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No. 49218 j[

LC72131, 72131M

SANYO

AM/FM PLL Frequency Synthesizer

Overview

The LC72131 and LC72131M are PLL frequency
synthesizers for use in tuners in radio/casseite players.
They allow high-performance AM/FM tuners to be
implemented easily.

Applications
PLL frequency synthesizer

Functions

*» High speed programmable dividers
— FMIN: 10to 160 MHz .......... pulse swallower
(buili-in divide-by-two prescaler)

— AMIN: 2t0 40 MHz .............. pulse swallower
05t 10MHz........... direct division
+ IF counter
— IFIN: 04t 12MHz.......... AM/FM IF counter

« Reference frequencies
— Twelve selectable frequencies
(4.5 or 7.2 MHz crystal)
1,3,5,9,10,3.125,6.25,12.5,15,25,50 and 100 kHz
* Phase comparator
— Dead zone control
— Unlock detection circuit
— Deadlock clear circuit
» Built-in MOS transistor for forming an active low-pass
filter
+ 1/O ports
— Dedicated output ports: 4
— Input or output ports: 2
— Support clock time base output
» Serial data J/O
— Support CCB format communication with the
system controller.
+ Qperaling ranges

— Supply voltage...........coerveeneen. 451055V

— Operating temperature............ —40 to +85°C
* Packages

— DIP22S/MFP20

+ CCB is a trademark of SANYO ELECTRIC CO., LTD.

« CCB Is SANYO's original bus format and all the bus
addresses are controlled by SANYOQ,

[«i[<i3
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LC72131,72131M

PIn Assignmenis
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1.C72131, 72131M

Block Diagram

XIN ) [r‘\
L

XouT

FMIN {

AMIN

CE

oI

AEFERENCE

TP ——
PHASE DETECTOR

DIVIDER

—w——4CHARGE PUMP

|SWALLOW COUNTER

UNLOCK

1716, 1717 4bits

DIVIOER

[1201te PROGRAMMABLE

DETECTOR

cL

Do

Yoo

vssg

RESET

LATCH

DATA SHIFT REGISTER

PONER

PR

AIN

AOUT

uulvensm.L_Ql_t g
COUNTER —( sFn

|C

H
-

Ll
2| C
|

Agz2d@?

No. 4921-3/23



LC72131, 72131M

Specifications

Absolute Maximum Ratings at Ta = 25°C, Vgg =0V
Parameter Symbol Pins Ratings Unit
Supply voltage Vop max | Vpp -03to +7.0 \"
Vil max | CE, CL, D, AIN 0310 +7.0 v
Maximum input voltage Vin2 max | XIN, FMIN, AMIN, IFIN —0.31oVpp +0.3 v
Vin3 max | 107, 102 -0.310+15 Vv
Vol max | DO -0.310 +7.0 v
Maximum output voltage Vo2 max [ XOUT, PD -03toVpp+03 v
Vo3 max | BOT 10 BO4, 107, 102, AOUT -0.316 +15 v
Ig1 max | BOT 010 3.0 mA,
Maximum output current Ip2 max | AOUT, DO 01060 mA
Ig3 max | BOZ 10 BO4, 107, 102 010100 mA
T N LC72131. DIP22S 350
Allowable power dissipation Pdmax | Tas=85°C LC72131M MEPZ0 180 mw
Cperating temperature Topr -4010 +85 °C
Storage temperature Tsig -55to +125 °C
Allowable Operating Ranges at Ta = —40to +85°C, Vgg=0V
Parameter Symbol Pins Conditions min typ max Unit
Supply vollage Voo VoD 45 55 v
] Vil CE, CL, DI 07 Vpp 6.5 v
Input high-tevel voltage —
Vg2 | 107,162 0.7 Vpo 13 v
Input low-level voltage ViL CE, CL, DI, 107, 102 0 0.3 Vpp v
Vi DO 0 6.5 v
Output voltage Vo2 ig;} ;o BO4, 107, 102, 0 13 v
find XiN VNt 1 8 | MHz
2 FMIN Vin2 10 160 | MHz
Input frequency fin3 AMIN VN3, SNS =1 2 40 MHz
find AMIN Vind, SNS =0 05 10 | MHz
NG IFIN VinG 0.4 12 | MHz
Vint XIN i1 400 1800 | mVrms
Vin2-1 FMIN f=10to 130 MHz 40 1500 | mVrms
Vin2-2 | FMIN f=130t0 160 MHz 70 1500 | mvrms
Input amplitude Vin3 AMIN fin3, SNS =1 40 1500 | mVrms
Vind | AMIN find, SNS = 0 40 1500 | mvrms
Vind-1 | IFIN NS, IFS =1 40 1500 | mvrms
ViNs-2 | IFIN 6. IFS =0 70 1500 | mvrms
Supported crystals Xtal XIN, XOUT - 4.0 8.0 MHz
Note: * Recommended crystal oscillator Cl values:
Cl < 1208 (For a 4.5 MHz crystal)
Cl < 700 (For a 7.2 MHz crystal)
<Sample Oscillator Circuit>
Crystal oscillator: HC-49/U (manufactured by Kinseki, Ltd.}, CL = 12 pF
C1=C2=15pF
The circuit constants for the crystal oscillator circuit depend on the crystal used, the printed circuit board
pattern, and other items. Therefore we recommend consulting with the marufacturer of the crystal for
evaluation and reliability.
Ca
”rl XouT
[ LC72131/M
c1 XEIN
;‘I A03D54
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LC72131, 72131M

Electrical Characteristics for the Allowable Operating Ranges at Ta = —40 to +85°C, Vgg =0V

Parameter Symbol Pins Conditions min typ max Unit
RH XIN 1.0 Ma
o ) Rf2 FMIN 500 kG
Built-in feedback resistance
Ri3 AMIN 500 ket
Ri4 IFIN 250 k02
L . Rpd1 FMIN 200 kot
Built-in pull-cown resistor
Rpd2 AMIN 200 ke
Hysleresis Vuis CE,CL, DI, 101,102 0.1 Vpp v
Qutput high level voltage Von! PD lp=-1mA Vpp-1.0 v
Vool PD lp=1mA 1.0 v
- lp=05mA 0.5 v
Vo.2 8ot o=1 mA 1.0 v
lp=1mA 0.2 v
Qutput low level voltage Vo3 po l5=5mA 1.0 A
ln=1mA 0.2 v
Vo4 |[BOZ10bB04,101,162 {lp=-5mA 10 Y
lo=8mA 16 v
Vo5 AQUT lo=1mAAIN=13V 0.5 v
I CE, CL, DI V=65V 5.0 v
2 107, i02 Vi= 13V 5.0 1A
Input high level current I3 XN Yi= Voo 20 " bA
() FMIN, AMIN V= Vpp 4.0 22 HA
145 IFIN V| =Vpp 8.0 44 pA
6 |AIN V=65V 200 nA
Ml CE,CL, DI Vim0V 5.0 A
2 101,102 V=0V 5.0 pA
L3 XIN V=0V 2.0 1 A
Input low level current
I 4 FMIN, AMIN V=0V 4.0 22 WA
.5 IFIN Vi=0V 8.0 44 pA
6 AN V=0V 200 nA
BO1 10 BO4, ACUT,
Output off leakage current loFF! 1071, 162 Vo=13V 50 RA
lopp2 DO Vo=65V 5.0 WA
e o |7 o | am | w
e o HDERE
Input capacitance Cin FMIN 6 pF
Xtal = 7.2 MHz,
pp! Voo fine = 130 MHz, 5 10 mA
VN2 = 40 mVrms
PLL block stopped
i INHIBIT
Corrent drain loo? Voo gfl:!LosciII:tor)éperating 05 mA
(Xtal = 7.2 MHz)
Ipp3 Voo :lt:; S::‘i:lll(ast';?ps?ggped 10 nA

No, 4921-5/23




LC72131, 72131M

Plin Functions

Pin No.
Symbol (MFP pin Nos. are Type Functions Cireuit configuration
in parentheses.)
".Yll'
XIN (1) Crysta i o>
11 « Crystal rasonalor connection
XOUT 22 (20) Xia OSC (4.5/7.2 MHz)
o0——
AQ ESEB.
+ FMIN is selected when the serial data input DVS bit is A
setfo 1.
« The input frequency range is from 10 o 160 MHz, N,
FMIN 16 (14) Local oscillator + The input signal passes through the internal divide-by-
signal input two prescaler and is input 1o the swallow counter.
+ The divisor can be In the range 272 to 65535. However,
since the signal has passed through the divide-by-two 202598
prescaler, the actual divisor is twice the set value,
ARL
r
« AMIN is selected when the serial data input DVS bitis
setto 0. o {>°
+ When the serial data input SNS bitis setto 1:
— The input frequency range is 2 1o 40 MHz. f
— Tha signal is directly input o the swallow counter,
Local oscillator — The divisor can be in the range 272 to 65535, and AD2589
AMIN 15{13) sianal inout the divisor used will be the value set.
v P « When the serial data input SNS bitis set 1o 0
— The input frequency range is 0.5 1o 10 MHz.
— The signal is directly input 1o a 12-bit programmable
divider.
— The divisor can be in the range 4 to 4095, and the
divisor used will be the value set.
. Set this pin high when inputting {DI) or outputting (DO} )-—| :>o—-«
CE 3(2) Chip enable serial data.
AQBB00
« Used as the synchronization clock when inputting (D) or D—@o—
cL 504 Clock outoutting (DO) serial data.
AD2B0Q
. * Inputs serial cata transferred from the controer to the
] 4(3) Data input LCT2131. ., >°
402600
« Qutputs serial data transferred from the LC72131 to the _|
controtler.
Do 6(5) Data output The content of the output data is determined by the
serial data DOCO to DOC2. A02601
« The LC72131 power supply pin{Vpp=4.5t05.5V)
Vop 17 {15) Power supply » The power on reset circuit operates when pawer is first

applied.

Conlinued on next page.
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LC72131,72131M

Continued from preceding page.

Symbol

Pin No.
{MFP pin Nos. are
in parentheses.)

Type

Functions

Circuit configuration

Vss

21(19)

Ground

+ The .C72131 ground

BOi
BOZ
BO3
BO4

7(6)
8(7)
9(8)
10 (9)

Output port

+ Dedicaled output pins

+ The output states are determined by BO1 to BO4 bits in
the serial data.

Data: 0 = open, 1 = low

+ A time base signal (8 Hz) can be output from the BOT
pin. (When the serial data TBC bitis setto 1.)

« Care is reguired when using the BO1 pin, since ithas a
higher on impedance that the other output ports (pins
BO2 1o BO4).

+ All cutput ports are set 1o the cpen state following a
power on reset.

AC2601

mal =

11(10)
13(12)

1O port

+ YO dual-use pins
* The direction (input or autput) is determined by bits I0C1
and [OC2 in the serial data.
Data: 0 = input port, 1 = output port
When specified for use as input ports:
The state of the input pin is transmitted to the conlroller
over the DO pin,
Input state: low = 0 data value
high = 1 data value
When specified for use as oulpul poris;
The output states are determined by the IOt and 102
bits in the serial data.
Data: 0 = open, 1 = low
These pins function as input pins following a power on
reset,

AD2E02

PO

18 (16)

Charge pump
output

PLL charge pump output

When the frequency generated by dividing the local
oscitlator frequency by N is higher than the reference
frequency, a high level is output from the PD pin.
Similarly, when that frequency is lower, a low level Is
output. The PD pin goes to the high impedance state
wher the frequencies maltch,

ADE2803

AIN
AQUT

19 (17)
20 (18)

LPF amplifier
transistor

The n-channel MOS transistor used for the PLL active
low-pass filter.

AC2E604

IFIN

12 {(11)

IF counter

Accepts an input in the frequency range 0.4 to 12 MHz.
The input signal is directly transmitted to the IF counter.
The result is output starting the MSB of the IF counter
using the DO pin.

« Four measurement periods are supported: 4, 8, 32, and
64 ms.

AQ2598
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LC72131, 72131M

Serial Data I/O Methods

The L.C72131 inputs and outputs data using the Sanyo CCB (computer control bus) audio LSI serial bus format. This
LSI adopts an 8-bit address format CCB.

Address
/O mode Function
BO B1 B2 B3 AD Al A2 Al

+ Contral data input mede {serial data input)
= 24 data bits are input.

1 INT (82) 0 0 0 ! 0 ! 0 ¢ * See the "Dl Control Data (serial data input) Structure”
itern for details on the meaning of the input data.
» Confrol data input mode (serial data input)
. bi i !
2 IN2 (62) 1 0 0 1 0 1 0 0 24 data bits are input

+ See the “DI Control Data {serial data input) Structure”
item for details on the meaning of the input data.

Data output mode (serial data outputy
+ The number of bits output is aqual to the number of clock
3 OUT (A2) 0 1 0 1 0 1 0 0 cycles.
+ See the "DO Output Data (serial data output) Structure”
item for details on the meaning of the cutput data.

r—— 1/Q mode determined

0
CE p)

cL

o Jew e [w e [w]a]e]n [T

/

!LF:r'at Data INi/2

iXI_St

'LFir'st Data OUT

. S

{0 CL: Normal high R firat Date oUT

jelu]

@ CL: Normal low Aozeod
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LC72131,72131M

1. DI Control Data (Serial Data Input) Structure

« IN1 Mode

Address

1

DI=— 0|0 |0

ed

-]

td

oB

5X

313

sAQ

SNS

Gtd

vid

Efd

2d

FEd

ard

,/— First data IN1

H13-H {2}

HLJ-dI (E)

PN

w HL3-d (%}

AQ2E08

« IN2 Mode

Addrass

0144“510010!00—‘

:-——First data IN2

|
|
|
|
M

1531 {20

541 (1 1)

J-0g %)
3HIL {B)

H13-4dI (€}

J2-20 8

HIOANN (L)

2-0a

adeg
31.uag (ET)

Lu0d-0 (5}

2-0L (¥}

ADRBO7
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LC72131, 72131M

2. DI Control Data Functions

No. Control block/data Functions Related data
Programmable divider data | » Data that sets the divisor of the programmable divider.
POto P15 A binary value in which P15 is the MSB. The LSB changes depending on
DVS and SNS. (*: don't cara)
DVS SNS LSB Divisor setting (N) Actual divisor
1 * PO 272 to 65535 Twice the valus of the setting
0 1 PG 272 to 65535 The value of the setting
0 0 P4 4 to 4095 The valus of the setting
(1 Note: PO to P3 are ignored when P4 is the LSB.
DVS, SNS + Selects the signal input pin (AMIN or FMIN) for the programmable divider, switches
the input frequency range. (*: don't care)
bvs SNS Input pir Input frequency range
1 * FMIN 10 1o 160 MHz
0 1 AMIN 2 to 40 MHz
0 ¢ AMIN 0.510 10 MHz
Note: See the "Programmable Divider Structure” item for more information.
Reference divider data « Reference frequency (fref) selection data.
RO to R3
R3 A2 Ri1 RO Reference fraquency (kHz)
0 o] 0 o] 100
0 0 0 1 50
0 o] 1 o] 25
0 0 1 1 25
Q0 1 0 [ 12.5
0 1 0 1 6.25
0 1 1 o] 3125
0 1 1 1 3125
1 o 0 o] 10
1 0 0 1 9
1 0 1 0 5
@ 1 0 1 1 1
1 1 4] 0 3
1 1 0 1 15
1 1 1 0 PLL INHIBIT + Xtal OSC STOP
1 1 1 1 PLL INHIBIT
Note: PLL INHIBIT
The programmable divider block and the IF countar block are stopped, the FMIN,
AMIN, and IFIN pins are set to the pull-down state (ground}, and the charge pump
goes to the high impedance state.
XS + Crystal resonator selection
X5=0:45MHz
X8=172MHz
The 7.2 MHz frequancy is selected after the power-on reset.
IF counter control data « IF counter measurement start data
CTE CTE = 1: Counter start
CTE = 0: Counter reseat
GTO, GT1 = Detarmines the IF counter measurement peried. IFS
3 GT1 GTO Measurement time (ms) Wait time (ms)
®) o 0 4 3to4
V] 1 8 Jto4
1 ¢} 32 7to8
1 1 64 708
Note: See the “IF Counter Structure” item for more information,
@ WO pont specification data |+ Specifies the /O direction for the bidirectional pins 101 and 102.
I0C1, 10C2 Data: 0 = input mode, 1 = output mode
Output port data » Dala thal determines the output from the BO1 to BO4, 101 and I02 cutput ports
(5) | BO110BO4, 101,102 Data: 0 = open, 1 = low :800;

» The data = O {open) state is selected after the power-cn reset.

Continued on next page.
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LC72131, 72131M

Continued from preceding page.

No. Conlrol block/data Functions Related data
DO pin control data = Data that determines the DO pin outpul
DOCO, DOCH, DOC2
poOc2 | DOC1 | DOCO DO pin state
0 0 0 Open
o] 0 1 Low when the unlock state is detected
0 1 0 end-UC*?
o] 1 1 Open
1 0 0 Open
1 0 1 The IO pin state™
1 1 0 The IGZ pin state™2
1 1 1 Open
The open state is selected after the power-on reset.
Note: 1. end-UC: Check for IF counter measurement completion
SS uLo, uL1,
(6) DO pin >. ﬂl l ;g f CTE,
i : ' 10C1, 10C2
) i i
(@ Count start @ Countend 3 CE: High
AGR2E08
@ When end-UC is set and the IF counter is started (i.e., when CTE is changed
from zero to one), the DO pin automatically goes to the open state.
@ When the IF counter measurement compleles, the DO pin goes low to indicate
the measuremant completion state.
@ Depending on serlal data /O (CE: high) the DO pin goes to the open state.
2. Goes 1o the open state If the I/Q pin is specified to be an output port.
Caution: The state of the DO pin during a data input period {an IN1 or IN2 mode period with CE
high) will be open, regardless of the state of the DO control data (DOCC to DOC2).
Also, the DO pin during a data output period (an QUT mode period with CE high}
will ouiput the contents of the internal DO serial data in synchronization with the
CL pin signal, regardless of the state of the DO control data (DOCO to DOC2).
Unlock detection data + Selects the phase error {gE) detection width for checking PLL lock.
ULC, ULt A phase error in excess of the specified detection width is seen as an unlocked state.
UL uLo @ E detection width Detector output
0 0 Stopped Open DOCO,
@ o 1 lo @E is oulpul directly DOC1,
1 o 10.55 ps oE is extended by 1t0 2 ms boc2
1 1 +1.11 ps oE is extended by 110 2 ms
Note: In the unlocked state the DO pin goes low and the UL bit in the serial data
beacomes 2aro.
Phase comparator = Controls the phase comparator dead zone.
control data
DZ0, DZ1 DZ1 DzZo Dead 2cne mode
0 0 DZA
® 0 1 Dz2B
1 0 DZC
1 1 DZD
Dead zone widths: DZA < DZB < DZC < DZD
9 Clock lime base Setting TBC to one causes an B Hz, 40% duty clock time base signal to be output BO1
® | tec from the BO1 pin. (BO1 data is invalid In this mode.}
Charge pump controt data | » Forcibly controls the ¢charge pump output.
DLC
DLC Charge pump outpul
[¢] Normal cperation
{10) 1 Forced low
Note: If deadlock occurs due to the VCO control voltage (Vtune) going to zero and the VCO
oscillator stopping, deadlock can be cleared by forcing the charge pump outpul to
low and setting Vtune to V. (This is the deadlock clearing circuit.)

Continued on next page.
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LC72131, 72131M

Continued from preceding page.

No. Control block/data Functions Related data
IF counter control data + This data mus! be set 1 in normal mode.
an IFS Though if this value is set 1o zero, the system enters input sensitivity degradation mode,
and the sensitivity is reduced to 10 to 30 mVrms.
* See the "IF Counter Operation” item for details.
LS test data | * LS test data
TEST 0 to TEST3 TESTO
(12) TEST1 These values must all be setto 0.
TEST2
These test data are set to 0 automatically after the power-on reset.
{(13) | DNC Dor't care. This data mus! be set to O.

3. DO Output Data (Serial Data Output)

« OUT Mode
Addrass
DI=— 0|1 1ilJoji1]0]|0
FFirst data OUT
Do~ % | o D Al I RN SRR el - I P R P PR I S P I
plo(jojuv|jlo/o]|joruL|L|V|LIL|C|LIDIOD OO O
Nt ST >
=
- 4 b 4 @
=} 3] =
a Q a
1 = 1
z Z L
3 ) & 71 1 Mustbe zero.
AD280D
No. Control block/data Functions Related data

IO port data » Latched from the pin states of the TOT and 102 VO ports.
12,11 + These values follow the pin states regardless of the input or output setting. oc
n « Bits 12, 11 raflect the data laiched into each inpul port when the device changes to OUT Mode. :OC;
11 « FO1 pin state Y High: 1
12 « 102 pin state J Low: 0
PLL unlock data * Latched from the state of the unlock detection ciruit. uLo
(2) UL UL « 0: Unlocked UL1'
UL « 1: Locked or detection stopped mode
IF counler binary data « Latched from the value of the IF counter (20-bit binary counter). CTE,
{3) |c1stwecCo C19 « MSB of the binary counter GTO,
C0 « LSB of the binary counter GT1

4. DO Qutput Data

No. 4921-12/23




LC72131, 72131M

5. Serial Data Input (IN1/IN2) tgy, tups teL, S EH 2 0.75ps, ;- <0.75us

( CL: Normal high

H H
teL—ites ' tgpb—
i
ce |
1

o LT LU B L | [T
tgy ttHD |

H 8o mlaelaa[nnln[naxAalpaxmxpaxpa Tre [ e [na

i
Internal data I
A02810
@ CL: Normal low

tEL;‘—'E"'—"‘EtEE tEHg‘—‘i

R ] T

tEu *w = — — — A
DI *a'o Bs Joa JBa a0l ar Jaefaa] o JesJrefeal] Jro T riJwe]wa
tLe-- 5-*
Internal data . ' [
6. Serial Data Output (OUT) tsu, [HD' [EL, lﬁs, [EH 20,75 s, lDC. I'DH <0.35 S
(D CL: Normal high
‘EL%"_‘:'_"EtEE teug'“‘i

CE

1] § ;D a1 1 : I3 H Ba K AC x ALl x A2 l A3 :
T ] o
*—Dc":I'" "'ﬁ‘"tnc th"H"
L . -—— d
Do 12 | 11} I TeaJezafcaJeoY
AdRaLR
@ CL: Normal low
tE‘-E“_‘é'_";tEB *-EH‘E--—é

. n -

e __f_l_l_l_l_l_l_l_l_\_l_u_l_l_l_ﬂ_lm _____ LU

tgu el thp

DI ia“nimxuzluaxmluxaa] a3 ‘

W i H
tpc i~ i~ tng SOH ~Th-

oo {:ziﬂ 1w Jcafeefer]co

ADEZBLY

Note: Since the DO pin Is an n-channel open-drain pin, the time for the data to change (tpc and tpn) will differ depending on the value of the pull-up
resistor and printed circult board capacitance.
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7. Serial Data Timing

tE VIH
// / K VI
teH toL
VIH
e- VIL vIL
tEL
VIH VIH
pI
vIL viL .
tsu | thHO \ £DC— |_;

N T

Internal
data ] New
tatch
1Y
AD2E14
When stopped with CL low
/f
CE VIH/[
VIL
N
tCcL
oL VIHA VIH \
vIL VIL
I tEC tES
VIH
D1 /
VIL
tsuY tDC — |-— |——
Internal }—;
data Qld X #
latch
I
ACEB1D
When stopped with CL high
Parameter Symbol Pins Conditions min typ max Unit
Data setup time su DI, CL 0.75 ps
Data hold time thp DI, CL 0.75 us
Clock low-level ime oL CL 0.75 us
Clock high-level time toH CL 0.75 us
CE waittime gL CE.CL 0.75 us
CE setup time tes CE.CL 0.756 us
CE hold time tex CE,CL 0.75 pus
Data latch change lime e 0.75 us
e DO, CL Di:iers ?fﬁendi"ng :n 1r?e‘
; value of the pull-up resistor
Data output time and the printed circuit board 038 ke
IoH DO, CE capacitances.

No. 4921-14/23
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Programmable Divider Structure

4bite 12bits
FMIN E}__::q;:;::l___{}é} (A)
f Swallow Programmable
Counter Divider
,_w,_! (B} (c}
AMIN O—4+—>0 fveosN
I
: 43
DVS SNS tref
fvco=fref X N
AD2816
DVSs SNS Input pin Set divisor Actual divisor: N Input frequency range (MHz)
A 1 * FMIN 272 10 65535 Twice the set value 10 t0 160
B [} AMIN 272 1o 65535 The set valua 21040
C 0 0 AMIN 4 to 4095 The set valus 0.510 10

Note: * Don’lcare.

1. Programmable Divider Calculation Examples
« FM, 50 kHz steps (DVS = 1, SNS = *, FMIN selected}
FM RF = 90.0 MHz (IF = +10.7 MHz)
FM VCO = 100.7 MHz
PLL fref = 25kHz{ROto R1=1,R2to R3=0)

100.7 MHz (FM VCO) + 25 kHz (fref) + 2 (FMIN:

E

D

7
e,

divide-by-two prescaler) = 2014 — 07DE (HEX)
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« SW, 5 kHz steps (DVS =0, SNS = 1, AMIN high-speed side selected)
SW RF = 21.75 MBz (IF = +450 kHz)
SW VC0O=2220MHz
PLL fref=5kHz (R0=R2=0,R1=R3=1)
22.2 MHz (SW VCO) + 5 kHz (fref) = 4440 — 1158 (HEX)
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+» MW, 10 kHz steps (DVS = 0, SNS = 0, AMIN low-speed side selected)
MW RF = 1000 kHz (IF = +450 kHz)

MW VCO =

1450 kHz

PLL fref= 10 kHz (ROtoR2=0,R3=1)
1450 kHz (MW VCO) + 10 kHz (fref) = 145 — 091 (HEX)
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IF Counter Structure

The LC72131 IF counter is a 20-bit binary counter. The result, i.e., the counter’s msb, can be read serially from the DO pin.

IF counter
(20-bit binary counter)

. (Fe)
IFIN >0 L M
:E”__ s . . DOpin
& 8 ()
0103 | 4107 [B1o11 121015 161018
4,/8/32/64 (BT
mse
T T CTE
GTO0 GTH c=Fc X GT

AD2B20

Measuremant time
GT1 GTO - —
Measurement period (GT) (ms) Wait time (twu) (ms)
0 0 4 Jw4d
4] 1 8 Jwod
] 0 32 7i08
1 1 B4 7t08

The IF frequency (Fc) is measured by determining how many pulses were input to an IF counter in a specified
measurement period, GT.

Fc= % (C=FcxGT) C: Count value {number of pulses)

1. IF Counter Frequency Calculation Examples

» When the measurement period {(GT) is 32 ms, the count {C) is 53980 hexadecimal (342400 decimal);
IF frequency (Fc) = 342400 + 32 ms = 10.7 MHz

] 3 a -3 0
————— — e\
ofl1bto|l2a]olo]|slsfjs]|o]|e|a]a|ofojo]jo]|o]|O]|C
- glazlslelelr (S a2 alal~|o|alc]n|als]e
ol B slololo|a]|s]|o]o|o|o|o|v|wle|o]|ejo|oldlo]e

Aggezi

= When the measurement period {(GT) is 8 ms, the count (C) is E10 hexadecimal (3600 decimal):
IF frequency (Fc) = 3600 + 8 ms =450 kHz

12
I1

UL
ci1g) o
ciBio
ci7)o
cig1 o
cis i
cisio
C1.34Ea
tizio
Ti1im

H

Ci0im
ce

ce

c7

[+1:]
cs
ca
c3
ce
ct
co }

AQpoRR
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2. IF Counter Operation
CE CTE data = 1
i1 Measurement ___
! time h
Frequency i GT
measurement .
time ! i

Wait time —t———

Count start Count end (end-UC)
A02623

Before starting the IF count, the IF counter must be reset in advance by setting CTE in the serial dala to 0.

The IF count is started by changing the CTE bit in the serial data from 0 10 1. The serial data is latched by the
LC72131 when the CE pin is dropped from high to low. The IF signal must be supplied to the IFIN pin in the period
between the point the CE pin goes low and the end of the wait time at the latest. Next, the value of the IF counter at
the end of the measurement period must be read out during the period that CTE is 1. This is because the IF counter is
reset when CTE is set to 0.

Note: When operaling the IF counter, the control microprocessor must first check the state of the IF-IC SD (station
detect) signal and only after determining that the SD signal is present turn on IF buffer output and execule an
IF count operation, Autosearch techniques that use only the IF counter are not recommended, since it is
possible for IF buffer leakage output to cause incorrect SLops at points where there is no station,

IFIN minimum Input sensitivity standard

1 (MHz)
IFS 045105 05<{<8 8sfs12
40 mVrms 40 mVrms
1: Normal mode (0.1 1o 3 mVrms) 40 mVrms (1 to 10 mVrms)
. 70 mVrms 70 mVrms
0: Degradation mode {10 10 15 mVrms) 70 mVrms {30 10 40 mVrms)

Note: Values in parentheses are actual performance values presented as reference data,
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Unlock Detection Timing

1.

Unlock Detection Determination Timing

Unlocked stale detection is performed in the reference frequency (fref) period (interval). Therefore, in principle,

~ unlock determination requires a time longer than the period of the reference frequency, However, immediately after

changing the divisor N (frequency) unlock detection must be performed after waiting at 1east two periods of the
reference frequency.

CE

DATA
LATCH

YCO/N

N-
counter

fref

$ERROR
{unlock)

Qid data

)( New data

Q

{

Old divisor N

New divisor N'

during the fi

The divisor N is not updated

rat period.

Note: After changing the diviser, sERROR
is output after two fref paricds.

Figure 1 Unlocked State Detection Timing

AQRBEA

For example, if fref is 1 kHz, i.e., the period is 1 ms, after changing the divisor N, the system must wait at least 2 ms
before checking for the unlocked state.

UNLOCK
detection circuit

— UNLOCK

L]

]

|
—

+#
fref
YCO/N
+N
{} Preset

DATA LATCH

Phase comparalor

¢ERRORA

L.P.F

Figure 2 Circuit Structure

AD2628s
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2. Unlock Detection Software

Data input Dataoutput @ Data output &
- I\ L L
N Oid data ) New data )
! /
AN N
veo
frequency

SERROR [ 1LJUT]

it

(2) =1
Unlock {UL} serial
dala output

{2) -z
Untock detection ]
pin output

Locked —= | Gw=m————Lnlockad ———»|—— Locked

Figure 3

3. Unlocked State Data Output Using Serial Data Output

In the LC72131, once an unlocked state occurs, the unlocked state serial data (UL} will not be reset until a data input
(or output) operation is performed. At the data output (D point in Figure 3, although the VCO frequency has
stabilized (locked), since no data output has been performed since the divisor N was changed the unlocked state data
remains in the unlocked state. As a result, even though the frequency has stabilized (locked), the system remains
{from the standpoint of the data) in the unlocked state.

Therelore, the unlocked state data acquired at data output (), which occurs immediately after the divisor N was
changed, should be treated as a dummy data output and ignored. The sccond data output (data output @) and
following outputs are valid data.

Wait for at lsast two refarance

Divisor N modification. s
frequency pariods.

(dataipputy | -

Dummy data output

Valid data can ba output at intervals
; of one referance frequency period or
Valid data output Y longer.
NO Note: Locking state determination is more
reliablae if it is based on reading valid
YES output data several times.

Locked State Determination Flowchart
4. Directly Outputting Unlocked State Data from the DO Pin (Set by the DO pin control data)

Since the locking state (high = locked, low = unlocked) is output directly from the DO pin, the dummy data
processing described in section 3 above is not required. After changing the divisor N, the locking state can be
checked after waiting at least two reference frequency periods.
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Clock Time Base Usage Notes

The pull-up resistor used on the clock time base output pin (BOT1) should be at least 100 k€. This is to prevent degrading
the VCO C/N characteristics when a loop filter is formed using the built-in low-pass filter transistor. Since the clock time
base output pin and the low-pass filter have a common ground internal to the IC, it is necessary to minimize the time
base output pin current fluctuations and to suppress their influence on the low-pass filter. Also, to prevent chattering we
recommend using a Schmitt input at the controller (microprocessor) that receives this signal.

VYoo
LC72131/M Microprocessor
Atz100kR
BO1
T [—{s>—
Ti tput
— ime base outpu Schmitt inpul
PD
) Vee
——
AOUT
rL| My “____.
AIN A vCao
Ve
Loop filtar _J_
AD2BR7
Other tems
DZ1 DZ0 Dead zone mode Charge pump Dead zone

0 v} DZA ON/ON --0s

[¢] 1 pzZe ON/ON -0s

1 0 DZC OFF/OFF +0s

1 1 DzZD OFFIOFF ++05

. Notes on the Phase Comparator Dead Zone

Since correction pulses are output from the charge pump even if the PLL is locked when the charge pump is in the
ON/ON state, the loop can easily become unstable. This point requires special care when designing application
circuits.

The following problems may occur in the ON/ON state.

« Side band generation due to reference frequency leakage
» Side band generation due to both the correction pulse envelope and low frequency leakage

Schemes in which a dead zone is present (OFF/OFF) have good loop stability, but have the problem that acquiring a
high C/N ratio can be difficult. On the other hand, although it is easy to acquire a high C/N ratio with schemes in
which there is no dead zone, it is difficult to achieve high loop stability. Thercfore, it can be effective to select DZA
or DZB, which have no dead zone, in applications which require an FM S/N ratio in excess of 90 to 100 dB, or in
which an increased AM stereo pilot margin is desired. On the other hand, we recommend selecting DZC or DZD,
which provide a dead zone, for applications which do not require such a high FM signal-to-noise ratio and in which
either AM stereo is not used or an adequate AM stereo pilot margin can be achieved.

No. 4921-20/23



LC72131, 72131M

Dead Zone

The phase comparalor compares fp to a reference frequency (fr) as shown in Figure 4, Although the characteristics of
this circuit (see Figure 5) are such that the output voltage is proportional to the phase difference @ (line A), a region
(the dead zone) in which it is not possible to compare small phase differences occurs in actual ICs due to internal
circuit delays and other factors (line B). A dead zone as small as possible is desirable for products that must provide
a high S/N ratio. '

However, since a larger dead zone makes this circuit easier 1o use, a larger dead zone is appropriate for popularly-
priced products. This is because it is possible for RF signals to leak from the mixer to the VCO and modulate the
VCO in popularly-priced products in the preseace of strong RF inputs. When the dead zone is narrow, the circuit
outputs correction pulses and this output can further modulate the VCO and generate beat frequencies with the RF
signal,

v

(A}

L ‘n 1
D—I Reference Divider |—> (=}

T Phase -
i (nB)
Detector
Programmable Divider-l—iL
PDead Zone
L \ I
Figure 4 A02930 Flgure 5 Ao2p31

. Notes on the FMIN, AMIN, and IFIN Pins

Coupling capacitors must be placed as close as possible to their respective pin. A capacitance of about 100 pF is
desirable. In particular, if a capacitance of 1000 pF or over is used for the IF pin, the time to reach the bias level will
increase and incorrect counting may occur due to the relationship with the wait time.

. Notes on IF Counting — SD must be used in conjunction with the IF counting time

When using IF counling, always implement IF counting by having the microprocessor determine the presence of the
IF-IC SD (station detect) signal and turn on the IF counter buffer only if the SD signal is present. Schemes in which
auto-searches are performed with only IF counting are not recommended, since they can stop at points where there is
no signal due to Jeakage output from the IF counter buffer,

. DO Pin Usage Techniques

In addition to data output mode times, the DO pin can also be used to check for IF counter count completion and for
unlock detection output. Also, an input pin state can be output unchanged through the DO pin and input to the
controller.

. Power Supply Pins
A capacitor of at least 2000 pF must be inserted between the power supply Vpp and Vgg pins for noise exclusion.
This capacitor must be placed as close as possible to the Vpp and Vgg pins. ‘
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Pin States After the Power ON Reset

Cpan mm e m
Open e
Open @ ommmmemeemma
Open .
Open e
input port aEmmmmmmemem e

st ]
552 ]
555
w07 [
T [

xIN [ |
ce [
or [
e [ ]

oy
& 5 | ] Po
s [ ] Fux

Application System Example (Package: MFP20)
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This section is susceptible 1o noise due 1o its high

impedance. Therefore, the pattern lines should be

oI

L
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kept as short as possible and this area should be
covered with a ground pattern.
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W No products described or contained herein are intended for use in surgical implants, life-support systems, aerospace
equipment, nuclear power control systems, vehicles, disaster/crima-prevention equipment and the like, the failure of
which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall.

@ Accept full responsibility and indemnify and defend SANYO ELECTRIC CO.,, LTD,, its affiliates, subsidiaries and
distributors and all thelr officers and employees, jointly and severally, against any and all claims and litigation and all
damages, cost and expenses associated with such use:

® Not impose any responsibility for any fault or negligence which may be cited in any such claim or litigation on

SANYQO ELECTRIC CO., LTD,, its affiliates, subsidiaries and distributors or any of their officers and employees
jointly or severally.

M Information (including circuit diagrams and circuit parameters} herein is for example only; it is not guaranteed for
volume production. SANYO believes information hereln Is accurate and reliable, but no guarantees are made or implied
regarding its use or any infringements of intellectual property rights or other rights of third parties.

This catalog provides information as of June, 1996. Specifications and information herein are subject to change
without notice.
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