Ordering number ; EN503Q

CMOS LSl

No. 5038 /[ LC72136, 72136M

PLL Frequency Synthesizer
for Electronic Tuning

GIG[E]

Overview Package Dimensions

The LC72136 and LC72136M are PLL frequency  unit: mm
synthesizers for use in radio/cassette players. They allow  3p059-DIP22S
high-performance AM/FM tuners to be implemented

22 12
Features OnNnnrnnnoonn
» High-speed programmable frequency divider jN
— FMIN: 10 to 160 MHz.....Pulse swallower _@_ B
(divide-by-two prescaler built in) £] |
S eSS SAUpE RN
— AMIN: 2 1040 MHz......... Pulse swallower e 2.2 w
0.5 1o 10 MHz.......Direct division i S
» IF counter | =
IFIN: 0.4 to i2MHz................ For use as an AM/FM IF I

counter

» Reference frequency
— Seleciable from one of eight frequencies {(crystal

oscillator: 75 kHz) SANYO: DIP22S
1,3,5,3.125,6.25,12.5, 15, and 25 kHz
» Phase comparator unit: mm
— Supports dead zone control 3112-MEP24S
— Built-in unlock detection circuit
— Built-in deadlock clear circuit [LC72136M]
« Built-in MOS transistor for forming an active low-pass
filter X 12
+ 1O ports AAAAARAARABHRA ﬂ
— Dedicated output ports: 6 T
— IO ports: 2 : @ r
— Supports clock time base output Q _l_ l l
- Serial Data [/O - (FAEEBAABEREE, it
— Supports CCB formal communication with the w 12.6 oo LIS
system controller. ‘EL | %
« Operating ranges - faila 5
— Supply voltage: 4.5t05.5V 0.3 1.0
— Operating temperature: =20 to +70°C
« Packages SANYO: MFP24S
—DIP22S/MFP245

+ CCBis a trademark of SANYO ELECTRIC CO., LTD.

+ CCB is SANYO's original bus format and all the bus
addresses are controlied by SANYO.

SANYO Electric Co., Ltd. Semiconductor Business Headquarters
TOKYO QFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110 JAPAN

03195HA (OT) No. 5038-1/23



LC72136, 72136M

Pin Assignments
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Block Dlagram
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UNIVERSAL g B
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vgs () l
______ o
BO: BO2 B03 BO4 BOS BOF 101 To2
AB3de3
Specifications
Absolute Maximum Ratings at Ta = 25°C, Vgg =0V
Parameter Symbol Conditions Ratings Unit
Maximum supply vollage Vpp max | Vop ~0.31t0 +7.0 v
Vit max | CE, €L, DI, AIN —0.310+7.0 v
Maximum input voltage Vin2 max | XIN, FMIN, AMIN, IFIN =036 Vpp + 0.3 v
Vi3 max | 167, 162 ~0310 +15 v
Vo1 max | DO 0310 +7.0 v
Maximum output voltage Vo2 max | XOUT,PD ~0.310Vpp + 03 v
Vo3 max | BO1 1o BOS, BOF, 107, 102, AQUT 0310 +15 v
gt max | BOT 00 3.0 mA
Maximum output currant lgp2 max | AQUT, DO 010 6.0 mA
Ig3 max | BOR to BO5, BOF, 101, 102 010 10.0 mA
o Ta < 70°C: LC72136 (DIP225) 350 mw
Allowable power dissipation Pd max Ta < 70°C: LC72136M (MFP248) o0 puryy
Operating temperature Topr —20 10 +70 °C
Storage temperature Tsig -4010 +125 °C

No. 5038-3/23




LC72136, 72136M

Allowable Operating Ranges at Ta =20 to +70°C, Vgg=0 V

Parameter Symbaol Conditions min typ max Unit
Supply voltage Voo Vop 4.5 55 v
) Vi1 CE,CL.DI 0.7 Vop 6.5 v
nput high-level voltage ———
V2 |101,102 0.7 Vgp 13 v
Input low-level voltage ViL CE,CL, D), 107, i02 0 0.3Vpp v
Qutput voltage Vol 2 — 0 85 v
VR BO1 to BO5, BOF, 101, 102, AQUT 0 13 A
fin1 XIN: Vit 75 ) kHz
fin2 FMIN: V)52 10 160 Mtz
Input frequency fin3 AMIN: V|3, 8NS = 1 2 40 MHz
fingd AMIN; V4, SNS = 0 05 10 | MHz
NS IFIN: V5 0.4 12 MHz
Vind XiN: Iyt 400 1500 | mVrms
Vn2-1 FMIN: F= 10 10 130 MHZ 40 1500 | mVrms
Vin2-2 | FMIN: £=130 to 160 MH2 70 1500 | mVrms
Input amptitude Ving AMIN: 3, SNS = 1 40 1500 | mvrms
Ve AMIN: [(y4, SNS = 0 40 1500 | mVims
V51 IFIN: fip5, IFS = 1 40 1500 | mVrms
ViNG-2 | IFIN:f6, IFS =0 70 1500 | mVrms
Guaraniead :‘Vaﬂz X1al | XIN, XOUT* 75 KHz

Note: * Crystal oscillator recommended Cl value
Ci 235 kQ) (for a 75 kHz crystal)
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 manufaciurer of the crysta! for evaluation and reliability,
The extremely high input impedance of the XIN pins means that applications must take the possibility ol leakage into account.

Sample Osclllator Circults

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

XIN XouT

ERd=150kQ

$—0—
C1=1EpFi iCE:lEpF

AQas2n

2. Kyocera Corporation KF-38R5-09P0300 (Cy = 9 pF)

XIN XouT
0
C1=7DF;|: i02=229F

AD43128

No. 5038-4/23




1.C72136, 72136M

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

Parameter Symbo! Conditions min typ max Unit
RH XIN 8.0 MO
) Rf2 FMIN 500 k2
Internal feedback resistors
Rf3 AMIN 500 kQ
Rf4 IFIN 250 kQ
. Rpd1 FMIN 200 k
Internal pull-down resistors
Rpd2 AMIN 200 k2
Internal output resistor Rd XOUT 250 kQ
Hysteresis Vus | CE.CL, DL 107,162 0.1 Vpp "
Cutput high-level voltage Vou! PD: Ig = -1 mA Vpp-1.0 v
Vol PD:lg =1 mA 1.0 v
BOT: 1In= 0.5 mA 05 v
Vo2 —
BOt lg=1mA 1.0 v
PO lg=1mA 0.2 Vv
Qutput low-level voitage DO: g =5mA 1.0 v
BO2 to BOS, BOF, 101, 102 Ig = 1 mA 0.2 v
Vo | BOZ 10 BOS, BOF, 101, 102: 19 = 5 mA 1.0 v
BOZ to BG5S, BOF, 101,102 Ip=8mA 16 v
VoL5 AQUT: lg = 1mA, AIN=13V 05 v
liyd CE,CL,DV|=65V 50 pA
2 161, 102: V=13V 50 pA
I3 XIN: V) =V, 0.3 0.6 14
Input high-level voltage H 1= 00 kA
x4 FMIN, AMIN: V) = VDD 4.0 22 HA
IIHS IFIN: V| = VDD 8.0 44 H.A
||H5 AIN: V| =65V 200 nA
I 1 CE,CL,D: V=0V 50 WA
.2 57,102 vi=0V 5.0 pA
||L3 XIN: V| =0V 0.3 0.6 1.4 [.LA
Input Yow-level current
I|L4 FM'N, AMIN: V| =0V 4.0 22 H.A
W5 IFIN: V=0V 80 44 A
|||_6 A|N:V|=0V 200 nA
T, 101, 102 Vg = .
Output off leakage current lore? BO1 to BOB, BOF, AQUT, 101, V=13V 5.0 pA
lopg? DO: Vg =65V 5.0 KA
High-level tree-state oft )
leakage current lOFFH PD: Vo = VDD 0.01 200 nA
Low-level tree-state off
leakage current loerL PD:Vg=0V 0.01 200 nA
Input capacitance Cin FMIN [ pF
Ipp1 Vpp: X'1al = 75 kHz, {2 = 130 MHz, V|2 = 40 mVrms 5 10 mA
) Vpp: PLL block stopped (PLL inhibit),
Current drain Iop2 X'tal oscillator operating (X'tal = 75 kHz) 0.1 mA
Ipp3 Vpp: PLL block stopped, X'tal oscillator stopped 10 pA

No. 5038-5/23




LC72136, 72136M

Pin Functions

Pin No.
Symbol (MFP pin numbers Type Functions Circuit configuration
are in parentheses.)
AML
¥¥r
« Crystal oscillator connections {75 kHz) O D‘,
XIN 1(1} + The extremely high input impedance of the XIN pins
Xtal o e
XOUT 22 (24) means that applications must take the possibility of
leakage into account. O—W
AQ3444
« FMIN is selected when the serial data input DVS bitis Ak
setto 1. o
» The input frequency range is from 10 to 160 MHz. D__Do__
Local oscillator + The input signal passes through the internal divide-by-
FMIN 18017) signal input two prescaler and is input to the swallow counter. -
: + The divisor can be in the range 272 to 65535. However,
since the signal has passed through the divide-by-two
prescaler, the actual divisor is twice the set value, A02589
l'l'lr
D_W_-_Do____
» AMIN is selected when the serial data input DV'S bit is
setto 0. f
» When the serial data input SNS bitis setto 1.
— The input frequency range is 2 to 40 MHz. ApESES
— The signal is directly input to the swallow counter.
\ -— The divisor can be in the range 272 to 65535, and
AMIN 15 {16) I;?%azloi:cﬂ[ator the divisor used will be the value set.
g P * When the serial data input SNS bit is setto 0:
— The input frequency range is 0.5 to 10 MHz.
— The signal is directly input to a 12-bit programmable
divider.
— The divisor can be in the range 4 to 4095, and the
divisor used wilt be the value set.
CE 34 Chip enable . Set' this pin high when inputting (B} or outputting (DO} G l>°
serial data.
ICELLL]
+ Used as the synchronization clock when inputting (DI) or D——-@o—
CL 58 Clock outputting (DO) seria! data.
ADEBOO
+ Inputs serial data transferred from the controller to the D——‘ : B
DI 4 (5) Input data LC72436,
AD2E00
= Qutputs serial data transferred from the LC72136 to the
Do 6(7) QOutput data contraller. The data output is determined by the DOCO to i
DOC2 bits in the serial data.
AD2601
» The LC72136 power supply pin. (Vpp=4.51055V)
Voo 17 (18) Power supply » The power on rese! circuit operates when power is lirst
applied.
Vss 21 (22) Ground + The LC72136 ground

Continved on next page.
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Continued from preceding page.

Pin No.
Symbol {MFP pin numbers Type Functions "Cireuit configuration
are In parentheses.)
» Dedicated cutputs —]
+ The output stales are determined by the BO1 to BOS
bits in the serial data.
Data: 0 = open, 1= low AoeB0L
BOT 7 (8} » A time base signal {8 Hz) can be output from the BOT
563 8(9) pin. {When the serial data TBC bit is set10 1.)
— » Care is required when using the BO1 pin, since it has a
BO3 2(10) higher on impedance that the other output pors (pins
BG4 10 (11) Qutput ports BOZ 10 BOS). :
e 14 (15) + The output state of the BOF pin is determined by the
serial data DVS bit. Thus this pin can be used as an FM
band selection switch. (Note that it should not be used
BOF 2(3) as an AM band selection switch since it is susceptible to
noise from the crystal oscillator.)
DVS data; 0 = open, 1 = low
= All output ports are set 1o the open state following a
power on reset.
« O dual-use pins
« The direction (input or output) is determined by bits 10C1 —
and IQC2 in the serial data.
Data: 0 = input port, 1 = output port A02BD2
+ When specified for use as input ports:
The state of the input pin is transmitled to the controller
oY s over the DO pin,
E 1a12) Input of output Input state: low = 0 data value
o2 13(14) ports high = 1 data value
» When specified for use as output ports:
The output states are determined by the 101 and 102
bits in the serlal data.
Data; 0 = open, 1 = low
» These pins function as input pins following a power on
reset.
+ PLL charge pump output
When the frequency generated by dividing the local
Charge pump oscillator signal frequency by N is higher than the
PD 18 (19) output 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
when the frequencies match. AC2603
AN 19 (20} LPF amplifier - The n-channel MOS transistor used tor the PLL active
transistor \
AOCUT 20 (21) cornections low-pass filter. %
IVELLE]
AML
= Accepts an inputin the frequency range 0.4 to 12 MHz. e
= The input signat is directly transmitted to the IF counter, D—A——{>o—
» The result is cutput starting the MSB of the IF counter
IFIN 12 (13) IF counter using the DO pin. ;?'—_.
« Four measurement periods are supported: 4, 8, 32, and
64 ms,
AC2588

No. 5038-7/23
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Serlal Data I/0 Procedures

The LC72136 inputs and outputs data using the Sanyo CCB (computer control bus) audio LSI serial bus format. This

LS1 adopts an 8-bit address format CCB.

Address

VO mode Bo | B1 | B2 | B3] A0 | A1 | A2

A3

Functlion

1 IN1 (82} 0 o | o 1 0 1 0

» Conlrol data input mode (serial data input)

» 24 data bits are input.

+» See the “DI Contrel Data (serial data input) Structure”
itern for details on the meaning of the input data.

2 IN2 (92) 1 o] [ 1 1] 1 o]

+ Control data input mode (sarial data input)

+ 24 data bits are input.

+ See the “DI Control Data (serial data input) Structura”
itemn for details on the meaning of the input data.

3 QUT (A2) 0 1 0 1 0 1 0

= Data output mode (serial data output)

» The number of bits outputis equal 1o the number of clock
cycles.

» See the “DO Outpul Data (Serial Data Output) Structure”
item for details on the meaning of the output data.

CE

1— 1O mode determined

{L
b

cL

ox IBOXB‘I.XBEIBEXAO[AIX&E

[T

| R Firat pets InNic2

Do

Elxxgt

Pt— First Data OUT

@ CL: normal high
@ CL: normal low

S
®_ Firet 0sts out

AD2605
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DI Control Data (serial data input) Structure

1. IN1 Mode

Address

DI=—o0f(o|o|a]Oo|s|0|0O

‘[—First Data IN1
o|lw|lu|lm|w]e|on|la
olvlalofvs|w|o | ~|o|la|a|a]r|=|=l=]|Z]|> n]lo(r|ulm
tla|o|dfe|d|alalo|a|e|a]la|e|afe|t|o|lo|x]a|c|ac]|e
. — S ~ >
x
o I~ 14
- o -
w T u
i w 1
o b= -
z g g
scza0s
2. IN2 Mode
Addrass
DI=— 1 (CjOo|s]O|i]|O|D
- First Data IN2
of|=|w
Sl3lolelejafol=lo[S]|5]S]e|~|o|=]le|~|olv]a|r|=]|=
BlEle|ale|e|aio|o|(8|8|E8|z2|z2|n|v]lr|r|oli]u]|n|n|n
elefr|r|o|lo|ela|a|S[(S]|2]|3|5|e|(a|e|e|lr|o|-|wjwlw
ol gl

= * [

3 o z
(A =] o o 4] (=) w o -
i [+ 9 ] - | b E L0 L4l
o I =] F N L = O n ]
= =] o =] o - d M -
3 In] I ~ [ a oo = N
- = = ° = 23 3 N

AQ34LE
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DI Control Data Functions

No. Control block/data Description Related data
-Programmable divider data | » Data that sets the programmabie divider
PO to P15 A binary value in which P15 is the MSB. The LSB changes depending on DVS and SNS.
DvSs SNS LsB Divisor setting (N) Actual divisor
1 * PO 272 to 65535 Twice the value of the setting
0 1 PO 272 1o £5535 The value of the setting
0. 0 P4 4 1o 4095 The value of the setiing
() 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
frequency range, and determines the BOF pin output state. (*: Don't care.)
DvVS SNS Input pin Input frequency range BOF pin
1 . FMIN 10 1o 160 MHz Low
0 1 AMIN 2 to 40 MHz Open
0 o] AMIN 0.5to0 10 MHz Open
Note: See the "Pregrammable Divider” item for details.
Reference divider data « Reference frequency (fref} selection data
RO te R3
R3 R2 Ri1 Re Reference frequency (kHz)
1) 0 4] 0 25
[} o] 4] 1 25
1) o] 1 0 25
o 0 1 3 25
4] 1 0 0 125
1] 1 0 1 6.25
o 1 1 0 3.125
0 1 1 1 3.125
1 0 0 0 5
1 0 4] 1 5
1 0 1 0 5
(2) 1 0 1 1 1
1 1 0 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 and IF couner blocks are stopped, the FMIN, AMIN,
and IFIN pins go 1o the pulled-down state, and the charge pump output pin goes to
the high-impedance state.
XS » Oscillator margin selaction data
XS = 0; "Reduction mode” The oscillator margin is reduced and the crystal radiation
is reduced.
XS = 1; Normal made.
Normal mode is selected ollowing a power-on reset.
IF counter control data + IF counter measurement start specification
CTE CTE = 1: Counter start
CTE = 0: Counter reset
GT0, GT1 « IF counter measurement time determination
(3 GT1 GTO Measurement time (ms) Wait time (ms) FS
0 0 4 34
o 1 8 3lc4
1 4] 32 7wd
1 1 64 708
Note: See the “IF Counter Structure” item for details,
4) IKQ port specification data | » Data that specifies input or output for the O dual-use pins
I0C1, I0C2 Data: 0 = input mode, 1 = output mede
Qutput port data « BOT 10 BOS, 101, and 102 outpul state data
(5) | BO1 10805, 101, 102 Data: 0 = open, 1 = low o

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

Continued on next page.
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Continued from preceding page.

TBC

Na. Control block/data Description Related data
DO pin control data = Data that determines DO pin output
DOCo, DOC1, DOC2
00C2 | bOoC1 | DOCOo DO pin state
o] 0 0 Open
7} 0 1 Low when the unlock state is delecled
o 1 0 end-UC™? ‘
0 1 1 Open
1 1] 0 Qpen
1 0 1 The 10T pin state?
1 1 0 The 102 pin state*?
1 1 1 Open
The open state is selecied lollowing a power-on reset.
Note: 1. end-UC: IF counter measurement completion chack
{ uLe, UL
. )} r '
6) popin ____ M Y i—f CTE,
: , ; 10C1, 10C2
] 1 1
@ Count start @ Count end @ CE:HI
AD2808
(D When end-UC is set and an IF count is started (CTE = 0 -» 1), the DO pin
automatically goes to the open state.
@ When the IF count measuremant completes, the DO pin goes low and
the count completion check operation iz enabled.
@ The DO pin goes to the open state due to serial data 10 (CE: high).
2. Goes to lhe open state if the 10 pin itself is set 1o be an output port.
Caution: The DO pin always goes to the open state during the data input peried {during the
period when CE is high in mode IN1 or IN2), regardless of the values of the DO pin
conirol data {DOCO 10 DOC2). Also, the DO pin outputs the contant of the internat
DO serial data in synchronization with the CL pin signal during the data output period
(during the period when CE is high in the OUT mode) regardless of the values of
the DO pin control data (DOCO 1o DOC2).
Unlock detection data « Selects the phase error (2E) detection range for PLL lock discrimination.
ULo, UL When a phase error greater than the specified range occurs, the LC72136 determines
that the PLL is unlocked. {*: Don't care.)
o UL1 uLo ok detection width Detector output DOCOE oc1 .
0 0 Stopped Open DoC2
0 1 4] oE is output directly
1 * 16.67 us oF is extended by 110 2 ms
Note: When unlocked, the DO pin goes low and the serial data output UL bitis 0.
Phase comparator + Phase comparator dead zone conirol data
control data
DZo, D21 DzZ1 DZo Dead zone mode
[ 0 DZA
(8 ] 1 DZB
1 0 DzZC
1 1 DzZD
Dead zone width: DZA < DZB < DZC < DZD
9 Clock time base « An B Hz 40% duty clock time base signal can be output from BO1 by setting TBC 10 1. BO1

(The BO1 data wi¥ be ignored.)

(10)

Charge pump control data
DLC

+ Data that forcibly controls the charge pump output

DLC Charge pump output
0 Normal operation
1 Forced low

Note: The LC72136 provides a technique for escaping from deadiock by setling Viune to
Ve (deadlock clearing circuit). This is used when the circuit is deadlocked due 1o the
VCO osdillator being stopped by the VCO control voltage (Viune) being O V.

This function goes to the forced low state (DLC = 1) fofowing a power on reset.
The crystal oscillator circuil must be operating normally before this data is changed 1o
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 Relaled data
IF counter control data « This data should be set to 1 in normal operation, Setting this data to 0 switches
(v1) | IFS tha LC72136 1o a reduced input sensitivity mode in which the sensitivity is reduced by
10 to 30 mV/rms.
* Sea the “IF Counter Operation” itemn for detalls.
LSl test data « LSl test data
TEST O3 TESTO
(12) TEST All three bits must be setto 0.
TEST2
All the test data is set to O following a power-on reset,
DO Output Data (Serial Data Quiput) Structure
3. OUT mode
Addrass
DI=—o |41 |O|1]JO|1]|O|®
r_First Data OUT
nu-—ﬁ:-&:z"g?-:fﬁ:gﬁ:Emmmwwvmmno
clvjo]jJojlo|lv|le|lewlio|lo|jlojolio|lO|jlujl DO O
e N - -~
E b4 o
=] (2} [
a a o
1 | 1
z 4 I: .
; ; & Note: ¥ Indicates a 0 data value.
- - - A02409
DO Output Data
No. Control block/data Description Related data
VO port data « Data latched from the states of the KO ports, pins 10T and 102,
(1) 12,1 {This data reflects the pin states, regardless of whether they are in input or output mode.} | 10C1,
I « 157 pin state | High: 1 1oc2
12 « 102 pin state | Low: 0
PLL unlock data + Data latched from the state of the unlock detection circuit U
2 [u UL « 0: Unlocked Lo,
UL « 1: L.ocked or in detection stopped mode u1
IF counter binary data - Data |latched frem the state of the IF counter, which is a 20-bit binary counter. CTE,
(3 |C1910CO C18 « Binary tounter M5B GTO,
C0 « Binary counter LSB GT1

No. 5038-12/23
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Serlal Data Input {IN1/IN2) tgy, thp, teL, tes: teH, 20.75 us t ¢ < 0.75 us

1. CL: Normal high

Pl Lo
teL ——ites tent—i

S I T

tsy +—itHp
D1 50 Bt J B2 | 83 ] ao | as J a2z ] w3 Jeo [ es frafera IR EEEE ‘
e b
Internal - I
data
2. CL: Normal low
tsui-——é

tEL——itEs
!

. iy —
e LMMMrUUUU L U

tsu':-—--—-': thp
f
H

pr Ilaln:]aslaaxaaxwxnxAzIAa[Poxnlnalpal InoXmInaIpai‘

o -
Internal ' ' :(
data
Serial Data Output (QUT) tgy, tups teL, tesy tens =2 0.75 us tpe, tpy < 0.35 us
1. CL:Normal high
tEL i'"'i"""étss tEn b '

- I -

e ipialigiginigigignfipgigipi e inlnEnline

pI i Bo a1 I a2 x B3 l AQ I Al I A2 I A3 l ; _
tnc-“;" "ﬂ"tnc t“"‘"%'é'"

oo Jxax::l | Icalcaxc:xcoy—

2. CL:Normal low

A [
tEL b—iditps tppb—

.:L_E_“ .....

tgu i-—-‘—-‘ tHo

DI ia:oiaalnaxaalao[uxnaxaa

e i on -
Do txelnx 1w Tealealcifeo
ADEELD

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

‘ il
CE ¥YTH [ \
j/ / ‘ YIie
tcH tCL
cL YIH VIH VIH
YIL YIL VIL
tEL tES tEH
VIH YIH ) \ >
01
vIL VIL \ N
tS5U tHD \ £0C ’,~ tDC — |» \ tDH — ’7
I e
Internal
data Old X New
fatchi
atching 1/ 4
AQD2814
CL Stopped at the Low Level
il
ce vinf
/ K vIL
—\ _\ L
YIH VIH
oo YIL
[ tEL tES
o1 >(
toc—] |._ f_
: A
’ tLCMj ’—-
Internal
data Old X New
latching
/ i
AD2518
CL Stopped at the High Level
Parameter Symbot Pins Conditions min typ max Unit
Data setup time 3y DI CL 075 ns
Data hold time tHp DL CL 0.75 us
Clock low-level ime oL CcL 0.75 us
Clock high-level time teH CL 0.75 us
CE wait ime gL CE.CL 0.75 us
CE setup time tes CE,CL 0.75 us
CE hold time ey CE.CL 0.75 us
Data latch change lime L 0.75 ns
. Ipc DO, CL | These times depend on the pull-up resistance 0.35 s
Data output time tom DO, CE | and the printed circuit board capacitances. 0.35 ps

No. 5038-14/23



LC72136, 72136M

Programmable Divider Structure

(A}
e Dol g
f Swallow Programmable
Counter Divider
[{=}} [{»}
AMIN O——> ] fvcosN

;-'a . ¢E

DVS SNS fref
fvco=fref X N

4bits 12bita

AQ2618

DvVS SNS Input pin Set divisor Actual divisor: N Input frequency range (MHz)
A 1 . FMIN 272 to 65535 Twice the set value 10 1o 160
B8 ¢} 1 AMIN 272 10 65535 The set vafue 21040
C 0 0 AMIN 4 10 4095 The set value 05010

Note; * Don't care.
Sample Programmable Divider Divisor Calculations

1. Fora 50 kHz FM step size (DVS = 1, SNS = *: FMIN selected)
» FM RF = 90.0 MHz (IF = +10.7 MHz)
FM VCO = 100.7 MHz
PLL fref=25kHz (ROtwoR1 = 1,R2Zt0R3=0)
100.7 MHz (FM VCO) + 25 kHz (fref) + 2 (FMIN; divide-by-two prescaler) = 2014 — 07DE (HEX)

E [»] 7 Q
——
olslalafjs|o]|s|s]alt|ajo]ofe|ojo]x]|1 1(1]¢|0
I P ol gl il ) Aol it Sl S ol Bl Vv Sy g -] B
olwlaula|wlulo|ln|jw
glulalmlv|loloalr]loja|a]m]=|=|=|[~{z|>|r|aje|-{n|m
gla|lafajalo|a|a|a|a|a|aja|alafa|jn|ofe|x]a|ac|oc|c

ADRALT

2. Fora5 kHz SW step size (DVS =0, SNS = 1: AMIN high-speed side selected)
+ SW RF =21.75 MHz (IF = +450 kHz)
SW VCO =122.20 MHz
PLL fref=5kHz (RO=R2=0,R1=R3=1)
22.2 MHz (SW VCO) + 5 kHz (fref) = 4440 — 1158 (HEX)

] 5 1 1
e ——— Y
olejo|ls|t|o|2ato}1]o|c|o]slojojoj1]0 LN ENE:AR]
oleln|o|v|o]ju|o|w
Ov‘NﬂTIﬂ{DhWU"""‘""HZ>P-mO—Nﬂ
ala{ajo]a|a]|a|lala|a|aleajr|afa|jao|oflvx]|g|D|T|X

LELIY ]

3. Fora9 kHz MW step size (DVS = 0, SNS = 0: AMIN low-speed side selected)
« MW RF = 1008 kHz (IF = +450 kHz)
MW VCO = 1458 kHz
PLL fref = 3 kHz (RO to R1 = 0, R2 to R3 = 1): using a 3 kHz reference frequency
1458 kHz (MW VCO) + 3 kHz (fref) = 486 — 1E6 (HEX)

) € 1
—_— e e,
wa|*|xJofalt]ofo|t]|s]|a]s]elelo]o]n olol1]1
______ o lalel AT R Rl R R '; 2 E nlof«~|nm
< e
g;sg;&ﬁ EzE&;E;ﬂ.lmnuxuzmm

403418
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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 serially, MSB first, from the
DO pin.

IF counter
{20-bit binary counter}
tFc)
IFIN {>o c L M
5 )
f : B-—>-D0p|n
(c)
Oto3 4107 8tc11 | 1210151 161019
4/8./32/64 GT)
me
T T CTE
GTO GT1 C=Fz X GT

AD2820

Measurement time
GT1 GTo - —
Measurement period (GT) (ms) Wait time (tyay) (Ms)
0 0 4 A0 4
] 1 8 31104
1 ) 32 Tl
1 1 64 7Ti08

IF frequency (Fc) measurement consists of determining how many pulses enter the IF counter in a specified
measurement time (GT).

Fc= EC]: (C=FcxGT) C: count value (number of pulses)

Sarhple IF Counter Frequency Calculations

1. For a measurement time (GT) of 32 ms and a count value (C) of 53980 (hexadecimal), which is 342,400 (decimal)
IF frequency (Fc) = 342,400 + 32 ms = 10.7 MHz

5 9 ] 0

}u
|

o|l1|i]|o|e|e]e]|oO

i2
I1
uL

c19 o
c18 -
Ci?:lo
C15 1=
ci15i e
ci4}o
C13 |,
c12i-
C11 =
ciolo
cB
c7

c4 |
c3

c2

c1 io
co

[ ol
o u|e

ADROERIL

2. For a measurement time (GT) of 8 ms and a count value (C) of E10 (hexadecimal), which is 3600 (decimal)
IF frequency (Fc) = 3600 + 8 ms = 450 kHz

’a
|
}m
|
|

12
14 4
wL
cis o
ciaie
ci7io
Ci6}@
ci15i0o
C14:ﬂ
ci3: o
cizio
Cil1 =
C10im
ta |
ca

€7 |
ca

c3 |
co

AORDBZE
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IF Counter Operation

CE CTE data = 1

! 1 Measurement__1
b time '
Frequency ' GT
measurement '
time ' E |
Wait ﬁme—-i—r'— ‘
"N s

Count start Count done {(end-UC)

AD2623

Before starting the IF count, the IF counter must be reset in advance by setting CTE in the serial data to 0.
The IF count is started by changing the CTE bit in the serial data from O to 1. The serial data is latched by the LC72136
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 Jatest. Next, the value of the IF count at the end of the
measurement period must be read out during the period CTE is 1. This is because the IF counter is reset when CTE is set
to 0.

Note: When operating the IF counter, the control microprocessor must first check the state of the IF-IC SD (station
detect) signal and only afier determining that the 5D signal is present tumn on IF buffer cutput and execute an IF
count operation. Auto-search techniques that use only the IF counter are not recommended, since it is possible for
IF buffer leakage output to cause incorrect stops at points where there is no station.

IFiN Minimum Sensitivity Ratings

f{MHz)
IFS 04s51<05 05<1<B Bgfg12
. 40 mVrms 40 mvVrms
1: Normai mode (0.1 10 3 mVrms) 40 mVrms (1 to 10 mVrms)
. 70 mVrms 70 mvVrms
0: Degradation mode (10 10 15 mVrms) 70 mVrms (30 1o 40 mVrms)

Note: Vatues in parentheses are actual performance values presented as reference data.
Unlock Detection TImIng

1. Unlock Detection Determination Timing
Unlock 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 least two periods of the
reference frequency.
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CE

DATA
LATCH

VCO/N

N-
counter

fref

#ERRCR
{unlock)

Old data

)( New data

{

S

Old divisor N New divisor N'

The divisor N is not updated
during the first period.

Note: After changing the divisor,
@ERRCR is output after two fref
periods.

Figure 1 Unlock Detection Timing

ADRB24

For example, if fref is 1 kHz (and thus the pericd is 1 ms), after changing the divisor N, the system must wait at least
2 ms before checking for the unlocked state.

Unlock detection

— UNLOCK

=
j
—

circuit
+R
fref
Phase
comparator @ERROR
N VYCO/N
ﬁ Preset LP.F

DATA LATCH

Figure 2 Circult Structure

Agagas
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2. Unlock Detection Software

Data input Dataoutput®  Data output @
CE
Value of N Old data >< New data }

VCO frequency
SERROR [ L L]

Unlack (UL} serial I
data output

¥

Unlock detection
pin output l

Lockeu Unlocked Locked

AQ2528

Flgure 3

3. When Qutputting Unlock Data Using Serial Data Qutput:
Once the LC72136 detects an unlocked state, it does not reset the unlock data (UL) until the next data output (or data
input) operation is performed. At the data output O point in Figure 3, although the VCO frequency is stable (locked),
the unlock data remains set to the unlocked state since no data output has been performed since the value of N was
changed. Thus, even though the frequency became stable (locked), from the point of view of the data, the circuit is in
the unlocked state. Therefore, the data output 3 immediately following a change to the value of N should be seen as

a dummy data, and the data from the second data output (data output @) and later outputs should be seen as valid
data.

Value of N changed (data input)

Wait at least two perieds of the
reference frequency.

Dummy data output Valid data output requires that the

output be performed at intervais of at
least one period of the reference
frequency.

~;

Valid data output

detsrmination®
*

YES

I
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
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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 locked state can be determined
after waiting at least two periods of the reference frequency.

Notes on Clock Time Base Usage

When the clock time base output is used, the value of the pull-up resistor for the output pin (BOT) must be at least 100 k.
This is to avoid degradation of the VCO C/N characteristics when using the built-in low-pass filter transistor to form the
loop filter. Since the clock time base output pin and the low-pass filter transistor ground are the same node in the IC, the
time base output pin current fluctuations must be suppressed to limit the influence on the low-pass filter. We recommend
the use of a Schmitt input on the receiving controller (microprocessor) to prevent chattering.

voo

LC72136/M Microprocessor

ARtx100kQ

BO4 ; _ 1 LI:S
Time b:
% ime base output Schmitt input

o~

™

PD
T vce
—
3 3
ADUT
A}~
AIN W vCOo
Loop filter l ve
ADRG27
Other ltems
1. Notes on the Phasc Comparator Dead Zone
bZ1 Dzo Dead-zone mode Charge pump Dead zone
] 0 DZA ON/ON -0 sec
0 1 DZB ON/ON -0 sec
1 0 DzZC OFF/OFF +0 sec
1 1 DZD OFF/OFF + +0 sec

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
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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. 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 1o 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.

Dead Zone

The phase comparator 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 faciors (line B). A dead zone as small as possible is desirable for products that must provide
a high §/N ratio.

However, since a larger dead zone makes this circuit easier to 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 presence of strong RF inputs. When the dead zone is narrow, the circuit
outputs correction pulses and this output can further medulate the VCO and generate beat frequencies with the RF
signal.

L
fr
?—[ Reference Dividar-‘l—é
F%Prugrammable Divlderkﬂlb

Phase

Detector

Flgure 4 A02830

v

{8

~(B)
¢ (n8)

Dead Zone

{1
A02931

Figure 5

2. 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,

3. Notes on IF Counting — SD must be used in conjunction with the IF counting time
When using IF counting, 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 poinis where there is
no signal due to leakage output from the IF counter buffer.
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4. DO Pin Usage Techniques
In addition (o data output mode times, the DO pin can also be used to check for IF counter count completion and for
unlock detection outpul. Also, an input pin state can be output unchanged through the DO pin 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 Vgg pins for noise exclusion.
This capacitor must be placed as close as possible to the Vpp and Vgg pins.

Pin States Following a Power-On Reset

Open

Open

Open

Open

Open

QOpen

Input port

XIN
BOF
CE

DI

9]
r

.

a
[=

o
C
[T

(1]
[a]
L+

[
[=
w

[31]
(=]
B

HiEINININIE
L

=
(=
-

] || xour

] ] aout
] ] azn

1LC72136
L
<
a
Q

Open

Input port

AD3dLY
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Sample Application System
(Using the DIP22S package)

+1 L
i ]

This section is susceptible to noise due 1o its high
impedance. Therefore, the pattern lines should be kept
as short as possible and this area should be covered
with a ground paltern.
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M No products described or contained herein are intended for use in surgical implants, life-support systems, aerospace
equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and the like, the failure of
which may directly or indirectly cause injury, death or property loss.

W Anyone purchasing any products described or contained herein for an above-mentioned use shall:

(D Accept tull responsibility and indemnify and defend SANYO ELECTRIC CO., LTD., its affiliates, subsidiaries and
distributors and all their officers and employees, jointly and severally, against any and all claims and litigation and all
damages, cosl 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
SANYO ELECTRIC 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 October, 1995. Specifications and information herein are subject to
change without notice.
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