IRG7

Broadcast Equipment

BTE-15A
FM Exciter

ES-560631

18-8027524



Broadcast Equipment

Instructions

BTE-15A
FM Exciter

ES-560631

Commercial Electronic Systems Division/Front and Cooper Streets/Camden, New Jersey, U.S.A., 08102

SUP 679 M 18-8027524



I EMERGENCY
FIRST AID INSTRUCTIONS

WARNING

VOLTAGES THAT ARE DANGEROUS TO LIFE ARE
INVOLVED IN THE OPERATION OF THIS ELECTRON-
IC EQUIPMENT. OPERATING PERSONNEL MUST AT
ALL TIMES OBSERVE ALL SAFETY REGULATIONS.
DO NOT CHANGE TUBES OR MAKE ADJUSTMENTS
INSIDE THE EQUIPMENT WITH VOLTAGES APPLIED.
DANGEROUS CONDITIONS MAY EXIST IN CIRCUITS
WITH POWER CONTROLS IN THE OFF POSITION DUE
TO CHARGES RETAINED BY CAPACITORS, ETC. AL-
WAYS DISCHARGE AND GROUND CIRCUITS PRIOR TO
TOUCHING THEM TO AVOID PERSONAL INJURY OR
LOSS OF LIFE.

Personnel engaged in the installation, operation, or maintenance of this equipment or similar equipment are urged to
become familiar withthefollowing rulesboth in theory and practice. It is the duty of all operating personnel to be pre-
pared to give adequate Emergency First Aid and thereby prevent avoidable loss of life.

RESCUE BREATHING
GENERAL INFORMATION PROCEOURE

A. START IMMEDIATELY, SECONDS COUNT anw‘m m“””

.;I|x|1iiiiJlHﬂiiiiilunmumuiiiimmiim|

FIG. A FIG. B FIG. C

Do not move victim unless absolutely necessary to re-
move from danger. Do not wait or look for help or stop
to loosen clothing. Warmthe victim or apply stimulants.
The main purpose is to GET AIR INTO THE VICTIM'S
LUNGS.

B. WIPE OUT VICTIM'S MOUTH

Wipe out quickly any mucus, food, or any foreign mat-
ter in the victim's mouth using your fingers or a cloth

g TILT HEAD BACK - Lift neck and point chin up to open
wrapped around your fingers.

air passage.

O EXTEND JAW - Pull or push jaw into jutting out posi-

Do this when the victim is breathing by himself or help tion (Fig. A).
is available. Keep him quiet as possible and from be-
coming chilled. Otherwise, treat him for shock. PINCH NOSE - Close nostrils toprevent air leakage, or

close mouth when using mouth-to-nose breathing.
D. DON'T GIVE UP

Continue emergency rescue breathing without interrup-
tion until victim is breathing without help or until all
hope of reviving him as determined by a physician is
gone.

BLOW - Seal victim's mouth or nose with your mouth.
(Fig. B) Blow until chest rises.

REMOVE MOUTH - Listen for exchange of air; if none,
check throat for obstruction. To remove it, place vic-
E. CALL A PHYSICIAN tim in position shown in Fig. C, and slap sharply be-
tween shoulder blades.

Have someone summon medical aid since respiratory

and other disturbances may develop as a aftermath. A REPEAT - 12 times per minute for adults; at least 20
physician is necessary during the recovery period. times per minute for children.

BURNS
SKIN REDDENED: Apply ice cold water to burned area SKIN BLISTERED OR FLESH CHARRED: Apply ice cold
toprevent burn from going deeper into skin tissue. Cover water to burned area to prevent burn from going deeper
area with clean sheet or cloth to keep away air. Con- into skin tissue. Cover area with clean sheet or cloth to
sult a physician. keep away air. Treatvictim for shock and take to Hospital.

EXTENSIVE BURN-SKIN BROKEN: Cover area with clean sheet or
cloth to keep away air. Treat victim for shock and take to hospital.
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BESSEL-NULL FM MODULATION CALIBRATION
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MODULATION INOEX 8
DEFINITIONS: Frequency Swing

Modulation Index = Modulating Frequency

Bessel Null: J_ (4) =0
(first) /21 = 2.405
(second) /532 = 5,520
(third) '/373 = 8.654 etc...

When the Bessel function of the modulation index is at null .for
Jo (ﬁ?), carrier power nulls, and all power appears in the sidebands.

This happens at discrete frequencies for a particular deviation.

EXAMPLE: Standard FM Broadcast, 75 KHZ Deviation for 100% modulation

75 KHZ
Modulating Frequency

31.185 KHZ.
13.587 KHZ.
8.667 KHZ.

2.405; Mod Freq
5.520;
8.654;

EXAMPLE: 67 KHZ Subcarrier Service, 4 KHZ Deviation for 100%

4 KHZ - . -
Mbdulating Frequency = 2-405, MOd Freq 1-663 K“Zo

This method is accurate for any FM modulation scheme where carrier

can be monitored independantly of sidebands,

ol TR
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IB-8027524-~1 Page 1 of 2

BTE-15A FM EXCITER SYSTEM

Several permissive changes in accordance with FCC Rules and
Regulations have recently been granted for the BTE~15A FM
Exciter and BTS-1B Stereo Generator. These changes were
granted on December 2, 1974 with reference to FCC Section
2.1001 (b) (1), Part 73.

" The changes improve the stability of the reference oscillator

in the BTE-15A FM Exciter, correct the pre-emphasis curve in
some units, and allow longer coaxial feed lines from the
BTS~1B Stereo Unit when operated separately from the BTE-15A
FM Exciter, as when used to feed an STL transmitter at a
studio location.

Such changes to be made in your BTE-15A FM Exciter (MI-560712)
and BTS-1B Stereo Generator (MI-560713) are as follows:

' CHANGES IN BTE-15A EXCITER (MI-560712)

Change the drawing to show R21 on the Modulator Oscillator "
Board at a value of 47 ohms, 1/2 watt, 5%. Change drawing to '/1

show R32 on the AFC board at a value of 10 ohms, 1/2 watt, 5%.

Add C100 to show 22 uf, 35 volts from pin 7 (+) on IC-210 to
pin 3 (-) on IC-210.

CHANGES IN BTS-~1B STEREO GENERATOR (MI-560713)

Refer to figure 52 in the BTE-15A Exciter Instruction Book
IB-8027524 and IB-8027524-1 (Stereo Generator Section).

. _,7(”
Change the drawing to show C424 at a value of 47 pf, R338 to @
3300 ohms, and R438 to 3900 ohms.

“The information contained in this bulletin is furnished as a free service to users of RCA equipment to aid in the maintenance, alignment or possible modifications of such equip-
men:. By furnishing this information, RCA assumes no obligation or responsibility to supply parts, to pay for the cost of modifications, to exchange existing equipment for nen
procuction models, or otherwise. Any prices which may be mentioned in this builetin are those prevailing at the present and are subject to change without notice at any time.”

CE-1607 12/74 Printed 1n U8 A
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. Change the values of these same components in the parts list
as follows:

Refer to parts list page 24 in IB-8027524 and page 23 in
1B-8027524-1 (FM Exciter Section).

Symbol Stock = Drawing # Description - Change To
R21 502047 82283-127 — 47 ohms, 1/2 w, 5%
R32 502010 82283-111 _ 10 ohms, 1/2 w, 5%
(add) C100 236617 8524009-285 Kemet, K-22E35
' OR .
Sprague, 150B226X5035R2
OR
Equivalent

Refer to parts list page 26 in IB-8027524 and page 25 in
IB-8027524-1 (Stereo Generator Section).

Symbol Stock # Drawing # Description - Change To

C424 221678 8914319-316 —  Mica, 47 pf, 500 V, 5%
( . R338 502233 82283-171 3300 ohms, 1/2 w, 5%

R438 502239 82283-173 3900 ohms, 1/2 w, 5%

Locate the proper corresponding parts with the help of
Figure 20 and 21 for changes in the FM Exciter and Figure
30 in the Sterep Generator.

It is recommended that the changes in each unit be made at
different times so that the correct operation of the Exciter
and Stereo can be confirmed separately.

W. W. Warren
FM Transmitter
Product Management

WWW : pw
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' RCA Communications Systems Division, Camden, New Jersey, 08102

BTE-15A Page 1 of 1
TB-342-3 July 1, 1974
IB-8027524/8027524-1

INTEGRATED CIRCUIT REPLACEMENT

An improved replacement for integrated circuit 1C4 for the AFC
loop in the BTE-15A FM Exciter is available from:

RCA Parts and Accessories T ¢f
Ry wai C ¥%o
2000 Clements Bridge Road ~-C9 s

Deptford, New Jersey 08096

Symbol Component Description RCA Stock No.

. 1c4 Integrated Circuit MC9802P 429606

This change has been incorporated in all BTE-15A Exciters
shipped after September 8, 1973; therefore, replacement is not
necessary.

It is recommended that all units shipped prior to that date be
changed by ordering this component from P&A. Mark your
instruction book accordingly.

This modification is a permissive change under FCC Class I Rules
governing Type Acceptance.

The suggestion to change this IC does not constitute a warranty

situation inasmuch as the replacement is a recommendation to
improve the long term operation of the exciter.

o7 4

W. W, arren
FM Transmitter M M
Product Management “\“

“The information contained in this bulletin is furnished as a free service to users of RCA equipment to aid in the maintenance, alignment or possible modifications of such equip-
ment. By furnishing this information, RCA assumes no obligation or responsibility to supply parts, to pay for the cost of modifications, to exchange existing equipment for new
production models, or otherwise. Any prices which may be mentioned in this bulletin are those prevailing at the present and are subject to change without notice at any time.”

CE-1607 12/73 Printed 1n U.S.A
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TB-342-1 June 23, 1973
b 1B-8027524/

IB-8027524-1 (Page 118)

CONNECTORS FOR
BTE-15A FM EXCITER

Listed below is information relative to connectors for the BTE-15A
FM Exciter System. This information should be filed with your
instruction book for the BTE-15A.

MI-560734 consists of one set of the necessary connectors (plugs)
required to make connections to one BTE-15A FM Exciter System.

The plugs contained in MI-560734 are listed below:

ITtem Qty RCA Stock No. Description

‘ 1 3 921359 BNC Connector, UG-88C/U (connects

to J2, J108 and J111)

2 4 211509 Connector, Audio (connects to J109,
J110, J112 & J113)

3 1 32661 Connector, 2 conductor (Exciter
Power, connects to J103)

4 1 55808 Connector, 8 terminal female
(connects to J101)

5 1 54254 Connector, 12 terminal female
(connects to J102)

6 1 101966 Dummy Plug (substitute for exciter
remote power relay K101)

7 1 Drawing #3722890-1, Dummy Plug

Wiring Instructions

MI-561322 consists of one set of plugs for MI-560711 BTS-1B
Main Frame (part of ES-560639):

1 2 211509 Connector, Audio (connects to J109,
J110, J112 & J113)
2 1 921359 BNC Connector, UG-88C/U (connects
‘ to J2, J108, and J111)

""The information contained in this bulletin is furnished as a free service to users of RCA equipment to aid in the maintenance, alignment or possible m?d?ﬁcation's of such
equipment. By furnishing this information, RCA assumes no obligation or responsibility to supply parts, to pay for the cost of modifications, to exchan.ge exnsterg equupmer.\t lo:
new production models, or otherwise. Any prices which may be mentioned in this bulletin are those prevailing at the present and are subject to change without notice at any time.

/1 Printed in U.S.A.
CE-1607 3/72




TB-342-1 -2- June 23, 1973

MI-561323 consists of one set of plugs for MI-560720 BTX-1B Main
Frame (part of ES-560640/560641) :

Item Qty RCA Stock No. Description

1 3 921359 BNC Connector, UG-88C/U (connects
to J2, J108 & J111)
2 2 211509 Connector, Audio (connects to J109,

J110, J112 & J113)

These plugs are individually stocked by RCA Parts and Accessories,
Deptford, New Jersey and should be ordered by RCA Stock No.

The complete kits may be ordered by MI number from RCA, Broadcast
Order Service, Building 2-3, Camden, New Jersey 08102 as follows:

MI-560734 Complete Set of Connectors for BTE-15A Exciter
$20.00

MI-561322 Complete Set of Connectors for BTS-1B Main Frame
$10.00

MI-561323 Complete Set of Connectors for BTX-1B Main Frame
$10.00

Prices subject to change without notice.

B. E. Fincher

w

This bulletin sent to following mail lists:

BTF-1El BT-324 BTF-10El BT-335
BTF-1E2 BT-337 BTF-10+10El BT~365
BTF-1+1E2 BT-340 BTF-20E1l BT-334
BTF-3E1 BT-370 BTF-40El BT-336

BTF-5E1 BT-339



TABLE OF CONTENTS

Page
960 E 08P LN & IDY:N2W5N 60 0000000 000000000000000000000000000006006000000300000000000000000000 0aooo 1
BTE-15A FM EXCITER SYSTEM OPTIONS .........cociviiiininnnn.. 00000000000000000000d00000 2
CRYSTAL UNITS ..t iitttitiititrersaneseenneeesasaencanns 00000000600 0ae60coaa 00000000000000 3
SEMICONDUCTOR COMPLEMENT ....... 000000000000 50000000030000 0000000000000600 0000000000 4
RECOMMENDED TEST EQUIPMENT ... ..t it tiiiitiineeeseosnsnosassssassssassssasasasaasns 4
IR I 88298 {005 6 0000 00000000000000000000000000000000000000000000300000380030303060300003A000a 5
BTE-15A Exciter System ........ ..ttt iiitiitiereteeresensroseesossesesonssaasaannan 0o 5
I3 1T 0000000 0000000000000000000660000000000000000000000800000000000000003030300a0 6
Modulated Oscillator. . .......coeviir i rincncnnnns 000000000000000 00060000600000 000000 8
Radio Frequency Power Amplifier (RFA). ... .. ciiniiiiniiiriiirineinnncannncennnannns 8
AFC Circuit ............00u... 000000000000000300000000000000000000A000000000000 0B0a0000 9
BTS-1B Stereo Generator.......ccve s inncnneeteesaeessesssenceucasacacasssessansenancans 9
Stereo Carrier and Pilot . ... .. uiiniiiii ittt iierterennsnnnanannn 060000000 ... 10
Audio Channels ...........iuiririiriiiiiniitinenseesesesosassesesssnsannnaans 0000000 10
Switching Modulator ............. 00 6000000000000000000006060000000803000806000 0ooa0s veees 10
Monaural Operation..........ccevrieeenrannnceasoas 0600000000000000000000006 000000000000 12
Monaural AudioModule...........cccievenninninnnn. 00000000000 gooo000 000606000000000000600 12
BTX-1B SCA Subcarrier Generator ... ......c.eeeeeeeeeencansenansencncncananss 000000000000 9
Modulated Oscillator ........ovtiiiiiiiiiiiiirieereneneennenennnncannans 0ooaao coocagoa 38
Muting Circuits ...................... 0000000000000000000000000000600000a0a06000000000a 13
BTE-15A Main Frame. ... .coeveeereeesosaraaasssasesasassasanasssassasasansassanas 0600006 15
Off-Frequency Shutdown Circuit .........ciuiiiinriiiiiiirerrerererneenencennns 0o0co0ac 15
Meter Amplifier..........cceiniinninenann, 06000000000000000000 0000000000000000a00 38
IR YN i/ NIHTON] 6060 60000000000000000000060000000000000000000000003000a00000000GA868008008083 16
MaintEramelele e ieletelele el eleleleteloltelohslelelololel ol st slatoholotela ol lelolalof el ol el ehelele el el ol eN ol ol le 000000000 0000000 . 16
CONNECEIONS. . . < - sicie e vio oo vlaniaioienciaaasoiesoolsoosssiseesisesssiessoeseleseasessaeessessaessoes .. 16
FMEXciter ....coovitiririineriianecannoanans FERERRRRee 0000000000000 00000060000060000030a 17
SEE (G T b 00000000 00000000000 0000000 0000000000300 0000000000000000000330033AA0000a 17
e/ (N7 0% 000000000 000000000000000000000000600000000060000000000300d0000000d0000000000 17
TR0IINIE®} 6 0 000060 0E0006 0000000 000000000300000000380000000000300000000000000000003 500000000000 il
BTE-15A RF Amplifier (RFA)....iviiiiiriirinerneennnnannns 5000000000000000 5000000000000 17
BTS-1B Stereo Generator......ccereeeereneeeeesanesereseassessssarasana 000000000000000000 18
BTX-1BSCA Generator......c.coeeeeeeeeereeeessncsacnnas 000000 00000000000 0600000000000a0a i)
Typical Panel Meter Readings ................. 000000000000000 000000000 00000000000000003000 20
PARTS ORDERING INFORMATION ...t ivitiennnennnnenennenonnnans 0000000000000000 00000000000  ¢48b
REPLACEMENT PARTS LIST ........... 5000000000000000000 000000000003000000000 0000000 0ocoo 43
LIST OF ILLUSTRATIONS
Figure Page
1 BTE-15A Exciter System .................... 800000000 800030 0060000000830000003 vees O
2 BTE-15A System, Block Diagram.............cc0iivneninnnn.. 000000000000000 000000 6
3 FM Exciter, Simplified Block Diagram...........cvevu.... 000000000 00000000 ooocooocoon I
4 BTS-1B Stereo Generator, Simplified Block Diagram.............. cesoseasaaaseasasae 11
5 BTX-1B SCA Generator, Simplified Block Diagram............... 00000G0000000000000 3K
6 BTE-15A Exciter System, Front View....... 800000000000000000000000030000008000000 Sk
7 BTE-15A System, Module Extender........... doooooaoa goooaa 0000000000000000000000 O
8 BTE-15A System, Module Extender Installed........ P Geeveass cesasesseessese 3D

III

- m



v

Figure

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

LIST OF ILLUSTRATIONS (CONTINUED)

BTE-15A System, Modules Removed....... Crieeeeaans eeerann

Main Frame, Rear View.........ccivievinninacnnnn

Main Frame, Parts Location........vcveueeevencncocacacnnces

Main Frame, Rectifier and Filter,................

Main Frame, Fuse Panel ..........ccvieiieieennsnnsananannan
Main Frame Metering Amplifier Board, Parts Location...e.....

Main Frame Metering Amplifier Board, Parts Location ...........
Main Frame Metering Amplifier Board, Parts Overlay, Top.::cccevevennnnnn.
Main Frame Metering Amplifier Board, Parts Overlay, Bottom...

Exciter, Top View...... 000000000000 000000000

Exciter, Modulated Oscillator Board, Parts Location...........

Exciter, AFC Board, Parts Location........ 000000000000000 900 0o

Exciter, RF Amplifier, Parts Location, Top .......c.e.c0vuun..

Exciter, RF Amplifier, Parts Location, Bottom.................

Exciter, Modulated Oscillator Board, Parts Overlay, Top.......

Exciter, Modulated Oscillator Board, Parts Overlay, Bottom.......

Exciter, AFC Board, Parts Overlay, Top ....... 0000000000 dooo

P R )

seseser s

seessresssns e

Exciter, Modulated Oscillator Board, Parts Location............

Exciter, AFC Board, Parts Overlay, Bottom .......ccc0u0u.e 000000 0000
Stereo Generator, Overall View ............ 000000000
Stereo Generator Board, Parts Location......coceeviuetererencacsoaecncannes
Stereo Generator Board, Parts Location..... 50000000000G00003000000 0000
Stereo Generator Board, Parts Location........covvvivvneannnes
Stereo Generator Board, Parts Location..... 0000000000 00000000000 000000
Stereo Generator Sub-Board, Parts Location .......cccveeeieunaanns 0000000
Stereo Generator Board, Parts Overlay, Top ........c.cocvvueenra.. oo 0
Stereo Generator Board, Parts Overlay, Bottom ............... 000000000000
Stereo Generator Sub-Board, Parts Overlay, Top .............. Ceeseereaane
Stereo Generator Sub-Board, Parts Overlay, Bottom....... elelolelolels ol olololelolsls
Monaural Audio Board, Parts Overlay, Top .......... 0000000000000000 0000

Monaural Audio Board, Parts Overlay, Bottom............ccoiviveenan.. 900

SCA Generator, Overall View .....c.covvevrvnenn. 00000060 000000000000 g
SCA Generator Board, Parts Location...............
SCA Generator Board, Parts Location...... 0000000000000000
SCA Generator Board, Parts Location.......ccevevveieevencncenanns 00000000
SCA Generator Board, Parts Location.......coveeeieieeianrecananeancnsens
SCA Generator Board, Parts Overlay, Bottom ............. 0000000000000 000
SCA Option Select Board, Parts Overlay, Top.......... 00000000000 000000000
SCA Option Select Board, Parts Overlay, Bottom..........iiveevenenenanans
BTS-1B Power Supply Board, Parts Overlay, Top..... 0600000000a000000 0000
BTS-1B Power Supply Board, Parts Overlay, Bottom............cc00uuuane
Semiconductor Base Data , 000000000000 000000000003A000000A0000000 000
Integrated Circuit Schematlcs 60000000d R TR TP 000
BTE-15A Main Frame, Schematlc Dlagram 5000000000000000000000000000000C
BTE-15A FM Exciter, Schematic Diagram................ alels/ ol olelslolslelalale 0000
BTS-1B Stereo Generator, Schematic Diagram..... 000000000000 000000000000
Monaural Audio Module, Schematic Diagram....... 0000000 0000000000000 0000
BTX-1B SCA Generator, Schematic Diagram........ccovievverannn ololelalslols/oln
T101 Connection +«.cvvvvevrannns 0000000 000000000000000C celseaan seseees 000
I3 19I5 HE 000000000000000000000A0000000000000000 00000000 0000000000000
BTX-1B Low-Pass Filter Installatlon ...... 00000000600 00000000 0000
Main Frame, Wiring Diagram.............. 000
Main Frame Door Assembly, Wiring Diagram ........ 0000000000000000 0000
Exciter Assembly, Wiring Diagram....... 000000000000080000 000000000000000

seecssenr e

. evoe
B
seecae

seses e
creesnae
. R

Exciter, Modulated Oscillator and AFC Assembly, Wiring Diagram .........ccc00euens

Exciter, RF Amplifier Assembly, Wiring Diagram .............

P R R I

Stereo Generator, Wiring Diagram..... 4o tadasosasetetasesesssssacne 4reeacscaveves
Stereo Generator Filter and Transformer Assembly, Wiring Diagram ................
Monaural Audio Module, Wiring Diagram.......... 00000000000000 0000000000000 oo
SCA Generator, Wiring Diagram.......... 000000000000000 Gesessssaeesevssaveres

Page

36
37
38
39
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
72
73
73
74
76
81
83
85
87
89
91
92
93
95
97
99
101
103
105
107
109
111




TECHNICAL DATA

ELECTRICAL SPECIFICATIONS

Typeof Emission ....... ... . . . .
Frequency Range ........ .. ... .. ... . i
Power Qutput . ... ... .
Output Impedance ........ ... .. ... . . . ..
Modulation Capability ......... ... .. . .. .. .. .
Carrier Frequency Stability .......... ... ... ... .. .. .. ... .....
Audio Input Impedance ......... .. ... ... .
Audio Frequency Response (30-15000Hz) .........................
Audio Input Level (100% Modulation) ... ..........................
Harmonic Distortion (30-15000Hz) ..............................
FM Noise Level (referred to 100% FM Modulation) ...................
AM Noise Level (referred to carrier voltage) .. .......................
SCA Subcarrier Input Level (100% modulation) . .....................
SCA Subcarrier Input Impedance .................................
Main Channel to Sub-Channel Crosstalk ............................
Sub-Channel to Main Channel Crosstalk ............................
Power Line Requirements . . .......... ... ... ... .. ... i,

Slow Voltage Variations . .............. ... .. ..o, ..
Power Consumption BTE-15A Exciter,including ...................
BTS-1B Stereo Generator
and BTX-1B SCA Generator
Altitude (Max.) . . ...
Temperature Range . ........... .. ... ... .. ... ...

MECHANICAL SPECIFICATIONS

! Audio pre-emphasis 75 microseconds (50 microseconds if desired).
2 Level measured at input jack with 400 Hz tone applied.
3 Audio frequency response referred to 75 (or 50) microsecond pre-emphasis curve.

F3 and F9

88 to 108 MHz

15 watts nominal, adjustable
50 ohms

+125 KHz min.

+1000 Hz max.

600 / 150 ohms, resistive’
+1 dB max?

+10 +2 dBm?

0.5% or less®

-68 dB max.

-60 dB max.

-15 to +10 dBm, adjustable
600/ 150 ohms, bal.

-50 dB*

-60 dB®

117V £5% or 208 [ 240V £5%,
50/ 60 Hz

*5%

80 watts

7500 ft.
-20 to +50°C

10-1/2”
199)
12-5/8” approx.

40 Ib.

4Distortion includes all harmonics up to 30 KHz and is measured following a standard 75 (or 50) microsecond de-emphasis
network.

5Reiative to 7.5 KHz deviation of the subcarrier by a 400 Hz tone, main channel modulated 70% by 30 to 15000 Hz tones and
30% by subcarrier, using narrowband detector.

S Relative to 75 KHz deviation of the main carrier by a 400 Hz tone, subcarrier modulated £7.5 KHz by 30 to 6000 Hz tones,
main carrier modulated 30% by subcarrier, using narrowband detector.




BTE-15A FM EXCITER SYSTEM OPTIONS

The BTE-15A FM Exciter System is available in several forms:

1. Mono System, ES-560631, includes
(A) 1 Main frame
(B) 1 BTE-15A r-f exciter
(C) 1 Monaural audio module (replaces BTS-1B Stereo generator)
(D) 2 Blank panels (used in place of SCA generators)
(E) 1 Crystal, with oven (for BTE-15A)
(F) 1 Module extender

2. Mono and 1 SCA System, ES-560632, includes
(A) 1 Main frame
(B) 1 BTE-15A r-f exciter
(C) 1 Monaural audio module (replaces BTS-1B Stereo generator)
(D) 1 BTX-1B SCA generator
(E) 1 Blank panel (used in place of second SCA generator)
(F) 1 Crystal, with oven (for BTE-15A)
(G) 1 Module extender

3. Mono and 2 SCA System, ES-560633, includes
(A) 1 Main frame
(B) 1 BTE-15A r-f exciter
(C) 1 Monaural audio module (replaces BTS-1B Stereo generator)
(D) 2 BTX-1B SCA generator
(E) 1 Crystal, with oven (for BTE-15A)
(F) 1 Module extender

4. Stereo System, ES-560634, includes
(A) 1 Main frame
(B) 1 BTE-15A r-f exciter
(C) 1 BTS-1B Stereo generator
(D) 2 Blank panels (used in place of SCA generators)
(E) 1 Crystal, with oven (for BTE-15A)
(F) 1 Module extender

5. Stereo and 1 SCA System, ES-560635, includes
(A) 1 Main frame
(B) 1 BTE-15A r-f exciter
(C) 1 BTS-1B Stereo generator
(D) 1 BTX-1B SCA generator
(E) 1 Blank panel (used in place of second SCA generator)
(F) 1 Crystal, with oven (for BTE-15A)
(G) 1 Module extender

6. Stereo and 2 SCA System, ES-560636, includes
(A) 1 Main frame
(B) 1 BTE-15A r-f exciter
(C) 1 BTS-1B Stereo generator
(D) 2 BTX-1B SCA generator
(E) 1 Crystal, with oven (for BTE-15A)
(F) 1 Module extender

Only 1 SCA channel may be used during periods when stereo is transmitted.

In addition, the following subsystems are available for use with existing FM exciters:

1. BTS-1B Stereo Generator, ES-560639, includes
(A) 1 Main frame (mounts stereo generator only)
(B) 1 BTS-1B Stereo generator
(C) 1 Module extender

2. BTX-1B SCA Generator (One), includes
(A) 1 Main frame (mounts 1 or 2 SCA generators only)
(B) 1 BTX-1B SCA generator
(C) 1 Blank panel (used in place of second SCA generator)
(D) 1 Module extender

3. BTX-1B SCA Generator (Two), includes
(A) 1 Main frame (mounts 1 or 2 SCA generators only)
(B) 2 BTX-1B SCA generators
(C) 1 Module extender

The following optional items are available for use with BTE-15A Exciter Systems:

1. Recommended Spare RI Transistors

2. 5 KHz Low Pass Filter (used in BTX-1B SCA generator when stereo is transmitted)
*MI item number, depending on Frequency, must be added.

MI-560710
MI-560712
MI-560716
MI-560715
MI-560717-*
MI-560719

MI-560710
MI-560712
MI-560716
MI-560714-*
MI-560715
MI-560717-*
MI-560719

MI-560710
MI-560712
MI-560716
MI-560714-*
MI-560717-*
MI-560719

MI-560710
MI-560712
MI-560713
MI-560715
MI-560717-*
MI-560719

MI-560710
MI-560712
MI-560713
MI-560714-*
MI-560715
MI-560717-*
MI-560719

MI-560710
MI-560712
MI-560713
MI-560714-*
MI-560717-*
MI-560719

MI-560711
MI-560713
MI-560719

MI-560720
MI-560714-*
MI-560715
MI-560719

M1-560720
MI-560714-*
MI-560719

MI-560718
MI-560721




CRYSTAL UNITS

Carrier Freq. Crystal Freq. Carrier Freq. Crystal Freq.
MI Number* MHz KHz MI Number* MHz KHz
560717-1 88.1 86.0351 560717-51 98.1 95.8008
560717-2 88.3 86.2305 560717-52 98.3 95.9901
560717-3 88.5 86.4258 560717-53 98.5 96.1914
560717-4 88.7 86.6211 560717-54 98.7 96.3867
560717-5 88.9 86.8164 560717-55 98.9 96.5820
560717-6 89.1 87.0117 560717-56 99.1 96.7773
560717-7 89.3 87.2070 560717-57 99.3 96.9727
560717-8 89.5 87.4023 560717-58 99.5 97.1680
560717-9 89.7 87.5977 560717-59 99.7 97.3633
560717-10 89.9 87.7930 560717-60 999 97.5586
560717-11 90.1 87.9883 560717-61 100.1 97.7539
560717-12 90.3 88.1836 560717-62 1003 97.9492
560717-13 90.5 88.3789 560717-63 100.5 98.1445
560717-14 90.7 88.5742 560717-64 100.7 98.3398
560717-15 90.9 88.7695 560717-65 100.9 98.5352
560717-16 91.1 88.9648 560717-66 101.1 98.7305
560717-17 91.3 89.1602 560717-67 101.3 98.9258
560717-18 91.5 89.3555 56071768 1015 99.1211
560717-19 91.7 89.5508 560717-69 101.7 99.3164
560717-20 91.9 89.7461 560717-70 101.9 99.5117
560717-21 92.1 89.9414 560717-71 102.1 99.7070
560717-22 92.3 90.1367 560717-72 102.3 99.9023
560717-23 92.5 90.3320 560717-73 102.5 100.0977
560717-24 92.7 90.5273 560717-74 102.7 100.2930
560717-25 929 90.7227 560717-75 1029 100.4883
560717-26 93.1 90.9180 560717-76 103.1 100.6836
560717-27 933 91.1133 560717-77 103.3 100.8789
560717-28 93.5 91.3086 560717-78 103.5 101.0742
560717-29 93.7 91.5039 560717-79 1037 101.2695
560717-30 93.9 91.6992 560717-80 1039 101.4648
560717-31 94.1 91.8945 560717-81 104.1 101.6602
560717-32 94.3 92.0898 560717-82 104.3 101.8555
560717-33 9.5 92.2852 560717-83 104.5 102.0508
560717-34 94.7 92.4805 560717-84 104.7 102.2461
560717-35 949 92.6758 560717-85 104.9 102.4414
560717-36 95.1 92.8711 560717-86 105.1 102.6367
560717-37 95.3 93.0664 560717-87 105.3 102.8320
560717-38 95.5 93.2617 560717-88 105.5 103.0273
560717-39 95.7 93.4570 560717-89 105.7 103.2227
560717-40 95.9 93.6523 560717-90 1059 103.4180
56071741 96.1 93.8477 56071791 106.1 103.6133
560717-42 96.3 94.0430 56071792 106.3 103.8086
56071743 96.5 94.2383 560717-93 106.5 104.0039
56071744 96.7 94.4336 560717-94 106.7 104.1992
560717-45 96.9 94.6289 560717-95 106.9 104.3945
56071746 97.1 94.8242 56071796 107.1 104.5898
56071747 97.3 95.0195 560717-97 107.3 104.7852
56071748 91.5 95.2148 56071798 107.5 104.9805
560717-49 917.7 95.4102 560717-99 107.7 105.1758
560717-50 97.9 95.6055 560717-100 107.9 105.3711

*Each MI consists of one crystal oven and one crystal.

THE CRYSTAL FREQUENCY IS COMPUTED AS FOLLOWS:

F crystal =

F carrier




SEMICONDUCTOR COMPLEMENT

BTE-15A FM EXCITER MONAURAL AUDIO MODULE

Q1 Modulated Oscillator 2N4427 Q201 Amplifier 2N3053

Q2 Buffer 2N4427 Q202 Buffer-Amplifier 2N3053

Q3 RF Amplifier 2N3866 1C201 Mono Pre-Emphasis CA3015

Q4 RF Amplifier 2N4440 1C202 Amplifier CA3015

Q5 RF Amplifier 2NS5102

Qé Logic Changer 2N3640

Q7 Logic Changer 2N4037

Q8 Crystal Oven Control 2N3054 BTS-1B STEREO GENERATOR

IC1 Divider MC1027P

IC2 Divider MC1013P Q301 Buffer-Amplifier 2N4037

IC3 Divider MC1013P Q302 Regulator 2N3053

IC4 Divider MC890P Q303 Pilot Amplifier 2N3053

ICS Divider MC890P Q304 Right Channel Buffer-Amplifier 2N3053

ICé Divider MC890P Q305 Buffer-Amplifier 2N3053

1C7 Divider MC890P Q306 Buffer 2N3053

IC8 Divider MC890P IC301 76 KHz Oscillator CA3028

IC9 Divider MC890P 1C302 Divider MC890P

IC10 AFC Reference Oscillator CA3028 1C303 Buffer-Amplifier CA3018

IC11 Divider MC890P IC304 Right Pre-Emphasis CA3015

IC12 Divider MC890P 1C306 Buffer CA3018

IC13 Phase Comparator MC819P Q404 Left Channel Buffer-Amplifier ~ 2N3053

IC14 Inverter-Amplifier CA-3018 Q405 Buffer-Amplifier 2N3053
Q406 Buffer 2N3053
1C404 Left Pre-Emphasis CA3015

BTE-15A MAIN FRAME 1C407 Buffer-Amplifier CA3015

Q101 1/2 Darlington Regulator 2N305S5

Q102 1/2 Darlington Regulator 2N3054

Q103 Emitter-Follower Regulator 2N3054 BTX-1B SCA GENERATOR

Q104 Emitter-Follower Regulator 2N3740

Q105 Emitter-Follower Regulator 2N3054 Q501 Lamp Driver 2N3053

Q106 1/2 Darlington Relay Driver 2N3053 Q502 Lamp Driver 2N3053

Q107 1/2 Darlington Relay Driver 2N3053 1C501 Amplifier-Modulator CA3018

Q108 Regulator Control 2N3053 1C502 Modulated Oscillator CA3018

Q109 Meter Amplifier 2N3053 IC503 Buffer CA3018

IC101 Meter Amplifier CA3018 IC504 Muting Amplifier CA3018
IC505 Detector-Buffer-Trigger CA3018

RECOMMENDED TEST EQUIPMENT

Description RCA Reference Other Reference
Exciter Dummy Load and Wattmeter 0-15 / 60 Watts Bird Electronic
Corp. Model 611
Audio Generator Hewlett-Packard
Model 206A
Distortion and Noise Meter Hewlett-Packard
Model 331A [ 334A
Oscilloscope Tektronix Model
535A /5358
AM Noise Measuring Adapter McMartin
Model AM25
Vacuum Tube Voltmeter (VoltOhmyst) WV-98C
Grid-Dip Meter Measurements

Corp. Model 59
One 6 foot length of RG-8 / U Cable with type N connectors

Stereo Test Fixture




GEN R ¢

* SCA GENERATOR

Figure 1. BTE-15A Exciter System

DESCRIPTION

BTE-15A EXCITER SYSTEM

RCA’s new FM Multiplex and Stereo System provides
on-air FM stations with an inexpensive means of
broadcasting two or more services simultaneously over
their regularly assigned broadcast channel. Stations can
offer background music or other services while retaining
presently scheduled FM mono or stereo broeadcast
programming. The use of the equipment for subsidiary
communications and stereo is type accepted by the FCC.

Excellent monaural, stereo and SCA performance
that more than meets industry and FCC standards are
achieved by the new RCA modular, solid-state, “Direct
FM” exciter. This exciter can be substituted directly for
the BTE-10C Exciter in present BTF-1El1 or BTF-
5/10/20C FM Transmitters and can be operated. for a
reasonable period of time, into either a short circuit or
open circuit without damage to the output transistor.

New design features include a modular design that
plugs into a frame accommodating the Exciter, Power
Supply and Switching, BTS-1B Stereo and one or two
BTX-1B SCA Generator modules. When operating mon-
aural only, the BTS-1B Stereo Generator is replaced with

another module. The exciter frame is 19 inches wide and
designed for standard rack mounting. A module ex-
tender is provided to permit easy servicing of modules
outside the main frame.

The heart of the system is the new Type BTE-15A
Stereo Multiplex Exciter, an all solid-state unit utilizing
integrated circuits, and employing RCA’s “Direct FM”
principle of operation. An important feature of the new
exciter systern is that it is fully metered using two
meters to measure not only operating parameters but
also modulating signals.

Stereophonic programming requires the use of an
optional plug-in Stereo Generator, Type BTS-1B. One or
two Type BTX-1B Subcarrier Generators permit one or
two additional program channels to be transmiited along
with the regular FM mono program channel. This is
accomplished by transferring the subchannel programs
into the supersonic frequency range and frequency
moculating the subchannel program on 41-67 KHz
subcarriers. The FM supersonic carriers are then used to
modulate the rf carrier. When a BTS-1B Stereo Gen-
erator is switched into the system only one BTX-1B SCA
Generator on 67 KHz can be used. A safety feature
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prevents tuming on the 41 KHz SCA subcarrier when
the BTS-1B Stereo Generator is in the stereo mode.

The RCA BTE-15A FM Broadcast Exciter provides an
adjustable rf output to 15 watts at any specified
frequency between 88 MHz and 108 MHz. All applicable
requirements of Section 73.322 of the FCC Rules and
Regulations will be met when used in conjunction with
the BTS-1B Stereo Subcarrier Generator.

The BTE-15A FM Broadcast Exciter can be used with
any RCA FM Broadcast Transmitter which can be driven
at carrier frequency. The exciter was designed to provide
superior performance under stereophonic, monophonic
and SCA conditions. In the design, particular emphasis
was placed on ease of maintenance and reliable opera-
tion. Printed circuit boards have strategically located test
points so_that important voltages can be measured and
waveforms observed. Two front panel meters allow
monitoring of audio levels and exciter functions without
interrupting operation. The exciter employs integrated
circuits, transistors, and other semi-conductors for re-
liability and long life. No vacuum tubes are employed,
thereby keeping heat dissipation and power con-
sumption to a minimum. The exciter lends itself
particularly well to unattended and remote operation.

The shielding of the exciter is such that it is
unaffected by strong external rf fields and the exciter
cabinet radiation is negligible. The unit is designed to fit
into a standard 19 inch rack.

FM EXCITER

subdivided into the Modulated Oscillator, Radio

Frequency Amplifier and AFC sections.

The Modulated Oscillator Q1 is a transistorized
oscillator operating at the carrier frequency. Direct
frequency modulation of the oscillator is accomplished
by varying the oscillator tank circuit capacitance by
applying audio modulation to series varicap diodes CR2 -
and CR3, in the oscillator tank circuit (refer to
Modulated Oscillator Simplified Schematic Diagram).
The junction capacitance of CR2 and CR3 will vary with
the audio modulation and cause a corresponding change
in the resonant frequency of the oscillator tank circuit.
The carrier frequency deviation is a function of.the
amplitude of the modulating frequency. Tapped in-
ductor LS, located in the emitter circuit of Q1, supplies
the required feedback necessary to sustain oscillations.
Capacitor C13 is the oscillator coarse center frequency
adjustment and AFC adjust capacitor C14 (an oscillator
fine frequency adjustment) is adjusted for proper func-
tioning of the AFC circuit. The output of the oscillator
is coupled from the collector of Q1 to the base of Buffer
Amplifier Q2, through a 10 dB resistive attenuator. The
buffer serves to isolate the oscillator from the Radio
Frequency Amplifiers Q3, Q4 and Q5. Buffer Amplifier
Q2 supplies an rf signal at a power level of approxi-
mately 500 mW to the rf Amplifiers. Thus, the stability
and modulation characteristics of the basic direct FM
oscillator are not disturbed by adjustments to the
following rf power amplifiers. Q3, Q4 and Q5 amplify
the 500 mW input to a level of 15 watts nominal output.

= The basic oscillator, buffer amplifier, and AFC circuits

~=- are mounted inside a shielded enclosure. The rf power

Refer to block diagram, Figure 3. The exciter can be .. amplifier is contained in a separate shielded enclosure.

STEREO
LEFT—  orsoin DIRECT FM
AUDIO INPUTS | STEREO | O3CILLATOR »{ FRF 7—15 WATTS
GEN AND AMPLIFIER 88-108 MHz
RIGHT ——»f — BUFFER _1
BTX-
SCA TSCA'B REFERENCE
AUDIO ——p») o AFC —— CRYSTAL
INPUT SCA OSCILLATOR
67 kHz
sca * gTx-1B OFF FREQUENCY
> SCA OFF-FREQ RELAY CONTACTS
,A::&g GEN SCA DETECTOR P 10 TRANSMITTER
41kHz CONTROL CIRCUIT

* NOT USED WITH STEREO

Figure 2. BTE—15A System, Block Diagram



weibeiq >o0)g payyndung ‘1a30x3 W4 g aanbiy

SCA #1|

: SCA #2
: COMP AUDIO

AFC ERROR

L
1 .

Qi

I00MHz

Q2
BUFFER

IO0MHz

S50MHz

25MHz 12.5MHz

ICI

+2

Ic2
+2

IC3
+2

REF. CRYSTAL
Yl

12.5MHz

I00KHz

IC10
AFC

il

REF
0sC

FREQ ADJUST

I00MHz
RF CARRIER
15 WATTS
3.1 MHz 775KRz 194KHz 48.5KHz 12KHz
1C4 1C5 i1Ce IC7 Ics IC9
— — — — =
+4 ~4 =4 -4 -4 +2
6KHz
I00KHz 25KHz 6 KHz
ICII ICl2
+4 =4
1Cl4B
4 AMP
1CI4A

AFC
UNLOCK
RELAY
SIGNAL




A sample of rf is taken from the output of the Buffer
Amplifier Q2 and applied to IC1 in the AFC circuit. IC1,
IC2, and IC3 are “divided by two” circuits. The output
of 1C3 is approximately 12 MHz. Q6 is a logic level
changer that changes the +3.5 volts (0 level) and +4.5
volts (1 level) output of IC3 to O volts (O level) and +1.0
volts (1 level) respectively. IC4, ICS, 1C6, IC7, and IC8
are “divide by four” circuits. IC9 divides its input
frequency by 2. The output of IC9 is at a frequency of
approximately 6 KHz or 1/16,384 of the center fre-
quency of the Modulated Oscillator Ql, Q7 is the
crystal controlled AFC reference oscillator. The refer-
ence oscillator operates at approximately 100 KHz and
is divided by a factor of 16 by IC11 and IC12 to about 6
KHz.

The 6 KHz reference frequency and the frequency
divided output of the modulated oscillator (6 KHz) are
fed to the IC13 “NOR” gate for phase comparison. In
order to have a positive output out of the IC13 “NOR”
gate, it is necessary that both the 6 KHz reference and
the 6 KHz divided signal be negative simultaneously. As
the phase between the 6 KHz reference and the divided
output shifts, the percentage of time that the “NOR”
gate output is positive varies. It can vary from 0% to
50% of one full 6 KHz cycle. The output signal is
inverted in the second “NOR” gate in 1C13 and applied
to IC14 where it is amplified and reinverted to its
original shape. The average collector voltage at the
output of IC14 varies according to the phase relationship
between the divided output of the modulated oscillator
and the divided reference signal and hence, varies with
the difference between the modulated oscillator fre-
quency and the reference oscillator frequency. This
voltage is applied to two AFC varicap diodes (CR8 and
CR9) in the Modulated Oscillator to change the fre-
quency of the oscillator.

Modulated Oscillator

The modulated oscillator (refer to figure 51) is a
printed circuit board consisting of an oscillator, Q1, and
a buffer, Q2. The oscillator is an emittercoupled
tapped-coil modified Hartley configuration operating at
carrier frequency. Coil L5, capacitors C10 through C14
and varicap diodes CR2, CR3, CR8 and CR9 make up
the oscillator tank circuit.

Audio is applied to the modulated oscillator diodes
CR2 and CR3 through a network composed of C4, C5,
R3 and L1. LI acts as a low-pass filter which isolates
oscillator and input circuitry at carrier frequency, but
passes audio frequencies readily. R3 and C5 act to
improve the audio channel response for optimum stereo
performance. The audio signal varies the capacitance of
varicap diodes CR2 and CR3 causing the oscillator
frequency to vary at an audio rate, about its center
frequency. With an audio signal applied, the output of

the oscillator Q1 will vary in frequency at a rate which is
a function of the frequency of the audio modulating
signal. The amount of deviation from the oscillator
center frequency is a function of the amplitude of the
audio modulating signal. The bias for Q1 is derived from
the 22 volt line. Zener diode CR1 in conjunction with
R4, RS, and R6 provide regulated bias for the modulator
diodes.

AFC control voltage (dc) is fed to the two AFC
varicaps CR8 and CR9 through L4, R8 and R9. When
locked, the AFC voltage can vary between approxi-
mately 0.5 volts to 4.5 volts but will usually be between
2 to 3 volts as measured at the AFC test point, TP13. R8
and C8 comprise the main AFC high frequency roll-off
to prevent the AFC from removing audio modulation.
R7 and C7 form a lead network which provides an
improved AFC circuit response during frequency acquisi-
tion and lock. During acquisition CR4, CR7, R74 and
R75 act as time constant bypasses to allow the AFC to
achieve lock where there is a low (but not zero)
frequency difference between the reference oscillator
and the modulated oscillator. During this time the
amplitude of the frequency error is large enough to
overcome the 0.6 volt bias at CR4 and CR7 and the
error information is conducted directly to AFC varicap
diodes CR8 and CR9 by L3. After lock is achieved the
diodes (CR4 and CR7) no longer conduct any error
signals to the AFC diodes and the AFC time constant
action is normal.

Some low frequency program modulation does ap-
pear on the AFC line, but it is low enough in amplitude
so that it cannot exceed the 0.6 volt bias present across
CR4 and CR7 and therefore does not have any degrading
effect on the modulation amplitude or linearity. The
output of the modulated oscillator is about 500 mW and
is attenuated to 50 mW in a 10 dB pad composed of
resistors R15, R16 and R17. The 10 dB pad gives further
isolation of the modulated oscillator. The rf signal is
amplified by Q2, which is a conventional Class A buffer
amplifier, and fed to a matching network consisting of
L7, L8 and C22. The circuit composed of R22, R23,
C23 and CR10 make up a diode detector which rectifies
a small sample of the divided output and applies it to the
front panel meter for monitoring when the meter
function switch is in the MOD OSC position. The 500
mW output of the buffer is applied to the Radio
Frequency Amplifiers for additional power amplifi-
cation.

Radio Frequency Power Amplifier (RFA)

The Radio Frequency Power Amplifier consists of
three RCA “overlay” transistors Q3, Q4 and Q5. The
500 mW signal from the buffer amplifier is attenuated
by a 500 ohm 10 dB pad consisting of resistors R60,
R61 and R62 to a level of 50 mW. In this manner,




isolation between the buffer amplifier Q2 and the rf
amplifier is realized. The rf signal, at a level of 50 mW, is
matched to the base circuit of the first rf amplifier Q3,
by L12, C59, C60 and C61. The 1.5 watt signal at the
collector of Q3 is matched to the base of Q4 by L14,
C66, L15 and C68. The 6.0 watt output of Q4 is applied
through a matching network consisting of L17, L18,
C71, C88, C73 and C86 to the base of Q5. The output
of Q5 is a nominal 15 watts rf and is applied to a
three-section, pi-matching harmonic filter (L21 through
L23 and C76 through C81) used to match the rf output
of the rf amplifier to the final 50 ohm load.

AFC Circuit

A small sample of the rf output is fed to IC1, which is
a high speed JK flip-flop operating in the current
saturated mode. The supply voltage for IC1, IC2 and IC3
is 5 volts and is derived from the +15 volts supply thru a
100 ohm 5 watt resistor, (R56). The divided outputs of
IC1, IC2 and IC8 have logic levels of +3.5 volts and +4.5
volts. The input frequency is divided by 2 in each
integrated circuit. The output of IC3 is therefore about
12 MHz. Logic level changer Q6 changes the +3.5 volt
and +4.5 volt logic levels to 0 volts and +] volt
respectively. The signal is divided by a factor of 4 in dual
JK flip-flop 1C4. This process is repeated until the
output of IC9 at pin 5 is the modulated oscillator
frequency divided by 16,384 (IC9 divides by a factor of
2) or approximately 6 KHz. Verification of the presence
of the 6 KHz can be observed on the front panel meter
with the meter switch in the DIVIDER OQUTPUT
position. When the last flip-flop of IC9 is oscillating, the
average output is about 0.5 volts so that the panel meter
reads half scale. If no divided output is present the meter
will indicate a reading of less than 20 or more than 90.

The reference oscillator includes IC10 and the refer-
ence crystal. The crystal frequency will vary depending
on the assigned carrier frequency (refer to Exciter
_Crystal Data Table). The crystal oscillator Trequency will

e about z. The 100 KHz signal is divided by a
factor of 16 for a final reference frequency of approxi-
mately 6 KHz.

Phase comparison between the frequency-divided
output of the modulated oscillator signal and the
reference signal is achieved in 1C13, which is a “NOR”
gate. A property of the “NOR” gate is that both input
signals must be negative at the same time for the output
to be positive. As the phase between the 6 KHz
reference signal and frequency-divided buffer output
~ signal shifts, the percentage of time that the “NOR™ gate
output is positive varies. It can vary from 0% to 50% of
one full 6 KHz cycle. This signal is inverted in the
second “NOR” gate in IC13. It is then amplified and
reinverted to its original shape by IC14.

The duty cycle of the waveform at pin 12 (collector)

of IC14 is proportional to the phase angle between the
reference signal and the modulated oscillator (buffer)
divided output. Therefore, the average voltage at this
point varies with phase. R52, C50, R53 and C51 act to
integrate or “‘average” the voltage at IC14, pin 12, which
is then fed through the AFC DISABLE-OPERATE
switch and L4 to the modulated oscillator AFC varicap
diodes. In this fashion, the modulated oscillator center
frequency is phase locked to a crystal reference.

If the AFC falls out of lock, the waveform at pin 12
of IC14 will have a low frequency ac component. This ac
component is coupled by C45 to the AFC error detector
consisting of R44, R45, C46, C47 and CR18. The dc
level out of the AFC error detector is used to actuate an
“off-frequency” relay in the Main Frame assembly. This
relay, K102, is also activated by lack of an output from
either the reference divider or the modulated oscillator
divider.

The remaining two transistors in IC14 are used as
divider output amplifiers. These outputs are ac¢ coupled,
rectified into a negative voltage and referenced to the
+3.6 volt supply. If a 6 KHz signal from IC13 (the
divided reference signal) is fed to pin 6 of IC14, the
voltage at the junction of CR14 and C42 is approxi-
mately -6 volts dc. If, however, the 6 KHz is not present,
no negative voltage is developed across C42 and the
junction of CR14 and C42 will rise to +3.6 volts. This
causes the voltage across C47 to become positive,
thereby closing the AFC unlock relay K102 located on
the Main Frame Assembly. The divided modulated
oscillator output is processed in the same manner as the
divided reference signal and applied across C47.

Resistors RS0 and RS1 make up a voltage divider
which provides the panel meter AFC signal. The panel
meter range is such that center scale on the meter
corresponds to the center of the AFC lock range.
Capacitors C49 and C50, resistors R54 and RSS and
diode CR19 comprise the AFC unlock detector which
operates the front panel meter when the meter function
switch is in the UNLOCK VOLTAGE position.

T ——

The crystal oven temperature is controlled by the
oven thermostat. The oven thermostat switches oven
control transistor Q8 from the “off” to the “on’’ state at
intervals which are a function of oven temperature.
Thus, a positive control of oven temperature is estab-
lished with only a small current through the thermostat
contacts. This minimizes problems with oven thermostat
contact wear, as well as noise problems. Capacitor C31 is
used to slow up the oven ON and OFF time to prevent
the introduction of transients into the power supply.

BTS-1B STEREO GENERATOR

Refer to block diagram of the RCA Model BTS-1B,
Figure 4. The BTS-1B utilizes unique circuitry to
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generate the stereophonic composite waveform. A 76
KHz crystal oscillator drives an integrated circuit fre-
quency divider to provide a frequency stable 38 KHz
stereo subcarrier. This has been done in order to
minimize the possibility of cross talk into an SCA
channel operating in the 67 KHz region. Further, the
switching time between the left and right channels is
extremely fast, generating an inherently pure stereo
signal.

Stereo Carrier and Pilot

The 76 KHz signal is generated in the crystal-
controlled multivibrator using IC301. Buffered and
amplified by Q301, it is then applied to the first section
of the dual binary IC302. This first section delivers
push-pull 38 KHz square waves which are applied to
buffer amplifiers located in IC303. The outputs of these
amplifiers are used to provide the carrier excitation to
the series diode modulator. Refer to Figure 52.

The first half of 1C302 also drives the second half of
that binary, providing a square wave at 19 KHz. This is
subsequently amplified by a transistor in 1C303, by
power amplifier Q303, and sinusoidalized by tuned
circuit C311, C312 and L30l. Adjusting this tuned
circuit slightly one side or the other of resonance will
adjust the pilot phase.

Notice that the stereo carrier and pilot waveforms
have been generated by digital or switching techniques,
leading to an inherently stable generator. There are no
linear amplifiers in this portion of the circuitry.

Audio Channels

The two audio channels are similar: one will be
discussed first and then will be compared with the
second channel, which is adjustable to some extent.
Both lead to the modulator.

The audio to both channels is terminated in a resistive
pad (R373 through R377 in the right channel and R473
through R477 in the left channel) and drives a trans-
former to convert from balanced or floating input
connection to an unbalanced configuration.

In the case of the left channel, the transformer feeds
1C404 to provide gain and the capability of active
pre-emphasis. The gain is controlled by the ratio of the
sum of R433 and R438, divided by R430. Hence, the
gain of this circuit is near unity at low frequencies. But
at high frequencies, the feedback ratio is altered by the
series network of R431 in series with C414. This
network is shunted across the feedback network and so
reduces the amount of feedback at higher audio fre-
quencies. This is the method of obtaining pre-emphasis
in the BTS-1B.

When 75 microsecond pre-emphasis is desired, C413
and C414 are connected in parallel by strapping. Only
C414 is connected when 50 microsecond pre-emphasis is
desired, and neither capacitor is connected when flat
response is wanted.

The left and right preamplifiers are matched for equal
low frequency gain by adjusting the value of R329 so
that the sum of R329 and R330 is equal to R430. This
sets the two channel gains identical at low frequencies.

At 5 KHz the two channels are matched by adjusting
the point where the pre-emphasis takes effect. This is
accomplished by adjusting the point in the resistor chain
where the RC network is connected. R431 and C414 are
connected to a 3300 ohm resistor, R438, which is
connected to the emitter of Q404 in the left channel.
The corresponding resistance is adjustable in the right
channel by adjusting R334,

Adjustment of the two channels for the same time
delay is accomplished by adjusting the value of the
stopping resistor. In the left channel this is fixed at 47
ohms (R431); in the right channel it is the sum of a 33
ohm fixed resistor (R331) and a 50 ohm variable resistor
(R332).

This degree of matching enables the two audio
channels, including the following low-pass filters, to be
matched to the point where stereo cross talk measure-
ments of the order of 45 dB are obtainable. They are
unique with this generator design.

The outputs of the two buffer amplifiers, Q304 and
Q404, are fed to the two 17 KHz low-pass filters (FL301
and FL401). These filters are less than 0.5 dB down at
15 KHz, and greater than 50 dB down at 19 KHz and
above. This insures an absolute minimum of disturbance
to the pilot carrier and subcarrier regions by the program
material. Exact equalization of time delay in the 15 KHz
region is accomplished by adjustment of 15 KHz phase
adjustments C330 and C421.

The outputs of the filters are terminated in their
characteristic impedance by R342 and R442 and fed to
buffer amplifiers Q305 and Q405. These buffers provide
outputs for monaural operation (via the individual gain
controls R349 and R449). They are again applied to
another pair of buffers, Q306 and Q406, to provide
low-impedance drive to the switching modulator. At this
point audio output samples are taken for metering
purposes via R347 and R447.

Switching Modulator

The series diode switching modulator alternately
switches between the left and right audio channels at a
38 KHz rate. The switching time is considerably less
than 1 microsecond thereby providing a nearly ideal
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stereo signal. The switched signal is almost free from
second harmonic components and so provides an in-
herently clean signal, a characteristic especially im-
portant in the SCA (67 KHz) region. CR305 and CR401
form a pair of “AND” gates whose inputs are the audio
signals and the 38 KHz excitation. The output of the
“AND” gates are summed in an “OR” gate consisting of
CR306 and CR402. The summed output is then applied
to a buffer amplifier (emitter follower), part of 1C306.

The output of this buffer is applied to a phase-linear
filter to remove the third and all higher order harmonics
of the switching signal. A by-product of this filtering
operation is an excess of L-R (difference) signal. This is
compensated for by taking a selected amount of L+R
(sum) signal and routing it around the switching mod-
ulator. This is accomplished with the aid of R354, R454,
R357,R358 and R359.

At the base of 1C306, Section C, Pin 2, a stereo signal
is present consisting of the switched signal, switched
alternately between left and right, and a corrective signal
consisting of a small amount of the sum of the left and
right channels. The output of this stage is applied to the
55 KHz low-pass filter, FL302, through source resistance
R363. The pilot signal is added to the input of the filter
through resistor R325.

The output of the filter is a high-quality stereophonic
waveform which is routed, via contacts on relay K301,
to the output buffer amplifier, IC407. This direct-
coupled amplifier has sufficient bandwidth to maintain
full stereo fidelity far in excess of FCC requirements,
and provides a low-impedance source to drive the
BTE-15A FM modulated oscillator.

Monaural Operation

If monaural operation is desired, diode-relay logic is
incorporated to determine which audio channel should
be used and whether the signal should be stereo or
monaural. This complex function is provided by relay
K301 (selecting stereo or mono), relay K302 (selecting
right or left) and diodes CR309 through CR320. Holding
contacts on the relays parallel the pushbuttons in order
that only a temporary contact closure (of the push-
buttons) is required for selection of any mode. In
addition, all contacts for the signal selection are brought
out on the rear of the unit for full remote control.

MONAURAL AUDIO MODULE
When the BTE-15A FM System is not used for
stereophonic transmission, the Monaural Audio Module

is used to accept and process the audio input signal.

Refer to Monaural Audio Module schematic diagram,
Figure 53. Audio is routed to a resistive input pad,

assuring that the driving audio processors, such as the
RCA Models BA-46 and BA-47, look into a resistive
load. Following the input pad is a transformer T201,
which makes possible the transition from balanced
(floating) to unbalanced circuit configuration. The trans-
former secondary is terminated by R206.

The audio is then applied to an operational-amplifier
circuit, 1C201, to obtain pre-emphasis by means of
frequency-selective negative feedback. This pre-emphasis
is field-convertible from standard 75 to a 50 micro-
second curve, or it may be strapped with optional
components for any other curve, including a flat
response. Components have been added to the opera-
tional amplifier for stabilization against oscillation.

The output of this preamplifier is applied to a 17
KHz low-pass filter, FL201, which assures that no
modulating components above 17 KHz are applied to
the BTE-15A FM Exciter, thereby keeping the subcarrier
region free of unwanted components for superior SCA
transmissions.

The output of this filter is terminated by R219 and
applied to a buffer amplifier. Following this is a
gain-adjustment control, R223, for vernier adjustment of
the module gain. This control may be used in con-
junction with the common step-type attenuators in
setting the correct degree of modulation of the BTE-
15A, or it may be used to standardize the gain of the
monaural with that of the RCA BTS-1B Stereo Genera-
tor.

The gain control adjusts the level of the program
material applied to the output buffer amplifier. This
amplifier is heavily controlled with negative feedback to
reduce its distortion and output impedance to very low
figures. Again, appropriate stabilizing components have
been added to this operational amplifier.

The actual output of the monaural audio module is
either the output of the operational amplifier IC202, or
an external signal, selected by switch S201. If an
external signal, such as that from test equipment or a
composite studio-to-transmitter link, is applied to the
WIDEBAND input jack, located at the rear of the main
frame of the BTE-15A, and if the S201 is switched to
the External position, then the external signal will be
applied to the modulator circuitry in the BTE-15A FM
exciter. Return to normal monaural programming is
accomplished simply by switching S201 to Monaural.

Internal regulation of power supply voltages is accom-
plished by a pair of Zener diodes CR201 and CR202 on
the printed circuit board. Test points are included to
facilitate maintenance checks.

BTX-1B SCA SUBCARRIER GENERATOR

Certain unique options are included in the BTX-1B




which set it apart from other SCA Subcarrier Gener-
ators. One is the ease of adding radio remote control
metering signals. The unit is pre-wired to include this
feature and the metering signals need only be applied to
the rear of the unit. The signals are normally in the 20
Hz to 40 Hz range with a level about 15 dB below full
modulation of the SCA subcarrier and are not audible on
the subscriber’s receiver.

Another unique feature is the interchangeability of
the modules; the 41 KHz and 67 KHz units may be
interchanged on the main frame of the BTE-15A Exciter
System and no difference will be observed. This is
because of the method of wiring the SCA modules. The
main frame is wired in such a manner that both audio
input signals go to both SCA connectors, but only to the
appropriate pins of each connector. The same technique
is employed for the pre-emphasized audio sampling, the
injection metering sampling and the external muting.

Test points are included on the BTX-1B for main-
tenance checks: black is ground, red is for the incoming
15 volt line and orange is for the regulated 10 volt line.
The remaining test points follow the standard color code
as the signal is traced from input to output: yellow for
input audio, green for pre-emphasized audio, blue for
the modulated oscillator, violet for the filter input and
grey for the output. Test points are not required in the
muting section because the front panel lamps provide
that function.

Modulated Oscillator

Refer to the BTX-IB SCA Generator Schematic
Diagram, Figure 54, and to the BTX-1B Simplified Block
Diagram, Figure 5. Audio is applied to pins 2 and 4 of
the input circuitry and is fed through an isolation pad,
R501 through RS50S5, to assure that preceding audio
processing equipment, such as the BA-43/46 Limiter
Amplifier and the BA-43/47 Clipper Amplifier, will see a
resistive load. Following the isolation pad is an input
transformer, T501, which converts a balanced (floating)
to an unbalanced configuration.

Between the transformer and following circuitry is an
optional 5 KHz low-pass filter, FL501. The filter in
conjunction with external audio processing equipment
will prevent higher-order lower side band energy in the
67 KHz SCA signal from penetrating the stereophonic
subcarrier region. The modulation control R506 term-
inates the 5 KHz filter. When stereo is transmitted, it is
recommended that the 5 KHz filter (available as MI-
560721) be installed and the input be preceded by
frequency-sensitive processing such as the RCA BA-47
clipper (normally used with a BA-43 amplifier). Devia-
tion of the SCA signal should be limited to +4 KHz
when stereo and SCA are transmitted simuitaneously.

Following the modulation control is a high-gain audio
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amplifier IC501 which serves to amplify the.incoming
modulating signal, thereby eliminating the requirement
for a line amplifier, and to provide SCA signal pre-
emphasis. The pre-emphasis is obtained by virtue of
frequency-selective negative feedback and is tield con-
vertible for a standard 150 microsecond or a 75
microsecond curve. The unit may also be strapped for a
flat response if desired.

The modulating signal appearing at the output of the
audio amplifier (IC501, pin 12) is resistively summed
with a dc frequency control voltage at the input to a
buffer amplifier (part of 1C501). The buffer amplifier is
coupled to the modulated oscillator, IC502. The fre-
quency of the modulated ascillator (IC502) is a function
of the modulating signal and of the dc contral voltage.
Frequency adjustment is provided by COARSE FREQ
potentiometer R517 and FREQ control (vernier) R515,
located on the front panel of the SCA module.

The modulated oscillatar output is coupled to a series
diode gate consisting of diodes CR505 and CR506. This
gate is keyed on and off by a signal from the muting
amplifier. The filter (between 1C503 terminal 11 and
IC503 terminal 6) removes subcarrier harmonics, leaving
only the fundamental components. The output of the
filter is applied to a buffer amplifier, part of 1C503, and
then to the output by way of output level adjustment
R546.

Muting Circuits

The audio preamplifier drives not only the modulated
oscillator but also the muting system. The first section
of IC504 is used as a buffer to derive a sample of the
pre-emphasized audio to be routed to the metering
amplifier printed circuit board (located on the BTE-15A
Main Frame). Part of the load impedance for the buffer
is the muting sensitivity adjustment R558.

Audio from the muting amplifier (second and third
transistor portion of 1C504) is fed to a voltage doubler,
CR507 and CR508, which drives the first transistor
portion of IC505, charging storage capacitor C533. The
storage capacitor will charge rapidly with program
material applied but has a long discharge time, through
DELAY potentiometer R587. The voltage across capaci-
tor C533 is applied to a buffer transistor (the second
section of IC505) and then to a Schmitt trigger using the
third and fourth sections of IC505. When the input
audio level exceeds a certain value, the voltage across
C533 rises above a reference level, causing the Schmitt
trigger circuit to “fire” and key ON the series diode gate
CR505 and CR506 and key the lamp drivers to give a
visible indication of the subcarrier status. An RC
network co