













Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































~AI I W P UNIT

tension can be destroyed by using thepin sockets as a connecting point for spring-loaded probe tips, alligator clips, etc. ...... gercircuit if the trigger circuit is in a ready-to-fire condition. ...... Peak Detector ...... through R586 to the input of Stow Ramp Inverter IC U572C. ...... INTERACTION-To reduce interaction, R555 may be. 

















 Télécharger le PDF 






 18MB taille
 3 téléchargements
 281 vues






 commentaire





 Report




















! _~ M~41V



L



-_



__



_ _.



Pert FJo. 070-6176-00 4~ _._ _____ r®dint r+~up a.



7~1 ~AI



I



W



P UNIT



TEK



Part No. 070-6176-00 Product Group No. 42



INSTRUCTION MANUAL



7T11A SAMPLING SWEEP UNIT



Please Check for CHANGE lNFORMATlON at the Rear of This Manual



First Printing JUN 1986 Revised SEP 1986



T~ronucQ COMMTTED lp E7Q;ELLENCE



Copyright ~ 1986 Tektronix, Inc. All rights reserved. Contents of this publication may not be reproduced in any form without the written permission of Tektronix, Inc . Products of Tektronix, Inc. and its subsidiaries are covered by U .S. and foreign patents and/or pending patents . are TEKTRONIX, TEK, SCOPE-MOBILE, and registered trademarks of Tektronix, Inc . TELEQUIPMENT is a registered trademark of Tektronix U.K . Limited . Printed in U .S.A. Specification and price change privileges are reserved.



INSTRUMENT SERIAL NUMBERS Each instrument has a serial number on a panel insert, tag, or stamped on the chassis . The first number or letter designates the country of manufacture. The last five digits of the serial number are assigned sequentially and are unique to each instrument . Those manufactured in the United States have six unique digits . The country of manufacture is identified as follows : 8000000 100000 200000 300000 700000



Tektronix, Inc ., Beaverton, Oregon, USA Tektronix Guernsey, Ltd ., Channel Islands Tektronix United Kingdom, Ltd ., London Sony/Tektronix, Japan Tektronix Holland, NV, Heerenveen, The Netherlands



7T11A Instruction Manual



TABLE OF CONTENTS LIST OF ILLUSTRATIONS . . . . . . . LIST OF TABLES . . . . . . . . . . . . . . OPERATORS SAFETY SUMMARY SERVICE SAFETY SUMMARY . . .



.. . .. . . . .. .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. . . .



PAGE . . . iii ... . v . . . vi . . . vii



SECTION 1 - SPECIFICATION General Information . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1 Instrument Features . . . . . . . . . . . . . . . . . . . . . . . . . 1-1 Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1 SECTION 2 - OPERATING INSTRUCTIONS General Information . . . . . . . . . . . . . . . . . . . . . . Installing the 7T11A in the Oscilloscope . . . . . . 7T11A Horizontal Gain . . . . . . . . . . . . . . . . . . . TIME/DIV Readout . . . . . . . . . . . . . . . . . . . . . . FRONT PANEL CONTROLS AND CONNECTORS OPERATORS CHECKOUT PROCEDURE . . . . . . . General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Before You Begin . . . . . . . . . . . . . . . . . . . . . . . Test Equipment Required . . . . . . . . . . . . . . . . . Setup Procedure . . . . . . . . . . . . . . . . . . . . . . . . Adjusting SWEEP CAL . . . . . . . . . . . . . . . . . . . Observing a Fast Rise Pulse . . . . . . . . . . . . . . . DETAILED OPERATING INFORMATION . . . . . . . . Triggering Considerations . . . . . . . . . . . . . . . . . Triggering Rate . . . . . . . . . . . . . . . . . . . . . . . . . SWEEP RANGE Control . . . . . . . . . . . . . . . . . . TIME/DIV Settings . . . . . . . . . . . . . . . . . . . . . . TIME POSITION Control . . . . . . . . . . . . . . . . . . ... ............. .. SCAN Control . . . . . TRIG LEVEL and STABILITY Controls . . . . . . Trigger Pushbutton Switches . . . . . . . . . . . . . . PULSE OUT Connector . . . . . . . . . . . . . . . . . . Use of Real-Time Mode . . . . . . . . . . . . . . . . . . Use of a 5012 Delay Line . . . . . . . . . . . . . . . . . Random Sampling . . . . . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . . . . . . .



.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . . . . . . . . . . . . . .. . .



. . . . . . . . . . . . . . . . . .



2-1 2-1 2-1 2-4 2-4 2-4 2-4 2-4 2-4 2-5 2-5 2-6 2-7 2-7 2-7 2-8 2-8 2-9 2-10 2-10 2-11 2-11 2-11 2-11 2-11



WARlrIMC The remainder of thi~ Table of Contents lists the servicing instructions . These servicing instructions are for use by qualified personnel only. To avoid electrical shock, do not perform any servicing other than that called out in the Operating Instruc~ions unless qualified to do so.



SECTION 3 - THEORY OF OPERATION Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . CIRCUIT THEORY . . . . . . . . . . . . . . . . . . . . . . . . . . . REAL-TIME SAMPLING . . . . . . . . . . . . . . . . . . . . General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Staircase Ramp Output of the Horizontal Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lead Time Real-Time Sampling . . . . . . . . . . . Samples/Division Using Real-Time Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Summary of Real-Time Basic Block Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Additional Real-Time Circuits . . . . . . . . . . . . . Controls Affecting Timing and Delay . . . . . . . Important Waveform Relationships . . . . . . . . . SEQUENTIAL EQUIVALENT-TIME SAMPLING . Additional Circuits Required . . . . . . . . . . . . . . Constructing the Display . . . . . . . . . . . . . . . . . Waveform Relationships . . . . . . . . . . . . . . . . . Factors Affecting Dot Density . . . . . . . . . . . . . Blanking. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Unavoidable Delay Introduced by the 7T11A . RANDOM EQUIVALENT-TIME SAMPLING . . . . Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . Random Mode Block Diagram . . . . . . . . . . . . Random Operation . . . . . . . . . . . . . . . . . . . . . Waveform Relationships During Random Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DETAILED CIRCUIT DESCRIPTION . . . . . . . . . . . . . Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . Relationships Between the 7T11A and Vertical Unit . . . . . . . . . . . . . . . . . . . . . . . . . . . TRIGGER INPUT . . . . . . . . . . . . . . . . . . . . . . . . . G~eral . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Internal Triggering . . . . . . . . . . . . . . . . . . . . . . EXT 50 i2 Triggering . . . . . . . . . . . . . . . . . . . . EXT 1 MS2 Triggering . . . . . . . . . . . . . . . . . . . . HF Sync . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Trigger Slope Amplifier, SLOPE (-) or (+) . . Trigger Amplifier (TRIG AMP X1, X10) . . . . . . TRIGGER 8 HOLDOFF . . . . . . . . . . . . . . . . . . . . Schmitt Trigger . . . . . . . . . . . . . . . . . . . . . . . . Holdoff Multivibrator (HOMY) . . . . . . . . . . . . . Real-Time HOMY Switching . . . . . . . . . . . . . . Equivalent-Time HOMY Switching . . . . . . . . . Arming and Output Tunnel Diodes . . . . . . . . . Output TD Circuits . . . . . . . . . . . . . . . . . . . . . TIME TO HEIGHT CONVERTER . . . . . . . . . . . . . Start Multivibrator . . . . . . . . . . . . . . . . . . . . . . TTH Circuit . . . . . . . . . . . . . . . . . . . . . . . . . . .



PAGE . . . .



. . . .



. . . .



. . . .



. . . .



3-1 3-1 3-1 3-1



. . . . . 3-2 . . . . . 3-3 . . . . . 3-4 . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . .



3-4 3-5 3-6 3-7 3-10 3-10 3-12 3-12 3-15 3-15 3-17 3-17 3-17 3-18 3-18



. . . . 3-20 . . . . 3-22 . . . . 3-22 . . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . . . . . .



3-22 3-24 3-24 3-24 3-25 3-25 3-26 3-28 3-28 3-29 3-29 3-30 3-31 3-33 3-36 3-36 3-37 3~7 3-38



7T11A Instruction Manual



TABLE OF CONTENTS (CONT .) SLEWING RAMP 8 RT MULTIVIBRATOR . . S~ewing Ramp Generator . . . . . . . . . . . . . Stewing Ramp Comparator and Strobe Drivers . . . . . . . . . . . . . . . . . . . . . . Real-Time Multivibrator . . . . . . . . . . . . . . . RATEMETER . . . . . . . . . . . . . . . . . . . . . . . . . General . . . . . . . . . . . . . . . . . . . . . . . . . . . Pretrigger Comparator . . . . . . . . . . . . . . . Triple Log Ramp . . . . . . . . . . . . . . . . . . . . Reset Multivibrator . . . . . . . . . . . . . . . . . . Ta Memory and To Gate . . . . . . . . . . . . . . Start Correction . . . . . . . . . . . . . . . . . . . . . HORIZONTAL AMPLIFIER . . . . . . . . . . . . . . . Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . Horizontal Memory Gate Driver . . . . . . . . Horizontal Memory and Gate . . . . . . . . . . SLOW RAMP GENERATOR 8 OUTPUT AMPLIFIER . . . . . . . . . . . . . . . . . . . . . . . . . . . Slow Ramp Generator - REP SCAN . . . . Blanking . . . . . . . . . . . . . . . . . . . . . . . . . . . MAN and EXT INPUT SCAN . . . . . . . . . . Dot Position Memory . . . . . . . . . . . . . . . . Output Amplifier . . . . . . . . . . . . . . . . . . . . SLOW RAMP INVERTER . . . . . . . . . . . . . . . General . . . . . . . . . . . . . . . . . . . . . . . . . . . Time Position Amplifier . . . . . . . . . . . . . . . Slow Ramp Inverter . . . . . . . . . . . . . . . . . TIMING SWITCHES . . . . . . . . . . . . . . . . . . . . General . . . . . . . . . . . . . . . . . . . . . . . . . . . Readout . . . . . . . . . . . . . . . . . . . . . . . . . . . VOLTAGE DISTRIBUTION 8 DECOUPLING . Real-Time and Equivalent-Time Logic. . . . SECTION 4 - MAINTENANCE PREVENTIVE MAINTENANCE . . . . . . . . . . . . CLEANING . . . . . . . . . . . . . . . . . . . . . . . . . Exterior . . . . . . . . . . . . . . . . . . . . . . . . . Interior . . . . . . . . . . . . . . . . . . . . . . . . . . LUBRICATION . . . . . . . . . . . . . . . . . . . . . . VISUAL INSPECTION . . . . . . . . . . . . . . . . SEMICONDUCTOR CHECKS . . . . . . . . . . PERIODIC ELECTRICAL ADJUSTMENT . TROUBLESHOOTING . . . . . . . . . . . . . . . . . . . TROUBLESHOOTING AIDS . . . . . . . . . . . Diagrams . . . . . . . . . . . . . . . . . . . . . . . . Circuit Board Illustrations . . . . . . . . . . . Adjustments and Test Point Locations . Static Sensitive Device Classification . . Wiring Color Code . . . . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



PAGE . . . . . . . 3-41 . . . . . . . 3-42 . . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



. . . . . . . . . . . . .



3-42 3-43 3-43 3-43 3-44 3-44 3-44 3-44 3-45 3-46 316 3-47 3-47



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



3-48 3-48 3-49 3-50 3-51 3-51 3-52 3-52 3-52 3-52 3-52 3-53 3-53 3-54 3-54



.. .. .. .. .. .. .. . . .. .. .. . . . . . . ..



. . . . . . . . . . . . . . .



. . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . . .



. . . . . . . . . . . . . .



. . . . . . .



.



.



. . . . . . . . .



. . . . . . . .



. . . . . . . . . . . . . . .



41 41 41 41 41 41 41 41 4-2 42 4-2 42 42 4-2 4-3



Resistor Color Code . . . . . . . . . . . . . . . . . . . Capacitor Marking . . . . . . . . . . . . . . . . . . . . . Diodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Semiconductor Lead Configuration . . . . . . . . Multi-Pin Connector Identification . . . . . . . . . Interface Connector Pin Locations . . . . . . . . TROUBLESHOOTING TECHNIQUES . . . . . . . . 1 . Check Control Settings . . . . . . . . . . . . . . . 2 . Check Associated Test Equipment . . . . . . 3 . Visual Check . . . . . . . . . . . . . . . . . . . . . . . 4 . Check Instrument Adjustment . . . . . . . . . 5 . Isolate Trouble to a Circuit . . . . . . . . . . . . 6. Check Voltage and Waveforms . . . . . . . . 7 . Check Individual Components . . . . . . . . . 8. Repair and Readjust the Circuit . . . . . . . . TROUBLESHOOTING PROCEDURE . . . . . . . . CORRECTIVE MAINTENANCE . . . . . . . . . . . . . . . . OBTAINING REPLACEMENT PARTS . . . . . . . . Standard Parts . . . . . . . . . . . . . . . . . . . . . . . Special Parts . . . . . . . . . . . . . . . . . . . . . . . . . Ordering Parts . . . . . . . . . . . . . . . . . . . . . . . . SOLDERING TECHNIQUES . . . . . . . . . . . . . . . Circuit Boards . . . . . . . . . . . . . . . . . . . . . . . . Metal Terminals . . . . . . . . . . . . . . . . . . . . . . . COMPONENT REPLACEMENT . . . . . . . . . . . . . Circuit Board Replacement . . . . . . . . . . . . . . Circuit Board Pin Replacement . . . . . . . . . . . Circuit Board Pin Socket Replacement . . . . End-Lead Pin Connector Replacement . . . . . Coaxial End-Lead Connector Replacement . Multiple End-Lead Connector Replacement . Tunnel Diode A3CR28 Replacement . . . . . . . Switch Replacement . . . . . . . . . . . . . . . . . . . Lamp Replacement . . . . . . . . . . . . . . . . . . . . ADJUSTMENT AFTER REPAIR . . . . . . . . . . . . REPACKAGING FOR SHIPMENT . . . . . . . . . . . SECTION S - CHECKS AND ADJUSTMENT PRELIMINARY INFORMATION . . . . . Using These Procedures . . . . . . . . Partial Procedures . . . . . . . . . . . . . Performance Check Summary . . . Adjustment Interval . . . . . . . . . . . . Tektronix Field Service . . . . . . . . . TEST EQUIPMENT REQUIRED . . . . Special Fixtures . . . . . . . . . . . . . . . Test Equipment Alternatives . . . . .



. . . . .. .. .. .. .. .. ..



. . . . . . . . .



. . . . . . . . .



. . . . . . . . .. . . .. .. . .



.. . . . . . . . . .. .. . . ..



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



.. .. . . .. . . . . . . . . .. .. . . .. .. .. . . .. .. .. ... .. .. .. . . .. . . .. .. .. .. .. .. .. .. .. ..



.. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. .. .. .. ..



. . . . . . . . .



. . .. .. .. .. .. .. .. ..



. . .. .. .. .. .. .. .. ..



PAGE . 4-3 . 4-3 . 4-3 . 4-3 . 4-3 . 43 . 4-6 . 46 . 4-6 . 46 . 46 . 4-6 . 47 . 47 . 47 . 48 4-10 4-10 4-10 4-10 4-10 4-10 410 411 411 411 412 412 4-12 4-12 4-12 4-13 4-13 4-15 4-15 4-15



.



. . . . . . . .



5-1 5-1 5-2 5-2 5-4 5-4 5-4 5-4 5-4



7T11A Instruction Manual



TABLE OF CONTENTS (CONT .) PART I - PERFORMANCE CHECK . . . . . . . . . . . . . PERFORMANCE CHECK INDEX . . . . . . . . . . . . PERFORMANCE CHECK POWER-UP SEQUENCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . A . SCAN AND TIMING . . . . . . . . . . . . . . . . . . . . B. TRIGGERING . . . . . . . . . . . . . . . . . . . . . . . . . PART II - PERFORMANCE CHECK AND ADJUSTMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . PERFORMANCE CHECK AND ADJUSTMENT INDEX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . PERFORMANCE CHECK AND ADJUSTMENT POWER-UP SEQUENCE . . . . . . . . . . . . . . . . . .



PAGE . . . . . . 5-8 . . . . . . 5-8 . . . . . . 5-13 . . . . . . 5-9 . . . . . 5-14 . . . . . 5-24 . . . . . 5-24 . . . . . 5-25



A . TRIGGER ADJUSTMENTS . . . . . . . . . . . . . . . . . . . B . SCAN AND TIMING . . . . . . . . . . . . . . . . . . . . . . . . . C. TRIGGER OPERATION . . . . . . . . . . . . . . . . . . . . . .



PAGE 5-26 5-31 5-43



SECTION 6 - INSTRUMENT OPTIONS SECTION 7 - REPLACEABLE ELECTRICAL PARTS LIST SECTION 8 - DIAGRAMS ANO CIRCUIT BOARD ILLUSTRATIONS SECTION 9 - REPLACEABLE MECHANICAL PARTS LIST



LIST OF ILLUSTRATIONS FIGURE NO.



1-1 1-2



2-1



2-2 2-3 2-4 2-5 2-6 2-7 2-8



3-1



PAGE



FIGURE NO.



7T1 t A Sampling Sweep Unit. . . . . . . . . . . . . . . . . . . . viii



3-2



Several plug-in configurations using the 7T11A and a 7000 .series oscilloscope . . . . . . . . . . . . . . . . . t-2 Plug-in configurations using the 7T11A and a three-compartment 7000-series oscilloscope . . . . . . 1-3



3~



Connector J641 (fixed shoe), providing interconnection between 7T11A and 7St1 for strobe and trigger signals . . . . . . . . . . . . . . . . . . . Front-panel controls, connectors, and indicators . . Equipment setup for Operators Checkout Procedure. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sequential equivalent-time sampling display of 1 ~s, 1 V square-wave output of pulse generator . Observing the leading edge of a fastrise pulse using the SEQUENTIAL equivalent-time mode. . . Position of selected TIMEIDIV setting within control window and corresponding magnification rate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Effect of TIME POSITION control (SWEEP RANGE at 5 ws/div to 10 ns/div position) . . . . . . . Real-time sampling display of the 0 .2 V, t kHz output of a 7000-series oscilloscope calibrator . . .



3-5



3-4



. . 2-1 . . 2-2



3-6



. . 2-4



3-7



. . 2-5



3-8



. . 2-7



3-9



. . 2-9 . 2-10 . 2-1 t



Simplified block diagram of a sampling system using the 7T11A as a Real-time sweep unit . . . . . . . 3-2



3-10 3-11 3-12 3-13 3-14 3-15



PAGE 7Tt 1 A ~mplete block diagram for Real-time sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-3 Circuit waveforms at control settings shown in Figure 3-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4 Timing relationships during the first 1/50th of one typical Real-time sweep . 7Tt 1 A control settings as given in Figure 3-1 . . . . . . . . . . . . . . . . . . 3-5 TTH ramp voltage versus time at the three Realtime positions of the SWEEP RANGE control . . . . . . 3-7 Effect of the TIME POSITION and TIME/POSITION controls . SWEEP RANGE set at 5 ms/div to 10 ~sldiv positions. . . . . . . . . . . . . . . . . . . . . . . . . . . 3-8 Ideal Trigger, Sweep, and HOMY waveform relationships during real-time sampling . . . . . . . . . . . 3-9 Simplifed sequential equivalent-time block diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-11 Ideal waveform relationships during sequential equivalent-time sampling. . . . . . . . . . . . . . . . . . . . . 3-13 Effect of fuming TIME POSITION control fully clockwise on waveforms of Figure 3-9 . . . . . . . . . . 3-14 7T11A blanking logic. . . . . . . . . . . . . . . . . . . . . . . . 3-16 Unavoidable delay between trigger point on input signal and start of display window . . . . . . . . . . . . . . 3-17 Effect of lead time in moving display window . . . . . 3-18 Random mode block diagram . . . . . . . . . . . . . . . . . 3-19 Ideal waveform relationships during Random equivalent-time sampling. . . . . . . . . . . . . . . . . . . . . 3-21



7T11A Instruction Manual



LIST OF ILLUSTRATIONS (CONT .) FIGURE NO . 3-16 3-17



3-34 3-35



Display of samples taken in Figure 3-15. . . . . . . . Block diagram showing interconnections between 7T11A and vertical plug-in during real-time operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Block diagram of the 771 t A trigger circuit. . . . . . Simplified 7711 A Trigger Selector circuit showing use of right channel Sampling Unit as source of internal trigger signal. . . . . . . . . . . . . . . Simplified diagram of HF SYNC circuit. . . . . . . . . Relationship of the output Tunnel Diode to other 7T11A circuits . . . . . . . . . . . . . . . . . . . . . . . . Simplified schematic of the Schmitt Trigger circuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Operating characteristics of Schmitt Trigger circuit tunnel diode (CR134) . . . . . . . . . . . . . . . . . . Outputs of the HOMY and assoctiated circuits. . . Trigger, Sweep, and HOMV waveform relationships during real-time sampling . . . . . . . . . Typical waveform relationships during sequential equivalent-time sampling. . . . . . . . . . . . . . . . . . . . Trigger output circuits . . . . . . . . . . . . . . . . . . . . . . Block diagram of circuits shown on TIME TO HEIGHT CONVERTER schematic . . . . . . . . . . . . . Active portion of the TTH circuit when producing a negative-going output ramp . . . . . . . . . . . . . . . . Equivalent arcuit of Miller Integrator used to generate TTH ramp . . . . . . . . . . . . . . . . . . . . . . . . Simplified block diagram of Ratemeter circuit . . . . Theoretical change in voltage of Ratemeter Triple Log Ramp capacitor (0414) with charging time . . Simplified diagram showing sources of Horizontal Amplifier offset current. . . . . . . . . . . . . . . . . . . . . . Slow Ramp Generator block diagram. . . . . . . . . . Inputs and outputs of the Slow Ramp Inverter . . .



41 42 4-3 4-4 45



Resistor and capacitor co~or code. . . . Semiconductor lead configuration . . . . Orientation of multi-pin conrs3ctors . . . Pin numbering on interface connector. Exploded view of circuit-board pin and



3-18 3-19



3-20 3-21 3-22 3-23 3-24 3-25 3-26 3-27 3-28 3-29 3-30 3-31 3-32 3-33



.. .... .. .... .. .... .. .... ferrule .



. . . . .



. . . . .



. . . . .



PAGE



FIGURE NO.



. 3-22



46



. 3-23 . 3-25



47 4-8 49



. 3-26 . 3-27



5-1 5-2



. 3-28



5-3 5-4 5-5 5-8



. 3-30 . 3-31 . 3-32 . 3~4 . 3-35 . 3-37 . 3-39 . 3-40 . 3~I1 . 3-42 . 3-44 . 3-45 . 3-49 . 3-50 . . . . .



. . . .



4-4 45 46 46 412



PAGE Location of 200 MHz oscillator tunnel diode (A3CR28). . . . . . . . . . . . . . . . . . . . . . . . . . . . Minimum range required for the 200 MHz osallator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Connections to switch assemblies. . . . . . . . . Connections to Interface assembly A4 . . . . .



. . . . . 4-13 . . . . . 414 . . . . . 4-16 . . . . . 4-18



5-12 5-13 5-14 5-15 5-16 5-17



Typical displays fa checking timing accuracy . Sweep Out waveform to Check Repetitive Scan rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Determing display fitter . . . . . . . . . . . . . . . . . . Typical display of the Pulse Out waveform . . . Typical display of trigger kidcout. . . . . . . . . . . Positioning Trigger prcuit board for access to inte~al adjustments . . . . . . . . . . . . . . . . . . . . . Typical display of Memory Gate bbwby . . . . . Typical display for adjusting Stewing Ramp (A3R310) and Servo Zero (A1 R588) . . . . . . . . Typical display for adjusting Dot Position Memory (A1 R845) and Servo Zero (A1 R588) . Typical displays for checking timing accuracy . Sweep Out waveform to check Repetitive Scan rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Typical display for HF Sync adjustments . . . . . Determining display ~itter . . . . . . . . . . . . . . . . . Typical display of the Pulse Out waveform . . . Typical display of trigger lockout . . . . . . . . . . . Trigger hoidoff measurement. . . . . . . . . . . . . . Typical display of strobe kickback . . . . . . . . . .



8-1 8-2 8-3 8-4 8-5 8-6 8-7 8-8 8-9



Semiconductor lead configurations . Location of arcuk boards in the 7711 A. A3-Trigger circuit board assembly . A2-Tiiming circuk board assembly . A1-Logic arcuit board assembly. A4-Interface circuit board assembly. Location of Logic adjustments. Location of Timing adjustments . Location of Trigger adjustments .



5-7 5-8 5-9 5-10 5-11



. . . . 5-11 . . . .



. . . .



. . . .



. . . .



5-12 5-19 5-22 5-22



. . . . 5-25 . . . . 5-33 . . . . 5-34 . . . . 5-34 . . . . 5-38 . . . . . . .



. . . . . . .



. . . . . . .



. . . . . . .



5-39 5-40 5-47 5-51 5-52 5-53 5-53



7T11A Instruction Manual



LIST OF TABLES TABLE Np,



PAGE



1-i 1-2



Electrical Characteristics . . . . . . . . . . . . . . . . . . . . . . 1-1 Mechanical Characteristics . . . . . . . . . . . . . . . . . . . . 1-6



2-1 2-2



Minimum Trigger Holdoff . . . . . . . . . . . . . . . . . . . . . . 2-8 Sweep Range and Time/Div Settings . . . . . . . . . . . . 2-9



3-1



Effect of TIME/DIV Control on Horizontal Amplifier Gain . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-XX46 7T11A Readout Switching . . . . . . . . . . . . . . . . . . . 3-53



3-2



42



Relative, SusceptitHlity to Damage from Static Discharge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 Power Supply Wire Cokx Code . . . . . . . . . . . . . . . 4-3



5-1 5-2 5-3 5-4 5-5 5-6 5-7 5-8 5-9 5-10 5-11 5-12 5-13



Performance Check Summary . . . . . . . . . . . . . Test Equipment . . . . . . . . . . . . . . . . . . . . . . . . . Timing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Low-Frequency Triggering . . . . . . . . . . . . . . . . . Medium-Frequency Triggering . . . . . . . . . . . . . . Hgh-Frequency Triggering . . . . . . . . . . . . . . . . Display Jitter with Optimum Trigger Conditions Timing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Low-Frequency Triggering . . . . . . . . . . . . . . . . . Medium-Frequency Triggering . . . . . . . . . . . . . . High-Frequency Triggering . . . . . . . . . . . . . . . . Display Jitter with Optimum Trigger Conditions Trigger Hokioff .. . . . . . . . . . . . . . . . .. .. ....



41



.. .. .. . . . . .. .. .. .. .. .. .. ..



. . . . . . . . . . . . .



. 5-3 . 5-5 5-10 5-16 5-16 5-16 5-20 5-37 5-45 5-45 5-45 5-49 5-53



7T11A Instruction Manual



OPERATORS SAFETY SUMMARY The following general safety information applies to all operators and service personnel. Specific warnings and cautions will be found throughout the manual where they apply and should be followed in each instance . WARNING statements identify conditions or practices which could result in personal injury or loss of life . CAUTION statements identify conditions or practices which could result in damage to the equipment or other property . IiYARNJIIIQ GROUND THE INSTRUMENT To reduce electrical-shock hazard, the mainframe (oscilloscope) chassis must be properly grounded. Refer to the mainframe manual for grounding information. DO NOT REMOVE INSTRUMENT COVERS To avoid electric-shock hazard, operating personnel must not remove the protective instrument covers. Component replacement and internal adjustments must be made by qualified service personnel only. DO NOT OPERATE IN EXPIOSiVE ATMOSPHERE To avoid explosion, do not operate this instrument in an explosive atmosphere unless it has been Certified for such operation. c~uTJO~ PREVENT INSTRUMENT DAMAGE To prevent instrument damage, plug-in units should not be installed or removed without first turning off the mainhame power.
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SERVICE SAFETY SUMMARY FOR QUALIFIED SERVICE PERSONNEL ONLY The following are safety precautions which appear in the service information sections of this manual . This Service Safety Information is in addition to the Operators Safety Information given previously .



DO NOT SERVICE ALONE Do not attempt internal service or adjustment unless anotherperson, capable of rendering first aid and resuscitation, is present. DISCONNECT INSTRUMENT POWER To avoid electrical-shock hazard, disconnect the instrument from the power source before removing protective panels, soldering, or replacing components .



c~ur~oly AVOID EXCESSIVE MOISTURE Circuit boards and components must be dry before applying power to prevent damage from electrical arcing. EXERCISE CARE WHEN SOLDERING The Intertace and Timing circuit boards are a multilayer type with conductive paths laminated between the top and bottom board layers. All soldering on these boards should be done with care to prevent breaking connections to the inner conductors . Only experienced maintenance personnel should attempt repair of any circuit board. USE PROPER CLEANING AGENTS Avoid the use of chemical cleaning agents which might damage the plastics used in this instrument. Use a nonresidue type of c%aner, preferably isopropyl alcoho% totally denatured ethyl alcohol, or a Nuorinated solvent (i.e., trifluorotrichloroethane), such as Freon TF cleaner or Spray-On #2002. Before using any other type of cleaner, consult your Tektronix Service Center or representative. DO NOT USE PIN SOCKETS FOR CONNECTION POINTS The spring tension of the pin sockets ensures a good connection between the circuit boardand thepin. This spring tension can be destroyed by using the pin sockets as a connecting point for spring-loaded probe tips, alligator clips, etc.
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7T11A Sampling Sweep Unit.



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 .
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SECTION 1 SPECIFICATION



~3eneral Information The 7T11A Sampling unit is designed fa use in Tektronix 7000-series oscilloscopes. Several plu¢in combinations, inchiding a 7T11A, are shown in Fig. 1-1 . A 7S11 must be in the compartment to the left of, and adjacent to, the compartment in which the 7T11 A is operated . Therefore, two 7T11A's are not used in the same mainframe. In Fig. 1-1 A the 7T11 A is shown in the "A" Horizonah compartment of the oscilloscope. The Vertical Mode and Horizontal Mode pushbuttons, providing useful presentatio~s, are designated for plug-in configurations A, B and C. For the confhguration of Fig. 1-1A, four combinations are shown. An alternate to the configuration shown in Fig. 1-2B is with the "LEFT" or "B" or both of these mainframe compartments empty. Plug-in arrangements other than those shown in Fig. 1-1 are possible . Fig. 1-2 shows several plug-in combinations for three compartment oscilloscopes. In these configurations, the 7T11A must be in the Horizontal plug-in compartment and a 7S11 must be in the Right Vertical compartment. Vertical mode pushbuttons adding useful presentations are designated for each configuration . The 7M11 may be used in any available mainframe compartment or operated out of the mainframe. For further information, see the Operating Instructions section of this manual under the heading of Detailed Operating Information .



Internal triggering, or any of three modes of external triggering can be selected by using the front panel pushbuttons. A Schmitt trigger circuit is used except when HF SYNC is selected . With EXT 5012 input selected, the Schmitt circuit provides jitter free triggering from input trigger signals from DC to 1 GHz. The display is free of trigger jitter or double triggering, even at low trigger repetition rates or when using a square wave as the input trigger signal . A recovery time control is not needed. Selecting EXT HF SYNC permits using frequencies of 1 GHz to approximately 12 GHz as the trigger input source . With HF SYNC selected, the signal connected to the TRIG INPUT connector is routed to a built-in synchronizer, thus permitting X band signals to be viewed .



Excellent sweep linearity is provided when using the TT11 A. The timing circuitry in the 7T1 tA uses a time measurement rather than a time programming process for horizontal sample positioning on all equivalent-time sweep ranges: During both Random and Sequential operation the horizontal position of the dot on the screen is determined by measuring the time interval between strobe and trigger. This method results in improved timing linearity and a reduction in display jitter . The accuracy of sweep timing and linearity make it unnecessary, during equivalent time sampling, to exclude the sweep start from accuracy specifications.



Instnrment Features The 7T11 A features a wide range of sweep rates using real-time and equivalent-time sampling . Concentric switches select the sweep range and time position range in different combinations for the time/div desired. On equivalent time ranges, either sequential or random sampling is available. Use of random sampling permits display of the leading edge of fast-rise input signals without the use of a signal delay line (such as the 7M11) or a pretrigger pulse from the signal SOirCe.



Characteristics The following characteristics apply over an ambient temperature range of 0°C to +50°C at altitudes up to 15,000 feet and after a five-minute warmup, providing the instrument was calibrated at a temperature between +20°C and +30°C. During non-operation, do not subject the 7T11A to altitudes above 50,000 feet or to temperatures below -55°C.
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Figuro 1-1 . Several plug-in coMigurations using the 7T11A and a 7000-series oscilloscope .



Specification-7711 A TABLE 1-1 ELECTRICAL CHARACTERISTICS Characteristic



~



Performance Requirement SWEEP RATES



TIME/DIV



Calibrated from 5 ms/div to 10 ps/div, selectable in a 1, 2, 5 sequence, using SWEEP RANGE and TIME/DIV controls .



Equivalent Time



5 ~s/div to 10 ps/div using the 50 ~s to 50 ns Time Position Ranges .



Accuracy



Within 3% .



Real Time



5 ms/div to .1 ~s/div using the 50 ms to .5 ms Time Position Ranges .



Accuracy On 50 ms TIME POS RNG



Within 3%,beginning 250 ~s after undelayed sweep start.



On 5 ms TIME POS RNG



Within 3%, beginning 25 ~s after undelayed sweep start.



On 0.5 ms TIME POS RNG



Within 3%, beginning 2.5 ~s after undelayed sweep start, or after 500 ns from start of displayed portion of sweep. Does not include 100 ns/div and 200 ns/div positions.



VARIABLE (TIME/DIV) Range



Extends fastest sweep rate to at least 4 ps/div . Permits increasing the speed of all sweep rates to at least 2.5 times the calibrated speed.
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Fl~uro 1-2. Plug-in configurations using the 7T11A and s three-compartment 7000-series oscilloscope.
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TABLE 1-1 (cont) ELECTRICAL CHARACTERISTICS Characteristic



Performance Requirement TRIGGERING



Input Resistance EXT 50 S2



I



50



EXT 1 MS2



I



1 MS2 within 5% .



EXT HF SYNC



I



1 MS2 within 5% .



'Sinewave Triggering Internal Sensitivity Range X1 Trig Amp X10 Trig Amp



n within



10%.



125 mV to 1 V P-P at vertical input (5 kHz to 500 MHz). 12 .5 mV to 1 V P-P at vertical input (5 kHz to 50 MHz) . °N®TE Trigger circuits will operate to DC with pulse triggering, except for HF SYNC.



External 50 lZ Input Sensitivity Range X1 Trig Amp X10 Trig Amp Safe Overload 1 MS2 Input Sensitivity Range X1 Trig Amp X10 Trig Amp Safe Overload HF SYNC Input Sensitivity Range Safe Overload Display Jitter 50 >Z and 1 M4 Triggering Sequential Mode



12 .5 mV to 2 V (P-P), DC to 1 GHz. 1 .25 mV to 2 V (P-P), 1 kHz to 50 MHz. 2 V (DC + peak AC).



12.5 mV to 2 V (P-P), DC to 100 MHz. 1 .25 mV to 2 V (P-P), 1 kHz to 50 MHz. 100 V DC or 100 V (P-P) to 1 kHz; Berated 6 d8loctave above 1 kHz to 5 V (P-P). 10 mV to 500 mV (peak-peak) at 1 GHz; 200 mV to 500 mV (peak-peak) at 12 .4 GHz. 2 V (peak-peak) .



10 ps or less at fastest SWEEP RANGE position (fully CCW) ; 0.4 divisions or less at remaining six positions of SWEEP RANGE; measurements made under optimum trigger conditions .



Specification-7T11 A TABLE 1-1 (coot) ELECTRICAL CHARACTERISTICS Characteristic



Performance Requirement TRIGGERING (coot) 30 ps or less at fastest SWEEP RANGE position (fully CCW) ; one division or less at remaining six positions of SWEEP RANGE; measurements made under optimum trigger conditions .



Random Mode



HF SYNC Random or Sequential Mode



20 ps or less with a 12 .4 GHz, 200 mV (peak-peak) signal; measured under optimum trigger conditions .



PULSE OUT (into 50 S2) Amplitude



Positive-going pulse of at least 400 mV .



Risetime



2.5 ns or less .



Trigger Kickout



±2 mV or less into 50 S2 (except HF SYNC).



Minimum Trigger Rate in RANDOM Mode



100 Hz .



SLOW RAMP GENERATOR Scan Rate REPETITIVE SCAN



I



Continuously variable from less than 2 sweeps/sec to at least 40 sweeps/sec .



HORIZONTAL DEfLECTION SYSTEM Deflection Factor SWEEP CAL EXTERNAL INPUT Input Resistance



I



Permits adjustment of deflection factor for all 7000-series mainframes . 100 kit within 10%.



Deflection Factor



Continuously variable from 10 V to 1 V/div.



Maximum Input Voltage



100 V (DC + peak AC).



SWEEP OUT Output Resistance



1 V/div within 2%. 10 kit within 1 %.
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TABLE 1-2 MECHANICAL CHARACTERISTICS Characteristic Dimensions Height Width Length (including front panel knobs and rear connector)



I



Performance Requirement ~ 5 inches . ~ 2 3/4 inches .



15 inches .



Construction



Aluminum alloy chassis with epoxy laminated circuit boards . Front panel is anodized aluminum .



Accessories



An illustrated list of the accessories supplied with the 7T11 A is at the end of the Mechanical Parts List pullout pages .
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SECTION 2 OPERATING INSTRUCTIONS General IMormation This section covers installation, first time operatbn, funslion of front panel controls and connectors, and general operation of the 7711 A Sampling Sweep Unit . The 7711 A is intended for use in the Tektronix 7000series oscilloscopes. Use of the 7T11A with a 7S11 Sampling Unit and any of a variety of S-series Sampling Heads provides a sampling system adaptable to a wide range of applications. Real-time sampling is provided at the three sbwest sweep rate settings of the 7T11A Sweep Range switch . Sampling is in equivalent-time for the remaining four positions of the Sweep Range switch . On these four ranges either sequential or random equivalent-time sampling may be selected . The 7711 A sweep may be synchronized using an internal or exte~al triggering source . Factemal signals from DC up to approximately 12 GHz can be used as the trigger source. A trigger amplifier providing X10 amplification is available.



horizontal compartment and the 7S11 in the right-hand vertical compartment. This provides an interconnecting path between the 7T71A and the 7S11 for strobe and trigger signals. To insert the 7711 A into the oscilbscope compartment, align the grooves along the top and bottom of the plug-in with the upper and lower slide rails in the oscillscope compartment. The unit slides straight in and self-locks itself in place. The plug-in is removed by pulling straight out on the plastic button labeled 7711 A.
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NOTE Internal trigger signals are not routed through the h'9ger source switches on the oscilbscope due to the frequencies involved and noise considerations. Selectio» of the trigger source is made on the hoot panel of the plug-ins. Triggering signals travel between plug-in units along 50 it coaxial or strip lines . These signals travel between plug-in units using contacts on connector strips fastened to the sides of the plug-ins . A connector strip is shown in Fig. 2-1 . Since the strobe pulses also travel between a 7711 A and 7S11 plug-in through contacts on the connector strips, these units must be located in adjacent oscilloscope compartments . Installing the 7T11A in the Oscilloscope The 7711 A is designed to drive the horizontal deflectbn plates of the oscilloscope CRT, and therefore is instaAed in the right-hand compartment of a three-compartment oscilbscope. When only one 7711 A and one 7S11 are used in a 7000-series oscilloscope providing two vertical and two horizontal compartments, the 7711 A is inserted in the left-hand



dB41



8178-3



Fipun 2-1. Connector X41 (fixed ahoe), providin8 interconnec" tlon between TT11A and 7811 for strobe and M88er signals.



7711 A Horizontal Gain The 7711 A horizontal gain must be matched to the hori zontal deflection factor of the CRT in the oscilloscope . Horizontal gain is set using the Sweep Cal control (screwdriver adjustment) located on the 7711 A front panel. A method of adjusting the Sweep Cal is discussed in the Operators Checkout Procedure later in this section. This adjustment must be reset each time the 7711 A is transferred between oscilloscopes, and when a considerable change in ambient temperature occurs .
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Figure Z-2. Front-pane! controls, connectors and indicator.
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TRIGGERING



SLOPE (+), (-) Pushbuttons-Sekicts the posiUvs-going (+) or negativagoing (-) slope of the triggering signal .



3 O O O



STABILITY Control-Adjusts the width of the trigger hysterosis. Also serves as a coarse sync adjustment in the HF SYNC mode. TRIG LEVEL Control-Determines the amplkude level on the triggering waveform wham Mggering is to occur. Also serves as a fine synchronizing adjustment in the HF SYNC mode. The TRIG LEVEL control is concentric with the STABILITY control . TRIG AMP Pushbuttons-Sslseta X1 or X10 amplification of the trigger signal . INT Pushbutton-Selects intamal triggering for operation with sampling heads that provide a trigger pickott . EXT SO Q Pushbutton-Salsas external, DC-coupled, bw-impedance trigger operation st the common trigger input connector.



EXT 1 MU Pushbutton-Selects external, DC-coupled, high-impedance Mgger operation at the common trigger input connector.



8



O 1~



EXT HF SYNC Pushbutton-Selects external, AC-coupled (1 Mtt to ground) HF SYNC operation. In this mode of trigger operation, the STABILITY amt TRIG LEVEL controls are used to obtain a stable display with trigger signals above approximately 1 GHz. EXT TRIG INPUT Connector-A 3 mm connector located near the bwer right portion of the front penal and used for introducing an external MggeHng signal to the 7T11A. PULSE OUT Connector-A BSM connector providing a positive pulse corresponding to the tiring of the trigger circuit.



SCAN 11



External Input Jack-A pin jack (input resistance of 100 ksZ) providing an input facility for externally scanning the display . With the SCAN control fully CW a one volt input is needed for each division of display .



11



EXT INPUT Pushbutton-Allows scanning the display using an external signal . In this mode of operation, the variable SCAN control serves as a variabN attenuator.



13



MAN Pushbutton-Proridss manual operation of the soon unction vsiny tho rarisWe SCAN wnirof. Dass not t~rnsttvn in ihs thrss siarrssf (rssJtima) Sweep Ranges.



14



Variable SCAN Control-Provides an intamal voltage for adjusting the scan rate in the REP mode, or for manually scanning the display in the MAN mode . Also used to set the horizontal gain using the SWEEP CAL control . Serves as a variable attenuator in the EXTERNAL INPUT mode .



15



REP Pushbutton-Provides repetitive scanning of the display . Scan rata Is sdjustad using the variable SCAN control. It does not function in the Mrse slowest (real-time) Sweep Ranges.



SWEEP 16



SWEEP OUT Jack-Pin jack providing an output voltage proportional to the display. With an output resistance of 10 k9, an output of one volt for each division of display is provided . VARIABLE (CAL IN) Control-When in the out position, rotating the VARIABLE control permits changing time per division from the calibrated value selected by the TIME/DIV switch. Push knob in and release to activate; the knob moves outward from the TIME/DIV control when activated.
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11



SWEEP RANGE Switch-Selects the range of operation of the TIME/DIV switch and indicates the corresponding time position range (TIME POS RNG) . Permits a choice of any of nine TIMEIDIV settings at each of the seven positions of the SWEEP RANGE SWITCH . Ths SWEEP RANGE control is concentric with the TIME/DIV and VAR (CAL IN) controls. TIMEJDIV Switch-Selects calibrated dme/division settings from 10 ps/div to S ms/div, in 27 steps, in a 1, 2, S sequence. TIME POS RNG-Time-positioning ranges from 50 ns to 50 ms in seven decades are available . Time positioning range available and indicated in the TIME POS RNG window is determined by the setting of the SWEEP RANGE switch. The indicated range is always ten times the slowest Nme/div of the Sweep Range selected . POSITION Control-A front panel scrowdriver adjustment to position the display horizontally on the CRT of the oscilloscope .



ZZ



SEQUENTIAL Pushbutton-Selects Sequential Sampling mode of operation. Doss not function in the three slowest (reel-time) Sweep Ranges . Permits equivalent-time operation at lower trigger repetition rates than does the Random mode .



23



RANDOM Pushbutton-Selects Random Sampling mode of operation. Does not function in the three slowest (real-time) Sweep Ranges. Permits the display of the input signal prior to ttre triggering point without use of a delay line or pretrigger.



Z4



SWEEP CAL Control-A front panel screwdriver adjustment that adjusts horizontal gain to match the oscilloscope deflection factor . Adjusted when switching 7T11A from one oscilloscope to another.
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TIME POSITION Control-Permits continuously variable adjustment of delay in starting the display, up to the amount indicated in the TIME POS RNG window . FINE Control-Has only about 196 of the eNect of the TIME POSITION control, end is particularly useful at TIME/DIV settings of high magnification . Figure
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(coat) . Front-panel controls, connectors and indicators.
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TIME/DIV Readout The 7T11A TIME/DIV setting selected is displayed near the top of the CRT except when the 7T11A is used in a oscilloscope without readout circuitry. The horizontal position of the readout on the CRT corresponds to the horizontal position of the oscilloscope compartment in use. The TIME/DIV selected at the 7T11A front panel is displayed on the CRT using the digits 1, 2, or 5 followed by one or two zeros if required . The TIMEIDIV readout does not use decimal points . The displayed digits are followed by the units-of-measure readout . With the 7711 A, the units-ofmeasure displayed will be ms/div, ~s/div, ns/div or ps/div . If the VARIABLE (CAL IN) switch is in the out position, the symbol used to indicate less than (gie 0441, Qd70
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Flyura 3-24. Outputs of the FIOMV and associated circuits.
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Another output occurs as a result of the conduction of 0174 at time To. The voltage at the junction of R174 and R176 drops from +4 .9 volts toward -5 .3 volts at a rate determined by a hold-off capacitor switched in by the range switch . When the hold-off capacitor voltage reaches -0 .6 volts, 0102 turns on, causing gates A and B to change state. When gates A and B change state, current through R105 and CR105 holds the gates in this state after removal of the negative voltage applied through 0102 . This change in state of gates A and B occurs at a time referred to as 1/2 hold-off interval . Figure 3-25 shows this occurring 1 ms after time To . The switching of gates A and B at 1/2 hold-off interval causes the input current to pin 10 of gate C (through R108 and CR106) to stop due to reverse biasing of CR106. With input current stopped, pin 10 of gate C pulls itself positive at a rate determined by the RC at this input. When the voltage at pin 10 of gate C reaches approximately + 1 .5 volts, gate C switches provided its pin 9 input is also positive . As previously mentioned, pin 9 is kept positive at all times during equivalent-time operation, but during real-time operation pin 9 is driven positive by 0554 (Diagram 6) when the output of the Horizontal Amplifier reaches about +5 .2 volts. During real-time operation, 0554 usually drives pin 9 of gate C positive after pin 10 reaches the required +1 .5 volts. With both pin 9 and pin 10 positive, gate C output switches to 0 volts, driving gate D output to +4 volts. If the TIME POSITION control is set fully CW so that the Horizontal Amplifier ramp starts at the same time as the TTH ramp, and if a fast real-time sweep rate is selected, pin 9 of gate C will be driven positive by 0554 before pin 10 reaches + 1 .5 volts. Gate C will therefore not switch until C108 charges to the required +1 .5 volts. The output of the Horizontal Amplifier will continue above +5 .2 volts until limited by the dynamic range of the amplifier . Since Overrun blanking permits a display of only the 0 to +5 volt portion of the Horizontal Amplifier output, no adverse effects result . When gates C and D switch, a positive pulse is coupled to 0144 and 0154, the current sources for Arming TD CR142 and Output TD CR152 respectively . This causes both tunnel diodes to go to their low state. 0162 shuts off, causing the Start Multivibrator to shut off and end the TTH ramp and enable Real-Time Retrace blanking . 0164 starts conducting, causing 0174 to shut off. The positive pulse at the PULSE OUT connector now ends . When 0174 shuts off, the junction of R174 and R176 attempts to go to +50 volts but is prevented from doing so by the hold-off capacitor. When the charge on this capacitor reaches approximately +4 .9 volts, transistor 0104 conducts, returning Gates A, B, C and D of the HOMV to their



quiescent state. The Arming and Output tunnel diodes receive bias and the cycle is to repeat when another trigger is recognized .



Equivalent-Time HOMV Switching Figures 3-24 and 3-26 together with the block diagram in Figure 3-8 will aid in understanding time relationships of the equivalent-time circuits in the following discussion . The right side of Figure 3-24 shows a total of five circuits receiving signals from switching of the HOMV during equivalent time sampling . The switching shown in Figure 3-24 is actually done using transistors . Figure 3-26 shows waveform relationships during sequential equivalent-time sampling. The same basic time relationships exist during Random sampling except for the influence of the Ratemeter circuits and lead time offset current on sweep related circuits. Comparison of Figure 3-15 with Figure 3-26 shows that the same basic time relationships hold between the HOMV, Trigger, and blanking circuits. The output levels of the four gates, just prior to trigger recognition, is the same as listed for Real-Time HOMV operation. Output of Gate A is 0 volts, B is +4 volts, C is +4 volts, and gate D is 0 volts. When the Output TD in the trigger circuit fires, 0174 conducts. 0184 also conducts, producing a pulse output drive and a drive pulse to the Ratemeter To memory level. Conduction of 0174 results in the voltage at the junction of R174 and R176 dropping from +4 .9 volts toward -5 .3 volts at a rate determined by the hold-off capacitor switched in by the SWEEP RANGE switch . When the capacitor voltage reaches -0 .6 volts, 0102 turns on, causing A and B gates to change state. This is shown occurring 10 ~s after time Ta in Figure 3-26 . When Gate B goes from +4 volts to 0 volts, part of this change in voltage appears at the junction of R116 and R117 . Figure 3-25 shows that this negative pulse is applied to the base of 0546 (Horizontal Memory Gate circuit, Diagram 6) as a conduction command during equivalent-time sampling . The switching of Gate A output from 0 volts to +4 volts shuts off input current to pin 10 of Gate C due to reverse biasing of CR106. Within approximately 2 ~s the voltage at pin 10 of Gate C (see Figure 3-26) rises to the approximate
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Figure 3-25 . Trigger, Sweep, and HOMV waveform relationships during real-time sampling .
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Figure 3-2f3 . Typical waveform relationships during sequential equivalent-time sampling .
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Theory of Operation-7T11A + 1 .5 volts required to cause switching of Gates C and D. The requirement that both Gate inputs be positive to get a low output is met since pin 9 is also positive. Figure 3-24 shows that during equivalent-time operation a positive voltage is supplied to pin 9 through R106 and CR106. Switching of Gate D output to +4 volts is shown in Figure 3-26 at approximately 12 ~s after To. This positive output from Gate D ends the Memory Gating pulse. At the same time Gate D output shuts off current sources 0144 and 0154, causing the Arming and Output TD's to switch to their low state. With Output TD CR152 at its low state, conduction of 0174 stops (12 ~s after Ta in Figure 3-26). When 0174 shuts off, 0184 also shuts off causing the pulse at the Pulse Out connector to end. A negative-going pulse is fed from the collector of 0184 through R185 to gate the Dot Position Memory during equivalent-time operation and to 0404 to reset the Ratemeter Ramp (Diagram 5) . When 0174 shuts off (12 ~s after Ta in Figure 3-26) the SWEEP RANGE switch hold-off capacitor connected to the junction of R174 and R176 starts charging toward +50 volts. When the voltage at the junction of these resistors is approximately 0.6 volts more positive than the 4.3 volts maintained at the base of 0104 by zener VR104, 0104 will tum on . The pin 1 input of Gate A has pulled itself positive since 0102 conducted only momentarily at the 1 /2 hold-off interval (10 ~s to 12,~s in Figure 3-26) when gates A and B switched . The pin 2 input has been held down by the input current supplied through R105. As soon as the emitter of 0104 reaches +4 .9 volts the current through R105 switches to 0104 and pin 2 of gate A pulls itself positive causing all gates to switch back to their original quiescent level. The current sources 0144 and 0154 for the Arming and Output tunnel diodes are turned on by the output of gate D and all circuits are again ready for the next trigger.



In any mode other than HF SYNC the Schmitt Trigger circuit supplies the triggering signal to the Arming and Output tunnel diodes . Triggering signals are supplied to the Arming TD through 0140A while the Output TD is supplied through R151 and a section of signal path providing a 5 ns delay. Output tunnel diode CR152 controls the state of the transistor differential pair 0162-0164. This circuit provides output or controlling signals to a number of other circuits as shown in Figure 3-21 . In order for a small trigger signal to switch the Output tunnel diode to the high state, the Arming and Output tunnel diodes CR142 and CR152 respectively must first have sufficient arming current through them . Arming current for the Arming tunnel diode is supplied by the differential amplifier consisting of 0146 and 0144 . Transistors 0154 and 0156 are used as a differential amplifier and provide the current source for the Output tunnel diode. The base of one transistor in each of the differential amplifiers is grounded (0146 and 0156) while the voltage on the other bases (0144 and 0154) is controlled by the HOMV (hold-off multivibrator) . When the output of Gate D of the HOMY (pin 11 of U110) is at approximately +4 volts, both 0144 and 0154 are shut off and neither tunnel diode can receive arming current. When the HOMV output switches to 0 volts the current sources for the tunnel diodes are turned on . Current will increase to the armed value sooner in the Output tunnel diode than in the Arming tunnel diode due to a difference in the RC of components in the collector circuits . Providing the arming current is close to the armed value of CR142, the arrival of a trigger will switch CR142 to its high state. Switching CR142 to its high state increases the current through CR152 by about 3 mA . The Output tunnel diode is now fully armed and will switch to its high state as soon as the trigger that switched CR142 reaches it through the 5 ns delay line.



Output T.D. Circuits Arming and Output Tunnel Diodes Use Figure 3-21 to aid in understanding the following discussion. When the HF SYNC mode of triggering is selected, the signal source for the Arming TD and Output TD is the HF SYNC Oscillator (tunnel diode CR29, Diagram 1) . TrigBering energy is supplied through 0140A to Arming tunnel diode CR142, and through R152 to Output tunnel diode CR152.



Refer to Figures 3-21 and 3-27 as well as Diagram 2, TRIGGER 8~ HOLDOFF, in Section 8 of this manual to aid in understanding the following discussion . Trigger Pulse. When Output tunnel diode CR152 is in the low state, current is flowing through transistor 0164 of the differential pair . When CR152 goes to the high state,



Theory of Operation-7T11A 0164 shuts off and 0162 turns on . Turning on 0162 sends a fast current pulse to 0212 and thence to 0230 of the Start Multivibrator. The Start Multivibrator then starts the TTH Ramp (Diagram 3, TIME TO HEIGHT CONVERTER) . HOMV Drive. When Output tunnel diode CR152 goes to its high state 0164 turns off, which turns on 0174. This starts the Hold-off Multivibrator cycle. The voltage at the junction of R174 and R176 starts dropping at a rate determined by the parallel resistance of R174 and R176 and the capacitance of C101 .



O



TIME TO HEIGHT CONVERTER



A schematic diagram of the Time to Height Converter circuit is given on Diagram 3, in Section 8, Diagrams and Circuit Board Illustrations. The schematic is divided by grey shaded lines separating the circuitry into major stages . These stages aid in locating components mentioned here . Sub-headings in the following discussion use these stage names to further identify portions of the circuitry on Diagram g.



Pulse Out. When 0174 turns on, 0184 also turns on rapidly. This shuts off grounded base stage 0186, interrupting a 10 mA current. Interrupting this current produces a 1/2 volt, positive-going output pulse into 50 SZ . (The output pulse is 10 volts or more if the output is open circuited).



Start Multivibrator



Blanking Logic. No blanking is possible unless 0196 is turned on . Transistor 0196 will stay on as long as 0194 is shut off. Transistor 0194 is kept off by the peak detector (CR191, R191, C191, and R192) connected to its gate . Each time CR152 switches to its high level any slight loss in voltage on C191 is replaced. See Figure 3-11 and discussion under the heading of Blanking in the Circuit Theory part of this section.



This circuit, formed by transistors 0230 and 61234, controls the start of the TTH and Slewing Ramps and provides logic for CRT blanking (see Figure 3-28). Transistor 0234 supplies a 22 volt negative drive pulse to the gate of the switching FET (0294) in the TTH Converter, a 2/3 mA drive to the base of start transistor 0304 of the Slewing Ramp (Diagram 4), and Real-Time Retrace blanking logic to 0244 . The Slewing Ramp is used only during equivalent-time sampling .
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Theory of Operation-7T11A Transistor 61230 receives drive from either the Trigger Circuit (Diagram 2) by way of grounded base stage 0216 or from the Ratemeter (Diagram 5) . The Ratemeter controls the Start Multivibrator only during Random sampling . The input from the Ratemeter is disabled in either Sequential Mode or the Real-Time Sampling Mode by transistor 0222 . Voltage at the junction of resistor R224 and capacitor C224 together with the voltage at Random-Sequential switch S220 ensure conduction of 0222 during both Real-Time and Sequential operation. The bias on this multivibrator is set so that both transistors shut off when no drive is applied to the base of 0230. The quiescent voltage at the collector of 0234 is -0.6 volt, as set by CR234 and R234 . The network CR295, CR296, CR294, R296 and R294 ensures that the gate of the switching FET 0294 is never forward biased . The arrival of a drive signal causes the two transistors to conduct heavily, switching the collector of 0234 to -22 volts in about 15 nanoseconds. When the drive is removed, the transistors store for a microsecond or so, then shut off. TTH transistor 0294 recovers first; the Slew Ramp is delayed slightly by the incfusion of the diode - RC network in the base . This diode decoupling network is necessary to keep the Stewing Ramp from receiving false restarts (with resultant double strobing) from reset aberrations present in the TTH Converter. Negative drive voltage of -22.5 volts is used for the gate of FET 0294 because the TTH Converter output can fall as low as -10 volts in normal operation. In order to ensure that the turn off bias of the gate is always greater than pinch off, it must be set at a voltage much lower than the lowest allowable level of either the drain or source. C294 and Gate Comp adjustment C237 counteract and equalize the FET gate blowby charge received during the start drive pulse. This blowby equalization is especially important when operating with the fastest range, where a 50 pF feedback capacitance is used . The ratio of gate-drain to feedback capacitance is large for this range. TTH CirCUit The Time to Height Converter is the key timing circuit in the 7T11 A. It is essentially a Miller integrator formed by transistors 0280 and 0284, and feedback capacitors switched by the SWEEP RANGE control. Figure 3-28 shows two outputs from the TTH Ramp Generator . One output is fed to 0446 of the Ratemeter Correction Memory (Diagram 5). The Ratemeter is used only during Random sampling and is discussed later in this section . The second output of the TTH Converter is fed to U512A at the input of the Horizontal Amplifier (Diagram 6), also discussed later in this section.



The TTH output ramp may be made to run positive or negative with respect to its zero volt starting point. During Real-Time and Sequential Sampling the TTH ramp may only run negative . During Random Sampling the direction the TTH ramp runs depends upon whether strobe or trigger oc curs first. The direction that the TTH ramp runs is determined by the TTH Slope control circuits (see Figure 3-28). With (-) Slope Driver 0262 supplying input to the Miller Intergrator circuit, the Miller output ramp will be negative-going. When (+) Slope Driver 0272 supplies input current, the Miller output ramp is positive-going. 0262 and 0272 supply equal but opposite inputs . If both 0262 and 0272 are allowed to supply current to the feedback capacitors (C290, C291 and C292) the net result is no input and therefore no change at the Miller output . To produce an output ramp, either 0262 or 0272 must be shut off. Conduction of 0252 will shut off (-) Slope Driver 0262, while conduction of 0228 will shut off (+) Slope Driver 0272 . Another condition must be met if an output ramp is to be developed: Switching transistor 0294 must be shut off. When this transistor is ON, the input cur rent is shorted around the feedback capacitors . 0294 provides a means of rapidly returning the Miller integrator output to the 0 volt level, thereby ending the TTH ramp . When Output tunnel diode CR152 (Diagram 2) switches to the high state, 0162 turns on . This turns on 0212 and results in a negative pulse at the collector of 0216 and 0218 . This negative voltage level remains at the output of 0216 and 0218 until the Output TD is switched back to its low level. During Random operation the output of (1218 is used to drive 0228 into saturation . With 0228 saturated 0272 is reverse-biased . The (+) Slope drive to the Miller circuit is therefore cut off and remains cut off as long as the Output TD remains at its high level. During Real-Time and Sequential operation the output of 0218 has no effect on the (+) Slope Drive since the (+) Slope Driver is always off during these modes of operation. The same logic that causes 0222 to conduct, killing the Ratemeter input to the Start Multivibrator, also causes 0228 to remain on at all times during Real-Time or Sequential operation. The voltage at the junction of R221 and R223 causes 0228 to saturate shutting off (+) Slope Driver 0272 . As mentioned previously the Start Multivibrator (0230 and 0234) may be turned on by either of two signals. During Real-Time and Sequential operation when Output TD



Theory of Operation-7T11A CR152 recognizes a trigger and switches to its high level, a negative pulse is delivered from the collector of 0216 to the base of X230 causing both X230 and 0234 to conduct. During Random operation the Ratemeter normally provides a negative pulse to the base of X230 to turn on the Start Multivibrator. However, in the event that a trigger does occur before the Ratemeter delivers a start signal to Gt230, the Start Multivibrator will be fumed on by the output of X216 .



When X234 turns on, a negative pulse is developed at its collector. The negative pulse from 11234 is fed through CR244 to the Stewing Ramp and to the gate of G~294. The negative voltage applied to the gate of 0294 shuts off 0294, permitting the Miller circuit feedback capacitors to start charging . Two timing current sources are available. The +50 volt
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Figure 3-28 . Block diagram of circuits shown on TIME TO HEIGHT CONVERTER schematic.
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Theory of Operation-7T11A The path for (-) Slope Drive current when developing a negative-going TTH Converter output is shown in Figure 329 . Current through 0262 results in a negative-going TTH ramp at the output of the Miller circuit provided that 0294 has been shut off by the Start Multivibrator and (+) Slope Driver 0272 is also shut off. Current through 0262 is stopped by driving (-) Slope Stop transistor 0252 into saturation . This is done only during equivalent-time sam-



supply and 0262 provide input current to drive the Miler output negative . The -50 volt supply and 0272 provide an input current in the opposite direction and cause a positivegoing TTH Converter output . 0272 is shut off when any of the three real-time ranges are selected and during sequenfiat equivalent-time operation. 0272 is also shut off during Random operation by the output of 0218 at the time of trigger recognition .
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Theory of Operation-7T11A piing. The (-) Stop signal is provided by Slewing Ramp Comparator transistor X328 (Diagram 4).



Input current is 5 mA for all sweep Ranges except the two slowest; where it is switched to 50 ~A. The fastest ramp feedback capacitors are C291 and 50 ns Timing adJustment C292, and these are left across the Miller circuit at all times. The next slower sweep range uses 450 pF, followed by 0.00495, 0.05, and 0.5 ~F . The 0.05 and 0.5 uF are each used at two settings of the SWEEP RANGE control ; once for the two slowest sweep ranges when timing current is 50 ~A and again on the third and fourth positions of the SWEEP RANGE control when timing current is 5 mA. Fast 'timing adjustment R260 is used to set the timing cuprent to 5 mA for the five fastest Sweep Ranges . On the two s~owest when the path through R260 is opened, the timing current is set to 50 ~,A by Slow Timing adjustment R265 . An adjustment corresponding to R265 is not needed for X272 since the three slowest ranges are for Real-Time operation and X272 never conducts on these ranges .



Figure 3-30 shows the equivalent circuit of the Miller integrator used to develop the TTH ramp . The 10K resistor represents the resistance of R260, R261, X262 and R264 . The 50 pF feedback capacitor represents the capacitance of C291 and C292. At the fastest SWEEP RANGE setting, the feedback capacitor consists of C291 and C292 in parallel . The +50 volt supply is providing a 5 mA input current. The TTH Converter output voltage will theoretically change at a rate dependent upon the value of the feedback capacitor and the input current. The time (t) in seconds, for a given change in TTH Converter output voltage, can be found from the following relationship :



C264 acts as a temporary charge storage device preventing the input of the TTH Converter from moving until the amplifier circuit has had a chance to operate and transfer the charge from C264 into the 50 pF feedback capacitor. After a period of time, but before the Horizontal Memory Gate pulse occurs, the TTH Converter output level finally represents the amount of charge gated into its input between start and stop commands.
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Figure 3-30 . Equivalent circuit of Miller Integrator used to generate TTH ramp.



t- CV Where: t= time in seconds C=value of feedback capacitance in farads I=input current in amperes V=change in TTH Converter output voltage At the fastest sweep rate the TTH Converter output does not move fast enough to keep up with the amount of charge being delivered to it by the 5 mA current source . Without capacitor C264 this lag in the TTH Converter output would result in a change in voltage at the TTH Converter input and possible saturation of the input current sources. Capacitor
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SLEWING RAMP & RT MULTIVIBRATOR



A schematic diagram of the Slewing Ramp 8 RT Multivibrator circuit is given on Diagram 4, in Section 8, Diagrams and Circuit Board Illustrations . The schematic is divided by grey shaded lines separating the circuitry into major stages . These stages aid in locating components mentioned here . Sub-headings in the following discussion use these stage names to further identify portions of the circuitry on Diagram 4.



Theory of Operation-7T11A Slewing Ramp Generator The switching of Output TD CR152 (Diagram 2) to its high level causes the output of 0162 to go negative. The negative-going output of 0162 is fed to 0212, which results in a negative-going output from 0234 of the Start Multivibrator (Diagram 3). The negative pulse produced at the collector of 0234 starts both the TTH and Slew Ramps. Both of these ramps run at the same rate. The rate of change of the ramp voltage is dependent upon the setting of the SWEEP RANGE control. Current through 0308 is set to 5 mA, or to a value producing a Slewing Ramp having the same slope as the TTH ramp . Slewing Ramp adjustment R310 is used to set this current level. The 5 mA current is passing through 0306 just prior to trigger recognition. Immediately following trigger recognilion, a negative-going pulse from 0234 drives 0304 into saturation . With 0304 saturated, 0306 is shut off and the 5 mA current is switched into the timing capacitor.
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The parallel combination of C312 and C313 is used on the fastest sweep range. 50 ns Slewing adjustment C313 sets the Slewing Ramp slope equal to that of the TTH ramp on the fastest sweep range. Additional capacitance (C318) is switched in on each of the three remaining equivalent-time s h eep ranges . The same amount of capacitance is added to the Slewing Ramp circuit as is added to the TTH Converter circuit. As the constant 5 mA current charges the timing capacitor, the voltage at the base of 0318 runs down from 0 volts toward -15 volts. Slewing Ramp Comparator and Strobe Drivers A voltage reference is provided by the Slow Ramp Inverter to the base of 0316. When the Slewing Ramp runs down to the level necessary to turn on 0316 and 0318, the ramp current is switched from the timing capacitor into a path through 0316 and 0318 thereby ends the rundown of the Slewing Ramp. The time duration of the Slewing Ramp rundown is dependent upon the voltage applied from the
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Figure 3-31 . Simplified block diagram of Ratemeter circuit.
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Theory of Operation-7T11A Slow Ramp Inverter to the base of 0316 . When 0316 and 0318 turn on, 0322 turns on, causing transistor 0328 to switch to its high state. Switching of 0328 is prevented during real-time operation by conduction of 0326 . During equivalent-time operation sufficient reverse bias is applied to the base of 0326 to insure that it remains shut off. When 0328 switches to its high level, a fast drive pulse is provided to transistors 0342 and 0344, thence to the right and left-hand sampling units. The positive-going pulse appearing at the collector of 0328 is also fed through CR251 to 0252 in the TTH Converter circuit (Diagram 3). This turns on 0252 and 0252 saturates, shutting off the (-) Slope Drive to the TTH Converter and ending the rundown of the TTH ramp . As was pointed out during the discussion of Random mode operation in the Circuit Theory portion of this section, during Random operation the TTH and Slewing Ramps do not normally start running together although a start pulse is delivered to the TTH Converter (gate of 0294) by the Start Multivibrator at the same time as the Slewing Ramp is started. Also the TTH ramp does not always run negative as it does during real-time and sequential operation. Other than the two exceptions just pointed out, the summary below applies to alt modes of sampling . To summarize, both the TTH and Slewing Ramps are started at the same time by 0234 (Start Multivibrator, Diagram 3) immediately after Output TD CR152 (Diagram 1) switches to its high state at time To. As shown in Figure 3-9, the TTH and Slewing Ramps both run negative at the same rate until voltage on the Slewing Ramp timing capacitor is negative enough to overcome the reverse bias between the base and emitter of 0316 . When 0316 and 0318 conduct, the Slewing Ramp ends and 0328 is turned on . 0328 ends the rundown of the TTH ramp and causes Strobe Drivers 0342 and 0344 to deliver strobe pulses, thereby causing sampling of the vertical input signals. 0328 also provides a positive pulse to the base of 0368, which provides Interdot blanking . Real-Time Multivibrator During real-time sampling the Real-Time Multivibrator provides a 3 ~s, positive-going drive pulse from the collector of 0362 to the emitter of 0546 (Diagram 6) at intervals of approximately 20 ~s . Memory Gate Driver 0546 applies this positive pulse to the gate of 0556, which connects the input of the Horizontal Memory (0560) to the output of the Horizontal Amplifier for the 3 ~s gating interval . During real-time sampling a positive-going 3 r~s duration pulse is also applied from the collector of 0362 to the base



of 0368 . This enables 0368 and provides Interdot blanking for a 3 ~s interval . The Real-Time Multivibrator consists of transistors 0352, 0356, and 0362 . During real-time operation transistor 0326 conducts, clamping 0328 so that no outputs come from this source. Also during real-time operation the shield of the coaxial line to the right channel vertical unit is disconnected from ground by shutting off 0370 . Removing the ground from the right channel coax shield permits the RealTime Oscillator in the right-channel Sampling Unit to function . See Figure 3-17 . This oscillator free-runs at about a 50 kHz rate and is frequency modulated at an approximate 200 Hz rate . The oscillator output is fed to the base of 0356 through CR348 and C348 as a series of positive pulses spaced at 20 ~s intervals. When a trigger is received from the sampler, 0356 conducts, driving 0352, which drives 0356 . Transistor 0362 also conducts, driving both the Horizontal Memory Gate and Interdot blanking circuit. The feedback from 0352 to 0356 is through C358 and diode CR358. When the base side of C358 has charged to a negative level that shuts off 0356, transistors 0352 and 0362 are shut off. Resistor R357 provides a discharge path for C358, allowing the collector of 0352 to return to ground . The output of the Real-Time Multivibrator appears at the collector of 0362 as a 3 ~s positive pulse.
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RATEMETER



A schematic diagram of the Ratemeter circuit is given on Diagram 5, in Section 8, Diagrams and Circuit Board Illus trations . The schematic is divided by grey shaded lines separating the circuitry into major stages . These stages aid in locating components mentioned here . Sub-headings in the following discussion use these stage names to further identify portions of the circuitry on Diagram 5.



General The purpose of the Ratemeter (see Figure 3-31) is to start the displayed portion of the sweep before a trigger arrives, thus permitting time before triggering can be displayed . The Ratemeter estimates when the next trigger will occur by measuring time from Ratemeter reset (1/2 hold-off interval) to the next trigger recognition, or Ta.



Theory of Operation-7T11A Pretrigger Comparator Pretrigger Comparator 04140416 is responsible for delivering an output, from the collector of 0416 to the base of 0230, to get the trace started prior to arrival of the trigBering signal . The Pretrigger Comparator will deliver an output pulse when 0416 conducts . Conduction of 0416 occurs when 0414 is shut off. Transistor 0414 shuts off when its base voltage reaches a more negative voltage than is present at the base of 0416. The volta9e at the base of 0414 is determined by the voltage to which capacitor C414 in the Triple Log Ratemeter Ramp has charged. The voltage at the base of 0416 can be considered to be the result of the output of two sources. These two sources are the output of 0422, supplied through R424, and the output of the Start Correction circuit taken from the collectors of 0462 and 0464. The Start Correction input will be discussed after the Ratemeter outputs supplied to the base of 0414 and 0416 are explained. Triple Log Ramp



The Triple Log Ramp consists of R408 and R409 serving as the source of charging voltage for the ramp, resistors R411 and R412, capacitors C411, C412, and C414 and two diodes . Resistors R408 and R409 together with the -50 volt supply can be considered to be a source of approximately -15 volts and having a resistance of about 12 kS2. This 12 kII resistor in parallel with R411 and 8412 forms a divider network that charges C414 to a negative voltage of about -5 volts, or 1/3 of 15 volts. The time constant is 80 ~s (see Figure 3-32), set by C414 and the parallel combination of the four resistors . Charging starts immediately after the network is discharged by the Reset Multivibrator.



Volts (approx) 0



Time -) . 80 ~s



800 us



8 ms



6396 of -10 s396 of -15 8t76-42 Figure 3-32. Theoretical change in voltage of Ratemeter Triple Log Ramp capacitor (C414) with charging time.



After the network reaches the -5 volt level, C412 charges toward -10 volts from 0 volts with a time constant of C412 (R412 + parallel resistance of R411, R408, and R409) or approximately 800 ~s. As C412 charges, the junclion of the 4 resistors slides from -5 volts to -10 volts . Then C411 begins to charge from 0 volt to -15 volts with a time constant of C411 (R411 + parallel resistance of 8408 and R409) or about 8 ms. The junction of the four resistors slides from -10 volts to -15 volts during this time. The Triple Log Ramp eliminates the need to switch Ratemeter capacitors when the Sweep Range setting is changed and to specify lower limits for trigger repetition rate for each gweep Range.



Reset Multivibrator



The Reset Multivibrator (0404 and 0406 of Figure 3-31) is used to discharge the capacitors in the Ratemeter Ramp network. The Reset Multivibrator is turned on at 1/2 hold-off interval by the negative-going portion of the pulse supplied bY 0184 (Diagram 2). This pulse coincides in time with the time during which Trigger Output TD CR152 is reset to the low state. The negative-going portion of this pulse is fed through C402 to the base of the Reset Multivibrator. Turning on the Reset Multivibrator discharges the negative charge on C411, C412 and C414. Discharge of C411 and C412 occurs through the low resistance path offered by CR411 and CR412 respectively . After reset, conduction of the diodes stops. To Memory and To Gate The purpose of the To Memory is to supply an input to the Pretrigger Comparator that is an indication of what length of time interval existed between the 1/2 hold-off interval and trigger recognition (To), during the previous run of the Ratemeter Ramp . The input supplied to the base of 0416 by Tp Memory transistor 0422, is dependent upon the charge on C421 . The charge on To Memory capacitor C421 is determined by the voltage of the Ratemeter Ramp at the time the To Gate is turned on . The To Gate is turned on by the positive-going portion of the pulse appearing at the collector of 0184 (Diagram 2). The positive-going portion of this pulse results from the Trigger Output TD switching to its high level when it recognizes a trigger . This pulse is coupled through C401 to transformer T400 and appears as a negative pulse at the emitters of To Gate transistors 0400 and 0402 . Diode CR400 limits base-emitter reverse bias to a few tenths of a volt .



Theory of Operation-7T11A When the To Gate transistors are fumed on, the To Memory capacitor C421 is connected to the Ratemeter Ramp network through the low resistance of the Gate transistors . With the Gate turned on, C421 adjusts its voltage to that of the Ratemeter Ramp . If a constant trigger repetition rate is assumed, the Ratemeter always reaches the same level between reset and To. With a constant trigger repetition rate and ignoring the signal delivered by the Start Correction circuit (0462 and 0464), the Pretrigger Comparator will deliver an output at time To. The Ratemeter seems to be serving no purpose since it's desired to start the trace before time To. Actually, the circuits discussed provide an input to the base of 0416 that is dependent upon trigger repetition rate . The time between outputs from the Pretrigger Comparator will quickly adjust to the new To time interval . The leadtime required to get the trace started prior to trigger recognition is provided by the signal delivered by the Start Correction circuit (0462 and 0464).



If the triggering interval is very random, it is possible for trigger recognition to occur part of the time prior to Pretrigger Comparator output in spite of the leadtime provided. This presents no problems however, but results in the Start Multivibrator being turned on by the trigger instead of the Pretrigger Comparator . The vertical input will be sam pled and the sample displayed following To by a time interval dependent upon the value of the Slow Ramp Inverter output.



Start Correction Leadtime and start correction inputs are delivered to the base of Pretrigger Comparator transistor 0416 from the collectors of 0462 and 0464 . Figure 3-31 shows that the sum of four inputs can be connected to the Start Correction Memory (0452 and 0454) by turning on the Correction Memory Gate .
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8178-43 Figure 3-33 . Simplified diagram showing sources of Horizontal Amplifier offset current.



Theory of Operation-7T11A The four inputs are from Rate Servo Zero adjustment R440, TTH Converter output (Diagram 3), Slow Ramp Inverter (Diagram 8), and the -15 volts supplied through R443 at the fastest setting (fully CCW) of the SWEEP RANGE switch . The TIME POS RNG is 50 ns at this setting. Rate Servo Zero adjustment R440 provides the 1/2 TPR (time positioning range) of leadtime introduced during the Random Mode of operation . An additional 50 ns of leadtime is introduced at the fastest Sweep Range setting by the input through R443 . The TTH Converter and Slow Ramp Inverter inputs provide correction if the TTH and Inverter output voltages do not differ by the correct amount for the intended leadtime . If the output of the Pretrigger Comparator is too early, possi bly due to an increase in time between triggers, the TTH Converter output will be more positive with respect to the Slow Ramp Inverter output than it should be . When Gate transistors 0446 and 0448 are turned on, a less negative than normal voltage will be stored on C451 . This results in a more negative voltage at the base of Pretrigger Comparator transistor 0416 and delays firing of the Pretrigger Comparator. Transistor 0434 provides inversion of the negative-going output of the Slow Ramp Inverter. Gating transistors 0446 and 0448 are turned on by a pulse induced in the secondary of T446 when a pulse is applied to the primary of T446 . Diode CR446 prevents the negative-going portion of the applied pulse from inducing an excessive reverse-bias voltage across the base-emitter junction of 0446 or 0448 . The pulse that turns on Gate Transistors 0446 and 0448 is the same as that used for Horizontal Memory drive. At 1 /2 Holdoff time 0546 (Diagram 6) turns on and a positive-going pulse is coupled through CR547 to the bottom of transformer T446 primary. This positive-going pulse turns on 0446 and 0448 except when 0694 (Diagram 7) is fumed on . 0694 is turned on during Slow Ramp Generator retrace time and during Sequential or Real-time operation . With 0694 conducting, the top of T446 primary is grounded . This reverse biases diode CR547 and prevents coupling of the positive pulse to T446 .



HORIZONTAL AMPLIFIER A schematic diagram of the Horizontal Amplifier circuit is given on Diagram 6, in Section 8, Diagrams and Circuit Board Illustrations . The schematic is divided by grey shaded lines separating the circuitry into major stages . These



stages aid in locating components mentioned here . Subheadings in the following discussion use these stage names to further identify portions of the circuitry on Diagram 6.



Amplifier Nine TIME/DIV settings are available at each of the seven positions of the SWEEP RANGE control. The gain of the Horizontal Amplifier is determined by the setting of the TIME/DIV control . The Horizontal Amplifier gain is changed in a X1, X2 .5, X5 sequence as the TIME/DIV control is rofated clockwise. See Table 3-1 .



TABLE 3-1 Effect of TIME/DIV Control on Horizontal Amplifier Gain TIME/DIV position CCW 1



Gain provided by U512A U512B U512D



Total Horizontal Amplifier Gain



X1



none



none



X1



2



X2 .5



none



none



X2 .5



3



X5



none



none



X5



4



X1



X10



none



X10



5



X2 .5



X10



none



X25



6



X5



X10



none



X50



7



X1



X10



X10



X100



8



X2 .5



X10



X10



X250



CW 9



X5 -



-X10-



X10



X500



An integrated circuit consisting of four operational amplifiers is used as the Horizontal Amplifier. The four stages of amplification are designated as U512A, U512B, U512D and U512C respectively on the schematic and block diagrams .



In the calibrated position, the first stage (U512A) provides a gain of X1, X2 .5, or X5 . This gain is set by R533, R534, or R536 together with R287 (Diagram 3). Resistors R535 and R537 are used to ensure that a 10 k impedance is seen looking from the output back to the input on the X2 .5 and X5 gain positions. This ensures that the front-panel VARIABLE control will provide the same variable ratio as provided on the X1 position . The input signal is inverted in passing through the first stage (U512A) of the Horizontal Amplifier.



Theory of Operation-7T11A



Time positioning current is injected at the input of U512A to offset the dynamic range of the amplifier. See Figure 333 . Time positioning permits the Horizontal Amplifier to amplify different portions of the TTH Converter output . The TIME POSITION control permits the start of the displayed sweep to be delayed after trigger recognition by an amount dependent upon the setting of the TIME POSITION control . The maximum time position current of 0.5 mA, with the controt fully CCW, produces a 5 volt shift at the Horizontal Amplifier input. The TTH ramp must now run down to -5 volts before being recognized as an input signal by the Horizontal Amplifier. The coarse control accounts for practically all of this current; the FINE control has only a one percent effect. On real-time sweep ranges Real Time Zero adjustment R500 is operative. This adjustment permits the start of the real-time sweep to be on screen, even in magnified positions of the TIME/DIV switch, by applying an offset current through R509 . In equivalent-time operation, the Real Time Zero adjustment is disabled by applying + 15 volts to the anode of CR502. Two other paths for supplying the input of the Horizontal Amplifier with offset current are also shown in Figure 3-33 . Both of these paths are used only during random eequivalent-time sampling . When random sampling is used, a path for offset current is provided through 0506 and R509 . The direction of this current is opposite that provided by the TIME POSITION control. This circuit therefore introduces lead time offset . For the 50 ns range, random mode, an additional offset current is provided through R507 . This additional current provides the additional 50 nanoseconds of lead time needed for display of a triggering edge . Transistors 0512, 0514 and 0524 serve as clampers and prevent driving the operational amplifiers of the HorizontalAmplifier into saturation . The second and third stages of amplification, U512B and U512D, each provide X10 gain when used . At a given setting of the Sweep Range control, the equivalent-time sweep rate is directly proportional to the gain of the Horizontal Amplifier. The last stage of the Horizontal Amplifier (U512C) provides a power gain . This stage must supply a maximum of 5 mA to the input of the Horizontal Memory and 2 mA to the HOMV reset circuit.



Horizontal Memory Gate Driver The driver for the Horizontal Memory Gate is 0546 . During real-time operation, the voltage applied to R543 and



R541 drops to -0 .6 volts. This voltage shuts off 0544 and saturates 0542 . The base input of 0546 is now grounded and the emitter is not. The positive-going memory gating pulse, from the collector of 0362 (Diagram 4), is applied to the emitter of 0546 and is coupled through 0546 to the gate of 0556 . In equivalent-time operation, 0544 is saturated by the +15 volts applied to R543 during equivalenttime operation. With 0544 saturated, the emitter input of 0546 is grounded . However, 0546 can still be turned on by applying a negative-going memory gating pulse from the HOMV to the base of 0546 . Transistor 0552 is a variable-gain amplifier used to correct memory offset caused by blowby of the gating signal applied to 0556 . R547 ensures that some reverse bias still remains at the gate of 0556 with the positive going pulse applied. An output is taken from the junction of R547 and 8548 to drive the Start Correction Memory of the Ratemeter Servo (Diagram 5). It is used only when operating in Random Equivalent-Time.



Horizontal Memory and Gate The Horizontal Memory is a Miller integrator similar to that used in the TTH Converter . The feedback capacitor is C566 . The input of the Miller is formed by dual FET 0560 . The output of this differential amplifier is fed to the base of 0564. The signal appearing at the collector of 0564 is inverted from that applied to the input of 0560 . Resistors R556 and R558 set the X2 gain of the Horizontal Memory . Resistor R557 shifts the output voltage swing of 0564 to +5 V to -5 V for inputs of 0 V to +5 V. Thus, both an inversion and a level shift is made . The output level at the collector of 0564 is set by causing Memory Gate FET 0556 to conduct. 0556 is gated on by turning on 0546 . A positive-going memory drive pulse applied to the emitter of 0546 during real-time sampling, or a negative-going pulse fed to the base of 0546 during equivalent-time operation, will supply a positive pulse to the gate of 0556 . With a positive gating pulse applied to 0556, the output of Horizontal Drive Amplifier U512C is connected to the input of 0560 ; the output of the Memory is also connected to its input through R558 . During gate conduction time, C566 tends to slow down the response of the Horizontal Memory circuit. The response is determined by the 100 ns RC time of C566 and R558 . A 2 or 3 ~s wide memory gate drive pulse is used to insure 100% sampling efficiency . When the gate pulse ends and causes the FET gate to stop conducting, the Horizontal
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Theory of Operation-7T11A Amplifier and feedback resistor R558 are disconnected from the input. Memory capacitor C566 retains the final voltage reached by the amplifier until the next strobe occurs . Output of the Horizontal Memory is fed to the SWEEP OUT connector on the front panel and to integrated-circuit output amplifiers U572A and U5728.



SLOW RAMP GENERATOR OUTPUT AMPLIFIER



&



A schematic diagram of the Slow Ramp Generator and Output Amplifier circuit is given on Diagram 7, in Section 8, Diagrams and Circuit Board Illustrations. The schematic is divided by grey shaded lines separating the circuitry into major stages . These stages aid in locating components mentioned here . Sub-headings in the following discussion use these stage names to further identify portions of the circuitry on Diagram 7.



Slow Ramp Generator - REP SCAN Refer to the block diagram of Figure 3-34 during the following discussion . The slow ramp is generated by the Miller integrator consisting of transistors 0634 and 0636 and dual FET 0616. During REP Scan operation, the input signal is applied to 06168 while 0616A is grounded through R619 . Transistor 0618 is the current source for 0616 . The positive-going 10 volt Slow Ramp output is taken from the collector of 0636 . Transistor 0634 terminates the output ramp when the collector of 0636 reaches approximately +10.2 volts.



Turning the SCAN control CCW reduces the input current to the Miller circuit and therefore reduces the slope of its output ramp . A longer time is therefore required for the ramp to run from 0 V to +10 volts. Since the ramp is running at a slower rate, more samples will be taken during a sweep, but fewer sweeps per second will be displayed. Conditions just prior to run-up are: Gating transistor 0620 is on, thereby preventing run-up of the ramp ; transisfor 0662 is off, which provides slow Ramp Retrace blanking to the CRT ; and Reset Multivibrator transistors 0628 and 0626 are both off. The TTH and Slewing Ramps, as well as the trigger and HOMY circuits are going through their normal cycles of operation. The output pulse from gate A of the HOMV (Diagram 2) is applied to the base of 0628 through C630 . Gate A output of the HOMV drops from approximately +4 volts to 0 volts as the HOMV resets to a ready for trigger condition. Provided sufficient time has elapsed since termination of the previous slow ramp, the negative pulse from the HOMY turns on x628, which turns on 0626 . Conduction of 0626 latches 0628 ON so that neither positive nor negative-going pulses from the HOMY will change the state of 0628 during the remainder of the slow ramp run-up . Conduction of 0626 also shuts off Gating transistor 0620, permitting the start of the slow ramp run-up and fuming on transistor 0662, thereby removing Slow Ramp Retrace blanking of the CRT. The Slow Ramp Generator output voltage (collector of 0636) slowly rises from 0 volts to + 10 volts at a rate determined by the setting of the SCAN control. During this slow rise, triggering signals are being recognized and the TTH and. Slewing Ramps are periodically started and stopped.



Since the ramp can only run from 0 volts to approximately +10 volts before being reset, the slope and time duration of the output ramp is dependent upon R615 and C620, and the voltage at the collector of 0612 . The voltage at the collector of 0612 can be set at any value of voltage between approximately -15 volts and 0 volts, using the SCAN control. The SCAN control provides a means of changing the slope and therefore the time duration of the ramp . With 0612 shut off, R612 and R613 set the emitter of 0612 at approximately + 10 volts.



The Stow Ramp output voltage charges C631 through CR631 and is also applied to the emitter of 0634 . When the emitter of 0634 reaches approximately + 10 volts, 0634 is turned on . Current through 0634, R634, and CR627 shuts off 0628, which shuts off 0626 . When 0626 shuts off, 0620 turns on discharging C620 and resets the slow ramp output voltage to zero . When 0626 shuts off, transistor 0662 is shut off resulting in Slow Ramp Retrace blanking of the CRT.



With the SCAN control fully clockwise, the wiper of SCAN control R610 is connected to the +10 volt end of the control and 0612 current is shut off. This produces approximately -15 volts at the collector of 0612 and provides maximum input current through R615 to the Miller circuit. Turning the SCAN control counterclockwise permits increasing values of current through 0612 (up to a maximum of about 0.1 mA with the wiper of R610 at the ground end of the control) .



When 0662 shuts off, Gate Control transistors 0644 and 0694 are both turned on . The conduction of 0644 prevents Dot Position Gating transistor 0650 from being turned on by an output from 0184 (Diagram 2) during Slow Ramp Retrace time . The conduction of 0694 prevents turn on of Ratemeter Correction Memory Gating transistors 0446 and 0448 (Diagram 5) by the output of 0546 during Slow Ramp Retrace time .
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Theory of Operation-7T11A Slow Ramp Retrace blanking is disabled or inhibited by turning on 0662 . As previously mentioned, 0662 is turned on by the negative voltage at the collector of 0626 during run-up of the Slow Ramp . Slow Ramp Retrace blanking is therefore prevented during this time. 0662 can also be turned on ; disabling retrace blanking by turning on 0664 . Transistor 0664 is turned on when the MAN or EXT INPUT SCAN pushbutton is pushed in . A voltage of +15 volts is delivered by switch S610 to R665 which turns on 0664 . Transistor 0664 can also be fumed on, disabling retrace blanking, by selecting one of the three real-time Sweep Ranges . This is accomplished by 0608 . Since the Slow Ramp Generator is not disabled during real-time operation, Slow Ramp blanking would occur during real-time operation on REP SCAN except for the disabling action of 0608 . Conduction of 0608 also keeps gating transistor 0620 turned on, preventing slow ramp run-up, and holds 0628 and 0626 of the Reset Multivibrator off.



Transistor 0628 is switched off by the conduction of reset transistor 0634 . Although resistor 0634 shuts off almost immediately due to loss of forward bias resulting from the turn on of 0620, transistors 0628 and 0626 remain shut off. Capacitor 0631 is charged to approximately 10 volts and its discharge through R631 and CR627 holds off the Reset Multivibrator (0628 and 0626) until the Slow Ramp Generator circuit has had time to reset and stabilize. When the current delivered through C630 (by a negativegoing pulse from Gate A of the HOMV, Diagram 2) exceeds the current discharging C631, diode CR627 will shut off and 0628 will be turned on . 0628 then turns on 0626 as the cycle repeats itself.



Blanking



Slow Ramp Retrace blanking occurs when 0662 is shut off. With 0662 shut off 0668 conducts . Conduction of 0668 turns on 0670, which produces blanking . Overrun blanking also drives 08 . If the output of U572A or U572B exceeds +5 volts, 08 will be turned on . OS then turns on 02 and 03 to blank the crt display through intertace connector A17.
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Interdot blanking is disabled until 0368 (Diagram 3) receives a trigger signal because the base and emitter of 0368 are held high by pin 6 of U110B and 0196 (Diagram 2) . When a trigger signal is received by 0196, it enables
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Flyurs 3-34 . Slow Ramp Generator block diagram.
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Theory of Operation-7T11A x368 by pulling its emitter low. 0368 then drives 02 to provide a positive CRT blanking signal at output connector A17. The CRT blanking signal will remain high at A17 until 0368 is fumed off. Blanking can also occur when 08 is fumed on by the Horizontal Amplifier circuit (Diagram 6) . The emitter of 08 is connected to R671 at the output of the Horizontal Amplifier and is biased on whenever the Horizontal Amplifier output exceeds +5 volts (Overrun). 08 then drives 03, 02, and 01 to provide a positive blanking level at output connector A17. The purpose of this Overrun blanking configuration is to keep undesirable portions of the sweep from being displayed on the CRT. 04 and 05 give the mainframe control over when blanking can occur by switching O1 on and off. Blanking can only occur when either of these transistors is fumed on by the mainframe's control logic through interface connectors B7 of A16. This ensures that the 7T11A can only cause CRT blanking during its alloted display time .



O6 inverts the signal at output connector A1 to provide a positive gate pulse to the mainframe through output connector 84 at the end of each 7T11 A sweep.



MAN and EXT INPUT SCAN When the MAN or EXT INPUT is selected, the REP pushbutton is released to the out position . When in the out position, a contact of the REP pushbutton is connected to the + 15 volt supply. This voltage prevents Slow Ramp Retrace blanking by fuming on 0664 which turns on 0662. 0662 is normally on only when Reset Multivibrator 0626 and 0628 are on during generation of a slow ramp . The + 15 volts mentioned above also keeps the Reset Multivibrator turned off and turns on 0620 . With 0620 turned on, the collector of 0636 is connected to the gate of the left section of 0616. When the MAN SCAN pushbutton is pushed in, 0616 and 0636 of the Slow Ramp Generator function essentially
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Figure 3-35. Inputs and outputs of the Slow Ramp Inverter.
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Theoril of Operation-7T11A



as a high impedance voltage folbwer. The output voltage of 0602 still appears across the SCAN potentiometer R610 . Voltage picked off bY the moveable contact of the SCAN control is applied to 06168. The output of 0616 is applied to the base of 0636 and appears at the collector of 0636 . This output voltage is fed back to 0616A through the ON resistance of 0620 . The X1 gain of the combination of 0616 and 0636 permits use of the SCAN control to set the 7T11A front panel SWEEP CAL adjustment. Since 0602 provides an accurate + 10 volt source, fuming the SCAN through its range will result in 10 divisions of horizontal movement if the SWEEP CAL is properly set. Operation is the same when EXT SCAN is selected except the SCAN control is now connected to the EXT SCAN INPUT jack. Dot Position Memory As explained in the Circuit Theory portbn of this section, a very small voltage at the input of the Horizontal Amplifier can result in a considerable error in the horizontal placement of samples on the CRT. The Dot Position Memory detects errors in the Horizontal Amplifier output by using the Slow Ramp Generator output as a reference. The 0 volt to +10 volt output of the Sbw Ramp Generator is applied across R644, R646, and Dot Position Memory adjustmet R645 . The +5 volt to -5 volt a~tput of Output Amplifier U572B is applied across R647, R646 and R645 . Resistors R646 and R645 provide an offset to make up for the zero level shift of the memory . With no Output Amplifier error, the positive-going voltage from the Sbw Ramp Generator, plus the negative-going voltage from U572B, plus the offset provided by current through R646 and R645 results in 0 volts at the input of the memory (collector of 0652). '



Assume a condition that should place a dot horizontally at the center of the CRT. The Slow Ramp Generator output is at +5 volts and when the Stewing Ramp reaches -5 volts Comparator transistor 0316 will fire, stopping the TTH ramp (Diagram 4). The TTH Converter voltage should be -2 .5 volts and will appear at the output of the Horizontal Memory as 0 volts. This will place a dot at the horizontal center of the CRT. If a slight voltage error at the Horizontal Amplifier input causes the Output Amplifier voltage to lag, an error voltage will appear at the input of the Dot Position Memory. If the voltage at the output of U572B is +1 volt, instead of the 0 volts that should be present with a sbw ramp output voltage of +5 volts, a dot will be placed to the left of graticule center . The result of error in the relationship of these two voltages is a positive error voltage at the collector of 0652 .



When the Trigger Output TD (Diagram 2) switches to its low level at 1/2 hold-off interval, a negative-going pulse is applied from the collector of 0184 to the base of 0650 . Transistor 0650 turns 0652 and 0654 on, resulting in the error voltage being stored on C654. Resistors R648 and R649 reduce the circuit sensitivity as the gain of the Horizontal Ampiif~er is increased to prevent overcorrection of dot position error and resultant Dot Position Servo oscillation. A positive error voltage stored on C654 results in a posifive voltage at the output of the Dot Position Memory . The effect of this voltage is to shift negative the reference voltage applied by the Slow Ramp Inverter to the Comparator. The TTH ramp runs longer as a result of the positive error at the input of the Dot Position Memory and the next sample will be positioned closer to its proper position . If the sample is being displayed to the right of its proper position, a negative error signal appears at the Dot Position Memory input and the TTH ramp will be stopped earlier than normal . Transistor 0644 is provided to disable gating transistor 0650 during Slow Aamp Retrace.



Output Amplifier Two sections (U572A and U572B) of a four-section operational amplifier integrated circuit produce the push-pull signals for the oscilbscope drive. Drive requirements are 0.5 mA/div, push-pull, acting from the center of the screen . Amplifier 05728 is a voltage folbwer with X1 gain and serves to amplify the Horizontal Memory output . Amplifier U572A inverts the information from the memory for the push-pull drive requirement . Both amplifier outputs are used for Overrun blanking drive. The output of 05728 is also used during equivalent-time operation for Dot Position Comparator drive. The gain of the output amplifiers is adjusted by shunting some of the amplifier current around the load through front-panel SWEEP CAL contrd R680 . Horizontal positioning is provided by front-panel POSITION control R679 .



While the output of U572B is changing from +5 volts to -5 volts, the output of U572A is changing from -5 volts to +5 volts. If the output of either section rises above +5 volts, Blanking Amplifier 0668 turns on 0670 (used for Overrun blanking) thereby preventing a visible display of this portion of the sweep.
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SLOW RAMP INVERTER



A schematic diagram of the Slow Ramp Inverter arcuit is given on Diagram 8, in Section 8, Diagrams and Circuit Board INustrations. The schematic is divided by grey shaded lines separating the circuitry into major stages . These stages aid in locating components mentioned here . Subheadings in the following discussion use these stage names to further identify portions of the circuitry on Diagram 8.



Slow Ramp Inverter The output of the Slow Ramp Inverter is fed to the base of 0434 (Diagram 5) and 0316 (Diagram 4) . With the reference at the Stewing Ramp Comparator (base of 0316) 5 volts more negative, the Stewing Ramp must run 5 volts more negative to produce a strobe . The first sample and the start of the display window now occur one Time Position Range after To. The Slow Ramp Inverter output delivered to the base of 0434 is explained in this section under the heading of Ratemeter.



General Two sections of a quad operational amplifier are used for these two amplifiers . The other two sections of this foursection package are used as the Horizontal Output AmpliPier . Inputs are deNvered to the Slow Ramp Inverter (U572C) from four sources. See Figure 3-35 . The four sources are; Time Position Amplifier U572D, Servo Zero adjustment R588, the output of Slow Ramp Generator transistor 0636, and the output of Dot Position Memory transistor 0658 (Diagram 7). The Slow Ramp Inverter delivers an output to two circuits ; Ratemeter Correction Memory transistor Q434 (Diagram 5) and Stewing Ramp Comparator transistor 0316 (Diagram 4) .



Time Position Amplifier The front-panel TIME POSITION control provides a range of voltage from +10 volts (fully CCW) to 0 volts (fully CW) at the input of operational amplifier U572D. The output of Time Position Amplifier U572D simultaneously drives the input of the Horizontal Amplifier (U512A, Diagram 6) and U572C of the Slow Ramp Inverter . Time position offset current sent through R573 (Diagram 6) effectively delays the TTH Converter output in driving the input of the Horizontal Amplifier below the 0 volt level it requires to produce an output. Time Position current sent through R577 to the Slow Ramp Inverter delays firing of the Stewing Comparator (Diagram 4) . With firing of the Comparator delayed, the stopping of the TTH ramp and generation of the strobe pulses that cause sampling of the vertical signal are delayed. The time or display window is therefore delayed with respect to trigger recognition. With TIME POSITION control R570A set fully CCW, Time Position Amplifier U572D supplies a 1 mA offset current to the input of the Slow Ramp Inverter. The output of 0592 collector is shifted negative, by 5 volts, from the value determined by the other three outputs.



Another input to the Slow Ramp Inverter is delivered through an attenuator from transistor 0636 of the Slow Ramp Generator (Diagram 7). The Slow Ramp Generator output is attenuated by the same factor that the Horizontal Amplifier gain is increased, and is determined by the setting of the TIME/DIV control. Attenuating the Stow Ramp maintains dot density constant as the TIME/DIV control is rotated. The 20 k1t front-panel VARIABLE control is ganged to ~ VARIABLE control shown at the input to the Horizontal Amplifier and both VARIABLE controls are shorted out in the CAL position . The attenuators at the Slow Ramp Inverter input are shown on Diagram 9, TIMING SWITCHES, set to the position producing zero attenuation. This same condition (TIME/DIV at X1 Mag setting) is represented in Figure 3-35 where only R585 is connected to the Slow Ramp Inverter input. The 0 .5 gain (set by ratio or R594 to R585) of the Slow Ramp Inverter results in a positive 5-volt change at the Slow Ramp Generator output appearing as a -2.5 volt change at the Slow Ramp Inverter output . In addition to the output of Time Position Amplifier U572D and the output of the Slow Ramp Generator, two more inputs are applied to the input of the Slow Ramp Invertex . Dot Position Memory (Diagram 7) is connected through R586 to the input of Stow Ramp Inverter IC U572C. Servo Zero Adjustment R588 is also connected to the input of U572C and sets the output of the Dot Position Memory as near zero as possible .
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TIMING SWITCHES



A schematic diagram of the TIMING SWITCHES and related circuitry is given on Diagram 9, in Section 8, Diagrams and Circuit Board Illustrations . The schematic is divided by grey shaded lines separating the circuitry into major stages .



Theory of Operation- 7T11A These stages aid in locating components mentioned here. Sub-headings in the following discussion use these stage names to further identify portions of the circuitry on Diagram 9.



General Diagram 9 shows SWEEP RANGE switch S530B and TIME/DIV switch S530A. Twenty cams are provided on each of these switches. Switch S530B does not utilize cams 7, 11, or 12. On both of these switches the cam numbers are determined by considering the cam nearest the instrument front panel to be number 1 . The switch actuated by each cam is shown by a dotted line connecting the cam number and the switch . With the SWEEP RANGE switch turned fully clockwise to its slowest speed setting (5 msldiv to 10 ~s/div) a reading of 50 ms is indicated in the TIME POS RNG window . Dots are used to indicate which cams close switches at this setting of the Sweep Range switch . Proceeding horizontally from 50 ms shows that cams 17, 15, 9 and 3 are closing their switches. The TIMING SWITCHES diagram also shows which cams operate switches at each of the nine positions of the TIME/DIV switch . With the Time/Div set fully CCW to the slowest available speed (5 ms/div with the TIME POS RNG window indicating 50 ms) the magnification is X1 . At this setting of the TIME/DIV switch, cams 1, 4, 9, 12, 15, 17 and 19 close the switches to which they are connected as shown by dotted lines . Switches operated by cams of the SWEEP RANGE and TIME/DIV controls are used to produce circuit changes re2o quired by different sweep rates and modes of operation. Among changes provided by these switches are changes in hold-off, gain, attenuation, logic, and ramp slope .



With the SWEEP RANGE switch at its fully clockwise position and the TIME/DIV switch set fully counterclockwise, the CRT readout is 5 ms. Diagram 9, TIMING SWITCHES, shows that the switch controlled by cam 3 of the SWEEP RANGE switch is closed, thereby providing a current path through R745 . Switches controlled by cams 17 and 19 of the TIME/DIV switch are also closed, providing current paths through R752 and R755 . The effect of closing contact 3 of the SWEEP RANGE switch and contacts 17 and 19 of the TIME/DIV switch can be determined by consuiting Table 3-2.



Reference to Table 3-2 indicates that during time-slot 1 closing of contacts 3 and 19 causes the instruction "reduce prefix" to be stored by the oscilloscope readout circuit. Table 3-2 also indicates that during time-slot 4 the number 5 is selected and displayed by the oscilloscope readout.



During time slot 8 Table 3-2 shows that the prefix micro (~) is selected since neither contact 1 nor 2 is closed . The selected prefix (~) is not displayed by the readout however, since during time slot 1 the instruction to reduce the prefix was stored . Therefore, the milli (m) symbol is selected and displayed by the oscilloscope readout circuits.



TABLE 3-2 7T11 A Readout Switching Time Slot 1 (B33) Column Row 3 4 19. 8745 8744 R752 R751 Current Current A37 B37 150k 75k 75k 150k



Information Stored None



0.2 mA



Readout logic is provided to the oscilloscope readout circuitry by some of the cams of the SWEEP RANGE and TIME/DIV switches . On SWEEP RANGE switch S530B cams 1, 2, 3, and 4 are used . On TIME/DIV switch S530A cams 17, 18, 19 and 20 are used . Another switch (S531 C), activated when the front panel VARIABLE (CAL IN) knob is in the out position, also provides readout logic. With S531C closed, a Column current of 0.2 mA and a Row current of 0.1 mA wilt be provided to the oscilloscope readout circuitry during time slot 3. The symbol for less than (irria~-rsrr~rrrrrs~



Set HF Sync adjustment R10 to the minimum bias current setting providing a stable display at all settings of the STABILITY control. Reducing the tunnel diode bias current increases the oscillator frequency range. Adjustment of R10 is explained in detail in Section 5 of this manual .
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Flpure a-6. Location of 200 MHz oscillator tunnel diode (A3CR28) . Tunnel diode CR28 is positioned between C27 and the hold-down clip. The clip, together with the support provided by the lead of resistor R28, holds the tunnel diode in place. The lead from the anode of CR28 is formed into a loop (shown as L23 on the Trigger Input schematic in Section 8) and the lead end is soldered to leadless capacitor C14. Carefully unsolder the tunnel diode lead from C14 using a 15-watt soldering iron and a pair of tweezers . Next unsolder R28 and C28. Use tweezers to carefully remove the tunnel diode from underneath the clip Protect CR28 with a heat sink and unsolder R28 from the tunnel diode lead . Determine the cathode side of the new tunnel diode before soldering R28 to the tunnel diode lead . The cathode is indicated by a white dot (see Figure 4-6). Clip off the lead connected to the tunnel diode cathode. Heat sink the tunnel diode and solder R28 to the tunnel diode anode lead . Carefully slip the tunnel diode under the hold down clip with the cathode side up . Resolder R28 to C28 and solder the extreme end of the tunnel diode lead to C14. The free-run frequency of the 200 MHz oscillator is increased as more of the tunnel diode lead length is soldered to C14. The shape of the loop formed by the tunnel diode lead also has some effect on the oscillator frequency.



Switch Replacement Two types of switches, pushbutton and cam, are used in the 7T11A. Either type should be replaced as a unit if dam aged . Special maintenance information for each type is provided below. C A U T 10 N RePair of the cam switch should onlY be undertaken by skilled maintenance personnel Switch alignment and contact spacing must be carefully maintained for proper operation of the switch . The cam switch repair kit contains special alignment tools for use in repairing or replacing the cam and contacts . For information or assistance on maintenance of the cam switch, contact your local Tektronix Field Oflice or representative. Cam Switch . The cam switch (TIME/DIV and SWEEP RANGE) consists of a rotating cam, which is turned by the front panel knob, and a set of contacts mounted on an adjacent circuit board. These switch contacts are actuated by lobes on the cam . The switch can be disassembled for inspection, cleaning, repair, or replacement as follows: 1 . Remove the two screws holding the metal covers on each of the two switch sections . The front switch section is the TIMEiDIV switch and the rear switch section is the SWEEP RANGE switch . The covers can now be removed to clean or inspect the switch contacts .
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Oscillator min . freq . IMHzI 250



240



Countdown at 1GHzis4tol



230



minimum range



220



I



The required oscillator I range is at least :



countdown at



200



200



220



240



260



I



280



300



1 GHz



320



input trigger frequency ~ 660 ' 825 1100 880 1375 5 1100 1650 6 1320 - 1925 540 1760 ~ 2200 countdown 3 4



6176-52 Fi~uro 4-7. Minimum range required for the 200 MHs oscillator.



Maintenance-7T11A 2. To completely remove either of the switch sections from the board, loosen the hex-socket screws (use a 0.035-inch hex-key wrench) in the shaft at the front of the rear switch section and a hex-socket screw (use a 0.050-inch hex-key wrench) at the rear of the rear switch . Pull both long shafts out of the switch assembly . 3. The rear section can be removed by removing the four screws that hold the cam switch to the circuit board (from the rear side of board) .



Lamp Replacement To replace a lamp in one of the pushbutton switch assemblies, follow the above procedure to remove the affaded switch . Remove the screw and cover from the back of the switch to expose the lamp. Unsolder the two leads and remove the Tamp . Cut the leads of the replacement lamp to the same length as those of the old lamp . Place insulated sleeves over the leads and replace the new lamp in the exact position of the old lamp. Reassemble by reversing the above procedure.



4. The front section can be removed by first removing the remaining knob (use a 1/16-inch hex-key wrench) and nut holding the switch shaft to the front panel. Remove the four screws that hold the cam switch to the circuit board (from the rear side of board) . 5. To remove the cam from the front support block, re move the retaining ring from the shaft on the front of the switch and slide the cam out of the support block. Be careful not to lose the small detent roller. 6. To replace defective switch contacts, first unsolder the damaged contact and clean the solder from the hole in the circuit board. Then, position the new contact in the hole so it is properly aligned in relation to the other switch contacts and the mating area on the circuit board (alignment tool provided in switch repair kit) . Finally, solder the new contact into place; be sure that the spring end of the contact has adequate clearance from the circuit board. 7. To re-install the switch assembly, reverse the above procedure. Pushbutton Switches. Use the following procedure to replace any of the pushbutton switches .



ADJUSTMENT AFTER REPAIR After any electrical component has been replaced, the adjustment of that particular circuit or any closely related circuits should be checked. See Section 5, Checks and Adjustment for complete performance check and adjustment procedures .



REPACKAGING FOR SHIPMENT NOTE The plug-in should not i5e shipped in an oscilloscope. The oscilloscope packaging material is not designed to protect the plug-ins. If the Tektronix instrument is to be shipped to a Tektronix Service Center for service or repair, attach a tag showing: owner (with address), the name of an individual at your firm that can be contacted, complete instrument serial number, and a description of the service required .



1 . Loosen the set screws and remove all front panel knobs.



Save and reuse the package in which your instrument was shipped. If the original packaging is unfit for use or not available, repackage the instrument as follows :



2. Remove any other nut or part holding the front panel to the instrument.



Surround the instrument with polyethylene sheeting to protect the finish of the instrument . Obtain a carton of corrugated cardboard of the correct carton strength and having inside dimensions of no less than six inches more than the instrument dimensions . Cushion the instrument by tightly packing three inches of dunnage or urethane foam between carton and instrument, on all sides. Seal carton with shipping tape or industrial stapler .



3. Remove the front panel to gain access to the switch mounting screws . 4 . To remove any of the pushbutton switches, first remove the screws securing the switch to the front panel. Unsolder and remove any wire connected to the switch circuit board and carefully note where it belongs. See Figure 4-8.



The carton test strength for your instrument is 200 pounds .
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Lamp Connections



Black, brown on white: A20724 collector Brown, orange on white: connector A9 (+SV L) Black-red: connector A8 (+SV) Black, yellow on white: A3P138 pin 2 Green-white: A3P138 pin 1



{ ~. )



Q



{-)



A8-Slope Switch circuit board assembly .



{A)



Lamp Connections



(2) Brown-ye1bw: A2G73d collector (3) Brown-orange : connector A9 (+SV L) Grcy-white : A2R509 Black, red on white: A2R222 Black, grey on white: A1G508 collector (2) Black-violet : -15V (2) Black: Ground



(B)



RANDOM



A9-Random-Sequential Switch circuit board assembly .



Lamp Connections (2) Brown-orange : connector A9 (+SV L) Brown"yellow : A2l]73C collector Violet-white : R810 (Scan control) (2) Brown-red: +15 V Red-white: +10V Brown"white: A1t]808 collector Black: Ground Red, green on white: At0818 Gate Blue-white : Ext Input Red, gray on white: A1R811, R810 wiper



(C)



0



(~`~



. .. ... .



~ -J



EXT INPUT



. .. . . . . . .. . . . . . . . . . . . ._ .~ .3



A7-Scan Switch circuit board assembly . Figure 4-B.
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Connections to switch assemblies.



Maintenance-7T11A



Lamp Connections



(D) A5-Trigger Amplifier Switch circuit board assembly .



Green-white: AtOJ841 pin S Red, blw on white : A3P129 pin 1 Red, violet on white: A3P129 pin 2 Red, orange on white: A10714 emitter Red-white: A3P129 pin 3 Blue-white Grey"white: A3P129 pin 5



INT 5012 1 Mit



Violet-white : A2R724 (2) Black: Ground (2) Black-red: connector Ad (+SV) (2) Orange-brown : connector A9 (+5V L) Red, brown on white: connector A14



HF SYNC



Lamp Connections



(E) A6-Trigger Source Switch circuit board assembly .



TOP



FRONT



1e _17 16



1S ~ 14
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2 1



i



REAR



;v : ~: Red on white: A2J344



A10-Commutator Switch circuit board assembly (rear view).
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Figure 4-B. Connections to switch assemblies (coot.).
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Section 5-7T11A



SECTION 5 CHECKS AND ADJUSTMENT This section provides information necessary to: (1 j verify that the instrument meets applicable electrical specifications in Section 1, (2) verify that controls function properly, and (3) perform all intemal adjustments . The Part I-Performance Check procedure ct~cks the electrical specifications listed in Section 1 with out making any internal adjustments. The Part II-Performance Check and Adjustment procedure provides a complete sequential check of instrument pertormance concurrent with a complete sequential adjustment of intemal controls. A separate Operators Checkout Procedure is provided in Section 2 of this manual for familiarization with the instrument and to verify that all front-panel controls and connectors function properly .



PRELIMINARY INFORMATION



Using These PrOCeduTes



I-Performance Check and Part Both Part II-Performance Check and Adjustment are divided into functional block subsections (e .g., A. TRIGGER ADJUSTMENTS, B. SCAN AND TIMING, etc.) The order in which the subsections and steps (A1, A2, Bt, 82, etc.) appear in each procedure is the recommended sequence for accom plishing a pertormance check or adjustment of the instrument. Subsections within either procedure can be performed independently, as can each step within any subsection. Refer to Partial Procedures for specific instructions on performing either a partial Performance Check or partial Performance Check and Adjustment. All functional block subsections begin with a list of required test equipment, followed by instructions for Before You Begin and the list of Preliminary Control Settings for that subsection (e.g., A1 . TRIGGER ADJUSTMENTS PRELIMINARY CONTROL SETTINGS). Each step contains separate Setup Conditions which, if applicable, include the instrument control settings, an illustrated test setup, and test equipment control settings . The instrument and test equipment control settings listed in the Setup Conditions for each step may include additional settings, changes from the previous step, or changes to the Preliminary Control Settings making it possible to perform partial procedures . The illustrated test setup in the Setup Conditions shows all test equipment needed to perform the entire step, as well as the setup necessary to begin the step instructions .



In this procedure, capital letters within the body of text identify front-panel controls, indicators and connectors on the 7711A (e.g., SCAN) . Initial capital letters identify controts, indicators, and connectors (e.g., Position) on associated test equipment used in this procedure . Initial capitals also identify adjustments inside the 7711 A (e.g., Memory Gate Bal). A heading system is provided to readily identify the steps (A7 , A2, 81, B2, etc.) that contain performance check and/a adjustment instructions. For example, if CHECK is the first word in the title of a step, an electrical specification is checked . If ADJUST is the first word in the title, the step concerns one or more intemal adjustments . If CHECK/ADJUST appears in the title, the step irnolves electrical specification checks and related adjustments. If EXAMINE is the first word in the step title, the step concems measurement limits that indicate whether the instrument is operating properly ; these limits are not to be interpreted as electrical specifications . The alphabetical instructions under each step (a, b, c, etc.) may also contain CHECK, EXAMINE, ADJUST, or INTERACTION as the the first word of the instruction . These terms are defined as follows : 1 . ADJUST-describes which adjustment to make and the desired result. We recommend that the adjustments not be made if a previous CHECK or EXAMINE instruction indicates that no adjustment is necessary .



Checks and Adjustment-7T11A 2. CHECK-indicates that the instruction accomplishes an electrical specification check. Each electrical specification checked is listed in Table 5-t , Performance Check Summary (see Performance Check Summary discussion fa more information). 3. EXAMINE-usually precedes an ADJUST instruction and indicates that the instruction determines whether ad justment is necessary. If no ADJUST instruction appears in the same step, the EXAMINE instruction concerns measurement limits that have no related adjustment. Measurement limits following the word EXAMINE are not to be interpreted as electrical specifications . They are provided as indicators of a properly functioning instrument and to aid in the adjustment process. 4. INTERACTION-indicates that the adjustment described in the preceding instruction interacts with other circuits. The nature of the interaction is described and reference is made to the steps) affected . Partial Procedures Part 1-Performance Check. To perform a partial Performance Check procedure, nrst determine which electrical specifications are to be checked. Table 5-1, Performance Check Summary, lists tf~e performance characteristics spect ified in Section 1 and provides references to the steps) in which the performance requirements are checked. The Performance Check Index, at the start of Part I-Performance Check, provides a convenient means for locating the desired subsections and steps. For example, ff a circuit within the instrument has been repaired and a performance check is considered necessary, use the Pertormance Check Summary table to locate the specifications affected by the repair and the step title of Part I-Performance Check in which those performance requirements are checked. Then use the Performance Check Index to locate the procedure subsect lion and the step and page number of the applicable steps).



Any step of a subsection can be performed separately by following the instructions given below. 1 . Locate the desired subsection and applicable steps (e.g ., 81, B2, etc.) with the Performance Check Summary table and the Performance Check Index. 2. Perform the Performance Check Power Up Sequence at the start of Part I-Performance Check and the instruct lions under Before You Begin and Preliminary Control Settings at the beginning of the subsection .



3. Perform the Setup Conditions instructions for the desired step . Disregard any control settings which are the same as those under Prelmianary Control Settings . 4. Proceed with the lettered instructions (e .g., a, b, c, etc.). NOTE y the stepsperformedare consecutive, it is not necessary to repeat the Preliminary Control Settings after the first step. However, when a step is skipped, the preliminary Control Settings must be performed again.



Part II-Performance Check and Adjustment. Although each step in Part II-Performance Check and Adjustment can be performed independently, we recommend that the entire subsection be performed if any adjustments are made. Table 5-1, Performance Check Summary, lists the performance characteristics specified in Section 1 and provides references to the steps) in which the performance requirements are checked and appropriate adjustments made . The Performance Check and Adjustment Index at the start of Part II provides a convenient means for locating the desired subsections and steps . For example, if a circuit board has been repaired or replaced, use the Performance Check Summary table to locate the specfications affected by the repair, and the step titles) of Part II-Performance Check and Adjustment in which those performance requirements are checked and adjusted . Then use the Performance Check and Adjustment Index to locate the appropriate subsection, step, and page number .



Performance Check Summary Table 5-1, Performance Check Summary, lists the performance characteristics speafiedrn Section 1 and checked in this section. Table 5-1 is intended to provide a convenient means for locating the procedures that check and/or adjust the instrument to meet the applicable electrical specifications. Steps containing internal adjustments that affect a performance characteristic are indicated by an asterisk in Table 5-t . Steps with adjustments that may indirectly affect the electrical specification are also given . For example, if the A3 Trigger Board has been repaired, use Table 5-1 to locate the performance characteristics affected by the repair or re placement . Then note the title of the procedures) in which those specifications are checked and/or adjusted . Use the index provided at the front of the procedure to find the page number of the desired procedure steps) .



Checks and Adjustment-TT11A



TABLE 5-1 Performance Check Summary Steps containing adjustments are indicated by an asterisk . Part II-Performance Check and Adjustment Steps



Part I- Performance Check Steps



Characteristic Time/Div Timing



I A2



I



B6',BT'



Variable



I A2



I



B6'



Triggering Range



Sensitivity and Frequency



Internal



B2, B3, B4



A2', A3', A4', A5, A6', C2, C3, C4



External 50 iZ



B2, 83, B4



A2', A3', A4', A5, A6', C2, C3, C4



Extemal 1 Mii



B2, B3



A2', A3', A4', A5, A6', C2, C3



HF Sync



B4, B5



~



A4', A5, B10', B11', C4, C5



Display Jitter 50 a2 and 1 MS2 Sequential Mode



B6, B8



I



C7, C8, C10



~ 89



~



C9, C10



Amplitude



I B10



I



C11



Risetime



I B10



I



C11



Random Mode HF Sync (Random or Sequential)



I



C6, C8, C10



B7, B8



Pulse Out



Trigger Kickout



B11



C11



Minimum Trigger Rate in Random Mode



B12



A2', A3', A4', A5, A6', C15



Scan Rate (Repetitive)



A3



82', B3', B5', B8



Sweep Cal



A2



B6'



External Input Deflection Factor



A5



B2', B3', B5', 86', B12



Sweep Out Voltage



A4



~



B2', B3', B5', B9



Checks and Adjustment- 7T11A Adjustment Interval



Special Fixtures



To maintain instrument accuracy, check pertormance every 500 hours of operation, or every 6 months if used infraquently. Before complete adjustment, thoroughly clean and inspect the 7T11 A as outlined in Section 4, Maintenance.



Special Fixtures are used only where they facilitate finstrument adjustment and no suitable alternative is known. These fixtures are available from Tektronix Field Offices or representatives.



Tektronix Field Service



Test Equipment Alternatives



Tektronix Field Service Centers and the Factory Service Center provide instrument repair and adjustment services. Contact your Tektronix Field Office or representative for further information .



TEST EQUIPMENT REQUIRED The test equipment listed in Table 5-2 is required for a complete Performance Check and Adjustment of the 7T11A. The specifications for test equipment, given in Table 5-2, are the minimum required to verify Performance Requirements. Detailed operating instructions for test equipment are omitted in these procedures. Refer to the test equipment instruction manual if more information is needed .



If only a Performance Check is to be performed, the items required for Adjustment are not required and are indisated in Table 5-2 by footnote 1 . The remaining test equipment is common to both procedures .



All the listed test equipment is required to completely check and adjust the 7T11 A. However, complete checking or adjusting may not always be necessary or desirable. You may be satisfied with checking selected characteristics only, thereby reducing the amount of test equipment actually required .



The procedures are based on the first item of equipment given as an example. When other equipment is substituted, control settings or setups may have to be altered. If the exact item of equipment given as an example in Table 5-2 is not available, first check the Minimum Specifications column carefully to see if any other equipment might suffice . Then check the Purpose column to see where this item is used . If used for a performance check or adjustment that is of little or no importance for your measurement requirements, the item and corresponding steps) can be deleted. Cables and adapters listed in Table 5-2 and shown in Setup Conditions illustrations are those recommended for use with the applicable test equipment given in Table 5-2. Use of alternate test equipment may require additional or different cables and adapters than those shown .
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TABLE 5-2 Test Equipment Description



Minimum Specifications



Purpose



Examples of Applicable Test Equipment



1 . Oscilloscope Mainframe



Tektronix 7000-Series ; 250 MHz bandwidth; four plug-in compartments .



Provides display for test equipment and unit under test.



Tektronix 7704A.



2. Sampling Unit



Tektronix 7000-Series ; compatible with S-Series Sampling Heads and 7T11A.



Accepts Sampling Head and interconnects with 7T11A to provide vertical portion of sampling system .



Tektronix 7S11 .



3. Sampling Head



Tektronix S-Series ; 50 SZ input impedance; intemal trigger pickoff; 2 mV or less noise for checking trigger kickout.



Provides vertical signal input and internal trigger pickoff to the Sampling Unit .



Tektronix S-1 for checking trigger kickout. Tektronix S-4 for all other applications.



4. Time Mark Generator



50 ms to 1 ns ; at least 200 mV output amplitude into 50 it ; accuracy within 1 .5%.



Provides timing reference for verification of unit under test .



Tektronix TG 501 .



5. Differential Comparator Plug-In



Tektronix 7000-Series ; 1 mV/Div to 5 V/Div deflection factor ; 0 to 10 V + or -0.1%; 1 MS2 input impedance.



Provides vertical input to the oscilloscope mainframe and internal voltage reference for Comparator measurements.



Tektronix 7A13 .



6. Time Base Plug-In



Tektronix 7B-Series .



Provides horizontal sweep on Oscillscope Mainframe for Differential Comparator display.



Tektronix 7B50A.



7. Low Frequency Sine Wave Generator



50 Hz to 350 kHz frequency range; 0 to 5 V variable output amplitude.



Provides signal source for checking trigger operation.



Tektronix SG 502.



8. Medium Frequency Sine Wave Generator



350 kHz to 250 MHz frequency range; 0 to 5 V variable output amplitude.



Provides signal source for checking trigger operation .



Tektronix SG 503.



9. High Frequency Sine Wave Generator



500 MHz to 1 GHz frequency range; 0.5 to 4 V variable output amplitude.



Provides signal source for checking trigger operation.



Tektronix SG 504.



10 . Pulse Generator



70 ps or less risetime ; 1 ~s or more pulse width; at least 200 mV signal amplitude into 50 S2.



Provides signal for trigger adjustments and display fitter checks .



Tektronix 284.



11 . 50 n Delay Line



50 S2 impedance; 75 ns delay; 150 ps risetime .



Used as a delay to I check display fitter . signal



Tektronix 7M11 .



Checks and Adjustment-7T11A TABLE 5-2 (cont) Test Equipment Minimum Specifications



Description 12 . SHF Signal Generator 13 . Calibration Fixture, Plug-In Extender ~



12 .4 GHz; 200 - 500 mV variable output voltage. ( Tektronix 7000-Series .



Examples of Applicable Test Equipment



Purpose Signal source for checking HF SYNC triggering .



I



Hewlett Packard 626A .



I Provides access to internal connections and adjustments in the unit under test .



Tektronix Part No . 067-0589-00.



14 . Special RF Cable Assembly ~



36-inches long with coaxial connectors.



Provides signal interconnection between the Sampling Unit and unit under test .



Tektronix Part No . 012-0203-00.



15 . 1 X Probe



Compatible with 1 MS2 inputs.



Provides signal input to Differential Comparator for trigger adjustments.



Tektronix P6101A.



16 . 10X Probe ~



Compatible with 1 Mil inputs ; 10X attenuation .



Provides signal input to Differential Comparator for trigger adjustments.



Tektronix P6105A .



17 . SMA to BNC Adapter (two required, one provided with 7T11A)



SMA male and BNC female connectors.



18 . SMA to GR Adapter (provided with 7T11 A)



SMA male and GR874 connectors .



19 . GR to BNC Adapter (four required)



I



GR874 and female BNC connectors .



Provides signal I interconnection to Sampling Head and unit under test.



Tektronix Part No . 1015-1018-00 . Tektronix Part No . 015-1007-00.



Provides signal interconnection between GR type cables and the unit under test .



I



Signal interconnection for checking display fitter .



I



Tektronix Part No . 017-0063-00.



20 . 50 SZ BNC Termination ~



50 SZ feed through with BNC connectors .



Provides connector termination on the unit under test for external trigger adjustment .



Tektronix Part No . 011-0049-01 .



21 . 5X BNC Attenuator



50 St ; SX (14 dB) attenuation ; BNC connectors .



Provides signal attenuation for external trigger checks and adjustment .



Tektronix Part No. 011-0060-02.



Provides signal attenuation for external trigger checks.



Tektronix Part No. 011-0059-02.



22 . 10X BNC Attenuator (provided with 7T11 A)



150 S2 ; 10X (20 d8) attenuation ; BNC connectors.



23 . 2X SMA Attenuator



( 50 S2, feed through type, female and male SMA connectors .



24 . BNC T Connector Required only for adjustment.



One male and two female BNC connections .



I



I Signal attenuation for checking HF Sync triggering .



( Tektronix Part No. 015-1001-00.



Provides dual signal path for ( checking external triggers .



Tektronix Part No . 1103-0030-00 .
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TABLE 5-2 (cont) Test Equipment Minimum Specifications



Description



I



Purpose



~



Examples of Applicable Test Equipment



25 . GR Power Divider



GR connectors ; 5012 tee impedance when two legs are terminated in 50 S2 .



Provides dual signal path when checking external triggers and display jitter .



Tektronix Part No. 017-0082-00.



26 . SMA Power Divider



50 St impedance; vswr less than 1 .9 at 12 .4 GHz; nominal 2X voltage attenuation ; male SMA connectors .



Signal splitting for checking HF Sync triggering.



Tektronix Part No . 015-1014-00.



27 . 18-Inch, 5012 BNC Cable (two required)



50 it ; 18 inches long ; BNC connectors.



Provides signal interconnection between test equipment and unit under test.



Tektronix Part No . 012-0076-00.



28 . 50 SZ BNC Cable (provided with 7T11 A)



50 Ohms ; 42 inches long ; BNC connectors .



Provides signal interconnection between test equipment and unit under test .



Tektronix Part No . 012-0057-Ot .



29 . BSM to BNC Cable



Coaxial; 10 inches long ; female BSM and male BNC connectors.



Provides signal interconnection between Sampling Unit and unit under test for checking Pulse Out operation.



Tektronix Part No . 012-0128-00.



30 . 50 S2 SMA Cable (two required)



2 ns delay, male and female SMA connectors .



31 . Patch Cord



two pin-jack connectors .



32 . Low Capacitance Screwdriver



2-inch shaft with 3/32p-inch bit.



33 . Wrench ~



5/16-inch open end.



Removal and replacement of front-panel EXT TRIG INPUT connector for adjustment procedure.



Tektronix Part No . 003-0260-00.



34 . Screwdriver ~



Pozidrive with #1 point.



Removal and replacement of Trigger Board for adjustment procedure.



Tektronix Part No. 003-0616-00.



35 . GR T Connector



Required only for adjustment.



I



Three GR connectors .



Tektronix Part No . Signal interconnection for ( checking HF Sync Triggering . 1015-1005-00 . Tektronix Part No. 012-0179-00.



Interconnection of Sampling Unit and unit under test for checking EXT INPUT.



I



I



Adjustment of variable capacitors and resistors.



Signal splitting for checking display jitter .



I



I



Tektronix Part No . 003-0675-00.



Tektronix Part No . 017-0069-00.
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PART I-PERFORMANCE CHECK The following procedure (Part I-Performance Check) verifies electrical specifications in Section 1 without making any internal adjustments . Part II-Performance Check and Adjustment provides the information necessary to (1) verify that the instrument meets the applicable electrical specifications, (2) verify that all controls function properly, and (3) perform all internal adjustments . A separate Operators Checkout Procedure is provided in Section 2 of this manual for familiarization with the instrument and to verify that all front-panel controls and connectors function properly . See Preliminary Information, at the beginning of this section, on performing a partial Performance Check procedure.



PERFORMANCE CHECK POWER UP SEQUENCE



PERFORMANCE CHECK INDEX PAGE A. SCAN AND TIMING A1 . SCAN AND TIMING PRELIMINARY CONTROL SETTINGS . . . . . . . . . . . A2. CHECK TIMING . . . . . . . . . . . . . . . . . A3 . CHECK REPETITIVE SCAN RATE . . A4 . CHECK SWEEP OUT RANGE . . . . . A5 . CHECK EXT INPUT. . . . . . . . . . . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. 5-9 5-10 5-12 5-13 5-13



NOTE 7T11A performance can be checked at an ambient temperature from 0° C to +50° C unless otherwise stated. Adjustments must be performed at an ambient temperature from +20° C to +30° C for specified accuracies.



B. TRIGGERING B1 . TRIGGERING PRELIMINARY CONTROL SETTINGS . . . . . . . . . . . . . . . . . . . . . . . . . . B2 . CHECK LOW-FRE(]UENCY TRIGGERING B3 . CHECK MEDIUM-FREtaUENCY TRIGGERING . . . . . . . . . . . . . . . . . . . . . . . . 84 . CHECK HIGH-FREt:1UENCY TRIGGERING B5 . CHECK 12 .4 GHz HF SYNC TRIGGERING B8 . CHECK SEQUENTIAL-MODE DISPLAY JITTER AT FASTEST SWEEP RANGE POSITION . . . . . . . . . . . . . . . . . . . . . . . . . . B7 . CHECK RANDOM-MODE DISPLAY JITTER AT FASTEST SWEEP RANGE POSITION . . . . . . . . . . . . . . . . . . . . . . . . . . B8 . CHECK DISPLAY JITTER AT REMAINING SWEEP RANGE POSITIONS . . . . . . . . . . . B9 . CHECK HF SYNC DISPLAY JITTER . . . . . B10. CHECK PULSE OUT INTO 50 S2 . . . . . . . . B11 . CHECK TRIGGER KICK OUT . . . . . . . . . . B12. CHECK MINIMUM TRIGGER RATE IN RANDOM MODE . . . . . . . . . . . . . . . . .



. . 5-14 . . 5-15 . . 5-15 . . 5-17 . . 5-17 . . 5-18 . . 5-19 . . . .



. . . .



5-20 5-21 5-21 5-22



. . 5-23



1 . Install a Differential Comparator Plug-In unit in the left vertical compartment and a Time Base Plug-In unit in the B horizontal compartment of the Oscilloscope Mainframe.



2. Install the Sampling Unit (with the Sampling Head installed) in the right vertical compartment of the Oscilloscope Mainframe and the 7T11 A in the A horizontal compartment.



3. Set the mainframe Intensity controls to minimum . Tum on the mainframe and allow at least 20 minutes warmup before beginning the procedure .
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A. SCAN AND TIMING Equipment Required : 1. 2. 3. 4. 5. 6.



7. 1X Probe. S. 18-Inch BNC Cable (2 required) 9. SMA to BNC Adapter (2 required) 10 . BNC T Connector 11 . Patch Cord



Oscilloscope Mainframe Sampling Unit . Sampling Head . Time Mark Generator Differential Comparator Plug-In. Time Base Plug-In.



A1 . SCAN AND TIMING PRELIMINARY CONTROL SETTINGS :



BEFORE YOU BEGIN:



(1) Perform Sequence .



the



Performance



Check



Power



Up



(2) Refer to section 6, Instrument Options, and the Change Information section at the rear of this manual for any modi~ications that may affect this procedure.



(3) See the TEST POINT AND ADJUSTMENT LOCATIONS foldout page in section 8, Diagrams and Circuit Board Illustrations .



7T11 A TIME POSITION . . . . . . . . FINE. . . . . . . . . . . . . . . . . . SLOPE. . . . . . . . . . . . . . . . TRIG LEVEL . . . . . . . . . . . STABILITY . . . . . . . . . . . . SE(~UENTIAL Pushbutton SWEEP RANGE . . . . . . . . TIME/DIV . . . . . . . . . . . . . . VAR . . . . . . . . . . . . . . . . . . REP Pushbutton . . . . . . . . SCAN . . . . . . . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



. . . . . . . . . . .



Fully clockwise Fully clockwise . . . . . . . . . . (-) . . . . Midrange Fully clockwise . . . Pressed in . . . . . . . 50 ~s . . . . . . . . 5 ~s . . . . . . . . CAL . . . Pressed in . . . . Midrange



Sampling Unit DC Offset . . . . . . . . . . . . . . . . . . . . . . . . . . . . Midrange UnitslDiv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100



NOTE



The 7T11A SWEEP RANGE control and TIME POS RNG display window are integral features. In this procedure, SWEEP RANGE settings are indicated by the value appearing in the TIME POS RNG window.



Oscilloscope Mainframe Vertical Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . Right Horizontal Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A



Checks and Adjustment-7T11A Part 1-Performance Check f. Set SWEEP CAL for exactry 1 time mark per division .



A2 . CHECK TIMING NOTE



g. CHECK-timing accuracy to be within + or -3% by setting 7T11A SWEEP RANGE and TIME/DIV as indicated in Table 5-3 and checking for the corresponding display.



First perform step A1, then proceed.



h. Set 7T11A VARIABLE (CAL IN) to Variable by pressing in the knob to release it .



A2. SETUP CONDITIONS 7711 A Controls : SWEEP RANGE . . . . . . . . . . . . TIME/DIV . . . . . . . . . . . . . . . . . . REP pushbutton . . . . . . . . . . . .



. . .



. . .



. . . . . . . . . . . . . . . . . . SO W . . . . . . . . . . . . . . . . . . . 5 vs . . . . . . . . . . . . . . . Pressed in oscR~oscooE YA°ERAME



TIME MARK GENERATOR



t&INCH BNC CABLE



i. CHECK-for the distance between time marks to increase as the VARIABLE control is rotated clockwise and for the distance to increase at least 2.5 times the calibrated value when the control is at full clockwise (see Figure 5-1). j. Set 7T11A VARIABLE to calibrated operation by pressing the knob to latch it in the CAL IN position .



9 &INCH BNC CABLE BNC T CONNECTOR



Test Equipment Controls Time Mark Generator Time Mark Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 ms 8~T679



a. Set 7T11A TRIG LEVEL for a free running sweep. b. Press the 7711 A MAN pushbutton in . Set the 7711 A SWEEP CAL and POSITION for exactly 10 divisions of dot range, beginning and ending at the graticule edges, while rotating the SCAN control from full counterclockwise to full clockwise. c. Connect the Time Mark Generator to the Sampling Head input. Set the 7T11A SWEEP RANGE to 50 ms, TIME/DIV to 5 ms, and Scan to REP. d. CHECK-the display for one time mark per division + or -3%. See Figure 5-1 for typical timing displays . e. CHECK-for the sweep length and distance between time marks to become shorter and longer as 7711 A SWEEP CAL is rotated between full counterclockwise and full clockwise.



TABLE 5-3 Timing SWEEP RANGE



TIME/ DIV



TIME MARK GENERATOR



DISPLAY



SWEEP START EXCLUDED



50 ~s



5 ks'



5 ~s



1 marker/div



50 ,~s



2 ~s



2 ~s



1 marker/div



50 ,~s



1 ,~s



1 ~s



1 marker/div



50 ~s



.5 ws



.5 GIs



1 marker/div



50 ws



.2 ~s



.2 ~s



1 marker/div



50



Ks



.1 ~s



.1 ~s



1 marker/div



50 ~s



50 ns



50 ns



1 marker/div



50 ~s



20 ns



20 ns



1 marker/div



50 ~s



10 ns



10 ns



t markerldiv



5 ws



.5 xs'



.S,~s



1 marker/div



.5 ~s



50 ns'



50 ns



1 markerldiv



50 ns



5 ns'



5 ns



1 marker/div



.5 ms



50 ws



50 ~s



1 markerldiv



2.5 ~s



5 ms



.5 ms



.5 ms



1 marker/divl



25 ,.s



50 ms



5 ms



5 ms



1 markerldiv ~



250 ,.s



+ ChKk et both RANDOM and SEQUENTIAL switch settings .



5 ,~s
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100 mV



:,



I



A . Measure at tips of markers .



.o:__



500 ns



:,



C . 2 divisions between markers with VARIABLE control at (CAL IN).



-



~1~~1~



n:



--



i ~~"



B. Measure at crossover point of sine wave .



I



D . At least 5 divisions between markers with VARIABLE control fumed fully clockwise . 8176-58



Figure 5-t . Typical displays for checking timing accuracy .



Checks and Adjustment-7T11A Part I-Performance Check A3. CHECK REPETITIVE SCAN RATE NOTE If the previous step was not performed, first perform step A1.



A3. SETUP CONDITIONS m ~A contras:



SCAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Full cbckwise SWEEP RANGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 vs TIMEIDIV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 vs



~p~"" "N"~"~ ""Mi~iY1



v~ll~in ~N"-""" "dNn""



Figure 5-2 . Sweep Out waveform to check Repetitive Scan rate . OSCILLOSCOPE MAINFRAME



COMP



I



UNIT



I



rT11A



I



BSE



SWEEP OU7



1X PROBE



Test Equipment Contras: Oscilbscope Mainframe Vertical Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . left Horizontal Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B Differential Comparator voltsioiv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . s +Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DC -Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . GND Time ease Time/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 ms ei ~s.~a



a. CHECK-the display for 25 ms or less per sawtooth (see Figure 5-2). b. Set the Time Base Time/Div to .1 s and set 7T11A SCAN to full counterclockwise. c. CHECK-the display for 500 ms or more sawtooth.



per
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A5. CHECK EXT INPUT



A4. CHECK SWEEP OUT



NOTE



NOTE



If the previous step was not performed, first perform



If the previous step was not performed, first perform



A4 . SETUP CONDITIONS



A5 . SETUP CONDITIONS



step A 1.



7T11A Controls : No change from previous step.



7T11A Controls : MAN pushbutton . . . . . . . . SEQUENTIAL pushbutton SCAN . . . . . . . . . . . . . . . . SWEEP RANGE . . . . . . . . TIME/DIV . . . . . . . . . . . . . .



oscaLOSCOPE MAINFRAME



COMP IN



UN~IT~



7T17A



D



t



I



S



step A 1.



. . . . .



.. .. . . .. .. .. .. .. ....



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



. . . . .



.. . .. . .. . .. . .. .



. . . . .



. . . . .



. . . . .



. . . Pressed in . . . Pressed in Full clockwise . . . . . . . 50 ws . . . . . . . . 5 ws



OSCILLOSCOPE MAINFRAME



~



SWEEP OUT



1 X PROBE



Test Equipment Caltrols : Time Base Triggering , . . . . . . . Time/Div . . . . . . . . . Differential Comparator VoltsIDiv . . . . . . . . . +Input. . . . . . . . . . .



. . . . . . . . . . . . . . . . . . . : . Auto. AC. Int . . . . . . . . . . . . . . . . . . . . . . . . . . . .5 ms . . . . . . . .. .. . . . . . . . ... .. . . . . . . .. 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . GNO 1317675



a. Use the Differential Comparator Position control to center the displayed sweep.



Test Equipment Controls : Osalloscope Mainframe Vertical Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Right Horizontal Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A Sampling Unit Units/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .200 CaINariable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Variable va"able . . . . . . . . . . . . . . . . . . . . . . . . Full counterclockwise



~



817676



a. CHECK-for a dot on the display, positioned near the right graticule edge . b. Set the Differential Comparator +Input to DC .



c. Press in the TT11A MAN pushbutton .



b. Press in the TT11A EXT INPUT pushbutton . Connect Sampling Unit Offset Out to 7T11A EXT INPUT with a patch cord . c. Set Sampling Unit Offset to position the dot at the right edge of the graticule.



d . CHECK-the displayed sweep to be at +5 volts with SCAN full counterclockwise and at -5 volts with SCAN full clockwise.



d. CHECK-that the dot moves to the left graticule edge when SCAN is set to full counterclockwise .
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B. TRIGGERING



Equipment Required : 1 . Oscilloscope Mainframe 2. Sampling Unit 3. Sampling Head 4. Low Frequency Sine Wave Generator 5. Medium Frequency Sine Wave generator 6. High Frequency Sine Wave Generator 7. SHF Signal Generator 8. Pulse Generator 9. 5012 Delay Line 10 . Time Mark Generator 11 . BSM to BNC cable 12. 50 SZ SMA Cable (2 required)



13 . 14 . 15 . 16 . 17 . 1 S. 19 . 20 . 21 . 22 . 23 . 24 .



BEFORE YOU BEGIN: (1) Perform Sequence .



the



Performance



Check



Power



Up



(2) Refer to section 6, Instrument Options, and the Change Information section at the rear of this manual for any modifications that may affect this procedure. (3) See the TEST POINT ANO ADJUSTMENT LOCA~ TIONS foldout page in section 8, Diagrams and Circuit Board Illustrations .



BNC T Connector SMA to BNC Adapter (2 required) 10X BNC Attenuator 5X BNC Attenuator 2X SMA Attenuator 18-Inch BNC Cable (2 required) SMA to GR Adapter GR to BNC Adapter (4 required) 50 SZ BNC Cable GR Power Divider SMA Power Divider GR T Connector



B1 . TRIGGERING PRELIMINARY CONTROL SETTINGS:



7T11A TIME POSITION . . . . . . . . . . . . . . . . . . . . . . . Midrange SLOPE. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(+)



Sampling Unit Polarity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +Up Normal/Smooth . . . . . . . . . . . . . . . . . . . . . . . . . . Normal



NOTE The 7T11A SWEEP RANGE control and TIME POS RNG display window are integral features. In this pra cedure, SWEEP RANGE settings are identified by the value appearing in the TIME POS RNG window.



Oscilloscope Mainframe Vertical Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . Right Horizontal Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A



Checks and Adjustment-7T11A Part I-Performance Check B2. CHECK LOW-FREQUENCY TRIGGERING



83. CHECK-MEDIUM FREQUENCY TRIGGERING



NOTE



NOTE



First perform step B1, then proceed.



If the previous step was not performed, first perform step B1.



B2 . SETUP CONDITIONS 7T11A Controls : INT pushbutton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pressed in



B3. SETUP CONDITIONS



TRIG AMP X1 pushbutton . . . . . . . . . . . . . . . . . . . . . Pressed in SWEEP RANGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 ms TIME/DIV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 ms



OSCILLOSCOPE MAINFRAME



LOW FREQUENCY SINE WAVE GENERATOR



BNC T CONNECTOR II



sAMP uNIT WL~



1&INCH BNC CABLES



l



v



,



INT pushtwtton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pressed in TRIG AMP X10 pushbutton . . . . . . . . . . . . . . . . . . . . Pressed in SWEEP RANGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5 ks TIME/DIV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



SMA TO BNC ADAPTERS



7T11A



7T11A Controls :



MEDIUM FREQUENCY SINE WAVE GENERATOR



EXT TRIG INPUT il



10X BNC ATTENUATOR iT0 BE USED AS INDICATED IN TABLE 5-4)



I I



BNC T CONNECTOR



sAMP uNIT



10 ns



oscluoscoPE MAINFRAME



vrnA



OUT



SMA TO BNC gDAPTERS EXT TRIG INPUT I



18-INCH BNC CABLES



IOx BNC ATTENUATOR



Test Equipment Cesltrols : Low Frequency Sine Wave Generates Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sampling Unit



5 kHz



UnitsIDiv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . s1



50



~s-n



a. CHECK-7T11A low-frequency triggering capability by using the control settings and requirements given in Table 5-4 to obtain a stable, triggered display. The signal generator output amplitude is correct when its signal causes the amount of vertical deflection shown under the Display Size column . Add a 10X BNC Attenuator to the 7711 A trigger signal as indicated in the right-hand column of Table 5-4. Set 7T11A STABILIY and TRIG LEVEL as necessary for a stable display. On real-time ranges TIME POSITION also aids in stabilizing triggering. Changes in control settings between successive steps are indicated in the table with an asterisk. NOTE To check infernal triggering capability from the mainframe's other vertical compartment, an additional sampling unit may be instaNed and the internal triggering checks repeated for that compartment.



Test Equipment Controls :



Medium Frequency Sine Wave Generator Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sampling Unit



50 MHz



Units/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



50



s1 Ts-~e



a. CHECK-7711 A medium-frequency triggering capability by using the control settings and requirements given in Table 5-5 to obtain a stable, triggered display. The signal generator output amplitude is correct when its signal causes the amount of vertical deflection shown under the Display Size column . Set 7T11A STABILIY and TRIG LEVEL as necessary for a stable display. Add a 10X BNC Attenuator to the 7711 A trigger signal as indicated in the right-hand column of Table 5-5. Changes in control settings between successive steps are indicated in the table with an asterisk .



,



Checks and Adjustment-7T11A Part I-Performance Check TABLE 5-4 Low-Frequency Triggering TT11A



TRIGGERING MODE



SAMPLING UNIT UNITS/DIV



SWEEP RANGE



TIME/ DIV



TRIG AMP



TRIG MODE



INTERNAL



50



5 ms



.1 ms



X1



INT



5 kHz



INTERNAL



5'



5 ms



.1 ms



X10°



INT



INTERNAL



200'



5 ms



.1 ms



X10



EXTERNAL



5'



5 ms



.5 ms'



EXTERNAL



5



5 ms



EXTERNAL



50'



EXTERNAL



5'



DISPLAY SIZE



10X ATTENUATOR



125 mV



2 .5 div



NONE



5 kHz



12.5 mV



2 .5 div



NONE



INT



5 kHz



1 V



5 div



NONE



X10



EXT 50 S2'



1 kHz'



12 .5 mV



2 .5 div



TRIGGER SIGNAL



.5 ms



X10



EXT 1 MSY



1 kHz



12 .5 mV



2 .5 div



TRIGGER SIGNAL



50 ms'



S ms°



Xt'



EXT 1 MSt



50 Hz'



125 mV



2 .5 div



TRIGGER SIGNAL



S0 ms



5 ms



X1 °



EXT 50 SY



50 Hz



12 .5 mV



2.5 div



TRIGGER SIGNAL



DISPLAY 81ZE



10X ATTENUATOR



GENERATOR GENERATOR OUTPUT FREQUENCY



TABLE 5-5 Medium-Frequency Triggering 7T11A SAMPLINGi UNIT UNITS/DIV



TRIGGERING MODE



TIME/ DIV



SWEEP RANGE



I



INTERNAL ~



50



EXTERNAL



5'



.5 As



EXTERNAL



5



.5 ~s



EXTERNAL



50'



I



.5 ~s



.5 ~s



I



I



GENERATOR GENERATOR OUTPUT FREQUENCY



TRKi MODE



TRIG AMP X10



I



I



50 MHz



t25 mV



~



2 .5 div



~ TRIGGER SIGNAL



X10



I EXT 50 fY I



50 MHz



12.5 mV



~



2 .5 div



~ TRIGGER SIGNAL



10 ns



X10



EXT 1 MfY



50 MHz



12.5 mV



2 .5 div



TRIGGER SIGNAL



10 ns



X1'



10 ns



I



I



INT



EXT 1 Mfg ~ 100 MHz' ~



125 mV



I



2 .5 div



I



TRIGGER SIGNAL



TABLE 5-6 High-Frequency Triggering 7T11A SAMPLING UNIT UNITSIOIV



TRIGGERING MODE INTERNAL



I



50



SWEEP RANGE



I



50 ns



I



DISPLAY SIZE



GENERATOR GENERATOR FREQUENCY OUTPUT



TIME/ DIV



TRIG AMP



TRIG MODE



1 ns



X1



INT



500 MHz



I



125 mV



EXTERNAL



100'



S0 ns



.5 ns'



X1



EXT 50 St'



1 GHZ'



625 mV



EXT HF SYNC



100



50 ns



.5 ns



Xi



EXT Hf SYNC'



1 GMZ



500 mV



EXT HF SYNC



100



SO ns



5 ns



Xt



EXT HF SYNC



1 GHZ



I



2 .5 div 6 .25 div



10X ATTENUATOR



I



tOX AT SIGNAL INPUT SX + 10X AT TRIGGER INPUT



5 div



10X AT TRIGGER INPUT



500 mV



5 div



NONE



Checks and Adjustment-7T11A Pert I-Performance Check iB4. CHECK HIGH-FREGIUENCY TRIGGERING



85 . CHECK 12.4 GH: HF SYNC TRIGGERING NOTE



NOTE if the previous step was not performed, first perform step B1 .



If the previous step was not performed, first perform step B1 .



B5. SETUP CONDITIONS



B4. SETUP CONDITIONS 7T11A Controls : INT pushbutton . . . . . . . . . TRIG AMP Xt pushbutton SWEEP RANGE . . . . . . . . TIME/DIV . . . . . . . . . . . . . .



. . . .



. . . .



. . . .



. . . .



. . . .



. .... . .. .. ... .. . ....



. . . .



. . . .



. . . .



NIQM FREQUENCY SINE WAVE QENERATOR



. . . .



. . . .



. . . .



. . . .



. . . .Pressed in . . . . Pressed in . . . . . . . . 50 ns . . . . . . . . . I ns



(TO BE USED AS INDICATED IN TABLE 5-6)



1&INCH 8NC CABLE



,



sArP uNt



TT  A



-sue o eNc ADAPTERS



I



EXT TRIG INPUT



8NC T CONNECTOR



OSCILLOSCOPE IiAAINFRANE



SHF SIGNAL QENERATOR



OSCILLOSCOPE AilA1NFRAME



tox eNC ATTENUATOR



7Tt1A Controls : HF SYNC pushbutton . . . . . . . . . . . . . . . . . . . . . . . . . Pressed in SWEEP RANGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 ns TIME/DIV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 ps



1 B " INCH f3NC CABLE



sAwro UNIT



TTnA



art



EXT TRIG INPUT SMA POWER DIVIDER



2X SMA ATTENUATDR



50 sl SMA CABLES



Test Equipment Controls : High Frequency Sine wave Generator Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 MHz Sampling Unit Units/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 8178-79



Test Equipment Controls : SHF Signal Generator Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Sampling Unit



t2 .4 GHz



Units/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .



100



8178-80



a. CHECK-TT11 A high-frequency triggering capability by using the control settings and requirements given in Table 5-6 to obtain a stable, triggered display. The signal generator output amplitude is correct when its signal causes the amount of vertical deflection shown under the Display Siie column . Set 7T11A STABILIY and TRIG LEVEL as necessary for a stable display. Add BNC Attenuators to the TT11A trigger input signal or Sampling Unit signal input as indicated in the right-hand column of Table 5-6. Changes in control settings between successive steps are indicated in the table with an asterisk .



a. CHECK-that a stable, triggered waveform providing 200 mV of trigger signal to the 7T11 A can be obtained on the oscilloscope with the TT11A STABILITY and TRIG LEVEL controls along with the signal generator Amplitude control . b. Set the Sampling Unit Units/Div to 200. c. CHECK-that a stable, triggered waveform providing 500 mV of trigger signal to the 7T11A can be obtained on the oscilloscope with the 7T11A STABILITY and TRIG LEVEL controls along with the signal generator Amplitude control.



Checks and Adjustment-7T71A Pan I-Perormance Check B6 . CHECK SEQUENTIAL-MODE DISPLAY JITTER AT FASTEST SWEEP RANGE POSITION NOTE if the previous step was not performed, first perform step B1.



c. Set the Sampling Unit Units/Div to 2 and use DC Off set and 7T11A TIME POSITION to keep the pulse leading edge visible. d. While maintaining best possible display stability, rotate TIME/DIV to the 10 ps position . e. CHECK-the oscilloscope display for less than 10 ps of jitter as shown in Figure 5-3B .



86 : SETUP CONDITIONS 7T11A Controls : SWEEP RANGE . . . . . . . . TIME/DIV . . . . . . . . . . . . . . REP pushbutton . . . . . . . . SCAN . . . . . . . . . . . . . . . . TIME POSITION . . . . . . . . STABILITY . . . . . . . . . . . . EXT SO ft pushbutton . . . . SEQUENTIAL pushbutton 18-INCH BNC CABLEPULSE GENERATOR



. .. . .. ... . ..



. . . . ... . . .. . . ... . ...



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . .



. . . . . . . . . . . . . . . SOns . . . . . . . . . . . . . . . . 2 ns . . . . . . . . . . . Pressed in . . . . . . . . . . . . Midrange . . . . . . . . Full dodkwise . . Full counterclockwise . . . . . . . . . . . Pressed in . . . . . . . . . . . Pressed in



_ GR T CONNECTOR



OSCILLOSCOPE MAINFRAME



SO"OHM DELAY LINE



I



m



NOTE



I SAMV UIRT



TT11A



SMA TO BNC ADAPTERS EXT TR INPUT



' GR TO BNC GR TO BNC ADAPTER` ADAPTER



18-INCH BNC CABLE



SOft BNC CABLE Test Equipment Controls : Sampling Unit UnitslDiv . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 Normal/Smooth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Normal Pulse Generator Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pulse 897681



a. Set 7T11A TRIG LEVEL, if necessary for a display such as that shown in Figure 5-3A . b. Rotate the TIME/DIV control clockwise to .2 ns, one step at a time, while using TIME POSITION, STABILITY, and TRIG LEVEL to maintain best possible stability of the displayed pulse leading edge .



if displayjitter exceeds the specified 10 ps value, the Cause may be excessive trigger jitter or jitter by other circuits in the sampling system. The procedure of step C10 of Part ll-Performance Check andAdjustment removes the triggerportion of displayjitter, and is therefore a troubleshooting aid.



Checks and Adjustment-7T11A Part 1-Performance Check SO mV/Div



B7. CHECK RANDOM-MODE DISPLAY JITTER AT FASTEST SWEEP RANGE POSITION



2 ns/Div



NOTE If the previous step was not performed, first perform step B1 . r



87 . SETUP CONDITIONS 7T11A Controls: RANDOM pushbutton . . . . . . . . . . . . . . . . . . . . . . . . . Pressed in MAN pushbutton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pressed in



1 (A)



Fast rise pulse display.



2 mV/Div



~



~ ,~ ..



. Y" '~ .



~



OSCILLOSCOPE MAINFRAME



PULSE GENERATOR



10 pS/Div



I



P=sE Ou7



SMA TO GR ADAPTER



sAMP UNIT



GADAPTERC



GR POWER . DIVIDER T`



V~ . / .



18-INCH



-/



1T11A



I



EXT



G INPUT



J 19-INCHJ



t3NC CABLE



GR TO 8NC



BNC CABLE



ADAPTER



Test Equipment Controls : No change in settings from previous step . _



/.



I



i



a. Set TT11A TRIG LEVEL, if necessary for a display such as that shown in Figure 5-3A .



... . .



(8) Typical SEO jitter.



~ mV/Dlv



~ ' y



y



"r , r



"r . " r r. ,r . rr ." (C) Typical RANDOM jitter .



..' 10 pS1Dly r , "; I r r



c. Set the Sampling Unit Units/Div to 2 and use DC Offset and 7T11A TIME POSITION to keep the pulse leading edge visible. d. While maintaining best possible display stability, rotate TIME/DIV to the 10 ps position .



i '. r r . r r r+ r s " _ .



Flgure 5-3. Determining display jitter .



b. Rotate the TIME/DIV control clockwise to .2 ns, one step at a time, while using TIME POSITION, STABILITY, and TRIG LEVEL to maintain best possible display stability of the pulse leading edge.



e. CHECK-the oscilloscope display for less than 30 ps of jitter as shown in Figure 5-3C . NOTE



s,7s-se



If display fitter exceeds the speci>red 30 ps value, the cause may be excessive triggerjitter or jitter by other circuits in the sampling syslem. The procedure of step C10 in Part ll-Performance Check and Adjustment removes the triggerportion of displayjitter, and is therefore e troubleshooting aid.



Checks and Adjustment-7T11A Part I-Performance Check 88. CHECK DISPLAY JITTER AT REMAINING SWEEP RANGE POSITIONS NOTE If fhe previous step was not performed, >,rst perform



step B1 .



a. CHECK-the oscilloscope display for fitter using the settings and requirements given in Table 5-7(A). Carefully adjust 7T11A STABILITY and TRIG LEVEL for minimum fitter before a measurement is made. Press the 7T11A REP pushbutton in when checking Sequential mode operation and the MAN pushbutton in when checking Random mode.



B8. SETUP CONDITIONS 7Ttt A contras: SE~ENTIAL pushbutton . . . . . . . . . . SWEEP RANGE : . . . . . . . . . . . . . . . TIMEIDIV . . . . . . . . . . . . . . . . . . . . . . REP pushbutton . . . . . . . . . . . . . . . . EXT 50 f2 2 V MAX pushbutton . . . . SCAN . . . . . . . . . . . . . . . . . . . . . . . .



. . .. . . . . . . . .



. . . . . .



. . . . . .



. . . . . .



Ir~D1UN1 FREQUENCY SINE WAVE GENERATOR



. . . . . .



. . . .. .. . . ..... . . . .. .. .. . . . . . .. .. . . . .. .. . . .



Pressed in . . . . .5,~s . . . . .ins Pressed in Pressed in . Midrange



NOTE if display fitter exceeds the specified value, the cause may be excessive triggerfitter orfitter by other circuits in the sampling system . The procedure ofStep Cfi71n Part ll-Performance Check and Adjustment removes the trigger portion of display fitter, and is therefore a



troubleshooting aid.



OSCILLOSCOPE MAINFRAME



umT



ApAPTERS II EXT TRIG INPUT



our 1&INCH BNC CABLE



b. Disconnect the Medium Frequency Sine Wave Generator and connect the Low Frequency Sine Wave Generator in its place.



f~~I



BNC T CONNECTOR



~ 9&INCH BNC CABLE



Test Equipment Controls : Medium Frequency Sine Wave Generator Frequency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250 MHz



c. CHECK-the oscilloscope display for fitter using the settings and requirements given in Table 5-7B. Carefully adjust 7T11A STABILITY and TRIG LEVEL for minimum fitter before a measurement is made.



Sampling Unit Units/Div . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 8178-83



TABLE 5-7 Display Jitter with Optimum Trigger Conditions GENERATOR



7T11A SCAN MODE



SAMPLING MODE



SWEEP RANGE



TIM E/ DIV



FREQUENCY



(A) SEQUENTIAL AND RANDOM OPERATION



SEQUENTIAL



.1 ns 1 ns 10ns



250 MHz 75 MHz 7.5 MHz



X0.4 division



RANDOM



.5 ws 5 ~s 50,~s



.1 ns 1 ns 10 ns



250 MHz 75 MHz 7.5 MHz



~1 division



350 kHz 50 kHz 5 kHz



X0.4 division



REP MAN MAN



JITTER



.5 ~s 5 ~s 50~



REP REP



I



DISPLAY



MAN



(B) REAL TIME OPERATION _REP _REP REP



REAL TIME



.5 ms 5 ms 50 ms



.1 ws 1 ws 10 ~s



Checks and Adjustment-7T11A Part I-Performance Check



810. CHECK PULSE OUT INTO 50 i2



B9. CHECK HF SYNC DISPLAY JITTER



NOTE



NOTE If the previous step was not performed, first pertorm step Bt .



89 . SETUP CONDITIONS 7T11 A Controls : SWEEP RANGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 ns TIMEJDIV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 Ps HF SYNC pushbutton . . . . . . . . . . . . . . . . . . . . . . . . . Pressed in



If the previous step was not pertormed, >~rst pertorm step Bt . 810. SETUP CONDITIONS 7T11A Controls : TIME POSITION . . . . . . . . SLOPE . . . . . . . . . . . . . . . TRIG LEVEL . . . . . . . . . . . STABILITY . . . . . . . . . . . . RANDOM pushbutton . . . . TRIG AMP Xi push~tton SWEEP RANGE . . . . . . . . TIMEIDIV . . . . . . . . . . . . . . INT pushbutton . . . . . . . . . REP pushbutton . . . . . . . .



. . . . . . . . . .



. . . . . . . . . .



SHiNAL OIENEIIATOR



. . . . . . . . . .



. . . .. . . ... . . . .. . . . .. . . . . . . . . .. . . . . . .. . . . . . . . . ... . .



. . . . . . . . . .



. . . . . . . . . .



. . . . . . . . . .



. . . . . . . . . .



. . . . . . . . . .



. . . . . . . . . .



. .. . .. ... ... . .. ... ... . . . . .. ...



. . . . . . . . . . . . . . .. . .



Full clockwise . . . . . . . (+) . . . Midrange Full clockwise . . Pressed in . . Pressed in . . . . . . . 5 sitnir.~~



+S V LIGHTS DS20 A9 RANDOM-SEQUENTIAL SW 6D



JblO EKT INPUT



NOTE " ET=EQUIVALENT TIME RT=REAL TIME



+15 V ET X'-O.6V RT



'iTIlA



SAMPLING SWEEP UNIT



R734 ! " !K



G17W 138



PAR'ti'lAU A3 TRl4GER 9D TO R26 fi



222 161 BD



530 TRIGGER



EXT SOn 2V MAX



HF SYNC



IM



INT



T T T I I 1 I I 1 I I I I I I F_______i_______r________, 1 I I i I I 1 I I I IO I I I I I I I I I 1 I I i I I I I I I I 1 I



4



J641



S PARTIAL A3 TR14 4ER BD



~



p12q



O



b ~



TO R26 ~---j



"



...!



~



.



I



I O-~ +Sv



K30



R714 IK



W



n



PARTIAL At ANAL04 ~041C BD



II I



g714



I



1 I I I



AE 1 I 1 I I I 1 I I



I I I I I I I O-~+S V



I I I I I I



I I I



OR



3B



lO O2



I



+sv -~



+S v TO R124



A6TRIyGER50URGE SWITGH DD



COMPONENT NUMBER EXAMPLE Component Number A23 A2 R1234 I sceemark



assemeny N~mcer



Sueassemay Numeer(llusedl



c~curt Numce~



Gnassis.mpmoee compwems nave ap nssemdy eomeer pe .w-sre en o a aceade Ekpusal Parts L~sl Static Sensitive Devices



See Maintenance Section



FRONT



PANEL SWITCHING



TP858



TP684



Figure 8- 7.



Location of Logic adjustments.



SISwAq Ramp R310



50 rni Sbwhrp 0313



Msmoy Giate Bai R550



Fset TimMg R280



Rate Servo Zsro R440



TFfi02



+10V Adj R800



B, 7&,25 60 na TImYq C2l2



Glate~Comp 0237



Sbw Timing R285



Random Timing R270



Figuro 8-f!.



Junctbn of R63-R68



Location of Timing adjustments.



Stsb Zsro R135



Junction of R84-R83



Real Time Zero R500



Trig Level Zero R720



Arming Bias R745



A3 1M Zero - R45



Output Bias R155



s, 7s-, zs Sync Countdown R30



Junction of R34-L53



X10 Zsro Rfl0



HF Sync R10



Figuro 8-g. Location of Trigger adjustments.



Section 9 - 7T11A



REPLACEABLE MECHANICAL PARTS PARTS ORDERING INFORMATION



INDENTATION SYSTEM



Replacement parts are available from or through your local Tektronix . Inc . Field Office or representative .



This mechanical parts list is indented to indicate item relationships . Following is an example of the indentation system used in the description column .



Changes to Tektronix instruments are sometimes made to accommodate improved components as they become available, and to give you the benefit of the latest circuit improvements developed in our engineering department . It is therefore important, When Ordering parts, t0 include the fOIIOWing information in your order: Part number, instrument type or number, serial number, and modification number if applicable . If a part you have ordered has been replaced with a new or improved part . your local Tektronix, Inc . Field Office or representative will contact you concerning any change in part number . Change information, if any, is located at the rear of this manual .



ITEM NAME



In the Parts List, an Item Name is separated from the description by a colon ( :) . Because of space limitations, an Item Name may sometimes appear es incomplete . For further Item Name identification, the U .S . Federal Cataloging Handbook H6-1 can be utilized where possible .



~ p 3 4 5



Name d Description



Assembly and/or Component Attaching parts for Assembly and/or Component """" END ATTACHING PARTS"""" Detail Part of Assembly and/or Component Attaching parts for Detail Part """"END ATTACHING PARTS"""" Parts of Detail Part Attaching parts for Parts of Detail Part """" END ATTACHING PARTS""""



Attaching Parts always appear in the same indentation as the item it mounts, while the detail parts are indented to the right. Indented items are part of, and included with, the next higher indentation.



Attaching parts must be purchased separately, unless otherwise specified.



FIGURE AND INDEX NUMBERS



Items in this section are referenced by figure and index numbers to the illustrations .



ABBREVIATIONS ACTR ADPTR ALIGN AL ASSEM ASSY ATTEN AWG BD BRKT BRS BRZ BSHG CAB CAP CER CHAS CKT COMP CONN COV CPLG CRT DEG OWR



INCH NUMBER SIZE ACTUATOR ADAPTER ALIGNMENT ALUMINUM ASSEMBLED ASSEMBLY ATTENUATOR AMERICAN WIRE GAGE BOARD BRACKET BRASS BRONZE BUSHING CABINET CAPACITOR CERAMIC CHASSIS CIRCUIT COMPOSITION CONNECTOR COVER COUPLING CATHODE RAY TUBE DEGREE DRAWER



ELCTRN ELEC ELCTLT ELEM EPL EOPT EXT FIL FLEX FLH FLTR FR FSTNR FT FXD GSKT HDL HEX HEX HD HEX SOC HLCPS HLEXT HV IC ID IDENT IMPLR



ELECTRON ELECTRICAL ELECTROLYTIC ELEMENT ELECTRICAL PARTS LIST EQUIPMENT EXTERNAL FILLISTER HEAD FLEXIBLE FLAT HEAD FILTER FRAME or FRONT FASTENER FOOT FIXED GASKET HANDLE HEXAGON HEXAGONAL MEAD HEXAGONAL SOCKET HELICAL COMPRESSION HELICAL EXTENSION HIGH VOLTAGE INTEGRATED GRCUIT INSIDE DIAMETER IDENTIFICATION IMPELLER



IN INCANO INSUL INTL LPMLOR MACH MECH MTG NIP NON WIRE OBD 00 OVH PH BRZ PL PLSTC PN PNH PWR RCPT RES RGD RLF RTNR SCH SCOPE SCR



INCH INCANDESCENT INSULATOR INTERNAL LAMPHOLDER MACHINE MECHANICAL MOUNTING NIPPLE NOT WIRE WOUND ORDER BY DESCRIPTION OUTSIDE DIAMETER OVAL HEAD PHOSPHOR BRONZE PLAIN Or PLATE PLASTIC PART NUMBER PAN HEAD POWER RECEPTACLE RESISTOR RIGID RELIEF RETAINER SOCKET HEAD OSCILLOSCOPE



SCRE`N



SE SINGLE END SECT SECTION SEMICONDSEMICONDUCTOR SHLD SHIELD SHOULDERED SHLDR SKT SOCKET SL SLIDE SLFLKG SELF-LOCKING SLVG SLEEVING SPR SPRING SQUARE SO SST STAINLESS STEEL STL STEEL SWITCH SW T TUBE TERM TERMINAL THREAD THD THK THICK TNSN TENSION TPG TAPPING TRH TRUSS HEAD VOLTAGE V VARIABLE VAR W' WITH wSHR WASHER XFMR TRANSFORMER XSTR TRANSISTOR



Replaceable Mechanical Parts - 7T11A



Mfr . Code 00779 01121 09922 12697 16179 18203 22526 22599 24931 26805 56878 73743 74868 77900 78189 79136 80009 83385 83486 86928 90484 93907 98291 TK0392 TK0435 TK0518



CROSS INDEX - MFR . CODE NUMBER TO MANUFACTURER Citv . State. Zio Code



Manufacturer



Address



QMP INC ALLEN-6RADLEY CO BURNOY CORP CLAROSTAT MFG CO INC OWII SPECTRA CORP MICRONAVE COMPONENT OIV ENGELIip~N MICRONAYE CO OU PONT E I DE NEl10UR5 QNO CO INC DU PONT COLLECTOR SYSTEMS QMERACE CORP ESNA OIY SPECIALTY CONNECTOR CO INC



P 0 BOX 3608 1201 SOUTH 2N,0 ST RICHAROS AYE LOMER NASHINGTON ST 21 CONTINENTAL BLYD



HARRI58URG PA 17105 IIILIIAUKEE NI 53204 NORNAIK CT 06852 DOVER NH 03820 MERRIMACK tNl 03054



SKYLINE ORIYE 30 HIMTER LANE



iIONTVILIE NJ 07045 CiWP HILL PA 17011



15201 8UR8ANK BLVD SUITE C 2620 E)WRESS PLACE P080XD 140 FOURTH AVE



VAN lUIYS CA 91411 GREENN000 IN 46142



HIGHLAND AVE 446 iIORGAN ST 33 E FRANKLIN ST



JEI6CINTONN PA 19046 CINCIMIATI OH 45206 DANBURY CT 06810



SAINT CHARLES RO



ELGIN IL 60120



ST CHARLES ROAD



ELGIN il 60120



47-16 QUSTEL PLACE 4900 S N GRIFFITH OR P 0 BOX 500 3221 M BIG BEAVER RD



LiA1G ISLAND CITY NY 11101 BEAVERTON OR 97077



1101 SAMUELSON RO 701 SONORA AVE 172 STERLING ST 600 18TH AYE



ROCKFORO IL 61101 GLF]fOAIE CA 91201 CIINTON MA 01510 ROCKFORD IL 61101



225 HOYT 7923 SN CIRRUS DRIVE 4114 S PEORIA 1819 SOUTH CENTRAL BAY 37



MAMARONECK NY 10544 BEAVERTON OR 9fi05 CHICAGO IL 60609 KEN NA 98031



OLII SPECTRA INC MICRONAVE CONNECTOR DIY SPS TECHNOLOGIES INC FISCHER SPECIAL kFG CO AMPHENOI R f OPERATIONS AN ALLIED CO SHAKEPROOF OIV OF ILLINOIS TOOL NORKS ILLINOIS TOOL IIORKS INC SHAKEPROOF DIVISION IfALDES KOHINOOR INC TEKTRONIX INC MICRODOT MANUFACTURING INC GREEK-CENTRAL OIY ELCO INDUSTRIES INC SEASTROM MFG CO INC ITT SURPRENANT OIV TEXTRON INC CANCAR 0[V SEAIECTRO CORP NORTNNEST FASTENER SALES INC LENIS SCREM CO SUTCO MANUFACTURING CO



NALTHAM NA 02154



TROY MI 48098
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Replaceable Mechanical Parts - 7T11A



Fig . 8 Index No .



Tektronix Part No



Serial/Assembly No . Dscont Effective



Qty



-12 -13 -14 -15 -16 -17



366-1064-00 213-0153-00 366-1148-01 213-0153-00 366-1183-00 213-0725-00 366-1101-00 213-0153-00 366-1168-00 213-0153-00 366-1258-00 213-0153-00 358-0414-00 200-1011-01 366-1204-00 213-0153-00 331-0255-00 366-1189-00 213-0153-00 366-1058-48 214-1095-00 105-0076-04 214-1280-00 358-0301-02 --



1 1 1 2 1 1 1 1 1 1 1 2 1 1 1 2 1 1 2 1 1 1 1 2 1



-18 -19



210-0583-00 210-0046-00



1 2



-20



---- -----



2



-21 -22



210-0583-00 210-0223-01



2 2



-23



---- -----



2



-24 -25 -26



358-0409-00 210-0046-00 210-0471-00



2 4 2



-27 -28



131-0779-00 35Z-0216-00



2 1



-29



213-0012-00



1



-30 -31



210-0413-00 210-0992-00



1 1



-32



175-1154-00



1



-33 -34



175-0068-00 131-0155-00 ---- ---



AR 1 1



-35



131-0850-00



1



-36 -37



220-0531-02 210-0046-00



1 1



-38



198-2002-00



1



-39 -40 -41



131-0155-00 131-0579-00 333-1234-00



1 1 1



1-1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11



RE:V SEP 1986



Name 8 Description KN08 :GY,0 .096 ID X 0 .392 00 X 0 .466 .SETSCRE11 :5-40 X 0 .125,STL KN08 :GY,0 .16 IO X 0 .706 00 X 0 .6 H .SETSCREli :S-40 X 0 .125,STL KNOB :GY,0 .08 ID X 0 .392 OD X 0 .4 H .SETSCREN :3-48 X 0 .094,STL KN08 :GY,0 .127 IO X 0 .706 00 X 0 .6 H .SETSCREN :S-40 X 0 .125,STL KN08 :RED,0 .084 ID X 0 .392 00 X 0 .4 H .SETSCRE11 :5-40 X 0 .125,STL KNOB :GY,0 .252 IO X 0 .706 00 X 0 .74 H .SETSCREN :S-40 X 0 .125,STL BUSHING,SLEEVE :0 .125 ID X 0 .312 00 X 0 .21 L CAP,KN08 :DIAL FIiN0011 KNOB :GY,50NS-50N5,0 .252 ID X 0 .452 OD .SETSCREN :5-40 X 0 .125,STL .DIAL,SCALE :HKO TIHE/DIY SCALE KNOB :GY,0 .127 ID X 0 .5 00 X 0 .531 .SETSCREH :S-40 X 0 .125,STL KN08 :GRAY,7T11A PIN,SPRING :0 .187 L X 0 .094 OO,STL,CD PL RELEASE BAR,LCH :PLUG-IN lM1IT SPRII~,HLCPS :0 .14 00 X 1 .126 L,TIIIST LOOP BUSHING,SLEEYE :0 .16 IO X 0 .205 OD RES,VAR,NONNM :PNL,(2)10K OHH,20X,0 .5N (SEE 8570 REPL) (ATTACHING PARTS) NUT ,PLAIN,HEX :0 .25-32 X 0 .312,8R5 CO PL MASHER,LOCK :0 .261 ID,INTL,0 .018 THK,STL (END ATTACHING PARTS) RESISTOR,VAR : (SEE R70,R610 REPL) (ATTACHING PARTS) NUT,PIAIN,HEX :0 .25-32 X 0 .312,8R5 CD PL TERHINAL,LUG :0 .26 IO,LOCKING,BRS TINNED (ENO ATTACHING PARTS) RESISTOR,YAR : (SEE R679,R680 REPL) (ATTACHING PARTS) BSHG,HACH TH0 :0 .25-32 X 0 .159 ID,0 .247 L MASHER,LOCK :0 .261 ID,INTL,0 .018 THK,STL NUT,SLEEYE :0 .25-32 X 0 .594 L X 0 .312 HEX,AL (ENO ATTACHING PARTS) JACK,TIP :U/N 0 .08 OD TEST POINT HOLDER ,TIP JACK :(2)JACKS,BLACK OELRIN (ATTACHING PARTS) SCREN,TPG,TC :4-40 X 0 .375,TYPE T,FLH 100 OEG,STL NUT,PIAIN,HEX :0 .375-32 X 0 .5,BR5 CO PL NASHER,FLAT :0 .265 ID X 0 .437 OD X 0 .01 (END ATTACHING PARTS) CIA LE ASSY,RF :50 OHH COAX,3 .5 L (J10 TO A2J11) .CQBLE,RF :50 OHH COAX H/GRAY VINYL .CONN,PLUG,ELEC :RF,FE?IQLE .CONN,PLUG,ELEC :3HH,HALE .(PART OF CABLE ASSEHBLY) CONN,FEEDTHRU :31~i FEHALE EA ENO (ATTACHING PARTS) NUT,PIAIN,HEX :0 .25-36 X 0 .312 HEX,BRS NP HASHER,LOCK :0 .261 ID,INTL,0 .018 THK,STL PARTS) HIRE SETpELE~ (J190 TO Q2J189) .COI~dV,PLUG,ELEL :RF,fE11ALE .CONN,RCPT,ELEC :HINTR BAYONET ,HALE PANEL,FRONT : 12345



Mfr, Code



Mfr , Part No .



80009 TK0392 80009 TK0392 80009 56878 80009 TK0392 80009 TK0392 80009 TK0392 80009 80009 80009 TK0392 80009 80009 TK0392 80009 22599 80009 80009 80009



366-1064-00 ORDER 8Y DESCR 366-1148-01 ORDER BY DESCR 366-1183-00 ORDER 8Y DESCR 366-1101-00 ORDER BY DESCR 366-1168-00 ORDER BY DESCR 366-1258-00 ORDER BY DESCR 358-0414-00 200-1011-01 366-1204-00 ORDER BY DESCR 331-0255-00 366-1189-00 ORDER BY DESCR 366-1058-48 52-022-094-0187 105-0076-04 214-1280-00 358-0301-02



73743 77900



2X-20319-402 1214-05-00-05410



73743 86928



2X-20319-402 ORDER BY DESCR



80009 77900 80009



358-0409-00 1214-05-00-05410 210-0471-00



98291 80009



0168010000208 352-0216-00



83385



ORDER BY DESCR



73743 80009



3145-402 210-0992-00



80009



175-1154-00



90484 74868



7259RG174A/U 27-1



26805



2084-5059-02



80009 77900



220-0531-02 1214-05-00-05410



80009



198-2002-00



74868 24931 80009



27-1 38J5106-1 333-1234-00 9_ 3



Replaceable Mechanical Parts - 7T11A



Fig Index No .



Tektronix Part No



Serial/Assembly No . Effective Dscont



Qty



1-42 -43



348-0235-00 ---



2 1



-44



211-0156-00



1 1



-45 -46



211-0156-00



1



-q7



-- --



1



-48



211-0156-00



1



-4g



--- ---



1



-50



211-0156-00



2



s51



-- --



1



-52



211-0156-00



2



-53 -54 -55



342-0199-00 210-0413-00 386-1447-22



1 1 1



-56



213-0793-00



4



-57



--- ----



1



-58 -59 -60



211-0112-00 210-0405-00 210-0001-00



3 3 3



-61



179-1563-00



1



-62 -63 -64 -65 -66



204-0410-00 210-0223-00 105-0075-00 214-1054-00 426-0499-09



1 3 1 1 1



-67 -68 -69



211-0038-00 210-0586-00 211-0105-00



3 3 3



_70



_-- ---_



1



-71 -72 -73 -74 -75 -76 -77 -78 -79 -80



136-0252-07 131-0265-00 210-0707-00 344-0216-00 352-0213-00 361-0305-00 214-0579-00 211-0155-00 361-0301-00 386-1680-00



16 5 2 1 1 5 1 4 4 1



-81 -82



211-0513-00 210-0457-00



2 2



9_ 4



12345



Name 8 Description



SHLD GSKT,ELIX:FINGER TYPE,4 .734 L CIRCUIT 80 ASSY :RANOOW SEQUENCE SW (SEE A9 REPL) (ATTACHING PARTS) SCREW,WACHINE :1-72 X 0 .250,FLH,82 DEG,STL (EHD ATTACHING PARTS) CIRCUIT BO ASSY :SLDPE SW (SEE A8 REPL) (QTTALHit~ PARTS) SCREII,WACHINE :1-72 X 0.250,FLH,82 DEG,STL (END ATTACHING PARTS) CIRCUIT 80 ASSY :TRIGGER AWPLIFIER SN (SEE A5 REPL) (ATTACHING PARTS) SCREIi,WACHINE :1-72 X 0 .250,FLH,82 DEG,STL (Q10 ATTACHING PARTS) CIRCUIT BO ASSY :TRIGGER SOURCE SM (SEE A6 REPL) (ATTACHING PARTS) SCREk,WACHINE :1-72 X 0 .250,FLH,82 DEG,STL (END ATTACHING PARTS) CIRCUIT 80 ASSY :SCAN SW (SEE A7 REPL) (ATTACHING PARTS) SCREl1,WACHLNE :1-72 X 0.250,FLJL,82 DEG,STL (EWO ATTACHING PARTS) INSULATOR,FIlW :SIDE PANEL,WYLAR NUT,PLAIN,HEX :0 .375-32 X 0 .5,8R5 CO PL SUBPANEL,FRONT : (ATTACHII~ PARTS) SCREN,TPG,TF :6-32 X 0 .4375,TAPTITE,FIl1L (ENO ATTACHING PARTS) CIRCUIT BD ASSY :COWWUTATOR SN FIXED (SEE A10 REPL) (ATTACHING PARTS) .SCRELI,WACHINE :2-56 X 0 .375,F1JL,100 DEG,STL .NUT ,PLAIN,HEX :2-56 X 0 .188,BR5 CO PL .NASHER,LOCK aescriction



.RES,YAR,NOMtM :PNL,2X20K OINi,0 .5M .(SEE A4R530 REPL) .(ATTACHING PARTS) .NUT ,PLAIN,HEX :0 .25-32 X 0 .312,8R5 CD PL .IIASHER,LOCK :0 .261 ID,INTL,0 .018 THK,STL ,(ENO ATTACHING PARTS) .BRACKET,ELEC SM :8RA55 .ACTUATOR,SL SII :VARIABLE CAL .GUIOE,SLIOE SFI :SIIITCH ACTUATOR .HIRE SET,ELEC : .(A4R530 TO A2) MASHER,KEY :0 .375 ID X 0 .175 TNK,AL,0 .75 OD NUT,PIAIN,PIATE :1-72 X 0 .2 X 0 .14,BR5 CO PL (ATTACHING PARTS) SCR,ASSEH FISHR :4-40 X 0 .29,PNH,8R5 NI PL (ENO ATTACHING PARTS) CIRCUIT BO ASSY :LOGIC (SEE A1 REPL) .SOCKET,PIN CONN :M/0 OINPLE .SOCKET ,PIN TERN :U/h 0 .025 50 PIN .TERN,TEST POINT :BRS CO PL .SCREH,EXT RLY :4-40 X 0 .375,PNH,SST,P02 .SPACER,POST :0 .433 L,0 .25 OD .SOCKET,PIN TERH :U/h 0 .02 DIA PINS .SKT,PL-IN ELEK :FIICROCKT,16 CONTACT SHIELD,ELEC :LEFT SIDE CONTALT,ELEC :GROUNOING,CU BE FR SECT ,PLUG-IN :TOP (ATTACHING PARTS) SCREM,NACHINE :4-40 X 0 .188,FLH,100 DEG (END ATTACHING PARTS) SHIELD,ELEC :RIGHT SIDE PANEL,REAR : (ATTACHING PARTS) SCREIt,TPG,TF :6-32 X 0 .4375,TAPTITE,FILH (END ATTACHING PARTS) HIRING HARNESS :INTERFACE .HLOR,TERN C01~1 :3 NIRE,BLACK .HLDR,TERN COI~q~1 :5 HIRE,BLACK .CONTACT,ELEC :22-26 AIiG,BRS,CU 8E GLD PL .HIDR,TERN CONN :6 NIRE,BLACK .CONTACT,ELEC :CONNECTOR,CU 8E GOLD PL .HLDR,TERFI COt4i :10 MIRE,BLACK



Mfr, Code



Mfr .



73743 77900



2X-20319-402 1214-05-00-05410



80009 80009 80009 80009



407-0803-00 214-1136-00 351-0180-00 198-2721-00



Part



No .



80009 210-1096-00 TK0518 ORDER 8Y DESCR 78189



51-040445-01



22526 75060-012 22526 ORDER BY DESCR 80009 214-0579-00 80009 211-0155-00 80009 361-0238-00 00779 50462-7 09922 DIlH16P-108T 80009 337-1238-01 80009 214-1061-00 80009 426-0505-06 TK0435 ORDER BY DESCR 80009 80009



337-1163-01 386-1402-00



83486



239-006-406043



80009 80009 80009 22526 80009 00779 80009



179-1526-01 352-0161-00 352-0163-00 47439-000 352-0164-00 61941-1 352-0168-00



REV SEP 1986



153 -



112 114



115



122



113
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~



`
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123



140



1TI m 118



110 191



109



119



_



133



'



111 116
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124



a



120 139



111
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A9
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144134
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Replaceable Mechanical Parts - 7T11A



Fig . 8 Index No . 2-1 -2 -3 -4



Tektronix Part No , 011-0059-02 012-0057-01 015-1018-00 015-1007-00 070-6176-00



REV SEP 1986



Serial/Assembly No . Dscont Effective



Qtv 1 1 1 1 1



12345



Name 8 Description



ATTENUATOR,FXD :10 :1 ATTEN,50 OHM,BNC CABLE ASSY,RF :50 OHM COAX,43 .0 L ADAPTER,CONN :3MM MALE TO BNC FEMALE ADAPTER,CONN :GR-874 TO SMA MALE MQNIIAI,TECH :SERYICE,7T11A



Mfr . Code



Mfr . Part No .



18203 80009 24931 16179 80009



A314-ES 012-0057-01 29JP124-1 8181-2241-00 070-6176-00
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7T11A



























des documents recommandant
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the 7711 A in Random mode due to the introduction of lead time. The effect of lead ...... be clean and properly tinned for best heat transfer to the directly from your ...










 








W 180 P 

Aufgrund einer seit 01.01.1990 gÃ¼ltigen EU-Verordnung haftet der Hersteller nur ... Personen als dem WAGNER Service - Personal geÃ¶ffnet wurde. .... The spray gun is not to be used in work places covered by Ex-protection ... Technical Data.










 








I i,l; 2.P 

du maintien de la paix et de la s6curitd internationales,. R6affirman! Ie r61e crucial et la responsabilit6 primordiare de l,organisation des Nations Unies dans le domaine du d6sarmement,. Reconnaissant qurune paix authentique et durable ne pourra 6t










 








W"'i - VirtualPanic! 

CE ALGORITHM FOR COMPUTER GENERATED HALFTONE PICTURES. 4. ... objects into data that can be used to generate tvo-dimensional halftone images. It ..... true. The edges that comprise each pelygon are then Individually checked to see if any ... given to










 








P I insurance 












 








Liasse fiscale I&P 

NumÃ©ro SIRET *. BILAN - ACTIF. NÂ° 10937 âœ± 20. Formulaire obligatoire (article 53 A du code gÃ©nÃ©ral des impÃ´ts). DGFiP NÂ° 2050-SD 2018. DÃ©signation de ...
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(slide 9). (slide 10). ( slirle 11 ). ( slide 12 ). - /1 -. Fir st of all, the rncdium support thP. 111o;;t J i.kely to succeed in displa cing the stnrch gel was obvious]y thP.
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:Y [1) g c' / A?â€� EntrÃ©al'Hr'intal 16 v; My. I. j I Lieu at date de la blessure. 11. Nature de l'mnl vulneranl l. HI. 81630 as In Measure .. DÃ©ai gnatlon des tissus lÃ©sÃ©s.










 








W 565 I-Spray - Wagner 

11 juin 2012 - L'appareil ne doit en aucun cas être utilisé lorsque le joint .... Ne jamais nettoyer les joints d'étanchéité, la membrane et les buses ou les.










 








W 565 I-Spray - Wagner 

11 juin 2012 - Produits de revêtement non applicables . ..... Attention! Porter une protection respiratoire: le brouillard de peinture et les vapeurs de solvant ...
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StratÃ©gie-Organisation en 1993, et Directeur des MarchÃ©s Chimie,. SidÃ©rurgie, Raffinage et Ã‰nergie en 1994. Il devient Directeur GÃ©nÃ©ral. Adjoint en 1995 ...










 








Page 1 AI R CANADA .. I f . .I . .P mm In». R0. u as . TM sur 1:11am ... 

L'ART t'nl'itnlll' Mingle-mu, lithnurgr Jlllt, |',|. PM, Hench; Iiliﬁ'llllitli. Olympic Gold ... stylish case keeps champagne at the Ideal drinking temperature In: lwc- hours.










 








Cage de Fer Molly II W./ Lily L. P./ Rose W./ Fred II W./ Scorpius M ... 

Ne reviens jamais ! .... Encore plus sÃ©vÃ¨re et maniaque qu'il l'avait jamais Ã©tÃ© dans les rÃ©cits de famille. ..... Je suis plutÃ´t pressÃ©e et contente que Ã§a soit le cas.










 








W 687 E I-Spray - Wagner 

11 juin 2012 - Préparation de la zone de travail (en cas de peinture murale intérieure) . ..... Selon le produit de revêtement à appliquer, il faudra monter une ...










 








iH...G.\,...H$.W%ila i - WordPress.com 

The MEDOR bracelet is an exclusive Hermes design protected by Intellectual Prnperty rights. Hermes authorises the reproduction of the MEDOR bracelet model ...










 








fr ^9- T Â±W i 

17 dÃ©c. 2001 - VU la Decision A/DEC.7/12/99, relative a I'adoption de criteres de convergence macroeconomique pour la mise en ceuvre du programme de.










 








W 687 E I-Spray - Wagner 

11 juin 2012 - le poster d'entraînement joint à la fourniture est idéal pour se .... Ne jamais nettoyer les joints d'étanchéité, la membrane et les buses ou les.










 








W 565 I-Spray - Blog e-loue 

11 juin 2012 - Nous vous fÃ©licitons pour l'acquisition de ce produit de la marque ...... EN 60745-1;2009+A11:2010; EN 62233:2008; EN 50580:2012; EN ...
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Melf's Acid Arrow. Conjuration. â��. Secret Page. Alteration. â��. Mending. Alteration .... Transmute Rock to Mud. Alteration. â��. Tenser's Transformation. Alteration/ ...










 








Page 1 *# John Gr W ER LA IN H. eru u tamenneÅ¿ I - P |- John Greaves ... 

du bassiste, pianiste, Chanteur et. Compositeur gallois. GÃ©nial aboutÄ°SSement engendrÃ© de formules sonores difficiles Ã  Classer ayant pour nom Henry COW,.
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Le triangle de Maxwell et la thÃ©orie moderne des couleurs. â€¢ SystÃ¨mes additifs et ... Vers oÃ¹ se dirige la technologie ? â€¢ MatÃ©riel d'Ã©clairage. â€¢ Flashs de studio.
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