) HARRIS
RF COMMUNICATIONS

RF-1310

AT0PLL 5 ASSEMBLY

LOCK DETE

SER!AL DATA CHECK 7 H.__

1HZ

10 HZ

100 HZ
INCREMENTS
TUNING
INFORMATION

800 KHZ
REFERENCE
OUTPUT

TO

A10

PLL 5 ASSEMBLY

PLL-5 QUTPUT

50- 60 KHZ J5<J S|

TO A9

P/0 1

ORIVER

U3
+10

!
CTOR OUTPUT 5&

%

CLOCK 9P
DATA 10 )————
ENABLE 6 p————

—

SYNTHESIZER

uz
+10

I S

U6 PLL FREQUENCY

u1
+10

BUFFER

u7

us
10 0R 11
PRESCALER

———¢

=10
ua

?

A7,A8 ASSY

Jzé_ﬂ_—r‘—‘
53 é___-lu‘
800 KHZ laln
REFERENCE J“>——‘
INPUT

BUFFER
us

KEY
GND

SPARE
+5VOLTS

+5 VOLTS
REGULATED

, VR1
UNREGULATED <7 » REGULATQR

+15v

— — e —] —

us
DRIVER

)
A +20 d8
AMPLIFIER Q2
-10 d8
a3

vea
50.01 - 60.00 MHz

EUFFE

as, as, Q7
CHARGE PUMP

FILTERI

590-10(1)



RF-1310 o HARRIS
A10PLL S ASSEMBLY RF COMMUNICATIONS
S
TABLE OF CONTENTS
Paragraph Page
1 General Description 1
2 Interface Connections . 2
3 Circuit Description . 2
3.1 Reference Generation . 2
3.2 Divide-by-N Counter 3
33 Phase Comparator and Charge Pump Operatxon 3
34 VCO Operation and Control 4
35 BITE Circuits 4
4 Maintenance 4
41 VCO Frequency Adjustment . 4
5 Parts List, Component Locations, and Schematlc Dlagrams . 5
LIST OF FIGURES
Figure Page
1 PLL 5 Assembly A10 Location 1
2 PLL 5VCO Adjustment . 5
3 PLL 5 Assembly A10 Component Locatlon Dtagram (10073 4500) 9
4 PLL 5 Assembly A10 Schematic Diagram (10073-4501 Rev.D) 1"
LIST OF TABLES
Table Page
1 PLL 5 Assembly Interface Connections . 2
2 VCO Frequency Range . 5
3 PLL S Assembly A10 Parts List 6



@ HARRIS RF-1310
RF COMMUNICATIONS A10 PLL 5 ASSEMBLY

e L et

PLL 5 ASSEMBLY A10

1. GENERAL DESCRIPTION

PLL5 Assembly A10is a single phase locked loop (PLL) synthesizer that ultimately provides the 1 Hz, 10 Hz, and
100 Hz tuning increments of the LO 1 frequency. Tuning increments are determined by the digitsin the
corresponding positions of the transmit frequency .

Frequency select input data is applied to the assembly in serial data form under Control Board Assembly A14
microprocessor control. A10 assembly output to PLL 4 Assembly A9 is a variable 50 to 60 kHz signalin 10 Hz
controllable steps. Since 1000 frequency steps are possible, the net results of A10 operation (after further

translation to 1 Hz increments in the synthesizer chain) are 1 Hz, 10 Hz, and 100 Hz tuning increments in the
LO 1 output.

AlQ
PLL 5 ASSY
10073-4500

1310-021

Figure 1. PLL 5 Assembly A10 Location
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2. INTERFACE CONNECTIONS

Table 1 details the various input/output connections and other relevant data.

Connector

3. CIRCUIT DESCRIPTION

3.1 Reference Generation

Table 1. PLL 5 Assembly Interface Connections

Function

+15Volts

+ 5 Volts Unregulated
Spare

Ground

Lock Detector Output

Enable

Serial Data Check
Key

Clock

Data

800 kHz Reference OQutput
800 kHz Reference Qutput

800 kHz Reference Input

PLL S Qutput

NOTE

Characteristics

Approximately 25 mA

Approximately 240 mA

+5Vdc = unlocked, 0 Vdc = locked, P/O

BITE test

+ going pulse = enabled

P/O BITE test, + 5Vdc = ok

TTL, 750 kHz
Serial TTL

TTL

TTL

TTL

TTL, 50 to 60 kHz

A10 assembly operationis similar (in operation) to
the general divide-by-N PLL and charge pump
circuits described in section 4. A review of section 4
at this point would aid in the understanding of A10

assembly operation.

The 800 kHz from Reference Generator Assembly A12 enters PLL 5 Assembly A10 at J4. Thissignal is buffered
via TTL NAND gatesin U9 and directed through J2 and 3 to the A7 and A8 assemblies. Itis also routed to
divide-by-10 counter U4 where it is divided down to 80 kHz. This 80 kHz signal is applied via buffer U7 to a
divide-by-eight counter internal to U6 to produce a 10 kHz reference signal. Since this has been derived from
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the RF-1310 crystal frequency standard via the A12 assembly, stable and accurate A10 assembly operation is
assured.

3.2 Divide-by-N Counter

Since the A10 assembly requires a variable 50 to 60 kHz output frequency, a programmable counter has been
designed into the VCO feedback path to the phase comparator. This counter consists of dual modulus divide-
by-10/divide-by -11 prescaler US and a programmable divide-by-N counterinternal to U6. Together, U5 and
the programmable portion of U6 create a total division range of N = 5001 to N = 6000, where N is a function
of the digits entered in the 1, 10, and 100 positions of the frequency display.

The output of the divide-by-N counter will always attempt to equal the 10.000 kHz reference frequency at the
phase comparator inputs, despite changes in the divide-by-N factor due to changing the 1, 10, or 100 Hz
exciter frequency display digits. The VCO frequency will change to accomplish this (in response to command
signals generated by the phase comparator). The VCO frequency will always equal (N) (reference frequency),
or (N) (10.000 kHz) = 50.01 MHz to 60.00 MHz. Division of this range by 1000 will resultin the required A10
assembly output range of 50.01 kHz to 60.00 kHz.

The exact value of N is determined by the value of the digitsin the 1, 10, and 100 places of the displayed
frequency. These front panel selections cause the A14 assembly to generate a serial data code containing
information pertaining to the values of the digits chosen. This code is applied synchronously with the 750 kHz
system clock to U6 whenever the U6 enable line is gated open by the A14 assembly. In general, N = (6000-
XXX), where XXX is the value of the three least significant bits of the transmit frequency. Theleast significant
digitis not selectable and is always zero.

For example, tuning the RF-1310to 10.401470 MHz would make N = (6000-470) = 5530. The VCO frequency
will be (N) (reference) = (5530) (10.000 kHz) = 55.30 MHz. The VCO outputis then divided by 1000 to
produce the A10 assembly output at 55.30 kHz.

The actual frequency of the A10 assembly output may therefore be calculated from the following formula:
f = 10 (6000-XXX) Hz, where XXX is the value of the exciter 100 Hz, 10 Hz, and 1 Hz digits of the transmit
frequency.

3.3 Phase Comparator and Charge Pump Operation

Phase comparison of the 10 kHz reference and the 10 kHz VCO derived signal at the divide-by-N counter
outputisaccomplished by a phase comparator internal to U6. When these two signals are equal in frequency
and phase, the phase comparator outputs at TP2 and TP3 are essentially SVdc. U8 functions as a buffer for
the phase comparator to the input of the charge pump circuit, consisting of Q5, Q6, and Q7. This 5-volt level
holds Q6 and Q7 off. Consequently, Q5 is also off and the valtage across C24 is at some constant level. This
biases Q4 to some specific source current, and the voltage across R16 at TP1is constant. This VCO control
voltage holds the VCO frequency constant, somewhere between 50 and 60 MHz.

Assume that the VCO derived feedback signal at the divide-by-N counter outputissuddenly less than the
reference frequency. Thisiswhat will happen at the instant the divide-by-N factorisincreased. Since the two
phase comparator inputs are no longer equal, the phase comparator will output a series of negative pulses at
TP3. Q7 will turn on, forcing Q5 on. Q5 will start to pump charge into C24, causing Q4 to conduct more
current as the voltage across C24 increases. This produces a higher dclevel at TP1. The VCO frequency will
increase in response to it until the signals at the phase comparator inputs are again equal. Asthe VCO derived
signai is approaching the reference frequency, the output pulse width at TP3 will get smaller until the signal is
essentially +5Vdcagain. Q7 and QS will turn off. The voltage at C24 will rest at this new higher dc value
causing the VCO frequency to also rest at its new higher value.
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Assume that the VCO feedback signal at the divide-by-N counter outputis suddenly greater than the
reference signal (meaning that the divide-by-N factor has just decreased). The two phase comparator inputs
are again unequal, but now the phase comparator will output the negative pulses at TP2. Q6 will turn on,
drawing charge out of C24, and causing the VCO control voltage to drop. Consequently, the VCO will shift
jower in frequency, and the VCO derived signal at the phase comparator input will again approach the
reference frequency. The output pulses will become very narrow and the signal will aimost become a steady 5
Vdclevel. Thiswill turn Q6 off and the VCO will stabilize at the lower frequency.

3.4 VCO Operation and Control

A charge pump circuit consisting of Q5, Q6, Q7, and associated components in conjunction with filters C24
and C25 convert the two phase comparator pulse outputs into an analog dc¢ control voltage. Buffer amplifier
Q4 applies this control voltage to the varactor diode string in the VCO. The VCO itselfis a JFET (Q3) Hartley
oscitlator stage whose frequency shifts as the capacitance of the varactor diodes changes with changesin
control voitage. A netcontrol voltage change of 5 Vdc to 10 Vdc produces a net VCO frequency shift of 50
MHz to 60 MHz. Note also thatthe 10 voit limit corresponds to N = 6000, while the 5 voltlimit corresponds to
N = 5001.

The VCO output is fed through 10 dB attenuator network, R10 and R11,to a + 20 dB gain amplifier stage
consisting of Q1, Q2, and associated components. This output is split and sent to divide-by-N circuit US and U6
and to a divide-by-1000 divider chain consisting of U1, U2, and U3. Thisdivider outputis therefore at a
frequency range of 50.01 to 60 kHz (in 10 Hz increments) and is the PLL 5 output. This output is fed through J5
to PLL 4 Assembly A9 where further signal processing occurs.

3.5 BITE Circuits
The A10 assembly contains two circuits for self-test evaluation:

.o Lock detector Q8, whose outputis 0 Vdc whenever the PLL s tracking properly. Thislineis
constantly monitored by the A14 assembly. 1t will cause a front panel faultlight to appear if the
loop ever unlocks.

L Serial data check that verifies the tuning data from the A14 assembly has been received and
properly translated into the correct divide-by-N factor. Aserial data word is sent on the dataline
(J1pin 10) and the U6 serial data check line is read back to the A14 assembly (J1 pin 7). if the
word has been received and properly decoded, this line will pulse to + 5Vdc. The serial data
check occurs automatically, but only when the exciter BITE self test is actuated.

4. MAINTENANCE

The following adjustments should not be performed as a routine maintenance procedure, but only when a
failure indicates a definite need. All tests should be performed with all connections in normal contact, unless
otherwise specified.
4.1 VCO Frequency Adjustment

a. Connect equipment as shown in figure 2.

b. Set RF-1310 frequency to 02.00050 MHz.

C. Adjust C20 for 7.5 Vdc at TP1. PLL 5 output vs. exciter tune frequency should agree with table 2.
The output waveform should always be a TTL signal.
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Al0
TP

FREQUENCY
COUNTER

HP 5383A OR
EQUIVALENT

Exciter Tune Frequency,
MHz

02.00050
02.00000
02.00099

d.

OSCILLOSCOPE
TEKTRONIX 453
OR EQUIVALENT

——»
PLLS
OUTPUT . >
VCO DVM™
CONTROL
VOLTAGE

1310022

Figure 2. PLL 5 VCO Adjustment

Table 2. VCO Frequency Range

PLL 5 Output Frequency,
kHz

Fully reconnect the A10 assembly to RF-1310. Initiate BITE self-test. Exciter must pass all tests
associated with assembly A10. Testis complete.

5. PARTS LIST, COMPONENT LOCATIONS, AND SCHEMATIC DIAGRAMS

All replaceable components of PLL 5 Assembly A10 are listed in table 3. Component locations are shown in
figure 3. The PLL 5 assembly A10 schematic is shown in figure 4.
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Table 3. PLL5 Assembly A10 Parts List

Ref. Desig. Part Number Description

A10 10073-4500 PLL S ASSEMBLY

MP-0121 CLIP, MTG, SPRING STEEL

10073-7116 CAN RECT DEEP DRAWN
1 M39014/02-1310 CAP .1UF 10% 100V CER-R
c2 C26-0025-470 CAP 47UF 20% 25V TANT
c3 M39014/02-1310 CAP .1UF 10% 100V CER-R
c4 CKO5BX103M CAP .0T1UF 20% 100V CER
a5 CKO58X102M CAP 1000PF 20% 200V CER
Co M39014/02-1310 CAP .1UF 10% 100V CER-R
7 M39014/02-1310 CAP 1UF 10% 100V CER-R
c8 M39014/02-1310 CAP .1UF 10% 100V CER-R
a9 CKO5BX103M CAP .01UF 20% 100V CER
c10 CKO5BX103M CAP .01UF 20% 100V CER
cn CKO058X103M CAP .01UF 20% 100V CER
c12 CKO5BX103Mm CAP .01UF 20% 100V CER
Ci3 CKO5B8X102Mm CAP 1000PF 20% 200V CER
ci4 M39014/02-1310 CAP _1UF 10% 100V CER-R
ci1s5 Mi39014/02-1310 CAP .1UF 10% 100V CER-R
ci16 M39014/02-1310 CAP 1UF 10% 100V CER-R
c17 C26-0025-680 CAP 68UF 20% 25V TANT
c18 M39014/02-1310 CAP .1UF 10% 100V CER-R
c19 CKO5BX103M CAP .O1UF 20% 100V CER
C20 C84-0003-008 CAP, VAR 3-15PF
2 CKO58X102M CAP 1000PF 20% 200V CER
C22 CK058X102M CAP 1000PF 20% 200V CER
C23 C26-0025-100 CAP 10UF 20% 25V TANT
C24 C25-0003-004 CAP (0.33UF 10% S0V TANT
C25 CK058X393M CAP FXD CER Q39UF
C26 C26-0025-470 CAP 47UF 20% 25V TANT
C27 M39014/02-1310 CAP .1UF 10% 100V CER-R
c28 €25-0001-301 CAP 1.0UF 20% 20V TANT
C29 C26-0016-151 CAP 150UF 20% 16V TANT
C30 M39014/02-1310 CAP .1UF 10% 100V CER-R
C31 C26-0025-100 CAP 10UF 20% 25V TANT
C32 M39014/02-1310 CAP .1UF 10% 100V CER-R
€33 M39014/02-1310 CAP .1UF 10% 100V CER-R
34 M38014/02-1310 CAP _1UF 10% 100V CER-R
C35 C25-0001-301 CAP 1.0UF 20% 20V TANT
C36 M39014/02-1310 CAP .1UF 10% 100V CER-R
C37 M39014/02-1310 CAP 1UF 10% 100V CER-R
c38 M39014/02-1310 CAP _1UF 10% 100V CER-R
C39 M39014/02-1310 CAP .1UF 10% 100V CER-R
C40 M39014/02-1310 CAP .1UF 10% 100V CER-R
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Table 3. PLL5 Assembly A10 Parts List (Cont.)

Ref. Desig.

Part Number

Description

M39014/02-1310
€26-0025-470

CAP .1UF10% 100V CER-R

CAP 47UF 20% 25V TANT

CR1 10073-7118 VARACTOR 26.0 - 32.0pF
CR2 10073-7118 VARACTOR 26.0 - 32.0pF
CR3 10073-7118 VARACTOR 26.0- 32.0pF
CR4 10073-7118 VARACTOR 26.0 - 32.0pF
CR5 10073-7118 VARACTOR 26.0- 32.0pF
CR6 10073-7118 VARACTOR 26.0 - 32.0pF
CR7 10073-7118 VARACTOR 26.0 - 32.0pF
CR8 10073-7118 VARACTOR 26.0-32.0pF
CR9 1N6263 DIODE, HOT CARRIER
CR10 1N3064 DIODE 75mA 75V SW
CR11 10073-7118 VARACTOR 26.0 - 32.0pF
CR12 10073-7118 VARACTOR 26.0 - 32.0pF

146-0032-010
J-0031

HEADER, 10 PIN DISCRETE
CONN SMB VERT PCB

i3 J-0031 CONN SMB VERT PCB
14 J-0031 CONN SMB VERT PCB
i5 J-0031 CONN SMB VERT PCB
L1 MS14046-9 COIL 27UH 10% FXD RF
L2 MS75084-3 COIL 1.8UH 10% FXD RF
L3 MS75084-10 COIL 6.8UH 10% FXD RF

L08-0001-001
Q35-0003-000
2N2369
Q35-0003-000
Q05-0001-000

CHOKE WB 50 MHZ

XSTR U310 JFET HIGH GM

XSTRSS/RF NPN
XSTR U310 JFET HIGH GM

XSTR JFET N-CH

Qs 2N2907 XSTRSS/GP PNP TO-18
Q6 2N2222 XSTR SS/GP NPN TO-18
Q7 2N2222 XSTRSS/GP NPNTO-18
Q8 2N2%907 XSTRSS/GP PNP TO-18

R65-0003-201
R65-0003-102
R65-0003-513
R65-0003-270
R65-0003-201
R65-0003-472
R65-0003-152
R65-0003-100
R65-0003-151
R65-0003-101
R65-0003-201
R65-0003-101

RES,200 5% 1/4W CAR FILM
RES,1.0K 5% 1/4W CAR FILM
RES,51K 5% 1/4W CAR FILM
RES,27 5% 1/4W CAR FILM

RES,200 5% 1/4W CAR FILM
RES,4.7K 5% 1/4W CAR FILM
RES,1.5K 5% 1/4W CAR FILM
RES, 10 5% 1/4W CARFILM

RES,150 5% 1/4W CARFILM
RES, 100 5% 1/4W CAR FILM
RES,200 5% 1/4W CAR FILM
RES,100 5% 1/4W CARFILM




RF-1310
A10PLL5 ASSEMBLY

3 HARRIS

RF COMMUNICATIONS

Ref. Desig.

Table 3. PLL 5 Assembly A10 Parts List (Cont.)

Part Number

Description

R13
R14
R1S
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
T1
TP1
TP2
TP3
TP4
TPS
Ut
u2
u3
ua
us
u6
U7
us
U9
VR1

R65-0003-470
R65-0003-513
R65-0003-102
R65-0003-272
RN55D3651F
R65-0003-470
R65-0003-470
RN55D6810F
RN55D6810F
RN55D9091F
RN55D3321F
RN55D6810F
RN55D6810F
R65-0003-472
R65-0003-472
R65-0003-103
R65-0003-472
R65-0003-102
R65-0003-103
10073-7002
J-0071

1-0066

J-0069

J-0070

J-0068
165-0004-001
105-0000-090
105-0000-090
105-0000-090
165-0004-001
170-0002-001
101-0000-019
105-0000-000
105-0000-000
{11-0001-001

RES,47 5% 1/4W CAR FILM
RES,51K 5% 1/4W CAR FILM
RES,1.0K 5% 1/4W CAR FILM
RES,2.7K 5% 1/4W CAR FILM
RES,3650 1% 1/8W MET FLM
RES,47 5% 1/4W CAR FILM
RES,47 5% 1/4W CAR FiLM
RES,681.0 1% 1/8W MET FLM
RES,681.0 1% 1/8W MET FLM
RES,9090 1% 1/8W MET FLM
RES,3320 1% 1/8W MET FLM
RES,681.0 1% 1/8W MET FLM
RES,681.0 1% 1/8W MET FLM
RES,4.7K 5% 1/4W CAR FILM
RES,4.7K 5% 1/4W CAR FILM
RES, 10K 5% 1/4W CAR FiLM
RES,4.7K 5% 1/4W CAR FILM
RES,1.0K 5% 1/4W CAR FILM
RES, 10K 5% 1/4W CAR FILM
TRANSFORMER, RF, FIXED
TP PWB BRN TOP ACCS .080"
TP PWB RED TOP ACCS .080"
TP PWB ORN TOP ACCS .080"
TP PWB YEL TOP ACCS .080"
TP PWB GRN TOP ACCS .080"
IC 12013 PLASTICECL

IC 74LS90 PLASTICTTL

IC 741590 PLASTICTTL

IC 74L590 PLASTICTTL

IC 12013 PLASTIC ECL

IC MC145156 PLASTIC CMOS
IC 40508 PLASTIC CMOS

IC 74LS00 PLASTICTTL

{C 74LS00 PLASTICTTL

ICVR 7805 +5V 1.5A 4%
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Diagram (10073-4501 Rev. E)

11/12



