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MANUAL CHANGE INFORMATION 
Date: 7-8-8 1. Change ‘Reference: Cl/781 

DC5009 Manual Part No.: 

UESCRIPTION 
-1-1'1-1 - ,...,,,,.,,, ",..,., 

070-3888-OO- 

All references to the SA 501 in 
this manual now apply to the 
067-l 090-00 Signature Analyzer. 



MANUAL CHANGE INFORMATION 
-TED To fxJxuENcE Date: 11-X-81 Change Reference: C4/1181 

'rnduct: -., DC 5009 ,~"_- Manual Part No.: O70-3888~JJL 

DESCRIPTION 
_..,.- ,- ,,,_- 

CHANGE ‘To: 

Fij;. 8-5 SETUP CONDITIONS 
Change SA CLOCK TP 1302 to a falling edge (1). 

Fi,g. 8-6 SETUP CONDITIONS 
ChanCe SA CLOCK TP 1302 to a rising edge (I). 
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MANUAL CHANGE INFORMATlON 
cMM*rlFo To EXCELLENa Date: l-15-82 Change Reference: CSllR2 

DC 5009 UNIVERSAL COUNTER/TIMER - ?roduct : ----,- -..,.,, "---..",---,.-- Manual Part No.: 070-3888-00 

DESCIUPTION 

IIFF ALL SN 

TEXT CHANGES 
Page 1.-3 Table 1-2, ELECTRICAL CHARACTERISTICS 
Characteristic: Trigger Levels, Accuracy 
CHANGE: Supplemental Information to read: 

i45 mV f40uV/oC referenced to 25OC. (Typical) 
Cf 15 mv t4ouv/oc at front panel connectors.] 

Actual triggering voltage is subject to changes 
in input, signal to noise ratio and risetime. 
See resolution and accuracy statements. 

Pay,c l-4 Table 1-2 (cant) 

Ch:irxcteristic: Trigger Levels (cant) 
Trigger Level Output Accuracy 

CHANGF: Performance Rcquircments to read: 

Within ?30 mV of internal DC . . . 

Page 4-4 4. Check the CHANNEL A TRIGGER LFVEL Output Accuracy; ?lO mV 

of Internal DC Trigger Level Voltage 

CILANGG: +lO mV to read: t30 mv 

Page 4-5 g. CHECK-that the digital multimeter readout indicates 

between -.OlO and +.OlO V. 
CIIANGE: -.OlO ad +.010 V to read: -.030 and +.030--V 

P,agc 4-5 i. CHECK-that the digital multimeter readout indicates 

between L.010 and +.OlO V. 
CWANGE: -.OlO and f.O1O V to read: -.030 and +.030 V 
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MANUAL CHANGE INFORMATION 
cmmNrTEOX)EXCELLENC Date: 10-19-81 Change Referencr: M44h33 

P,-~~I~,~~,: DC 509_-and DC 5009 Manual Part No.: -. see below 

DESCRIPTION 
-_ ,.,, - . 
UC 509 (070-3464-00) 

DC 5009 (070-3888-00) 
EFF SN ~020408 (DC 509 nnd DC 5009) 

TFXT CORRECTIONS 

Pn$!,c 3-l 1 Change the secmd paragraph for Rca,r Interface Signals to read: 

The meirsurement GATE signal to the rear interface is via 
P1410-4 (J1410-4). The microprocessor interprets the reset 

i.nput from ~1321F to pin 33 of U1332 as the electrical 
equivalent of the front pmel MEASUREMENT RESET pushbutton. 

l?aj::e 5-8 (DC 509) F%g. 5-9 
Page 5-Y (DC 5009) 

Change: Measurement To Read: Measurement 
Gate Out -- 

Gate Out 

Prigc 5-9 (UC 509) Pin 28R 
Page 5-10 (DC 5009) 

CHANCE TO WAD: 
Pin 2811. Me;isurement Gate Out--This line is in the low 

state durrng 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. 
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DESCRIPTION 

CONTROL LOGIC AND MEMORY - Partial 
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MANUAL CHANGE INFORMATION 
-TOE-KX Date: j-25-52 Change Reference: Mb5587 RIT”J 

Product:DC5009 UNIVERSAL COUNTZA/TIMh3 Manual Part No.: 070-9388-00 

DESCRIPTION 

EFF SN B021120 

REPLACEABLE ELECTRICAL PARTS AND SCHEMATIC CHANGES 

CHANGE To: 

Al6 670-6855-01 DIGITAL BOARD 

A16R120j jl5-0433-CO RES.,FXD, CMPSN: 4% OHM, 5%, 0.25W 

ADD: 

A16R1204 jl5-0104-00 RES,,FXD, CMPSN: lOOK OHM, 5%. 0.25W 

DIAGRAM 
0 

MICROPROCESSOR, CONTROL IL)GIC AND MilMORY - Partial 



DESCRIPTION 

CHANGE To: 

A14 670-6797-01 

.AllrRljOl j15-0433-00 REs.,FXD, CMPSN: 4jK OHM,5%, 0.25w 

ADD: 

Al4RljO5 315-0104-00 RES.,FXD, C:WSN: lOOK OHM, 5%. 0.25W 

DIAGRAM GPIB MICROPROCFSSOR, M3lORY and CONTROLLER - partial. 

2 

- 

3 

4 



MANUAL ,CHANGE INFORMATION 
0 tXCEuENCE ,p,te: j-26-82 Change Ileference: M45904REv 

~r~,c,u~.‘t: QQ 5009 UNIVERSnL COUNT~/TIM.~~~_~~.,~~~ Manual Part No.: Q7O--J888=on__ 

DESCRII’TION 
-..-z.- -...~- 

E:FFEC"'IVE SN: 

DC 5009 B021120 
Lc 5009-01 B021040 

CHANGE TO: 

A12R1504 315..0474-00 RES.,FXD,CMPSN:5hOK OHM,5%,0.25W 

ADD: 

AlX1504 ~1-056'1-00 CAP.,FXD,CER DI: 0.01UF,10%,100~ 

MOVE: 

Move connection of Cl521 to +5V3. 

These changes are located on schematic /($. 

DiEiFiH/J/KIL, 

PHASE LrmEtl Low 

CHANGE TO: 
Al2 670-6795-01 ANALOG CKT BOARD ASSY (STANDARD) 

Al2 67o-6854-01 ANAMG CKT BOhRD ASSY (OPTION 01) 
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MANUAL CHANGE INFORMATION 
Date: 11/5/82 Change Reference: M4@67 REV 

~>~<,<,~,~t: DC 509/DC 5009, DC 509 Opt 01/1X 5009 Opt OIMa,,ualpert~o.: See Below 

DESCRIPTION 
- 

EFF SN: DC 509 (070-3464-00) B021580 (Std.)/B021610 (Opt. 01) 
DC 5009 (070-3888-00) RO21130 (Std.)/B021250 (Opt. 01) 

REPLACEABLE EL.ECTRICAL PARTS R SCHEMATIC CHANGES 

CHANGE TO: 
A 1 P 
A 1 2 

670-6795-02 
670-6854-02 

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

REMOVE: 
AlX1503 
A7;'01502 
Al;!R1501 
Al;'R1505 
Al%H1510 
AlZR1517 
Al?Rl518 
Al;IR1519 
A1;'lJ1501 

281-0786-00 
151-0190-00 
315-0103-00 
315-0393-00 
315-0512-00 
315-0102-00 
315-0102-00 
315-0332-00 
156-1126-00 

CAP.,FXD,CER DI: 150PF,10%,100V 
TRANSISTOR: SILICON,NPN 
RES.,FXD,CMPSN: IOK OHM,5%,0.25W 
RES.,FXD,CMPSN: 39K OHM,5%,0.25W 
RES.,FXD,CMPSN: 5.1K OHM,5%,0.25W 
RES.,FXD,CMPSN: 1K OHM,5%,0.25W 
RES.,FXD,CMPSN: IK OHM,5%,0.25W 
RES.,FXD,CMPSN: 3.3K OHM,5%,0.25W 
MICROCIRCUIT,LI: VOLTAGE COMPARATOR 

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

PARTIAL. DIAGRAM @ TIME BASE, 1OOMHz I'LL & NOISE GENERATOR 

Paae 1 of 1 



MANUAL CHANGE INFORMATION 
CoLurrrDTo EXaLl.EHX Date: 3-29-83 ChangeReference: n 4Qw7 (REV) 

'roduct: DC Manual Part No.: mm 

DESCRIPTION 

EFF. SN: mm 

REASON FOR CHANGE: To aeewe compatibility with the DP 501, improve GPIB operat- 
ing characteristics, and stabilize the display over the full 
operating temperature range for the instrument. 

REPLACEABLE ELECTRICALPARTS &SCRIMATIC CHANGES 

CHANGE: 
Al4 FROM: 6'+67g+ol CKT BOARD ASSY: GF'IB 

TO: 670-6797-03 CKT BOARDASSY: BIB 
AlZ(Std) FROM: 670-6795-02 CKT BoARDA%Y: ANAIBG 

TO: 67Cb6795-03 CKT BOARD ASSY: ANALOG 
Al2copt Ol)Fl?Ok!: 670-6854-02 CKT BOARDASSY: ANAIDG 

To: 670-6854-03 CKT BOARD ASSY: ANAIM; 
~16 F-KM: 670-6855-01 CKT BOARD ASSY: DIGITAL 

TO: 67CMi855-02 CKT BOARD ASSY: DIGITAL 

Al4Rl301 FROM: 315-0433-00 REs,FXD,CMPSN: 43K,O.25W,5% 
TO: 315-0333-00 RES,F’QCWPSN: 33K,O.25W.5% 

Al4Rl305 FROM: 315-0104-00 RES,FXD,CMPSN:lOOK,0.25W,5~~(REF:H45537) 
To: 3156753-00 Rl?S,FXD,CHPSN: 75K,0.25Wq5s 

Al4UllO2 FRO&! : 160-1091~ MICROCIRCDIT,DI: 4096 x 8 l!ROkl,PRGM 
To: 160-1091-02 IIICROCIRCUIT,DI: 4096 x 8 MRCM,PRGM 

Al4u1201 FRC+l: 160-1092-00 HICROCIRCUIT,DI: 4096 x 8 IIRO&PE(B( 
TO: 160-1092-02 MICROCIRCUIT,DI: 4096 I 8 IIRoM,PROYI 

~16~~1221 FROM: 152-oo7l-00 SEXICOND DEVICE: GERklANIUM,l5V,4oMA 
TOI 152-0322-00 SMICOND DEVICE: SIG,SCRoTTKy 

~16~~312 mn: 160-1076-01 MICROCIRC~JIT,DIZ 4096 x 8 klT?OH,PRGH 
To: 160-1076-02 UCROCIRCDIT,DI: 4096 x 8 HROM,PRoH 

ADD: TOTREAlZClCI'BOARD: 
a4-0982-00 CONTACT,EIXz GROUNDING (See Illuetration Pg.41 

Al4 is the GPIB BOARD and is shown on Diagram 1 
0 

, the location of Al4UuOl. 
Al4U1102, Al4Rl301, and Al4Rl305. 

- 

4 

1 

JlllCl c 

,111*1- .- ,111~1 - 
,I>ICI.C 

5 @ .ll 
, Ilttl-1*- 

Al2 is the ANALOG BOARDshown on Wagram 6 0 
, the board on which theme" spti 

&ield ha.e been in&&led. 
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Product: Date: 15 Feb. 1983 Change Reference: 

DESCRIPTION 

~16 ia the DIGITAL BOARD nhoun on Magram 
and ~6~~~221. 

, the loCation of ~l6~~31.2 

KERNEL SIGNATURE ANALYSIS 

Add Table 53 to Page 5-15 of the DC 5009 Wmual (O?Q-m-C0). 

s4gnctun vcmlon* 
Aaecmbly 

ROM 

Al4 GPIB 
UllO2 
u1201 

VWClOll VCHlOn 
PO.1 f 1.2 

67&6?9?-01 670579743 
16&1091-00 160-1091-02 
16&1082+00 16&1092-02 

Al6 Digital 670-6855+01 67W355-02 
Ul312 160-107601 180-107602 

TIIC internal signatures a~ nho~n ia Np. 8-5, Fig 8-6, & Ng. 8-7 are not 
affected by these changes. 

Chau&e the caption under the KERNEt SIGNATURE ANALYSIS (DIGITAL BOARD) to read: 
Ng. 8-8~. Kernel signature aualjeis (IKgital board). F 0.1 Version. 

Add the follotig Kernel Sigaatuve Analysis charts to the M: 5009 Wanrul. 
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Date: J&&b-U& Change Reference: H 

DESCRIPTION 

PC5009 

Version F 1.2 

Plool 

Product: DC 5009 

L 

*v SIcMTmE - 7ssu 

KERNEL SICNATLRE U(ALVSIS ICPIB mAno1. 
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DESCRIPI-ION 

Pagb *-1 faft band column, paragraph two! 

FRCW To enart instrumtnt accuracy, chtck the calibration er- 
try K)(x, hourt of operation or at a aini*ru of every nix 
mntht If uted infrsqutntly. 

m: To tmntrt lnttrumtnt accuracy, check the calibration ev- 
sry too0 hours of operation or at a adnimum of once wtry 
year if wed infrequently. 

Page 1-f Table l-2, FLECTEICAL CEWRAClXFUSTICS 

Characteribticr Trigger Ltvtle, Aocuracy, Supltmnttl IoforaPtion 

$15 mV %0 pV/*C referenced to as"C. (Typictl) 

35 mv 2 2 mV/*C rtftrtnctd to WC. (Typical) 
+ 45 mv z 2 N/V at front panel catmctort. 

Actual triggerlag voltage it tubjtct to chtngts 
i&input tipal to noitt ratio and riaetims. 

See rttolutlw and accuracy sttttmt& 



Product: x 5009. @Z 5009-01 Date:15 Feb. 1983 Change Reference: U 49902 

nFCPRIPTION 

Al2ANAIDGBOARDCHANGES 

REASON lX?R CHANGE2 To sake Events B during A and Ratio B/A vork properly 
when CR B Input frequency is below approximtely 200 Hz. 

REPLACEPIBLE ELECTRICAL PARTS & SC-TIC CHANGES 

ADD: 
Al2Rl426 315-0122-00 RES,FXD,CNF'SNr 1.X. 5%. 0.25W 
AlZRl427 315-051l-00 RES,F'XD,Ci'fPSN: 510 OIM, 5%. 0.2!jw 

R1426 (1.2K resistor) ia installed betvetn Pin 3 of Ul42l and the lover end 
of R1433 (another 1.2K resistor). See partial echematic below. 

Rl427 (510 Obm resistor) is installed from Pin 3 of Ul421 and the upper end 
of Cl441 (a 0.1 cap off the base of Ql433). See partial schematic below. 

PARTIAL SCHEXATIC 0 3 GATING, ARMING, & SYNCHRONIZERS: 



MANUAL CHANGE INFORMATION 
@ktmnke Datez &2>83 -m To ExcxuP*I Change Reference: M45763 

Product. DC5009 UNIVERSAL COUNTwTIME;R Manual~art No.: O70-78=Oo 

DESCRlFWON PG 96 -.,~, 
KFFWTIVE SERIAL NUMBER: E&1720, (~041760 for Option Ok) 

CHANGE TO: (New mechanical package) 
A16 6%685~04 CKT BOAR0 ASSY: DIGITAL 
Al2 67b679F05 CKT BOARD AssY: ANALOG (STANDER) 
Al2 670-6854-05 CKT BOARD ASSY: ANALOG (OPTION 01) 
The following items refer to the Replaceable Mechanical Pa& List; 

Fig Ei Part No. 
Index No. 
l-1,1-2 337-3039-00 
1-12 366-1851-01 
1-21 105.-0866-m 
1-23 10~086~rn 
l-19 333-1857-00 
l-31 337-313F0O 
1-32 zx%-4910-00 
l-98 42&072%24 
1-99 426-0724-25 
-(2) 1050932-Do 
'(2) 21~0201-00 
l (1)  211-002500 
l (3)  211-0101-00 
l (1)  214-514500 
‘(2) 214-3364-00 

l New item. 

Description 

SHIELD,ELEC: SIDE 
KNOA,TCITCH 
LATCH,RETAINING: PLWEIN 
BARJATCH: -EASE 
PANEL,mONT,ASSY: DC5009 
SHIELD,EIEC: SW-PANEL 
SWPORTJRAHE: REAR 
FRAM,SECT: TOP 
FR.MZ,S?XT: BOI"I'OM 
LATCH,PANEL: SIDE 
TEREC,LUG:O.l2'ID,LOCKINS 
SCRzd: 4-40 x 0.375 L 
sc93!4: 4-40 x 0.250 L 
SPRIh‘G: LATCH 
FASTNER,LATCH: SIDE 



rank MANUAL CHANGE INFORMATION 
I)atc: 4-15-84 Change Reference: Cl110484 

i%nua~ Part No.: ‘J70-3888-‘JO~-- 

DESCRIPTION 
----- ,.-,.,, ,,, ..,,. -. PE 76 ~,,,,X,_ 

CHANGE TO : 

Al4 670-6797-04 CKT BOARD ASSY: FPIB 

The new 670-6797-04 is identical to the 670-6797-03 except it does 
not include 111102 (160-1091-02) or U1201 (160-1092-02). These parts 
mu:;t he ordered separately. 
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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 summary. 

TERMS 

In This Manual 

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

WARNING Statements 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 prcp- 
erty including the equipment itself, 

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

SYMBOLS 

In This Manual 

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

As Marked on Equipment 

% 
@ 
A 

DANGER - High voltage. 

Protective ground (earth) terminal, 

ATTENTION - refer to manual. 

Power Source 

This product is intended to operate from a power module 
connected to a power Scurce that will not apply more than 
250 volts rms between the supply conductors or between 
either supply conductor and ground. A protective ground 
connection by way of the grounding conductor in the power 
cord is 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 card into a properly wired receptacle before 
connecting to the product input or output terminals. A prc- 
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 

Upon 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, volt- 
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 atmOSphere unleSs it has been specifically certified for 
such operation. 

Do Not Operate Without Covers 

To avoid personal 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. 



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 adjustment 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. 

DC 5009 

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

Power Source 

This product is intended to operate 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 conductor and ground. A protective ground connec- 
tion by way of the grounding conductor in the power cord is 
essential for safe ooeration. 

vii 
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Section 1 -DC 5009 

SPECIFICATION 
Instrument Description 

The DC 5009 is a one-wide, Universal Counter/Timer 
plug-in. It features reciprocal frequency. period, events B 

1 

during A and Totalize measurements to 135 MHz. time in- 
terval and widths features 10 ns single-shot resolution. 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 standard is published by the Institute of Electrical 
and Electronics Engineers, Inc., 345 East 47th Street. New 
York, New York 10017. 

The WC 5009 provides trigger level outputs at both the 
front panel and rear interface for increased measurement 
Conveniewe. Shaped outputs and an arming input are indi- 
vidually available at either the front panel or 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 control. 

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 Programmable Instrumentation”. In this manual. 
the interface is commonly called the General Purpose Inter- 
face Bus (GPIB) 

The IEEE standard identifies the 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 Table l-1, 

The DC 5009 is GPIB programmable and allows any 
manually selectable function or mode to be operated over 
the GPIB bus. including all input conditioning COntrOlS. After 
the DC 5009 is set to the remote state by a system control- 
ler, its operating modes and settings can be set and read by 
programming mnemonics sent to it in ASCII code over the 
bus. The instrument’s settings may also be read while in the 
local state. The DC 5009 connects to the bus through a 
GPIB-compatible connector on the TM 5000.Series power 
module. 

Table 1-i 
IEEE 488 (GPIBI INTERFACE FUNCTION SUBSETS 

Function 

Source Handshake 

Acceptor Handshake 

Basic Talker 

Basic Listener 

Service Request 

Remote-Local 

Parallel Poll 

Device Clear 

Device Trigger 

Controller 

Subset 
~s.=“F 

SHI 

AH1 

T6 

L4 

SRl 

RLl 

PPO 

WCL 

DTI 

co 

: Capability 

Complete. 

Complete. 

Responds to Serial Poll. 

Unlisten if My Talk Address (MTA) is received. 

Complete. 

Complete. 

00~s not respond to Parallel Poll. 

Complete. 

Complete. 

No controller function. 



Specitlcation--DC 5009 

Measurement results are displayed in an eight-dlgit LED 
readout, with the decimal point automatically positioned. 
The displayed oount overflow is indicated by a flashing dis- 
play. The counter also u$e$ three digits of the seven-seg- 
ment LED display to indicate internal or operating errcr 
codes and two digits for external signal probe COtnpenSStiO~ 

results. 

The DC5009 oan be equipped with an optional. even 
controlled. 10 MHz crystal 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 Options 

Option 01 replaces the internal IO MHz time baSS (clock) 
circuit with a Self-contained proportional temperature ccn- 
trolled oven oscillator for increased accuracy and stability. 

Standard Accessories 

1 Instruction Manual 
1 Reference Guide 
1 Cable assembly, bnc-to-tip jack 

Refer to the tabbed Accessories page at the rear of 
I 

this manual for more information. 

I 
Performance Conditions 

The limits stated in the Performance Requirements WI- N 
umn$ of the following tables am valid only if the DC 5009 
has beSn calibrated at an ambient WriVXratUre between 
+ZO”C and +30cC and is operatina at’ an ambient tem- 

I perature between 0°C and. +50+, unless otherwise 
stated. 

Ii Information given in the Supplemental Information and 
Description columns of Tables 1-2 through 1-5 is provided 1 

for user information only and should not b$ interpreted as 
Performance Check requirements. 

The DC 5009 must be operated or stored in an environ- 
ment whose limits are de$cribed under Environmental 
Characteristics. 

I Allow at least 20 minutes warm-up time for operation to 
specified accuracy, 60 minutes after storage in a high hu- 1 
midity environment. 

I-2 



Specification--DC 5009 

Table 1-2 
ELECTRICAL CHARACTERISTICS 

Characteristics Performance Requirements Supplemental Information 

CHANNEL A and CHANNEL B INPUTS 

’ O HZ to ~f,“,,,,oN 

~10 Hz to afFIINcTIoN 

mar Interface (Int) 
DC Coupled 

AC Coupled 

Input Sensitivity 
Xl Attenuation 

F; ,i DC Coupled 

.,,.’ 

I : 

6, 

(AC or DC Coupled) I 

Minimum Input Pulse Width I 

Input Dynamic Range 

Xl 

1 

x5 

AUTO TRIG and 
Programmable Levels 

Range 

> 0 Hz to a50 MHz 

~10 Hz to a50 MHz 

~‘20 mV rms (56.6 mV p-p) from > 0 Hz to 
a100 MHz 

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

2fF”NCTION 

~20 mV rms (56.6 mV p-p) from ~10 Hz to 
al00 MHz. 

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

3fF”NCTION 

sns@115mVp-p 

szk3.2V 

+3.200 to -3.175 V with 25 mV resolution 

~125 mV p-p times attenuator. <20 Hz to 
a100 MHz 

:ee Functions Specifications 

Typically ~5% p-p aberrations. <2% 
at dc 

-3.2 <Vi” <+3.2 

VIn p-p ~3 V. (For Input Signal 
risetimes <5 ns) 

V,” p-p 45V. (For Input Signal 
risetimes 15 ns) 

kt5 mv i40 ~vI”C referenced to 
25°C. (Typical) 

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. 



Characteristics Performance Requirements 

CHANNEL A and CHANNEL I3 INPUTS (cant) 

Supplemental Information 

Trigger Levels (cant) 

Trigger Level Output Accuracy 

Maximum Input Voltage 
Front Panel 

Xl 

x5 

Rear Interface 
xi, x5 

Input Impedance 
Front Panel 

Xl, x5 

Rear Interface 
Xl, x5 

Slope 

Arming Input 

Pulse Response Pulse width ~100 ns (VW a2.4, V, ~0.4) 

Maximum Safe Input Voltage 

Shaped Outputs 
Delay from front panel input 

Amplitude 

Risetime 

Within?? mV of tnternal dc trigger level 
voltage. (Actual triggering voltage is subject 
to changes in input signal-to-noise ratio and 
risetime.) See resolution and accuracy 
statements 

VP, <200 
Vpp ~400, dc to 50 kHz 
V &O/f MHz 50 kHz to 1.33 MHz 
VP’ ~15 1.33 MHz to 150 MHz 0.0 
VP,<200 
V <I400 dc to 5 MHz 
V;;<2000/f MHz 5 MHz to 80 MHz 
V DD <25,80 MHz to 150 MHz 

1 MQ +2%, ~30 pF 

50R ~10% @ dc 

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

ARMING INPUT, SHAPED OUTPUTS 

Vnk 3.6 V 

(-13V<Vin<+13V,X1)(-65<Vin 
<+65V, X5) 

Arming is not recommended for Chan- 
nel A frequencies a70 MHz 

Armed when Vin a2.4. Disarmed when 
V’” so.4 v. 

3 ns into 50 a (typical) 

Iin, low -3.2 mA (2 standard TTL 
loads) 

VP, <lo v 

13 ns typically 

0 to > +0.3 V from 50 R ground referenced 
source 

1-4 
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Table l-2 (cant) 

Characteristics Performance Requirements 

FUNCTIONS 

Supplemental Information 

FREQUENCY A 
Range GlOOfiHz to a135 MHz 

I 

Resolution + LSD t 1.4 X Trigger Jitter Error/N X 
(Freq A)* 

Accuracy Resolution i- (Timebase Error X 
Frequency) 

PERIOD A 
Flange ~7.40 “s to a3.05 hours 

Repetition Rate a135 MHz 

Clock Period Counted I 10”s 

Resolution I + LSD + 1.4 X Trigger Jitter Error/N 

Accuracy Resolution + (Timebase Error X 
Period A) 

Averaged by A 
I 

RATIO B/A 
Range 10-7 to 100 

Frequency Range 
CH A 
CH B 

a0 to a135 MHz 
a0 to a125 MHz 

-+ 
Resolution 

I 
+ LSD & 1.4 X B Trigger Jitter Error X 
FREQ B/N 

Same as Resolution Accuracy 

~15 “s (10 ns typical) to a3.05 hours Range 

Resolution k LSD + (i CH A Trigger Jitter Error 
?CH B Trigger Jitter Error)/@. Us- 
able resolution G5 ps 

Resolution *(Timebase Error X TI) + 
(CH B Slew Rate Error -CH A Slew 
Rate Error) -?-Channel Delay Mismatch 

10”s 
I 

Clock Period Counted 

Channel Delay Mismatch 

External Input (Front) s2 “S 

Internal Input (Rear) I <3 “S 

Minimum Dead Time (Time 
6, ~*A) 15 ns (10 ns typical) 



Characteristics Performance Requirements 

FUNCTIONS (cant) 

EVENTS B DUR A T 

Supplemental Information I 

0 

I 
Averaged by A 

Range lo-‘to108 

Maximum B Freauencv 125 MHz 

Minimum A Pulse Width 15 ns (10 ns tvpicall 

15ns 
Minimum Time Between A 
Pulses 

Minimum Time Between A Start 
Edge and first B Event 15 ns (7 ns typical) 

4 
Resolution +LSD + (FREQ B/\/N) [&Trigger Jit- 

ter Error (A Start Edge) *Trigger Jitter 
Error (A Stop Edge)] 

Resolution + FREQ B (Stop Slew 
Rate Error -Start Slew Rate Error) 

I 
I Accuracy 

WIDTH A 
Range ~15 ns (10 ns typical) to a3.05 hours 

Resolution ? LSD + ( t Start Trigger Jitter Error 
*Stop Trigger Jitter Error)/@ -~ 
Resolution & (Timebase Error X 
Width) + (Stop Slew Rate Error 
-Start Slew Rate Error ) i 5 ns (2 ns 

Accuracy 

Clock Period Counted 

Minimum Dead Time 
Between Pulses 15 ns (10 ns typical) 

Time Manual 
Range 0 to 3.05 hours Electronic Stopwatch-accumulates 

*LSD 

+ Resolution +(Timebase Error X TIME) 

Resolution 

Accuracy 

LSD 100ms 

TOTALIZE A 
Range 0 to 240 (1.09 x 10’2) Counts Accumulates A events from Start to I 

stotl 

Repetition Rate 

Display Scaling 

> 0 to al35 MHz 

1 Allows totalizing to more than 8 digits I Displayed Result = A EVENTS/N Where N 
= 1, 10, lo* to 10’ selected by the AVER- 
AGES control. In AUTO, N = 1 

of display. While totalizing, the display 
may be shifted to display LSD’s with- 

@ I. 1-6 
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Characteristics 

TOTALIZE A (cant) 
I 

Table l-2 (cant) 

Performance Requirements Supplemental Information 

FUNCTIONS (cant) 

r 
Probe Comp Displays 0 or 1 for each channel 

Accuracy 

O-Under Compensated 
1 -Over Compensated 

Resolution and Accuracy 
Definitions 

Trigger Jitter Error (Seconds RMS) = \/lkJ* + k$)l (V rms) 

Requires external square wave signal 
of -2 V amplitude at the counter in- 
put. Frequency should be al kHz 

Instrument set to Xl attenuation 
<Probe Atten. X 50 mV X 100 (%)/Vi” 
at Probe 
Accuracy (2.5% nominal for X5 probe 
with 10 V p-p at the probe. 

Input 1 Slew Rate 1 at Trigger point (V/S) 

Where enI = 120 fiV rms typical Counter Input Noise 
en2 = V rms Noise Voltage of Input signal at Trigger Point measured 

with a 150 MHz bandwidth. 

‘I “r) 
Slew Rate Error (Seconds) = Input Hysteresis/2 (V)/lnput 1 Slew Rate 1 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 10’. At 
Channel A repetition rates above approximately 
250 Hz the actual number of averages will be: 

N = [FREQ A (Hz) X 4 m&x] + AVERAGES setting 
N = AVERAGES setting (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 a 1. 

LSD: (Rounded up the nearest decade) 

FREQUENCY A (Freq A)‘/(N X 10’) 

PERIOD A 10 ns/N 

RATIO B/A Freq A/(Freq B X N) 

TIME A-B 10 ns/\lN 

WIDTH A 10 ns/\lN 

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. 



Characteristics Performance Requirements 

MEASUREMENT TIMING 

Supplemental Information 

Minimum Display Time 100 ms (typical) 

Auto Averages Measurement Time 300 ms (typical) 

GPIB Data Output Rate - 10 readings/ssc max 

GPIB Shipping Address Address 18, EOI only 

Standard Time Base 
Frequency (at calibration) 

Error Terms 
Temperature Stability 
(0°C to f50”C) 

Aging 

Adiustment Resolution 

Option 01 Time Base 
Frequency (at calibration) 

Error Terms 
Temperature Stability 
(0°C to +5o”c) 

Warmup Time 

Aging 
At time of shipping 

After 30 days of 
continuous ooeration 

After 60 days of 
continuous operation 

Short Term Stability 

Adjustment Resolution 

Adjustment Range 

INTERNAL TIME BASES 

10 MHz +l X lo-’ 

<5x 10-6 

4 X 10m6/year 

2 1 X lo-’ or better 

10 MHz +2 X lo-* 

f.2 X 1 O-’ after warm up 

Within *2 X lo-’ of final frequency in less 
than 10 minutes when cold started at 25°C 
ambient. 

1 X lo-*/day maximum 

4 X 1 O-‘/week maximum 

1 X lo-Yyear maximum 

+2 X 10e8 or better 

With proportional oven 

4 1 X 1 Om9 rms based on 60 consecu- 
1 ~ tive second measurements 

Sufficient for 6 years of aging 

I 

I-8 
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Table 1-3 
MISCELLANEOUS 

Characteristics 

Typical Consumption at 25°C and nominal ac line voltage 

Description 

TM 5000 Series Power Modules 

DC 5009 I -11.9 w 

Option 01 I -14.8 w 

Recommended Calibration Interval 2000 hours or 6 months whichever occurs first 

Characteristics I 

Temperature 
Operating 
Non-operating 

Vibration 

Shock 

Bench Handling’ 

Transportation ’ 

EMC’ I 

Electrical Discharge t 

Table 1-4 
ENVIRONMENTAL’ 

Description 

Meets MIL-T-288006, class 5 
0°C to +5o*c 
-55°C to +75-c 

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

Exceeds MIL-T-288006, class 5 

4.6 Km (15,000 ft.) 
15 Km (50,000 ft.) 

Exceeds MIL-T-286006, class 5 

0.38 mm (0.015”) peak-to-peak, 5 Hz 
to 55 Hz, 75 minutes 

Meets MIL-T-288006. class 5, 
when installed in qualified 
power module@ 

30 g’s (112 sine) 11 ms duration, 3 shocks Meets MIL-T-288006, class 5 
in each directiond along 3 major axes, when installed in qualified 
18 total shocks power modul& 

12 drops from 45”, 4” or equilibrium Meets MIL-T-288006, class 5. 
whichever occurs first when installed in qualified 

power moduk?sb 

Qualified under National Safe Transit Association Preshipment Test Procedures 
lA-B-l and lA-S-2 

Within limits of F.C.C. regullations, Part 15, Subpart J, Class A; VDE 0871 and 
MIL-461A tests REOl, RE02, CEOl, CE03, RSOl, 1X03, CSOl, and CSO2, with 
exceptions’ 

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

20 kV maximum charge applied to instrument case 

b 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 REO2 limits at 100, 300, 350, 400, and 600 MHz. Within 30 dB of REOZ limits at 150 and 200 MHZ. 

(iI> 1-9 
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Table 1-5 
PHYSICAL CHARACTERISTICS 

Finish 

Characteristics Description 

/ Plastic-aluminum laminate front panel. Anodized aluminum 
chassis 

Net Weight 
DC 5009 
Option 01 

2 Ibs., 6 oz 
2 Ibs., 10 oz 

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-288006 
TYPO 
Style 

Ill 
E (style F in rackmount power modules) 



Section 2-W 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. If the instrument is 
damaged, notify the carrier and the nearest Tektronix Ser- 
vice Center or representative. 

Operating and Non-Operating Environments 

The instrument may be operated, stored, or shipped 
within the environmental limit$ 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 

Repackaging for Shipment 

Should it become necessary to return the instrument to a 
Tektronix Service Canter 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. 

Rear Interface Considerations 

A slot between pins 21 and 22 on the rear connector 
identifies this instrument as a member of the TM 5000 
counter family. If you desire to use you 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 
cower module. 

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

1, 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 
is 200 pounds. 

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

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

4 Seal the carton with shipping tape or industrial 
staples. 

5. Mark the stripping carton *FRAGILE INSTRUMENT’ 
to indicate special handling. 

1 WARNING 1 

Jo 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 personnel. 

The DC 5009 has the following rear interface input and 
output features: 

CH A and CH B Inputs 

Trigger Level Outputs (CH A and CH B) 

Shaped Outputs (CH A and CH B) 

Measurement Gate Output 

Arming Input 

10 MHz Clock Output 

External Clock Input (1, 5. IO MHz) 

Prescaler Function 

Reset Input 
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NOTE 

Rear interface information will ba found in the Mainte- 
nance section of this manual. Refer the interface con- 
nections to qualified service paffionnel. 

Installation and Removal 

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

NOTE 

Refer to the Operator’s Safety Summary in the front 
of this manual before installing this instrument in the 
Dower module. 

To prevent damage to the instrument, turn the power 
module off before inSta//atiOn or WnOVal from the 
power module. DO not use eXCeSSi,’ f0rce to insrall or 
rernov~ the instrument from the dower module. 

Check to see that the plastic barrier keys on the 
interccnncting jack of the selected power module COmpart- 
ment match the cutouts in the rear interface connector for 
the ocunter. If they do not match, do not insert the counter 
until the reason is investigated. 

The plastic lockouts (see Fig. 2-l) prevent programmable 
instruments from being used in the TM 500.Series (manual 
instruments) Power Module. 

If the cutouts and barrier keys match, align the chassis of r I Refer to the power module instruction manual and make the Counter with the upper and lower guides of the selected 
sure that the line selector block is positioned correctly for compartment. See Fig. 2-i. lnaert the counter into the oom- 
the line voltage in use. Check the counter and the power panment and press firmly to seat the rear interface oonnec- I 
module for the proper fuses. Be certain that the power plug tar. Apply power by operating the POWER switch on the 
for the power module has the proper grounding conductor. power module. 

I 

Fig. 2-l. Plug-in installation and removal. 

2-2 



To wnove 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 interconnecting jack dis- 
engages. Pull the counter straight out of the power module 
compartment. 

ERONT PANEL DISPLAY, CONTROLS, 
ANDCONNECTORS 

Display 

The display contains eight seven-segment LEDs and six 
annunciators. All mea$urement results are displayed with 
the best possible resolution. 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 an? u3ed to indicate the units of 
measurements: IlziSEC for Hertz or seconds, kllz/mSEC 
for kilohertz or milliseconds, MWzlpSEC for megahertz or 
microseconds. and GHzlnSEC for gigahertz or nano- 
seconds. 

The GATE annunciator. when illuminated, indicates that 
the counter is in the process of accumulating counts for th8 
mea?.urement. The REMOTE annunciator indicates the in- 
strument is in a remotely-programmed state, when illuminat- 
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 error 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 items are 
referenced by number (see Fig. 2.2) and described as 
follows: 

a. ,- 
FUNCTION a lever witch used to select the follow- 
1ng me&urement and special purpose functions for 
the counter: 

FREQUENCY Measures CHANNEL A signal peri- 
A od and convertS result to frequency 

units. 

PERIOD A Measures CHANNEL * 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 

Operating Instructions-DC 5009 

Measures and displays the ratio of 
signal events occurring on Channel 
B to the signal events occurring on 
Channel A. The decimal point is ap- 
propriately located for the selected 
number of averages chosen for the 
Channel A signal. 

Measures the tims interval between 
the triggering event on Channel A to 
the succeeding triggering event on 
Channel B and displays 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 on the trailing edge of the 
same pulse. Polarity of the leading 
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 interval selected 
by the CIIANNEL A SLOPE 
pushbutton. 

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

TOTALIZE A 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. 

PROBE 
COMP 

A probe compensation function. 
This function allOWs the operator to 
use the counter display to adjust 
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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. 

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

0 2 AVERAGES-a lever switch used to select the mini- 
mum 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 position provides the best res- 
olution possible with a measure- 
ment gate time of approximately 
300 “Is. 

l-108 As the switch is changed from the 1 
position to the 10’ position, the 
counter displays the averaged mea- 
surement result accumulated cwer 
more and more cycles of the Chan- 
nel A input signal. For %xa”‘@e. a 
1 MHZ Signal input a”4 a setting of 
IO” results in a meawrement time 
interval of at least one second (IO’: 
for at least 10 ssconds. stc.). For 
the TOTALIZE A function the 
AVERAGES control allows scaling 
of the display in decade steps. For 
example, with a setting of IO”. the 
least significant digit will increment 
every one million events. However, 
the exact “umber of events may still 
be see” by changing the AVER- 
AGES switch to 1. If the “umber 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- 
k&d FUNCTION is averaged for at least one event). 
The AVERAGES switch has no affect in the TIME 
MANIJAL, PROBE COMP. and TEST functions. 

0 3 MEASUREMENT RESET-holding this pushbutton i” 
aborts the current measurement procass for all selett- 
ed functions and causes all digits in the display to read 
8.8.8.8.8.8.8.8. All six annunciators are also illuminat- 
ed. When this pushbutton is relaasecl. a new measure- 
ment process is initiated for the selected FUNCTION 
and operating conditions. If a TIME MANUAL Or TO- 
TALIZE A measurement has bee” stopped by the 
MEASUREMENT STOP/START pushbutton. press- 
ing MEASUREMENT RESET oeuses the previous 
measurement to be reset to zero, but does not start a 
new measurement. 

0 4 MEASUREMENT STOP/START-used to Start and 
stop the measurement process for all operating 
modes except the TEST and PROBE COMP func- 
tions. The currsnt meawrement 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 while in the STOP mode 
causes the counter to enter the START mode. 

0 -“’ 5 ARM a tip jack Input normally at a TTL high level. 
When set to a TTL. low state the counter is prevented 
from making a measurement until the input goes to a 
TTL high state. 

1 -arming input ground. tip jack connected to 
chassis (frame) ground. 

AUTO TRIG-used to automatically set ths triggering 
levels of both channels to their mid point values; 
(maximum value + minimum 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 th% values set by each 
individual LEVEL control. 

0 8 LEVEL-controls used to adjust the triggering level 
for Channel A and Channel B. 

EXT INPUTS-bnc connectors for Channel A and 
Channel 6 input signals. 

0 10 CHANNEL A SLOPE, SOURCE, ATTEN, and 
COUPL-pushbuttons that select the positive (+) or 
“egativs (-) SLOPE of the input signal, the front pan- 
el (EXT) or rear interface (INT) input SOURCE, attenu- 
ation (ATEN, Xl or X5), and the ac or dc coupling 
(COUPL) modes for the Channel A input amplifier. 
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0 

0 

CklANNEL 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, Xl or X5). and the ac or dc coupling 
(COUPL) modes for the Channel B input amplifier. 

SHAPED OUT (A, B, with COM)-tip jack outputs 
that provide an exact replica of the internal Signals 
being used for the measurement. 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. UseSHAPED OUT COM as ground. 

INST ID-when pressed, displays the current GPIS 
address, A decimal point displayed with the address 
indicates the massage terminator switch iS set to 
LF/EOI. Refer to the Maintenance section for further 
details, The INST ID switch may also assert an SRQ 
through the USEREQ command. 

OPERATORS FAMILIARIZATION 

lNTRODUCTlON 

General Operating Characteristics 

The DC 5009 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- 
surement gate interval, performs the necessary calculations 
on the acquired data, and causes the result to 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 
falls its self-test routine. Refer the error code condition to 
qualified service personnel. 

NOTE 

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

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

Table 2-l 

POWERUPANDTESTFUNCTIONERRORCODES 

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

1 ::,,_..r, 330 ‘,’ 336 
RAM test failure (power up only) 

ROM placement (location) error 

NOTE 

Refer error code conditions to qualified service 
personnel. 
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INPUT CONSIDERATIONS 

Maximum Safe Input Voltage Limits A 

“‘-,‘“‘YYYI,-< 
CA”T,OlV 

To avoid instrument 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 bnc connectors is 
connected to earth ground through the ground con- 
nection for the power module power cord. Do not al- 
low the active lead of the input signal connection to 
touch these outer shells. 

Always use a step-down isolation transformer (less 
than 15 V 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 maximum safe input 
voltage at these high frequencies is 25 V, peak-to- 
ueak. 

Connecting External and Internal Signal Sources 

The WC 5009 can be used to measure input signals 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 to be used between 
the front pan81 bnc 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 P6126, is recommend- 
ed fot all digital logic applications. 

The counter retains the last reading when the input signal 
source is disconnected. Reconnecting the signal source 
causes the counter 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 

Operating Instructions-DC 5009 

CH A or CH B input amplifiers. If the signal to be measured 
is riding on a dc level, its amplitude limits may not fall within 
the triggering level range. The AC COUPL mode should be 
used for repetitive signals having a fixed frequency and a 
constant duty cycle when they are riding on a large dc level. 
SLOPE selection is relatively unimportant when measuring 
sine-wave frequencies. 

If the signal duty cycle changes during a measurement. 
the triggering point will shift, possibly causing erroneous re- 
sults. Use the DC COUPL mode for low frequency ac sig- 
nals without large dc 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 originate from the 
operating environment, the signal source. or be caused by 
improper connections. If the noise is of sufficient amplitude, 
it can 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 signal with a risetime or falltime less than 
about 5 ns that will not cause ringing and distortion internal 
to the counter. This is primarily of concern in TIME A, ,*B 
when measuring rise or fall times. Ringing may cawe 
mistriggering near the positive or negative peaks of the 
signal. 

The minimum signal amplitudes are defined by the input 
sensitivity requirements for the AC COUPL and DC COUPL 
modes (see Specification section). Proper use of the ATTEN 
(attenuation) controls will ensure operation within the maxi- 
mum limits; k3.2 V for Xi ATTEN. +I6 V for X5 AnEN. 

Triggering the Counter 

The dc 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 k3.2 V 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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Nob 

AtteW,ated Signal 

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 
COWL) and risetime. 

When the AUTO TRIG mode is depressed (in), the 
microprocessor performs a software routine to determine 
the maximum and minimum peak voltage values of the input 
signal and automatically sets the triggering levels for both 
channels to the midpoint (median) value These values are 
maintained until the AUTO TRIG button is depressed again 
(out-manual level control) or depressed twice (in) to initiate 
another AUTO TRIG. The AUTO TRIG mode is useful when 
making pulse width measurements (WIDTH A function) at 
the 50% level, or when the triggering level is not critical, as 
is usually the caee in FREQUENCY A, PERIOD A, RATIO 
B/A, End TOTALIZE A. 

The use of AUTO TRIG does not reduce the need to 
consider input noise amplitudes, coupling modes, and at- 
MnUatiOn faGtom. Large amounts of overshoot and ringing 
of the input signal may cause erroneous measurements due 
to an undesirable levet setting. The median value of the in- 
put signal may be measured at the TRIG LEVEL outputs. 
For midpoint settings, the low frequency limit for the AUTO 
TRIG mode is 20 Hz. Below 20 Hz, the automatic triggering 
level will still be set. but not nscessarily at the midpoint. 

Figure 2-4 illustrates typical trigger level settings and 
shows the importance of setting trigger levels properly in 
order to avoid errors due to input signal risetimes (falltimes). 
or where the transition times of the start and stop pulses 
are different, or just slow. Obsstvation of the SHAPED OUT 

signals on an oscilloscope while setting the trigger levels 
can aid in reducing trigger errors. -1 

The ARM input signal must be high when the AUTO 
TRIG routine is b&g executed. 

Reducing Measurement Errors 

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

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

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

l Average the measurement over a larger number of 
cycles of the input signal (greater number of 
AVERAGES). 

l Maintain the counter environment at a constant 
W 

temperature. ,I 

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

1 
l Recalibrate, if necessary. 
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1.5 ” (TTL Level, 
A Level 

se, 0.00 v 

; TIMEI 
,A-BI c-- A”T0 TR,G Level 

(Both Channels) 

I 
I (a) Typical triggering levels. 

&%&y--------J!= 
I Same Trigger Level3 I 

I 
H 

(Desired Value) 7 

j_ 
I 

Diflerent Trigger Levels 
(Large Error) 

H 

(b, Sources 0‘ triggering errors. 

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



I Operating Instructions-OC 5009 

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 =+(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 lo-’ 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 larae ratios, applv 

Width A and Time A-6 (Time Interval) II 

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 I 
and the next opposite polarity edge. 

The TIME A-B function measures the time interval be- I 
tween the first selected edge ( t SLOPE) of an event on 
Channel 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- I 

cause there is one Channel B event per Channel A event. 

When either the WIDTH A or TIME A-B functions are 
I 

activated, an internal pseudo-random noise generator is en- 
abled that phase modulates the internal 10 ns time base, I 
allowing 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 I 
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- I 

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 bv the number of averaaes gives an answer of 1.5 

- 
_ _ 

the higher frequency signal to Channel B. counts, br 15 ns. 

Single Shot 

FREQUENCY A or 
PERIOD A 

b-Period Averaged (IO’) -H 

Gate open for at least ten periods 
- or e 0.3 seconds in the AUTO AVERAGES mode. B 

I 

Frequency or 
Period Averaged 

Fig. 2-5. Measurement examples for FREQUENCY A or PERIOD A. 
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Width 

I_ 

Width 

iSLOPE Hysldresis 
Wlndow 

TIME A - e 

‘3 INPUT A--,,-,,-m 

I ! 

Fig. 2-6. Measurement examples for WIDTH A and TIME A-S. 

Events B During A 

11) 
The EVENTS B DUR A function is basically the same as 

WIDTH A, except that the counter counts the selected “um- 
ber of positive-going or negative-going events (2 SLOPE, 
Channel 5) occurring during a selected positive or negative 

f”l 
pulse width occurring on Channel A (t SLOPE, Channel A). 
The internal time base is not counted for this function. See 
Fig. 2-8 for a measurement example. The Channel 6 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 
base pulses, the counter counts the total number of Channel 
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 106. 
the least significant digit represents lo6 counts and will in- 
crement at one count per second (10” Hz/IO” = 1 Hz). 

Probe Compensation 

The PROBE COMP function allows the operator to corn- 
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 2 V 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 

Input Signal 

Non modulated 
Time Base 

Averaged 
tb8Ull 

(20 “8) 

phase 
Modulated 
Time Base 

Averaged 
Result 

(15 ns, 

Fig. 2-7. Measurement example for synchronous input signals. 



CH S Events 

1 
(+SLOPE) 1 1 1 1 1 

EW”b’- - 

__ 
Counted 

(- SLOPE) 
------ 

Pig. 2-S. Measurement example, TIME A-E using the ARM 
hIpUt. 

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 Xl with the 
square-wave signal applied, perform the following steps: 

NOTE 

The most significant digit (far l&j is for CHANNEL A, 
the /east significant digit (far right) is for CHANNEL B. 
The GATE light will f/ash, indicating the rate at which 
the input is checked for compensation. 

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

2. Select the PROBE COMP function and press RESET. 

3. 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 
“1”. 

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

5. 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. I 

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

I 
l The applied signal has too much low frequency noise 

(amplitude jitter). 

l The connection to the probe is intermittent. I 

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 I 

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. 

I 
The random-access memory space (RAM) is not checked 

during this self-test; the RAM is checked only at power up. R 

NOTE 

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

II 

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- L 
digit error code will be displayed. The test routine is halted 
at this point and will not continue until the RESET is de- 
pressed. This provides a memory for intermittent problem 
troubleshooting. c 

NOTE 

Refer a// front panel error code conditions to qualified 
service personnel. -1 
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Arming (ARM Input) 

Arming provides a means by which single events or ?.et?. 
of events can be selected for measurement within a com- 
plex analog or digital signal. 

The ARM input requires TT‘L signal levels. With no signal 
attached the ARM input is normally pulled high and is thu$ 
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 a$ long as 

successive events are to be included in the measurement. 
The ARM signal must then be low before another active 
start edge occ”w 

When operating in the FREQUENCY A, PERIOD A, or 
RAT!0 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 
i 1 count error in each measurement: whereas with arming, 
there will be instead a i 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 IO*, the 10 *bursts” of 10 each will be included in 
each measurement. See Fig. 2-9 for examples of arming for 
each of the maior measurement functions. 
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Single Period 

Input Signal 
(t SLOPE) 

a. FREQUENCY, PERIOQand RATIO FundIons. 

CH B Input 
(t SLOPE) 

hsired Tim? 1 I 
; A-S , 

poaaible Erroneous 
- Meawremmlt y 

wntlout Arrdng I 
I 

b. TlME A-S Function. 

I I I 
I I 

ARM l”PLd I I I I 
Mp;d I 

c.WIDTHAandEVENTSSDURAFuncllons. 

Fig. 2-9. Examples of erming. 



Operating Instructions-DC 5009 

PROGRAMMING 

Introduction 

This section of the manual provides information for pro- 
gramming the WC 5009 by remote control via the IEEE-488 
General Purpose Interface Bus (GPIB). The following infor- 
mation as?.umes the reader is knowledgeable in GPIB com- 
munication and has some exposure to programming 
controllers. Message protocol over the GPIB is Specified 
and described in the IEEE Standard 488.1978. “Standard 
Digital Interface for Programmable Instrumentation”’ All 
GPIB references in this manual refer to the IEEE-488 GPIB. 
TM 5000 instruments are designed to communicate with 
any GPIB-compatible controller that sends and receives 
ASCII messages (commands) over the GPIB. These com- 
mands program the instrument or request information from 
the instrument. 

Commands for TM 5000 programmable in?.trument$ are 
dasigned for compatibility among instrument types. The 
same command is u$ed in different instruments to control 
Similar functions. In addition, commands are specified in 
mnemonics related to the functions they implement. For ex- 
ample, 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 
mm1 cases. 

Instrument commands are presented in three formats: 

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

l Functional Command List-a list divided into function- 
al groups with brief descriptions. 

9 Detailed Command List-an alphabetical listing Of 
commands with complete descriptions. 

TM 5000 programmable in$truments connect to the 
GPIB through a TM 5000 power module. Refer to the Oper- 
ating Instructions section of this manual for information on 
installing the instrument in the power module. Also review 
thi$ section to become familiar with front-panel and internal- 
ly selectable instrument functions. The GPIB primary ad- 
dress for this instrument may be internally changed by 
qualified service personnel. The DC 5009 is shipped with the 
address set to decimal 18. The message terminator may 
also be internally selected by qualified service personnel. 
Message terminators are discussed in Messages and Com- 
munication Protocol (in this section). TM 5000 instruments 
are shipped with this terminator set to EOI ONLY. Refer 
qualified service personnel to the Maintenance section Of 
this manual for locations and setting information. Pressing 
the INST ID button causes the instrument to display it?. se- 
lected GPIB primary address: the far right decimal point 
lights if the selected message terminator is LFIEOI. 

’ published by the Institute of Elecrical and Electronic$ Et@ 
neers. Inc.. 345 East 47th Street, New York, N.Y., 10017. 
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AVE <-NW0 
AVE ,.E+O = 1 

AVE 1.E+1 = 10’ 

/- / 
I’ 

/’ 

= 
= 

-3.175 to f3.200 (Xl AnEN) 
-15.875 lo +ls.aa (X5 ATTEN) 

Fig. 2.10. Quick Command List. 
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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 type?.: 

Setting commands-control instrument settings. 

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

Query-output commands-ask for data 

Operational commands-cause a particular action 

The i”strume”t responds to and executes all commands 
when in the remote state. When in the local state. setting 
and operational commands generate errors Since in&U- 
merit functions are under front panel control: only query- 
output commands are executed. 

Using fewer Characters than the abbreviated header 
or argument should be done with Caution since MO- 
neous resulta or damage could result if this data is 
sent to the wrong inStrume”t. 

FUNCTlONAL COMMAND LIST 

INSTRUMENT COMMANDS 

Function Commands 

EVE RA 

FREO A 

FUNC? 

PER A 
PRO6 A&B 
RAT R/A 
TIME AR 
TMAN 
TOT h 
WI0 A 

-Counts Channel 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 ratio of B events to A events 
-Measures time from A event to B event 
-.,,--Manual timing function (stop watch) 
-‘rotalizes Channel A events 
-Measures pulse width of Channel A 

signal 

Measurement Control 

AVE or AVGS --‘Sets number of measurements 
averaged 

AVE’? 01 
AVGS? -Query returns AVE <:“um>; (- 1 for 

AUTO Averages) 

FPTR 

RDY? 

RES 

START 

STOP 

-Enables control of trigger level?. by 
front panel knobs 

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

-Resets counters, restarts current 
measurement 

-starts TMANLI~I. STOPped. or 
TOTalize meaSureme” 

--Stops any measurement except TEST 
or PROBECOMP 

Input/Output Control 
ATT 1 or 5 -1X or 5X Attenuation 
ATT? -Query returns ATT c:“um::-. 
AUTO -Sets trigger level to signal mid-point 

(both channels) 
CHA A or 
CHA 6 
CHA? 
COU AC 
or DC 
COU? 
LEV 

-Selects channel for succeeding input 
settings 

-auery mrnS CHA A 01 CHA B 
-Sets input coupling mode 

-Query returns COU AC or COU DC 
--Sets selected channel trigger level. 

Nunl range = +3.200 to -3.175 (Xl) 
or +16.00 to -15.875 (X5) 
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LEV? -Query returns trigger level setting of ID? -Query returns instrument type and 

selected channel. LEV 9999 indicates firmware versions I 
front panel control INIT -Sets to current front panel settings and 

MAX? -Query returns last AUTOtrig maximum power-on parameters e 
peak voltage SET? -Query returns current instrument 

MIN? -Query returns last AUTOtrig minimum settings 
I 

peak voltage TEST -Tests ROM, l/O. accumulator 
PRE ON -Enables prescaler and internal scaling 
PRE OFF -Disables prescaler and internal scaling I 
PRE? -Query returns PRE ON or PRE OFF 
SEND -Obtains and formats nsw 

measurement results I 
SLO POS -Triggers on positive slope 

Status Commands 

SLO NEG -riggers on negative slope OPC ON -Enables assertion of SRQ on 
SLO? --Query returns SLO NEG or SLO POS OPERATION COMPLETE 
SOUR REAR --Selects rear interface a$ signal source OPC OFF -Disables SRQ on OPERATION I 
SOUR FRONT -Selects front panel connector as signal COMPLETE 

mJrc* OPC? -Query returns OPC ON or OPC OFF 
SOUR? -Query returns SOUR REAR or SOUR OVER ON -Enables asserting of SRQ on counter I 

FRONT overflow 
OVER OFF -Disables SRQ on counter overflow 

System Commands OVER? -Query returns OVER ON or OVER 
OFF 

I 
DT GATE -<GET> controls Start and Stop RQS ON -Enables SRQ assertion 
DT TRIG -<GET> performs RESET RQS OFF -Disables SRQ assertion and clears 
DT OFF -Disables Device Trigger SRQ a 
DT? -Query returns DT TRIG, DT OFF, or RQS? -Query returns RQS ON or RQS OFF 

DT GATE USER ON -Enables asserting of SRQ when INST 
ERR? --Returns error code for most recsnt ID button is pushed 

svsnt reported by serial poll when RQS USER OFF 
,ei 

-Disables asserting of SRQ when INST 
is ON; with RQS OFF it returns the ID is pushed 
highest priority status USER? -Query returns USER ON or USER OFF I 

I 
I 
I 
I 
‘I 

e a 

I 
II 
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ATTENUATION 

Type: 

Setting or Query 

Setting Syntax 

ATT ,: number’::. 

Examples: 

A’[7 399999 
ATT 5.00001 
ATTENUATION 1 

Ouery Syntax: 

ATT? 

Query Response: 

ATT 1; 
ATT 5: 

Discussion: 

The ATTENUATION command Sets the input signal at- 
tenuation on the selected channel to Xl (no attenuation) or 
XS. The argument is rounded to an integer and if it is not a 1 
or a 5 a” execution error (ERR 205) is issued indicating the 
argument is out of range. 

For information o” selecting channels see discussion Of 
the CHANNEL command. 

(A ATTENUATION AUTOTAIG 2-19 

Type: 

Operational 

AUTOTRIG 

syntax: 

AUTO 
AUTOTRIG 

Discussion: 

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

Any previously set trigger levels are replaced by the new 
values 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 midpoints. 

Time required for the AUTOTRIG operation to complete 
is dependent on both Channel A and Channel B amplitudes 
and frequa”ciS$. Worst case time is approximately 2.5 
seconds. 

The following command sequence causes a” AUTO 
TRIGGER to be performed and the resulting trigger levels t0 
be output when the AUTOTRIG completes: 

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

Type: 

Setting or Query 

Setting Syntax: 

AVE <number> 
or 

AVGS <number> 

Examples: 

AVE -1 
AVGS l.E+2 
AVERAGES 100 

Query Syntax: 

AVE? or AVES? 

Query Response: 

AVE -1; 
AVE i.E+4: 

Discussion: 

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

<number> GO - Sets DC.5009 to ‘auto-averages” 
mode. In “auto-averages’, th8 instrument accumulates 
counts for ==.3 seconds. 

When In ‘auto-averages” query returns AVE - 1. 

<number> = 1, l.E+l, l.E+2, l.E+3. l.E+4, 
l.E+5. l.E+6, l.E+7, l.E+8 

The argument <number> is first rounded to the nearest 
power of ten. If the resulting value is not ons of the abovs 
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 results for TOTALIZE measurements. Results output 
to the IEEE-488 bus, however, are not scaled. 

2-20 AVERAGES 

CHANNEL (CHANNEL SELECT) 

Type: 

Setting or Query 

Setting Syntax: 

CHA A 

1 1 B 

Examples: 

CHANNEL A 
CHA B 

Query Syntax: 

CHA? 

Query 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) @ 



COUPLING 

Type: 

Setting or Query 

Setting Syntax: 

COU [AC 
IDC 

Examples: 

COUPC 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 dc 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 .O 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 IOW impedance. 

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

COUPLING 
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DT (DEVICE TRIGGER) 

Type: 

Setting or Query 

Setting Syntax: 

Examples: 

DT GATE 
DT TRIG 
DT OFF 

Query Syntax: 

DT? 

Query Response: 

DT GATE 
DT TRIG 
DT OFF 

Discussion: 

The QT command controls the instrument’s response to 
the GROUP EXECUTE TRIGGER <GET, interface mes- 
sage. The valid arguments are: 

GATE 

TRIG 

OFF 

--In this Device Trigger mods, ,::GET::, 
controls the STARTing and STOPping of 
the msasurement. If measUrBment is 
STOPped. <GET:> will START measure- 
ment. When STARTed. <GET.::. will 
STOP measurement. 

-In this Device Trigger mode, .::GET::> 
causes a measurement RESET to be par- 
formed. If the measuremzwt is already 
STARTed. this causes it to be reset and 
restarted. If the measurement is currently 
STOPped. this causes a single measure- 
ment to be initiated. 

--In this mods a .:GET:. cawes instru- 
ment to issue an execution error (ERR 
206). 

The power on initial setting is DT OFF 

DT (DEVICE TRIGGER) 2-21 
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ERROR 

Type: 

Query 

Syntax: 

ERR? 
ERROR? 

Response: 

ERR <number>; 

Discussion: 

The ERROR query is used to obtain 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 reported by the instrument. The event coda 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 highest priority condition pending. 

2-22 ERROR 

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

measure 
B during 



Syntax: 

FPlR 
FPTRIG 

Discussion: 

The FPTRIG command enables setting of both Channel 
A and Channel 0 trigger levels via the front panel trigger 
level mntrols while the DC 5009 remains under program 
control 

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

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

FPTRIG (FRONT PANEL TRIGGER) 

FPTRIG (FRONT PANEL TRIGGER) 
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FREQUENCY 

Type: 

Operational 

Syntax: 

FREQ A (argument is optional) 

Examples: 

FREQUENCY A 
FREQ 

Discussion: 

Tne FREQUENCY command sets up the DC5009 to 
measure the frequency of the input signal on Channel A. 

FREQUENCY 2-23 
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FUNCTION IDENTIFY 

Type: 

C!lMy 

Syntax: 

FUNC? 
FUNCTION? 

Response: 

Discussion: 

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

2-24 FUNCTION 

Type: 

Query * 

Syntax: 

ID? 
IDENTIFY? 

Response: 

ID TEK/DC5009.V79.1 .Fx.y: 

Discussion: 

The IDENTIFY query returns the above response where: 

TEKDC 5009 -Identifies the instrument type. 

v79.1 -Identifies the version of Tektronix 
Codes and Format Standard to which 
the instrument conforms. 

Fx.y --Identifies the firmware version of the 
instrument, where x.y is a decimal 
number. 

IDENTIFY 



INITMLIZE 

Type: 

Operational 

Discussion: 

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

At power-on the FUNCTION, AVERAGES. SLOPE, 
SOURCE, ATTENUATION. and COUPLING settings are set 
to the state of the front panel Controls. If the AUTO TRIG 
button is 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: 

OVER OFF 
PRE OFF 
DT OFF 
USER OFF 
RQS ON 

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

(i INITIALIZE 1 

Operating Instructions-DC 5009 

LEVEL (TRIGGER LEVEL) 

Type: 

Setting or Query 

Setting Syntax: 

LEVEL <number> 

Examples: 

LEVEL - 1.025 
LEV 0.005 
LEV 7.5 

Query syntax: 

LEV? 

Ouery Response: 

LEVEL - 1.025: 
LEVEL 0.000: 
LEVEL 9999; 

Discussion: 

Tne 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 to 3.2 when 
in Xi attenuation and “~-15.875 to 16.0 when in X5 attenu- 
ation. The resolution is 0.025 for Xi 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 channel to go to its last programmed value. 

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

LEVEL (TRIGGER LEVEL) 2-25 
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MAXIMUM 

Type: 

Query 

Syntax: 

MAX? 
MAXIMUM? 

Response: 

MAX <number>; 

Discussion: 

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

2-26 MAXIMUM 

I Syntax: 

I MIN? 

Response: 

MIN <number: 

Discussion: 

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

I MINIMUM @ 
III 



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

When OPC 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 66 or 82 and an 
ERROR query response of ERR 402. 

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

The Power on initial setting is OPC OFF. 

‘<,A OPC (~PEAATI~N COMPLETE) 

OPC (OPERATION COMPLETE) 

Settin<] oi Query 

Setting Syntax: 

Query Response: 
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OVERFLOW 

Type: 

Setting or Query 

Setting Syntax: 

OVER j ON 1 
bF 1 

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 
exceeded. This command allows the controller to detect and 
to respond to overflow conditions. 

When making measurements. the DC 5009 use?, two in- 
ternal 4O-bit counters, one for Channel A and one for Chan- 
nel 8. 

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

For TMANUAL and TOTALIZE measurements, OVER- 
FLOW can easily be used by the controller to extend the 
range of the measurement. When making TMANUAL mea- 
surements. an OVERFLOW indicates that the Channel B 
counter has counted 240 internal time base pulses 
(~10995.t seconds). When making TOTALIZE measure- 
ments, an OVERFLOW indicates that the Channel A 
counter has counted 240 I-1 .l x IO”) 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. 

PROEECOMP 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 209 and a” ERROR query response of ERR 
711. Channel 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. 
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PERIOD 

Type: 

Operational 

Syntax: 

PER A (argument is optional) 

Example: 

PERIOD A 
PER 

Discussion: 

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

2-28 PERIOD 

PRESCALE ON 
PRE OFF 

Query Syntax: 

PRE? (Query form) 

Query Response: 

PRE ON; 
PRE OFF; 

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 prescalsr is attached to Channel A. otherwise 
erroneous measurements will result. Valid arguments ,are: 

ON -The Channel A input is multiplied by 16 before 
calculating results. 

OFF -The Channel A input is not scaled before the 
results are calculated. 

When the PRESCALE command is used and a compati- 
ble precaler is not connected to the DC 5009 an execution 
warning (ERR 604) is issued. 

The Power on initial setting is PRE OFF. 

PRESCALE 



1 fi’ 
PROBECOMP (PROBE COMPENSATION) 

,,:I) Type: 

Operational 

Syntax: 

PROBE A&B (argument is optional) 

!$8 
:I 

I 

Examples: 

PROBECOMP A&B 
PRO6 

Discussion: 

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

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

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

PROBECOMP (PROBE COMPENSATION) 
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RATIO 

Type: 

Operational 

syntax: 

RAT WA 

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 
Channel A. 
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RDY (DATA READY) 

Type: 

Query 

Response: 

RDY 0: 
ROY 1; 

Discussion: 

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

When measurement data is not available and the 
DC 5009 is “talked” by the controller, the instrument re- 
sponds in one of two ways. If “talked” after receiving the 
SEND command and data is not ready, the DC 5009 waits 
for data to become 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,6 
(all data lines asserted). 

Data beCOmeS ready when a measurement 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 Is also cleared by a RESET. 

Z-30 RDY (DATA READY) 

RESET 

PERIOD, RATIO, TIME, WIDTH, or EVENTS measur% 
merits. a single result is determined if the measurement had 
been “STOPped” before the RESET. For PROBECOMP 
measurement, RESET clears current compensation status 
and restarts compensation process. For TEST measure- 
ment, RESET clears any existing error result and restarts 
TEST p<ocess. 



RQS (REQUEST FOR SERVICE) I 

Setting or Query 

I 
Setting Syntax: 

RQSj ON 

Examples: 

RCIS ON 
ROS OFF 

- Query Syntax; 

RQS ON; 
RQS OFF: 

* Discussion: 

.The RQS command is a global control for assertion of 
SRQ by the DC 5009. When RQS is OFF the DC 5009 will 
not assert SRQ under any circumstance. When RQS is ON 
the DC 5009 is allowed to assert SRQ under appropriate 
circumstances; i.e., errors, operation complete. etc. 

The ERROR? query can be used while RQS is OFF to 
see if any SRQ type conditions have occurred. 

SRQ will be asserted for any previously unreported SRQ 
went whrn RQS is turned ON after being OFF. 

The Power on initial setting is “ROS ON”. 

RQS (REQUEST FOR SERVICE) 
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Type: 

output 

SEND 

Syntax: 

SEND 

Output Examples: 

45.13755019E+6: (Frequency) 
3.0016E.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 bean 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. 

SEND 2-31 



Operating Instructions-DC 5009 

type: 

Query 

SETTINGS 

Type: 

Setting or Query 

syntax: 
SET? 
SETrINGS? 

Setting Syntax: 

SLO NEG] 
1 POS I 

Response: Examples: 

<function>; CHA A;Am <num>;COU xx;SLO 
xx;SOUR xx;LEV <num>;CHA B; ATr <num>;COU 
xx:SLO xx;SOlJR xx:LEV -znum>;AVE <num>:OPC 
xx;OVER xx:PRE xx;DT xx;USER xx:RClS xx; 

SLO POSITIVE 

I 
SLOPE POS 
SLOPE NEGATIVE “I 

Discussion: 

The SETTINGS query returns the current settings of the 
instrument. I Query Syntax: 

SLO? 

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

2-32 SETTINGS 

SLOPE 

I SLO PO3 
SLO NEG: 

I 

Discussion: 

The SLOPE command sets the input trigger for the se- 
I 

k&d channel to the specified slope. The valid arguments 
are: 

I 
NEG --Input will trigger on negative going edge. 
POS -Input will trigger on positive going edge. 

I 

I 
For information On selecting channels see discussion of. 

the CHANNEL command. I 

I SLOPE 



SOURCE 

- Type: 

Setting or Query 

Setting Syntax: 

Examples: 

SOUR INT or SOUR REAR 
SOURCE EXT 01 SOURCE FRONT 

Query Syntax: 

SOUR? 

Query Response: 

SOUR REAR; 
SOUR FRONT 

Discussion: 

The SOURCE command selects one Of two possible 
sources for the input signal. The valid arguments are: 

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

EXT or -Either of these arguments will select 
FRONT the front panel bnc 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. 

REV OCT 1981 SOURCE 1 

Type: 

Operational 
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START 

Syntax: 

START 

Discussion: 

The START command starts a TMANUAL or TOTALIZE 
measurement. For EVENTS, FREQUENCY, PERIOD, RA- 
TIO, TIME, OT WIDTH measurements, 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 i$ ignored 
when TEST or PROBECOMP measurements are being 
made. 

When FREQUENCY, PERIOD, RATIO, TIME, WIDTH, or 
EVENTS measurements are STOPped. the measurement in 
process is aborted. 

When TMANUAL or TOTALIZE measurements ars 
STOPped. the current result is retained and the measure- 
ment can be restarted from th% point where stopped 

STOP TEST @ 

TEST 

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

The t8sts performed by the TEST command are the 
same as those teats performed during the power-on sslf 
test sequence, with the exception of the instrument RAM 
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 when 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” 



TIME (TIME A TO B) 

- Type: 

Operational 

Syntax: 

TIME AB (argument is optional) 

Examples: 

‘TIME AB 

Discussion: 
The TIME command sets up the DC 5009 to measure the 

time interval from the first occurrence of an event on Chan- 
nel A to the occurrence of the first succeeding event on 
Channel B. 

REV OCI 1981 TIME (TIME A TO B) 
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TMANUAL (TIME MANUAL) 

Type: 

Operational 

Syntax: 

TMAN 
TMANUAL 

Discussion: 

The TMANUAL command sets up the DC 5009 to mea- 
sure time in a ‘stop watch” type operation. Measurement is 
started by the ‘START” command and is halted by the 
‘STOP” command. If in “DT GATE* mode, TMANUAL oper- 
ation is started and stopped alternately using the Group Ex- 
ecute Trigger <GET> interface message. 

See discussions of START, STOP, and DT commands. 

See discussion of <GET:, in IEEE Sending Interface 
Control Messages section of manual. 
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Type: 

Operational 

TOTALIZE 

TOT A (argument Is optional) 

Examples: 

TOTALIZE A 
TOT 

Discussion: 

This command sets up the DC 5009 to measure the total 
number of events occurring on Channel A. The measure 
merit is started by the ‘START” command and stopped by 
the “STOP” command. If in ‘DT GATE” mode, 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 IEEE Sending Interface 
Control Messages section of manual. 

2-36 TOTALIZE USEREQ (USER REQUEST) @ 

USER ON 
USEREQ OFF 

Query Syntax: 

USER? 

Query Response: 

USER ON; 
USER OFF; 

Discussion: 

The USEREQ command controls the asserting of SRQ 
when the front panel INST ID button is pushed. This pro- 
vides a communication capability betwean the instrument 
and a controller that can be initiated from the front panel of 
the instrument. 

When USER is ON and the INST ID 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. 



WIDTH 

- Type: 

Operational 

Syntax: 

WI0 A (argument is optional) 

Examples: 

WIDTH A 
WID 

,m 

Discussion: 

This command aefs up the DC 5009 to measure the 
pulse width of the input signal on Channel A. The slope 
setting of Channel A determines whether pOSitiVa going 
pulse width or negative pulse width is measured. 
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Programming Guide 

A programming guide for Tektronix contr&rs. 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 a copy or order the GPIB Programming 
Guide, part number 070-3985-00. 

MESSAGES AND COMMUNICATION 
PROTOCOL 

The instruments expect all commands to be encoded in 
ASCII; however, they accept both upper and lower case 
ASCII 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 mu$t have a header delimiter which is the space 
character SP between the header and the argument. 

RQSspON 

Command Separator 

A message consists of one command or a series of ccm- 
mands, followed by a message terminator. Messages ccn- 
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 a message. 

INIT 
TEST;INIT:RQS 0N;USER OFF:ID?:SET? 
TEST: 

Message Terminator 

Messages may be terminated with EOI or the ASCII line 
feed (LF) character. Some controllers assert EOI concur- 
rently with the last data byte; others use only the LF charac- 
ter as a terminator. The instrument can be internally set to 
accept either terminator. With EOI ONLY selected as the 
terminator, the instrument interprets a data byte received 
with EOI asserted as the end of the input message; it also 
asserts EOI concurrently with the last byte of the output 
message. With the LF/EOI setting, the instrument interprets 
the LF character without EOI asserted (or any data byte 
received with EOI asserted) as the end of an input message: 
it tranSinitS carriage return (CR) followed by line feed (the LF 
with EOI asserted) to terminate output messages. Refer 
service personnel to the Maintenance section of the manual 
for information on setting the message terminator. TM 5000 
instruments are shipped with EOI ONLY selected. 

Formatting A Message 

Commands sent to TM 5000 instruments 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. 
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If extra formatting characters SP, CR, and LF (the LF can- 
not be used for format in the LF/EOI terminator mode) are 
added between the header delimiter and the argument, fhey 
are ignored by the instrument. (SP) (CR) and (LF) are shown 
as subscripts in the following examples: 

Example 1: RQS,,ON; 

Example 2: RQSsp sPON; 

Example 3: RQS SPCRLFSPSP ON 

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

USER? 
USEAE? 
USEREQ? 
USEREQUEST? 

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

2.3 
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ASCII & IEEE 488 IGPIBI COOE CHART 
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~01011111 ETX I OC3 I # I C I S I c I s I 

Fig. 2-l 1. ASCII and IEEE 488 (GPIB) Code chart. 
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NOTE 

In the lesl example, the space is treated as a format 
character because it fo//ows the comma (the argument 
delimiter). 

Number Formats 

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

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

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

l Floating point numbers expressed in scientific nota- 
tion. Examples: + 1 .OE-2, 1 .OE-2, 0.01 E+O 

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 decoding 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 
occur 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 command(s). For setting commands, this in- 
volves updating the instrument settings and recording these 
updates in the Current Settings Buffer. The setting coin- 
mands are executed in groups-that is, a series of setting 
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- 
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mands to update the state of the instrument. It 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 controller when the instru- 
ment is made a talker. 

When the instrument processes an operationalcommand 
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 enough 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-output 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 Output 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 Output 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 controller 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 
multipliers) return a measurement if one is ready. If no mea- 
surement is ready, they return a single byte message with all 



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 ooerar,on. 

UNL-Unlisren 
UNT-Unlalk 

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

The talker function goes to its idle state when the instru- 
ment receives the UNT command. In this state, the instru- 
lnent cannot outuut data via the GPIB. 

The AWWRESSED light is off when both the talker and 
listener functions are idle. If the instrument is either talk ad- 
dressed or li$ten 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. 

OCL-Device Clear 

The Device Clear message reinitializes communication 
between the instrument and controller. In response to DCL. 
the instrument clear$ 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 power-or, when DCL is received the 
SRQ is unasserted. 

SDC-Selected Device Clear 

This message performs the same function as DCL: how- 
ever. only instruments that are listen addressed respond to 
SDC, 

GET-Group Execute Trigger 

The instrument responds to GET only if it is listen ad- 
dressed and the instrument device trigger function has been 

bits equal to 1 (with message Hminator); other TM 5000 
instruments will return only this message. 
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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 disabled (DT OFF), the instrument is in the local state, 
or if a message is being processed when GET is received. 

SPE-Serial Poll Enable 
SPD-Serial Poll Disable 

The SPE message enables the instrument to output 
serial poll status bytes when it is talk addressed. The SF0 
message switches the instrument back to its normal oper- 
ation of sending the data from the Output 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 ID button is pressed. 

LLO-Local Lockout 

In response to LLO. the instrument goes 10 a lockout 
state-from LOCS to LWLS or from REMS to RWLS. 

REN-Remote Enable 

If REN is true, the instrument goes to a remote State 
(from LOCS to REMS or from LWLS to RWLS) when its 
listen address is received. AEN false cawes 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 ca?.e execution of the message being 
processed is not affected by a transition. 

GTL-GO To Local 

Only instruments 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 asserring a message called return-to-local (rt). This tran- 
$ition may occur during message execution; but in ConVaSt 
to GTL and REN transitions, a transition initiated by rll does 
affect message execution. In this case, the instrument gen- 
erates an error if fhere are any unexecuted setting or oper- 
ational commands. Front panel controls that only Change 
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the display (like ID) do not affect the remote-local 
states-only front panel controls, except trigger level con- 
trols, that change settings assen rrl. The rtl message re- 
mains asserted while multiple keystroke settings are 
entered; and it is unassetted after processing the front pan- 
el control change. Since rtl prevents transitions to REM5 
the instrument unasserts rtl if a multiple button sequence is 
not completed in a reasonable length of time (approximately 
5 to IO seconds). 

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

Looal State (LOCS) 

In LOGS, instrument settings are controlled by the opera- 
tor via front panel controls. When in LOCS, only bus corn- 
man& that do not change instrument settings are executed 
(query-output command8): all other bus commands (setting 
and operationa!J generate an error since their functions are 
under front panel control. 

Local With Lockout State (LWLS) 

The instrument operates the s.ame as it does in LOGS. 
exceot that rtl will not inhibit a transition to remote. 

Remote State (REMS) 

In this state, th% instrument executes all instrument com- 
mands. Changing a front panel control. except trigger level 
controls, generates an rtl and causes the instrument to re- 
turn to local (LOCS). 

STATUSANDERRORREPORTING 

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 a means of 
indicating that an event (a change in status or an error) has 
occurred. To service a request the controller performs a 
Serial Poll; in response the instrument returns a Status Byte 
(STB) which indicates whether it was requesting Service or 
not. The STB can also provide a limited amount 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 Status information which is 
indicated by bits 1 through 4. 

Table 2-2 

6 
- 

0 
- 

0 
- 

0 
- 

81 

I I I I - 

Because the STB conveys limited information about an 
c 

event, the events are divided into classes; the Status Byte 
reports the class. The classes of events are defined as 
follows: 

COMMAND Indicates the instrument has received a 
ERROR command which it cannot understand. 

EXECUTION Indicates that the instrument has received 
L’ 

ERROR a command that it cannot execute. This is 
caused by arguments out of range Or 
settings that conflict. E 

INTERNAL Indicates that the instrument has detected 
ERROR a hardware condition or firmware problem 

that prevents operation. r 
SYSTEM Events that are common to instruments in 
EVENTS a system (e.g.. Power on, User Request, 

etc.). 

EXECUTION The instrument is operating but the war 
WARNING should be aware of potential problems. 

INTERNAL Internal warning indicates that the instru- 
WARNING ment has detected a problem. The ins@- 

ment remains operational, but the 
problem should be corrected (e.g., out of 

L 
calibration). 

DEVICE Device deoendent events. I ’ 
STATUS 
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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- 
quest the additional information by sending an error query 
(ERR?). In response. the instrument returns a coda which 
defines the went. These codes are described in Table 2.3. 

Table 2-3 
BUSERRORCODESANO 
SERIAL POLL RESPONSE 

Description 

Commantl Errors 

Command header error 
Header delimiter error 
Command argument errclr 
Argument delimiter error 
Nonnumeric argument 
(numeric expected) 
Missing argument 
Invalid message unit delimiter 

Execution Errors 

Command not executable in 

I/O buffers full. output 
dumped 
Argument out of range 
Group execute trigger ignored 

Internal Errors 

Interrupt fault 
system error 

system Events 

power onb 
Operation Complete 
user request 

,,,^ ,,,, _, 
Device Warnings 

Channel A 50 12 protect 
Channel B 50 If protect 
NO prsscaler 

Device Dependent Events 

Channel A overflow 
Channel B overflow 

NO Errws or Events 

602 
603 
604 

+ --I 

711 
712 

0 

101 
102 
103 
104 
105 

106 
107 

-- 

201 

202 
203 

205 
206 

301 
302 

401 
402 
403 

erial Poll” 
Decimal) -_--- 

97 
97 
97 
97 
97 

97 
97 

98 

96 
98 

98 
98 

99 
99 

65 
66 
67 

66 
66 
102 

193 
194 -.-, 
0 
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If there is more than one event to be reported, the instru- 
merit 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 
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 (USEREC!) provides in- 
dividual control over the reporting of the user request event 
which occurs when the front panel ID button is pressed. The 
Requests for Service command (RQS) controls whether the 
instrument reports any events with SRQ. 

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 
RQS OFF, the controller may send the ERR? query at any 
time and the instrument returns an event waiting to be rc- 
ported. The controller can clear all events by sending the 
error query until a zero (0) code is returned, or cleat all 
events except Power-& through the DCL interface 
message. 

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

Table 2-4 
FRONT PANEL ERROR CODES 

Serial I/O Fault 
Channel A 

Counter Integrity 
Channel B 

Counter Integrity 
System RAM Error U1332 
!System RAM Error U1210 
ROM placement error Vi312 
ROM placement error UIIOZ 
ROM Placement error U1201 
ROM checksum error U1312 
ROM checksum error U1102 
ROM checksum error U1201 
-, 

340 ,“,” 

t 
343 
361 ,~,,.,, 

381 -.,- 
394 
395 
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SENDING INTERFACE CONTROL MESSAGES 

Bus communications are performed through use of the 
controller input and output statements. ASCII commands 
are transmitted using the PRINT statements. The DC 5009 
is factory set to address 16. 

PRINT @ l&“SET?;” 

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

ASCII replies are received by the controller using input 
statements. 

INPUT @ 16:A$ 

Bus interface control mes:ages are sent as low level 
commands through the use of WBYTE and RBYTE control- 
ler commands. For the following commands A = 32 plus the 
instrument address and B = 64 plus the instrument 
address. 

Listen WBYTE @ A: 
Unlisten WBYTE @ 63: 
Talk WBYTE @ B: 
Untalk WBYTE @ 95: 
Unlisten-untalk WBYTE @ 63, 35: 
Device clear @CL) WBYTE @ 20: 
Selective devlw clear (SW) WBYTE @ A, 4: 
Go to local (GTL) WBYTE @ A, 1: 
Remote with lockout WBYTE @ A, l7,63: 
Local lockout of instruments WBYTE @ 17: 
Group execute trigger (GET) WBYTE @ A, 6: 

Table 2-5 
POWER ON SETTINGS 

1 

Header Argument 

CHA A t 
OPC OFF 
OVER OFF 
PRE OFF r! 
DT OFF 
USER OFF 
RQS ON 

1 

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

c 

The INIT command does not generate a power-on SRQ 
nor does it put the instrument in LOCAL mods as a nOrmal 
power-on does. r 

EXAMPLE PROGRAMS 

TALKER LISTENER PROGRAMS 
These commands ars for the Tektronix 4050.series con- 

trollers and representative for other controllers. 

If there is more than one event to 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 
be used to clear all events except Power on. 

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

I 
Talker Listener Program For 4050~Series COnttOlletS 

1OW REM DCSDDY TALKER/LYSTEMER FROGRMI 
110 REt’i DCSUUP PRXRARY hODRESS := 18 I 

12U IMIT 

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 occurs when the front panel ID button is pressed. The 
Request for Service command (RQS) controls whether the 
instrument reports any events with SRQ. 

130 ON SRQ THEN 26lJ 
140 orn A1(200) 
IS0 PRIN’T “ENTER RESSADE(S): “: 
160 INFUT L’S 
170 PRIM elg:C* 
180 REfi CWECK FOR BUERIE9 
1’30 IF PO9~CI,“?“.i)C>lI ‘TWEII 220 
200 RE,, CHfCK FOR ‘SEND’ 
210 KF POS(C1.“SENl~“.l)=il THEN 150 

POWER ON SETTINGS 

I 
At power on, the FUNCTION. AVERAGES, SLOPE, 

SOURCE, ATTENUATION, and COUPLING settings are set 
to the state of the front-panel controls. If the AUTO TRIG 
button is IN and Auto trigger is psrfOrmed. the trigger levels 

240 PRINT A9 
%SU 00 TO 1SD 
260 RER SERIAL POLL ROUTIME 
270 FO1.L X,Yll’3 
260 FRfN’t “STATUS DYTEI “IY 
2YU RETURN 
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This sample program 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 

100 RER DCSDD? TALKER/LISTENER PROGRAm 
105 HEM DCS009 PRIIIARY AWRESS = 18 
110 OPEN #1:“QFIs~PHI~lB.EOn=o:” 
115 ON SKQ THEN GOSUB 190 
120 EIJABLE SHQ 
125 DIfl AS TO (170) 
130 F’RXtjT “ENYER COMllAtlD(SI / RUERY ” 
135 INPUT c* 
140 IF CI-"EX" THEN QOTO 185 
145 FRINT tll:C$ 
l%Y REM CHECK FOR QUEKIEB 
i55 IF FOS(C$,"?",1)C>O THEN GOT0 170 
1.50 IF' POS(CS."SE~~D".~)EO THEN GOT0 130 
l&S REII INPUT FKOPl DEVICE 
170 INPUT #lzAS 
173 PRINT AI 
180 GOT0 130 
185 STOF 
190 POLL SB.P.S.lS 
195 PRINT “WQ SEEN. STATUS RYTE:“,SB 
200 RETURN 

PROGRAMMING HINTS 

The purpose of this section of the manual is to show how 
to program the DC 5009 to perform some basic measure- 
ment functions and how to take advantage of e.ome of its 
special programming features. 

conditioning. Next the trigger levels are automatically set to 
their midpoints using the AUTO command and the AVE ‘- 1 
command jets up the instrument to make measurements at 
a rate of approximately 3 per second. Finally. the DC 5009 
is instructed to make FREQ (frequency) measurements. 

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 can be made, the in- 
put signal conditioning settingsmust be set properly. The 
following example firt sets up the channel A input signal 
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Making Single Measurements 

Single measurements may be made using either of the 
two methods shown in the following examples. To make a 
single measurement, the instrument is first set to ‘STOP” 
mode. A “RESET” then causes a single measurement to be 
made and then the measurement process is again stopped. 
The first example shows how to make a single TIME interval 
measurement using STOP and RESET. 

‘JUU PRINT @18:“AVE 1iTIflEi” 
310 PRINT el8:“S’rOP;RESET:SEND” 
320 INPUT @18:R 
33U FRINT “TINE INTERVAL = “:K 
540 END 

The next example show?. how to use Group Execute 
Trigger <GET> in place of the RESET, to make single 
measurements. To use <GET>, the instrument’s Device 
Trigger Function must first be enabled using the DT TRIG 
command. Again, the instrtument must be set to ‘STOP’ 
mode before the <GFF> oau?.es a ‘RESET” and a single 
measurement to be made. 

2UU PRINT e18:“DT TRIfi;AVE 1;TIME” 
210 FRINT elG:“SfOF’t 
22u weYTE e50,u: 
2x REfi “50” IS ADDRESS (lut32: 
24CI KEN “8” IS <GET:’ IEEE-488 
ELI FRINT l@lU:“SEND” 
210 INF’UT @18:R 
270 PRINT “TIME IN’I’ERVAL = “:R 
280 END 

Reading Results 

There are two basic ways of obtaining measurement 
data from the DC 5009. The first method shown below uses 
the SEND Command to request a measurement result from 
the instrument. If a measurement result is available, the 
DC 5009 will respond immediately when ‘talked”, otherwise 
it will wait until a result Is available before responding, 

The other method that may be used to obtain measure- 
ment data involves just “talking” the DC 5009 and then 
reading the results. If a result is available, “talking” the in- 
strument Causes the result to be output. If a result is not 
available, it causes the instrument to output an FF(hex) byte 
instead. The following example shows how to read out data 
by just “talking” the instrument and checking for FF(hex). 
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Both the RDY? and OPC commands can be used to db al 
termine when measurement data is available to be read out. 
Data ready status Can be queried using the RDY? query 
command, as in the following example. - 

‘;UU PRINT P18:“PERIOD” 
410 PRINT @1S::“RDY?” 
4L’U INPUT e18:R 
43U II; K=U THEN 41!Y I 
440 WINS @18:“SEND” 
SSU INF’UT @IO:+ 
460 PRINT “F’ERIOD = “:A 
470 ENR I 

The following example shows how the OPC command I 
allows the Service Request (SRQ) and the Status Byte ra- 
sponse (ST@ to be used to signal data ready. 

Making Time Interval Measurement 

The following example sets up the instrument to measure 
the time interval between two TTL level signals connected 
to the channel A and channel B inputs using X5 probes. 

300 PRINT @lE:“Cll~+ AiSLO POSiSOU EXT” 
310 PRINT @18:“ATT 1:COU 0C;LEU .275” 
320 PRINT P1B:“CHA BiSLO POSiSOU EXT” 
330 PRINT @lQ:“AfT 1:COll DC:LEU .275” 
340 PRINT @iQ:“AVE 1:TIME:SEND” 
350 IHPUT @iS:T 
360 PRINT “TIflE A TO B q “iT 
370 END 



Again, orlly 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 be 
made usi”g a combination of commands. First the 10% and 
90% points must be calculated from the MIN? and MAX? 
query responses after a” AUTOTRIG. 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 ca” easily be determined once the 10% and 90% 
points and the Risetime have been measured. The following 
example measures both Risetime and Slew Rate. This ex- 
ample assures that the same signal is connected properly to 
both channels A and B a”4 that the signal falls entirely with- 
in the range of the instrument. 

4OU IiEfl tiISE1IbK' AND SLEW KATE 
41’0 PRINT l218:“CHA A:SLO POS:CHA E:SLO POS” 
420 PRINT ~l8:“AUTO;flIN?:flAX?:” 
43U PRINT @18:“RIN?:AAX?:CHA A:lltN?:MAX?” 
440 INPUT @18:Bl.B2.Al.A2 
450 AO=Alt(AZ-AllXO.1 
460 A9=A2-lA2-Al)~ti.1 
470 BY-Ez-(E2-El)*o.l 
480 PRINT kl8:“CHA A:LEV “;AU 
4Y0 PRINT Fl8:“CHA B;LEV “;89 
300 PRINT @18:“TItlE:SEND” 
510 INPUT l!ltl:R 
520 S-(As-AD,/R 
530 PRINT “RISETIME = “:R 
540 PRINT “SLEW RATE = “:S 
550 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 sig”al$ by first measuring the PERIOD Of 
one signal and the” using the TIME function to measure the 
time difference between the two signals. The Phase angle is 
the” computed using these two meawrements. 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 REtl PHASE REASUKERENT 
110 PRINT @lB:“CHA A:SLO POS;CWA 8;SLO POS” 
120 PRINT P18:“PER;SEND” 
13U INPUT @18:P 
140 PRINT el8:“TfflE;SEND:” 
150 IHPUY c18:T 

Operating Instructions-DC 5009 

Duty Cycle Measurement 

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

200 REN DUTY CYCLE AEASURERENT 
210 PRINT @lE:“CHA A;SLO POS:UID:SEND” 
220 INPUT @18:W 
230 PRINT @lB:“PERISEND:” 
240 INPUT @ill:P 
250 PRINT “THE DUTY CYCLE IS “;U/P 
260 END 

Using INST ID Button 

Communication between the controller and a” instru- 
ment operator can be accomplished using the INST ID but- 
to” 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 
show”, the probes can be compensated and INST ID button 
used eve” while the rest of the front panel controls are 
locked out. 

The INST ID button can also be used to inform the con- 
troller that the instrument has bee” set up properly to mea- 
sure the input signals. Once informed, the controller can 
the” “learn* the current instrument settings, using the SET? 
query command, and save the set-up for later use. 
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3 1 Cl f:’ f( I N T ” s E 1 II F’ t 11 t:: x N 5; I ft u M t: N 7 “” I’ ; to determine when 10 hours have elapsed. Since 10 hours is 
JZO PI? LNT “PUSEi INSi 113 IJt4E:N IDONE” equivalent to 36,000 seconds, it exceeds the 10995.1 seo- 

ond counting capacity of the DC 5009. By counting the oc- 
0 

currsncss of OVERFLOW, the precision can be extended to 
count this amount of time. I 

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 TCTALIZE mea- 
surements may be extended. 

The following example monitors a TOTALIZE measure 
merit watching for the count to reach 1 .OE+13. approxi- 
mately 10 times the counting capacity of the DC 5009. This 
is done by counting occurrences of OVERFLOW and using 
this count to extend the precision of the result. 

100 KEN EXSENDING RANGE USING 
110 REM OVERFLOW _ TOTALIZE A 
120 c=u 
1‘JD PRINT QlR:“OVER 0NiTOT:START” 
140 ON SRO ‘THEN 250 
150 PRINT iZlB:“SEND” 
1611 INPUT @lU:A 
170 R:AtC*1.uYY511628Etl2 
IUU IF R<l.tlE+lJ rHEN i5U 
190 PRINT “RESULT I3 “;R 
2uu END 
250 POLL D,SiiE 
26U IF S=195 OR S::209 rHEN 290 
%7U f:‘RINT “SRO OCCURED, STATUS=“:8 
333 REWRN 
ZYC! c=c+1 

300 RE’ruRN 

4[1Il fiEfl EXTENDINL; RANGE USINS 
410 REM OVERFLOU ~” TrflE MANUAL 
42u c-a 
430 PRINT Rl8:“OVER 0N:TMAN:START” 
440 ON SRO ‘THEN 250 I 

480 IF Rc:J6UUU THEN 450 
490 f:‘HINT “RESULT IS “:R 
5uu END 
550 F’OLL D,Sil8 
5611 IF s:i94 OR s::210 ‘THEN 590 
57C! F’RINT “SK&l OCCUriEDa STATUSa”iS 
5811 IKE HJRN 
5(/a c=c+1 
600 REruRN 

Additional assistance in developing specific application 
oriented software is available in the following Tektronix , 
manuals. 01 

(1) 070-3985-OO-GPIB Programming Guide. This man- 
ual is specifically written for applications of this instru- I 
ment in IEEE-488 systems. It contains programming 
instructions, tips and some specific example 
programs. I‘ 

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

I 
(3) 070”2058-Ol-Programming In BASIC 

(4) 070-2059-01 -Graphic Programming In BASIC 
I 

(5) 51/00-700 4/O-4050 Series Programming Tips I 

(6) 070-2380-01-4907 File Manager Operators manual 
I 

(7) 070-2128-00-4924 Users manual e 

I 



-4050 Series Graphic System Refer- 
(11) 061-2546-00-4041 Programming Refer. 

em 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 OPERATING INSTRUCTIONS 
UNLESS YOU ARE QUALIFIED TO DO SO. 
REFER TO OPERATORS SAFETY SUMMARY 
AND SERVICE SAFETY SUMMARY PRIOR TO 
PERFORMING ANY SERVICE. 



Refer to the Block Diagram illustration located in the 
foldout pages at the rear of this manual during the following 
discussion. 

Channel A and Channel B Amplifiers 

The functional blocks for the Channel A and Channel B 
Amplifiers are essentially identical. Each channel amplifier 
circuit contains three magnetic latching relays that control 
the selection of the front panel or rear interface input sig- 
nals. the ac or dc coupling mode?., and the Xl 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 ?.ame registers. The 
slope selection circuits are located on schematic 3. 

Each amplifier channel contains 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 1o the slope selection gates. 

The .+ 5 V power for both input channels is regulated by 
a three terminal regulator that uses the interchannel shi4d 
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 microprocessor. depending on the mode, selects the 
setting of the front panel triggering LEVEL controls or the 
ourputs of the O-A Converters to be applied to the input 
differential amplifier circuits located on schematics 1 and 2. 

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

Gating, Arming and Synchronirers 

After slope selection. the signals to be measured are 
routed through the proper logic gates for rhe 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 SIIAPED OUT signals originate in this block 
and provide exact replicas of the signals lhat the counter is 
measuring. These outputs provide a 50 II output impedance 
capable of driving a 50 0 load. 

Section 3-DC 5009 

THEORY OF OPERATION 

BLOCK DIAGRAM DESCRIPTION 

Introduction 

The counter has what is sometimes called a “ratio archi- 
tecrure”. That is, events are always accumulated in one 
count chain, called Accumulator 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 
we a whole number of pulses of input signals or a whole 
number of pulses from the internal time base that is being 
counted. 

The arming input (ARM) from the front panel or rear inter- 
face is also applied to this block where it is logically ANDed 
with the measurement 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 measurem&ts. 

The 100 MHz PLL circuit contains a frequency and phase 
compararor. a filter circuit, a Varactor diode for 100 MHz 
tuning, and a divide by 100 feedback loop. 
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CH A and CH B Accumulators 

The Channel 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 microprocessor 
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 Accumula- 
tor with two ECL binary stages, six TfL 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 circuits where reauired. 

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. 

Control Logic, and Memory 

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

This functional block has a microprocessor peripheral de- 
vice containing a 128 x 8 static RAM, a l&bit pro- 
grammable counter, an &bit serial data channel, bidirec- 
tional data lines, and interrupt inputs. Program memory 
Space is provided by’s 4096 x 8 ROM device. 

Front Panel Keyboard and Display Drive 

The key element in this functional block is a ten-state 
decade counter that provides the time slot decoding for 
scanning the front panel pushbuttons and other controls. 
The counter also provides the multiplexing functions for the 
seven-segment LED display and annunciators. Information 
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is presented to the display by latching six bits of data from 
the microprocessor parallel data bus. Four bits of the 
latched data are then decoded from binary coded decimal to 
seven-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 seven-seg- 
ment LED% and scans the annunciators. The anodes of the 
seven-segment LEDs are connected to a buffer 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 
+5 V regulated supply is derived from the +8 V raw dc 
from the power module. These supplies are individually pro- 
tected by their own fuses. The +3.2 V supply is derived 
from the +I2 V regulated supply, whilie the t2.7 V supply 
is derived from the +5 V regulated supply. The +3.2 V sup- 
ply operates as the reference for the - 12 V supply and the 
digital-to-analog converters. 

GPIB Microprocessor, Memory, and Controller 

The GPIB consists mainly of a microprocessor, two 
ROM’s, on% RAM, and a GPIB controller chip. An address 
switch is also available to set the listen and talk addresses 
for the DC 5009. In the DC 5009, the GPIB board connects 
to the digital board and is used to communicate with the 
IEEE 486 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 memory via the parallel data path, de- 
codes the desired operation, and executes the instruction. 
The activities of the microprocessor ocour in cycles generat- 
ed by its own 1 MHz system clock. 
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:l ;:) 
DETAILED CIRCUIT DESCRIPTION 

:$: 
,:I 

CH A and CH B Amplifiers and Relay 

COntrOl@@ 

NOTE 

Since the CH B Amplifier and Relay Control circuit is 
essentially identical to the CH A Amplifier and Relay 
Contml Circuit, this description Uiscu$$e$ the theory of 
npwation for the CH A Amplifier and R&y Control 
circuit with the associated circuit component for the 
equivalent Channel B circuit in parenthesis. 

Q1226 (Ql243). Q1228 (Ql245). Q1227 (Qi244), and assc- 
ciated components provides a gain of about three and 
drives the Schmitt trigger circuit consisting of 01232 
(Q1246). Q1229 (Qi247), and associated components. The 
Schmitt trigger circuit Sets the hysteresis window 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 signal enters the instrument either from the 
front panel bnc connector J500 (J510) or from the rear inter- 
face input connection P162516A (P1625.17B). The exter- 
nal or internal signal source is selected by K1031 (K104t). 
When the internal signal ?.curce is selected, the 
microprocessor also activates K1621 (K1622). 

~The AC COUPL or OC COUPL mode is selected by 
K1032 (K1042). while the xl or x5 ATTEN modes are se- 
lected by K1033 (K1043). The x5 attenuation network in- 
cludes R1023 (R1043), RI131 (R1141) and their 
compensating capacitors, Cl022 (C1042) and Cl031 
(C1043). 

The input differential amplifier stage all21 (Q1141) is a 
matched dual DMOS FET with high input impedance and 
low offset between the triggering level and signal input gate 
terminals, Transistor all22 (Ql142) and associated com- 
ponents operate as a current source, providing good com- 
mon mode rejection for the differential amplifier stage. 

The ,+ 5 V drain supply for the input differential stage in 
both channels is obtained from a three terminal regulator, 
U500. This regulator uses the interchannel shield for a heat 
sink. 

Input protection for the DMOS FET differential amplifier 
is provided by CR1121 (CR113t), CR1123 (CR1141). 
CR1124 (CR1142), and CR1122 (CR1132). These diodes 
clamp the input signal amplitude to about + 13 V and 

13v. 

The first casccde amplifier stage consisting of Q1223 
(01241). a1221 (Q1233). Q1222 (Q1234). and Q1224 
(01242), arrcl associated components provides a gain of 
about three. The second cascade stage, Q1225 (Q1235), 

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 UllOl 
(Ullll). The parallel data from these registers is buffered 
by UlllO (U1112). a Darlington driver integrated circuit. The 
mcst significant bit (pin 11) from the shift registers deter- 
mines the triggering slope for each channel. 

The relay strobe circuit for both channels Consists of 
QllOl. Q1102, Q1103, and associated components. The 
relay strobe signal is programmed by the microprocessor. 
The strobe signal generated at the collector of 01103 is a 
positive pulse of about 7 V. and strobes all of the relays 
simultaneously. However, the state of only one relay is 
changed with each strobe event. The feedback connection 
from R1103 and R1104 to the emitter of QllOl operates to 
regulate the pulse amplitude under all supply conditions. Di- 
ode CR1211 prevents the strobe pulse from going mere 
negative than about 0.6 V. 

Gating, Arming, and Synchronizers 0 3 

Transistors Q1411 and Q1412 form a differential ccmpa- 
rator. The base of Q1411 is at approximately 3.5 V; set by 
the voltage divider network. RI413 and R1414. The base of 
Q1412 is 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- 
aurement gate signal on J1410.2 goes negative. The wired- 
OR junction at the emitter of Ql401 must be low during the 
measurement interval. If the arming input signal 0” 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 
reverse the connections of P1402 and P1403. 

Both the inverted and non-inverted forms of the input 
signals from the Channel A and Channel B amplifierS are 
available; Channel A signals at the emitters Of 01331 and 
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Q1332, Channel B signals at the emitters of Q1333 and 
01334. Only one of the two transistor% for each channel is 
active at any one time, depending on the selected slope: 
Q1332 and Q1333 for positive slope selection, Ql331 and 
Q13.34 for negative slope selection. 

After slope selection, the signals are buffered by Ul332A 
and lJ1~331A. and then level shifted by common base ampli- 
flew, 01442 and Ql441, before application to the front pan- 
el shaped outputs via J540 and J560, or to the rear interface 
via Pi62523A and Pl625-248. 

The microprocessor determines the meaeurement gate 
interval on pin 12 of U13326. Integrated circuits, V1421A 
and U14218, operate as Synchronizers to ensure that the 
accumulator gates, Ul332C and Ul431 C. open and close at 
the proper time for the desired measurement. Synchronizing 
the accumulator gates with the signals to be counted en- 
sures that the accumulators will contain a count ccrre- 
sponding to a whole number of input and time base pulses. 
The signals to be counted clock the Synchronizers on pins 6 
(Ul42lA) and 11 (Ul4216). 

Before each measurement is initiated by the micrc- 
processor U1421A and U1421B are set by the MR (master 
reset) 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 us% the CH A Amplifier with pcsi- 
tive slope triggering. negativbgoing edges are generated on 
pin 2 of U133lA. 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 OUR A). With pin 
14 of U1411 high Ql343 and U1431B are enabled. The CH 

A signal is then inverted by VI431 B and clocks Ul42lA on 
pin 6. The CH A complement signal also appears on pin 6 of 
U1431B. 

NOTE 

Transistors Qf342, Q1344, Q1341, Q1423, Q’i422, 
Q1421, and Q1343 operate as switches to route the 
CH A, CH B, and 100 MHz time base signals through 
the proper logic gates for the selected front panel 
FUNCTION. Transistor Q1344 is used to disable 
U1431A. See Table 3-i. 

FREQUENCY A and PERIOD A. If the gate signal from 
the microprocessor and the arming signal on pin 11 of 
U13326 are both low. a low is set on the 0 input (pin 7) of 
U142lA. 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, 
U1421 B, and the CH A Accumulator gate, U1332C. With 
Ul332C 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 Cll A Accumula- 
tor on schematic 4. 

For the FREQUENCY A and PERIOD A functions, pin 7 
of shift register U1411 is latched high. This turns on (11422, 
allowing the 100 MHz time base signal to clock Ul421 B on 
pin 11. The first time base edge to clock Vi4218 after 
U1421A changed state sets a low on pin IO of U1431C and 
turns on Ql433. enabling the CH B Accumulator gate and 
indicating that a measurement cycle is in progress. The next 
negative edge of the 100 MHz time base signal then passes 
through Ul43lC in its inverted form and counted by the first 
binary stage of the CH B Accumulator (schematic 4). 
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Table 3-1 

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

v “” .““” - 

FREQUENCY A 

Emitter 
Q1344 Q1341 a1423 Ql422 a1421 01343 

---_,“- “- ~“*__- 
High X X 

PERIOD A I I High I 11x1 lx 

TIME A ‘,. B 

WIDTH A 

EVENTS B DUR A 

~TIME MANUAL 

LOW X X X 

X LOW X X 

X LOW X X 
,-- 

High X X 

TOTALIZE A High 

COMP High 

X X 

X t X 

TEST High X X 

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

The counting process continues until the selected num- 
ber of averages have been satisfied or the time out period 
while in the AUTO mode 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 
irlput signal then clocks U1421A and pin 2 goes high, dis- 
abling 1J14218 and U1332C. The next 100 MHz time base 
edge then clocks U1421B. disabling U1431C and turning off 
Q1433 to tell the microprocessor that the measurement cy- 
cle ha? 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 clock pul$e$ counted over the ?.ame 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 ii1 the CH B Accumulator by the number of events in 
the CH A Accumulator to obtain the period, or time per GH 
A event (PERIOD A). 

Ratio B/A. The RATIO B/A mode is the same as FRE- 
QUENCY A and PERIOD A, except that instead of counting 
100 MHZ. time base 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 U1421 B. The counts are accumulated 
over the time interval-determined by the number of averages 
selected. The RATIO B/A result is then calculated by divid- 
ing the number of CH B events by the number of CH A 
events. 

TIME A - B. For the TIME A ‘-1 B function, a1343 is 
disabled; Q1421. Q1422. Q1341. and U1431E are enabled. 
The first CH A pulse slope is selected, passes through 
U1332A and applied to pin 6 of U1431B. The Synchronizers 
have been set by the MU (master reset) pulse and the CH A 
pulse clocks U1421A on pin 6. 

A Soon as the gate signal from the microprocessor sets 
pin 11 of U1332 B low, the next CH A clock edge to Ui42iA 
transfers the low on pin 7 to pin 2 and sets pin 3 high. The 
high on pin 3 passes through Q1421, disables U14316, and 
prevents U1421A from being clocked by succeeding CH A 
pulses. The Q output of U1421A (pin 2). being low, enables 
U1431 A and allows the first succeeding CH 6 pulse edge to 
clock U1421A. setting pin 2 high and pin 3 low, again. Pin 3 
going low with the GH B edge, also enables U1431 B again 
for the next CH A edge to clock U1421A. 
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During the period of time that pi” 2 of U1421A is low, 
Ul42lB is enabled. The 100 MHz time base clock pulses 
are synchronized and gated by U1421B and U1431C, and 
then counted by the binary stages in the CH S Accumulator. 

Since 611343 is off, U1332C is enabled with a low on pi” 
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 Ul332C and then counted by 
the binary stages in CH A Accumulator. Thus, for each 
TIME A - B interval, a count is accumulated in the CH A 
Accumulator and during each of these intervals the 
100 MHz clock pulses are accumulated in the CH B 
Accur’hulatOr. 

The microprocessor is continually reading the counts (ac- 
cumulated time intervals) in the CH A Accumulator. When 
the selected number of averages (lON) 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 Vi3328 to a high level. The next CH B pulse 
clocks a high through U1421A to pin 10 of U1421B and 
disables U1431A. The next 100MHz clock pulse then 
toggles Ul421 B, disabling U1431C and allowing the collec- 
tor of Q1433 to go low. This tells the microprocessor that 
the measurement cycle has bee” completed. The 
microprocessor then makes a final reading of both accumu- 
lators, divides the total time by the “umber 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 except that Q1341 is disabled and 
Qi2.42 is enabled. This then allows the leading edge of the 
pulse width to be measured, to be gpplied to pin 6 of 
Ul431B and the trailing edge to be applied to pin 5 of 
U143lA. 

The Synchronizers (U1421A and U1421 S) 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 Ul42lA and during each of the negative pulse 
InterValS, U1421B 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 measurement gate, reads 
both the accumulators, and divides ttie total time by the 
number of regenerated time intervals to obtain the average 
pulse width. 

EVENTS E DUR A. The EVENTS B DUR A function is 
the same as WIDTH A except that instead of counting 
100 MHz Clock pulses via Ql422, the instrument Is counting 
CH 6 events during the selected CH A pulse width via 

Ql423. 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 U1431S and pin 5 of U1431A. 

The CH B signal passes through Q1423 to clock the sec- 
ond sychronizer. U1421 B. When the gate signal on pin 12 Of 
Vi3328 goes low, the Synchronizers and BCCUmUlatOr 
gates function exactly as they did in WIDTH A (and de- 
scribed for TIME A - B). With Ul332C enabled on pin 12 
the CH A pulse widths are counted in the CH A Accumulator 
while the CH B events are counted in the CH B Accumula- 
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 selected or AUTO averages condition has 
been satisfied, the gate signal on pin 11 of Ul332B 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 
U1421 B. 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/STOP 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 
measurement. 

For TIME MANUAL Ql344, 01422, and Q1343 are en- 
abled. Immediately after asserting the gate signal the 
microprocessor momentarily changes the CH A Level on pin 
14 of Ul321 D from its current setting to -3.175 V to 
+3.2 V and the” back again to its original setting. This prc- 
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 accumulation continues until the 
measurement is stopped, at which time ths 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 Ql344, Q1343, and Q1423 are en- 
abled. When the gate signal is asserted, CH A events are 
counted (totalite) in the CH A Accumulator until the mea- 
surement is stopped. In this case, the microprocessor doss 
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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to read out the contents of the CH A and CH B Accumula- 
tors. When the parallel/serial control line (pin 9 of each regis- 
ter) is low. data is shifted through the registers 
synchronously with the positive transition of the serial clack 
signal (pi” 10). When pi” 9 is pulsed high to read these 
registers. data is put into the registers asynchronously with 
the clock. The serial data path is further described under 
Control Logic and Memory (schematic 7). 

“0 

“1) 

PROBE COMP and TEST. For the PROBE COMP func- 
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. This allows the 
Channel A or Channel B signal? to pass straight through to 
the accumulators. For the TEST function the micro- 
processor generates artificial signals by programming the 
digital-to-analog converters (schematic 5) through their full 
range. The outputs of the digital-to-analog converters are 
applied as trigger level changes to the differential amplifier 
Circllits in the CH A and CH B Amplifiers (schematic I). 

NOTE 

A complste description of the self test function is de 
scribed in the Maintenance section. Front panel pre 
cedures for the PROBE COMP function are found in 
the Operating Instructions. 

CH A and CH B Accumulators 0 4 

Before each measurement is initiated by the 
microprocessor. the MR (master reset) signal is asserted via 
pi” 26 of “1332 on schematic 7. This reset signal is inverted 
by U1202E and U1202F and level shifted by Q1201 to pro- 
vide w ECL compatible reset signal to the Synchronizers on 
schematic 3, and to provide both ECL and TTL compatible 
reset signals for all of the count stages in the CH A and 
CH B Accumulators. 

The CH A Accumulator signal clocks U1221A on pi” 6 
while the CH B Accumulator signal clocks Ul221 B on pin 
‘I 1. The first two binary stages for each accumulator are 
ECL stages, U122lA and UlZllAfor the CH A AcCumula- 
tor, ,,I 221 B and Ui 211 B for the CH B Accumulator. The 
next two binary stages for each count chain are TrL; 
CHA,‘..-UlZOlA and U1113A. CHB-Ui20lB and 
U1113B. Transistors Q1213. 01211. Q1221, and Q1212 
operate as ECL to TTL translators. 

The individual TTL binary stages for each accumulator 
are the” followed by TTL 4.bit counters. U1112A and 
Ul 1128. and the” by CMOS 4.bit counters. Ul 111 A and 
111111 B. The CH B Accumulator has an additional 12.bit 
CMOS counter. U1012. The CH A Accumulator also has a” 
additional 1 B-bit counter internal 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 
CH A Accumulator has 12 bits supplied by a firmWare 
counter and the CH E AcCumulatOr has 16 bits supplied by 
a firmware counter. 

Five parallel-to-serial shift registers. U1102, UllOl, 
u1103, UlOll, and UlOO2. are used by the microprocessor 

Trigger Level Control and D-A Converters 0 5 

This circuit contains two digital-to-analog converters: 
U1201 for Cha”“el A and U1211 for Channel B. The con- 
verters are used by the microprocessor for the COMP and 
TEST functions, and for the AUTO TRIG mode. The co”- 
verters are drive” by B-bit words latched in two serial to 
parallel shift registers, U1202 and U1212. The output cur- 
rents of U1201 and U1211 are converted to voltage levels 
by RI203 and Rl214. Output current is differentially shared 
between pins 2 and 4 on each converter. Output current Can 
vary between 0 and -2 mA. corresponding to +3.2 V and 
-3.175 V trigger levels, respectively. 

The outputs of the frorlt panel trigger level controls, R500 
and R510, are attenuated by voltage dividers, 
R1303-RI302 and Rl306-R1309. The attenuated levels 
from the front panel controls and the voltage outputs from 
the converters are then applied to a CMOS analog switch, 
U1311. 

The microprocessor, depending on the mode, selects ei- 
ther the outputs from the converters or the front panel con- 
trols. Output selection is determined by bits 6 and 7 latched 
in shift register U1411 located on schematic 3. These bits 
turn on or turn off Ql312 a”4 Ql311; both transistors are 
“ever on at the same time. For example, if the base of 
Q1311 is low while the bass of Q1312 is high, the 
microprocessor has selected the converter outputs to be 
applied to the inputs of the unity-gain operational amplifiers. 
Ul321A and Ul3216. The buffered trigger levels are isolat- 
ed by R1322 and R1321 and then applied to the front panel 
via J580 (J570) and the rear interface outputs, pins 22A and 
228. 

Operational amplifiers U13210 and Ul32lC. with their 
associated components, operate as summing amplifiers, 
providing adjustable offset levels that compensate for the 
offset voltages in the CH A and CH B Amplifier circuits. 

The adjustable reference voltage (+3.2 V) circuit for both 
converters is located on schematic 10. With this reference 
voltage set properly. the gain of the converters is adjusted 
by pOte”tiometers Rl102 and R1211. 
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Time Base, 100 MHx PLL and Noise Generator 0 6 

The IO MHz standard time base consists of a 10 MHz 
crystal, Yl601, along with a Colpitts oscillator circuit, 
Ql611 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 controlled 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 regulated by a three 
terminal regulator circuit, Ul601 and associated compo 
nents. If the Option 01 time base is installed, the compo- 
nents for the standard time base circuit are removed from 
the board. 

The IO MHz output from either of the internal time DaSeS 
or from an external source (1, 5, 10 MHz) is applied to the 
base of Ql612. Diode CR1611 allows Cl612 to discharge 
during the negative portions of the input signal. The buffered 
signal at the collector of Q1612 can be either 1 MHz. 
5 MHz, or 10 MHz. If the input signal frequency is 1 MHz, 
jumper P1511 Is placed between pins 4 and 5 of Ji 511 to 
apply the signal to the base of QlS02. A 5 MHz input signal 
requires that U1611 A divide by five and Pi 511 must then be 
placed between pins 2 and 3 or pins 3 and 4 of J1511. A 
10 MHz time base signal requires that U1611A divide by 
five, U 1611 B divide by two, and Pl511 be placed between 
pins 1 and 2 of J1511. The signal to the base of 01502 
must, in all cases, be 1 MHz. 

Emitter follower a1502 and associated components op- 
erate as a single-pole filter, generating a sawtooth signal at 
the negative input terminal of comparator Ui 501, For the 
TIME A - B, WIDTH A, and EVENTS B DUR A functions, 
the base of al501 is set low via pin 14 of shift register 
U1411 (schematic 3). For those functions, the noise gener- 
ator Ul502 is enabled by applying +5 V to the Vs3 input (pin 
4). The output from Ul502 will then be a -12 V to +5 V 
signal with a pseudo-random edge distribution. This signal is 
then attenuated by RI504 and applied to the positive input 
terminal of U1501. 

For the previously mentioned functions, Vi501 operates 
as a phase modulator circuit. The output of U1501 will be a 
1 MHz signal with the negative edges phase modulated by 
the noise signal generated by U1502. For the remaining 
function$ Q1501 is turned off, U1502 is disabled, and 
U1501 operates only as a buffer stage. 

Integrated circuit U1522 operates as a frequency/phase 
comparator circuit, comparing the divided down 1 MHz 

feedback 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 U1521 B and associated ‘compo- 
nents. The output of U152iB is then amplified and inverted 
by operational amplifier U1521A. The output of U1521A is a 
dc level applied to the voltage-controlled capacitor diode 
(Varactor), CR1 521. 

Integrated circuit U1523A, along with CR1521 and asso- 
ciated components, operate as a 100 MHz, Varactor tuned 
voltage-controlled oscillator circuit. The 100 MHz output 
from U1523A is fed back via Cl523 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 7 0 
Introduction. The DC 5009 is a GPIB programmable 

digital counter based on a microcomputer system. The 
microprocessor, Ul301 (located on the GPIB board, A14). 
controls the internal operations of the DC 5009. 

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

Integrated Circuit U1332 contains a random access marrl- 
ory (RAM) space that provides a maximum of 126 locations 
(addresses) which the microprocessor uses to temporarily 
store B-bit data bytes. This data is not permanent and will 
be destroyed whsnever the instrument 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 later recall and use. 

When a command is received, the microprocessor per- 
forms a routine called an “instruction fetch”, where one or 
more successive data bytes from the program memory are 
loaded into the microprocessor. The instrument word is then 
decoded, and Ul301 generates the machine states and con- 
trol logic signals necessary to execute the command. 

Power Up Reset Cycle. When the instrument 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. 



Pin 1 of U1222 is held low for approximately 1.5 sec- 
onds. Wuring this time all of the internal registers of Ui332 
(except the 16.bit counter and serial shift register) are 
cleared to logic zero. 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. 
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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. 

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

Address Decoding. The microprocessor addresses 
Ui312, Ui332, and U1333 when communicating with the 
instrument functions. Table 3.3 lists the hexadecimal ad- 
dress ranges for these devices. 

Table 3-2 
DC 5009 INTERRUPT VECTORS 

--,,--- 
Vector Address Type of Interrupt 

High Eyre LOW Byte 
-=‘^‘ 

$1 FFC $1 FFD Power up Reset 
$1 FFE $1 FFF Interrupt Request (U1332) 

,,., ,,,,,,,,, -- 

NOTE 

Dollar sign ($) means that address code is in 
hexidecimal notation. 

Interrupt Vector (IFI@. Integrated circuit U1332 has two 
internal registers for interrupt control, an interrupt enable 
register and interrupt flag register. Corresponding bits in 
these registers are logically AN&d to set an interrupt re- 
quest 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 
microprocessor completes the current instruction before 
recognizing the interrupt request and examining 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 will then 
be loaded with the high and low bytes of the interrupt vector 
address listed in Table 3.2. This is the start location for the 
interrupt routine for U1332. 

Table 3-3 
DC 5009 MEMORV ADDRESS RANGES 

-.I- 
Hexadecimal 

Address Range 

$1000 $lFFF 
50000 - 5007F 

$01000r$017F 
50080 - 50087 

Comments 
_ _._., .,,,.,,., ,,,,,,,,,..,,._,,,. _ 

U1312 (4K x 6 ROM) 

U1332 (128 x 6 RAM) 

u1333 (Front Panel, 
Display, Serial Data 
Latches) 

Memory select decoder U1331 and inverter U1321A. 
along with address bits A12 and A7. operate to select the 
proper memory device during program control. See Table 
3.4. 

Table 3-4 
MEMORY SELECT CODE 

Address Bits I Device Selected 

e!?? 
” I 0 
0 - ~---?- 

RA ,M (U1332). Input/Output 
UT333 _ ,,,.,,.. 

1 I Oil 1 ROM (U1312) 

The input/output sections internal to U1332 are 
accessed by the microprocessor using address bits A0 
through A3 for specific control of the internal functions. See 
Table 3-5. 
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Table 3-5 
ADDRESS CODE FOR U1332 

(50700-507OF:) 

Address Bits Internal Functions 

A21Ai / A0 

0 

1 
1 
0 
0 
‘1 
1 
0 
0 
1 

0 
1 
0 

1 

Port A 
POR 8 
Read Lower Counter/Write 
Lower Latch 
Read Upper Counter/Write 
Upper Latch and Download 
Write Lower Latch 
Write Upper Latch 
Serial Data Register 

Data Direction Register-Port A 

NOTE 

Due to the complexity of the internal functions associ- 
ated with U1332, a detailed description of this device 
will not be attempted in this manual. If more detailed 
information is needed, refer to the manufacturer’s 
data sheets. 

Serial Data Path. The serial data path is shown on the 
block diagram. Serial data is written, via pins 38 and 40 of 
U1332, to five serial to parallel shift registers located on the 
Analog circuit board (A12 assembly). This is done when the 
microprocessor SStS the instruments internal circuits for the 
desired function. These registers are, in sequence: 

A12-U1202 5 

AlZ-Ul212 5 

A12-U1101 1 

AlZ-Ullll 2 

A12-U1411 3 

The serial data output from A12-U1411 then goes. via 
P1310-6 (schematic 4) to five parallel to serial shift registers 
(CH A and Cl-l B Accumulators) located on the Digital circuit 
board (Al6 assembly). Serial data is shifted through these 
registers and returned to the microprocessor via the data 
buffer Ul3228. Serial data is read from the following parallSl 
to serial shift registers: 

Al&-U1101 4 

A16-U1102 4 

A16-U1002 4 

Al6-UlOll 4 

A16-u1103 4 

Pin 40 of U1332 serveS both as an input and output for q 
serial data. When the microprocessor is in the Serial write 
mode, pin 40 is configured as an output and bytes Of infor- 
mation are loaded into the internal Serial data registers Of 
U1332. They are then shifted out serially to the shift regiS- RI 
terS on the A12 assembly (Analog board). During the Writing 
of serial data the three-state data buffer, Ul3228, 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, cauSin$ a 

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

P 

When the microprocessor is reading the serial data from 
the CH A and CH B Accumulators, pin 15 of U13228 is set 
low at the same time pin 40 of U1332 is configured a5 an - 
input. The serial data is then read in as five consecutive 
bytes, During thi$ time pin 13 of U1322B is held high, pre- -, 
venting the serial data being read from reaching the Analog ( 
board via Jl310-1. The microprocessor addresses U1333 
and uses pin 10 (Serial Read Latch) to latch data during the I 
serial read process 

Front Panel Interrupt Clock. The front panel keyboard 
and displays are interrupt driven by the timing circuit con- 
sisting of U1321B, U1321C, and associated components. 
This circuit operates at about 1 .l 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 control setting. The microprocessor 
addresses U1333 and uses pins 12, 13, 14, and 15 during 
this process. 

Power Up Sequence. After the microprocessor and pe- 
ripheral device VI332 have been reset at power up, the 
DC 5009 microprocessor generates the following Sequence 
Of events. 

L 
1. Loads a 0 in the most significant bit position of the II 

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 GPIE board is similarly tested, starting at address 
$COOO. 

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

4. Checks the logic state on pin 35 of U1332 to see if 
the instrument is in the signature analysis (SA) test mode. 
The SA test mode is indicated if P1331 is disconnected from 
J1331. If the SA mode is not indicated, the interrupt regis- 
ters in U1332 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 
Ql301. 

6. 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 
reset line (pin 26 of U1332). 

IO. After the master reset pulse, the measurement gate 
on pin 29 of U1332 i$ 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 reached, 
the measurement gate is unasserted and the 
microprocessor waits for the signal on pin 26 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 is started after the result is CalCu- 
lated and the display is updated. 

Rear Interface Signals. The Prescale line for U1332 (pin 
27) operates as an input that indicates to the 
microprocessor the presence of an external prescaling 
counter. When an external prescaler is used, the 
microprocessor multiplies the Channel A accumulated 
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 U1321 F to pin 33 of U1332 as the electrical equi- 
valent of the front panel MEASUREMENT RESET push- 
button. 

NOTE 

Complete data for a// of the rear interface signals are 
given in the Maintenance section of this manual. 

Front Panel Keyboard and Display Drive 0 8 

The microprocessor uses four control lines and the 8.bit 
data bus to communicate with the Front Panel and Display 
Drive circuits, The four control lines (Display Latch Enable. 
TS Clock, TS Reset (TSRST), and Keyboard Read -, 
Enable) are all derived from Vi333 located on schematic 7. 

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

Each digit 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 equal to the period between successive interrupts. 
The time slots, TSO through TS9, are generated by U1432, 
a decade counter 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 to clock 
U1432 with a negative pulse of about 500 ns on pin 14, 
advancing the count to the next time slot. Immediately affer 
clocking U1432 the microprocessor updates the digit asso- 
ciated with that time slot by sending data to U1431, which 
contains 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 Oisplay Latch Enable signal. The BCD output Of 
U1431 is then decoded to seven-segment information by 
Ui 421. The seven-segment information is buffered by dis- 
play driver U1411 to activate the desired segments of an 
LEO in the display. The display drive power supply filter is a 
pi-network consisting of C1402. L1401, and C1403. This 
filter circuit prevents display noise pulses from disturbing 
the sensitive instrument circuits. Data bits 04 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. 

3.11 



After updating the display, 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 witch (D2 and D3) associated with that particular 
time slot. At the same time the microprocessor proceeds to 
check the Status of the FUNCTION and AVERAGES switch- 
es (S1511 and $1512) via data bits DO and 01, 

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

Display 9 0 
The eighi digits in the display are seven-segment, com- 

mon cathode LEDs: DS1002 is the most significant digit and 
OS1305 is the least significant digit. Time slots TSO through 
TS7 are connected to the cathodes (pin 6) of each LED, 
while the anodes of the individual segments are connected 
to common lines (a through dp) and driven by the display 
drive buffer through P1411 (J1411). The microprocessor 
sends all l’s (DO-D3) for the seven-segment information 
when leading zero suppression is indicated. All l’s are de- 
coded by U1421 (schematic 8) as a blank. 

To illuminate the proper annunciator or indicator in the 
display, the microprocessor sets pin 1 of P1412 (J1412) 
high only during the time slot (TS2 through TM) that corre- 
sponds to the displayed units of measurement or indicator. 

The illumination interval of the GATE light (CR1012) dur- 
ing time slot TSl, is only approximately equal to the actual 
measurement gate interval. 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 Sup&s 10 0 
The +I2 V supply is derived from the unregulated 

+ 26 Vdc power in power mOdule. The + 12 V supply is reg- 
ulated by a three terminal regulator, U1641. The -12 V 
supply is derived from the unregulated -26 Vdc power in 
the power module, while the +5 V supply is derived from 
the unregulated -18 Vdc power. The three supplies are 
short-circuit protected and reverse polarity protected by 
F1541. CR1641, F1542, CR1621. F1641, CR1421, respec 
tively. The +12 V supply provides power for the -12 V. 
+5 V and +3.2 V regulator circuits. 

The +5 V regulator circuit consists of U1531 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 regulated within design limits by varying the voltage on 
ths base of ths npn series-pass transistor via pin 10 oi 
U1531, 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 between pins 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 5 of U1531 with 
Cl531 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 oon- 
siating 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 U14OlB to 
serve as 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 R1.541 and R1542. 

The - 12 V supply consists of error amplifier Q1445 and 
Q1444, error signal amplifier Ql531, current limit sense am- 
plifier 01443, and associated components. The reference 
voltage on the base of Q1445 is about 0 V and diode 
CR1422 provides temperature compensation for the error 
amplifier circuit. This supply is regulated within design 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. Ql443 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, 

Ths +2.7 V supply, located on the Digital circuit board 
(Al6 assembly), is used as a terminating supply for all of the 
pull-down resistors located in the ECL circuits on schemat- 
ics 3 and 4. The +2.7 V supply is derived from the +5 V 
supply on the Analog circuit board (Al2 assembly) and con- 
sists of error amplifier C11002. amplifier stage QlOOl, 
emitter-follower output stage Q1003, and associated 
Compon%nts. 

This is a temperature compensated supply that tracks 
the ECL output levels and maintains essentially constant 
current through the ECL terminations. Temperature com- 
pensation is obtained by connecting Q1002 as a common. 
base error amplifier whose offset voltage (base-emitter 
drop) approximates the ECL output level temperature 
coefficient. 
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GPIE Microprocessor, Memory, and Cantroller 

0 11 

The GPID circuit board (Al4 assembly), with the 
microprocessor U1301, ControlS the operating system for 
the instrument. 

TWO ROMs (U1102, U1201), one RAM (U1210), and a 
TMS 9914 GPIB controller chip (UiiOl) are used to ccm- 
municate with the IEEE 488 Wigital Interface providing 
hexadecimal addresses COO0 through FFFF to the memory. 

‘Ihe microprocessor recognizes. accepts, and decodes 
commands (key-pushes and control settings) from the front 
panel logic circuits on schematic 8 and set$ the operating 
parameters in reSponSe to these commands. 

The microprocessor is an &bit parallel processor with an 
E-bit data bus (00.07, pins 26 through 33). and a 16.bit 
address bus. AD-Al5 (pins 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, 
commonly referred to as 64 kilobytes of memory. Basically, 
any device addressed by the microprocessor is considered 
to be a momcry device. 

SYSTEM CLOCK. The microprocessor contains a single 
phase internal clock generator (U1301, pins 37 and 39) 
whose 1 @Y period (approximately) is controlled by inverter 
U1312U and the RC feedback network consisting of R1301 
and C1302. An instruction cycle consisting of two to twelve 
machine cycles is required to fetch and execute the instruc- 
tion words or data from memory. A machine cycle is defined 
:js the interval between two successive negative-going tran- 
sitions of the system clock. The number of machine cycles 
required depends on the instruction and addressing modes 
used for the microprocessor. 

NOTE 

Due 10 the complexity of the internal operation of a 
microprocessor, 8 detailed description of U1301 will 
not bc attempted in this manual. If more detailed infcr- 
motion is needed, refer to the manufacturer’s data 
sheet. 

Logic gate U1313B. along with address bit Al5. is used 
tc enable or disable the proper memory space during the 
communication process. When pin 15 of U1313B and pin 6 
of U1311 are low (Al 5 -..’ 0), the microprocessor is using the 
low memory space cn the Digital board to communicate 

Theory of Operation-DC 5009 

with the instrument’s internal functions. When Al 5 is high 
(,-:,, 1). the upper memory space on the GPIB board is used 
to communicate with other instruments on the IEEE 488 
Digital Interface. Logic chip U1311 operates as a three-line 
to four-line decoder to select the proper memory spaces 
that have starting addresses of COOO, DOOO, EOOO, and 
FOOD (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, Ull 01, performs the interface 
functions between the microprocessor and other devices cn 
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 Ull 01. 

The EPIB output lines, pins 22 through 29 and 31 
through 38 on Vi 101, are connected to the IEEE 488 bus 
via transceivers UlOOl and U1002. The direction of data 
flow is controlled by the talk enable (TE, pin 21) and CON- 
TROLLER (pin 30) outputs generated on Ul 101. Since the 
IEEE 488 controller function is not implemented in the 
DC 5009, pin 30 is always false (high). The i’E line will be 
high for talk, low for listen. The TE and CONTROLLER out- 
puts are routed within UlOOl and U1002 so that the internal 
buffers for particular lines are controlled aS required. Tran- 
sistor al101 operates as an output buffer for the TE signal. 
Pins 9 and 10 on PlOOl are not connected to the IEEE 488 
Wigital Interface: they are reserved for future use. 

Communication between the microprocessor and U1101 
is carried out with thirteen internal, memory-mapped regis- 
ters in Ull 01. Fourteen internal registers are available, but 
one register (parallel poll) is not used. A microprocessor 
read operation passes control data back to U1301, while 
the write operation passes status information or measure- 
ment data to the IEEE 488 bus. 

The three least significant address bits (AO. Al, A2) wn- 
netted to pins 8. 7. and 8 of Vi 101 determine the particular 
register selected. The high order address bits (Ai% A14. 
A13, A12) are decoded by U1311. u1312C, U1313A. and 
the System clock tc cause pin 3 of Ull 01 to gc low for a 
read or write operation on an internal register. Reading and 
writing to the same location will not access the same regis- 
ter within UllOl. since they are “read only” or *write only” 
registers. When reading a register internal to UllOl. the 
microprocessor sets pins 4 and 5 high: when writing to a 
register. pins 4 and 5 are set low. 

Each device on the IEEE 488 interface is given a five-bit 
address (Al-A5) enabling it to be addressed as a talker 01 
listener. The DC 5009 address and end-of-message termi- 
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nator (TC) is set on 51210 before power-up. For more de- 
tails, refer to the GPIB switch discussion in the Maintenance 
aactlon. As part of the system initialization procedure, the 
microprocessor BnablES U1310, reads the address that was 
set and stores it in an internal register of UllOl. When 
u1101 detects the DC 5009 talk or listen address on the 
interface it responds by entering the required addressed 
state and generating an interrupt signal (IRQ, pin 9) to the 
microprocessor. Interrupts to the microprocessor from 
Ui 101 are generated by the following: 

l A data byte has been received (byte input). 

. UllOl is ready to accept the next (or first) data byte 
for output. 

. EOI has occurred with ATN = 0. 

. Interface Clear (IFC) has been received 

l A remote/local state change has occurred. 

l A Group Execute Trigger command (GET) has been 
received. 

l An Unidentlfled Universal command has occurred. 

l An Unidentified Addressed command has occurred. 

. Device Clear Active State (DCAS) has occurred. 

l A Serial Poll Active State (SPAS) has occurred with 
data bit 7 set in the serial poll register. 

For more complete and specific &talk concerning the 
internal registers and architecture for UllOl, refer to 
the manufacturer’s literature for the TMS 9914 (Texas 
Instruments, Inc.). 

. 

Table 3-6 
DC 5009 MEMORY ADDRESS RANGES 

L 
I 

$0000 $D008 UllOl (GPIB chip) 

$EOOO 5EFFF U1102 (4K x 8 ROM) 
I 

$FOOO - $FFFF / U1201 (4K x 8 ROM) RI 

NOTE 

Dollar sign (5) means that address code is in 
b 

hexa&Cimal nOtatiOn. -I 
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,,I 

CALIBRATION 

:“I 
PERFQRMANCECHECKPROCEDURE 

Introduction 

This procedure checks the electrical performance re- 
quirernent?. as listed in the Specification section in this man- 
ua1. Perform the Adjustmant Procedure if the instrument 
fails to meet these checks. In ?.ome cases. recalibration may 
rwt correct the discrepancy; circuit troubleshooting is then 
indicated Also. use this procedure to determine acceptabil- 
ity of pertormancs in a” incoming inspection facility. 

Service center. Contact your local Tektronix field office or 
representative for further information. 

Test Equipment Required 

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

Calibration Interval 

To enwre instrwwnt accuracy. check the calibration ev- 
ery 2000 hours of operation or at a minimum of every six 
months if used infrequently. 

Tektronix, Inc. provides complete instrument repair and 
adjustment at local field service ce”ters and at the factory 

Dangerous potentials exist at several points through- 
out this instrument. Caution must be exercised. When 
the instrument is operated with the covers remOved, 
do not touch exposed connections or components. 

table 4-1 
LIST OF TEST EQUIPMENT REQUIREMENTS ~.- 

Description Performance Pertorm. Adjust. Example 
Requirements Check Pnx. ““,- ~“,.” ,,,,,, _,I 

Power Module X X TEKTRONIX TM WOO-Series 
-, 

Oscilloscope Mainframe DC to 250 MHz band- X TEKTRONIX 7704A 
width 

‘I 9 b”, 

Vertical Bandwidth. dc to 200 MHz X TEKTRONIX 7A16A 
Plug-l” 

_,,-.- 
Horizontal Fastest weep rate 10 ns x TEKTRONIX 7880 
Plug-l” 70% 

.,“,I 
Leveled Sinewave Calibrated amplitude X TEKTRONIX SG 503 
Generator 9135 MHz 

II,, ._, 
Pulse Generator Riaetime .:l “s X TEKTRONIX PE 502 

.._ _,” 
Function Generator Range, Sinewave 10 Hz to X TEKTRONIX FG 501A 

1 MHz: Offset +7.5 V 
level 

Digital Milltimeter 4-l/2 digits, 0.5% X ,&KTRONIX DM 501A 
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Calibration-DC 5009 
Performance Check Procedure 

Table 4-1 (cant) 

I-- 

Descrlptlon Performance 
Requirements 

1 MHz Frequency Sttui 1 MHz 21 x10-’ Receiver SPECTRACOM Corp. 
Type 8181 

X 
I 

X 50 Q Feedthrough 
Termination (3 ea.) 

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

Adapter, bnc Female to 
Dual Banana 

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

50 0, 10X Attenuator 

Bnc connectors 

Bnc wnnectors 

50 Cl coaxial cable 

Bnc connectors 

X X 

Flexible Extender 

Power Divider SR 

GR to bnc Female 
adapter (3 ea:) 

Adapter, bnc T 

Probe, 10x 

Probe tip ground cover 

Probe, 5 x 

Controller 

RC Normalizer 

X 
I 

X 
I 

X 
I I 103-0030-00 

1 TEKTRONIX P6048 X 

GPIB compatible 

30 pf 

TEKTRONIX 4050Series or 
TEKTRONIX 4041 

Tektronix Part No. I X 
I k-0552-00 

I 
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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 

voLls/olv 
VARIABLE (CAL IN) 

POLARITY 
AC-GND-DC 

.I 
in 
+ UP 
DC 

Horizontal Plug-In 

TRIGGERING 
SLDPE i- (CW) 
MODE P-P AUTO 
COUPLING AC 
SOURCE INT 

TlMElDlV 2 !.Is 
VARIABLE (CAL IN) 
MAG ;I (in) 

DC 5009 

FUNCTION 
AVERAGES 
AUTO TRIG 
CHANNEL A and 
CHANNEL B 

SLOPE 
ATTEN 
SOURCE 
COUPL 

FREQUENCY A 
106 
out 

,/ (out) 
Xl (out) 
EXT (out) 
DC (out) 

I. Check Oscillator Frequency (Standard time 
base) 

NOTE 

The rimebase accuracy is a funcrion of temperature 
anU time. The temperature stability for the standard 
time base is i 5 ppm (0°C to 50°C) with an aging rate 
of .I 1 ppm/year. 

After on@ year of opsration (since the time bass was 
calibrated), the 1 MHz frequency standard should 
read 1 .OOOOOOO. 16.0 ppm for any temperature be- 
tween 0°C to 50°C. The i6.Oppm are determined by 
:k 5 ppm due to temperature; i 1 ppm due to aging; 
and !- 1 count to synchronization error. After this 

‘W check is completed, the user should determine if a 
time base re-calibration is required. 

Calibration-DC 5009 
Performance Check Procedure 

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

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

c. CHECK-that the DC 5009 readout is within 
999.99399 kHz and 1.0000061 MHZ (i6.0 ppm. ? 1 
count). 

2. Check Time Base Oscillator Frequency (Option 
01) 

NOTE 

The temperature stabilrty for the Option 01 time base 
is 0.2 ppm (O°C to 50°C) with an aging rate of 
i 1 ppnvyear and i 1 count. 

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 display readout. 

c. CHECK-that the DC 5009 readout is within 
999.99879 kHz and 1.0000013 MHz. 

d. Remove all cable connections from the DC 5009. 

@) 3 Check Trigger Level Range, > f3.2 V 

Refer to Fig. 4-1 check setup and praliminary control 
settings with the following exceptions. 

DC 5009 

AVERAGES AUTO 

Digital Multimeter 

INPUT EXT (out) 
RANGE/FUNCTION 20 v 

a. Connect a coaxial cable from the DC 5009 A TRIG 
LEVEL (black lead to COM) using a cable assembly RF 
(bnc-to-tip jack connector) to the digital multimeter LOW 
and VOLTS/i1 input ConnectorS using a bnc female-to-dual 
banana adapter. 



Calibration-DC 5009 
Perlormance Check Procedure 

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

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

c. CHECK-that the disital multimeter readout indicates 
> +3.2 V (clockwise) and < -3.2 V (counterclockwise). 

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

8. Remove the dlgltal multimeter cable connections 

4. Check the CHANN L A TRIGGER LEVEL 
Output Accuracy; f Yf mV of Internal DC Trigger 
Level Voltage 3 0 -3 

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

Function Generator 

OdB in 
(triangle) in 

OFFSET out 
AMPL CW 
FREQUENCYHz 10 
MULTIPLIER 104 
FREERUN in 

DC 5009 

FUNCTION PERIOD A 

1 Aitenuator ’ I 

FIN. 4-2. Check aerup for Performance Check steps 4 and 5. 

a. Connect a coaxial cable with a 10x attenuator and I 
50 Q termination to a bncto-dual banana adapter. Connect 
this adapter to the digital multimeter LOW and VOLTS/Q 
jacks (observe polarity). Connect the other cable end to the I 
function generator OUTPUT connector. 

b. Adiust the function cenerator OFFSET control until 
the digital multimeter read&t indicates 0.000 V. 

c. Move the coaxial cable with the 10x attenUatOr and 
50 fl termination from the digital multimeter to the DC 5009 
CHANNEL A EXT INPUT. Then connect a bnc-to-tip jack r’ 
connector from the digital multimeter bnc-to-dual banana 
adapter to the DC 5009 A TRIG LEVEL output. Adjust the I 

d. Adjust the function generator FREQUENCY Hz dial I,, 
until the DC 5009 readout indicates lO.OOXXX pS (the last 
three digits are unimportant for the check). 

I 
e. Set the DC 5009 FUNCTION switch to WIDTH A. 

f. Adjust the DC 5009 CHANNEL A LEVEL control until 
the DC 5009 readout indicates 5.OOXXXX @S (the last four 
digits are unimportant for the check). -1 



Calibration-DC 5009 
Performance Check Procedure 

g. CHECK-that the digital multimeter readout indicates 
between ,.,, ,m and + .W V. 

f. Adjust the DC $009 CHANNEL B LEVEL control until 
the DC 5009 readout indicates 5,OOXXXX MS (the last four 
digits are unimportant for the check). 

I ,_ 

J 
,’ 5. Check the CHANNEL B TRIGGER LEVEL 

Output Accuracy 

Refer to Fig. 4.2 check setup for the following. 

a. Move tne DC 5009 A TRIG LEVEL output connection 
to the B TRIG LEVEL. 

b. Move the DC 5009 CHANNEL A EXT INPUT cable 
“connection to the CHANNEL B EXT INPUT. 

c. Adjust the DC 5009 CHANNEL B TRIG LEVEL con- 
trol until the digital multimeter display readout indicates 
0.000 v. 

d. Move the DC 5009 E TRIG LEVEL connection to tile DC 5009 

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

,,., h. Move the other end from CllANNEL A EXT Input to 
the bnc-to-banana adapter on the digital multimeter. 

i, CHECK-that the digital multimeter readout indicates 
between ““‘I’m and + .&8 V. 

- ,030dT s 030 k’ 

j. Remove the cable connections. 

6. ‘Zheck the Input Sensitivity: X 1 Attenuation, 
DC and AC Coupled; 56.6 mV to 3 100 MHz 

Refer to Fig. 4.3 check setup and preliminary control 
settings with the following exceptions. 

B SHAPED OUT and the cable end from the digital mUlti- 
m&r connected bnc-to-banana adapter to the DC 5009 
CHANNEL A EXT INPUT. 

AVERAGES AUTO 
CHANNEL A 

e. Adjust the CHANNEL A LEVEL control for a Stable 
display. 

COUPL 
CHANNEL B 

LEVEL 

DC (out) 

midrange 

s 

Termination 

Fig. P-3. Check setup for Performance Check steps 6.7, and 8. 



Calibration-DC 5009 
Perlormance Check Procedure 

Horizontal Plug-in 

TlMEiDlV 20 ns 
VARIABLE (CAL IN) in 

SInewave Generator 

FRMUENCY RANGE 50-I 00 
(MHz) 
OUTPUT AMPLITUDE 0.57 
FREQUENCY VARIABLE 100 
AMPLITUDE MULTIPLIER X.1 

a. Connect a coaxial cable from the DC 5009 A 
SHAPED OUT (black lead to COM) using a bnc-to-tip jack 
connector through a 50 a termination to the vertical plug-in 
INPUT. 

b. Connect a coaxial cable with a 50 0 termination to the 
DC 5009 CHANNEL A EXT INPUT. Connect the untermi- 
nated cable end to the sinewave generator OUTPUT 
connector. 

c. Adjust the Dc 5009 CHANNEL A LEVEL control for a 
stable display readout on both the DC 5009 and oscillo- 
scope. The crt display is s 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 5009 display still reads approximately 
100. 

\ f. Remove the DC 5009 CHANNEL A EXT INPUT cable 
connection and connect to the CHANNEL B EXT INPUT. 

9. Change the DC 5009 FUNCTION switch to the RA- 
TIO B/A position. 

h. MOVE the DC 5009 A SHAPED OUT connection to 
the B SHAPED OUT. 

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

j. Adjust the DC 5009 CHANNEL E3 LEVEL control for a 
stable display on both the DC 5009 and the oscilloscope. 

4-6 

k. CHECK-that the DC 5009 readout indicates ap- 
proximately 100 MHz. 

I, Change the CHANNEL A COUPL switch to AC and 
check that the DC 5009 display still reads approximately 
100 MHz. 

7. Check the Auto-Trigger Sensitivity: G125 mV 
p-p Times Attenuator, &IO0 MHz 

Refer to Fig. 4-3 check setup. 

a. Set the sinewave generator OUTPUT AMPLITUDE 
control to 1.25. 

b. 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 DC 5009 CHANNEL A EXT INPUT connector. 

e. Set the DC 5009 FUNCTION switch to FREQUENCY 
A and move the $0 fi 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 n*w trigger. 

g. CHECK-that the DC 5009 readout indicates ap- 
proximately 100 MHz. 

8. Check the Input Sensitivity: X 1 I X5 
Attenuation, DC and AC Coupled; 113 mV to 
135 MHZ 

Refsr to Fig. 4-3 check setup. 

a. Change the sinewave generator OUTPUT AMPLI- 
TUDE control to 1.13 and set the FREQUENCY RANGE 
(MHZ) switch to 100.250. Rotate the FREQUENCY VARI- 
ABLE oontrol to 135. 

b. Move the DC 5009 B SHAPED OUT connection to 
the A SHAPED OUT. 



c. Adjust the WC 5009 CHANNEL A LEVEL control for a 
stable display readout on both the oscilloscope and 
WC 5009. The crt display may be used as a guide for 
triggering. 

d. CHECK-that the DC 5009 readout indicates ap- 
proximately 135 MHz. 

a. Change the sinewave genenerator OUTPUT AMPLI- 
TUDE control to .565 and the AMPLITUDE MULTIPLIER to 
x 1, Set the DC 5009 CHANNEL A ATTEN switch to x5 
(in). 

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

g. 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 CtlANNEL 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 5009 CHANNEL A EXT INPUT cable 
connection to the CHANNEL B EXT INPUT, and the A 
SHAPED OUT connection to the B SHAPEW OUT. 

k. Set the WC5009 FUNCTION switch to the\RATIO 
B/A position. 

I. Reconnect the 1 MHz frequency standard signal to the 
DC 5009 CHANNEL A EXT INPUT. 

m Set the DC 5009 CHANNEL A ATTEN switch to Xl 
(out) and the CHANNEL B ATEN switch to x5 (in). 

n. Adjust the sinewave generator FREQUENCY VARI- 
ABLE control for a 125 MHZ readout. 

0. Adjust the DC 5009 CHANNEL B LEVEL control for a 
stable rcadwt on the DC 5009 display. 

p. CHECK-that the OC 5009 readout indicates ap- 
proximately 125. 

Calibration-DC 5009 
Performance Check Procedure 

q. Set the WC 5009 CHANNEL B AnEN switch to x 1 
(out) and switch the sinewave generator AMPLITUDE MUL- 
TIPLIER to X.1. Set the OUTPUT AMPLITUDE control to 
1.13. 

r. Adjust the wc 5009 CHANNEL B LEVEL control for a 
stable display readout. 

a. CHECK-that the WC 5009 readout indicates ap- 
proximately 125. 

t. Change the DC 5009 CHANNEL B COUPL switch to 
AC (in) and adjust the CHANNEL B LEVEL control for a 
stable display readout. 

u. CHECK-that the DC 5009 readout indicates ap- 
proximately 125. 

Y. Remove the frequency standard signal from the 
DC 5009 CHANNEL A EXT INPUT. 

9. Check the Input Sensitivity: X 1 Attenuation, 
DC and AC Coupled; 56.6 mV at < 10 Hz 

Rsfer to Fig. 4-4 check setup and the preliminary control 
settings with the following exceptions. 

Function Generator 

Frequency Hz 10. 2. 
MULTIPLIER 1 
OFFSET In, cw 
-20 dB in 

Vertical Plug-In 

VOLT5lWlV 10mV 

Horizontal Plug-In 

TRIGGERING 
MODE NORM 
COUPLINE DC 

a. Set the CHANNEL A and CIIANNEL B COUPL 
switches to DC (out). 

\ 
b. Connect a coaxial cable with a 10x attenuator in se- 

ries with a 50 12 termination from the vertical plug-in INPUT 
to the function generator OUTPUT. 

c. Adjust the function generator AMPL control to 56 mV 
(5.112 major vertical graticule divisions). 
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‘erformance Check Procedure 

Venicsl Horizontal 
Plug-in ‘Plug-in 

INPUT 
l 

Pig. 4-4. Cheek setup for Performance Check 81~ 9. 

\,. d. Move the terminated cable end from the vertical am- 
plifier INPUT and connect it to the DC 5009 CHANNEL A 
EXT INPUT. 

e. Set the vertical amplifier VOLTWDIV switch to .I. 

f. Move the S SHAPED OUT connection to the A 
SHAPED OUT and connect the other cable end to the verti- 
cal amplifier INPUT. 

g. Adjust the DC 5009 CHANNEL A LEVEL control for a 
stable readout on the DC 5009 using the oscilloscope crt 
display as a guide. 

h. CHECK-that tha DC 5009 readout indicates ap- 
proximately 10 Hz. 

i. CHECK-that the A SHAPED OUT signal is 30.3 V 
peak to peak. 

j. Set the DC 5009 CHANNEL A COUPL switch to AC 
(in). 

., k. Pull the function generator OFFSET control out. 

I. CHECK-that the DC 5009 rEadOUt IndiCateS apprOXi- 
mately 10 Hz. (The CHANNEL A LEVEL control may need 
to be adjusted slightly.) 

cl: 

m. Remove the DC 5009 CHANNEL A EXT INPUT con- I 
nection and connect to the CHANNEL B EXT INPUT. 

I 
n. Move the DC 5009 A SHAPED OUT connection to 

the B SHAPED OUT. 

o. Connect the 1 MHz frequency standard to the 
DC 5009 CHANNEL A EXT INPUT. 

I 

p. AdJust the CHANNEL A LEVEL control for a stable 
display of approximately 1 MHz. 

I 

q. Set the DC 5009 FUNCTION switch to RATIO WA. 

I 

‘r push the function generator OFFSET control In (off) 

s. Adjust the CHANNEL B LEVEL control for a stable 
readout on the DC 5009 using the oscilloscope ‘217 as a 
guide. 



t. Set the DC 5009 AVERAGES switch to 106. 

u. CHECK-that the DC $009 readout indicates ap- 
proximately 0.000010. 

Y. CHECK-that the 6 SHAPEW OUT signal is ::.0.3 V 
peak to peak. 

w. Set the DC 5009 CilANNEL E COUPL switch to ac 
(in). (The CHANNEL B LEVEL control may have to be 
adjusted slightly.) 

x. Pull the function generator OFFSET control OUT (on). 

y. CHECK-that the WC 5009 readout still indicates 
0.000010. (The CHANNEL B LEVEL control may have to be 
adjusted slightly.) 

10. Check the Arming Input Pulse Response; 
Pulse Width ~~~100 ns (“H a2.4, “L ~0.4) 

Refer to Fig. 4.5 check setup and use the following con- 
trol settings. 

DC 5009 

AVERAGES AUTO 

Calibr&n-DC 5009 
Pertormance Check Procedure 

Pulse Generator 

PULSE DURATION SQUAREWAVE 
PERIOD .I PS 
BACK TERM (PULL) in 

Horizontal Plug-In 

TlMEiDlV 50 “5 

a. Change the vertical plug-in VOLTS/DIV switch to 1 
and adjust the POSITION control to center the trace on the 
crt graticule. 

b. Connect the pulse generator OUTPUT to the vertical 
plug-in INPUT using a coaxial cable with 50 II termination. 

c. Adjust the pulse generator PERIOD VARIABLE con- 
trol for a 200 ns period on the crt. 

d. Adjust the pulse generator OUTPUT Controls for a 
low level of 0.4 V and a high level of 2.4 V. 

a. Disconnect the vertical plug-in INPUT cable 
connection. 

f. Sat the sinewave generator FREQUENCY RANGE 
(MHz) switch to 50-100 and the FREQUENCY VARIABLE 

Fig. 4-5. Check 88tup for Performance CheEk step IO. 
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Perlormance Check Procedure 
control for a display readout of 70.0. Set the OUTPUT AM- 
PLITUDE control to 1.25. 

g. Connect a coaxial cable with a 50 n termination from 
the sinewave generator OUTPUT to the DC 5009 CHAN- 
NEL A EXT INPUT. 

h. Depress the DC 5009 AUTO TRIG switch (in). 

i. Connect a tip Jack-to-bnc connector from the DC 5009 
ARM input to a 50 a termination to the pulse generator 
OUTPUT 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 9 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 be lit). 

m. Remove all cable connections. 

11. Check Input Impedance (1 MQ f2%) 

Refer to Fig. 4-l check setup and use the following con- 
trol settings. 

DM 501A 

2000 ka in 
INPUT EXT 
Im in 

a. Connect a coaxial cable with a female-to-dual banana 
adapter from the digital multimeter LOW and VOLTS/n input 
connectors to the DC 5009 CHANNEL A EXT INPUT. 

b. CHECK-that th% digital multimeter readout indicates 
between 980.0 and 1020.0 (Im). 

c. Change the DC 5009 CHANNEL A EXT INPUT oon- 
nection to the CHANNEL B EXT INPUT. 

d. CHECK-that the digital multimeter readout indicates 
between 980.0 and 1020.0 (kq. 

4-10 

8. Remove the connections. 

12. Check Input Capacitance, G3O pF 

1 WARNING [ 

The check procedure in steps 12a through i2j require 
qualified personnel only. 

install the probe tip ground cover (insulating sleeve) to 
prevent surrounding component damage. 

Refer to the AdJustment locations (in pullout pages) and 
use the preliminary control settings with the following 
exceptions. 

TIMEIDIV 

VOLTSiDlV 
COUPLING 

Horizontal Plug-In 

100fis 

Vertical Plug-In 

2v 
AC 

DC 5009 

AVERAGES AUTO 
CHANNEL A ccw 
and CHANNEL B LEVEL 
AUTO TRIG out 

Function Generator 

FREQUENCY Hz 1 
MULTIPLIER 103 
FUNCTION \ (squarewave) 
OFFSET OFF (in) 
OUTPUT 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 on the power. 

c. Connect the test probe to the vertical plug-in INPUT 
connector. Make certain the test probe is compensated to 
the oscilloscope. 

@ 



d. Connect a coaxial cable with a 50 I2 termination and 
30 pF normalizer from the function generator OUTPUT to 
t”a DC 5009 CHANNEL A EXT INPUT. 

Calibration-DC 5009 
Performance Check Procedure 

c. Remove the coaxial cable from the function generator. 

a. Carefully connect the test probe tip to the junction af 
transistor all22 collector. located on the Analog board. 

d. Connect the instrument probe to the DC 5009 CHAN- 
NEL A EXT INPUT. Attach the probe tip to the fu”ctio” 
generator OUTPUT using the probe tip-to-bnc connector. 

f. Adjust the function generator OUTPUT control for ap- 
proximately 1 V peak-to-peak squarewave on the Crt 
display. 

e. Set the DC5009 FUNCTION switch to PROBE 
COMP, insert the adjustment tool in the probe compensa- 
tion adjustment slot, and press RESET. 

g. CHECK-that the displayed squarewave is over com- 
pensated (over-peaked). 

h. Remove the DC 5009 CHANNEL A EXT INPUT con- 
nectiorl and connect to the CHANNEL B EXT INPUT. 

i. Remove the test probe tip from transistor Q1122 and 
connect to the junction of transistor 01142 collector, also 
located on the Analog board. 

j. Rqmt steps 12f and 129. 

1. Slowly rotate (approximately 90 degrees per 5 sec- 
onds) the probe compensation adjustment in either direction 
until the display for the channel being used changes to a “l*_ 
If the adjustment has not been rotated at least ISO”, contin- 
ua rotating the adjustment until the display changes to a “0” 
and the” to a “1”. 

NOTE 

The MSD digit (far left) is for Channel A, the LSD digit 
(far right) is for Channel B. The GATE /ight will flash. 
indicating the rate at which the input is checked for 
cwmpensation. 

13. Check Probe Compensation Function 

Refer to the Adjustment LoGatio”$ (in pullout pages) and 
use the following control settings. 

g. Reverse direction of rotation and again slowly turn the 
probe adjustment until the display Changes to a “0”. 

The check procedure in steps 13k through 13q require 
qualified personnel only. 

OFFSET 

COUPLING 

Function Generator 

OFF (in) 

Vertical Plug-l” 

AC 

a. Disconnect the DC5009 CHANNEL 6 EXT INPUT 
connection and remove the 30 pF normalizer and the 50 I1 
termination. Reconnect this cable to the vertical plug-in 
INPUT, 

b. Adjust the function generator OUTPUT control for ap- 
proximately IO V peak-to-peak. 

h. ReverSe direction of probe adjustment again until the 
display goes to a “1” (only a few degr$$$ will be required). 

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 
comoensated. 

NOTE 

If at any point in the procedure the display should re- 
main a “1” for more than one complete rotation of the 
probe adjustment, pr.sss the DC 5009 RESET button 
and repeat steps 13f through 131. If at any time the 
display alternates between “0” and “1’ without the 
probe adjustment being varied, slightly change the in- 
put signal amplitude and repeat this procedure. 

j, Change the DC5009 FUNCTION switch to FRE- 
QUENCY A (or any function except PROBE COMP or 
TEST). 
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k. Connect the test probe to the vertical plug-in INPUT 
connector and carefully connect the probe tip to the colec- 
tor of transistor Q1122, located on the Analog board (or 
transistor all42 collector, if Channel B is used). 

I. Change the vertical plug-in VOLTS/DIV switch to 
100 mv. 

rn. CHECK-that the displayed waveform overshoot 
(aberration on positive going edge) is &50 mV (approxi- 
mately 112 major graticuls division). 

n. Remove the probe connection from the DC 5009 
CHANNEL A EXT INPUT and connect to the CHANNEL B 
EXT INPUT. 

o. Repeat steps 13e through 13i. 

p. Remove the test probe tip from transistor Q1122. 

ct. Repeat steps 13j and 13k. 

r. Remove the probe and cable connections. 

Refer to Fig. 4.6 check setup and the follc 
settings. 

Pulse Generator 

PULSE DURATION 
PERIOD 

VARIABLE 
OUTPUT (VOLTS) 

LOW LEVEL 
HIGH LEVEL 

BACK TERM (PULL) 
COMPLEMENT 

62 ns 
<4 ns 
cw 

0 
2 
out 
NORM (out) 

DC 5009 

FUNCTION FREQUENCY 
AVERAGES AUTO 
CHANNEL A and 
CHANNEL B 

LEVEL midrange 
SLOPE, AmEN, COUPL (all 
SOURCE out) 

wing 

A 

600 
Termination 

PUlSe 

Power 
Module 

I 
DC 5009 Generator 



TRIGGERING 
MODE 
COUPLING 
SOURCE 

POSITION 
TIME/DIV 

VARIABLE 
MAG 

P-P AUTO 
AC 
INT 
as desired 
20 “S 
In 
x 10 (out) 

a. Connect a coaxial cable with a 10x attenuator and a 
50 I1 termination from the pulse generator OUTPUT connec- 
tor to the vertical plug-in INPUT connector. 

b. Adjust the pulse generator LOW LEVEL control to PO- 
sition the displayed bottom of the waveform on the Crt Cen- 
ter graticule line. 

c. Adjust the pulse generator HIGH LEVEL control until 
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 pulse generator PULSE DURATION VARI- 
ABLE until the crt displayed positive pulse width is 1.5 major 
divisions. 

f. Move the vertrical plug-in INPUT cable connection t0 
the DC 5009 CHANNEL A EXT INPUT. 

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

h. CHECK-that the DC 5009 display readout indicates 
approximately 125.00000 (MHz). 

i. Disconnect the DC 5009 CHANNEL A EXT INPUT and 
connect to the CHANNEL B EXT INPUT. 

Vwtical Plug-In 

BANDWIDTH 

AC-GND-DC 
trace centered 

Horizontal Plug-In 

Calibration-DC 5009 
Performance Check Procedure 

j. Connect the 1 MHz Frequency Standard signal to the 
DC5009 CHANNEL A EXT INPUT. Adjust the DC5009 
CHANNEL A LEVEL control for a stable display of approxi- 
mately 1 MHz. 

k. Set the DC $009 FUNCTION switch to RAT!0 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. 

n. Remove all connections. 

15. Check Width A Flange (Sl5 ns) and Minimum 
Dead Time (.<I5 ns) 

Refer to Fig. 4.6 check setup and the following control 
settings. 

Pulse Generator 

PULSE DURATION 5 ns 
PERIOD 10 ns 

DC 5009 

FUNCTION WIDTH A 
CHANNEL A and 
CHANNEL B 

LEVEL midrange 

Vertical Plug-In 

VOLTSiDlV .2 v 

Horizontsl Plug-In 

TlMEiDlV 5 “S 

a. Connect a coaxial cable with a 50 a termination from 
the pulse generator OUTPUT 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). 

c. 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 ccnnection to the 
DC 5009 CHANNEL A EXT INPUT. 

B. Depress the DC 5009 AUTO TRIG switch. 

f. CHECK-that the DC 5009 display readout indicates 
approximately 15.00 (ns). 

9. Remove all connections. 

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 0 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- 
bnc adapter). 

c. Connect one of these cables with a 50 12 termination 
to the DC 5009 CHANNEL A EXT INPUT. Connect the oth- 
er Cable with a $0 fl termination to the CHANNEL B EXT 
INPUT. 

Fig. 4-7. Check setup ior Perlormance Check steps 16 and 17. 

d. Set the DC 5009 FUNCTION switch to TIME A - B 
and depress the AUTO TRIG twice (out then in). 

e. Note the DC 5009 display readout. 

f. Set the DC 5009 FUNCTION switch to PERIOD A. 

g. Note the DC 5009 readout. 

h. CHECK-that the difference between the two read- 
ings is less than 2 ns. 

17. Check EVENTS B DUR A Minimum Response 
(15 nq 

Refer to Fig. 4.7 check setup. 

a. Set the DC 5009 FUNCTION switch to EVENTS B 
WUR A. 

b. Set the DC 5009 CHANNEL B SLOPE switch to - 
(in). 

c. Depress the DC 5009 AUTO TRIG switch twice (out 
then in). 

d. CHECK-that the DC 5009 display readout indicates 
1.000. 

18. Check the GPIB BUS Through the Controller 

Refer to Talker/Listener sample programs in the Operat- 
ing Instructions. 

a. Connect the controller to the TM 5000 power module. 

b. Run the sample program for your selected controller 
using only queries. 

c. CHECK-the DC 5009 display readout for returned 
query data. 



REAR INTERFACE 

Calibration-DC 5009 
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CHECKS 

NOTE 

This procedure requires the removal of the power 
module top cover. Coax;al cable (50 0) interfacing is 
reqrji*ed between the power module and DC5009. 
Good high frequency connection techniques are also 
required. 

WARNING 
When instruments we operated with covers removed, 
DO NOT touch exposed connections or components. 
This procedure is to be compkted by qualified techni- 
cal pcrso”“e, on/y. 

19. Check CHANNEL A and CHANNEL i3 Rear 
Interface Input Frequency Range (250 MHz, DC 
and AC) and Input Impedance (50 Q + 10% @.l DC) 

A signal source capable of ,50 MHz frequency with an 
amplitude of a-20 mV rms. 56 mV peak-to-peak and a 
1 MHz frequency standard is required for this check. 

9. Adjust the DC 5009 CHANNEL A LEVEL control for a 
stable display on the DC 5009 and oscilloscope crt. 

h. CHECK-that the DC 5009 readout indicates ap- 
proximately 50 (MHz). 

i. Change the CHANNEL A COUPL switch to AC (in) and 
check that the display readout remains approximately 50 
(MHz). 

j. Move the signal generator cable connections tc the 
digital multimeter LOW and VOLTS/n input connectors. 

k. Set the digital multimeter INPUT switch to EXT and 
ore% the 200 II switch in. Make sure the kll switch is in. 

I. CHECK-that the digital multimeter readout indicates 
between 45 and 55 ($I). 

a. Turn off the power module 

b. Remove the top ccver from the power module, sxpcs- 
ing the iilterface connectors (refer tc the Maintenance Sec- 
tion in the power module instruction manual). 

c. Using an appropriate length 5012 coaxial cable (no 
connectors), attach one end of the cable center conductor 
tc pin 1 GA 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) tc the appropriate output connections on the signal 
generator. Set the generator for 56 mV peak to peak at 
50 MHz. 

e. Set the DC 5009 FUNCTION switch to FREQUENCY 
A. AVERAGES switch to AUTO, and the CHANNEL A 
SOURCE switch to INT (in). 

f. Cowect the tip jack-to-bnc cable from the DC 5009 A 
SHAPED OUT (black lead to COM) to the vertical plug-in 
INPUT. 

m. Detach the coaxial cable center conductor from pin 
16A and attach to pin 178 of the DC 5009 rear interface 
connector. Detach the shield conductor from pin 17A and 
attach to pin 16B of the interface connector. 

n. CHECK-that the digital multimeter readout indicates 
between 45 and 55 (0). 

c. Move the digital multimeter connections back to the 
signal generator. 

p. Connect the 1 MHz frequency standard tO the 
DC 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 Crt. 

q. Change the DC 5009 FUNCTION switch to RATIO 
B/A. and the CHANNEL B SOURCE switch to INT (in). 

r. cola the DC 5009 A SHAPED OUT connection to the 
B SHAPED OUT. 

s. Adjust the DC 5009 CHANNEL B LEVEL control for a 
stable display readout. 
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t. CIIECK-that the DC 5009 readout indicates approxi- 
mately 50. 

v. Remove the cable connections. 

u. Change the DC 5009 CHANNEL A COWL switch to 
AC (in) and check that the display readout still indicates ap- 
proximately 50. 

This completes the Performance Check. 



ADJUSTMENT 

Calibration-DC 5009 
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PROCEDURE 

Introduction 

Use this Adjustment Procedure to restore rhe DC 5009 
to original performance requirements. This Adjustment Pro- 
cedure need 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 spscified accuracy (sixty minutes after 
staraga in a high humidity environment). 

Satisfactory completion of all adjustment steps in this 
procedure assures that rhe instrument will meet the Perfor- 
mance Requirements. 

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 
correctly calibrated and operating within specifications. 

If other test eouioment is substituted. the calibration 
setup may need to be altered to meet the requirements of 
the equipment used. 

Preliminary Control Settings 

oc 5009 

FUNCTION 
AVERAGES 
AUTO TRIG 
CHANNEL A 

SLOPE 
ATTEN 
SOURCE 
COWL 

CHANNEL B 
SLOPE 
ATTEN 
SOURCE 
COUPL 

FREQUENCY A 
106 
out 

4 (out) 
Xl (out) 
EXT (out) 
AC (in) 

+ (out) 
xi (Out) 
EXT (out) 
AC (in) 

Access to the internal adjustments is achieved most 
easily when the DC 5009 is connected to the power module 

with a flexible plug-in extender. Remove 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 rhe rear of this manual. 

NOTE 

Make adjustments at an ambient temperature be- 
tween +2O’o”C and +3O”C. 

I. Adjust R1301, +3.2 V ADJ 

a. Set the digital multimater to the 20 V dc range. 

b. Connect the digital multimeter LOW test lead to the 
DC 5009 COM tip jack connector. Connect rhe VOLTS/n 
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/n test lead from TPI 341. 

2. Check the - 12 V Supply Accuracy 

a. Connect the digital multimeter VOLTS/n test lead t0 
TP1631, located on the Analog board. 

b. CHECK-that the digital multimeter readout indicates 
between - 11.400 V an4 - 12.600 V. 

c. Remove all test leads from the DC 5009. 

3. Adjust the Standard Timebase Accuracy, C1602, 
OSC ADJ 

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 LEVEL control for a 
stable readout. 

c. ADJUST-Cl602 until the DC 5009 readout indicates 
between 999.99990 and 1.0000001 MHz. 
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NOTE 

This sets the DC 5009 oscillator within 1 part in 10’. If 
wi// take approximately 1 seccnd for the display to 
update. 

4. Adjust the Optional Timebase Accuracy, Y1531 

NOTE 

The Option 01 timebasS adjustment is made through 
an access hole in the back of the oven timebase. 
Y1531 is located on the back side of the Analog 
board. 

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 LEVEL control for a 
stable readout. 

c. ADJUST-Y1531 until the DC 5009 readout indicates 
1 .ooooooo. 

d. Change the DC 5009 ~FUNCTION switch to PERIOD 
A. 

a. ADJUST-Y1531 until the DC 5009 readout indicates 
999.99998 or 999.99999. 

f. Remove the cable connections from the DC 5009. 

5. Adjust R1102, CH A DAC GAIN 

NOTE 

Refer to Fig. 8-2 in the foldout section for adjustment 
setup. Use the following control settings. 

DC 5009 

CHANNEL A 
COUPL 

CHANNEL B 
COUPL 

DC (Out) 

DC (out) 

Function Generator 

OdB 
OFFSET 
AMPL 
FREQUENCY Hz 
MULTIPLIER 
\ (TRIANGLE) 

a. connect an RF cable assembly (bnc-to-tip jack con- 
nector) from the DC 5009 A TRIG LEVEL (black lead to 
COM) to the digital multimeter LOW and VOLTS/I2 connec- 
tors using a bnc female-to-dual banana adapter. 

b. Connect a coaxial cable from the DC 5009 CHANNEL 
A EXT INPUT conrwtor to the function generator OUTPUT 
connector. This provides a dc offset level greater than +5 V 
to the input of the DC 5009. 

c. Press the DC 5009 AUTO TRIG switch (in). 

d. ADJUST--R1102 for a digital multimeter readout of 
-3.175 v. 

6. Adjust the Cl-l B DAC GAIN, RI 211 

NOTE 

Refer to Fig. 8-2 in the foldout SSCtiOn for adjustment 
setup. 

a. Disconnect the DC 5009 CHANNEL A cable connec 
tion and connect to the CHANNEL B connector. 

b. Move the A TRIG LEVEL connection to the B TRIG 
LEVEL connector. 

c. Press the DC 5009 AUTO TRIG switch (out), then 
press it again (in). 

d. ADJUST-RI211 for a digital multimeter readout of 
-3.175 v. 

e. Remove the digital multimeter cable connections from 
the DC 5009. 





section 5-oc 5009 

MAINTENANCE 
Static-Sensitive Components 

This itWrw”ent contains electrical compo”e”ts that are 
susceptible to damage from static discharge. See Table 5-l 
for relative susceptibility of various classes of semi- 
conductors. Static voltages of 1 kV to 30 kV are Cornmo” in 
unprotected e”viro”me”ts. 

Observe the following precautions to avoid damage: 

1, Minimize handling of static-sensitive c.omp”%“ts. 

2. Transport and store static-$e”sitive components or 
a?s@mblies i” their original containers, o” a metal rail, or on 
conductive foam. Labal a”y package that contains static- 
sensitive assemblies or compo”a”ts. 

3, DischarQe the $tatic voltage from your body by 
wearing a wrist strap while ha”dling these compo”e”t$. 
SwvicinQ $tatic-sensitive assemblies or components should 
be performed only at a static-free work station by qualified 
ser”lce personnel, 

4. Nothing capable of ge”erati”g or holding a static 
charge $“ould be allowed o” the work station surface. 

5. Keep the compo”ent leads shorted togeth%r when- 
evw poz.sible. 

6. Pick up components by the body, “wer by the leads, 

7. Do “ot slide the components ov%r a”y surface. 

8, Avoid ha”Uli”g components in areas that have a 
floor or work surface covering capable of ge”erati”g a static 
charge. 

9. Use a soldering iron that is connected to earth 
ground. 

10. Use only special a”tistatic wctio” type or wick type 
dasolderi”g tools. 

Test Equipment 

Before u$ing any test equipma”t to make measurements 
on static-se”$itive components or assemblies, be certain 
that any voltage or curre”t supplied by the test equipment 
does not exceed the limits of the comuo”e”t to be tested. 

Table 5-i 
RELATIVE SJSCEPTli3lLlTY TO 
STATIC DISCHARGE DAMAGE 

Relative 
Susceptibility 

Semiconductor Classes Levew - “- ~,.,,.. 
MOS or CMOS microcirCuit$ or 
discretes, or li”ear microcircuits 
with MOS inputs (Most Sensitive) I 

ECL I 2 

Schottky signal diodes I 3 

Schottky TTL 

High-frequency bipolar transistors 

JFETs 

Linear microcircuits : 

Low-oower Schottkv TTL I a 

TTL (Least Sensitive) I 9 ~, 
’ Voltage equivalent tar Invets: 

1 =100t0500v 4=5oov 7 = 400 to 1000 V (est.) 
2 m *oo to 500 ” 5 * 400 to 600 ” 8 = 900 v 
3 = 250 v 5 = 600 ,o 900 ” 9 = 1200 v 

Circuit Board Removal and Replacement 

1, Rw”ova the snap-o” side covers. 
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2, Remove the GPIR board from the Digital boarcl by 
removing the small ScrSw attaching the GPIB board to the 
rsar cover and by removing the two Screws located aS 
shown (A 3 B) in Fig. 5-l. 

3, Carefully separate the GPIB board from the Digital 
board. Do not overstress or bend the interconnecting pins. 

4. RSmove the rear covsr which is Secured by two phil- 
lips Screws (top of cover) and two 3/16 inch hex bullet eon 
nsctors (bottom cover). 

5, Remove the relay hold-down Screws. 

6. Remove the front cover by unsoldering the four Ana- 
log board connections from the front panel input connec 
tars. (See Fig. 52.) Remove the front panel 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 lsns removed, Imats the two corner ScrewS Scour- 
ing the display board and rSmove, Remove the four front 
panel corner screws, securing the panel to the top and hot” 
tom covers. Carsfully pull the front panel cover away, clear- 
ing the panel pushbuttons and levers. 

7. Ftemove the two connectors, from Ji301 and Ji3.03 
located on the Analog board (back side). (See Fig. 5-2.) 

8. RemovS the five scrSws that sScure the Digital board 
to the Analog board. (See Fig. 5-i .) 

- 

Fig” 51. Screw toe&ions for OPIB circuit bcarc remcvsl and 
Dlgltsl circuit beard removal. 

9. Separate the Digital board from the Analog board 
using care not to overstress or bend the interconnecting I 
jack pins. 

IO. To replace the boards, rsversa the order Of the II 
above procedure. 

Switch Msintenance 

After separating the two boards, the front panel lever 
switches may be removed by removing the thrae screws 
attaching each lever switch to the circuit board. USS Cars I 
when removing or assembling the lever switches to the cir- 
cuit boards to prsvent 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 

II 

the proper position before inserting the screws. 

I 
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. II 

To clean the board and Switch contacts, use a lubricated 
contact cleaner such as, No Noise Contact Restorer’. How- 

a 

ever Do NOT USE THIS CLEANER on the magnetic latch- 
ing relays (refer to proper cleaning procedure). 

aa 

Front Panel Latch Removal 

To replace the latch, remove the Sorew under the pull II 
tab, Carefully pry up the pull tab from the latch assembly. 

Magnetic Latch Relays 

To prevent damage to these relays, do not remove them 
from the Analog circuit board unless absolutely necessary. If 
the relay contacts bscorne noisy or the relay fails to operate, 
remove the relay from the circuit board. 

Clean the circuit board contacts with a small brush and Ii 
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- 
merits may remain on the contact area. 

II 

Clean the contact fingers on the relay armature by lightly 
brushing thS contacts with a brush dipped in isopropyl 
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Cleaning lhstructions 

This instrument should be cleaned as often as operating 
conditions require. Accumulation of dirt on components acts 
as an insulating blanket and prevents efficient heat dissipa- 
tion that can cause overheatlng and component breakdown. 

Avoid the use of chemical cleaning agents that might 
leave a film or damage the plastic material used in this 
instrument. Use a nonresidue type of cleaner: prefer- 
ably, isopropyl alcohol or total/y denatured ethyl a/co- 
ho/. Before using any other type of cleaner, consult 
your Tektronix 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 wafer solution. Abrasive cleaners should 
not be used. 

Interior. Dust in the interior of the instrument should be 
removed occasionally, due to 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. 

solvent, unless the pushbutton switches and rala+ 
are rsmovsd first. Any dirt forced or carried under the 
contacts 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 to 60% for approximately 
four hours. 

After making minor board repairs, cleaning is best ac- 
complished by carefully flaking or chipping the solder flux 
from the recaired area. 

Isopropyl alcohol can be used to clean major repairs to 
the circuit board; however, flush the board well with clean, 
isopropyl alcohol. Make certain that resin or dirt is carefully 
removed from the board. 

Obtaining Replacement Parts 

Electrical and mechanical parts can be obtained through 
your local Tektronix Field Office or 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 pans 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 ccm- 
pOnent number). 

4. Tektronix part number 

e 
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Soldering Techniques 

To avoid electric shock hazard, disconnect the instru- 
mm from the power source before soldering. 

The reliability and accuracy of this inWument can be 
maintained only if proper soldering techniques are used 
when repairing or replacing parts. General soldering tech- 
niques which apply to maintenance of any precision elec- 
tronic equipment should be used when working on this 
instrument. Use only 60140 rosin-core. electronic grade sol- 
der. The choice of soldering iron is determined by the repair 
to be made. 

The Analog and Digital circuit boards in the DC 5009 
are multilayer type boards with conductive paths Iami- 
nated between the top and bortom board layers. All 
soldering on these boards should be done with ex- 
treme care to prevent breaking the co”“@ZiO”S 10 this 
conducrive path. On/y experienced maintenance per> 
sonnel should attempr to repair these boards. Do not 
allow solder or solder flux to flow under ptinted circuit 
board switches. The printed circuit board is part of the 
swirch contacts; inlermittent switch operation can DC- 
cur if the contacts are contaminared. 

When soldering on circuit boards or Small wiring, use 
only a 1s watt, pencil type soldering iron. A higher wattage 
soldering iron can cause 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 Solder joint. 
Apply only enough heat to remove the component or to 
make a good solder joint. To protect heat sensitive compo- 
nents, hold the component lead with a pair of long-nose 
pliers between the component body and the solder joint. 
Use a solder removing wick to remove excess solder from 
connections or to clean circuit board pads. 

To remove in-line integrated circuits use an extracting 
tool. This tool is available from Tektronix, Inc.: order 
Tektrorrix Part Number 003-0619-00. If an extracting tool is 
not available, use care to avoid damaging the pins. Pull 
s/owIy and evenly on both ends of the integrated circuit. Try 
to avoid disengaging one end before the other end. 

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 connector is used. This connector mates with 
the interconnecting pin. The following information provides 
the removal and replacement procedure for the variCUS 
interconnecting methods. 

Square Pin Assemblies 

See Fig. 5-4. These pins are of various lengths. They are 
attached to each other with a plastic strip. To remove them 
simply unsolder from the circuit board. 

i 

zw-De 

Fig. S-4. Typical square 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. Inc.; order 
Tektronix 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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PLACEMENT OF 
FERRVLES IN 
ClRClJl-r BOARD 

1967.5 

Fig. 5-5. Exploded view of circuit board pin and ferrule. 

To replace a damaged pin, first disconnect any pin Con- 
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 ferrule from the replacement pin and 
press the new pin into 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 scribe. Then press the 
replacement pin, with attached spare ferrule, into the circuit 
board. 

Position the replacement 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 conneaor. 

Dual Entry Circuit Board Pin Sockets 

The pin sockets on the circuit boards are soldered to the 
back of the board. See Fig. 5.6. TO remove or replace one of 

Fig. 5-E. Dual entry circuit board pin socket. 

the tabs on the socket and remove the socket from thfi 
board. 

Place the new socket in the circuit board hole and pres! 
the tabs down against the board. Solder the tabs of tha 
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 
connection between the circuit board and the pin. This 
spring tension can be destmyed by using the pin 
sockets as a connecting point for spring loaded probe 
tips. a//igator clips. etc. 

Bottom Entry Circuit Board Pin Sockets 

To remcve or replace these sockets unsolder the pin! 
from the circuit board. Use a vacuum or other typr 
&soldering 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 th< 
interconnecting pins are clamped to the ends of the wires 
To replace damaged multipin connectors, remove the ok 
pin connector from the holder. Do this by inserting a scribe 
between the connector and the holder and prying the can. 



If the individual end lsad pin Connectors are removed 
from the plastic holder, note the order of the individual wires 
for correct replacement in the holder. For proper replace- 

Msintenarw-DC 500 

2471-10 

ENWLEAD 
MULTI-PIN 

CONNECTOR 
EX 

- 
END-LEA0 
MULTI-PIN 

CONNECTOR 

MULTI-PIN 
CONNECTOR 

INOEX 

Fig. 5-7. Botlom entry circuit board pin w&et. Fig. 5-8. Orientation and disassembly of muliipin connectors. 
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REAR ,lNTERFACE CONNECTOR 

Introduotion 

Refer to Fig. 5-9 for the following. 
Pin 228. 

A slot between pins 21 and 22 on the rear connector 
identifies this instrument as a member of the TM 5000 
cotmfer family. Insert a barrier in the corresponding position 
of the power modtile jack to prevent noncompatible plug-ins 
from being used in that compartment. Consult the power 
module manual for further information. 

Pin 23A. 

Functions Available at Rear Connector (P1625) 

Pin 14A. 

Pin 149. 

Pin 15A. 

Pin 158. 

Pin 1 EA. 

Pin 168. 

Pin 17A. 

Pi” 178. 

Pin 22A. 

External Clock Input-This input allows a” 
external 1, 5, or 10 MHz frequency standard to 
be used in place of the internal timebase. The 
input is ac wupled and has a 1 kD input 
resistance. The peak-to-peak input voltage 
required is a3 V. 

Pin 238, 

Prescale-When this available line is held low, Pin 24A, 
the counter 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 (el TrL load). 

IO MHz Clock Out Ground-This terminal is the 
ground return for the clock input-output signals. 

Pin 248, 

10 MHz Clock Out-This available output line 
will drive one TrL load. This line is not intended 
to drive large capacitance loads and cable 
length should be kept to a minimum. 

CH A Input-This Is the Channel A input 
connection when the front panel CHANNEL A 
SOURCE switch is In the INT position. This 
input is terminated in 50Q with a maximum 
input of 3.6 V peak (IO V rms. sinewave). 

Pin 26A, 

CH B Input Ground-This terminal is the 
ground return for the rear interface Channel 6 
input. 

CH A Input Ground-This terminal is the 
ground return for the rear interface Channel A 

GH Et Input-This Is the Channel B input 
connection when the front panel CHANNEL B 
SOURCE switch is in the INT position. This 
input is terminated in 50Q with a maximum 
input of 3.6 V peak (10 V rms. sinewave). 

Trigger Level Out Ctl A-The voltage at this 
connection follows the Channel A front panel 

trigger LEVEL’ control. The signal level is 
approximately -C3.2 V. 

Trigger Level Out Cll B-The voltage at this 
connection follows the Channel 6 front Panel 
trigger LEVEL control. The signal level iS 
approximately +3.2 V. 

Shaped Out, CH A-This terminal provides a 
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 PI341 (51341) 
and PI441 (J1441). See the Analog board in the 
pullout pages. 

Shap&Out, CH A Ground-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 Out, CH B-This terminal provides a 
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 
Pi442 (J1442) and P1443 (J1443). See 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 9.8.8.8.8.8.8.8. All SIX 
annunciators are also illuminated. When this line 
is set high, a new measurement process is 
initiated for the selected FUNCTION and 
operating conditions. (CMOS “IL ~1.5 V and 
“IH 33.5 V with a minimum pulse width of 
approximately IO ms.) 

Arming Input-This terminal is normally at a 
TFL high level. When pulled to a TTL low State 
with a TTL signal or transistor collector, the 
counter is prevented from making a 
measurement until the input goes to a TFL high 
state. When this input is routed to the rear 
interface it is not available at the front panel. 
(“Ha2.4 V. “L GO.4 V approximately 2 TTL 
loads). This routing may be accomplished by 
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lnterchangin8 connectors P1402 (J1402) and 
PI403 (J1403). See the Analog board in the 
pullout pages. 

Pin 28A. Arming Input Ground-This terminal is the 
ground return for the rear interface arming input 
signal. 

Pin 28B. Measurement m 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 (PIOOI) 

Refer to Fig. 5-10 for the following. 

Functions Available at GPIB CONNECTOR (located 
on the GPIB board, A14) 

Pins 1 GPIB data bus lines-Digital data input-output 
through lines (one through eight). 
8 

Pin 11 EOI - End or Identify. 

Pin 12 IFC - Interface Clear. 

Pi” 13 DAV - Data Valid. 

Pin 14 SKI - Service Request. 

Pin 15 NRFD - Not Ready For Data. 

Pi” 16 ATN - Attention. 

Pin 17 NDAC - Not Data Accepted. 

Pin 18 REN - Remote Enable. 

3888.12 

Fig. 5-10. GPIB rear Interface cmnect~r assignments. 
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GPIB SWITCH 

Setting the Address Switches 

A single bank of six switches is located on the GPIB 
circuit board. See Fig. 5-I 1. 

I 
I 

Five of these switches (A5 through Al) set the desired I 
value of the lower five bits of the listen and talk addresses 
for the DC 5009. The decimal value of these switches is 
called the instrument’s primary address (see Table 5-2). I 

The DC 5009 microprocessor reads these switches at 
each power-up event and displays the primary address in I 
the front panel display window each time the INST ID push 
button is pressed. If the termination switch is set to EOI/LF 
(logic l), the GPIB address is displayed with a decimal point. 
If it is set to EOI ONLY (logic 0) the GPIB address number is I 

SET 1 SET 
LOGIC I LOGIC 

a 1 1 

EOI ONLY - 0 

PRw”lARY 
AOORESB 

Push: I& side for logic 0, right side for logic 1. 

1 
I 
1 

81 
I 
I 
I 
I 

The sddre$$ byte sent by the controller i$ actually eight 
bits wide. Bits 5 through 1 are for the primary address set I 
according to Table 5-2, while bits 7 and 6 determine whether 
the byte is a listen address (32 + primary address) or a talk 
address (64 + primary address). Secondary address bytes 
(where bits 7 and 6 are both a logical 1) are not used by the II 
DC 5009, so they are’ignored. The DC 5009 is factory set to 
primary address 18. 

I 

Before power-up, set switches A5 through Al as de- 
sired. Do not set primary address 0 when using 

I 

REV OCT 1981 
I 



TEKTRONIX 4050.Series cOntrOllerS. They reserve primary 
address 0 for themselves. Setting the primary address to 31 
logically removes the DC 5009 from the GPIB. It does not 
respond to any GPIB addresses or commands. and remains 
both unlistened (UNL) and untalked (UNT). 

Table 5-2 
IEEE 488 (GPIB) 

PRIMARY ADDRESSES 

AS I 4 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

.,,_ 

\4 z 
0 
II 
0 
0 
6 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
I 
1 
1 
I 
1 
1 
1 
,,,- 

A, 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 

Primary 
AddhSSS 

IzEET-7 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
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Setting the Input/Output Message Terminator 
Switch 

The top switch (number 1). illustrated in Fig. 5-l 1, is used 
to select the terminator of messages on the bus. If LF/EOI is 
selected. the DC 5009 interprets either the line feed (LF) 
character or the assertion of EOI concurrently with a data 
byte as the end of an input message string. If EOI ONLY is 
selected, the DC 5009 interprets the byte sent with EOI as- 
serted as the end of an input message string. 

This switch also Selects the output message terminator 
from the DC 5009. If set to LFIEOI, the DC 5009 adds the 
carriage return (CR) and line feed (LF) oharacters. with EOI 
asserted along with LF. after the last byte in the output 
message string. If set to EOI ONLY, the DC 5009 asserts 
EOI 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 end other troubleshooting data, the quali- 
fied service personnel will be able to verify proper operation 
or detect malfunction in this instrument. 

All of the instrument faults may not be isolated by this 
Information or indicated by the instrument’s built-in Self test 
features. The service personnel should then refer to the 
Theory of Operation section. in this manual for a batter 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) 

Digital counter. TEKTRONIX type DC503A (for 
timebase frequency checks) 

Digital multimeter. TEKTRONIX type DM 501A (for 
checking power supplies) 

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, 
refer to the Adjustment and Setups Location in the pullout 
pages of this manual. 

Self Test 

The DC 5009 has two modes of self test. The automatic 
test sequence at Power On and the TEST function selactad 
by the front panel FUNCTION switch. 

The automatic test sequence at Power On (Power On 
Self Test) is 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 microprocessor reset line 
has been released, the following sequence of events takes 
place: 
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1. The display (time slot generator, schematic 8) Is reset 
to the most significant digit (digit to extrame left) and a 0 
readout is displayed. 

2. The RAM in the address range 0000 to 007F 
hexideclmal is tested first. By writing a known bit pattern 
into the RAM and reading it back, each 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, 5500 (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 tasted at COO0 to COOF 
(hexadecimal). 

3. Next, the ROM’s are checked. The three ROM’s are 
Bach checked in turn for both placement and aIS 
checksums. The check order is $1000 to $17FF, $EFFF, 
and 5FOO0 to 5FFFF. If any of these teStS fail, the POWer On 
self test sequence is stopped and the proper error code is 
displayed. 

4. Next, the automatic test sequence sets the instru- 
ments gating to the RATIO E/A function and sets the wn- 
trol of the trigger levels to the digital-to-analog COnVSrtSrS 
(D/A converters). If the digital board jumper connection. 
P1331, is disconnected, the instrument is ready to enter the 
internal signature analysis mode. This mode will be de- 
scribed later. 

5. The serial I/O data loop is checked next, by writing 
outs data pattern to the serial-to-parallel shift registers. The 
data pattern is read back through the parallel-to-serial shift 
registers. If the data is wrrect, the Power On Saquense con- 
tinues. If the data is not correct, the error code for this tSSt 
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 I/O loop is best accomplished using signature 
analysis. 

6. The next @St is the counter integrity test. This test 
first resets the instrument’s Channel A and Channel B aoou- 
mulators by pulsing the MR (master reset) line. It then 
checks each of the tested wunter stages to verify that all 
bits are reset. If any bits are not reset. the proper error code 
is displayed and the test sequence stops. Next, the GATE 
Signal, Schamatic 7 is a$$artad. The instrument then inputs 
wunts to the accumulators. These counts are generated by 
changing the trigger levels for both Channel A and Channel 

@ 



B using the D/A converters. The D/A converter level 
changes (cycles) from its current setting to f3.2 V then tc 
,-,%I75 and back to +3.2V. This cycle represents one 
count if the Channel A and Channel 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 aceumulstors are 
read and checked to see if the proper count has been 
reached. If the proper count has not been aCCumulated, the 
error code for that accumulator stage is displayed and the 
serf test sequence stops. 

NOTE 

The signal path starts at the D/A converters and the 
cycle must pass through the amplifiers, gating, and 
the accumulators. 

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 control$. 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 tnrs srgnar rnrcugn me amprfrrer, gattng, ano accumufa- 
tor circuits. Also refer tc Table 8-2 in the pullout pages. 

TEST Function 

The TEST function is similar to the Power On Self Test 
sequence with twc exceptions. The RAM test is not execut- 
ed, preventing the instrument’s settings from being lost 
while in the TEST function. The signature analysis mode 
cannot be entered (even if the digital board jumper ccnnec- 
ticn. PI331 is removed). 

TROUBLESHOOTING 

The following is a general troubleshooting procedure to 
use when the instrument malfunctions. 

First. verify that the instrument is properly connected to 
the appropriate power mad& and that this power module is 
operable. Then refer to Fig. 8.4, General Troubleshooting 
Flowchart. in the pullout pages. This flowchart is a guide for 
qualified service personnel to IOCate various areas of Circuit- 
ry, depending on the instrument symptoms. It may also refer 
the service personnel to the following signature analysis 
procedure. 
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SIGNATURE ANALYSIS 

Introduction 

The DC 5009 was designed to provide two signature 
analysis methods. Internal signature analysis-this is a 
microprocessor driven pattern generator contained in the 
ROM. This method 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 067. 
1007.00). This method allows qualified service personnel to 
teet 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. 
8-6, 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 circuitry are most easily diagnosed. The 
START. STOP, and CLOCK edge polarities must be prcpar- 
ly set as shown on the appropriate signature diagram. When 
the instrument is in thi$ mode, all segments and annunci- 
ators in the display are lighted. 

Kernel Signature Analysis 

The Digital board microprocessor, l/1311. is removed 
(observing proper static handling pr~cedurw) before 
making the kernel test. 

The kernel signature analysis mode is used to diagnose 
problems that prevent the microprocessor kernel circuitry 
from functioning properly. It is used with a signature analyz- 
er tc verity signaturas in the kernel circuitry. 

Make certain the power module power is off when ccn- 
netting this service kit to the instrument. To make the 
DC 5009 kernel board connections, the GPIB board (A14) 
must first be removed (refer to Circuit Boards Removal and 

5.13 



Replacement). Then. connect J1002 and J1003 of the Ker- 
nel Test board to J1210 and J1211 on the instrument Digital 
board (Al@. respectively. using the cables and squars pin 
adapters provided with the kit. Make Sure that the cables do 
not get twisted. The GPIB board is attaCh%d to the Kernel 
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 Kernel 
Signature (Fig. 8-8 and Fig. 8.9) in the pullout pages. Also 
make SW% that the START, STOP, and CLOCK polarities 
have been properly selected on the analyzer. 

In troubleshooting the kernel, the following information 
may be helpful. 

Microprocessor kernel problems in the DC 5009 can be 
isolated to either the GPIB board (A14) 0~ tha Digital bbacd 
(A16). This may be accomplished by first removing the GPIB 
board from the instrument. Then, insert the microprocessor 
(see the Electrical Parts li$t for U1311) in the U1311 Ic 
socket on the Digital board. If the problem remains, check 
the Digital board. Troubleshoot the Digital board with the 

PI210 (on GPIB board) 

P121, (on GPIB basrd) 
JlODl (on kernel test board) 

51210 51211 

DIGITAL BOARII 

Fig. 5-12. Kernel Signature Analysis connections. 



Kernel Test board and signature analyzer, as shown in Fig. 
8-8. If the instrument operates properly. the problem is most 
likely on the GPIE 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 corn- 
ponents on the Digital board. Thi$ may be dune 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 incorrect. may indicate they 
are shorted together. 

Maintenance-DC 5009 

A point with 0000 signature is grounded. or in a low 
state. A point with the +5 V signature (noted on each 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 microprocessor. making 
certain that pin 1 is properly oriented and all pins insert in 
the socket properly. DO NOT FORCE the pins. 



Section 6-W 5009 

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 a 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 can be found on schematic 6 , and in the Specification. 
Calibration, and Theory of Operation sections. 



Section 7-DC 5009 

REPLACEABLE 
ELECTRICAL PARTS 
PARTS ORDERING INFORMATION 

LIST OF ASSEMBLIES 

CROSS INDEX-MFR. CODE NUMBER TO 
MANUFACTURER 

ABBREVIATIONS 

COMPONENT NUMBER (column one of the 
Electrical Parts List) 

REV AUG 1982 

TEKTRONIX PART NO. (column two of the 
Electrical Parts List) 

Indicates part number lo be used when ordering replsce- 
men, part from Tektronix. 

SERIAL/MODEL NO. (columns three and four 
of the Electrical Parts List) 

Column three (3) indicates the serial number at which the 
part was first used. Column four (4) indicatsstheserial numberat 
which the part was remaved. No serial number entered indicates 
part is good ‘0, 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 (:). B*awse of space limitations. an Item 
Name may *0m*tim** appear 8s incomplete. For further Item 
Nsmeidentification, theU.S. Federal CatalogingHandbookHS-1 
can be utilized where possible. 

MFR. CODE (column six of the Electrical Parts 
List) 

MFR. PART NUMBER (column seven of the 
Electrical Parts List) 

Indicates actual ma”llfaCt”rerS part “umber. 



Replaceable Electrical Parts-DC 5009 

CROSS INDEX-MFRCOOE NUMBERTO MANUFACTURER I 
Mfr. Code Manufacturer Address City, State, Zip 

OOOID 2000 w 14TH STREF:T 'TEMPE, AZ 85281 I 
00779 P 0 BOX 3608 HARRISBURG, PA 17105 
01121 ,201 1ND STREET SOUTH nrLWA"KEE, WI 53204 
01295 P 0 BOX 5012, 13500 N CENTRAL 

EXPRESSWAY OALLAS, TX 15222 I 
03508 

El.ECTRONICS PARK SYRACUSE, NY 13201 
04222 P 0 BOX 867, 19T" AVE. SOUTH MYRTL1I: WACH, SC 29577 
04713 “OTOROLA, INC., SE”ICOND”CTOR PROrJ. DIV. 5005 E MCDOWELL m,P" BOX 20923 PHOENIX. AZ 85036 
07263 PA*RC”ILI! SEMICOND”CTOK, A DIV. OF I 

FAIRCHILD CAMERA AND INSTRUMENT CORP. 464 ELLIS STREET MOUNTAIN VIEW, CA 94042 
12697 CLAROSTAT MFG. CO.. INC. LOWER WASHINGTON STREET DOVER, NH 03820 
13511 AMPHENOL CARDRE DIG., BUNKEK KA!m CORP. LOS GATOS, CA 95030 
14433 ITT SEMICOND”CTORS 330, ELECTRONICS WAY I 

P 0 BOX 3049 WEST PALM BEACH, FL 33402 
15238 ITT SEMICONDUCTORS, A DI”ISION OF INTER 

NATIONAL TELEWODNE AND TELEGRAPH CORP. LAWRENCE, MA 01841 
18324 SIGN&TICS CORP. SUNNYVALE, CA 94086 
22526 BERG ELECTRONICS, INC. NEW CUNBERLAND, PA 17070 I 
24546 CORNING GLASS WORKS, ELeCTRONlC 

COHPONENTS DI”ISION 550 HIGH STBEET BRADFORD, PA L6701 
27014 NATIONAL SEMICOND”CTOR CORP. 2900 SEMICONoUCTOR DR. SANTA CLARA, CA 95051 
33096 COLORADO CRYSTAL CORPORATION 2303 W WI'" STREET LmELAND, co 80537 I 
34576 ROCKWELL INmRRATIo**L CORP. 

ELwl!K0NIC DEVICES DL”ISlOH 3310 MIRALBM.4 AVE. ANAHEIM, CA 92803 
50434 “EWl.ETT-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 21042 I 
55210 GETTIG ENG. AND MFG. COMPANY PO BOX 85, OFF ROUTE 45 SPRING MILLS, PA 16875 
55576 SYNERTEX 3050 CORONADO OR SANTA CLARA, CA 95051 
55680 NmlIcoNlAlmRIcA/coRP. 6435 N PROESEL AVENUE CHICAGO. IL 60645 
56289 SPRACUE ELECTRIC co. 87 MARSHAIL. ST. NORTH AoAMs, HA 01247 II 
59660 TUSONIX INC. 2155 N FORBES BLYD TUCSON, AZ 85705 
71279 CAMsRtDGE TaERMIONlC CORP. 445 CONCORD AVE. CANBRIDCE, MA 02138 
71400 B”SSMAN MFG., DI”ISION OF “CCRAW- 

EDISON co. 2536 W. ONIVERSITY ST. ST. LOUIS, MO 63107 
72982 EBIE TECHNOL”Cu2.L PRODUCTS, INC. 644 W. 12T" ST. ERIE. PA 16512 I 
73138 BECKMAN INSTR”tmNTS, INC., “ELIPOT DIV. 2500 "ARBOR BLVD. FULLiRTON, CA 92634 
74970 JOHNSON, E. F., co. 299 IOTH AVE. s. w. WASECA, MN 56093 
80009 mKTRONIX, INC. P 0 BOX 500 BEA"ERTON, OR 97077 
91637 DALE ElXTRONICS, INC. P. 0. BOX 609 COL"MB"S, NE 68601 
95348 GORDOS CoRPOEATION 250 GLENWOOD AVENUE 1 

7-2 REV AUG 1992 
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Tektronix Serial/Model No. 
Component No. Part No. Eff Dscont Name R Descriotion 

Mfr 
Cnde Mfr Psrt Nllmh+?r 

Replaceable Eleclrical Parts-DC 5009 

Al0 
A12 

A12 

Al4 

A16 

A10 
AlOC8101* 
AIOCR1012 

REV AUG 1982 

670-6826-00 
670-6795-00 
---_- _____ 
670-6854-00 

670-6797-O” 

CKT BOARD ASSY:DISPLAY 
CKT BOARD ASSY:ANAL.OG 
(STANDARD ONLY) 
CKT BOARD ASSY:AN*LoG 
(OPTION 01 ONLY) 
CKT BOARD ASSY:GPIS 

80009 670-6826-00 
80009 610-6795-00 

80009 670-6854-00 

80009 670-6797-O” 

670-6855-00 80009 b70-.5*55-00 

670-6826-00 
150-1036-00 
150-1036-00 
150-1036-00 
150-1036-00 
150-1036-0” 

CKT BOARD ASSY:rJISPlAY 
LA”P,J.ED:RE”,3.0”,4”MA 
LAMP.LE”:RED.3.“V.4”MA 

80009 
“1295 
“1295 

670-6826-00 
TIL 20% 
TIL 209.4 

“1295 TIL 209.4 
“1295 TIL Z”9A 
“1295 TIL 2”9A 

150-1036-00 
*50-1011-o* 
150-1011-o* 
150-1011-02 
150-1011-02 
150-1011-02 

150-1011-02 
150-1011-02 
150-1011-02 
131-1857-O” 
131-1857-00 
131-1857-00 

131-0566-00 
131-0566-O” 
131-“566-00 

L#xP;LED R”OkREI),7 SEG,I.““IGIT 
LAMP,r.ED RD0uT:RED.I SEG,l.ODIGIT 
IAMP,LED ROO”T:RED,I SEG,I.ODIGIT 
LA”P,IED RDO”T:RPD,‘I SEG,I.ODIG*T 
LAMP,LED RDO”T:RED,7 SEG,1.ODIGTT 

LAMP,LED RDO”T:RED,7 SEG,l.ODIGIT 
LAMP,LED RDO”T:RED,7 SEG,1.ODIGIT 
LAMP.LEb RDO”T:RED.7 SEG,l.ODIGIT 
TERM. SET,PIN:36/“.025 SQ PIN,ON 0.1 CTRS 
TERM. SET;PIN:36/0.“25 sg PIN,ON 0.1 CTRS 
TERM. SET,PIN:36,0.025 sq PIN,ON 0.1 CTRS 

BUS COND”CTOR:DUHMY RES,2.375,22 AWG 
BUS COND”CTOR:DIIMMY RES,Z.375,22 AWG 
BUS COND”CTOR:DUME1Y RES,2.375,2% AWG 

“1295 TIL 209A 
80009 Km-10*1-02 
80009 150-1011-o* 
SO”“9 150-1011-02 
80009 150-1011-02 
80009 150-1011-m 

SO”09 150-1011-02 
80009 150-1011-02 
80009 150-1011-02 
22526 65500136 
22526 65500136 
22526 65500136 

55210 L-2007-1 
55210 L-2007-1 
55210 L-2007-1 



Replaceable Electrical Parts-DC 5009 

Tektronix Serial/Model No. Mfr 
Component No. Part No. Eff Dscont Name & Description Code Mfr Part.Numbe 

Al2 80009 670-6795-00 

A12 

A1201021 
A12C1022 

670-6795-00 cm BOARD ASSY:ANALOG 
----- ----- (STANDARD ONLY) 
670-6854-00 CKT BOARD ASSY:ANALOG 
_____ _---_ (OPTION 01 ONLY) 
283-0057-00 CAP.,FXD,CER DI:O.lUP,+80-20%,2OOV 
281-0578-00 CAP.,FXD,CER DI:l8PF,5%,500” 

80009 670-6854-00 

56289 2CZOZSUlO4Z201 
59660 301-05OCOGO181 

A1201023 281-0812-00 CAP.,PXD,CER DI:1000PF,10X,lOOY 72982 8035D9AADX7Rll 
AlZCl031 281-0799-00 CAP.,FxD cm DI:62PF,2%,100” 04222 “A10lA620GAA 
AlZC1041 283-0057-00 CAP.,FXD,CER OI:O.lUP,*8O-20%,2OOV 56289 2C20z5uI04z201 
A1201042 281-0716-00 CAP.,FW,CER DI:13.8PF,1%,500” 59660 374-014c060131 
AlZCl043 281-0622-00 CAP.,PW,CKR DI:47PF,l%,SOO” 59660 308-OOOCOGO471 
AlZCllOl 290-0804-00 CAP.,FXD,ELCTLT:lOUF,+50-10%.25V 55680 25uLA10v-T 

AlZCll04 
A12Cllll 
AlZCll20 
Al2Cll21 
AlZCl122 
*1*c1123 

2*1-“773-00 CAP..PXD.CEK DI:0.0l”F.lOX.100” 
281-0775-00 
281-0773-00 
283-0359-00 
281-0812-00 
281-0775-00 

, , 
CAP.,PXO,CEP DI:O.lUF,20%,50V 
CAP.,FXD,CER DI:0.0lUF,l0%,lOOV 
CAP.,FXD,CER DI:1000PF,10%,200” 
CAP.,FXO,CER DI:1000PF,l0%,100Y 
CAP.,FxD,CER DI:O.l”F,20%,50” 

04222 GC70-lCl03K 
04222 SA205El04H.Q. 
04222 GC70-lCl03K 
72982 813lN203COGOll 
72982 8035D9AADX7Kll 
04222 SA2056104MAA 

AlZCl130 281-0773-00 
AlZC1131 281-0775-00 
AlZCll32 281-0773-00 
AlZCll33 281~0812-00 
A12Cll41 283-0359-00 
A12C1142 281-0775-00 

CAP.,FKD,CER DI:O.OlUF,lO%,lOOV 
CAP.,FKD,CER DI:O.IUF,20X,SOV 
CAP..FW.CER D1:0.01UF,10%.100V 
CAP.,FXD,CEK DI:lOOOPF,lOX,1OOV 
CAP.,FW,CER DI:lOOOPP,1O%,2OOV 
CAP.,FXD,CER DI:O.lUF,20%,50” 

04222 
04222 
04222 
72982 
72982 
04222 

GC70-1Cl03K 
SA205E104WJ. 
Gc7o-lclo3K 
8035D9AADX7F.11 
813lN203COGOll 
SA205Hl04MN 

A12Cl143 
Al2C1144 
AlZCl201 
AlZC1202 
Al2ClUl 
Al2Cl212 

281-0775-00 
281-0773-00 
281-0775-00 
281-0773-00 
281-0775-00 
281-0773-00 

CAP.,FXD,CER DI:O.lUF,20%,50V 04222 SA205E104MAA 
CAP.,FXD,CER DI:0.01”F,10%,100Y 04222 Gc7o-lclo3K 
CAP.,FXD,CER DI:O.lUF,20X,SOV 04222 SA205El04MA4 
CAP.,FXD,CER DI:O.O1”F,lO%,1OOY 04222 GC70-1Cl03K 
CAP.,FXD,CER DI:O.lUF,20%,50V 04222 SA205El04~ 
CAP.,FXD,CEK DI:O.Ol”F,lO%,100” 04222 GC70-1Cl03K 

A12Cl221 
Al2Cl222 
AlZC1223 
AlZC1231 
A12Cl232 
AlZCl233 

281-0797-00 
281-0517-00 
281-0775-00 
281-0773-00 
281-0773-00 
281-0797-00 

CAP.,FXD,CER DI:l5PP,10%,100V 72982 8035D9AADCOGl: 
CAP.,FXD,CKR DI:39PF,+I-3.9PF,500Y 59660 308-OOOCOGO391 
CAP..FXD,CER DI:O.lUF,20%,5OV 04222 8A205El04KAA 
CAP.,FXD,CER DI:O.O1”F,lO%,lOOV 04222 GC70-lC103K 
CAP.,FXD,CER DI:O.Ol”F,lO%,lOO” 04222 GC70-1Cl03K 
CAP.,FXD,CER DI:15PP,10%,100” 72982 8035D9AADCOGll 

AlZC1241 281-0517-00 CAP.,FXD,CER DI:39PP,+/-3.9PF,5OOV 59660 
Al2C1242 281-0775-00 CAP.,FW,CER DI:O.L”F,20%,50” 04222 
AlZCl243 281-0773-00 CAP.,FXD,CER DI:O.OlUF,IOX,lOOV 04222 
AlZCl245 281-0773-00 CAP.,FW,CER DI:0.0l”F,l0!‘,100” 04222 
AlZCl301 281-0775-00 CAP.,FXD,CER DI:O.lUF,20%,5OV 04222 
AlZC1321 281-0775-00 CAP.,FW,CER DI:O.,“F,20%,50” 04222 

308-OOOCOGO391 
SA205El04HAA 
GC70-lC103K 
GC70-lCl03K 
SA205El04”AA 
SA205E104MAA 

AlZCl334 281-0775-00 CAP.,FXD,CER DI:O.lUF,20%.50V 
Al2Cl341 281-0775-00 CAP.,FXD,CER DI:O.lUF,20%,50V 
AlZC1342 290-0804-00 CAP.,PXD,ELCTLT:l0UF,+50-10%,25V 
AlZC1343 281-0775-00 CAP..PXD,CER DI:O.lUF,20%.5OV 

04222 
04222 
55680 
04222 
04222 
72982 

SA205El04MAA 
SA205El04MAA 
25”LAlO”-T 
SA205El04MAA 
SA205E104MAA 
S12lN06lZ5”Oll AlZCl347 

281-0775-00 CAP.,FXD,CER DI:O.lUF,20%,50” 
283-0204-00 CAP.,FXD,CEB DI:O.O1UF,20%,50V 

AlZCl348 281-0775-00 
A12C1349 290-0804-00 
AlZCl411 281-0775-00 
A12Cl421 281-0775-00 
AlZC1441 281-0775-00 
AlZCl442 290-0267-00 

CAP.,PXD,CER DI:O.lUP,20%,50V 
CAP.,FW,ELCT’LT:10”F,+50-10X,25” 
CAP..PXD.CER Dl:O.lUF.20%.50V 
CAP.,FXD,CER DI:O.1”F,20%,50” 
CAP.,FXD,CER DI:O.l”F,20%,50V 
CAP.,PXD,ELCTW:NF,20%,35V 

04222 SA205E104ELAA 
55680 25”LAlo”-T 
04222 SA205El04MAA 
04222 SA205ElO4MAA 
04222 SAZOSE104W.A 
56289 162DlO5XOO35Cl 

AIZClSOI 281-0773-00 CAP.,FXD,CER DI:O.Ol”P,lOX,lOOV 04222 GC70-lCl03K 
.l*n~En, *a. -n,o,r-nn ,.A0 m”” ,.mo nT.IFnr)e In* l”“ll loan? nrll<n?bl”Y<D,’ 



72982 8,2‘N083%5"0,04Z 
04222 GCIO-IC103K 
72982 8035D9AADX5RlOZM 
04222 GC70-IC‘03K 
04222 SA205E104RA.4 

74970 187-0106-005 

59660 301-OOOCOCO24OJ 

55680 25”LA,O”-T 
04222 SA205E104MAA 
72982 B,*,N075X7R0103” 

281-0773-00 CAP.,FxD,CER DI:o.o1uF,1ox,Ioov 04222 GCIO-IC103K 
283-0024-00 GAP..FxD.CER DI:O.,“F.+80-20Z.50” 
281-0773-00 CAP.;FXD;CER DI:O.OlOi,lOX,lOi,V 
281-0770-00 GAP.,FW,CER DI:0.001UF,20%,100V 
281-0773-00 CAP.,FxD,CER DI:0.01”F,10%,lOOY 
281-0775-00 CAP.,FXD,CER DI:O.lUF,20%,50V 

281-0775-00 CAP.,FxD,CER DI:0.1”F,20%,50” 04222 SA205E,04MAA 
_____ _____ (OPTION 01 ONLY) 

A12C1602 281-0153-00 CAP.,VAR,AIR DI:1.7-10PF,250” 
_-___ _____ (STANDARD ONLY) 
281-0564-00 CAP.,FxD,CER DI:24PF,5%,500v 
_____ _____ tsTANDARo ONLY) 

A12C1604 281-0775-00 CAP.,FXD,CER DI:0.1UF,20%,50v 04222 SA205ElO4K4.4 
(STANDARD ONLY) 

281-0630-00 CAP.,FxD,CER DI:390PF,5%,500V 72982 63OOOOY50391.I 
(STANDARD ONLY) 

A12C1611 281-0630-00 CAP.,FW,CER DI:390PP,5%,500Y 72982 63OOOOY5039,J 
-_--- -_--- (STANDARD ONLY) 

A12C1612 281-0773-00 Gl.P.,FxD,CER DI:0.01UF,10.Y,IOOV 04222 GCKJ-,C,03K 
m-0775-00 CAP.,FXD,CER DI:O.IUF,20%,50Y 04222 SA*05E,04m.4 

(OPTION 01 ONLY) 
A12C1622 290-0804-00 ~AP.,FW,ELCTLTI100F,+50-10%,*5Y 
A12C1641 281-0775-00 CAP.,FxD,CER D1:0.1”F,20%,50V 
AlX1642 283-0220-00 C,w.,FXD,CER D1:0.01uP,20%,50v 

A1261643 283-0220-00 CAP.,FXD,CER DI:0.01UF,20%,50v 
A,2CR1121 152-0246-00 SEMICOND DE"ICE:SW,SI,40",*00MA 

152-0246-00 SEMICOND DEVICE:SW,S1,40",Zoo~ 
152-0141-w SEMICOND DE"ICE:SILICON,30V,,50HA 
152-0141-02 SE”ICOND OEVICE:SILICON,30V,150HA 

A12CRII31 152-0246-00 SEMICOND OEYICE:SW,SI,40V,200MA 

A12CR1132 152-0246-00 
A12CR1141 152-0141-02 SEMICOND DEVICE:SIiICoN,3oV,lsOHA 
A12CR1142 15*-0141-o* SEMICOND DE"ICE:SILICON,30V,,50"* 
A12CR1211 152-0066-00 SEMICOND DEVICE:SILICON,400V,750MA 
A12CR1224 150-1036-00 
ALZCR1244 150-1036-00 

A12CR1401 152-0141-02 SEMICOND DEYICE:SILICON,30V,15O~A 01295 lN4152R 
A12CR1411 *52-0141-o* SEMICOND DEVICE:SILICON,30”,,5O”A 0,295 ,N4,52R 
A,*CR,4,* 152-0141-02 SEM’ICOND DEVICE:SILICON,30V,15O~A 01295 ,N4,52R 
A,ZCR,42, 152-0066-00 SEHICOND DEVICE:SILICON,400V,75OMA 14433 LG4016 
A‘XR1422 15*-0322-00 SEHICOND DE"ICE:SILICON,,5v,HOT CARRIER 50434 5082-2672 
A,2CR,442 ,52-0,4,-o* SEHICOND DEVICE:SILICON,30”,150MA 0,295 IN4152R 

A12CR1521 152-0269-00 SEMICOND DEYICE:SILICON,“*R VCAP.,4V,33PF 04713 SW1263 
A12CR154, 15*-0,4,-o* SEHICOND DE"ICE:SILICON,30",150MA 0,295 1N4152R 
A12CR1611 152-0141-02 SEMICOND DEVICE:SILICON,30V,I5OMA 01295 lN4152R 
A12CR162, 152-0066-00 SEMICOND DEYICE:SILICON,400",750MA 14433 LG4016 

152-0066-00 SEMICOND DE"ICE:SILICON,400",750* 14433 LG4016 
159-0025-00 FOSE,CARTRIOGE!3AG,O.5A,*5OV,FAST-BLOW 71400 AGC l/Z 

A,2F,542 159-0025-00 7,400 AGC 112 
159-0015-00 FUSE;CARTRIOGE:3AG;3A,Z50Y,0;65 SEC 71400 AGC 3 

AI251010 131-1934-00 TERM. SET,PIN:l X 36,0., CTR,O.V L 22526 65539-00, 
A12J1031 ,31-0608-00 TER,,IN,,L,PIN:O.~~~ L X 0.025 PH BU GOLD 22526 47357 

----- ----- (OTY 2) 
A12J1041 131-0608-00 iiRHINiL,PIN:0.365 L X 0.025 PH SW. GOLD 22526 47357 

-__-- ____- (QTY 2) 

131-0608-00 TEP.MINAL,PIN:0.365 L x 0.025 PH BP.2 GOLD 22526 47357 
(QTY 3) 

131-0608-00 TERHINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 22526 47357 

72982 8,2,N075X7R0,03M 
03508 DE140 
03508 DE140 
0,295 ,N4,52R 
01295 lN4152R 
03508 DE140 

03508 DE140 
01295 lN4152R 
0,295 1N4152R 
14433 LG4016 
0,295 TIL 20% 
0,295 TIL 20% 

Serial/Model No. 

Replaceable Electrical Parts-DC 

Name & Description Code Mfr Part Number 



Replaceable Electrical Parts-DC 5009 

Tektronix Serial/Model No. Mfr 
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number 
AlZJ1310 
A1251331 

TERN. SET,PIN:l X 36,O.l CTR,0.9 L 
TER"INAL,pIN:0.365 I. X 0.025 PH BP.2 GOLD 
(QTY 2) 

22526 65539-001 
22526 47357 

A1251341 

131-1934-00 
131-0608-00 
_____ ___ __ 

131-0608-00 
_-___ _____ 

131-0608-00 
----_ _-___ 

TEBMINAL.pIN:O.365 L X 0.025 P" RW. GOLD 22526 47357 
(QTY 2)~~. 

A1251402 TERMINAL,PIN:0.365 L x 0.025 P" BRZ GOLD 
(QTY 2) 

22526 47357 

A1251403 131-0608-00 TERsINAL.pIN:0.365 I. x 0.025 P" BRZ GOLD 
(QTY 2) 

A12J1410 
AlZJl411 

A1251420 

131-1934-00 
131-0608-00 
___-_ _---- 
131-1634-00 

TERH. SET,pIN:l X 36,O.l CT&O.9 L 
TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 
(QTY 2) 
CONTACT ASSY,EL:(31)0.023 SQ X 0.825 L 

AlZJ1421 
A1251441 

AlZJI442 

A1251443 

131-1634-00 
131-0608-00 
_____ _____ 

131-0608-00 
_____ -____ 
131-0608-00 
---__ _-___ 

CONTACT ASSY,EL:(31)0.025 SQ X 0.825 L 
TERMINAL,PIN:0.365 L X 0.025 PH BRZ GOLD 
(QTY 2) 
TERMINAL,PIN!0.365 L X 0.025 PH BR2 GOLD 
(QTK 2) 
TERMINAL,PIN:0.365 L X 0.025 P" BRZ GOLD 
(QTY 2) 

22526 47357 

22526 65539-001 
22526 47357 

22526 65311-4 

22526 65311-4 
22526 47357 

22526 41357 

22526 47357 

AlZJ1501 

AlZJl511 

131-0608-00 
----_ -_-__ 
131-0608-00 

A12J1521 
_____ _____ 
131-0608-00 
---__ _-_-- 

TER"INAL,PIN:0.365 L X 0.025 P" BR2 GOLD 
(OTY 2) 
TdRMINAL,PIN:0.365 L X 0.025 P" BR2 GOLD 
(QTY 5) 
TESMINAL,PIN:0.365 L X 0.025 PH BRZ MLD 
(QTY 2) 

22526 47357 

22526 47357 

22526 47357 

A12J1522 131-0608-00 
-____ _____ 
131-0608-00 
-____ _____ 
131-0608-00 
----- _-___ 

~RMINAL,PIN:~.~~~ L x 0.025 p" BRz GOLD 
(QTY 2) 

AlZJ1621 

A1251622 

TERKINAL,PIN:0.365 L X 0.025 p" BRZ GOLD 
(QTY 3) 
TERMINAL,PIN:0.365 L X 0.025 P" BRZ GOLD 
(QTY 2) 

22526 47357 

22526 47357 

22526 47357 

A1231623 131-0608-00 
----- ----- 
148-0128-00 
148-0128-00 
148-0128-00 
148-0128-00 

TEB"INAL,PIN:0.365 L X 0.025 P" BBZ GOLD 
(QTY 2) 

22526 47357 

AlZK1031 
A12K1032 
AlZK1033 
A12R1041 

RRLAY,ARMAT"RE:1 FORM X S 1 FOR" Y,EVDC 80009 148-0128-00 
RELAY,ARNAT"RE:l PCRM X 6 1 PORN Y,EVDC 80009 148-0128-00 
RELAY,ARHAT"RE:1 FORM X 6 1 PORN Y,E"DC 80009 148-0128-00 
RELAY,ARMATURE:l FORM X 6 1 FORM Y,EVDC 80009 148-0128-00 

A32K1042 148-0128-00 RELAY,ABMATDRE:l PORN X 6 1 POB" Y,S"DC 
AlZKl043 148-0128-00 RELAY,AWT"RE:, PORN X 6 1 PORN Y,E"DC 
Al2K1621 148-0076-00 RELAY,REED:l FORM A,5",0.25A,100" 
A12K1622 148-0076-00 RELAY,REED:l PCRM A,5".0.25A,lOO" 
AlZl.1331 120-0382-00 XPMR,TORCID:L4 T"RN8,SINGI.E 
AlZL1333 120-0382-00 XFMR,TOROID:14 T"RNS,SINGLE 

AlZL152, 108-0643-00 COIL,RF:FIXED.54N" 
AlZQllOl 151-0190-00 TRANSISTOR:SILICON,NPN 
AlZqllO2 151-0188-00 TR.~NSISTOR:SILICON,PNP 
A1291103 151-0335-00 TRANSISTOR:SILIC~N.PNP 
AlZQ1121 151-1117-00 TRANSISTOR:PE DUAL;N-C"ANNEL,SI 
A1291122 151-0427-00 TRANSISTOR:SILICON,NPN 

AlZQ1141 
A12Q1142 
Al291221 
A12Q1222 
A12Q1223 
81291224 

A12Q1225 

151-1117-00 TRANSISTOR:FE D”AL,N-CNANNEL,SI 
151-0427-00 TRANSISTOR:SILICON,NPN 
151-0367-00 TRANSI~TCR:~ILICON,NPN,SEL PR~N 3571TP 
151-0333-00 T~NSISTOR:SILICCN,NPN,SEL FROM 14PS918 
151-0367-00 TRANSISTOR:SILICON,NPN,SEL FROM 3571~~ 
151-0333-00 *RANSISTOR:SILICON,NPN,SEL PROM ~pS918 

151-0369-00 TRANSISTOR:SILICON,PNP 

80009 148-0128-00 
80009 148-0128-00 
9534s F81-1447 
95348 F81-1447 
80009 120-0382-00 
80009 120-0382-00 

80009 108-0643-00 
07263 SO32677 
04713 SPS6868K 
04713 SJE917 
80009 151-1117-00 
80009 151-0427-00 

80009 ,51-1117-00 
80009 151-0427-00 
01295 Su.6516 
04713 SPS1752 
01295 %A6516 
04713 SPS1752 

01295 SU.6664 
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Replaceable Electrical Parts--DC 5009 

Tektronix Serial/Model No. Mfr 
Component No. Part No. Eff Dscont Name R Descrintinn Cnrle Mfr Part Nllmhw 

A12Q1226 
AlZQ1227 
AI*Ql22R 
A12Q1229 
AlZQ1231 
AlZQ1232 

AlZQ1231 
AlZQ1234 
A12Q1235 
A12Q1241 
A1201242 
A1291243 

A1291244 
A12Q1245 
A,*Q,*46 
A12Q1241 
A12Q124R 
A12Q1311 

A12Q1312 
AlZQ1331 
AlZQ1332 
A12Q1333 
AIZQ133h 
A,*Q,34, 

A12Q1342 
A12Q1343 
A,*Q,344 
A,*Q,40, 
AlZQ1411 
A12Q1412 

A12Q1421 
A12Q1422 
A1291423 
A1291433 
A1291441 
A1291442 

81291443 
A,*Q,444 
A12Q1445 
A12Q1501 
A12Ql502 
A12Q1531 

AlZQ1611 

A12Q,6,2 
A,2Rl022 
.412R1021 
A,2R,O24 

A,ZR,030 
AlZR,031 
A12R1032 
A1ZR1039 
A,*R,O40 
A1ZRIO4, 

A,*R1042 
A,ZR,043 
A12R1045 

REV AUG 1982 

151-0369-00 
151-0221-00 
15,~022,~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 

,5,-0221-00 
151-0221-00 
151-0427-00 
151-0367-00 
151-0367-00 
151-0188-00 

151-OlBB-00 
151-0220-00 
151-0220-00 
,5,-0220-00 
151-0220-00 
151-0220-00 

151-0220-00 
151-0220-00 
151-0190-00 
15,~O,90-00 
151-0190-00 
151-0190-00 

151-0220-00 
151-0220-00 
151-0220-00 
151-0221-00 
151-0221-00 
,5,-0221-00 

151-0432-00 
,5,-0453-00 
,?I,-0453-00 
151-0188-00 
151-0190-00 
151-0302-00 

151-0190-00 

151-0190-00 
315-0102-00 
321-0891-00 
317-09,O-00 

315-0200-00 
315-0510-00 
3,7-05,0-00 
317-0910-00 
315-0200-00 
315-0102-00 

315-0510-00 
Xl-0891-00 
317-0510-00 

01295 SEA6664 
04713 SK246 
04713 SPS246 
0,295 WA6516 
80009 151-0427-00 
01295 Su.6516 

TRANSISTOR:SILICoN,NPN,SEL FROM 3571TP 
TRANSISTOR:SILICON,NPN,SEL FROM MB918 
TXANSISTOR:SILICON,PNP 
TRANSISTOR:SILICON,NPN,SEL FROM 3571TP 
TRANSISTOR:SILICON,NPN,SEL FRO" MPS918 
TRANSISTOR:SILICOH,PNP 

raS.,FXD,CMPSN:51 OHM,5%,0.25U 
RES.,FXD,FILM:BOOK O"M,,X,O.125" 
RES.,FXD,CMPSN:51 OHM,5X,O.IZ5W 

01295 SKA6516 
04713 SPS1752 
0,295 WA6664 
01295 SK.46516 
04713 SW1752 
0,295 %A6664 

04713 SPSZ46 
04713 SPS246 
80009 ,5,-0427-00 
01295 %.A6516 
01295 SK.46516 
04713 SPS6868K 

04713 SPS6868K 
07263 SO36228 
07263 SO36228 
07263 SO36228 
07263 SO36228 
07263 SO36228 

07263 SO36228 
07263 SO36228 
07263 SO32677 
07263 SO32677 
0,263 SO32677 
07263 SO32677 

07263 SO36228 
07263 SO36228 
07263 SO36228 
04713 SPSZ46 
04713 SPS246 
04713 SPS246 

80009 151-0432-00 
80009 151-0453-00 
80009 151-0453-00 
04713 SPSbBbbK 
07263 SO32677 
07263 SO38487 

07263 SO32677 

07263 SO32677 
O‘lZ‘ C8107.5 
9,637 MPF,S,~GSOOO*F 
0,121 Em9105 

O,,Zl CB2005 
0,121 CB5105 
0,121 885105 
0,121 889105 
0,121 CBZOOS 
0112, CB1025 

Ol,Zl CB5105 
91637 MFF,8,6GSOOO*F 
01121 885105 



Replaceable Electrical Parts--DC 5009 

Tektronix Serial/Model No. Mfr 
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Numb 

311-1236-00 RES.,"*R.NOwIR:250 0m4,101(,0.50w 73138 72-22-O 
315-0431-00 RES.,PXD,CMPSN:430 OHM,5%,0.25W 01121 CB4315 
315-0301-00 RRS..FxD,mPSN:300 OMI.5%.0.25W 01121 CB3015 

AIZR1102 
A12P.1103 
AlZRllO4 
AlZRllO5 
AlZR1106 
A12R1121 

315-0121-00 
315-0512-00 
321-0481-00 

RSS.,FXD,CMPSN:5.1K OH",5%,0.25W 
RES.,FXD,FILM:1M ORM,1%,0.125W 

01121 081215 
01121 CB5125 
24546 NA4D1004P 

A12R1122 
h12R1123 
Al2R1124 
A12R1125 
A12Rl126 
Al2R1127 

A12R1131 
A12R1132 
A12Rl133 
AlZR1134 
AlZR1135 
A12R1136 

A12R1137 
A12S.1139 
A12R1140 
AlZR1141 
AlZR1142 
A12F.1143 

AlZR1144 
A12R1145 
A12R1146 
A12R1147 
A12R1148 
A12R1149 

A12R120, 
AIZR1202 
A1ZR1203 
A12R1211 
A12R1212 
A12R1213 

A12R1214 321-0242-00 RES..PXD.PIL":3.*4K 0m,1%.0.125w 
A12R1220 315-0121-00 RRS.;FXD;CMPSN:120 O"M,i%,fi25W 
A12R1221 315-0130-00 RRS.,*xD.cMPSN:13 0tm,5%,0.25W 
A12R1222 315-0130-00 FzS.,FxD,cMPSN:13 OHM,5%,0.25W 
A12R1223 315-0200-00 R!G.,FKD,CMPSN:20 0"",5%,0.25W 
AlZR1224 315-0200-00 RRS.,FxD,cMPSN:20 OHH,5%,0.25W 

Al2R1225 315-0200-00 RES.,FXD,CxPSN:20 om4,5%,0.*5W 
RES.,FKD,CEIPSN:llO OHM,5%,0.25W 
RES.,FxD,cMPSN:680 oHM,5x,o.25w 
RRS.,PXD,CIIPSN:68 Ol!M,5%,0.25W 
RES.,FKD,CMPSR:68 OHM,5%,0.25W 
RRS..FXD,C"PSN:lOO O"M,5%,0.25W 

AlZR1226 315-0111-00 
A12R1227 315-0681-00 
A12R1228 315-0680-00 
AlZR1229 315-0680-00 
AlZR1231 315-0101-00 

A1281232 
A12R1233 
A12R1234 
A12R1235 
AlZR1236 
AlZR1237 

AIZR1238 315-0680-00 

315-0154-00 
315-0680-00 
315-0820-00 
315-0820-00 
315-0513-00 
315-0561-00 

321-0618-00 
315-0751-00 
315-0162-00 
315-0301-00 
315-0101-00 
315~0*01-00 

315-0513-00 
315-0820-00 
315-0101-00 
321-0618-00 
321-0481-00 
315-0154-00 

315-0680-00 
315-0820-00 
315-0301-00 
315-0561-00 
315-0751-00 
315-0162-00 

321-0210-00 RRS.,PXD,PILM:1.5K OSM,1%,0.125W 91637 
321-0214-00 RRS.,FXD,FILM:1.65K Om,lX,O.l25W 91637 
321-0242-00 RES.,PXD,PIIH:3.24X OHM,I%,O.l*5W 91637 
311-1236-00 RRS.,"AR,NONWIR:*50 OHM,10%,0.5OW 73138 
321-0210-00 RES.,FXO,PII,":l.SK O"",l%,O.l25W 91637 
321-0214-00 RRS.,FKD,PIL":1.65K OHM,I%,O.l25W 91637 

91637 
OllZl 
01121 
0,121 
01121 
01121 

01121 
01121 
01121 
01121 
01121 
01121 

OllZl 
01121 
01121 
0,121 
01121 
01121 

01121 

315-0302-00 RES.,PXD,CMPSW:3K OHM,5%,0.25W 
315-0821-00 RES.,PXD,C"PSN:820 OHM,5%.0.*5W 
315-0510-00 RES.,YxD,CMPSN:51 om.5%,0.*5w 
315-0131-00 RRS..Pm.cNPSN:130 OHM.5%.0.25W 
315-0101-00 RRS.;PXD;CHPSN:lOO OHM;5%;0.2iW 
315-0680-00 RSS.,FXO,CHPSN:68 O"N,SX,O.ZSW 

RES.,FxD,cMPSN:150K 0m,5%,0.*5W 
RSS+,FKD,C"PSN:68 OHH,5%,0.*5W 
RRS.,FKD,C"PSN:82 OHM,5%,0.*5W 
RRS.,PxD,CMPSN:82 OHM,5%,0.25W 
RES.,PXD,CNPSN:51K OH",5%,0.25W 
RES.,PXD,CMPSN:560 OSM,S%,O.*SW 

RRS..FW.FILM:*50K OHM.l%.O.l25W 
RES.,FXD,cMPSN:750 oHH,5x,o.25w 
RES.,FKD,CMPSN:1.6K OHM,5%,0.25W 
RRS.,FXD,CMPSN:300 0"",5%,0.25W 
RRS.,PXD,CMPSN:lOO 0"",5%,0.25W 
RES.,Fxo,CmSN:200 OHM,5%,0.25W 

RES.,FxD,CNPSN:51K OHM,5%,0.25W 01121 CBS135 
RRS.,FXD,CMPSN:W. OHM,5%,0.*5W 01121 088205 
RES.,FxD,cMPSN:100 OHM,5%,0.25W 01121 a1015 
RRS.,FXD,FILM:250K O"",lX,O.l25W 91637 MFF1816G2500: 
RES.,PW,FILM:lM 0HM,1%,0.125w 24546 NA4D1004F 
RES.,FxD,cMPSN:150K 0HM,5%,0.25W 01121 a1545 

RES.,Fm,cNPSN:68 OHM,5%,0.25W 01121 CB6805 
RRS.,PXD,CnPSN:82 O"M,S%,O.ZSW 01121 CR8205 
RRS.,FXD,CMPSN:300 O"M,5%,0.25W 01121 CB3015 
RES.,FW,cMPSN:560 oHM,52,0.*5w 01121 CR5615 
RRS.,FXD,cMPSN:750 ORM,5%,0.25W 01121 CB7515 
RES.,FXD,CHPSN:1.6K OHM,5%,0.25W 01121 CB1625 

MFF1816G1500t 
MFP1816G,650( 
HPFlS16G3240( 
72-22-o 
NFP1816C1500( 
MPF1816G1650~ 

MPF1816C3*40( 
CS1215 
CR1305 
lx.1305 
CB2005 

0,121 
01121 
01121 
01121 
01121 
01121 

91637 
01121 
01121 
01121 
01121 
01121 

CR1545 
CB6805 
CBS205 
CB8205 
CB5135 
CR5615 

MFF1816G2500: 
CB7515 
CB1625 
CE.3015 
CB1015 
a2015 

CB2005 
CB1115 
CB6815 
CS6805 
CB6805 
CB1015 

CR3025 
CR8215 
CB5105 
CR1315 
CB1015 
CS6805 

IX6805 



h12R1306 
AlZR1307 
A1281308 
A12R1109 

Replaceable Electrical Parts--DC 5009 

Tektronix Serial/Model No. Mfr 
Part No. Eff Dscont Name & Description Code Mfr Part Number 

315-0201-00 
315-0101-00 
315-0200-00 
315-0200-00 
315-0200-00 
315-0111-00 

315-0681-00 
315-0302-00 
315-0130-00 
311-1248-00 
315-0332-O" 
315-0752-00 

321-0238-00 
321-0158-00 
315-0752-00 
321-0269-00 
315-0331-00 
315-0332-00 

321-0481-00 
321-0281-00 
315-0103-00 
315-0103-00 
315-0103-00 
315-0103-00 

315-0511-00 
315-0122-00 
315-0511-00 

RES.,FW,C"PSN:200 OS",5%,0.25W 
mS.,FKD,cMPSN:100 0lm.*%,0.*5w 
KES.,FxD,GMPSN:*o 0m,5%,0.*5w 
SSS.,FXD,CMPSN:ZO OHM,5%,0.25W 
BES.,FxD,GMPSN:*o 0HM,5%,0.*5w 
RES.,FXD.CMPSN:lIO OSM,5%,0.*5W 

*S.,FXD,cMPSN:680 OHM,5%,0.25W 
RES..FXD.CMPSN:3K OHM.X.O.25W 
KES.,FXD,MPSN:13 O”N,5%,0.25!4 
RES.,"AR,NONWIR:500 OHM,10%,0.5OW 
RES.,FKD,CMPSN:3.3K OHH,5%,0.25W 
RES.,FW,CHPSN:7.5K 0"&5%,0.25W 

RES..FXD.FIL”:2.94K oHM.12.0.125w , 
RES.,FxD,FILf4:43* 0HM,1%,0.125w 
KES.,FxD,GMPSN:7.5K om,5x,o.25w 
RES.,FXD,FILM:6.19K OHM,1%,0.125W 
KES.,FXD,mPSN:330 OHM,5%,0.25W 
KSS.,FW,CMPSN!3.3K OW,5%,0.25W 

RES.,FXD,FILM:l" OHM,1%,0.125W 
RES.,PXD,FILH:S.Z5K OHM,lX,O.l25W 
RES.,FXD,C"PSN:1OK 0m4,5%.0.*5w 
RES.,FKD,CMPSN:IOK O"M,5%,0.25W 
IIES.,FXD,CHPSN:IOK OHn,5%,0.25W 
KES.,FxD,cMPSN:IOK OaM,5%,0.25W 

lwS.,YAB,*ONwIR:10K 0ku4,101,0.50w 
mS.,Pm,FILH:1M 0wM,1%,0.1*5w 
KKS.,FW,PILH:8.*5K olm,Ix,o.125w 
KF.S.,FXD,CMPSN:IOK OHM,5%,0.*5W 
KES..FXD,CMPSN:IOK OHM,5%,0.25W 
KES.,"AR,NON!dIR:IOK ONM,10%,0.5OW 

KES.,FXD,FILM:1H 0uM,11,0.125w 
KES.,FXD,FILM:8.*5K 0m,1%,0.125w 
RES.,PXD,FILM:IH '0"",1%,0.125W 
RES.,FXD,FILM:S,Z5K OHH,1%,0.125W 
RES.,FXD,CMPSN:S, O"E(,5%,0.25W 
RES.,PXD,C"PSN:100 0HM,5%.0.*5w 

RES.,FXD,CHPSN:130 OBX,5%,0.2% 
RES.,FXD,CHPSN:,.ZK OHn,5%,0.25W 
RsS.,NTwK,Fm PI:4,4.7K 0liM,22,0.*w 
RES..FXD,CHPSN:510 OHn,5%,0.25W 
P.Fa.,FxD.GMPSN:51 0BM,5%,0.*5w 
RES.,FKD,CMPSN:130 OHM,5X,O.*5W 

KES.,FW.CMPSN:lOO O"M,51,0.*5W 
RES.,FXD.CMPSN:IOO O"H,5X,O.*5W 
KFS.,FXD,CNPSN:1.2K OHH,5%,0.25W 
RES.,FXD,GMPSN:51 OHM.5%,0.25W 
RES.,FKD,G"PSN:510 ONM,5%,0.25W 
KBS.,FXD,GMPSN:130 O"M,5%,0.25'4 

HES.,FxD,CHPSN:l*o 0HM,5%,0.25!4 
RES.,FxD,cMPSN:5.1K oHM,5x,o.25w 
RES.,FXD,CPIPSN:5,lK OHH,5%,0.25W 
RES..FXD.CHPSN:1.1K OHH,5%,0.25!4 
BES..FXD;mPSN:180 OHM.5%.0.25W 
RES.;FXD;CMPSN:S.lK Oti,5i,O.Z5W 

RES.,FXrJ,CMPSN:5,0 oHH,5x,o.*5w 
KES.,FXD,CMPSN:1.'2K OHMS%,O.Z5W 
RES.,FXD,CMPSN:IIO O"M,SZ,O.*SW 

01121 CS2005 
01121 CB2005 
01121 CB2005 
01121 CB1115 

01121 CM815 
01121 CR3025 
01121 CB1305 
73138 72-23-O 
0,121 CR3325 
01121 CB7525 

9,637 "FF1816G29400F 
91637 "FF1816C43*ROF 
0,121 CB7525 
9163, "FF1816661900F 
01121 CB3315 
01121 CL0325 

24546 NA4D1004F 
91637 MFF181bE82500F 
0112, a1035 
01121 CB1035 
OllZl CB1035 
01121 GE1035 

73138 72-28-O 
24546 NA4D1004F 
91637 "FF1816G82500F 
01121 CB1035 
01121 CR1035 
73138 72-28-O 

24546 NA401004F 
91637 MFF,816G8*500F 
24546 NA4D1004F 
91637 MFF1816GS2500F 
Ol,Zl lx5105 
01121 ml1015 

01121 cl31315 
01121 CB1225 
0,121 2om412 
O,lZ, CBS115 
0,121 CB5105 
01121 a,315 

O,lZ, m.1015 
0112‘ CBlOlS 

01121 CB1215 
01121 CL35125 
01121 ml5125 
0,121 a1125 
O,,Zl C81815 
0,121 CBS125 



Replaceable Electrical Parts--DC 5009 

Component No. 
Tektronix Serial/Model No. Mfr 
Part No. Eff Wont Name & Description Code Mfr Part Number 

A1ZR1415 
AlZR1416 
A12R1421 
*12lu423 
AlZR1425 
AlZRl4.71 

A12R1432 
AlZS.1433 
A12Rl434 
AlZRl435 
AlZB1441 
AIZRl442 

A12R1443 
A12Rl444 
A12R1445 
A1281446 
A1281447 
1112R1501 

*128150* 
A12RlS03 
AlZR1504 
AlZR1505 
A12R1510 
A12R1511 

A12R1512 
Al281513 
A12Rl514 
A12R1515 
AlZR1516 
A12R1517 

AIZR1518 
A12R1519 
AlZRl521 
Al2Rl522 
A1281526 
AlZRl528 

A12R153, 
AL2R.1532 
A12R1533 
A,ZR1534 
AlZR1535 
A1281541 

AlZR1542 
A1281543 
AlZR1544 
A12R1545 
AlZRl547 
A12R1548 

A12Rl60, 

A1281602 

A12R160, 

A,*R,604 

AlZRl605 

7-10 

315-0242-00 
315-0511-00 
307-0707-00 
315-0512-00 
315-0152-00 
307-0695-00 

307-0695-00 
315-0122-00 
315-0362-00 
308-0244-00 
315-0510-00 
315-0820-00 

315-0820-00 
315-0510-00 
315-0272-00 
315-0152-00 
315-0102-00 
315-0103-00 

315-0512-00 
315-0102-00 
315-0474-00 
315-0393-00 
315-0512-00 
315-0562-00 

315-0113-00 
315-0223-00 
315-0182-00 
315-0332-00 
31s0332-00 
315-0102-00 

315-0102-00 
315-0332-00 
315-0133-00 
315-0471-00 
307-0103-00 
315-0471-00 

315-0101-00 
315-0102-00 
315-0512-00 
307-0103-00 
315-0102-00 
321-0242-00 

321-0297-00 
315-0102-00 
315-0132-00 
315-0202-00 
315-0202-00 
315-0100-00 

315-0183-00 
----- _____ 
315-0562-00 
----- ---_- 
321-0105-00 
----- ----- 

321-0213-00 
----- _____ 
315-0152-00 
----- _____ 

RES.,PXD,C"PSN:2.4K OHM,5%,0.25W 
RES.,FXD,CMPSN:510 0"",5%,0.25W 
RES.,NTwK,FXD FI:4,4.7K 0HM,2%,0.2w 
RES.,FxD,cMPSN:5.1R 0HM,5%,0.25W 
RES..FXD.CW'SN:1.5K OHM.5%.0.25W 

01121 CB2425 
01121 CB5115 
01121 2088472 
0,121 CB5125 
01121 CB1525 

KES NTwK;FKo n:9,,50 Oirn,i%,O.ZW EACH 

RES NTWK,FxD n:!3,150 0”“,2%,0.2W EACH 
P.ES.,FXD,CHPSN:,.ZK OH",S%,O.ZSW 
KES.,PxD,CMPBN:3.6K 0m,5%,0.*5W 
RES.,FXD,ww:0.3 0"",10%,2W 
RES..FxD,clmN:51 OHM,5%,0.25W 
RES.,FW,mPSN:82 OHM,5%,0.25W 

RES.,FXD,GHPSN:82 OH",52,0.25W 
RBS.,FW,CHPBN:51 OSH,5%,0.25W 
KES..FXD.CHPSN:*.7K Om4.5%.0.25W 
sES.,FXD,CMPSN:~.SK OHM,5%,0.25W 
KRS.,FKD,CW'SN:1K OHM,5%,0.25W 
RES.,PW,C"PSN:10K Ol!M,5%,0.25W 

RES.,FXD,G"PSN:5.1K 0m,5%,0.*5w 
RES.,FXD,cNPBN:lK om,5%.0.*5w 
RES.,FXD,C"PSN:470K OHH,5%,0.25W 
RES.,FXD,CMPSN:39K OHM,SX,O.Z5W 
RES.,PXD,C"PSN:5.M OHM,5%,0.25W 
RSS.,FXD,CMPSN:5.6K 0m,5%,0.*5w 

KES.,FXD,CMPSN:llK Om4,5%,0.25W 
RES.,FW,CHPSN:22K OHH,5%,0.*5W 
RES.,FXD,CMPSN:1.8K O”M,5%,0.*5W 
BES.,FW,CNPSN:3.3K O"",5%.0.*5W 
RES.,PXD,CHPSN:~.~K 0"",5%,0.25W 
RES.,FXD,G”PSN:1K OHM,5%,0.*5W 

RES,,PXD,CMPSN:lK O"M,5%,0.25W 
F.!AS.,PxD,CMPSN:3.3K OHH,5%,0.25W 
RES.,PXD,CMPSN:13K O"M,S%,O.Z5W 
RBS.,FxD,CHPSN:470 OSM,5%,0.25W 
BRS.,FXD,CMPSN:2.7 OHM,S%,O.Z5W 
RES.,FXD,CHPSN:470 OHM,5%,0.*5W 

RES.,FXD,C"PSN:lOO OS",SX,O.Z5W 
F.ES.,PXD,C"PSN:lK OHM,5%,0.*5W 
RES.,FXD,CMPSN:5.1K OHH,5%,0.*5W 
BSS.,FXD,CMPSN:*.7 O"M,5%,0.25W 
BES.,FXD,CMPSN:IK OSM,5%,0.25W 
SFS.,FXD,FILM:3,24K OH",,X,O.,25W 

RSS.,FXD,FILM:,2.,1( O"",lX,O.,25W 
RBS.,PXD,GMPSN:lR OHM,5%,0.25W 
RES.,FXD,C"PSN:1.3K OHH,5%,0.25W 
BES.,FXD,CHPSN:ZK OHM,5%,0.25W 
RES.,FXD,CMPSN:*K 0"",5X,O.*5W 
RES.,FXD,‘%PBN:10 OHN,5Y,0.*5W 

RSS.,FXD,CMPSN:lSK OSM,5X,O.Z5W 
(STANDARD ONLY) 
RES.,FXD,CMPSN:5,6K OHM,5%,0.*5W 
(STANDARD ONLY) 
RsS.,FXD,FIL”:121 OHEI,I%,O.l*5W 
(OPTION 01 ONLY) 

RES.,FXD,F,LM:l.62K OHH,lX,O.,25W 
(OPTION 01 ONLY) 
RES.,FW,C"PSN:I.SK OHH,5%,0.25W 
(STANDARD ONLY) 

01121 210.4151 

01121 2,0A,51 
01121 CS1225 
0112, Ix.3625 
9,637 RS*B162ER3000K 
01121 CB5105 
01121 CSS205 

0,121 cm205 
0,121 CB5105 
0112, CB2725 
01121 CB1525 
01121 CB1025 
0112, Lx1035 

0112, CBS125 
01121 CB1025 
01121 CB4745 
01121 a3935 
01121 CB5125 
01121 CS5625 

01121 a1135 
01121 CE.2235 
01121 CB1825 
01121 a3325 
01121 CB3325 
0,121 CB1025 

01121 CBlOZ5 
0112, CS.3325 
01121 CB1335 
01121 CF.4715 
01121 CB27G5 
01121 CB4715 

01121 CB1015 
01121 C81025 
01121 CS5125 
0,121 CB2765 
01121 CB1025 
9,637 "FF1816G32400F 

9,637 "FF,S16G,*lO,F 
01121 CB1025 
0,121 CF.1325 
0,121 CS2025 
01121 CB2025 
01121 CB1005 

01121 CB1835 

01121 CB5625 

91637 NFF1816Gl6ZOOF 

01121 CB1525 

REV AUG 1982 



Al*“1502 
A12”1521 
A\12131522 
A12111523 
*32131524 
A12U1531 

Tektronix 
Part No. 

315-0102-00 
_____ -_-_- 

315-0511-00 
315-0102-00 
263-0033-01 
263-on33-nl 

*63-0033-o, 
214-0579-00 
214-0579-00 
214-0579-m 
214-0579-00 
214-0579-00 

214-0579-00 
214-0579-00 
214-0579-00 
214-0579-00 
156-1263-00 
156-0796-00 

*56-*245-00 
156-0796-00 
156-1245-00 
156-1255-O" 
156-0796-00 
156-1255-00 

156-0796-00 
156-0644-00 
156-1200-00 
156-0494-O" 
156-0369-O" 
156-0182-00 

156-1191-00 
156-0796-00 
156-0880-00 
156-0205-00 
156-1263-00 
156-1126-00 

156-1433-O" 
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 
L19-0894-01 
_____ __--- 

158-0129-00 

-_I”_ -____ 

Replaceable Electrical Parts-DC 5009 

Serial/Model No. 
Eff Dscont Name & Description 

RES.,Fm,cMPSN:lK om,5z,o.25w 
(STANDARD ONLY) 
RES.,FXD,CHPSN:SlO ORM,5%,0.*5W 
EES.,Fm,C”PSN:lK oHH,5z,o.25w 
SWITCH PB ASS-f:, “O”ENTARY,7.5MM 
SWITCH PB ASSY:, m”ENTARY,7.5mf 

SWITCH PB ASSY:, HOMENTARY.7.5MM 
TmM,TKST POINT:BRS CD PI. 
TERM,TEST POINT:BRS CD PL 

TERM,TEST POINT:BRS CD PI. 
TERM,TEST POINT:BAS CD PI. 
TERM,TEST POINT!BRS CD PL 
TERM;TEST POINT:BRS CD FL 
“ICROCIRC”IT,LI:“nLTAGE REGULATOR 
MICROCIRC”IT,DI:u STG SHF 6 STORE BUS BGTR 

MICRocIRC"IT,LI:7 XSTR,HYIHIGH CUR 
MICROCIRC"IT,DI:u STG SHF b STORE BUS RGTR 
MICROCIRCUIT,LI:7 XSTR,HV/HIGH CUR 
MICROCIRCnIT,LI:DIA CON"ERTER 
MICROCIRC"IT,DI:u UTG SHF 6 STORE BUS RGTR 
MICROCIRC"IT,LI:D/A CONVERTER 

MICROCIRCnIT,DI:* STG S”F h STORE BUS RGTR 
HICROC*RC”IT,DI:QU*D RILATERAL SWITCH 
MICROCIRC”IT,LI:DPERATIONAL AMPL 
HICROCIRC”IT,DI:“EX INvERTEnlBUFFeR 
HICROCIRC”IT,DI:TRlPLE LINE RECEIVER 
MICSOCISC”IT,DI:TSIPLE 2-3-2 mpm Cm3 

HICROCIRC”IT,LI:D”AL BI-FET OP-Al4PL.U DIP 
M*CROCIRC”IT,DI:* STG S”F b STORE BUS BGTR 
HICROCIRC”IT,DI:D”AL D MASTER SLAVE FP 
MICROCIRc”IT,DI:Q”AD Z-INPUT NOR GATE 
HICROCIRC”IT,LI:YOLTAGE REG”LATOR 
MICROCIRC”IT,LI:“OLT*GE COMPARATOR 

MICRnCIRC”IT,DI:NOlSE SO”RCE 
MICROCIRC"IT,LI:D"AL OPERATION*L .4HPLIFIER 
MICROCIRC”IT,DI:SCL FREQ/PHASE DETECTOR 
“ICROCIRC”IT,OI:TRIPLE 2-3-2 INPUT GATE 
MICROCIRC”IT,DI:PRESCALER/DIYIDE BY 100 
WICROCIRC”IT,LI:“OLTAGE REGULATOR 

HICROCIRC”IT,LI:“OL**TAGE REGULATOR 
(OPTION 01 ONLY) 
MICROCIRC”IT.DI:DECAE CO”NTER,TTL 
HICROCIRC”IT;LI:YOLTAGE REGULATOR 
SEHICONt! DE"ICE:ZENER,0.*5W,6.*V,5X 
SEHICOND DEYICe:ZENER,0.4W,b.8",52 

.sEHICOND DE"ICE:ZeNER,0.4W,3",5X 
SEMICmiD DEVICE:ZENER,0.4W,3Y,5X 
BUS COND"CTOR:DUMMY RES,2.375,*2 AWC 
BUS COND"CTOR:D""MY KEU.2.375.22 AWG 
OSCILLATnR.RF:IOM”Z,18” 
(OPTION 0, ONLY) 

XTAL "NIT,9TZ:lO"HZ,O.O01X,PARALLEL 
(STANDARD ONLY) 

Mfr 
Code Mfr Part Number 

01121 CB1025 

OllZl CB5115 
01121 CB1025 
unon9 263-0033-01 
80009 263-0033-01 

80009 263-0033-01 
80009 214-0579-00 
80009 214-0579-00 
80009 214-0579-00 
80009 214-0579-00 
80009 214-0579-00 

80009 214-0579-00 
80009 214-0579-W 
80009 214-0579-00 
uoon9 214-0579-00 
2,014 LM341P-5.OTB 
80009 156-0796-00 

04713 MC1413PDS 
80009 156-0796-00 
04713 MC1413POS 
04713 DAC-OUHQ 
80009 156-0796-O" 
04713 DAC-OUHQ 

80009 156-0796-00 
80009 156-0644-00 
01295 TL074CN 
80009 156-0494-00 
80009 ‘56-0369-on 
80009 156-0182-00 

01295 TL072ACP 
80009 156-0796-00 
80009 156-0880-00 
04713 "C10102 (P OR I.1 
2,014 L."341P-5.OTB 
51984 “PC311C 

27014 HM5831N 
18324 HC1458N 
80009 156-0124-00 
80009 156-n1**-nn 
80009 156-1248-00 
04713 HC1723CL 

BOO09 156-0079-00 
27014 LH340F12 
04713 szG2001* 
04713 SZG35014K3 

04713 SZG35009K20 
55210 L-*007-I 
55210 L-2007-1 
80009 ‘19-0894-0, 

33096 PB1109 

7-11 



I Replaceable Electrical Parts-DC 5009 

Tektronix Serial/Model No, Mfr 
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Numbs 
A14 670-6797-00 
Al4ClOOl 281-0775-00 
A14C1002 281-0775-00 
A14C1110 281-0775-00 
A14ClZOl 281-0.775-00 
A14C1202 281-0775-00 

A14Cl210 281-0775-00 
A14C1301 281-0775-00 
A14C1302 281-0811-00 
Al4Cl310 281-0775-00 
A14Cl311 281-0775-00 
A1491101 151-0190-00 

A14RlL01 
A14Sl210 
A14R1301 

315-0103-00 
307-0597-00 
315-0303-00 
260-1589-00 
156-1414-00 
156-1415-00 

A14S1210 
A14UlOOl 
A14U1002 

BES.,mD,cMPeN:1oK om,5%,O.2sw 
RRS NT!dK,PxD,FI:7,6.*K OHM,*%,l.ow 
RES.,PxD,C”PSN:30R oHM,sx,o.25w 
SWITCH,PUSH:(6)SPST,O.lA,5V 
MICROCiRCUIT,DI:OCT.iL GPiB XCW DATA BUS 
“ICRCCIRC”IT,DI:OCTAL GPIB XCVR MTG B”S 

A14”1101 156-1444-00 
A14”1102 160-1091-00 
Al4Ul201 160-1092-00 
A14”1ZlO 156-1484-00 
Al4Ul301 156-1425-00 
A14U1310 156-0649-00 

MICRWIRC”IT,DI:GPIB ADAPTER 
MICRCCIRC”IT,OI:4096 X 8 HROM,,PRGM 
MICRC”XRCUIT,DI:4096 X 8 MROM,PRGM 
HICRcmRCUIT,DI:256 x 8 SCRM 
MICROCIRCUIT,DI:nICROPOuCESSOR,s SIT 
MICrlOCIRC”IT,DI:3 STATE HEX. NON INVT BFR 

Al4”1311 156-0569-00 “ICRocIRC”IT,DI:BCD COUNTER 
A14111312 156-0382-00 MICROCIF.CUIT,DI:QUAD 2-INPUT NAND GATE 
A14U1313 156-0382-00 MICRCCIRC”IT,DI:QUAD ‘&INPUT NAND GATE 

CKT BOARD ASSY:GPIS 
CAP..FXD.CBR DI:O.lUP.20%.5OV 
CAP.;FW;CEB DI:O.lUF;20%;50V 
CAP.,FW,CER DI:O.l”F,20!‘50” 
CAP.,FXD,CER DL:0.1UF,20%,50V 
CAP.,FXD,CER DI:O.l”F,20%,50” 

CAP..FXD.CEP DI:O.lUF.20%.50V , , 
CAP.,FXD,CER DI:O.lUF,20%,50V 
CAP.,FxD,CER D1:10PP,10%,100v 
CAP.,Fxrl,CER !J1:0.1UF*20%,50V 
CAP.,PxD.CER D1:0.1uP.20%,50v 

80009 670-6797-00 
04222 SA205El04MAA 
04222 SAZ05E104MAA 
04222 SAZOSE104MAA 
04222 SA205El04MAA 
04222 SA205E104”AA 

04121 SA205El04MAA 
04222 SA205El04HAA 
72982 8035DzAADc101 
04222 SAZ05E104HAA 
04222 SA205E104MAA 
07263 SO32677 

01121 CB1035 
01121 20SA682 
01121 CB3035 
00779 435166-4 
01295 SN75160 
01295 SN75161 

01295 TMS9914 (N OR 
55576 SYP2333 
55576 SYF2333 
OOOID 3539x 
55576 SYP6502 
80009 156-0649-00 

27014 DM74LSl90 
01295 SN74LSOO(W OR 
01295 SN74LSOO(N OR 



Replaceable Electrical Parts--DC 

Tektronix Serial/Modal No. Mfr 
Part No. Eff Dscorlt Name & Description Code Mfr Part Number 

670-6855-00 
281-0773-00 
281-0775-00 
281-0775-00 
281-0775-00 
281-0775-00 

281-0775-00 
281-0757-00 
281-0775-00 
281-0775-00 
2*L-o775-on 
281-0773-00 

290-0535-00 
281-0775-00 
281-0775-00 
281-0775-00 
281-0775-00 
290-0755-00 

290-0755-00 
281-0775-00 
28,~0775-00 
281-0715-00 
28,~0775-00 
281-0775-00 

152-0141-02 
152-0141-02 
152-0141-02 
131-1934-00 

131-1934-00 
131-1857-00 
131-1857-00 
131-1857-00 
131-1857-00 
131-1857-00 

108-0422-00 
151-0342-00 
,5,-0341-00 
151-0462-00 
151-0188-00 
151-0220-00 

151-0220-00 
151~0220-on 
151-0220-00 

CRT BOARD ASSY:OlGITAL 
CAP.,FXD,CER DI:0.01UF,10%,IOOV 
CAP.,FxD,CER DI:o.l"P.20%,50" 
CAP.,FXD,CER OI:O.lUF,20%,5OV 
CAP.,FxD,CER DI:0.1UF,20%,50V 
CAP.,FXD,CER DI:o.,"F,20%,50" 

CAP.,FXD,CER DI:O.lUF,20%,50V 
CAP.,FxD,CER DI:10PF,20%,100" 
CAP..FxTJ.CER DI:0.1"*.20%.50" 
CAP,,FXD,CER DI:O.lUF,20%,50V 
CAP.,PxD,CER nI:O.1"F,ZO%,*OY 
CAP.,FxD,CER DI:0.01"F,10%,100Y 

CAP.,FXD,ELCTLT:33UF,20%,10” 
CAP..Fxo.CER D1:0.1”F.20%.50” , , 
CAP.,FXD,CER DI:O.lUF,20%,50V 
CAP.,PXD,CER DI:O.,"F,*OX,~OV 
CAP.,FxD,CER DI:0.1"F,20%,50" 
CAP.,FXD,ELCTLT:lOOUF,+50-lO%,lOV 

CAP.,FXir,ELCTLT:100”F,+50-10%,10” 
CAP.,PXO,CER D1:0.10F,20%,50” 
CAP.,PW,CER nI:0.1”F,*0%,50” 
CAP.,FW,CER DI:o.,"F,20%,50" 
CAP.,FxD,CER DI:O.IUF,Za%,50" 
CAP.,FxD,CER oI:o.,"F,2O%,5o" 

CAP.,PxD,CER DI:O.,"F,20%,50" 
CAP.,FxD,CER DI:o.,"P,20%,50" 
SEHICOND DE"ICE:SILICON,30".150MA 
SEMICOND DE"ICE:GERMANIUM,,S",40MA 
SEMICOND DE"ICE!SILICOA,30",150NA 
SEMICOND DE"ICE:eILICON,30",150MA 

SEMICORD DEYICE:SILICON,30”,150MA 
SEMICOND DE”ICE:SIL*CON.30”.150MA 
SEMICOND DEVICE:SILICON;30V;150MA 
SEMICOND DE”ICE:SILICOhl,30”,150MA 
SEMICOND OE”lCe:SILICON,30Y,lSOMA 
SE”ICOND DEYIC~:SILICON.30”,150MA 

TERM. em.Fai:1 x 36.0.1 CTR.0.9 L 
TERM. SET;PIN:36/0.0iS SQ PI&ON 0.1 CTRS 
TERM. SET,PIN:36/0.025 sg PIN,ON 0.1 CTRS 
TERM. SET,PIN:36/0.0*5 sg PIN,OH 0.1 CTRS 
TERM. SET,PIN:36/0.025 SQ PIN,ON 0.1 CTRS 
TERM. SET,PIN:36/0.025 SQ PIN,OM 0.1 CTRS 

COII.,RP:FIxED.S2U" 
TRANSISTOR:SILICON,PNP 
TRANSISTOR:SILICOW,NPN 
TRANSISTOR:SILICON,PNP 
TRANSISTOR:SI!.ICON.PWP 
TRAWSISTOR:SILICON,PNP 

TRANSISTOR:SILICON,PRP 
TRANSISTOR:SILICON,PWP 
TRANSISTOR:SILICON,PRP 

A16C142, 

A16CR1432 
A16CR1433 
AlbCR150, 
A,6CR,>"* 
Al6CR1503 
A16m152, 

AlbCR1522 
A16CR1523 
A16CR1524 
A16CF.153, 
A16CR1532 

80009 67O-6855-00 
04222 GC70--1C103K 
04222 SA205ElO4MAA 
04222 SA205LZ104MAA 
04222 SA205E104MAA 
04222 SA205ElO4MAA 

04222 SA205E104"AA 
72982 8035-D-COG-100c 
04222 SA*05E,O4MAA 
04222 SA205E104MkA 
04222 SA205E104KAA 
04222 axI-lC103K 

56289 ,96D336XOO1OKA, 
04222 SA205E104MAA 
04222 SA205E104MAA 
04222 SA20%,04MAA 
04222 SA205E104w.A 
56289 502D223 

56289 5020223 
04222 SA205E104xA.4 
04222 SA205E104MAA 
04222 SA*O5E,04HAA 
04222 SA205E104MAA 
04222 SA205E104KA.4 

04222 SA205EIOWAA 
04222 SA205ElO4MA.4 
0,295 IN4152R 
15238 G865 
01295 IN4152R 
0,295 IW152R 

0,295 1N4152R 
01295 ,N4152R 
0,295 ,N4,52R 
01295 ,N4,52R 
0,295 lN4152K 
01295 lN4152R 

0,295 ,N4,52R 
"1295 IM4152R 
01295 lN4152H 
01295 lR4152R 
0,295 ,N4,52R 
22526 65539-001 

22526 65539-00, 
22526 65500136 
22526 65500136 
22526 65500136 
22526 65500136 
22526 65500136 

80009 1OS-0422-00 
0,263 SO35928 
07263 SO40065 
04713 TIP30C 
04713 SPS686SK 
0,263 SO36228 

07263 SO36228 
07263 SO36228 
0,263 SO36228 



Component No. Part No. Eff Dscont Name & Description Code Mfr Part Number 

AlbQ1301 151-0190-00 
AlbQ1421 151-0223-00 
Al641431 151-0302-00 
Al691432 151-0302-00 
A16R1001 315-0681-00 
A1bR1002 315-0361-00 

07263 SO32677 

A16Rl003 
A16RlOll 
A16R1012 
A16R1013 
A16R1101 
Al6R1102 

Al6Rllll 
~16Rlll2 
A16R.1201 
A16R1202 
A16R1203 
A16Rl211 

315-0511-00 
315-0751-00 
307-0108-00 
315-0201-00 
307-0540-00 
315-0511-00 

315-0512-00 
307-0540-00 
x5-0512-00 
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 

TRANSISTOR:SILICON,NPN 04713 SPSSO26 
TRANSISTOR:SILICON,NPN 07263 SO38487 
TRANSISTOR:SILICON,NPN 07263 SO38487 
RES.,PW,CMPSN:b80 OHH,5%,0.25W 01121 CR6815 
RES.,FXD,CMPSN:360 OHMJ%,O.ZSW 01121 CB3615 

RES.,FXD,CMPSN:IIO OHM.5%,0.25W 01121 CEIll5 
RES.,FXD,CMPSN:750 OHM,54,0.25W 01121 CR7515 
RES.,Pm,CMPSN:b.S OHM,5%,0.25W 01121 CBbSG5 
RES.,FXD,CHPSN:200 OHM,5%,0.25W 01121 cE.2015 
RSS,NTWK,FXD,FI:(5) 1R OHH,10%,0.7W 01121 206Al02 
RES.,Pxo,CMPSN:510 oRM,5Y.,o.25w 01121 a5115 

NES.,PXO.CMPSN:5.1K OS".5%,0.25W 01121 
RES,NTw,FxD,FI:(5) 1K 0aM,10%,0.7w 01121 
RES.,Fxo,CMPSN:5.,K 0SM,5z,0.25w 01121 
RES.,PXD,CHPSN:5.lK 0"",5%,0.25W 01121 
RBS,,FXD,CMPSN:30K OHH,5%,0.25W 01121 
RES.,FXD,CMPSN:')l OHN,5%,0.25W OllZl 

A16Rl212 
AlbR1213 
A16R1214 
A16Rl215 
A16R1221 
Al6R1222 

R~S..PXO.C"PSN:~I OHH,5%,0.25W 
F..SS.,PXO,C"PSN:22 OHM,5%,0.25W 
RES.,PXD,CMPSN:22 OxM,5%,0.25W 
RES.,FXO,CHPSN:5.1K OHM,5%,0.25W 
RKS.,FXD,CMPSN:S.lK OHM,5%,0.25W 
RRS.,FXD,CMPSN:5.lK OHM,5%,0.25W 

01121 
01121 
01121 
01121 
01121 
01121 

A1bR1223 315-0512-00 RES.,PM),C"PSN:~.~K OHM,5%,0.25W 01121 
A16R1224 315-0151-00 RES..PXD,CMPSN:~~O 0"&5%,0.25W 01121 
Al6Rl225 315-0151-00 RES.,PXD,CNFSN:I~O OHM,5%,0.25W 01121 
Al6Rl226 315-0104-00 RES.,PKD,C"PSN:lOOK OHM,5%,0.25W 01121 
AlbR1227 315-0393-00 FES.,FXD,CMPSN:39K OHM,5%,0.25!+' 01121 
Al6Rl230 315-0272-00 RES.,PXD,C"PSN:2.7K 0"",5%,0.25W 01121 

A16R1231 315-0151-00 RES.,PW,CMPSN:150 OHM,5%,0.25W 01121 
A16Rl232 315-0151-00 RRS.,PXO,CHPSN:~~O OB",5%,0.2SW 01121 
Al6Rl233 315-0103-00 RES.,PW,CHPSN:IOK OHM,5%,0.25W 01121 
Al6R1234 315-0105-00 RES.,FXO,C"PSN:lM OHM,5%,0.25W 01121 
Al6Rl235 315-0102-00 RRS.,FXD,CMPSN:lK OSM,5%,0.25W 01121 
AlbR1236 321-0311-00 RES.,PxD,FILH:16.9K O"M,1X,O.125W 91637 

A16R1237 
61681238 
Al6R1239 
AlbRl301 
Al6R1302 
A16R1303 

321-0318-00 
321-0318-00 
321-0318-00 
315-0101-00 
315-0512-00 
315-0512-00 

RES.,FXD,FILM:ZOK 0HM,1%,0.125W 91637 MFFlSl6G2000lF 
RES.,wD,FIL":2OK 0HM,1.%,0.125w 91637 ~~Fl8lbC20001F 
FaS.,FxD,FILH:20K 0mi,11,0.125w 91637 MFF1816G20001F 
F.ES.,FXD.CMPSN:~OO OHM,5%,0.25W 01121 CB1015 
RRS.,FXD,CMPSN:5.1K OwM,5%,0.25W 01121 CB5125 
RES.,FXD,C"PSN:5.lK O"M,5%.0.25W 01121 Cr.5125 

A16Rl304 315-0512-00 RKS.,FXD,CMPSR:5.1K OHM,5%,0.25W 
AlbR1305 315-0104-00 KES.,FW,CHPSN:lOOK OHM,5%,0.25W 
AlfiR 315-0302-00 BES.,FXD,CHPSN:X OHM,5%,0.25W 
A16Rl321 315-0104-00 KES.,FXD,CHPSN:lOOK O"M,5%,0.25W 
AlbR1322 315-0103-00 RES.,FXO,CMPSN:lOK OHM,5%,0.25W 
AlbRl323 315-0302-00 RES.,FXD,C"PSN:3K 0m,5%,0.25w 

A16R1331 315-0302-00 RES.,FXD,CMPSN:3K OHM,5%,0.25W 
A16R1402 315-0150-00 RES.,FXD,CMPSN:15 OxM,5%,0.25W 
Al6Rl403 315-0150-00 RES.,PXD,CMPSN:15 Om4,5%,0.25U 
Al6R1404 3L5-0150-00 RZS.,FXD,CMPSN:l5 OSM.5%,0.25W 
Al6R1405 315-0150-00 RRS.,FXD,C"PSN:15 0"",5%,0.25W 
A16R1411 315-0150-00 RES.,FXD,CMPSN:15 OHM,5%,0.25W 

A1681412 315-0150-00 RES.,FXD,CMPSN:15 OIIM,5%,0.25W 
AlbR1413 315-0150-00 RES.,PXD,CHPSN:II OHM,5%,0.25W 
Al6R1421 315-05‘2-00 KES.,FXD,C"PSN:5.lK OeM,5%,0.25W 

01121 
01121 
01121 
01121 
01121 
01121 

01121 
01121 
01121 
01121 
01121 
01121 

01121 
01121 
01121 

CB5125 
206A102 
CB5125 
CB5125 
cu3035 
CB9105 

cm105 
CB2205 
CR2205 
CR5125 
CB5125 
CB5125 

CB5125 
CBl515 
CE1515 
CBlO45 
CB3935 

CB1515 
CBI515 
cm035 
CR1055 
CR1025 
"FFl816G16901F 

II 

CR5125 
CB1045 
CB3025 
CR1045 
CB1035 
CB3025 

CR3025 
CBi505 
CB1505 
CBl505 I 
cc.1505 
WI505 

CB1505 
CR1505 II 
CR5125 

6 

II 
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Component No. 

Replaceable Electrical Parts-DC 5009 

Tektronix Serial/Model No. Mfr 
Part No. Eff Dscont Name & Description Code Mfr Part Number 

b.16~1431 
AlbR1432 
A16R1433 

AlbS1523 
A1651524 
A1651531 

A16S1532 
Albs1533 
A1651534 
AlbTP1301 
A16TP1302 
A16~1310 

Al6"1"02 
A16"IOLI 
A16"10,2 
.416"1101 

A16"llll 
A16"1112 
A16U1113 
A16"1201 
A16"1202 
A16"12‘1 

A16U1312 
A16"132, 
.416"1322 
A1601331 

A16"1333 
A16U1411 
A16"1412 

A16"1432 
A16YR1301 

REV AUG 1982 

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 

263-0010-01 
263-0010-01 
263-0010-01 
214-0579-00 
2‘4-0579-00 
214-0579-00 

156-0576-01 
156-0576-01 
156-0545-01 
156-0576-01 
156-0576-0, 
156-0576-01 

RES.,FW,mPSN:47 OlM5%,0.25W 
RES.,FXD,cMPSN:E 0RM,5%,0.25w 
RRS. PW CMPSN:2.4K OHH 5% 0.2%' I 8 , 3 
RES.,FXrJ,CwSN:2.4K cm,5x,o.25w 
las. FM) CMPeN:5.1K oHM,5%,o.*sw I I 
RES.,FxD,CMPSN:1OK OHM,5X,O.251 

01121 CB4705 
01121 081505 
01121 cez425 
01121 CB2425 
OlIZl cl%5125 
01121 lx1035 

RES.,FXD,cMPSN:lOOK oRM,5%,o.*Jw 
RES..FW.CMPSN 5 1K OliM.S% 0 2;w : . . . 
RES.;PW;CHPSN:lOOK 0&5%;0.25w 
RES..FxD,CMPSN:lOoK 0m,5z.0.24w 
RES.,FXD,cMPSN:lOOK om,51,0.25w 
SW LEVER ASSY:F"NCTION SELECTOR 

SW LEVER ASSY:F”NCTION SELECTOR 
SWITCH PB ASSY:, P”SH.7.5 MM., CONTACT 
SWITCH PB AmY:, PUSH,,.5 MM,, CONTACT 
SWITCH PB ASSY:, P”SH,7.5 KM.1 CONTACT 
SWITCH PB *SST:, PUSH.7.5 MM.1 CONT.4CT 
SWITCH PB ASSY:1 Pusx;7.5 MM;, CONTACT 

SWITCH PB .4s?x:1 P”SH,7.5 MM,1 CONTACT 
SWITCH PB ASSY:, PUSH,,.5 MM,, CONTACT 
SWITCH PB ASSY:I P”SH,7.5 MM,1 CONTACT 

01121 081045 
01121 CB5125 
01121 cE.1045 
0,121 C81045 
01121 CF.1045 
80009 263-0081-00 

80009 263-0082-00 
80009 263-0010-01 
80009 263-0010-01 
80009 263-0010-01 
80009 263-0010-01 
80009 263-0010-01 

80009 263-0010-01 
80009 263-0010-01 
BOO09 263-0010-01 
80009 214-0579-00 
80009 214-0579-00 
80009 214-0579-00 

80009 156-0576-01 
80009 156-0576-01 
04713 MC14040BCLD 
80009 156-0576-01 
80009 156-0576-01 
80009 1560576-01 

156-0579-02 MICROCIRC"IT.DI:D"AL 4 BIT BIN CO"NTER,SEL 80009 156-0579-02 
156-1172-01 
156-0388-02 
156-0331-03 
156-0385-01 
156-0230-0, 

156-0880-02 
156-1225-01 
160-1076-01 
156-0494-00 
156-0649-00 
156-0469-00 

156-1530-00 
1X-0469-00 
156-1190-00 
156-1407-00 
156-0795-00 
156-0391-00 

156-0799-00 
152-0195-00 

MICRCCIRCUIT;DI:4096 X 8 EPROM,i'RGM 
WICRocIRC"IT,Ln:HEX 1NvERTER/B0PFER 
M*CROCIRC"IT,DI:3 STATE HEX. NON INVT BFR 
"ICROCIRC"IT,DI:3-LINE TO B-LINE DECODER 

MICROCIRC”IT.DI:RAM AND II0 CNTR.PROTO 
MICROCIRCUIT;DI:3-LINE TO~8-LINE’DECODER 
HICROCIRCUIT,DI:7 XSTR,CA3082 
HICROCIRC”IT,DI:MOS-TO-LED e-DIGIT DRIVER 
HICROCIRC”IT,DI:BCD ,-SEC LCHDCDRIDRVR 
HICROCIRC”IT,DI:HEX LATCH WIT” CLEAR 

MICROCIRC”IT,DI:DECADE CNTR/DTY 
SEMICOND DEYICE:ZENFR.0.4W,5.1V,5% 

01295 SA74LS393 
80009 156-0388-02 
80009 ‘56-0331-03 
80009 156-0385-01 
80009 156-0230-01 

04113 SC22689P231 
2,014 LH393NIAT 
80009 160-1076-01 
80009 156-0494-00 
80009 156-0649-00 
01295 SN74LS13SN 

34576 R6531PO98 
01295 SN74LS13SN 
80009 156-1190-00 
80009 156-1407-00 
04713 HC14511BCL 
04713 74LS174(N OR J) 

80009 156-0799-00 
04713 5211755 

7-15 



Replaceable Electrical Parts-DC 5009 

Tektronix Serial/Model No. Mfr 
Component No. Part No. Eff Dscont Name & Description Code Mfr Part Numbe 

J500 131-0955-00 
J510 131-0955-00 
5520 136-0387-00 
3530 136-0387-00 
5540 136-0387-00 
.I550 136-0387-00 

5560 136-0387-00 
5570 136-0387-00 
5580 136-0387-00 

R500 311-2105-00 
---__ _____ 

R510 311-2095-00 

8500 _-___ _____ 

KKS.,“AR,NONW:PNL,lOK OHM,lO%,O.5W 
(FURNISHED AS A “NIT WIT” SSOO) 
KKS.,“AR,NONWIR:PNL,IOK O”“,lO% 

(FURNISHED AS A “NIT WIT” 8500) 

13511 
13511 
71279 
71279 
71279 
71279 

71279 
71279 
71279 

12697 

12697 

31-279 
31-279 
450-4352-01-w 
450-4352-01-O: 
450-4352-01-O: 
450-4352-01-O: 

450-4352-01-o: 
450-4352-01-O: 
450-4352-01-o: 

Cl441776 

SSRIES 388 



Section B--DC 5009 

DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS 
Symbols 

Graphic symbols and class designation letters are Y14.15, 1966 Drafting Practices. 
based on ANSI Standard YR3 3-1975 Y14.2, 1973 Line Conventions and Letterina. 

Logic symbology is based on ANSI Y32.14-1973 in 
Y10.5, 1968 Letter Symbols for Quantities Used 

terms of positive logic. Logic symbols depict the logic Electrical Science and Electrical 

function performed and may differ from the manufac- 
Engineering. 

turer’s data. American National Standard Institute 
1430 Broadway 

The overline on a signal name indicates that the signal New York, New York 10016 

performs its intended function when it is in the low state. Component Values 

Abbreviations are based on ANSI Yl.l-1972. 

Electrical components shown on the diagrams are 
the following units unless noted otherwise: 

Capacitors = Valuesoneorgreaterarein oicofarads(oF). 

Other ANSI standards that are used in the preparation 
of diagrams by Tektronix, Inc. are: 

Values less than one are in mi&ofara& 
W). 

Resistors = Ohms (0). 

The information and special symbols below may appear in this manual.- 

Assembly Numbers and Grid Coordinates 
The schematic diagram and circuit board component 

Each assembly in the instrument is assigned an location illustration h&e grids. A lookup table with the 
assembly number (e.g., AZO). The assembly number grid coordinates is provided for ease of locating the 
appears on the circuit board outline on thediagram, inthe component.Onlythecomponentsillustratedonthefacing 
title for the circuit board component location illustration, diagram are listed in the lookup table. When more than 
and in the lookup table for the schematic diagram and 
corresponding component locator illustration. The 
Replaceable Electrical Parts list isarranged byassemblies 
in numerical sequence; the components are listed by 
component number *(see following illustration for 
constructing a component number). 

oneschematicdiagramisusedtoillustratethecircuitryon 
a circuit board, the circuit board illustration may only 
appear opposite the first diagram on which it was 
lustrated; the lookup table will list thediagram numberof 
other diagrams that the circuitry of the circuit board 
appears on. 



AuJUSTMENT 

R1102 
CH A Dac Gain 

RI21 1 RI301 R1323 RI317 Cl602 
CH 6 Dac Gain +3.2 V Adi CH E OFS CH A OFS Osc Adi 

01 i22 
‘C” A Probe Comp 

& Input cap. 

LX-142 
‘CH S Probe Comp 

& Input Cap. 

Tpi34i 
+3.2 V 

TP1631 
-,2v 

“Periarmance check locations 

Fig. 8-l. Analog Board (A12). 

NOTE: OPTION 1 0% ADJ Y1531 
located on reverse side of board. 



NT LOCATIONS AND SETUPS 

i 

-Attenuator i 
I 

L -I (34uB&PS) 3888.18 -~--------__--_ 

Fig. 8-3. Adjustment setup for steps 7 and 8. 



Check Power On 

processor Clock 

Clock uia2ie,c 

r-l Check 
KERNEL 

SIGNATURES 

Error 
Code 

Action 

313 Serial I/O Error-See INTERNAL SIGNATURE ANALYSIS 
Fig. E-5 (DIGITAL) and Fig, &6. (ANALOG) 

340 RAM Error--Suspect U133.2 Or Connections 

341 RAM Error-SuspsCt U1210 7 0 
361 ROM Placement Error-Suspect Ul312 @ 

361 ROM Checksum Error-Suspect U1312 
0 

320.326 CH A Counter Integrity Error-See Table 8-2 and Counter 
Integrity Test Description 

330.336 CH B Counter Integrity Error-See Table 62 and Counter 
Integrity Test Description 

374 ROM Placement Error-Suspect U1102 
0 

375 ROM Placement Error-Suspect U1201 

394 ROM Checksum Error-Suspect U1102 
8 

11 

395 ROM Checksum Error-Suspect U1201 
0 

13464-2613888-l 7.4 
hg. 84. general trouhleshooling llow chart. 



Table 8-l 
GENERAL PROBLEMS 

PROBLEM 

Measurements are stable but not accurate. 

Does not trigger properly (may be indicated by 
incorrect shaped outputs). 

Input conditioning does not function properly. 

Display does not function properly 

Auto Trigger does not function properly. 

Measurements with low frequency input signal 
are not stable. 

Gate light always on. No measurement com- 
pleted. 

SUSPECT CIRCUITRY 

REV OCT ,981 

Time base oscillator (+ 18 V supply for Opt. 1). 
buffer-Ql612. divider-U161 1. or Phase Locked Loop 
Components. 6 0 

Display Circuitry , see INTERNAL SIGNATURE 

ANALYSIS Fig. 8-5 (DIGITAL). 

+3.2 V supply @ ; D/A converters-U1201. 

vi211 5 ; 

8 

Serial.to-Parallel shift registers-U1 202, 
U1212 5 : Input 

switch-U1311 @ 



Table a-2 
COUNTER INTEGRITY ERRORS 

ERROR CODE SUSPECT CIRCUITRY 

1. Check that Input signal is Level range. or no input. 

320 

1. SuspectUlPllA 
321 2. suspect u1102 

1. Suspect Level Shifter Qi 211 
322 2. Suspect U1201 A 

3. suspect UliO2 

323 
1. Suspect U1113A 
2. suspect u1102 

1. Suspect Ul 112A 
324 2. suspect u1102 

3. Suspect vi 101 

325 
1. SuSpeCtUllllA 
2. suspect UllOl 

326 1. Suspect ‘J1332 @ 

1. Check CH B DAC 

330 

331 
1. SuspectU1211B 
2. suspect u1103 

1. Suspect Level Shifter 01212 
332 2. suspect U12OlB 

3. suspect u1103 

333 2. suspect u1103 

334 2. suspect u1103 

335 2. suspect UlOll 

336 
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Fig. 8.5. Internal signature analysis “A” 
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gnsture analysis “A” (Digital board). 
t5 V Signature = 214W 13464.271388 



SETUP CONDITIONS 
Internal Signatures (Digital Board) 

SA CLOCK 1 TP 1302 ($2 on digital board) 
SA START --2_ 
SA STOP 1 

TP 1301 (STRTETP cm digital board) 

GROUND TP 1310 (digital board) 

NOTE 
A// front panel switches in out position. 
FUNCTION switch set to FREQUENCY A. 
AVERAGES switch set ta AUTO. 



SETUP CONDITIONS 
Internal Signatures (Digital Board) 

SA CLOCK 1 TP 1302 (42 on digital board) 
SA START -L 
SASTOP J- > 

TP 1301 (STRT/STP on digital board) 

GROUND TP 1310 (digital board) 

NOTE 
A// front panel switches in out position. 
FUNCTION switch set to FREQUENCY A. 
AVERAGES switch set to AUTO. 



u1002 “1101 

r 4i-i i.1 I 

. . . . 
Ii--- 
“IO,, 
LTr, 

“1012 . . . . . . . . 
1: :; 1: :I 

I . . . . . 
1 . . . . ; 

Fig. 8-B. Internal signature analysis “B” 
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f5 v signature = 214u (3464.21 

al signature analysis “8” (Digital board). 
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meeeeee 

ignnture analysts (Analog board). 

(3464-291368649 
+5 ” 6lgnature = 214u 

REV JUL 1982 



DC 5009 

SA CLOCK -L 
SA START 
SASTOP 1 
GROUND 

Internal Signatures (Analog Board) 

TP 1302 ($2 on digital board) 

> 
TP 1301 (STRT/STP on digital board) 

TP 1310 (digital board) 

SETUP CONDITIONS 

NOTE 
All front panel switches in out position. 
FUNCTION switch set to FREQUENCY A. 
AVERAGES switch set to AUTO. 



SETUP CONDITIONS 
Kernel Test Signatures (Digital Board) 

SA CLOCK 7, (42 on digital board) 
sA START 1 (START/STOP test point 
SA STOP _p on kernel fest board) 
GROUND TP 1310 (digital board) 

NOTE 
A// front panel switches in out position. 
FUNCTlON switch set to FREQUENCY A. 
AVERAGES switch set to AUTO, 



“loll “1012 
* . . . a **. . .*. . . . . 11 * . . . . l . . 

. . . l 

. EMA. . . 

Ullli 
* . ,,I 112 
. *. * 
. . . . 
. . . . 
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. . . . 

. . . . 

. . . . 
e .e . 

“1113 
. . 
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I-- 
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. */ 

l * 

* . 

L- e * 

Fig. 8-8. Kernel signature analysis 

REV OCT 1991 



l5i~natuuy@ analysis (DigItal board). 

+5 V Signature = 75511 13464-3313888-50 



Fig. 8-9. Kernel signature analysis (GPIB board). 

+5 V Signature = 755U 
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i” 

10 

i” 
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H) 

+5 V Signature = 75511 me-22 

Fig. 8-9. Kernel signature analysis (GPIB board). 



SETUP CONDITIONS 
Kernel Test Signatures (Digital Board) 

SA CLOCK 1 TP1302 digital board 
SA START --r TPlOOO kernel test board 
SA STOP 1 TP’I 000 kernel test board 
GROUND TP1310 (digital board) 

NOTE 
A// front panel switches in out position. 
FUNCTION switch set to FREQUENCY A. 
AVERAGES switch set to AUTO. 
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ASSY Al2 
1. 8-10. Analog board (A12). 

++ Delete tar Option 01. 

t Add lor OptiOn 01. 

* Component located on back of board. 

REV JUL 1982 



Table 8-3 
COMPONENT REFERENCE CHART 

(see Fig. 8-10) - 

PI0 Al2 ASSY CHANNEL A AMPLIFIERS AND RELAY CONTROL @ 

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl021 
Cl022 
Cl023 
Cl031 
Cl101 
Cl104 
Cl,,1 
Cl121 
Cl122 
Cl123 
Cl131 
Cl 132 
Cl221 
Cl222 
Cl223 
Cl231 
Cl232 
Cl321 
Cl334 
Cl342 
Cl343 

%it”oi 

CR1121 

G:: 
CR1124 
CR1211 
CR1224 

JlOlO 
J1031 
J1331 
J1521 

K1031 

%i 
K1621 

L1331 
L1333 

P1031 

KE 
P1625 

QllOl 
:z 

Di u1101 
Q1102 02 Fi 
a1 103 
a1121 !iY El; 

K M7 
g 

i-G:;: 
J6 

Fi 
VR1321 L7 G4 

L5 
a1222 

;; :; 
WI220 L4 F3 

a1223 
G,224 

::z 
L5 E3” 

J500 
PSOO i?G 

y;;! 

M5 u500 Chassis 
Ql227 ;: w500 z; Chassis 
01228 ras 

P,OA12ASSY~,~~.nr~~on @@@@@@@ 
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Fig. 8-l 1. Digital board (Alb). 
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Table 8-4 
COMPONENT REFERENCE CHART 

(see Fig. 8-10) 
P/O A12 ASSY ChANNEL 8 AMPLIFIERS AND RELAY CONTROL @ 

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl041 
Cl042 
Cl043 
Cl133 
Cl141 
Cl142 
Cl143 
Cl144 

iz: 
Cl242 
Cl243 
Cl245 
Cl341 
Cl345 
Cl347 

CR1 131 
CR1132 
CR1141 

2x: 

J1041 
J1522 

K1041 
K1042 
K1043 
K1622 

PI041 
P1522 
P1625 

a1141 
61142 
II1233 
01234 

::z 

::::: 

%“,! 

RI041 
RI042 
RI043 
RI045 
R1137 
RI139 
RI140 
RI141 
R1142 
RI143 
RI144 
I31145 
RI146 

21:: 
RI149 
RI237 
R1238 
R1239 
R1239 
RI240 
RI241 
R1242 
R1243 
R1244 
R1245 
RI246 
RI247 
RI248 
R1249 
R1341 
RI342 
R1343 
R1344 
R1345 
R1346 
R1347 
RI348 
RI349 
R1526 

“1111 
“1112 
u1331 

01246 :i E VR1341 L7 06 
91247 
Ci24a i!i: Fi WI230 L4 F5 

RI039 
RI040 E 51: 

JSIO 
w510 $7” %zIi 

P/O Al2 ASSY also shown on Q@@@@@@ 
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Fig. 8-12. Display board (Ala). 



Table 8-5 
COMPONENT REFERENCE CHART 

(see Fig. 8-10) - 
PI0 Al2 ASSY GATING, ARMING AND SYNCHRONIZERS 0 3 

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl411 I3 01423 14 
Cl421 ii 14 01433 ilL 
Cl441 
Cl442 :: 11”6 

01441 1: 
01442 E: I5 

CR1401 
CR1411 Ii: :: 

R13.35 
R1401 :: J”1” 

CR1412 El J2 RI402 J2 
R1403 

J1310 
E”4 iti 

R1404 :: 
2 

J1341 R1411 :2’ 
J1402 
J1403 E I; 

R1412 Ei 
RI413 D2 ii 

J1410 
J1410 t: J”: 

R1414 
R1415 ii: :‘2 

J1410 
J1420 kit 

Jl R1416 

E 
RI421 I2 

J2 

J1421 
J144l !2 

R1423 F6 lit 
R1425 

J1442 
E3 

F R1431 :; :4 
J1443 
J1501 82 :” 

R1432 J5 
R1433 

2: 
Ii 

J1622 
E r$ 

R1441 
J1523 RI442 z: 

RI443 2 II6 
P1341 c4 HS R1444 E7 
P1402 

:: 1; 
RI447 7 

P1403 R1533 Ii: J5 
Pi441 

E: 
H6 

P1442 U1322 c4 
P1443 C8 Iti u1331 E”5 
P1501 82 Ll U1332 E n5 
PI622 u1411 
PI523 it i i 

K% 
E 1: 

P1625 A8 
P1825 A2 ii 
P1525 A5 N3 K% 

ii i i 

K% 
M7 

01331 D3 G4 JS 1: 
Q1332 

%E 
E: ii: J520 Chassis 

l-z 11: 
J530 :: 

Ql341 J540 84 E::I: 
a1342 H4 H5 J550 84 Chassis 
01343 

E ri: 
JS60 

01344 W520 :: 2% 
01401 

ki i: 
w530 

2 
Chassis a1411 w540 Chassis 

01412 
K :3' w5.50 Chassis 

a1421 W560 i: Chassis 
Ql422 

PiOAl2:SYalsmhokm @@;@@;@ 

Chassis 
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- 

2 

- 

3 

- 

4 

- 

5 

- 

6 

- 

PARTS LOCATION GRID 



Shf. a-of= 3- 

PARTS LOCATION GRID 

REV JUL 1982 

ASSY Al4 
Fig. B-13. GPIB board (A14) 



Table 8-6 
COMPONENT REFERENCE CHART 

(see Fig. 8-11) - 
PI0 A16 ASSY CH A AND CH B ACCUMULATORS 0 4 

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl002 

%o’: 
Cl211 
Cl221 
Cl231 
CR1201 

P1310 
P1410 
P1420 
Pi420 
Pi421 

a1201 
01211 

:1z 
a1221 

RI101 
Rt102 
Rllll 
RI112 
R1201 
R.1202 

ii: :; 
R1211 

E”8 Ei 

“8” .E 
FK:: 
RI214 E Ei 

LB 64 RI215 c4 E3 

:: F2” 
RI221 
R1222 :: 
RI223 CS 

; 

Fl Ii1224 
Ei Dl R1226 2 :: 

i: I 
RI231 
RI232 :‘B EZ 

A8 D4 
UlOO2 

82 
El 

UlOll !t: :: 

Ei 
U1012 L7 
UllOl :“2 

c3 E u1102 :: 
D7 E4 u1103 W6 ES 

Uttll 

El 
Cl u1112 :2” :: 

:: 
u1113 G2 D3 

01 “1201 F2 

F2 
03 u1202 F4 F”,’ 

u1211 
F1 

P~~A16ASSI.,~.rh.rn.n i2;@ 

E 



3 

- 
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@ CH A 8 CH B ACCUMULATORS 
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DC 5009 Table 8-7 
COMPONENT REFERENCE CHART 

(see Fig. 8-10) 

P/O A12 ASSY TRIGGER LEVEL CONTROL AND D-A CONVERTERS 
0 

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl201 RI313 K5 
Cl202 E :: R1314 iii 
Cl211 
Cl212 E’: Ei 

R1315 2 
R1316 H5 :; 
R1317 Ll HZ 

J1301 F6 R1316 
Jl303 PI RI319 :: !Z 
J1310 ; 

:1 
R1321 L3 H2 

J1310 RI322 
J1411 M4 H3 RI323 :: Pi: 

RI 324 
P1301 F8 

Fl 
RI325 if3 % 

P1303 R1326 L3 
PI411 El 

Ii”3 
RI327 L3 ti$ 

P1625 M4 
u1201 

a1311 
J”,” :: 

u1202 E 
Fl 
F2 

01312 Ul211 
u1212 z :i 

RI102 
R1201 :: 

Dl u1311 G3 
U1321 E 

R1202 
FG: 

2 U1321 
1; 

!i: 
R1203 El U1322 H3 
RI211 
R1212 :,” Ei VR 1302 G6 62 
R1213 
RI214 E Ei: J570 Chassis 
RI302 J560 1: Chassis 
R1303 :: % P590 ES 
RI306 

:i :: 
P600 

i5 
2% 

R1309 RSOO Chassis 
RI311 
R1312 ii :; 

R610 Chassis 

P/OAiZASSYalsoshownon @@@@;@@ 
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TRIGGER LEVEL CONTROL AND D-A CONVERTERS 



DC 5009 Table 8-8 
COMPONENT REFERENCE CHART 

(see Fig. 8- 10) - 
P/O Al2 ASS” TIME BASE, 100 MHz PLL AND NOISE GENERATOR 

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl501 c”,” Kl R150.5 E3 K2 
Cl503 K2 R1510 
Cl504 El 

K”: 
R1510 Ei ii: 

Cl511 

%::: 
12 

R1.511 
R1512 E :; 

Cl522 :i 
2 R1513 

R1514 zi: 

z::: 
L4 :: is1515 H3 

i 

Cl526 !i: 1: 
R1516 J3 
R1517 :: 

Cl601 t 
E ;; 

R1516 

EE# 
::: 

1; 
#I1519 
R1521 II: 

:E3: 
ii,’ 
D7 :; 

R1522 L!z 
R1526 II: 

wt 
c1521t 

;i :i 
RlGOltt :; 
R1602tt C7 ii: 

L4 RI603 
RI604 ;i E 

CR1422 L2 R1605tt 
CR1521 

ki 
;‘i p;tt Kl :z 

C~i611 L3 

J1511 
i: i i i 

R1613 :: :z 

J1621 Tp1410 
Li521 L3 J4 TP1510 :3” (;2 

TP, 520 
P1511 A3 K3 TP1621 ii :i 
P1621 
Pi625 ii," 

M3 
N3 "1501 

u1502 E 1: 
01501 
01502 2 ii: 

U1521 

%z+ 

U1522 :3” ii 

:; 
M2 U15.23 J4 
L3 "1524 :4” K4 

U1601 t H7 
RI501 

:: i 
U1611 05 :: 

R1502 
R1503 
RI504 ii”2 % 

P~OAl2ABW.,....%.. ($,o”;‘&+$@ 

:i 

tt Delete lor Option 01. 

t Add for Option 01, 

* COmpOnenl located on back of board. 
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TIME BASE, 100MHz PLL 8 NOISE GENERATOR 

SEE PARTS LIST FOR EA 
VALUES AND SERIAL NL 
RANGES OF PARTS OUl 
OR DEPICTED IN GREY. 



DC5009 Table 8-9 
COMPONENT REFERENCE CHART 

(see Fig. 8-10 and Fig. 8-11) 
P/O Al6 ASSY MICROPROCESSOR, CONTROL LOGIC AND MEMORY 0 7 

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl202 
Cl232 
Cl233 
Cl301 
Cl311 
Cl331 
Cl401 

CR1221 
CR1222 

J1210 
Jl210 
51211 
51211 
J1310 
Jl310 
J1331 
J1410 

PI010 
Pi310 

K1: 
PI331 
P1410 
PI410 
Pl625 
P1625 

01301 
R1203 
iv204 
Rl226 
RI227 

F2 RI230 it 
:z 

R1233 c: 
A0 R1234 

ii $ 
R1235 i i 
R1236 

H7 HS R1237 i i 
K4 I1 R1238 

R1239 ;i 
R1301 

2 Ei A1302 i i 
R1303 

K Fi 
R1304 
R1305 

[i 

M7 RI311 F2 

E 
:: R1321 

% 
RI322 Ii: 

:; 
R1323 

KY 
:: 

Rl331 
K2 RI435 M2 

:i Ei 
TP1301 
TP1302 2 

Jl 
u1202 

:: ;: u1222 i i i 

iz :: 
u1311 E7 
U1312 

K3 
2 

U1321 1: 
Kl "1321 

z 
H4 Hl %: 85 
D8 F2 U1332 
D9 F3 u1333 i: 

i i 

P,O A16 .,:i,.. shown on ;& eF3 
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SEE PARTS LIST FOR EARLIER 
VALUES AND SERIAL NUMBER 
RANGES OF PARTS OUTLINED 
OR DEPICTED IN GREY. 

COMPONINT NUMBER EXAMPLE 



Table 8-10 
COMPONENT REFERENCE CHART 

(see Fig. 8-10 and Fig. 8-l 1) 
P/O A16 ASSY FRONT PANEL, KEYSOARD AND DISPLAV DRIVE 

CIRCUIT SCHEMATIC BOARD ClRCUl!r SCHEMATIC BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl411 

::‘,:o’ 
Cl421 
Cl422 
Cl431 

CR1431 
CR1432 

X% 

%% 

:::::: 
CR1523 
CR1524 
CR1531 
CR1532 

Jl411 
J1412 
J1413 
51431 

PI010 
P1411 
PI412 
P1413 
PI431 

Q1421 

::2: 

%Z 

E2 12 RI464 Jl 

E :,” 
R1405 J2 
RI411 

J4 R1412 2 
:i 

:,” 
RI413 

61 R1421 E 
RI431 J3 

06 J5 RI432 J3 

2 
J5 RI433 F3 

EF 
i: 

R1434 
RI436 E 

K2 RI437 

E Ii: 
R1438 t: 
RI531 

K”; K”: 
RI532 E 
RI533 K5 

06 K4 
II6 
J7 1: 

51511 H5 
51512’ 
51521 i% 

Jl 
M4 Y2 

s1522 
S1523’ z 

r; ;‘i 
S1524’ 

;8” 51531 
S1532 

5: 
Kl Sl533’ % 
12 S1534’ E8 

;z :i: U1322 
K7 J6 u1411 :: 

U1412 ES 
85 J4 VI421 
H3 
H3 :: 

u1431 :: 
VI432 c5 

G 

,,,,A,,“~~,~~....... ;@@J6 

P/O A12 ASSY FRONT PANEL, KEYBOARD AND DISPLAY bRlVE @ 

J1010 F7 Cl 

SlOlO HB 83 
SlOll 
s1012 ;; :i 

. 



I I- >’ 



U1322A 
WC87 

FRONT 6 \NELr KEYBOARD 8 DISPLAY ORIVE 

COMPONfNT NUMBER EXAMPLf 



DC 5009 Table 8-11 
COMPONENT REFERENCE CHART 

(see iFig. 8- 12) - 
PI0 Al0 ASSY DISPLAY 8 V 

CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC BOARD 
NUMBER LOCATION LOCATION NUMBER LOCATION LOCATION 

CR1011 
CR1012 
CR1111 
CR121 1 
CR1215 
CR131 1 

US.1002 
DS.1005 

K::: 
WI202 
DS120.5 
DS1302 
DS1305 

J1411 
J1412 
J1413 

P1411 
P1412 
P1413 

WI009 
WI01 1 
w1012 





i 81.1 

DISPLAY 

COMPONENT NUMBER EXAMPLE 

0 9 
JS 



DC 5009 Table 8-12 
COMPONENT REFERENCE CHART 

(see Fig. 8-10 and Fig. 8-11) 
WOA12ASSY POWER SUPPLIES IO 

0 

CIRCUIT SCHEMATIC BOARD 
NUMBER 

CIRCUIT SCHEMATIC BOARD 
LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl301 
Cl531 :: 2 R1301 

Cl541 
RI304 i: :: 

Cl542 

E: 
g Et R1305 

R1307 22 :: 
L4 RI306 

Cl642 zi K R1434 :: E2 
Cl643 

R1435 
83 M6 R1445 6: :B” 

R1446 
CR1421 

8 
J3 RI531 7; ii; 

CR1442 J5 RI532 K7 K5 
CR1541 Cl R1634 
CR1621 

Fl 
iI: R1535 ii 2 

CR1641 L6 RI541 
RI542 z: :z 

F1541 
2 ii: 

R1543 
Fl542 R1544 E8” it 
F1641 8;3 M5 R1545 

R1547 :“3 2 
Jl410 52 Jl RI546 c2 L6 

PI625 6: 
Pi625 2 
Pi625 
P1625 
P1625 
PI625 

i[ ;i 

TP1341 
TP1411 fJ: I6 
TP1431 54 
TP1631 I L4 
TP1632 Dl LS 

u1401 

::::: /j 

u1433 EZ 1: 
:i "1531 

a1445 
Ul641 E’: I2 

a1531 :: VR1301 

PiOAl2A~SYalsoshownon @@@@@‘;@ 

HI 

P/O A16 ASSY 

Cl001 K 

.I 
Cl101 L 
Cl102 

:P Cl402 
Cl403 

:I Cl501 

Ll401 Lb 

PI410 
:: P1410 

A2 
Cl 

J”: 
J2 
Kl 

J2 

i: 

POWER SUPPLIES 10 
0 

01001 K5 Al 
(11002 J5 
01003 K5 i: 
RlOOl 54 A2 
R1002 J5 
R1003 E 
RIO11 :z 
RI012 K6 t: 
I71013 K6 A2 
TP1310 KZ H3 

P/OA16ASSYalsoshownon @@@ 



A 1 B / C 1 D / E 1 I H / 
1 

2 

3 

4 

5 
-- 

6 
-- 

7 

8 



- 
- I L I M 

@Static Sysitive Devi 
See Marntenance Ml 

COMPONENT NUMBER EXA 



DC 5009 Table 8-13 
COMPONENT REFERENCE CHART 

(see Fig. 8-13) 

P/O Al4 ASSY GPIB BOARD 11 0 
CIRCUIT SCHEMATIC BOARD CIRCUIT SCHEMATIC 
NUMBER 

BOARD 
LOCATION LOCATION NUMBER LOCATION LOCATION 

Cl001 
El :: 

RI 101 
Cl002 R1210 :: E 

KolP 
I7 C3 RI301 D4 

Dl 
Cl202 :: 

R1305 c4 :2’ 

Cl210 
:; 

:: 

%2 

s1210 06 F5 

2 
Cl310 2 

u1001 
K :i 

Cl311 :: 
u1002 

L2 UllOl 
!I 2 

PlOOl Jl 
P1210 E iti 

K:: 
Fl Ei 

XJ 2 :3” 
Kfi 
u1310 El :i 

PI211 
P1211 2 ii 

u1311 

Eli 
El :: 

P1211 87 H3 F8 66 

a1 101 K7 03 
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SEE PARTS LIST FOR EARLIER 
VALUES AND SERIAL NUM5ER 
RANGES OF PARTS OUTLINED 
OR DEPICTED IN GREY. 

111 CPIB BOARD 
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Section g--DC ! 

REPLACEABLE 
MECHANICAL PARTS 

PARTS ORDERING INFORMATION 

mange* to Tektronix instruments are SOmetlmeS ma&- to 
accom~nodate mproved components as they become available, 
and to give you the benefit of the latest circuit Improvements 
da”~ioped I” our engmeering department It is thetefore 
important when ordemg parts. to mclude the following 
infomlatlo” I” your Order Part number, inStr”me”, type or 
“wnber, scrwi “umber, and modlflcatio” “umber if applicable. 

If a part you have ordered has been replaced v?Nith a new or 
Improved part, yO”r local Tektronix. 1°C Fldd mtce or 
ropresenlat~ve will contact you concerning any change in part 
numhPr 

SPECIAL NOTES AND SYMBOLS 
xooc Part first added at this serial number 

00x Part removed after th!s serial number 

FIGURE AND INDEX NUMBERS 
Item in this section are referenced by figure and Index 

INDENTATION SYSTEM 

Thus mechanical parts let is Indented to !nd~cate item 
relatlonsh!ps Following is an example 01 the indentation system 
used in the description column. 

Attaching Parts always appear in the wne mdentatlon as 
the stem 11 mwnts. while the detail parts are indented to the right 
Indented items are part of, and included with, the next higher 
mdentabon. The separation symbol ---* -_I indicates theendol 
attach!,ly parts 

Attaching parts must be purchased separately, unlew otherwise 
specl‘led. 

ITEM NAME 

In the Parts List, an Item Name IS separated from the 
deSCrlptl0” by a colon (‘,. Because 01 space limitatlans, an Itern 
Name may sbmetmes appear as incomplete For further Item 
Name identlkation, the U S Federal Cataloging Handbook M-1 
can be utilized where possible. 

ABBREVIATIONS 



Replaceable Mechanical Parts-DC 5009 I 

OOOBB 
OOOBK 
00779 
01536 

07707 
12526 
31223 
71785 
73743 
73803 

78189 

79807 
80009 
83385 
85471 
93907 

BERQUIST COMPANY 4350 WEST 78T" MINNEAPOLIS, MN 55435 
STAUFFER SUPPLY 105 SE TAYLOR PORTLAND, OR 97214 
AMP. INC. 
CA&AR DI" OP TEXTRON INC. SEMS 

P 0 BOX 3608 HARRISBURG, PA 17105 PROD"CTS "NIT 1818 CHRISTINA ST. ROCKFORD, IL 61108 I 
USN CORP., "SM FASTENER DI". 510 RIVER RD. SHELTON, CT 06484 
BERG ELECTRONICS. INC. 
MICRO PLASTICS, iw. 

YOLK EXPRESSWAY NEW CUMBERLAND, PA 17070 
20821 DEARBORN STREET 

TRW, CINCH CONNECTORS 
CHATSWORTH, CA 91311 

1501 MORSE AVENUE ELK GROVE VILLAGE, IL 60007 I 
FISCHER SPECIAL MFG. Co. 446 MORGAN ST. 
TEXAS INSTRUMENTS, INC., METALLURGICAL 

CINCINNATI, 0" 45206 

MATERIALS DIV. 34 FOREST STREET 
ILLLNOIS TOOL WORKS, INC 

ATTLEBORO, MA 02703 

SHAKEPROOF DIVISION ST. CHARLES ROAD 
WROUGHT WASHER MFG. CO. 

ELGIN, IL 60120 
2100 S. 0 BAY ST. MILWA"KEE, WI 53207 

TEKTRONIX. INC. 
CENTRAL SCREW co. 

P 0 BOX 500 BEAVERTON, 97077 OR 
2530 CRESCENT DR. 

BOYD, A. R., co. 
BROADVIEW, IL 60153 

2527 GRANT AVENUE 
TEXTRON INC. CAMCAR DI" 

SAN LEANDRO, CA 94579 I 
600 1STH AVE ROCKFORD, 6110, IL 

CROSS INDEX-MFKCOOE NUMBERTO MANUFACTURER I 

Mfr. Code Manufacturer Address City, State. Zip 

REV AUQ 1992 9-2 



iig & 
hdex Tektronix Serial/Model No. 

NO Part No. Eff Dscont 

Replaceable Mechanical Parts-DC 5009 

lltv 1 2 3 4 5 Name & DescriDtion 

Mfr 
Code Mfr Part Number 

1-I 337-1399-10 
-2 337-1399-11 
-3 366-1059-02 SOlOlOO SO10279 

366-3059-04 BO10280 
-4 366-1215-01 8010100 SO10279 

X6-121s-02 8010280 
-5 ----_ _____ 

-6 210-0583-00 
-7 210-0940-00 

-8 366-0494-05 BOlO,OO 8010279 
366-0494-08 8010280 

-9 -- --- ___ __ 

-10 210-0583~00 
-11 210-0940-00 

-12 366-1690-00 BOlOlOO 8010279 
366-1690-02 8010280 

-13 ----_ _____ 

-14 ZIO-0255-O" 
-15 366-1512-O" BOlOlOO SO10279 

366-1512-04 8010280 
-16 366-1512-03 
-17 334-3822-00 
-18 378-0157-00 
-19 333-2655-00 

-20 213-0875-00 
210-1365-00 XBO10,6D 

-21 105-0719-00 

-22 213-0113-00 

-23 105-0718-01 
-24 ____- ----- 

-25 211-0008-00 

---__ -_-__ 

I S”IELD,ELEC:LEFT SfDE 
1 SHIELD,ELEC:RIGHT SIDE 
1 PUSH B"TTON:GwAY,3.0 H x 0.277 OD 
1 PUSH BUTTON:DOVE GY,O.Z27OD x 0.3 H 
1 KNoE:GY,0.‘27 IO x 0.5 00,0.531 
1 KNOB:DOVS GY,O.l27ID x 0.5 OD 
1 RES..VAR.NONWW:(SEE R500/S500 REPL) 

80009 337-1399-10 
80009 x7-1399-11 
80009 366-1059-02 
80009 366-1059-04 
80009 366-1215-01 
80009 366-1215-02 

1 N"T,PLAIN,HEX:G.25-32 x 0.312 INCH,BRS 
1 WAS"ER,FLAT:O.*S ID X 0.375 INCH OD,STL 

___ *--- 
I KNOB:GKAY.O.L*7 IDX 0.5 OD.0.531" 
1 KNOB:DOvE’GY,o.127ID x 0.5; 
1 RSS.,VAR,NONWW:(SEE R510 REP,,) 

(ATTACHING PARTS) 
1 N"T,PLAIN,HCX:0.*5-3* x 0.312 INCH,DRS 
1 WASHER,FLAT:O.*5 ID X 0.375 INCH OD,STL 

---*--- 
I RNOB:SIL GY,0.53 x0.23 x 1.059 
1 KWOB:IVORY GY,".53W x 1.059 L x 0.23 
2 CONN,RCPT,ELEC:(SEE 35OO,J510 REPL) 
2 TERMINAL,LUG:O.391 ID,LOCKING,SRS CD PL 

10 PUSH BUTTON:GRAY,O.lS SQ X 0.83 INCH LG 
10 PUSH B"TTON:IYORY GY,O.18 X 80 X 0.83 

1 PUSH BUTTON:SLUE,O.lB SQ X 0.83 
1 PLATE.IDENT: 
1 ms.im D~PLY:PRINTED 
1 PANEL,FRONT: 

(ATTACHING PARTS) 
2 SCR ASSEM WS"R:6-32 X O.S,TAPTITE,PNH 
2 WASHER,FL4T!0.141 ID x 0.5 THK,AL,0.266 OD 

---*--- 
I LATC",RETAINING:PL"G-IN 

(ATTACHING PARTS) 
I SCR,TPG,THD FOR:*-32 x 0.312 INCH,PNH STL 

*--- 
1 BAR,LATC" RLSE: 
1 CKT BOARD ASSY:DISPLAY(SEE AI0 REPL) 

(ATTACHING PARTS) 
2 SCREW,"ACHINE:4-40 X O.ZO,PNH,STL,CD PL 

---*--- 
- CKT BOARD ASSY INCLUDES: 

73743 2x20317-402 
79807 OBD 

80009 366-0494-05 
80009 366-0494-08 

73743 2x20317-402 
79807 080 

SO009 366-1690-00 
80009 366-1690-02 

80009 210-0255-00 
80009 366-1512-O" 
80009 366-1512-04 
80009 366-1512-03 
80009 334-3822-O" 
80009 378-0157-00 
80009 333-2655-00 

93907 osu 
80009 210-1365-00 

80009 105-0719-00 

93907 OBD 

80009 105-0718-01 

83385 OBD 

-26 
-27 
-28 

-29 

-30 

-3, 
-32 

-33 
-34 
-35 
-36 
-37 

___-- _-_-- 
136-0252-07 
386-4427-01 

213-0868-00 

.--__ _____ 
----_ _-___ 

337-2758-00 
386-4426-00 

213-0868-00 
386-3657-01 
211-0008-00 
220-0729-00 
211-0678-00 

211-0678-00 

1 
12 

1 

2 

7 

1 
I 

. TERM SET,PIN(SEE A1051411,51412,51413 REPL) 
SOCKET,PIN CONN:W/O DIMPLE 

SUBPANEL,FRONT:WfINSERTS 
(ATTACHING PARTS) 

SCREW,TPG,TP:6-32 X 0.375 L,P1LM,STEEL 
---*--- 

SUBPANRL INCLUDES: 
. JACK,TIP:(SEE 5520.5530,5540,J550,J650,J570. 
. 5580 REPL) 
SHIELD,ELEC:S"BPANEL 
SUPPORT,FRAME:REAR,AL 

(ATTACHING PARTS) 
SCREW,TPG,TF:6-32 x 0.375 L,FILM,STEEL 
S"PPORT,PL"G IN: 
SCREW,MACHINE:4-40 x O.*5O,PN",STL,CD PL 
NUT C.ocK:0.25 x 0.471 mm LONG 
SCR,ASSSM WSHR:4-40 X 0.281 L,PNB STEEL 

___ *--- 
CKT BOARD ASSY:GPIB(SEE A14 REPL) 

(ATTACHING PARTS) 
SCR,ASSEM WSHR:4-40 X 0.281 L,PNH STEEL 

___ *__- 

22526 
80009 

93907 

75060-012 
386-4427-01 

mu 

80009 

93907 
93907 
83385 
80009 
01536 

01536 

337-2758-00 
386-4426-00 

OBU 
OP.0 
OBD 
220-0729-00 
OSD 
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Replaceable Mechanical Parts-DC 5005 

Fig. & 
Index Tektronix Serial/Model No. Mfr 
No. Part No. Eff Dscont my 1 2 3 4 5 Name & Description Code Mfr Part Number 

I -  _____ _____ 

-40 136-0269-02 
-41 136-0623-00 
-42 136-0578-00 
-43 136-0634-00 
-44 136-0621-00 
-45 136-0260-02 
-46 156-0499-14 
-47 136-0499-16 
-48 343-0954-01 

-49 211-0008-00 

----- "--I- 
-50 348-0693-00 
-51 _____ _____ 

-52 211-00,2-00 
-53 210-0551-00 
-54 129~0884-00 
-5s 211-0008-00 

-____ ----_ 
-56 - - - I -  r--_- 

----_ - - - - -  

-57 210-11*1-00 

- - - “ -  _-___ 

-58 136-0252-07 

-59 --r-_ r - - - -  

---__ - - - - -  

_____ _____ 

-60 344-0154-03 
-61 136-0269-02 
-62 136-0260-02 
-63 136-0514-00 
-64 131-0993-00 
-65 ----- ----- 

_____ _____ 
_____ _---_ 
----- ----- 

-66 ____- -____ 

-67 211-0007-00 
-68 210-0551-00 
-69 337-2898-00 
"70 ----- _--__ 
-71 _"___ ----- 
-72 343-0495-03 

-73 210-3033-00 

BOlOlOOX 

BOlOlOOX 

BOlOlOOX 

BOlOlOOX 

2 

1 

I 

b4 
9 

6 
5 

15 
5 
2 

44 

1 

1 
1 

: 
3 
1 

3 

-74 343-0499-03 BOlOlOO 8010279 1 
343-0499-12 B010280 I 

-75 210-3033-00 3 

-76 220-0449-00 8010100x 1 

-77 211-0008-00 BClOlOOX 1 
-78 210-0003-00 BOlOlOOX 1 

213-0848-00 I2 

CKT BOARD ASSY INCL”DES: 
SKT.PL-IN ELEK:MICROCIRC”IT.I4 DIP.LOW CLE 

. socKET,PLuG-Iw:4o DIP,LOW PROPILE 

. SKT,PL-IN ELEK:"ICROCKT,24 PIN,LOW PROPILE 

. SOCKET.PLUG-IN:20 LEAD DIP.CKT BD HTG 

. SOCKET:PLUG-IW:22 CONmCT 

. SKT,PLbN ELEK:"ICRCCIKC"IT,16 DIP,LOW CLE 

. CONNECTOR,RCPT,:14 CONTACT 

. CONNECTOR,RCPT,:~~ CONTACT 
RETAINER,RELAY:W;CUSHIONING PAD 

(ATTACHING PARTS) 
SCREW,MAC"INE:4-40 x 0.250,PNH,STL,CD PL 

---*..-- 
RETAINER INCLUDES: 

PAD,CUSHIONING:1.95 X 1.88 X0.062 
;KT BOARD ASSY:ANALOG(SEE A12 REPL) 

(ATTACHING PARTS) 
SCREW,MAC"INE:4-4O x 0.375,pNR STL CD PL 
NuT,PLAIN,HEX.:4-4O x 0.25 INCH,STL 
SPACER,POST:0.8 L W14-40 EXT THD ONE 
SCREU.HACHINE:4-40 X O.ZSO,PNH,STL,CD PL 

---*--- 
CKT B O A R D  ASSY INCLUDES: 

MICROCIRCUIT:(SEE AIZU1601 REP,,) 
(OPTION 01 ONLY) 

(ATTACHING PARTS) 
WASHER,SHLDR:,.22 ID X 0.20D 
(OPTION 01 ONLY) 

---*--- 
SCCKET,PIN CONN:W/O DIMPLE 

TEPd,TEST pOINT:(SEE AIZTp1341,TP1410,TP14ll, 
TP1431,TP1510.Tp1520,TP162l,TP1631,TP1632 
REPL)  

CLIP,ELECTRICAL:pUSE,CKT BD MT 
SKT,pL-IN ELEK:MICROCIRCUIT,14 DIp,LOW CLE 
SKT,PL-IN ELEK:MICROCIRC"IT.16 DIP,LCW CLE 
SKT,PL-IN ELEC:HICRCCIRC"IT,S DIP 
B"S,cONDUCTOR:Z WIRE BLACK 
TEB"INAL,PIN:(SEE A12J1031,J1041,J1301, 
51303,51341,51402,51403,51411,31441,51442, 
51443,31501,51511,51521,51522,51621,31622, 
51623 mm.1 

MICROCIRCUIT:(SEE AlZ”500 REPL) 
(ATTACHING PARTS) 

SCRRW,MACHINE:GLO K 0.188 INC",PNB STL 
NUT,PLAIN,BRX.:4-40 X 0.25 INC",STL 
SBIELD,ELEc:RELAY,BRAss 

73803 
73803 
73803 
73803 
73803 
71785 
00779 
00779 
80009 

83385 

cs9002-14 
cs9002-40 
c s9002-24 
cs9002-20 
CS9002-22 
133-51-92-008 
4-380949-4 
4-380949-6 
343-0954-01 

85471 38-4116 

83385 
OOOBK 
80009 
83385 

O B D  

O B D  

129-0884-00 
OBD 

31223 O B O  

22526 75060-012 

80009 
73803 
71785 
73803 
00779 

83385 
OOOBK 
80009 

MICROCIRCUIT:(SEE A12"1641 REP,,) 
SWITC" PB ASSY:(SEE AIZS1010,S1011,S1012 REPL) 
CLIP,SWITCH:PRONT,7.5 MM,3 "NIT 80009 

(ATTACHING PARTS) 
EYELET,"BTALLIC:0.59 OD X 0.156 INCH LONG 07707 

---*--- 
CLIp,SWITCH!7.5 NH,4 "NIT 80009 
CLIP,mITCH:REAR,7.5MM X 3 "NIT 80009 

(ATTACHING PARTS) 
EYELET.METALLIC:O.59 OD X 0.156 INCH LONG 07707 

---*--- 
N"T,SLEE"E:4-40 K 0.188 K 0.50" LONG 80009 

(ATTACHING PARTS) 
SCREW,MACHINE:4-40 x 0.250,PNB,STL,CD PL 83385 
WASHER,LOCK:EXT,O.123 ID X 0.245" OD,STL 78189 
SCREW,TPG,TP:O-40 X 0.25,PLASTITE 80009 

----*--- 

344-0154-03 
CS9002-14 
133-51-92-008 
cs9002-8 
530153-2 

OBD 
OBD 
337-2898-00 

343-0495-03 

SE-25 

343-0499-03 
343-0499-12 

SE-25 

220-0449-00 

O B D  

1104-oo-oo-0541C 
213-0848-00 
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Replaceable Mechanical Parts-DC 

Fig. & 
Index Tektronix Serial/Model No. Mfr 
No, Part No, Eff Dscont Qty 1 2 3 4 5 Name & Description Code Mfr Par1 NUI 

-82 _-___ ---__ 
-8, .---- .____ 
-84 384-0617-00 

-85 211-0008-00 

-86 -_--- ----_ 

-87 211-0008-00 
-88 129-0315-00 

___-- ____- 
-*g __--- _____ 

__--_ ___-- 
-90 343-0495-04 

-91 210-3050-00 

-92 343-0499-04 BOlO,OO 8010279 
343-0499-13 8010280 

-93 210-3050-00 

-94 .“_____ _____ 

-95 213-0872-00 

-96 ~___- --___ 
-97 136-0260-02 
-9s 136-0610-00 
-99 136-0578-00 
-100 ____- .____ 

_--__ ____- 

-101 136-0263-04 
-102 __-__ ____- 
-103 136-0499-06 
-104 136-0499-08 
-105 -___- --___ 

__-__ ____- 
-106 136-0694-00 
-107 136-0623-00 
-108 131-0993-07 
-109 342-0355-00 

-110 214-1061-00 
-111 214-3089-00 
-112 426-1763-00 
-113 426-0724-01 

1 OSCIALLATOR,w:(SEE AlZY1531 REPL) 
- . (OPTION 01 ONLY) 

(ATTACHING PARTS) 
2 . SCRSW,MAC”INE:4-40 x 0.312 INC”,PNH STL 83385 OBD 
- (OPTION 01 ONLY) 
2 SPACER,RING:0.125 ID x 0.25 OD x 0.110 *II 80009 361-0548-00 
- . (OPTION 0, ONLY) 

----*--- 

I . CONTACT ASSY,EL:(SEE A1251420,51421 REPL) 
1 . TERM. SET,PIN:(SEE A1ZJ1010,J1310,J1410 REPL) 

80009 384-0617-00 2 

2 

1 

SPACER,POST10.375 I. x 0.25 HEX 
(ATTACHING PARTS) 

SCREW,HACHINE:4-40 x O.*50,PN”,STL,CD PI. 
-“a*--+ 

83385 OBD 

CKT BOARD ASSY:DIGITAL(SEE A16 REPL) 
(ATTACSrm PARTS) 

SCKEW,MACHINE:4-40 X 0.250,PNH,STL,CD PL 
SPACER,POST:0.45 L,4-40 THR” THD 

---*--- 
CKT BOARD ASSY INCLUDES: 
. SWITCH PB ASSY:(SEE A,6S,521,S1522,S1523, 
. sl524.s1531,S153z,S1533,s1534 REPI.) 
. C~IP.SWftCH:B80NT.7.5 MN.4 "NIT 

(ATTACHING PARTS) 
. EYELET,METALLIC:0.218 L X 0.059 ‘JD,SRS 

---*--- 

. CLIP,SWITCH:REAR,7.5MM X 4 “NIT 
CLIP,SWITCH:7.5MM X 4 “NIT 

(*TT*CHING PARTS) 
. EYELET,"ETALLIC:0.218 l, x 0.059 OD.BRS 

---*--- 

SW LEVER ASSY:(SEE A16S1511 REPL) 
(ATTACHING PARTS) 

SCREW,TPG,TF:2-28 X 0.75,TTPE Z,PN" 
___ *--. 

. SW LEVER ASSY;(SEE A16S1512 REPL) 
SKT,PL-IN ELEK:HICROCIRC"IT,16 DIP,LOW CL.8 
SKT,PL-IN E,,EK:"ICRCCKT,1S PIN,LOW PROFILE 
SKT.PL-IN 'dLEK:MICROCKT,24 PIN,LOW PROFILE 
TM". SET,PIN:(SEE A1651331,51411,51412, 

51413,51431 REPL) 
. SOCKET,PLN TERW:FOR 0.025 INCH SQUARE PIN 
. TEFX. SST.PIN:(SEE A16J1210.J1211 REPL) 
. CONN,RCPT;ELEC:CIRCUIT BD,L'CONTACTS 
. CONNECTOR,SCPT,:S CONTACT 
. TERM,TSST POINT:(SEE A16TP1301.TP1302, 
. TP1303 REPL) 
. SKT.PL-IN ELEK:“ICROCIRC”IT.ZS CONTACT 
. SO&T,PLUE-IN:40 DIP,LOW~PbFILE 
. LINK,TER”.CONNE:2 WIRE VIOLET 

INS”tATOR.PLATe:TRANSISTOR.SILICONE RUBBER 
(OPTION Oi ONLY) 
SPRING,GRO”ND:FLAT 
LOCKOUT,PL"G-IN:PLASTIC 
tR SECT,PL"C-IN:TOP 
FR SPxT.PL”G-IH:BoTToM 

83385 “BD 
80009 129-0315-00 

80009 343-0495-04 

07107 SE-27 

80009 343-0499-04 
80009 343-0499-13 

07707 SE-27 

93907 OBD 

71785 133-51-92-00 
73803 cs9002-18 
73803 c 59002-24 

22526 75377-001 

00779 3-380949-6 
00779 30380949-S 

73803 cs9002-28 
73803 cs9002-40 
00779 530153-7 
OOOBB 7403-09FR-51 

SO009 214-1061-00 
80009 214-3089-00 
SO009 426-1763-00 
80009 426-0724-01 



Replaceable Mechanical Parts-DC 5009 

Fig. & 
Index Tektronix Serial/Model No. 
No. Part No. Eff Dscont otv 1 2 3 4 5 Name & Description 

175-3X33-00 
----- ----- 
352-0169-00 
175-3239-00 
“““__ _____ 
352-0169-05 
175-3238-00 
_____ ___“_ 

352-0169-04 
175-3232-00 
_““__ -_--- 
352-0169-01 
175-3227-00 

352-0161-02 
175-2623-00 

_____ _____ 

352-0169-00 
175-3228-00 

- - - - -  ““___ 

352-0161-03 
352-0161-02 
175-3229-00 
_____ _____ 
352-0165-03 
175-3235-00 

““_“_ _____ 

352-0169-00 
175-3240-00 

- - - - -  ---__ 

352-0169-06 
175-3230-00 

_____ _““__ 

352-0166-04 
175-3231-00 

---__ _____ 

352-0166-0s 
175-3234-00 

_____ _____ 

352-0169-01 
175-3236-00 
----- __--_ 
352-0169-02 
175-3237-00 
_"___ _____ 
352-0169-03 
175-3433-00 
---__ _____ 
352-0161-06 

1 

1 
1 

1 
1 

1 
1 

1 
1 

2 
1 

1 
1 

1 
1 
1 

2 
1 

2 
1 

2 
1 

2 
1 

2 
1 

: 

2 
1 

2 
1 

2 

WIRE A8SEMBLIES 

CABLE ASSY,RP:50 OHM COAX,12.0 x.,9-N 
(FROM 552OJ530 TO A12514iI2) 
. HLDK,TERM CONN:Z WIRE BLACK 
CABLE ASSY,RP:50 OHM COAx,14.0 L,9-5 
(FROM 5540 TO A1251341) 
. CONN 8OoY.PL.BL:* WIRE GREEN 
CABl.E *ssy,ia:30 OHM co*x,14,0 L,9-4 
(FROM 5560 TO A1251442) 
. CONN BODY,PL,EL:z WIRE Y8LLOW 
CABLE ASSY.SP.ELEC:2.26 AWG.12.0 L.RIBBON 
(PROM 3570;5580 TO iiZJ1411j ' 
. "LDR TERM coNN:z WIRE,BBOWN 
CA ASSY,SP,ELEC:3,26 AWG,6.0 L,RISBON 
(PROM R500/5500 TO AlZJ1301) 
. CONN SOrJY,PL,EL:3 WIRE RED 

CA ASSY,SP,ELEC:2,26 A'dG,3.0 L 
(PROM R500/S500 TO A1651431) 
. HLDR,TERN CONN;Z WIRE BLACK 
CA ASSY,SP,ELEC:3,26 AWG,7.0 L,RIBBON 
(FROM 8510 TO A1231303) 
. CONN BODY,PL,EC:3 WIRE ORANGE 
. CONN BODY,PL,Fz3 WIRE RED 

CA ASSY,SP,ELEC:7,26 AWG,3.5 L,RIBBON 
(FROM A10J1012 TO A16J1412) 
. CONN BODY,PL,EL:7 WIRE ORANGE 

CABLE ASSY,RF:50 OHM COAK,10.0 L,9-0 
(FROM AlOJ1031 TO AlZJ1521) 
. HLDR,TB:RW CONN:2 WISE BLACK 
CABLE ASSY,RF:50 OHM COAX,IO.O L,9-6 
(FROM A10J1041 TO AlZJ157.2) 
* CONN BODY,PL,El.:z WIRE BLUE 

CA ASSY,SP,ELEC:S,26 AWG,4.0 L,RIBBON 
(FROM AlOJllOl TO A16J1411) 
. CONN BODY,PL,BL:B WIRE YELLOW 
CA ASSY,SP,ELEC:S,26 AWG,3.5 L,RIBBON 
(FROM A10.,1102 TO A1631413) 
. CONN BODY,PL,EL:8 WIRE GREEN 
CABLE ASSY,RP:50 OHM COAx,3.5 L,9-I 
(FROM A1251403 TO AlZJ1501) 
. HLDR TERN coNN:z WIRE.BEOwN 
CABLE ASSY,RF:50 OHM COiK.7.5 L,9-2 
(FROM A1231441 TO A1251622) 
. CONN SODY.PL,EL:Z WlRE RED 
CABLE ASSY,iF:iO OHM COAX,6.0 L,9-3 
(PROM A1231443 TO b.1251623) 
. CONN BODY,PL,EL:Z WIRE ORANGB 
CA ASSY,SP,ELEC:2.26 AWG,3.0 L,RIBBON 
(FROM A1251621 TO AlZU500) SUBPART OF A12 
. CONN SODY,PL,EL:3 WIRE *l,lrE 

I 
Mfr 
Code Mfr Part Number 

Ii 

80009 175-3233-00 

80009 352-0169-00 
80009 175-3239-00 

80009 352-0169-05 
80009 175-3238-00 

80009 352-0169-04 
80009 175-3232-00 

80009 352-0169-01 
SO009 175-3227-00 

80009 352-0161-02 
80009 175-2623-00 

80009 352-0169-00 
80009 175-3228-00 

80009 352-0161-03 
80009 352-0161-02 
80009 175-3229-00 

80009 352-0165-03 
80009 175-3235-00 

80009 352-0169-00 
80009 175-3240-00 

80009 352-0169-06 
80009 175-3230-00 

80009 352-0166-04 
80009 175-3231-00 

80009 352-0166-05 
80009 175-3234-00 

80009 352-0169-01 
80009 175-3236-00 

80009 352-0169-00 
80009 175-3237-00 

80009 352-0169-03 
80009 175-3433-00 

SO009 352-0161-06 
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Tektronix ScrlaliModel Non 
Part Non Eff Dscont 12345 Name & Descriotion 

Mt\N”AL,TECH:INS?‘XUCTI”N 
CABLE ASSY,KF:m OHM COAX,48.0 L,8-N 
MAN”AL,TECH:KEFERENCE G”IDE 


