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INSTRUCTION SHEET

This sheet provides instructions for inserting CHANGE 2 (NAVSHIPS 0967-
000-0122) te the Electronics Circuits Handbook, NAVSHIPS 0967-000-0120.

1. Remove superseded pages and insert new pages as indicated below:
Page Remove Insert
FRONT MATTER
Remove original Title Page through xvi

Insert new Title Page through xvi,
and A* and B* Pages/Change 2

Section 6
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6-B-19/6-B-20 Ch 1/ch 1 Ch 2/Ch 2
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13-A-15/Blank /- \ Ch 2/Blank
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14-A-39/14-A-40 Orig/Orig orig/Ch 2
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14-A-49/14-A-70 -/- Ch 2/Ch 2

14-B-5/14-B-6 thru

14-B-7/14-B-16 -f - Ch 2/Ch 2
Section 15
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15-A-23/15-A-24 thru

15-4-25/15-4-28 -/- Ch 2/Ch 2

15-B-3/15-B-4 thru
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15-B~11/Blank -/~ Ch 2/Blank
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TABLE OF CONTENTS

Introduction
Purpose
Use
Scope
General Information on Electron Tube Circuits
Definitions of Letter Symbols Used
Construction of Symbols
List of Symbols
Biaging Methods
Cathode Bias
Grid-Leak Blas
Fixed Bias
Classes of Amplifier Operatien
Class A Operation
Class B Operation
Class AB Operationm
Class C Operation
Coupling Methods
R-C Coupling
Impedance Coupling
Transformer Coupling
Direct Coupling
Time Constants
R-C Circuits
R-L Circuits
General Informotion on Semiconductor Circuits
Definitions of Letter Symbols Used
Construction of Symbols

Alphabetical List of Semiconductor Letter Symbols

Diode Circults
Junction Diode Theory

Forward-Biased Diode Stabilization
Reverse-Blased Dlode Stabllization

Double-Diode Stabilization

Diode Voltage Stabilization
Temperature Compensation

Shunt-Limiting Diode

Diode AGC Circuit

PNPN Switching (Four-Layer Diocde)

Photodlodes

Tunnel Diodes

Triode Common-Base Circuits
Bias (Common Base)

Triode Common-Emitter Circuits
Bias Circuilts (Common Emitter}
Blas Stabilizatiom

Triode Common-Collector Circuits
Bias (Common Collector)

Tetrode, Power, and Special-Purpose Circuilts

Tetrodes

Junction Tetrode (Double-Based Transistor)

Spaclistor Tetroide
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Section
Crystal-Mixer Tetrode
Polnt-Contact Tetrode
Power Transistors and Considerations
Speclial-Purpose Transistors and (ircuits
PNPN Triocde (Hook Collector)
Unipolar (Field-Effect) Transistor
Unijunction Transistor (Double-Based Dicde)
Surface-Barrier Transistor
PNIP-NPTN Transistor
Drift Transistor
Diffused-Base (MESA} Transistor
Silicon Controlled Rectifier
Phototransistor
Thermistor
Classes of Amplifier Operation
Class A
Class B
Class AB
Class C
Coupling Methods
R-C Coupling
Impedance Coupling
Transformer Coupling
Direct Coupling
Time Constants
Hybrid Parameters
4 Power Supply Circuits
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Part A. Electron-Tube Circuits
Single-Phase, Half-Wave Rectifier
Single~Phase, Full-Wave Rectifier
8ingle-Phase, Full-Wave Bridge Rectifler
Three-Phase, Half-Wave (Three-Phase Star) Rectifier
Three-Phase, Full-Wave (Single "Y" Secondary) Rectifier
Three-Phase, Full-Wave (Delta Secondary) Rectifier
Three-Phase, Half-Wave (Double "Y" Secondary) Rectifier
Half-Wave Voltage Doubler
Full-Wave Voltage Doubler
Voltage Tripler
Voltage Quadrupler
High-Voltage (CRT) Supply, Audio Oscillater Type
High-Yoltage (CRT) Supply, R-F Oscillator Type

Fart B. Semiconductor Circuits
Semiconductor Rectifiers
8ingle-Phase, Half-Wave Rectifier
S8ingle-Phase, Full-Wave Rectifiler
Single-Phase, Full-Wave Bridge Rectiffer
Three-Phase, Half-Wave (Three-Phase Star) Rectifier
Three-Phase, Full-Wave (Single "Y" Secondary) Rectifier
Three-Phase, Full-Wave (Delta Secondary) Rectifier
Three-Phase, Half-Wave (Double "Y" Secondary) Rectifier
Half-Wave Voltage Doubler
Full-Wave Voltage Doubler
Voltage Tripler
Voltage Quadrupler
High-Voltage (CRT) Supply, Square-Wave Oscillator Type
DC-to-DC Converter
Dosimeter Charger (DC-to-DC Converter)
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Nonsynchronous Vibrator Supply 4-C-11
Synchronous Vibrator Supply 4=C-17
Port D. Filter Circuits 4-D-1
Power-Supply Filters 4-D-1
Shunt-Capacitor Filter 4=D—-6
R-C Capacitor-Input Filter 4-D-9
L-C Capacitor-Input Filter 4-D-11
L-C Choke-~Input Filter 4-D-11
Resonant Filter 4-D=17
5 Yoltage-Regulator Circuits 5-A-1
Part A. Electron-Tube Circuits 5-A-1
Gas~Tube Regulator 5=-A-1
Electronic Regulator 5-A-4
D-C Regulator using Pentode Amplifier 5-A-5
D-C Repulator using Cascode Twin-Trlode Amplifier 5-A-9
D-C Regulator using Cascade Twin-Triode Amplifier 5-A=13
D-C Regulator using Twin-Triode and Pentode (Balanced Input) 5-A-18
D-C Regulator using Pentode and Twin-Triode {Balanced Cutput) 5-A-23
Electromagnetic Regulators 5-A-29
Part B. Semiconductor Circuits 5-B-1
Semiconductor Regulators 5-B-1
Breakdown Diode Shunt-Type Regulator 5-B-2
Part C. Electromechanical Circuits 5-C-1
Electromechanical Regulators 5-C-1
] Amplifier Circuits 6-A-1
Part A. Electron-Tube Circuits 6-A-1
Audio Amplifiers 6-A-1
R-C Coupled Triode Audio Voltage Amplifier 6-A-3
R-C Coupled Pentode Audio Voltage Amplifier 6-A~4
Impedance-Coupled Triode Audio Voltage Amplifier 6-A—6
Transformer-Coupled Triode Audio Voltage Amplifier 6-A-6C
Single-Ended, R-C Coupled Triode Audio Power Amplifier 6-A-6F
Single~Ended, R-C Coupled Pentode Audic Power Amplifier 6-A-6J
Pugh-Pull (Class A, AB, and B) Audio Power Amplifier 6-A-6M
Phase Inverters 6-A-65
Transformer Type Inverter 6-A-6T
Single~Tube Paraphase Inverter 6=A-6U
Two-Tube Paraphase Inverter 6-A-6W
Paraphase, Cathode-Coupled Inverter 6=A-6Y
Differential Paraphase Inverter 6—A-6AA
Cathode Follower 6—A-6CC
Low-Level Video Cathode Follower 6-A-11
Pulse Cathode Follower 6-A=12
Video Amplifiers 6-A-14
Triode Video Amplifier 6-A-14
Pentode Video Amplifier 6-A~19
Triode Driver Video Amplifier 6-A-22
Beam-Power Video Driven Amplifier 6-A-22B
Chain (Mixer, Amplifier, and Driver) Video Amplifier 6-A-22E
Cathode-Coupled (In-Phase) Video Amplifier 6-A-22G
Squelch Circuits 6-A-22H
AGC-Controlled Audio Amplifier 6-4=221
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R~-F Amplifiers
Pentode R-F Voltage Amplifier
Tricde Grounded-Grid R-F Amplifier
Cascade R~F-Amplifier
Cascode R-F-Amplifier
Travelling-Wave Tube Amplifier
Tuned Interstage (I-F) Amplifier
Triode R-F Buffer Amplifier
Pentode R-F Buffer Amplifier
Frequency Multiplier (R-F)
Push~Push Frequemcy Multiplier (R-F)
Single-Ended (Class B or C)} R-F Amplifier
Push-Pull (Class B or C) R-F Amplifier
Multicavity Klystron R-F Amplifier
Direct-Coupled (D-C) Amplifier
Pugh-Pull Direct-Coupled (D-C) Amplifier
Deflection Amplifiers
Voltage Deflection Amplifier (for Electrostatic CRT)
Current Deflection Amplifier (for Electromagnetic CRT)
Feedback Amplifiers
Positive Feedback (Direct, Regenerative) Amplifier
Negative Feedback (Inverse, Degenerative) Amplifier
Part B. Semiconductor Circuits
Audio Amplifiers
Direct-Coupled Audic Amplifier
Transistor Chopper (D-C) Amplifier
R-C Coupled Audio Amplifier
Impedance-Coupled Audio Amplifier
Transformer-Coupled Audio Amplifier

TABLE OF CONTENTS

Page

6-A-22L
6-A-22L
6-4~220
6-A~-220Q
6-4-22T
6-A-22X
6-A-22AA
6-A~22EE
6-A-22HH
6-A~22KK
6-A-22NN
6-A-22Q0Q
6-A-22%X
6-A-22BBB —
6-A-22FFF
6-A-25
6-A-28
6-A-31
6=4=35
6-4-39
6-4-39
6=A=41
6-B-1
6-B-1
6-B~3
6-B-9
6-B-11
6-B-14
6~-B~17

Audio Power (Class A, AB, and B) Amplifier, Push-Pull, Transformer-

Coupled

6-B-20

Aundio Power Amplifier, Push-Pull, Single-Ended Complementary Circuit 6-B=25

Audio Power Amplifier, Push-Pull, Single-Ended Series-Connected

Circuit

Audie Power Amplifier, Push-Pull, Capacitance-Diode Coupling

Audio Power Amplifier, Compound-Connected
Audic Power Amplifier, Bridge-Connected
Phage Inverters
One-Stage Phase Inverter
Two-Stage Phase Inverter
Video Amplifiers
Wide-Band Video Amplifier
R-F Amplifiers
Tuned Interstage (I-F) Amplifier
Tuned Common-Base R-F Amplifier
Tuned Common-Emitter R-F Amplifier

Dscillator Circvits

Part A. Electron-Tube Circuits

L-C Oscillators
Tickler-Coil Oscillator
Hartley Oscillator
Colpitts Oscillator
Clapp Oscillator
Tuned-Plate Tuned-Grid Oscillator
Electron-Coupled Oscillator
Ultraudion Oscillator
R-C Oscillators

R~-C Phase-Shift Oscillator

Wien—-Bridge Oscillator

viii

6—B-28
6-B-29
6=-8-32
6-B-34
6-B-137
6-B-37
6-B-139
6-B-41
6-B-42
6-B-45
6-B-48
6-B-51 -
6-B-54
7-a-1
7-A-1
7-4-1
7-4-2
7-A-6
7-A-9
7-A~12
7-A-14
7-A-16
7-A-20
7-A-21
7-4-22
7-4-23
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Electremechanical Oscillators
Grid—-Cathede (Miller) Crystal Oscillator
Grid-Plate (Pierce) Crystal Oscillater
Electron-Coupled Crystal Oscillator
Overtone Cathode-Coupled (Butler) Crystal Oscillator
Magnetostriction Oscillators
Negative-Resistance Oscillators
Dymatron Oscillator
Transitron (Negative GM) Oscillator
Kallitron (Push-Pull) Oscillator
Tuned-Line Oscillators
Lighthouse~Tube Oscillator
Lecher-Wire Oscillator
Magnetron Oscilllator
Reflex Klystron Oscillator
Part B. Semiconductor Circuits
L-C Oscillators
Tickler—Coil (Armstrong) Oscillater
Hartley Oscillator
Colpitts Oscillator
Clapp Oscillator
R-C Oscillators
R-C Phase-Shift Oscillator
Wien-Bridge Oscillator
Electromechanical Oscillators
Tickler-Coil Feedback Crystal Oscillator
Colpitts Crystal Oscillator
Overtone Crystal Oscillator
8 Multivibrater Circuits
Part A. Electron-Tube Circuits
Astable (Free-running) Multivibrators
Triode Plate-to-Grid Coupled Astable Multivibrator
Pentode Electron-Coupled Astable Multivibrator
Triode Cathode-Coupled Astable Multivibrator
Bistable (Start-Stop) Multivibrators
Triode Eccles-Jordan (Flip-Flop) Multivibrater
Pentode Eccles-Jordan (Flip-Flop) Multivibrator
Monostable (One-Shot) Multivibrators
Triode Plate~to-Grid Coupled Monostable Multivibrator
Triode Common-Cathode-Resistor Monostable Multivibrator
Phantastron Multivibrator
Part B. Semiconductor Circuits
Astable Multivibrators
Basic Free-Running Astable Multivibrator
Bistable Multivibrators
Basic Flip-Flop Multivibrator
Direct-Coupled {or Binary) Multivibrator
Squaring Multivibrator Circuit
Saturating Multivibrator
Nonsaturating Multivibrator
Relay Control Multivibrator
Monoatable Multivibrators
Basic One-Shot Multivibrator
9 Blocking and Shock-Excited Oscillator Circuits
Port A. Electron-Tube Circuits
Free—-Running PRF Generator
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Triggered Blocking Oscillators 9-A-3
Parallel-Triggered Blecking Osecillator 9-A-5
Serles-Triggered Blocking Oscillator 9-A-8
Fast-Recovery Blocking Oscillator 9-4-10
Pulse-Frequency Divider 9-A-12
Distance-Mark Divider 3-A-15
Shock-Exclted Ringing Oscillator 9-A-17
Shock-Excited Peaking Oscillator 9-4-19
Part B. Semiconductor Circuits 9-B-1
Free-Running PRF Generator 9-B-1
Triggered Blocking Oscillators 9-B-3
Basic Blocking Oscillator 9-B-4
Nonstaurating, Dicde-Clamped Blocking Oscillator 9-B-5
10 SweepGenerator Circuits 10-A-1
Part A. Electron-Tube Circuits 10-A-1
Sawtooth-Wave, Gas-Tube Sweep-Generator Circuits 10-A-1
Neon Gas-Tube Sweep Generator 10-A-1
Thyratron Sweep Generator 10-A-3
Triode Sawtooth-Wave Sweep Generator Circuits 10-A-5
Basic Triode Sawtooth Sweep Generator 10-A-6
Bootstrap Sweep Generator 1¢-A-8
Tricde Trapezoidal-Wave Sweep Generator 10-A-10
Part B. Semiconductor Cirevits 10-B-1
Sawtooth-Wave Circuits 10-B-1
Unijunction {(Double-Base Diode) 10-B-1
Four-Layer Diode 10-B-5
n Detector (Demodulatian) Circuits 11-A-1
Part A. Electran-Tube Circuits 11-A-1
AM Detectors 11-A-1
Diode Detectors 11-4~-1
Diode Detector with AVC 11-A-4
Diode Detector (with Noise Limiter) 11-A-6
Grid-Leak Detector 11-A-B
Plate Detector 11-A~-11
Infinite-TImpedance Detector 11-A-13
Regenerative Detector 11-A-15
Superregenerative Detector 11-a-18
Product Detector 11-A-21
Coherent {(Synchronous) Detector *k
FM (or PM) Detectors 11-A-23
Foster-Seeley Discriminator 11-A-24
Travls Discriminator 11-aA-27
Ratlo Detector 11-A-29
Gated-Beam Detector 11-A-33
Video Detectors 11-A-36
Basic Video Detector 11-A-36
Part B. Semiconductor Circ uits 11-B-1
AM Detectors 11-B-1
Voltage Output Diode Detector 11-B-1
Current Output Diode Detector 11-B-2
Common-Emitter Detector 11-B-3
Common-Base Detector 11-B-5
FM Detectors 11-B-6
Foster-Seeley Discriminator 11-B-6
Ratio Detector 11-B-8
Video Detectors 11-8-11
Basic Video Detector 11-B-11

**To be issued in later changes
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Mixer Circuits

Part A. Electron-Tube Circuits
Audio Mixers
Common Plate-Load Audio Mixer
Separate Plate-Load Audic Mixer
Video Mixers
Cormmon-Cathode Video Mixer
Common-Plate Video Mixer
Part B, Semiconductor Circuits

Frequency (Heterodyne) Convertar Circuits

Part A. Electron-Tube Circuits
Mixers
Diode Mixer
Triode Mixer
Pentode Mixer
Pentagrid Mixer
Balanced Mixer
Pentagrid Converter
Part B. Semiconductor Circuits
Mixers
Diode Mixer
Triode Mixer
Microwave Diode Mixer
Autodyne Converter

Modulater Circuits

Part A. Electron-Tube Circuits

Amplitude Modulation (AM)
Choke (Heislng) Modulator
Transformer-Coupled Plate Modulator
Transformer-Coupled Control-Grid Modulator
Transformer—Coupled Suppressor-Grid Modulatoer
Transformer-Coupled Screen-Grid Modulator
Transformer-Coupled Plate and Screen Modulator
Transformer-Coupled Cathode Modulator
Series Modulator
Double-81deband Modulator

Single-Sideband Modulators (SSB)
Balanced (Push-Pull Carrier Input) Modulator
Balanced {Parallel Carrier Input) Medulator
Balanced Bridge Modulator
Product Modulator

Phase Modulators {(PM)
Basic Phase Modulator
Phasitron Modulator

Frequency Modulators (FM)
Basic Reactance-Tube Modulator
Balanced Reactance-Tube Modulator

Pulse Modulators
Spark-Gap Modulator
Thyratron (Gas-Tube) Modulator
Hard-Tube Modulator

Part B. Semiconducter Circuits

Amplitude Modulation (AM)
Base-Injection Modulator
Emitter-Injection Modulator
Collector-Injection Modulator

Single Sideband Modulators (SSB)

*%*To be issued in later changes
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Part A. Electron-Tube Circuits
Diode Limiter
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Parallel, Negative-Lobe Diode Limiter
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18 Clamper (D-C Restorer) Circuits
Part A. Electron-Tube Circuits
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Positive-Biased Diode Clamper
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Bagic Single-Tube Clamper
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Negative-Diode Clamper
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Negative-Biased Diode Clamper
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18 Counter Circuits
Port A. Electron-Tube Circuits
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Negative Diode Counter
Step-by-Step (Step)} Counter
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19 Logic Circuits
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Transistor Loglc
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Part C. Mecheanical Circuits
Switch Loglc
OR Circults
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20 Time-Delay Circuits
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Part C. Artificol Delay Lines
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21 Control Circuits
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PREFACE

PREFACE

POLICY AND PURPOSE

The Electronics Installation and Mainten-
ance Book (EIMB) has been established as the
medium for collecting, publishing, and distribut-
ing, in one convenient documentation source,
those subordinate maintenance and repair poli-
cies, installation practices, and overall elec-
tronics equipment and marerial-handling proce-
dures required to implement the major policies
set forth in Chapter 9670 of the Naval Ships
Technical Manual. All data contained within the
EIMB are authoritative, and derive their author-
ity from Chapter 9670 of the Naval Ships Tech
nical Manual, as established in accordance with
Article 1201, U. S. Navy Regulations.

Since its inception, however, the EIMB has
been expanded to include selected information
of general interest to electronic installation
and maintenance personnel. These items are
such as would generally be contained in rext-
books, periodicals, or technical papers, and
form (along with the information cited above) a
comprehensive, single-source reference docu-
ment. In application, the EJMB is to be used
for information and guidance by all milirary and
civilian personnel involved in the installation,
maintenance, and repair of electronic equipment
under cognizance, or technical control, of the
Naval Ship Systems Command (NAVSHIPS). All
information, instructions, and procedures in the
EIMB supplement such instructions and data
supplied in equi pment technical manuals and
other approved maintenance publications.

ORGANIZATION

The EIMB is organized into a series of
handbooks to afford maximum flexibility and
ease in handling. The handbooks are stocked
and issued as separate items so that activities
requiring extra copies of any handbook may
obtain them with relative ease.

The handbooks fall within two categories
general information handbooks and equipment-
oriented handbooks. The general information
handbooks contain data which are of interest to
all personnel involved in installation and
maintenance, regardless of their equipment
specialry. The titles of the various general
information handbooks give only an overall
idea of their data content; a more complete
description of each handbook is provided in rhe
General Handbook.
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The equipment handbooks are devoted to
informarion on a particular equipment class;
they provide general test procedures, adjust-
ments, general servicing information, and field
change identification data.

The following table lists all handbooks
of the series, together with their old and new
NAVSHIPS numbers. (The old NAVSHIPS
numbers-are shown in parentheses.) The new
NAVSHIPS numbers, although not presently
imprinted on all handbooks of the EIMB
series, serve also as the stock numbers
which are to be used on any requisitions
submitted.

HANDBOOK TITLE NAVSHIPS NUMBER

{General Information Handbooks)

General 0967-000-0100

(900,000.100)

0967-000-0110
(900,000.101)

Installation Standards

0967-000-0120
(900,000.102)

Electronic Circuits

0967-000-0130
(900,000.103)

Test Methods and Practices

0967-000-0140
(900,000, 104)

Reference Data

RFI Reduction 0967-000-0150

(900,000.105)

General Maintenance 0967-000-0160

(Equipment-Oriented Handbooks)

Communicarions 09G7-000-0010
{900,000.1})
Radar 0967-000-0020
(900,000.2)
Sonar 0967-000-0030
(90¢,000.3)
Test Equipment 0967-000-0040
(900,000.4)
Radiac 09G7-000-0050
(900,000.9)

0967-000-0070
(900,000.7)

Countermeasure s
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PREFACE

PREFACE

INFORMATEON SOURCES

Periodic revisions are made to provide the
best current data in the EIMB and keep abreast
of new developments. In deoing this, many source
documents are researched to obtain pertinent
information. Some of these sources include the
Electronics Information Bulletin (EIB), the Naval
Ship Systems Command Technical News, elec-
tronics and other textbooks, industry magazines
and periodicals, and various military installation
and maintenance-related publications. In certain
cases, NAVSHIPS publicarions have been incor-
porated into the EIMB in their entirety and, as a
result, have been cancelled. A list of the doc-

uments which have been superseded by the EIMB

and are no longer available is given in Section 1
of the General Handbook.

SUGGESTIONS

NAVSHIPS recognizes that users of the
EIMB will have occasion to offer comments or
suggestions. To encourage more active partici-
pation, a self-addressed comment sheet is fre-
quently provided in the back of each handbeok
change. Complete information should be given
when preparing suggestions. It is most desir-
able that the sugpestor include his name and
mailing address on the form to facilitate direct
correspondence in the event clarification is re-
quired and an immediate reply can be supplied
regarding the suggestion. Any communication
will be made through a personal letter to the
individual concerned.

If a comment sheet is not available or

correspondence 1s lengthy, suggestions should
be directed to the following:
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Commander, Naval Ship Engineering Center

Department of the Navy

Washington, D. C. 20360

Attn: Technical Data and Publications Section
(SEC 61B1C)

CORRECTIONS

Reporr all inaccuracies and deficiencies noted
in all NAVSHIPS technical publications (including
this manual, ship informarion books, equipmerz man-
uals, drawings, and such) by a **Planned Mainten-
ance System (PMS) Feedback Report, OPNAV 4700.7
{REV. 5-63)" or superseding form. If PMS is not
yet installed in this ship, report technical publica-
rion deficiencies by any conven ient means .

DISTRIBUTION

The Electronics Installation and Mainten-
ance Book is transmitted to using activities
through automatic disrriburion procedutes. Ac-_
tivities not already on the EIMB distribution
list and those requiring changes to the list
should submit correspondence to the following:

Commander, Naval Ship Engineering Center
Department of the Navy

Washington, D. C. 20360

Attn: Technical Data and Publications Section

(SEC 6181C)

Activities desiring extra copies of EIMB
handbooks or binders should submit requisitions
directly to Naval Supply Depot, Philadelphia,
Pennsylvania. Complete instructions for order-
ing publications are given in the Navy Stock
Lisr of Forms and Publications, NAVSUP
Publication 2002.
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capaciter Cl, if used, may cause hum or reduced output
because of inadequate filtering of the input pawer, +Epp.

A decreased value of input power, +Evb, due to a defective
power supply, would also be a cause of reduced output.

PUSH-PULL DIRECT-COUPLED {D-C) AMPLIFIER.

APPLICATION.

The push-pull direct-coupled amplifier (as well as the
single-ended direct-coupled amplifier) can be used where it
is necessary to amplify signals having a wide band of fre-
quencies, especially in the lower-frequency range, which
may extend down to and include zeto frequency (direct-
curtent}. When, in addition, the requirements demand the
amplification of a signal which has a larger voltage swing
above and below a zero voltage level than can be handled
by the single-ended type, the use of the push-pull direct-
coupled amplifier is mandatory. One application is in
certdin types of d-¢ vacuum-tube voltmeters, while another
is in the signal amplifiers of an oscilloscope that is capable
of displaying waveforms of verious values of direct current.
The push-pull d-c amplifier is often utilized in the video
circuitry of radar display systems. In communications, it
may be used as the cmplifier for those teletype mark and
space signals that consist of two voltage levels of direct
current.

Q-
GAIN
ADJ
>
. RS RT
INPUT R4 *—

BALANCE

v 3| w3 | S

<

+ 150V DC

900, 000102 AMPLIFIERS
CHARACTERISTICS.

The connections hetween the plates {outputs) of one
stage and the grids (inputs) of the push-pull d-c amplifier
are direct, metallic connections; no intervening coupling
devices such as capacitors, impedances, or transformers
are used.

Amplification of directcurrent signals of varying voltage
levels, as well as signals of very low frequency, is realized
without distortion and with uniform respense.

Distortion due to differentiation is eliminated; pulse
signals of large amplitude may be amplified without change
in waveform.

Speed of tesponse is practically instantaneous.

Input impedance is high; Class A operation allows no
grid current to flow.

Relative phase (with respect to ground) of the output
signal is reversed over that of the input signal when a
single stage, or odd number of stages, is used.

CIRCUIT ANALYSIS,

General. The gain of an otdinary R-C coupled amplifier
falls off rapidly as the frequency of the input signal is
decreased below 40 cycles, because of the rapid increase
in reactance of the coupling capocitor with a decrease in
frequency. Therefore, the R-C amplifier is unsuitable for
use in applications which require the amplification of very

O
0
L POSITION
RIS ouTPUT
CE* RIOD 2.:“3
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ves
= : o
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SEE TEXT + 400V DL

Typical Two-Stage Push-Pull Direct-Coupled (D-C)
Amplifier
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low frequencles, including zero frequency or direct current,
without substantial loss of qain.

The push-pull direct-coupled amplifier is well suited
for such applications, since the input siqnal is applied
directly to the grids of two tubes, without the use of coupl-
ing capacitors, Frequency response is flat down to and

' including zero frequency, aliowing the use of this circuit

for amplification of steady-state d- voltages. The response
at very high frequencies is limited by the stray capacitances
in the circuit, which have a shunting effect, similar to that
of the ordinary R-C coupled amplifier,

Circuit Operation. The schematic shewn above illus-
trates a typical two-stage push-pull direct-coupled (d-¢)
amplifier. This type of circuit may be found in applications
such as the deflection amplifiers of radar scopes designed
for electrostatic deflection, and the signal amplifiers
{vertical-deflection amplifiers) of high-quality test oscillo-
scopes desiqned for direct-current waveform analysis.

The input signal, which may consist of positive or nega-
tive pulses, or both, or simply of ¢ positive or negative d-¢
level, is applied across the qrids of V1A and V1B. These
two triodes may be enclosed in the single envelope of a
twin-triode such as type 12AU7A. Self-bios is provided
both triodes by means of the common cathode resistor, R3,
in cambination with potentiometer R4, which provides a
balance control for use in equalizing the gain of V1A and
VIB. Plate voltage of @ medium value (+150 volts) is
applied through plate load resistors RS and B6. Variable
resistor R7 functions as a gain adjust control, and fixed
resistor BB connected in series with it sets the low limit
for the variable value of the total resistance between the
two triode plates. This combination, R7 and R8, affords a
relatively simple means, from the standpoint of circuit com-
ponents, of adjusting the over-ull qain of the amplifier, and
thereby the amount of vertical deflection in escilloscope
applications. Resistor B8 should have a minimum resistance
value on the order of 1,5K, in order to maintain this minimum
value of resistance as a plate-to-plate load when R7 is ad-
justed to its zero-resistance position. As R7 is adjusted
from its maximum value, toward zero resistance, loading
of the signal output {rom V1A and V1B is increased, reach-
ing @ minimum value when R7 is adjusted to remove its
resistance {rom the circuit. The maximum positive and
maximum neqative excursions of the signal to be amplified
may thereby be adjusted, while maintaining the over-all fre-
guency response of the amplifier.

The amplified output signal from the plates of both
triodes, V1A and V1B, is applied directly to the grids of
the second stage tricdes, V2A and V2B. Since the qrids
of the second stages are at the same positive potential as
the plates of the first stage {some value less than +150 volts
due to the voltage drop through R5 and R6), the cathodes of
V2A and V2B must be placed at a somewhat greater poten-
tial than +150 volts {above ground), in order that the qrids
may be properly biased, i.e., neqative with respect to
cathodes. In this circuit, which utilizes self-bias, this is
accomplished by the use of a large value of cathode resist-
ance, camposed of potentiometer R and resistors R10 and
Rll. Potentiometer R9 serves as a balance adjustment to
equalize the gain in bath halves of the second stage; in this
application, it serves to '*position’ the waveform under
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observation on the oscilloscope screen. The bias on the
cathodes is adjusted by means of variable resistor R11,
while the total resistance of the combination R9, R10, and
R11 establishes the total bias voltage at the cathodes of
V2A and V2B. This relatively large vaiue of cathode resist-
ance, which amounts to approximately 12K, would introduce
deqgeneration into the circuit, resulting in a decrease in
qain, if this were an unbalanced (single-ended) stage. In
this {push-pull) circuit, however, the degenerative effect of
one half of the circuit at any instont immediately cancels

an opposite effect of the other half of the circuit, and no
loss of qain occurs. Conversely, any tendency toward on
unbalance in one half of the circuit introduces degeneration
which acts in opposition to the initicl tendency, thereby
keenina bath halves of the circuit balanced. Such a tendency
toword an unbalanced condition might be caused by circuit
drift, due to unegual cathode emission in the two tricdes.

Plate voltage for the second stage triodes is applied,
from a considerably higher voltage source than that of the
first stage, through plate load resistors R12 and R13.
Although an applied voltage of +400 volts, dc may appear
to be excessive, it should be noted that the actual voltage
at the plates of V1A and V1B cannot exceed 250 volts
positive with respect to the voltage at the grids, under any
conditions (within Class A operating limits). Under normal
ooerating conditions. with plate curent flowina, the voltaae
at the plates will he considerably less than 250 volts
positive with respect to the qrids, due to the voltage drop
in the plate load resistors, assuming that similar tubes are
used in both stages (V1 and V2) with similar plate load
resistors, and that no input signal is applied.

In the circuit illustrated. capacitors Cl1 and C2 are used
in a compensation circuit; Cl connected between the ouput
plate of one half of the circuit and the input arid of the
opposite half, and C2 connected between the cutput plate
of the second half of the citcuit and the input arid of the
first half. These capacitors are of very low value of
capacitance, such as 0.5 mmf, and function to allow posi-
tive {in-phase) feedback of the high frequencies only, leav-
ing the mid-frequency and low-frequency response unaffected.
When the proper values of capocitance are used (these values
vary with the values of plate resistance, operating voltages,
and tube types), the response of the over-all circuit, which
normally drops off with increasing frequency, may be main-
tained flat to a cansiderably higher frequency than would be
possible without this compensation. The value of capaci-
tance used is somewhat critical, in that if the capacitance
{s too high the amount of positive feedback will be exces-
sive, resulting in oscillation and severe frequency distortion.
In addition to maintaining the high-frequency response over
an extended range, the use of high-frequency feedback
offers an additional advantage: When direct current input
waveforms are being amplified, in the case of the circuit
illustrated, the extended high-frequency response acts tc
decrease the rise time of the leading edqe of the input wave-
form. If, for instance, the input waveform is a direct current
whose voltage increases instantaneously {the leading edge
of a square wave) from one value of voltage to a more posi-
tive value, this perpendicular wavefront will be found, upon
analysis, to be composed of an infinite number of frequen-
cies. If all of these test frequencies could be passed by

6-A-26
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Self-bias is used with AB and the internal base-emitter
reglstance providing the bias (it acts as a voltage divider
connected across the supply). Emitter resistor RE serves as
an emittet swamping resistor to provide thermal compensation,
(See Section 3, paragraph 3.4. 1, of this Handbook for a dis-
cussion of bias, and peragraph 3. 4. 2 for a discussion of
stabilizatian action.} The collector input, which is the
signal from the d-c amplifier stage, is direct-coupled, while
the chopper (scmetimes called "carrier’?) input may be
either direct- or a-c-coupled. In either instance, the cir-
cuit bias voltage must bearranged so that the ditect
coupling does net bias off Q1 in an undesirable mode of
operation. Note that the direct-coupled collectar input is
actually the collector supply voltege. Note also that the
g waveform shown as the d-c input signal on the sche-
matic represents the signal component produced by in-
creasing the d-¢ input above the level representing zero to
produce ¢ positive waveform, and decreasing the d-c level
below this zero level to produce the negative waveform. It
actually is a d-c voltage which varies at the signal fre-
qUEncy.

The operation is such that the transistor acts
as a switch, being off when de-energized and on when
energized. The switching action is obtained from the
chopper input signal, which is a rectangular pulse of con-
stant amplitude (usually in the audio range). On the posi-
tive peak, the forward base bias is reduced to a value which
stops conduction through the transistor. On the negative
peak, the foward base bias is increased and the emitter
conducts heavily in the saturation region. During the
vertical rise and fall times, the bias changes rapidly from
one state to the other. [t is during this time that the
transistot is in its normal operating region, but because of
the short duration of the rise and fall time no actual ampli-
floation oceurs during this pericd.

Let us consider one cycle of operation. Assume that
the transistor is resting in its quiescent state with a small
seli-bias and with no inputs applied. Transistor QL will
draw its quiescent value of collector current. Assume
that a 1000-cps rectanqular pulse is applied as the chopper
input to the hase electrode. With equal on and off times the
ransistor will conduct heavily during the neqative chopper-
pulse when the forward bios is increased. Assume that
the d-c input signal is also simultanecusly applied to the
collector, and that it is positive. This will place a forward
blas on the collector (instead of the normal reverse bias),
and the transistor will quickly teach a steady saturation
curtent. Note that the d- ampiifier input signal is actually
acting as the collector supply voltage. At point A on the
schematic the input waveform will appear; however, at
paint B the input voltage is entirely dropped across collec-
tor resistor BC, as a result of the heavy conductiorn, and
no output appears. When the chopper input signal goes
positive the forward base bias is oppesed, and, since the
square-wave input is always of qreater amplitude than the
bias, the base is reverse-biased and collector current is
effectively reduced to zero. It is not exactly zero because
a small reverse current, Iceo ,flows through the internal
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resistance of the base-collector and emitter-base junctions
of the transistor. This reverse current produces a voltage
drop through collector resister RC in opposition to normal
collector current flow, from points B to A instead of from
paints A to B. Therelore, the polarity of this reverse-
generated voltage is in oprosition to the d-c input siqnal,
and thus reduces it a small amount. However, for the
present we may iqnore this small loss of input voltage and
say that during the nonconducting period the full amplitude
of input voltage appears at the output. During the entire
pesitive excursion of the d-c input siqnal, the output will
cansist of a series of pulses having approximately the same
amplitude as the input signal at the instant the transistor
is turned off. When passed through coupling capacitor

Cec , this waveform will look exactly like the input since
the d= portion is eliminated and only the warying a-c
portion appeass at the output. As stated previously, this
ampiitude is slightly less than that of the input because of
the reverse drop through Rc . Therefare, althcugh called a
Y'chopper-amplifier,’! it is clear that the quin is always
less than unity and the function is mainly one of converting
the d-¢ signal to an a-¢ signal.

Consiser now the opetation on the opposite half-cycle
of the d-¢ input signal. In this instance the collector
voltage is always negative, which is the normal reverse-
biased collector condition. With the same rectanqular
chopper input signal, the base bias is alternately reduced
and aided. In the reduced condition, effective zero collector
current is obtained; during the aiding port of the chopper
signal, the forward bias is increased, Thus, the same
operating conditions prevail, with the transistor alternately
driven to saturation (this time by the chopper sianal alone)
and to effective cutoff. During saturation (the on period)
the collector input signal is dropped to zero throuch the
collector resistor, and during effective cutoff (the off
period) the siagnal appears at the output. In this instance,
aqain, there is also a flow of reverse cument, which pro-
duces a slight opposing voltage so that the input signal is
slightly reduced. The output appears as a neqative varying
voltage which is identical in shape to the input signal. In
the collector circuit it consists of a qroup of pulses with
an amplitude equal to the input sianal amplitude (minus the
reverse drop) during the off period.

The unique property of the transistor which permits [t
to operate with either a forward-biased or reverse-biased
collecter also serves to switch the functions of these
elements. Thus, with forward bias the collector becanes
an emitter, and the emitter functions as the collecter.

This allows the designer thechoice of either connecting
the transistor as a common emitter, or of reversing the
collector and emitter connections and have it operate in
the inverted fashion. In either cuse the operation is
identical except that the terms collector ard emitter must
be interchanged in the places they appear in the circuit
discussion.

In some applications the emitter resistor is not used
since its function is for temperature stabilization by small
or incremental changes of emitter current, and the large
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and leakage inductance, while the low-frequency response
is determined by the combination of load resistance and
magnetizing inductance. In addition, the shunting cap-
acitance and inductance form resonant circuits which preduce
humps in the response curve. Practically spedking, the
response is very similar ta that of the electron-tube trans-
former-coupled audio stage, with somewhat less high-
frequency response. Loss of low-frequency response as
compared with the electron-tube circuit becomes apparent
when miniaturized transformers are used, because of the
difficulty of building transformers with a sufficiently large
iron core to provide o high inductance with the limited
number of turns available in the space allocated.

Despite the apparent loss of response in the transistor
transformer-coupled amplifier as compared with other forms
of coupling and the use of electron tubes, relatively good
response is obtained by using more stages and low-and-
high-frequency peaking circuits where necessary. A max-
imum efficiency of about 50 percent is obtained as compared
with 25 to 30 percent for resistance-coupled stages.

FAILURE ANALYSIS.

General. When making voltage checks, use a vacuum-
tube voltmeter to avoid the low values of multiplier resist-
ance employed on the low-voltage ranges of the standard
20,000 chims-per-volt meter. Be careful also to observe
polarity when checking continuity with an ohmmeter, since
a forward bias through any of the transistor junctions will
cause a {alse low-resistance reading.

Ne Output. A no-output condition may be caused by an
open-or short-circuited transformer winding, by improper
bias or loss of collector voltage, or by a defective transistor.
A voltage check will determine whether the bias and collec-
tor voltages are nommal; also, a VTYM will indicate cudio
input and output voltages. With the few components invelved,
simple voltage and resistance checks will usudlly indicate
the source of the trouble. If the bias voltage divider is
open because return-resistor RB is defective, the base bias
will be sufficient to cut off the transistor, With R1 open,
only contact bias exists and the transistor will very likely
conduct heavily in the scturation region. If the primary of
T1 is open, there will be no voltage measured between the
collector and ground. If emitter resistor RE is open, the
circuit will not operate; however, if emitter bypass capacitor
CE is shorted, the circuit will operate but it will be temper-
ature-sensitive. Likewise, if the emitter bypass capacitor
is open, it may reduce the output because of degenerative
feedback, but normally it will not cause complete sioppage
of operation, If the inpu! transformer or the output trans-
former is open, no output will be obtained. Check the in-
put and output circuits with an oscilloscope; disappearance
of the signal will indicate the location of the defective
winding. [f the transistor is shorted or otherwise defective,
a no-output condition will occur. However, the transistor
should be replaced only after all other checks have been
made and there is still no autput. A rough check of tran-
sistor operation can be made (if the transistor can be
easily removed from the circuit) by measuring the forward
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and reverse resistance with an chmmeter, A high reverse
resistance and low forward resistance indicates that the
transistor is operable, but does not indicate whether the
gain is normal. Be certain to observe the correct polar-
ities.

Reduced Output. Improper bias voltage or a change in
the value of a component, as well as a defective transistor
or transformer, can cause reduced output. If the transistor
gain is low, the output will also be low; however, transistors
should be replaced only after all other checks have been
made, unless there is good reason to suspect that improper
voltage have been applied. If either of the base voltage-
divider bias resistors changes in vaiue, the bias will be
either too low or 0o high and the output will be reduced,
with accompanying distortion. A simple voltmeter check
will determine whether the bias is correct. If the collector
winding of T2 develops a high resistance, the output will
be decreased because of the extra d-c voltage drop .

Distorted Output. [f the base bias is too high (reduced
forward bias), the transistor will operate on the lower portion
of its dynamic transfer characteristic, and the negative in~
put peaks will be clipped (positive collector swings).
Likewise, if the bias is too low (increased forward bias), the
transistor will conduct heavily and operate on the upper
portion of its dynamic transter characteristic, with comre-
sponding clipping of the positive psaks (negative collector
swings). In both cases extreme distortion will be caused.
If the bias is proper but the collector voltage is not, similar
effects may be caused. If the collector voltage is too high,
the negative collector swing will be clipped, and if 100 low
the positive collector swing will be clipped; in either in-
stance heavy distortion will result. An open emitter bypass
capacitor will permit deqenerative feedback to cceur, and,
depending upon the amount, will show either as distortion
or as reduced output. A change in load resistance produced
by a defective output transformer (T2) or a load resistance
change usually shows as a distorted output with reduced
volume because of the mismatching. Use an oscilloscope
0 follow the signal through the circuit and determine the
point at which the waveform departs from normal. In most
instances the defective compenent will then be apparent.
Do not overlook the possibility that distortion may be
occurring in a previous stage, merely being amplified by
the stage under suspicion. Too large an input (overdrive)
will cause both positive and negative peak clipping with
distortion, just as in an electron-tube amplifier. Apply a
square-wave input from an audic signal generator and
observe the output on an oscilloscope. Frequency distortion
will be shown by @ sloping rise and fall time (poor high-
frequency response); a sloping flat top indicates poor low-
frequency response. Electron-tube techniques for locating
distortion may generally be used for transistor trouble
shooting if the proper voltages and polarities are employed.
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AUDIO POWER (CLASS A, AB, AND B) AMPLIFIER,
PUSH-PULL, TRANSFORMER-COUPLED.

APPLICATION,

The push-pull transformer—coupled transistor audio
amplifier is used where high power output and qood fidelity
are required. For example, it is used in receiver ocutput
stages, public address amplifiers, and AM modulators.

CHARACTERISTICS.

Collecter efficiency is high with moderote power qain.

Requites twice the drive of a single transistor stage.

Power output is more than twice that of the single
transistor stage.

Second and higher even-order harmonic distortion is
cancelled.

Distortion varies with the class of operation; it is
least for Class A operation, and greatest {or Class B
operation.

Collector efficiency varies with the class of amplifier,
from 50 percent maximum in Class A to 78 percent maximum
in Class B, with an intermediate value for Class AB.

Fixed bias is usually used, but self-bias may be en-
countered in some Class A applications.

QOperotes as a large-signal amplifier for all except
very small inouts,

Emitter swamning is used for thermal stabilization.

CIRCUIT ANALYSIS.
General. The push-pull transfarmer-coupled transistor
amplifier is similar in general sense to the push-pull

INPUT

Posh-Polt Troastormer-Covpled Transistor
Power Amplifier
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transformer-coupled electron tube audio amplifier discussed
in Part A of this section of the Handbock. Use of the
cammon (grounded) emitter circuit allows use of the ana-
logy that the bose of the transistor is equivalent to the elec-
tran tube orid, the emitter equivglent to the cnthode, and
the collector equivalent to the tube plate. Examination of
the accompanying schematic reveals that the transistar
push-pull circuit is practically identicnl to the electron
tube push-pull circuit. Any differences are due to the
transistar internal parameters and the matching require-
ments to abtain maximum power output with minimum
distortion.

Push-pull amplifiers can be operated Class A, Class
AB, or Class B, as determined by the amount of forward
bigs. Like the electron tube push-pull circuit, the least
amount of distortion and power output is preduced in Class
A operation, and the greatest amcunt of distortion and
power output is obtained in Class B operation. Closs AB
5tages operate between these levels of distortion end power
output. For a given equipment and type of transistor,
selection of the operating bigs, distortion, and power out-
put is a design problem. The following discussion will
caver each type of operation ; although the different types
of operation are similar, there are significant differences
among them.

Circuit Operation. The following schematic shows a
PNP push-pull, transformer-coupled cutput stage. The
load resistonce may be a loudspeaker, a Class C ¢ stage,
ar other type of load. The load is considered to be resis-
tlve unless stated otherwise in the text.

R
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duce a square wave properly, the entire qudio range may be
checked by applying only two different square-wave fre-
quencies, such as 60 cps and 1000 cps. The video response
can likewise be checked every 5kc up to 50 ke (the usual
limit of generator range). A sloping response to the leading
or trailing edge of the waveform indicates poot high-fre-
guency response, while a sloping flat top indicates poor
low-frequency response. By temporarily short-circuiting a
specific compensating circuit, the effectiveness of the
portion under suspicion can be gauged. Distortion caused
by regeneration (positive feedback} sometimes ocours in
high-gain amplifiers, and is shown by a large-amplitude
response peak (sometimes by oscillation), usually over

a small range of frequencies. In comparison with a wide-
band amplifier known to be operating properly, it will

show as a hump or peak in what ordinarily would be a flat
curve of uniform response.

R-F AMPLIFIERS.

General. The transistors used for r-f amplifiers differ
in a number of respects from electron tubes. The forward
transfer admittance is roughly 15 to 40 times larger than
the corresponding tube transconductance. Both the input
admittance and the input cupacitance are also correspond-
ingly larger. The base-to-collector capucitance may be equal
to, of even less than, the qrid-to-plate capucitance of an
electron tube. However, because of the lower impedance
levels involved in the transistor, this copacitance does not
have as much importance as it has in tube circuits. The
series resistances of the transistor elements also become
higher at radio frequencies and produce o number of effects.
For example, the base spreading resistance increuses the
amount of drive power required and causes instability in the
amplifier. The emitter series resistance decreases the
amount of drive power required, and also limits the amount
of usable amplification because of the additional degenero-
tien produced. The collector series resistance adds to the
total output impedance to increase the gain, but also re-
duces circuit stability because of the possibility of regener-
ative feedback due to the higher guin. A phase shift is also
produced in the output because of this collector resistance.
Each of the above items will be discussed in more detail
at the appropriate points below.

The tuned t-f amplifier is considered to be a narrow-
band amplifier rather than a wide-band amplifier because
it passes only a relatively small range of frequencies
about the center of its band pass. Whereas the video
(wide-band) amplifier posses frequencies from zero to
B mc or more, the -{ amplifier used in communications
equipment usually does not pass more than 10 to 15 ke,
and in most instances less than this range. On the other
hand, it should be noted that the t-f amplifiers used in
television service, or for pulsed modulation, require o
much larger bandwidth to accomodate the many sideband
frequencies associated with these types of transmissions.
Such armplifiers are considered to be special wide-band
1-f amplifiers, except when the carrier frequency is so
high that the modulation frequency is a small percentoge
of this fiqure. For example, a 3000-mc carrier with a
10-mc modulating frequency would be adequately handled by
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a narrow-band 1-f amplifier, but a 3¢-me carrier contain-
ing a 10-mc madulation frequency would require @ wide- |
band t-f ampiifier. Since semiconductor wide-band r-f |
amplifiers are not yet commonly used, the circuils to be
discussed latet in this section concern the conventional
nartow-band r-f amplifier.

R-F amplifiers are used for both receiving and trans-
mitting. A teceiver uses a low-power, small-signal ampli-
fier, while a transmitter uses a high-power, large-siqnal
amplifier. Except for the conditions required by the pow-
er consideration, both types of amplifiers are similar and
operate identically, Unfortunately, however, the transis-
tor response or power qain is reduced as the frequency is
increased. The response curve of a transistor is similar
to that of a low-pass filter. That is, up to a certain
frequency the gain is falrly uniform, and beyond this cut-
off frequency the cutput drops rapidly toward zero. The
Hmit of this upper cutoff frequency and the rapidity of
dropoff depend to a great extent on the type of transistor
and its composition. Many different types of transistors
have been developed to extend the usable high-frequency
range, such as the surface barrier transistor, the drift
traneistor, and others.

In addition to the loss of aain at the higher frequen-
cles, the acticn of the transistor becomes complex; the
uansistor does not operate exactly the same at high fre-
quencies as it does at lower frequencies. The internal
resistance changes, and the effects of the junction capa-
citances become more pronounced. In high-frequency-ampli-
fier applications, the collector-to-base capacitance causes
positive feedback that may tesult in oscillation. The aver-
age value of collector-to-base capacitance for high-fre-
quency transistors is on the order of 2 picofarads, as com-
pated with 50 picofarads or more for transistors used at the
lower {audio) frequencies. The base spreading resistance
(resistance of bulk material of base) of the tansistor
increases at high frequencies, ond the shunting effects
of the low-resistance path produced by forward conduction
of the base emitter junction tend to lower the input
resistance, while the forward bias acts to reduce the
width of the depletion areas and thus increase the base-to-
emitter capacitance. At the same time, the internal flow of
emitter current through the base-collector junction also
reduces the width of the PN junction and increases the
capacitance between the base and callector. It is this
capacitance which causes feedback and tendency toward
oscillation as the operating frequency is increased, At
high frequencies the collector-to-emitter capacitance moy
be as high os 100 times that of the base-collector junction
capacitance, For this reason, the commen-base circujt
generally gives better high-frequency response than the
common-emitter circuit, but lacks the high qain of the
common-emitter circuit. Since the common-emitter circuit
tends to be more stable at the higher frequencies than
either the common-base circuit or the commaon-collector
circuit, the design trend is to use transistors with a high
alpha cutoff frequency, and the CE confiquration for highe:
gain. Both CB and CE circuits will be discussed later
in this section.

Unilateralization and Neutralization. In electron-
tube 1-f amplifiers used at the higher radic frequen-

6-B-45



ELECTRONIC CIRCUITS NAYSHIPS
cies, interelectrode capacitance causes positive feed-
back and oscillation. Neutralizing circuits are usually
provided to prevent oscitlaticn and to insure maximum

gain with stability. Likewise, in the transistor r-f
amplifier, the effect of the base-collector capacitance

and the development of negative resistance through a
change in internal parameters also causes oscillction,
Neutralization circuits are used to prevent this oscillation
ard to obtain maximum gain. Neutralization represents a
special form of unilateralization at a single frequency.
When we speak of unilateralization, we are talking gbout the
the methods of making the transistor g one-way device,

In other words, the input circuit {s unaiected by the cutput
circuit. Recall from basic theory that there is a reverse
current effect and commen impedance coupling within the
transistor. This means that any change of current in the
output circuit also develops o feedback current which af-
fects the input circuit, and vice versa. Thus in tuned am-
plifiers a change of tuning in the cutput stage refiects back
as a change of capacitance in the input circuit, and also as
a change in the amount of output fed back into the input.

In cascaded tuned stages such effects waould cause align-
ment problems. As each stage was adjusted the preceding
stages would have to be readjusted, since each adjustment
would change the previous adjustment. The result would be
that no two alignments would be alike and, likewise, neither
would the performance and selectivity of the r-f amplifiers
stages be corparable. Unilateralization deals with the
method or circuitry whereby both the resistive and reactive
portions of the circuit are cancelled so that there is no
feedback from output to input, and, power flows unilateraliy
in only one direction, from input to output. Unilateralization
af the circuit is not frequency-respansive; it is effective
for all frequencies. On the other hand, neutralization is
effective for oniy a single {requency or a relatively small
range of frequencies. For example, it is only necessary to
neutralize an i- stage because it cperates at a fixed center
frequency. However, an - amplifier used in a multi-band
receiver requires unilateralization to prevent the possibil-
ity of feedback or oscillation on any of the frequency ranges
over which it opefates.

A typical example showing the feedback elements and
unilateralization elements involved in ¢ common-base am-
plifier is iliustrated scheinatically in the accompanying
figure. The elements b, re, and Ceb in the illustration

- jc

L4

Feedback and Unilateralization Elements
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dre the internal parameters which cause feedback and os-
cillation at radio frequencies. Resistorrt is the base
spreoding resistance, tc is the resistance of the collector-
base junction, and Ceb is the capacitance of the collector-
base junction. The resistance of the collector-base junction
is very high because of the reverse bias placed on the col-
lector. At very high frequencies Ceb effectively shunts

Te. Assume that an input signal adds tc the forward bias

on the base {the base and collector bias supplies are not
shown on the schematic for simplicity! and causes ‘he emit-
ter to be more positive than the base. Collector current ic
increases in the direction shown by the arrow. A portion of
the increase in collector current is fed through Ceb and

I'b in the direction shown by the arrow, and produces a volt-
age with the indicated polarity. This internal feedback
voltage developed across t'b is of the same polarity and
adds to the input voltege, causing a further increase in ic;
this action is regenerative and represents positive feed-
back, which will produce oscillation. The external circuit
elements inserted to neutralize this action are RN,, BN, and
Cn; they correspond respectively, tot b 1e, and Cek. Since
at high frequencies CN shunts BN,, this resistance is
necessary only at the lower radio frequencies. It is clearly
seen that when the input signal causes a feedback voliage
geross b, a portion of increased collector current ic is alsc
fed back through CN and BN, to the base. The direction

of this external feedback voltage is as indicated on the
schematic, and is direct oppasition to the voltage developed
across r'b. When the internal and external feedback voltages
are made egual, since they are of opposite polarity, they
cancel and no positive or negative feedback occurs; thus,
the circuit is unilateralized. In the comman-emitter circuit,
since the polarity of the collector is opposite that of the in-
put, it is necessary tc develop an out-of-phase voltage and
feed it back to the input. This is done through the use of

u transfarmer, using the secondary winding to invert the
teedback voltage, through a tapped tank circuit, or by use of
a bridge circuit, as will be shown in some of the following
circuit explanations. In some instances an inductance con-
nected in series with a blocking capacitor is used between
the collector and the base, with the inductor and the dis-
tributed capacitance in the collection circuit operating as

a tuned, parallel-resonant circuit. However, inductive
arrangements tend to be critical in adjustment since they
are resonant only over a small range of frequencies near the
center resonance point, and thus are not as frequently used.
Partial emitter degeneration is sometimes employed in a
similar manner 1o provide the feedbock voltage. The ac-
companying figure shows scme typical feedback circuits
used for neutralizing the common-emitter confiquration. The
parts identifications are identical with those used in the
common-base circuit explained above, and operate in exactly
the same macnner; therefore, no further explanation is in-
cluded to supplement the figure.
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SECTION 7
OSCILLATOR CIRCUITS
PART A. ELECTRON TUBE CIRCUITS
L-C OSCILLATORS.

The L-C type of oscillator uses a tuned circuit con-
sisting of lumped and distributed inductance and lumped
and distributed capacitance connected as o series or
parallel resonant (tank) circuit to determine the frequency
of operation. Series resonant tanks are sometimes, but not
often, used depending on the oscillator circuit selected.
Cperation is normally in the radio-frequency range (opera-
tion in audio range may occasionally be used). Oscilla-
tien is achieved by the application of positive (regenera-
tive) feedback from plate (o1 any other element) to grid
through external or intemal capacitance or inductive
coupling, depending upcn the particular circuit configura-
tion.

Class C operation is usually employed for power os-
cillators, and Class A operation is used for test equip-
ment oscillators where waveform linearity is important.
Class B operation is normally not used, but may cccasion-
ally be encountered.

Efficient circuit operation and maximum frequency
stability are achieved with a tank circuit having a high
loaded Q (this is equivalent to low Q, or high C to L ratio).
This is produced for parallel-tuned tanks by using o large
tuning capacitance {high C} with a small inductance. For
series-tuned tanks a high L to C ratio is used to achieve
the same effect. Normally the inductance of the tank cir-
cuit femains fixed, and the capacitance is the variable
tuning element. Inductive tuning may be encountered,
particularly in the low- and very-low-frequency r-f ranges.

Grid-leak bias is generally used for self-excited
oscillatars and may be either shunt or series (see
Section 2, paragraph 2.2.2), with the series form predom-
inating. Either shunt or series type plate feed is employed,
with shunt feed being used for those applications where it
is desired to isolate the tank circuit from dc. Generally
speaking, oscillator operation is basically independent of
the type of bias or method of plate feed. For design pur-
poses the oscillator is considered as a Class C amplifier
with a feedback loop, operating at the same voltages and
currents as an amplifiet, but with a lower over-all pawer out-
put because of feedback and circuit losses.

Although there are a number of types of L-C oscilla-
tors, and each type has a particular advantage or feature
claimed for it, they are usually all operable over the range
for which tuned circuits can be developed. Therefore,
their ranges of operation many times overlap, and the
particular circuit used may be selected only because of the
designer's preference or previous familiarity with the cir-
cuit. In oddition to the constant frequency, and thermal and
mechanical considerations afforded by the tank circuit,
the plate resistance and amplification factor of the tube
used, plus tube element capacitances and stray wiring cap-
acitances, determine the oscillator performance t¢ a
great extent. Most circuits can be arranged so that the
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tuning element can be grounded to prevent hand capacitance
effects, although it may be mechanically or economically
unfeasible to use some of these circuits.

The figure shows both series and shunt plate-voltage
feed arrangements. The series feed arangement is easily
recognized by the fact that the plate voltage is applied
through the tank circuit. Capacitor C; bypasses the tank
to ground for tf, so one end of the tank is at r-f ground
potential, and the tuning capacitor is effectively grounded
to eliminate hand capacitance effects. The tank, however,
is at full d-c (and r-f) potential and dangerous if touched
(for high applied voltage}. The identifying characteristic
of the shunt feed arrangement is that the plate of the tube is
connected to B+ through an r-f choke, and coupled through
Cea to the tank. Effectively, the tank is isolated from dc,
but is coupled for rf. In most shuntfeed circuits the tank
capacitar can be grounded directly rather than through a
bypass capacitor, Usually shunt feed is avoided where a
large range of frequencies is to be covered (particularly
at the higher frequencies) becduse of parasitic cscillations,
or dead spots, resulting from unwanted resonances of the
- choke and tube or wiring capacitances.
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TICKLER-COIL OSCILLATOR.

APPLICATION.
48

The L-C tickler-coil oscillater is used to produce a sine-
wave cutput of relatively constant amplitude and fairly
constant frequency within the t-f range, The circuit is gen-
erally used as a local oscillator or beat-frequency oscillator
in a superheterodyne receiver.

CHARACTERISTICS.

Utilizes an L-C tuned qrid circuit to establish the
frequency of oscillation. Feedback is accomplished by
mutual inductive coupling between the tickler coil and the
L-C tuned qrid circuit.

Operates Class C with automatic seli-hias.

Frequency stability is fair.

Output amplitude is relatively constant.

CIRCUIT ANALYSIS.

General. Oscillations of a tuned circuit will tend to
die out at an expenentidl rate and will finally cease, unless
energy is replaced at reqular intervals. For oscilletions
to be sustained, sufficient energy must be supplied to over-
come circuit losses. The use of an electron tube as an
amplifier provides the additional energy necessary to
sustain oscillations. The energy cpplied to the tuned cir-
cuit must be of the comrect phase relationship to aid the
initial oscillations and of sufficient amplitude to overcome
circuit losses in the tuned circuit.

The circuit used to provide this type of feedback is
called a regenerative circuit, and the enerqy supplied is
called positive feedback. In the occompanying circuit
schematic the tuned L-C circuit is designated as L1, Cl;
the tickler {feedback) coil is designated as L2,

§L2 I
c3
% Vi
C¢ ce
-——' R2
OUTPUT
-1 LI Gl
- O O
= ¥
— Epp

L-C Tickler-Coil (Armstrong) Oscill ator

Cireult Operation. The accompanying circuit schematic
{llustrates o triode electron tube in an L-C tickler-coil
oscillator circuit. Inductonce L1 and eapacitor C1 form
the resonont grid circuit. Inductance L2 is the plate, or
tickler, coil and is mutually coupled to L1, to couple a
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feedback voltage to inductance L1 by transformer action.
Capacitor C2 and resistor R1 form an B-C circuit which
is used to develop the operating bias. Capacitor C3 func-
tions as an r-f bypass to ploce the B+ terminal of tickler
coll L2 at signal ground potentiol, Resistor B2 isolates
the B+ line from the r-f signcl and and also serves to reduce
the input voltage applied to the oscillator circuit. Copacitor
Ce is the output coupling capacitor,

For the following discussion of circuit operation,
refer to the accomponyling illustration of oscillator qrid-
signal voltage and plate-cutrent waveforms.
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Theoretical Grid-Yoitage and Plate-Current Waveforms

Initially the tube is at zero bias (to on waveform
illustration) to permit the circuit to be self-starting, When
input power is applied to the circuit, the tube conducts be-
cause of the lack of operating bias. As the plate current
increases through tickler ccil L2, an expanding magnetic
field is built vp around the tickler coil. This expanding
field causes an increasing voltage to be induced in induc-
tance L1 of the tuned circuit, and this voltage is of such
polarity that the qrid of V1 is made positive with respect
to the cathode. The positive grid condition increcses the
flow of plate current, which further incteases the tield
about tickler coil L2; consequently, the valtage induced in
Inductance L1 increases and the qrid is driven further in
the positive direction, This process continues until
saturation is reached, at which time no further increase in
plate current can take place (point o on waveforms).

During the period of time that g charging voltage is
induced in Inductance L1, capacitor C1 charges to
maximum; also, capacitor C2 receives a charge as the
result of grid-current flow through the low internal
cathode-to-grid resistance of the tube.
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of the multivibrator; other factors that limit the switching
speed are the operating level of the transistors, collector
capacitance, and extemal circuit elements.

Minority carrier storage can be prevented by limiting the
excursion of the collector voltage of a switching stage to
an area outside the saturation region of the transistor. In
this case, the collector current is not limited by the collec-
tor circuit resistance, but rather by the maximum current
limitation of the transistot. This is the basis of operation
of the "monsaturating multivibrator’’; this circuit is dis-
cussed in detail later in this section, as are several other
semiconductor bistable multivibrator circuits and bistable
multivibrator triggering techniques.

BASIC FLIP-FLOP MULTIVIBRATOR,

APPLICATION.

The basic flip-flop multivibrator moduces a square-or
rectangular-wave output for use as gating or timing signals
in radar sets. It is also used in switching-circuit applica-
tions, and for computer logic opetations which include
counting, shiftregisters, clock pulses, and memory cir-
cuitry. This circuit is often used for relay-control functions,
and for a variety of similar applications in radar and com-
munications systems.

CHARACTERISTICS.

Circuit assumes one of two stable states: one trans-
istor normally conduets while the other transistor is cut off,
and vice versa,

Requires two input triggers to complete one cycle of
operation; the circuit assumes a stable state upon comple-
tion of each half-cycle of operatien.

Far a constant-frequency input, the output frequency is
one-hali that of the input trigger frequency.

Input triggers con be either positive or negative (posi-
tive trigger may be applied to base of conducting transistor,
and negative trigger may be applied to base of cut-off
transistor in common-emitter citcuit configuration),

Symmetrical triggering occurs when the same trigger
pulse is applied simultanequsly; unsymmetrical triggering
oceurs when triggers are applied separately.

Symmetrical or unsymmetrical output gate depends on
timing sequence of input trigger pulses; input triggers fram

CHANGE 1

0967-000-0120 MULTIVIBRATORS
different sources (turn-on and turn-off triggers) produce
unsymmetrical output gate.

Collector-to-base feedback coupling is direct {through
resistars), with bypass capaciters used to speed up switch-
ing from one stable state to the other.

Circuit can be made to assume the same initial stable
state whenever voltages are applied by incorporating o
definite imbalance within the circuit, or by using a manualiy
controlled 'reset’’ signai.

Output is taken from collector of either transistar in
commen-emitter circuit canfiguration.

Qutput impedance is low when transister is in conduct-
ing {on) state; output impedance is approximately equal to
collector load resistance when transistar is in cuteff (off)
state,

CIRCUIT ANALYSIS.

General. The basic flip-flop multivibrater is capable
of producing a square- or rectangular-wave output pulse
{qate) in respanse to two input triggers. This type of multi-
vibrator has two stable (bistable) states — one transistor is
normally conducting while the other ransistar is normally
held cut off — each one functions for only ane-half cycle
when triggered. Feedback from the collector of one transis-
tor to the base of the other is direct through a coupling re-
sistor bypossed by a capacitor. Thecapacity shunts the
high-frequency companents of the pulse from collector to
base around the coupling resistor so that the rapid change
taking place at ane collector is caupled, with minimum
attenuation, to the base of the ather transistor. Because
two input triggers (turn-on and turn-off} are required to com-
plete one cycle of operation, the output gate frequency of
the flipflop multivibrator is ane-half the input trigger fre-
quency. The output gate length is determined by the time
interval between the turn-on and tum-off triggers. Output
signals are taken from the collector of either or both transis-
tors in the common-emitter circuit configuration.

Circult Operation, The octompanying circuit schematic
illustrates two transistors in abasic flip-flop multivibrator
circuit, Transistors Q1 and Q2 are identical PNP wansis-
tars used in a common-emitter circuit configuration; either
junction or point-contact transistors may be used in this
circuit. Resistors Rl ond R2 are the base-biasing resistars
for Q1 and Q2, respectively. Resistor R3 provides the di-
rect coupling from the collecter of Ql to the base of {2, and
resistor R4 provides the direct coupling from the oollector
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MULTIVIBRATORS

Basic Flip-Flop Multivibrator Using PNP Transisters

of Q2 to the hase of Q1. Feedback resistors R3 ond R4 are
bypassed with capacitors C3 and C4, respectively; these
capacitars permit faster switching action from cne transis-
tor to the other. Resistors RS and RB are the collector-
load and output resistars for Q1 and Q2, respectively. Ca-
pacitors Cl and C2 are the [nput trigger coupling capaciters
for Ql and Q2, respectively; they provide unsymme trical
triggering. Capacitors C5 and C6 are the output-gate coupl-
ing capacitors for Q] and Q2, respectively. An output wave-
form can be taken from the collector element of either trans-
1stor, or output waveforms can be taken from the allector
elements of both transistors simultaneously.

Fixed bias far the PNP transistars of this flip-flop multi-
vibrotor is obtained from two separate d=< voltage sources
via voltage-divider networks. Resistors R1, R4, and R6
form e voltage divider between the positive d (+VBB)
and neg@tive dc (=VCC) supply voltages. The resistor
values are selected so that the voltage at the top of Rl is
neqative with respect to the grounded P-type emitter of Q1:
thus, the emitter af Q1 is forward biased with respect to
the N-type base. Another voltage divider, consisting of re-
sistors R2, R3, and R5 between the positive and negative
supply voltages, faward biases the emitter of Q2 in the
same manner. That is, the voltage at the top of R2 (at the
N-type base of Q2) is neqative with respect ot the P-type
emitter of Q2. Because of the voltage-divider action, the
voltage at the collectar of each transistor is more neqative
than the voltage at its base; thus, the collector-bose junc-
tion of each PNP transistor is reverse biased.

When voltage is first applied to the circuit, the gurrent
which flows in each collector lood resistor (RS and R6) is
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determined by the effective resistance offered by transisters
Q1 and Q2 for a given value of base-bias voltage, Althcugh
the multivibrater shown in the schematic aprears to be a
balanced circuit, and in spite of the use of close-tolerance
components, there is always minor differences in internal
resistance within the transistars, As a result of this in-
herent imbalance, the initial collectar current {resulting
from the forward-blas conditions set up by the emitter-base
junction resistances and bias resistors Rl and R2) foreach
transistor is different, and the immediate effect produced
by regeneratlve action between the coupled stages is that
one transistor conducts while the other is cut off.

For the purpose of this explanation, assume initiclly that
more collector current flows through transistor Q1 than
through transistor Q2; thus, as the cocllectar current of Q1
Increases, the negative woltage at the collector of Q1 de-
creases with respect to its emitter, or graund. Thus, the
collectaxr of Ql becomes less neqative and this, in effect,
acts as d pasitive-qoing pulse, which is directly coupled
through resistor B3 to the base of transister Q2. The
positive-going pulse at the base of 02 makes the base posi-
tive with respect to the emitter (qround) and, as aresult,
Q2 is reverse-biosed and opproaches cutoff. The collector
current of Q2 decreases because of the reverse-bias action
between its base and emitter, and the voltage at the collee-
tor of Q2 increases, rising towards the value of the supply
voltage, In other wards, as the collector of Q2 becomes
more negative a negative-going pulse is developed across
R6, which is directiy coupled through resistor R4 to the
base of transistor Q1. The neqotive-qoing pulse at the base
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CIRCUIT ANALYSIS.

General. The diode detector with AVC is identical to the
diode detector without AVC, except far the circuit amange-
ments provided for AVC take-off. Discussion of the opera-
tion of the detector in stripping-off the modulation from the
carrier is covered completely in the discussion of the
Diode Detector earlier in this section of the Handbook., The
reader should refer to the previous discussion for proper
background before proceding with this discussian.

Circuit Operation. The schematic of a typical diode de-
tector arranged for AVC take-off is shown in the accompany-
ing illustration,

T

Vi
| -F
INFUT

AVC
VOLTAGE

AUDIO
QuUTPUT

I

The plate of V1 is connected to IF input transiormer T] and
the cathode is grounded. Resistor Rl with capacitors C1
and C2 form low-pass RF filters, while C3 and R2 are audic
and decoupling filters. The audio voltege is developed
across volume control R3, and applied through coupling ca-
pociter Cc to the following audic amplifier stoges.

When unmodulated, the input consists of o single fre-
quency. When modulated, the input consists of a basic car-
rier frequency plus an upper and lower sideband containing
the modulatien. Thus the diode detector output always
contains @ d-c component which is directiy proportional to
the carrier amplitude or strength. This is the voltage
which is used for AVC, For large signal detection the
diode detector is considered to be a simple half-wave rec-
tifier, which conducts as long as VI plate is positive with
respect to the cathode, When VI conducts, election flow is
from the grounded cathode to the plate, through the secon-
dary coil of IF transformer T, Rl, and R3 to ground. Thus
current flow through Rl produces a negative voltage at
point A {which is not used}, and the AVC voltage is de-
veloped acress volume control R3 at point B. This negative
voltage drop is applied through R2, back to the grids of the
r-f and i-f stages. Because the feedback of the AVC bias

Diode Detector With AVC

ChARGE 1

0967-000-0120 DETECTORS-—AM
is 0 the grids of the preceding stages it is clear that there
must be no extraneous modulation or RF on this lead.
Otherwise, both the audio and RE' components could again
be amplified and re-detected causing distortion and un-
wanted feedback. Therefore, Rl and Cl and C2 are con-
nected as a conventional low-pass filter in series with the
current flowing through R3. The output waveform at point A
consists of the d-c and t-f component as shown in the ac-
companying wavefortn illustration for an unmodulated
carrier for ease of discussion. The instantaneous -

Es

¥ _ _ - —
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¥
Detector Yoltage Relationships

carrier component (ecar) is bypassed to ground partially by
Cl. During the positive portion of each carrier cycle C2 is
charged through Rl, and during the negative portion of the
carrier signal the capaciter tends to discharge. The result
is the heavy curve lcbelled Eo. The average value of pul-
sating voltage EDC is the actual AVC voltage. Since
these pulsations accur at radio frequency rates, the effec-
tive voltage variation between charge and discharge of the
capacitor is so small as to be negligible, Recall from the
above discussion that the modulation component of the
signat is also present, However, when modulated signals
are detected, these audio ripples are smoothed out by an-
other low-pass filter consisting of R2 and C3. In this in-
stance, the value of the filter time constant are such that
output voltage Eo appears as a straight line {pure DC}.
The time constant of R2 and £3 is mode sufficiently large
so0 that it takes more than a single audio cycle to charge or
discharge. Although this increase of time constant pre-
vents an instantaneous change of AVC wltage for an in-
stantaneous change in carrier level it is usually satisfae-
tory for most types of fading encountered. Particularly,
since decoupling RC networks similar to A2 and C3 are
alsc inserted at each tube grid associated with the AVC
and increase the effective values of B2 and C3. The fast
time constant response necessary for single sidebond or
CW use is obtained by making the value of C3 much lower
than is normelly used in AM circuits. Since the grids of the
controlled stages do not draw grid current, there is no flow
of current through R2, other than that required to charge the
other decoupling capacitors on the AVC line. Hence there
is no large voltage drop, and the BC filter can be used
without encountering ary losses because of excessive cur-
rent drain, The detected qudio or a-c component appears
across volume control R3 and is applied through coupling
capacitor Ce to the qudio amplifier stage.
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FAILURE ANALYSIS.
No Output. Lack of an input signal due to failure of the

associated recejver circuits, a detuned oc defective [F trans-
former, T, a detective diade, V1, or open or short circuited
parts will couse a no-output condition. Measure the voltage
to ground at points A and B with a high resistance voltmeter.
A negative voliage at these points indicates normal func-
tioning. Lack of voltage at these points indicates either
lack of an input signal or a defective component, Use o
VTVM or m oscilloscope to determine if an input is present.
With an 1-i signal on the primary, but not on the secondary,
T1is defective. If the secondary veltage i= much lower
than the primary the secondary tuning needs adjustment.
When cdjusting, it 1t still provides a low output and does
not tespond to the adjustment, T1is defective and should
be replaced with o guod transformer. If either R, B2, R3
are open, the series circuil will be interrupted and no AVC
voltage will cppear at points Aor B. [t Rl or K3 is shorted
no AVC voltage will be developed, however, if HZ is short-
ed the circuit will still operate. With nommal AVC voltage
but no qudic output, either voleme contrel R3 is tuned down,
R3is defective, or coupling capacitor Ce may be open. A
resistance check will determine it these parts are open or
‘shorted. [f C1 or C2 are shorted, no AVC voltage or detec-
ted output will be obtained, Use an ohmmeter to measure
the resistanee to ground, or an in-circuit capacitance check-
er Cl and C2. I the parts are satisfactory, dicde V1

must be at fault: replace it with a known good tube. 1f pre-
vious cperation indicated a general falling off in autput,

the diode could have beer teplaced immediately. The in-
discriminate replacing of electron tubes at the first sign of
troutle, without due cause, however, must te gvoided.

Low Output. A weck input signal, or low emission in the
detector dioie are the prime cause of low output, as well as
mistuning of T1. The effects of huridity can also cause
circuit leakages which reduce the output.  Although o slight
change in parts valies with age moy cause @ reduction of
output, it most probably would go unnoticed, since turning
up the velume slightly would restore the output to normel.

If it becomes necessary to tumn the volume contol exces-
sitively for ¢ known signal, first check the preceding circuits
to be certain that they are operating propetly ad are not at
fault, before trouble-shooting the detector.

Distorted Output. If the values of C1 and C2 changed
sufficiently to produce the wiong time constant, either tao
fast or too slow, distortion would occur. Likewise, it the
emission of V1is so low os not to supply the full peak cur-
rent demand, distortion caused by clipping will also occur.
Replace the diode with a known qood tube and check the
values of C1 and CZ with an in-circuit capacitance checker.
A change in the values of B2 and C3 will change the attack
time of the AVC loop but will not notmally cause distortion.
However, it C3 should short-circuit, the AVC voltage would
be grounded out and the stoges preceding the detector would
operate at maximum sensitivity, and probably cause over-
loading with consequent aistortion,
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DIODE DETECTOR (WITH NOISE LIMITER).

APPLICATION.

The dinde detector with noise Yimiter is usually used in
radictel ephone reception to prevent noise pulses from inter-
feting with, or garbling, voice transmissions.

CHARACTERISTICS.

Operates linearly over g large range of voltage.

Input impedance is relatively constant and independent
of the input voltage.

Does not amplify the input signal.

Noise peaks ore clipped without excessively increasing
the distortion.

CIRCUIT ANALYSIS.

General. The diode detector with noise limiter is
identical in operation with the Diode Detector described
eorlier in this section of the Hondbook, except for the
noise limiting circuitry. The recder should refer to the
previous discussicn for proper bockground before proceeding
with this discussion.

Both shunt and series types of noise limiters are used.
The series type continually conducts but stops conducting
when a noise pulse orrives, ond thus leaves a gap in the
signal in place of the noise pulse. The shunt type noise
limjter condycts only when the neise pulse exceeds a pre-
determined bhios level, shorting the input to around, and
also leaves a void in the signal. Since these noise pulses
and consequent =ignal holes are of short duration, the in-
tegrating effect of the ear on the sound minimizes this
effect. In most practical noise limiters, the limiter becomes
effective at around the 85 percent modulation level, so that
subsequent peak flattening cauzes some distortion and a
slight loss of qudio volume. The voice, however, is under-
standable through heavy noise interference, which would
otherwise completely mask or qgarble the intelliqence being
transmitted.

Circuit Operation. The schematic of g typicel diode
detector with noise limiters is shown in the accompanying
illustration.

Diode V! is the detector diode which rectifies the in-
put signal from [-F trarsiormer Tl Resistors Rl and R2
form a voltaqe divider load for diode detector V1, bypassed
for RF by Cl. The detector voltage appearing across R1 is
applied to the cnode of series noise limiter V3. Resistors
RSand R6 form a bias voltage divider from a separate
neqgative supply to ground, to supply a fixed negotive cutoff
bigs tothe anode of shunt dicde limiter V2. Resistor RE is
bypassed by capaciter C4 so that any instantanecus voltaqe
change appearing at the anode of V2 is bypassedio qround.
Resistors H3 and H4 together with copacitors CZ and C3
form o low-pozz filter and load circuit for series diode V2,
Capacitor Ce 15 the detector output coupling capacitor.

When an unmodulated input signal is applied to the
primary of 1F transformer T, the secondary voltage appears
across diode V1 and V1 conductsfor the duration of each
positive -f pulse, causing a flow of current from the
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Diode Detector With Noise Limiters

cathode to plate, throusn 71 ndary, =1 and B2, back
1o the cothode and qrownd. & negative DT veltage thus
exists at point A on the scromatic and varies in amplitude
directly witr. the r-f corrier amplituce. This i3 the AVC
voltage discussed in the crevious circuit for -ne Ticde De-
tector {with AVC), in this scction of the Handhack, When

the input signal is modulated, the negative woltaae at

point A also varies slowly ot andio frequencies inaccord-
ance with the medulation, At point B the detected voltage
is identical with that ot peint A except that it i3 smaller
than at point A cecause of the drop across re=istor R1
The RC low-pass filter combination of R3 and CZ charmes
capocitor C2 relatively slowly so that eudio frequency
signals are effectively smoothed cut. Low pass filter B4,
C3 operates similarly excent that the time constant is
faster to ensure that no r-f component appears at poirt
to cause feedback, Thus hoth filters place the cathode of
series diode V3 on o ccimmon negative bus, and the drop
across HI (betweer points A and B) cppears gz o forward
bias on the anode of Y3 {point A is more negative than
point B). Thuz Jiode V32 normally conducts, and the de-
tected pulsating voltaie at point B appears undistorted at
point C, and is applied throuah coupling capacitor Ce as
the qudio cutput of the Jdetector. Becanre R1land B2 form
a voltage divider, the detected valiage to ground which ap-
pears across BRI is considerably smaller than the developed
AVC voltage. When a neqative noise hurst appears at point
B, the ancde of series limiter V.2 is instantly driven highly
negative, while the cattode voltage chanaes very slowly
because of the slow filter time constants provided by K3,
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C2and B4, C3 Thus for most of the noise burst, cone
duction of diode V3 is stopped ard no output appears {a
hole occurs in the outputl. Thus the noise spike is chopped
off the detector waveform, and hecouse it cccurs for such a
short time, the instantanecus loss of signal goes unnoticed.
When the noise burst occurs for a lonq period of time or is
a repetitive occurrence, the loss of signal may be noticed,
For random short noise pulses this type of limiter is fairly
effective.

Note also that when the negative noise bursts oceur,
the negative voltage at point A is increased, ard if it is
fed back as an AVC voltage chanqge the overall sensitivity
of thereceiver will simultaneously decrecse, just when a
strong signal is needed to overcome the adverse signal to
ncise ratio. Therefore, shunt Ymiting dicde V2 is connected
from point A ta ground. Normally, the neqative plate voltage,
which appears on V2 from voltage divider RS and R6 con-
nected across the separate neqative bics supply, holds V2
in g nonconducting condition. When a negative noise burst
appears and iz of sufficient cmplitude ta drive the cattode
of V2 more negative than the fixed hicsed anode, V2 con-
ducts and the voltage at point A istemporarily shunted to
ground via Y2 and resistor R6, Cepacitor C4 bypasses B6
and dlows the instantaneous noise burst to be discharged
to ground. Meanwhile, the relatively slowly maving d-c
component produced by AVC action remains relatively un-
affected. Consequently, the AVC voltate does not ir-
stantaneously increase (or decrease) and is effectively
prevented from desensitizing the receiver during the noise
burst. Thus conduction of dicde V2 efiectively removes
the noise spike fromthe signal. Althouah the entire noise
spike is not eliminated, the larce peak amplitide ahove
the fixed-bigs level isremnved so that the effect of the
noise is considerably reduced by the shunt diode. In oddis
tion, the shunting effect of dicde V2 on the detected audio
tempararily reduces the signal supplied to the qudio staqe
via series diode V3, and produces a noise silencing effect.
The use of both a shunt end series diode although nat
absolutely necessary provides better overall noise limiting
performance.

FAILURE ANALYSIS.

No Output. Any open circuited or short circuited can-
ditian as well as defective diodes can result in a loss of
output. Lack of a netative voltege tomqround at point A
indicates o possible detective I7 transformer T1, diode V1,
or that Rlor B2 are open, or Clis shorted, Usze an
escilloscope with an r-f probe to determine 1f an input
exists on the primary of Tl A larse signal en the primary,
but none at all or a very minute one on the secondary indi-
cates that T1 is detective. With an input ucross the diode,
check the resistance of K1 and K2 with an ochmmeter, cnd
check C1 for a short. 1f an cutput can be observed at point
C with the oscilloscope, but not en the other side of Ce,
check coupling capacitor Ce with an in-circuit copacitance
checker, [f these parts are satisfactory diode V1or V2 is
at fault {an output gt point C indicates that V1 is not at
fault). Foilure or defects of the remaining parts and diode:
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will not normally produce a no-output condition, but instead
will preduce a fow output or ineffective noise elimination.

Low Output. A partial shunting of the detector output
through diode V2 can ocour 1t V2 is shorted, if the neqa-
tive bias supply voltage fails, if B5or RE change in value,
or if capacitors CZ2, C3, or C4 are either sherted or leaky,
The capacitors may he checked far shorts with either on
chmmeter or an in=<circuit capacitance checker, and the
resistors can be checked with an ohmmeter. If diode V3 is
defective, the ontpit will probably be very low and dis-
torted, depending upon the stray capacitance in the circuit.

Distorted Output. Since in normal cperation the noise
limiter effectively eliminates a noise sianal, it is evident
that the output waveform will always be different than the
input waveform to a certain extent, Thus a slightly dis-
torted output will practically always be obtained. The de-
gree of the distortion cepends upon the design of the cir-
cuit. Theareticolly, the limiter should operate only on
noise pulses which are larger in amplitude than the signal,
however, most practical circuits start operating at about
the 85 percent modulation level. Hence some peak clip-
ping of the sigral usually occurs and causes distortion on
the modulation pecks. In normal operation, a slight amount
of distortion will be ncticed and the strength of the cutput
signal will drop noticeably when the noise limiters are
activated. Follow the signal through the circuit with an
oscilloscope and notice where the distortion occurs. Fur-
ther resistance checks of the associated parts with an
chmmeter will usuclly locete the defective part.

GRID-LEAK DETECTOR,

APPLICATION.

The qrid-ieak detector is used in simple two-cr-three
tube receivers, such as the reqenerative type. Since this
type of detector is particularly susceptible to overload and
distortion at high levels of modulation, it is never used in
modern high-gain superheterodyne receivers.

CHARACTERISTICS.

Is self-biased by a grid-leak.

Provides good sensitivity with increased signal gain.

Operotes as @ square-law detector for small signals
and as a finear detector for large signals.

Is subject to overload and blocking effects on strong
signals.

Although it produces a relatively larger output voltage
than other comparable AM detectors, it is subject to mote
distortion.

CIRCUIT ANALYSIS.

General, The grid-leck detector, basically, uses a
triode electron tube, and is considered to operate similarly
to a diode detector with the cdded advantage of triode
amplification. Although pentodes have been used to pro-
vide additional gain, the triode with o low plate voliage is
usually preferred because of a reduction in tube neise and
distortion. In operation, the grid and cathode of the
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triode operate similarly to the anode and cathode of the
conventional ciede detector (discussed previously in this
section of the Handbock). The d-c bins preduced by car-
rier rectification and the detected modulation appear _
across on BC network known as the qrid-leak, and the
modulation appears in amplified form inthe plate of the
triode. Since the detection occurs in the grid circuit it is
known as qrid detection. Because the developed qrid bias
is automatically controlled hy the carrier amplitude, the
grid-leak detectar operates over a wide range of input
voltage, On weak signols it operates near zero bics and
uses the curved lower portion of the grid-current, qrid-
voltage characteristic to provide an output which varies as
the square of the input signal, and is known as non-linear
(square-law) operation. For large signals and large self-
bias it operates over the linear portion of the characteristic
curve. When overloaded by extremely stronq signals, the
bias reaches cutoff and conduction occurs for only part of
the cycle, and the peaks are clipped, creating excessive
distortion. The detailed operation of this detector under
different conditions is discussed in the fcllowing para-
graphs,

Circuit Operation. The schematic of a typical arid-
ledk detector is shown in the accompanying illustration.,

R-F
INPUT

Basic {Series) Grid-Leak Detector

The r-1 input is applied throuah ~f transformer T 1, and
the grid-leak network consisting of Eland Cl are connected
in series with the qrid of V1 and the output of T secon-
dary, while the cathode is grounded. In the plate circuit,
resistor R2 is the plate load, and is izolated fromthe plate
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~f component by radio frequency choke REC, The plate is
also bypassed toground by cupacitor C2, which is small
encugh to act os a shunt lor the -f carrier veltage appear-
ing in the plate circuit but not the modulation. Thus only
the amplified modulation appeats across load resistor B2
and is applied to the output through coupling and plate
voltage blocking capacitor Ce.

In the absence of an input signal, V1is contact-
biased by grid-leak resistor R, and operates near zero
hias. In this condition, orly o small pctential is built up
across R1by qgrid current flow, biazing the qrid slightly
neqative. Thus V1 is in g position to respond to hoth
positive and nenative signal variations for small signal

detection. The accompanying waveform illustration

demenstrates how the curvature of thearid current versus
qrid voltage characteristic of V1 distorts the basic sianal
and produces amplification with distortion.

¢q
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Small Signal Detection Charocteristics

As shown in the illustration, when the input signal in-
creases in amplitude grid current increases, flowing in the
direction of the arrow on the schematic. Thus grid capaci-
tar Cl is charged necatively during the positive qrid swing.
On the neqativeqrid swinz, grid current flow is reduced and
the capacitor discharge= slightly throush the grid-to-
cathode resistance which is lower than the high resistance
grid-leak. Because of the curvature of the grid charac-
teristic curve, the positive excursions are larger than the
negative excursions. Therefore, a slowly increasing
average grid current is developed as the signal modulation
rises, and the average qrid current {alls when the signal
modulation decreases, in synchronism with the modulation
envelope. This develops a negative voltage across R,
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which varies at the cudio rate of the modulotion cround the
negative bias level produced by the constant amplitude
carrier pulses. Since the grid of V1 controls the operation
and plate current of the triode, the change of grid wltage
produced by the detected signal causes an identical but
amplified plate current fluctiction. As this plate current
varies in gccordance with the medulation, a similar but
anplified voltage is developed across plate locd resistor
R2. This is the audio output voltone which is coupled
through Cc to the following cudio amplifier stoge. Beccuse
the r-f carrier voltage appears between theqrid and the
cathode of V1 it also appears in the plote circuit. There-
fote, there is an r-f plate component of voltage which must
be eliminated so that it can not cause spuricus beats with
the modulated signal, or unwanted oscillation by feedback
within the tube. This is the function of RFC and C2, The
t-f choke offers a high inductive impedance at the carrier
frequency, while capacitor C2 offers a low impedance
shunt path to qround. Hence, the 1-f component (s by-
passed around the load resistor and power supply, and has
no effect on circuit aperation. Only the relatively slowly
moving audic frequency current component flows through
load resistor B2, to produce a corresponding audio fre-
quency output voltage.

For lotge signals, the avercge cartier amplitude also
rises, so thot the qrid is biosed considerably negative,
and only the positive excursions of 1-f voltage on the input
signal are effective in causing grid current flow. In this
condition the detector operation is similer to a half~wave
rectifier, and operates as o linear detector. The positive
signal excursions produce o reqative voltage across the
grid leak by charging capacitor Cl. During the negative
signal excursions the charge on Cl keeps V1 inopera-
tive so that the tube operates for @ half eyele or less. Be-
cause maximur. modulation peaks produce maximum neqo-
tive grid voltage, the plate current of V1 is reduced during
modulation. The reduction of plate current occurs at an
oudio rate and produces o comespording audio autput. As
the current through .etector output load resistor B2 reduces,
the voltage across it and the cutput rises, as shown in the
waveforms illustrated in the accompanying figure of large
signal detection characteristics.

The lineor grid detector is also known as a qrid-legk
power detector. In the small-signal or square-law qrid-leak
detector the output voltage although amplified is usudlly
greatly distorted, therefore, large output voltages create
greater overall distortion. In the power detector, the qrid-
ledk values are reduced to prevent excessive distortion,
ond the input signal and the detector plate voltage are in-
creased to provide a greater output.  Thus the larger input
signal produces operation over a larger output voltage
swing, producing a greater output voltoge with less overall
distortion. ’

In operation, the major difference between the two
types of detectors is obtained by making the large-signal,
power-detector grid potentic! swing sufficiently negative
that the flow ofgrid current is stopped for the major portion
of the negative half cycle. During the positive half cycle
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Large Signal Detection Characteristics

of carrier valtage, grid current flow charges the grid capaci-
tor neqatively. During the next negetive half cycle, some
of this accurulated chorge lecks off through the grid-leak
resistor (which is cornected aomss Cl), and is replenished
during the next positive swing. Thus grid current can only
flow for a small portion of the positive cycle, In the small-
signal grid detector, however, arid curent flows continu-us-
ly, since the grid is never driven sufficiently negative

to reduce grid current flow to zero. Under these conditions,
the charge on the qrid copacitor leaks off through the in-
ternal grid-tocathode resistance, which iz much lower

than the high value of grid leak resistance used, In the
large signal power detector the grid-to-cothode resistance
is practically infinite during most of the cycle {because
grid current is cut off). Operation of both detectors is
essentially the same as shown in the waveform illustration
for the small sianal detector, except that the qeid amplitude
of the large signal detector is qreater, and the grid current
cut-off point correspands to the volue of hias developed by
the carrier siqnol. Wherecs in the small signal detector the
grid bias is always less thon qrid-current cutoff.

As in dl electron tube amplifiers, the plate-cument,
grid-voltage characteristic curve is linear up to the point
where saturation begins. 5o that both the lower and upper
regions of operation are curved. If the large signal power
detector is driven sufficiently, the bend onthe upper
portion of the curve will also couse plate rectification to
occur, Thus second and third harmonic distortion com-
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ponents will be produced and the overall detector distortion
will increase. It is also necessary that the charge and
discharge of the grid-leak follow the signal amplitude
during large signal detection, otherwise, blocking and dis-
tortion will occur.  With proper cheice of qrid-tedk constants
{which is inherent in goad desiqr) and an adequate plate
voltage which does not exceed tube ratings, the distortion
can be kept to low values dmost equivalent to that of the
diode detector. If the input signal is reduced to a very
small value, the large signal power detector merely operates
as a small-signal, square-low detector with a low output
and the adventages of power detection are lost.

The schematic of a typical shunt qrid-leak detector is
shown in the accompanying illustration. Components are
symbolized identical to, and operate exactly as explained
forthe series qrid-leak detector discussed above., This
circuit is generally used for the power type detector be-
cause slight advantages are claimed for avoiding blocking
effects. The shunt grid resistor provides more looding on
the tuned r-f input circuit, however, and produces @ reduc-
tion in selectivity.

TI
F

INPUT § %

Shunt Grid-Leak Detector

FAILURE ANALYSIS.

Mo Qutpur, An open or shorted grid or plate circuit, a
defective tube, or an open coupling capacitar, Ce, can cquse
loss of output. Measure the plate supply and plate voltage
with a high tesistance voltmeter. Normal plate voltage
indicates that lood resistor R2 and the RFC are probably
satisfactory and that C2 is not shorted. Apply a modulated
signal from a signal generator to the input terminals of 1-f
transformer T1. Use a VTVM, electronic voltmeter or an
oscilloscope (it must offer high impedance so as not to
load or disturb the circuit operation) connected between
grid and ground, to determine if the input signal preduces a
slight negative bias and if a signal is present. If no signal
is present, Tl is defective. If the detected signal can be
observed in the qrid circuit but not in the plate circuit, V1
is defective. If the signal is present in both grid and plate
circuits but no output exists, check coupling capacitor Ce
for an open circuit. (Use an in-circuit capacitance checker).
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Low Output. Low plate voltage, a defective tube or too
weak an input will each cause a reduced output. The weak
input signal may occur because r-f transformer T1 is not
tuned torescnance. 1f Tl will not tune to resonance,
either the signal frequency is out of range or Tl is defec-
tive. When in doubt, apply a modulated input from a local
signal generator and rote that the siqnal peaks in intensity
as the resonance point of T1 is reached. If this occurs but
the desired signal is still wedk, additicnal r-f omplification
or a better antenna are required, If the signal generator
cannot produce @ strong output, the detector is probahly at
fault. Check the plateveltage of V1; if the plate voltage
is normal, either V1is defective or output coupling capaci-
tor Ce is leaky or partlally open. If the plate voltage
is not normal but is lower than usual, R2 may have changed
value, the rfc may havedeveloped q high resistance, ar C2
may be leaky ot shorted. Use an ohmmeter to check the
resistance of R2 and the RFC, end check the resistance of
C2 to ground. Replace any part which has a resistance
higher or lower then that specified in the technical manual
for the equipment. If the detector seems to be operable but
the receiver output is low, it is possible that the audio
stages following the detector are atfault, and not the detec-
tor circoits. To check the audio stages, use an gudio
signal generator and apply it to the output stage plate,
then to thegrid and note if the signal increases. Follow
this pracedure back tothe detector to locate the defective
audio staqge.

Distorted Output, Excessive distortion can be produced
by @ change in the constants of the grid-leak network, by
too high a plate voltage, or as a result of low emission
from V1. I replocing the tube with a knowngood one does
not eliminate the distortion, check the plate voltage with a
high resistance voltmeter. If the plate voltage is normdi,
check the value of Rl and C1 with an ohmmeter and capaci-
tance checker, If thegrid-leck components are within
tolerance value and distortion still occurs, it is possible
that the input signal is too strong and overloading is caus-
ing the distertion. It is also possible that T1is only tuned
near resonance and the sidebands are being clipped. Tune
T1properly, and reduce the input signal, if possible.

PLATE DETECTOR.

APPLICATION.

The plate detector is used in small receivers as a
powet detector, It is usudlly used in tuned r-f receivers to
supply a large oudio output. While it can be used in the
modern superheterodyne, it cannot be used to supply a
simple AVC voltage. Thus, it is usually more economical
and simpler to use a diode detector. The plate detector
is, however, extensively used as the detector circuit in
vacuum tube voltmeters and similar test equipment.

CHARACTERISTICS.

May use either self-or fixed-bias {self-bios is most
prevalent).

Provides good sensitivity and increased siqnal qain.
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Operates as a linear detector for large signdls.
Is normally operated with large input signals as a
power detector,
Distortion is considered tobe slightly lessthan that
of the grid-leak detector, and not better than the diode
detector,

CIRCUIT ANALYSIS.

General, The plate detector usually operates closs B,
that is, it is biased to plate current cutoff, and for this
condition it opetates as a large signal linear detector,
When used for smdl] signals, or as the detector of a vacuum-
tube voltmeter it operates on the lower curvature of o class
A biosed tube characteristic, and is a square law detector.
In the plate detector there is no rectification of the siqnrol
in the qrid circuit. The r-f input signal causes the o qrid
voltage to vary the tube plate current, producing both ampli-
fication and detection. Detection occurs inthe linear
plate detector because only one side of the signal (the
positive portion) causes the tube to conduct, while the
negative portion remains below cutoff and has no effect,
Thus the plate output varies in accordance with the z-f
envelope of the modulated carrier as shown in the accompao-
nying waveform for linear detection. The square law de-
tector operates over both the positive and negative vari-
ations of the input signal. Because of the curvature of the
tube eq/ip characteristic for small input signals, an
amplified but distorted plate output results, The large
positive grid swing produces a greater plate current than
the smaller negative swing, Thus the average output is
greater during modulation than without modulation, as shown
in the accompanying waveform illustration.

L
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N
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Linear Operation
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Square Law Qperotion

Since the cutput varies as the square of the input
siqnal, at 100 percent modulationthe maximum distortion
can be as high as 25 percent. Operating as a linear detector
the distortion is considerably less, as long as the signal is
strong enough to keep it from operating in the lower curved
portion of the tube characteristic, and not so larae as to
include cperation over the upper curved portion. However,
since the eg/ip charocteristic curve of a triode is never
perfectly straight but has a slizhtly howed appearance,
there is greater basic distortion than in the hall-wave diode
detector,

Circuit Operation. The schematic of a typical plate
detector is shown in the cccompanying illustration,

Transformer T1is the r-f input transformer, with the
transformer secondary tuned by Cl  Cathode bias is ob-
tained from Kl and CZ. The plate load B2, is bypaszed
for r-f by C3. The output is capacitively coupled through
Ce.

With no signal applied, the average bias produced by
cathode current flow through B holds the arid to plate
current cut off, Althouah spoken of as cutoff bias, the
tube is actually biosed to projected cutoff, as shown in the
accompanying illustration. (See section 7, paragraph 2,21
in this handbook for a detailed explonation of cathode
bias.) Therefore, neqative input signal excursions occur
over the curved portion and produce some slight distortion.
For full linear aperation a separate and higher fixed bias is
always applied and the complete neaative excursion of the
input signal is eliminated with o consequent reduction of
overall distortion,

When an input sianal iz applieg, the positive portion of
the signal increases the crid voltane, and the plate current
of Vifollows, likewise. Thus the plate waveform of V1
consists of pulses of current ar the input frequency, whose
peck values trace out a curve which varies exactly as the
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Detecter Operation Characteristic

modulated r-f. Thus the audio frequency component of
plate current develops a similar plate voltage output wave-
form across the plate load resistor R2 of opposite polar-
ity or phase. Thus @ the peak of current, the plate and
output voltage is a minimum, while at the minimum value
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of plate current the output voltage is maximum. Capecitor
C3 bypasses any r-f which might appear on the plate of V1
after rectification, to avoid feedback through the plate to
grid capacity causing oscillation or unwanted bects. In
some instances, C.3 may be bypassed toground instead of
tothe cathode, this is usually done in recejvers operating
at the higher radio frequencies.

Normatly, no qrid current is drawn and the plate detec-
tor offers anextremely high input impedance with practically
ro input loading. Since the input circuit is not loaded
down, a slight improvement in selectivity is usually ob-
served over that of the grid-leck detector. If, however, the
input is large enough to draw qrid current (signal exceeds
the bias), additiona! plate distortion is obtained by curva-
ture of the upper portion of the tube characteristic, and the
lowered qrid input impedance olso reduces the selectivity,
50 that the overdl performance is lower than for the grid-
leak detector.

FAILURE ANALYSIS.

No Output. An open input or output cir¢uit, or a defec-
tive tube, as well as lack of plote voltage, will cause a
no-cutput condition. Check the plate supply and plate
voltage with @ high resistance voltmeter. No output with @
normal supply voltage, but with no plate voltace indicates
that plate load resistor R2 may be open, or that bypass
capacitor C3is shorted. Check the resistance of R2 with
the plate vohage off, and check C3 with an in-circuit capa-
citance checker. 1f plate voltage is normal but no output
is obtained, use an oscilloscope and 1-f probe to observe
that ar input signal exists onthe grid of V1. If it does
and no autput exists, either cathode resistor R1is open or
V1 is defective. Check the bias voltage across Rl with @
voltmeter, Since bias bypass capacitor C2 may be shorted,
it.is usually simpler to measure the resistance of Rl If
the resistance across R is zero, then C2 is shorted. 1L R1
is Infinite it is open. Also, do not neglect the possibility
of a shorted secondary winding ot tuning capacitar Cl.

Low Output. A low plate voltage, a defective tube,
ot a small input signal will produce a low output. Check
the supply voltage with a voltmeter. If normal, check the
plate voltage of V) lower than normal voltage enthe plcte
indicates that [2 has increased in value, or that an abnor-
mal plate current exists, Check the voltage between
cathode and ground, if it is normal or slightly low check R2
for the proper resistance value (with plate voltage off).

If T1 is defective, or it Cl is not tuned to resonance a low
output can aiso occur, If T1 primary is open, a weak out-
put signal may still be obtained if there is sufticient
capacitive coupling between primary and secondary, or to
V1 grid. In this case, while C1 will tune through reso-
nance there will not be the normal large build up of output
signal as the resonant point is passed. If T is defective,
a resistance analysis can be made with an chmmeter to
verify if the windings are open, but there is also the
possibility of a short circuit or leakage across one of
these windings. Tc detemmine if Tl is at foult, tempo-
rarily disconnect it from V1 grid and connect the input
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signal through an isolating capacitor direct to V1 grid.
A large increase in signal indicates that T1 must be
defective. The output of a modulated signal generator
tuned to the input frequency can be used to supply an input
directly tothe grid of V., if a known strong local signal is
not availahle. If the output siqnal obtcined in this case
still is weak, but increases considerably when the gene-
rator output is applied to the plate circuit, tube V1 is at
fault. Where all signals fade in and out and the output is
low, ¥ 1is usuclly at {ault because of low emission.
Distortion. Since thete is normally some distortion frem
the linear detector, particularly on strong sigrals at high
percentages of modulation, there may be some doubt as to
whether or not the distortion is noimal or excessive, When
distartion is suspected, check the plate voltage and
cathode bias with a volimeter. Abnomal voltages indicate
that the detector is probably at fault. If, however, it is
found that tuning C1 eliminates the distortion, or that it
only exists on extremely strong signals, the detector is
most likely performing normally. When the distortion con-
tinuously occurs with either wedk or strona signals the
detector is definitely at fault. Note, however, that when
strong foding exists it is possible that selective foding is
phasing out some af the sideband frequencies and causing
the distortion. Such distortion will not appear on signals
having ¢ steady amplitude.

INFINITE IMPEDANCE DETECTOR.
APPLICATION.

The infinite impedance detector is used in tuned radio
frequency receivers where less distortion than that sup-
plied by the conventional piate detector is required, and
no gain through the detector stage can be tolerated. Its
light loading effects improve sensitivity and selectivity.

CHARACTERISTICS.
Uses self-bias, but con befixed-bicsed, if desired.
Provides qood sensitivity, with reduced distortion.
Operates as a linear detector for large signals,
Is normally operated as a modified power detector,
The cathode output connection prevents any large increase
of qain.
Presents a very high or infinite impedance to the input
signal.

CIRCUIT ANALYSIS.

General. The infinite impedance detector is also known
in other texts as a reflex detector because of the larae
value of degenerative feedhack provided in this arrange-
ment. However, this nomenclature is misleading since it
also applies *o reflex circuits where detection and amplifi-
cation through positive feedback occur inthe same stooe,
and these citcuits are not infinite impedance detectors.
The basic infinite impedonce detector used a bypassed
plate load to achieve more than unity qain. In effect, it
comhined the advantages of plate detection with the
equivalent of diode detection which cffered no load to the
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source. The circuit is always easily recognized because
of the cathode output connection, large cathode resistance,
and relatively smoll r-f bypass {about 25) picofarads),
plus the fact that when the plate resistor is used the plate
bypass is sufficiently lorge enaugh for both RE and audic
bypassing (about 0.1 microfarad). Because of the infinite
impedance offered this circuit does not load the input.
Consequently, greater sensitivity and selectivity is ob-
tained than with conventional plate detectors, On the other
hand, it is not as sensitive as the qrid-leak detector, but
the output is practically distortionless and much lower then
is normally obtained by either the plate or grid types of
detectors previously discussed. If not better, it is at
leost as qood asthe conventional diode detector, The two
major disadvantages which restrict its use, is that it
cannot supply a simple source of AVC, and the negative
feedback through cathode degeneration produces lessthan
unity qain.

Circuit Operation. The schematic of o typical infinite
impedance detector is shown in the accompanying illus-
tration.

R-F +Epp

iINPUT ‘ O

OQUTPUT

Transformer Tl {s the r-f input transformer, ond is
tuned by C'1(in superheterodyne receivers T1irepresents
the i-t input transfermer). Cathode bias is supplied by R 1
which is only bypassed for BF by CZ so that it is degene-
rative at audio frequencies. The output is tcken from
across 11 through coupling capacitor Ce. Resistor B2 and
capacitor C3 form a plate {ilter and voltage dropping net-
work, which reduces the plate voltcoe and bypasses to
ground any rf or audio currerts inthe plate circuit. In
some circuits B2 is not used, while in other circuits both
R2and C3 are eliminated. In either event, there is no
change in circuit operation.

By using a large value of resistance for Bl, the averaqe
plate current flow throush this resistor develops g high
bias. Thus, in the absence of an input signal only o small
plate current flows beccuse of the cathode bigs is almost
at plate current cutoff value. Since current flow throuak
the tube is from cathode to plate, any increase in cathode
cutrent develaps a positive voltage o the cathode with
respect to ground and increases the instdntanecus bias.

Infinite Impedance Detector
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However, R1is bypassed by C2, which is chosen to offer
a low impedance to ground for radio frequercies, but not
for audio frequencies. Consequently, the r-f siqnal does
not pass through the load (cathode resistor R1) but the
audio frequency variations of the modulation an the detect-
ed signal do. Thus a degenerative voltage is developed
onthe cathede, which makes the output signal mmplitude
always less than the input siqnal which produces it. This
is a form of neqative feedback which places the output
signol in series with the grid-cathode circuit. Since the
output signal appears in opposite polarity tathe input it
helps cancel a portion of the input signal, elimicntes
distortion, and improves linearity. (See Section 6 of this
Handbook covering Feedback Amplifiers for a complete
discussion of inverse or deqenerative feedback.) Because
of the degenerative feedback inherent in a cathode output
connection, the cutput signal amplitude can never exceed
the input signal, and the qain is always less than unity.

Another result of the feedback action is to prevent the
flow of grid current. The increase of bias with increase of
signal ensures that the input signal never exceeds the bias,
hence grid current will never flow. Thus the infinite imped-
ance detector always presents a very high (infinite) imped-
ance between grid and cathode, and produces no load on
the input circuit. Consequently, there is no shunt load
across the secondary of Tland C1, and the selectivity of
the tuned input circuit depends only on the Q of the tank
circuit. Thus better selectivity is obtained. When the
input signal reduces in amplitude, the decrecsed qrid
voltage produces o reduction of plate and cathode cutrent,
accordingly, Since cathode resister B {s not bypozsed for
audio frequencies, the instantanecus qudio current vari-
ations through R1 develop an output voltage which varies
with a modulation envelope of the received signal, The
process is proctically identical to that of the diode detec-
tor discussed previously in this section of the Handbook,
since only the positive portion of the input is effective as
shown in the accompanying illustration, {the negative
portion is biased off ).

With a lorge input signal the circuit always operates
over the straight (linear) portion of the plate current—grid
voltoge characteristic, Since plate load resistor B2 is by-
passed by C3, any instantaneous t~f or audio current vari-
ations are bypassed toground, and the plate voltage re-
mains constant regardless of cathode current fluctuations.

FAILURE ANALYSIS,

Na Output. An open or shorted input or output gircuit,
lack of plate voltage, or a defective tube can create o no-
output condition. Check the supply voltage with a high
resistance voltmeter to determine that the fault is not in
the power supply, cnd then check the plate voltage. No
plate voltage indicates possibility of F2 being open or C3
being shorted. Check K3 for proper resistance with an
chmmeter, and C3 for a low resistance to ground. Check
the cathode bias voltage developed across RL Tf no bias
exists, either V1is defective, Rl is open, or C2 is shorted.
Check Rl and C2 with an ohmmeter. Ii normal
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Detection Characteristics

plate and cathede voltages exist use o VTVM to check the
grid input veltage. If no grid signal voltage is found, make
certain that C 1 is set to the proper frequency for the de-
sited input signal, and if still no input exists, check T1
for continuity with an ohmmeter. If an input signal exists
on the grid of V 1, check coupling capocitor Ce to moke
certain it is not open {use an in-circuit capacitance
checker).

Low Output. A weak input signal can cause alow
output. A low emission tuke usually causes ertatic fading
on all signals and a low output. Low plate voltage will
also cause ¢ reduced cutput.  Check the plate and cothode
bias voltages. If the plate voltage is low with a normal
supply voltage, check R2 for an increased resistance
value and C3 for a pertially shorted or leaky condition. If
the cathade bias is low, R1 may have changed value, C2
may be leaking and shunting Bl with a low value of re-
sistance, or Vi plate current may be weak because of low
emission. Check Rl with an chmmeter and C2 for leakage,
A weak input signal can also be caused by defective r-f
transformer, T1, ar by o defective or mistuned tank tuning
capacitar, Cl, If there is any change in signal as Cl is
tuned, the tuning capacitor is probably satisfactory and
the primary of T1 is probably cpen. Check T1 for conti-
nuity with an ohmmeter. If the transformer continuity is
complete and weak signals still occur on a known local
signal, there is still the remaining possibility that T1 is
shorted,

Distortion. Since the infinite impedance detector is
noted for its fidelity and lock of distortion, it is evident
that noticeable distortion indicetes improper performance.
Check the bias with a voltmeter. Low bias will place the
operating point on the bend of the Eq/Ip curve, and square
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law detection with its high distortion products will result
instead of linear detection, Distortion accompanied with a
low output can also be caused by a defective tube.

REGENERATIVE DETECTOR.
APPLICATION.

The regenerative detector is used in simple one or two
tube receivers, particularly in the high frequency regions
where normal 1-f amplifiers do not provide much aain, It is
mostly used for CW and voice reception.

CHARACTERISTICS.

Uses a grid-leck detector with reqenerctive feedback
from plate toqrid,

Has better sensitivity than any non-regenerative
detector.

Has better selectivity than any non-regenerative
detector.

Has poor fidelity with relatively high distortion for
music and, therefore, ismostly used for voice and CW
(code) reception.

CIRCULT ANALYSIS.

General, The regenerative detector utilizes the high
sensitivity of a qrid-leak detector, together with the in-
creased omplification offorded by reqenerative feedback to
provide @ unique detector with extreme sensitivity and high
gain, Since grid-leak detection is used, the distortion
level is high, and because reqeneration increases the
selectivity of the tuned input circuit, o narrow bond-width
is obtained. Thus, the highfrequency components of a
modulated signal are effectively eliminated by circuit se-
lectivity of the order of Z10-3 ke. Hence, this circuit is
restricted in use mainly to communications applications
involving only voice and code reception.

There are a number of circuit variations, most of which
involve the method of controlling the regenerative feedback.
Because feedback varies with the frequency range covered,
fixed forms of feedback are suitable only over a very narrow
range of operation. With smooth control of feedback, it is
possible to increcse the regeneration until the feedback
reaches the criticol point where any further reqgeneration
will cause continucus oscillation of the circuit. Voice
reception is amplified the greatest just below this point. Far
code recepticn, the amount of regeneration is increased
unti] the circuit just oscillates, and the desired signal is
tuned in by adjusting the tuning capacitor slightly off
resonance until an audible note is produced, This type of
reception is known as autedyne reception, which uses a
sinqgle tube to perform detection and oscillation simul-
tanecusly; as contrasted with heterodyne reception, which
uses a separate oscillator to produce a heterodyne signal.

Circuit Operation. The schematic of a typical regene-
rative detector is shown in the accompanying itlustration.

The r-f input signal is opplied to L1, the primary wind-
ing of the r-f input transformer, of which L2 is the second-
ary, tuned by capocitor C1. Feedback winding L3 is in-

11-A-15



ELECTRONIC CIRCUITS NAVSHIPS

RFC

&
c
oUTPUT
INPUT LI .
Cl b e

Reqenerative Detector Circuit

ductively coupled ta 1.2, and consists of a few turns

wound in the same direction os those of the secondary coil
and located at the ground end of the secondary coil {L.3is
called the "ticklet” coil}, Varigble capacitor ©3 is con-
nected in series between ground and tickler coil winding

to control the amount of regenerative feedback. The radio
frequency choke, RFC, and capacitor (4, form a low-pass
filter which bypasses any 1-f component i theplate circuit
to ground, Capacitor C2 and resistor Bl form a conventional
parallel qrid-leck arrangement. The audio output is applied
to the primary of transformer T, used to provide a steprup
in output voltage between primary and secondary, Although
any other method of qudio coupling may be used, the
tronsformer is usually used becquse of the large output it
produces in comparison with other types of coupling.

Initially, the circuit rests in its quiescent condition
with no signal opplied, and draws heavy plate current be-
cause only contact bias is supplied by R1 (see Section 2
paragroph 2.2 in this Handbook for a complete explanation
of contact bias). We shall also assume that feedback
capacitor C31is set to the middle of its range and offers a
low capaeitive reactance to ground.  Tickler cofl L2 is
fixed-coupled to L.2, and wound so that both grid and plate
ends of the winding are of additive polarity.

When an input signal is applied to L1 it is inductively
coupled into the resanant tank consisting of L2and CL
The low reactance of the grid-leck capacitor, in turn, allows
the tank signal to appear at the grid of V1, across RL. On
the positive half cycle grid current flow is increased, and
capacitor C2 is charged negatively as shown by the polarities
and current flow atrow on the schematic. Thus as the sig-
nal rises in @ positive direction the negative grid bigs on
Vlincregses. This neqative qrid bias increment decreases
plate current flow because of contral arid action within the
tube. In the guiescent condition, plate current flows
through the tickler coil winding in such a direction as to
produce a polarity similar to that of L2 across L3, Thus
the plate end of the tickler is negative when the grid is
positive. Since, in the absence of an input signal there is
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a steady unchanging flow of plate current, the field built
up around L3 remoins steady and constant so that no feed-
back voltage is induced into L2, When the input siandl is
applied, however, the reduction of plate current with the
increase of grid-leak bias produces o change in the lines of
magnetic flux cutting the two coils, and a feedback voltage
is induced in L2 by the current change in L3, The reduction
of plate current causes the field around L3 to collapse and
induce a voltage of opposite polarity to that normally pro-
duced in the increasing current direction. Hence @ posi-
tive voltage is fed back to further activate the qrid of V1,
Since the input signal end the feedback voltage are of the
same polarity they add, and produce a still qreater negative
grid bias. The increased bias, in turn, couses a further re-
duction of plate current, and « larger feedback voltoge.
This cycle of signal tild-up by regenerative feedback
continues until the input signal amplitude changes. As the
amplitude changes, the feedback cction follows. That is,
as the signal increases the feedback incregses, and as the
signal decreases the feedback, likewise, decreases. With
feedback, the combined signal value is always greater than
without feedbock. Thus, weak signals are greatly er-
hanced and the sensitivity of this type of detector is
greater than for non-regenerative types.

On the neaative half-cycle of input signal, the flow of
grid current is reduced, and a small amount of the charge
on copocitor C2 lecks off toground through grid-leck B L
Therefore, the qrid bius on V1 is reduced and an increased
plate current Hows. The increased current flow is in the
direction of original (quiescent) current flow and produces
u feedback woltage of neqative polarity, which adds to the
neqgative signal veoltage on the qrid. This reqenerative
build up in the opposite direction during the negative half-
cycle of operation is limited to a value less than zero bias,
since the tube is operating on the lower bend of the
characteristic transfer curve, Hence the positive and neqer
tive swings developed across the primary of qudic output
transformer T1 are unequal and distortion is produced.

The accompanying waveform illustration shows the re-
lationships between the grid and plate voltages ond cur
rents. The dotted lines in the woveforms indicate the build
up of signal by reqenerative action during the positive
half-cycle. When the input voltage increases, the secondary
voltages increases and is further enhanced by feedback,
while the detected signal produces a qrid bias which in-
creases and is further enhanced by the feedback. The
plate current, in tumn, is progressively reduced, while the
plate voltage increases. The changes of plate current occur-
ing at audio frequencies in the primary of T1 induces a
similar output voltage in the secondary.

When the capecitance of feedback capacitor C3is in-
creased, the reactance to qround is reduced and @ qreater
t-f current flows through tickler coil L3, and produces o
larger feedback voltage. As lang as the feedbock is kept
below the point of oscillation, maximun amplification is
ohtained. Once the feedback becomas great enaugh to
drive the grid to cut-off and beyond, the tube conducts only
during the peak cf the signal and fer less than a half cycle
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(class C operation). During the cutoff peried the tank cir-
cuit supplies the missing portion of the signal and con-
tinuous amplitude sine-wave oscillations occur.

Although the r-f component in the plate circuit is
effectively bypassed toground by reqeneration capacitor
C3, radio frequency choke RIFC, is placed in series with
the plate lead to offer a high r-f resistance (impedance)
and prevent the possibility of r-f feedback through the load
consisting of audio cutput transformer Tl and the power sup-
ply. To ensure that no BE remdins to cause a fringe howl
and deteriorate detector performance, capacitor C4is also
used tobypass the primary of TL Thus, any remaining RE
which might exist at the load end of the RFC is bypassed
toground by C4, so that only the slow current variotions
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caused by meduletion and occurring at audic frequencies
agppear in the transformer primary, and induce an output
voltage in the secondary,

When voltage is fed back from the plate to the qrid cir-
cuit, the result is to effectively reduce the losses in the
grid circuit. Since the Q of an inductance is the ratio of
the reactance to the resistance in the circuit. It is evident
that when the r-f resistance in the circuit is decreased and
the same reactance exists, a higher Q results, Thus, with a
higher Q tank circuit resulting from {eedback, a qreater
selectivity exists. This improved selectivity makes for
sharper tuning, and will cut off the higher medulation
fiequencies in wide-band transmission such as is used for
music at broodcast frequencies. At high frequencies,
however, the side bands are a much smaller percentage of
the signal so that not as much sideband clipping occurs
and usable voice reception is possible without excessive
distortion. Since code transmissions occupy a very narrow
frequency spectrum of one thousand cycles or less thein-
creased selectivity of the tuned circuit during feedback is
not sufficient to affect code reception. OUne of the major
discdvantages of this circuit for Military use is that, when
oscillating it rerediates ond produces a low powered CW
output; which, besides interferring with nearby receivers
tuned to the same {requency, offers a convenient means for
the enemy to locate the source with direction finders, This
radiation cen be eliminated by use of an r-f stage between
the detector and antenna, which acts as o buffer stage
when properly neutralized.

FAILURE ANALYSIS.

Me Output. Lack of an input signal, loss of plate wolt-
age, an open ot shorted input or cutput circuit, or a defec-
tive tuke can result in a loss of output. First measure the
supply voltage with a high resistance voltmeter to make
certain that the supply or a blown supply fuse is not at
fault. Then measure the plate veltage to ground. If the
plate voltage s normal, plate circuit components C3, C4,
RFC and the primary of T1 are not at fault. If removing
and replacing the tube produces a click in the output device
it indicates that the secondary of T1is not open or shorted,
and that the trouble is most probatly located in the qrid
eireuit. Tum regeneration control C3 past the point where
oscillation usually begins and touch the grid of V1with
your finger. A click in the output indicates the circuit is
oscillating and that the tube and feedback portion of the
ciscuit are operating. If there still is no cutput, the input
coil is probatly open or shorted, Use an ohmmeter to
check the input coil for continuity. If the eoil is not open,
the possibility of a qrid to ground short or an openqrid
capacitor, CZ, still exists. Therefore, it is usually easier
to connect the antenna or the output of a signal generator
direct to the grid-of V1, If the input or tuning portion of
the circuit is at feult and C2 is not open, a weak signal
will usually be heard. Also rotate tuning copocitor C1, and
listen for a noise indicating sharted tuning copacitor plates.

If no plate voltage is obtained, either T1ar the RFC is
open, or capacitors G3 or C4 are shorted, or tube Vlis
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defective. An infinite resistance when measuring dcross
T1, RFC, or L3, indicates an open circuit,

Low Dutput. Low plate voltage, a defective tube, or
partially shorted or open parts can couse a reduced output.
If the plate voltage is low, check T primary, the BFC, and
coil L3 for high resistance soldered joints and partially
open windings, as indicated by a high resistance reading
on an chmmeter. Also check C3and C4 for leakaqe to
ground with an in-circuit copocitance checker. If the plate
voltage is normal but the output is low, check the second-
ary of T for continuity with an chmmeter {if sufficient
stray capacitance coupling between primary and secondary
windings exists weak signals may be heard even though the
secondary is open). BFotate tuning capacitor Cl to determine
if it is tuning. If it tunes the signal, check input coil L1 for
high resistance or an open, since a small, stray capacitive
coupling from primery L1 to secondary L2 will produce an
output sional even if L1 is open, especially at the higher
radio frequencies. Where a stonq local signal exists,
touching the input winding (or V1 grid} with the finger will
increase the signal if the antenna is defective or too small
(this type of indicator may not be too effective below decks
or in a well-shielded compartment).

Distorted Dutput. Since grid-leak detection is used
there will normally be noticeable distortion, particularly
on strong, heavily modulated signals. A continuous tone
beat-note heard with the modulation indicates the detector
1s oscillating ond that a readfustment of the regeneration
control is necessary to prevent self-oscillation, A high-
pitched audio squeal which occurs when the audio qain is
increased is known as frinqe howl, and cccurs only if the
RFC and capacitor C4 are not operating properly tobypass
the excess r-f plate component ta ground. This could accur
if the RFC were shorted or G4 were open. First substitute o
good RFC, then if the squeal persists shunt C4 with a
capaciter of similar value, If V1 is low in emission, there
will usually be distorted signals coupled with continuous
fading and a weak output. Shauld the values of the grid-
leak resistor or capacitor change noticeably, both blocking
and excessive distortion may occur,

SUPER-REGENERATIVE DETECTOR.

APPLICATION.

The super-regenerative detector is used in cheap, one
ot two tube receivers for the VHF cnd UHF reqions where
RF amplification does not provide much qain, and good
selectivity is not required. It is is particularly pepular in
portable-mobile transceivers and walkie-talkies, where
small size and low power consumption is impertant,

CHARACTERISTICS.
May be separately quenched or self-quenched.
Uses a low quenching frequency to chtain high qain.
Selectivity ismuch less than for anv other form of
detector.
Has an inherent noise reducing and limiting action.
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Fesponds almost equally as well ta strong sianals as

to weck signals.
Provides high sensitivity and qain in a sinale tube.

CIRCUIT ANALYSIS.

General. The super-reqenerative detector uses a low
frequency (from 15 kc 1o 100 kc) as a quench oscillator,
generated either internally or separately, to contro! the
regeneration applied to a grid-ledk detector, and thus
supply an extremely high qain from o single tube, The use
of a quenching frequency effectively broadens the selec-
tivity of the tuned input circuit to the paint where it acts al-
most as if it were not tuned, Hence, ¢ major disadvantage
is that any strong signal within a few hundred kilocycles of
the desired frequency will override it and blank out the
desired signal. It also responds somewhat logarithmically
tc input signal strength so that en amplitude limiting and
AVC action is obtained. Thus, extremely weak signals
below the threshold level are not detected, and both weck
and strong signals above the threshold appear at the out-
put with nearly the same intensity. Inaddition, high ampli-
tude noise interference, such as produced by spark ignition
systems isminimized without the necessity of adding a
limiter stege. Signals with low levels of modulation {less
than 50 to 60 percent) produce only a weak or qarhled
output, whereas signals with high percentoges of modu-
lation produce a loud output, accompanied by high dis-
tortion, In most instonces, the interruptions of the quench-
ing oscillator produce an audio output in the form of a
high-pitched hiss caused by noise, which appears between
stations, and disappears as the signal is tuned in {on ex-
tremely weak signals the hiss will mask out the siagnal).
Since the super-regenerator is oscillating, except during the
quench period, it is usually necessary to use an ~f am-
plifier os a buffer to prevent reradiation and interference
with other reception. This is alsc a major disadvantage
when used in Military equipment, since intetception by
enemy direction finders is still possible even with an -f
stage if it is nat perfectly neutralized.

Circuit Operation. The schematic of a typical super-
regenerative detector is shown in the accompanying illus-
tration.

Transformer T1is an -f input transformer, with primary
L1 {antenna winding} untuned, and secendary L2 tuned by
Cl. The tuned secondary tank is connected between the
grid and plate of triode V1 as a conventional ultraudion
oscillator. Grid-leak bias and loew frequency quenching
is provided by Rland C2. The audio output is taken
through t-f isolating choke RFC and applied to the primary
of audio output transformer TZ. The plate voltage is varied
to control regeneration by potentiometer B2, and the pri-
mary of T2 is bypassed by C3 to prevent 1-f feedback.

In the absence of an input signal, the grid-leak pro-
duces contact bias (see paragraph 2.2.2. in Section 2 of
this Handbook for a detailed explanation of qrid-leak bias
action), and a steady plate current flows. When an unmodu-
lated carrier signel is applied to the input, the qrid is
driven positive on the positive peaks, and qgrid current
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