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PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS I
, T-1-05-05
DESCRIPTION PIN CONFIGURATION (TOP VIEW)
The M54922P is a semiconductor integrated circuit consisting
of a PLL frequency synthesizer for use in AM/FM electronical- 0s [T Voo
ly tuned radio receivers. It makes use of ECL-IIL process to Dg — 3] Voo
enable high density and low power consumption. It contains DATA IN?UT De— 3] [20] «— X-IN } L -
an FM Prescaler allowing the direct input of the local oscillator LoeaL Po— [} z IE h XOUTAs&‘:U(T)ST .
f OSCILLATOR wur v B & —’ 450kHz z QUTPY
frequency signal. M REFERENCE B1AS rorau—+ (5] & L T DG SGNAL
The base frequency is provided by a 4.5MHz crystal oscuamioca u—m] R a AN VG MO0t pUT
oscillator. AM REFERENCE BIAS e tam~ [E] UV g ook — L35k DETECTOR
e I - BLRS
INPUT | O —» [10] +— Test
FEATURES oveesnecre o A
® Builtin FM high-speed prescaler {fmax=130MHz) Coont TR
® Low power consumption {lgc=30mA, typical at V¢c=5V)
® Reference frequency selectable from eight values (25k, Package Outline 22P4

12.5k, 10k, 9k, 5k, 4.5k, 2.5k, 1k}

® Modulo-2 swallow counter in FM mode (prescaler ratio
1/16, 1/17)

® Wide range of division ratios (40~65535, binary coded)

® Clock pulse outputs at 450kHz and 500Hz

® Built-in 4.5MHz crystal oscillator {only two external
components required)

® PLL rock/unlock status output

® AM/FM mode control output

® High sensitivity AM/FM local oscillator frequency input
with built-in amplifier (FM: 160mVp.p at 130MHz, AM:
100mVp.p at 8MHz)
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MITSUBISHI BIPOLAR DIGITAL ICs

M54922P

31E D MW b249827 00L4?b7 b EEMIT3:

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

DESCRIPTION OF OPERATION

1. Data Input '

(1) Exernal Synchronization

For reading data with external synchronization, set the /O
mode select input to the low state. In this condition, the
CPS/25kHz pin becomes the CPS input and reset/FC pin
acts as a reset input.

{Input signal fbrmatting)

T-77-05-05

2. AM/FM Mode Setting and Reference Frequency
Selection

AM/FM mode selection and reference frequency selection is

performed by means of the data 56 (Da 5, Dgs, Dcs, Dps).
When Dpagp is read as a high level, the AM mode is

selected, enabling the fAM input as well {(maximum input

frequency 8MHz). For this mode the Fgypy input is disabled.
When Dag is read as a low level, the FM mode is

selected, enabling the fgp input as well (maximum input

Reset _[] ¥ (A frequency 130MHz). For this condition the fap input is
cPS gEEg BN EENE! |1_( disabled.
Da STV TY AT, Z I, oI The selection of reference frequencies is as described in
i table 1.
Os Dyt D2t DesADpatDas
Oc o Do 0o Doa/V0cs Table 1. Reference frequency selection
Op D010 02740 034D pa /D os. Dats 5 Reference AM/FM
Mode
Das | Des | Ocs | Dos frequency output
L L L L FM 2.5k L
DATA 1 DATA2DATA3DATA4 DATAS IGNORED H L L L AM 2.5k H
L L : FM L
Note 1. After the reset input goes low, 4x5 bits of data are read by H L 25k
means of 5CPS input pulses (negative edge triggered). H H L L AM 25k H
2. Data for the sixth and following CPS input pulses is ignored.
L L H L FM 12.5k L
{Input signal timing) H L H L AM 12.5k H
MINIMUM VALUES LjH|H L FM Sk L
Reset __ f—e twA = 10us H|H]|H|[L AM 5k H
t
RG tweH = twoL L L L H FM 4.5k L
CPs 1O =10us
¢ ™ . 2 H L L H AM 4.5k H
t s RC =20us
eH _ L H L H FM 9k L
Da~D | %75 77 ts =40us
_ H H L H AM 9k H
EFFECTIVE DATA th =40us
L L H H FM 1k L
(2) Internal Synchronization H L H H AM Tk H
When the 1/0 mode select input is set to a high-state, data L H H H FM 10k L
reading timing is fixed. The timing of data read operations H H H H AM 10k H
is performed by an internally generated read clock pulse as
described in the figure.
{Internally generated read clock pulse timing)
TIMING OUTPUT U
80us
{500HZ) “
DATA 1 READ n
PULSE
fe———=
DATA 2 READ 480us 4
PULSE =
DATA 3 READ 880xs n
PULSE —
DATA 4 READ 1280us n
PULSE
DATA 5 READ 16808 M
PULSE
Da~p INPUT EFFECTIVE DATA—§77 771
ts th
2000.s
MINIMUM VALUES
ts=4a0us
tH=40us
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T-77-05-05

3. Divide Ratio Selection - 5. Clock Signal Output Waveform
The divide ratio of the programable divider is set by means (1) 450kHz output {pin 18)
of data 1 through data 4. Binary data coding is used. The
coding differs for AM and FM modes. U . L
“20/9.s "  80% DUTY CYCLE
(1) AM mode

The programable divider acts as a normal presettable
counter. The divide ratio is set in a binary 16-bit coded
format. L

(2) Timing output (pin 17)

APPROX. 2.
DIVIDE RATIO SETTING | APP 2us
{BINARY 12-8IT) 2ms

20 21 22 23 24 25 26 27 28 29 210 211212 213 214 215

6. PD and Lock Signal Output

Da lloellocilDD1|DA2|DBZIDCZIDDZIDAJlDBsiDOB‘[DDS Dag DSAIDCA Dnal
Reference
frequency II Il II II II II II ||
( ) R tfr)
2) FM mode Programable ”_
L divider output u—u u u 1] u u
The programable divider acts as a Modulo-2 swallow tfin/n)
counter. The divide ratio is determined by the main counter  op oy T I | 1 l I I
divide ratio B (binary 12-bit) and the swallow counter T
divide ratio A (binary 4-bit). Lock output
MAIN COUNTER Note 1. When the prograrnable divider output {f;py+N} lags the reference frequency
DIBVgEéI%_TFmEIO SWA'E)‘I_\(}%ECORL/J&NF}’SR (fr) the PD output is low. When it leads the PD output becomes high.
(BINARY 12-BIT) A SETTING 2. If the phase difference T or Ty remains below 2.2us for over three
periods of the reference frequency, the lock output goes low indicating the
lock condition.
20 21 22 23 24 25 26 27 28 29 210 21120421} 2223 3. The broken line indicates the high impedance state.
Oa I|D61|DC11001|DA2|DBZIDCZIDD2lDA3 DBBIDC.'SIDDJ DaalDpa|Dca|Dos

Overall Divide ratio N is determined by
N=A+16B

4. Data Coding Example
(1) AM mode, Reference frequency 10kHz, N=207

DA1|DB1Dc1Po1 o203 PeaDosiPoaDadPesDoaOpaas Do)

HH/HH|L|L|HjH|L{LjLfL|L|L}LIL|{HjH|H|H
20 21 22 23 24 25 26 27 28 29 210 211 212213 214 215 —

1
N=204 21422+ 23+ 26+ 27=1+2+4+8+64+128 | FEFERENCE
=207 T0KHZ 1S
SELECTED

AM MODE
Note 3. 1f the PLL goes into lock, fam=10x207=2070kHz  SELECTION

{2) FM mode, Reference frequency 25kHz, N=2972

OB 1br.\- A2DB2DcAD0A0A3Da30C3 03DA4DB40c2{D40As|De 0Dy
HiL([LIH{HiH]|L|H{L|L|LjL]L(LjHIHIL{H|L]|L
20 21 22 23 24 25 26 27 28 29 210211 20 22 23 24 ——
-

~ | S ——— A
N=204234 244254+ 27= A=12 FREGUENSY
1+8+ 16+ 32+ 128 =185 S8,
FM MOOE
SELECTION
Note 4. Overall divide ratio N is given by N=A + 168
=12+ 16 185
=2972
Note 5. !f the PLL goes into lock, fFp= 25X 2972=74300kHz
=74.3MHz
MITSUBISHI
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T-77-05-05

PIN DESCRIPTION

Symbol Name ' Description
Da i
De Data inbut Divide ratio input for programable divider. By modification of the mask pattern, BCD ceding is also
Oc available,
Do
fEMm FM jocal oscillator input Oirect input Enable (fmax =130MHz)  Built-in amplifier {input sensitivity 160mVp.p)
refrm FM reference bias Grounded through 1000pF capacitor
fam AM local oscillator input Buitt-in amplifier (input sensitivity 100mVp_p)
refam AM reference bias GCrounded through 10000pF capacitor

/O pin, Data reading clock input when 1/0 mode select input (pin 10) is low. 25k Hz putse output

CPS/25kHz Clock pulse input/25kHz output Shoet
when pin 10 is high.

70 170 mode select input 1/0 pin (CPS/25kHz, reset/f) input or output mode select. Set to high for use with the M50170P.
GND Ground oV

. 1/Q pin, Data latch reset input when 1/0 mode select pin {pin 10) is fow. Frequency count output
Reset/f¢ Reset pulse input/frequency count output

{tem /180, famsg) when pin 10 is high,

Normally set to low-state. When set to high-state, pin 14 is the programmable divider output and

Test input
Test e pin 15 is the reference frequency output.
PD Phase detector output Tri=state outpul.. . L

Phase lead far high-state, phase lag for low-state and high-Z for phase coincidence,

Lock Lock detector output Low for PLL lock and high for PLL uniock. Open collector output,
AM/FM AM/FM mode switching AM/FM mode switching output. Low for FM and high for AM, Qpen collector Qutput.
Timing Timing signal output 500Hz clock pulse output  Open coilector,
450 kHz 450kHz output 450k Hz clock pulse output  Open collector
X-IN

Crystal oscillator inputs 4.5MHz crystal input
X-0UT
Vee t Power supply 1 5V +0.5V 2L (4.5MHz— 500Hz divider ) power supply
Vee2 Power supply 2 "5V +0.5V ECL and 12L power supply for all circuits except 4.5MHz > 500Hz divider
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MEASUREMENT CIRCUITS

T-77-05-05

1 Veoc1=Vgg2z=5.5V 2 Vec1=Vgez=4.5V
y 21,22 T 21, 22
I 2 itwl 2
e 3 - 3
4 4
9 9
- 10 - 10
2 12 b} 12
2 » g 13
Viy=5.5V =
O] " ViL=0v 11
Note 1. All inputs are measured Note 1. All inputs are measured
3 Veo1=Vecz=4.5V 4 T\’cc1=voez=4.5v(5v)
21, 22
foL=5mA [lon| =1mA(0.1mA)
-— —
"pb—a0
®
2 Vou VoH
1
Note 1. All outputs are measured Jy Note 1. Measurement is performed in the
2. Outputs are measured in the on state high state
5 6
Voo1=Vgcz=4.5V (5V) T Veot=Vee2=5.5V(5V)
21, 22 21, 22 lieol
loL=1mA(0.1mA) —->PD
- -—
uwpb——o0 wpb———
VoL Vo=1—~4Vv(2.5V)
11 11
Note 1. Measurement is performed in the Note 1. Measurement is performed in the
low state high-impedance state
7 8
Vec1=5.5V Vee1=Veez2=5.5v
l Icc * lcoz
21 . 21, 22
Note 1. 4.5MHz crystat is used. 19
a4 e 4.5MHz 25 )
SXMt:Iz (=] 2. All input pins except the test pin X'tal % Note 1. 4.5MHz crystal is used.
T (pin 13) are left open 20 2. The test pin {pin 13} and 1/Q pin
9 (pin 9) are grounded
3. The FM mode is selected (with the
zr 3 13 prescaler enabled)
4. All output pins are left open
22 11 1"
v §
MITSUBISHI 2390
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9 O Voo1=Veoz=4.5V 10 O Veer1=Veece=4.5V
10k 21,22 10k 21, 22
AW—] 13 10k —wW—13 10k
FREQUENCY 8 14 FREQUENCY
— 6 14 1
WAVEFQRM  1000p _,fm COUNTER WAVEFQRM  10000p ——>'AM COUNTER
MONITOR -~ MONITOR N
] —s —-4 6
1000p 10000p
33Q  33Q 1 33 33Q 1
'AA 'A'A'A <
500 %209 £5003 200
r 1 frm r T
SG SG
Note 1. Signal generator characteristics are Note 1. Signal generator characteristics are
as follows as follows
(1) 160mVp.p (60~130MHz) (1) 100mVp. g (2~8.0MHz)
400mVp.p (8~60MHz) 200mVp.p (0.5~5MHz)
{2) Sinewave output . (2) Sinewave output
(3} Output impedance Zo approx. {3) Output impedance approx. 50§2
SQQ ) A 2. Test pin (pin 13} is set to high and
2. Test pin (pin 13} is set to high the output from pin 14 (PD} of
and the output from pin 14 (PD) fam/n is counted
of fem /N is counted.
2—400 MITSUBISHI
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T-77-05-05
INPUT/QUTPUT CIRCUITS
(1) 1/0,D,, Dg, D¢, Dp, Test inputs (2) CPS/25kHz, Reset/f¢ input/output
l 80 A
804 A
30k o L
30k
(3) fgm, fam inputs (4) PD output
' I Vee Vee
é i T —0 8k %
+———o0
™\
refem, refam O— 2.1v
5002 2 , : ak |
fEMm, faM O— .
o_.
7
(5) AM/FM, Lock, Timing, 450kHz outputs {6) OSC circuit
o
X-IN X-0UT
Note: Resistance and current values are typical values for T5=25°C,
MITSUBISHI 2—401
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T-77-05-05

ABSOLUTE MAXIMUM RATING (Ta=—20~+75°C, unless otherwise noted)

Limits

Symbol . Parameter Conditions Unit
Ve Supply voltage Veet, Yooz —0.5 6.0

Vi Input voltage —0.5 6.0

Vo Qutput voltage Voo

Po Power dissipation Ta=75C 300 mw
Topr Operating temperature —20 +75 °C
Tstg Storage temperature —4a0 +125 °C

RECOMMENDED OPERATING CONDITIONS (vec=4.5~5.5v, Ta=25T, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
: Min. Typ Max.
Voo Supply voltage Voo, Voce 4.5 5 5.5 v
fam 0.5 8
flocal input frequency MHz
fEm ) 8 130
0.5~2MHz 200 800
fam mVp_p
2~ 8MHz 100 800
Viocal Input amplitude
8~B60MHz 400 800
frm mVp—-p
60~ 130MHz 160 800
oL Low-level output current Pin 9,12,15, 16, 17, 18 outputs 1 5 mA
fosc Reference oscillator frequency 4.5 MHz

Crystal Element Connection Circuit

X-IN X-0UT GND
(20) {19) )
X'tat W Note 1. Crystal specifications
DI_ Resonant frequency 4.5MHz+30ppm
M Load capacitance 20pF
Ci 7__(]0 Effective resistance 1002, max.
2. Capacitance values
C=56pF

Co=30pF (trimmer)

2—402 MITSUBISHI
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ELECTR'CAL CHARACTER ISTICS {Ta= —20~ +75°C, unless otherwise noted )

Limits
Symbol Parameter in Test conditions Unit
Min Typ Max
ViH High-level input voltage 1,2,3,4,9,10,12,13| Vgec1=Vgeez=5.5V 2.0
ViL Low-level input voltage 1,2, 3,4,9,10, 12, 13| Vgec1=Vgez=5.5V 0.6 v
. . Vecc1=Vcgpe=5.5v
hH High-level input current 1,2, 3, 4,9, 10, 12,13 ce 30 uA
VIiH=5.5V
Voc1=Veocz=4.5V
[T Low-level input current 1,2, 3,4,9,10, 12, 13 — 80 — 160 uA
ViL=0Vv
v =V =4.5Vv
VoL Low-level output voltage 9,12, 15, 16, 17, 18 cer coz 0.5 v
loL=5mA -
Vec1=Vecz=4.5V .
VoHrP1 14 ce oo 2.4 \
loH= — 1mA
PD high-level output voltage
\% =V =5V .
Vone 2 14 cer= Yooz 4.0 \
lon=—0.1mA
Voc1=Veoc2=4.5V
VoLp1 14 0.5 v
loL= 1 mA
PD low-level output voltage
Vec1=Veez= 5V
Vorp2 14 : 0.2 \%
foL=0.1mA
Vee1=Vecz=5.5V
lpD1 14 ¢ +1.0 uA
Vo= 14V
PD leakage current
\ =V =5V
Ipo2 14 o1 = Yooz £0.1 | £100 | na
Vo=2.5V
tece Vee1=5.5V, Vgoz=0V 3 6 mA
Circuit current
lcez Vec1=Veez=5.5v 30 50 mA
Note 1. All voltages are measured with respect to circuit ground (pin 11) at QV.
2, Currents are taken 10 be positive when flowing into the circuit and negative when flowing out of the circuit, the minimum
and maximum values taken to be absolute values.
3. The typical values are for Vce=5V and Tg=25°C.
AC CHARACTERISTICS (ta=25C , unless otherwise noted )
Limits
Symbol Parameter Pin Test conditions Unit
Min Typ Max

. . Voo1=Vccz=4.5V
VFEM1 FM input sensitivity 5 160 mVp—p
frnm= 60~ 130MHz

Veor1=Vocz=4.5V
VEmz FM input sensitivity 5 ger=voee 400 |mVe_p
frM=8~60MHz

. \'Z =V =4.5V
VAM1 AM input sensitivity 7 ce1 ccz 100 mVe_p
fam=2~8.0MHz

Veo1=Vooz=4.5V
Vamz AM input sensitivity 7 ce1=Veez 200 |mVp_p
fam=0.5~ 2MHz
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T-77-05-05
TYPICAL INPUT SENSITIVITY CHARACTERISTICS (vcci=Voce=5V, Ta=25'C)
(1) MINIMUM FM INPUT AMPLITUDE VS INPUT FREQUENCY
500 250
400 200
< 300 \\ ’; 150
s 3
E 200 N £ 100\
\
\-\ \
100 - 50 T
T~
% 10 20 30 a0 NS0 76 90 110 130 150
(MHz) (MHz)
{2) MINIMUM AM INPUT AMPLITUDE VS INPUT FREQUENCY
125 125
100 100
i~ 75 e 75
2 :
5 50 \\ 5 50
25 ‘\ 25 // IR
% 0.5 1 1.5 2 2.5 03 2 R 9
(MHz) (MHz)
o—s04 - . - MITSUBISHI
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APPLICATION EXAMPLES
1. External Synchronization
+ 5V
E
> DD
Be | saiT
DATA
Da
Da
+ 5V —_
_]_ '+ 1Sq CPS
\ J I i_ Reset
Da Vecz
De Veer CONTROLLER
be oIN (M58497P, ETC.)
Do X-0uT
1000p 2
1000 fFm @ 4S0MHz
P w
refrm N Timing Look
h
—+ M/FM
10000p | AM/
refam Lock
10000p |
CPS/25kHz PD
170 Test )?7
FM AM AM/FM
POWER
LPF SUPPLY
Local Osc SWITCH
Radio
MITSUBISHI 2—a05
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PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS

2. Internal Synchronization

T-77

-05-05

+5v [ ococ
L% CONVERTER 5-DIGIT FLUORESCENT DISPLAY
Da °  Vocy (3-1/2 DIGITS OF FREQUENCY,
o v - MR, AUTO, AND AM/FM STATUS)
8 OO 2 5MHzE
D¢ E x-INF2—
0o §x—our
1332"”— fam o asokHz 2 l CHANNEL INDICATOR 300Q
TJV_'_T_D“— Fatam Timing +‘-’5V
1odl s A AM/FMI— I I YL LEDX 6
‘1 retam Cock —
10000p|
GPS/25%Hz PO} +5v
170 Test £3%3 W VU,
rGND Reset/ fg K3 b4 Pla Pla 10kQ
5 x4 K2 D3 f—1- Pls P2 ac
MATRIX Ky D2 T Pig P, \(,SWITCH
INPUT Ks =z D1~ B BC/INA
YIEY] Ke ngmlng C m
POW%E. LPF ook § 2skHz > 25kHz
SWIT Mute B INA I A GND
0u L B
- S Stop AC H}—vj o0
F M
M A ! Voo STB{— d Z D1
Local Osc STATION % >
DETECTOR Lo 2 Vss[~ a & 2
0.01uF b4
> A a9 2 o3
TING c B Vee D4
|MU IN i [_
CIRCUIT oP
+5.7V ¢l
o bl
A S48
Z BACKUP
Radio CAPACITOR
—20V
2—406 MITSUBISHI
0458 £=05 ELECTRIC

This Material Copyrighted By Its Respective Manufacturer




