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(‘ﬂ Sqgueeze the bare ends of the wires with a pair of pliers

Y

()

Ve

s}

4

W% %

until the wires are flattened slightly,

Twist lugs 2 and b of switch CN 90 degrees as shown,

insert the bare end of one of the large black wires
through lug 2 to lug 5 of switch CN, Bend the wire as
shown at lug 5. Be sure the insuiation of this wire is
close 1o lug 2. Solder jugs 2 and 5,

Refer to Part B of Detail 13-5A and insert the bare
end of the remaining large biack wire through lug 3 to
lug 6 of switch CN, Bend the wire as shown at lug 6 to
make a mechanically secure connection, Be sure the
insulation of this wire is close to lug 3. Solder lugs 3
and 6.

Form the large black wires at lugs 2 and 3 of switch
CN straight toward the rear of the switch.

Detail 13-bA

) 3 1 (INCHES) 2 3

"’ .
{v) Refer to Part B of Detail 13-6A and slide the biack

insulator forward and onto the rear of the switch.
Then work the insulator forward, first one side then
the other, until the exposed wires and lugs are
compietely covered and the insulator is over the
switch as far as it will go.
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CARD
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/
Card Socket Wiring HOLE IN ROW 3 OF MASTER LUG OF CARD
. CIRCUIT BCARD SOCKET DK
Refer to Pictorial 13-6 for the following steps.
- Bs (5-1) 12 (81)
(/) Prepare twelve 11" lengths of small black stranded
wire, : B, (8-1) 11 (8-1)
: B, (S-1) 10 (81)
NOTE: When installing these wires in the following steps,
solder one end of each wire to the side of the master circuit Cg (S1) 9 (5-1)
board the integrated circuits are mounted on, The other
ends will be connected to card socket DK, ) Cy {5-1) 8 (8-1)
() C, (1) 7 (81
Instal! these twelve small black wires in the fotlowing steps;
: ) C, {81 8 (51)
HOLE IN ROW 3 OF MASTER LUG OF CARD
CIRCUIT BOARD SOCKET DK ) Dg (S-1) 5 (51)
Ay {8-1) 14 (81} . ) Dy {81} 4 (51)
Bg (8-1) 13 {51} ) D, (5-1) 3 (51}
3, 1 (INCHES) 2 3 4 ‘E =3
|E.’5!7fef|.||||1I|]II.l|l1||.J.IJ|,.IJ'Jrf,||.J.|
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PICTORIAL 137 ___

Clip off the excess lead lengths from the master circuit
board. Be sure that none of the bare ends of the card
socket wires are touching each other.

(/)

Refer to Pictorial 13-7 for the following steps.

{ Prepare twelve 11 lengths of the small orange
stranded wire,

NOTE: When installing these wires in the following steps,
solder one end of each wire to the side of the master circuit
board the integrated circuits are mounted on. The other
ends will be connected to card socket DH.

Instal! these twelve small orange wires in the following steps:

CR Ll D

FRONT PANEL -
ASSEMBLY

HOLE iN ROW 2 OF MASTER UG OF CARD
CIRCUIT BOARD SOCKET DH
( A, (8-1) 14 (3-1)
(/] Bg (S-1) 13 (5-1)
() By (51} 12 (8-1)

- 7

HOLE IN ROW 2 OF MASTER  LUG OF CARD

™ CIRCUIT BOARD SOCKET DH

{ B, (5-1) 11 (8-1)
{ B, {(8-1) 10 (8-1)
( Cs (1) 8 (1)
( Cs (S1) 8 (5-1)
{ C, (5-1) 7 {8-1)
( Cy (51 6 {51}
N Dg (S-1) 5 (5-1)
(1 Dy (S-1) 4.{&-1)
(1) D, {&1) 31(81)

{| ) Curt off the excess lead lengths from the master circuit

board. Be sure that none of the card socket wires are
touching each other.
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PICTORIAL 13-8 7

Refer to Pictorial 13-8 for the following steps. NOTE: When installing these wires in the following steps,

sotder one end of each wire to the side of the master circuit
board the integrated circuits are mounted on, The other

{ Prepare twetve 11° lengths of the small blue stranded
wire, ends will be connected 1o card socket DJ.

O U v 3 1 ONCHES) 2 3 4 & 6 7
[ge aveyom e ] g | L PRSP IV TNONS APUUT TP (PO NS NPT A AP M NPT RPN N N
[TTrgorTTT T T T T T T T T T T T T T T T I T T T T T T T | T T T T T
[o] B 1 (CmWm) 2 a 4 B ] 7 8 e 0 " 172 13 14 16 16 17
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Install these twelve small blue wires in the following steps:

HOLE IN ROW 1 OF MASTER LUG OF CARD

CIRCUIT BOARD SOCKET DJ
Ay {S-1) 14 (8-1)

Bg {5-1) 13 (8-1)

By (5-1) 12 (51)

B, (5-1) 11(81)

B, (5-1) 10 (S1)

Cs (S-1) 9(S1)

Cq (5-1) 8 (s-1)

C, (81) 7 (81) Detail 13-8A
C, {s1) 6 (S-1}

Dy {S-1) 5 {S-1)

D4 (S-i) | 4 (s-1)

D, (5-1) 3 (81)

Cut off the excess lead lengths from the master circuit
board. Be sure that none of the card socket wires are
-touching each other,

{¢} Refer to Part A of Detail 13-BA and position the wire
tie around the black, orange, and blue wires-coming
from the card sockets. Then carefully pull the wire tie
until it is tight around the wires as shown in Part B of
the Detail, Cut off the excess length of the wire tie,
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AC
SHIELD

6-32 x 3/8"
SCREW

#6 x 174"
%o SHEET METAL
SCREW

PICTORIAL 14-1

Refer to Pictorial 14-1 for the following steps.

A J{ Mount the right side to the chassis as shown with
\/'seven #6 % 1/4" sheet metal screws.
("

Use 6-32 x 3/8" hardware and mount the right side to
the master circuit board, Be careful not to break off
any of the wires connected to the card sockets.

Refer to Pictorial 14-2 for the following steps.

(/)/Refer to Detail 14-2A and install the twenty-one
buttons on the front panel switches, Install each
button by setting it on the switch shaft and then
pressing it firmly onto the switch. Securely hold the
front subpanel while installing the buttons,

(\//Temporarily loosen the hardware holding 3-switch
assembly CK to the front subpanel.

("]/Simitarly {oosen the hardware holding 5-switch
assembly Cl to the front subpanel.

(\/l/ Loosen the hardware hoiding power switch CN to the
front subpanel.

{ J.) Locate the trim panel and position it on a soft cloth
under the front panel! assembly as shown.

Place a #8 flat washer on each mounting post of the
trim panel as shown. The holes in the flat washers
should be lined up with the holes in the mounting
posts,

(/)r Center the trim panel in the front panel assembly, Be
sure the holes in the trim panel, #8 flat washers, and
front panel assembly are lined up. Then mount the
trim panel to the front panel assembly with 6-32 x
1/4" screws, NOTE: Do not overtighten the screws.

{{} Position 3-switch assembly CK so the buttons are
centered in the trim panel; then remove the trim panel
and tighten the hardware holding the assembly.

) Again center the trim panel and position B-switch
assembly CL so the buitons are centered in the trim
panel, Then remove the trirh panel and tighten the
hardware holding the assemply,

{1) Now center the trim panel and position Power switch

CN so its button is centered in the trim panel. Then
remove the trim panel and tighten the hardware
holding the switch,
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Refer to Pictoriat 14-3 for the following steps,

(\)/Peet away the backing paper and install the top rail
labet on the top rail as shown in the Pictorial, Be sure
the label is positioned so it cah be read from the front
of the Tuner, '

{ /Carefully fold the front panel assembly up to the
chassis. NOTE: Position the wire harness, card socket
wires, and Power switch wires so they will not.get
pinched. Then carefully fit the front panel assembly
onto the chassis. The front panel assembly will
temporarily be in this position to complete the
remaining steps.

NOTE: The door can be opened and closed by lightiy
pressing on one of the corners. In one position the door is
flush with the front panel, and in the other position the
door is open slightly 50 it can be grasped fot vpening.

({// Rotate the Auto-Sweep Speed controt, Noise Squeich
control, and the AGC Sqguelch control fully
counterclockwise,

(‘/) Use the small allen wrench to start 4-40 x 1/8°
setscrews in the round knobs,

NOTE: It will he easier to install the round knobs in the
following steps if the 'setscrews are tightened to a point
where the knob can just be slipped on the control shaft.

Thgn tighten the setscrew.
!

( Z} Install & round knob on each of the controls. Position
the pointer of each knob as shown in the Pictorial,

:

/

) Carefully remove the front panel assembly from the
chassis. Position the assembly face up in front of the
chassis.

(

NOTE: The remaining parts and hardware will be used
during the “Test and Adjustments’” and "Final Assembly’’
sections of the Manual,

This completes the Step-by-Step Assembly section of the
Manual, Carefully inspect the Tuner and all circuit boards
for loose or unscldered wires, and cold solder connections.
Remove any wire clippings or solder splashes that may be
lodged in the wiring. Then proceed with the “Tests and
Adjustments’” section of the Manual.
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TESTS AND ADJUSTMENTS

The purpose of this section of the Manual is to make sure
your Turier will operate properly and that it will not be
damaged as a result of a wiring error or some other
difficulty. For example, a transistor couid be destroyed
instantly by a short circuit that causes excessive current. If
you do not obtain the correct meter reading in any of the
following steps, refer to the "In Case of Difficulty” section,
Page 159.

The “In Case of Difficulty” section is divided into the five
parts listed below. Each section contains a different type of

information to help you. After you locate and repair the
difficulty, return to this section and complete the rest of the
steps.

The “In Case of Difficulty’’ contains:

Visual Checks,
Troubleshooting Chart,
Bench Testing,
Checking Components,
Test Charts.

TESTS

NQOTE: None of the plugin circuit boards should be
instalted at this time.

Refer to Figure 1-1 (fold-out from Page 122) for the
following steps.

{ V{ Position the front panel assembly and chassis as shown

/' 50 you can watch the meter and operate the switches.

() Open the front panel door and place the
SIGNAL-MULTIPATH switch in  the SIGNAL
position,

TEST METER AND SECONDARY
VOLTAGE CIRCUITS

(¥ Locate the METER and RANGE switches, which are

on the component side of the master circuit board, as'

shown in inset drawing #1.

{04 Set the METER switch to the TEST position.

(/Set the RANGE switch to the OHMS position,

EHBEATERITS®

{ t-)/F!ernc»\aree the test leads from their cable clamp,

NOTE: The Tuner was wired to operate from either a 120
Vac or 240 Vac power source. In the following steps,
connect the Tuner to the ac power source for which it has
been wired,

{ ‘L—)/ Plug the power cord into an ac power source.

{ ..4)/ Press the front panel POWER ON button to the ON
(in} position. The meter should light up and indicate
zero, and the MHz and power lamps should light. If
the meter does not light up or indicate zero, press the
POWER ON bution to the off (out) position
immediately and refer to the “In Case of Difficulty"
section on Page 159,

{ f$ Connect the red and black test leads together. The
meter should read as shown,

v b

-
[+3 3
SN

123
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( ‘1/ Disconnect the red and black test leads, Then connect
the black test iead to the chassis.

(] Set the RANGE switch to the 50 Vde position.
{\/) Refer to Figure 1-1 and connect the red test lead to

lug 3 of the terminal strip shown in inset drawing #2.
The meter should read the following.

. 11
; ) 'V///, "5
; 2
f,'

{//) Disconnect the test leads.

POWER SUPPLY CIRCUIT BOARD

If you do not get the correct meter reading in one of these
“Power Supply Circuit Board’' steps, refer to the “Trouble
Reference. . .”* column. This will refer you to a particular
step {or two) in Test Chart 1 on Page 170, This Test Chart
step will list several possible causes for your difficulty. (But

for tests on other circuit boards, refer to the general “In
Case of Difficulty” instructions on Page 159.)

(«) Refer to Figure 1-2 and install the unused circuit
board connector on the power supply circuit board.

( 4 Set the RANGE switch to OHMS and perform the
tests in the following chart.

NOTE: The circuit board connector pins iine up with the
lattering on the edge of the circuit board. When performing
the following tests, be sure the test leads are connected to
test pins that line up with the indicated lettering.

Hold the test leads on the indicated test pin until a stable
meter reading is obtained. In some tests, the meter may
initially deflect fully up scale or fully down scale and change
to a stable reading. The final stabilized reading is shown for
each test.

When you perform each test, ook at the sample meter

shown in the “Meter Should Read” column. Your meter
reading should be within the shaded afea.

CONNECT BLACK CONNECT RED METER SHOULD TROUBLE
TEST LEAD TO: TEST LEAD TO: READ REFERENCE ON
TEST CHART 1
Heat sink for 0101, Transistor mounting X \//J’ "y Step A.
screw on 2101, ¢ ///; 5
%
Heat sink for 0104 Transistor mounting Step B,
screw on Q104.
Transistor mounting Bt
Heat sink serew on 3108. "a,’ Step C.
for Q108, Q108.
Transistor mounting
screw on 0108.
GND pinat —
+8V IN pin either end of /,,,‘ fy Step D,
: circuit board %,
" comnector.
R
+5V OUT pin o § 5 Step E.
N
N
+15V OUT pin, 5 '§ ‘g Step F.
N
RESET pin GND pin. o v, Step G.
%, 5
+18V INPUT pin. GND pin. K7 Step H.
. : V2 '
430V QUTPUT pin. GND pin. o /%5 Step |,
AC INPUT pin. v Step J.
- ’g]/}l\ I 5
AC INPUT pin. “ Step K,
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TEST PINS

ﬂﬂﬂﬂnﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

rrrrr _I"J'.I".J".J".J"J"_]“

HEAT SINK

( /) Press the POWER ON button to the off {out} position.

{ Set the RANGE switch to the 50V dc {center)

l \J'L-J‘LJ‘LJ'LJ'LI"J‘L-J'L\M.JLJ‘L'JI‘l” hd,

Q108,010¢
HEAT STNK

Figure 1-2

position.

()

#6x 1/4"
SHEET METAL
SCREW

u

AT

POWER SUPPLY
| CIRCUIT BOARD

Figure 1-3

(M/Refer to Figure 1-3 and install the power supply

circuit board in the cireuit board connector on the
master circuit board.

{(/)/Again refer to the figure and mount the power supply

cirouit board to the right side of the chassis with four
#6 x 1/4" sheet metal screws.

{ “Aess the front panel POWER ON button to the ON

{in) position. The one (1} and the decimal point
should now light.

{ Remove the circuit board connector that was installed  ( Q/Refer to Figure 1-1 {fold-out from Page 122) for test
locations and make the measurements in the following

on the power supply circuit board,

chart.

TEST LEAD TC:

CONNECT BLACK.

CONNECT BRED

METER SHOULD

TROUBLE

TEST LEAD TO: READ: REFERENCE ON
TEST CHART 1
%
Chassis +30V o . f//’ 5 Step L.
¥
\/f’/' J
+18V Step M.,
4
Y
+15V ° /@ : Step N.
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t ) Setthe RANGE switch to the 15V dc position.

CONNECT BLACK CONNECT RED METER SHOULD TROUBLE
TEST LEAD TO: TEST LEAD TO: READ: REFERENCE ON
TEST CHART 1
Chassis +6V B, Step Q.
: 0 '%Z 5
1 —_—
+8V o 5 .'_‘-__—:—:;.-_-"_5 Step P,

{ )‘/Disconnect the black test lead from the chassis.

TUNER-PLL - e

{ J{ Disconnect the red test lead.
{ ’/Set the RANGE switch to the OHMS position.

{ 4§ Locate a piece of hookup wire that is two inches long
or longer. Remove 1/4" of insulation from each end.

{ / Refer to Figure 1-4 and hold one end of this wire’
against the metal part of the support rail. Then touch
the other end of the wire to the UNLOCK LIGHT
connection on the master circuit board. The
UNLOCKED light on the front panel assembly should
fight up, !f it does not light, check the caonnections to

. the unlocked light, and the lamp itself.

{ '/ Press the red L/T (light/test) pushbutton switch
behind the front panel door. The readout should be

188.8 MHz,

PROGRAMMER CIRCUIT BOARD

LGND

N (/) Instalt the circuit board connector on the programmer
circuit board.

{ \y Make the measurements in the following chart. If any
of your meter readings are incorrect, refer to the “In
Case of Difficulty’ section on Page 1588,

(o] Y % a; 1 (INGHES) 2 2

ISRl ISR I NP NP R W NP R SR
[LLALERAEAD T T 7 ] 1 T T T T T T F T
O & 1 (@©m 2 3 4 5 & H
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: /%/////%Q/IJ;///////////////@}/}%E
Y N
+5V GND pin 0 ‘/////// s % ;’;/ %
i *»,.;i//ﬂ“/ 7
0 \’fé’ - % %‘h \ ' 7/////%4/{//%\%&'5
RST ¢ % : //
% a
s 1z | 2 Tm
6

5y
(/)

{ /) Remove the circuit board connector that was installed
© on the programmer circuit board, '

Disconnect the red and black test leads.

Press the POWER ON button to the off (out) position.

Figure 1-5 -

(\/f Hold in the number @ button, and then press and
release the RESET button. The readout should be
189.9 MHz. Release the number 9 button.

(Y Refer to Figure 1-5 and install the programmer circuit
board. Then install the two plugs as shown.

NOTE: If you do not obtain the desired results in the
following steps, refer to ““Test Chart 11,” Keyboard Circuit,
onh Page 183, and then to “Test Chart 2,” Programmer and
Data Multiplex Circuit, on Page 172.

{ % Press the RESET button. The readout should be 00,1
MHz.

(‘vf Press the number 1 button four times. The readout

{ /)/ Press the POWER ON button to the ON (in} position.

( E}/Press the KEYBOARD button to the on {in} position.

{ D)/Push the RESET button. The readout should read
00.1 MHz,

{ /Hold in the number 3 button, and then press and

release the RESET button. The readout should be
133.3 MHz. Release the number 3 button.

{ v/ Hold in the number 6 button, and then press and

release the RESET- button, The readout should be
66.7 MHz. Reiease the number 6 button,

should be 111,17 MHz, Then press the RESET button,

{ u/)/ In the same manner as the number 1 button, press the
remaining odd numbered buttons and the RESET
button. The readout should be 33.3, 55.5, etc.

(1/ In the same manner as before, press the sven
numbered buttons  {except zero) and the RESET
button. Note that the number to the right of the
decimal point automatically changes to the next

highest odd number. The readout should be 22.3,
44,5, ete.

{ L)/Press the AUTO-SWEEP button to the ON ({in)
position. The readout shoutd read 107. blank MHz.
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PRELOAD DECODER CIRCUIT BOARD

{ )} Install the circuit board connector on the preload

decoder circuit board.

{ } Makethe measu}'ements in the following chart. Be sure
the RANGE switch is in the OHMS position. If any of
your meter readings are incorrect, refer to the “In

Case of Difficulty’’ section.

CONNECT BLACK
TEST LEAD TO:

CONNECT RED
TEST LEAD TO:

METER SHOULD
READ:

Pin for A1

Pin for 45V

The remaining

GND pin.

. o Yool ! 5
pins one at a '?,//

. 7,
time, %,

{ )/ Press the POWER ON button to the off {out) position.

( / Remove the circuit board connector that was instalied

on the preload decoder circuit board.

{/) Refer to Figure 1-6 and install the preload decoder

circuit board.

(if Set the RANGE switch to the 15 Vidc position.
( of Press the POWER ON button to the on {in) position.

{ ")/ Press the KEYBOARD button to the ON {in} position

7

T e a Ca TR R TR L

l_l-t o

A

|

e

IR

-
bek //%

2D

Figure 1-6

{ v)/ Program 89.3 MHz by first pushing the 8 button then
the @ button then the 3 button. The readout should
indicate 89,3 and the REPROGRAM light should go

out,

(TJ) Refer to Figure 11-1 for test point locations and make
the measurements in the following chart at or near the
Preload Decoder location on the master circuit board.

and then press the RESET button. The REPROGRAM
light should come on and the readout should be 00.1

MHz.,

The readout should still be 89.3 MHz, If any of your
meter readings are incorrect, refer to “Test Chart 12,"

Preload Decoder Circuit, on Page 186.

CONNECT BLACK . CONNECT RED METER SHOULD
TEST LEAD TO: TEST LEAD TO: READ:
Chassis RE-PGM
B ({//\ Vo 'y
0
///,,h
Ay
VBB o
o% "5
D, i
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Refer to Figure 1-1 for test point locations and make
the measurements in the following chart at the
PROGRAMMER focation on the master circuit board.
The readout should still be 89.3 MHz. If any of your
meter readings are incorrect, refer to '"Test Chart 12,"”
Preload Decoder Circuit, on Page 186,

A

{ -f)/Refer to Figure 1-1 for test point locations and make
the measurements in the following chart at the REF
0OSC, PROG DIV, PULSE GEN location on the master
circuit board. The readout should still be B9.3 MHz, tf
any of your meter readings are incorrect, refer to
“Test Chart 12,"” Preload Decoder Circuit, on Page
186.

CONNECT BLALK CONNECT RED METER SHOULD
TEST LEAD TQ: TEST LEAD TO: REAL:
D
Chassis ‘ vy
Da ///{”’f/ ’
C, B %‘ e 5
c |
2 % ' / s
Cq /""-.
P 1t
Ca 0"‘% s
Bl i 1
&, ‘s
B, K
(2
+5Y o' g s
CONNECT BLACK CONNECT RED METER SHOULD

TEST LEAD TO:

TEST LEAD TO:

READ:

Chassis

[
PO, 4, s
{/
PR, ;44; o
07, "y
PD, %,
Lot
0, 4,
i,
X
PC o’fg’ ‘s
1 //////"
[
PC, a, s
@4
PC, o"% T
%
PC P i
B 4‘\/” I
VI !
PB, o % s
ot
PB, {F‘z,/; ‘s
o,
+5Y ° é 5
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GENERATOR-DIVIDER-OSCILLATOR CIRCUIT
BOARD (GEN-DIV-0SC)

(J Disconnect the red and black test leads.

( /) Set the RANGE switch to the OHMS position,

{ '/) the

Install the circuit board connector on

generator-divider-oscillator circuit board.

{ } Make the measurements in the following chart.

B Y

e ‘.-\n.-tn.-u.-u-.r: o e o . o o o e S

.

CONNECT BLACK CONNECT RED METER SHOULD
TEST LEAD TO: TEST LEAD TO: READ:
L \\ \ \} s
+5Y GND pin. o \\ :
\\\\ /
: \ [ ’
FoV (5w 0’//////// - / '
L .
_/
The remaining /////
pins-one at a @/// \ ’ s
time {except 4, )
GND). Flgure 1-7
_ {14 Press the AUTO-SWEEP button to the ON {in)
(4 Press the POWER ON button to the off {out) position. position. The readout should start at 107.9 MHz and
count down by odd numbers {8, 7, 5, 3, 1, 8, etc.) 10
{ ”{ Remove the circuit board connector that was installed 88.1 tl\gHz; ther.n it should reset to 107.9 MHz and
on the generator-divider-oscillator circuit board. count gown again. ]
{ 3/ Rotate the AUTO-SWEEP SPEED control; this should

(/) Refer to Figure 1-7 and install  the

generator-divider-oscillator circuit board.

( U/ Press the POWER ON button to the ON {in} position.
The RE-PROGRAM light should iight.

NOTE: If in the next step the readout should fail to count
down, refer to "“Test Chart 8,” Auto-Sweep Pulse Generator
circuit, on Page 179,

If the readout fails to count down in the proper sequence,
fails to return to 107.9 after reaching 88.1, or the
RE-PROGRAM light comes on, refer to the last half of
“Test Chart 2, Programmer and Data Multiplex circuits,
begirining on Page 172.

vary the sweep rate.

(o

Press the RESET button. Each time you press this
button, the readout should go to 107. blank MHz and
count down again.

( / Press the KEYBOARD button to the ON (in} position.

TUNER/PHASE-LOCK-LOOP CIRCUIT BOARD
{TUNER-PLL)

(M Set the RANGE switch to the OHMS position.

{ d Remove the extender cable from the circuit board
cable.

{7) Install the circuit board copnector on the tuner
phase-lock-loop circuit board.
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CONNECT BLACK CONNECT RED METER SHOULD

TEST LEAD TQ:

TEST LEAD TO:

READ:

TUNER AGC pin.
SQUELCH pin.
VCO pin.

UNLOCK LIGHT
pin.

GND pin.

L
{&/\ fs

7
“,
A

INPUT X pin
INPUT Y pin
+BY pin . 1 %& -
Z
=
N )
+15V pin ¢ %
L.z |
) vy
(7 5
+30V pin %,

( "f Make the measurements in the above chart,

{ ”)/Press the POWER ON button to the off {out) position.

.

{ -} Remove the circuit board connector that was installed

on the tuner/phase-lock-loop circuit board.

@u@ RED
r MTEST
LEAD
REF, DscC.
IF TUNER-PLL PROG. DIV,
PULSE GEN.
Figure 1-8

(V{ Temporarily install the tuner/phase-lock-oop circuit

board.

NOTE: If any of the following test conditions are not met,
refer to Test Charts 7, 8, 9, and 10, on Pages 180 through

182,

{ V Press the POWER ON button to the ON {in) position.

([/{ Press the KEYBOARD bhutton to the ON {in)

position.

f

{

Use the keyboard and program in 96.8 MHz. The
RE-PROGRAM light should go out,

{ »Set the RANGE switch in the 15 Vdc position and

make the following measurements on the master
circuit board at the Tuner-PLL iocation,

{

CONNECT BLACK CONNECT RED METER SHOULD
TEST LEAD TO: TEST LEAD TO: READ:
Chassis VGO OUT g{//}/ Yy
\ ///
s -"l
\ ' -
| “UNLOCK LIGHT ot B
=
o
INPUT X o% s
INPUT Y u’/¢// Py
%

}

Disconnect the red test lead,

{~) Rotate the AUTO-SWEEP SPEED controi (behind the

(A

()

front panel door} fully counterciockwise,

Refer to Figure 1-8 and connect the red test lead to
the tuner test point. Be sure the test lead does not
touch any of the surrounding circuit board foil, The
black test lead should still be connected to the chassis.

Press the AUTO-SWEEP butten to the QN (in)

"position. The meter indication will be near full scale

and then move downward in small distinct moves as
the readout sweeps down toward 88.1 MHz. When the
readout cycles back to 107.8 MMz, the meter
indication will again be near full scale.

( & Press the POWER ON button to the off {out) position,

{ '“)/Disconnect the red and black test leads.

{ ‘1/ Press the POWER ON button to the ON (in) position.

{ i)/ Press the PREPROGRAM button and one of the A, B,

or C buttons to the ON {in} position, NOTE: No
program card should be installed, The readout shouid
read 1 — blank — blank — blank MHz. The
RE-PROGRAM light and the UNLOCKED light
should be on,

Press the AUTO-SWEEP button to the ON (in)
position. The RE-PROGRAM light should go out and
the UNLOCKED light may flicker on and off as the
readout counts down.



Page 132

= uraTHIIT

I-F CIRCUIT BOARD

{ /) Install the circuit board connector on
the i-f circuit board.

{ .} Set the RANGE switch in the OHMS
position,

{ ) Make the measurements in the chart to
the right of this step.

(’/) Remove circuit board connector that
was installed on the i-f circuit board.

{ ‘/) Temporarily set the |-F circuit board
aside untif it is needed for installation.

MULTIPLEX CIRCUIT BOARD
{(MPX-DEMOD)

{ ) Install the circuit board connector on
the multiplex circuit board,

{ } Make the measurements in the chart
that begins to the right of this step.

CONNECT BLACK
TEST LEAD TO:

CONNECT RED
TEST LEAD TO:

METER SHOULD
READ:

SIGNAL METER
pin

SQ CONT pin

TUNER AGC

SCOPE VERT pin.

MULTIPATH pin.

+0V SWP pin,

+15V pin.

COMPOSITE pin.

GND pin

vy b
d,l//: I 5
%
\'%' '
0 //’ 5
%

<
A

CONNECT BLACK
TEST LEAD TO:

\ .
CONNECT BED
TEST LEAD TO:

METER SHOULD
READ:

GND pin

COMP pin.
-g,///\ by s
{/
ST ONLY 1 pin. %
. Iy ! ’
STLT 1 pin. d h""h 5
i1
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CONNECT BLACK CONNECT RED METER SHOULD
TEST LEAD TO; TEST LEAD TO: READ:
GND pin REPROG 5Q pin vy
d//j/# 5
',-f.'n
+1BV pin. b ”% f g
7
==
AGC CONT pin. oZ s
AGC LEVEL pin. AR
+5V pin. %
SQ OVRID pin.
STOP SW pin, . \%' -
%
ST ONLY 2 pin.
VR
SQ DEFEAT pin. 0&////,/ "
. /’.',
+METER pin.
[ S
&/\ /g
8 MTR‘;Lpin %,

{/).

_.NIETERpk\ ot

ST LT CONT pin.

R CHAN pin,

L CHAN pin.

" onthe muitiplex circuit board,

{ ¥} Press the POWER ON button to the off {out) position.

Remove the circuit board connector that was instalied { L/ Remove the tuner/phase-lock-loop ecircuit board that
was installed earfier. The tuner/phase-lock-loop, I-f,

and multiplex circuit boards will be installed during

the following **Adjustments.”
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ADJUSTMENTS

Figure 19

efer to the inset drawing on Figure 1-8 and bend
ach pin on the circuit board connector as shown.

Mount the circuit board connector on the extender
ciredit board with 4-40 x 1/4" hardware as shown in
Figure 1-0.

Solder each pin of the circuit board connector to the
extender circuit board.

Refer to Figure 1-10 and install the extender circuit
board in the tuner/phase-lock-loop eircuit board
location.

4-40 x 1/4"
CIRCUIT . SCREW
BOARD _—af)
24-PIN
CONNECTOR

(-\)/ Refer to Figure

Py |

Aoy
NN

T

oy
)
—

3

ol

Lt )
NI

EXTENDER
CIRCUIT BOARD

Figure 1-10

| / Be sure the POWER @N button is in the off {out)

position.

‘11 (fold-dut from Page 135) and
install the i-f cirguit board and the multiplex circuit
board. s

Refer to | Figure 1-12 and install  the
tuner/phase- ock-loop circuit board on the extender
circuit board, Twist your antenna leads around the
push-on  connectors on the leads of  ‘the
tuner/phase-tock-icop circuit board as shown. Do not
disconnect the antenna leads until instructed to do so.

Connect the extender cable from the
tuner/phase-lock-loop board to the phono socket on
the i-f circuit board,
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CAUTION:
DO NOT TURN
OR ATTEMFT

NER/PHASE-
LGCK Loop
CIRCU{T BOAR

@ I-F
CIRCUIT
:h...l/ BOARD
BN e
/ EXTENDER
/ CIRCUIT BOARD

Figure 1-12

(/} Press the POWEFi ON button to the ON (in) position,

{v] Press the SQUELCH DEFEAT button to the ON f{in)
position,

(/) Set the METER switch in the NORM {normall

position.
(/ Be sure the AGC SQUELCH control is
counterclockwise.

fully

{ Press the AUTO-SWEEP button to the ON (in)
position,

S AT e

(")/Rotate the AUTO-SWEEP SPEED control fully
counterciockwise,

( b)/ Note the frequency of any station that gives a steady
meter indication of between 3 and 4. It may be
necessary to press the RESET button so the frequency
and meter indication can be double checked.

("/) Press the KEYBOARD button and then program in
the station frequency that gave the 3 to 4 meter
indication.

CAUTION: Do not attempt to turn or adjust the tuner
except as specified in the following steps. All adjustments,
except those specified, are extremely critical and require
sophisticated eguipment and an intimate knowledge of
alignment,

{ ")/ Put & piece of tape around the tuning tool as shown in
Detail 1-12A. This ““flag” will show how far you have _
rotated the tuning tool.

FLAG
‘ LONG ENR NS
= / {:::z]?]m
Detail 1-12A

( ¥ Use the tuning tool to rotate the slug at TP1 {not
more than 1/4 turn) for a maximum meter reading.

(1/)/ Rotate the slug at TP2 {not more than 1/4 turn} for a
maximum meter reading.

( Vf Repeat the two previous steps until there is no further
improvement,

) Press the POWER ON button to the off (out) position,

(| ) Remove the tuner/phase-lock-loop circuit board from
the extender circuit board.

{ '} Remove the extender circuit board and reinstall the
tuner/phase-lock-loop circuit board in the proper
location. . :

{ ) Remove the i-f gircuit board and install the extender
circuit board in the i-f circuit board location.
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{ } Press the SQUELCH DEFEAT button to the off {out)

PHONO ‘
pasition. The sound may ge off.

SOCKET

{ } WUse the tuning tool to adjust L602 very slowly in
either direction until the sound comes on again, Then,
if you keep turning the too! in the same direction, the
sound will go off again. Adjust L602 to the center of
this “"sound on’’ range,

‘ I-F
CIRCUIT BOARD

{ } Press the POWER ON button to the off (out) position,

{ )} Remove the i-f circuit board from the extender board.

{ } Remove the extender board and reinstall the i-f circuit
board in the proper location.

{ } Unplug the extender cable from the i-f circuit board
and the i-f cable. Then plug the i-f cable from the
tuner-PLL circuit board into the phono soatet on the
i-f circuit board,

EXTENDER
CIRCUIT BOARD

{ ) Press the POWER ON button to the ON (in) position.

( } Use the keyboard to program in a station broadcasting
in stereo. NOTE: The STEREQ light may come on.

\
\

Figure 1-13 | |
‘ M TUNING TOOL

) Refer to Figure 1-13 and install the i-f circuit board on
the extender circuit board.

—_—

) Locate the two audio cables supplied with the Digital
Tuner.

PLL/MULTIPLEX

\§ CIRCUIT BOARD

) ]

} Plug one end of one cable into the Tuner Outputs R 5' y ’ 706
{right) phono socket and the other end into the tuner ii ‘:H—- 50000
input of your amplifier. \ - :qrf_w_w/comnm

| N Y
\ Al iCAY

Plug one end of the remaining audio cable into 'the
Tuner Outputs L (left) phono socket and the other Figure 1-14
end into the tuner input of your amplifier. ‘

—_——

{ ) Refer to Figure 1-14 and adjust 5000 ohm control

(L'} Turn on your amplifier system and adjust it so the R706 {Sep Adj) very slowly in either direction until
audio signal from the Digital Tuner can be heard in the the STEREQO light comes on. Then, if you keep
turning the control in the same direction, the light w

foliowing steps.
go out. Adjust control R706 to the center of t

( } Press the POWER ON button to the ON (in} position. . “Jight on’" range.
Make sure the SQUELCH DEFEAT button and the :
KEYRBOARD button are in the ON (in) positiqn. ~{ ) Press the POWER ON button to the off {out) posit!

Then disconnect the antenna lead.
{ } Program in the frequency of a local fm station by
pressing the numbered buttons on the keyboard that This completes the “Test and Adjustments.” Proceed t

correspond o the frequency, “'Final Assembly” section,
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FINAL ASSEMBLY
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+ REF. OBC

MPX BEWDD " TUHERFLL fROG. DIV .
PULSE _QEN.

#6 x3/8"

BLACK
FLAT HEAD
- SCREW

[y Tuaely Ay
LT

~ i1
;

[=3 [y A (T [ [T =

oo pame
PR A W Fowth oar

FLAT HEAD
SCREW

F‘ HEATHKIT vt fm wiver A3 b1

Refer to Pictorial 15-1 for the foliowing steps.

NOTE: The parts used for this assembly section were left
over _from the **Front Panel" assembly section.

{ ) Setthe METER switch to the NORM position.

{ } Setthe RANGE switch to the 50 V position.

{ )} Replace the test lead wires in their clamp.

ERATITEITS®

{

I

PICTORIAL 15-1

Carefully fold the front panel assembly up to the
chassis. NOTE: Position the wire harness, card socket
wires, and Power switch wires so they will not get

. pinched, Then carefully fit the front panel assembly

onto the chassis.

Use #6 x 3/8" black flat head screws at EA, EB, EC,
and ED to mount the front panel assembly to the
chassis, NOTE: Be careful that no wires were pinched
between the sheet metal,

137
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Refer to Pic'gorial 16-2 (fold-out from Page 141) for the
following steps, NOTE: In the following step, position the

blue

and white identification label over the line voltage box

which does not apply.

S/
-

|__MODEL_ | SERIES NO.

OR

HEATH COMPANY

Carefully peel away the backing paper from the blue
and white identification label. Then refer to Detail
15-2A and press the label onto the chassis over the line
voltage box (“Wired for 120 Vac,” or, “Wired for 240
Vac”] that represents the way you did not wire this
kit. Be sure to refer to the numbers on this label in
any communications you have with the Heath
Company about this kit.

Locate the Certification label and sign and date it,
Then remove the backing paper and press the label to

. the rear panel in a convenient location,

Cut off two 2" tengths of the flat braid.

Refer to Detail 15-2B and solder a #6 solder lug onto
both ends of each length of braid,

WIRED FOR MODEL A&1510 WIRED FOR . .
120 VAC 120/240 VAC  S0/8D Mz 240 VAC Refer to Detail 15-2C for the following steps.
50 WATTS .
{ ) WUse a 632 x 1/4" screw to mount one end of a
prepared braid at FB on the tuner on the
Detail 75-2A funer/phase-lock-1oop circuit board, Fasten the other
o end of the braid to the rf shield at FC with a 6-32 x
1/4" serew and a 6-32 nut.
{ } Mount one end of the remaining braid to the tuner at
FD with a 6-32 x 1/4" screw. The other end of the
braid will be installed later.
¥
0w o o3y 1 (INCHES) 2 3 4 . 5 5 -
e oegee e L Lo L
e L |'-J1 - Il{fjjﬁjl‘: IJI.TIJIJI.J,.'J li‘ |I IJJI|.|].1.Tpﬁ‘J
O & 1 owom oz @ 4 5 6 7 8 10 1 12 Rk] 14 18 e 17
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i FLAT BRAID
1R

i 6-32 x 1/
SCREW

#6 SOLDER

Detail 15-2B
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T8, Y A
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RAIL

Detail 15-2D

Refer to Pictorial 15-2 for the following steps,

2.

{ ) Cut two 14-1/2" lengths of the foam gesket material.

{ )} Refer to Detail 156-2D and remove the paper backing
from the foam gasket material, Install this foam gasket
as shown on the underside of the top rail. Be sure you
install it on the correct side. NOTE: Be very careful
vou do not remove the adhesive along with the paper
backing.

0

{ )} Position the top rail on the chassis as shown in Detail
15-2E, Then mount the free end of the braid coming
from FD on the tuner to the top rail at FE with a 6-32
x 1/4” screw and a 6-32 nut,

{ } Carefully press the top rail into position on the chassis
as shown in Detail 15-2F. Then mount the top rail to
the chassis with four #6 x 1/4" sheet metal screws.

{ } Connect the antenna push-on connectors from the
_: 632 x 112" tuner-PLL circuit board to the screw-type terminal
j sc ; W i strip as shown in the Pictorial.

Refer to Pictorial 16-1 for the following step.

{ ) Position the top shield on the tuner as shown, being
careful not to pinch any wires,

/////// ////////////////

////////////////////////////////////////////////

{ } Mount the top shield to the tuner with six 6-32 x 3/8”
black flat head screws.

Detail 15-2E This completes the “‘Final Assembly.” Proceed to the
“Installation’ section that follows.,

o] Y% % 3, 1 {INCHES) 2 3 4 5 5

e seyem e |y ) bt o st b e b e b
|III|]|'FT|| T I T —I T ] T i T [ T t T ] ¥ [ T —[ T I | I ‘ ; ‘ ] T
OB 1 oMy 2 3 a 5 & 7 B ] 10 11 12 43 14 18 16 17
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Detail 15-2F

6-32 x 3/8"
BLACK FLAT

=
—
w
x
3
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[
—

HEAD SCREW

PICTORIAL 16-1
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INSTALLATION

ACCESSORY CABINET INSTALLATION

Refer to Figure 2-1 for the following steps. { } Fasten the plates to the Digital Tuner with #6 x 1/4”
sheet metal screws,

NOTE: If you have the accessory cabinet, complete the

following steps. Otherwise proceed to “Systems

Connections.”’

This completes the accessory cabinet installation. Proceed to
the “System Connections,”

( ) Position the Digital Tuner right side up on your work
surface. Slide the cabinet over the unit so the front
edge slides into the front panel assembly.

{ ) Install mounting plates on the back edges of the
cabinet with #6 x 3/4" wood screws.

#6x1/4"
SHEET METAL
SCREW

Figure 2-1

HEEATENIT® 143
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SYSTEMS CONNECTIONS

Refer to Figure 2.2 (fold-out from Page 142) before you
connect the antenna, amplifier, or tape recorder t0 your
Tuner,

INDOOR ANTENNAS

Several types of indoor TV and fm antennas are available
that will provide satisfactory monaural fm operation of the
Tuner in strong signal areas, or from local stations. For
stereo fm reception, however, an outdoor antenna should be
used,

ANTENNA LEAD-IN
ANY LENGTH

FOLDED DIPOLE ANTENNA
MADE FROM 300 OHM TWIN
LEAD TRANSMISSION LINE.

Figure 2-3

A simple folded dipole antenna can be made as shown in
Figure 2-3 from vhf 300 £ twin lead. This antenna can be
placed on the rear of a large cabinet or nailed or stapled to a
piece of wood to reinforce it. Best reception will be
obtained from the stations that are broadside to this
antenna. Weakest reception will occur with those stations
that face the ends of the antenna. '

OUTDOOR ANTENNAS |

In weak signal areas, an outdoor antenna is necessary. Best
reception will be obtained with a commercial fm outdoor
antenna, but many television antennas are designed for fm
-usage as well as for TV reception. Be sure to check this

feature before purchasing a separate fm antenna. A vhf TV
antenna can also be used as an fm antenna, since fm station
frequencies are actually located between the TV frequencies
for Channels 6 and 7.

Do not connect a TV antenna to both.the TV set and the
Tuner at the same time unless a TV antenna coupler is used,
or a weak and distorted signal may occur in both units,
Pad-type couplers are not recommended because large
amounts of signal are lost in them. Use a preamplifier type
of coupler instead, in which there is no loss of signal.

TRANSMITTING
ANTENNA

Figure 2-4
MULTIPATH SIGNALS

FM signals sometimes become noisy or distorted because
they are reaching your antenna from several directions at the
same time. See Figure 2-4. These multipath signals are
usually reflected from objects such as large buildings, metal
structures, mountains, and so on. You can usuatly eliminate
or minimize this type of distortion by turning your antenna
until it is receiving only one of these signals.
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FOR A 3000 TO 750 UNBEALANCED ANTENNA HOOKUPR USE
A MATCHING TRANSFORMER AND 750 SHIELDED CABLE,

IBDGQT?SQTGND

e

—

| 759 SHIELDED
CABLE

: (ANY LENGTH)

I TRANSFORMER MOUNTED
- AT ANTENNA

3000 TWIN LEAD
TO ANTENNA

i

v T

750 WINDING TERMINALS
3006 WINDING
Figure 2-5

300Q BALANCED ANTENNA HOOKUP
USING TWO 75( SHIELDED CABLES.

300QT 150 T GND
I/T ]

::H‘_T_
|
Iy |i !
i ] | t
R Rt 2
=== =oy
DD =T T 5T TikingR LEADS OF 750
L SHIELDED CABLE T0
Lo o= == r T ANTENNA

75Q SHIELRED CABLE

Figure 2-6

Unwanted reflected signals may also be picked up on your
antenna lead-in wire in strong signal areas. To eliminate this
condition, comnect your antenna lead-in to the antenna
terminal strip as shown in Figure 2.5 or 2-6. For more
information on this subject, refer to the “Multipath Signal*"
section on Page 155,

OUTPUT CONNECTIONS

See Figure 2-7. Shielded cables, terminated in stanclard
phono plugs, should be used for ali output signal
connections from your Tuner,

WIRING A PHONO PLUG
HOLD VERTICALLY

!

TWiST INTO

L~ STRAND

2 REMOVE INNER INSULATION AND TWIST INNER CONDUCTOR

WRAP STRAND
ARCUND PLUG

3 AppLY S‘OLD;'ER-—TO TIP OF HEATED PIN.SOLDER WILL FLOW

UP INTO PIN BY CAPILLARY ACTION

4 REMOVE EXCESS WIRE

Figure 2.7

AC OUTLET

Power for other devices, such as tape decks or turntables, is
available on the tuner rear apron. The power receptacle
provides unswitched ac power of the same voltage as that
supplied to the tuner. This outlet is rated at 350 watts
maximum,
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OPERATION

The following paragraphs and Figures will help you become
familiar with the operation of your new Digital FM Sterec
Tuner. Note that there is no volume control on the Tuner, as
the audio output is held to a fixed audio level.

The sound output of your entire Tuner-Amplifier system
will be determined by the level control settings of your
Amplifier,

TUNING MODES

Three separate tuning modes are available on your Digital
Tuner: the Keyboard Mode, the Auto-Sweep Mode, and the
Preprogrammed Mode. Each one will be described separately
in the following pages. And since some of the pushbuttons
and controls are used in all tuning modes, their operation
wil! only be described once, '

Set the controls and switches as follows. Do not change any
of their settings unless directed to do so in a step.

SET To

QOut (released) position.
Fully counterclockwise.
Fully counterclockwise.
Fully counterclockwise.
SIGNAL.
STEREQ.

All pushbuttons

AUTO-SWEEP SPEED control
NOISE SQUELCH control

AGC SQUELCH control
SIGNAL-MULTIPATH switch
STEREOQ-BL.END-MONO switch

KEYBOARD MODE

Refer to Figure 3-1 for the following paragraphs. The
pushbuttons and controls that are shaded are used in the

HEATEREIT?

Keyboard Mode of operation.

( )} Press the POWER ON button to the ON {in} position,
Then turm on vyour amplifier system and set the
amplifier for a low-ievel sound output.

{ } Select a local fm station, preferably one that
broadcasts in stereo, and note its frequency (106.9
MHz for example).

{ ] Press the KEYBOARD button to the ON (in) position,
The front panel RE-PROGRAM lamp should light and
the readout should display 00.1 MHz.

NOTE: Press the RESET button to clear any undesired
frequency that has been programmed into the Tuner. If in
the following step you press a wrong keyboard button,
simply press the RESET button and start over again. Note
also, that only a single digit odd number can appear to the
right of the readout decimal point. A tweo or three digit odd
or even number can appear to the left of the readout
decimal.

147
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( } Referring to the example frequency of 106.8 MHz,
press corresponding keyboard buttons 1, 0, 6, and 9.
The program material will be heard from your speaker
system and the following front panel indications will
oceur:

1. The readout will display 108.8 MHz.
2. The RE-PROGRAM lamp will go out,

3. H the station is broadcasting in stereo, the
STEREQ lamp will light.

4, The SIGNAL meter will indicate the relative
signal strength.

{ ) Move the SIGNAL-MULTIPATH
MULTIPATH position. The meter reading should
decrease to zero if no multipath signal reception is
taking place. If multipath reception of the station
signal is occurring, the meter pointer will read upscale
and jump with every music or voice tone. NOTE:
Minimizing the effect of multipath reception will be
discussed later in this Manual {Page 155).

{ ) Move the switch to the SIGNA L position and note the
position of the meter pointer.

NOTE: The NOISE SQUELCH control and its associated
circuit are used in all tuning modes. However, this control
will be effective only on signals that have high noise levels.

(] Use the KEYBOARD buttons to program an fm
station into the tuner that is noisier than what you
consider to be acceptable. Then adjust the NOISE
SQUELCH control until this station can no longer be

heard. Now the Tuner will not pass any fm signal that

has noise above this set level, But if you press in the
SQUELCH DEFEAT button, this squelch action will
be suppressed and any station can be tuned in;
regardless of its noise ‘level. Normally the NOISE
SQUELCH control will be set fully clockwise.

NOTE: The following step will show the effect abtained
when an improper frequency is programmed into the Tuner.

( ) Press the RESET button to clear the Tuner and
readout; then press keyboard buttons 1, 2, 0, and 9.
The readout will display the frequency 120.8 MHz.
However, the RE-PROGRAM lamp will light which
indicates that an incorrect frequency has been
programmed into the Tuner, and nothing will be heard
from your speaker system. Note that the

switch to the +..

RE-PROGRAM lamp will light whenever the RESET
button is pressed or any error is made when you
program the Tuner,

AUTO-SWEEP MODE

In this mode of operation, the Tuner sweeps downward
through the frequencies (107.9 MHz to 88.1 MHz) in the
commercial fm band, and stops at any station above the
minimum acceptable level you have set with the AGC
SQUELCH control, The Tuner passes on from one station to
the next one each time ybu press the BYPASS control, The
readout will dispiay the frequency at any given instant and
also the frequency being received when the Tuner stops at
an FM station, When the sweep starts downward from the
high end of the fm band, the UNLOCKED lamp will
gradually  flash dimmer each time the frequency changes.
The sweep rate is determined by the setting of the
AUTO-SWEEP-SPEED control,

The readout counts downward in steps from 107.9 MHz.
The numbers to the right of the decimal count down by odd
numbers {9, 7, 5, etc.). The number to the left of the
decimal decreases by one {107, 108, 105, etc.} each time the
number to the right of the decimal counts down through 2
complete 9 through 1 cvcle.

Refer to Figure 3-2. The pushbuttons and controls that are
shaded in this Figure are used in the Auto-Sweep Mode of
operation. ‘

{ ) Press the AUTO-SWEEP pushbutton. The readout
should first display 107.9 MHz and then start to count
down, The count down will continue until the readout
displays the freguency of an FM station receivable in
your area, at which time the Tuner will stop, No
sound will be heard until lock-in occurs. NOTE: If
frequency count down does not start immediately,
press the RESET and then the BYPASS buttons to
clear the Tuner and allow the countdown to start,

Assuming that the first station receivable in your area is at

106.9 MHz, the readout should count down to this
frequency; the Tuner should lock-in: and the following
events should occur.

1. The readout will display 106.9 MHz,

2. The program material will be heard from your
speaker system.



Page 140

E= gt T ATEIEITS

(23 BUCH SR
[ PRGIRAL  DEFEAT

POWER On

Eﬂ DWDONN W

GE@

il @ @
(o) 0} w. C
ya==r Pt
() ) (O 111
: e :
Figure 3-2
3. If the station is broadcasting in stereo, the signal level great enough to overcorme the AGC

STEREOQ tamp will light.

4.  The SIGNAL meter will indicate the relative
strength of the recelved signal.

NOTE: The AGC SQUELCH control and its associated
circuit are used in this tuning mode, The Tuner will stop at
any station with a signal greater than the minimum level
determined by the setting of the AGC SQUELCH control,

{ ) Slowly turn the AGC SQUELCH control until you no
longer hear the station that is tuned in. Now, only
stations with a stronger signal than this one will cause
the Tuner to stop sweeping and lock in.

{ ) Press the SQUELCH DEFEAT button and note that
the program material will now be heard, even though
the AGC SQUELCH control is set for & signal level
greater than the level of the received signal. Then press
and release the SQUELCH DEFEAT button.

{ ) Press the RESET and then the BYPASS buttons to
allow the Tuner to start another downward sweep
cycle, Note that this time the Tuner will not stop at
the frequency tuned in the step above. It will continue
to count down until it comes to a station with a signal
leve! greater than the level set by the AGC Squelch
control; then it will stop. The readout will now display
the frequency of this station,

( ) Again press and release the BYPASS button. The
Tuner will release from this station and will count
down again until it comes to another station with a

squeleh, |f the Tuner stops at a station which has noise
that is above an acceptable listening level, turn the
NOISE SQUELCH control until the program material
can no longer be heard. The tuner will now sweep past
any station that has a noise level greater than the level
set by the NOISE SQUELCH control, even though the
signal level is great enough to overcome the AGC
squelch,

() Press the STEREO ONLY button. Again press and
release the BYPASS button, The Tuner will count
down until it comes to a station broadcasting in stereo
with enough received signal to overcome the AGC
SQUELCH, and with a noise level below the setting of
the NOISE SQUELCH controf.

PREPROGRAM MODE

Preprogrammed tuning is accomplished by means of the
Channel Selector cards, which you will precut to station
frequencies you prefer. These precut cards are inserted
through slots A, B, and C into the card sockets (card
readers), which act as switches that program the tuning
circuits to the proper frequencies. Pushbuttons A, B, and C
aliow you to choose any one of the three preprogrammed
channels,

Card Programming Procedure

Read the following information and study the two examples
cerefully, Then prepare the Channel Selector cards, as
directed, for your own use,
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A Channel Selector card is programmed to a specific
frequency by the way you cut out the letter-number areas
from the edge of the card. There are thirteen of these letter
number areas on each card. Once a card has been cut it
cannot be reprogrammed to another frequency.

Refer to Figure 3-3 and note how the letter-number areas
are placed at the bottom of each program card, Then study
the examples below, which show how to cut a card.

)_-EHBJ-.LB'I v o | ADNZNDEHA

NOLDKINE IRNNYHD
HBNML Wd vliDio

[;LI}IHLVE[H

BECOHA T

_jeialeitjalalaliislelaly!
A e

Al: ’
88, B4, B2, AND BI;

C8, C4, CZ, AND C1;
D&, D4, D2, AND DI;

Figure 3-3

Refer to Figure 3-4 and note the frequency used for the first
example, 97.3 MHz. Slots should be cut as foliows in the
card to represent each digit {9, 7, and 3) of this number,

SHEJ.J:E_'I :VD |_.A9N2LUSHJ_
T B R EZ6
HOLOAAE TENNYHD
HINNL WA 9vLIDI0

’-LIDIHL’V’EH' | I

CALL FREQUENCY
LETTERS AJB[CIED

WKJGB y[713
BaRERE o
bl
ps ——— —
g 7 3
Figure 34
UNDER LETTER SLOTS CUT CQUT FREQUENCY

OO W

NONE (no nurmber in this column).

8and 1 {BBand B1} Foratotalof 9.

4,2,and1 , .. .. For a total of 7. 97.3
2andl . ... .. For a total of 3.

i e
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Refer to Figure 3-b and note that a frequency of 103.5 MHz

is used for the second example.

CALL FREQUENCY
LETTERS AIBICID

WKFM 11013105

BHILLIY VD ADNINOARA
HOLDEINE "IMNHYHD .
HIMNL W vLliong

o i - - P

sT's'E's"‘alc"'c

A @Ell

10 3 5

Figure 35 -
UNDER LETTER SLOTS CUT OUT FREQUENCY
A T{AT) .. .. ... For a total of 1,
B NONE {no number in this coiumn), 0
C 2andt ... ... For a totaf of 3, 103.6
D dandl . ...

. . For a total of 5,

Prepare three (or more if you prefer) Channel Selector cards

in the following manner,

1. - Decide which fm stations you most like to listen
to,

2. Write down the call letters and frequency of
each station on one of the Channel Selector
cards. :

3. Cut out the appropriate |etter-number areas from the
edge of each of these cards with a sharp pointed knife
or scissors, Cut carefulty along the dotted lines. ‘

WARNING: Be careful not to cut yourself when’ preparlng
the cards.

4, Check each card out in the Tuner. .(Refer to the
“Preprogram Operation” steps that follow, )
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Preprogram Operation " ()} Insert a preprogrammed Channel Selector card in slot
A. Then press button A. Program material will be
Refer to Figure 3-8. The pushbuttons and controls that are heard from your speaker system and the readout will
shaded in this Figure are used when the Tuner is operated in display the frequency of the preprogrammed station.

the Preprogrammed mode.
{ )} Insert preprogrammed Channel Selector cards in slots
NOTE: The following two steps describe the readout and B and C. Now pressing any one of the three card
the panel lamp indications obtained before the Channel selector buttons will select the corresponding
Selector cards are installed in the Tuner. preprogrammed station. Any preprogrammed cards

can be used for instant station selection, If ac power
should be turned off or interrupted for any reason,
while the Tuner i5 in the Preprogram Mode, the
selected station will stil be ““tuned in' when ac power
is restored, The NOISE SQUELCH control is effective
in this tuning mode and operates the same as it does in

( } Press the PREPROGRAM button. With card selector
buttons A, B, and C released {‘“‘out” position}, the
readout should display 00.1 MHz, and the
RE-PROGRAM lamp should light.

{ )} Press button A, B, or C. The readout should display the Keyboard Mode, The SQUELCH DEFEAT and
1-blank-blank-decimal-blank, and the RE-PROGRAM STEREQ ONLY buttons are also operational in this
and UNLOCKED lamps should light. - - mode,

CONTROL FUNCTIONS

Refer to Figure 3-7 (fold-out from Page 155) for a brief button is pressed; and the Tuner will reset to 107.9

description of the operation of each pushbutton and control MHz in the Auto-Sweep mode and 00.1 in the

on your Tuner. The letters in the boxes on this Figure are Keyboard mode,

keyed to the letters that precede following paragraphs.
c BYPASS BUTTON

Only functions in the Auto-Sweep mode, Pressing this
button will override the locked-in station and allow
the Tuner to sweep down to another station.

A READOUT
Displays the frequency of the programmed station.
B RESET BUTTON : D METER

Functions in the Keyboard and Auto-Sweep modes, Indicates relative signal strength, or multipath
The programmed frequency will be cleared when this interference of a station’s signal,
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STEREO LAMP

Lights only when the station being received is
broadcasting in sterea.

RE-PROGRAM LAMP

Lights when an improper frequency is programmed
into the Tuner,

UNLOCKED LAMP

May momentarily flash each time the Tuner sweeps
downward while it is operating in the Auto-Sweep
mode. Will light when the Tuner is in a completely
unlocked state.

KEYBOARD BUTTON

When this button is pressed in, the readout will be

cleared. Tuning is then accomplished by use of the

Reset button and buttons 1 through 0 on the
keyboard,

AUTO-SWEEP BUTTON

Will cause the Tuner to sweep the entire commercial
fm band. The tuner will automatically stop at stations.

PREPROGRAM BUTTON

Will put the Tuner in the Preprogram mode which
utilizes the three prepregrammed channel selector
cards. '

SQUELCH DEFEAT BUTTON

When this button is pressed in, all audio squelch action
is defeated., This allows you to listen to all stations
that can be received, regardless of the noise level or
signal strength of the station. The SQUELCH
DEFEAT button is ineffective if the RE-PROGRAM
light is on,

STEREO ONLY BUTTON

The STEREQ ONLY button is effective in all three
tuning modes. When this button is pressed, the only
program material you hear will be from stations
broadcasting in stereo. When this button is in its
released {out} position, you can hear both stereo and
monaural program material.

AC POWER
Turns the Tuner on'and off.
PREPROGRAMMED CARDS

Any three preprogrammed Channel Selector cards may
be used. Used in conjunction with PREPROGRAM
button.

CARD SELECTION BUTTONS

Used 1to select one of the three stations
preprogrammed on the Channel Selector cards.

DOCR LOCK RELEASE

When the access door is closed, light pressure on it will _
trip the lock and allow the door to open.

STEREO-BLEND-MONO SWITCH

Allows you to select one of three types of
reproduction: normal stereo reproduction, blending of
bath channels, or both channels combined for
monaural output. The BLEND position blends both
channels to reduce high frequency noise from fm
stereo signals, However, the stereo separation may also
be reduced.

SIGNAL STRENGTH/MULTIPATH SWITCH

Operates in conjunction with the Signal meter to show
the reiative strength of received sighals or to indicate
multipath interference of station signal. NOTE: See
Page 155 for information about multipath reception,

AGC SQUELCH CONTROL

Only effective in the Sweep mode. The setting of this
control determines the minimum amount of signal
required to stop the Tuner at a station,

NOISE SQUELCH CONTROL

Effective in all three modes, lts setting determines the
maximum level of noise acceptable.

" SWEEP SPEED CONTROL

Only effective in the Auto-Sweep mode. Turn this
control counterclockwise to decrease the sweep speed
and clockwise to increase the sweep speed.
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Vv LIGHT TEST SWITCH W KEYBOARD BUTTONS {1 through 0}

Only effective in the Keyboard mode, Use to program

Tests the readout display tubes. When pressed, it will
the frequency of the desired fm station into the

override the readout and display 188.8 MHz, with no
effect on the programmed station, , Turer,



MULTIPATH SIGNALS

Broadcast signals originate as one signal from the fm TRANSMITTING
trensmitting station. Part of these signals are transmitted ANTENNA
directly to your receiver antenna, while other parts of the
sighal are reflected off mountains, water towers, buildings,
etc., and then received by your antenna. The reflected signal
arrives at your antenna slightly later than the direct signal.
See Figure 4-1. The reflected signal is a multipath signal.

N RRTAR

N

This reflected signal can degrade the guality of tuner
performance in several ways:

1. Stereo reception may be reduced or entirely
lost.

2,  Distortion may be heard in the program signal,
3.  Often there is an increase in background noise.

4.  Stereo indicators may not indicate a stereo
station, or may behave erratically,

Figure 4-1

HEATEIEITS 1656
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MINIMIZING MULTIPATH RECEPTION

A good commercial fm antenna is required for optimum
reception, except for strong stations near the Tuner.
Antennas may be of two types, those designed oniy for fm
reception, and those that are combined with vhf/uhf
television antennas. Selection of the most desirable type of
antenna will depend on your personal requirements. You
probably will want to purchase a separate fm receiving
antenna if you will be using your television and fm Tuner at
the same time.

Multipath interference can usually be minimized by turning
your antenna until only the direct signal is received. Strong,
clear reception indicates that your antenna is receiving the
direct signal with little or no multipath interference,
Commercial antennas are highly directional, and even a small
amount of rotation away from the direct signal can create
muktipath problems.

If considerable distortion and noise are present when you
are tuned to a station, and the SIGNAL meter indicates a
good signal strength, perform the following steps.

il:q:070°
N 0§58
.
.

-

SIGNAL m]j MULTIPATH -~ °

B0 : R
ooy STEREG ]]D MDND o
. . BLEND o

0o 0 O

ATCSWERR © HOISE

SPEED GOUELDH  ~

Figure 4-2

1. Refer 1o Figure 4-2 and place the
SIGNAL-MULTIPATH  switich in the
MULTIPATH position and observe the SIGNAL
meter,

2, Slowly rotate the fm antenna, first in one
direction and then in the other. Multipath
signals will cause the SIGNAL meter to fluctuate
up-scale with each music or voice tone.

3. Rotate the antenna unti! the least amount of
fluctuation and the lowest indication is observed
on the meter. This is the optimum antenna
direction,

4.  Place the SIGNAL-MULTIPATH switch in the
SIGNAL position.

OSCILLOSCOPE TUNING INDICATORS

Oscilioscope tuning indicators, which can be connected to
the SCOPE INPUTS at the rear of the Tuner, are also
effective in minimizing the multipath effect. Several firms
have marketed oscilloscope tuning indicators. However, you
can also use any oscilloscope that has dc amplifiers for both
horizontal and vertical inputs. I you have a commercial
tuning indicator, refer to its operation manual for
instructions on how to use it. |f you intend to use a dc
oscilloscope, the following steps will show you how it can be
used.
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(oo AN i

Refer

i

Figure 4-3

to Figure 4-3.

Connect the horizontal input of the oscilioscope {or
tuning indicator} to the SCOPE OUTPUTS HMORIZ

- phono socket on the Tuner rear panel.

Connect the vertical input of the oscilloscope to the
SCOPE OUTPUTS VERT phono socket on the Tuner

rear panel’

Adjust the horizontal gain on the oscilloscope to
obtain the desired horizontal display. Adjust the
vertical gain so the display is near the bottom of the

BORIZONTAL

VERTICAL

screen on weak stations and near the top of the screen
on strong-stations.

Now the amplitude of the display along the vertical
centerline will indicate the relative strength of the signal,
and the width of the display will indicate the relative
modulation percentage of the signal. Horizontal centering of
the display on the oscilloscope screen will indicate the
centering of the received signal.

Figures 4-4 through 4-11 {fold-out from Page 156} are

_ photographs of typical oscilioscope displays. With each

photograph Is an analysis of the conditions under which
each scope display was received,
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IN CASE OF DIFFICULTY

CONTENTS

TITLE Page
Visual Checks . . . . . . 0 v 0 v o e e 160
TroubleshootingChart . ., . . .. .. .. .. ... 160
Bench Testing . . . . . v o v o vt v e e e 164
Checking Comporents . . .. . . . . . . o . .. 1656
TestCharts . . . v v v v v v v v v e e e 169
Alignment with Instruments . . . . . . . . . . ... 188
Factory Repair Service . . . . .. e e e e e e 181
Replacement Parts and

Price Information . . . . . .. .. .. e e s 192

This part of the Manual is divided into the six sections listed -

above. Each section has a different type of information. Use
these sections to resolve your difficulty in the following
manner,

Do the Visual Checks” first, and do them carefully, even if
you are an experienced kit builder, Most of the kits (about
80%) that are returned to the Heath Company for repair do
not work properiy because of poor solder connections,
wiring errors, or misplaced parts, [t is very easy to
consistently overlook a wiring error or poor connection,-

After vou complete the *Visual Checks,” proceed to the
"Troubleshooting Chart’ and see if your difficulty is listed

HEATEEEIT®

there. Several possible causes are listed for each difficulty, or
you may he directed io one or more of the “"Test Charts” to
narrow your problem down to a specific area or part. Use
the “Checking Components” section to test any capacitor,
diode, or transistor that you think may be faulty,

NOTE: Be sure to read the “Precautions’’ section (Page 164)
of “Bench Testing” before performing any tests on the
Tuner. Also read the “Extender Circuit Board” information
(Page 164),

If you have some knowledge of electronics, a great deal of
additional information is also available to you. if you
narrow down the difficulty to a particular circuit, you may
be able to go directly to one of the “Test Charts.’” Also refer
to the:

Schematic {fold-out from Page 227)
Block Diagram {fold-out from Page 194)
Circuit Description (Page 195}

Cireuit Board X-Ray Views {Page 2156)
Chassis Photographs (Page 224)

Be sure, when repairing your Tuner, to gliminate the cause
as well as the effect of the trouble, If, for example, you
should find a damaged resistor, be sure you find out what it
was {wiring error, etc.) that caused the resistor to become
damaged. |f the cause is not eliminated, the replacement
resistor may also be damaged when the Tuner is put back
into 6peration.

The “Factory Repair Service” section is provided in case
you prefer to have your Tuner, either the complete kit or
just one of the circuit board modules, serviced at the factory
— or at a Heathkit Electronic Center.

159
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VISUAL

NOTE: The following checks will be most effective if you
apply them to one circuit board module, or other part of the
kit, at a time. ’

1.

About 90% of the kits that are returned for repair do
not function properly due to poor connections and
soldering, Therefore, many troubles can be eliminated
by a careful inspection of connections to make sure
they are soldered as described in the “Soldering”
section of the “Kit Builders Guide.” Reheat any
doubtful connections and be sure all the wires are
soldered at places where several wires are connected,

Check each circuit board to be sure there are no solder
bridges between adjacent connections. Remove any
soider bridges by holding a clean soldering iron tip
between the two points that are bridged until the
excess solder ‘flows down the tip of the soldering iron.

Be sure each transistor and each integrated circuit is in
the proper location (correct part number and type
number), Be sure that each transistor lead s
positioned property and has a good solder connection
to the foil. Check integrated circuits for proper
positioning and good contact at all pin connections.

Check capacitor values carefully, Be sure the proper

part is wired into the circuit at each capacitor
location. For example, it would be easy to mistake a
.001 uF capacitor for a 100 pF capacitor. Always
check the polarity of electrolytic capacitors to be sure
they are instalied correctly. )

CHECKS

10.

Check each resistor carefully. It would be easy, for
example, to install a 2200 Q (red-red-red} resistor
where a 220 £} {red-red-brown) resistor is called for. A
resistor that is discolored, or cracked, or shows any
sigh of buiging would indicate that it is faulty and
should be replaced.

Be sure the correct diode is installed at esch diode
location, and that the banded end is positioned
correctly,

Recheck the wiring. Trace each lead in colored pencil
on the Pictorial as it is checked. It is frequently
helpfut to have a friend check your work. Someone
who is not familiar with the unit may notice
something you have consistently overiooked.

Check all component leads connected to the circuit
boards. Make sure the leads do not extend through the
circuit board and make contact with other
connections or parts, such as coil shields or the chassis.

Check all the wires that are connected to the circuit
board plugs. Make sure the wires do not touch the
chassis or other lugs. Make sure all wires are properly
soldered. s :

Be sure that each of the IC pins is properly installed in
its connector, and not bent out or under the IC, Also
be sure the [C's are installed in their correct positions
and that they are oriented properly.

Troubleshooting Chart

NOTE: When you narrow your problem to a specific area or
suspected component as called out in the following chart,
closely inspect the area as outlined in the “Visual Checks"
before removing the component for test. Your problem
could be caused by something near the component, like an
open or shorted circuit board foil or a wrong connection,
instead of being caused by the part itself.
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right channel.

No audio except when the
Squeich Defeat button
is in.

Proceed to Test Chart 5.

SYMPTOM POSSIBLE CAUSE
" Tuner completely 1 Blown fuse.
dead. 2. Open line cord.
3. Faulty Power On switch.
4 Power supply circuit. Proceed
to Test Chart 1.
Reception weak or 1. Poor or shorted antenna
nGisy. connections.
2. Inadequate antenna,
3. Faulty cable and/or cable
connections.
4. The i-f circuit board module,
b, The tuner-PLL circuit board module.
1. Meter switch in Test position.
No Signal meter 2. Signal-Multipath switch in
indications with Multipath position.
good reception, 3. D608 and/or DE07.
4,  Q803.
No audio output. 1. Audio output cables improperly
installed,
2. 1C601 through 1C605.
3.  F601 and/or F602.
4, Zb601.
5.  PLL-multiplex-demodulator circuit
board.
6. Squelch control circuitry.
No multipath indication, 1. No muitipath signal(s)
being received.
2. Signal-Multipath switch in /,f'
Signal position. '
3. Q602 or OB03.
4. D607 and/or DGOS,
No AGC (automatic gain control). 1. D603 and/or DE0A4,
No audio output from 1. Proceed to Test Chart 3,
left channel.
Ne audio output from 1. Proceed to Test Chart 4.
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SYMPTOM

POSSIBL.E CAUSE

No Scope Horiz output
(on rear panel),

1C607,
1C608.
0s502.
D&01 and/or DE02.

pwp

No Stereo light.

Station not broadcasting in stereo.
IC701.

R706 not properly adjusted,
Q718, Q4, and/or 05,

hwn -

~No separation hetween

left and right channels
when tuned to a known
stereo station,

1. Stereo-Blend-Mono switch in
Mono position,

2. Short between left and right
channel foils on multiplex
circuit board module.

3. R706 not properly adjusted.

4, IC701,

No downward sweep in
Auto-Sweep mode.

1. Proceed to Test Chart 6.
2. Proceed to Test Chart 2.

Tuner stops on noisy signals

-in the Auto-Sweep mode,

1. L602 on the i-f circuit board is
improperly adjusted.

2. Noise Squelch control improperly
adjusted.

No audio output, with frequency
readout displayed and signal
meter showing signal

strength,

1. Amplifier and/or speaker
connections.
2. Proceed to Test Chart 5.

Unable to program in
all modes,

1. Proceed to Test Chart 2.

Inaccurate programming
in Preprogram mode only,

1. Channel Selector card inaccurate
or bent,

2. Card socket damaged or wired
incorrectly.

3. IC5 through IC8.

Re-Program light remains
on at all times or will
not light.

1. Q901.
2. 1C9,
3. Preload decoder circuit board.
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SYMPTOM

POSSIBLE CAUSE

Stereo light remains on
at all times or will not

.

04 and/or Q5.

light.
Keyboard does not program 1. Proceed to Test Chart 2.
correctly. Auto-sweep 2. Proceed to Test Chart 11.
is ok,
Frequency readout will 1.  Check display tubes with L/T
not clear to 00.1 MHz. (light test} button.

2. Proceed to Test Chart 2.

3.  Proceed to Test Chart 11.

4, 1C1 through 1C4,
Unlocked light remains on when Tuner 1. Check Unlocked light socket
is programmed for & correct ' : and wiring for possible short,
freguency or will not light at all. 2. Proceed to Test Chart 7.

3. Proceed to Test Chart 8,

4. Proceed to Test Chart 9.

5. Proceed to Test Chart 10.

6. Proceed to Test Chart 12.
Incorrect station and/or 1. Proceed to Test Chart 12.
no station is received
when programmed for a
correct frequency,
Signal meter will not go to zero 1. 0604,
when i-f cable is disconnected. 2 D605 and/or DBOB faukty or

" reversed,
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BENCH TESTING

PRECAUTIONS

1. Be cautious when testing transistor circuits, Although
transistors have almost unlimited Kfe when used
properly, they are much more vulnerable to damage
from excessive voltege or current.than vacuum tubes.
A vacuum tube can often be operated under shorted,
zero-bias, excessive-voltage, or high-current conditions
for short periods of time without materially damaging
the tube. Any one of these same conditions can
completely destroy a transistor instantly.

2. Be sure you do not short any terminals to ground
when making voltage measurements. |f the probe
should slip, for example, and short cut a bias or
voltage supply point, it is almost certain to cause
damage to one or more transistors or diodes.

3. Do not remove transistors or integrated circuits while
the Tuner is turned on. This could damage the parts
removed and/or other parts in the circuit.

4, Do not remove or install circuit boards while the
Tuner is trned on. :

CAUTION: The full AC line voltage Is present inside the AC
shieid and around the Power On switch. Be sure to keep
away from these areas when you perform power on checks.

EXTENDER CIRCUIT BOARD

Use the Extender circuit board supplied with this kit 1o
extend circuit board modules out of the chassis for easy
access during alignment and/or troubleshooting.

CAUTION: Always press the Power On button to the off
{out} position before removing or reinstalling a circuit board
module, Once the circuit board module has been removed or
installed, the Power On button can be pressed to the On
position without damage to the circuits.

)
EXTENDER
CIRCULIT BOARD

)

SIS

B T ; e T T et

7

I

Figure 5-1
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Extender Circuit Board Installation

Refer tc Figure 5-1 for the following steps.

t. Remove the wooden cabinet from the Tuner, or
remove the Tuner from its custom installation if one is
used.

2. Remove the top shield from the Tuner,
3. Remove the top rail from the Tuner.

4. Carefully remove the desired circuit board module
from the Tuner,

5. Connect the extender circuit board module to the
“circuit board module removed from the Tuner.

6.  Install this circuit board combination into the Tuner.

Special Considerations

Although the Power Supply circuit board module cannot be
extended from the Tuner chassis, space has been provided
for you to make measurements on its foil side. Refer to the
“¥X-Ray Views” on Page 215 to locate the foils connected
with the component you want to check.

Disconnect the antenna cables, coaxial cable, and ground

strap from the Tuner/phase-lock-loop (Tuner-PLL) ecireuit

board before extending it. Temporarily connect your fm
antenna directly to the antenna cables. Use the extender
cable (previously prepared) between the coaxial cable on the
circuit board module and the phono socket on the i-f circuit
board moduie. Also use the extender cable between these
same two points when extending the i-f circuit board
module,

CHECKING COMPONENTS

The Signal meter can be used to check transistors, diodes,
and capacitors. Be sure, before you check a part, that you
have applied the *“Visual Checks” (Page 160} to that part
and the area around it. Remember that a shorted (solder
bridged)} foil or an open connection can often give the same
indication as a bad part. '

IMPORTANT: Be sure to hlace the Meter switch {located on
. the master circuit board) in the Test position and the Range
switch in the Ohms position before testing components.

'HOW TO CHECK TRANSISTORS

A, - Unsoider and remove the transistor from its circuit.

B, ~Refer to Figure 52 and connect the leads of the
transitor as directed in the ‘“Transistor Checkout
Chart” on Page 166 for the type of transistor you
want to check.

C. If the meter reading indicates that a transistor is

faulty, recheck the reading before vyou obtain a
replacement part.

BLACK TEST

(ran CONNECT THE BLACK TEST

" LEAD TO ONE LEAD OF THE
TRANSISTOR AS DIRECTED IN
COLUMN 3 OF THE CHART.
RED TEST
LEAD CONNECT THE RED TEST LEAD
TC ANOTHER LEAD OF THE
TRANSISTOR AS DIRECTED IN
COLUMN 2 OF THE CHART.

e

Figure 5-2
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TRANSISTORS

52090
(417-110)

TRANSISTOR CHECKOUT CHART

Connect the RED
TEST LEAD TO
TRANSISTOR
LEAD:

Connect the BLACK
TEST LEAD TO
TRANSISTOR
LEAD:

SIGNAL METER READING

13

C
B
2N3393

(417-118)

TZ1160 y
(417-218) i

FLAT

X29A829
(417-201)
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HOW TO CHECK DIODES

A.  WUnsoider and remove the diode from its circuit.

B. Refer to Figure 5-3 and connect the leads of the diode
as directed in the ‘‘Diode Checkout Chart.”

C. If the meter reading indicates that a diode is faulty,
recheck the reading before you obtain a replacement

part.

CONNECT THE BLACK TEST
LEAD TO ONE LEAD OF THE
DIODE AS DIRECTED IN COLUMN
2 OF THE CHART,

BLACK TEST LEAD

CONNECT THE RED TEST LEAD
TO THE OTHER LEAD OF THE
DIODE AS DIRECTED IN COLUMN
3 OF THE CHART,

Figure 5-3

DIODE CHECKOUT CHART

Connect the RED
TEST LEAD TO
DIODE LEAD:

DIODES

Connect the BLACK
TEST LEAD TO
DIODE ILEAD

SIGNAL METER READING

HOW 7O CHECK CAPACITORS

These instructions are divided into two groups. The first
group is for capacitors of 50 uF and above. The second
group is for capacitors below the value of 50 uF. After
reading steps A, B, and C, proceed to the group of
instructions for the part you intend to check.

A. Unsolder and remove the capacitor.
B. Discharge the capacitor by touching the leads

together. {Note the special discharging instructions
below for the 6000 uF capacitor.)

C. Connect the black test lead to one lead of the

capacitor. Then, while watching the Signal meter,
touch the red test lead to the other capacitor lead.
{Note the special instructions for the electrolytic
capacitors.)

How to Discharge the 6000 uF Capacitor

The 8000 puF capacitor retains a very high charge and should
be handled very carefully. Never touch the iugs of this
capacitor until you are absolutely sure that it is discharged.
Use either of the following two methods to make sure that
the capacitor is discharged.
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METHOD A: Leave the Tuner turned off for approximately
five minutes. This will allow the capacitor to discharge
through the Tuner cireuitry. Then short the two lugs of the
capacitor together momentarily with the blade of a
screwdriver, Now it is safe to disconnect the wires and
remove the capacitor for test.

METHOD B: Turn the Tuner off and short the two lugs of
the capacitor together with a 100 £, 2-watt resistor. Hold
the resistor body in your fingers, Do not touch the resistor
leads. Place the resistor between the lugs of the capacitor for
several seconds; then remove it, Now short the two lugs
together momentarily with the blade of a screwdriver, it is
now safe to disconnect the wires and remove the capacitor
for test,

Electrolytic Capacitors

Each electrolytic capacitor has a positive (+) mark at one
end of its case. When checking one of these capacitors,
always connect the positive (+) end of the capacitor to the
black test lead. Then connect the other capacitor lead to the
red test lead.

Checking Capacitors

Use the procedure in steps 1, 2, 2, and 4 for checking
capacitors of 50 uF and above. Steps 5, 6, and 7 are for
capacitors below the value of B0 uF, Read through all the
steps before proceeding with a check,

1. If the meter pointer deflects to the right side quickly,
and then gradually returns to the left side, the
capacttor Is not faulty. NOTE: The time it takes for
the pointer to return to the left side of the meter scale
depends upon the value of the capacitor being

checked. A 50 uF capacitor, for example, will cause.

the pointer to return more rapidly than a 500 uF
capacitor,

2. If the meter pointer deflects to the right side and stays
there, the capacitor is faulty (shorted).

3. If the meter pointer does not deflect at all, but stays
at the left side, the capacitor is faulty {open).

4, Recheck the capacitor, BUT FIRST DISCHARGE IT
BY TOUCHING THE TWO CAPACITOR LEADS
TOGETHER.

CAPACITOR QK

i

CAPACITOR FAULTY
(SHORTED!}

The next three steps are for checking capacitors below the
value of B0 uF. Because of the small capacitance of these
capacitors, it takes only a split second for them to charge.
Therefore, it is difficult to determine if the capacitor is
faulty (open), Recheck the capacitor several times while
watching the meter closely. Be sure to discharge the
capacitor each time before repeating your check.

5. If the meter pointer deflects slightly and then remains
at the left side of the meter scale, the capacitor is not
faulty.

CAPACITOR OK

1 i n
o\ 5

6. If the meter pointer does not deflect at ali, but
remains at the left side of the meter scale, the
capacitor is faulty (open). NOTE: Very small value
capacitors (3.3 to 33 pF), because of their small
capacity to hold a charge, may not cause the meter to
deflect. This is mormal for these small capacitors.

7. It the meter pointer deflects to the right side and stays
there, the capacitor is faulty (shorted},

NOTE: Before vou replace the cabinet on your Tuner, be
sure to place the Meter switch in the NORM position and to
store away the test leads in the plastic clamp.
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TEST CHART INDEX

10

11

12
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TEST CHARTS

Power Supply Cireult  , . . . . . &« & o e e e e e e e e e
Programmer and Data Multiplex Cireuits . . . . v . . . . . .. . ...
Left Channel Multiplex Clreuit . . . . v & v v v v v v v e e e e e
Right Channel Multiplex Circuit . . . . . . . . . . . . . . . .. PR
Multiplex Clreult . . . . . v v v v v v e e e e e s e e e e e

Auto-Sweep Pulse Generator Circuit . .+ . v v v v v b v 0 e e

Phase Detector and Loop Fiiter Cireuit . . . . . . . . e e e e e e

100 kHz Crystal Oscillator and
Divide-by-4 Reference Secaler Circuit . . . . .+ .+ .+ . . v e

Programmable Divider Circuit . . . . . . + « v v « & o v v v v v 0.

FM Tuner and VCO Frequency
Scaler Circuit . . . . .« v C e e e s e e e s e e e e e e

Keyboard Circuit . « .« v v « v v v v e e e e e e e e e

Preload Decoder Circuit . . . . v v v & v v ot e e r e e e e e s

NOTE: Although IC's may be listed occasionally in
these charts as a “‘Possible Cause of Trouble,” it
would be quite unusual to have one that is actually
faulty, Check the circuit board foils, IC
connections, and area around an IC very carefully
before deciding that an IC shouid be replaced.
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TEST CHART 1

POWER SUPPLY CIRCUIT

NOTE 1: The power supply circuit board module cannot be
extended from the Tuner chassis, See "Special
Considerations™ on Page 165,

NOTE 2: The Power Supply circuit board module is a
“protected circuit.” In effect, this means that one or more
of the source voltages can sustain a direct short to ground
for an extended period of time without damage. Any such
short would, however, result in zero voltage from the circuit
shorted, '

Meter reads greater than 2.5,

Set the METER switch in the TEST position.

Set the RANGE switch in the OHMS position.

Remove all seven of the circuit board modules from

the Tuner.

Press the POWER ON button to the ON (in} position.

Perform the tests called for on Pages 124 through 126.

Shorted insulator at Q101.
Solder bridge to ground from
collector of Q101,

Q101 is defective.

Meter reads less than 1.

Heat sink mounting screw not
grounded to eircuit board.
Collector cireuit of Q101

is open,

Meter reads greater than Q.

Shorted insulator at Q104,

Meter reads greater than 0.

Shorted insulator at Q108
ahd/or 0108,

Meter reads greater than 0.

Solder bridge from +8YVY foil to
ground.
Q108 and/or Q109 defective,

Meter reads greater than 4.

C113 shorted.

+5Y foil grounded.

Solder bridge between foils
associated with transistor Q112.
Q112 defective.

Meter reads iess than 3.

Open circuit associated with
Ri24,

Meter reads greater than 3.5.

Solder bridge to ground from
+15V foil.

C111 shorted.

Q104 and/or Q107 defective.

Meter reads less than 2.5.

R117 open.

Meter reads greater than 0.

D106 is defective,
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Meter reads greater than 0.

INDICATION POSSIBLE CAUSE ‘

Q104 and/or Q113 is defective.
C107 is shorted.

Meter reads greater than 4.5,

Solder bridge to ground from
+30V foil.

Q103 is defective.

C105 is shorted.

Meter reads less than 3.5,

Open circuit to +30V foil.

Meter reads greater than 0,

D101 and/or D102 are defective.

Meter reads greater than 0.

D101 and/or D102 are defective,

Meter reads greater than 3.5,

Q101 or its associated foil
is shorted.

Q102 or its associated foil
is shorted,

Q103 is defective.
ZD101 is defective.

Meter reads less than 2.5.

Check the voltage at the positive
{+) end of C102 for a meter
reading of 4. If meter reads less
than 4, check the following:

a. Transformer connections to
bridge network {D101 thru D104},
b. Bridge network.
c. C102,
Q103 or its associated foil is
shorted.

Q101 and/or Q102 defective,
C103 and/or C106 defective.

Meter reads less than‘2.

D102 and/or D101 defective.
C107 defective,
Transformer improperly connected.

Meter reads greater than

2. 1. Q104 or its associated foil
is shorted.
2. Q105 or its associated foil
is shorted. .
3. Q106 or its associated foil
is shorted.

Q107 is defective.

Meter reads less than 1.

B o

Q104 defective.
Q105 defective.
Q106 defective,
Q107 or its associated foil
is shorted.

C111 is defective.
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‘| STEP | INDICATION POSSIBLE CAUSE

Meter reads greater than 2.B.

Q108 or its associated foil
is shorted. ‘
Q109 or its associated foil
is shorted.

Q111 or its associated foil
is shorted.

Q112 js defective.

Meter reads less than 1.8,

Q108 is defective,
Q109 is defective.
Q111 is defective,
C113 is defective.

Meter reads less than 3.5,

D51 and/or D52 defective,

Meter reads greater than 4.5,

TEST CHART 2

PROGRAMMER AND DATA MULTIPLEX
CIRCUITS

NOTE: it is necessary that the keyboard circuits are working
properly before you perform the foliowing steps. {Refer to
chart 11 on Page 183.)

{ )} Press the POWER ON button to the off {out) position.

{ } Remove the programmer circuit board from the
chassis.

{ ) Connect the extender circuit board to the programmer
circuit board. '

Transformer improperly connected.

Install the board combination.

Set the METER switch to the TEST position.

Set the RANGE switch to the 15 Vdc position,

Press the KEYBOARD button to the ON (in} position.
Press the POWER ON button to the ON (in) position.

Press the RESET key and perform the measurement in
the following chart.

CONNECT BLACK CONNECT RED
TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: POSSIBLE CAUSE OF
TROUBLE:
GND pin. Coliector {C) D201; D202; D203;
of Q201 or o v/}él' ‘s _ D204; 1C201, Q201.
collector side /4
of R211 (1000 £2).

Note the meter reading. Then press any of the numbered keys four times. The meter indication should go to
0 as the first number is depressed and remain there as the other three numbers are depressed. Then press the
RESET key. This should cause the meter to return to its original position.
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Be sure the two plugs on the small cable assembly
from the Master circuit board are installed correctly
on the Programmer circuit board,

Perform the measurements in the following chart.
NOTE: Connect the red test lead to the test points
indicated. They are located at the top edge of the
Programmer circuit board at the two cable assembly
connectors.

CONNECT DEPRESS CONNECT
BLLACK TEST KEYBOARD RED TEST METER SHOULD POSSIB_LE CAUSE
LEAD TO: KEY LEAD TO: READ: OF TROUBLE:
NUMBER:
GND pin, #1 C1 W IC1 through 1C4 on
B1 o' %/; "s [ master circuit board.
Al “ {Data Multipiex.}
Refer to Schematic on
Page 227,
All others o vy
, 5
#2 D2 \"% ty
5
All others @,///\ Vb 5
%
#4 D4 P
B4 %
/{?\ vy 5
All others A
#8 D8 N A
D Y
B8 ¢
[
All others /,,/; ‘g
A3
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{ } Perform the measurements in the following chart,
NOTE: Connect the red test lead to the test points
indicated on the Master circuit board at the
Programmer circuit board location.

CONNECT DEPRESS CONNECT

BLACK TEST KEYBOARD RED TEST METER SHOULD POSSIBLE CAUSE

LEAD TO: KEY LEAD TO: READ: QOF TROUBLE:

NUMBER:

GND pin. #1 only. A N2 IC1 and/or Q1 on
Then #0 only. A ° %r,’; 5 master circuit board.
Then none, - {Data Multiplex.)

— Refer to Schematic on
A, c/?/,; P Page 227.
%,
#2, %3, #4, A % s
#5, 46, #7, A %,
#8, and
then #0, AN
pam—— \ V !
Ay 0 %/ 5
Hold down A.] \% L, Refer to the
Key #1 B, o % 5 Programmer
and press c, % Schematic (fold-
the reset out from Page 200},
key. Refease B,, B,, By, Check 1C's 202,
both keys. C,, €, Cg 2 s 203, 204, and 205;
P,, D, Dg ';/;, whichever have out-
puts that correspond
) 10 an incorrect
Hold down B, B, C, o % o 5 reading.
key #6 and c,,D,, D, 4/,/
press the ~
Reset key.
Release both o
keys. A, B, B 2 "s
1+ Bqr Bg A
C,. Cg. Dy 2
Hoid down Bg. Cg. Dg
key #8 0 W/// A
and press //4
the Reset |
key. Release
both keys. A, L
" B,, By, B, 4, s
C,.C,, C, 7,
D,, D,
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} Press the RESET key, The readout should be 00.1

MHz,

} Use the keyboard and program in the frequency

indicated

corresponding measurements,

in the chart below and perform the

CONNECT CONNECT METER SHOULD POSSIBLE CAUSE
BLACK TEST FREQUENCY RED TEST READ: OF TROUBLE:
LEAD TO: READOUT: LEAD TO:
GND pin, 88.1 MHz IC207, 9 1C207
pin 3 0 //‘ s
/'////4
o b
87.9 MHz ,///// 5

} Connect a 2" wire from the STOP test point at the
programmer circuit board location on the master
circuit board to chassis ground,

) Perform the measurements in the following chart.

CONNECT CONNECT DEPRESS
BLACK TEST RED TEST KEYBOARD
LEAD TO: LEAD TO: KEY METER SHOULD POSSIBLE CAUSE
NUMBER: READ: OF TROUBLE:
GND pin. SWP STOP NONE o Ic210
(At OSC, \ 5
DIV, GEN
circuit board-
location on Bypass >
master key . o \.////2 by s
cireuit held down %,
board.) -

Press the POWER ON button to the off {out) position,

{

! Remove the 2'" wire from the STOP test point and

discard it.
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TEST CHART 3

LEFT CHANNEL MULT!PLEX (MPX-DEMOD)
CIRCUIT

( } Remove the PLL-multiplex demodulator circuit board
from the chassis.

{ ) Connect the extender circuit board to the multiplex
circuit board.

{ )} [Install the board combination.

{ )} Setthe METER switch in the TEST position.

{ ) Setthe RANGE switch in the 15 Vdc position,

{ ) Press the SQUELCH DEFEAT button to the ON {in)
position.

{ } Pressthe KEYBOARD mode button.

{ } Press the POWER ON button to the ON {in) position,

{ ) Enter a frequency on the keyboard (for instance,
88.1).

{ } Perform the measurements in the foliowing chart,

{ )} Besurethe RE-PROGRAM light is_not on.

CONN ECT BLACK CONNECT RED
TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: POSSIBLE CAUSE OF
TROUBLE:
GND pin. Emitter (E) . ‘@ Q707; C714. Check for
of G707, e §\\ s an open or short in
N associated foils,
[
Collector {C} o \\\ Vs
of Q709. i Q700.
R 0701; Q702; Q704; R713;
Collector (C) ot § s R712; R715; R718; R719;
Collector {C}) by
of Q711. "#}”J 5 Q711,

NOTE: If the preceding measurements check good, check
D702 and D703, ¥ both of these diodes check good, C701
or IC701 may be faulty.
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TESTCHART 4

RIGHT CHANNEL MULTIPLEX (MPX-DEMOD)
CIRCUIT '

{ } Press the POWER ON button to the off (out} position,

{ )} Remove the PLL-multiplex demodulator circuit board
from the chassis.

{ } Connect the extender circuit board to the
PL-multiplex demodulator circuit board.

{ } Install the board combination.
{ ) Setthe METER switch in the TEST position.

{ )} Setthe RANGE switch in the i5 Vdc position.

{ } Press the SQUELCH DEFEAT switch to the -ON (in)
position,

( } Press the KEYBOARD mode button.

{ } Press the POWER ON button to the ON {in) position.

( ) Enter a frequency on the keyboard (for instance,
88.1).

{ } Perform the measurements in the following chart.

{ } Besurethe RE-PROGRAM light is not on.

CONNECT BLACK CONNECT RED
TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: POSSIBLE CAUSE OF
TROUBLE:
GND pin. Emitter {E) o ! \\}15\\\' 5 Q708; C715.
of Q708. NI
Collector {C) o ! 1_;-—25 Q709
of Q709, =
Collector (C) - Q701; Q702; R711;
of Q703. 0 % " R709; R716; R717;
Z R714: R721.
Collector {C} "fé‘ v, ; Q711,
of Q711. /////
.

NOTE: If the preceding measurements check good, check
D701 and D703. If both of these diodes check good, C701
or IC701 may be faulty,
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TEST CHART &
MULTIPLEX (MPX-DEMOD) CIRCUl‘T‘

{ )} Press the POWER ON button to the off (out) position.

( } Remove the PLL-multiplex demoduiator circuit board
from the chassis.

{ ) Connect the extender circuit board to the
PLL-multiplex demodulator circuit board.

( ) Instalt the board combination.

{ ) Setthe METER switch in the TEST position.

{ ) Setthe RANGE switch in the 15 Vdc position.

{ ) Pressthe KEYBOARD button.

{ )} Press the POWER ON button to the ON (in) position.
{ } Use the keyboard to select a strong local station,

“{ )} Perform the measurements in the following chart.

NOTE: Be sure that the SQUELCH DEFEAT and STEREO
ONLY buttons are in the off {out) position for the following

measurements.
CONNECT BLACK CONNECT RED
TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: POSSIBLE CAUSE OF
TROUBLE:
GND pin, Pin 1 of STEREO ONLY switch
1C702. wiring; 1IC702.
Pin 2 of KEYBOARD switch
IC702. wiring. :
Pin 4 of ‘ 2 Q716; Q717; IC606; 0601,
IC702. o' % s D611 and/or D609; L602
7 not adjusted.
Pin 6 of R Q714; D712, D711,
Ic702. °%, 5 Q713; Q712; NOISE
% SQUELCH contro! wiring.

e I ATTIICITS




e AT ITS

Page 179

TEST CHART 6

AUTO-SWEEP PULSE GENERATOR CIRCUIT

{ ) Press the POWER ON button to the off {out} position,

Remove the generator-divider-oscillator
{GEN-DIV-QSC]) circuit board from the chassis.

()

Connect the extender circuit board to this circuit

{)

Instali the board combination.

Set the METER switch in the TEST position.

Set the RANGE switch in the 15 Vdc position,

Press the KEYBOARD button to the ON (in) position.

Press the POWER ON button to the ON {in}) position.

board.

Perform the measurements in the following chart,

N

CONNECT RED
TEST LEAD TO:

CONNECT BLACK
TEST LEAD TO:

METER SHOULD READ:

POSSIBLE CAUSE OF
TROUBLE;

GND pin. +5V pin

Faulty connector.
Proceed to Test Chart

1 on Page 170.

Pins 12, 13, and 14
of 1C408,

Harness wiring error asso-
ciated with +5V {SW) red

lead and switch assembly,

()

position.

Press the PREPROGRAMMED switch to the ON {in)

Pins 12, 13, and 14
of 1C408.

GND pin,

7 [ '
@,;',’ 5
7

%,

Preprogram switch;
wiring error.

NOTE:
repeatedly press the BYPASS button to prevent
generator from stopping on strong signals.

In the following steps it may be necessary to

the pulse

{ } Press the AUTO-SWEEP switch to the ON {in}
position. '
GND pin. Pins 12 and 13 % IC408 or a faulty
of 1C408. o % ! g solder connection,
Z
{ } Turn the SWEEP SPEED control  full

counterclockwise.

Positive {+) side of
C402. (Refer to the
“X-Ray View” on
Page 218.)

GND pin.

Oscillate from0to 1.5
about once each second.

R51; wiring error
or 1C408.

{1}

Turn the SWEEP SPEED control fully clockwise.

Positive {+) side of
c402,

GND pin,

N\

Z
Rapid oscillation,

Rb1; wiring error.
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TEST CHART 7

PHASE DETECTOR AND LOOP FILTER CIRCUIT ( )

board.

Press the POWER ON button to the off {out) position. { }
Remove the tuner circuit board from the chassis. { )

Connect the extender circuit board to the funer circuit . -

Install the board combination.
Set the METER switch in the TEST position.
Set the RANGE switch in the 15 Vdc position.

Press the KEYBOARD switch to the ON (in) position.

Press the POWER ON button to the ON {in} position,

Perform the measurements in the following chart.

CONNECT BLACK
TEST LEAD TO:

CONNECT RED
TEST LEAD TO:

METER SHOULD READ:

POSSIBLE CAUSE OF

TROUBLE:
GND pin. Pin 3 of (//,{ ' Output from programmable
ICB05. o ,//4 5 divider network. Proceed
Z to Test Chart 9.
Pin 1 of o Output from the divide-by-4
ICH05, 0’43,? "5 reference divider. Proceed
“, to Test Chart 9.
NOTE: The remaining measurements should be taken with a
front panel readout of 00.1 MHz.
W\ i
GND pin. Pin 2 of 0 ‘% ‘s IC505.
1CB05, Z
”
Pin 13 of 0 "% b ICB05.
IC505. %
AN
Pin 12 of 0 ‘% "5 . 1C508!
{C505. 7
Zo
Pin 6 of 0%, s IC505.
IC505. %
Pin 8 of o8 s IC5085.
IC508. %
{ ) Press the AUTO SWEEP switch to the ON (in) position.
( ) Set the AUTO SWEEP SPEED control to approximately midrange.
GND pin. Collectar (C) of As the Tuner Auto- Q502; Qb03.

Q503 or collector
end of R514.

matically sweeps down

from 107.8 MHz to 88.1 MHz,
the meter should begin

near full scale and

decrease in discrete steps

to the lower 1/3 of

the scale,
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NOTE: If the preceding measurements check good but the
UNLOCKED light rermains ON, check Q504 and QB0E,

TEST CHART 8

100 kHz CRYSTAL OSCILLATOR AND DIVIDE-
BY-4 REFERENCE SCALER CIRCUIT

{ ) Press the POWER ON button to the off (out) position.

Remove the tuner-PLL circuit board from the chassis.

Remove the generator-divider-oscillator
{GEN-DIV-OSC) circuit hoard from the chassis,

Connect the extender circuit board to this circuit
board.

tnstall the board combination.

Set the METER switch in the TEST position.

Set the RANGE switch to the 15 Vde position.

Press the POWER ON button to the ON (in} position.

Perform the measurements in the following chart,

CONNECT BLACK CONNECT RED

POSSIBLE CAUSE

TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: OF TROUBLE
\’//; by
GND pin. +5V pin, 0 % 5 Faulty connector.
% Proceed to Test Chart 1.
25 kHz QUT Gt Continue with the
pin. o%’ 5 remaining measurements
% on this chart,

Crystal
assumed to be operating.

NQTE: if the above measurements are correct, the 100 kHz
Oscillator and Divide-By-4 Reference Scaler is

) Check for an open or
GND pin, Pin 14 of i short in associated
1C401. o //; b foil.
é/’ Check for an open in
R404,
Pin 1 of - IC401; Y401; C407;
1C401, Bt C406; C408; C409;
°%, ’ RA407; R406; R405;
“ R408,
Pin 6 of bVt - Check for an open or short
1C402. 0%, s in associated foil; 1C401
%, or 1C402.
Pin 12 of 0”’7,' L 5 1C402.
1C402. 1.‘1“
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TEST CHART 8

PROGRAMMABLE DIVIDER CIRCUIT

{ } Press the POWER ON button to the off {out} position, 1)

()

installed.

{ ) Remove the
{(GEN-DIV-0SC) circuit board from the chassis.

board.

Install the board combination,

Be sure the tuner-PLL circuit board is properly {
generator-divider-osciilator

Connect the extender circuit board to this circuit ()

Set the METER switch in the TEST position.
Set the RANGE switch in the 15 Vdc position.
Press the KEYBOARD switch to the ON {in} position.

Press the POWER ON button to the ON {in} position,

Check to see that the readout displey goes to 00.1
MHz. Leave the readout at this frequency while
performing the measurements in the following chart.

Perform the measurements in the following chart.

CONNECT BLACK CONNECT RED
TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: POSSIBLE CAUSE OF
TROUBLE:
GND pin. +5V pin. o 'éZ ry 5 Faulty connector.
: é Proceed to Test Chart 1.
Pin & of 1C4086. 1C406; 1C405. No VCO
{‘% g output from the
//,/A tuner-PLL circuit board.
Pin 3 of 1C408, Slightly above 0. ICAQ5; 1C404.
Pin 2 of 1C406. 1C403; I1C404;
1C4086.
Pin 10 of 1C406. }C403; 1C404;
1C405; 1C407.
TEST CHART 10 { ) Setthe METER switch in the TEST position.

FM TUNER AND VCO FREQUENCY SCALER

()

position,

)

Press the POWER ON button to the OFF ({out) ()

Set the RANGE switch in the 15 Vdc position.
Press the POWER ON button to the ON {in) position.

Perform the measurement in the following chart.

CONNECT BLACK
TEST LEAD TO:

CONNECT RED
TEST LEAD TO:

METER SHOULD READ:

POSSIBLE CAUSE OF
TROUBLE;

GND {Upper
support rail}.

VCO OUT terminal
{on master circuit -
board at Tuner).

o 2]
"5
=

The fm tuner;
"5 IC501; 1C502;
ICB03; IC564.
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TEST CHART 11
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Set the METER switch in the TEST position,

Set the RANGE switch in the 15 Vdc position.

KEYBOARD CIRCUIT
{ ] Press the POWER ON button to the OFF (out)
position.

( } Remove the four screws {two on each side) holding
the front panel assembly to the chassis.

{ )} Position the front panel assembly as shown in Figure
1-1 (fold-out from Page 122), so you can watch the
meter and operate the Keyboard buttons.

{ } Press the KEYBOARD button to the ON (in} position,
{ } Press the POWER ON button to the ON (in} position.

{ )} Perform the measurements in the following chart,

NOTE: Refer to the "Keyboard Circuit Board” X-Ray View

on Page 223 for the test point locations.

CONNECT BLACK CONNECT RED
TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: POSSIBLE CAUSE OF
TROUBLE:
Any GND pin, . +BV pin, \ ','9‘9 by Faulty connection,
. . o ,// 5
or chassis. z{,’* Proceed to Test Chart 1.
i
L1. Faulty wiring; diodes
installed incorrectly.
L2. //
\’/ Fy
0 5
L8.
Vol
7
L1, : . i
With Key 1 pressed. 554; SBO01
. 1
%,
L1, _ With Key 3 pressed. S803; DBO1.
i @\ by
7 3
%,
L1 With Key b pressed. S805; D803.
@'\ vy 5
7
%,
L1. ' With Key 7 pressed. 8807, DBO7.
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CONNECT BLACK CONNECT RED POSSIBLE CAUSE OF
TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: TROUBLE:
zé,\ by
5
Any GND pin, L1, With Key 8 pressed. SB09; D812,
or chassis.
,@\ Ll Il ’
%, 5
Lz. With Key 2 pressed. S802.
/6,?\ Lty s
L2. With Key 3 pressed $801; D80Z.
@\ by
7 5
L2. With Key 6 pressed S806; D805.
. vt
42/
L2. With Key 7 pressed DB80B.
S bt
%,
L4, With Key 4 pressed 5804,
'@\ by
7 5
'Z,/{
L4, With Key 5 pressed D804,
/(/?\ by
7, 5
L4. With Key 6 pressec. D806.
V7N
7, 5
L4, With Key 7 pressed, DB8og,
@‘. i 1 B
5, 5
L8, With Key 8 pressed. 808,
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CONNECT BLACK
TEST LEAD TO:

CONNECT RED
TEST LEAD TO:

METER SHOULD READ:

POSSIBLE CAUSE OF

TROUBLE:
{/¢\ L
7 5
//////
L8, With Key 9 pressed 5809; D811.
Zi
\ / /
A 5
/4;
Any GND pin, SHT. With Key 1 pressed D813; Q801.
or chassis.
%
A / /
0 5
4’//;
SHT. With Key 2 pressed. D814,
Z
0 ‘%I "5
Z
SHT. With Key 4 pressed, D815.
AL
\ / 7
0 % 5
SHT. With Key 8 pressed. D816.
o
o %' '
3
SHT. With Key O pressed 5811; RB0O5.
A
Positive (+) o ‘{'é "5
side of CB02. 4
With RESET pressed. S812; R811; CBO2.
4
o' é "5 $813: RBOS;
zZ RB09.
BPS. With no Keys pressed
. vy,
(/////‘ 5
%, $813; RA0S;
BPS. With BYPASS pressed. RBQYg; C&O1.
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TEST CHART 12
PRELOAD DECODER CIRCUIT

NOTE: It is necessary that the keyboard and programmer
circuits are working properly before you perform the
following steps.

{ ) Press the POWER ON button to the off {out) position.

[ } Connect the extender circuit board to the preload
decoder circuit board.

{ ) Install the board combination at the Preioad Decoder
circuit board location.

{ ) Setthe METER switch to the TEST position,

{ ) Setthe RANGE switch to the 15 Vdc position.

{ )} Press the KEYBOARD button to the ON (in) position.
{ )} Press the POWER ON button to the ON {in) position.
{ } Usethe Keyboard and program 96.9 MHz.

( ) Perform the measurements in the following chart.
NOTE: All of the measurements called for in the following

chart are made on the master circuit bhoard at the
QOSC-DIV-GEN circuit board location,

CONNECT BLACK CONNECT RED POSSIBLE CAUSE OF
TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: TROUBLE:"
GND‘pin or +5. o % 'y 5 Faulty connection,
chassis. g Proceed to Test
Chart 1.
PDy Refer to the preload
decoder schematic
PC,. - {fold-out from
o ’g// . Page 204). Check
PCy. g all IC's and circuitry
connected with any
PE;. output pin having an
. incorrect reading.
PD,.
PD,.
PDg.
‘ vV
PC,. } :
PC,. '
PB,.
RE-PGM.

{ } Pressthe RESET button to clear the readout display.
{ ) Use the Keyboard to program 89.3 MHz.

{ )} Perform the measurements in the following chart.
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CONNECT BLACK CONNECT RED 1 POSSIBLE CAUSE OF
TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: TROUBLE:
GND pin or PD;. Refer to the preload
chassis. decoder schernatic
PD,. // ! (fold-out from
0 é i Page 204}, Check
PC,. % afl 1C’s and circuitry

connected with any
PC,4. output pin having

an incarrect reading.
PB,

FD;.

PDs.

N

PC,.

L

PCsg.

PB,.

RE-PGM.

{ ) Press the RESET button to clear the readout display, { } Perform the measurements in the foliowing chart.

{ } Use the Keyboard to program 102.7 MHz.

CONNECT BLACK CONNECT RED POSSIBLE CAUSE OF

TEST LEAD TO: TEST LEAD TO: METER SHOULD READ: THOUBLE:

GND.pin or PD;. Refer to the preload

chassis, decoder schematic
PD;. {(fold-out from

Page 204). Check

all IC's and circuitry
connected with any

PB;. output pin having an
incorrect reading,

AN

PC,.

PD,.
PDs.

PC;.

8

\\\\\\ -

PC,.

PCs.

PB,.

RE-PGM
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ALIGNMENT WITH INSTRUMENTS

NOTE: The fm tuning unit [varactor tuner) was carefully
prealigned at the factory.

Do not attempt to realign the fm tuning unit unless you
have all of the following:

® Ample proof indicating that 8 misalignment exists.

® An understanding of the tuning unit and a thorough
knowledge of the theory involved.

® Complete knowledge of instrument alignment
procedures.

& The special precision equipment listed below.
Precision fm stereo generator — FM Stereo Generator
Type SMG1
Radiometer
Copenhagen, Denmark
{or equivalent)
Precision rf generator — FM-AM Signal Generator
Type 202H
Boonton Radio Company
Rockway, New Jersey
{or 'equivalent)
Audio Voltmeter.
Frequency Counter {100 MHz}.

Adjustable power supply (0 — 20 VDC). Hum and
rippie must be less than .5 mV,

Digital voltmeter.
Do not adjust any transformer, coil, or capacitor unless a
step instructs you to do so, Always perform the adjustments

in the order specified,

The *I-F and Sterec Separation” alignment can be
accomplished without performing the *Varactor Tuner

Alignment.” However, always perform the *|-F and Stereo
Separation” alignment prior to performing the “Varactor
Tuner Alignment.””

I-F AND STEREO SEPARATION

Refer to Parts A and B of Figure 54 for the following steps.

1. Be sure the POWER ON bhutton is in the off (out)
position,

2. Unplug the tuner/phase-lock-loop i-f cable from the i-f
circuit board.

3. Unplug the antenna push-on connectors from the rear
panel.

4, Remove the tuner/phase-tock-loop circuit board from
the chassis, -

5. Install  the extender circuit board in  the
tuner/phase-lock-loop circuit board location.

8. Install the tuner/phase-lock-loop circuit board on the
extender circuit board,

7, Connect the extender cable between the
tuner/phase-lock-loop i-f cable and the phono socket

on the i-f circuit board.

8. Connect the fm stereo generator 1o the antenna leads
coming from the tuner/phase-lock-loop circuit board.

9, Adjus‘t the fm stereo generator to provide the
following output:

100.5 MHz, b kHz;
1 kHz, 100% modulation;
left ch'annel only,

Use the frequency counter to accurately set the
freaquency.

10. Press the POWER ON button to the ON (in} position.

11.  Press the SQUELCH DEFEAT button to the ON {in}

position.

12. Set the METER switch to the NORM (normal}
position,
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13, Set the AGC SQUELCH control fully

counterclockwise.
14, Press the KEYBOARD button to the ON {in) position.
15, Key in 100.5 MHz on the KEYBOARD.

16. Adijust the fm stereo generator output level to place
the signal meter pointer just above midscale. Readjust
the generator as negessary to maintain this midscale
indication throughout the foliowing steps.

17. Refer to Part A and Part B of Figure 5-4 and adjust
the top and bottom slugs of i-f transformer T553 for
maximum signhal meter indication. .

18. Adjust the fm stereo generator output for 1000 uV.

19. Connect an audio voitmeter between the RIGHT
CHANNEL output on the rear panel and the chassis.

20. Refer to Part B of Figure 54 and turn the
SEPARATION ADJUST control {located on the
PLL/multiplex/demodulator  cireuit
counterclockwise until the STEREO lamp just goes
~out. Turn the contro! clockwise until the STEREO
lamp just lights; then continue turning it clockwise for
minimum signal {less than 10 mV) on the audio
voltmeter,

21. Disconnect the audio voltmeter.
22. Disconnect the fm stereo generator.

NOTE: If you are going to perform the varactor tuner
alignment, disregard the following six steps; 23 through 28.

23.  Press the POWER ON button to the off {out) position.
24,  Unplug the extender cable and set it aside,

25, Remove the tuner/phase-lock-loop circuit board from
the extender circuit board,

26. Remove the extender circuit board from the chassis.

27. Install the tuner/phase-lock-4oop circuit board in the
chassis.

28. Connect the tuner/phase-lock-loop i-f cable to the
phono socket on the i-f circuit board.

29, Connect the antenna push-on connectors to the
antenna terminals on the raar panel.

board})

VARACTOR TUNER ALIGNMENT

Be sure the “|-F and Stereo Separation’ alignment has been
compieted before proceeding,

30. Refer to Part B of Figure 5-4 and unsolder and remove
the bottom end of the 18 k&1 (brown-gray-orange)
resistor {(RB14} from the tuner/phase-tock-loop circuit
board.

31. Connect the rf signal generator 1o the antenna leads
coming from the tuner/phase-lock-loop circuit board.

32. Adjust the rf signal generator to 90 MHz

33. Connect the digital volimeter to the output of the
auxiliary power supply. Leave the voltmeter
connected throughout the remaining steps. It will be
used to monitor the power suppty voltage.

34. Adjust the power supply output for exactly 4.78 volts
de.

CAUTION: Be sure the POWER ON button is always in the
ON {in) position before you connect the auxiliary power
suppty leads to the 18 kQ resistor. Likewise, always
disconnect the auxiliary power supply ieads before you press
the POWER ON button to the off (out} position,

35, Press the POWER ON hutton 1o the ON (in) position,

38. Connect the common {ground} power supply lead to
the Tuner chassis.

37. Connect the positive lead to the free end of the 18 kQ2
resistor on the tuner/phase-lock-loop circuit board.

NOTE: Oscillator trimmer capacitor C584 does not require
adjustment. However, if this trimmer has been turned or

. adjusted, return it to its midrange position,

38. Adjust the rf signal generator output level to place the
signal meter pointer just above midscale. Readjust the
generator as necessary to maintain this midscale
indication level throughout the following steps,

39. Adjust the oscillator transformer 7554 for maximum
signal meter indication.

40, Adjust the antenna transformer TB51 and interstage
coils LB52 and L5554 for maximum signal meter
deflection,
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41. Repeat the previous step until no further increase in
the signal meter indication can be obtained.

42. Set the rf signal generator to 106 MHz.
CAUTION: When you adjust the auxiliary power supply
voltage in any of the foilowing steps, do not exceed 18 volts

de.

43, Carefully adjust the power supply voltage for
maximum signal meter indication.

44, Adjust the antenna trimmer, CB52, and interstage
trimmers C564 and C571 for maximum signal meter

indication.

45, Adjust the power supply voitage for exactly 4.78 volts
de.

46. Set the rf signal generator to 80 MHz,

47, Repeat steps 38 through 44 until no further increase
in the signal meter indication can be obftained.

48. Set the rf signal generator to 98 MHz.

49, Cafefully adjust the power supply voltage for
maximum signal meter indication.

B50. Adjust the rf signal generator output level to obtain
full-scale signal meter indication.

NOTE: The following neutralizing adjustment is quite broad

and will have very littie effect on the signal meter indication.
You may skip this adjustment if you wish as it is not
necessary to the proper operation of the tuner,

b1. Adjust neutralizing capacitor €557 for minimum
signal meter indication,.

52, Adjust the power supply voltage for exactly 4.78 volts
de.

53. Set the rf signal generator to 90 MHz.

54. Repeat steps 38 through 44 untit no further increase
in the signal meter indication can be obtained.

55,

b6.

57.

B8.

b9,

60.

61,
B2,
83,

64.

65,

66.

67.

68.

89,

70.

Set the rf signal generator to 87,75 MHz.

Adjust the power supply voltage for maximum signa!
meter indication. This voltage must be 3.8 volts or
greater.

Set the rf signal generator to 108.25 MHz.
Adjust the power supply voitage for maximum signal

meter indication. This voltage must be 18.0 volts or
less,

Set the rf signal generator to 98 MHz.

Adjust the power supply voltage for maximum signat
meter indication, This voltage must be between 7.0
and 8.3 volts.

Disconnect the power supply for the 18 k{2 resistor on
the tuner/phase-lock-loop circuit board,

Press the POWER ON button to the off {out} position,

Disconnect the rf signal generator from the antenna
leads.

Unplug the extender cable and set it aside.

Remove the tuner/phase-lock-loop circuit board from
the extender circuit board.

Reconnect the 18 k& resistor (R514) to the

tuner/phase-tock-loop cireuit board.
Remove the extender circuit board from the chassis.

install the tuner/phase-iock-loop circuit board in the
chassis.

Connect the tuner/phase-lock-toop i-f cable to the
phono socket on the i-f circuit board.

Connect the antenna push-on connectors to the
antenna terminals on the rear panel,

This completes " Alignment With instruments.”
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FACTORY REPAIR SERVICE

Heathkit repair facilities are available to you for particular
circuit board modules or for your complete Tuner. These
services are described below under the headings “Module
Repair Service” and “Kit Repair Service.” You may also
avail yourseif of the assistance of our trained technical
correspondents by letter or telephone.

MODULE REPAIR SERVICE

Ten of the circuit boards in this Tuner contain most of the
electronic circuits. Seven of these circuit boards are plug-in
units and will be referred to as modules. Any of these
modules may be quickly removed for inspection or service.
This service policy applies to only the following circuit
board modules:

Power Supply Circuit Board Module

Programmer Circuit Board Module

Preload Decoder Circuit Board Module
Generator-Divider-Oscillator Circuit Board Module
Tuner/Phase-Lock-Loop Circuit Board Module

I-F Circuit Board Module ‘
Multiplex Circuit Board Module

Special service facilities have been established at our factory
and at Heathkit Electronic Centers to provide you with
quick service and return of modules, After isolating troubles
to a particular module(s), you may return the module(s} for
repair under the terms of this policy, Every effort will be
made to repair the module and have it enroute to you within
48 hours (two working days) after it is received at the Heath
service facllity. '

IN WARRANTY — In addition to our standard 90 davy kit
warranty, any of the above modules requiring service and
returned to a Heath service facility will be serviced or
replaced with no charge for labar or parts.

OUT OF WARRANTY ~— After the standard 90 day kit
warranty expires, any of the above modules requiring service
and returned to a Heath service facility will be serviced or
replaced at a fixed charge of $5.00 per module, including
labor and parts.

How to Return Modules

A special "Module Service” carton (red in color) has been
included with your kit. Save this carton and some loose
packing material. Then, if at any time it becomes necessary
to return a module(s), pack the modulels) carefully in this
easily-identified carton to assure yourself of rapid service,
Inciude the foliowing information in the pack:

1. Aletter describing the difficulties in your Tuner.

2. The chassis series number {on the blue and white
label),

3. Date of purchase and invoice number,

4, Your check or money order covering service fees
($5.00 per module) for “out-of-80-day
warranty’’ service,

5. 5hip the carton by insured parcel post to “Heath
Company, Benton Harbor, Michigan 48022, or
to any one of the Heathkit Electronic Centers
listed in the current Heathkit catalog.

This service policy applies only to thase plug-in circuit board
modules listed above, If the problem appears to be
somewhere other than on one of the listed modules, please
check with our Technical Correspondence Section or your
nearest Heathkit Electronic Center before returning the Kit
for service.

KIT REPAIR SERVICE

See inside the rear cover of the Manual.
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REPLACEMENT PARTS AND PRICE INFORMATION

To order a replecement part: Use the Parts Order Form
furnished with this kit. 1f one is not available, see
“Replacement Parts” inside the rear cover of the Manual.

The prices in the Parts Lists apply only on purchases from
the Heath Company where shipment is to a U.S.A.

destination. Add 10% {minimum 25 cents} to the price when
ordering {(Michigan residents add 4% sales tax) 1o cover
insurance, postage, and handling. Outside the U.S.A. parts
and service are available from your local Heathkit source and
will reflect additional transportation, taxes, duties, and rates
of exchange.



SPECIFICATIONS

MONOPHONIC

Intermediate Frequency . . . .

Antenna . . .. . . .. . . .

Frequency Response

Discriminator . . . . . .

Sensitivity . . . . . . .. ..,

Selectivity {Alternate Channel)

Capture Ratio . . ... ...
Harmonic Distortion . . . . .
Intermodulation Distortion . .
image Rejectioh .......
[-F Rejection ., , ., . ... ..

Spurious Rejection . . . . . .

TUNER

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

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

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

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

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

-------------

-------------

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

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

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

*Rated IHF (Institute of High Fidelity} Standards.

HEATERITE

88.1 to 107.9 MHz,
Digitally synthesized.
10.7 MHz.

75 L or 300 §2.

10 - 60,000 Hz, £.5 dB.

20 to 15,000 Hz, +1 dBE.

Less than 1.8 uVv.*
Greater than 05 dB.*
Less than 1.5 dB.*
Less than 0.3%.*

Less than 0,1%.*
Greater than 90 dB.*
Greater than 90 dB.*

Greater than 90 dB.*

193
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Signal to Noise Ratio (100% modulation) . . . . . . . . .
A-M Suppression

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

Channel Frequency Accuracy . . .+ + « + v v o v« 4 o s

STEREOPHONIC

Channel Separation , . . . . . .« . 0 o v v e e .

Harmonic Distortion {(100% modulation) . . . . . . . . .
Frequency Response . . . . . . . v« v v v o v v o b

19 kHz and 38 kHz Suppression . . . . . . . . . .. ..

SCA Suppression

AUDIO OUTPUT

OutputVoltage . . . .. .. .. .. e e e e e e
{with 100% modulation)

Output Impedance

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

SCOPE OUTPUTS
Horizontal

-----------------------

Vertical

------------------------

GENERAL

Power Requirements

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

AC Outlet

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

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

Mounting
Dimensions Overall

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

NetWeight . . . . . .. . . o v v v v v o v o o v o

*Rated IHF {Institute of High Fidelity} Standards.

Greater than 65 dB.*
Greater than 60 dB.*

Better than 0,005%.

1000 Hz, 40 dB,

80 Hz, 30 dB.

10 kHz, 30 dB.

15 kHz, 25 dB.

Less than 0.36%,

+1 dB, 20 to 15,000 Hz,
Greater than 60 dB.

Greater than 60 dB.

1.0 volts rms nominal.

4700 £ nominal.

0V to 1.0 V peak-to-peak nominal {100% modulation).

0V to 3.0 V DC nominal (full limiting),

105-125 or 210-250 volts B0/80 Hz ac. Power consumption
50 W maximum, :

Unswitched, 350 W maximum.
Cabinet, shelf, wall, or panel.
&' high, 16-3/8" wide, 14-3/4" deep.

15 Ibs. 12 oz.

At —+— -+ == R e ==

The Heath Company reserves the right to discontinue
products and to change specifications at any time without
incurring any obligation to incorporate new features in

products previously sold.



CIRCUIT DESCRIPTION

Refer to Schematic Diagrams (fold-out from Pages 199
through Page 210), and to the Block Diagram (fold-out from
Page 194}, while you read this “Circuit Description.”

A Master Schematic Diagram (fold-out from Page 227)
shows the master circuit board and the wiring
interconnections between the various circuit boards. Refer
to the individual schematics for each circuit board {fold-out
from Page 199 through Page 210),

"To help you locate specific parts in the Tuner or on the

Schematic, the circuit part numbers (R1, C101, L301, ete.} -

for resistors, capacitors, coils, and transistors are in the
following groups:

049 Parts on the master cireuit board.
50-98 Parts on the chassis.

100-199  Parts on the power supply circuit board,

200-292  Parts on the programmer circuit board.

300-389  Parts on the preload decoder circuit board.

400499  Parts on the generator-divider-oscillator circuit
hoard.

500-599  Parts on the tuner-PLL circuit board.

B00-899  Parts on the i-f circuit board.

700-799  Parts on the PLL-multiplexer demoduiator circuit
board,

80C-B99  Parts on the keyboard circuit board.

900-998  Parts on the readout circuit board.

The following paragraphs explain the overall circuit

functions, briefly, in npontechnical terms. Detailed

EWMATIHEIT®

descriptions of circuit operation begin with the title
“Inputs.” This portion of the “Circuit Description” is
intended to be informative, but does not attempt to teach
the digital techniques used in the Tuner,

FM broadcast signals (88.1 to 107.9 MHz) are received by
the antenna and coupled to the tuner, The tuner selects a
particular station signal and converts it to an intermediate
frequency {i-f) of 10.7 MHz,

The tuning unit differs from ordinary fm tuners in that a
mechanical type of tuning is not used, Instead, it is tuned by
applying a dc voltage to the tuning unit.

Any one of three types of inputs can tune the Tuner, The
keyboard, preprogrammed cards, or aufomatic sweep, along
with the associated circuitry, program a divider circuit, The
divider circuit divides the tuner VCO frequency and
compares it to a reference frequency. The result of this
comparison is the tuning voltage. Changing the divide ratio
of the divider circuit changes the dc voitage applied to the
tuner and a different station Is tuned in. A visual display of
the station frequency is provided by the readout circuitry.

Left and right channel signals were produced at the radio
station. These signals were then combined with other
standard fm signals and transmitted. The received signals
from the Tuner tuning circuits are amplified and converted
back into an audio signal by the detector circuit. The
multiplex demodulator circuits then separate and amplify
the left and right channel audio signals.

195
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INPUTS

Each of the three inputs (keyboard, preprogrammed, and
auto-sweep} provide electronic digital tuning of the Tuner, A
keyboard permits manual frequency  selection.
Preprogrammed cards provide selective memory tuning. The
automatic sweep electronically scans through the fm
freguency range seeking stations of a predetermined signal
strength. :

The desired input selection scheme is activated when the
appropriate front panel switch (Keyboard, Auto-Sweep,
Preprogrammed) is pressed. These switches are mechanically
connected in an exclusive OR configuration where only one
input at a time can be selected.

Logic techniques are used to represent the fm station
frequencies. The decimal numbers O through © can be
represented by an 8-4-2-1 binary code as follows:

DECIMAL BINARY
B4 21

0 0000
1 0001
2 0010
3 001-1
4 g100
5 0101
6 0110
7 NEEE
8 1000
9 1001

The fm broadcast band spans from 88.1 MHz to 107.9 MHz,
These freguencies, when converted to an 8-4-2-1 binary
code, are used to program the Tuner. Since 107.9 is the
largest decimal number to be used, it can be expressed as
follows:

AN

Beceuse the number under column A is never larger than 1,
the 8-4-2 in column A is not used.

A B C D

R ——
Not Used

The above terms are combined and expressed in the
remainder of the Circuit Description as follows:
Dy Dy D, Dy

A, Bs B4 By B,  CyC,Cy Gy
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All fm frequencies within the commercial fm broadcast band
end in an odd digit; thatis 1, 3, 5, 7, or 9. Several fm station

frequencies are shown bhelow to illustrate the odd digit.

Because D, is always 1 for all frequencies, it is internally INTERNALLY
fixed, FIXED
Al BS B4 Bz Bl CB C4 Cz C1 Dg D4 Dz D1
99.9 0 1001 1001 100 1
107.1 1 0000 D111 000 1
96.3 0 1001 01190 001 1
98.7 0 1001 1000 011 1
103.5 1 0000 0011 010 1
105.7 1 0000 0101 011 1
88.5 0 1000 1000 010 1
CARD
PREFPROGRAMMED SWITCH
Because both positive and negative logic are used, the terms CARD
H {high} and L {low) will be used in the following discussion
to distinguish between logic levels. The letter H or the word
. g - . &= |NDT USED
“high” will be referred to when the voltage level is between -
o & %= [NOT USED
+3.2 and +5.2 volts. The jetter L or the word “low"” will be o
used when the voltage level is less than +0.8 volts (ground). = ~ EE ;
These H and L designations can be easily converted to 1 and & o ¢
0 logic levels i desired. For positive logic, let logic 1= H and FT ey " ¢
logic 0 = L. For negative logic, let logic 1 = L and logic 0 = il . F—
H Y. R =
. p , C— [NPUT$
v_.1° ~— TO DATA
S - K | MULTIPLEXER
o - E::——
PREPROGRAM CARD READER T o —
& | o > -—-('—"C__““'—""'
The Preprogram pushbutton switch is pressed to activate the "“:'_;...-’: - 8:
preprogram card readers. One of the three card reader <___1@° > g:
switches (A, B, or C} is pressed to select the desired _I §o=NOT USED
' BCD
programmed card. EQUIVALENT REZ:SER
STATION .
. Figure 6-1
In its normal state, the card reader contacts remain closed. FREQUENCY
The plastic preprogram card Is inserted into the card reader KEYBOARD

t0 open unwanted connections. Notches [cutouts}) in the
card permit wanted connections to remain closed. Figure 6-1
illustrates how the notches in a preprogramimed card apply
the BCD (binary coded decimal} equivalent of the station
frequency to the data multipiexer, The D, section of.a
preprogrammed card. is not read by the card readér even
though it may have been removed when the card was
prepared. This is because the D, line is always high for ali
frequencies.

The Keyboard switch Is pressed to complete the ground
circuit to the keyboard keys. Diodes D801 through D812
form a diode matrix that converts the keyboard decimal
numbers to corresponding BCD (binary coded decimal)
outputs. Normally, outputs Lg, Ly, Ls, and L, remain high
{positive voltage}. When one of the ten keys is pressed, the
appropriate L outputs are grounded (iow) and remain
grounded until the key is released.
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Figure 6-2

Figure 6-2 shows how keyboard key & produces a BCD
output of Lg = high, Ly = low, L, = low, and L; = high,
{These outputs are in negative logic.)

Diodes DB13 through DB16 and transistor Q801 form a
NOR gate circuit, Because 0BQ1 is normally biased to
conduct, its output is low. However, when one of the four
keyboard outputs is low, or when key O is pressed, Q801 is
turned off and produces a high {positive voltage) shift signal,

AUTOMATIC SWEEP

- The Auto-Sweep switch places a low {ground) on the inputs

of several NAND gates in the data multiplexer. it also
initiates the count down signal,

Because 107.9 MHz is the highest fm station frequency, it is
necessary to start the sweep above this point. The logic
signal applied to the NAND gates is the BCD equivalent of
107. (10},
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Although the 107. {10} is entered into the data multiplexer,
the count down signal immediately causes a count down,

Thus, the first number to be seen on the readout is 107.8.

DATA MULTIPLEXER

The data multiplexer circuitry, IC5 through
IC8, is located on the master circuit board, It
directs the BCD information from the three fm
station selection inputs to the programmer

2

circuit. :
‘NOT‘:H :;EOY’QOAR D :391'% ~SWEEP
. / 45V +5V

The input AND gates, IC5 through IC8, are 4
interpally connected so the inputs assume a ! "

sy » B S—
positive voltage (H) when they are open cir- :Jﬁ lr_l nanp oM
cuited, A high output is produced only when all A anp e
three inputs are open circuited (H) at the same
thne INPUTS

8 TG

PROGRAMME R
CIRCVIT

When .the Preprogram switch is pressed, the
appropriate card reader contacts are connected
to ground {L). Only when the preprogrammed
card opens the desired card reader contacts
does the particular AND gate produce a high
output. :

The keyboard and autc-sweep inputs to the
‘data multiplexer output NAND gates are both
connected to a positive voltage (H) in the
preprogram mode. The output from these
NAND gates is low only when all three inputs
are high at the same time,

Figure 6-3 illustrates how & notch in the
preprogrammed card applies a high to the input
of the programmer circuit. 1t shows also how
no notch in the card produces & low input.

When the Keyboard switch is pressed, all three

)
/1

CONTACTS
OPEN '

X

=g

.

AND F

Figure 6-3

T {x =

outputs are now alllhigh because all of the inputs are open
circuited (H). Also, because all NAND gate inputs are H, the
inputs to the programmer circuit are L.

As explained previously, when a decimal number key is
pressed, the appropriate outputs are grounded (L}. A low on
the NAND gate inputs causes a high output.

The auto-sweep mode places a low on six NAND gate inputs
as explained previously, This low is the BCD equivalent of
107.(10). The programmer circuit input then appears as

card readers are open circuited, The AND gate follows: .
1 0 7 (10)
Ay By B4 By By Ce Gy G G Dg D4 Dy
H L L L L L HH.H H L H




Page 200
ge 200 EQ=marsxs]
. .
! EfR LY
1 UL 22
: : 14 P 1C 205 I
1 2
: [ LT
I s Y — P
. 1
: i i 5[ 7
1 1 1 ! &
1 : | : ; il % n 9
Ic204
| kel | . < ol
i : 12 BCP - . 12 BCD
: i® I ; INPUTS R oap af— [OUTPUTS
3
. :I 1 R |
1 i
(+5V 5w} €} : 55 o
: L : i caos 1 .
= ._...-l
: [JIJ : 14 1
2 !
| : : s oap %
T3 peE PREPROGRAMY SR
1
1 2R a,
+5v : 1 g o l.q_
§ 6812 H 2 1czoe %
P i Mle  wmecaoie 08
_4 st i 2l
i | % LoAD o™
L€ EATI. RST 2
RESET REN :
10K,
1
1
1
KEYBOARD !

PROGRAMMER CIRCUIT BOARD

Ll-————--——----l-_-—--_hllll---_—----H_------_n-u“—--—

Figure 6-4
PROGRAMMER

PREPROGRAM MODE

The RST {reset} line to the programtner circuit board is
normally connected to ground (L} through R812 on the
keyboard and the Preprogram switch, In the preprogram
mode, however, the RST line is open circuited as shown in
Figure 6-4. All of the OR gates of IC207 are internally
connected so the inputs assume a high (H) level when they
are open circuited. The RST line will then let cne input (pin
10} of 1C207C assume a high; this results in a high output. A
high to one input of each NOR gate (IC206A, iC2068B,

IC206C, and 1C206D) produces a low output from each
gate,

A low to the Ioad inputs of the registers; A, B, C,and D
(16202, €203, 1C204, and 1C20B); allows the BCD station
information present on the twelve input lines to enter the
registers, Since the register load lines are always low
whenever the preprogram mode is selected, the BCD station
information on the preprogrammed card appears at the
twelve register outputs,
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KEYBOARD MODE

in the keyboard mode, a register will not accept an input
unless its load line Is low. Also, since the BCD information
from the keyboard can represent only one number at a time,
it is necessary to direct this information to the proper
register. A shift register (IC201} is used for this purpose.

Initially the outputs (Q1, 02, O3, and Q4} of shift register
1C201 are low. This permits the NOR gate circuit, diodes
D201 through D204 and transistor Q201, to place a high at
the serigl input (DS) of the shift register, A shift pulse
applied to the shift right input {CL) shifts the high from the
DS input to the Q1 output. As soon as one of the O outputs
is high, the NOR gate circuit (D207 through D204 and
Q201) remeves the high from the DS input and holds it low.
It witl remain low until all the shift register outputs are again
low. A second shift pulse shifts the high from the Q1 to the
Q2 output, leaving Q1 low. A third shift pulse shifts the high
from the Q2 tc the O3 output, leaving Q2 low. A fourth
shift pulse shifts the high from the O3 to the Q4 output,
leaving Q3 low. '

As previously explained, a positive shift signal is produced
by the keyboard whenever one of the keyboard output fines
is low. This positive shift signal is coupled through capacitor
C204 to NOR gate 1C209C. NOR gates 1C209C and 1C209B
form a one-shot multivibrator circuit. This circuit, in effect,
holds the shift pulse for a short period of time (10
milliseconds) and blocks any switch bounce pulses that may
have occurred. The output from {C202C is coupied through
NOR gates 1C209A and 1C208D to the shift right input (CL}
of shift register 1C201.

Normally, t,h'e inputs (keyboard outputs L,, Ly, and Ly) to
NAND gate IC1B are high. This makes the output of 1C1B
{A,) low. (IC1B is located on the master circuit board.)
Whenever keyboard-keys 2 through 2 are pressed, at least
one of these keyboard cutputs will be low. A low at any of
the NAND gate inputs will cause a high at A ,.

Transistor Q1 functions as an inverter, The output of Q1
(A, ) is always opposite A, When A, Is high, A, is Jow.

The first number entered on the keyboard will initiate the
first shift signal. A shift right will occur within the shift
register and place a high at the Q1 output. This high is
coupled through capacitor C213 to AND gate |C208D. If
the first number is either 2 1 or 0, the A, input will be high,
A high input at both inputs ef AND gate 1C208D will
produce a high output. A high input to NOR gate |C206C
will produce a low output. Now that the register A load line
is low, the BCD information {1 or 0} on the A; input line is
loaded into register A. :

However, if the first number entered on the keyboard was
other than a 1 or 0, the A, input is low. A fow at either
AND gate {IC208D) input will place a low on the input of
NOR gate 1C206C. This prevents register A from loading.
But now, both output Q; and A, are high, Anytime these
inputs to AND gate 1C208C are high, a second shift pulse is

"produced at the output. This second shift pulse places the

Q, output of 1201 high and this high is coupled through
capacitor C212 to NOR gate IC208D. The output of
IC206D, now low, aiso places the register B load line low.
Thus, if the first number entered is other than 1 or G, it will
be placed in register B,

As the last number is entered, the O, output of shift register
IC201 goes high, This high is applied to one input of NOR
gate 1C2090 to prevent additional shift pulses from reaching
the shift right (CL) input of 1C201.

Pressing the Reset key applies a high through capacitor C802
{on the keyboard) to the inputs of 1C2070 and IC207C. OR
gate 1C207D places a high to the MODE CONTROL and
STROBE inputs of 1C201 and clears the shift register so all
Q outputs are low, 1C207C also places a high at one input of
each NOR gate of 1C206. The load lines to registers A, B, C,
and D are low and aliow the lows (zeros} present on all input
fines to enter the registers.

During the keyboard loading process, the audic signals are
squelched. The signal at the Q4 output of the shift register is
also present at the squelch output {SQ), When Q4 is low,
which occurs during keyboard loading, the audio signal is
squelched. After the last number has been entered, the Q,
output is high, This high at the SQ output allows the squeich
circuits to function normally.

AUTOMATIC SWEEP MODE

In the automatic sweep mode, registers A, B, C, and D are
used to count down. These registers are first loaded with the
BCD equivalent of 107. {10); then a pulse signal is applied to
make them count down. When the count reaches the BCD
equivalent of 87.9, a reset occurs, reloading the 107, {10)
into the registers.

Pressing the Auto-Sweep switch applies the BCD equivalent
of 107. (10} to the input lines of register A, B, C,and D. It
also places +5 volts {H} on the B+S line. This high is coupled
through resistor R205 and capacitor C203 to the RST
{reset) line. A high to the input of OR gate IC207C also
places a high on the inputs to the NOR gates {A, B, C, and
D) of IC206. All of the outputs of 1C206 are momentarily
low; this allows the registers to load the 107. (10)
information present on the input lines,
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The Auto-Sweep switch also connects +5 volts to the +6V
SW line of the generator-divider-oscillator circuit board. This
voltage is the power for 1C408, An astabie multivibrator
dircuit, 1C408C and IC408B, applies a pulse 1o a squaring
circuit, 1C408A and 1C408D. The frequency of this pulse
generatbr is adjustable by control R61 from approximately
.1 to 10 pulses per second. This signal is used in the
automatic sweep mode to pulse the count down register, An
input (sweep stop) that is used to stop the pulse generator
" wili be explained later,

The pulse generator signal serves two functions, First, it
pulses the clock (C) input of the first down counter (register
D) to cause it to count down. Second, it is used to
synchronize the load signal.

Registers A, B, and C countdown {9, 8,7,6,5,4,3,2,1,0,
9, 8, etc.) one number at a time. A count down occurs each
time the clock input goes from a low to a high level, This
clock pulse is formed by the output of the preceding
register,

Unlike the other registers, when register D counts to zero it
internally produces a reload signal, The BCD information
{Dg = H, D, = L, D, = H) present at the input is reloaded
into the register when the pulse generator signal goes low.
When the signal returns high, the register counts down to 4.
The reload and first count down happens very gquickly due

s

to the short duration (approximately 40 to 70 usec) of the
pulses, Each time the register reloads, the low to high (0 to
+6V) transition at output 04 is coupled to the clock input
of register C; this causes it to count down one number,

NAND gates 1C210C and IC210D form an R-S type
flip-flop. When the set input (pin 13 of IC210D} goes low,
the flip-flop sets so the output is also low. When the reset
input {pin 10 IC210C) goes low, the fiip-flop output resets
so the output is high. .

The squelch circuit which will be explained later, supplies a
STOP signal to the set input of the flip-flop, A STOP signal
{low), applied to the R-S flip-flop, produces an SWP STOP
output signal (low) which stops the pulse generator circuit.
This, in turn, causes the automatic sweep count down to
also stop, The flip-flop will remain in its set condition even
if the STOP signal goes high. ’

The reset input {pin 10 of 1C210C} is connected to +5 volts
{high} through resistors RB09 and R808 on the keyboard
circuit board. The Bypass keyboard key resets the flip-flop
by placing the reset input to ground (low}. When the
flip-flop resets, the output (SWP STOP) goes high, the pulse
generator restarts, and the count down of the register
continues,
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READOUT CIRCUIT BOARD

The readout circuit consists of four numerical display tubes
and three BCD-to-seven-segment decoder driver Integrated
circuits, Tubes V902, V903, and V904 are _similar
seven-segment display tubes with the exception of the
decimal peint in V804, Tube V901 is a two segment tube
that can only display the numeral 1. The numerals of each
tube are lighted by grounding the appropriate segments,

Integrated circuits 1CO01, ICB02, and 1C903 decode the
BCD ({binary coded decimal} information from the twelve
output lines of the programmer circuit board, The D, input
(pin 7} of 1CB03 is always tied to a high (+5V). This allows
only the odd numerals of V904 to light.

Decima! point input (pin 5} of 1C903, which is connected to
+56 volts (high}, holds the output (pin 4} grounded {low).

This ensures that the decimal point in display tube V904 is
always lit.

“The segments of display tube V901 are connected to the

decimal point outputs {pin 4) of IC801 and 1C202.
Whenever the decimal point inputs (pin B) of 18901 and
IC902 are high, both segments of V3801 are grounded and
light the numerat 1. Since the decimal point inputs are both
connected to input Ay, the numeral 1 of tube V901 is lit
whenever A, is high.

When the L/T (light test) switch S57 is prassad, the L/T
inputs {pin 3) to IC201, 1C202, and ICO03 are grounded.
This causes all outputs of each integrated circuit to go low
and light ali the display tube segments.

Transistor Q901 is the reprogram lamp driver and is
discussed in the description of the preload decoder circuit.
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PRELOAD DECODER CIRCUIT BOARD

The logic circuitry located on the preload decoder circuit
board receives the BCD (binary coded decimal) station
information and converts it to another binary number. This
new binary number is used to load the programmable divider

circuit. Logic redundancies eliminate the need for binary

inputs beyond B, ; this simplifies the logic circuitry. Also,
because the Py, output is always high, it is not required.

The following chart shows each fm station freguency and
the correspondina preload decoder output,

Preload
Station Decoder
Frequency (MHz) Output

881 ¢ 150
88.3 151
88.5 162
88.7 153
88.9 164
89.1 165
89.3 156
80.5 157
89,7 168
89.9 150
90.1 160
90.3 161
90.5 162
90.7 - 163
90.9 164
91.1 165
91.3 166
91.5 167
91.7 168
91.9 169
92.1 170
92.3 171
92.5 172
92.7 173
92.9 174
83,1 175
93,3 176
93.5 177
93.7 178
93.9 179
84.1 180
94.3 181
94.5 182
94,7 183
94.9 184
95,1 185

95.3-- 37+ 186

Station

Frequency {MHz)

95.5
95,7
95.9
96.1

96.3
96.5
96.7
96.9
97.1

97.3
97.5
97.7
97.9
98.1

98.3
98.5
98.7
98.9
99.1
99.3
98.5
99.7
89.9

100.1
100.3
100.5
100.7
100.9
101.1
101.3
101.5
101.7
101.9
102.1
102.3
1025
102.7
102.9
103.1
103.3
103.5
103.7
103.9
104.%
104.3
104.5
104.7
104.9

Preload
Decoder
Output

187

188
189
190
191

192
193
194
196
196
197
198
199
200
201
202
203
204
205
206
207
208
200

210
211
2
213
214
215
216
217
218
219
220
27
222
223
224
225
226
227
228
229
230
23
232
233
234
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= s B AT ITY
Preload
Station Decoder
Frequency {NMHz) Output
105.1 . 235
105.3 ‘ 236
105.5 237
105.7 238
105.9 239
1061 240
108.3 241
106.b 242
106.7 243
106.9 244
107.1 245
107.3 246
107.6 247
107.7 248
107.9 249

A reprogram circuit will turn on the Re-program light and
squetch the audio signal if the Tuner is programimed outside
the fm frequency band {88.1 to 107.2 MHz),

Part of this cireuit; IC9A, 1CBB, 1C9C, ICID, and Q2; is
located on the master circuit board, The four two-input OR
gates form the equivatent of a single five-input QR gate.
Transistor Q2 is an inverter and makes the entire circuit a
five-input NOR gate. The five inputs {Bg, B4, B,, By, and
Cg) are from the programmer circuit. Only when all of the
inputs to this NOR gate are low will the BO’ output to the
preload decoder be high.

The remaining portion of the reprogram circuit (IC301A,
IC301B, IC310A, IC3108, 1C310C, 1C310D, IC303E, and
Q301) is located on the preload decoder circuit board.
Inputs to this cireult include BO', A, By, B,, Cg, and B,.
The preload decoder output {RE PGM) is connected to the
reprogram squelch circuit on the multiplex circuit board and
to an input (INV IN} of the readout circuit board. When this
sighal is high, it wil} cause the squeich circuits to squeich the

" audio signal. Also, transistor Q901 on the readout circuit -

board functions as a switch and turns an the Reprogram
light whenever the reprogram signal is high.

GENERATOR-DIVIDER-OSCILLATOR
CIRCUIT BOARD

The generator-divider-osciilator circuit board contains three
separate circuits; a pulse gerierator, a programmable divider,
and a 100 kHz oscillator.

PULSE GENERATOR

The puise generator, an adjustable astable multivibrator,
supplies a pulse to the automatic-sweep down counter. This
circuit was explained previouslty in the programmer
description on Page 200,

PROGRAMMABLE DIVIDER

The programmable divider consists of three programmable
up/down decade counters; 1C403, 1C404, and IC405; in
cascade. A common load line is used to simultaneously
reload the counters when a negative going {low) pulse is
received from the recycle logic. BCD inputs received from
the preload decoder are always present and will not change
unless a different fm frequency is selected, Each counter will
count down to zero from the loaded count and then
function as an ordinary decade counter until the next load
pulse, The input {DIV IN} to the programmable divider is
the VCO (voltage controlled oscillator) scaler output from
the tuner circuit board. (The VCO signal will be explained
later on Page 206.} Since this VCO signal causes the counter
to count down, it is divided, as determined by the BCD
inputs, by the counter,

Due to propagation delay, it is impossible to reload at the
end of a count and not lose several pulses. Therefore, a
recycle logic circuit is used to ‘“anticipate” the last count.
The recycle logic consists of IC406A, IC406B, IC406C,
IC407A, 1C407B, and 1C407C. This circuit senses the BCD
output state of each counter. WhenB=0,C=5,and D=7,
the output (pin 6) of NOR gate 1C408B goes high. The very
next putse from the VCO scaler {DIV IN) causes the output
{pin 8} of NAND gate ICA07C 1o go low. This negative
transistion reloads the programmable divider to restart the
count down sequence again. Thus, the recycle logic is
“setup’ at count 57, but the actual reload occurs on the
next VCO input pulse {count 55) .

OSCILLATOR

A highly accurate 100 kHz oscitlator is formed by NAND
gates |C401A, 1C401B, and crystal Y401, NAND gates
IC401D and IC401C, connected in an R-8 flip-flop
configuration, provide a symmetrical square wave output.

J-K flip-flops 1C402A and 1C4028 form a divide-by-four
circuit. The 100 kHz signal, when divided, produces a 26
kHz output signal. This 25 kHz signal is used as a reference
signal for the phase detector {input X) on the tuner circuit
board.
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TUNER-PLL CIRCUIT BOARD

FM TUNER

EM broadcast signals (88.1 to 107.2 MHz) are received by
the frn tuning unit and converted to an i-f frequency of 10.7
MHz. The tuning unit contains two rf amplifier stages in a
cascade configuration, a mixer stage, an oscillator stage, and
a buffer stage. FM signals are coupled from an external 300
or 75 ohm fm antenna to the primary winding of
transformer T551. The secondary winding is part of a tuned
cireuit which is tuned to the frequency of the desired station
by  voltage-variable-capacitance = diode D551. The
characteristics of this diode are such that it has a certain
amount of capacitance. The amount of capacitance is
proportional to the dc voltage applied to the diode. The
selected signal from this tuned circuit is coupled to the gate
of transistor Q551 for amplification. From the drain of
Q561, the signal is coupled through capacitor CBE1 to the
drain of transistor Q562 for further amplification. From the
source of Q552, the signal is coupled through capacitof
CE68 to the gate of transistor Q554.

The input signal is also tuned by two resonant circuits
composed of voltage-variable-capacitance diede D852 and
coif 1552, and voltage-variable-capacitance diode D553 and
coil L6554, The signal is then mixed with the local osciilator
signal in transistor (554 and coupled through transformer
T5563 to the i-f circuit,

Transistor (663 operates as a grounded base oscillator, The
‘frequency of this oscillator, which is 10.7 MHz above the
incoming «f signal, is determined by the tuning action of coil

TEG4 and voltage-variable-capacitance diodes D554 and
DEB5. A portion of the oscillator signal is coupled through
the secondary winding to the source of transistor 0554, As

‘the oscillator signal and rf signal are mixed, they produce a
10,7 MHz i-f signal which is then coupled through the i-f
transformer, T5583, to the i-f circuits.

The oscitlator signal is also coupled through capacitor C582
to the emitter of transistor Q655 for amplification and
isolation. Transistor QbB5GG, a grounded base amplifier,
amplifies the oscillator signal to approximately 1.0 volt
peak-to-peak, The frequency range of this signal is 98.8 MHz
{88.1 + 10.7} to 118.6 MHz (107.2 + 10.7). The output
from this circuit, the VCO {voltage controlled oscillator)
signal, is divided by the VCO scaler circuit and applied to
the programmable divider circuit.

VCO FREQUENCY SCALER

The VCO frequency scaler is a high speed divide-by-eight
circeuit made up of three divide-by-two circuits. This circuit
divides the 98.8 to 118.6 MHz VCO frequency from the.
tuner by eight to provide a 12.350 to 14.825 MH:z square
wave to the programmable divider circuit.

IC501A and ICE01B are OR/NOR gates connected in series
to form another buffer amplifier. This buffer stage is needed
to drive |CB02, & high-speed type-D flip-flop, the first
divide-by-two circuit. The output of IC502 drives the second
divide-by-two circuit, ICB034A, a J-K flip-flop. The output of
IC603A drives the third divide-by-two circuit, 1C503B, also
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a J-K flip-flop. The series combination of these three

flip-fiops provides a frequency scale factor of eight
‘ VEo

(VCO+2+2+2= 5

The cutput of ICB03B is coupled through capacitor C503 to
NAND gate 1C5040. NAND gates 1C504C and IC504D form
an interface between the VCO frequency scaler and the
programmable divider circuit previously explained.

PHASE DETECTOR AND LOCP FILTER

The phase detector and loop filter compares the 26 kHz
reference signal with the divided VCO signal. When these
sighals differ in frequency or phase, a tuning voltage is
produced and applied through the loop filter to the tuner.
As this tuning voltage causes the tuner to change frequency,
the VCO output and, in turn, programmable divider output
also change accordingly until the phase detector output
teturns 1o zero.

The phase and frequency detector #1 of IC505A compares
the X input {programmable divider output) to the Y input
{25 kHz reference), If the X input is lower in frequency (lags
in phase) than the reference signal at input Y, the output at
pin 13 goes low, When the X input is higher in frequency
{leads in phase) than the reference signal at input Y, the
output at pin 2 goes low.

A charge pump, IC505B, changes the phase detector outputs
to fixed amplitude positive {or negative) pulses, These pulses
are applied to an integrator (RH605, RS06, and CH0B) and

the loop filter circuit {0501, 1C505C, Q502, and Q503).
The loop filter provides a dc voltage proportionat to the
phase errar between the X input and the Y input. When
tuned to B8.1 MHz, the voltage applied to the tuner by the
loop filter is approximately +3.5 volts de, while at 107.9
MHz, the voltage is approximately +15 volts de.

“UNLOCKED"” DETERMINING NETWORK

The phase and frequency detector #2 of ICHOBA also
compares’ the X input to the Y input for a phase or
frequency difference. An R-5 type flip-flop, formed by
NAND gates IC504A and |C504B, is followed by an
integrator {R517, DBO01, and C508) and & driver transistor,
Q504

When the tuner VCO is phase-locked to the reference
oscillator, the R-§ flip-flop remains in a steady state in
which the output at pin 3 is at a positive voltage ievel, This
positive voltage causes (504 to conduct, coupling a low -
voltage level to the squeich circuits, Also, because transistor
Q505 is held cut off, the “UNLOCKED" indicator will not
light.

However, if the tuner VCC becomes unlocked from the
reference oscillator, the R-S flip-flop produces a series of
puises, the first of which will turn Q504 off. This places a
positive voltage to the squeich circuits {causing the audio to
squelch) and 1o the base of Q505 and turns QBOS on.
Whenever transistor Q505 conducts, the “UNLOCKED"
indicator lights.
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I-F AMPLIFIER CIRCUIT BOARD o

The 10.7 MHz signal is coupled from the tuner to pin 3 of i-f
amplifierdimiter 1C601, 1CB01 amplifies the signal and
provides the proper impedance matching between the tuner
and LC filter FB01, The LC filter provides selectivity for the
if signats and exceptional phase linearity for optimum
multiplex performance.

The signal is coupled from pins 3 and 4 of filter F601 to the
inputs of amplifier 1C602. This i-f amplifier has very high
gain, extremely good limiting qualities, and a low output
impedance. LC filter F602 is identical to filter F801. The
signal is coupled from pins 3 and 4 of filter 602 to ?he
inputs of amplifier 1C603. In addition to serving as a high
gain amplifier, 1C603 also drives the digital detector circuit,
1C604.

The digital detector circuit contains a retriggerable
monostable multivibrator (IC604) and two - integrator
circuits R609, R612, and CB610; and RE11, RE13, and
£640). A puise at the input {pin 1) of IC604 will cause it to
change states for a fixed period of time. The amount of time
_is determined by the values of capacitor C636 and resistor
RB0D8. This provides an output pulse of a constant width and
amplitude each time the multivibrator is triggered and rests,
Because pin 2 (B2) is connected to pin & {Q), the
multivibrator will only trigger on every other output pulse
from ampiifier 1C603.

An integrator at each output of IC604 produces & voltage
directly proportional to the spaces betweén the output
pulses of the multivibrator. The integrator thus produces an
audlo signal fram the frequency modulated-sigral. Since the
multivibrator output signals are out of phase, the integrator
output signals are also out of phase.

Operational amplifier IC606 amplifies the integrator output
sighal. Because these signals are out of phase and applied to
the + and — amplifier inputs, they will be added together or
summed before they are amplified. Any in-phase signals
caused by noise, appearing at both the + and — inputs of
1C605, will subtract or cancel. This provides a good signal to
noise ratio. The composite output signal from I1C605 is
coupled to the multiplex demodulator circuits.

I-F amplifier 1C603 also contains a quadrature circuit that
produces a dc voltage at pin 1 if the received i-f signal is not
in the center of the bandpass. During the auto-sweep mode,
this deviation circuit overrides the agc (automatic gain
control} signal untit the received signal is at the center of the
bandpass. Once the signal is at center frequency, and
providing there is sufficient agc level, the sweep-stop and
squelch circuits wilt stop the sweep and unsqueich the audio
signal, Coil L602 is adjusted during the tests so the output
of the amplifier is zero voits when the i-f circuit is at center
frequency., Amplifier 10803 and transistors Q605, Q606,
0607, and Q801 amplify the deviation signal and couple it
to the squelch and sweep-stop circuits on the multiplex
demodulator circuit board.
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Part of the 10.7 MHz i-f signal at the output of LC filter
F601 is coupled through C606 to first agc amplifier 1ICB07.
The output of IC607 is coupled to the input of the second
agc emplifier, ICB08. Again the signal is amplified and
coupled from the output, pin 1, of 1C608 through C634 to
reciifier diodes D603 and D804, After being rectified, the dc
voltage is filtered by capacitor C643, resistor R634, and
capacitor C645 and then coupled to the fm tuner to control
the gain of transistor Obb1.

AGC {automatic gain contro!) voltage Is proportional to the
strength of a received signal and is applied to the gate of
Q551 in the fm tuner. Therefore, as stronger station signals
are received, more age voltage is applied to the gate of Q551.
Since increased agc voltage reduces the amplification of
Q551, overloading and distortion is prevented on strong
signals.

The amptified age signal from 1C608 is also coupled through
633 and applied to a voltage doubler circuit (peak-to-peak
detector), D606 and D605, before it reaches transistor
0604, The output signal from Q604 is a representation of
amplitude variations of the received signal. From the emitter
of Q604, this signal is coupled through R649 and D602 to

the squelch and sweep-stop circuits on the mutliplex circuit
board. Also, this signal is coupled through resistor R648 to
the meter. The meter then provides a relative indication of
signal strength.

The agc output from pin 8 of 1CB08 is coupled through
capacitor €631 to a voltage doubler {peak-to-peak detector)
circuit consisting of diodes DB01 and DB02, These diodes
are biased on by a divider network, RB39 and RB41, so the
slightest rf signal at the input wili cause a positive voltage at
the output of emitter follower Q602. This output voltage,
which is applied to the SCOPE VERT connector, is a
representation of amplitude variations of the received signal.
The scope vertical is used in conjunction with the composite
{scope horizontal) signal as inputs to an oscilloscope
multipath indicator.

Another doubler circuit (peak-to-peak detector} is formed
by diodes D607 and DB0B. This circuit further detects the
amplitude variations and applies a dc voltage to the meter;
this gives an indication of multipath conditions.
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MULTIPLEX CIRCUIT BOARD

A L+R (MAIN CHANREL)

B L-R {SUBCHANNEL!

C L-R (SUBCARRIER]

D 19kKz (PILOT)

Figure 6-5
MULTIPLEX DEMODULATOR

Left and right channel signals are produced by a radio
station that is broadcasting fm stereo, The transmitting
circuits then combine these signals to produce the L + R
{main channe!} signal signal shown in Figure 6-6A and the L
— R {subchannel} signal shown in Figure 6-5B, Note that the
L — R signal is superimposed on a 3B kHz signal as shown in
Figure 6-5C. This amplitude-modulated L — R signal .is
transmitted as the subcarrier channel.

The L + R {main channel) signal and the L — R (subcarrier)

signal are combined with the 19 kHz pilot signal shown in

Figure 6-50, and the whole complex signal modulaies the
~ transmitted rf carrier.

A second subcarrier signal is transmitted by some stations at
& frequency of 67 kHz. This channel, which Is modulated by
a commercial music signal, is catled SCA (Subsidiary
Communications Authorization} channel, '

o L-R !
AUDIO : SCA SIGNALS
MULTIPLEX SIGNALL(NOT TRANSMITTED
——PILOT” \{BY ALL STATLONS}
J & | TONE |
= . o
= L=
<C gt
¢ = =3z mEl 2 X
- R S v Ezz 2| X =
Eoowm oo om wOX nleg - °
= — — o~ mgu (1o} =3 =]
= [%4]
Figure 6-6

Figure 6-6 shows the different components in a commercial
stereo fm signal, The L + R signal, which is in the audio
spectrum {60 Hz to 16 kMz), is called the “main channel.”
Monophonic fm tuners use only this part of the signal, and
the remaining signal - components are attenuated by a
de-emphasis network.

For simpiification, the internal operation of the
phase-lock-loop, multiplex demoduiator integrated circuit
{IC701) will not be discussed in detail. However, its
functional relationship with associated circuitry will he
discussed.

IC701 completely demodulates .the corrip&ex stereo signal,

capacitively coupled to pin 2, into its proper left and right
channel audio signals which appear at pins 4 and 5
respectively, This integrated circuit has the abllity to cancel
the ultrasonic components (SCA) that would otherwise be
present at the audio output. Previously, elaborate filters had
to be designed to accomplish this, sacrificing high frequency
audio separation in the Tuner,

The voltage at pin 6 is connected through switching
transistor Q718 to one side of the stereo indicator lamp
whenever a 19 kHz stereo pilot tone is present, The other
side of the stereo indicator lamp is connected to the squelch
circuit which will be explained later.

A 19 kHz circuit within 1C701 functions as an inductorless
filter. This is a phase-locked-loop circuit in which an internal
oscillator is phase locked to the incoming 19 kHz pilot tone.
Capacitor C705 and resistors R705 and R706 determine the
frequency of the oscillator, Resistor R7086 is adjusted to fine
tune the oscillator for optimum phase-lock perfarmance, for
greatest stereo separation, and for minimum audio
distortion. The remaining components associated with
IC701 set the bandwidth and 19 kMz acquisition range.
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The right and left channel amplifiers {Q701, Q703 and
Q702, Q704} are direct coupled and apply the detected
audio signals through R721 and R722 to LC filters L704
and L705. These filters remove all unwanted signals above
15 kHz that may still be present on the audio signals. The
outputs of filters L704 and L7065 are coupled through dicde
switches D701 and D702 and capaciters C712 and C711 to
emitter followers Q708 and 0707.

Diodes D707 and D702 are part of the audio sguelch circuit
and are either saturated or cut off, depending on the state of
the squelch driver G711, Diode D703 is also part of the
squeich matrix, but is always at a state opposite that of
dicdes D701 and D702, The emitter follower output
provides a low impedance output to an external amplifier.

NOISE CIRCUIT

Transistors Q712, @713, and Q714 form a noise amplifier
circuit. This circuit applies a signal to the sgueich circuits
that causes the audio to squelch {turn off) whenever noise is
present. Resistor R704 and the Noise Squelch control, RB4,
provide a variable divider input to the amplifier. Coil L706
and capacitor C721 form a circuit that is tuned to
approximately 100 kHz. When noise is present, it will have a
100 kHz component that can be used as an indication of
signal quality,

Transistors Q712 and Q713 amplify the 100 kHz noise
signal hefore it is rectified by diodes D711 and D712.
Resistor R746 and capacitor C726 form a delay circuit that
simply prevents random noise pulses from triggering .the
squelch circuits, Q714 further amplifies the dc signal and
appiies it through D713 and D714 to NAND gate IC702A.

SQUELCH CIRCUIT

The function of the squelch control circuit is to accept
inputs from various sources within the Tuner and determine
from these inputs the state of the audio squelch control
voitage {audio on or audio off), These various inputs are
themseives determined by the operational state of the entire
Tuner. In the automatic sweep mode, the squelch control
srcuit also delivers a “'stop”’ signal to the auto-sweep circuit.
Figure 6-7 shows the overall squelch circuit.

The main logic element of the sguelch circuit is the 4-input
NAND gate, |C702A. The output (pin 8} of this gate will
emain high until all the inputs are simultaneously high.
Nhen this occurs, the output switches to a low. Should any
¥ all of the inputs become low, the output will immediately
»ecome high. The output of IC702A is coupled through
felay network D715, R756, and C723 to emitter follower
ransistor Q715.

Transistor (1715 drives three circuits; the sweep-stop circuit,
the stereo light control cireuit, and the audio squelch circuit,

In the auto-sweep mode, the signal at the emitter of Q715 is
coupted to the sweep-stop flip-flop {IC210C and 1C210D)
on the programmer circuit board. When al! of the inputs to
NAND gate IC702A are high, the output is low. This turns
off transistor Q715 and couples a low to the sweep-stop
circuit causing the sweep to stop.

Figure 6-8 shows that transistor Qb, which is normally
biased to conduct, places one side of the Stereo lamp at +15
volts, Whenever a stereo signal is present, pin B of the
multiplex decoder 1C7071 goes low. A low turns on Q718
and the Stereo lamp.

When Q715 is turned on by & positive squeich signal from
NAND gate 1C702A, a positive signal is also coupled through
R758 to transistor 04, As Q4 conducts, Q5 is turned off
removing the +15 volts from the Stereo lamp. This holids the
Stereo tamp off whenever a squelch signal is present.

Transistors Q709 and Q711 drive the squelch diode matrix
diodes D701, D702, and D703. Besides the squelch inputs
from Q715, an input from the unlock determining circuitry
on the tuner-PLL circuit board and an input from the
reprogram circuitry, are also present. Transistor Q709 is
turned on when a positive squelch signal is applied to the
base. When Q709 conducts, the cathodes of diode D703 are
placed at ground and transistor Q711 is turned off.
Transistor Q711, which is normally biased to conduct,
removes the ground from the cathodes of diodes D701 and
D702. This causes the audio signals to squelch.

The SQUELCH DEFEAT switch S58 places the base of
Q709 to ground through resistors R759 and R761. This
prevents any of the squelch inputs, with the exception of
the reprogram squelch input, frem turning off the audio
signals. Anytime an incorrect frequency is selected, the
reprogram squelch input will override the squelch defeat
switch and cause the audio to squelch,

The stereo onty switch, SB9, normaily places the input to
NAND gate IC702B at ground, When the stereo only mode
is selected, this input is connected through diode D717 to
pin 6 of the multiplex decoder, 1C701. Resistor R748 now
places +5 volts at the input of NAND gate 1C702B and
produces a low at the output. If a stereo signal is received,
pin 6 of {C701 goes low and places a low at the input of
IC702B and a high at the output, As explained previously, a

.high at the output of NAND gate IC702A produces an

unsquelch and sweep-stop signal. Thus, the stereo switch
allows only stereo signels to be heard and causes the
auto-sweep to stop only when a stereo signal is received.
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POWER SUPPLY CIRCUIT BOARD

+30 VOLT POWER SUPPLY

Diodes D101, D102, D103, and D104, and capacitors C102
and C107 form a full-wave voltage doubler circuit.
Approximately +40 volts will appear across C102 while
approximately +20 volts will appear across C107.

Transistor Q101 is a series pass transistor driven by the
current through transistor 102, If the output voltage
increases, the voltage of the base of Q103 also increases and
causes it to conduct harder. This reduces the current to
Q102 which, in turn, reduces the current through Q101%,
Zener diode ZD101 establishes the reference voltage for the
divider.

It the output should become shorted, resistor R103 will
limit the current of the power supply. D105 will conduct if
the voltage at the base of 0102 exceeds 2.1 volts when a
short circuit occurs,

+15 VOLT POWER SUPPLY

Transistor Q104 is a series pass transistor driveri by the

current through Q105 and 0106, Q105 and Q106, which are

connected in a Darlington configuration, are driven by

regulator transistor Q107. The voltage across R112 is the
. reference voltage for the regulator transistor Q107.

+5 VOLT POWER SUPPLY

Diodes D51 and D52 (on the chassis) form a full-wave
rectifier that provides between 8 and 10 volts to the
regulator. The operation of this regulator is the same as the
415 volt regulator.

RESET

Transistor Q1113 is the active part of a turn-on reset circuit.
This circuit is used to reset the programmer circuit when
power is first applied, When power is first turned on, Q113
conducts and couples a positive pulse to the output. As
capacitor C106 charges, the positive cutput pulse deminishes
to zero volts until ac power is turned off and turned on
again,

SEMICONDUCTOR CHART

COMPONENT HEATH MAY BE
WUWRER lpaRt Humbtn] mepLacep gy | DEGRIPTION LEAD CONFIGURATION
0101,Q104 17175 IN5Z94 KPN (BOTTOM VIEW)
0108,0108 TRANS I510R
EMITTER
BASE
COLLECTOR
0102,0103 217118 3303 NP LBOTIOM VIEW)
0106,Q107 Teansiston | £ S o8 B § o
quit,Qne?
a3 @
Q1S 417110 52090 PN {BOTTOM VIEW
TRANSISTOR F—
-
®~—BASE
[
COLLECTOR |
D101, 0102 57-27 1NZ07Y SILICON '
0103, D154 RECTIFIER )‘( /
14, 600V
/ BAND
D105 56-74 mz2362 ZENER DIODE
217, L0omA
D106 56-26 1H18] CRYSTAL
2100E
90, 45mA
20101 5647 MZ1000-23 | ZEWER DIODE
27V, 10mA )A/ /
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CIRCUIT BOARD X-RAY VIEWS

Note the identification number of the part
(R-number, C-number, etc.). Then locate the
same identification number next to the part on
the Schematic, The value, or “description,” of
" For transistors, diodes, and integrated cireuits, most parts will be near this number,

refer to the “Semiconductor Chart.”

NOTE: To determine the value {22 k&2, .05 uF, etc.) of any 3
of these parts, proceed in one of the following ways.

Some circuit boards have folf patterns on both sides. The
9. Refer to the place where the part Is installed in foil pattern on the companent side, when two sides are i
the Step-by-Step instructions. shown, is in RED, i

POWER SUPPLY CIRCUIT BOARD
{Viewed from foil side}
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PRELOAD DECODER CIRCUIT BOARD
{Viewed from foil side)
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GENERATOR-DIVIDER-OSCILLATOR CIRCUIT BOARD
{Viewed from foil side)




TUNER/PHASE-LOCK-LOOP CIRCUIT BOARD
{(Viewed from foil side)
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I-F CIRCUIT BOARD
(Viewed from foil side}
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MULTIPLEX-DEMODULATOR CIRCUIT BOARD
, (Viewed from foil side)
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READOUT CIRCUIT BOARD
{Viewed from foil side)

KEYBOARD CIRCUIT BOARD -
(Viewed from component side)
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Ve01 V902 V803 V904 PL54 M51 PL56 PLE1 PLE2 PLE3
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PL53 PLb2 PL51 PL56 PL55
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SEMICONDUCTOR CHART

COMPONENT HEATH MAY BE BESCRIPTH L FIGURATION
NUMBER  |PART NUMBER| REPLACED BY |°° ON EAD CONF
Q1,02 417-118 2N3393 NPN (BOTTOM VIEW!

03 TRANSISTOR

Q4, Q5 417-94 IN3416 NEN

g E
.t
TRANSISTOR

C B
* e
psl1,Dp52 57-27 IN2071 SILICON /
. RECTIFIER

600V, 1A

BAND

Vep 4B 4A 4Y 3B 3A 3Y
12 443-1 SN7400N QUADRUPLE

i4] [13] 2 ) o (9] /8
2-INPUT
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NAND GATES
: |
DD,
B e IO T

1A 1B 1Y 2A 2B 2Y GND
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1C3 3-INPUT 41312 Il'l 10 |9 I8
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2-INPUT
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A B
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Vee 16 1Y 3C 3B 34 3Y
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IC5,1C6 443-58 72, [ B sl (3] [3
1c?, 1C8 3-INPUT [s],
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REPLACEMENT PARTS

{f you need a replacement part, please fill in the Parts Order
Form that is furnished and mail it to the Heath Company.
Or, if you write a letter, include the: ’

® Part number and description as shown in the Parts
List. i

® Madel number and Series number from the blue and
white label.

¢ Date of purchase.

® Nature of the defect.

Piease do not return parts to the factory unless they are
requested. Parts that are damaged through carelessness or
misuse by the kit builder will not be replaced without cost,
and will not be considered in warranty,

Parts are also available at the Heathkit Electronic Centers
listed in your catalog. Be sure to provide the Heath part
number. Bring in the original part when vou request a
warranty replacement from a Heathkit Electronic Center.

NOTE: Replacement parts are maintained specificaily to
repair Heathkit products. Parts sales for other reasons will be
declined.

TECHNICAL CONSULTATICN

Need Thelp with vyour Kit?.... Self-Service?....
Construction? . ... Operation? .... Call or write for
assistance. You'll find our Technical Consultants eager to
help with just about any technical problem except
“customizing” for unique applications.

The effectiveness of our consultation service depends on the
information you furnish. Be sure to teil us:

¢ The Model number and Series number from the blue
and white label.

¢ The date of purchase.

® An exact description of the difficulty.

# Everything you have done in attempting to correct the
problem.

© Also include switch positions, connections to other units,
operating procedures, voltage readings, and any other
information you think might be helpful.

Please do not send parts for testing, unless this is specifically
requesied by our Consultants.
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CUSTOMER SERVICE

-

Hints: Telephene traffic is lightest at midweek. . .please be
sure your Manual and notes are on hand when you call,

Heathkit Electronic Center facilities are also available for
telephone or “watk-in** personal assistance.

REPAIR SERVICE

Service facilities are available, if they are needed, to repair
your completed kit. (Kits that have been modified, soldered
with paste flux or acid core solder, cannot be accepted for
repair. )

If it is convenient, personally deliver your kit to a Heathkit
Electronic Center. For warranty parts replacement, supply a
copy of the invoice or sales slip.

If you prefer to ship your kit to the factory, attach a letter
containing the following information directly to the unit:

® Your name and address.

¢ Date of purchase.

* Copies of all correspondence relevant to the service of
the kit. : '

® A brief description of the difficulty.

¢ Authorization to return your kit C.0.D. for the service
and shipping charges. {This will reduce the possibility
of delay.) .

Check the equipment to see that all screws and parts are
secured. (Do not include any wooden cabinets or color
television picture tubes, as these are easily damaged in
shipment.) Place the eguipment in a strong carton with at
least THREE INCHES of resifient packing material
{shredded paper, excelsior, etc.) on all sides. Use additional
packing material where there are protrusions (control sticks,
large knobs, etc.). If the unit weighs over 15 lbs., place this
carton in another one with 3/4" of packing material
between the two.

Seal the carton with reinforced gummed tape, tie it with a
streng cord, and mark it "Fragile’ on at least two sides.
Remember, the carrier will not accept liability for shipping
damage if the unit is insufficiently packed. Ship by prepaid
express, United Parcel Service, or insured Parcel Post to:

Heath Company
Service Department
Benton Harbor, Michigan 49022
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