Ordering number : EN 3985C

CMOS LSI

LC72191, 72191M, 72191JM

SANYO

for Electronic Tuning in Car Stereo Tuners

PLL Frequency Synthesizer

Overview

The LC72191, LC72191M and LC72191JM are PLL
frequency synthesizers for electronic tuning. The
LC72191, LC72191M and LC72191JM are optimal for
AM/FM tuner circuits that require high mounting
densities.

Features

Designed for use in car stereos, the LC72191 provides a
rich set of reference frequencies, I/O ports, a general-
purpose counter, and an unlock detection circuit.

Functions

* Programmable dividers
— FMIN pin: 130 MHz at 70 mVrms and 160 M
100 mVrms input (built-in prescaler) :
— AMIN pin: Pulse swallower and dire¢
techniques ’
» Reference frequencies: Ten selecta
1,5,9,10,3.125, 6.25, 12.5 25, 50 and
 Output ports: 7 pins
Complementary outputs: 2 pins
N-channel open drain outputs:
« Input ports: 2 pins
* General-purpose counter;
signals (Also use
functioning as an IF ¢

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

e CCB is SANYO's original bus format and all the bus
addresses are controlled by SANYO.

Package Dimensio
unit: mm
3067-DIP24S
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Package Dimensions
unit: mm unit: mm

3045B-MFP24 3112-MFP24S
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Block Diagram
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Note: Crystal oscillator
(C=27pF)

Pin Symbols

XIN, XOUT: Crystal oscillator (7.2 MHz)
FMIN, AMIN:  Local oscillator signal input
CE, CL, DI, DO: Serial data I/O

OUTO to OUT6:  Output ports

INO, INT: Input ports
HCTR, LCTR:  General-purpose counter inputs
PD1, PD2: Charge pump outputs
SYC: Control clock (400 kHz)
Specific:
'=25°C,Vgg=0V
Symbol Conditions Ratings Unit
Vpp max | Vpp -0.3t0+7.0 \Y
Vin (1) CE, CL, DI, INO, IN1 -0.3t0 +7.0 \Y
VN (2) Input pins other than Vy (1) -0.3to Vpp + 0.3 \
Vout (1) | DO, SYC -0.3t0 +7.0 %
Vour (2) | OUTT, OUT2 -0.3t0 Vpp + 0.3 v
Output voltage
Vour (3) | OUT3 to OUT6, OUTO -0.3to0 +15 \Y
Vour (4) | Output pins other than Vot (1), Vout (2) and Vout (3) -0.3to Vpp + 0.3 \
Ta=85°C :LC72191 350
Allowable power dissipation Pd max :LC72191M 300 mwW
:LC72191JM 200
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg -55to0 +125 °C
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Allowable Operating Ranges at Ta = —40 to +85°C, Vgg =0V

Parameter Symbol Conditions min typ max Unit
Vpp (1 V \Y
Supply voltage oo (1) Db - -
Vpp (2) | Vpp: Crystal oscillator guaranteed operation \
) Vig (1) | CE, CL, DI, INO, IN1 \Y
Input high level voltage —
ViH (2) LCTR: Pulse waveform, DC coupling™# \
ViL(1) CE, CL, DI, INO, IN1 \Y
Input low level voltage "
ViL(2) LCTR™4 \Y
V 1) | DO, SYC \Y
Output voltage our (1) ————————

Vout (2) | OUT3 to OUT6, OUTO \Y
fin (1) XIN: Sine wave capacitor coupling, Vpp (2) MHz
fin (2) FMIN: Sine wave capacitor coupling, Vpp (1)*1 MHz
fin (3) AMIN: Sine wave capacitor coupling, Vpp (1)*1 MHz

Input frequency - - -
fin (4) HCTR: Sine wave capacitor coupling, Vpp (¥ MHz
fin () LCTR: Sine wave capacitor coupling, V| kHz
fin (6) LCTR: Pulse wave DC coupling, Vpp (: Hz
Crystal oscillators for which .
operation is guaranteed Xial Xin: Xou: Cl = 50 © MHz
Vin (1) | X|N: Sine wave capacitor coup Vrms
VN (2) Vrms
Input amplitude VN (8) Vrms
0.070
ViN (4) (0.100)°6 1.5| Vrms
Vin (5) 0.070 1.5| Vrms
Note: 1.
DV SP Input frequency 12-bit main divider Input pin
1 * 10 to 130 (160) MHz O FMIN
0 1 2 to 40 MHz O AMIN
0 0 0.5t0 10 MHz — O AMIN
DV and SP are bits in the serial dat
*: don't care
2. Frequency measurement
3. Frequency measurement
4. Period measurement
5. f|N (2) 10to 160 MHZ/V|N

0.100 Vrms (mini
. fin (4): 10 to 70 MHz/V
0.100 Vrms (mi

o
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Electrical Characteristics for the Allowable Operating Ranges

Note: A capacitor of at |

Parameter Symbol Conditions min max Unit
Rf (1) XIN
Rf (2) FMIN
Internal feedback resistance Rf (3) AMIN
Rf (4) HCTR
Rf (5) LCTR
Hysteresis Vy LCTR
iy (1) CE,CL,DI: V=65V
v (2) INO, IN1: V| = Vpp
Input high level current iy (3) XIN: V| = Vpp
iy (4) FMIN, AMIN: V| = Vpp
iy (5) HCTR, LCTR: V| = Vpp
(1) CE, CL, DI: V| = Vgg
L (@) INO, IN1: V| = Vgg
Input low level current i (3) XIN: V| = Vgg
L (4) FMIN, AMIN: V| = Vgg
liL (5) HCTR, LCTR: V| = Vgg
Output high level voltage Vo (1) | OUTY, OUTZ lo =1 mA v
Von (2) | PD1,PD2:lg =0.5mA \Y
VoL (1) | OUTT,OUT2: Ig=1m v
VoL (@) | PD1,PD2:15=0.5m \Y
VoL (3) | OUT3 to OUTE: Ig Vv
Output low level voltage —
VoL (4) | OUTO: Ig =1 mA \Y
(5) 1.0 \Y
(6) 1.0 \Y
5.0 pA
Output off leakage current 5.0 pA
5.0 pA
e oot | w0 | m
e oot | w0 | m
Input capacitance 1 2 3 pF
20 30 mA
Current drain
pped (PLL inhibit state), crystal
(SYC, TB), with a 7.2 MHz crystal, 1.0 mA

No. 3985-5/16
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Pin Functions

Pin No.| Symbol /0 Type Function
! XN Input Xtal OSC « Connections for a 7.2 MHz crystal oscillator
24 Xout Output :
* FMIN is selected when DV in the serial input data,
« Input frequency range: 10 to 130 MHz (70 mV
19 EMIN Input !_ocal oscillator signal « The signal passes through an internal divid
input the swallow counter.
« Although the divisor setting is in the ran
the set value due to the presence of thefinternal d
* AMIN is selected when DV in the s
* When SP in the serial input dat
— Input frequency range: 2
— The signal is supplied dir,
internal divide-by-two
18 AMIN Input !_ocal oscillator signal — The divisor setting is,
input value set.
* When SP in the serig
21 PD1 an the reference frequency, and low levels
22 PD2 Three-state | Charge pump outputs n the reference frequency.
6 SYC N-channel | & ier clock
open drain
y pin. A voltage of between 4.5 and 6.5 V must be provided
The supply voltage can be lowered to 3.5 V when only
V,
20 DD Power supply illator circuit to acquire the controller clock and the clock time
23 Vss
2 CE be set high when inputting serial data (via DI) or when outputting serial
4 cL glock input used for data signal synchronization during serial data input (via DI) or
3 Input pin used when transferring serial data from the controller to the LC72191.

« A total of 36 bits of data must be supplied to set up the LC72191 initial state.

11
12
13
14
17

« Output pin used when transferring serial data to the controller from the LC72191.
« A total of 28 bits from an internal shift register can be output in synchronization with the
CL signal.

« These pins latch bits Og to Og in the serial data transferred from the controller, invert
that data and output the inverted data in parallel.

« The OUTO pin can also be used to output an 8 Hz clock time base signal.
(When TBis 1.)

« OUT1 and OUT2 are complementary outputs.

« OUTO, OUT3, OUT4, OUT5 and OUT6 are N-channel open drain outputs that can
handle up to 13 V.

Note: *1. The high and low level input voltages for the CE, CL, DI, INO and IN1 pins are V| =2.2t0 6.5 V and V| =010 0.7 V, regardless of the power
supply voltage Vpp.
*2.  Since the output port states are undefined when power is first applied, transfer the control data quickly.

Continued on next page.
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Continued from preceding page.

Pin No.| Symbol 110 Type Function
7 INO Inout# Inout port * The values of the INO and IN1 input ports can be converted from parallel to serial and
8 IN1 P putp output from the DO output pin.

« HCTR is selected when SC in the serial input data
* Input frequency range: 10 to 60 MHz (70 mV
] » The signal is supplied to a general-purpose £0
General-purpose divide-by-eight circuit. Therefore, the valug
counter input to HCTR
16 HCTR Input | Frequency « When HCTR is selected the LC72191
measurement signal ) )
inout bin and the measurement period can bg seglected
putp 1:24 ms)
 The result of the measurement
MSB first from the DO outpu
» LCTR is selected when g
* When SF in the seri
— Frequency mg
General-purpose
counter
15 LCTR Input Frequency or period .
measurement signal
input pin

R3 |[DV [SP [SC |SF |GT |TB | To | T4

—— @) ———(5) (&) (7 (8 (9 0 —an—

R-CTR P-CTR U-CTR TB TEST

The LC721
initial state. This
modes.

Once the LC72191 has been initialized, the contents of the first 24 bits (D to CTEN) can be changed without changing
the contents of the last 12 bits (RO to T1) by inputting data to DI in serial data input mode.

ta consists of 36 bits. All 36 bits must be input after power is applied to set up the LC72191
ause the last two bits, while being unrelated to user functions, are data that switches the LSI test

No. 3985-7/16
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No.

Control block/data

Description

Related data

This data sets up the programmable divider.
Do to D45 is a binary value with D15 as the MSB.
The position of the LSB is changed by DV and SP as listed in the table below.

Programmable divider DV | SP LSB Divisor setting Actual divisor
(1) | data 1 * DO |256 to 65536 Twice the set value
Do to D15
0 1 D0 |256 to 65536 The set value
0 0 D4 |4 to 4096 The set value
* don’t care
When D is the LSB, bits D to D4 are ignored.
« Data that determines the states of the output ports OUT
OUTO pin output. However, note that when Oy is 0, O
is 1, OUTO will output a low level. O4 to Og function
) Output port data . T_hes¢|a can be used for a wide range of purposes,
2 Op to Og signals.

When the TB bit is set to 1, the Oy data is ign
time base signal.

Since the output port states are undefined
quickly.

General-purpose counter
initial data
CTEN

Data that determines the operatio
binary counter (the general-purpg
down to ground. When CTEN is’sgt
the counter operates accor )
the general-purpose count
Since the general-purpose
must be sent to the controfl

f reset state is cleared and
lection data). In this state,

sC
SF
GT

Data that frequencies or sets the LC72191 to

frequency (kHz)
100
50
25
25
125
6.25
3.125
3.125
10

PLL inhibit state*

o

Note: * PLL inhibit (backup mode)
The programmable divider block is turned off, both the FMIN and AMIN pins are pulled
down to ground, and the charge pump outputs go to the floating state.

Continued on next page.
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Continued from preceding page.

No. Control block/data Description Related data
» DV selects the local oscillator input pin. (FMIN or AMIN)
« SP switches the input frequency range when AMIN is selected.
5) Divider selection data
bV DV | SP Input pin | Input frequency range (MHz)
Sensitivity selection 1 * FMIN 10 to 130
© gﬁfa R AMIN 21040
0 0 AMIN 0.5t0 10
* don’t care

« SF selects the measurement type (frequency or period) whe
When HCTR is selected, SF is ignored and the LC72191 o

General-purpose
counter input pin

@) selection data mode.
5 CTEN
General-purpose DV | SP Input pin ot
counter 1 * HCTR  |Frequency measu
(8) frequency/period mode
switching data 0 1 LCTR Frequency mea
SF 0 0 LCTR Period measure
* don’t care
General-purpose « GT selects the measurement time number of periods
counter c%ur?t time in period measurement mode. CTEN
9) selaction data GT = 0: 12 ms/one period SC
GT GT = 1: 24 ms/two periods SF
(frequency measur
Time base output . —_— .
(10) | control data When T? is setto 1 s output from OUTO. Oy bit is %
ignored in this mi
B
LS| test mode control kperating modes. The test modes and have
(11) | data
To, T4
DO Output Format (ser
o Cs |Ca |3 |C2 |C
from 1o « Ce {Cs |Ca [C3 |C2 [C1 |Co JuL3uL2JuLTiuLy
) (3 —
U-CTR PH-ERROR

Description

Input port’

|o and |1 |0 -~ |N0y |1 <~ |N1

* The values of the INO and IN1 input ports are latched into Iy and I4.

General-purpose

counter binary data C4g < 20-bit binary counter MSB

» The C4g to Cy data is latched from value of the general-purpose 20-bit binary counter.

Cigto Cy Co — 20-bit binary counter LSB
» The UL3 to ULO data is latched from the unlock detection circuit.
LO: 1.11
PLL unlock state data v 0.
3) UL3 to ULO UL1:2.22
0 UL2:3.33 | (fora 7.2 MHz crystal)
UL3: 0.55

These bits are set to 1 if a phase difference in excess of these times (in ps) was detected.

No. 3985-9/16
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Serial Data I/0 Methods

The LC72191 supports a total of three I/O modes: two control data input (serial data input) modes and one DO output
(serial data output) mode. Data I/O is performed after the mode has been determined.

set high. The mode is determined when the CE pin goes high.

Mode A3 A2 A1 Ao Item
« This mode is used to input all 36 bi
. . . This mode is used for initializati
1 0 0 0 1 Serial data input (all bits) cannot be changed in mode
LC72191 DI pin.
« This mode is used to in
data).
2 0 0 1 0 Se”?' :jgta |tnput ) ‘al-purpose counter
(partial input) start data (CTEN of control data are not

3 0 0 1 1 Serial data output

0toO | 1t0o0 | OtoO | Oto O | Invalid setting

1. s, t3 = 1.5 ps, and t4 < 1.5 ps.
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2. In serial data output mode (mode 3), t; = 1.5 ps, t, = O ps, t3 = 1.5 ps, and t5 < 1.5 ps. (However, note that since the
DO pin is an n-channel open drain output, the transition time depends on the value of the pull-up resistor.)

* Mode 3: Serial output mode (mode 3) is selected by

Structure of the Programmable Divider

Bbout,
— M
cE il i

R tp—etle |

o LI
DI ‘[AoXA1XA2XA3. """
DO XIOXJ]X*X*X

———.— e

ts t5

% invalid

When the CE pin goes high, I is output from
and the next bit is output from the
(Thus 27 clock cycles are required to
When this mode is selected, at the point t
the high level. The DO pin will go low \
measurement completes.

(General-purpose counter completi

edge of the CL signal.
LO bit after CE goes high.)

12Bits

Programmable
Divider

DV Divisor setting Actual divisor Input frequency range (MHz)
(A) 1 to 65536 Twice the set value 10to 130
(B) 256 to 65536 The set value 2t0 40
(C) 4 to 4096 The set value 0.5t0 10

Note:

No. 3985-11/16
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Item Xtal

7.2 MHz 3.6 MHz
Time base clock 8 Hz 4 Hz
System clock 400 kHz 200 kHz
Frequency measurement time 24/12 ms 48/24 ms
Frequency measurement check signal 900 kHz 450 kHz
Reference frequencies 100, 50, 25, ......... 10,9,5,1 kHz
Serial data 1/0 (CL) ty=1.5ps,t3=1.5ps

Structure of the General-Purpose Counter

Input signal

[0 >
HCTR 1/8 switching gate

LCTR O

Two period/one
period extraction
circuit

L

Check signal (900 kHz) —

oy

24 ms/12 ms

GT

Measurement frequency range GT (1/0)

10 to 60 MHz (sine wave) 24 m/12 ms

15 to 500 kHz (sine wave) 24 m/12 ms

1 Hz to 20 kHz (pulse wave) Two periods/one period

sed for period measurement, the period of the signal input to the LCTR pin can be
of check signal (900 kHz) cycles input to the general-purpose counter during one
y the LCTR pin.

arted by setting CTEN to 1 in the serial data. While the serial data is acquired internally
CE signal goes from high to low, the input to the HCTR or LCTR pin must be provided

No. 3985-12/16
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Next, the value of the general-purpose counter after the measurement completes must be read out while CTEN is still 1.
(The general-purpose counter is reset when CTEN is set to 0.)

Another point that requires care here is that before starting the general-purpose counter, it must be reset by setting
CTEN to 0.
Note that although signals input to the LCTR pin are transmitted directly to the general-purpe:
the HCTR pin are divided by eight internally before being transmitted to the general-pt
value of the general-purpose counter will be 1/8 of the actual frequency input to the HCTR
When counting intermediate frequency signals, always have the controller first chec
(station detect) signal and then turn on the IF counter buffer output only when the
techniques that use an IF count only are subject to stopping at frequencies where
from the IF counter buffer.

unter, signals input to
se counter, Therefore the

cE H—l

—.;—:4— 3ms
Frequency [
measurement time ! 12 m/24 ms
"o
HCTR Vo
LCTR .
v
N .
t1 <2
:
' 7Voo (min) ,
LCTR :J (period measurement)

.3Vop (max)

Period measurement time
900 kHz (check signal)

the general-purpose counter is started (when CTEN is set
nt completes (after either 24 or 12 ms has elapsed or when
a signal has been applied for‘o 4 . Thérefore the DO pin can be used to check for measurement
completion. '

Comparison of coun

Catatog no.

LC72191/M/IM
LC7219/M

: Control data (0)

l 41
@a \@—z
‘ L i Pin outputs
(OB -2 p!
CE l | I | I
Mode 1 or 2 Mode 3 Mode 1 or2 Mode 3 Mode 1 or2
(data input) (data output) (data input) (data output) (data input)
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* When mode 3 is specified and data is output through DO, DO will automatically go high after data output has
completed, i.e., when CE goes low.
« After that, DO goes low automatically when the INO signal changes state.
(That is, DO can be used to check for changes in an external signal input to INO.)
2. When the general-purpose counter is used the DO pin can be used to check for completi
counter measurement.

CTEN * DO going low due to
J hang gin INO is di

Internal counter gate (GT) Measurement complete \

Do 2l \
CE l
Mode 3
(i R W )
TEN =1 messurement resutt TEN =0

e When CTEN is set to 1, DO going low due to changes in
* DO is automatically set low when the general-purpos
(That is, DO can be used to check for measurement

PLL Unlock Data Read Out Procedure

Mode 1 or2
(data input)

CE

$ERROR

No. 3985-14/16
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Sample Application System
TV/FM/AM (When IF count is performed)

UHF & TVH

Controller

Note: 1. The coupling capacitors used on the F 4 "FR pins should be between 50 and 100 pF.
However, a 1000 pF capacitor shou ; s under 100 kHz are to be used.
2. Coupling capacitors should be loc

1. TV, 50 kHz steps
When the UHF RF = 637.75
TV VCO = 648.45 MHz
PLL fref = 3.125 kHz

Programmable divider divisor
Set N = 145 (decimal).
*: Do not care
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bility and indemnify and defend SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and
heir officers and employees, jointly and severally, against any and all claims and litigation and all
and expenses associated with such use:
y responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO EEECTRIC CO., LTD., its affiliates, subsidiaries and distributors or any of their officers and employees
jointly or severally.
B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
volume production. SANYO believes information herein 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 February, 1997. Specifications and information herein are subject to
change without notice.
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