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NJ88C31

MF/VHF SYNTHESISER

The NJ88C31 contains all the logic needed for an MF/VHF
PLL synthesiser and is fabricated on Plessey high
performance small geometry CMOS. The circuit contains a cLock out [}t =4 16[Joata
reference oscillator and divider, a two modulus prescaler and cavstaLn 2
4-bit control register, a 12-bit programmable divider, a phase 4 15{J oA crock
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NJ88C31

ELECTRICAL CHARACTERISTICS ABSOLUTE MAXIMUM RATINGS
Test conditions (unless otherwise stated): Voo -0.3Vto +6v
Tamp = -30°C to +70°C, Voo = 5V £ 0.5V Voltage on any pin -0.3V to Voo +0.3V
Operating temperature -30°C to +70°C
Storage temperature -55°C to +125°C
. . Value
Characteristic MPI;I;G DPPlfl‘G - Units Conditions
Min. Typ. Max.
Supply
Supply current 8 4 4 7 mA 1V rms VHF VCO input at
120MHz and fxtac = 4.5MHz
Supply current 2 mA fxraL = 4.5MHz,
(Standby mode) Enable low
Crystal oscillator
Frequency 6,7 23 45 15 MHz | Paraliel resonant,
fundamental crystal
External input level 6 2 1 V rms | AC coupled
High level 6 2 Voo-1 \ DC coupled
Low level 6 2 1 \ DC coupled
VCO inputs
VHF VCO input sensitivity 13 7 03 V rms | At 50 to 125MHz, see Fig.4
MF VCO input sensitivity 16 12 0.3 V rms | At 0.1 to 2.5MHz
VCO input impedance 13,16 7,12 SpF/10kQY
DATA, DATA TRANSFER,
DATA CLOCK, TEST and
ENABLE inputs
High level 234 586, Voo-1 \
9,10 |[14,15,16
Low level 2,34, 56, 1 \%
9,10 14,15,16
Rise, fall time 23 14,15 200 ns
Data set up time 34 15,16 200 ns See Fig.5
Clock frequency 3 15 2 MHz
Transfer pulse width 2 14 500 ns
CLOCK OUT, BAND
Current sink 5,15 1,11 08 mA Vout = 0.5V
Current source 515 1.1 08 mA | Voutr = Vob-0.5V
LOCK DET
Current sink 12 8 1.6 mA | Vour = 0.5V
©® UP/® DN, BAND
Current sink 13 9 0.8 mA Vour = 0.5V
Current source 14 10 08 mA | Vour = Voo -0.5V
T ] CIRCUIT DESCRIPTION
18 / * T Crystal Oscillator and Reference Divider
"g 14 Tested as - _ The reference oscillator consists of a Pierce type oscillator
> specified in intended for use with parallel resonant fundamental crystals.
o 12 GUaR ANTEES’ Table of 1 Typical gain and phase characteristics for the oscillator
<] 10 OPERATING Electrical | inverter are shown in Fig.6. An external reference oscillator
E WINDOW Characteristics may be used by either capacitively coupling a 1V rms
§ 08 sinewave into the CRYSTAL IN pin or if CMOS logic levels
« are available by connecting directly to the CRYSTAL IN pin.
5 06 The reference oscillator drives a divider to produce a range
2 0.4 of comparison frequencies which are selected by decoding
o the first three bits (DR2, DR1, DRO) of the input data. The
g o2 possible division ratios and the comparison frequencies if a
o TYPICAL 4.5MHz crystal is used are shown in Fig.7.
] 50 100 150 200 250 There is a 4 5MHz uP clock drive output available on the
FREQUENCY (MHz) CRYSTAL OUT pin.
Fig.4 Input sensitivity of VHF VCO
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NJ88C31

[

1
|
1
i
DATA
TRANSFER :

7

X DFf15 4 DF1
4,
4

FREQUENCY (Hz)

/.
4—I /
f-— -
DATA SET UP TIME TRANSFER
PULSE WIDTH
Fig.5 Input data timing diagram
180 T
L TN I s{ |
& I _ NN
10 . } i \— 1 Sa2of -—1 1o 1
i i w
@ T BN % _
= 1 ! i N 8 f
: : ™~
£ bt S N I - INH =
< | N w T
i i i ; N w
L ] | i | 1 < 60 -1
! i ! ! 1 bd
10 ‘ ‘ &
1 CoT TTTTTT T
‘L I
T | I T
| : ) |
- 0 R 1
; | i il L P 1N ‘ “ 1 ‘
100k ™ 10M 100k m 10M

FREQUENCY (Hz)

Fig.6 Gain phase characteristics of reference oscillator inverter

BAND Output
The programming bit DR2 is brought out as a BAND
output, ‘1’ for MF band and ‘0" for VHF.

. B
Division | Comparison Frequency | ,
DR2 | DR1| DRO Ratio 4.5MHz XTAL B‘
o] 0 0 90 50kHz v
Q a 1 180 25kHz l;
0 1 ¢] 450 10kHz
1 4] Q 450 10kHz M
1 Q 1 500 9kHz F
1 1 o] 900 5kHz

Fig.7 Reference divider division ratios

Programmable Divider

The programmable divider consists of a 12-bit divider
preceded on FM by a divide by 15/16 two modulus divider.
The F/M input is fed through an amplifier to provide
adequate sensitivity.

TEST Input

When the TEST pin is taken to a logic 1, the ® UP pin is
connected to the output of the reference chain divider
(COMP FREQ) and the @ DN pin is connected to the output
of the 12-bit programmable signal chain divider (PROG DIV);
this mode is normally only used in factory testing.

Phase Comparator

The digital phase comparator has three open drain
outputs; @ UP and & DN drive the charge pump and LOCK
DETECT may be integrated to generate a MUTE signal.
Waveforms for all these outputs are shown in Fig.8. The duty
cycle of @ UP and ® DN versus phase difference are shown in
Fig.9. The phase comparator is linear over a+ 2w range and if
the phase gains or slips by more than 27 the phase
comparator outputs repeat with a 27 period. Once the phase
difference exceeds 27 the comparator will gain or slip one
cycle and then try to lock to the new zero phase difference.
Note very narrow pulses may be seen on the inactive phase
comparator output at the end of the pulse on the active
output.

ENABLE Input

When ENABLE is taken to logic '0’ both VCO input buffers
and the prescaler are switched off to save power. The crystal
oscillator, CLOCK OUT and control registers continue
working normally, such that when ENABLE is taken to a1’
the device will retune the last programmed frequency.
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Fig.9 Phase comparator output characteristics
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NJ88C31

Data Input and Control Register _ K 26 _ KoxVccx G
To control the synthesiser :gimple three line serial inputis RiCr = ;—2 RaC: E and K = 27N

used with Data, Clock and Data Transfer signals. The data where

consists of 19 bits, the first three DR2, DR1, DRO control the

reference divider, the next sixteen, DF15 to DFO, control the @ - natural loop bandwidth (rad/s)

prescaler and programmable divider. Until the synthesiser 5 - damping factor

receives the Data Transfer pulse it will use the previously

Ko - VCO gain factor (rad/Vs)

loaded data; on receiving the pulse it will switch rapidly to the Vee - char }

. - ge pump supply voltage (V)
new data. See Fig.5. N - division ratio = four/fcom
APPLICATIONS G - Gain of amplifier

A simplified circuit for a synthesiser intended for VHF
broadcast receiver applications is shown in Fig.10. When the

The values in Fig.10 were calculated for:
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varicap line drive voltage necessary to tune the required w = 3000 rad/s
band is greater than 5V, some form of level shifter such as the ) = 0.707
operational amplifier shown in Fig.10 is required.Pulses from Ko — 15 Mrad/Vs
the phase comparator are filtered by R1, Rz, and C1. Their Voo = 5v
values can be determined, given a required natural loop four = 100MHz
bandwidth wn and damping factor 6, by the following fcomp = 25kHz
equations: G =2
+12v
3%pF OSCILLATOR
m [0 [DATA 3
5w ——+o [cLock :-%
SMHze= O TA
© mgﬁsren
~sv ¢ NJ88C31 3‘?,, 32
h +12v SE
>D
22k i R1
18k
LOCK
DETECT

Fig.10 Typical application for DP16 device

Example of Programming
VHF section

For a channel spacing (comparison frequency) of 10kHz
when using a crystal oscillator of 45MHz, the reference
divider ratio will need to be 450 (see Fig.7). This is
programmed as binary 010 in the most significant three bits
of the 19 bit data word (MSB programmed first).

To obtain a VCO frequency of 125MHz the programmable
divider ratio would be:

125 x 108

10 x 108 =12500 = 30D4 Hex.

The programming word would be:

DR DF
Bit No. 2]11]0([15114[13|12|11]10}9|8j7|[6[5]4]|3|2[1]0
Binary O|1]0]O0jO |1 |1 o|OJOf1]|1]|]O0O]1|[O0]1]O0]|O
Hex 2 3 4] D 4

MF section

The four least significant bits of DF are not used in
programming the programmable divider ratio, but
nevertheless a total of 19 bits must be supplied.

For a channel spacing of 5kHz when using a crystal
oscillator of 4.5MHz, the reference divider ratio will be 900
(see Fig.7). This is programmed as 110 in the most significant

bits of the 19 bit word (MSB is programmed first).

To obtain a frequency of 25MHz the programmable
divider ratio wouid need to be 500. The value programmed
into the DP register must be the desired ratio minus one, i.e.
in this case 499 which is 1F3 Hex.

The programming word would be:

DR DF
Bit No. 211 ]10[15)14])13)12411[10( 98| 7 |6|5[4|3]|]2]1]0
Binary 111410 0jO0jO 1 {1 |11t j1|[OofOof[1i1IX}|X[X]X
Hex 6 1 F 3 DON'T CARE
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