Ordering number : EN5038

CMOS LSI

LC72136, /2136M

SANYO

PLL Frequency Synthesizer
for Eleetronic Tuning

Overview

The LC72136 and LC72136M are PLL frequency
synthesizers for use in radio/cassette players. They allow
high-performance AM/FM tuners to be implemented
easily.

Features
« High-speed programmable frequency divider
— FMIN: 10to 160 MHz.....Pulse swallower
(divide-by-two prescaler built in)
— AMIN: 2t0 40 MHz......... Pulse swallower
0.5t0 10 MHz......Direct division
¢ |F counter
IFIN: 0.4t0 12 MHz................ For use as an AM/EMAF
counter S8
« Reference frequency
— Selectable from one of eight frequencr‘ 3'
oscillator: 75 kHz) £
1,3,5,3.125,6.25, 12.5, 15, and25=‘:'
* Phase comparator
— Supports dead zone control
— Built-in unlock detection cir
— Built-in deadlock clear cirgliit
* Built-in MOS transistor for ofmi
filter
* 1/O ports
— Dedicated output pof’ts 6
— 1/Oports. 2 :

ation with the

» CCBisa trad'emark“’of SANYO ELECTRIC CO., LTD.

« CCBis SANYO“s‘onglnaI bus format and all the bus
addresses are controlled by SANYO.

unit: mm
3059-DIP22
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Pin Assignments
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Block Diagram
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Specifications
Absolute Maximum Ratings at

Parameter Conditions Ratings Unit
Maximum supply voltage -0.3t0 +7.0 \Y
CE, CL, b, AIN -0.3t0+7.0 v
Maximum input voltage XIN, E}?IIN"','AMIN, IFIN -0.3to Vpp +0.3 \%
01 -0.3t0 +15 %
[pleE -0.31t0+7.0 v
L XOUT, PD -0.3t0 Vpp +0.3 v
" |7Bo1 to BOS, BOF, 101,102, AOUT ~0.31t0 +15 v
0t03.0 mA
0106.0 mA
010 10.0 mA
Ta < 70°C: LC72136 (DIP22S) 350 mw
Ta < 70°C: LC72136M (MFP24S) 200 mw
—20to +70 °C
—40 to +125 °C

No. 5038-3/23
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Allowable Operating Ranges at Ta=-20to +70°C, Vgg=0V

oscillator frequency

Parameter Symbol Conditions min typ max Unit
Supply voltage Vbp Vpbp
) Vil CE, CL, DI
Input high-level voltage —
ViH2 101, 102
Input low-level voltage ViL CE, CL, DI,101, 102
Output voltage Vol 2 —_———————
Vo2 BO1 to BOS, BOF, 101, 102, AOUT
finl XIN: Vi1
fin2 FMIN: V2
Input frequency fin3 AMIN: V|\3,SNS =1
find AMIN: Vj\4, SNS =0
finS IFIN: Vip5
Vind XIN: fi1
Vin2-1 FMIN: f = 10 to 130 MHz
V|N2-2 FMIN: f = 130 to 160 MHz
Input amplitude Vin3 AMIN: fi\3, SNS =1
Vind | AMIN: fiy4, SNS =0
ViNG-1 | IFIN: fin5, IFS =1 1500 | mVrms
ViN5-2 | IFIN: fi6, IFS =0
Guaranteed crystal tal XIN, XOUT*

Note: * Crystal oscillator recommended ClI value

Cl < 35 kQ (for a 75 kHz crystal)

The circuit constants for the crystal oscillator circuit depen,doﬁ the cr,\géxéﬁ%
recommend consulting with the manufacturer of the crysfalfor evalygiion an
The extremely high input impedance of the XIN pins m&a#s that appl?c’a{{fans )

Sample Oscillator Circuits

1. Seiko-Epson C-2-75kHz (C =11p

=Cp=22pF

A04128
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Electrical Characteristics at Ta=-20t0 +70°C, Vgg=0V

Parameter Symbol Conditions Unit
Rf1l XIN MQ
. Rf2 FMIN kQ
Internal feedback resistors
Rf3 AMIN kQ
Rf4 IFIN kQ
Rpd1l FMIN kQ
Internal pull-down resistors
Rpd2 AMIN “kQ
Internal output resistor Rd XOouT kQ
Hysteresis Vhis | CE, CL, DI, 101,102 %
Output high-level voltage Vonl PD:lg=-1mA \%
Vol  |[PDilg=1mA \Y
BOl1l: 1o =0.5mA \%
Vo2 f—
BOl:lp=1mA \%
DO: Ig =1 mA \Y
VoL3
Output low-level voltage DO: lg=5mA \%
BO2 to BO5, BOF, 101, 102: I = 1 piA \%
VoL 4 BO2 to BO5, BOF, 101, 102: 15 =, : \%
BO?2 to BOS, BOF, 101, 102: Ig= § v
VoL5 AOUT: Io =1 mA, AIN = l.gp 0.5 \Y
(3 CE,CL,DI: V, =65V 5.0 HA
2 101,102: V=13V 5.0 HA
) 3 XIN: V, = Vpp 0.6 1.4 HA
Input high-level voltage
4 FMIN, AMIN: V| 4.0 22 HA
8.0 44 PA
200 nA
5.0 WA
5.0 HA
0.3 0.6 1.4 PA
Input low-level current
4.0 22 HA
8.0 44 PA
200 nA
“102: Vo =13V 5.0
Output off leakage current 0 WA
5.0 PA
High-level tree-state off
0.01 200 nA
leakage current
Low-level tree-state off
leakage current 0.01 200 nA
Input capacitance . 6 pF
75 kHz, fj52 = 130 MHz, V|2 = 40 mVrms 5 10 mA
c ¢ drai block stopped (PLL inhibit), o1 A
urrent drain | pSciflator operating (Xtal = 75 kHz) : m
\(gg_:sﬁLL block stopped, Xtal oscillator stopped 10 HA

No. 5038-5/23
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Pin Functions

signal input

Pin No.
Symbol (MFP pin numbers Type Functions Circuit configuration
are in parentheses.)
« Crystal oscillator connections (75 kHz)
XIN 1(1) xtal « The extremely high input impedance of the XIN ping
XOouT 22 (24) means that applications must take the possibility
leakage into account.
A03444
EMIN 16 (17) L_ocal 930|Ilator .
signal input
Ao2599
sWaIIow counter. A02599
Local oscillator -272 10 65535, and
AMIN 15 (16)

D——{}o——

A02600
Used as the synchronization clock when inputting (DI) or O {>°
outputting (DO) serial data.
A02600
« Inputs serial data transferred from the controller to the O l>°
LC72136.
A02600
« Outputs serial data transferred from the LC72136 to the ]
Output data controller. The data output is determined by the DOCO to
DOC?2 bits in the serial data.
A02601

The LC72136 power supply pin. (Vpp =4.5t05.5V)

Vbp 17 (18) Power supply « The power on reset circuit operates when power is first
applied.
Vss 21 (22) Ground * The LC72136 ground

Continued on next page.
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Continued from preceding page.

Pin No.
Symbol (MFP pin numbers Type Functions Circuit configuration
are in parentheses.)
 Dedicated outputs P
« The output states are determined by the BO1 to BQS
bits in the serial data.
Data: 0 = open, 1= low
BO1 7(8) « Atime base signal (8 Hz) can be output from the E o1
BO2 8 (9) pin. (When the serial data TBC bit is set to
— « Care is required when using the BO1 pin,;
BO3 9 (10) higher on impedance that the other outpil orts (pi
BO4 10 (11) Output ports BO2 to BO5).
BO5 14 (15) « The output state of the BOF pinis
serial data DVS blt Thus this pin €
BOF 2(3)
noise from the crystal oscn it
DVS data: 0 = open, 1 =
« All output ports are set o
power on reset.
A02602
101 11(12) Input or output
102 13 (14) ports
- Bpecifi output ports:
utpét ates arg’ “dgtermined by the 101 and 102
_£harge pump output
V\{ﬁén the frequency generated by dividing the local
¥ @Scillator signal frequency by N is higher than the
eference 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
when the frequencies match. A02603
LPE(aCr’rrpllfler » The n-channel MOS transistor used for the PLL active
low-pass filter.
A02604

IFIN

12 (13)

IF counter

« Accepts an input in the frequency range 0.4 to 12 MHz.

« The input signal is directly transmitted to the IF counter. WA%_
» 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.

No. 5038-7/23
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Serial Data I/O Procedures

The LC72136 inputs and outputs data using the Sanyo CCB (computer control bus) audio LS| serial bus format. This
L Sl adopts an 8-bit address format CCB.

Address
1/0 mode
BO Bl B2 B3 A0 Al A2 A3
* Control daf: i_m‘iut mod
24 data k:)if%ﬁre inp :
1 IN1 (82) 0 0 0 ! 0 ! 0 O | see the “Bl Contra} (sepial data inputySte
itemfor.details on thé& meanir
2 IN2 (92) 1 0 0 1 0 1
put mogit wg@xerial data output)
bﬁg output is equal to the number of clock
3 OuUT (A2) 0 1 0
“BQ:Output Data (Serial Data Output) Structure”
:details on the meaning of the output data.

CE

cL

———

R— First Data IN4i/2

ixxit

N—— First Data OUT

T T

N——Fir'st Data OUT

ey mmmm ] e

A02605
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DI Control Data (serial data input) Structure

1. IN1Mode
Address
pi<-o|o|o|l1]of1]olo
FFirst Data IN1
o«
Ol |®|T|([OD|O|N]JD]D]| |
dla|jajajo|aja|lalaio|a|n
o
-
(&)
a
A02606
2. IN2Mode

ol
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o oY [ [yl o o « o
¥ ST sz o

A03445
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DI Control Data Functions

No. Control block/data Description Related data
Programmable divider data | « Data that sets the programmable divider
PO to P15 A binary value in which P15 is the MSB. The LSB changes depending on DVS ané

DVS SNS LSB Divisor setting (N)
1 * PO 272 to 65535
0 1 PO 272 to 65535
0 0 P4 4 to 4095

0 Note: PO to P3 are ignored when P4 is the LSB.

DVS, SNS » Selects the signal input pin (AMIN or FMIN) for the programmablg divider, sw

frequency range, and determines the BOF pin output state. (* ;s ’Do*nt car
DVS SNS Input pin Input frequency range

1 * FMIN 10 to 160 MH;"’
0 1 AMIN \
0 0 AMIN

Reference divider data » Reference frequenc

RO to R3
R3 R2 R1
0 0
0 0
0 0
0 0
0 1
0 1
0 1
0 1
1 0
1 0
1 0

2 1

1
1
1 PLL INHIBIT + Xtal OSC STOP
1. PLL INHIBIT

XS

IF counter cont;'"lpﬁata

Measurement time (ms) Wait time (ms) Fs
4 3to4
8 3to4
32 7t08
64 7t08
Note: See the “IF Counter Structure” item for details.
I/C5 port §p£r:|f|cat|on data « Data that specifies input or output for the 1/0 dual-use pins
10C1, TGQ . Data: 0 = input mode, 1 = output mode
Output port 6a1§' - BO1 .to @m fnd@ output state data loc1
(5) BO1 to BO5, IOi“LQZ Data: 0 = open, 1 = low 1002

« “Data = 0: Open” is selected following a power-on reset.

Continued on next page.
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Continued from preceding page.

No. Control block/data Description Related data
DO pin control data « Data that determines DO pin output
DOCO, DOC1, DOC2
DOC2 | DOC1 | DOCO DO pin state
0 0 0 Open
0 0 1 Low when the unlock state is detected
0 1 0 end-uUc™1
0 1 1 Open
1 0 0 Open
1 0 1 The 101 pin state*2
1 1 0 The 102 pin state*2
1 1 1 Open
The open state is selected following a power-on reset.
Note: 1. end-UC: IF counter measurement completion
! ULO, UL1,
®) Dopn M CTE,
i 10C1, 10C2
1
1
@ Count start
O When end-UC is set and al
automatically goes to the £
Caution: The DO pin always, goes to the a’p*é%i
period when CE |shlg‘f1 inm
Unlock detection data
ULO, UL1
Detector output pOco,
o DOC1,
Open DOC2
oE is output directly
oE is extended by 1 to 2 ms
goes low and the serial data output UL bit is O
Phase comparator
control data
Dz0, Dz1 Dead zone mode
BO1

Charge pump output

Normal operation

Forced low

Note: The LC72136 provides a technique for escaping from deadlock by setting Vtune to
V¢ (deadlock clearing circuit). This is used when the circuit is deadlocked due to the
VCO oscillator being stopped by the VCO control voltage (Vtune) being 0 V.

(10)

This function goes to the forced low state (DLC = 1) following a power on reset.
The crystal oscillator circuit must be operating normally before this data is changed to
return to the normal operating (DLC = 0) state.

Continued on next page.
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Continued from preceding page.

No. Control block/data Description Related data
IF counter control data « This data should be set to 1 in normal operation. Setting this data to O switches 7
(A1) | IFS the LC72136 to a reduced input sensitivity mode in which the sensitivity is reduced

10 to 30 mVrms.
* See the “IF Counter Operation” item for details.

LSl test data * LSl test data
TESTOto 3 TESTO
(12) TEST1 } All three bits must be set to 0.
TEST2

All the test data is set to O following a power-on reset.

DO Output Data (Serial Data Output) Structure

3. OUT mode

Address

pI<—o0|1]/0|1]O|4]|O]|O

/——-First Data OUT

oo iN~N|WO
=
s RIS R F

p

12
(4) IN-PORT
i1

(2) UNLOCK {

Note: ¥ Indicates a O data value.

A026089

DO Output Data

No. Control block/data Related data
1/0 port data
12,11 10C1,
@ 10C2
PLL unlock data ULO
uL ,
@) ULl
IF counte[}ﬁi'gary dat: . Q@fé jatched tfég}“the state of the IF counter, which is a 20-bit binary counter. CTE,
(3) | c19toCH Ci9 - Binayy gounter MSB GTO,
3 CO — Binary ounter LSB GT1

No. 5038-12/23
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Serial Data Input (IN1/IN2) tgy, typ, ter, tes, ten, 2 0.75 us t ¢ < 0.75 ps

1. CL: Normal high

teL E tEs ‘
cE
o T mEnER
tsu tHo
DI B0 BiXBaXBBlAOIAiXAExABXPOXPiXPEXPB
Internal
data

2. CL: Norma low

CE

cL

DI

Internal
data

AD2B11L

L.

teEH

tpH T

iz Iix XUL XC:aXcex::cho

Ao2612

-

tEH

i
m
n

RS 5 J

XBZXBBXAOXA!XAaX A3

tpc i~ -k toc cDH*H..
oo 12 | 11 | I w {ca Jca Jer [ oo |f
A02613

Note: Since the DO pin is an n-channel open drain circuit, the times for the data to change (tpc and tpy) will differ depending on the value of the pull-up
resistor, printed circuit board capacitance.

No. 5038-13/23
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Serial Data Timing

CE
tCH
VIH
cL VIL
VIH VIH
DI
VIL VIL
tSU tHD
Do
Internal
data New
latching
AO2614
CE
K VIt
cL VIH X
VIL
DI
Do
Internal N
data ew
latching
A026186
Conditions min typ max Unit
0.75 us
0.75 us
0.75 us
0.75 us
0.75 us
0.75 us
0.75 us
0.75 us
DO, CL | These times depend on the pull-up resistance 0.35 s
DO, CE | and the printed circuit board capacitances. 0.35 us

No. 5038-14/23
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Programmable Divider Structure

4bits 12bits
f Swallow Programmable
Counter Divider
(B) ()
AMIN [H4—>o 1
S
DVS SNS
DVS SNS Input pin Set divisor .’“Ivnp‘ut frequency range (MHz)

A 1 * FMIN 272 to 65535 10 to 160
B 0 1 AMIN 272 to 65535 21040
C 0 0 AMIN 4 to 4095 0.5t0 10

Note: * Don't care.

* FM RF =90.0 MHz (IF = +10.7 MHz)
FM VCO = 100.7 MHz

A02817

A02618

1458 kHz (MWVCO) 3 kHz (frer) 486 . 1E6 (HEX)

6 E 1
—— A A
Xx[%x|*%x|x]oji1}i0 1|11} 4]O0j0[O}O lO 0 q 111
T el <lalol<lolojo|w
rlola|<|alelaje]lctz]>|rjo]lolsinin
gzg:;gguamuu&unumcuxmmmm

403416
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IF Counter Structure

The LC72136 IF counter is a 20-bit binary counter. The result of the count can be read out serlally, MSB first, from the

IF counter
(20-bit binary counter)

DO pin.
IFIN [} [>o | e L
s
. |
0to3
4/8/32/64 [{cap}
ms
GTO GT1
Measurement time
GT1 GTO - —
Measurement period (GT) (ms) Wait time (tyyy) (Ms)
0 0 4 3to4
0 1 8 3to4
1 0 32 7t08
1 1 64 7to &

measurement time (GT).

C
Fc—a (C=Fcx

GT)

Aoasay

Ao2s22

No. 5038-16/23
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IF Counter Operation

CE | CTE data =1

1]
i Measurement__1
1o tme 1
1
1
Frequency i GT
measurement —
time : i
Wait time————
i
)
IFIN '

i
]
]
t
i
]
|
|
1
i

IFS 04<f<05

40 mVrmsfa
(0.1to3 m\lfms)

1: Normal mode @ to 10 mVrms)

70 mVrms

0: Degradation mode

No. 5038-17/23
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CE

DATA
LATCH Old data >( New data

{

VCO/N 1

N-

counter Old divisor N

New divisor N’

fref ml 1

"I

2ERROR

(unlock)

The divisor N is not updated
during the first period.

Note: After changing the divisor,

oERROR is output after two fref

periods.

For example, if fref is 1 kHz (and thus the period is 1 msy;

2 ms before checking for the unlocked state.

Unloék detection
+ gircuit

F—= UNLO

Phase
comparator

@ERR

CK

OR

A02625
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2. Unlock Detection Software

Data input Dataoutput®  Data output @

CE I |

Value of N Old data > New data

VCO frequency

sERROR

Unlock (UL) serial
data output

Unlock detection
pin output

A02626

Wait at least two periods of the
reference frequency.

Valid data output requires that the
output be performed at intervals of at
least one period of the reference
frequency.

Lock
ok
determination Note: Lock determination is more reliable
if valid data is read output several
times and taking the majority value
of the data read.

Lock Determination Flowchart

No. 5038-19/23



LC72136, 72136M

When directly outputting data from the DO pin (set up by the DO pin control data)

Since the DO pin outputs the unlocked state (locked: high, unlocked: low) the timing considerations in the technique
described in the previous section are not necessary. After changing the value of N, the Iocked -State can be determined
after waiting at least two periods of the reference frequency.

Notes on Clock Time Base Usage

When thecl ock time base output is used, the value of the puII up res stor for the outpuf _pm (BO

fﬂter tr

vVpp

Rtz100kno

Ao2ga7

Other Items

Dead zone

——0sec

-0 sec
OFF/OFF +0 sec
OFF/OFF + +0 sec

The follow ng | pmbl’ems may occur in the ON/ON state.

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

No. 5038-20/23
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Schemesin 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 ahigh C/N ratio with schemesin
which there is no dead zone, it is difficult to achieve high loop stability. Therefore, it can be effective to select DZA
or DZB, which have no dead zone, in applications which require an FM S/R ratio in excess of-90 to 100 dB, or in
which an increased AM stereo pilot margin is desired. On the other hand, we recommendﬁ eatlrrg DZC or DZD,
which provide a dead zone, for applications which do not require such ahigh FM signalétg-noise rano -and in which
either AM stereo is not used or an adequate AM stereo pilot margin can be achieved

r to the V(;O and modulate the
'ead zone is narrow the circuit

VCOin popuIarIy priced products in the presence of strong F
outputs correction pulses and this output can further modul
signal.

A02930

(B}
¢ (ns)

Dead Zone

A02931

Figure 5

+#SD must be used in conjunction with the IF counting time

When usi ng,l F Qourm ng, alwaysimplement IF counting by having the microprocessor determine the presence of the
IF-IC SD (statl‘em 'etect) signal and turn on the IF counter buffer only if the SD signal is present. Schemesin which
auto-searches are performed with only IF counting are not recommended, since they can stop at points where thereis
no signal due to leakage output from the IF counter buffer.

No. 5038-21/23
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4. DO Pin Usage Techniques
In addition to data output mode times, the DO pin can a so 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 pm and input to the
controller.

5. Power Supply Pins
A capacitor of at least 2000 pF must be inserted between the power supply Vpp and V"gg pinsfer noi'se, excLus on.
This capacitor must be placed as close as possible to the Vpp and V g5 pins.

Pin States Following a Power-On Reset

XIN
Open < mmmmmmmmmoe- BOF E
ce [
or [|
cu [
Open —mmmmmmmmm Do |:
Open <Smomooommmme BO1 I:
Open e EEE R BO2 E
Open < omemmmmmnes BO3 L: Open
Open e BO4 input port
Input port C ‘f:

A03447
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Sample Application System
(Using the DIP22S package)

+1 LH
It

0t This section is suscept noise due'to, ns high
impedance. Therefogs, the pattes¥ii d
S as short as possible'asid this
with a ground patfer;a

XIN| 1 %—g xout —
———e——— BOF |2 EI Vg -
Ela%
CE CE E—-I:>— E AOUT

DI oI [Z

oL - o [sl—>—

LC72136

unlock
tune % bo E
end-UC DO — -

IFcount
BO1 E

8T-Indle
502 8]

__AM Band

tune

TUNER-System
__FM/AM=IF

IF-Regueat
FM Band
MONO/ST

ST-Indicate

Av341B

respoﬁstblllty and indemnify and defend SANYO ELECTRIC CO., LTD., its afnllates subsidiaries and
istributors and aﬂ their officers and employees, jointly and severally, against any and all claims and litigation and all
dam ges, co$t and expenses associated with such use:

O Not |mppsé' any responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO EBECTRIC 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 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 October, 1995. Specifications and information herein are subject to
change without notice.
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