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HARRIS ~I COMMUNtCATtON A N D 
tN ftORMATION PROCESS.NG 

Equipment : 

MS-15 Exciter 

Subject: MS-15 Exciter Spare Parts Lists 

Bulletin No. 

Date 
FM-144-RFB 

February, 1980 

This Service Bulletin(FM-144-RFB) was generated to outline some spare 
parts and assemblies to support your MS-15 Exciter. The l ist on page 
one contains Transistors, Integrated Circuits, Di odes a nd a few other 
items to be used in resolving general maintenance as well as emergency 
needs. This list contains original equipment parts or engineering 
approved substitutes that exhibit the same characteristics as the or iginal 
parts supplied. The regular and optional subassemblies we stock, sell 
and exchange for the MS- 15 Exciter are listed on page two, along with the 
recommended semiconductor kits for the optional subassemblies . We will 
be happy to provide spares l ists for other Harris products upon request. 

To m1n1m1ze difficul ty in obtaining proven parts expeditiously, you may 
want to stock a complet e list of spare parts (994-8130-001) at $402.55 
or semiconductors only (990- 0917- 001 ) at $236.75 or you may decide to 
select specific items t hat you feel you may need in the futur e. In any 
case, the prices are va l id until May 30, 1980. 

If you decide to order specific parts or an entire list, just call 217-
222-8200, telex 404347, TWX 910-246-3212 (domestic only), or write to 
Service Parts at your convenience. Our Service Group is open t wenty
four hours every day to help satisfy your needs on our products. If a 
technical specialist you require is not on duty at the time you contact 
us, one can be readily l ocated in order to r esolve emergency technical 
problems. 

If you require additional copies of this bulletin or fur t her information, 
please contact the Service Parts Department at your convenience. 

Sincerely, 

Robert F. Buck, Manager 
Service Parts Department 

HARRIS C ORPORATION P. 0. Box 4290, Quincy, Illinois 62301 217 / 222-8200 
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RECOMMENDED SPARE PARTS KIT FOR MS15 50/60 HZ - 994-8130-001 

PART NUMBER 

* 380-0116-000 
* 380-0126-000 
* 380-0187- 000 
* 380- 0189-000 
* 380-0190-000 
* 380-0319-000 
* 380-0421-000 
* 380- 0536-000 
* 380-0556-000 
* 380-0557-000 
~"( 380-05 70-000 
* 380-0571-000 
* 382-0034-000 
* 382-0082-000 
* 382-0121-000 
* 382-0148-000 
* 382-0162-000 
* 382-0174-000 
* 382-0359-000 
* 382-0360-000 
* 382-0415-000 
* 382-0428-000 
* 382-04 72-000 
* 382-0523-000 
* 382-0527-000 
* 382-0532-000 
* 382-0541-000 
* 384-0020-000 
* 384-0205-000 
* 384-0284-000 
* 384-0321-000 
* 384-043l-OOO 
* 384-0564-000 
* 384-0610-000 
* 384-0661-000 
* 384-0664-000 
* 386-0077-000 
* 386-0092-000 
it 386-0366-000 
* 386-0391-000 

398-0020-000 
430-0098-000 
464-0026-000 
574-0161-000 
606-0547-000 

DESCRIPTION 

Transistor 2N3866 
Transistor 2N4403 
Transistor 2N6055 
Transistor 2N3904 
Transisto r 2N3906 
Transistor MPS Al4 
Transistor 2N4258 
Transistor 2N5179 
Transistor B-3-28 
Transistor B-25-28 
Transistor MFE 131 
Transistor 
IC SN7493AN TI Only 
Integrated Ckt 
Integrated Ckt 
Integrated Ckt 
Integrated Ckt 
Integrated Ckt 
Ckt Int MC7815CT 
Ckt Int MC7915CT 
Ckt Integrated 
Ckt Integrated 
Ckt Integrated 
Ckt Integrated CMOS 
IC Regulator 
Ckt Integrated 
Ckt Integrated 
Rectifier IN4005 
Diode Silicon 1N914 
Diode 10D4/1N2070 
Diode, Hot Carrier 
Rect. 1N4001 
Rect., Bridge 6A 600 
Led, Green 
L. E. D. Green 
L . E . D • Ye 11 ow 
Diode Zener 1N4749A 
Diode Zener 1N4744 
Diode, Zener 1N5359A 
Diode Zener 1N2821A 
Fuse JAG Fast 3A 250 
Fan, Tubeaxial 
Tool, Alignment 5284 
Relay 4PDT 24 voe 
Circuit Breaker 2A 

QTY 

2 
1 
2 
2 
l 
2 
1 
2 
1 
1 
2 
1 
l 
l 
2 
l 
2 
l 
2 
2 
2 
2 
2 
2 
l 
2 
l 
2 
3 
2 
4 
4 
2 
2 
2 
l 
2 
1 
1 
l 
5 
1 
1 
1 
1 

TOTAL 

EXT. SELL 

6.60 
.45 

6.50 
.70 
.35 

l. 20 
.60 

3.30 
23.25 
41. 05 
4.30 
2.95 
l. 20 

. 85 
l. 20 
l.30 
J. 10 
5.50 
4.50 
6.00 
4.30 
2.40 
4.40 
l. 70 
7.80 
2.30 

11. 75 
.80 
.75 

l.80 
10.40 

LOO 
39 . 30 
4. 70 
3.00 
l. 95 
l. 50 

.45 
l. 70 

19.85 
2.00 

101. 00 
4.80 

14. 55 
43 . 45 

402.55 

* - Starred items make up our r e commended semi-conductor kit (990-0917-001) 
that sells for $236.75 . 

_,_ 
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The Modules o r subassemblies we s t ock, sell, and exchange for the MS-15 
exc ite r and its ' options are listed below for your convenience. New 
units have a zero (0) in the e ighth digit of the part numbe r while 
reconditioned units have a nine ( 9) in the e ighth digit. The recon
dit ioned units sell for eighty percent of the new unit lis t price and 
are usually available, but we do not accept back orders for r econditioned 
units. This i s due t o the unpredic table lead time t o obtain one, since 
we have no way of knowing when a defect ive one will be returned to us 
f r om a previous transaction . Some custome r s pay fo r these exchange units 
and keep them as spar es, after r epairs. The Modules are: 

PART NUMBER 

992-4978-001 
992-4981-001 
992-4982-001 
992-4985-001 
992-4987-001 
992- 5000-001 
994-7992-001 
994-8019-001 
994-8020-001 

DESCRIPTION 

RF Power Amplifier 
DC Metering Board 
AC Metering Board 
Auto Freq. Control 
Mod. Oscillator 
Power Supply Board 

*SCA Gen. (Optional ) 
*Mon Aural Modu l e (Optional) 
*Stereo Gen. (Optional) 

PRICE 

$ 814.00 
113 ,00 
414.00 
653.00 
620.00 

91. 20 
11075.00 
1 J200 . 00 
3,600.00 

lf you have any of the three options(*) listed above i n your MS-15 Exciter, 
you may also want to purchase spare semi conductors for them as some of the 
semiconductors in these options a r e not included in the regular MS-15 Kits. 
The recommended semiconductors for the MS-15 opt i ons are: 

PART NUMBER DE SCRIPT lON PRICE 

990-0919-001 Recommended Semiconductor Kit 129.50 
fo r Stereo Gen 

990-092 l -001 Recommended Semiconductor Kit 58. 75 
for SCA 

990-0923-00J Recommended Semiconductor Kit 44.75 
fo r Monaural 

lf you prefer to select additiona l semiconductors t o stock from any of the 
above l ists, we will send you priced breakdowns of any lists you desire upon 
request . 

-2-
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HARRJS ~ ...... - - MANUAL CHANGE NOTICE 
a1ARRIS COkPQAA TION B r O JV~cMI ProoJct• 0n,,_....,. 

- 23 H,.,....,,,_.,., St,...-t Ov,ney. tu,"°"' 62301 

• 

• 

PUBLICATI ON NO. 888 1742 001 

PUBLICATI ON DATE June 1977 REVISED --~J~v~o~Je,.__1~9~?~91...--------

lTEM MS - 15 FM Excit<:'r MODEL 994 7950 QQJ SERIAL - -------

INSTRUCTIONS : No t e indica t ed changes to manual. 
File CHANGE NOTI CE in front of manual. 

CHANGE NO . DATE AUTHORITY 

1. 8/17/79 ENGINEER 
REQUEST 

REASON 

la . Replace Page 5-7 . 
(New Copy Attached) 
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5-34. Once the troub le i s isolated to a specific area, refer t o the 

theory section of this manual fo r circuit discussion to aid in problem reso

luLion. Table 5- 1 lis ts typi cal trouble symptoms pertaining to the overall 

exd ter opcr-ation wi th r eferences to · fault i solation diagrams listing pro

bable causes and corrective a c t lons . A corrective action given for a trouble 

sympLom ls not necessarily the only answer t o a problem, it only tends to lead 

the repairman into th e area thdt may b e causing the trouble. If a particular 

MS- IS module i s dete rmined faulty , a referen ce to the individual module main

t e11nnce publicat i on will he lis ted. In event pa rts are required , refer to 

Section V[ , Parts Lis t. 

5-J'; . COMPONENT REPLA<'EMENT. The circuit boards used in the MS-15 

a rc of the doublc-si d£>d pla t ed tltrough t ype. This meons that the re are traces 

on bo th S itk!:l of the boa rtl an cl the through- holes contain a me tallic plating . 

Because o[ t he plated-through holes , solder creeps up into the hole. This 

r equires a more sophisticat0d technique for component removal in order to 

avoid damage to the traces on the board. Excessive heat of any point Ol1 the 

board wi.ll cau5e da111:1gt:'.! . 

5-36. To r eniove a component from a double-sided board, the leads of 

the defective component shoul d be cut from the bo~y while the l eads are still 

soldered t o the board . The component is then discarded and each l ead is heat

ed lndepcntlenLly aud pull ed out of the hole. Each hole may then be cleared 

of solder by carefully heat ing with a l ow wattage iron and removing the. r es

idual saltier with a solder vacuum tool. 

5-37. The new componen t i.s installed in the usual way and soldered 

from the bottom side of the board. If no damage has been done to the plated

through ho le, solde ring of the top side is not required. However , i f the 

removal procedure did not progress smoothly , each lead s hould be soldered at 

the top side to prevl'n t potent ial intermittent. problems . 

5- 18. AfLer soldering r emove residual flux. There are solvents 

available in electronic supply houses which are useful. The board should then 

be checked t o ens ure the de fluxing operation has removed the flux and not just 

smeared it about so t haL it i s less visible. While rosin flux i s not normally 

corrosive , it will absorb moisture and become conductive e nough to cause de

t erioration in specificarlons over a period of time. 

5-39. TECHNICAL AS SI STANCE. 

5-40. Technical assistance and troubleshooting r ecommenda tions are 

available fro m Harr i s Field Service Department during norma l working hours . 

Eme rgency t echnical service i s available 24 hours a day . Telephone 217/222-

8200 t o contact the Field Service Depart;ment or add_ress correspondence to 

Fie l d Service Department , Harris Corporation Broadcast Produc t s Division , 

123 Hampshire Street , Quincy , Illinois 6230 1, USA. 

5-7 
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Rev. A: 12/77 

Table 5-1 . MS-15 Fault I solation Index 

SYMPTOM DEFECT/REFERENCE 

NO RF CARRIER OUTPlIT Figure 5-1 

RF CARRIER LEVEL WILT. NOT ADJUST Defective RF AMP. module. · Refer to 
publication 888 1742 009 . 

INADEQUATE CARR!ER LEVEL OUTPUT 

FREQUENCY CONTROL CIRCUIT WILL 
NOT LOCK (AFC/PLL MODULE LOCK 
I NDICATOR NOT I LLU}ITNATED) . 

EXCITER OFF FREQUENCY (AFC/PLL 
MODULE LOCK INDICATOR ILLUMI
NATED) . 

HIGH AUDIO DISTORTION I N BOTH 
STEREO CHANNELS 

HIGH AUDIO DISTORTION IN ONE 
STEREO CHANNEL 

NOISY AUDIO 

AM NOISE ON RF CARRIER 

NO MODULATION 

CIRCUIT BREAKER CB- 1 OPENS 

5-8 

Figure 5-2 

Figure 5-3 

Defective AFC/PLL module . Refer to 
publica tion 888 1742 007 . 

Figure 5- 4 

Defec tive STEREO ANALOG m9dule. Refer 
t o publication 888 174l 005 . 

Figure 5-5 

Figure 5-6 

Figure 5-7 

Figure 5-8 

WARNING: Disconnect primary power prior to servicing. 
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WARNING 

THE CURRENTS AND VOLTAGES IN THIS 
EQUIPMENT ARE DANGEROUS. PERSONNEL 
MUST AT ALL TIMES OBSERVE SAFETY 
REGULATIONS. 

This manual is intended as a general guide for trained and qualified 
personnel who are aware of the dangers inherent in handling potentially 
hazardous e lectrical/electronic circuits , It is not intended to contain a 
complete statement of a 11 safety precautions which should be observed by 
personnel in using this or other electronic equipment . 

The installation, operation, maintenance and service of this equipment 
involves risks both to personnel and equipment, and must be performed only 
by qualified personnel e xercising due care. HARRIS CORPORATION shall not be 
responsible for injury or damage resulting from improper procedures or from 
the use of improperly trained or inexperienced personnel performing such 
tasks. 

WARNING 

ALWAYS DISCONNECT POWER BEFORE OPENING 
COVERS, DOORS, ENCLOSURES, GATES, 
PANELS OR SHIELDS. ALWAYS USE 
GROUNDING STICKS AND SHORT OUT HIGH 
VOLTAGE POINTS BEFORE SERVICING. NEVER 
MAKE INTERNAL ADJUSTMENTS, PERFORM 
MAINTENANCE OR SERVICE WHEN ALONE OR 
WHEN FATIGUED. 

Do not remove, short- circuit or tamper with interlock switches on access 
covers, doors, enclosures, gates, panels or shields . Keep away from live 
circuits, know your equipment and don't take chances . 

FIRST-AID 

Personnel engaged in the installation, operation, maintenance or serv1.c1.ng 
of th is equipment are urged to become familiar with first-aid theory and 
practices. The following information is not intended to be complete 
first-aid procedures, it is brief and is only to be used as a reference. It 
is the duty of all personnel using the equipment to be prepared to give 
adequate Emergency First Aid and thereby prevent avoidable loss of life . 

ii 

WARNING 

IN CASE OF EMERGENCY ENSURE THAT POWER 
HAS BEEN DISCONNECTED. 

Rev . E: 3/81 
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Treatment of Electrical Shock 

l. If victim i s no t res ponsive follow the A-B-Cs of basic life support. 

PLACE VICTIM FLAT ON HIS BACK ON A HARD SURFACE 

@ AIRWAY 

IF UNCONSCIOUS, 
OPEN AIRWAY 

LIFT UP NECK 
PUSH FOREHEAD BACK 
CLEAR OUT MOUTH IF NECESSARY 
OBSERVE FOR BREATHING 

CHECK CAROTID PULSE 

IF PULSE ABSENT, 
BEGIN ARTIFICIAL 
CIRCULATION 

© CIRCULATION 

@ BREATHING 

IF NOT BREATHING, 
BEGIN ARTIFICIAL 
BREATHING 

TILT HEAD 
PINCH NOSTRILS 
MAKE AIRTIGHT SEAL 

4 QUICK F\JLL BREATHS 

REMEMBER MOUTli TO MOUTH RESUSCITATION 
MUST BE C01+£NCED AS SOON AS POSSIBLE 

{

TwO RESCUERS 
APPROX. 5 COMPRESSIONS 
60 SEC, 1 BREATH 

NOTEi DO NOT INTERRUPT RHYTHM OF COMPRESSIONS 
WHEN SECOND PERSON IS GIVING BREATH 

Call for medical assis tance as soon as possible. 

2. If vi c tim i s responsive. 

a. 
b • 
c. 

keep them warm 
keep them as quiet as possible 
loosen their c lothing 
(a reclining position is recommended) 

Rev. E: 3/81 iii 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Treatment of Electrical Burns 

l. Extensive burned and broken skin 

2 . 

a. Cover area with clean sheet or cloth. (Cleanest available 
cloth article . ) 

b. Do not break blisters, i:-emove tissue, remove adhered particles 
of clothing, or apply any salve or ointment. 

c. Treat victim for shock as required. 
d . Arrange transportation to a hospital as quickly as possible . 
e. If arms or legs are affected keep them elevated . 

NOTE 

If medical help will not be available 
within an hour and the victim is 
conscious and not vomiting, give him a 
weak solution of salt and soda: 1 
level teaspoonful of salt and 1/2 level 
teaspoonful of baking soda to each 
quart of water (neither hot or cold) . 
Allow victim to sip slowly about 4 
ounces (a half of glass) over a period 
of 15 minutes . Discontinue fluid if 
vomiting occurs. (Do not give alcohol . ) 

Less severe burns - (1st & 2nd degree) 

a. Apply cool (not ice cold) compresses using the cleanest 
available cloth article. 

b . Do not break blisters, remove tissue, remove adhered 
particles of clothing, or apply salve or ointment . 

c. Apply clean dry dressing if necessary. 
d. Treat victim for shock as required. 
e . Arrange transportation to a hospital as quickly as possible. 
f. If arms or legs are affected keep them elevated . 

REFERENCE: ILLINOIS HEART ASSOCIATION 

iv 

AMERICAN RED CROSS STANDARD FIRST AID AND PERSONAL SAFETY MANUAL 
(SECOND EDITION) 

Rev . E: 3/81 
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1- 1. INTRODUCTION . 

SECTION I 

GENERAL DESCRIPTION 

1-2. This technical manual contains information necessary to install, 
operate, maintain, and service the MS-15 FM Exciter. Sections in this tech
nical manual provide the following information: 

a. SECTION I, GENERAL DESCRIPTION , provides a description of 
equipment features, identifies,major components, and lists operating param
eters and specifications . 

b . SECTION II , INSTALLATION, provides unpacking , inspection, 
and installation information, preoperational checks, and power on checks to 
ensure correct operation. 

c . SECTION III. OPERATION, identifies controls and indicators 
and provides equipment setup and operation. 

d. SECTION IV, PRINCIPLES OF OPERATION , provides a functional 
description and detailed block diagram with theory of operation • 

e. SECTION V, MAINTENANCE, provides preventive and corrective 
maintenance information and troubleshooting with instructions for equipment 
servicing. 

f. SECTION VI , PARTS LIST, provides information for ordering 
replacement components and assemblies. 

g . SECTION VII, DIAGRAMS, provides block, logic, schematic 
diagrams, and other drawings required for equipment maintenance. 

1-3. EQUIPMENT PURPOSE. 

1-4 . The Harris MS-15 FM exciter (figur e 1-1) produces a 15 watt maxi-
mum frequency modulated signal into a 50 ohm load on any channel in the 87.5 
MHz to 108 MHz commercial FM broadcast band. Operational modes include up t o 
two SCA channels, monophonic , stereophonic, and provisions for quadraphonic 
transmission . 

1-5. PHYSICAL DESCRIPTION. 

1-6. The MS-15 exciter is both electrically and mechanically modular 
in concept. Each discrete function is implemented within individual plug-in 
modules. Each module is provided with an insertion/extraction lever to 
aid in module servicing . All modules are placarded with nomenclature 
to prevent use in the incorrect slot. A hinged front panel drops down to 
access the chassis mounted and non-modular components such as the input and 

1- 1 

IA/ ANIN ~· n1,:u~nnnP.r. t nrim~rv oo P.r onor to serv1cin . 
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Figure 1-1. MS-15 FM Exciter 

• 1-2 
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output RFI filters, the metering circuits , and the power supply components • 
The entire exciter mounts in 14 vertical inches of standard 19 inch rack 
space. 

1-7. FUNCTIONAL DESCRIPTION. 

1-8. The Harris MS-15 exciter produces a frequency modulated output 
continuously variable from three to 15 watts for any channel assignment 
within the 87.5 to 108 MHz commercial FM broadcast band (see figure 1-2). 
Servicing is simplified as the exciter is modular in concept and discrete 
functions are complete within individual plug-in modules. The metering 
panel contains a true peak reading audio meter and a multimeter which mon
itors important audio, RF, and control voltages. Light emitting diode 
status indicators monitor critical functions on each plug-in module. Many 
design features provide operational characteristics superior to conventional 
FM equipment. 

1-9. STEREOPHONIC OPTION. 

1-10. The stereophonic option consists of the STEREO DIGITAL module , 
the STEREO ANALOG module, and the STEREO OVSC module. Features of the 
stereophonic option are discussed in the following text. 

1- 11. DIGITALLY SYNTHESIZED MODULATION (DSM) STEREOPHONIC GENERATOR. 
The STEREO ANALOG and STEREO DIGITAL modules comprising the DSM stereophonic 
generator eliminate the compromise existing between other popular types of 
stereophonic generators. The switching type of stereophonic modulator pro
duces poor separation at high frequencies . Poor harmonic rejection and SCA 
crosstalk are problems experienced with the balanced modulator type of 
stereophonic generator. The Harris developed DSM stereophonic generator 
typically produces 45 dB of stereophonic signal separation from 20 Hz to 
15 kHz with an exceptionally clean baseband signal which promotes minimal 
interaction between sterophonic and SCA service. An automatic phase control 
circuit adjusts the stereophonic pilot phase to maintain stereophonic signal 
separation. Selectable FLAT, 25, 50 , and 75 microsecond preemphasis is pro
vided for use as desired. 

1-12. DYNAMIC TRANSIENT RESPONSE (DTR) FILTER. A Harris developed 
low-pass filter comprising the STEREO OVSC module operates independently 
of limiters or stereophonic generators to limit the overshoot on FM stereo
phonic or future quadraphonic transmission to two percent maximum on any 
input program material processed by any limiter. The filter is transparent 
to audio within +o.S dB of its passband of 30 Hz to 15 kHz and provides over 
50 dB of attenuation at 19 kHz and above. The filter inaudibly reduces mod
ulation overshoots to less than two percent. Typically, elimination of over
shoot allows a two to six dB increase in loudness with no other audible 
effec t . 

WARNING: Disconnect primary power prior to servicing. 
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1-13. MONOPHONIC OPTION. 

1-14. When the monaural option is used, the three stereophonic mod-
ules must be r emoved and the MONO module plugged into the STEREO ANALOG 
module position. Solid state input circuitry provides high common mode 
rejection and selectable pre-emphasis similar to the stereophonic module 
is provided. A built-in defeatable linear-phase low-pass filter provides 
optimal linear control of overshoot and protects the 41 kHz and/or 67 kHz 
SCA channels. 

1-15. SCA OPTION. 

1-16. High quality SCA is provided by dual frequency SCA generators 
which operate at frequencies of 41 kHz or 67 kHz. The filter includes a 
seven pole Butten1orth audio low-pass filter which allows use of full 150 
microsecond pre-emphasis without degrading SCA to stereophonic isolation. 
Band-pass filters allow both the 41 kHz and 67 kHz SCA channels to be op
erated simultaneously without harmonic interference. Modulation can be 
DC coupled to allow SSTV and data transmission without special outboard 
units. Selectable manual or automatic variable level muting and selec
table pre-emphasis are provided. 

1-17. FREQUENCY SYNTHESIZER . 

1- 18. All FM channels are synthesized from a highly stable 10.0 mHz 
temperature compensated crystal oscillator (TCXO) in the AFC/PLL module 
which eliminates requirements for an oven, thereby reducing warmup time to 
zero . Channel frequency is field programmable in 50 kHz increments to ac
commodate future domestic or international channel assignments. As the 
frequency reference is obtained from 10.0 mHz, Stations may compare their 
frequency directly with a broadcast frequency standard such as WWV for 
calibration. A front panel test point provides a convenient point for 
frequency comparisons using a short-wave receiver. 

1-19 . A phase locked loop with dual char acteristics provides frequency 
correction and reduces frequency lockup time to a minimum. The loop employs 
high rate feedback control when power is turned on as the loop is initially 
unlocked. As soon as the lock detector perceives lock, l oop correction is 
slowed for optimum transmission of low frequencies . 

1-20 The broadbanded MOD OSC module VCO assembly and a synthesizer 
with a wide lockup range delete the requirement for a center frequency ad
justment. A predistortion network modifies the incoming signal and linear
izes the VCO output to less than 0.1% distortion. The VCO assembly out
put is amplified to a 250 milliwatt level as required t o drive the RF AMP 
module . 

1-7 
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1-21. AUTOMATIC LEVEL SWITCHING. 

1- 22 . With many comparable systems, main channel loudness is sacri-
ficed when the SCA channels mute or when the transmission mode is switched 
between monaural and stereophonic service. With the Harris automatic level 
switching circuit, discrepancies in total modulation caused by pilot and 
SCA injection are noiselessly compensated by an automatic composite gain 
switcher in the MOD OSC module which maintains 100% peak modulation for all 
standard combinations of stereophonic , monaural, L , R, or L+R, and 0, 1 , or 
2 SCA channels. 

1-23. QUADRAPHONIC OPTION . 

1-24. Because of the extremely clean baseband provided by the DSM 
system of stereo generation and the stable digitally synthesized nature of 
the system, compatibility with any of the proposed discrete quadraphonic 
transmission systems is assured. The Harris MS-15 FM exciter mainframe is 
already wired for plug-in quadraphonic modules, facilitating the transition 
from stereophonic to quadraphonic transmission. 

1-25. POWER AMPLIFIER. 

1-26. The RF AMP module is broadbanded from 87.5 MHz to 108 MHz and 
requires no tuning. An AGC circuit stabilizes the output power to a level 
which is adjustable from three watts to 15 watts. A VSWR circuit senses 
load faults and provides shutdown to protect the power amplifier from load 
mismatch. Off frequency transmission is prevented by a circuit which auto
matically inhibits RF output whenever the frequency synthesizer loop is in 
an unlocked condition. 

1-27. POWER SUPPLY CIRCUIT. 

1-28. All exciter inputs and outputs, including the power supply AC 
input, are buffered by the RFI/EMI filter with the exception of the SCA- 1 
AUX INPUT (J6), SCA-2 AUX INPUT (JS), COMPOSITE INPUT (J4), and the exciter 
RF OUTPUT (J3) which interface via coaxial (shielded) lines. 

1-29. Switch Sl and circuit breaker CBl provide power supply overl oad 
protection and control. A fan which operates when power is on provides cool
ing of internal high power components. The oower supply develops a positive 
34 Vdc potential fused at three amperes which operates the RF AMP module. 
Preregulated +20 Vdc potentials and a regulated positive five volt DC 
potential are also produced to operate the remaining portion of the 
exciter internal circuitry. 

1-30. 

1-31. 

EQUIPMENT CHARACTERISTICS. 

ELECTRICAL CHARACTERISTICS. 

1-32. Table 1-1 lis t s electrical operating characteristics and param-
eters of the MS-15 FM exciter. 

1-8 

WARNING: Disconnect primary power prior to servicing . 
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MECHANICAL/ENVIRONMENTAL CHARACTERISTICS. 1-33. 

1-34. Table 1-2 lists physical and environmental characteristics of 
the MS-15 FM exciter • 

1-9 

WARNING: Disconnect primary power prior to servicing. 
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Table 1-1. Electrical Characteristics 

FUNCTION 

GENERAL 

Primary Power Requirements 

RF Power Output 

RF Output Impedance 

RF Frequency Range 

RF Carrier Frequency Stability 

RF Harmonic Suppression 

RF Power Amplifier Bandwidth 

Type of Modulation 

Modulation Capability 

Metering: AC 

DC 

MONAURAL OPTION 

Audio Input Impedance 

Input Filter 

Audio Input Level 

CHARACTERISTIC 

100 to 130 Vac or 200 to 250 Vac , 
50/60 Hz, single phase, 150 watts 

3 watts to 15 watts, continuously 
variable 

SO ohms, open and short circuit 
protected 

87.5 to 108 MHz (programmable 50 kHz 
channel spacing) 

+300 Hz or less from o0 c to so0 c 
(TXCO) 
Drift: ±200 Hz per year or less 

53 dB or greater (meets FCC 
requirements for 10 watt educational) 

Linear +l dB (87. 5 to 108 MHz at 
15 watt output) 

Direct Carrier Frequency Modulation 
(DCFM) 

±100 kHz from center frequency 

10 circuit parameter peak reading 

10 circuit Parameter 

600 ohms balanced , resistive 
(adaptable to other impedances) 

Linear phase low-pass filter , 
defeatable 

+10 dBm +1 dB for inn% modulation 
at 400 Hz 

ELECTRICAL CHARACTERISTICS SUBJECT TO CHANGE WITHOUT NOTICE 
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Table 1- 1. Electrical Characteristics (Continued) 

FUNCTION 

MONAURAL OPTION (cont ' d) 

Audio Frequency Response 

Harmonic Distortion 

FM Noise 

AM Noise 

STEREOPHONIC OPTION 

Type of Modulation 

Audio Input Impedance 

Audio Input Level 

Audio Frequency Response 

Input Filtering 

Overshoot Protection 

CHARACTERISTIC 

Standard 75 microsecond FCC pre
emphasis curve +0.5 dB from 30 Hz to 
15,000 Hz. 
Selectable: flat, 25, 50, or 75 
microsecond pre-emphasis 

0.2% or less from 30 Hz to 15,000 Hz 

0.2%, 60/7000 Hz, 4 :1 ratio 

68 dB below 100% modulation (ref. 
400 Hz@ +75 kHz deviation, measured 
30 Hz to 15 kHz with 75 microsecond 
de-emphasis) 

70 dB below reference carrier AM 
modulation 100%, at 15 watt power 
output 

Digitally Synthesized Modulation 
(DSM) 

(left and right) 600 ohms balanced, 
resistive (adaptable to other 
impedances) 

(left and right) +10 dBm +l dB for 
100% modulation at 400 Hz 

(left and right) Standard 75 micro
second, FCC pre-emphasis curve ±0,5 
dB from 30 Hz to 15,000 Hz, 
Selectable : flat, 25, 50 or 75 
microsecond pre-emphasis 

15 kHz LPF, Greater than 45 dB re
jection at 19 kHz and above . 

Dynamic Transient Response (DTR) 
filter 

ELECTRICAL CHARACTERISTICS SUBJECT TO CHANGE WITHOUT NOTICE 

1- ll 
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Table 1-1. Electrical Characteristics (Cont inued) 

FUNCTION CHARACTERISTIC 

STEREOPHONIC OPTION (cont 1 d) 

Audio Transient Response 

Harmonic Distortion 

IMO 

FM Noise 

Pilot Oscillator 

Pilot Stability 

Pilot Phase 

Stereo Separation 

Dynamic Stereo Separation 

Crosstalk 

Sub-Carrier Suppression 

76 kHz Suppression 

Modes 

2% maximum overshoot beyond steady 
state. Defeatable for test purposes . 

(left or right) 0.4% or less f rom 
30 Hz to 15,000 Hz 

0.4%, 60/7000 Hz, 4:1 ratio 

(left or right) 65 dB minimum below 
100% modulation. Reference (400 Hz, 
75 microsecond de-emphasis, +75 kHz 
deviation, measured 30 Hz to-15 kHz) 

Crystal controlled 

19 kHz +l Hz, oo to 50° C 

Automatically controlled 

45 dB minimum from 30 Hz to 15,000 H~ 

40 dB minimum under normal program
ming conditions 

(main to stereo sub-channel or sterec 
sub-to-main channel) 45 dB below 
90% modulation 

60 dB minimum below 100% Modulation 

60 dB minimum below 100% modulation 

Stereo, mono L + R, mono L, mono R 
(remotable) 

SCA OPTION 

1-12 

Modulation 

Frequency 

Direct FM 

41 or 67 kHz programmable, any fre
quency between 25 and 75 kHz on spe
cial order 

ELECTRICAL CHARACTERISTICS SUBJECT TO CHANGE WITHOUT NOTICE 

WARNING: Disconnect primary power prior to servicing, 
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Table 1-1. Electrical Characteristics (Continued) 

FUNCTION 

SCA OPTION (cont ' d) 

Frequency Stability 

Modulation Capability 

Audio Input Impedance 

Audio Input Level 

Audio Frequency Response 

Input Filtering 

Distortion 

FM Noise 

Crosstalk 

Crosstalk 

Crosstalk 

Automatic Mute Level 

Mute Delav 

CHARACTERISTIC 

+500 Hz 

+7 .5 kHz 

600 ohms balanced (AC coupled) and 
2000 ohms unbalanced (DC coupled, 
BNC connectors on rear panel) 

+10 dBm +1 dB for 100% modulation 
at 400 Hz 

150 microsecond pre-emphasis +l dB, 
standard. Selectable: flat,-50, 
75 or 150 microsecond pre-emphasis 

Programmable LPF, 4.5 kHz standard 

Less than 1% from 30 Hz to 4.500 Hz 
at +5 kHz deviation 

(Main channel not modulated) 55 dB 
minimum (ref: 100% = +5 kHz 
deviation at 400 Hz) 

(SCA to main or stereo sub-channel) 
-60 dB or greater 

(Main or stereo sub-channel to SCA) 
50 dB below +5 kHz deviation of SCA, 
with mono or stereo channels modu
lated by frequencies from 30 Hz to 
15,000 Hz. SCA demodulated with 150 
microsecond de-emphasis 

SCA t o SCA (41 kHz/67 kHz) 50 dB 
demodulated with 150 microsecond 
de-emphasis 

Variable from Oto -30 dBm 

ELECTRICAL OtARACTERISTICS SUBJECT TO CHANGE WITHOlIT NOTICE 

WARNING: Disconnect primary power prior to servicing. 
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Table 1-1. Electrical Characteristics (Continued) 

FUNCTION 

SCA OPTION (cont 'd) 

Injection Level 

WIDEBAND INPUT 

Input Impedance 

Input Level 

Amplitude Response 

Phase Linearity 

CHARACTERISTI C 

Adjustable from 1% to 30% 
composite 

Greater than 5000 ohms resistive , 
unbalanced 

1.0 VRMS nominal for +75 kHz -deviation 

+0 . 25 dB from 30 Hz to 75 kHz 

+2° from 30 Hz to 75 kHz 

ELECTRICAL CHARACTERISTICS SUBJECT TO CHANGE WITHOUT NOTICE 
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Table 1-2. Mechanical/Environmental Characteristics 

FUNCTION CHARACTERISTIC 

Weight 51 pounds (23.13 kg), Net unpacked* 
60 pounds (27.21 kg), Net packed* 

Size Width, 19 inches (48.26 cm) 
Depth, 12 inches (30. 48 cm) 
Height, 14 inches (35.36 cm) 

Operating Temperature Range 

Maximum Altitude 

Maximum Humidity 

Required Mounting Space 

Cooling Air Requirements 

*Depends on module complement 

o0 c to so0 c. Usable to -20°C with 
slight reduction in operating para
meters. 

15,000 feet (4572 meters) above sea 
level 

95%, non condensing 

14 inches (35.65 cm) of standard 19 
inch (48.26 cm) rack 

122 ft 3/minute (3.17 m3/minute) 

1-15/1-16 
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2-1. INTRODUCTION. 

SECTION II 

INSTALLATION 

2-2. This section contains information required to unpack, inspect, 

and install the MS-15 FM exciter. Preoperational checks and power on checks 

will ensure correct exciter operation. Components or modules removed from 

the exciter after final test, for transport, are tagged and provided with 

appropriate instructions for reinstallation. 

2-3. UNPACKING. 

2-4. Carefully unpack the MS- 15 FM exciter and perform a visual in-

spect ion to determine that no apparent damage was incurred during shipment. 

Retain the shipping materials until it has been determined that the unit is 

not damaged. The contents of the shipment should be as indicated on the 

packing list. If the contents are incomplete or if the unit is damaged 

electrically or mechanically, notify the carrier and Harris Corporation 

Broadcast Products Division. 

2- 5 . All packing materials must be removed from the equipment and 

the modules. The removal of components varies due to the method and r e

quirements for shipment. All removed components are tagged to permit easy 

reinstallation in the equipment. Symbol numbers and descriptions are pro

vided on each removed component corresponding to the schematic diagram, 

parts list, packing list and a reference designator or nomenclature sten

ciled at the cabinet location of each removed item. Cables and small parts 

may be taped or tied in place for shipment. Remove all tape, string, and 

packing materials used for this purpose. Install any removed components 

in the interior of the cabinet and arrange the modules in a separate con

tainer according to the order in which each module installs in the equip

ment . 

2-6. INSTALLATION. 

2-7. Prior to installation, the manual should be carefully studied 

to get a thorough understanding of the principles of operation, circuitry 

and nomenclature. This will facilitate proper installation and initial 

checkout. Installation of the MS-15 FM exciter will be accomplished in 

four steps: 1) exciter placement, 2) module installation, 3) exciter wiring, 

and 4) preliminary checkout. 

2-8. EXCITER PLACEMENT, 

2-9. The Harris MS-15 FM exciter is manufactured to directly retrofit 

the Harris TE-3 FM exciter or any similiar FM exciter. The exciter requires 

14 vertical inches of standard 19 inch rack space and should be placed in a 

location which provides convenient access to the rear panel near power, RF, 

and control cables . As cooling air enters the equipment through vents in the 

2-1 
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bottom panel, the exciter should not be placed directly above heat generat
ing equipment such as an amplifier stage . The equipment is thoroughly RFI 
shielded and no special isolation precautions are required. 

2-10. MODULE INSTALLATION. 

2-11. Several modules require jumper-plug programming which initial-
izes the module to operate in a predetermined mode at power application. 
Refer to table 2-1 and ensure each jumper listed is correctly installed in 
each respective module to produce the desired mode of operation. After the 
module programming is completed, each module should be inserted in i t s re
spective slot in the exciter case . 

2-12. EXCITER WIRING. 

2-13. External wiring of the exciter will differ between units de-
pending upon the options purchased with each individual exciter. Refer to 
table 2-2 and figure 2-1 for information required to connect inputs, remote 
control lines, and monitoring equipment to the FM exciter. 

2- 14. After wiring of the inputs, control lines, and monitoring equip-
ment is completed, the following additional external connections must be 
made. Power connections will be wired last. 

a . GROUND : Connect the GND LUG terminal on the rear of the 
exc iter to station ground. 

b. RF LOAD: Connect the exciter load to the RF OUTPUT son 
terminal (J3) on the rear of the exciter. 

c . COMPOSITE INPUT: If a composite input is t o be used with 
the exciter, connect the input to the COMPOSITE INPUT terminal (J4) on the 
rear of the exciter. 

d, SCA AUXILIARY INPUT: If an auxiliary SCA input such as 
teletype is required, connect the inputs to SCA-1 AUX INPUT (J6) and SCA-2 
AUX lNPUT (J5) as necessary. 

WARNING I 
Do not apply power to the exciter in step e . 

e. PRIMARY AC: Prepare plug P2 for connection to either 115 
Vac or 230 Vac as shown in figure 2-2. After the plug is correctly wired 
to either the 115 Vac or the 230 Vac configuration, connect plug P2 to 
the AC POWER input on the exciter rear (J2). Do not connect the power cord 
to the AC source at this time. 

2-2 

WARNING: Disconnect primary power prior to servicing . 
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• MODULE 

SCA 1 and SCA 2 

STEREO DIGITAL 

• STEREO ANALOG 

MONO 

• 

Rev. A: 12/77 

Table 2-1. Module Programming 

JUMPER 

Jl 
J2 
J3 
J4 

J5 

Jl 

J2 

Jl 

J2 

J3 

J4 

J5 

J6 

Jl 

J2 

NOMENCLATURE 

41 KHZ/67 KHZ 
41 KHZ/67 KHZ 
41 KHZ/67 KHZ 
POWER UP: 

OFF/ON/AUTO 

PREMPH: 
150/75/50/0 

POWER UP: 
STEREO/LEFT/ 
RIGHT/L+R 

SCA INTERLOCK 

PURPOSE 

Selects SCA frequency. 
Selects SCA filter freq. 
Selects SCA filter freg. 
Determines operational 
status at power application 

Selects SCA input pre
emphasis . 

Selects the mode in 
which the module will 
initialize when power is 
applied. 

L+R/LEFT/RIGHT Selects monaural mode 
STEREO DIGITAL module will 
enter if simultaneous 

FLAT/25/50/75 

FLAT/25/50/75 

DTR/INT 

DTR/lNT 

DTR/INT 

DTR/INT 

A/B/C/D 

A/B/C/D 

41 KHZ SCA and stereophonic 
operation is attempted. 

Selects stereo input pre
emphasis. 
Selects stereo input pre
emphasis. 
Selects the internal low 
pass filter or enables the 
DTR filter. 
Selects the internal low 
pass filter or enables the 
DTR filter. 
Selects the internal low 
pass filter or enables the 
DTR filter. 
Selects the internal low 
pass filter or enables the 
DTR filter . 

Selects mono input pre
empbasis. A: 75 us 

B: 50 us 
C: 25 us 
D: FLAT 

Enables or bypasses the 
linear phase low pass 
filter. 
Enable: A to B, C to D • 
Bypass: A to C, B to D. 

2-3 
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2-4 

TERMINAL 

TBl PIN l 
2 
3 

4 
5 
6 

7 
8 
9 
10 
11 
12 

13 
14 
15 

16 

17 

18 

TB2 PIN 19 

20 

Table 2-2. Exciter Wiring 

NOMENCLATURE 

LEFT FRONT+ 
LEFT FRONT-½-
LEFT FRONT -

RIGHT FRONT+ 
RIGHT FRONT 7 
RIGHT FRONT -

SCA-1 + 
SCA-1 ~ 
SCA-1 -
SCA- 2 OR LEFT REAR+ 
SCA-2 OR LEFT REAR * 
SCA-2 OR LEFT REAR -

RIGHT REAR+ 
RIGHT REAR~ 
RIGHT REAR -

ST. 

L+R 

LEFT MONO 

RIGHT MONO 

ON 

SIGNAL 

(red) 600 ohm balanced audio input 
(shield) mono, stereo left channel, 
(black) or left front channel for 

(red) 
(shield) 
(black) 

(red) 
(shield) 
(black) 
(red) 
(shield) 
(black) 

(red) 
(shield) 
(black) 

future quad transmission. 
600 ohm balanced audio input 
for stereo right channel or 
right front channel for 
future quad transmission. 

600 ohm balanced audio input 
for SCA channel No . 1. 

600 ohm balanced audio input 
for SCA channel No . 2 or left 
rear channel for future quad 
transmission . 
600 ohm balanced audio input 
for right rear channel for 
future quad transmission. 

(STEREO MODE) A momentary contact t o 
ground will cause the equip
ment to transmit in the stereo 
mode. * 

(STEREO MODE) A momentary contact to 
ground will cause the equip
ment to transmit a mono signal 
from both stereo channels .* 

(STEREO MODE) A momentary contact to 
ground will cause the equip
ment to transmit a mono sig
nal from the left stereo 
channel and mute the right 
stereo channel. * 

(STEREO MODE) A momentary contact to 
ground will cause the equip
ment to transmit a mono sig
nal from the right stereo 
channel and mute the left 
stereo channel.* 

(SCA-1 MODE) A momentary contact to 
ground will enable SCA chan
nel No. 1. * 

* See Note 1. 

WARNING: Disconnect primary power prior to servicing. 
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TERMINAL 

TB2 PIN 21 

22 

23 

24 

25 

26 

27 

28 

29 

Table 2-2. Exciter Wiring (Continued) 

NOMENCLATURE SIGNAL 

AlITO (SCA- 1 MODE) A momentary contact to 
ground will enable the SCA-1 
module automatic muting func
tion. (See note 1) 

OFF (SCA-1 MODE) A momentary contact to 
ground will mute SCA chan
nel No . lat all times. * 

ON (SCA-2 MODE) A momentary contact to 
ground will enable SCA chan
nel No. 2 whenever power is 
on. * 

AlITO (SCA-2 MODE) A momentary contact to 

OFF 

(I) 

(V) 

FWD 

REF. 

ground will enable the SCA-2 
module automatic muting func
tion. (See note 1) 

(SCA-2 MODE) A momentary contact to 
ground will mute SCA chan
nel No. 2 at all times. 

(P.A. METER) Provision to monitor samp
led power amplifier collector 
current. A 20 Kohm, 1/4 
watt resistor and a 0-100 
microammeter are required (see 
figure l-1). Three amperes 
of supply current will produce 
full scale meter deflection. 

(P . A. METER) Provision to monitor the 
power amplifier supply volt
age. A 0-30 voltmeter is re
quired (see figure 2-1). 

(R. F. METER) Provision to monitor the 
exciter forward power output 
sensed by the directional 
coupler. A 0-100 microammeter 
is required (see figure 2-1) . 

(R. F. METER) Provision to monitor the ex
citer reflected power sensed by 
the directional coupler. A 
0-100 microammeter is required 
(see figure 2-1) . 

* See Note 1. 2-5 

WARNING: Disconnect primary power prior to servicing. 
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Table 2-2. Exciter Wiring (Continued) 

TERMINAL NOMENCLATURE SIGNAL 

TB2 PIN 30 R.F. INT. A contact to ground will inhibit the 
exciter carrier output until the ground 
is removed. 

* 

31 

32 

33 

34 

35 

36 

SPARE 1 

S.W. COM.+ 

SPARE 2 

S.W.P . S. + 

N.O.AFC.INT. 

N.O.AFC.INT. 

Spare contact. 

A jumper from TB2 pin 34 provides a 20 
Vdc potential to operate the remote 
mode switching circuits (see figure 2-3). 
If remote mode switching is not desired, 
the jumper may be removed. 

Spare contact. 

Provides a 20 Vdc potential to operate 
the remote mode switching circuits 
through a jumper to TB2 pin 32 (see fig
ure 2~3). If remote mode switching is 
not desired, the jumper may be removed . 

Provides one set of normally open con
tacts or relay 2AlA4Kl which close when 
the AFC/PLL module achieves frequency 
lock. The contacts are rated at three 
amperes at 120 Vac. 

NOTES: 

2-6 

1. Remote control requires that terminal 34 (+ S. W. P. S.) be 
jumpered to terminal 32 (+ S. W. COM.) or a positive 12 Vdc to 
28 Vdc potential must be jumpered between the desired terminal 
and terminal 32 (S. W. COM.). 

WARNING: Disconnect primary power prior to servicing. 
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• 
P2 

J2 
AC 

us VAC WIRING POWER 

9 9 TO TRANSFORMER TERMINAL 

12 12 BLOCK TBl TERMINAL 1 

3 3 TO TRANSFORMER TERMINAL 

0 6 BLOCK TBl TERMINAL 2 

7 7 TO TRANSFORMER TERMINAL 

100 VAC TO 10 10 BLOCK TBl TERMI NAL 3 

130 VAC , 4 4 
50/60 HZ, 1 0 

TO TRANSFORMER TERMINAL 

@ 150 WATTS 1 1 BLOCK TBl TERMINAL 4 

2 2 

5 s 
GROUND 

8 8 

11 11 

• P2 
230 VAC WIRING 

9 

12 

3 

6 

200 VAC TO 7 
260 VAC , 10 50/60 HZ, 1 r/J 
@ 150 WATTS 4 

l 

2 
GROUND 

5 

8 

11 1742-11 

Figure 2-2. Primary AC Wiring 

• 2-9 

WARNING: Disconnect primary power prior co servicing . 
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2-15. 

WARNING I 
Ensure power is not applied to the exciter 
before proceeding. 

The complete exciter should be inspected at this time . Check 
the following: 

a. Ensure all connections at terminal boards and components 
are tight and secure and all wires are dressed properly. 

b . Remove any extra hardware or wire from the area. Ensure 
all packing materials are removed. 

c . Rotate the fan manually to be sure no obstructions are 
present. 

2-16 . Ensure the exciter POWER ON/OFF switch (2A1S1) is set to OFF 
and connect the power cord to the AC source. 

2-1?. PRELIMINARY CHECKOUT. 

2-18 . Adjust the RF AMP module OUTPUT ADJ control (2A2Rl3) fully 
counterclockwise (zero power output). 

2-19, Depress the MULTIMETER AC LINE switch. 

Ensure the exciter output is connected to 
a proper 50 ohm load. 

2-20 . Set the exciter POWER ON/OFF switch (2A1S1) to ON and note the 
following indications . If trouble is experienced, refer to Section V, 
Maintenance. 

a. The MULTIMETER (2A1Ml) must indicate 115 Vac +15 Vac or 
230 Vac +30 Vac, as wired. If the primary AC voltage is out of tolerance, it 
must be corrected before proceeding. 

b. The front panel POWER indicator (3AlDS1) will illuminate. 

c. All the module front panel power indicators (+SV, +6V, -6V, 
+15V , and -15V) will illuminate. 

2-21. Adjust the RF AMP module OUTPUT ADJ control (2A2Rl3) to obtain a 
three watt RF output . Refer to table 2-3 and check the MULTIMETER (2A1Ml) and 
MODULATION (2AlM2) meter indications listed . If trouble is experienced, re
fer to Section V, Maintenance. 

2-10 

WARNING : Disconnect primary power prior to servicing . 
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Table 2-3. Preliminary Meter Indications 

MULTIMETER SWITCH POSITION MULTIMETER INDICATION* 

+20V 

-20V 

+5 V 

AFC 

MOD OSC 

RF V+ 

RF CUR 

FWD PWR 

REF PWR 

+22V 

+22V 

+5 V 

+3V to +12V** 

250 mW+ 100 mW 

+7 .5V 

0.9 Amperes 

3W 

<0.5W 

*APPROXIMATE VALUES -- DEPENDENT ON MODULE COMPLEMENT. 
**DEPENDENT UPON EXCITER FREQUENCY. 

2-22 . The audio inputs should be checked to ensure correct wiring. 
Depress the MODULATION switch (2AlA2S1) corresponding to each option pur
chased with t he equipment and check for activity on the MODULATION meter 
(2AlM2) . The monaural audio i nput may be checked by depressing the MODU
LATION LEFT or MODULATION RIGHT meter switch and noting activity on the 
MODULATION meter. 

2-23 . Set the POWER ON/OFF switch (2A1Sl) to OFF . 

2-11/2-12 

WARNING: Disconnect primary power prior to servicing. 
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3-1. INTRODUCTION. 

SECTION III 

OPERATION 

3-2. This section contains information pertaining to identification, 
location and function of the controls and indicators of the MS-15 FM exciter, 
setup, and operation procedures. 

3- 3. CONTROLS AND INDICATORS. 

3-4. Figure 3-1 shows the locat ion of each control or indicator as-
sociated with the MS-15 FM exciter and table 3-1 lists each control or indi
cator with a description of each item listed . 

3-5. OPERATION. 

3-6. Exciter power on-off is controlled by a single switch access-
ible from behind the exciter meter panel. As all critical functions in the 
exciter are stabilized by automatic control circuits and feedback loops, 
the only adjustments required on a daily basis are the mode controls if the 
mode of operation must be changed. All mode switching is remoteable from 
connections on the rear of the exciter . 

3-7. MONITORING CAPACITY. 

3-8. The metering functions are contained within the modular DC and 
peak reading audio metering circuits. The metering functions are listed in 
table 3-2. 

3-9. MODE SWITCHING. 

3-10. STEREOPHONIC/MONAURAL SWITCHING, Modes of operation available 
with the MS-15 FM exciter are STEREO, MONO L, MONO R, and MONO L+R which 
are selected by switches on the STEREO DIGITAL module. Indicators on the 
module illuminate to indicate the selected mode of operation. MONO Lor 
MONO R allows stations which use stereophonic operation as a standard mode 
to broadcast in monaural if one audio channel fails during sterophonic 
operation or if it is desired to broadcast from a separate monaural studio 
feed. The MONO L+R capability is an exclusive MS-15 feature which allows 
monaural transmission by both stereophonic channels without changing limit
ers or studio consoles. Stereophonic programming in the MONO L+R mode is 
transmitted as monaural by mixing both stereophonic c.hannels. 

3-11. SCA SWITCHING, 

3-12. Either or both of the SCA channels may be operated automatically 
in the AUTO mode or manually in the ON or OFF mode s by switches on each re
spective SCA module. Indicators on each SCA module illuminate to indicate 
the selected mode of operation . In the AUTO mode, SCA subcarrier presence 

3-1 

WARNING: Disconnect primary power prior to servicing. 
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• 

• 

1742 4j 

Figure 3-1 . Controls and Indicators 

• 3-2 

WARNING: Disconnect primary power prior to servicing . 
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• REF. 

1 

2 

3 

4 

5 

• 
6 

7 

8 

9 

10 

11 

12 

• 13 

Table 3-1. Controls and Indicators 

CONTROL/ INDICATOR 

AC MAIN RESET cir cuit 
breaker (2AlCBl) 

MULTIMETER (2A1Ml) 

MODULATION meter 
(2AlM2) 

POWER ON/OFF swi t ch 
(2A1S1) 

RF AMP SUPPLY fuse 
(2A1Fl) 

MULTIMETER switch 
(2AlA1Sl) 

MODULATION meter 
switch (2AlA2Sl) 

POWER indicator 
(2AlDSl) 

FUNCTION 

Controls pr imary power and provides over
load protection for the exciter power 
supply. 

Displays voltage, current or power as 
selected by the MULTIMETER switch 
(2A1A1Sl). 

Displays the modulation signals as 
selected by the MODULATION meter switch 

· (2AlA2S2). 

Controls primary power to the exciter 
power supply. 

Provides overload protection for the RF 
amplifier power supply . 

Selects the desired point to monitor 
exciter voltage, current or power as 
displayed by the MULTIMETER (2AlMl). 

Selects the desired exciter modulation 
to be monitored on the MODULATI ON 
meter (2A1M2). 

Illuminates to indicate power is applied 
to the exciter power supply. 

RF AMP MODULE 

AGC ON/OFF switch 
(2A2Sl) 

OUTPUT ADJUST control 
(2A2R13) 

+lSV indicator 
(2A2CR5) 

Enables the power amplifier automatic 
output level control . 

Adjusts the power amplifier output level. 

Illuminates to indicate the RF AMP module 
+15 volt regulator is operational. 

MOD OSC MODULE 

+15V indicator 
(2A4CR5) 

-lSV indicator 
(2A4CR6) 

Illuminates to indicate the MOD OSC 
module +15 volt regulator is operational . 

Illuminates to indicate the MOD OSC 
module -15 volt regulator is operational . 

3-3 

Warning, disconnect primary power prior to servicing. 
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REF . 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

3-4 

Table 3-1. Contr ols and Indicators (Continued) 

CONTROL/ INDICATOR FUNCTION 

AFC PLL MODULE 

FREQ ADJ control 
(2A3Rl8) 

LOCK indicator 
(2A3CR8) 

CAL OUT test point 

+SV indicator 
(2A3CR2) 

Adjusts the FM carrier frequency . 

Illuminates to indicate the exciter is 
operating within tolerance of the 
assigned frequency. 

Provides frequency components at 2 .5 MHz , 
5.0 MHz , 10.0 MHz , 15.0 MHz, 20.0 MHz, 
and 25.0 MHz for direct frequency compar
isons between the internal frequency 
standard and a broadcast frequency stand
ard such as WWV using a communications 
receiver . 

Illuminates to indicate application of 
the +5 volt supply to the AFC/PLL module . 

STEREO DIGITAL MODULE 

STEREO indi cator 
(3A2CR6) 

STEREO switch (3A2S4) 

MONO L+R indicator 
(3A2CRS) 

MONO L+R switch 
(3A2S3) 

MONO L indicator 
(3A2CR4) 

MONO L switch (3A2S2) 

MONO R indicator 
(3A2CR3) 

MONO R switch (3A2S1) 

Indicates stereo mode of operation is 
enabled when illuminated. 

Enables stereo mode operation . 

Indicates mono L+R mode of operation is 
enabled when illuminated . 

Enables the mono L+R mode t o transmit a 

mono signal from both stereo channels. 

Indicates mono L mode of operation is 
enabled when illuminated . 

Enables mono L mode to transmit a mono 
signal from the left stereo channel and 
mute the right stereo channel . 

Indicates the mono R mode of operation is 
enabled when illuminated. 

Enables the mono R mode to transmit a 
mono signal from the right stereo channel 
and mute the left stereo channel . 

Warning, disconnect primary power prior to servicing. 

• 

• 
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27 

28 

29 
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Table 3-1. Controls and Indicators (Continued) 

CONTROL/INDICATOR FUNCTION 

STEREO AN U.OG MODULE 

Pll..OT LEVEL control 
(3AlR41) 

PILOT ON/OFF switch 

COMP LEVEL control 
(3Al.R27) 

+15V indicator 
(3Al.CR9) 

+6V indicator 
(3AlCR10) 

-6V indicator 
(3AlCRll) 

-15V indicator 
(3AlCR12) 

Adjusts the modulation level of the pilot 
sub carrier. 

Enables or inhibits the pilot subcarrier. 
For test purposes. Pilot is automatical
ly disabled in any of the three monaur
al modes. 

Adjusts the composite signal level out
put from the STEREO ANALOG module. 

Illuminates to indicate the STEREO ANALOC 
module +15 volt regulator is operational. 

Illuminates to indicate the STEREO ANALOG 
module +6 volt regulator is operational. 

Illuminates to indicate the STEREO ANALOC 
module -6 volt regulator is operational. 

Illuminates to indicate the STEREO ANALOC 
module -15 volt regulator is operational. 

STEREO OVSC MODULE 

L ADJ OUT control 
(3A3R87) 

L ADJ IN control 
(3A3R64) 

LEFT indicator 
(3A3CR27) 

I N/OUT switch 
(3A3Sl) 

RIGHT indicator 
(3ACR28) 

R ADJ IN control 
(3A3Rl0) 

Adjusts the left channel output thresholc 
of the STEREO OVSC module. 

Adjsuts the left channel input threshold 
of the STEREO OVSC module. 

Indicates left channel overshoot control 
when illuminated. 

IN position: Enables oper ation of the 
DTR filter. 
OUT position: Enables the conventional 
low pass filter. 

Indicates right channel over shoot 
contr ol when illuminated. 

Adjusts the right channel input thresholc 
of the STEREO OVSC module . 

3-5 

WARNING: Disconnect primary power prior to servicing. 
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42 

43 
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46 

47 

48 

49 

50 

51 
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Table 3-1. Controls and Indicators (Continued) 

CONTROL/ INDICATOR FUNCTION 

STEREO OVSC MODULE (Continued) 

R ADJ OUT control 
(3A3R33) 

+15V indicator 
(3A3CR26) 

-15V indicator 
(3A3CR25) 

Adjusts the right channel output 
threshold of the STEREO OVSC module. 

Illuminates to indicate the STEREO OVSC 
module +15 volt regulator is operational. 

Illuminates to indicate the STEREO OVSC 
module - 15 volt regulator is operational. 

SCA 1/SCA 2 MODULE(S) 

ON indicator (4AlCR6) Indicates the presence of SCA subcarrier 
when illuminated. 

ON switch (4A1Sl) Enables the SCA carrier. 

AUTO indicator 
(4AlCR10) 

AUTO switch (4A1S2) 

OFF indicator 
{4AlCR14) 

OFF switch (4AlS3) 

INJ LEV control 
(4AlR16) 

FREQ ADJ control 
(4AlR12) 

+6V indicator 
(4AlCR7) 

-6V indicator 
(4AlCR8) 

Indicates the SCA AUTO mode of operation 
is enabled when illuminated. 

Enables the SCA module automatic muting 
function . 

Indicates the SCA channel is muted when 
illuminated . 

Inhibits operation of the SCA channel. 

Adjusts the injection level of the SCA 
sub carrier. 

Adjusts the center frequency of the SCA 
subcarrier. 

Illuminates to indicate the SCA module 
+6 volt regulator is operational. 

Illuminates to indicate the SCA module 
-6 volt regulator is operational. 

Warning, disconnect primary power prior to servicing. 

• 

• 

• 
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• Table 3-1. Controls and Indicators (Continued) 

REF . CONTROL/ INDICATOR FUNCTION 

MONO MODULE 

52 -15V indi cator Illuminates to indicate the MONO module 
(5A1CR6) -15 volt regulator is operational. 

53 +15V indicator Illuminates to indicate the MONO module 
(SAlCRS) +15 volt regulator is operational . 

• 

• 
3- 7 

Warning, disconnect primary power prior to servicing. 
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3- 8 

MULTIMETER SWITCH 
POSITION 

+20V 

- 20V 

+sv 

AFC 

MOD OSC 

RF CUR 

FWD PWR 

REF PWR 

AC LINE 

Rev. A: 12/77 

Table 3-2. AC and DC Metering 

DC METERING 

SIGNAL DISPLAYED 

Pre-regulated +20 volt DC bus to all 
module power supply regulators . 

Pre-regulated - 20 vol t DC bus to all 
module power supply regulators. 

Regulated +5 volt DC supply to 
TTL circuitry on the AFC/PLL module . 

AFC/PLL module AFC voltage to MOD OSC 
module. 

MOD OSC module output power . 

RF AMP module final ampl ifier collector 
current. 

FM excit er output power. 

FM exciter reflected power. 
# 

AC input to FM exciter. 

WARNING: Disconnect primary power prior to servicing. 

• 

• 

• 
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Table 3- 2. AC and DC Metering (Continued) 

MODULATION METER 
SWITCH POSITION 

LEFT 

RIGHT 

L+R 

L-R 

B BAND 

SCA l 

SCA 2 

L REAR 

R REAR 

ovsc 

AC METERING 

SIGNAL DISPLAYED 

Pre-emphasized audio input for mono, 
left channel pre- emphasized audio in
put for stereo, or left front pre
emphasized audio input for quad trans
mission. 

Pre-emphasized audio input for mono, 
right channel pr e- emphasized audio 
input for stereo, or right front 
pre-emphasized audio input for quad 
transmission. 

Sum of left channel and r i ght chan
nel stereo audio inputs. 

Difference between left channel and 
right channel stereo audio inputs. 

Total modulation signal applied to VCO. 

SCA channel No . 1 data or pre-empha
sized audio input . 

SCA channel No . 2 data or pre- empha
sized audio input . 

Left rear pre-emphasized audio input 
for quad transmission. 

Right rear pre-emphasized audio input 
for quad transmission. 

Overshoot compensation indication. 

WARNING : Disconnect primary power prior to servicing. 
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is determined by the presence of audio. An adjustable signal threshold 
from O dBm to - 30 dBm enables the SCA, and SCA delay time is adjustable 
from 0 . 5 to 20 seconds. For manual operation , the SCA ON and SCA OFF 
switches control the presence of the SCA s ubcarrier. 

3-13. DYNAMIC TRANSIENT RESPONSE FILTER. 

3-14. The Dynamic Transient Response (DTR) filter is activated by 
the OVSC module IN/OUT switch when set to the IN position. When the OVSC 
module IN/OUT switch is set t o the OUT position, filtering is accomplished 
by a conventional sharp- cutoff low- pass filter which is subject to consi
derable overshoot, For all programming situations with all types of FM 
limiters , use of the DTR filter is recommended to eliminate overshoot. 
This switch is not a normal operating control and is provided to bypass 
the DTR filter for the following reasons: 

a. Allow comparisons between the conventional filter and the 
DTR filter for exciter setup. 

b. Proof of performance measurements. (The DTR filter should 
be disabled to measure crosstalk. All other measurements may be made with 
the DTR filter enabled). 

c. The DTR filter must be disabled for FM stations which 
use no peak limiting , or that use a limiter which does not compensate for 
pre-emphasis characteristics. Thresholds internal to the DTR filter re
quire that the input signal must be peak limited with pre-emphasis protec
tion to prevent audio distortion. 

3- 10 
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4-1. INTRODUCTION. 

SECTION IV 

PRINCIPLES OF OPERATION 

Rev. A: 12/ 77 

4-2. This section contains principles of operation of the MS-15 FM 
exciter. An overall block diagram and exciter description identifies and 
describes each modular function and sub-system operation. Additional block 
diagrams and descriptions are provided in this section for all non-modular 
components and modules mounted to the mainfr ame. A detailed description 
of each plug-in module is provided by each applicable module publication. 

4-3. FUNCTIONAL DESCRIPTION. 

4-4. The electrical functions of the Harris MS-15 FM exciter can be 
divided into the following twelve modular sections (see figure 4-1). The 
description assumes all options have been purchased for use . 

4-5. RFI/EMI FILTER (2AlA4). 

4-6. The RFI filter ensures electromagnetic compatibility by filter-
ing and bypassing the input and output connections of audio inputs, control 
lines, status lines, and the AC power input . The SCA auxiliary inputs, the 
composite signal input, and the exciter RF output lines are shielded coaxial 
lines and are not routed through the fil t er. 

4-7. Interference by the commercial AM broadcast band to each 600 ohm 
balanced audio input is rejected by a three pole Butterworth filter (see 
figure 4-2) . The filter RC output section provides loading , padding , and 
additional RF attenuati on through one GHz. The control and status lines are 
filtered by a low-pass RC filter which prevents external RF interference with 
the exciter control and status functions. The ac input is RFI filtered by a 
pi section LC filter. All RFI fi lter sections provide attenuation between 
500 kHz and one GHz. The variable coils i n each audio input should be adjusted 
to obtain the best high frequency crosstalk at 15 kHz. 

4-8. 

4-9. 
voltage 
busses. 
ule and 

POWER SUPPLY (2AlA5). 

Power for each module is provided by individual module monolithic 
regulators from the power supply pre-regulated ±20 Vdc distribution 
Additionally. the power supply distributes +34 Vdc to the RF AMP mod

positive five volts de to the logic devices on the AFC/PLL module. 

4-10. AC input power is applied through the AC POWER receptacle (J2) 
and the RFI filter to the AC MAIN RESET circuit breaker and the POWER ON/OFF 
switch which provide overload protection and power supply control (see figure 
4-3). Fan Bl and transformer Tl have dual primary windings which allow opera
tion from either 115 Vac or 230 Vac . The fan and transformer are connected so 
that the fan will operate whenever primary ac is applied to the power trans
former. Connections from the primary of Tl to the de meter module allow moni
toring of the primary ac input voltage. 

4-1 

WARNING: Disconnect primary power prior to servicing . 
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4-11. POSITIVE FIVE VOLT SUPPLY. Full wave rectifier CRl provides 
a positive 13 volt de potential from one of the secondary windings of trans
former Tl. This voltage is filtered by capacitor Cl and regulated by mono
lithic regulator Ul to provide a stable five volt source to operate the 
logic circuitry on the AFC/PLL module. To ensure adequate heat dissipation, 
Ul is mounted on the power supply side heat sink assembly in the direct air 
flow from the fan . Diode CR3 provides reverse current protection for regu
lator Ul if a fault should occur on the input side of the regulator device. 

4-12. POSITIVE 34 VOLT SUPPLY . Full wave rectifier CR2 develops a 
34 volt de potential from the second secondary winding of transformer Tl. 
The voltage is filtered by a pi section fi l ter consisting of C2 , Ll, and 
C4. Overload p rotection is provided by t he RF AMP SUPPLY fuse (Fl). A 
filtered source of 34 Vdc is applied directly to the RF AMP module to power 
the internal monolithic +15 volt regulator and an AGC circuit. The output 
of the RF AMP module AGC circuit is adjusted by the OUTPUT ADJ control (Rl3) 
and applied to the base of the power supply +28 Vdc regulator (Ql). Tr an
sistor Ql outputs a positive VCC potential to operate the amplifiers in the 
RF AMP module . As the RF AMP module OUTPUT ADJ control (Rl3) is adjusted , 
the output voltage of transistor Ql varies which controls the exciter RF 
output level . Current limiting is provided by circuitry in the RF AMP 
module which monitors the RF amplifie r supply current . Zener diode CR4 pro
vides over voltage protection for th e RF output devices. To ensure adequate 
heat dissipation, Ql mounts on the power supply rear heatsink assembly in the 
direct air flow from the fan . 

4-13 . POSITIVE AND NEGATIVE 20 VOLT SUPPLIES. Positive and negative 
34 Vdc is applied to the +20 Vdc regulator circuits from full wave bridge 
rectifier CR2. Diodes CRS and CR6 establish a stable reference to operate 
the regulators (QJ and Q4) at the correct positive and negative 20 Vdc out
put level. Transistors QS and Q6 provide foldback current limiting for the 
regulators by conducting whenever the voltage drop across R4 or Rl4 reaches 
a point which causes the respective transistor to turn on. Diodes CR7 and 
CR8 provide power supply reverse voltage protect ion for t he exci ter cir
cuitry. The Darlington output stages (Q3 and Q4) are mounted on the front 
power supply heatsink assembly in the dir ect air flow of the fan to ensure 
adequate cooling. The exciter POWER indicator (2A1DS1) is connected from 
the negative 20 Vdc supply to ground to indicate power supply operation. 

4-14 . METERING CIRCUITS. 

4- 15. The metering circuits provide de, ac, and peak reading audio 
measurements of selected critical functions . Using built-in metering 
functions only, peak audio levels may be established without use of external 
type approved monitors. 

4-16. DC METERING CIRCUITS (2A1Al) . All inputs are externally con-
nected to each respective circuit for voltage or current measurements as 
shown in figure 4- 4. A ten position push switch assembly (Sl) selects the 
specific de signal to be displayed by the MULTIMETER (Ml) . All inputs consist 
of de circuits except the ac line voltage from the power supply which is rec-

4-2 

WARNING: Disconnect primary power pnor to servicing. 
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tified by diode CRl for application to the meter circuit. A 100 uA meter 

movement provides high sensitivity and accuracy. 

4-17. AC METERING CIRCUITS (2A1A2) . All input signals to the ac 

metering circuits are connected to each respective source as shown in 

figure 4-4 . 

4-18. INPUT CIRCUITS . Each input is provided with a potentiometer 

to calib rate each function. The left front and right front quadraphonic 

inputs which function as the left channel and right channel inputs are ad

justed for level and directed to the MODULATION meter switch (Sl) and to a 

resistor network (U4) which proportions the input signals between the sum 

amplifier (UlA) and the difference amplifier (UlB). The sum amplifier (UlA) 

produces the L + R signal and the difference amplifier (UlB) produces the 

L - R signal. The remaining audio inputs are adjusted for level and applied 

to the MODULATION meter switch. The OVSC (overshoot compensator) inputs 

from either the STEREO OVSC or QUAD OVSC module are summed by amplifier UlC, 

level adjusted, and applied to the MODULATION meter switch. 

4-19. SIGNAL PROCESSING. The signal selected by the MODULATION meter 

switch is applied to a precision full wave rectifier circuit consisting of 

U2 , CRl , CR2, U3 , and associated components . As CRl and CR2 are enclosed 

in the U2 feedback loop, the forward turn on voltage characteristic of each 

diode is compensated. The positive going half cycles appear across R28 and 

the negative going half cycles appear across R29 with no diode thresholds . 

Control R21 adjusts the offset voltage of Ul to zero. The rectified signal 

is applied from the anode of CR2 to the inverting input of U3 and from the 

cathode of CRl t o the noninverting input of U3 . Resistor R30 in the invert

ing input of U3 provides an adjustment to equalize the positive and negative 

inputs to U3. The signal is peak detected ann amplified by a peak detector 

comprising Ql, CR3. C8, and Q2 . Negative de feedback is obtained from the 

output of amplifier Q2 and applied to U3 . This provides fast and accurate 

charging of capacitor C8 in response to voltage peaks. The output amplifier 

(UlD) acts as a meter compensation amplifier to improve the mechanical re

sponse characteristics of the meter. Resistor R48 provides a master gain 

calibration control for the meter and thermistor R50 provides circuit tem

perature compensation to maintain meter accuracy over the entire range of 

operating temperatures. 

4-20. POWER. Inputs of positive and negative regulated 20 Vdc are 

re-regulated into positive and negative 15 Vdc sources to operate the ac 

meter module internal circuitry . 

4-21. MOTHER BOARD ASSEMBLY (2AlA3). 

4-22. The mother board provides power, signal, and control inputs, 

interconnections, and outputs for all plug-in modules through strip con-
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nectars soldered to the mother board. RF interconnections are provided by 
50 ohm micro-strips etched onto the circuit board. 

4-23 . MONO MODULE (SAl). 

4-24. The MONO module accepts an audio input through the RFI filter 
and provides selectable pre-emphasis and defeatable linear phase low-pass 
filtering. The resultant signal drives the MOD OSC module. 

4-25. INPUT CIRCUIT. A solid state input circuit used in place of 
a conventional input trans former provides high common mode hum rejection . 
Pre-emphasis selectable by Jl provides 75 us, 50 us, 25 us, or flat pre
emphasis characteristics. Pre-emphasized monaural audio is applied to the 
ac meter module and subsequent low-pass filter sections. 

4- 26. FILTER CIRCUIT. A linear phase low-pass filter comprising an 
all-pass network (phase equalizer) and an eight pole Butterworth low-pass 
filter are provided following the input preamplifier. The filters can be 
used to protect the SCA subcarrier and eliminate ultrasonic audio components 
or the filter may be jumpered out of the circuit with J2 as desired. The 
all-pass network has a flat frequency response and tailors the phase char
acteristics so that the algebraic sum of the phase functions of the all
pass network and the low-pass filter will approximate linear phase. The 
active low- pass filter protects the SCA channels from high frequency inter
ference and the delay compensator minimizes filter overshoot. A unity gain 
amplifier provides buffering to drive the MOD OSC module . 

4-2 7. POWER. Inputs of positive and negative regulated 20 Vdc are 
re-regulated to positive and negative 15 Vdc sources to operate the MONO 
module internal circuitry. Light emitting diodes provide status indications 
for the positive (+15V) and negative (-15V) power supplies. 

4-28. SCA MODULE (4Al). 

4-29 . The SCA module includes a dual frequency (41 kHz or 6 7 kHz) FM 
subcarrier generator . AC and DC coupled inputs allow audio inputs and SSTV 
or data transmission on the SCA channels without special additional units. 
Each SCA module includes a seven pole Butterworth active low- pass filter which 
allows the use of 150 microsecond pre-emphasis without degrading SCA to stereo 
crosstalk specifications and allows both the 41 kHz and 6 7 kHz SCA channels 
to be operated simultaneously without harmonic interference. Variable auto
matic or manual muting and remote or local mode switching is also provided. 

~ 4- 30. INPUT CIRCUIT. Two inputs are available for each SCA module. 
:=; An ac coupled input through the RFI filter is applied through the input 

circuit to the pre-emphasis selector (JS) which allows selection of 150, 75, 
50 microsecond pre-emphasis or flat response . The de coupled input bypasses 
the RFI filter and pre-emphasis network and is level adjusted by the DC INPUT 
LEVEL control . Both audio signals are applied to the audio preamplifier and 

• 
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processed by the low- pass filter. Pre-emphasis audio from the low-pass 
filter is applied to the ac meter circuit, the audio muting amplifiers, and 
the voltage controlled oscillator. The filter may be bypassed if desired 
for special SCA applications. 

4-31. FM CIRCUIT. The input signal is level adjusted by the AUDIO 
INPUT LEVEL control and applied to the voltage controlled oscillator which 
produces a 41 kHz or 67 kHz frequency modulated RF output as programmed by 
jumper Jl. The FM signal is applied to a doubly tuned band- pass filter in 
which J2 and J3 determine the filter coupling and center frequency . The 
INJ LEV control allows adjustment of the module output to the 100 millivolt 
RMS level required to drive the MOD OSC module. When the SCA is disabled , 
CMOS switches disconnect the input of the filter and short the filter output 
to ground. 

4-32. MUTE CIRCUIT. Amplification of the low level audio signal from 
the active low- pass filter to the level required to drive the SCA muting cir
cuit is provided by a two stage high gain amplifier. After amplification , 
the audio is peak detected and operates a threshold comparator which is ref
erenced to a fixed de level. As long as the detected peak level of the audio 
is greater than the comparator de reference, an output is applied to the mute 
delay circuit and operates the delay comparator which is also referenced to a 
fixed de level . As long as the mute delay circuit outputs a de level, the 
delay comparator feeds an SCA ON signal to the MOD OSC module , operates a 
driver which illuminates the ON indicator, and activates t he CMOS control 
switches . The SCA ON signal from SCA module No . 2 is also applied to the 
STEREO DIGITAL module to prevent simultaneous 41 kHz SCA and stereophonic 
operation. The SCA channel is given priority in this situation. 

4-33. If the audio input level falls below the threshold comparator 
de reference or the audio input is interrupted for longer than the time 
constant for the delay circuit, the delay comparator will inhibit SCA op
eration and the ON indicator will go out . The SCA threshold is adjusted by 
the MUTE level control and the SCA delay is adjusted by the MUTE DELAY con
trol. 

4-34 . MODE SELECTION. Mode selection is performed by two DC flip 
flops implemented by four cross-coupled NAND gates. The DC flip flops are 
controlled by levels rather than transitions. 

4-35. When a mode is selected, either by depressing a mode switch or 
applying a positive 18 to 24 Vdc potential on the selected remote control 
input, the respective flip flop will latch and inhibit all other functions. 
The condition will persist until another mode is selected. 

4-36. When the ON mode is selected, a connection from the ON flip 
flop to the mute delay circuit will inhibit the automatic muting function, 
illuminate the ON indicator and activate the CMOS switches in the FM circuit . 
When the OFF function is selected, a connection from the OFF flip flop to the 

4-14 
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comparator inhibits SCA operation. In the AUTO mode, both mute delay 
flip flops 
operation . 
OFF modes. 

are reset and the muting delay circuitry will control the module 
Light emitting diodes provide indications of the ON, AUTO, and 

4-37. Power Up Mode Selection. When power is applied, capacitor C52 
is initially discharged. Charging current through jumper J4 will produce a 
LOW condition until the capacitor is charged on the mode selection line se
lected by the position of J4, initializing the SCA module in the desired 
mode. Diode CR9 functions as a disconnect diode which allows manual mode 
switching after capacitor C52 is charged. 

4-38 . INDICATORS. Light emitting diodes connected to the control 
gates through drivers illuminate to indicate selection of a specific mode. 
The ON indicator illuminates co indicate selection of the ON mode and func
tions as a mute circuit status indicator when the AUTO mode is selected . 

4-39. POWER. Inputs of positive and negative regulated 20 Vdc are 
re-regulated into positive and negative six Vdc sources to operate the SCA 
generator internal circuitry . 

4-40 . STEREO DIGITAL MODULE (3A2). 

4-41 . The STEREO DIGITAL module produces the signals required to gen
erate the digitally synthesized modulated stereophonic signal, generates the 
phase controlled 19 kHz pilot signal, and provides stereophonic/monaural mode 
switching. 

4-42. SAMPLING SIGNALS. All frequencies used in the STEREO DIGITAL 
module are derived from a 456 kHz crystal oscillator. The PILOT FREQUENCY 
control provides an oscillator frequency adjustment. Synchronous dividers 
divide the oscillator signal by 24 , 12, and 4 to respectively produce the 
19 kHz pilot signal and the 38 kHz and 114 kHz sampling signals. The cor
rect phase relationship of each signal is ensured by a synchronous latch. 
The 38 kHz and 114 kHz signals are output from the module through a CMOS 
switch which is closed by the stereo-on signal from the module control 
circuitry . 

4-43. PILOT SIGNAL. The 19 kHz pilot frequency is differentially 
applied to two low-pass filters . Outputs are obtained across capacitor 
Cl2 and the light dependent resistor, The sum of the two voltages pro
duces a constant voltage at the input to the pilot buffer amplifier with 
the pilot signal phase shift controlled by the resistance of the light 
dependent resistor. The pilot frequency is buffered and applied to a sec
ond low-pass filter to ensure the pilot frequency output will be pure sine
wave. The center frequency of the second low- pass filter is adjusted by 
the PILOT FILTER control . 

4-44 . Pilot Phase Control. The pilot frequency output is sampled 
by a phase comparator in which the de offset is adjusted by the AUTOMATIC 
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PHASE CONTROL OFFSET adjustment. The phase comparator senses zero voltage 
crossings of the pilot signal and generates a square wave with the same 
phase. The signal is amplified and applied to a phase detector. As long 
as the phase of the generated square wave and the reference obtained from 
the synchronous latch remains the same , neither CRl or CR2 will conduct. 
If the phase of the pilot lags the reference, CR2 will conduct and charge 
C20. If the pilot leads the reference, CRl will conduct. The charge on 
C20 is buffered by an amplifier which drives the light dependent resistor 
and produces a phase shift at the input to the pilot buffer amplifier . 
Pulses from CRl or CR2 will continue to charge C20 and operate the light 
dependent resistor until the pilot phase is corrected. 

4-45 , CONTROL CIRCUITS. Stereophoni c and monaural switching is con
trolled by three DC flip f lops implemented by six cross coupled NANO gates. 
The flip flops are controlled by levels rather than transitions . When a 
monaural or stereophonic mode is selected, either by depressing a mode switch 
or by applying a positive 18 to 24 Vdc potential on the selected remote con
trol input, the respective flip flop latch and reset all other functions. 
Mode selection for the STEREO ANALOG module is provided by the STEREO DIGITAL 
module control circuits. 

4-46 . If the MONO L switch is depressed, the Mono L flip flop will set 
and reset the remaining flip flop. The remaining flip flops are controlled 
in a similiar manner and remain reset until another mode is selected. The 
output of each flip flop is applied to the s tereo control gate which outputs 
a LOW condition that inhibits output of the stereo sampling signals to the 
STEREO ANALOG module and halts the synchronous divider . When the STEREO 
switch is depressed all the gates are reset and the inhibit from the stereo 
control gate is removed. This enables stereophonic operation and stereo 
sampling signals are output to the STEREO ANALOG module. Indi vidual logic 
levels output from the STEREO DIGITAL module provide automatic mono/stereo 
mode switching for the STEREO ANALOG module circuitry. 

4-47. SCA-2 Interlock. Operation of two SCA channels (67 kHz and 
41 kHz) during stereophonic programming is not desired as interaction between 
the stereophonic signal and the 41 kHz SCA channel will produce mutual inter
ference . If operation of the SCA-2 module (41 kHz) is attempted during stere
ophonic programming , a positive six volt de potential from the SCA-2 module 
applied to the SCA INTERLOCK (J2) circuit of the STEREO DIGITAL module will 
cause the stereo generator to default to the monaural mode programmed by J2. 
Operation of the module mode selection circuit is inhibited until SCA-2 is 
switched off. Then the STEREO DIGITAL module may be manually switched to the 
desired monaural or stereo mode. 

4-48. Power Up Mode Selection. When power is applied, capacitor C29 
is initially discharged . Charging current through jumper Jl will produce a 
LOW condition until the capacitor is charged on the mode selection line select
ed by the position of Jl, initializing the SCA module in the desired mode. 
Diode CR7 functions as a disconnect diode which allows manual mode switching 
after capacitor C29 is charged. 

WARNING: Disconnect primary power prior to servicing. 
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4-49. INDICATORS. Light emitting diodes connected to the control 
gates through drivers illuminate to indicate the mode of operation. 

4-50, POWER, Inputs of positive and negative six Vdc from regula-
tors in the STEREO ANALOG module function as voltage sources to operate 
the STEREO DIGITAL module internal circuitry. 

4-51. STEREO ANALOG MODULE (3Al). 

4-52. The STEREO ANALOG module accepts the stereophonic audio inputs 
and generates the stereophonic composite signal with switching and pilot 
signals input from the STEREO DIGITAL module . Solid state circuits used 
in place of conventional input transformers provide high common mode hum 
rejection and selectable pre-emphasis. Dynamic transient response (DTR) 
low-pass filtering is accomplished by the STEREO OVSC module and the two 
conventional 17.5 kHz audio low-pass filters in the STEREO ANALOG module. 
The digitally synthesized modulation sampling circuits and the composite 
filters ~re also included within the module . 

4-53. INPUT CIRCUIT. The two stereo audio signals are input through 
the RFI filter to individual preamplifiers. A solid state input circuit 
used in place of conventional input transformer provides high common mode 
hum rejection. Pre-emphasis of 75 us. SO us, 25 us, or flat response is 
selectable by Jl for the left channel and by J2 for the right channel. The 
PRE- EMPH MATCH control in the input to the left channel preamplifier allows 
adjustment of the left channel pre-emphasis circuit to match the right chan
nel pre-emphasis characteristics for stereo crosstalk adjustments. 

4-54. FILTER CIRCUIT. Normally the STEREO ANALOG module will be used 
with a STEREO OVSC module in which the STEREO ANALOG module filters are used 
as part of the DTR filtering process. However, the STEREO ANALOG module in
cludes its own audio low-pass filters and can function without the STEREO 
OVSC module if desired. The pre-emphasized audio from the input preampli
fiers is applied to tbe ac meter circuit and the DTR filter selectors (J3 
and J4 for the right channel and JS and J6 for the left channel). The DTR 
filter selectors select the OVSC MODULE DTR filter circuitry or allow use 
of the STEREO ANALOG module 17.S kHz low-pass filters as desired. 

4-55. The pre- emphasized and filtered audio is next applied to the 
switch driver in each channel. The gain of the left channel driver is ad
justable with the GAIN MATCH control. The 38 KHZ NULL control minimizes 
amplifier de offset between the left and right channel switch drivers . The 
LEFf SEPARATION and RIGHT SEPARATION controls allow adjustment to obtain 
maximum channel separation . 

4-56. OUTPUT CIRCUIT. The output of the switch drivers is applied 
to the analog switches, The 114 kHz and 38 kHz signals from the STEREO 
DIGITAL module controls the analog switches which generate the DSM sampling 
function . The 114 KHZ NULL control adjusts the 114 kHz switch output to 
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cancel the third harmonic component of the 38 kHz switch (114 kHz). The 
19 kHz pilot signal from the STEREO DIGITAL module is controlled by the 
PILOT ON/OFF switch and level adjusted by the PILOT LEVEL control. The 
DSM sampling signal and the pilot signal are applied to the inverting input 
of the sum amplifier. A portion of the L + R signal obtained from the 
separation controls is applied to the non-inverting input of the sum ampli
fier drives the composite low-pass filter to eliminate the fifth harmonic 
and higher ordered harmonics of the 38 kHz signal. The output buffer pro
vides signal amplification and isolation. The COMP LEVEL control adjusts 
the composite signal level output to suit the input requirements of the 
MOD OSC module. 

4-57. In monaural operation the sampling signals and the pilot signal 
are inhibited . The mode switching arrangement selects the desired monaural 
signal . The monaural level is adjusted by the MONO GAIN control. 

4-58. MODE SWITCHING. Mode switching is accomplished by CMOS de flip 
flops controlled by discrete individual inputs for stereo, mono left, mono 
right, and mono left plus right . 

4-59. Stereophonic Operation. If stereophonic operation is selected, 
a positive six volt de level output from the STEREO DIGITAL module closes 
two CMOS switches between the separation con trols which applies a portion of 
the L + R signal required for stereo operation to the non-inverting input of 
the sum amplifier. A second CMOS switch pair inhibits monaural operation by 
grounding the monaural audio line. The 114 kHz and 38 kHz sampling signals 
and the pilot signal are enabled in the STEREO DIGITAL module. 

4-60. Monaural Operation. If a monaural mode is selected, a LOW placed 
on the stereo line will open the stereo sampling switches. A HIGH output from 
the STEREO DIGITAL module on the selected monaural mode line will close the 
appropriate CMOS switch and connect the selected audio source to the sum ampli
fier input through the MONO GAIN control. The 114 kHz and 38 kHz sampling 
signals and the pilot signal are automatically inhibited by control circuitry 
in the STEREO DIGITAL module which prevents stereo sampling. 

4-61. POWER. Inputs of positive and negative regulated 20 Vdc are re-
regulated into positive and negative fifteen and six Vdc sour ces to operate 
the STEREO ANALOG module internal circuitry . Positive and negative six Vdc 
is applied to the STEREO DIGITAL module internal circuitry. The STEREO DIGITAL 
module CMOS logic operates between the positive and negative six Vdc potentials 
and is not referenced to common ground. The +15V, -15V, +6V, and -6V light 
emitting diodes indicate operation of each power supply. 

4-62. STEREO OVSC MODULE. 

4- 63. The STEREO OVSC (overshoot compensator) module provides 15 kHz 
low-pass filtering of the left and right channel audio signals to prevent 
interference with the 19 kHz pilot signal and eliminates interference be-
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tween the L +Rand L - R signals . A special filtering process limits over
shoot to a maximum of two percent to prevent overmodulat ion. This minimum 
overshoot allows high levels of modulation to be maintained without degrad
ing signal quality. Indicators on the module front panel and outputs to 
the ac meter module aid in level setup and provide overshoot limiting indi
cations during operation. 

4-64 . Normally the STEREO ANALOG module will be used with a STEREO 
OVSC module in which the STEREO ANALOG module filters are used as part of 
the DTR filtering process. However, the STEREO ANALOG module includes its 
own audio low-pass filters and can function without the STEREO OVSC module. 
The IN/OlIT switch (Sl) is provided on the STEREO OVSC module to bypass the 
overshoot control circuitry and provide conventional low-pass filtering if 
desired. 

4-65. INPlIT THRESHOLD. Transformerless input amplifiers on the STEREO 
ANALOG module drive a dual 15 kHz low-pass filter on the STEREO OVSC module. 
The low-pass filter output is amplified by a buffer and applied t o a thres
hold clipper which contains an active programmable zener diode. The active 
zener voltage is adjusted by the L ADJ IN or R ADJ IN controls to the peak 
voltage level corresponding to 100% modulation. The threshold clipper passes 
only peaks exceeding 100% modulation (overshoots). The sum amplifier sub
tracts the overshoots from the 15 kHz low-pass filter output. The sum is 
applied to an all-pass filter phase equalizer which is flat in frequency 
response but produces a phase shift dependent upon frequency. 

4-66. OUTPUT THRESHOLD. The output of the all-pass filter is looped 
out of the STEREO OVSC module. through the STEREO ANALOG module 17.5 kHz 
low-pass filter, and back to the STEREO OVSC module. The all-pass filter 
phase characteristic is added to the 17.5 kHz low-pass filter phase chara
cteristic to yield linear phase. The filtered audio drives a clipper 
circuit containing an active programmable zener diode which is adjusted by 
the L ADJ OUT and R ADJ OlIT controls to pass audio levels corresponding to 
less than 100% modulation only. The overshoot compensated audio is then 
output to the STEREO ANALOG module. 

4-67. INDICATORS. Outputs from the left and right clipper circuits 
are applied to wired OR comparators. Whenever an overshoot limiting condi
tion exists, an output from the respective OR circuit will drive half of the 
dual timer used as a one shot to illuminate the LEFT and RIGHT indicators. 

4-68. POWER. I nputs of positive and negative regulated 20 Vdc are 
re-regualted into positive and negative fifteen volt de sources to operate 
the STEREO OVSC module internal circuitry . 

4-69. AFC/PLL MODULE . 

4-70. The AFC/PLL module provides phase locked control of and SO kHz 
channel frequency between 87 .5 MHz and 108 MHz. All FM channels are synthe-
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sized from a stable 10 MHz temperature compensated crystal oscillator (TXCO). 
As the frequency reference is established at 10 . 0 MHz, the station frequency 
may be compared directly with a broadcast frequency standard such as WWV 
using a communications receiver and the front panel CAL OUT test point. Chan~ 
nel spacing is field programmable in 50 kHz increments to accommodate any do
mestic or international channel assignment . The AFC/PLL module interfaces 
with the MOD OSC module for accurate frequency control. 

4-71. INTERNAL REFERENCE. A frequency reference is provided by a 
10.0 MHz temperature compensated crystal oscillator (TXCO). The unit com
prises a sealed modular oscillator with a matched compensation network to 
ensure accuracy throughout a wide range of ambient temperatures. The TXCO 
frequency is adjusted by the FREQ ADJ control , A wire jumper allows sub
stitution and isolation of the TXCO for troubleshooting purposes. 

4-72. The TXCO drives a divide by 3200 counter. Frequency multiples 
of 2.5 MHz up to 25.0 MHz are available at the CAL OUT front panel jack to 
assist in calibration. The divider outputs two 3125 Hz square waves in quad
rature. The leading signal is used as a reference for the phase detector and 
the crystal reference missing pulse detector. The 90° lagging signal is used 
by the lock detector flip-flop to determine when the carrier is correctly 
locked on frequency. 

4-73. RF FREQUENCY DIVIDERS. An on-frequency RF output from the MOD 
OSC module is input to the divide by 16 counter which divides the input fre
quency down to the 6 MHz range. A level shifter couples the emitter-coupled
logic (ECL) signal to transistor-transistor logic (TTL) levels. 

4-74. Programmable Divider. A 12 bit programmable binary divider 
provides division of the 6 MHz signal to 3125 Hz. The counter is program
mable with wire jumpers to the flip-flop data inputs to divide the input by 
a programmable factor between 1750 and 2158. The counter is originally set 
to the programmed number . When the counter fills to all ONES, a pulse is 
output to the auxiliary flip-flop. On the next clock pulse, an output from 
the auxiliary flip-flop resets the counter to the number entered at the data 
inputs by the wire program jumpers. The counter begins its count again with 
the succeeding clock pulse . 

4-75 . LOCK CIRCUIT. Three requirements must be met before the lock 
detector will recognize a frequency locked condition. The programmable 
divider chain must be producing a signal, the reference divider chain must 
be producing a signal, and the two chains must have less than 90° phase dif
ference. After these three conditions are acheived for five seconds , the 
lock circuit will indicate a locked condition exists. 

4-76. Lock Detector. The 90° delayed pulse from the delay flip-flop 
(reference) is input to the lock flip-flop D input and the output of the 
auxiliary flip-flop (programmable divider) operates as the lock flip-flop 
clock . As long as the leading 3125 Hz reference and the programmable divider 
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0 0 negative transitions are separated O + 90 in phase , the output of the 
lock flip-flop remains HIGH. If the loop becomes unlocked, the signal from 
the programmable divider will drift in phase with respect to the reference. 
If the clock occurs when the delayed 3125 Hz signal is LOW, the lock flip
flop will output a LOW state and signal a frequency unlocked condition. 

4-77. Missing Pulse Detectors. A dual retriggerable one-shot used 
as the missing pulse detectors watches the programmable divider reset 
line and the crystal reference divider. As Jong as pulses are present 
at the inputs to the detectors, the one-shots will remain HIGH. If missing 
pulses occur in either source , the respective one- shot will not be retrig
gered and output a LOW condition to signal a frequency unlocked condition . 
The MOD OSC and the CRYSTAL REFERENCE indicators provide visual indications 
of the status of the two divider chains. 

4-78. Output Circuit . The outputs of the lock flip-flop and the 
missing pulse detectors are applied to a NAND gate. If all the inputs are 
present at the NAND gate, the output of the level detector/delay circuit 
will illuminate the LOCK indicator to signify a frequency locked condition. 
The output also operates the AFC interlock relay (Kl) which provides remote 
AFC latching. Any missing input to the NANO gate will be detected by the 
level detector/delay circuit. If a frequency unlocked condition is detect
ed, the level detector delay circuit immediately outputs an inhibit signal 
which turns off the LOCK indicator, deenergizes the AGC interlock relay, 
and provides a signal to the RF AMP module which inhibits the exciter RF 
output. 

4- 79. PHASE LOCKED LOOP. The phase detector is a flip- flop type 
with a three level output . If both reference and controlled inputs have 
zero phase difference, a 1.4 volt reference potential is output. If the 
controlled input lags in phase, the phase detector will output pulses neg
ative with respect to 1 . 4 volts with the pulse width proportional to the 
lagging phase angle. If the controlled input leads in phase, the phase 
detector will generate positive pulses with the pulse width proportional 
to the leading phase angle . The pulses are filtered and applied to the DC 
meter module and the MOD OSC module VCO assembly varactor diodes which 
control the exciter RF frequency . A positive voltage to the MOD OSC module 
will increase the frequency and a negative voltage to the MOD OSC module 
will decrease the frequency. The phase locked loop is closed by the con
nection from the MOD OSC module output to the AFC/PLL module divide by 16 
counter input. 

4-80. Bistable Loop. The phase locked loop used in the module has 
bistable characteristics which reduce lock-up time to a minimum. When the 
loop is out of lock, a CMOS switch arrangement operated by the lock detector 
enables a high rate of correction. When the lock detector senses a locked 
condition the loop correction characteristic is slowed for optimum trans
mission of low frequencies • 
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4-81. POWER. An input of positive five volts de from the exciter 
power supply is internally filtered to operate the logic circuitry. The 
+SV indicator provides an indication of the operation of the five volt source. 
An additional input of +20 Vdc applied through R36 is stabilized by zener diode 
CR6 to +15 Vdc. Re-regulated +15 Vdc inputs from the MOD nsc module provide 
+15 Vdc potentials to operate the AFC/PLL module loop filter circuitry. 

4-82. MOD OSC MODULE (2A4). 

4-83. The MOD OSC module contains the voltage controlled oscillator 
(VCO) assembly which generates the frequency modulated RF carrier from a 
composite signal input. The RF output frequency is controlled by a de con
trol voltage obtained from the AFC/PLL module as part of the phase locked 
loop. The module also provides automatic level switching for different 
combinations of SCA, stereophonic, and monaural operation. 

4-84. INPUT CIRCUIT. The de coupled quadraphonic, stereophonic, or 
monaural composite signals and the ac coupled SCA and external composite 
signals are input to the module and combined in the summing amplifier to 
obtain a total modulation signal. Whenever an SCA module is enabled, a 
corresponding CMOS switch is closed by a positive six volt potential on 
the appropriate control line from the specific SCA module. The CMOS switches 
shunt the feedback resistor (RSl) with additional resistance to reduce the 
gain of the amplifier. The gain reduction is adjusted to the injection level 
of the particular SCA signal to maintain 100% total modulation for all combi
nations of SCA, stereophonic, or monaural modes. 

4-85. PREDISTORTION NETWORK. The modulating signal from the composite 
amplifier is applied to a di.ode-resistor predistortion network. The total 
modulation signal is slightly stretched in the positive direction and slightly 
compressed in the negative direction. This effect is required to cancel the 
slightly nonlinear characteristics of the VCO assembly . The amount of pre
distortion is adjusted by the DIST. NULL control. 

4-86. VCO ASSEMBLY (2A4Al). The voltage cont rolled oscillator com-
prises a varactor diode tuned oscillator using field effect devices in an 
individual encapsulated subassembly. The unit accepts inputs of predistorted 
total modulation and an AFC signal from the AFC/PLL module and generates an 
FM signal on the operating frequency. In event of VCO failure, it is possible 
to repair the encapsulated assembly by cutting the clear resin from the faulty 
component and pouring in new resin after the repair is complete. 

4-87. Modulation Input. Predistorted total modulation is applied to 
the VCO GAIN control which compensates for VCO modulation sensitivity vari
ations and is coupled through capacitor C37 to the VCO input. As the time 
constant of capacitor C37 is many times the AFC/PLL module lockup time, the 
capacitor must be quickly charged to ensure a stable locked condition . When 
power is first applied, C37 is quickly charged to a potential very close to 
the steady state value by a fast charge circuit. The circuit then decouples 
itself from the modulation circuit and presents a high impedance input to 
the varactor diode network. 
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4-88. AFC Input. The frequency output of the VCO is determined by 
the AFC voltage to the VCO assembly from the AFC/PLL. If the VCO frequency 
is lower than the internal reference in the AFC/PLL modulet a positive going 
potential is input to the VCO assembly to increase the output frequency . If 
the VCO frequency is higher than the internal reference in the AFC/PLL module, 
a negative going potential is input to the VCO assembly to decrease the output 
frequency. A steady de potential on the correction line indicates the VCO 
frequency and the frequency of the internal reference agree. 

4-89. Output Circuit. A frequency modulated RF carrier is output 
from the oscillator stage, amplified, and inductively coupled by transformer 
Tl to an RF amplifier chain. 

4-90. OUTPUT. Two RF outputs from the module are provided . One out
put drives the AFC/PLL module divide by 16 counter. The remaining output is 
amplified to the level required to drive the RF AMP module input circuitry. 
An RF detector circuit samples the RF drive voltage to provide an indication 
of the RF output level. The RF POWER CALIBRATE control provides an adjust
ment to calibrate the meter indication . 

4-91. POWER. Inputs of positive and negative regulated 20 Vdc are 
re-regulated into +15 Vdc sources to operate the MOD OSC module and the 
AFC/PLL module int'ernal circuitry . Light emitting diodes provide a status 
indication of the operation of the positive (+15V) and negative (-15V) fif
teen volt power supplies. Additionally, positive and negative 6.0 Vdc sources 
are produced f rom a series circuit consisting of R7, R34, and R8 from the 
+15 volt potentials to operate the CMOS level switching circuits. 

4- 92. RF AMP MODULE. 

4-93. The RF AMP module comprises two class C stages which accept 
an RF input from the MOD OSC module and provide a continuously variable 
three to fifteen watt RF output. An internal AGC circuit ensures a stable 
RF output level. Automatic VSWR shutdown, off frequency inhibit provisions , 
and power supply current limiting provide automatic module operation. 

4-94. RF CIRCUIT. Drive is input to the RF amplifier from the MOD 
OSC module at a level of 250 milliwatts. The RF amplifier provides approx
imately 20 dB of gain to output a continuously adjustable level from three 
to fifteen watts. Amplifier tuning is not required as wideband impedance 
matching is used throughout the amplifier circuits . The RF is output along 
a microstrip through a directional coupler and low-pass filter implemented 
with microstrip techniques . The low-pass filter is tuned by the SECOND 
HARMONIC NOTCH adj ustment to reduce RF harmonics to a minimum level. The 
RF carrier is output from J3 on the rear of the exciter at an impedance of 
50 ohms. 

4-95. DIRECTIONAL COUPLER. The RF power amplifier includes a direc
tional coupler produced in printed circuit form using microstrip techniques 
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which samples the forward and reflected power. The power is detected and 

coupled to the metering circuits . The forward and reflected power indica
itons may be remotely monitored from connections on the rear of the exciter . 

4-96. AMPLIFIER INHIBIT. The directional coupler reflected power 

output is monitored by an adjustable threshold device . Whenever the re

flected power exceeds a preset level, the RF amplifier output is limited 

to prevent overdissipation of the RF amplifier devices. If a frequency 

unlocked condition exists between the AFC/PLL module and the MOD OSC mod

ule, an input from the AFC/PLL module will inhibit the RF output until the 

frequency is again within tolerance. The RF shutdown provision is remote

able from connections on the r ear of the exciter . 

4-97. RF AMPLIFIER AGC. The directional coupler forward power out-

put applies a de voltage proportional to forward power output to the AGC 

amplifier inverting input. The AGC reference applied t o the non-inverting 

input is adjusted by the OUTPUT ADJ control. As the RF out put power in

creases or decreases , the AGC amplifier output to the de regulator will 

decrease or increase proportionally. The de regulator compares the drive 

from the AGC amplifier with a sample of the RF amplifier collector voltage 

and drives the transistor in the exciter power supply which in turn lowers 

or raises the voltage to the RF amplifier. A current limiting stage samples 

RF amplifier current and initiates limiting at two amperes of supply current . 

The automatic level control is disabled by the AGC ON/OFF switch which allows 

manual carrier level control. 

4-98. POWER. Filtered positive 34 Vdc obtained from the exciter 

power supply is regulated into a positive 15 Vdc source to operate the 
RF AMP module internal circuitry. The +lSV indicator provides a status 

indication of the internal power supply. 
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5-1. INTRODUCTION. 

SECTION V 

MAINTENANCE 

5-2. This section provides preventive maintenance checks , cleaning, 
correct ive maintenance and troubleshooting information . 

5-3. PURPOSE. 

5-4 . The information contained in this section is intended to pro-
vide guidance to establish a comprehensive maintenance program to promote 
operat ional readiness and eliminate downtime. Particular emphasis is placed 
on preventive maintenance and record keeping functions. 

5- 5 . STATION RECORDS. 

5- 6. The importance of keeping station performance records cannot 
be overemphasized . Separate logbooks should be maintained by operation and 
maintenance activities. These records can provide data for predicting po
tential problem areas and analyzing equipment malfunctions. 

5-7 . TRANSMITTER LOGBOOK. 

5- 8. As a minimum performance characteristic, the exciter should be 
monitored (using front panel indicators) and results recorded in the trans
mitter logbook at each shift change or at least once per day. 

5-9 . MAINTENANCE LOGBOOK. 

5- 10. The maintenance logbook should contain a complete description 
of all maintenance activities required to keep the exciter operational . A 
l i st of maintenance information to be recorded and analyzed to provide a 
data base for a failure reporting system is as follows: 

DISCREPANCY 

CORRECTIVE ACTION 

DEFECTIVE PART(S) 

Describe the nature of the malfunction. 
Include all observable symptoms and 
performance characteristics. 

Describe the repair procedure used to 
correct the malfunction . 

List all parts and components replaced 
or repaired. Include the following 
details: 

a . 
b. 
c • 
d. 

COMPONENT TIME IN USE 
COMPONENT PART NUMBER 
COMPONENT MAJOR ASSEMBLY 
COMPONENT REFERENCE DESIGNATOR 
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5- 11. 

SYSTEM ELAPSED TIME 

NAME OF REPAIRMAN 

STATION ENGINEER 

SAFETY PRECAUTIONS. 

Rev. A: 12/77 

Total exciter time on . 

Person who actually made the repair. 

Indicates chief engineer noted and 
approved the repair. 

5- 12. The exciter design provides safety features which ensure that 
no potentials are accessible to operational personnel from the front panel 
with the access door closed. Additionally, no high voltage points a re r ead
ily accessible to personnel unless the exciter case is disassembled . Low 
voltages are used throughout the module circuitry , however maintenance with 
power energized is always hazardous and caution should be observed . This is 
particularly true of the RF amplifier module where high RF potentials exis t 
at high impedance points. It is possible to receive painful but usually not 
injurious RF burns from the 15 watt output stage. Component or module r e 
placement with power on is not recommended. 

5-13. PREVENTIVE MAINTENANCE . 

5-14. Preventive maintenance is a systematic series of operations 
performed periodically on equipment . As these procedures cannot be applied 
indiscriminately, specific instructions are necessary. 

a . Visual inspection is the most important preventive mainten
ance operation because it determines the necessity for the others. Become 
thoroughly acquainted with normal operating conditions in order to r ecognize 
and identify abnormal conditions readily. The remedy for most visible de
fects is obvious . however care must be taken if heat damaged components are 
located. Overbeat ing is usually a symptom of trouble . It is essent ial to 
determine the actual cause of overheating before the heat damaged component 
is r eplaced , otherwise the damage will be repeated. 

b. Check parts for overheating, especially mechanical parts 
such as the fan. The lack of proper ventilation or the existence of some 
defect can be detected and corrected before serious trouble occurs . Become 
familiar with operating temperatures in order to recognize deviat ions from 
normal temperature. 

c . Tighten loose hardware. Do no tighten indiscriminately as 
fittings may be damaged or broken when they are tightened beyond the pressure 
for which they are designed. 

d . Clean parts when inspec tion shows that cleaning is required. 

e. Make adjustments when inspection shows that adjus t ments are 
necessary to main t ain normal operation . 

f . Lubricate mechanical surfaces to prevent wear and to keep 
the equipment operating normally. Do not over lubricate. 
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g. Paint surfaces with the original type of paint (use prime 
coat if necessary) when inspection shows worn or broken paint film. 

5-15. FAN MAINTENANCE. 

5- 16. Inspect the fan and equipment for dust accumulation monthly. 
Remove dust with a vacuum cleaner and brush. Check the fan for wear. The 
fan bearings are sealed and fans which are noisy or show wear require re
placement of the fan . 

5- 17 . 

5-18. 
maintenance. 

MAINTENANCE OF COMPONENTS. 

The following paragraphs provide information for component 

5-19. SEMICONDUCTORS. The best check of semiconductor performance 
is actual circuit operation. When semiconductors are replaced, the opera
tion of associated circuits may be affected and should be checked . Replace
ment semiconductors should be of the original type or a recommended direct 
replacement. Preventive maintenance of semiconductors is accomplished by 
performing the following steps: 

a . Inspect the semiconductors and surrounding area for ac
cumulations of dirt or dust . 

b. Use compressed dry air and a brush to remove dust from 
the area. 

c . Examine all semiconductor s for loose connections or cor
rosion. 

5-20 . CAPACITORS. Preventive maint enance of capacitors is accomplished 
as follows: 

a . Examine all capacitor terminals for loose connections or 
corrosion. 

b. Ensure that component mountings are tight. 

c . Examine the body of each capacitor for swelling, discolor
ation or other evidence of breakdown. 

d. Inspect electrolytic capacitors for signs of leakage. 

e. Use compressed dry air and a brush to remove dust from the 
area . 
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5-21 . FIXED RESISTORS. Preventive maintenance of fixed resistors 
is accomplished by the following steps: 

a. Examine resistors for dirt or signs of overheating. Dis
colored, cracked or chipped components indicate a possible overload. 

b. When replacing a resistor ensure the replacement value 
corresponds to the original component. 

c . Use compressed air and a brush to remove dust from the 
a rea. 

5-22. VARIABLE RESISTORS. Preventive maintenance of variable resis-
tors follows: 

a. Inspect and tighten all loose mountings and connections. 

b. If necessary, clean components with a brush and dry com
pressed air. 

5-23. TRANSFORMERS. Preventive maintenance of transformers is accom-
plished by performing the fol lowing: 

a. Feel each transformer soon after power removal for signs 
of overheating. 

b. Inspect each transformer for dirt, loose mounting brackets 
and rivets, loose terminal connections and insecure connecting lugs . Dust , 
dirt or moisture between terminals may cause flashovers. 

c . Tighten loose mounting lugs, terminals or rivets. 

d. Use compressed air and a brush to remove dirt from the 
area . 

5-24 . 
following : 

FUSES. Preventive maintenance of fuses is accomplished by the 

a . 
replacement. 

When a fuse blows determine the cause before installing a 

b. Inspect fuse caps and mounts for charring and corrosion . 

c . Examine fuse clips fo r dirt, improper tension, and loose 
connections. 

d . Oust with a small brush if cleaning is required. 
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5-25. 
follows : 

METERS. Preventive maintenance of meters is accomplished as 

a . Inspect meters for loose, dirty or corroded mountings 
and connections. 

b. Check for defective cases and cover glasses. 

c. Tighten loose mountings or connections. Since meter 
cases are made of plastic, exercise care to prevent breakage . 

d. Clean meter cases and glass cover with a dry cloth. 

e. Remove dirt from mountings and connections with a brush 
if required. 

5- 26. RELAYS. Replace hermetically sealed relays if defective. Non-
hermetically sealed relays are considered normal if: 

a. The relay is mounted securely. 

b . Connecting leads are not frayed and the insulation is 
not damaged. 

c . Terminal connections a re tight and clean . 

d. Moving parts travel freely. 

e. Spring tension is correct. 

f. Contacts are clean, adjusted properly, and make good 
contact. 

g. The coil shows no signs of overheating . 

h. The assembly parts are clean and not corroded. 

5-27. SWITCHES. Preventive maintenance of switches is accomplished 
by checking the following: 

a. Inspect switches for defective mechanical action or loose
ness of mounting and connec tions. 

b. Examine cases for chips or cracks . 

c . Operate the switches to determine if each moves freely 
and is positive in action. In gang and wafer switches, the wiper should 
make good contact with the stationary member . 

5-5 

WARNING: Disconnect primary power prior to servicing. 
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d. Tighten all loose connections and mountings. 

e. Clean any dirty connection or switch with dr y compressed 
air and a brush as required. 

5-28. PRINTED CIRCUIT BOARDS. Preventive maintenance of printed cir-
cuit boards is accomplished by checking the following: 

a. Inspect the printed circuit boards for cracks or breaks. 

b . Inspect the wiring for open circuits or raised foil. 

c. Check components for breakage or discoloration due to 
overheating . 

d. Clean off dust and dirt with dry compressed air and a 
brush as r equired. 

e. Use standard practices to repair solder connections wit h 
a low wattage soldering iron. 

5-29. CORRECTIVE MAINTENANCE. 

5- 30. The maintenance philosophy of the MS-15 FM exciter consists of 
problem isolation to a specific area or replaceable module and s ubsequent 
isolation and replacement of the defective component or module. Fur t her 
troubleshooting in each applicable module publication provides isolation 
to specific components. 

5-31. Corrective maintenance for the transmitter is limited by the 
objective of minimum down time. Maintainability and care are consider ably 
simplified for operation and maintenance personnel as the MS-15 FM excit er 
is designed and built with highly reliable and proven elements to mini mize 
down t i me. Al l controls are adjustable in view of the meters. Internal 
components may be accessed through the front panel and the removable top 
and rear panels. An extender board (Harris PN 992 4989 001) is pr ovided 
with the exciter to assist in troubleshooting. 

5-32. TROUBLESHOOTING. 

5-33 . In event of problems , the trouble area must first be isolated 
to an exciter input, the MS-15 power supply, an exciter module, or the ex
citer load . Most troubleshooting consists of visual checks. The MODULA
TION meter, MULTIMETER , fuse Fl, circuit breaker CBl, and the indicators 
should be used to determine in which area the malfunction exists. All module 
power supplies are equipped with LEDs to indicate the module power supply 
status. If all LEDs are out or a consis tent pattern of dark LEDs exi sts, 
a power supply malfunction or distribution bus fault exists . If a single 
LED is out , either the monolithic voltage regulator on the module has fail
ed in the open condition or a short exists on the module and the module reg
ul ator is in the current limiting mode. 

5-6 

WARNING: Disconnect primary power prior to servicing. 
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Rev. B: 3/79 

5-34. Once the trouble is isolated to a specific area, refer to the 
theory section of this manual for circuit discussion to aid in problem reso
lution. Table 5-1 lists typical trouble symptoms pertaining to the overall 
exciter operation with references to fault isolation diagrams listjng pro
bable causes and corrective actions. A corrective action given for a trouble 
symptom is not necessarily the only answer to a problem, it only tends to lead 
the repairman into the area that may be causing the trouble. If a particular 
MS-15 module is determined faulty . a reference to the individual module main
t enance publication will be listed. In event parts are required, refer to 
Section VI, Parts List. 

5-35. COMPONENT REPLACEMENT. The circuit boards used in the MS-15 
are of the double-sided plated-through type. This means that there are traces 
on both sides of the board and the through-holes contain a metallic plating . 
Because of the plated- through holes, solder creeps up into the hole. This 
requires a more sophisticated technique fo r component removal in order to 
avoid damage to the traces on the board . Excessive heat of any point on the 
board will cause damage . 

5-36. To remove a component from a double-sided board, the leads of 
the defective component should be cut from the body while the leads are still 
soldered to the board. The component is then discarded and each lead is heat
ed independently and pulled out of the hole. Each hole may then be cleared 
of solder by carefully heating with a low wattage iron and removing the res
idual solder wi th a solder vacuum tool . 

5-37. The new component is installed in the usual way and soldered 
from the bo ttom side of the board. If no damage has been done to the plated
through hole, solderin g of the top side is not required . However, if the 
removal procedure did not progress smoothl y , each lead should be soldered at 
the top side to prevent potential intermittent problems. 

5-38. After soldering remove residual flux. There are solvents 
available in electronic supply houses which are useful. The board should then 
be checked to ensure the defluxing operation has removed the flux and not just 
smeared it about so that it is less visible. While rosin flux is not normally 
corrosive, it will absorb iroisture and become conductive enough to cause de
t erioration in specifications over a period of time. 

5- 39 . TECHNICAL ASSISTANCE. 

5-40. Technical assistance and troubleshooting recommendations are 
available from Harris Field Service Department during normal working hours. 
Emergency technical service is available 24 hours a day. Telephone 217/222-
8200 to contact the Field Service Department or address correspondence to 
Field Service Department, Harris Corporation Broadcast Products Division, 
123 Hampshire Street, Quincy , Illinois 62301 , USA . 

5-7 

WARNING: Disconnect primary power prior to servicing. 
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Table 5-1. MS-15 Fault Isolation Index 

SYMPTOM 

NO RF CARRIER OUTPUT 

RF CARRIER LEVEL WILL NOT ADJUST 

INADEQUATE CARRIER LEVEL OUTPUT 

FREQUENCY CONTROL CIRCUIT WILL 
NOT LOCK (AFC/PLL MODULE LOCK 
INDICATOR NOT ILLUMINATED). 

EXCITER OFF FREQUENCY (AFC/PLL 
MODULE LOCK INDICATOR ILLUMI
NATED). 

HIGH AUDIO DISTORTION IN BOTH 
STEREO CHANNELS 

HIGH AUDIO DISTORTION IN ONE 
STEREO CHANNEL 

NOISY AUDIO 

AM NOISE ON RF CARRIER 

NO MODULATION 

CIRCUIT BREAKER CB-1 OPENS 

5-8 

DEFECT/REFERENCE 

Figure 5-1 

Defective RF AMP. module. Refer to 
publication 888 1742 009 . 

Figure 5-2 

Figure 5-3 

Defective AFC/PLL module. Refer to 
publication 888 1742 007. 

Figure 5-4 

Defective STEREO ANALOG module . Refer 
to publication 888 174l 005. 

Figure 5-5 

Figure 5-6 

Figure 5-7 

Figure 5-8 

WARNING Disconnect primary power prior to servic ing. 
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FIGU RE 5-1 . 
NO RF CARR I ER OUTPUT 

5- 9/ 5-10 
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INADEQUATE RF CARRIER OUTPIIT 

I 
l>epreu K\JLTIHETEK R£F PIIR evltch. 
In HIILTll<ETER refleeted power in• 
dicotlon "!thin l!IIJ.tl edJ"8ted by 
the VS\IR lllR£SHOLO eont<ol (RIB)? 

.------ YES------.._I _____ NO-----------
AdJuet t h e RF AHP module output 
adj wtt cont Tol. 1■ •dequate R.F 
output eatablllhed? 

._ ____ NO-------. 
DtpreH HIILTll<ET!R HOD OSC ewiteh. 
Dou the H\JtTli'IETER indicate 2S0 
.., .!. 100 ... 1 

.---- YES _____ .._ _____ NO----... 

Refer to ftgur• 4-l and trouble
ahoot tht: RF ~ ac,dule DC outpUt• 
from the powe:r •upply . 

Defective HOD OSC aodule. Rt!or 
to publicet t on 888 1742 008. 

Figure 5- 2. Inadequate RF Carrier Level Output 

WARNING: Disconnect primary power prior to servi cing. 

5-11 / 5-12 
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• 

• 

... 

• 

rRlQl/tNCY CONTROL ClllCIJtT WILL NOT LOO(. 
(AfC PLL HOD\JLE LOCK INDICATOR NOT ILLIJMIJIATeDI 

Depreu H\JLTIKETER K>D osc owltch. 
Doea th• HULTIMET£R Indic ate 2~0 
llW ! 100 a,? 

YES------------110 ----------, 

£uend the AFC/PLL aodule. la 
th• t«lD OSC indicato r Ulu11lnaud? 

Defec tive K>D OSC 1DOduh. Refer 
to publlcat ton 888 1142 008. 

YES------- JIO,--------------

h th• CRYSTAL R£fl!ltE.NCf. Indi cato r 
t l lt1■inatad'? 

NO----------, 

Outclt pin 46 for a ■ 1nu&odial on
Cn,quency wavefor-a. t, aettvhy 

re.eent1 

YES '---NO----, 

Detec ti ve AFC/PLL 11odule lock 
d■ tector c1Tcv1t. Re f e r to 
publication 888 1742 007. 

Defective AFC/PLL aodule TCXO c ircuit. 
Refer to publ1cat Ion 888 1742 007. 

Defective HOD OSC 110dule. Refer 
to publication 888 1742 007. 

Defactlve AFC/PLL 11>0dule. 
Rehr to publi cation 888 1742 007. 

Figure 5-3 . Frequency Control Circuit Will Not Lock 
(AFC/PLL Module Lock Indicator Not Illuminated) 

WARNING: Disconnect primary power prior to servicing. 

110- 1& 

5-13/5- 14 
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• 

• 

• 

HICH AUDIO DISTORTION IN BOTH ST!llf:O CHANNUS 

Obaerve the OVSC eodul e LEFT •nd 
IUatT 1.ndlcator•. Are the lndt
catora 11 luainated! 

------YES _____ ,._ ____ NO---------. 

I I 
Audio lnput l•.,•l• ••t too hiah. 
Adju.•t the 1ter410 a udio input 
le11el1 to 10 DBH = I DB. 

Oi11ble the 1tereo input by pul• 
llng the STtllf:O ANALOG 110dule out. 
Conn~« an audio otgnol (1.0 vtOolS 
Nri•ua) to the eac:iter n:ar panel 
COHJ>OSIT! input (J4). la the d!t
tortion 1ttll pre■ent ? 

I ------us--------...a-No 
De(ectin 1100 OSC 1110dule. R.i(er 
to publl cotloo 888 1742 008, 

De (ect Ive STtREO AIIALOC mod uh, 
RA!f,r co publlcation 888 1?•2 OOS. 

ll◄Ml 

Figure 5- 4 . High Audio Dis t ortion in Both Stereo Channels 

5-15/5-16 

WARNING: Disconnect primary power prior to servicing. 
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• 

• 

• 

Pull the SCA-! module out c( 
the- exciter. I t nohe .ttlll 
present., 

~---- YES ---L..--- SO---- ------, 

Pu) 1 the SCA- 2 nodule out of 
th e exciter. la nohe 1t.tll 
pu,91e nt., 

~:"f'CtiVt' SCA-1 i:.odul e . Pefe r 
t o pu~l1c a t1on 888 l :"2 1)0). 

YES-....1-- SO-----------, 

Pull the "l>SO or STEUO ,A..'-i:Al..OG 
~odul e out of th• exciter. h 
n0t1e still pre-u1nt" 

Otff'ctl\.le SCA- 2 CIClduh. Re ft.r 
t o publicat!on 888 ~742 00). 

YES ------'---- SO 

Unplug tht tnput to thr exciter 
re.f.r p• nel CO!"POSITE l',;P•,- con
nector tJ41, Is not1t- .still preaent? 

~------ \'ES ____ _._ ___ SO----

Pull the- Af'("/PLl modute out of th,. 
e,cc iter. h no t•e st111 pro:4:'nt" 

Oehcllve '10SO rr.odult:. M!er to 
publ!cat! a,, 888 11<1 001, 

--OR--

:lf. f ec t t ve STER£0 A.'-lALOC, aodu!e 
P.-fer to p11hl1ca tton 8~8 1741 005c . 

Htgh noise on coeposltt atgnal tnput. 

~----HS----''----- SO 

r)fof ert1\.'t' '1();l C'S( Mduh:. Pf"f,r :>efecttv~ ArC/PLL r.iodul~. Refer 
tn publlc .atlon 8~8 1 "L.:' n,~ . to publtC' a tlon ,, ~~ 11,2 007. 

FIGURE 5- 5. 
NO ISY AUDIO 

5- 17/5- 18 
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• 

• 

• 

AH NOlSI: ON Rf CARUER. 

0.puH II\IL TIKETER REF PWII evltch, 
lo KULTIKETER reflect•d povor 1n
dlcotlon vlthlo l1alt1 odj..,.ud by 
th< vswg TllRl:SHOLD control (Rl8)1 

------ves-----.... -----No--------, 
Re fer to fl1ure 4-) and check t he 
powe-r 1upply output• for hu.a or 
nohe. la hwt1 or noi.e preae.ntT 

t>efect1Vf: exciter RF load. 

YES ____ .._ ____ NO ------

1 
O.fectlve: power •upply ci rcuit. £•tend the HOD OSC 110dule. and check 

the output• for tpurtou.e u1pl1tude. 
modulation vad.ationa . .\re apuriou.e 
variation• pre:aent? 

Yts------1---NO --------. 

DerectlYt HOD osc 90dule. Rehr 
to publication 888 1742 008, 

O.C.ctlve IJC/PLL 1110dule . l ehr 
to publlutlon 888 1142 001. 

1142-11 

Figure 5-6. AM Noise on RF Carrier 

5-19/5-20 

WARNING: Disconnect primary power prior to servicing . 
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• 

• 

S~ '100CLAT I •S 

I 
Depre•• !10DL'LATt01'-' Df t t"r 1111o1I c ch 
coneapondtng t o mode of t ran,
miaaton In acctv'I. ute . Do ea the 
"'100t.LATI O~ JMte r tndi c •t<' • tt lvlt)' , 

.-----------vrs _____ ..,I.__ ____ •o-------. 

Deprt'll~ -..OOt'l ATI O~ ~ter 8 !A.~D 
1'-'1 tch. Pof-1 the "4QOl1.ATll"'S =:.rter 
indl ~•tt- 1c ttvtcy , 

Ol• clit exctter a udtc Input,. Art 
• udto 1nput1 actlvt "' 

,----- YES ___ ...._ ____ so 

..-- --- --------- YES------- NO I 

Oehutvit "900 (Kr ::ioJuh. R..hr 
t C> pub't act on 81'!~ 1""2 008. 

Connr ct .an iaud t o 11.gna l (1.0 \' R.'1S 
tux.tmu:1) t o t h to: t>xc lt•r re • r pane l 
rOKPns1n: tnpu t (Jr.). Deprf' U t t1• 
i'«.)Ol'LATloP-," ortf'r S 5A.'-:0 A..., ltch. 
O<k-S thl' 'f)Ol't.AT(O-.: ~ter tndtcatt 
I Ctlvtcy "'I 

Y£S ___ __., ____ •m------, 

~hctive ~;o modult:. Rehr t o 
publt c 1 tlon t!:8~ 1742 00) . 

--OR--
0. fec tl ve ST[fU: 0 A.'-lALOG •oduh. 
Refer t o pub: feat ton 888 l 71.2 00). 

- - ~R- -
De f e c t t ve SCA-J ~ ,iodule. Refer 
t o pub)tca ti on i;ij,ij P t..1 001. 

0.t l.'c t t ve vc'\~rl C110dvh·. ~cfu· t o Dl'IPct l \'fl "110 O!-.C mod.,ale . Rt fe-, 
publtratton dSl.f. l7 ... ! 002 . 

--OR- -
0,r ft-ct 1 vr: STER.f~l A.~A.LUC =i<'dul t'. 
R•Cer t o publlt•t lon 88B 17 ... ! '1 ~. 

- -OR- -
Dere-ct ho~ sC.A-1 2 =-odul r . Re-fer 
to pu),!lc-5tlc-n ~1-18 11 .. 2 "OJ. 

t c, public' at ton ~ti:~ P.:.1 008. 

Appl",• ,1ud t o I nputs to eKctte r 

FIGURE 5- 7. 
NO MODULATION 

5- 21/ 5-22 
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• 

• 

Cl KCl1IT &MfAKU CB~l OPENS 

R.eae t cl rcuit breake r- CB-l. 
Doe1 the ciccult breaker open? 

------- YES-------'------- No-------. I 
Pull each 110dula out of the utcit~r 
ft·•• , one at I t lae. Iles et the 
ctrcult breaker 11 each n.odule ts 
pulled . la t hlf prob le• Laolated ! 

Refer to Haute 4- l and trouble •hoot 
c.he povtr aupply cttcuit. 

Figure 5- 8 . 

Contlnue 
Ope r a tion. 

0,e.ck. fu1e: Fl. l1 the ruse o p1:n? 

-----No----◄ 
Y£S 

I 

Refe r to ttgur~ 4-l and ti-ouble.
shoot thtt Rf AMP aodule DC output• 
fro■ the powf'r 1upply. I a tht.i: 
problem holated1 

I 
NO 

defective RF A.HP QOdul~. R~hr 
to public•t1on 888 1742 009. 

1141-21 

Circuit Breaker CB- 1 Opens 

5-23/5-24 

WARNING: Disconnect primary power prior to s ervicing. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 

• 

• 

6-1. INTRODUCTION. 

SECTION VI 

PARTS LIST 

6-2. This section provides a description, reference designator and 
part number for selected replaceable parts and assemblies required for pro
per maintenance of the MS-15 FM Exciter. Table 6-1 lists assemblies having 
replaceable parts , the table number listing the parts, and the page number 
on which the table is located. Identity of the assembly nomenclaure in 
table 6-1 signifies the equipment level within the overall equipment con
figuration. 

6-3. 

NOTE 

Actual component values may vary slightly 
from component values listed on schematics 
and parts list s. Due to industry-wide 
shortages, it is sometimes necessary to 
use parts other than those specified . In 
every vase, however . a substitute part is 
selected for conformance to overall design 
specifications so that equipment perform
ance is not affected . Components that 
are frequency determined or peculiar t o an 
individual exciter are identified by a 
Harris part number and MS- 15 component 
number on the final test addendum sheets 
shipped with the quipment . 

REPLACEABLE PARTS SERVICE . 

6-4. Replacement parts are available 24 hours a day, seven days a week 
from the HARRIS Service Parts Department. Telephone 217/222-8200 to contact 
the Service Parts Department or address correspondence to Service Parts Depart
ment, HARRIS CORPORATION, Broadcast Produc ts Division . P.O. Box 4290, Quincy, 
Illinois 62301, USA . The HARRIS factory may also be contacted through a TXW 
faciltiy (910-246-3312) or a TELEX service (40-4347) . 

6-1 

WARNING Disconnect primary power prior to servicing. 
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TABLE 
NO. 

6-2 

6-3 

6-4 

6-5 

6-6 

6-7 

6-8 

6- 9 

6-10 

6-11 

6-12 

6-13 

6-14 

6-15 

6-16 

6-17 

6-18 

6- 2 

Rev. A: 12/77 

Table 6-1. Replaceable Parts List Index 

UN1T NOMENCIATURE PART NO. 

FM Exciter (2) 994 7950 001 

Main Frame (2Al) 992 4980 001 

Ribbon Cable, 20 Conductor 929 2191 001 

Ribbon Cable Assembly, 26 Conductor 929 2192 001 

Ribbon Cable, 40 Conductor 929 2193 001 

Coaxial Cable 938 3828 126 

DC Metering Module (2A1Al) 992 4981 001 

AC Metering Module (2A1A2) 992 4982 001 

Mother Board (2AlA3) 992 4983 001 

RFI Filter Module (2AlA4) 992 4984 001 

Power Supply Module (2AlA5) 

Ext ender Board Assembly (2A5) 

Access Cables Extender Pack (2A6) 

Wide Band Option (6) 

Stereo Option (3) 

SCA Option (4) 

Mono Option (5) 

992 5000 001 

939 3524 001 

992 4990 001 

994 7983 001 

994 8020 001 

994 7992 001 

994 8019 001 

WARNING: Disconnect primary power prior to servicing 

PAGE 

6-3 

6-4 

6-6 

6-7 

6-8 

6- 9 

6-10 

6-11 

6-15 

6-16 

6-19 

6-20 

6- 21 

6-22 

6-23 

6-24 

6-25 

• 

• 

• 
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• 
Table 6-2 . FM Exciter (2) - 994 7950 001 

REF . SYMBOL HARRIS PART NO . DESCRIPTION QTY. 

2Al 992 4980 002 Main Frame 1 

2A2 992 4978 001 RF Power Amplifier Module 1 

2A3 992 4985 001 Automatic Frequency Control Module 1 

2A4 992 4987 001 Modulated Oscillator Module 1 

2A5 939 3524 001 Extender Board Assembly 1 

2A6 992 4990 001 Access Cables Extender Pack 1 

410 0232 000 Insulators 3 

• 

• 6- 3 

WARNING: rnsconnect primary power prior to servicing. 
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Table 6-3. Main Frame (2Al) - 992 4980 002 • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

2A1Al 992 4981 001 DC Meter Module 1 

2AlA2 992 4982 001 AC Meter Module 1 

2AlA3 992 4983 001 Mother Board 1 

2AlA4 992 4984 001 RFI Filter Module 1 

2AlA5 992 5000 001 Power Supply Module l 

Bl 430 0098 000 Fan , Tubeaxial, 50/60 Hz, 
115/230V 1 

Cl 524 0223 000 Capacitor , 4900 uF , 30V l 

C2 524 0337 000 Capacitor, 5100 uF, 50V 1 

CJ 524 0336 000 Capacitor , 2900 uF, 50V 1 

C4 524 0337 000 Capacitor , 5100 uF, 50V 1 • C5,C6,C7 ,C8 516 0082 000 Capacitor , .01 uF, 1 kV 4 

C9,Cl4 526 0351 000 Capacitor, 6 . 8 uF, 50V 2 

Cl5 , Cl6 516 0082 000 Capacitor, . 01 uF, l kV 2 

CBl 606 0547 000 Circuit Breaker, 2 Ampere 1 

CR1,CR2 384 0564 000 Rectifier, Bridge, 6 A, 600V 2 

CR3 384 0020 000 Rectifier , 1N4005 1 

CR4 386 0391 000 Diode, Zener , 1N2821A 1 

CR5 406 0479 000 Light, Indicator , Red 1 

Fl 398 0020 000 Fuse , Fast, 3 AG, 3 Ampere 1 

Ll 476 0399 000 Choke, Filter, 5 mH, 2 Ampere 1 

Ml 632 0961 000 Multimeter, 0-100 UADC Movement l 

M2 632 0962 000 Meter, Modulation, 0-550 UADC 
Movement 1 • 6-4 

WARNING: Disconnect primary power prior to servicing 
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Rev . D: 6/79 

Table 6-3. Main Frame (2Al) - 992 4980 002 (Continued) 

REF . SYMBOL 

Ql,Q3 

Q4 

R7 

R8,R9 

RlO 

Sl 

Tl 

TB1,TB2 

TB3 

Ul 

XCR4 

XFl 

XQ1,XQ2,XQ3,XQ4 

HARRIS PART NO. 

380 0187 000 

380 0571 000 

548 1437 000 

548 0314 000 

548 1437 000 

604 0868 000 

472 1117 000 

614 0004 000 

614 0147 000 

382 0527 000 

404 0661 000 

402 0023 000 

404 0661 000 

929 2191 001 

929 2192 001 

929 2193 001 

938 3828 126 

929 2440 001 

DESCRIPTION 

Transistor, 2N6055 

Transistor, 2N6053 

Resistor, 665k ohm, 1/4W, 1% 

Resistor , 75k ohm, 1/4W, 1% 

Resistor, 665k ohm, l/4W, 1% 

Switch, Rocker, DPDT 

Transformer, Power 

Terminal Board, 4 Terminal 

Terminal Strip, 6 Terminal 

Regulator, Integrated Circuit, 
LM 340K-5 

Socket, Transistor for T0-3 Case 

Fuse, Holder, 342004 

Socket, Transistor for T0- 3 Case 

Ribbon Cable, 20 Cond. 

Ribbon Cable, 26 Cond . 

Ribbon Cable, 40 Cond. 

Cable , Coax 

Cable~ Main 

WARNING: Disconnect primary power prior to servicing. 

QTY. 

2 

1 

1 

2 

1 

1 

1 

2 

l 

1 

1 

1 

4 

1 

1 

1 

4 

1 

6-5 
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Table 6-4. Ribbon Cable, 20 Conductor - 929 2191 001 

REF . SYMBOL HARRIS PART NO . DESCRIPTION 

612 0895 000 Receptacle Connector Kit, 20 Pin 

6-6 

WARNING: Disconnect primary power prior to servicing. 

QTY . 

2 

• 

• 

I-' 
-.J 
.i::
N 

• 
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• Table 6-5 . Ribbon Cable Assembly, 26 Conductor - 929 2192 001 

REF. SYMBOL HARRIS PART NO . DESCRIPTION QTY . 

612 0896 000 Receptacle Connector Kit, 26 Pin 2 

• 

' 

• 
6- 7 

WARNING: Disconnect primary power prior to servicing. 
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Table 6- 6. Ribbon Cable, 40 Conductor - 929 2193 001 • 
REF. SYMBOL HARRIS PART NO . DESCRIPTION QTY . 

612 0897 000 Receptacle Connector Kit, 40 Pin 2 

• 

• 
6-8 

WARNING: Disconnect primary power prior to ser vicing . 
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REF . 

Table 6- 7. Coaxial Cable - 938 3828 126 

SYMBOL HARRIS PART NO . DES CR I PTI ON QTY . 

620 1510 000 BNC Connector 1 

620 0566 000 Plug, Right Angle , UG 1466/ 1 

6-9 

WARNING: Disconnect pri mary power prior to servicing . 
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Rev. B: 3/79 

Table 6- 8. DC Metering Module (2AlAl) - 992 4981 001 • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

CRl 384 0321 000 Diode, Hot Carrier, 5082-2800 1 

Rl , R2 548 0317 000 Resistor , 301k ohm, l/4W, 1% 2 

R3 548 0392 000 Resistor , . 123 ohm, lW, 1% 1 

R4 540 1109 000 Resistor , 33k ohm, l/2W, 5% 1 

RS 548 0317 000 Resistor, 301k ohm, l/4W, 1% 1 

R6 548 0997 000 Resistor, 20k ohm, l/4W, 1% 1 

Sl 604 0862 000 Switch, Pushbutton, 10 Section 1 

610 0746 000 Header Assembly, 20 Pin 1 

839 2836 001 Printed Board 1 

• 

• 
6-10 

WARNING: Disconnect primary power prior to servicing. 
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Rev. A: 12/ 77 

• Table 6-9. AC Metering Module (2AlA2) - 992 4982 001 

REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Cl 526 0049 000 Capacitor, 6. 8 uF • 35V • 20% 1 

C2 500 0813 000 Capacitor, Mica, 33 pF, soov 1 

C3 526 0049 000 Capacitor , 6.8 uF, 35V , 20% 1 

C4 500 0817 000 Capacitor, Mica, 47 pF, soov 1 

C5,C6 526 0049 000 Capacitor, 6. 8 uF, 35V, 20% 2 

CB 526 0340 000 Capacitor, 1 uF, 35V, 10% 1 

C9,C10 526 0049 000 Capacitor, 6 . 8 uF, 35V, 20% 2 

Cll 526 0342 000 Capacitor, 2.7 uF, 35V , 10% 1 

C12 526 0106 000 Capacitor, 2 7 uF, 35V, 10% 1 

• Cl3 , Cl4,Cl5 ,C16 526 0049 000 Capacitor , 6.8 uF, 35V, 20% 4 

CR1,CR2,CR3 384 0321 000 Diode, Hot Carrier, 5082- 2800 3 

CR4 , CR5,CR6,CR7 384 0431 000 Diode, 1N4001 4 

Ql,Q2 380 0319 000 Transis t or, MPS A14 2 

Rl 550 0913 000 Potentiometer, 4 Turn, SK ohm , 
l/2W, 20% 1 

R2 540 1113 000 Resistor, 18K ohm, l/2W, 5% 1 

R3 550 0913 000 Potentiometer , 4 Turn, SK ohm, 
1/2W, 20% 1 

R4 540 1113 000 Resistor, 18K ohm, 1/2W, 5% 1 

RS 550 0398 000 Potentiometer, lK ohm, 1/2W, 10% 1 

R6 540 1179 000 Resistor , 3600 ohm, 1/2W, 5% 1 

R7 550 0928 000 Potentiometer, 4 Turn, 20K ohm, 
1/2W, 10% 1 

• 
R8 540 1165 000 Resistor , 3300 ohm, l/2W, 5% 1 

6-11 

WARNING: Disconnect primary power prior to servicing. 

wigfi
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Rev. D: 4/80 

Tabl e 6-9. AC Metering Module (2A1A2) - 992 4982 001 (Continued) 

.--------- -.---- - - - - --r----- -------------.- -·- • 
REF. SYMBOL 

R9 

RlO 

Rll 

R12 

Rl3 

R14 

Rl5 

R16 

Rl7 

R18 

R19 

R20 

R21 

R22 

R23 

R24 

R25,R26 

R27 

R28,R29 

R30 

6-12 

HARRIS PART NO. DESCRIPTION 

550 0928 000 Potentiometer, 4 Turn, 20K ohm, 
l/2W, 10% 

540 1165 000 Resistor, 3300 ohm, l/2W, 5% 

550 0913 000 Potentiometer, 4 Turn, SK ohm, 
l/2W, 20% 

540 1113 000 Resistor, 18K ohm, l/2W, 5% 

550 0913 000 Potentiometer, 4 Turn, SK ohm, 
l/2W, 20% 

540 1113 000 Resistor, 18K ohm, l/2W, 5% 

550 0928 000 Potentiometer. 4 Turn, 20K ohm, 
l/2W, 10% 

540 1160 000 

540 1328 000 

540 1111 000 

540 1151 000 

540 1144 000 

550 0930 000 

540 1105 000 

540 1151 000 

540 1251 001 

540 1159 000 

540 1129 000 

540 1111 000 

550 0935 000 

Resistor , 22K ohm, l/2W, 5% 

Resistor, 560K ohm, l/2W, 5% 

Resistor, lOK ohm, l/2W, 5% 

Resistor, 10 ohm, l/2W, 5% 

Resistor, 200K ohm, l/2W, 5% 

Potentiometer, 4 Turn, 200K ohm, 
l/2W, 10% 

Resistor, 5100 ohm, l/2W, 5% 

Resistor , 10 ohm, l/2W, 5% 

Resistor, 300K ohm, l/2W, 5% 

Resistor, 100K ohm, l/2W, 5% 

Resistor , 1500 ohm, l/2W, 5% 

Resistor , 10K ohm, l/2W, 5% 

Potentiometer, 4 Turn, 2K ohm, 
l/2W, 10% 

WARNING: Disconnect primary power prior to servicing. 

QTY. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

• 

• 
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Rev. D: 4/80 

• 
Table 6- 9 . AC Metering Module (2A1A2) - 992 4982 001 (Continued) 

REF . SYMBOL HARRIS PART NO . OESCR I PTI ON QTY . 

R31 540 1145 000 Resistor , 6800 ohm, 1/2W, 5% 1 

R32 540 1111 000 Resistor , lOK ohm, l/2W, 5% l 

R33 , R34 540 1151 000 Resistor , 10 ohm, l/2W, 5% 2 

R35 540 1162 000 Resistor, 1 megohm, l/2W, 5% 1 

R36 540 1111 000 Resistor, lOK ohm, l/2W, 5% l 

R37 540 1134 000 Resistor, 33 Ohm, 1/2W, 5% 1 

R38 540 1160 000 Resistor , 22K ohm, l/2W, 5% 1 

R39 540 1159 000 Resistor, 100K ohm, l/2W, 5% 1 

R40 540 1337 000 Resistor, 12 megohm, l/2W, 5% 1 

R41 540 1160 000 Resistor, 22K ohm, 1/2W, 5% 1 

• R42 540 1114 000 Resistor, 4 . 7kohm, l/2W , 10% 1 

R43 540 1165 000 Resistor , 3300 ohm, l/2W, 5% 1 

R44 540 1210 000 Resistor, 150K ohm, l/2W, 5% 1 

R4S 540 1107 000 Resistor, 20K ohm, l/2W, 5% 1 

R46 540 1104 000 Resistor, 2000 ohm, 1/2W, 5% l 

R47 540 1201 000 Resistor, 910 ohm, l/2W, 5% 1 

R48 550 0935 000 Potentiometer , 4 Turn , 2K ohm, 1 
l/2W, 10% 

R49 540 1129 000 Resistor, 1500 ohm, 1/2W, 5% 1 

R50 559 0043 000 Thermistor, 2K ohm, @25°C, 10% 1 

R51 540 1107 000 Resistor, 20K ohm, l/2W, 5% 1 

R52 thru R55 548 0076 000 Resistor, lOOK ohm, l/2W, 1% 4 

R56 thru RS8 540 1159 000 Resistor, lOOK ohm, l/2W, 5% 3 

• R59 540 1129 000 Resistor, 1500 ohm, l/2W, 5% 1 

Rev. E: 3/81 6-13 

WARNING: Disconnect primary power prior to servicing. 
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Table 6- 9. AC Metering Module (2AlA2) - 992 4982 001 (Continued) • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Sl 604 0862 000 Switch , Pushbutton , 10 Section l 

Ul 382 0415 000 Integrated Circuit , LM324N 1 

U2, U3 382 0472 000 Integrated Circuit, LM318N 2 

U4 540 1332 000 Network , Resistor (8 each lOOK 

ohm, 1/4W, 2% in Pin DIP Package) l 

us 382 0360 000 Integrated Circuit , MC7915CP 1 

U6 382 0359 000 Integrated Circuit MC781SCP l 

XUl 404 0675 000 Socket , IC , 16 Contact l 

XU2 , XU3 404 0673 000 Socket, IC , 8 Contact 2 

XU4 404 0674 000 Socket , IC , 14 Contact 1 

610 0747 000 Header Assembly, 26 Pin l • 939 2851 001 PC Board 1 

• 
6-14 Rev . E: 3/81 

WARNING: Disconnect primary power prior to servicing. 
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REF. SYMBOL 

Pl t hru Pl3 

Rl, R2 , R3,R4 , R5 

Rev. D: 4/80 

Table 6-10. Mother Board (2AlA3) - 992 4983 001 

HARRIS PART NO. DESCRIPTION QTY. 

612 0887 000 Connector, PC Boar d, 72 Contact 13 

540 0864 000 Resi s t or , 10 ohm, l /4W, 5% 5 

610 0746 000 Header Assembl y , 20 Pin l 

610 0747 000 Header Assembly, 26 Pin 1 

610 0748 000 Header Assembly, 40 Pin l 

620 0515 000 Receptacl e , 50-051-0000 4 

952 8329 001 Print ed Circuit Board l 

6-15 

WARNING: Disconnect primary power prior to servic ing. 
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Table 6- 11 . RFI Filter Module (2AlA4) - 992 4984 001 • 
REF. SYMBOL HARRIS PART NO . DESCRIPTION QTY . 

Cl,C2 516 0370 000 Capacitor, .005 uF, 500V, 10% 2 

C3 500 0756 000 Capacitor, Mica, 330 pF, soov l 

C4,C5 516 0370 000 Capacitor, .005 uF, 500V, 10% 2 

C6 500 0756 000 Capacitor, Mica, 330 pF, 500V 1 

C7, C8 516 0370 000 Capacitor, . 005 uF, 500V, 10% 2 

C9 500 0756 000 Capacitor , Mica, 330 pF , 500V 1 

ClO,Cll 516 0370 000 Capacitor, . 005 uF, 500V, 10% 2 

Cl2 500 0756 000 Capacitor, Mica, 330 pF, 500V 1 

Cl3,Cl4 516 0370 000 Capacitor, . 005 uF, 500V, 10% 2 

• Cl5 500 0756 000 Capacitor, Mica, 330 pF, 500V l 

Cl6,Cl7 516 0370 000 Capacitor, .005 uF, 500V , 10% 2 

Cl8 500 0756 000 Capacitor, Mica, 330 pF, SOOV 1 

Cl9,C20 516 0370 000 Capacitor, .005 uF, 500V, 10% 2 

C21 500 0756 000 Capacitor, Mica, 330 pF, 500V 1 

C22,C23 516 0370 000 Capacitor, .005 uF, SOOV, 10% 2 

C24 500 0756 000 Capacitor , Mica, 330 pF, 500V 1 

C25,C26 516 0370 000 Capaci t or, .005 uF, 500V, 10% 2 

C27 500 0756 000 Capacitor, Mica, 330 pF, 500V 1 

C28,C29 516 0370 000 Capacitor, .005 uF, 500V, 10% 2 

C30 500 0756 000 Capacitor, Mica, 330 pF, SOOV l 

C31 thru C46 516 0074 000 Capacitor , Disc . , .005 uF, lkV 16 

C47 516 0084 000 Capacitor , Disc. , .02 uF, 600V 1 

• C48 516 0074 000 Capacitor, Disc., .005 uF, lkV 1 

6-16 
WARNING: Disconnect primary power prior to servicing. 
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Rev. D: 4/80 

Table 6-11. RFI Filter Module (2A1A4) - 992 4984 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION 

C49,C50,C51,C52 516 0084 000 Capacitor, Disc., .02 uF, 600V 

C53,C54,C55,C56, 516 0074 000 Capacitor, Disc. , .005 uF, 1 kV 
C57,C58,C59,C60, 
C61 

CR! 384 0020 000 Rectifier , 1N4005 

Jl 610 0740 000 Header, Pin, 36 Circuit 

J2 610 0748 000 Header Assembly, 40 Pin 

J3 610 0739 000 Header, Pin, 12 Circuit 

Kl 574 0162 000 Relay, 24 Vdc , 4PDT 

Ll,L3,L5,L6,L7, 494 0419 000 Choke, RF, Shielded, 1000.0 uH 
19 

L2,L4 , L8,Ll0 

Lll,L12,Ll3,Ll4 

Rl 

R2 

R3,R4 

RS 

R6,R7 

R8 

R9,Rl0 

492 0627 000 

414 0212 000 

540 0900 000 

540 0915 000 

540 0900 000 

540 0915 000 

540 0900 000 

540 0915 000 

540 0900 000 

Rll 540 0915 000 

Rl2,R13,Rl4 540 0900 000 

Rl5 ,Rl6 , R17,R18 , 540 0920 000 
R19,R20,R21,R22, 
H.23,R24 

Inductor, Variable , .65 to 1.3 roH 

Torroid, F867-1-Ql 

Resistor, 330 ohm, l/4W, 5% 

Resistor, 1300 ohm, 1/4W, 5% 

Resistor, 330 ohm, l/4W, 5% 

Resistor, 1300 ohm, l/4W, 5% 

Resistor, 330 ohm, 1/4W, 5% 

Resistor, 1300 ohm, l/4W, 5% 

Resistor, 330 ohm, l/4W, 5% 

Resistor, 1300 ohm, l/4W, 5% 

Resistor, 330 ohm, l/4W, 5% 

Resistor, 2200 ohm, l/4W, 5% 

WARNING: Disconnect primary power prior to servicing. 

QTY. 

4 

9 

1 

l 

1 

1 

1 

6 

4 

4 

1 

1 

2 

1 

2 

1 

2 

1 

3 

10 

I 
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Table 6- 11. RFI Filter Module (2AlA4) - 992 4984 001 (Continued) 

REF. SYMBOL HARRIS PART NO. DESCRIPTION 

R25,R26 548 0263 000 Resistor, lK ohm, l/8W, 1% 

R27,R28 540 0920 000 Resistor , 2200 ohm, l/4W, 5% 

R29 540 0912 000 Resistor, 1000 ohm, l/4W, 5% 

R30 540 0880 000 Resistor, 47 ohm, l/4W, 5% 
. 

R31 540 0017 000 Resistor, 47 ohm, 1/2W, 5% 

R32 540 0912 000 Resistor, 1000 ohm, l/4W, 5% 

R33 540 0017 000 Resistor, 47 ohm, l/2W , 5% 

R34 540 0915 000 Resistor, 1300 ohm, l/4W, 5% 

XKl 404 0161 000 Socket. Relay , 9 KH2 

TB1,TB2 614 0040 000 Terminal Board, 18 Terminals 

943 1715 001 PC Board 

6-18 

WARNING: Disconnect primary power prior to servicing. 
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Table 6- 12. Power Supply Module (2AlA5) - 992 5000 001 

REF . SYMBOL HARRIS PART NO. DESCRIPTION QTY . 

Cl0,Cll,Cl2,Cl3 526 0349 000 Capacitor, 2. 2 uF, SOV, 20% 4 

CRS,CR6 386 0077 000 Diode, Zener, 1N4749A 2 

CR7,CR8 384 0020 000 Rectifier, 1N4005 2 

QS 380 0189 000 Transistor, 2N3904 1 

Q6 380 0190 000 Transistor, 2N3906 1 

Rl 540 0339 000 RE!sistor, 2000 ohm, lW, 5% 1 

R2 540 1102 000 Resistor, 100 ohm, l/2W, 5% 1 

R3 540 1216 000 Resistor, 330 ohm, l/2W, 5% 1 

R4 542 0002 000 Resistor, 2 ohm, SW, 5% 1 

RS 540 1137 000 Resistor, 3900 ohm, l/2W, 5% 1 

R6 540 0339 000 Resistor, 2000 ohm, lW, 5% 1 

Rll 540 1102 000 Resistor, 100 ohm, l/2W, 5% 1 

Rl2 540 1137 000 Resistor, 3900 ohm, l/2W, 5% 1 

Rl3 540 1216 000 Resistor, 330 ohm, l/2W, 5% 1 

Rl4 542 0002 000 Resistor, 2 ohm, SW, 5% 1 

RlS 540 0332 000 Resistor , 1000 ohm, lW, 5% 1 

929 2219 001 PC Board 1 

6-19 
WARNING: Disconnect primary power prior to servi cing. 
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Rev. D: 4/80 

Table 6-13. Extender Board Assembly (2A5) - 939 3524 001 • 
REF. SYMBOL HARRIS PART NO. DESCRIPTION QTY. 

Jl 612 0916 000 Connector, 72 Pin 1 

943 2258 001 Printed Circuit Board l 

• 

• 6-20 

WARNING: Disconnect primary power prior to servicing. 
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Table 6-14. Access Cables Extender Pack (2A6) - 992 4990 001 

REF . SYMBOL HARRI S PART NO . DESCRIPTION QTY . 

------ 929 2816 001 Cord, AC Power 1 

6-21 

WARNING : Disconnect primary power prior to servicing. 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

Table 6-15 . Wide Band Option (6) - 994 7983 001 • 
REF. SYMBOL HARRIS PART NO . DES CR I PTI ON QTY . 

994 7983 001 Blank Module 5 

• 

1-.... 
.i:: 
I'-

• 
6-22 

WARNING: Disconnect primary power prior to servicing. 
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Rev. D: 4/80 

• Table 6-16. Stereo Option (3) - 994 8020 001 

REF. SYMBOL HARRIS PART NO . DESCR IPTION QTY . 

3Al 994 7989 001 Stereo Analog Module 1 

3A2 994 7990 001 Stereo Digital Module 1 

3A3 994 7991 001 Stereo Overshoot Module 1 

• 

• 
6- 23 

WARNING: Disconnect primary power prior to servicing. 
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Table 6-17 . SCA Option (4) - 994 7992 001 • 
REF. SYMBOL HARRI S PART NO. DESCRIPTION QTY . 

992 4977 001 PC Board Assembly 1 

• 

• 
6-24 

WARNING: Disconnec t rimary power prior to servicing. 
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REF . 

SAl 

Table 6- 18 . Mono Option (S) - 994 8019 001 

SYMBOL HARRI S PART NO . DES CR I PTI ON QTY . 

994 7988 001 Monaural Module 1 

994 7983 001 Blank Module 2 

6-25/6-26 

WARNING: Disconnect primary power prior to servicing. 
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7-1. INTRODUCTION. 

SECTION VII 

DIAGRAMS 

7-2. This section provides schematic, interconnection, and wiring 
diagrams required for maintenance of the MS-15 FM Exciter. The following 
diagrams are contained in this section: 

Figure Title Number Page 

7-1 Mother Board, MS-15 Exciter 852 8415 001 7- 3 

7-2 RFI Filter, FM Exciter 843 1714 001 7- 5 

7-3 Power Supply, FM Exciter 843 2119 001 7-7 

7-4 DC Meter Board, FM Exciter 839 2835 001 7- 9 

7-5 Modulation Meter Board, FM Exciter 843 2118 001 7-11 

7-1/7-2 

WARNING : Disconnect primary power prior to servicing, 

wigfi
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A- 1. INTRODUCTION. 

APPENDIX A 

MANUFACTURERS DATA 

A-2. This appendix consists of the following technical data which 

identifies operating characteristics and parameters for various replaceable 

items used throughout the MS-15 circuitry. 

l. Integrated Circuit Connection Diagrams 

2. Technical Data Sheet, AD521-JD Instrumentation Amplifier 

3. Technical Data Sheet. XR2206 CP Function Generator 

4. Technical Data Sheet, HA-4741 Quad Operational Amplifier 

5. Technical Data Sheet , ILQ74 Quad Optical Isolator 

6. Technical Data Sheet, LM318- N Operational Amplifier 

7 . Technical Data Sheet. DM-74LS161 Programmable Divider 

8. Technical Data Sheet, TL430C PrograJ1DDable Zener Diode 

9. Technical Data Sheet , MC4044 Phase Detector 

10. Engineering Report, A New Filtering Process For Optimal 
Overshoot Control 

A-2 

WARNING: Disconnect primary power prior to servicing. 

• 

• 

• 
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LM311N 
VOLTAGE COMPARATOR 

LM339N 
QUAD VOLTAGE COMPARATOR 

015 

' l 
' 

LM556CN 
DUAL TIMER 

LM324N 
QUAD OPERATIONAL AMPLIFIER 

LM358N 
DUAL OPERATIONAL AMPLIFIER 

1'1)1) 

• 

4001B 

7 
vs< 

QUAD 2-INPUT NOR GATE 

1742-27 

INTEGRATED CIRCUIT CONNECTI ON DIAGRAMS (SHEET 1 OF 3) 

A-3 
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4011B 
QUAD 2-INPUT NAND GATE 

4013B 
DUAL D FLIP-FLOP 

4066B 
QUAD ANALOG SWITCH/MULTIPLEXER 

VS!\ 

4012B 
DUAL 4- INPUT NAND GATE 

1 
Al 

4027B 
DUAL J-K FLIP-FLOP 

ll 

., 
J ,c 

7420N 
DUAL 4-INPUT NANO GATE 

INTEGRATED CIRCUIT CONNECTION DIAGRAMS (SHEET 2 OF 3) 

A-4 

• 

• 

1742-28 • 
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7474N 
POSITIVE EDGE TRIGGERED 

DUAL D FLIP- FLOP WITH 
PRESET AND CLEAR 

7493AN 
DIVIDE BY 16 COUNTER 

"'( s. '"""' !. r lt!ll"ID 
l. fltT,IT 

, l 

MC7806CT-POSITIVE 6 VOLT FIXED 
VOLTAGE REGULATOR 

MC7815CT-POSITIVE 15 VOLT FIXED 
VOLTAGE REGULATOR 

Rev. A: 12/77 

7490AN 
DIVIDE BY 10 COUNTER 

74123N 
DUAL RETRIGGERABLE ONE SHOT 

,t~ I. C:OOl.'10 
J IN1'LT 
l. OL'TPL'T 

I 

2 l 

MC7906CT-NEGATIVE 6 VOLT FIXED 
VOLTAGE REGULATOR 

MC7915CT-NEGATIVE 15 VOLT FIXED 
VOLTAGE REGULATOR 

1742-29 

MC10178L 
DIVIDE BY 16 COUNTER 

INTEGRATED CIRCUIT CONNECTION DIAGRAMS (SHEET 3 OF 3) 

A- 5/ A-6 
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NANALOG 
WDEVICES 

Integrated Circuit 
Precision Instrumentation Amplifier 

FEATURES 
Programmable Gains from 0 .1 to 1000 
Floating Differential Inputs 
High CMRR: 110dB min 
Complete Input Protection, Power ON and Power OFF 
Functionally Complete with the Addition of Two Resistors 
Internally Compensated 
Gain Bandwidth Product: 40MHz 
Output Current Limited: 25mA 
Extremely Low Cost: $8.50 (100's, J) 

f'l<Ol>llC.T IH.SCH ll'TION 

The AD521 is the second generation, low cost, monolithic I.C. 
instrumentation amplifier developed by Analog Devices. A true 
inscrumentatJon amplifier, the AD521 is a controlled gain block 
with differential inputs and an accurately programmable input/ 
output gain relationship. 

The AD521 , like its predecessor the A0520, should not be 
confused with an o perational amplifier, even though several 
manufacturers (including Analog Devices) offer op amps that 
can be used as building blocks in variable gain instrumentation 
amplifier circuits. An op amp is merely a high gain component 
requiring the addition of external feedback to complete the 
amplificatio n fu nction. Because of the limitations of resistor 
matching in the external feedback circuit and the relatively low 
input impedance resulting from the input resistors, an instru
mentation amplifier circuit designed around op amps frequendy 
provides less than satisfactory performance. Since the ADS 2 1 
is a complete amplification circuit which does not depend 
upon external resistor matching for input/output isolation it 
maintains its high CMRR (l l0dB min) in any application. In 
addition, the high impedance inputs arc fully protected 
against over voltages up to 15V greater than t he supply voltage. 

The ADS 21 can be o perated at gains from 0 .1 to greater than 
1000 with the addition of only two programming resistors. 
Excellent d.c. characteristics are realized through the device's 
inherently low offset and gain drift and optional one-pot nulling. 
Dynamic performance is also outstanding with a gain band
width product of 40MHz, full peak response of l00kHz and 
a l0V/µsec slew rate . 

lnfu,,11dr10H 1. ,rn.~11\.', 1 l l'f Aoc:11og D~~H.'t:S •S bc11e\t!d to he accurate 
Jriri ,,:'t,alJle Howe,~, 1,0 rc~ponsPhd,tv ,~ ctss~,,nert hV Anatog neviccs 
trn 1s use 110, to, dny ,nfr ,ngemer>ts o l 11a1en1s or n th~, rogh ts of 1h, rd 
,, 11 1 1:c; wh-~ ti n,ay '~s,,,t frOn\ rs ,,St· No l,(..:t>n ,c ,:; grantc~I l)y ,111p 1 c.;.a 
t1d11 c.u 1\tt11•rw,,c L,ndl'' dnv PJ1~nt or 1,attnt r gh1s 1)1 Ana1og Oi:v1res 

. AD521 

The ADS21 I.C. instrumentation amplifier is available 111 three 
d ifferent versions, depending on accuracy and opcratinit temp· 
erature range: the economical "J" specified from 0°C co +70°C, 
the low drift "K", also specified from 0°C to +70°C and the "S", 
guaranteed over the full MIL-temperature range, -5 5°C to 
+12S°C. All versions arc packaged in a 14 pin DIP 

f' ROl>llCl IIICIILICIITS 
1. The ADS 21 is a true instrumentatio n amplifier in integrated 

circu it form, offering the user performance comparable co 
many modular instrumentation amplifiers at a fraction of 
the cost. 

2. The ADS2 I is functionally complete with the add1tton uf 
two resistors. Gain can be preset from 0. 1 to more than 
1000. 

J . The AD521 is fully protected for input levels up to 15V 
beyond the supply voltage and 30V differential at the 
inputs. 

4. Internally compensated for all gains, the AD521 also offers 
rhe user the provision for limit ing bandwidth. 

S. Offset null ing can be achieved with an optional trim pot. 
6. The ADS21 offers superior dynami(· performance with a 

gain bandwidth product of 40MHz, full peak response of 
l00 kHz (independent of gain) and a seeding time of 5µsec 
to 0.1 % of a l0V step. 

7. Every AD521 is baked for 40 hours at +150°C and ti:mp· 
erature cycled ten times from -65°C to+ I S0°C. 

Route 1 Industrial Park, P.O. Box 280, Norwood, Mass 02062 
Tel : 617/ 329-4700 TWX: 710/394 6577 

West Coast 
213/595 1783 

M,d West 
312/894 -3300 

Te1<as 
214/ 231 5094 
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SPECIFICATIONS (typical @Vs = • l 5V, RL 

MODEL 

GAIN 
Range I Fot Specified Operauon. Nc>te I ) 
Equauon 
Enor from Equauon 
Nonloneamy (Note l) 

1<e<1000 
Cam Tcmpc-ruurc Cocff1cicnl 

OUTPUT CHARACTERISTICS 
Rated Output 
Output at Munmum Opcr&ung Tcmpcrao.arc 
Impedance 

DYNAMIC RESPONSE 
Small Signal Bandwidth CildB) 

,c- 1 
G• 10 
G • 100 
C • 1000 

Small S,gnal, tJ o, Flatn= 
G • I 
G • 10 
G • 100 
Ca 1000 

Full Pak Response (Note l) 
Slew Rate, 1<C < 1000 
Settling Time (any I 0V step to wuh,n I Om\/ of Final Value) 

C • 1 
G • 10 
CC JOO 
C • 1000 

D,frcrenual Overload Re<overy \t 30V Input to within 
I0m\l or Fmal Value) (Note 4) 

C. • 1000 
(,n111111u11 Mude Step Recovery l)0V Input to wtthtn 
lllmV c,( l•tn,1 Value) (No1< SJ 

___ <.._· ~ 
VOLT AC:E OF I'S ET (!TU) be nulled) 

Input Offset Voh1ge (\In, 
1

1 
vs Tcmpc-ru\lrc 
o ~upply 

C/ull"'I om .. Voltage (Vu,o> 
vs rrmpcr,uurc 
v. Supply (Note 6) 

INPl'T CURRENTS--
Input 81u Current (e11hcr 1npu1) 

vs. Tcmpcr.1.0.irc-
vs Supply 

Input Orrsct Curten1 
vs 1 cmpcruurc 

INPUT 
L>,rrer<nual Input Impedance (Note 7) 
Common Mod<e Input Impedance (Note 8) 
Input Voh•g• Range for Spcctficd Pcrformane< 
Ma.x1mum Vnhagc- wuhou1 Otmagr to Un11. Po~·t:r ON 

,,, OFP o,rf<rcnual MoJr (Nolt 9) 
Voltage at «thcr input (Note 10) 

Common MoJc R<J<W<1n R,uo, OC ,o 6011, wtth I k!1 
\uurt·c unbalanc<" 

G = I 
G a 10 
G • 10011 
G - 1000 

NOISf 
Voluge RlO tp p) (A' 0 . 111, 10 1011, (Nolt 10) 

R,\1S RTO, 11Ht, to IOkfl, 
Input Current , '"''• 1011, 10 I0kll• 

REf'ERt.NCE Tf.llMtNAL 
U1u Currt'nt 
Input Rt:i1sunl't: 

Voh~g• R•ngc 
Gain to Output 

POWER SUPPLY 
Operaung Voltage Range 
Qu1<s«nt Supply Current 

TEMPERATURE RANGE 
Spenficd Perform.nee 
Opcrat1ng 
StQragc 

PRICE. 
(l ·Hl 
(25 ·99) 
(100.4199) 

• spcc1f1n11on ,ame as /\DHIJ 
.. Spec1f1n11on same as ADSl I K 

AD S21J _____ , 

I to 1000 
C • RslRGV/V 
(t0.2S- 0 .004C:) .. 

o i,-, maA 
1(3 J.O OSG)ppm/C 

tl0V, il0mA m,n 
t l0V@ SmA rrun 
0 1!1 

>2MMi 
JII0klt• 
200kllt 
40kll• 

7Skll• 
26kll, 
24kflt 
6klii 
IOOltHi 
I0V/µscc 

7~c 
S~<c 
I 0µscc 
lSµscc 

SOµs« 

JmV mu (2mV 1ypl 
tsµvfc m.x 11µvfc 1yp) 
JµV ,,_ 

400mV mu (ZOOmV ryp) 
400µV /'C mu (I S0µVl"C typ) 
0 .00SV0 "1/~ 

80nA mvt 

lnAfCmax 
lVV 
Z0nA mu 

25~_!-!'C ~" 

J x 1o•n111.spF 
6 x 101 •n11J.OpF 
tl0V 

J0V 
V511SV 

/Odil min (74d8 ryp) 
90d8 m,n (94d8 typ) 
IOOdB mon (I04d8 typ) 
tOOdB mm (1 I0dB tj't) 

J<O sq' • (22S)1µV 
Jo lC)' • (50)'µV 

•ISpAfrms) 

JµA 
I0Mrl 
tlOV 

tS to t l8 
SmAmu 

u 10 ,7o•c 
-25 ,o ,ss•c 
-6s ,o • I so0 c ---------
$12 7S 
U020 
SB.SO 

-2-

AOSZIK 

I S111V mu (0 ,SmV 1ypl 
SµVfC max (I.SµVl"C 1yp) 

lOOmV mu O0mV 1ye) 
I SOµVl"C mu (S0µVl"C iyp) 

<IOnA mu 
SOOpAf<. mu 

I0nA max 

12Spr\fCmix 

74dll nun (80JII typ) 
94d8 mm OOOdB typ) 
104d8 n,in (I 14d8 1yp) 
I l~R n11nj_l20d8 1yp) 

518 0() 

514.40 
Si l 00 

S~c1f1nuon.J and prices 
sUbJCCl to change Wtthou, noucc . 

AOU_I S_ 

l(IS 1-0.<IG)ppmfc 

· SS 10 •IZS'C 
-ss 10 • 12s

0 c 

SJ0 OO 
$24 00 
S2000 

• 

• 

• 
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•

Non.:-. 

1. Gains bdow I and above 1000 arc realized by simply ad· 

justing the gain setting resistors. For best results, input voltage 

• 

• 

should be restricted to ± lOV for gains equal to or less than 1. 

2. Nonlinearity is defined as the ratio of the deviation from the 

"best straight line" through a full scale output of :!:9 volts to 18 

volts. With a combination of high gain and :!: l O volt output 

swing, distortion may increase to as much as 0 .3%. · 

3. Full Peak Response is the typical frequency below which 

the amplifier will produce full output swing. 

4. Differential Overload Recovery is the time it takes the .1.mpli

fier to recover from a pulsed 30V differential input with 1 SY 

of common mode: voltage, to within l0mV of final value. The: 

test input is a 30V, l0µscc pulse at a !kHz rate.(Whc:n a differ

ential signal of greater than 11 V is applied between the inputs, 

transistor damps arc activated which drop the excess input 

voltage across internal input resistors. If a continuous overload 

is maintained, power dissipated in these resistors causes temper· 

aturc gradients and a corresponding change in offset voltage, 

an~ an added thermal time constant, but will not damage: the 

device.) 

5 . Common Mode Step Recovery is the time it takes the amp

lifier to recover from a 30V common mode input with zero 

volts of differential signal to within l0mV of final vaJuc. The 

test input is a 30V, l0µsec pulse at a lkl-lz rate. (When a com· 

mon mode signal greater than Vs - 0.SV) is applied to the 

inputs, transistor clamps arc activated which drop the: excessive 

input voltage across internal input resistors. Power dissipated 

in these resistors causes temperature: gradients and a correspon

ding change: in o ffset voltage, and an added thermal time con· 

stant, but will not damage the device.} · 

6. Output Offset Voltage versus Power Supply Change is a 

constant 0 .00S times the unnulled output offset per percent 

change in either power supply. If the output offset is nulled, 

the output offset change versus supply change is substantialJy 

reduced. 

7. D1fferenuaJ Input Impedance is the impedance: between the 

two inputs. 

8. Common Mode Input Impedance is the impedance from 

eirber input to the po wer supplies. 

9 . Maximum Input Voltage (differential or at either input) is 

30V when using± 15 V supplies. A more general specification is 

that neither input may exceed either supply (even when 

Vs = 0) by more than 15 V and that the d ifference between the 

two inputs must not exceed 30V. (See also Notes 4 and S.) 

10. 0 .lHz co l0Hz Peak-to-Peak Volugc: Noise is defined as 

the maximum peak-to-peak voltage noise observed during 2 of 3 

separate 10 second periods with the test circuit of Figure 6 . 

IN 

Applying the A0521 

TOP VI EW 

Figure 1. AD521 Pin Configuration 

0190 
Ol10 

0 100 

' 0030 
om 

TO-I 16 

0 :IOO om 
.. MAx 1--c ono 

I ~ 0210 

:~: ~ 
a: ::i> 
<t ;:r:, 

I ~ _jt:> 
1 •0001 

0016 
SE•fl NC Pl AN[ 

Figure 2. Physical Dimensions 

V• 

V 

' ' I 
I . ' '- - ----~ 

Ol'IIONAl 
orru, 
fAIM 

ourPur 
-0 S tONAl 

COMMON 

CAIN VALUC Of R<, 

0 I 
1 
10 
100 
1000 

lM. 1 

100.11 
10..S ! 
1k• 
1001! 

Figure 3. Operating Connections for AD521 

INPUT OFFSET AND OUTPUT OFFSET 

When specifying offsets and other errors in an operational 

amplifier, it is often convenient to refer these errors to the 

inputs. This enables the: user to calculate the maximum error 

he would sec at the output under any gain or circuit configun· 

tion. An op amp with lmV of input offset voltage, for example, 

would produce 1 V of offset at the output in a gain of 1000 

configuration. 

Jn the case of an insrrumcntation .lmplificr, where: the gain is 

controlled in the amplifier, it is more convenient to separate 

errors into two categories. Those errors which simply add to 

the output signal and arc un.1.ffectcd by the: gain, can be classi-

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

fied as output errors. Those which act as if they arc associated 

with the input signal, such that their effect at the output is 

proportional to the gain, can be classified as ionput errors. 

As an 1lluscrauon, a typical ADS21 might have a +30mV output 

offset and a --0. 7mV input offset. In a unity gain configurauon, 

the total output offset would be +29.JmV or the sum of che 

two. At a gam of 100, the output offset would be -40mV or , 

l0mV + I00(--0.7mV) = -4-0mV. 

By separating these errors, one can evaluate the: total error 

independent of the gain settings used, similar to the situation 

with the input offset specifications on an op amp. In a given 

gain configuration, both errors can be combined to give a total 

error with respect to either the input or ou1put by the following 

formulae : 

Total Frror R.T I. = input error+ (output error/gain) 

Total l·.rror R.T.O. = (Cam x mput error)+ output error 

As shown m Figure 4, the gain range on the ADS2 I can be 

extended considerably by adding an am:nuator 1n the sense 

terminaa! feedback path (as well as adjusting the ratio, R5/ Rg). 

Since the sense terminal is the inverting input to the output 

amphf,er, the additional gam to the output 1s controlled by 

R1 and R2 . This gam factor is I + R2 /R 1 . 

Where offset errors arc critical, a resistor e4u.il lO the parallel 

combination of R1 and R2 should be placed between pm 11 

and VRI F • This minimized the off~et errors resulting from the 

inpu r cu rrcnts at the sense terminal flowing in R 1 and R2 . Note: 

that gain changes introduced by changing the R 1 /R2 anenua· 

tor will have a minimum effect on output offset if the offset 

is carefully nulled at the highest gain semng. 

When a predeterm1nc<l output offset is desired, V REP can be 

placed in series with pin I 1. This offset is then multiplied by 

the gam factor I + R2/ R 1 as shown 111 the cquauon of Figure 4 . 

- , ~ 
'" ~ 1, .. 1,., 

+ -H 
I 

I I I:"' .·~ 
I 

" 
l 111.1' I 

I "'~ 
( 1,t 

t I, 

• 

,,,v ~ ;· 
• • • 

H 

__ ,.._-OOUIPUI r.OMMON 

Figura 4. Circuit for utilizing some of the unique features of the 

AD521. Note that gain changes introduced by changing R I and 

R1 will have a minimum effect on output offset if the offset is 

carefully nulled ar the highest gain setting. 

Figure 5. Ground loop elimination. The reference input, Pin , 1. 

allows remote referencing of ground potential. Differences in 

ground potentials are attenuated by the high CMRR of the 521, 

H .. J T 

j 
~ 10-., 

.. 
Figure 6. Test circuit for measuring peak to peak noise in the 

bandwidth 0. 1Hz to 10Hz. Typical measurements are found by 

reading the maximum peak to peak voltage noise of the device 

under test (0. U. T.) for 3 observation periods of 10 seconds each. 

-4-

• 

• 

• 
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The XR-2206 is a monolithic function generator integrated circuit capable of producing high quality sine, square, triangle, ramp 
and pulse waveforms of high stability and accuracy. The output waveforms can be both amplitude and frequency modulated by 
an external voltage. Frequency of operation can be selected externally over a range of 0.01 Hz to more than I MHz. 

The XR-2206 is ideally suited for communications, instrumentation, and function generator applications requiring sinusoidal 
tone, AM, PM or FSK generation. It has a typical drift specification of 20 ppmfC. The oscillator frequency can be linearly swept 
over a 2000: I frequency range with an external control voltage with very little affect on distortion. 

As shown in Figure I , the monolithic circuit is comprised of four functional blocks: a voltage-controlled oscillator (VCO); an 
analog multiplier and sine-shaper; a unity gain buffer amplifier; and a set of current switches. The internal current switches transfer 
the oscillator current to any one of the two external timing resistors to produce two discrete frequencies selected by the logic level 
at the FSK input terminal (pin 9). 

FEATURES 

Low Sine wave Distorllon (THO .5%) -
insensitive to signal sweep 

Excellent Stability (20 ppm/°C, typ) 
Wide Sweep Range (2000: I. typ) 
Low Supply Sensitivity t0.01 %/ V, typ) 
Linear Am plituJc Modulation 
Adjustable Duty-Cycle (I % to 99%) 
TTL Compatible FSK Controls 
Wide Supply Range (J0V to 26V) 

APPLICATIONS 

Waveform Generation 
Sine. Square, Triangle, Ramp 

Sweep Generation 
AM/FM Generation 
FSK and PSK Generation 
Vollage•to-Frequency Conversion 
Tone Generation 
Phase-Locked Loops 

EQUIVALENT SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Power Supply 26V 
750 mW 

5 mW/°C 
6 mA 

- 65°C to +I 50°C 

Power Dissipation 
Derate above 25°C 

Total Timing Cu rrent 

Storage Temperature 

AVAILABLE TYPES 

Part Number 

XR-2206M 
XR-2206N 
XR-2206P 
XR-2206CN 
XR-2206CP 

Package Types 
( 16PinDIP) 

Ceramic 
Ceramic 
Plastic 
Ceramic 
Plastic 

Operating Temperature Range 

- 5 5°C to+ I 25°C 
0°C to +75°C 
0°C to +75°C 
0°C to +75°C 
0°C to +7S°C 

FUNCTIONAL BLOCK DIAGRAM 

MULi out 

flMIJrilQ 
CAP4C1TO~ 

Figure I. 

SV/rlillAO tkV 
AD J 

10-75 REV 1 
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ELECTRICAL CHARACTERISTICS 
Test Conditions: Test Circuit of Fig. 2, y+ = 12V, TA = 25°C, C = 0.0 I µF, R J = I 00 Kn. R 2 = IO Kn R3 = 25 Kn unless 

otherwise specified. S l open for triangle, closed for sine wave. 

CHARACTERISTICS 
XR-2206/XR-2206M XR-2206C 

CONDITIONS UN ITS 
MIN. TYP. MAX. MIN. T YP. MAX. 

Supply Voltage 
Single Supply 10 26 10 26 V 

Split Supply ±5 ± 13 ±5 ±13 V 

Supply Current 12 17 14 20 mA R1 ~ 10 Kn 

Oscillator Section 
Max. Operating Frequency 0.5 I 0.5 I MH z C= IO00 pF. R J = I Kn 

Lowest Practical Frequency 0.01 0.01 Hz. C=SOµF, R1 =2 Mn 

Frequency Accuracy ± I ±4 ±2 % of fo- f~=l/ R 1C 
Temperature Stability ± 10 ±50 ±20 f)pffi/0(' 0 C ~TA~ 75°C, R l = R2=20 Kn 

Supply Sensitivity 0.01 0.1 0.01 %/V VLOW = l0V. VHIGH = 20V, 
R1=R2 =20 Kn 

Sweep Range l000: 1 2000: l 2000: l ftt = f L ftt @ Rt = I Kn 
fL @ R l = 2 Mn 

Sweep Ltncanty 
10: l Sweep ~ 2 % fL = I kHz, fH = 10 kHz 

1000: l Sweep 8 8 % fL = 100 Hz. fH = 100 kHz 

FM Distortion 0.1 0.1 % ± l 0% Deviation 

Recommended Timing Components 
Timing Capacitor: C 0.001 100 0.001 100 µF See Figure 5 

T11ning Resistors· R1 & R2 l 2000 1 2000 Kn 

Triangle/Sinewave Output See Note 1, Fi-,1,. 
fnanglc Ou tput 160 160 tnV/Kn Fig. 2 S l Open 
Sin<'wave Output 40 c,Q 80 60 mV/Kn Fig. 2 SI Closed 
Max. Output Swing 6 6 Vpp 

Output Impedance 600 600 n 
Tnangk Lint!arity I I % 
Amplitude Stahility 0.S 0.5 dB For 1000: I Sweep 

Sinewave Distortion Rt= 30 Kn 
Without AdJustment 2.S 2.5 % See Figure l I. 

With AdJUStment 0.4 1.0 0.S 1.5 % See Figure 12 

Ainphtude Modulation 
Input lmpl'dancc 50 100 so 100 Kn 
Mollulat1on R:111gt• 100 100 % 
Carner Suppression 55 55 t.18 
Linearity 2 2 % For 9S% modulation 

Square Wave Ou1pul Measured at Pin 11 

\mplttude 12 12 Vpp 

Rise Tum• 250 2S0 nsec CL= 10 pF 
Fall Time so 50 nsec CL= 10 pF 
Saturation Voltage 0.2 0.4 0.2 0.4 V IL = 2 mA 
Leakage Curren! 0. 1 20 0. 1 100 µA V11=26V 

FSK Keytng Level (Pin 9) 0.8 1.4 2.4 0.8 1.4 2.4 V See Sectton on Circuit Controls 

Refert!ore Bypas~ Voltage 2.9 3. 1 3.3 2.5 3 3.5 V Measured al Pin l 0. 

Note I. Output Amplitude is inversely proportional to the resistance R3 on Pin 3 See Figure 3 

figure 2. Ba~c Test Circuit 

S1 • Ol'EN FOR TRIA'IGLE 
CLOSED fOR SINE WAY~ 

f 5 

g 
: •I--+-~+--+,~ --+--~ 
; 
g11-.....:....-w--+-+--+---+----I 
!; 
§21--++--,,.c.+--+--+--I 

~.~-~ --1---+----1--~ 

20 40 IO '° 100 

Figure 3. Output Amplitude as a Function of Resistor R3 at Pin 3. 

• 

• 

• 
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TYPICAL OPTOELECTRONIC CHARACTERISTIC 
CURVES FOR EACH CHANNEL 
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FIGURE 1. RELATIVE 
OUTPUT VS 
TEMPERATURE 
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FIGURE 3. TRANSFER 
CHARACTERISTICS 
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FIGURE 2. DARK 
CURRENT VS 
TEMPERATURE 
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FIGURE 4. DETECTOR 
OUTPUT 
CHARACTERISTICS 
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PIN CONFIGURATIONS • ISO-LIT74 

(TOP VIEW) 

PIN NO. FUNCTION 

6 l ANODE 

2 CATHODE 

2 5 J NC 
4 EMITTER 

5 COLLECTOR 
<I 6 BASE 

LED CHIP ON PIN 2 
PT CHIP ON PIN 5 

ISO-LIT 074 

ITOP VIEWI 

8 
PIN NO. FUNCTION 

1 ANODE 

2 CATHODE 
2 7 J CATHODE 

4 ANODE 

3 6 5 EMITTER 

6 COLLECTOR • 7 COLLECTOR 
4 5 8 EMITTER 

LED CHIPS ON PINS 2 AND 3 
PT CHIPS ON PINS 6 AND 7 

ISO-UT 074 

a: 
(TOP V IEW) 0 

I-
< 
..J 
0 16 
!!? PIN NO. FUNCTION 

6 l ANODE I-

~ 
2 15 2 CATHODE 

w J CATHODE 
> 
a: 3 14 4 ANODE 

c;, 5 ANODE 
u 6 CATHODE 
13 4 13 7 CATHODE 
0 
..J 8 ANODE .., ... 5 12 9 EMITTER 
0 
I-

10 COLLECTOR 

..J 11 COLLECTOR 

6 6 11 12 EMITTER 
!!? 13 EMITTER ..,· ... 7 10 14 COLLECTOR 
C 15 COLLECTOR 
I-
:::i 16 EMITTER 

6 8 9 • !!? 
..,· ... LED CHIPS ON PINS 2 3 6. 1 
I-
:::i PT CHIPS ON PINS 10 11. 14, 15 

6 
!!! 

• 1rnnN111 IN( IC1Mn 1-<n MF<; n An Rf1 An VHI 1 < o PAR>-. / l IJPE RT IND CALIF 95014 / 14081 2':,I 7910 / TWX 910 338-0022 

wigfi
Stolen Red
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HARR.IS 
SEMICONDUCTOR 
A DfV1$tON Of HAAfflS cottPOflA,. ION 

FEATURES 

• SLEW RATE 

• BANDWIDTH 

e INPUT VOLTAGE NOISE (I= !KHz) 

• INPUT OFFSET VOLTAGE 

• INPUT BIAS CURRENT 

• SUPPLY RANGE 

• NO CROSSOVER DISTORTION 

1.6 V/µs (TYP.) 

3.5 MHz (TYP.1 

9NV/j;:;;(TYP.) 

0.5 mV (TYP.) 

60 nA (TYP.l 

! 2V to! 20V 

HA-4741 
Quad Operational Amplifier 

DESCRIPTION 

The HA-474 1 contains four general purpose operational 
amplifiers on a monolithic chip. The performance of each 
amplifier is equal to or better than the 741 type amplifier 
in all respects. I ts superior bandwidth, slew rate and noise 
characteristics make it an excellent choice for active filter 
or audio amplifier applications. 

The HA-4741-2 has guaranteed operation over -55°C to 
+ 12s0c and can be furnished to meet MI L-STO-883 
(HA-4741-8). The HA- 4741-5 is guaranteed over o0c 

• 

to+75°c. 
• STANDARD QUAD PIN-OUT 

---- - - --+---------
SCHEMATIC DIAGRAM 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

TA= +250C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals 

Differential Input Voltage 

Input Voltage (Note 1) 

Output Short Circuit Duration (Note 2) 

ELECTRICAL CHARACTERISTICS 

V• s 16V. V- x - 15V 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage 

Av Oltset Volt.ige Drift 

Boas Current 

Other Current 

Common Mode Range 

Oitterent,al lnpu1 Rts1st1nce 

Input Noose Voll.ige H,: 1 KHz) 

TRANSFER CHARACTERISTICS 

large S1gn1I Vollage Gaon (Note 41 

Common Mode Rejection Ratio (Note 8) 

Channel Sep1retion (Note 5) 

Small Signal Bandwidth 

OUTPUT CHARACTERISTICS 

Output Voltage ~wong IRL s IOK) 
(RL ,: 2K) 

Full Power Bandwidth (Note 4) 

Output Current (Nott 6) 

Output Remtance 

TRANSIENT RESPONSE (Note 7) 

R111T1m1 

Overshoot 

Slew Rite 

POWER SUPPLY CHARACTERISTICS 

Supply Current (I+ or 11 

Powar Supply Re11et ion Ratio (Note 81 

40.0V 

!30.0V 

± 15.0V 

Indefinite 

TEMP. 

•250C 

full 

Full 

+25°C 

Full 

•250C 

Full 

Full 

•25°C 
+2soc 

+2soc 

Full 

+2soc 

Full 

+250C 

+2soc 

Full 

Full 

•2SDC 

Full 

+25°C 

+250C 

+2soc 

+25DC 

•25°C 

full 

Power Dissipation (Note 3) 

0 perating Temperature Range 

HA-474T-2 

HA-4741-5 

Storage Temperature Range 

HA,4741,2 

880mW 

-550C$ T AS+ 125°C 

QOC$TA~+75oc 
- 650C ~TA~+ 15QOC 

HA 4741·5 

-ssoc 10 t 1250c ooc 10 • 1soc 

,MIN TYP MAX. MIN TYP, MAX. UNITS 

0,5 3.0 1.0 5.0 mV 

4,0 50 6.0 6.5 111V 

5 5 µV/°C 

60 200 60 300 nA 

325 400 nA 

15 30 30 50 nA 

75 100 nA 

t.12 !12 V 

5 5 Mn 

9 9 nV!j'Hl 

SOK 100K 25K SOK V/V 

25K 15K VIV 

80 80 d8 

74 74 dB 

- 108 - 108 dB 

3.5 3.5 MH1 

!12 ! 13.7 ! 12 !13,7 V 

! 10 ! 12.5 !10 ! 12.5 V 

25 25 KH1 

!5 !15 ! 5 !15 mA 

300 300 n 

75 75 ns 

25 25 % 

! 1.6 !1.6 VIµ, 

5,0 7 0 mA 

80 80 dB 

NOTES · 1. For 1uoply voltage, lass than:!: 15V, the absolute 
maximum Input voltage Is equal to the supply 

voltage, 

4 . VouT • .!10,RL • 2K 
5. Referred to Input: f • lOKHz, Rs • 1 K 

s . VouT • !10 
2 , One ampllfler m ay be shorted to ground lndaflnltoly. 
3. Derata 5.8mW/°C above TA • +25oc. 

7. See pulse response characterist ics 
a. t::i.v • ±s.ov 

• 

• 

• 
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PERFORMANCE CURVES (cont 'd.) 

CHANNEL SEPARATION VS. FREQUENCY 
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PERFORMANCE CURVES 

V+ = +15V. v- = - ,sv, TA= +2soc 
Unless Otherwise Stated. 
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PERFORMANCE CURVES (cont 'd.) 

CHANNEL SEPARATION VS. FREQUENCY 
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PERFORMANCE CURVES 

v+ = +1sv, v- = - 1sv, TA = +2soc 
Unless Otherwise Stated. 
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litronix 

FEATURES 

• 7400 series T2 L compatible 
• 1500 volt breakdown voltage 

• 35% ty pical transfer ratio 
• 0.5 pF coupling capacitance 

• Industry standard dual -in-line package 
• Single channel , dual, and quad 

configurations 

DESCRIPTION 

I L-74 is an optically coupled pair employ• 

tng a Gallium Arsenide infrared LED and 
a silicon NPN phototrans1stor. Signal in• 

formation , including a DC level, can be 

transmitted by the device while maintain• 

ing a high deg, ee of electrical isolation 

between input and output. The IL· 74 1s 

especially designed for driving medium• 

speed logic, where it may be used to 

eliminate troublesome ground loop and 
noise problems. It can also be used to 

replace relays and transformers m many 

digital interface applications, as well as 

analog applications such as CRT modula• 

110n. The I LD-74 offers two isolated 

channels in a single DIP package while the 

I LQ-74 provides four isolated channels 
per package 

lso-Lit. 74 Series 
IL-74, ILD-74, ILQ-74 

LOGIC -DRIVE 
OPTO - ISOLATOR 

Package Dimensions (m inches) 
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MAXIMUM RATINGS 

Gallium Arsenide LED (each channel) 

Power Dissipation @ 25°C . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . ......... , . . . 150 mW 
Derate Linearly from 25°C , . . . • . . . . . . . . . . . . . • . . • . . . • • . . • • • • . 1 33 mW/°C 

Continuous Forward CurrerH . . . • . . • . • . • . . . . . . • ,. • • .. • . .. • . . , 100 mA 
Peak Inverse Voltage . . . . . . . . . . . . . • , .•.. , . . • . . . . • . . . • . . . . . . . . . . . . . 3 .0V 

Detector-Silicon Phototransistor (each channel) 
Power D1ss1pat1on @ 25°C . . . . . . . . . • _ .. • . • . •••.. 
Derate Linearly from 25° C . . . . . . . . . . ..••. ... .• , • 

Collector-Emttter Breakdown Voltage (8 V CEO ) ••••••••• , • 

Package 
Total Package Dissipation at 25°C Ambient (LED Plus Detector) 

IL 74 . . . . . . . . . . . . . . . . . . . . . . . . . . 
I LD-74 
ILO-74 

Derate Linearly From 25°C 

, .... . ...... 150 mW 

. . , ...•. • ... 2 .0 mW/'C 
. . . . • . . • . . . .. 20V 

200 mW 
400 mW 

500 mW 

I L-74 . ....... .. .... . . . .. . .•.• , . • . . . . . . . . . . . . • . . . . . . . . . . . . . 3 .3 mWfC 
ILD-74 . . . . . . .. . ...... . . ... ... .. . . . ...•.• .. • .. • . • . . ... • . . . 5.33mW/°C 
ILO-74 .. . . .. . . , .... , . . • .. . . ...... . . .... . .. . ...... . . • . . . . 6 .67 mWfC 

Storage Temperature . . . . . . . . . . . .. . , , . , . . . . . . . . . . . . . . . . . . . . . . - 55°C to + 150°C 
Operating Temperature .. ...... ••..• ....... •.....• . . •• . .•.•...•. - 55°C to +100° C 
Lead Soldering Time @ 260°C . . . . . . . . • . • . . • • . . • . . . . . . . . . . • . . • . . • . . . 7 .0 sec 

ELECTRICAL CHARACTERISTICS PER CHANNEL (at 25°C Ambient) 

Parameter Min Typ Ma>< Units Test Conditions 

Gallium Arsenide LEO 
Forward Voltage 1.3 V IF = 100 mA 
Reverse Current 0 .1 µA VR = 3 .0V 
Capacitance 100 pF VR = 0 

Pho to trans1sto1 Detector 

BVceo 20 V le: 1 mA 

lceo 5.0 500 nA Vee = 5V, IF = 0 
Collector-Emitter Capacitance 2.0 pF Vee = 0 

Coupled Characteristics 
DC Current Transfer Ratio 0.125 0.35 IF = 16 mA, Vee = 5V 
Capac,tance. Input to Output 0.5 pF 

Breakdown Voltage 1500 V 

Resistance, Input to Output 100 GU 
VsAT 0.5 V lc=2mA, IF = 16mA 

Propagation Delay 

tooN 6.0 µs RL = 2.4KS2, Vee = 5V 

to OFF 25 µs IF= 16 mA 

NOTE: ll-74 only, does not apptv to the ILD-74 or IL0-74 

• 

• 

• 
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DESCRI PTION OF CIRCUIT CONTROLS 

FREQUENCY OF OPERATION: 

The frequency o f oscillation, f 0 , is determined by the external 

timing capacitor C across pins S and 6, and by the timing resis• 

tor R connected to either pin 7 o r pin 8. T he frequency is 

given as 
I 

f0 = - II , 
RC 

and can be adJusted by varying either R or C. The recom• 

mended values of R for a given frequency range are shown 

m Figure S. Temperature-stability is optimum for 

4 Kn < R < 200 Kn. Recommended v11lues of C are fro m 

1000 pf to I 00 µ F, 

FREQUENCY SWEEP AND MODULATION 

Frequency of oscillation is porportional to the tMal timing 

current IT drawn from pin 7 or 8 
320IT (mA) 

f= C(µ F) Hz 

Timing terminals (pins 7 or 8) are low impedance points and 

a1e mternaUy biased at +3V, with respect to pin 12 . Frequency 

varies linearly with IT over a wide range of current values, from 

I µA to 3 mA . The frequency can be controlled by applying a 

control voltage, V C, to the activated timing pin as shown in 

Figure I 0 . The frequency of oscillation is related to V c as 

f= -
1- [1 +~( I - Ve,] llz 

RC Re 3 

where Ve 1s in volts The voltage•to-lrequency conversion 

gain, K, is given as: 

0.32 

RrC 
117/ V 

NOTE : For safe operauon of the circuit IT should be limited 

to ~3 mA . 

' ie ' , 
w 

A 

Figure JO. Cir~u11 Cun nee 110n for I ,~qucncy Sweep 

OUTPUT CHARACTERISTICS: 

Output Amplitude. Maximum o utput amplitude is inversely 

porport1onal to external resistor R3 connected to Pm 3 (See 

Fig. 3). For sinewave output, amplitude 1s approximately 

60 m V peak per Kn of R3: for triangle, the peak amplitude 

is approximately 160 m V peak per Kn of R3. Thus, for 

example, R3 = 50 Kn would produce approximately ±3 V 

sinusoidal output amplitude 

Amplilude Modula tion· Output amplitude can be modulated 

by applying a de bias and a modulating signal to Pm I The 

intern.11 impedance at Pm I 1s approximately I 00 Kn Output 

amplitude vanes linearly with the applied voltage a t Pm I, for 

values of de bias at this pin, within ±4 volts of v+,12 as shown 

m Fig. 6. As this bias level approaches v+12, the phase o f the 

output signal is reversed: and the ampli tude goes through zero. 

This property i~ suitable for phase-shift keying and suppressed• 

earner AM generation. To tal dynamic range of ampli tude 

modulation 1s approximately 55 dB. 

Note. AM control must be used m conJunc t1on with a well• 

regulated supply since the o utput amplitude now becomes a 

function of v+. 

FREQUENCY-SHIFT KEYlNG 
The X R-2206 can be operated with two separate timing resis• 

tors, RI and R2, connec ted to the t iming pins 7 and 8, respec• 

tively, as shown m F igure 13 . Depending on the polarity of 

the logic signal at pin 9, e11her one or the other of these timing 
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resistors 1s activated. If pin 9 is open-circuited or connected to 
a bias voltage ;;:i: 2V, only RI 1s active. Similarly, if the voltage 
level at pin 9 is ~ IV, only R 2 is activated. Thus, the output 
frequency can be keyed between two levels, f1 and f2 as: 

ft= l / R1 C and f2 == I/R2C 
For split-supply operation , the keying voltage al pin 9 ,s 
referenced to V . 

OUTPUT DC LEVEL CONTROL 
The de level at the output (pin 2) is approximately the same 
as the de bias at pin 3. In Figures 11 , 12 and I 3, pin 3 is 
biased mid-way between v+ and ground, to give an output 
de level of ,,,,,_y+/2. 

APPLICATIONS INFORMAT ION 

SINEWAVE GENERATION 
A) Without External Adjustment 

Figure 11 show~ the circuit connection for generating a 
~inusoidal output from the XR-2206. The potentiometer 
RI at pin 7 provith:s the uesired frequency tuning. The 
maximum output swing is greater than v+12 and the 

XR 2206 

s1 ClOS£O FOR SINEWAVE. 

10K 

SOUAREWA\ll 
OUTPUl 

I 1gurc t l . Cm:uit for Smewavc Gcncrn1ia11 W11houi Ex tcrnal 
i\dJU~trncnt. (Sc~ Fig. 3 for cho1ct ol R3) 

typical distortion (THO) is < 2.5%. If lower sincwave d1s
tor11on is desired, additional adjustments can be provided 
as described in the following section. 

The circuit of Figure 11 can be converted to split supply 
operation simply by replacing all ground connections with 
V . For split supply operation, R3 can be directly 
con{lected to ground. 

8) With External Adjustment 
The harmonic content of sinusoidal output can be reduced 
to ""'-0.5% by additional adJustments as shown in Figure 12. 
The potentiometer RA adJusts the sine-shaping resistor; 

~ CLOS£O fOA SINEWA\1£. 

V• 

IOK 

SOUAREWAVE 
OUT 

_iM 

Figure 12. Circuit for Smewave Generation With Minimum Harmonic 
Distortlon. cR

3 
De1ermine5 output Swing - See Fig. 3) 

and RB provides the fine-adjustment for the waveform 
symmetry. The ,tdjustment procedure is as follows: 
1. Set Rs at mid-point and adjust RA for minimum dis

tortion. 
2. With RA set as above, adj\ist Ra to further reduce 

distortion. 

TRIANGLE WAVE GENERATION 

The circuits of Figures I 1 and 1 2 can be converted to triangle 
wave generation by simply open circuiting pins I 3 and 14 
(i.e., SI open). Amplitude of the triangle is approximately 
twice the sinewave output. 

FSK GENERATION 
Figure I 3 shows the circuit connection for sinusoidal FSK 
signal generation. Mark and space frequencies can be indepen
dently adjusted by the choice of timing resistors R1 and R2 ; 
and the output is phase-continuous during transitions. The 
keying signal is applied to pin 9. The circuit can be converted 
co split-supply operation by simply replacing ground with V . 

Figure 13. S1111"otlh1I FSK Generator 

PULSE AND RAMP GENERATION 
Figure 14 ~hows the circuit for pulse and ramp waveform 
generation. ln this mode of operatfon , the FSK keying termi
nal (pin 9) is shorted to the square-wave output (pin 11 ); and 
the circuit automatically frequency-shift keys itself between 
two separate frequencies during the positive and negative going 
output waveforms. The pulse-width and the duty cycle can be 
adjusted from I % to 99% by the choice of R J and R2. The 
values of RI and R 2 should be in the range of I Kn to 2 Mn. 

16 

t•! [A1:"z] 
R 

OUTV CVCLE • -R 
1
R 

1 ♦ ' 

.,. 

Figure 14. Circuit for Poise anJ RJmp Generation 

• 

• 

• 
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oos Operational Amp.lifiers 

LM 318 operationa I amplifier 
general description 

The LMJ 18 ts a µ1~c,sIon h1yh speed opera11onal 
.,molltwr tfes,nnc(t fcu uJJphc,1t1t.u" •t.-c-1u1111u1 wHh· 
l111t1d\\ u.llh ,uht h1~1h ,lcw , .Jh: t I t1'Jliu, ~ J ttn t m 

ut 1~11 u\c,~a)t Ill )l)Ct.:d OVCI uc11~1JI I.Klll)UW 

ch..•-.rn·c\ without ~u 11lu:1rnt UC µt-1 futllh1nt.C 

features 
• l 5 MHt ,m,ill s,gnJI l>an(1Wt<llh 

• Gudtdnt.:1:cJ S0V1µ\ )few 1111c 

• M,uconum lJ1ds ...:u,rcnt ol 500 nA 

• o~~ldh'\ ''"''' tiUpJ) l,cs ol • s v IU I ?OV 
■ tnhJl4htl ht•oucnr..,. ("OIUpCll~JIIUU 

• l11nu1 ,UHi 1M1hu11 uv1:1lu,1d ptuh•t t~tl 

• I ut 1 ,,11111,tl1l 1I, \1'111th \j\!llt!;l,Jt J)UljH.J\i.' oµ ,11 111')~ 

1 lie LMJ Hi hJ:. mre,ndl un ity gain lr~quencv com 
1>1•U)1.lli1HI r hi!. ~un,utc, ,,My ~unpht,e~ th 1.lpµIICd 

li!tU )IU~C 00 ~>.tc,n~t tutnpOOt!flh dlt! UCLC~\\,H V 

fo, Ol}Crouon However, unltke r11os1 ,n1ernally 
, u111pc1,-..)1t•d 11,,H1l1 l1t"'· c J\h~1n,1I hCq\.u.'ncv tom 

p,111,,11,u,t 11\JV lw J1ftJl•<I to, vcitununi put lo,mam .. ~ 
Fm mvu,t1ilfl vppllt.111011s, hwdtu1w,11d cumpcn 
IJl1011 w,11 i.x,0,1 i/11• >h'W t,Jll' 10 ow, l50V/µ, 
of1d 11l11u>, l •fuut,1~ Ilic: h1.11ldW1t.hh Ovt1u :ui111u.'Osd 

11011 , .,. I.a used w11h th• dmpl1t1c1 tor lJICJ I« 

~t11h1!11v when llld• unum h1.1nctw1d1h 1s no1 n~edec.J 
Further, d smylc caJJac• tor Cdn he ild(letf lO r tHJucc 

11 11' 0 l'lo ,c1tl1nq 111110 IO umlcr l µ, 

lhc h1~h s11ec<I onu fJ,t ,c11hny 1,me o l Ihe,e oµ 
,1m1u rTidkt' ltu;:m uwtul In A / 0 con1Je1 ten,, o~tt 
l,1101s. ,.It ltVC f ill~!), SdlTIJJle Jlld huh.I LIIClltlS or 

\tt••~tJI lJUIJ)U,.l' ,uuµl1l1~ ,~ Tlll"SC , l\.'Vll'.'C'), JI U t!d'\V 

1<> .1pp1v ,uut ul le, .11, 0 1dl'I u1 llhHjfllt\ulc l>t.?llcr 
AC vwlorn1Jnce thtJn 1ntlu,1,y s t \1rHlt1111\ wch J\ 

Ill~ LM709 

Tl!~ LM3 l8 ,s spec1f 1C<.l for opuru11011 over O C 
to 70' C 

schematic diagram and typical application 

connection diagrams 

,_,::;:.:~ 
-4h • e • hUIL , • ._ , _, .,., ..... 

•P,o conn•ctioH\ \how n on 1oeh••n•f+c 
d•.-4"•"'" .. nd typ,c,111 .. ppht •t1n1H, . ,., hu 
TO 5 p .. c.~•9• 

Ord,., N umb•, LM:S '8H 
SH P.tck498 I t 

.. ·- ·s· ··--· . 
' ' . .. ,, ► .. , 

O,dtt Numtwr LM318N 
See P,tr~.,o,- 10 

Otdti• Numb•, LM3180 
Se. P.Jck.tgt 1 
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~ 
_,J 

absolute maximum ratings 

Supply Volta9< 
Power D1ss1pa1,on IN01e 1) 
Dofferent,al lnpul Current IN01e 2) 
Input \/oltdge IN01e 3) 
Ou1pu1 Sho•t•Circun Dura1ion 
Opera1,n9 Temperature Range 
Storage Temperature Range 
Lead Tempurature tSolderiog, 10 ~, 

120V 
500mW 
t lOmA 

! J5V 
tndelonne 

o·c to 70°C 
- 65°C to 150°C 

300°C 

electrical characteristics INote 41 

PARAMETER CONDITIONS 

lnµul Olh1d Vultdift' TA 2s<c 

1nu11I UJt .. 1•1 \"unrf\l ,. 25"C 

111,h,1 l11J\ L11rr1,111 TA 25 C 

ln1n.t A1t,1,l.UIC ~ r. 25"C 

~uaiutv t..Utt!!III r. 25" C 

l Jt1,-: C..,,,n.11 Voltdttt Gi;110 r. 2s·c. Vs • • 1 sv 
Vou1 110V. Ac> 2 kl! 

Sh•W A, •It• r. · 2S' C, Vs 1 lSV, Av 1 

~11,.111 S1qn~1 R~mdwiclth ,. 25"C Vs !l5V 

11111,,r (Jt!,.,t V11 ,t,11w• 

tn11ul l)ft\1.•, Ll111cf1l 

hHHII ~1,1\ t,,u tt•ot 

I,,,.,., \,110,11 V olt,H,e GJ◄U Vs • 15V Vout '10V 
Al ;, 2 ~II 

Outp1,f Vull,H~ SN111q Vs ' 15\/, R 0 2 kfl 

In,._.,, Volf,"Jt' R1.r11,.,_. V,; • 15V 

(.ottmwn Mrnh Re1et· hun R,1f•n 

~up1Hv Vulldlft,• Hc1l'• Hon not•O 

MIN TVP MA)( UNITS 

4 10 mV 

30 200 oA 

160 500 nA 

05 3 Mll 

5 10 mA 

25 200 V/mV 

50 70 V/µ$ 

15 MH, 

15 mV 

300 nA 

750 nA 

20 V/nlV 

Ill ~13 V 

• 11 5 V 

10 100 dB 

65 80 dB 

No t• 1 : Th~ ma ,umum 11.1nc1,on 1tmpeutur-e ot 11'1t LM318 ,, 85 .. C For- oper1t,n9 •• elev1tW t1mper,1ures. dev1CM 1n thl 
TO 5 packagt mu,1 btt dttllt!'d bHt.-d on a thtrmal rH1stance o f 150 .. C fW, Jun~11on 10 1mb1enr. or 45•c,w, Juoc,ioo to CH& 
lht th, rma1 ,tt1,1uanct o f 1he dull·t/'\•l•"e pack.ege IS 100 Cl'N, ,vnc11on 10 •rnb•ent 

N olt 2 : The ,npuu •'• shuf"ltd ....,,tti bbek -to bock diode, for o..,,e,,voHJgt protect,on Therefor,, exce-n1w current wfll flow •f 
• ll1f't1tenoo11r,pu1 voltage ,n cu,cu:s of 1V u apoh1d bftween the 1opun uf"IIHS wmt t1mu1ng res,s1•nciw •s used 
Note 3 , For \\JPPIV vottage1, lou than • lSV, thr absolute maximum ,npvt vollag.: 1s equal to the supply liOlf,g,e. 

Note 4 ft1 t 1,t' ,utc,hcat1ons ■PUJV fOt tSV ":. Vs ~ t 20V and O C ,- TA < 70 ... C. unleu othtrwne 1,p,ec:1f1td Fo, proper 
OPl!!tlllOh, thti t,H')W'l!f supplle\ rt1\IU M t)._,panert With O' ~F d1ic: c1i).tc 110,s 

7 176 
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typical performance charatteristics 

Input Current 

100 

m 

c•OO 
.!. so 
:. .. 
C 

e •• 
" 10 

! lO 

II 

0 

-

._ 

IIAS 
~ 

OHSU 

0 10 10 10 40 10 H 10 

1000 

~ 
JOO 

> 100 

~ 

0 lit 
z 

10 

10' 

,,, 
u 10' : 
~ 

10" ! 
" L 10 ' 

" 0 
10 ' 

ll 

10 

11 

Ii 

" 
II 

llM>IROIURf ( Cl 

II 100 h ID~ '* 
fA(UUINtYtt4,1 

Clo"d loop Outp1't tmJ"chnce 

v, I\V ,. IH .. 

100 .. , .. 100• 1"' 

fA(OUfNC'r oc,1 

Uro1 G41n 8•f'M:fw1dlh 

• 10 10 10 , o 10 '° 1G 

H'-''lMA,UA( It• 

Volt~• G1fn 

"' I 
'• • 0 C 

j HI 

,. 
5 

1 
-res ,. lot 

> 100 

I 
" I IO II 

su,><¥ VO<!lGlt VI 

Common Modt AttKHOn 
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'° I :;; 

~ 0 ,. 
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0 ,. 
; ID 

I 
ttO " 10• 100• 1 .. 
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ll 

;; II ' I I , . ~ ,. t 
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ouour CU~RINI , ... , 
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typica l performance characteristics (con 't) 
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f A.(QU(NCY iH,I 

auxiliary circuits 

111,,,. 1~1, h•-rfll\o tt0V1., 

·t•1'11C:tf!0'1i1'1"~"'"''"' .,, . ..,; ... 

-
" • .. 
.., 
C 
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typical applications (con ' t l 

F111 Volt ... FollOW"e, 

F.ut Sumrn,n.a Amp1,1., 
W'Wllh Low •041ul Cvut nl 

... . 
:-

DIA Comi.,,t, U11ng 
l.C,du N 11w 0fk 

.. ... 

. .... , ... . ' , ... 
' I ""'' ,, ......... 

t1 • U 

' I --
1• • 1 Cl 

W•,n 8ttdf• S1nt W•w• 
O, c,llator 
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SYNCHRONOUS 4-BIT BINARY COUNTER 

DESCRIPTION 
This synchronous presettable y 

counter features an internal carry 

ahead for appllcehons rn high-speed 1 ,I · 

Ing designs. Synchronous operation Is 

provided by having all llip-llops clor.ked 

s,multaneousty so that the outputs Chdnge 

coincident with each other when so in

structed by the count-ena1>1e inputs and 

internal gal tng. 'rh,s mode ol opt!, atton 

eliminates the output counltng spikes which 

are normally associated with asynchronous 

(ripple clock) counters A butlered clock 

input triggers the tour fltp-flops on the r,s,ng 
(pos11tve -going) edge ol the clock input 

waveform. 

PIN CONFIGURATION 

{. '-~ . . .. 
·••• ~ U 'y'I 

~•w•• C t •ir 

. . . ... 

This counter ,s lully programmable. that ,s, the outputs may l>e preset to either level As 

preset ting ,s synchronous. setting up a low level at lhe load input disables the counter and 

causes the outputs lo agree wtth the selup data after the next clock pulse regardless ol the 

levels ol the enable inputs The clear luncuon lor the 54l74LS 161 ,s asynchronous and a 

low level a1 lhe clear input sets all lour
1
ol the lltp-llop oulputs low regardless of 1he levels of 

clock, load or enable inputs 

The carry look-ahead c11cu,try provides tor cascading counters for n bit synchronous apph

ca11ons w11hou1 add1toonal galing lnstrumcnlal in accompl1sh1ng lhts function are lwo count

enable tnpuls and a ripple carry oul pul Both count-enable Inputs (P and T) musl be high to 

counl and input T ,s led forward to enable lhe rtpple carry oul put The ripple carry output 

lhus enabled will produce a high-level outpul pulse with a duration approiumately equal to 

lhe high-level porlton of lhe QA ou1pul This high-level overflow ripple carry pulse can be 

used lo enable successive cascaded stages. Transittons at lhe enable P or T inpu1s are al

lowed regardless of lhe level ol the clock input 

The !i4/74LS161 fealures a l ully 1ndepend1ml clock etrcu11 Changes made lo conlrol inputs 

(en.it>le P or T. load or clear) lhal wi ll mod,ty l he ope, a1,ng mode have no ellec1 unlil clock 

ing occurs. The lunctton of lhe counler (whelher enabled, disabled. loading or coun11ng) w,11 

be d1c1a1ed solely by 1he cond11tons mec11ng the s1able setup and hold 1,mes 

SWITCHING CHARACTERISTICS Vee • 5V, T ,_ 2!i°C 

-- - -,--

FROM TO 

54/74LS161 
54LS 161-F,W • 74LS161-B,F 

BLOCK DIAGRAM 

LIMITS 

PARAMETER* (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT 

1c1ock 
I w (Clock) W,dlh of clock pulse 

I 
w (Clear) 

W,dlh or clear pulse 

1Selup Input setup ltme 

1Hold 
lnpul hold t,me 

tPLH 
1PHL 
1PLH 
1PHL 

1PLH 
t PHL 

tPLH 
tPHL 

1PHL ---
* ,,,... ... M•~-,..y,m ctOCIL Ii~ 

lplH • P,<'IJ<IO•loon O.loy l•me ~ 10 "'91\ ..... O..lp.M 

lpHl • pwc,.g•l•OO 11<-lay , ....... ~,gll 10 lo• ,.,el OYlpul 

H01ES 

A.B.C.D 
Enable P or T 

Load 

A B,C.D 

Others 

Clock 

Clock 
(load ,npul h,gh) 

Clock 
(load mput low) 

Enable T 

Clear 

1 Pf~O•'""' Of' .. r It• ( ~Jong IS mfl\v41d lto.-n uw ,.,. , ""°"' 

a 
a 
a 

Ripple 

carry 

Any 
a 

Any 
a 

R,pple 

carry 

Any 0 

, 1t,. ~"" ""..id 1,nt- 111 .s ~i•~o 0t . , v,o in tl'\e- c10c.-. "'PUI , .,., •u •'14 ffom o ev 10 'l ov --~~ a tonoe, 

66 smnnrms 

25 32 MHz 

25 ns 

20 ns 

CL . 1!ipF, ot 
f\ • 2kf2, 201 

201 ns 

See Figures 25l
2 ns 

1 and 2 and 
101

2 ns 
Notes 1 and 2 23 35 

ns 
23 35 

16 24 
ns 

18 27 

17 25 ns 
19 29 

15 23 
ns 

15 23 

26 38 ns 
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PARAMETER MEASUREMENT INFORMATION 
TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES 

Illustrated below Is the following sequence: 
1. Clear outputs to zero 
2. Preset to binary twelve 
3. Count l o thirteen. fourteen. fifteen, zero. one. and two 
4. Inhibit 

{ 
,-- -

O•t& : ___ +-_ _,•:. -_ - - - - - - - - - -
1H4'-UII 

C •- - - - - - - - - -

,--+--, - - - -
0 

'1tlff;;,1c,~~'4v ____ _,,_,,--,.--,.--',. L.--,--,+---------
1 I- <Ov~• ---1-

~\l •fl "lllf1 

NOTES 
A lt\e 1npul , A.1l~~ S <.1re- S,u(>rd,eO tlV a Ut'Ot!l,.IOf h,h',l'ig lfle IOIIOw1r\g thdldClrh5hCS PAR .! 

H,4H; {My C.yc~ ~ :,()'>, lout • !>OU,,~ 1~. ,, ~ 6ns 
8 OulJA.,IU, Oo ana c dfty Ille 1t~Ufd al 'n. 16 whetr ,,, rs lht- .,., hme whrn aie OOlpub •• , 

low 
C. 11,el I 3\/ 

,-----------N .... 
----------------- I/IV ,---1-'==-+----------->Y 

t.#U,lll. ~ 
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FIGURE 1- VOLTAGE WAVEFORMS 

TYPICAL APPLICATION DATA 
N•BIT SYNCHRONOUS COUNTERS 
This apphcation demonstrates how the look-ahead carry circuit can 
be used to implement a high-speed n-b,t counter.The 54174LS161 
will count in binary. Virtually any count mode (modulo-N. N t •toN2 
N 1-to-maximum) can be used with this last look-ahead circuit. ' 
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LINEAR 
INTEGRATED CIRCUITS 

• Temperature Compensated 

• Programmable Output Voltage 
• Low Output Resistance 
• Low Output Noise 
1 Sink Capabili ty To 100 mA 

DESCRIPTION 

CIRCUIT TYPE TL 430 
PROGRAMMABLE SHUNT REGULATOR 

The TL430 i s a three tenninal "Programmable" shunt regulator featuring 
excellent stability over temperature, wide operating current range, and low 
output noise. The output voltage may be set. by two external resistors , to 
any desired value between 3.0 volts and 30 vol t s. 

The TL430 can replace zener diodes in many appli cations providing improved 
performance. 

TERMINAL ASSIGNMENTS 

TOP VIEW 
REFERENC 

1 
CATHODE 

JG PACKAGE 
FUNCTIONAL BLOCK DIAGRAM 

ANODE 

ANODE 

REF CONTROL 

BOTTOM VIEW 

0) REFERENCE 
ANODE 
CATHODE 

T0-92 PACKAGE 

CATHODE 

0 17 6 TEXAS INSTRU MENTS 
, .. Cllt4 f'l)l(f,.f l. D 

~ o • T o,-,,cc. 110• ,011 • OAU.J..S l l XAa ..,. 4121 
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N 
a: 

CIRCU IT TYPE TL 430 . 
PROGRAMMABLE SHUNT REGULATOR 

l&J 

3.00 
1~0 

2.7 s 
TL '•30 

1 120 

2,50 
Vo • VR(F 

IL - ~ 

,_ 

i;i 
1(1) o · 

=, 
u 

!:: 

5 - ::i 
80 X 

V1 

j _.,, 
f,(l 

I, 7 - I , 

I 
40 

20 
1.50 

I 
100 lK IOOK 

0 
0 

r - f P.[011£ NCY - Hz 
DYit'Jll( O:JlPlfT (ri'LIJAN(l Ro VS FR£OUEnCY 

DEFINITION OF TERMS 

l 

/ 
TL: 430 7 

2 3 

Vo - OUTPITT VOLTAGE. - VOLTS 
SHU,IT CURRfllT VS OI/TPVl VOLTA(,£ 

VREF REFERENCE VOLTAGE: The voltage at the reference input 

terminal with re spect to the anode terminal. 

q 

IR REFERENCE I NPUT CURRENT: Current required into the reference 
input, during an on condition , to in sure output regulation. 

ROUT OUTPUT RESISTANCE: 

to anode when v0 = VRE F. 
is given by the equation: 

The on resistance from the cathode 

The output resistance,R0 , for v0>VREF 
Rl 

RO = l + ROUT 
R2 

1s SHUNT CURRENT: Minimum cathode to anode current the device 

can sink and maintain output reg ul ation. 

• 

5 

• 

1
8 

BIAS CURRENT: The shunt current required to insure output 

regulati on. • 

01-76 
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CIRCU IT TYPE TL 430 
PROGRAMMABLE SHUNT REGU LATOR 

ABSOLUTE MAX IMUM RATINGS OVER OPERAT ING FREE-A IR TEMPERATURE 
RANGE (UNLESS OTHERWI SE NOTED) 7 

Peak Operating Voltage .... . ..... ........ .......... . . . . ................... . 30V 
Peak Shunt Current ... . ........... ... .................................... lOOmA 
Free-Air Power Dissipation ........... .... ....... . .... . ......... . . . ...... 775mW 
Storage Temperature Range ... . . . .. . ........ . . ................... -65°c to 15o0c 
Operating Free-Air Temperature ....... .. ...... . ............. . .. . .. o0c to 10°c 

· RECOMMENDED OPERATING CO NDI TI ONS MIN MAX UNITS 

Output Voltage ........... .... . .. . ............ ....... ..... VREF 30 V 
Output Current . ....................... .... . .. . .......... I 100 mA 

8 

ELECTRICAL CHARACTERISTICS AT zs0c UNLESS OTHERWISE NOTED 

TEST TL 430 
PARAMETER FIG TEST CONDI TI ONS MIN TYP MAX 

UNIT 

Reference Voltage 1 
Vo.= VREF 

2.5 2.75 3.0 V Is = 1 OmA 

Temperature Coefficient 
VO= VREF of Input Reference 

G 6 VREF j 1 ls = lOmA +50 ppm/°C 

VREF tit 0°C<TA<70°C 

Vol tage Reference Input Rl = lOKn, R2 = 00 

3 10 l-lA 
Current, VO-VREF 

2 
I = lOmA 

IR= R s 
1 

Output Resistance, ROUT VO= VREF 
ROUT = tiVa/b.Is 1 ti I ~ ( 52-2 )mA=SOmA 

1.5 3 Q 

Bi as Current (IB) l See Note l 0.6 2 mA 

VOUT = VREF 50 mA 

Shunt Current I S l 
5V<V 0<30V , P0 < 775mW l 00 mA 

VO = 3V 50 1-1V 

Noi se "0. 1 to 10 Hz" 2 VO = 12V 200 1-1V 

Vn =30V 650 lJV 

NOTE 1: Min. required fo r regulation 

7 
TEXAS IN STRUMENTS 

INCOt• .. OR4 1 CO 

wigfi
Stolen 2 Line Transparent
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V 
C 

-I 

- - ~ • _------,It---/ 
I t> 

CIRCUIT TYPE TL 430 
PROGRAMMABLE SHUNT REGULATOR 

TL 430 

FIGURE 1. V
0 

= VREF TEST CIRCUIT · 

I 
C 

- -c> 

TL 430 

FIGURE 2. V
0 

> VREF TEST CIRCUIT 

TEXAS INSTRUMENTS 
INI Oll l ' f ! l (~ll I) 

P OST o,,,ct: 80M iota • D A LLA S , Tt.••· 15 >1') 

• 

• 

• 
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IIIITI · A ' . <Hit IIWl l 

f I GURI S • CROii BAR 

• T 

I 

CIRCU IT TYPE TL 430 
PROGRAMMABLE SHUNT REGULATOR 

TYPICAL APPLICATl ONS 

SuPo17 

7 

'ICUR( 6 • SUPPLY Nltt/PIAX DEHCTOII 

>-----------:i ' ... t 

. ' 

flGUR( 7 • CONUOL our, ur VOLTAGE o, flXIO V,R, 

0176 
TEXAS INSTRUMENTS 

I N(' O Ul'ONAI L O 

.-o., OPrtC I: •o• .,.. I • OAI..L.Aa. TR•"-• ,,11, 
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PHASE-FREQUENCY 
DETECTOR 

MTTL Complex Functions MOTOROLA ® 
MC4344 • MC4044 

The MC4344/4044 consists of two d191tal phase detectors, a charge 

pump, and an amplifier. In combination with a voltage controlled 

mult1v1brator (such as the MC4324/ 4024 o r MC 1648) , 1t is useful 

in a broad range of phase locked loop applications. The circuit 

accepts MTTL waveforms at the A and V inputs and generates an 

error voltage that is proportional to the frequency and/or phase 

difference of the input signals. Phase detector #1 is intended for 

use in systems requiring zero frequency and phase difference at lock . 

Phase detector 112 is used 11 quadrature lock 1s desired. Phase detec

tor #2 can also be used to 1nd1cate that the main loop, uttl1zmg 

phase detector Il l , 1s out of lock . 

Ul 
13 

Phase 
Freq 

{ Oecoc t or PU UF 
V ,., DI 4 -05 Ampl,fier 

3 0 2 
Charge v.: 9 8 

U2 
Pump 

l2 PO OF Output 

Phase 11 -o 10 

FroQ 
Oecector 

l'2 02 Vee Pin 14 
6 GNO~ Pon 

Input Loudlny Factor . R V 3 

Oucpuc loaC11n9 Factor (Ptn 81 10 

Total Power o,ss,patoon 85 mW typl pkg 

Prouagallon Delay T,n,e 9 0 ns typ 

(chru phase Cletoccor) 

CHARGE PUMP 

7 

Vcco------------ ------------~ 

PO 
110--..--' 

39k 

1 k 

1 k 

PU UF 

40---- i.----------------------05 

MC4.'.144 - Page 1 

F SUFFIX 
CERAMIC PACKAGE 

CASE 607 

ISSUE A 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 
(TO-116) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 
MC4044 only 

PHASE DETECTOR 

AMPLIFIER 

Output 
--- --08 
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ELECTRICAL CHARACTERISTICS 

R r----, U1 
13 

PhaN 
FreQ 

Detector 
#1 

Ph,1H 
Froq 

Oetec10, 
n 

► ,o,. ....... , ...... 

Ol,,10.,t l fl/01• tt 

h ''II••-

02 
r-<>6 

-Vo,1 1, 

~ 11 

UF 
5 

OF 
>-<> 10 

Ampllfl•r 

9~-a 
~Ut 

I 

j .... 

INPUT INPUT 
STATE RI VI 

1 0 0 
2 1 0 
3 1 1 
4 1 0 
s 0 0 
6 1 0 
1 0 0 
8 1 0 

9 0 0 
10 0 1 
11 0 0 
12 0 1 

13 0 0 
14 0 1 
1S 0 0 
16 l 0 
17 0 0 

..... 
...,.,.. 

MC-

,., 
"I 

n..- • t Oit -.,,1. 

• " t ~-:· 

.,. 
I 

., t 
l •• 

u• .., 1, 

''" v,, 
V,11 
VII• -,v,, 
v,, 

}",O ~ ;l"jn~••t-

1 I ' I 

' ' ' ' ' -·>----.. 0-, ...... ---•,-

L.,...,..,. C,,r1,,1 10,t1. fl 

~---.., .. _ .. 
IJ.c•I 0-tul ............ s..,,i,,, o,. 

,o 

•cc ,. 
! '"' •• 

•O I I .• I l -40 

Hot• l t"" O,,,IP,.11\ O! tM Mol"-f '""'ll ht 1.,1"'1 C,.. .._...,.,.._.,"9 O•t~ Pl'>, ••1,• lnl 

•olo(,wl """' Kf'Old•"1j 10 It•• 1• .. lf'I 1.-b" ....S ,,.. .... ,.._, ... (j•N"'" Al ·• ,I 
u,ci,<wl'I ~~ .. "" qtO., d 't/0,II.~ IO\u\t I• ,t,.,.,i.,,.,..:, lNI-• 11-,1, ., !• I 

OtNH••W-"01--0 P1o,;.~n "l.lof••t•lfltt,• •"°"'bl• ,,1,,,,. 1•• Ill ,,.._.:,, ,1t.,,,1 
cc"4w..,,. ., 1 ,.-.,wv •ct •"-•If' 1hfl 11., .. ul 1,., lol',,.. .. ,,1,,1 ..._,., 
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U1 

X 
X 
X 
)( 

)( 

)( 

X 
X 

0 
0 
1 
l 

' 1 
1 

' ' 

" 

OUTPUT 
01 U2 02 

X 1 1 TRUTH TABLE 
X 0 1 
)( 1 
)( 0 
)( 1 
X 0 
X 1 

0 
1 

1 
1 
1 

This is not stric t ly a functional 
truth table ; ,.e ., it does noJ show all 
possible modes of operation. It is use• 
ful for de testing. 

X 0 
1 1 
1 1 
1 l 
l ' 0 l 
0 1 
0 ' 0 0 
1 l 

.... 

1 

1 
1 
l 
1 

' 1 
1 

' 1 

l X tnd,c.atesoutput 111te unknown 

2 U 1 •nd 01 output, are ••quen11•I 
1 e , they mus1 be 1~00,iced '" 
o,rJo, thown 

,J U2 and 02 OutpvU are c ombine 
t10,..al , e they ne■d only mr.n.ui 
shown 10 Obtam OLJIUUll 

fl$f CURAlHfNOl 1A0( v-.1.uu 

, I 
:j_._l 1--

1-- -- -- f~ ..- 7 "t- I f----7- • 
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11 
1J 

I 
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'!- -~ 1
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l' I 
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,. 

I 
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I I 
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' 
,. I j 
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MAXIMUM RATINGS 

Rattng V alue Unit 

Supply Operating Vol tage Range MC4344 4.51055 Vdc 

MC4044 4 75 10 !, 25 

Supply Voltage '70 Vdc 

Input Voltage •5 5 Vdc 

Output Voltage ,s 5 Vdc 

Oper.111ng Temperature Range MC4344 -5510+ 125 Oc 

MC4044 0 10 175 

Storage Temperature Range Ceramic Package -65 10 t 150 oc 

Plastic Package -55 to • 125 

Ma,umum Junct,on Temperature MC4344 ~175 oc 

MC4044 1150 

Thermal Resistance - Junction ToCase (IIJCI °C/mW 

Flat Ceramic Package 
. 006 

Ou al In Line Ceramic Package 0 05 

Plastic Package 0 07 

Thermal Resistance - Junc11on To Ambient (II JAi 0c,mw 

Flat Ceram,c Package 021 

Dual In-Line Ceramic Package 0 15 

Pl0s1,c Package . 0 15 

CONTENTS 

Operating Charac1erm1cs 

Phase Locked Loop Components 
General 
Loop F1l1er 

Des,gn Problem~ and Their Solut,ons 

Dynamic Range 

Page 

3 
6 
6 
7 
9 
9 

Spurious Outputs 
Add111onal Loop F1lterong 

Appllca11ons I nforma11on 
Frequency Synthesizers 
Clock Recovery f rom Phase-Encoded Data 

Package D,mcns1ons 

OPERATING CHARACTERISTICS 

Page 

10 
11 
14 
14 
16 

20 

Operation of the MC4344/4044 1!. best explaine<.f hy 

initially con~1denng each section separately. If phase de 

tector 111 1s usL>d, loop lockup occurs when both outputs 

U 1 and D 1 remain high This occurs only when all the 

negauve t rans1t1Qns on R, the reference input, J11d V, the 

variable or feedbdck input, co 1nc1de. The circuit responds 

only to trans,uons, hence phase error 1s independent of 

tnpu t waveform duty cycle or amplitude variation. Phase 

detector H 1 consists of sequential loy1c circuitry, there

fore operation prior to lockup is determined by 1n1t1al 

cond1t1ons 

FI GURE 1 - PHASE DETECTOR (11 FLOW TABLE 

When oper,n1on is inn1ated, by either applying power 

to the circuit or active input signals to R and V, the c, r

CL'ltry can be in one of several states. Given any particular 

starting condittons, the flow table of F ,gure 1 can be used 

to determine sub!.Cquent operation. The flow table indi

cates the status of U 1 and D 1 as the A and V inputs are 

varied. 1 he numbers 1n the table which are in parentheses 

are arbitrarily assigned labels that correspond to stable 

states that can result for each input combination The 

numbers without parentheses refer to unstable cond1t1ons. 

Input changes are traced by horizontal movement in the 

table; after each input change, circui t operation will se t tie 

in the numbered state indicated by moving horizontally 

to the appropriate R V column. If the number at that 

MC4344 Page 3 

R-V 

00 
111 
5 

15> 
9 
5 
1 

19) 
5 

R 0-

V o-

RV 

0 1 

2 
12> 
6 

(61 
2 
2 

I 10) 
6 

-<I u, 
Phase 
Freq 

Oetectn, 
# I 

f--,Q D 1 

R-V RV 

1-1 1 0 
U 1 D1 

3 (4 1 0 , 
131 8 0 , 
7 8 1 ' 7 12 , I 

171 12 1 1 

7 18> 1 1 
11 12 1 0 

I 11) (121 1 0 
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MC4344 • MC4044 

FIGURE 2 - PHASE DETECTOR #1 TIMING DIAGRAM 

(~) A J 
(U ) V _J I I 

11<1 >1 (3) 1121 1 (5) l <s>1 1'71 !,2, I (5 ) 1,a,1 (7) I 12>1 
re l Ul I LJ LJ 
(r1) 01 

le i R _J 

Il l V J I I 
1,"11 111211 j1s1i I (GI i 

i 
(7 1 (5 ) 111 111211 15 1 111 1112,[ 

( <ii U 1 

lhJ D1 LJ LJ LJ 

Ill R 

(7) (2) (51 (8) 12 ) (3) (8) (11 (3) (2) (5) 

\KI Ul 

Ill 01 

location Is not tn pdrentheses, move vemcally to the num
ber of the same value that is in.parentheses. For a given 
input pair, any one of three stable states can exist. As 
an example, 11 R - 1 and V "' 0. the circuit will be in one 
of the stable states (4), (8), or ( 12). 

15) 

(5.) 

L 
I 

1,811 ( 7 ) l ,2,i (5) I <8>1 (7 ) 1ml (5 ) 1,s,I (71 (211 

LJ LJ LS 

L 
I I I I L_ 
I ,s ,I (7) lm>J (51 l•s,I (71 111211 (5) 11s1 J (71 )11211 

u LJ LI 

c1ntJ V . As the inputs continue to change, the circuitry 
moves repeatedly through stable states 12). (5), (8), (7). 
(2). etc. as shown, and a period ic waveform Is obtained 
on the U 1 terminal while D 1 remains high . 

A similar result is obtained 1f V Is leading with respect 
to R, except that the periodic waveform now appears on 
D1 as shown in rows e-h of the t iming diagram of Figure 2. 
I n each case, the average value of the resulting waveform 
is proportional to the phase difference between the two 
inputs. In a closed loop application, the error signal for 
controlling the VCO is derived by translating and filtering 
these waveforms. 

• 

• 
Use of the table in determ,rnng circu,t operat ion is 

illustrated in Figure 2. In the timing.diagram, the input 
to R is the reference frequency, the input to V ,s the same 
frequency but lags tn i,hase. Stable state (4) Is arbitrarily 
assumed as the initial condition. From the liming diayram 
and flow table, when the circuit Is in stable state (4). 
outputs U1 and D1 are "o" and "1'' respectively. The 
next input state is R-V = 1-1: moving horizontally from 
stable state (4) under R-V = 1-0 to the R-V = 1- 1 column. 
state 3 is indicated. However, this is an unstable condition 
and the circuit will assume the state indicated by moving 
vertical ly in the R-V - 1-1 columr, 10 stable state (3) . I n 
this instance, ou tputs U 1 and D 1 remain unchanged, The 
input st ates next become R-V = 0- 1; moving horizontally , 
to the R-V = 0-1 column, stable state (2) is indicated. 
At this point there is still no change in U1 or D1 The 
next input change shif ts operation to the R-V = 0 -0 col
umn where unstable state 5 is indicated. Moving vertically 
to stable state ( 5). the outputs now change state to U 1 
D1 = 1-1. The next input change, R.V = 1-0, drives the 
circuitry to stable state (81, with no change in Ul or D1. 
The next input, R-V = 1· 1, leads to stable state (7) w ith 
no change in the outputs. The ne><t two input state changes 
cause U 1 to go low between the negative transitions of R 

The results obtained when R and V are separated by 
a f ixed fre'luency difference are indicated in rows i-1 of 
the timing system. For this case, the U 1 output goes low 
when R goes low and stays in that state until a negative 
transition on V occurs. The resulting waveform ,s similar 
to the fixed phase difference case, but now the duty cycle 
of the U 1 waveform varies at a rate proportional to the 
difference frequency of the two inputs, R and V . It is 
this characteristic that permits the MC4344/ 4044 to be 
used as a frequency discriminator; if . the signal on R has 
been frequency modulated and if the loop bandwidth Is 
selected to pass lhe deviation frequency but reject R and • 
V, the resulting error voltage applied to the VCO will be 
the recovered modulation signal. 

Phase detector #2 consist's only of combinatorial logic, 
therefore its characterist ics can be determined from the 

MC4344 Paga 4 
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F IGURE 3 - PHASE DETECTOR #2 OPERATICN 

-f-l P- --0 u2 

140--

"" V __j 
l e I U:;> 

11-I n 

t V 

q al 112 

dd Ft J 
Id V J L_J 

Iii U2 

-.,mple trut11 tdhll' of F1m1r,. 3 Smee c1rcu11 operd11on 
rnqu1re-. thdl l>oth inputs to the chargt! pumr, either be 
high or have the same duty cycle when lock occur!., us1119 
th1i. phas1: detector leach, to a quwrdture reldl1onsh1p h:?· 
tween Rand V This 1~ illus1ratml 111 row~ a cl of the t1m111g 
d1dgram of F1qurc 3 Note tlldt Jny cl1N1,111011 from a f1ftv 
percent duty cycle on the input,; would appear c1~ phc1se 
,•rror. 

Waveforms show1nu the Opl:r,1t1011 uf phase cJewctor 
/12 when phase clercctor I/ 1 1~ be1n\J u,ed 111 a clol,ecl loop 
c1re 111cl1cated III row~ e j When lhe ma111 loop 1s locked. 
U2 rem,1111~ high. If tlw loop drifts out of lock 1n either 
direction a 11c(),1t1ve pull.ti whose width 1i. proporuonaf to 
the c1mount of drift aprears on U2 This can he used to 
generate a simple IOi.l> of-lock 111d1cator 

Operation of the charge pump 1s he~t explain~ by con
sidering 11 in con1unct1on w11h the Darl111gton ampl1f1er 
included in 1he package (see Figure 4\. There will be a 
pulsed wavelorm on either PO or PU, depending on the 
phase-frequency relat1onsh1p of Rand V The charge pump 
serves to invert one of rhe input waveforms (D 1) and t rans
lates the voltoue leveb befort? they are applied to the loop 
filter. When PD 1!> low and PU is high, 01 will be conduct• 
1ng in the normdl direction and 02 will be off. Current 
will be flowing tl1rough 03 and CR2. the base of 03 will 
be two VBE drops above ground or apprO>(imately 1.5 
11011s. Smee bo1h of 1he resistors connected to the base 
of 03 are equal, the emitter of 04 (base of 05) will be 

H V 

0 0 

0 1 

I 0 

I 1 

U- u 

U7 

1 

1 

0 
1 

07 

1 

1 

I 

0 

.___~1 

Lr 

L.,,_ _ __,r 
,...._ _ __,r-

FIGURE 4 - CHARGE PUMP OPERATION 

Vee 

" l !'" I J 9 k f. 04 ,)OF 

•o -~' i, · A 

010- f OI ~ 0510 1 R1 
11 02 I k 

t eR2 l 
uF l PU CR1 

ll 1 <> ◄ -4 5 

Vee 

RJ 

8 

approximately 3 0 volts. For this condition, the emitter 
of 05 (DF) will be one VsE below this voltage, or about 
2.25 volts. The PU input to the charge pump is high 
(> 2.4 volts) and CR 1 will be reverse biased. Therefore 
05 will be supplying current to 06. This will tend to 
lower the voltage at the collector of 07, resulting in an 
error signal that lowers the VCO frequency as required by 
a "pump down" signal 

When PU 1s low and PO 1s high, CR 1 1s forward biased 
and UF will be approximately one VsE above ground 
(neglecting 1he VcE(sat) of the driving gate) . With PO 
high, 01 conducts in the reverse direction, supplying base 
current for 02. While 02 is conducting, Oa is prevented 
from supplying base dr ive to 05; with 05 cut off and UF 
low there 1s no base current for 06 and the voltage at the 
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collector of 07 moves up, resulting in an increase 1n the 
VCO operating frequency as required by a "pump up" 
signal. 

If both inputs to the charge pump are high (zero phase 
difference), both CR 1 and the base-emitter j unct ion of 
05 are reverse biased and there is no tendency for the 
error vol tage to change. The output of the charge pump 
varies between one VsE and three Vse as the phase differ
ence of R and V var ies from m inus 2n to p lus 2rr. If this 
signal is fil tered to remove the h igh-frequency components, 
the phase detector transfer function, K0 . o f approximately 
0 12 vol t/radian is obtained (see Figure 5). 

-;; 
tl 
> 
w 
CJ 
<t 
1-
.J 
0 
> 
1-
::, 

~ 
::> 
0 

Pulse 

FIGURE 5 - PHASE DETECTOR TEST 

Ch arge 
Pump 

5 .0 Vdc 

5 535 

VTVM 

0 .015 
10 l µF 

Pulse Generator /\ 
lv.i~rable delay) 
EH 139 or Equiv 

2 25 

2 00 

1.75 

1 50 

1 25 

,- 100ns -i 

B.rL______,f°L 
>-- Lag 

A~edl 

Shown for pos,1111e Ph.He anglo Reve,.e 
A and 8 tor ne9111tve phase angle . 

l I ,~ r 
0 .75 ~-....l... _ __j __ ..J......._......L, __ ;___....1... _ __.: __ 

- 2ff 0 ♦ 271 
¢, PHASE DIFFERENCE (RADIANS) 

The specified gain constant of 0. 12 vol t /radian may 
not be obtained if the amplif ier/ fil ter combinat ion is im
properly designed. As indicated previously, the charge 
pump delivers pump commands of about 2°.25 volts on 
the posit ive swings and 0.75 volt on the negat ive swings 
for a mean no-pump value of 1.5 volts. If the f ilter amp Ii• 
tier is biased to threshold " on" at 1.5 volts, then the pump 
up and down voltages have equal effects. The pump signals 
are established by Vee's of t ransistors with milliamperes 
of current f lowing. On the o ther hand, the transistors 
included for use as a filter ampl ifier w i ll have very small 
currents flowing and will have correspondingly lower V s e 's 
- on the order of 0.6 vol t each for a threshold of 1.2 
vol ts. Any displacement of the threshold from 1.5 vol ts 
c'auses an increase in gain in one direction and a reduction 

f " ' 

in the o ther. The t1ansIstor conf1gurat1on provided 1s 
hence not optimum bu t does allow for the use of an addi
tional transistor to improve filter response. This addition 
also results in a non-symmetrical response since the thresh• 
old is now approximately 1.8 volts. The effect ive positive 
swing is l imited to 0.45 volt white the negative swing be• 
low threshold can be greater than 1.0 volt. This means 
that the loop gain when changing from a high frequency 
to a lower frequency is less than when changing in the 
opposite direction. For type two loops this tends to in
crease overshoot when going from low to h igh and increases 
damping in the other direction. These problems and the 
selection of external filter components are int imately re
lated to system requirements and are discussed in detail 
in the filter design sect ion. 

PHASE-LOCKED LOOP COMPONENTS 
General 

A basic phase-locked loop, when operating properly, 
will acquire ("lock on") an input signal, track 1t in fre
quency, and exhibit a fixed phase relationship relative to 
the input. In this basic loop, the outpu t frequency will 
be identical to the input frequency (Figure 6) . A funda 

-

FIGURE 6 - BASIC PHASE-LOCKED LOOP 
FREQUENCY RELATIONSHIP 

COS Wt Phase 

1,n- Locked r--- f out 
Loop 

cos lw I l!>ul 

FIGURE 7 - FUNDAMENTAL PHASE-LOCKED LOOP 

Phase Amplifier/ 
Voltage• - ~ Controlled 

Detec tor Filter Oscillator 

l 

mental loop consists o f a phase detector , amplifier/fil ter, 
and voltage-controlled oscillator (Figure 7). It appears 
and acts like a unity gain feedback loop. The controlled 
variab le is phase: any error between f;n an,;l fout i s 
amplified and applied to t he VCO in a corrective direct ion. 

Simple phase detectors 1n digital phase-locked loops 
usually put nut a series of pulses. The average value of 
these pulses 1s the "gain constant", K4>, of the phase detec
tor - the volts ou t for a given phase difference, expressed 
as vol ts/radian. 

The VCO is designed so that its output frequency range 
is equal to or greater than the required output frequency 
range of the system. The ratio of change in ou tpu t 
frequency to input control voltage is called "gain constant", 
Ko . If the slope of fout to Vin is not l inear (i.e., changes 
greater than 25%) over the expected i requency range, the 
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curve should be piece-wise approximated and the appro
priate constant applied for "best" and "worst" case analysis 
of loop performance. 

System dynamics when in lock are determined by the 
amplifier/filter block. I ts gain determines how much phase 
error exists between fin and fout, and filter characteristics 
shape the capture range and transient performance. This 
will be discussed in detail later. 

Loop Filter 

Fundamental loop characteristics such as capture range, 
loop bandwidth, capture t ime, and transient response are 
controlled primarily by the loop filter. The loop behavior 
1sdescr1bed by gains ,n each component block of Figure 8. 

FIGURE 8 - GAIN CONSTANTS 

K0 - Phase Detector Gain (volts/radlonl 
KF Amplil1er/F1lter Gain 
Kv VCO Gn,n (radians/second/volt) 

N I nteyer O ,visor 

The output to input rat,o reflec ts a second order low pass 
lilter in frequency response with a static gain of N: 

where: 

Ui(s) K9KFKV 
s+ --'---

N 

1 ~ T 1 s 
KF =- --

T2s 

0ol s) 
--= 

(2) 

(3) 

Both Wn · (loop bandwidth or natural frequency) antl 

t (damping factor) are particularly important in the tran 
sient response to a step input of phase or frequency (Fig
ure 9), and are defined as: 

w0 • ~ {41 

(• ~ ( :' ) {51 

Using these terms In Equation 3, 
0o(sl N( 1 + Ti s) 

I),( s) s2 2rs 
+ + 1 

wn2 Wn 

(6) 

► u z 
uJ 
::, 
0 
uJ 
I[ 
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~ 
::, 
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z 

FIGURE 9 - TYPE 2 SECOND ORDER STEP RESPONSE 
1 8 

, 1 
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I . 1 
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O. I 
o.__ _ __. ______________ ~----
o 1.0 2.0 3.0 4 .0 5 .0 6.0 7,08.0 90 10 11 12 13 14 

1 n a well define<! system controll ing factors such as 
wn and r may be chosen either from a transient basis 
(time domain response) or steady state frequency plot 
( roll-off point and peaking versus frequency). Once these 
two design goals are defined, syn thesis of the filter is rel a• 
t1vely straight-forward. 

Constants Kcp. K v, and N are usually fixed due to other 
design constraints, leaving T 1 and T2 as variables to set 
Wn and r Since only T2 appears in Equation 4, it IS the 
easiest to solve for initially. 

From Equation 5, we find 

2t 
T 1 = -

wn 

(7) 

{8) 

Using relationships 7 and 8, actual resistor values may 
be computed: 

(9) 

( 10) 
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Although fun1lamentally the range of R 1 and R2 may 
be from several hundred to several thousand ohms, side 
band considerations usually force the value o f A 1 10 be 
set first, and then R2 and C computed. 

( 1 1) 

Calculation of passive components R2 and C ( in syn• 
1hes1zers) is complicated by incomplete information on 
N, which 1s variable, and the limits or Wn and t Llur ing 
that variance. EQually important are changes in K v over 
the ou1pu1 frequency ranye. Minimum and maximum 
values of Wn and r can be computed from Equations 4 
and 5 when the appropriate worst case numbers are k.nown 
for all the factors. 

Ampl1f ,er/ filter gain usually determines how much phase 
error exists between fin and f out, and the filter character
istic shapes capture range and transient performance. A rel 
atively simple, low gain amplifier may usually be used in 
the loop since many designs are not constrained so much 
by phase error as by the need to make fin equal fout· Un
necessarily high gains can cause problems in linear loops 
when the system is out of lock if the amplifier output 
swing 1s not adequately restricted since integrating opera• 
tional amplifiercircuitswill latch up in t,me and effectively 
open tl1e loop. 

The internal amplifier included in the MC4344/ 4044 
may be used effectively ,f its limits are observed. The 
circuit configuration shown in Figure 10 illustrates the 

FIGURE 10 - USING MC4344/ 4044 LOOP AMPLIFIER 

+5 0 V 

placement of R 1, R2. C, and load resistor RL ( 1 kf2). 
Due to the non-infinite gain of this stage (Av ::::. 30) and 
other non-ideal cha~acteristics. some restraint must be 
placed on passive component selection. Foremost is a 
lower limit on the value o f R2 and an upper l imit on R 1 · 
Placed in order of priority, the recommendations are as 
follows: (al R2 > 50 n, (b) R2/ R 1 ~ 10, (c) 1 k.f2 < R1 
< 5 kf2. 

Limit (cl is the most flexible and may be violated with 
either higher sidebands and phase error ( R 1 > 6 kf2) or 
lower phase detector gain (R 1 < 1 kf2). If limit (bl is 
exceeded. loop bandwidth will be less than computed and 
may not have .any similarity to the prediction. For an 
accurate reproduction of calculated loop characteristics 
one should go to an operational amplifier which has suf• 
ficient gain to make limit (b) readily satisfied. Limit (a) 

is very important because T 1 in Equation 5 ,s in reality 
composed of three elements: 

.T1 = C(R2 -
9
~) (12) 

where 9m = transconductance of the common emitter 
amplifier 

Normally gm 1s large and T1 nearly equals R2C. but 
resistance values below 50 n can force the phase com• 
pensatmg "zero" to infinitY or worse (into the right half 
plane) and give an unstable system. The problem can be 
circumvented to a large degree by buffering ·the reedback 
with an emitter follower (Figure 11) . Inequality (a) may 

FIGURE 11 - AMPLIFIER CAPABLE OF HANDLING 
LOWER R2 

t5 0 V 

A2 C 
1 k 1 k 

Rl 

then be reduced by at least an order of magnitude (R2 
> 5 n) keeping in mind that electrolytic capacitors used 
as C may approach this value by themselves at the fre 
quency of interest (wn) . 

Larger values of R 1 may be accommodated by either 
using an operational amplifier with a low bias current(lb < 
1.0 µAl as shown in Figure 12 or by buffer ing the internal 

FIGURE 12 - USING AN OPERATIONAL AMPLIFIER 
TO EXTEND THE VALUE OF R1 

A2 C 

• 

• 

Darlington pair with an FET (Figure 13). It is vitally 
impor1ant, however, that the added device be operated at 
zero VGS· Source resistor R4 should be adjusted for this 
condition (which amounts to loss current for the FET) . 
This insures that the overall amplifier input threshold re
mains at the proper potential of approximately two base• 
emitter drops. Use of an addit ional emitter follower instead • 
of the FET and R4 (Figure 141 gives a threshold near the 
upper limit of the phase detector charge pump, resulting 
in an extremely unsymmetrical phase detector gain ii'\ the 
pump up versus pump down mode. It is not unusual to 
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FIGURE 13 - FET BUFFERING TO RAISE AMPLIFIER 
INPUT IMPEDANCE 

16 0 V 

A2 C 

A1 

FIGURE 14 EMITTER FOLLOWER BUFFERING OF 
AMPLIFIER INPUT 

•SO V 

1 k 

note a 5. I d1tlerence in K(,') for circuits having the bipolar 

l>uf fer stage. If the initial design can withstand this varia 

tion in loop gain and remain stable, the approach should 

he considered since there are no critical adjustments as 

in 1he FET circuit 

DESIGN PROBLEMS AND THEIR SO LUTIONS 

Dynamic Range 

A source of trotil>le lor all phase-locked loops, as well 

.:is most electronics 1s simply overload or lack or sufficient 

dynamic range One limit ii. Ille amplifier output drive to 

the VCO Not onlv must a designer note the ou1s1de 

limits of 11,e de control voltage necessary to g,ve the out 

put frequency range, he musl abo account for the worst 

case of overshoot expected for the system. Relatively 

large damping factors (t 0.5). can con1nbute s1gnifican1 

amounts of overshoot (30'\i) To be prepared for the 

worst case output swing the amphf1er'should have as much 

margm to positive and negative limits as the expected 

swing itself That is, ti a two•volt swing is suf f1c1ent to 

y,ve the des1n:d output frequency el(curs1on. there should 

be at least a two-volt cushion above and below maximum 

expected steady stc:1te value~ on the control !me. 

This increase in range, in order to be effective, must 

of course be followed by c:1n equ,valent range ,n the VCO 

or there 1s llltle 10 be gained Any loss m loop gain will 

in general cause a decrea~c 1n t and a consequent increase 

m overshoot and nng111q. If the loss 1n gc:1in is cause<l by 

saturat ion or near saturt1t1on conditions, the problem tends 

10 accelerc:11e towdrrls d Mt11c:1t1on wht•re the system settles 

in not only a ~low hut 0!><:1llatory manner as well 

Loss of amplifier gain may not be due enttrely to nor• 

mal system damping considerations, In loops employing 

digital phase detectors, an additional problem is likely to 

appear. This is due to amplifier saturat ion during a step 

input when there is a maximum phase detector output 

simultaneous with a large transient overshoot. The phase 

detector square wave rides on top of the normal transient 

and may even exceed the amplifier ou tput limits imposed 

above. Since the input frequency will exceed the R2C 

time constant, gain KF for these annoying pulses will be 

R2/ R 1 · Ordinarily this ratio w ill be less than 1, but some 

circumstances dictate a low loop gain commensurate with 

a fairly high Wn, For these cases, R2/ R 1 may be h igher 

than 10 and cause pulse-wise satura1ion o f the amplifier. 

Since the de control voltage is an average of phase detector 

pulses, clipping can be translated into a reduction in gain 

with all the "benefits" already outlined, i.e., poor settling 

time. An easy remedy to apply in many cases is a simple 

RC low pass section preceding or together with the inte 

grator lag sect ion. To make transient suppression indepe11-

den t of ampl ifier response, the network may be imbedded 

within the inpu t resistor R 1 (F igure 15) or be implemented 

FIGURE 15 - IMPROVED TRANSIENT SUPPRESSION 
WITH Rt - Cc 

R2 
Al Al 

C 

) 
2 2 o_,.,.,,...,. - 1...,._..,,,.,.._,__.._1 

Jee 

FIGURE 16 - IMPROVED TRANSIENT SUPPRESSION 
WITH R2 - Cc 

A2 C 

Al 

by placing a feedback capacitor across R2 (Figure 16). 

Besides rounding off and ,nhrbitmg pulses. these networks 

add an addi t ional pole to 1he loop and may cause further 

overshoot if the cutoff frequency lwcl 1s too close to 

wn. II a1 all possible the cutoff point should be five to 

ten ttmeswn How far we can be placed from wn depends 

on the 111put frequency relationship to wn since f1n 1s, 

after all, what 1s betny ftltered A side benefit of this 

~1mple RC pulse "fldltener" 1s a reduction m fin sidebands 

around fout for wnthes11ers w ith N > 1. However, a senes 

o f RC filters 1s not recommended for either extended 
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pulse suppression or sideband improvement as excess phase 
will begin to build up at the loop crossover ("'= wn) and 
tend to cause instabili°ty. This will be discussed in more 
detail later. 

Spurious Outputs 

Although the major problem in phase-locked loop de
sign is defining loop gain and phase margin under dynamic 
operating conditions, high-qual ity synthesizer designs also 
require special consideration to minimize spurious spectral 
components - the worst of which is reference-frequency 
sidebands. Requirements for good sideband suppression 
often conflict with other performance goals - loop dy
namic behavior. suppression of VCO noise, or suppression 
of other in-loop noise. As a result, most synthesizer de• 
signs require compromised specifications. For a given set 
of components and loop dynamic conditions, reference 
sidebands should be predicted and checked against design 
specifications before any hardware is built. 

Any steady-state signal on the VCO control will produce 
sidebands in accordance with normal FM theory. For 
small spurious deviations on the VCO, relative sideband 
to-carrier levels can be predicted by · 

sidebands VrefKV 

carrier 2wref 
( 13) 

where Vref = peak voltage value of spurious freuqency at 
the VCO input. 

Unwanted control line modulation can come from a 
variety of sources, but the most likely cause is phase de
tector pulse components feeding through the loop filter. 
Although the filter does establish loop dynamic conditions, 
it leaves something to be desired as a low pass section for 
reference frequency components. 

For the usual case where Wref Is higher than 1/T2, the 
KF function amounts to a simple resistor ratio: 

w - Wref 

By substitution of Equations 9 and 10. this signal transfer 
can be related to loop parameters. 

KF {iwl 

w = wref 

Vref 

V,p 
(151 

where V rel -=- peak value of relerence voltage at the VCO 
input, and 

V 4,-= peak value of reference frequency voltage 
at the phase detector output. 

Sideband levels relative to reference voltage at the phase 
detector output can be compu ted by combining Equations 
13and 15: 

sideband level 

fout level 
( 161 

From Equation 16 we find that for a given phase detec• 
tor, a given value of R 1 (which determines V4,l. and given 
basic system constrain ts (N, fref), only t and Wn remain 
as variables to diminish the sidebands. If there are few 
limits on Wn, it may be lowered indefinitely until the 
desired degree of suppression is obtained. If Wn is not 
arbitrary and the sidebands are stil l objectionable, addi
tional filtering is indicated. 

One item worthy of note is the absence of Kv in Equa
tion 16. From Equation 15 it might be concluded that 
decreasing Kv would be another means for reducing spu
rious sidebands, but for constant values of t and Wn this 
is not a free variable. In a given loop, varying Kv will 
certainly affect sideband voltage, but will also vary t and 
Wn. 

On the other hand, the choice of wn may well affect 
spectral purity near the carrier, although reference side
band levels may be quite acceptable. 

In computing sideband levels, the value of Vq, must be 
determined in relation to other loop components. Resid
ual reference frequency components at the phase detector 
output are related to the de error voltage necessary to 
supply charge pump leakage current and amplifier bias 
current. From these aven,ge voltage figures, spectral com• 
ponents of the reference frequency and its harmonics can 
be computed using an approximation that the phase de
tector output consists of square waves r seconds wide re
peated at t second intervals (Figure 17). A Fourieranal-

FIGURE 17 - PHASE DETECTOR OUTPUT 

ysis can be summarized for small ratios of r / t by : 

( 1l the average voltage (Vavgl Is A(r/t) 
(2) the peak reference voltage value (Vtf>I is twice 

Vavg, and 
(3) the second harmonic (2fref) Is roughly equal in 

amplitude to the fundamental. 

By knowing the requirements for ( 1) due to amplifier 
bias and leakage currents, values for (21 and (3) are unique
ly determined. 

An example of this sideband approximation technique 
can be illustrated using the p_arameters speci f ied for the 
synthesizer design included in the applications information 
section. 

Nmax = 30 
Kv " 11 .2 x 106 rad/s/V 
K,p = 0. 12 V/ rad 
r = o.s 

Wn = 4500 
R 1 = 2 ki1 
fret l00kHz 

Substituting these numbers into Equation 16: 
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sideband 

fout 

(0 8)(301(4500) 
- V <P - ---,=----

2n( 105)(0.11 1) 
I 17) 

(18) 

The result illustrates how much reference feedthrough 

will affect sideband levels. If I O mV peak of re ference 

appears at the output of the phase detector, the nearest 

sideband will be down 56,2 dB. 

If the amplifier sec11on included in the MC4344/4044 

is used, with R L = 1 kn, some approximations of the 

value o f V 4> can be made based on the input bias current 

and the value of R 1 The phase detector must provide 

sufficient average voltage to supply the amplifier bias cur

rent, lb, through R1 , when the bias current is abou t 5.0 

µA and R1 ,s 2 kn. Vavg must be 10 mV. From the 

assumptions earlier concerning the Fourier transform. and 

with the help of F 1gure 18, we can see that the phase 

detector duty cycle will be about 1 7% (A = 0.6 V). giving 

FIGURE 18 - OUTPUT ERROR 

CHARACTERISTICS 

DUTY PHASE 

CYCLE ERROR V ;yyg V~(peakl 

'", fDegl (rnV) lmV) 

0 1 Q 36 06 1.2 
02 0 72 1 2 24 

03 1 08 1 8 36 
04 1 44 24 48 

05 1 80 30 6 .0 

06 2 16 36 72 

07 2 52 42 84 
08 2 88 48 96 

09 3 24 54 10.8 

1 0 3 60 60 12 0 

20 72 12 0 24 0 

30 108 18 0 J6.9 

4 0 14 4 24 0 47 9 

50 18 0 30 0 59 8 

60 21 6 36 0 71 6 
70 25 2 42 0 8J J 

8 .0 28 8 48 0 95 0 

90 J24 54 0 106 6 
10 0 36 0 60 0 118 0 

a fundamental (reference) of 20 mV peak If this value 

for V¢ 1s subs11tuted into Equouon 18, the resulting side 

band ratio represents 30 dB suppression due to 1h1s com 

pone11t alone. 
For loop amplifiers having very high gains and relatively 

low bias currents, another factor to consider 1s reverse 

leakage current, IL, of the MC4344/4044 charge pump. 

T.his is generally less than 1 0 µA although it 1s no more 

than 5.0 µA ovor the temperature , ange. A lypicill value 

for design for room temperature operation is 0. 1 µA . To 

minimize the effects of Jmpltfter bias and leakage currents 

a relatively small value of R 1 should be chosen A mini 

mum value of 1 kn is a good choice 
After values for C and R2 have been computed on the 

basis of loop dynamic properties, the overall sideband to 

· fout ra t io computation can be simplified. 

Since 
V,p = 2 Vavg 

V avg = ( I b + I LI R 1 
V9 : 2( l b-1 IL)R1 

Vrel = V~ ( :~ ) 

= 2R 1 ( lb+ ILi (:~)= 2R2 (lb+ I L i 

we find that 

sideband V refKV 
( 19) 

foul 2wref 

sideband 2R2(lb -1 IL)Kv 
= ----- (20) 

fout 2wref 

Equation 20 indicates that excellent suppression could 

be achieved if the bias and leakage terms were nulled by 

current summing at the ampl ifier inpu t (Figure 19) . This 

FIGURE 19 - COMPENSATING FOR BIAS AND 

LEAKAGE CURRENT 

MC4344/ IL lb 
M C4044 A1 -Charge 

Pump 
1 M 

Vee 
-= 

vco 

has indeed proved to be the case. Experimental results 

indicate that greater than 60 dB reJec t ion can rou tinely 

be achieved at a constant temperature. However when 

null 1ng fairly large values(> 100 nA), the reject ion becomes 

quite sensitive since leakages are inherently a function of 

temperature. This technique has proved useful in achieving 

improved system performance when used in conjunction 

with good circuit practice and reference filter ing. 

Addit ional Loop Filtering 

So far, only the effects of fundamental loop dynamics 

on resul tant sidebands have been considered. If fur ther 

sideband suppression 1s required, additional loop filtering 

is indicated. However, care must be taken in placement 

of any low pass rolloff with regard to the loop natural 

frequency (wn) On one hand. the "corner" should be 

well below {lower than) Wref and yet far removed (above) 

from w0 • Although no easy method b r placing the roll• 

off point exists, a rule of thumb that usually works is 

(21) 
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Reference frequency suppression per pole is the ratio 
of We to Wref• 

SBdB :o!' n 20 10910 ( We ) 
Wref 

where n is the number of poles in the filter 

(22) 

Equation 22 gives the additional loop suppression to 
Wref; this number should be added to whatever suppression 
already exists. 

For non-critical applications, simple RC networks may 
suffice, but if more than one section is required, loop 
dynamics undergo undesirable changes. Loop damping 
factor decreases. resulting in a high percentage of over
shoot and increased ringing since passive RC sections tend 
to accumulate phase shift more rapidly than signal suppres
sion and part of this excess phase subtracts from the loop 
phase margin. Less phase margin translates into a lower 
damping factor and can, in the limit, cause outright oscil
lation. 

A su itable alternative is an active RC section, Figure 20, 

FIGURE 20 - OPERATIONAL AMPLIFIER LOW PASS FILTER 

R 

t50to•l5V 

4C 

- 5 .0 to 15 V 

1 Choose R 

'2 

1 kn < R • 1 Mil 

05 
C c 

wcR 

compatible with the existing levels and voltages. An active 
two pole filter (second. order section) can realize a more 
gradual phase shift at frequencies less than the cutoff·point 
and still get nearly equal suppression at frequencies above 
the cutoff point. Sections designed with a slight amount 
of peaking 1r ~ 0.5) show a good compromise between 
excess phase below cutoff (wcl, without peaking enough 
to cause any danger of ra1s1ng the loop gain for frequencies 
above wn, A fairly non-critical section may simply use 
an emitter follower as the active device with two resistors 
and capacitors completing the circuit (Figure 21)' This 
provides a - 12 dB/octave (-40 dB/decade) roll off character
istic above wn, though the attenuation may be more 
accurately determined by Equation 22 If the sJdeband 
problem persists, an add1t1onal section may be added in 
series wit!') the first No more than two sections are 
recommended since at that 11me either ( 1) the constraint 

FIGURE 21 - EMITT ER FOLLOWER LOW PASS FILTER 

R 

4C 

1 k!1 <R<100k!1 

MP$6571 
or Equiv 

....... --+------<>v o 

5.1 k 

NOTE . If Vo~<Vcc t 1.0 V). 
this stage ,s susceptible to power 
supply noise. 

between wn and wref is too close, or (2) reference voltage 
is modulating the VCO from a source other than the phase 
detector through the loop amplifier. 

VCO Noise 

Effects of noise within the VCO itself can be evaluated 
by considering a closed loop situation with an external 
noise source, en, introduced at the VCO (Figure 22). Re-

FIGURE 22 - EFFECTS OF VCO NO ISE 

5'2 

en $2 , '2fwnS + Wn2 

r - -------- , 
I 
I 

I 

Bn 

Output 

sultant modulation ot the VCO by error voltage, E. 1s a 
second order high pass function · 

f s2 
(23) 

en 
2 

ST2K¢KV K~Kv s + + 
T1N T1N 
s2 

s2 + 2rwn + wn2 

This functi.:>n has a slope ot 12 dB/octave at frequencies 
less than wn (loop natural frequency), as shown in Figure 
23. This means that noise components in the VCO above 
Wn will pass unattenuated and those below will have some 
degree o f suppression. Therefore choice or loop natural 
frequency may well rest on VCO noise quality . 

Other Spurious Responses 

Spurious components appearing in the outpu t spectrum 
are seldom due to reference frequency feedthrough alone. 

• 

• 

• 
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FIGURE 23 - LOOP RESPONSE TO VCO NOISE 
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♦ 

Wn 

LOG FREQUENCY 

Modulatton of any kind appearing on the VCO con1ro1· 
hne will cause spurious sidebands and can come in through 
the loop amplif ier supply , b ias cIrcuItry m the con trol 
path, a translator, or even the VCO supply itself. Some 
VCO's have a relatively high sensitivity to power supply 
variation This should be invest igated and its effects con
sidered. Problems of this nature can be minimized by 
operating all devices except the phase detector, charge 
pump, and VCO from a separate and well isolated supply 
A common method uses a master supply of about 10 or 
12 volts and two regulators to produce voltages for the 
PLL - one for all the logic (including the phase detecto~) 
and the other for all circuitry associated wi th the VCO 
control line . 

Sideband and no,se per formance Is also a function of 
good power supply and regulator layout. As mentioned 
earlier, extreme care sh<;>uld be exercised in isolating the 
control line voltage to the VCO from influences other than 
the phase detector.' This not only means good voltage 
regulat ion but ac bypassing and adherence to good ground
ing techniques as welL Figure 24 shows two separate 

FIGURE.24 - LOOP VOLTAGE REGULATION 

Vo1 

Regulator 
1/1 Regulated AL 1 

Not 
Regu lated 

Rs 
R«it urn 0--+----- ----_,__--'\/\1\,...-- - l 

Vo2 

Regulator 
1/2 Regulated RL2 

regulators and their respect ive loads, Resistor Rs is a 
small stray resistance due to a common thin ground return 
for both R L 1 and R L2 Any noise in R L2 is now repro
duced (in a suppressed form) across RL 1· Load current 
from RL 1 does not affect the voltage across RL2· Even 
though the reg~lators may be quite good, they can hold 
Vo constant only across their outputs. not necessarily 

across the load (unless remote sensing is used) . One solu
tion to the ground-coupled noise problem Is to lay out 
the return pa.th w I th the most sensitive regulated circuit 
at the farthest point from power supply entry as shown 
In F Igure 25. 

FIGURE 25 - REGULATOR LAYOUT 

Most 
Sen1itive 
Circuit 

Least 
Senstt,ve 
Circ uit 

- - ------0V1n 
Return 

Even for regulated subcircuits, accumulated noise on 
the ground blls can pose major problems since although 
the cross currents do not produce a differential load volt· 
age directly, they do produce essent ially common mode 
noise on the regulators. Output differential load noise 
then is a function of the input regulation specification. 
By far the best way to sidestep the problem is to connect 
each subcircuit ground to the power supply entry return 
line as shown in Figure 26. 

FIGURE 26 - REGULATOR GROUND CONNECTION 

-
Regulator ,1 

AL 1 ! 
< 

v,n 
Return 

~ I -
'-

Regulator 
112 

RL2 > ;> 

I 

In Figures 24 and 26. RL 1 and RL2 represent compo• 
nent groups in the system. The designer must insure that 
all ground return leads in a specific component group are 
returned to the common grou~d. Probably the most over• 
looked components are bypass capacitors. To minimize 
sidebands, extreme caution must be taken in the area im
mediately following the phase detector and through the 
VCO. A partial schematic of a typical loop amplifier and 
filter is shown in Figure 27 to illustrate the common 
groynding technique. 
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FIGURE 27 - PARTIAL SCHEMATIC OF LOOP 
AMPLIFIER AND FILTER 

MC4344/ 
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To i v,n Ret urn _ _ _ _ _ ____________ ___ ________________ _, 

Bypassing 1n a phase-locked loop must be effec tive at 
both h igh freque ncies and low frequencies. One capacitor 
in the 1.0-to-10 µF range and another between 0 .01 and 
0.001 µF are usually adequate. These can be effectively 
utilized both at the immediate circuitry (between supply 
and common ground) and the regulator if it is some d is
tance away, When used at the regulator. a single electro
lytic capacitor 'On the output and a capacitor pair at the 
input is most effective (Figure 28) . It is important, again, 
to note that these bypasses go from the i(lPUt/ outpu t pins 
to as near the regulator ground pin as possible. 

FIGURE 28 - SUGGESTED BYPASSING PROCEDURE 

~ -----Vo 
•V 1n - - ----:::ol !'<::""-----, 

0 .01 µF 

V Jn - -------a=-e,c;... _______ _, 
Retu rn 

APPLICATIONS INFORMATION 

Frequency Synthesizers 

The basic PLL .discussed earlier is actually a special case 
of frequency synthesis. In that instance, fout = fin, al 
though normally a programmable counter in the feedback 
loop insures the general rule that fout = Nfin (Figure29). 
In the synthesizer fin is usually constant (crystal controlled) 
and fout is changed by varying the programmable divider 
(+ N). By stepping N in integer increments, the output 
frequency is changed by fin per increment. In communi, 
cation use. this input f requency is called the " channel 

- 5 .0 V 

FIGURE 29 - PHASE-LOCKED LOOP WITH 
PROGRAMMABLE COUNTER 

Phase 
Detector 

Amplifier/ 
Filter 

+ N 
Counter 

Voltage 
Controlled 
Osci llator 

spacing" or, in general , it is the reference frequency . 
There is essentially no difference in loop dyn amic p rob

lems between the basic PLL and synthesizers except that 
synthesizer designers must contend with problems pecu· 
liar to loops where N is variable and greater than 1. Also, 
sidebands or spectral purity usually require special atten
tion. These and other aspects are discussed in greater 
detail in AN-535. The steps for a suitable synthesis pro
cedure may be summarized as follows: 

Synthesis Procedure 

1. Choose input' frequency . (f ref = channel spacing) 
2. Compute the range of digital division: 

Nmax = 
fmax 

f ref 

Nmin = 
fmin --
fret 

3. Compute needed VCO range: 

(2fmax - fminl < fvco < (2fmin - fmaxl 

4. Choose minimum t from transient response plot, 
Figure 9 . A good starting po,nt is t = 0.6. 

MC4344 - Page 14 
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5 Choose wn from needed response time (Figure 9): 

6. Compute C. 

8. Compute tmax: 

· 9. Check transient response of s max for compatibility 
with transient specification. 

10. Compute expected sidebands; 

sideband 
----~ ----- (A) 

fout Wref 

(IL is about 100 nA at T J = 25°C.) 

11 If step 10yields larger sidebands than are acceptable, 
add a single pole at the loop amplifier by splitting 
R1 and adding Cc as shown in Figure 15 : 

0.8 
Cc == -

R1wn 

Added sideband suppression (dBi is: 

1 
dB S:< 20 10910 --:=====

Wrer2 
1+ ---

25(wn)2 

(8) 

12 If step 11 still does not give the desired results, add 
a second order section at we = 5 Wn using either 
the configuration of Figure 20 or 21 . The expected 
improvement is twice that of the single pole in step 
10. 

dB == 40 IOQJ0Y, 2 Wref 
1+ ---

25(wn)2 

(C) 

Total sideband rejection is then the total of 20 lo910(A) 
+(B)+(C). 

Design Example (Figure 30) 

Assume the following requirements: 
Output frequency, foul = 2.0 MHz to 3.0 MHz 
Frequency steps, fin = 100 kH z 

FIGURE 30 -CIRCUtT DIAGRAM OF TYPE 2 
PHASE-LOCKED L OOP 
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Lockup time between channels (to 5%) 1 0 ms 
Overshoot < 20'%. 
Minimum sideband suppression " - 30 dB 

From the steps of the synthesis procedure 

fref "' fin 100 kHz 

fmax 
2 Nmax : 

r ref 

1mm 
Nmin = 

f ref 

3 VCO range 

3.0 MHz 

0. 1 MHz 

2.0 MHz 

0 I MHz 

30 

The VCO output frequency range should e,,-tend 

beyond the specified minimum maximum limits to 

accommoddte the overshoot specif1ca1ton. In this 

instance lout should btJ able to cover an additional 

20% on either end. End limits on the VCO are: 

foutmax ~ 3 0 i 0.2(3 0) "' 3.6 MHl 

foutm1n ~ 2 0 - 0 2(2.0) - 1 6 MHr 

This VCO range (0:: 2 25 II IS realizable with the 

MC432414024 voltage controlled mult1vibrator. From 

F 1gure· 7 of the MC4324/ 4024 data sheet we find 

the required tuning capacitor value to be 120 pF 

and the VCO gain, K v, typically 11 x 106 rad/ s/v 

4 From the step response curve of Figure 5, t ~ 0 8 

will produce a peak overshoot less than 20%. 

5. Refemnq to Figure 9. overshoot with t - 0 8 will 

settle to w1th1n 5% at wnt "' 4 5 Since the required 

lock up time is 1.0 ms, 

4 5 4.5 
3 = (4.5)(10) rad/ s 

0.001 

6. In order to compute C, phase detector gain and R 1 

must be selected. Phase detector gain, Kip. for the 

MC4344/4044 is approximately 0.1 volt / radian with 

R 1 = 1 kn. Therefore, 

C 
(0. 1)( 11 X 106 ) 

(30)(4.5 X l()3)2( 103) 

7 At this point, R2 can be computed . 

2 0 µF 

2tmin 1.6 
A2 =--"' ------ = 18.0S1. 

wnC (4.5 x 103)(2 x 10-61 

8. tmax "' tmm ~ = 098 

9. Figure 9 shows that t = 0.98 will meet the settling 

time requirement. 

10. Sidebands may be computed for two cases: ( 1) with 

• IL (charge pump leakage currentl nominal ( 100 nA), 

and (2) with IL maximum (5.0µA) . 

:.1debaf1(t 

1out 

(5 X 10 6)( 180)(_:1 X tQ6t .::: 
2

_
2 

• 

4 5 X 103 

ma" 

Since IL (nominal) is 50 times lower than IL (max, 

m11m). the sideband-to-center frequency ratio nom, 

nally would ue: 

~1deband 

lout 
nom 

2.2 

50 
: 0.044 

= 20 1091010 0441 :! -27 dB 

This suppression figure does not meet the original 

design requirement. Therefore further improvements 

will be made. 
11 . By spl ittmg A 1 and Cc, further attenuation can be 

gamed. The magnitude of Cc is approximately: 

Improvement m sidebands will be 

20 10910 
1052 

1 ' 25(4.5 X 103)2 

= - 13 dB 

Nominal suppression Is now -40 dB. Worst-case 

1s 34 dB higher than nominal suppression (50: 1 ratio), 

or -6.0dB. Therefore additional filtering Is reQuired. 

12 Additional filters such as second order sections are 

exactly double the single order sections as designed 

,n step 11 Adding such a filter would give an addi• 

tional - 26 dB rejection factor Therefore, one sec 

ond order filter section would result In an overall 

sideband suppression of -61 dB nominal and - 32 dB 

maximum. 

Design of the passive components for the added section 

with A assigned a value of 10 kn Is. 

0. 1 0.1 
C = - -- ----- = 02µF 

wnR (4.5 x 10-3)( 104) 

See F Igures 20 and 21 for two configurations that will 

satisfy this filter requirement 

Clock Recovery from Phase-Encoded Data 

The electro-mechanical system used for record mg d1g1 

tal data on magnetic tape often introduces random varta• 

tions in tape speed and data spacing. Because of th is and 

the encoding tec.hnQiue used, it is usually necessary to 

regenerate a synchronized clock from the data during this 

read cycle. One method for doing this Is to phase-lock 

a voltage con trolled multiv1brator to the data as it is read 

(Figure 31) 

• 

• 
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FIGURE 31 - CLOCK RECOVERY FROM PHASE-ENCODED DATA 
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FIGURE 32 - TIMING DIAGRAM - CLOCI< RECOVERY FROM 
PHAS~ENCOOEODATA 
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A typical data block using the phase encoded format 
is shown in row 1 of Figure 32 The standard format 
calls for recording a preamble of forty ••o"s followed by 
a single "1'', this is followed by from 18 to 2048 charac
ters of data and a postamble consisting of a "1" followed 
by forty "0"s. The encoding formal records a ••o" as a 
transition from low to high in the middle of a data cell. 
A "1" is indicated by a transition from high to low at the 
data cel l midpoint. When required, phase transitions occur 
at the end of data cel ls. If a string of either consecutive 
"0" s or consecu live" 1'' sis recorded, the format duplicates 
the original clock; the clock is easily recovered by straight 
forward synchronization with a phase-locked loop. In thtt 
general case, where the data may appear in any order, 
the phase-encoded data must be processed to obtain a 
single pulse dur ing each data cell before it is applied to 
the phase detector. For example, if the data consisted 
only of alternating "1''s and " 0"s, the phase-encoded for
mat would result ,n a waveform equal to one-half the 
original clock frequency. If this were applied dir~ctly to 
the loop, the VCM would of course move down to that 
frequency. The encoding format insures that there will 
be a transition in the middle of each data time. If only 
these transitions are sensed they can be used to regenerate 
the clock. The schematic diagram of F igure 31 indicates 
one method of accomplishing this. 

The logic circuitry generates a pulse at tl1e midpoint 
o f each data cell which is then applied to the reference 
input of the phase detector. The loop VCM ,s designed 

___ ___J L_ 

----u Li 
n 11_ 

n IL_ 
I 

__ _j L_ 

to operate at some multiple o f the basic clock rate. The 
VCM frequency selected depends on the decoding resolu• 
t ion desired and other system timing requirements. In 
this example, the VCM operates at twenty-four times the 
clock rate (Figure 32, Row 12). 

Referring to Figure 3 1 and the timing diagram of Figure 
32, the phase-encoded data (Figure 32, Row 1) is com• 
bined with a delayed version of itself (output of flip-flop 
A row 3) to provide a positive pulse out of G3 for every 
transition of the input signal. Portions of the data block 
are shown e><panded in row 2 of Figure 32. Flap-flop A 
delays the incoming data of one-half of a VCM clock 
period. Gates G 1, G2. and G3 implement the logic Exclu
sive OR of waveforms 1 and 3 except when inhibited by 
DGATE (row 4) or the output of G12 (row 7). DGATE 
and its complement, DGATE. serve to initialize the cir• 
cuitry and insure that the first transition o f the data block 
(a phase trans1t1on) is ignored. The MC7493 binary counter 
and the G6-G 12 latch generate a suitable signal for gating 
out G3 pulses caused by phase transitions at the end of 
a data cell, st.ch as the one shown dashed in row 6. 

The initial data pulse from G3 sets G 12 low and is 
combined with DGATE in G7 to reset the counter to its 
zero state. Subsequent VCM clock pulses now cycle the 
counter and approximately one-third of the way through 
the next data cell the counter's full state is decoded by 
G 11, generating a negative transition. Th is causes G 12 to 
go high, removing the inhibit signal until it 1s again reset 
by the next data transition. This pulse also resets the 
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counter, contmuing the cycle and generating a posItIve 
pulse at the midpoint of each data cell as required. 

Acqu1s1tion time is reduced tf the loop is locked to a 
frequency approx ,mately the same as the expected data 
rate during inter-block gaps. In Figure 31, this is achieved 
by operating the remaining half of the dual VCM at slightly 
less than the data rate and applying it to the reference 
input of the phase detector via the G8-G9-G 10 data selec• 
tor. When data appears, DGATE and DGATE cause the 
output of G3 to be selected as the reference input to the 
loop. 

The loop parameters are selected as a compromise be• 
tween fast acquisition and jitter-free tracking once synch
ronization Is achieved. The resulting filter component 
values indicated in Figure 31 are suitable for recovering 
the clock from data recorded at a 120 kHz rate, such as 
would result tn a tape system operating at 75 i.p.s. with 
a recording density of 1600 b.p,i. Synchronization is 
achieved by approximately the twenty-fourth bit time of 
the preamble. The relationship between system require
ments and the design procedure Is illustrated by the follow• 
ing sample calculation: 

Assume a - 3.0 dB-loop bandwidth much less than the 
input data rate(=>:. 120 k Hz). say 10 kHz. Further, assume 
a damping factor oft : 0.707. From the expression for 
loop bandwidth as a function of damping factor and un• 
damped natural fre.Quency, wn, calculate wn as: 

½ 
W- JctB = Wn (1+2r2+J2+4r2+4~4) (24) 

or forw_3 dB = (211)104 rad/sand t = 0.707: 

(217) 104 
Wn =---

2.06 
(3.05) 104 rad/s 

As a rough check on acquis1t1on t,me, assume that 
lockup should occur not later than half-way through a 
40-b,t preample, or for twenty 8.34 µs data periods. 

Wnt = (3 05) 1Q4 (20)(8 34) 10-6 = 5.1 (26) 

From Figure 9, the output will be within 2 to 3% of 
,ts final value for Wr,t::::: 5 and r : 0.707. The filter com• 
ponents are calculated by : 

C1rc u11 Olagrams u1,ht111g Motor old produc ts are 111c luded as ,1 means 
Of 11tustrat1n9 typ,c.a• se,n,c onchu: to r ttpolicat•ons, conseouencfv, 
c:ornplete tn1ormut,on ".,ff,c tent fo r r.onstruc tion purpose, ,s not 
necessa111v given The 1nto,matron t,as Uelll> G-llOfully c hec k ed a1>d 

and 

where 

KipKV "' 
wn2 

R1CN 

Kq,KvR2 

R1N 
2twn 

Kq, = 0.015 v/ rad 
Kv = ( 18.2) 106 rad/s/volt 

N = 24 = Feedback divider ratio 
Wn : (3.05) 104 rad/s 
r = 0.101 

K,pKV = (0.115)(18.2)106 = (S.
721104 

N 24 

From Equation 27 · 

(27) 

(28) 

(8.72) 104 

{3.05)21o8 
= (9.34) 1 o-5 

From Equation 28: 

-=---= 
2(0.707)_(3.04) 104 =

(8.72) lo4 

Let R 1 ; 3.0 kn; then R2 = 1.5 kn and 

(9.34) 10- 5 
C = -----c--= (3. 1) 10-8 

(3.0) 103 

0.494::::: ½ 

or using a close standard value, use C = 0.0033 µF . Now 
add the additional prefilter ing by spli tting R 1 and select• 
ing a time constant for the additional section so that it is 
large with respect to R2C2 

or 
2R2C 2( 1.5) 103(3.3) ,o-8 

C5 : -- : -------- : 3300 pF 
lOR 1 10( 3. 0) ,o3 

,s bel,eved to be enwelv reliable. However. no , es pons1b1l1ty 1s 
assumed to, 1naccurac•es. Furthermore. such ,ntormat,on doe$ not 
convey to the purchaser of the semiconductor des,ces desc,.bed any 
t,cenw. unde, the patent rights of Motorola Inc. or othan 
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SEA TING PLANE 

CASE 632 
T0 -116 

NOTES. 

N 

I LEAOS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEA TING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2 OIMENSION"L"TO 
CENTER OF LEADS 
WHEN FORMEO 
PARALLEL 
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NOTES 

-

1 ALL NOTES ASSOCIATED WITH 
T0-86 OUTLINE SHALL APPLY 

2 LEADS WITHIN O 13 mm {O 005t 
TOTAL OF TRUE POSITION 
RELATIVE TO "A" Al MAXIMUM 
MATERIAL CONDITION. 

Ml l LIME TE RS INCHES 
DIM MI N MAX MIN MAX 
A 6.10 6.60 0.240 0.260 
C 0.76 1.78 0.030 0.070 
0 0.33 0.48 0.013 0.019 
F 0.08 0.16 0.003 0.006 
G 1.27 BSC 0.050 BSC 
H 0.30 0.89 0.012 0.035 
J - 0.38 - 0.015 
K 6.35 9.40 0.250 0.370 
L 18.80 - 0.740 -
N 0.25 0.010 -
R - 0.38 - 0.015 
s 7.62 8.38 0.300 0.330 

NOTES 
l ALLRULES&NOTESASSOCIATEO 

WITH TO 116 OUTLINE SHA LL 
APPLY. 

2 OIMENSION"L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 16.8 19.9 0.660 0.785 
B 5.59 7.11 0.220 0.280 
C - 5.08 - 0.200 
0 0.381 0.584 0.015 0.023 
F 0.77 1.71 0.030 0.070 
G 2.54 BSC 0.100 BSC 
J 0.203 0.381 0.008 0.015 
K 2.54 - 0.100 -
L 7.62 BSC 0.300 BSC 
M - 15° - 15° 
N 0.51 0.76 0.020 0.030 
p - 8.25 - n.325 

CASE 646 

MllllMEHRS INCHES 
DIM MIN MAX MI N MAX 

A 18.16 18.80 0.715 0.740 
B 6.10 6.60 0.240 0.260 
C 4.06 4.57 0.160 0.180 
D 0.38 0.51 0.015 0.020 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100 BSC 
H 1.32 1.83 0.052 0.072 
J 0.20 0.30 0.008 0.012 
K 2.92 3.43 0.115 0.135 
L 7.37 7.87 0.290 0.310 
M - 100 - 100 
N 0.61 1.02 0.020 0.040 
p 0.13 0.38 0.005 0.015 
Q 0.61 0.76 0.020 0.030 
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A NEW FILTERING PROCESS FOR OPTIMAL OVERSHOOT CONTROL 

By DAVID L. HERSHBERGER 
Senior Engineer, FM Radio Transmitters 

ABSTRACT 
When both peak amplitude (in the time domain) and bandwidth constraints are placed upon a 

signal as in FM stereo broadcasting. there are conflicts among the requirements fo1 lim1t1ng modula
tion peaks, attenuating components beyond 1 5 kHz. and maintaining a flat amplitude characteristic 
to 1 5 kHz. Previous attempts at overshoot control do not simultaneously satisfy all of the above re
quirements. Furthermore. some techniques currently in use can cause severe audible distortion under 
certain programming conditions. 

Lowpass fil ters by design change the frequency distribution of a signal and by consequence 
change the phase relationships of the same signal. Both changes are causes of overshoot. Elim1na· 
tion of harmonic terms deletes components that serve to reduce the peak amplitude of the signal 
Phase distort ion rearranges signal components as a function of time to form overmodulating peaks 

Optimal overshoot control must perform all of the following under all programming conditions 

1. Flat frequency response to 15 kHz at all levels up to 100% modulation. 

2 . High attenuation of frequencies above 15 kHz. 

3 Suppress overmodulation due to overshoot to an insignificant level 

4 . lns1gnif1cant THO and IM d1stort1on at any level up to 100% modulation. 

5. No degradation of audio quality. 

A new technique that eliminates overmodula tion due to overshoot 1s presented and explained, 

I . INTRODUCTION 

BACKGROUND: FM stereo radio broadcasting 1s rapidly becoming a highly compet111ve medium. 
This change manifests itself 1n many ways, including the effort to have a technically superior sound. 
This ob1ect1ve usually involves a tradeoff between quality and quantity, or fidelity vs. loudness. Most 
audio processing innovations to date sacrifice some amount of fidelity for some degree of loudness 
increase The Hams Dynamic Transient Response (OTA) fi l ter. an integral part of the Harris MS-15 
exciter. allows a loudness increase of 2 -6 dB (dependent on limiter type) with absolutely no degrada
tion of fidelity 

PRINCIPLES O F STEREO FM : FM stereophonic broadcasting 1s a frequency domain multiplexed 
(FDM) system. A left -plus-nght (L+R) signal is transmitted in the band 50 Hz- 15 kHz, This 1s the 
monaural baseband signal. A double sideband suppressed carrier (DSB) signal modulated with left
m1nus-right information 1s transmitted at 38 kHz. To properly demodulate the DSB 38 kHz signal. a 
19 kHz pilot tone 1s transmitted with a phase such that when 1t is frequency-doubled. L·R information 
can be synchronously detected. The composite stereo signal is shown in Fig. 1 
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WHY AUDIO LOWPASS FILTERS ARE REQUIRED : There are constraints placed upon the 
amplitude and bandwidth characteristics of the left- and right-channel audio signals such that the 
resultant L + R and L-R signals will exceed neither their amplitude bounds nor bandwidth allocations. 
Otherwise the multiplexed signals would suffer d1stort1on and mutual interference. 

To control the amplitude of the Land R channel signa ls AGC amplifiers. peak limiters. and clipping 
devices are customarily used. Typically these processors add to the harmonic content of the program. 
producing a signa l which would result in excessive bandwidth. In the better stereo generators. low
pass filters have been included to attenuate harmonics beyond the 15 kHz bandwidth of the system 

Some 1nexpens1ve switching type stereo generators omit the audio lowpass filters 1n an attempt to 
eltmina te overshoot With no audio filters. the stereo composite lowpass filter will overshoot instead 
This 1s absurd Not only has the overshoot problem been left unsolved. but the stereo generator 1s 

vulnerable to pilot interference and aliasing 

II. CAUSES AND EFFECTS OF OVERSHOOT 

MECHANISMS OF OVERSHOOT IN LOWPASS FILTERS : Although the input to a lowpass filter 
may be accura tely amplltude-l1m1ted. such 1s not necessarily the case at the filter's output Ringing 
and overshoot o f the filter can seriously degrade the accuracy of the l1m1ting action Lowpass filte1s 
may overshoot 6 dB ( 100%) on some signals which are not uncommon at the output of audio 

processing equipment 
A lowpass filter changes two independent Qualities of its input s,gnal In add1t1on to the obvious 

change of the amplitude vs frequency charactenst1c the filter also changes phase relat1onsh1ps 
among different frequencies in the filter 's passband This 1s equivalent to stating that different fre
quencies take different lengths of time to propagate through the filter Associated with these two 
changes to the signal are two mechanisms causing overshoot 

ATTENUATION OF HARMONICS 
Consider the ideal case of a lowpass filter with rectangular frequency response and zero 

time delay This filter 1s 1n fact unrealizable but nevertheless would exh1b1t overshoot due to 
ehm1nat1on of harmonics The frequency response o f this filter 1s shown 1n Fig 2 
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0 
15kHz 

FREQUENCY 

FIGURE 2 
IDEAL FILTER FREQUENCY RESPONSE 

Assume that the input signal 1s a 10 kHz squarewave of amplitude A The Four,er expansion 
of this signal Is oo 

v(t)= A ! [ + sin(2,,.fnt) 

where f Is frequency. n = 1,3,5, ... 
The squarewave signal has components at the fundamental and odd harmonic frequencies 

only. i.e .. 10. 30. 50. 70. etc. kHz Since the filter cuts off at 15 kHz only the fundamental ( 10 
kHz) component of the squarewave appears at the filter output. Note that if the squarewave 
amplitude (A) is one volt. then the oeak value of the fundamental component (1dent1cally equal 
to the output signal) Is 4 / pi or 1.273. This constitutes an overshoot of 27% The squarewave 
and its fundamental component are shown superposed in Fig. 3 

OUTPUT OF FILTER 
INPUT TO FILTER 

FIGURE 3 

SQUAREWAVE ANO FUNDAMENTAL COMPONENT 

TIME 

This is only one example of many possible signals that would cause a linear phase lowpass 
filter to overshoot. 

2. NON -UNIFORM TIME DELAY 
If different signals propagate through the filter with different time delays, It 1s possible for in

put signals separated in time to become coincident at the filter's output. This could resu lt in an 
overshoot. 

Continu ing with the example of the squarewave. consid~r the case where only the fun
damental and third harmonic fall within the filter's passband Squarewaves in the range of 3 -5 
kHz sat isfy this cond1t1on. The input and output of the ideal fil ter discussed in part 1 are shown 
in Fig. 4. 
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FIGURE 4 

3-5kHz SOUAREWAVE RESPONSE: FUNDAMENTAL PLUS 3rd HARMONIC 

Overshoot Is 20 0% Since such a filter Is 1mposs1ble to build. the response of Fig 4 in 

general cannot be produced. Rather. time delay wtll vary as a function of frequency, thereby 

upsetting the phase relationship between the fundamental and third harmonic. If the phase of 

the third harmonic Is shifted 180 degrees relative to the fundamental the waveform of Fig 5 

results Overshoot Is 70% or 4 6 dB 

1 . 70 - ----
,----OUTPUT OF FILTER 

INPUT TO FILTER 

FIGURE 5 
EFFECT OF PHASE DISTORTION 

EXAMPLES: A typical filter spec1f1cat1on may require frequency response to be flat w1th1n ±0 1 dB 

from 0 -15 kHz and -50 dB at 19 kHz and above By far the most practical filter meeting these 

spec1f1cattons will be an ell1pt1c function type filter This filter exh1b11s a very sharp rate of cutoff and a 

highly nonuniform time delay characteristic 

A seventh order {titer meeting these spec1f1cat1ons has group delay (time delay) of approximately 

43 microseconds w~ch Is uniform from DC to 3 5 kHz, 45 microseconds at 5 kHz, 53 microseconds 

at 7 .5 kHz. 62 usec at 10 kHz. increasing to 238 microseconds at 15 kHz which corresponds to 1 -

285 degrees of phase distortion (3 1 ., rotations) Therefore the squarewave response of Fig 5 ts cer

tainly possible with this filter 

4 

• 

• 

• 

http://www.SteamPoweredRadio.Com


www.SteamPoweredRadio.Com

• 
INPUT 

• 

• 

Time delay generally increases with frequency within the passband of an ell1pt1c filter. Minimum 
time delay 1s at DC while maximum time delay wi thin the passband occurs at the cu toff frequency A 
test signal has been devised which causes fil ters to overshoot primarily as a function of their time 
delay d1stort1on. The test signal consists of a smewave burst immediately followed by a DC step 
signal. The s1newave will accumulate maximum time delay (238 usec.) while the DC step signal will 
accumulate a minimal time delay (43 usec.) At the filter's output the sinewave will coincide with the 
beginning of the DC step signal This phenomenon is shown in Fig. 6 . Note that the overshoot is 
100% (6 dB)! 

FIGURE 6 

SINE/STEP FILTER RESPONSE 

Through a combina tion of effects (both attenuation of harmonics and nonuniform time delay) a 
myriad of signal types can cause a typical ell1pt1c lowpass filter to overshoot. A low frequency 
squarewave response 1s shown in Fig. 7 

FIGURE 7 

TYPICAL FILTER 

SQUAREWAVE RESPONSE 

The w aveforms of Fig 6 and Fig 7 are common with certain types of music and/ or certain types of 
FM limiters. To offset overshoot audio levels are simply turned down to a point w here overshoots "of 
frequent recurrence" do not exceed 100% modulation. This can mean a sizeable reduction in modula
tion effectiveness. usually on the order of 2 5 - 6 dB! 
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Ill. DEVELOPMENT OF A SOLUTION 

NEED FOR A NEW APPROACH : There have been several previous approaches to the problem 
Although existing systems do control overshoot. they also contribute unwanted side effects to the 
signal. 

One method for overshoot control uses a delay line and an AGC stage. This system can cause gain 
··pumping". Another popular system uses alternate clipping and filtering combined with a com
plementary high frequency boost and cut. This system suffers from excessive intermodulation d1stor
t1on and a high frequency rolloff which ts dependent upon signal level 

CONSTRAINTS: It 1s clearly desirable to have a filter which will eliminate harmonics above 15 kHz 
yet preserve the peak amplitude-hmited nature of its input signal. Note that 1t is not necessary to 
have a ftlter that does not overshoot Ringing and overshoot are completely unobjectionable provided 
that the overshoots do not exceed the 1 00% modulation level, From this point on. the term 
"overshoot" will denote only overshoots above 100% modulation. The filter requirements are 

1. Frequency response flat ±0.5 dB 20 Hz- 15 kHz at all levels up to 100% modulation 
2 Attenuation above 19 kHz 1nclus1ve 50 dB minimum 
3 . Overshoots not exceeding 102% modulation. 
4 Filter shall be transparent to steady state sinew ave signals TH D and IM distortion O 1 % or 

less. 
5 Any effect of el1m1na t1ng overmodulat1ng overshoots shall be 1naud1ble. 

BESSEL FILTER UNSATISFACTORY: One ftlter that does not overshoot 1s the Bessel type The 
Bessel filter has maximally flat ttme delay for a minimum phase filter However, its frequency 
response 1s inadequate It has a very gradual rate of cutoff shown in Fig. 8 . 

FIGURE 8 

IDEAL BESSEL FILTER RESPONSE 
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NON M INIMUM PHASE FILTER UNSATISFACTORY: If one were to start with a filter with suf
f1c1ently sharp cutoff and attempt to find a phase function resulting in minimum overshoot. the result 
would be a lowpass filter that approximates linear phase. yet still overshoots Even in the case of the 
,deal ftlter discussed under " Causes and Effects o f Overshoot", the ftlter sttll overshoots. 

FILTER MUST BE N ONLINEAR : It would appear that there 1s no filter that satisfies all the above 
cond1t1ons There 1s no ltnear t1me-1nvanant filter that satisfies all the above cond1t1ons. The state 
ment that we can tolerate overshoots below a certain level implies that a nonlinear filter may work 
That 1s. the ftlter may have one set of characteristics up to a certain level and other character1strcs 
above that level The requirements that the act ion be 1naud1ble and that the ftlter be transparent to 
sinewaves (no harmonic or 1ntermodulat1on d1stort1on) imply that the filter must be perfectly linear up 
to 100% modulation. It 1s feasible to have a ftlter which 1s linear up 10 100% modulation and non 
ltnear only when an overshoot above 100% ,s ,mmtnent 
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IV. SOLUTION: DYNAMIC TRANSIENT RESPONSE FILTER 

THEORY, IDEAL CASE: Assume that we have two identical lowpass filters. The filters have a cutoff 
frequency of 15 kHz with infinite attenuation above and zero attenuation below. and a uniform time 
delay of 100 microseconds for all frequencies. (Such a filter Is of course non-causal and impossible to 
build.) Consider the situation of Fig 9 where the filters are cascaded. that is, the output of one filter 
drives the second. 

INPUT / 

15 kHz IDEAL 15 kHz IDEAL 

FIL TEA ' FIL TEA / 

1:" = 100 USEC L = 100 USEC. 

FIGURE 9 

CASCADED IDEAL FILTERS 

'-
7 OUTPUT 

A fter applica tion of a signal to the first filter. the output appears 100 usec. later with all com
ponents above 15 kHz removed Phase relationships and amplitudes of components below 15 kHz 
are preserved; the only change to the signal will be the elimination of components above 1 5 kHz and 
100 usec. of t ime delay. When the first filters's output Is applied to the second. the second filter will 
function only as a 100 usec. delay line. Since there are no components above 1 5 kHz at the second 
filter's input. the second filter does not change the signal except for the addition of time delay. 
Therefore. the first filter predicts the output of the second filter. This predict ion technique is 
employed in the Harris OTA filter. 

IMPLEMENTATION: The OTA filler is a system which comprises two lowpass filters. an allpass 
filter (phase equalizer}, and nonlinear compensation circuitry A block diagram is given In Fig 10 

LIMITED AUDIO IN COMPEN-
All· 17 5 INST AN- SINGLE 

>- 15 ~Hl ' ~ ,__ - PASS ,__ kHz - TANEOUS -: POLE 
LPf SATOR 

fl! TER LPF LIMITER LPF 

OUT 

FIGURE 10 
DYNAMIC TRANSIENT RESPONSE LOWPASS FILTER 

The first filter (a t extreme left) in F1g.10 Is a seventh order ell1pi1c type with a cutoff frequency of 15 
kHz. The second filter Is also seventh order ell1pt1c but the cutoff f1equency 1s 17 5 kHz. The second 
lowpass filter 1s preceded by an allpass filter which linearizes the lowpass filter's phase from DC to 
the cutoff frequency of the first filter ( 1 5 kHz) The combination of the allpass filter and the second 
lowpass filter presents an approximately uniform time delay of 100 usec. between DC and 15 kHz. 

Since the passband of the first filter is contained within the linear phase passband of the second 
filter. 1he second filter changes neither the phase nor amplitude relationships of the first filter's output 
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but only adds time delay. Therefore. the first filter predicts the output of the second filter If the first 
filter overshoots. the second filter will overshoot 100 microseconds later. The inverse is also true 1f 
the first filter does not overshoot. the second filter will not overshoot. 

The compensator functions only when the first filter overshoots. The compensator Is designed to 
take the appropriate evasive action to stop the second filter 's predicted overshoot. This nonlinear ac
tion is discussed below 

EVASIVE ACTION : SUBTRACTING OVERSHOOTS: A block diagram of the compensa tor Is 
shown in Fig. 11 

INPUl 
FROM 

LOWPASS 
Fil TER 

THRESHOLD 

CLIPPER 

THRESHOLD ADJUSTMENT 

AMPLIFIER 

+ 
SUBTRACT OR 

FIGURE 11 
COMPENSATOR 

OUTPUT 

Up to the 100% modulation level. the compensator causes no change to the signal If the first filter 
overshoots above the 100% modulation level. that part of the signal which exceeds the threshold will 
be separated from the input and applied to the amplifier. The overshoots. having been separated and 
amplified, are subtracted from the original signal. Typical inputs and outputs are shown in Fig. 12 

INPUTTOLPF INPUT TO COMPENSATOR OUTPUT 

:::21:J -~ __._ ~ 
100% 

100% 

-----.--'---- - ~ -

100% n ~ ---□=-

100% -=-□ --~-_,. ·-=u 
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The effect of this action is to subtract a component at the frequency of the offending overshoot. 
The output of the compensator contains frequency components above and below 1 5 kHz. The 

compensator subtracts signal components below 1 5 kHz to eliminate overshoot. Incidental ex 
traneous components above 1 5 kHz are generated in the process. These high frequency products 
must be removed in such a manner that phase relationships are preserved. For th is reason the 
processed signal Is filtered by an allpass/ lowpass combination which approximates linear phase to 
15 kHz. 

INSTANTANEOUS LIM ITER/ FILTER : Due to several approximations in the process, the second 
filter may occasionally overshoot several percent. An instantaneous limiter follows the second filter 
for this reason. Harmonics generated by this device are very low in amplitude since overshoot has 
been nearly eliminated. The limiter drives a single pole filter which does not overshoot. Even severely 
processed audio results ,n harmonic components that are at least 60 dB down. 

V. RESULTS 

OPERATION : The DTR filter Is highly effective in ,ts operation. Overmodulation due to overshoot 
has been reduced to 2%, approximately the accuracy of a modulation monitor. Operation Is possible 
with any l1m1ter and any program material including Dolby® processed audio. Setup Is easy. All one 
does Is to apply a signal that 1s known not to overshoot at 100% peak modulation. This can be a 400 
Hz sinewave. Using this signal as a reference the compensation thresholds are set to a level cor
responding to 100% modulation LED indicators are provided to indicate when an overshoot is com
pensated. thereby facilita ting setup. 

Extensive listening and A -B tests have shown that on all type of programming the DTR filter 
produces no audible effect. Unlike other techniques using AGC, delay lines. or conventional clippers. 
the DTR filter takes action 1f and only 1f an overshoot is imminent. Because the energy contained in· 
the overshoots Is inappreciable, deletion of that energy is imperceptible to the ear The modulation 
monitor. however. does not respond to average energy but rather peak voltage. The perception of the 
modulation monitor (and the FCC) is unlike that of the ear and does respond to low energy. high in
stantaneous amplitude transients 

The overshoot compensator removes the transients above 100% modulation. It does no more and 
no less 

WAVEFORMS: When a 600 Hz squarewave Is applied to a conventional 15 kHz elhpt1c function 
lowpass filter the output rings and overshoots as shown by the top trace of Fig. 13 

FIGURE 13 

SOUAREWAVE RESPONSES 
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The OTR filte r is shown in the bottom trace. There is a small amount o f ringing. however, none of 
this causes overmodulation. 

Fig. 14 shows the same squarewave but applied at 65% modulation The system 1s completely 
linear at this level and no compensation is taking place. 

FIGURE 14 

DTR FILTER RESPONSE: 

SOUAREWAVE AT 65% MODULATION 

In Fig. 15 the level has been increased to 90% modulation. Here there 1s some action taking place 
to limit the first cycle of ringing to 100%. 

FIGURE 15 

OTR FILTER RESPONSE: 

SQUAREWAVE AT 90% MODULATION 

Finally in Fig. 16 the overshoot compensator is completely enabled as the squarewave is applied 
at 1 00% modulation. 

FIGURE 16 

DTR FILTER RESPONSE: 

SQUAREWAVE AT 100% MODULATION 
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Tone bursts also demonstrate the capabilities of the DTR filter. Fig. 17 shows a 15.0 kHz tone 
burst input signal. the output of a conventional filter. and the output of the DTR filter 

A. CONVENTIONAL FILTER B. DTR FILTER 

TOP TRACE: INPUT 
BOTTOM TRACE: OUTPUT 

TONE BURST TESTS 

FIGURE 17 
One of the most difficult tests to be contrived for a fi l ter is the signal described under " Examples". 

Causes and Effects of Overshoot. The signal consists of a sinewave at 100% modulation at a frequen 
cy very close to cutoff ( 15.0 kHz) applied for a time sufficiently long to ensure steady-state f ilter 
response. followed immediately by a transItIon to a step signal. The sinewave signal, being close to 
cutoff. w ill accumulate a long time delay with respect to the low-frequency step. At the filter's out
pu t. the signals will coincide at the transItIon. Fig. 18a shows the inpu t and output of a conventional 
filter. Overshoot Is 100%. If the modulation level of the transmitter were to be turned down to ac~ 
commodate such overshoots without causing overmodulat1on. a full 6 dB of signal would be lost ! The 
compensa ted filter response to the same test signal is shown In Fig. 18b. Overshoot 1s less than 2%. 
Notice that the DTR filter has no effect on the sinewave 

A. CONVENTIONAL FILTER 

TOP TRACE: INPUT 
BOTTOM TRACE: OUTPUT 

SINE/STEP TESTS 
FIGURE 18 
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It is possible to cause even more overshoot by substituting a squarewave for the sinewave part of 
the test signa l of Fig. 18. Fig. 19a shows the resultant squarewave/ step test signal applied to a con
ventional filter which overshoots 150%. or 8 dB ! 

The response of the DTR filter to the same test signal Is shown in Fig. 19b 

A. CONVENTIONAL FILTER B. DTR FILTER 

TOP TRACE: INPUT 
BOTTOM TRACE: OUTPUT 

SQUAREWAVE/STEP TESTS 
FIGURE 19 

This kind of signal is not uncommon with many types of limiters. Bass note attacks simultaneous 
with sibilance have been known to cause 100% overshoots when processed by a clipping -type 
limiter. 

DYNAMIC SPECTRUM : Fig. 20 shows the output spectrum of the DTR filter under near " worst 
case" programming conditions. The input signal had extreme high frequency content. and was 
processed by several limi ters. the last being a hard clipper. The spectrum analyzer. a Tektronix 7L5. is 
equipped w ith a microprocessor and memory which was used to produce a miximum-hold display. 

FIGURE 20 
DYNAMIC SPECTRUM 

Over a 3 minute period the output spectrum of the DTR filter was continuously monitored; each 
time that a frequency contained more energy than previously. the display would be updated. 
Therefore. the display of Fig. 20 does not represent a typical instantaneous spectrum but rather the 
maximum spectral amplitude reached over a 3 minute period 
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CONCLUSION : It has been shown that the DTR filter Is a universally effective method for 
eltminat1ng overmodulation due to overshoot. Because the compensator takes ac!lon only when 
necessary to remove low-energy overshoots, there is no audible dIstort1on under any cond1t1ons 
Because the compensated filter stands alone, a "systems approach" Is not required , any FM limiter 
may be used. 

A typical procedure for setting FM modulation levels has been to apply a sinewave through the 
program limiter at 100% modulation, A sinewave signal wilt not cause overshoot. Upon application of 
programming. the exciter filters will overshoot. With programming the modulation level must be 
reduced 2.5 to 6 dB to ensure that "peaks of frequent recurrence" do not cause overmodulat1on. 
With the Harris MS- 1 5 exci ter this last step of turning down the modulation has been eliminated 

The amount of loudness increase Is a function of limiter type The amount of overshoot that a 
limiter causes in a conventional filter is the amount of overshoot that Is eliminated by the DTR filter 
This same amount of overshoot is the increase in loudness that can be obtained. Some limiters, due 
to their excessive rolloff of highs. may only cause overshoots of 35% (2 6 dB). Other limiters. which 
rely more exclusively on clipping for pre-emphasis protection, can cause 100% overshoots (6 dB) 
Processors which rely upon a combination of clipping and rolloff will benefit from an intermediate 
loudness increase 
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