js R1532 K? K5
_ i CR1541 Lo K6 R1534 H8 J5
I CR1621 L8 M3 R1535 H8 Js
CR1641 D1 L6 R1541 E6 J6
| : R1542 E7 J6
.l F 154 R1 543 E4 J6
i|! F1542 gjg ke R1544 F8 K6
‘ F1641 B3 M5 R1545 B4 Ké
: R1547 ok} K6
| J1410 2 iy R1548 c2 L6
: TP1341 E6 H6
P1625 B N3 TP1411 B5 13
P1625 B N3 TP1431 H3 Ja
;1232 Eg ng TP1631 L8 L4
- TP1 D1 L5
P1625 B85 N3 832
P1625 B N3 U101 C6 i1
! U1433 c2 5
I Q1443 Hg J5 u1531 D4 K5
i 01444 F J6 U1641 C1 L6
Q1445 F6 Jb
Q1531 gt J4 VR1301 c5 H1
1 :
| ”I P/O A12 A§SY also shown on ® @@ @ @ ®
i P/O A16 ASSY POWER SUPPLIES
i ¢1001 K| A2 01001 K5 Al
| C1101 L C1 Q1002 J9 B1
i g1 102 KB D1 Q1003 K5 B2
1402 K J1
A2
| Cuos L3 2 AR A2
| C1501 L3 K1 R1003 J5 A2
| e B I S
P1410 K2 D1 R1013 Keé A2
P1410 LS D1 TP1310 K2 H3
|
1 P/O A16 ASSY also shown on @ @
| _
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See Maintenance Secti

COMPONENT NUMBER EXA

Component Number
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Assembly | | .
Subassembly

Mumber
fNumbar (i used)

Chasss-mounted components have no Asser
prefix—see end of Replaceable flecirical f



DC 5008 Table 8-13
COMPONENT REFERENCE CHART ,
(see Fig. 8-13) i

P/O A14 ASSY GPIB BOARD @
CIRCUIT  SCHEMATIC  BOARD CIRCUIT  SCHEMATIC  BOARD
NUMBER  LOCATION  LOCATION NUMBER  LOCATION  LOGATION
c1001 L5 B2 R1101 K7 D3 i
c1002 Ke B3 R1210 ES F5 '
€1110 17 c3 R1301 D4 G2 i
c1201 H1 D1 R1305 c4 G2 '
C1202 " F1
c1210 G7 F4 51210 D6 F5
€1301 E2 61 :
€1302 D4 G2 Y1001 K5 c2 :
€1310 L3 G4 U1002 K8 c3 1
c1311 L2 GS u1101 16 c2 ‘
u1102 H1 D2
P1001 Mé A3 u1201 J1 E2 Ll
P1210 B3 G3 U1210 Fi F3 e
P1210 B2 G3 U1301 D1 F3 ‘l
P1210 B4 G3 ui31o G6 F5 i
P1211 B5 H3 U1311 E8 G5 ‘
P1211 B6 H3 U1312 G9 G5
P1211 B7 H3 U1313 F8 G6 ‘
Q1101 K7 D3 ;
B
I
li
i
i T
1
I R
I ‘
I ] i
4 i
i i‘
3"13 q
bl il
i .
i !
l
i
Bl
| ;“
3“ ‘
I
il
I
I i
H REV JUL 1982 |
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Section 9—DC ¢

REPLACEABLE
MECHANICAL PARTS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local
Tektronix, In¢. Field Office or representative.

Changes o Tektranix instruments are sametimes made G
accommodate improved componentis as they become available,
and 1o give you the benelit of the lalest circuit improvementa
deveioped in our engineering department. 1t is therefore
important, when ordering parts, to include the following
information in your order: Part number, instrument type or
number, serial number, and modification number if applicable.

If a part you have ordered has been replaced with a new or
improved part, your local Tektronix, Inc. Field Office or

representative will contact you concerning any ¢hange in part
number

Change information, if any, i located at the rear of this
manual.

SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number

DOX Part removed after this serial number

FIGURE AND INDEX NUMBERS

Items in this section are referenced by figure and index
numbers to the illustrations.

INDENTATION SYSTEM

This mechanical parts list is indented to indicate item
retationships. Following is an example of the indentation system
used in the description column.

12345 Name & Description

Assembly andfor Component
Attaching parts for Assembly and/or Componert

-

Detail Part of Assembly and/or Component
Attaching parts for Detail Part

Parig ol Detail Part
Attaching parts for Parts of Detall Part

Attaching Parts always appear in the same indentation as
the item it mounts, while the detail parts are indented to the right.
Indented items are part of, and included with, the next higher
indentation. The separation symbol - - - * - -~ indicates the end of
attaching parts.

Attaching parts must be purchased separately, unless otherwise
specified.

ITEM NAME

In the Parts List, an Item Name is separated from the
description by a colon (). Because of space limitations, an Item
Name may sometimes appear as incomplete. For further item
Name identitication, the U.5. Federal Cataloging Handbook HE-1
can be utilized where possible,

ABBREVIATIONS

INCH ELCTRN  ELECTRON
[ NUMBER SIZE ELEC ELECTRICAL
ACTR ACTUATOR ELCTLT  ELECTROLYTIC
ADPTR ADAPTER ELEM ELEMENT
ALIGN ALIGNMENT EPL ELECTRICAL PARTS LIST
AL ALUMINUM EQPT EQUIPMENT
ASSEM ASSEMBLED EXT EXTERNAL
ASSY ASSEMBLY Fly FILLISTER HEAD
ATTEN ATTENUATOR FLEX FLEXIBLE
AWG AMERICAN WIRE GAGE FLH FLAT HEAD
BDY BOARD FLTR FILTER
BAKT BRACKET FR FRAME ar FRONT
BRS BRASS FSTNR FASTENER
BRZ BRONZE FT FOOT
B3HG BUSHING EXD FIXED
CAB CABINET GSKT GASKET
CAP GAPACITOR HDL HANDLE
CER GERAMIC HEX HEXAGON
CHAS CHASSIS HEX HD  HEXAGONAL HEAD
oKT clrCcuIT HEX SOC HEXAGONAL SOCKET
COMP COMPOSITION HLCPS HELICAL COMPRESSION
CONN GONNECGTGR HLEXT HELICAL EXTENSION
cov COVER HY HIGH VOLTAGE
CPLG GOUPLING Ic INTEGRATED CIRCUIT
CHT GATHODE RAY TUBE tls] INSIDE DIAMETER
DEG DEGREE IDENT IDENTIFICATION
DWH DRAWER IMPLR IMPELLER

iN INCH SE SINGLE END
INCAND  iINCANDESCENT SECT SECTION
INSUL INSULATOR SEMICOND SEMICONDUCTOR
INTL INTERNAL SHLD SHIELD
LPHLDR  LAMPHOLDER SHLOR SHOULDERED
MACH MACHINE SKT SOCKET

MECH MECHANICAL SL SLIDE

MTG MOUNTING SLFLKG  SELF-LOCKING
NIP NIFPLE SLVG SLEEVING
NON WIRE NOT WIRE WOUND SPR SPRING

OBD ORDER 8Y DESCRIPTION sSQ SQUARE

cD QOUTSIDE DIAMETER 5T STAINLESS STEEL
OVH OVAL HEAD STL STEEL

PHBRZ  PHOSPHOR BRONZE SW SWITCH

PL PLAIN or FLATE T TUBE

PLSTC PLASTIC TERM TEAMINAL

PN PART NUMBER THO THREAD

PNH FAN HEAD THK THICK

PWR PCWER TNSN TENSION

RCPT RECEPTACLE TPG TAPPING

RES RESISTOR TRH TRUSS HEAD
AGh AGID ¥ VOLTAGE

RLF AELIEF VAR VARIABLE
ATNR RETAINER W/ WITH

SCH SOCKET HEAD WSHR WASHER
SCOPE 0SCILLOSCOPE XFMA TRANSFORMER
SCR SCREW XSTR TRANSISTCR



Replaceable Mechanical Parts—DC 5009

CROSS INDEX—MFR. CODE NUMBER TO MANUFACTURER

Mfe. Code Manufacturer

Address

City, State, Zip

0COBB BERQUIST COMPANY

000BK STAUFFER SUPPLY

00779 AMP, INC,

01536 CAMCAR DIV OF TEXTRON INC. SEMS
PRODUCTS UNIT

07707 USM CORP., USM FASTENER DIV.

22526 BERG ELECTRONICS, INC.

31223 MICRO PLASTICS, INC.

71785 TRW, CINCH CONNECTORS

73743 FISCHER SPECIAL MFG. CO.

73803 TEXAS INSTRUMENTS, INC., METALLURGICAL

MATERIALS DIV,
78189 ILLINOLS TOOL WORKS, INC.
SHAKEPROOF DIVISION

79807 WROUGHT WASHER MFG. CO.

80009 TEKTRONIX, INC.

83385 CENTRAL SGCREW CO.

85471 BOYD, A, B., €O,

93907 TEXTROK INC. CAMCAR DIV
9-2

4350 WEST 78TH
103 SE TAYLOR
P 0 BOX 3608

1818 CHRISTINA ST.
510 RIVER RD,

YOUK EXPRESSWAY

20821 DEARBORN STREET
1501 MORSE AVENUE

446 MORCAN ST,

34 FOREST STREET

S5T. CHARLES ROAD
2100 8, 0 BAY ST.
P 0 BOX 500

2530 CRESCENT DR.
2527 GRANT AVENUE
600 18TH AVE

MINNEAPOLIS, MN 55435
PORTLAND, OR 97214
HARRISBURG, PA 17105

ROCKFORD, IL 61108
SHELTON, CT 06484

NEW CUMBERLAND, PA 17070

CHATSWORTH, CA 91311

ELK GROVE VILLAGE, IL 60007

CIRCINNATI, OH 45206

ATTLEBORO, MA 02703

ELGIN, IL 80120
MILWAUKEE, WI 533207
BEAVERTON, OR 97077
BROADVIEW, IL 60153
SAN LEANDRO, CA 94579
ROCKFORD, IL 61101
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Replaceable Mechanical Parts—DC 5009

Fig. &
index  Tektronix  Serial/Model No. Mir
No. Part No.  Eff Dscont  Qiy 12345 Name & Description Code  Mfr Part Number
1-1 337-139%-10 ! SHIELD,ELEC:LEFT SIDE 8000¢ 337-1309-10
-2 337-1399-11 1 SHIELD,ELEC:RICHT SIDE 80009 337-1399-11
-3 366-1059-02 B010100 BO10279 1 PUSH BUTTON:GRAY,3.0 H X 0.277 0D 80009 366-1059-02
366-1059-04 BO10280 1 PUSH BUTTON:DOVE GY,0.2270D X 0.3 H 80009 366-1059-04
-4 366-1215-01 BO106100 BO10279 1 KNOB:GY,0.127 ID X 0.5 0D,0.531 80009 366-1215-01
366~1215-02 BO10280 1 KNOB:DOVE GY,0,127ID X 0.5 0D 80009 366-1215-02
=5 mvmem em—— I RES.,VAR,NONWW:(SEE R500/5500 REPL)
(ATTACHING PARTS)
-6 210-0583-00 1 NUT,PLAIN,HEX:0.25-32 X 0.312 INCH,BRS 73743 2X20317-402
-7 210-0940-00 1 WASHER,FLAT:0.25 ID X 0.375 INCH OD,STL 79807 QEBD
- e o K = = =
-8  366-0494-05 BO10100 BO10279 1 KNOB:GRAY,0.127 IDX 0.5 OD,0.531H 80009 366~0494-05
366-0494-08 BO10280 1 KNOB:DOVE GY,0.127ID X 0.53 80009 366-0494-08
o 1 RES.,VAR,NONWW:(SEE R510 REPL)
{ATTACHING PARTS)
-10  210~0583-00 1 NUT,PLAIN,HEX:0.25-32 X 0.312 INCH,BRS 73743  2X20317-402
=11 21G-0940-00 1 WASHER,FLAT:0.25 ID X 0.375 INCH OD,STL 79807 OBD
.
-12  366~1690-00 BO10100 BO10279 1 RNOB:SIL ¢Y,0.53 X0.23 X 1.059 80009 1366-1690-00
366-1690-02 B0O1028D 1 KKOB:IVORY GY,0,53W X 1.059 L X 0.23 80009 366-1690-02
e 2 CONN,RCPT,ELEC:(SEE J500,J510 REPL}
~14  210-0255-00 2 TERMINAL,LUG:0.391 ID,LOCKING,SRS Cb PL 80009 210-0255-00
-15 366-1512-00 BOLO10O B0OL0279 10 PUSH BUTTON:GRAY,0.18 $Q X 0.83 INCH LG 80009 366-1512-00
366-1512-04 E010280 10 PUSH BUTTON:IVORY GY,0.18 X $Q X 0.83 80009 366-1512-04
=16 366-1512=03 I PUSH BUTTON:BLUE,0.18 SQ X 0.83 B000% 366-1512-03
17 334-3822-00 1 PLATE,IDENT: 80009 334-3822-00
-18 378-0157-00 1 LENS,LED DSPLY:PRINTED 80009 378-0157-00
-19 333-2655~00 1 PAREL,FRONT: 80009 333-2655-00
{ATTACHING PARTS)
-20  213-0875-00 2 SCR ASSEM WSHR:6-32 X 0.5,TAPTITE,PNH 93907 OBD
210-1365-00 XBO10160 2 WASHER,FLAT:0.14! 1D X 0.5 THK,AL,0.266 0D 80009 210~1363~0Q
P
-21  105-0719~00 1 LATCH,RETAINING:PLUG-IN BODOY  105-0719-00
(ATTACHING PARTS)
-22  213-0113-00 1 SCR,TPG,THD FOR:2-32 X (0.312 INCH,PNH STL 93907 OBD
_—— e W m a owm
-23  105-0718-01 1 BAR,LATCH RLSE: 80009 105-0718-01
=3 me— e 1 CKT BOARD ASSY:DISPLAY(SEE Al{) REPL)
(ATTACHING PARTS)
=15 2111-0008-00 2 SCREW,MACHINE:4~40 X 0.250,PNH,STL,CD PL 83385 QBD
_ - — k- -
—————————— - CKT BOARD ASSY INCLUDES:
=26 e e 1 . TERM SET,PIN{SEE Al0J1411,J1412,J1413 REPL)
-27  136-0252-07 12 . SOUCKET,PLN CONN:W/0 DIMPLE 22526  75060-012
~28  386-4427-01 1 SUBPANEL,FRONT:W/INSERTS 80009 386-4427-01
(ATTACHING PARTS)
~-29 213-0868-00 2 SCREW,TPG,TF:6-32 X 0.375 L,F1LM,STEEL 93907 OBD
- = R - = =
—————————— - SUBPANEL INCLUDES:
~3) e e 7 . JACK,TIP:{SEE J520,J530,J540,3550,J650,J570,
—————————— - . J580 REPL)
=31 337-2758-00 1 SHIELD,ELEC:SUBPANEL 80009 337-2758-00
=37 386-4426-00 1 SUFPPORT,FRAME:REAR, AL 80009 386-4426-00
(ATTACHING PARTS)
-33  213-0868-00 2 SCREW,TPG,TF:6-32 X 0.375 L,FILM,STEEL 93907 OBD
-34  386-3657-01 2 SUPPORT,PLUG IN: 93907 OBD
-35 211-0008-00 1 SCREW,MACHINE:4-40 X 0.250,PNH,STL,CD PL 83385 OBD
-36  220-0729~00 1 NUT BLOCK:0.25 X 0.471 INCH LONG 80009 220-0729-00
-37 211-0678-Q0 1 BCR,ABSEM WSHR:4-40 X 0,281 L,PNH STEEL 015336 OBD
- o K = om om
~3B e e 1 CKT BOARD ASSY:GPIB(SEE Al4 REPL)
(ATTACHING PARTS)
-39 211-0678-00 2 SCR,ASSEM WSHR:4-40 X 0.281 L,PNH STEEL 01536 OBD
- — =k - - -
REV AUG 1982 9.3




Replaceable Mechanical Parts—DC 5009

Fig. & )
Index  Tektronix  Serial/Modsl No. Mir ‘
No. Part No.  Eff Dscont Qty 12345 Name & Description Code Mfr Part Number
- e e — CKT BOARD ASSY INCLUDES:
=40 136-0269~02 2 . SKT,PL-IN ELEK:MICROCIRCUIT,l4 DIP,LOW CLE 73803 C89002-14
=41 136-0623-00 2 . BO0CKET,PLUG-IN:40 DIP,LOW PROFILE 73803 CS9002-40
-42 136-0578-00 2 . SKT,PL-IN ELEK:MICROCKT,24 PIN,LOW PROFILE 73803 C $9002-24
=43 136~0634-00 2 . SOCKET,PLUG-IN:20 LEAD DIP,CKT BD MTC 73803 ©89002-20
-44  136~0621-00 1 . SOCKET,PLUG-IN:22 CONTACT 73803 C€89002-22
=45 136-0260-02 2 . SKT,PL-IN ELEK:MICROCIRCUIT,16 DIP,LOW CLE 71785 133~51-92-008
~46  136-0499-14 1 . CONNEGTOR,RCPT,:14 CONTACT 00779 4-380949-4
~47  136-0499-16 1 . CORNECTOR,RCPT,:16 CONTACT 00779 4-380949-6
-48  343-0954-01 BOLO10OX 1 RETAINER,RELAY:W/CUSHIONING PAD 80009 343-0954-01
(ATTACHING PARTS)
=49  211-0008-00 BOLOL0OX 2 SCREW,MACHINE:4-40 X 0,250,PNH,STL,CD PL 83385 OBD
e .
---------- ~ TRETAINER INCLUDES:
-50 348-0693-00 BOIDLOOX 1 , PAD,CUSHIONING:1.95 X 1.88 X0.062 85471 3IM-4116
=51 e m———— 1 CKT BOARD ASSY:;ANALOG({SEE Al2 REPL)
(ATTAGHING PARTS)
-52 211-0012-00 2 SCREW,MACHINE:4-40 X 0.375,PNH STL CD PL 83385 OBD
~53 210-0551~00 1 NUT,PLAIN,HEX.:4-40 X 0.25 INCH,STL 000BK OBD
=54  129-0884=00 BOIQLODX 1 SPACER,POST:0.8 L W/4-40 EXT THD ONE 80009  129-0884~00
=55 211-0008-00 2 SCREW,MACHINE:4-40 % 0.250,PNH,STL,CD PL 833685 OBD
[ A
---------- - CKT BOARD ASSY INCLUDES:
=56 ——mee ——— 1 . MICROCIRCUIT:(SEE Al2U1601 REPL)
——— e - . {(OPTION 01 ONLY)
(ATTACHING PARTS)
=57 210-1181~00 1 . WASHER,SHLDR:1.,22 IDb X 0,20D 31223 OBD
------ ——— - . (OPTION Ol OWLY)
[ A=
=58 136-0252-07 44 . SOCKET,PIN CONN:W/O DIMPLE 22526 75060-012
=59  ——em e ¢ . TERM,TEST POINT:(SEE Al2TP1341,TP1410,TPl4ll,
—————————— - TP1431,TP1510,TP1520,TP162]1,TP1631,TP1632
---------- - . REPL)
=60 344-0154-03 6 . CLIP,ELECTRICAL:FUSE,CKT BD MT 80009 344-0154-03
=61  136=0269-02 5 . 8KT,PL-IN ELEK:MICROCIRCUIT,l4 DIP,LOW CLE 73803  C§9002-14
=62 136-0260-02 15 . SKT,PL-IN ELEK:MICROCIRCUIT,l6 DIP,LOW GLE 71785 133-51-92-008
=63  136-0514~00 5 . SKT,PL-IN ELEC:MICROCIRCUIT,8 DIP 73803 ©S9002-8
-64 131-0993-00 2 . BUS,CONDUCTOR:2 WIRE BLACK 00779 530153-2
=653 = rmm— 44 . TERMINAL,PIN:(SEE A12J1031,J1041,J1301,
---------- - . J1303,J1341,J1402,J1403,J1411,J1441,51442,
e - . J1443,31501,J1511,J1521,J1522,J1621,11622,
————— e - . J1423 REPL)
Y JE— ———- 1 . MICROCIRCUIT:{SEE Al12U500 REPL)
(ATTACHING PARTS)
=87 211-0007-00 1 , SCREW,MACHINE:4~40 X 0.188 INCH,PNH STL 83385 OBD
-68 210-0551-00 1 . NUT,PLAIN,HEX,:4-40 X 0.25 INCH,STL 000BX OBD
-69  337-2898-00 1 . SHIELD,ELEC:RELAY,BRASS 80009 337-2898-00
70— e — 1 . MICROCIRCUIT:(SEE A12U1641 REPL)
=7l m—— e 3 . SWITCH PB ASSY:(SEE Al1251010,51011,$1012 REPL)
=72 343~0495-03 1 . CLiP,SWITCH:FRONT,7.5 MM,3 UNIT 80009 343~0495-03
(ATTACHING PARTS)
=73  210~3033-00 3 . EYELET,METALLIC:0.59 OD X 0.156 INCH LONG 07707 SE-25
.
-74  343-0499-03 BOLO1GC BO10279 1 . CLIP,SWITCH:7.5 MM,4 UNIT 80009 343-0499-03
343-0499-12 B010280 1 ., CLIP,SWITCH:REAR,7.5MM X 3 UNIT 80009 343-0499-12
(ATTAGHING PARTS)
=75  210-3033-00 3 . EYELET,METALLIC:0.59 OD X 0.156 INCH LONG 07707 SE-25
P . T
=76 220-0449-00 BO10100X 1 . NUT,SLEEVE:4-40 X 0.188 X 0.50" LONG 80009 220~0449-00
(ATTACHING PARTS)
-77  211-0008-00 BCl1OI10O0OX 1 . SCREW,MACHINE:4-40 X 0.250,PNH,STL,CD PL 83385 O0BD
-78 210-0003-00 BO10100X 1 ., WASHER,LOCK:EXT,0.123 ID X 0.245" 0D,STL 78189 1104-00-00-0541C
213-0848-00 12 ., SCREW,TPG,TF:0-40 X 0.25,PLASTITE 80009 213=0848=00
- = K o =
9-4 REV AUG 1982

uﬁ - -,



Replaceable Mechanical Parts—DC

& Fig. &
. index  Tekironix  Serial/Mode} No. Mir
I No. PartNo.  EH Dscont  Qty 12345 Name & Description Code  Mfr Part Nui
1=79 ———vm o 1 . OSCIALLATOR,RF:{(SEE A12Y153]1 REPL)
—————————— - . {OPTION 01 ONLY}
. (ATTACHING PARTS)
-80  211-0097-00 2 . SCREW,MACHINE:4~40 X 0.312 INCH,PNH STL 83385 0BD
l —————————— - . (OPTION 01 ONLY)
-81 361-0548-00 2 . SPACER,RING:0.125 ID X 0.25 0D X 0.110 ID 80009 361-0548-00
—————————— - . (OPTION 01 ONLY)
il - - -
l 82— —mmem 1 . CONTACT ASSY,EL:(SEE A12J1420,J1421 REPL)
K 1 . TERM. SET,PIN:(SEE A}2J1010,J1310,J1410 REPL)
-84 184-0617-00 2 SPACER,POST:0.375 L X 0.25 HEX 80009  384-0617~00
i (ATTACHING PARTS)
!"fl -85 211-0008-00 2 SCREW,MACHINE:4-40 X 0.250,PNH,STL,CD PL 83385 OBD
- om oaw K e -
=86 o= mmeee 1 CKT BOARD ASSY:DIGITAL(SEE Al6 REPL)
(ATTACHING PARTS)
l -87  211-0008-00 5 SCHEW,MACHINE:4-40 X 0.250,PNH,STL,CD PL 83385 OBD
: -88  129-0315-00 5 SPACER,POST:0.45 L,4~40 THRU THD 80009 129-0315-00
[ T
—————————— - CKT BOARD ASSY INCLUDES:
. L I 8 . SWITCH PB ASSY:(SEE Al6s1521,51522,51523,
”I —————————— - . 81524,81531,81532,81533,81534 REPL)
_ -90  343-0495-04 2 . CLIP,SWITCH:FRONT,7.5 MM,4 UNIT 80009 343-0495-04
(ATTACHING PARTS)
-91  210-~3050-00 8 . EYELET,METALLIC:0,218 I, X 0.059 OD,BRS 07707 SE-27
i - - -k - - .
"I -92  343-0499~04 B010100 B0O10279 2 , CLIP,SWITCH:REAR,7.5MM X & UNIT 80009 343-0499-04
: 343-0499-13 BOI0280 2 . CLIP,SWITCH:7.5MM X 4 UNIT 80009 343-0499-13
(ATTACHING PARTS)
. -93  210-3050-00 8 . EYELET,METALLIC:0.2i8 L X 0.059 OD,BRS 07707 SE-27
[ 4 P A
‘ A. —94 e e I . SW LEVER ASSY:(SEE Al6§1511 REPL)
(ATTACHING PARTS)
-95 213-0872-00 3 . SCREW,TPG,TF:2-28 X 0.75,TYPE 2,PNH 93907 ORD
.‘TH‘ - ek~ -
I —96  wmemm ——mmm 1 . SW LEVER ASSY;(SEE Al1651512 REPL)
=97  136-0260-02 8 . SKT,PL-IN ELEK:MICROCIRCUIT,16 DIP,LOW CLE 71785 133-51-92-00
~98  136~0670-00 1 . SKT,PL-IN ELEE:MICROCKT,18 PIN,LOW PROFILE 73803 CS9002-18
) =99  136=0578-00 1 . SKT,PL-1N ELER:MICROCKT,24 PIN,LOW PROFILE T3B03 € $9002-24
b ~100 —memm= —mmem 1 . TERM. SET,PIN:(SEE Al6J1331,J1411,31412,
| - . J1413,J1431 REPL}
-101 136-0263-04 4 . SOCKET,PIN TERM:FOR 0.025 INCH SQUARE PIN 22526 75377-001
=102 ———mm e 1 . TERM. SET,PIN:(SEE A16J1210,J1211 REPL)
~103 136-0499-06 2 . CONN,RCPT,ELEC:CIRGUIT BD,6 CONTACTS 00779 3-380949-6
-104 136-0499-08 1 . CONNECTOR,RCPT,:8 CONTACT 00779 30380949-8
“105 —memm —— e 3 . TERM,TEST POINT:({SEE Al6TP1301,TP1302,
~~~~~~~~~~ - . TP1303 REPL)
-106 136-0694-00 1 . SKT,PL-IN ELEK:MICROCIRCUIT,28 GONTAGT 73803 C$9002-28
-107 136-0623-00 1 . SOCKET,PLUG-IN:40 DIP,LOW PROFILE 73803 C89002-40
~108 131-0993-07 1 . LINK,TERM.CONNE:2 WIRE VIOLET 00779 530153-7
-109 342-0355-00 1 INSULATOR,PLATE:TRANSISTOR,SI1LICONE RUBBER 000BE  7403~0YFR-51
—————————— - {OPTION 01 ONLY)
-110 214-1061-00 1 SPRING,GROUND:FLAT 80009 214-1061-00
=111 214-3089-00 72 LOCKOUT,PLUG-IN:PLASTIC 80009 214~3089-0C
-112 426-1763-00 1 FR SECT,PLUG-IN:TOP 80009 4626-1763-00
~113 426-0724-01 1 FR SECT,PLUG-1N:BOTTOM 80009 426-0726-01
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WIRE ASSEMBLIES

175-3233-00 1 CABLE ASSY,RF:50 OHM COAX,12.0 L,9-N 80009 175-3233-00
————— m——— - (FROM J520,J530 TO Al12J1402)
352-0169~00 1 . HLDR,TERM CONN:2 WIRE BLACK 80009 352~0169-00
175-3239-00 1 CABLE ASSY,RF:50 OHM COAX,14.0 L,9-5 80009 175-3239-00
e - (FROM J540 'TO Al2J1341)
352~0169-05 1 . CONN BODY,PL,EL:2 WIRE GREER 80009 352-0169-05
175-3238-00 1 CABLE ASSY,RF:50 OHM COAX,l14.0 L,9-4 80009 175-3238-00
—————————— ~ (FROM J560 TO Al2J1442)
352-0169-04 1 . CONN BODY,PL,EL:2 WIRE YELLOW 80009 352-0169-04
175-3232-00 1 CABLE AS8Y,SP,ELEC:2,26 AWG,12.0 L,RIBECN 80009 175~3232-00
——— —— -~ (FROM J570,J580 TO Al2J1411)
352-0169-01 1 . HLDR TERM CONN:2 WIRE,BROWN 80009 352-0169-01
175-3227-00 1 CA ASSY,SP,ELEC:3,26 AWG,6.0 L,RIBBON 80009 175-3227-00
———— e - (FROM R500/8500 TO Al2J1301)
352-0161-02 2 . CONN BODY,PL,EL:3 WIRE RED 80009 352-0161-02
175-2623-00 1 CA ASSY,SP,ELEC:2,26 AWG,3.0 L 80009 175-2623-00
——— - (FROM R500/8500 TO Al6J1431)
352-0169-00 1 . HLDR,TERM CONN:2 WIRE BLACK B000Y  352-0169-00
175~3228-00 1 CA ASSY,SP,ELEC:3,26 AWG,7.0 L,RIBBON 80009 175-3228-00
---------- - (FROM R510 TO Al2J1303)}
352-0161-03 1 . CONN BODY,PL,EL:3 WIRE ORARGE 80009 352-0161-03
352-0161~02 1 . CONN BODY,PL,EL:3 WIRE RED 80009 352-0161-02
175-3229-00 1 CA ASSY,SP,ELEC:7,26 AWG,3.5 L,RIBBON 80009 175-3229-00
---------- ~  {FROM Al0J1012 TO Al6J1412)
352-0165-03 2 . COEN BODY,PL,EL:7 WIRE ORANGE 80009 352-0165-03
175-3235-00 1 CABLE ASSY,RF:50 OEM COAX,10.0 1,9-0 80009 175-3235-00
S ———— - (¥ROM A10J1031 To A1271521)
352~0169-00 2 . HLDR,TERM CONN:2? WIRE BLACK 80009 352-0169-00
175-3240-00 1 CABLE ASS5Y,RF:50 OHM COAX,10.0 L,9-6 80009 175-3240-00
s=m—= o ~ (FROM AlOJ1041 TO A12J1522)
352-0169-06 2 ., CONN BODY,PL,EL:2 WIRE BLUE 80009 352-0169-06
175-3230~00 1 CA ASSY,SP,ELEC:8,26 AWG,4.0 L,RIBBON 80009 175-3230-00
e - (FROM AlOJ1101 TQ Al6JL4ll)
352-0166~04 2 . CONN BODY,PL,EL:8 WIRE YELLOW 80009 352-0166-04
175-3231~00 1 CA ASSY,5P,ELEC:8,26 AWG,3.5 L,RIBBON 80009 175-3231-00
---------- —- (FROM Al0J1102 TO Al6J1413)
352-0166-05 2 . CONN BODY,PL,EL:8 WIRE GREEN 80009 352-0166-05
175-3234-00 1 CABLE ASSY,RF:50 OHM COAX,3.5 L,9-1 80009 175-~3234-00
---------- - (FROM A12J1403 TO Al2J1501)
352«0169-01 2 . HLDR TERM CONN:2 WIRE,BROWN 80009 352-0169~01
175-3236~00 1 CABLE ASSY,RF:50 OHM COAX,7.5 L,9-2 80009 175-=3236~00
e ——— ~  (FROM Al2J1441 TO A1231622)
352-0169-02 2 ., CONN BODY,PL,BL:2 WIRE RED 80009 352-0169-00
175-3237-00 1 GABLE ASSY,RF:50 OHM COAX,6.0 L,9-3 80009 175-3237-00
——— ———— ~ (FROM A12J1443 TO A12J1623)
352=0169~03 2 . COMN BODY,PL,EL:2 WIRE ORANGE 80009 352-0169-03
175-3433-00 1 CA ASSY,SP,ELEC:2,26 AWG,3.0 L,RIBBON 80009 175-3433-00
o ———— - (FROM A12J1621 TO A120U500) SUBPART OF Al2
352-0161-06 2 . CONN BODY,PL,EL:3 WIRE BLUE 80009 352-0161-06
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070-3888-00 | MANUAL,TECH:INSTRUCTION 80009 070-3888-0G0
175-3765-01 1 CABLE ASSY,RF:50 OHM COAX,48.0 L,8-N 80009 175-3765-01
070-3560-00 1 MANUAL,TECH:REFERENCE CUIDE 80009 070-3560-00



