LC72121MA

PLL Frequency Synthesizer
for Electronic Tuning

ON Semiconductor®
Overview

The LC72121MA are high input sensitivity (20 mVrms@130 MHz) www.onsemi.com
PLL frequency synthesizers for 3 V systems. These ICs are serial data
(CCB*) compatible with the LC72131K/KMA, and feature the
improved input sensitivity and lower spurious radiation (provided by a
redesigned ground system) required in high-performance AM/FM
tuners.

Features
¢ High-speed programmable divider
e FMIN: 10 to 160 MHz ----- Pulse swallower technique

(With built-in divide-by-2 prescaler) SOIC24W / MFP24SJ (300 mil)
e AMIN: 2t0 40 MHz ------- Pulse swallower technique
05t0 10 MHz ----- Direct division technique
o |IF counter
e IFIN: 0.4t0 15 MHz ---:--- For AM and FM IF counting

o Reference frequency
¢ One of 12 reference frequencies can be selected
(using a 4.5 or 7.2 MHz crystal element)
1,3,5,9, 10, 3.125, 6.25, 12.5, 15, 25, 50, and 100 kHz
e Phase comparator
o Supports dead zone control
e Built-in unlocked state detection circuit
o Built-in deadlock clear circuit
e An MOS transistor for an active low-pass filter is built in.
e 1/O ports
e Qutput-only ports: 4 pins
e 1/O ports: 2 pins
e Supports the output of a clock time base signal.
o Serial data 1/0
e Support CCB* format communication with the system controller.
e Operating ranges

o Supply voltage 12.7t03.6V
e Operating temperature : —40 to +85°C
o Package

o MFP24SJ (300 mil)

* Computer Control Bus (CCB) is an ON Semiconductor’s original bus format and
the bus addresses are controlled by ON Semiconductor.

ORDERING INFORMATION

See detailed ordering and shipping information on page 24 of this data sheet.

© Semiconductor Components Industries, LLC, 2017 1 Publication Order Number :
July 2017 - Rev. 1 LC72121MA/D



Specifications

LC72121MA

Absolute Maximum Ratings at Ta = 25°C, Vggd = VsSa = Vssx =0V

Parameter Symbol Conditions Ratings Unit
Maximum supply voltage Vpp max VDD -0.3t0 +7.0 \
Maximum input voltage V|NT max CE, CL, DI, AIN -0.3t0 +7.0 \
VN2 max XIN, FMIN, AMIN, IFIN -0.3toVpp+03 | V
VIN3 max 101,102 -0.3to +15 \%
Maximum output voltage Vo1 max DO -0.3t0 +7.0 \
Vo2 max XOUT, PD -0.3 to Vpp+0.3 \Y
Vo3 max BO1 to BO4, 101, 102, AOUT -0.3to +15 \4

Maximum output current I01 max DO, AOUT 0t0 6.0 mA
102 max BO1 to BOZ, 101, 102 0to 10 mA

Allowable power dissipation Pd max (Ta < 85°C) 200 mwW
Operating temperature Topr —-40 to +85 °C
Storage temperature Tstg -55to +125 °C

Note 1: Power pins Vpp and Vss: Insert a capacitor with a capacitance of 2,000 pF or higher between these pins when

using the IC.

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality should not be assumed,
damage may occur and reliability may be affected.

Allowable Operating Ranges at Ta = —40 to +85°C, Vggg = VsSg = Vssx =0V

. " Ratings .
Parameter Symbol Pin Conditions - Unit
min typ max
Supply voltage VbD VbD 2.7 3.6 \%
Input high-level Viy1 CE, CL, DI 0.7Vpp 6.5 \%
voltage — —
V|H2 101, 102 0.7VDD 13 \Y
Input low-level v _— 0 0.3Vpp \%
voltage IL CE, CL, DI, 107, 102
Output voltage Vo1 DO 0 6.5 \%
Vo2 BO1 to BO4, 101, 102, AOUT 0 BV
Input frequency fiINT XIN VINT 1.0 8.0 | MHz
fiN2 EMIN VIN2 10 160 MHz
fiN3 AMIN VN3 (SNS = 1) 2.0 40 | MHz
fin4 AMIN VN4 (SNS = 0) 0.5 10 | MHz
fIND IFIN VNS 0.4 15 | MHz
Guaranteed crystal = .., XIN, XOUT Note 2 4.0 8.0 | MHz
oscillator frequency
Input amplitude VINT XIN fiINT 200 800 | mVrms
VIN2-1 FMIN f=10to 130 MHz 20 800 | mVrms
VIN2-2 | FMIN =130 to 160 MHz 40 800 | mVrms
VIN3 AMIN fiN3 (SNS = 1) 40 800 | mVrms
VIN4 AMIN fiN4 (SNS = 0) 40 800 | mVrms
VINS IFIN fiINS (IFS=1) 40 800 | mVrms
VNG IFIN fiN5 (IFS = 0) 70 800 | mVrms
Data setup time tsu DI, CL Note 3 0.75 us
Data hold time tHD DI, CL Note 3 0.75 us
Clock low level time toL CL Note 3 0.75 us
Clock high level time | tcH CL Note 3 0.75 us
CE wait time teL CE, CL Note 3 0.75 us
CE setup time tes CE, CL Note 3 0.75 us
CE hold time tEH CE, CL Note 3 0.75 us
Data latch change tLe Note 3 0.75 us
time
Data output time tpc DO, CL Differs depending
on the value of the
! 0.35 us
tDH DO, CE pull-up resistor.
Note 3

www.onsemi.com
2




LC72121MA

Note 2: Recommended crystal oscillator Cl values:
Cl <£120 Q (For a 4.5 MHz crystal)
ClI <70 Q (For a 7.2 MHz crystal)
The characteristics of the oscillation circuit depends on the printed circuit board, circuit constants, and other factors.
Therefore we recommend consulting with the anufacturer of the crystal for evaluation and reliability.
Note 3: Refer to "Serial Data Timing".

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond the Recommended
Operating Ranges limits may affect device reliability.

Electrical Characteristics in the Allowable Operating Ranges

. . Ratings )
Parameter Symbol Pin Conditions - Unit
min typ max
Internal feedback Rf1 XIN 1.0 MQ
resistance RE2 EMIN 500 KQ
Rf3 AMIN 500 kQ
Rf4 IFIN 250 kQ
Internal pull-down Rpd1 EFMIN 100 200 400 kQ
resistance Rpd2 AMIN 100 200 400 | kQ
Hysteresis VHIS CE, CL, DI 0.1Vpp Y
Output high-level - Vbp-1.0 v
voltage VOH PD o =-1mA
Output low-level VoLt PD lo=1mA 1.0 Vv
voltage — . —_—— -
° VoL2 BO1 to BO4, 101, | l0=1mA 02| Vv
102 lo=8mA 16 | V
Ve 3 lo=1mA 0.2 \Y
oL DO I0=5mA 1.0 \
lo=1mA 0.5 \
VoL4 ’
oL AOUT AIN=13V
Input high-level lIx1 CE, CL, DI V=65V 5.0 pA
current — — —
IH2 101, 102 V=13V 50 | uA
liH3 XIN V1 =VpD 1.3 8| wA
K4 FMIN, AMIN V| =VpD 2.5 15 | LA
lIH5 IFIN V|1=VDD 5.0 30 pA
IIH6 AIN V=65V 200 nA
Input low-level L1 CE, CL, DI V=0V 5.0 pA
current p——
L2 101, 102 Vi=0V 50 | WA
I3 XIN V=0V 13 8| uA
L4 FMIN, AMIN Vi=0V 2.5 15 A
L5 IFIN Vi=0V 5.0 30 | pA
1|6 AIN V=0V 200 nA
Output off leakage BO1 to BOZ. AOUT 5.0 LA
current loFF1 BO1 1o BO4, | Vo=13V
101, 102
IOFF2 DO Vo=6.5V 5.0 pA
High-level 3-state off | | VA =V 0.01 200 nA
leakage current OFFH PD 0 DD
Low-level 3-state off 0.01 200 nA
| Vo=0V
leakage current OFFL PD 0
Input capacitance CIN FMIN 6 PF
Supply current IDD1 VDD Xtal =7.2 MHz
fIN2 = 130 MHz 25 6 mA
VIN2 =20 mVrms
IDD2 VDD PLL block stopped (PLL
INHIBIT mode)
f . 0.3 mA
Crystal oscillator operating
(crystal frequency: 7.2 MHz)
IDD3 VDD PLL block stopped. Crystal
: 10 pA
oscillator stopped.

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product performance may not be
indicated by the Electrical Characteristics if operated under different conditions.
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LC72121MA

Package Dimensions

unit : mm

SOIC24W /| MFP24SJ (300 mil)
CASE 751DB

ISSUE O

3,5 MAX

3.0£0,2
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Pin Assignment

Block Diagram

LC72121MA
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Pin Descriptions

LC72121MA

Pin name Pin No. Type Function Equivalent circuit
XIN 1 _ . D—DW\;'—
XOUT o4 X'tal OSC o Crystal oscillator element connections (4.5 or 7.2 MHz)

D—
* FMIN is selected when DVS in the serial data is set to 1.
 Input frequency: 10 to 160MHz
Local oscillator e The signal is passed through an internal divide-by-two prescaler and
FMIN 17 sianal input then input to the swallow counter.
9 P o The divisor can be set to a value in the range 272 to 65535. Since the > li
internal divide-by-two prescaler is used, the actual divisor will be
twice the set value.
* AMIN is selected when DVS in the serial data is set to 0.
* When SNS in the serial data is set to 1:
e Input frequency: 2 to 40MHz
e The signal is input to the swallow counter directly.
Local oscillator e The divisor can be set to a value in the range 272 to 65535. The set
AMIN 16 signal input value becomes the actual divisor.
* When SNS in the serial data is set to 0: > |7
e Input frequency: 0.5 to 10MHz
* The signal is input to a 12-bit programmable divider directly.
e The divisor can be set to a value in the range 4 to 4095. The set
value becomes the actual divisor.
CE 3 Chip enable « This pin must be set high to enable serial data input (DI) or serial data 0 [>
output (DO).
DI 4 Input data  Input for serial data transferred from the controller D—@O_
oL 5 Clock o Clock used for data synchronization for serial data input (DI) and 0 [>
serial data output (DO).
Do 6 Output data « Output for serial data transmitted to the controller. The content of the __{ <
data transmitted is determined by DOCO through DOC2.
o LC72121MA power supply (Vpp 2.7 to 3.6V)
VbD 18 Power supply e The power on reset circuit opel?rgtes when power is first applied. )
Vgsx 2 Ground * Ground for the crystal oscillator circuit
Vssg 15 Ground e Ground for the LC72121MA digital systems other than those that use )
VsSa Or Vssx-
o Output-only ports
BOT 7 o The output state is determined by BO1 through BO4 in the serial data.
BOZ2 8 When the data value is 0: The output state will be the open circuit '—‘I z
BO3 o Output port state.
BOZ 10 When the data value is 1: The output staiwill be a low level.
« A time base signal (8Hz) is output from BO1 when TBC in the serial
data is set to 1.
e Shared function 1/O ports
e The pin function is determined by IOC1 and I0C2 in the serial data.
When the data value 0: Input port
When the data value 1: Output port
« When specified to function as an input port:
The input pin state is reported to the controller through the DO pin.
101 11 When the input state is low: The data will be 0:
102 14 VO port When the input state is high: The data will be 1: ———| <

« When specified to function as an output port:
The output state is determined by 101 and 102 in the serial data.
When the data value is 0: The output state will be the open circuit
state.
When the data value is 1: The output state will be a low level.

* These pins are set to input mode after a power on reset.
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Continued from preceding page.

LC72121MA

Pin name Pin No. Type Function Equivalent circuit
e PLL charge pump output
ch A high level is output when the frequency of the local oscillator signal —|
arge pum
PD 19 e divided by N is higher than the reference frequency, and a low level
output i i L
is output when that frequency is lower. This pin goes to the —| <
highimpedance state when the frequencies match.
Low-pass filter . . .
AIN 20 i e Connections for the MOS transistor used for the PLL active low-pass
amplifier
AOUT 21 p. filter.
transistor
é
Vssa 22 Ground ¢ Ground for the low-pass filter MOS transistor
* The input frequency range is 0.4 to 15MHz
» The signal is passed directly to the IF counter.
IFIN 13 IF counter ) ) ;
e The result is output, MSB first, through the DO pin. >
e Four measurement periods are supported: 4, 8, 32, and 64ms.
12 . .
NC 23 NC pin « No connection -
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LC72121MA

Procedures for Input and Output of Serial Data

This product uses the CCB (Computer Control Bus), which is Ours audio product serial bus format, for data input and
output. This product adopts an 8-bit address CCB format.

Address
1/0 mode Function
BO | B1 | B2 | B3| AO [ A1 | A2 | A3

« Control data input (serial data input) mode
® 24 bits of data are input.

1] IN1(82) 0 0 0 1 0 1 0 0 ) ) ) )
» See the “DI Control Data (serial data input)” section for details on the
content of the input data.
» Control data input (serial data input) mode
2] IN2(92) 1 0 0 1 0 1 0 0 o 24 bits of data are input.

» See the “DI Control Data (serial data input)” section for details on the
content of the input data.

« Data output (serial data output) mode

e The number of bits output is equal to the number of clock cycles.

* See the “DO output Data (serial data output)” section for details on the
content of the output data.

3] outA2) [ o1 ]o | 1o 1]o0ofo

1/0O mode determined

CE i\ )

T T O O I I O I N I I o

CL :

TS N O D A O A I I O
DI [ 8o [ 81 [ B2 [ B3 | mo [ a1 | a2 ] ns :X T i z—

Vv N First data IN1/2

" W e

N First data OUT

@ L L L:

N First data OUT

DO

(1) CL:Normally high
(2) CL:Normally low

www.onsemi.com
8



LC72121MA

Structure of the DI Control Data (serial data input)

[1] IN1 mode

Address

0

1

<4000

DI

€d

cd

3<]

0d

SX

310

SAd

SNS

Sid

vid

€ld

[47:]

bid

(0] %<]

6d

8d

.d

9d

Gd

vd

€d

¢d

ld

0d

> 410-d (2)

7

uv 1041 ()

<

> d10-d (1)

[2] IN2 mode

Address

¢ls3l

L1S31

0ls3L

S4i

o1da

o4dlL

119

019

lzd

0za

LN

0N

¢00d

100d

000a

ONd

04

€04

cod

104

4e]

0

36]

0

¢O0l

100l

<1

DI

1s31 (z1)

w s41(11)
} o-ad (o1)
w 3INIL (6)

H10-41(€)
0-za(s)

MOOTINN (2)

2-0a (9)

aieo juoq (g1)

e e T S

> 140d-0 (3)

2-01 (%)
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Control Data

LC72121MA

No. Control block/data

Function

Related data

Programmable
divider data

PO to P15
DVS, SNS

» Specifies the divisor for the programmable divider.

This is a binary value in which P15 is the MSB. The LSB changes depending on DVS and SNS.

(* : don’t care)

DVS | SNS | LSB Set divisior (N) Actual divisior

* PO 272 to 65535 Twice the set value
0 1 PO 272 to 65535 The set value
0 0 P4 4 to 4095 The set value

*LSB : When P4 is the LSB, PO to P3 are ignored.

* These pins select the signal input to the programmable divider (FMIN or AMIN) and switch the

input frequency range.
(* : don’t care)

Reference divider
data
(2)
RO to R3
XS

DVS | SNS Input pin Frequency range accepted by the input pin
1 * FMIN 10 to 160MHz
0 1 AMIN 2 to 40MHz
0 0 AMIN 0.5 to 10MHz
* See the “Structure of the Programmable Divider” section for details.
« Reference frequency selection
R3 R2 R1 RO Reference frequency
0 0 0 0 100 kHz
0 0 0 1 50
0 0 1 0 25
0 0 1 1 25
0 1 0 0 125
0 1 0 1 6.25
0 1 1 0 3.125
0 1 1 1 3.125
1 0 0 0 10
1 0 0 1 9
1 0 1 0 5
1 0 1 1 1
1 1 0 0 3
1 1 0 1 15
1 1 1 0 * PLL INHIBIT+X'tal OSC STOP
1 1 1 1 * PLL INHIBIT

* PLL INHIBIT mode

In this mode, the programmable divider and the IF counter block are stopped, the FMIN, AMIN,
and IFIN pins are pulled down to ground, and the charge pump output goes to the high-

impedance state.
« Crystal oscillator element selection data
XS =0: 4.5MHz
XS =1:7.2MHz
Note that 7.2 MHz is selected after a power on reset.

IF counter control

o IF counter measurement start command data
CTE =1 : Starts the counter
CTE = 0 : Resets the counter

 IF counter measurement time.

» The data is reset to 0, setting the pins to the open state, after a power on reset.

data GT1 GTO Measurement time Wait time
3) IFS
CTE 0 0 4 ms 3tod4ms
GT0, GT1 0 1 8 3to4
1 0 32 7to8
1 1 64 7to08
* See the “Structure of the IF Counter” section for details.
* Specifies input or output for the shared function 1/0 pins (ﬁ and ﬁ).
1/0 port setup data
4) Data = 0: Input port
10C1,I0C2
Data = 1: Output port
» Determines the output state of the BO1 through BO4, 101, and ﬁoutput ports.
Output port data
Data = 0: Open 10C1
(5) BO1to BO4
Data = 1: Low level 10C2
101,102

www.onsemi.com
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Continued from preceding page.

LC72121MA

No. Control block/data Function Related data
« Determines the DO pin output.
DOC2 | DOC1 | DOCO DO pin state
0 0 0 Open
0 0 Low when the PLL is unlocked
0 1 0 end-UC *1
0 1 1 Open
1 0 0 Open
1 0 1 The 107 pin state *2
1 1 0 The 102 pin state *2
1 1 Open
The open state is selected after a power on reset.
*1. end-UC: IF counter measurement end check
DO pin control data . ULO, UL1
DO pin . h 7 CTE
6) DOCO P —M —
DOCH (1) Count start (2) Count end CE:high 10C
DOC2 10C2
(1)When end-UC is selected and an IF count is started (by switching CTE from 0 to 1), the DO pin
automatically goes to the open state.
(2)When the IF counter measurement period completes, the DO pin goes to the low level, allowing
applications to test for the completion of the count period.
(3)The DO pin is set to the open state by performing a serial data input or output operation (when
the CE pin is set high).
*2. The DO pin will go to the open state if the corresponding 10 pin is set up to be an output port.
Note) During the data input period (the period that CE is high in IN1 or IN2 mode), the DO pin goes
to the open state regardless of the DO pin control data (DOCO to DOC2). During the data
output period (the period that CE is high in OUT mode) the DO pin state reflects the internal
DO serial data in synchronization with the CL clock, regardless of the DO pin control data
(DOCO to DOC2).
» Selects the width of the phase error (¢E) detected for PLL lock state discrimination. The state is
taken to be unlocked if a phase error in excess of the detection width occurs.
Unlocked state UL1 ULO OE detection width Detection output DOCO
@ detection data 0 0 Stop Open DOC
0 1 0 OE is output directly DOC2
ULo, UL1 1 0 +0.55us ¢E is extended by 1 to 2ms
1 1 +1.11ps )
* When the PLL is unlocked, the DO pin goes low and UL in the serial data output is set to 0.
o Controls the phase comparator dead zone
Dz1 Dz0 Dead zone mode
Phase comparator
control data 0 0 DZA
(8) 0 1 DZB
Dz0, DZ1 ! 0 bzC
1 1 DZD
Dead zone width: DZA < DZB < DZC < DZD
©) Clock time base . Settinithe TBC bit to 1 causes an 8-Hz clock time base signal with a 40% duty to be output from BO1
TBC the BO1 pin. (The BO1 data will be ignored.)
« Forcibly controls the charge pump output.
DLC Charge pump output
Charge pump
control data 0 Normal operation
(10) 1 Forced Low
DLC * If the circuit deadlocks due to the VCO control voltage (Vtune) being 0 and the VCO being
stopped, applications can get out of the deadlocked state by setting the charge pump output to
low and setting Vtune to V. (Deadlock clear circuit)
IF counter control » This data is normally set to 1. Setting this data to 0 sets the circuit to reduced input sensitivity
(11) data mode, in which the sensitivity is reduced by about 10 to 30mV rms.
IFS * See the “IF Counter Operation” section for details.
e Test data
TESTO
Test data .
(12) TEST1 :| All these bits must be set to 0.
TESTO to 2
TEST2
All these bits are set to 0 after a power on reset.
(13) DNC o This bit must be set to 0.
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LC72121MA

Structure of the DO Output Data (serial data output)

[3] OUT mode

Address

DI <q0|1|0|1]0|1]0]O0

p— Fistdata OUT

DO <+ ggtgeiggx‘:‘o—o}wmwmqmmx—o
N =« O|lO|O|O|O|O|lO|]O|J]O|O|O|O]J]O|O|]O|O|lO|lO|0O]|O
— NN v J
& S =
g S ?
z 5 =
= - e
A o *: Data with the value 0
Control Data Functions
No. Control block/data Function Related data
o Data latched from the 1/0 ponm or 102 pin states.
1/0 port data * These bits reflect the pin states regardless of the 1/0O port mode (input or output). 10C1
1) The data is Iatihed at the point the circuit enters data output mode (OUT mode). 10C2
12,1 11« The|0_1 pin state :| High : 1
12 < The 102 pin state Low : 0
PLL unlocked state « Indicates the state of the unlocked state detection circuit. ULO
(2) data UL « 0: When the PLL is unlocked. UL
UL UL « 1: When the PLL is locked or in the detection disabled mode.
IF counter  Indicates the value of the IF counter (20-bit binary counter). CTE
3) binary counter C19 « MSB of the binary counter GTO
C19to CO CO « LSB of the binary counter GT1

www.onsemi.com
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LC72121MA

1.Serial Data Input (IN1/IN2) tsy, tHD, tES, tEH, 2 0.75 ps t. ¢ < 0.75 ps

(1) CL: Normally high

ELSSSitEes tEH <>
CE LT PV
cL 1 CA T rrT L l—
tsy><>*4p E
DI [Bo)e1) B2 B3 mofat]az] as JrofrPi rP2frs  JRrRofR1[R2[R3]
o> <
Internal data X
(2) CL: Normally low
teLeotes tEH <>
CE P
cL Uy L e
tsy <=<itHD . E
bI [Bo)B1)B2) B3 mo) a1 az)as) Po fP1 P2 rs  fRrRoJR1[R2[Rs]
e % <
Internal data
2.Serial Data Output (Out) tsy, tHD. tEL, tES, tEH, = 0.75 ps tpC, tpH < 0.35 ps
(1) CL: Normally high
tEL<ostes tEH <>
CE DA j
oL UL VL
tsy S<iHD N E
[Bo)B1)B2) B3 A0]A1]Az]aAs ' ;
o toc »< >k<tpc tpH H<
Vi fu ) Ju Tcs] Jciloo
DO

(2) CL: Normally low

ELoites tEH >
K3 v
c AU YL T L
tsy ©><>tHD P ;
DI IBofB1feafBsfmofarfafas | | N ]
tpc < ><tpc tpH ><

DO (e n] JTu  JcsJc2fctfcof

Note: The data conversion times (tpc and tpH) depend on the value of the pull-up resistor and the printed circuit board
capacitance since the DO pin is an n-channel open-drain circuit.
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Serial Data Timing

CE

CL

DI

DO

Internal
data latch

CE

CL

DI

DO

Internal
data latch

LC72121MA

ViH h
2 / \L
tcH tcL
VIH
ViL
VIH VIH
ViL Y%
Ctsu o
When CL is Stopped at the Low Level
y R \
VIH
2 / e
tcL tcH
¥|H VIH viL VIH
IL /
| <>
VIH VIH o tEL tEs » tEH
C C
Vi ﬁKV::Z R
I 1
tsu o - 2 toc > [« 2 toH > <
N \ N
C C
R » tLc > ‘é
C C
Old New

N

When CL is Stopped at the High Level

<
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LC72121MA

Structure of the Programmable Divider

4bits 12bits

FMIN 12— — >
>

Swallow Programmable
counter (C) divider
vy (B)
AMIN L] > ¢ fuco/N L

EE' T e j *

DVS SNS fvco = fref x N
DVS SNS Input pin Set divisor Actual divisor Input frequency range
(A) 1 * FMIN 272 to 65535 Twice the set value 10 to 160MHz
(B) 0 1 AMIN 272 to 65535 The set value 2to 40MHz
(C) 0 0 AMIN 4 to 4095 The set value 0.5to 10MHz

*: Don’t care

Sample Programmable Divider Divisor Calculations
(1) For FM with a step size of 50kHz (DVS =1, SNS = *: FMIN selected)
FM RF = 90.0MHz (IF +10.7MHz)
FM VCO = 100.7MHz
PLL fref =25kHz (ROto R1=1,R2to R3=0)
100.7MHz (FM VCO) =+ 25kHz (fref) + 2 (for the FMIN 1/2 prescaler) = 2014 — 07DE (hexadecimal)

E D 7 0
e A N~ A N~ A N A ~N
o(1(1|1)1{0f(1[1|1]1]|1]0f0|O0O|O]|]O]*]|1 111(10]0
ol | w|R]| D | W
lazlaeldlelelr|l®|lz|z|alalalala|alb|2|2 |2

(2) For SW with a step size of 5kHz (DVS = 0, SNS = 1: AMIN high-speed operation selected)
SW RF = 21.75 MHz (IF +450kHz)
SW VCO = 22.20MHz
PLL fref =5kHz (R0O=R2=0,R1=R3=1)
22.2MHz (SW VCO) + 5kHz (fref) = 4440 — 1158 (hexadecimal)

8 5 1 1
e A N\ A N\ A N A ~N
ojofof1j1|j]0f1{0|1|]0(O0OjO0O|1|Of|O]|]O|1|0O 0O|110(1
olcr|lalo|s|w]o|rn|lo|lao2=[Y2T2 % g Elolel<| ol o
dlaoja|dlad|d|a|adlajad|ala|ala|ala|w|dlo|X|2|x|e|x

(3) For MW wiith a step size of 9kHz (DVS =0, SNS = 0: AMIN low-speed operation selected)
MW RF = 1008kHz (IF +450kHz)
WM VCO = 1458kHz
PLL fref =9kHz (R0O=R3=1,R1=R2=0)
1458 (MW VCO) + 9kHz (fref) = 162 — 0A2 (hexadecimal)

2 A 0
N N N
e N\ N\ N\
*l*{*|*|J]0ol1|0|0|JO|1|0O|1]0O|O|O]|O]JO]|O 17100 (1
- 0|lv|w
O\—Nmﬁ'LDLOI\COCDE\—geixu—)Z>I—(DO\—NM
oja|jla|a|ja|adjafja|ja|la|ja|jafoaja|la|la|ln|ojlOo|X|¥|lx| |
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LC72121MA

Structure of the IF Counter
The LC72121MA IF counter is a 20-bit binary counter, and takes the IF signal from the IFIN pin as its input. The result

of the count can be read out serially, MSB first, from the DO pin.

IF counter
(20-bits binary counter)

(Fc)

I 1 L
O
o 7};”{30 fW S S% DO pin
( 0

to3 | 4to7 [8to 11|12 to 15[16 to 19 (9]

4/8/32/64 GT) /[\
ms
N N CTE
GT0O GT1
C=FcxGT
Measurement time
GT1 GTO
Measurement time (GT) Wait time (tyyy)
0 0 4 ms 3tod ms
0 1 8 3to4
1 0 32 7to8
1 1 64 7t08

The IF frequency (Fc) is measured by determining how many pulses were input to the IF counter in the stipulated
measurement time, GT.

C
Fc= oT (C=Fc x GT) C: Counted value (the number of pulses)

IF Counter Frequency Measurement Examples
(1) When the measurement time (GT) is 32ms and the counted value (C) is 53980 (hexadecimal) or 342,400
(decimal).
IF frequency (Fc) = 342400 + 32ms = 10.7MHz

5 3 9 8 0

A A A
N\ N\ Y

C11
C10
C9
Cc8
Cc7
C6
C5
C4
C3
Cc2
C1
Cco

C19
C18
C17
C16
C15
C14
C13
C12

(2) When the measurement time (GT) is 8ms and the counted value (C) is E10 (hexadecimal) or 3600 (decimal).
IF frequency (FC) = 3600 + 8ms = 450kHz

0
A

> o
> m
> o

N\ N\ N\

c10
c9
c8
c7
cé
c5
c4
c3
c2
c1
co

C19
Cc18
Cc17
C16
C15
C14
C13
C12
C11

12
11
uL
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LC72121MA

IF Counter Operation

CE Data with CTE 1
! !<Measurement time>!

Frequency 1
measurement time i GT

Wait time >+—— < !
CA A
Count start Count end (end-UC)

Applications must first, before starting an IF count operation reset the IF counter by setting CTE in the serial data to 0.
The IF counter operation is started setting CTE in the serial data from 0 to 1. Although the serial data is latched by
dropping the CE pin from high to low, the IF signal input to the IFIN pin must be provided within the wait time from
the point CE goes low. Next, the readout of the IF counter after measurement is complete must be performed while CTE
is still 1, since the counter will be reset if CTE is set to 0.

Note: If IF counting is used, applications must determine whether or not the IF IC SD (station detect) signal is present
in the microcontroller software, and perform the IF count only if that signal is asserted. This is because auto-
search techniques that use IF counting only are subject to incorrect stopping at points where there is no station
due to IF buffer leakage.

Note that the LC72121MA input sensitivity can be controlled with the IFS bit in the serial data. Reduced
sensitivity mode (IFS = 0) must be selected when this IC is used in conjunction with an IF IC that does not
provide an SD output and auto-search is implemented using only IF counting.

IFIN Minimum Sensitivity Standard

Input frequency : f [MHZ,
IFS data 04<f<05 05<f<8 8<f<15
1 (Normal mode) 40mVrms (0.1 to 3mVrms) 40mVrms 40mVrms(1 to 15mVrms)
0 (Degraded sensitivity mode) 70mVrms(5 to 10mVrms) 70mVrms 70mVrms(30 to 40mVrms)

Note: Values in parentheses are actual performance values that are provided for reference purposes.
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LC72121MA

Unlocked State Detection

1. Unlocked state detection timing
Unlocked state detection is performed during the reference frequency (fref) period (interval). This means that a
period at least as long as the period of the reference frequency is required to recognize the locked/unlocked state.
However, applications must wait at least twice the period of the reference frequency immediately after changing the
divisor (N) before checking the locked/unlocked state.

cE —L

Data ;

latch Old data o >< New data ' '
VCON % ; 1 H H
N- P ; —

counter : Old, divisor N X New divisor N '

fref [—l '

oError ; .
(Unlock) ! : _

i Do not change the divisor N | i
i in the first period. i

— 1
— 1

* After changing the value of the divisor,
the ¢ error signal will be output following
the second period of the fref signal.

Figure 1 Unlocked State Detection Timing

For example, if fref is 1kHz (a period of 1ms) applications must wait at least 2 ms after the divisor N is changed
before performing a locked/unlocked check.

Unlocked state

[9 detection circuit |~ Jnlock

fref

Phase

VCO/N comparator
(Voo ) o 1
{} Preset L.P.F

Data latch

oError

Figure 2 Circuit Structure
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2. Combining with Software

Data input Data output (1) Data output (2)

ce I NIIL

Divisor N Old data X New data

\
|

VCO
frequency .

¢oError : '

Unlocked state output ' | |
in the serial data !

Unlocked detection ' | l |
pin output : '
Locked —> | <——— Unlocked ———> |

Locked ———>

Figure 3 Combining with Software

3. Outputting the unlocked state data in the serial data
At the point of data output 1 in figure 3, the unlocked state data will indicate the unlocked state, since the VCO
frequency is not stable (locked) yet. In cases such as this, the application should wait at least one whole period and
then check again whether or not the frequency has stabilized with the data output 2 operation in the figure.
Applications can implement even more reliable recognition of the locked state by performing several more checks of
the state and requiring that the locked state be detected sequentially.

<Flowchart for Lock Detection>

Divisor N changed (data input)

l/ l/ Wait at least 2 reference frequency periods.

Data output (1)

l/ Valid output data is acquired by using an interval of at

< _ X
l/ least one reference frequency period.

Data output (2)

l/ *: Even more reliable recognition of the locked state
can be achieved by performing several checks of
the state and requiring that the locked state be
NO detected sequentially.

Locked state check

4. Directly outputting the unlocked state to the DO pin
Since the unlocked state (high level when locked, low when unlocked) is output from the DO pin, applications can
check for the locked state by waiting at least two reference frequency periods after changing the divisor N. However,
in this case also, even more reliable recognition of the locked state can be achieved by performing several checks of
the state and requiring that the locked state be detected sequentially.
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Clock Time Base Usage Notes
When using the clock time base output function, the output pin (BO1) pull-up resistor must have a value of over
100kQ. The use of a Schmitt input in the microcontroller that accepts this signal is recommended to reduce chattering.
This is to prevent degradation of the VCO C/N characteristics when combining with a loop filter that uses the internal
transistor provided to form a low-pass filter. Although the ground for the clock time base output pin (Vssq) and the
ground for the transistor (Vssg) are isolated internally on the chip, applications must take care to avoid ground loops
and minimize current fluctuations in the time base pin to prevent degradation of the low-pass filter characteristics.

VDD —
LC72121MA Microcontroller
Rt > 100kQ
BO1
03 . —f5>o—
—‘ < Time base output
Schmitt input
Vssd
-
— PD Vee
_| <
Vssd
VCO

-

Loop filter %

Vssa
Other Items
(1) Notes on the phase comparator dead zone
Dz1 DZ0 Dead zone mode Charge pump Dead zone
0 0 DZA ON/ON --0s
0 1 DZB ON/ON -0s
1 0 DZC OFF/OFF +0s
1 1 DZD OFF/OFF ++0s

When the charge pump is used with one of the ON/ON modes, correction pulses are generated from the charge
pump even if the PLL is locked. As a result, it is easy for the loop to become unstable, and special care is required in
application design. The following problems can occur if an ON/ON mode is used.

(1) Sidebands may be created by reference frequency leakage.
(2) Sidebands may be created by low-frequency leakage due to the correction pulse envelope.

Although the loop is more stable when a dead zone is present (i.e. when an OFF/OFF mode is used), a dead zone
makes it more difficult to achieve excellent C/N characteristics. On the other hand, while it is easy to achieve good
C/N characteristics when there is no dead zone, achieving good loop stability is difficult. Accordingly, the DZA and
DZB settings, in which there is no dead zone, can be effective in situations where a signal-to-noise ratio of 90 to
100dB or higher is required in FM reception, or where it is desirable to increase the pilot margin in AM stereo
reception.

However, if such a high signal-to-noise ratio is not required for FM reception, if an adequate pilot margin can be
acquired in AM stereo reception, or if AM stereo is not required, then either DZC or DZD, in which there is a dead
zone, should be chosen.
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Dead Zone

As shown in figure 1, the phase comparator compares a reference frequency (fr) with fp. As shown in figure 2, the
phase comparator's characteristics consist of an output voltage (V) that is proportional to the phase difference ¢.
However, due to internal circuit delay and other factors, an actual circuit has a region (the dead zone, B) where the
circuit cannot actually compare the phases. To implement a receiver with a high S/N ratio, it is desirable that this region
be as small as possible. However, it is often desirable to have the dead zone be slightly wider in popularly-priced
models. This is because in certain cases, such as when there is a strong RF input, popularly-priced models can suffer
from mixer to VCO RF leakage that modulates the VCO. When the dead zone is small, the circuit outputs signals to
correct this modulation and this output further modulates the VCO. This further modulation may then generate beats
and the RF signal.

1L fr Leakage T \l//
= Reference divider —> v B
= Phase <_/( )

fp > | LPF || VvCo / o(ns)

’7 Programmable divider =~ ——>| Detector N Dead zone

" L @ (A)

Figure 1 Figure 2

(2) Notes on the FMIN, AMIN, and IFIN pins
Coupling capacitors should be placed as close to their pin as possible. A capacitance of about 100pF is desirable for
these capacitors. In particular, if the IFIN pin coupling capacitor is not held under 1000pF, the time to reach the bias
level may become excessive and incorrect counts may result due to the relationship with the wait time.

(3) Notes on IF counting — Use the SD signal in conjunction with IF counting
When counting the IF frequency, the microcontroller must determine the presence or absence of the IF IC SD
(station detect) signal and turn on the IF counter buffer output and execute the IF count only if there is an SD signal.
Autosearch techniques that only use the IF counter are subject to incorrect stopping at points where there is no
station due to IF buffer leakage.

(4) DO pin usage
The DO pin can be used for IF counter count completion checking and as an unlock detection output in addition to
its use in data output mode. It is also possible to have the DO pin reflect the state of an input pin to input that state to
the microcontroller.

(5) Power supply pins
Capacitors must be inserted between the power supply Vpp and Vss pins for noise exclusion. These capacitors
must be placed as close as possible to the Vpp and Vss pins.

(6) VCO setup
Applications must be designed so that the VCO (local oscillator) does not stop, even if the control voltage (Vtune)
goes to OV. If it is possible for the oscillator to stop, the application must use the control data (DLC) to temporarily
force Vtune to V¢ to prevent deadlock from occurring. (Deadlock clear circuit)
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(7) Front end connection example
Since this product is designed with the relatively high resistance of 200k for the pulldown (on) resistors built in to
the FMIN and AMIN pins, a common AM/FM local oscillator buffer can be used as shown in the following circuit.

FMIN
FM OSC rl L
_> ,—_
1 OSC buffer out On resistance: 200kQ
AM OSC LI
AMIN
% '—
On resistance: 200kQ
FE PLL

(8) PD pin
Note that the charge pump output voltage is reduced when this IC, which is a 3-V system, is used to replace the
LC72131K/KMA, which is a 5-V system. This means that since the loop gain is reduced, the loop filter constants,
the lock time (SD wait time), and other related parameters must be reevaluated in the end product design.

Pin States after a Power on Reset

<
Open Commmmemeee DO I: § :‘ PD
Open Crmomnoeoee BOT |: E :l VbD
(@)
Open Gommmnmeeeens Boz [ | - B

Open o BO3 I: :‘ AMIN
Open o BO4 I: :I Vssd

Input port S R IO_1|: :IIO_Z R Input port
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Sample Applications Circuit

LC72121MA

AMVCO

| TUNER-System !

T I |
XIN[ 1 [l 24] xouT
u-COM A Vesx H 23] ne
CE ce[3 |>— {Evssa - tVCC
DI DI 4 &>— 21| AOUT p
cL cL[5 | 20| AIN e
Unlock <
SD % —
end-UC ¢ DO po[6 E 19] PD I
IFcount }“— g —
ST-indic -
BO1[7 Nt fwvop 4
Elns %
— < Bo2[8 }" w—ﬂ FMIN —— —— I
—>— BO3|9 w—EAI\MN I}
Es
—>— BO4[10 —)f“_ 15| Vssd —
_ —_ SD
— o1 Eév 14] 102
B —%
Ne [12 —%—E IFIN | FAM/FM-IF
IF-Request
FM/AM
MONO/ST
ST-Indicate
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ORDERING INFORMATION

LC72121MA

Device

Package

Shipping (Qty / Packing)

LC72121MA-AH

SOIC24W / MFP24SJ (300 mil)

(Pb-Free / Halogen Free)

2000/ Tape & Reel

1 For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel
Packaging Specifications Brochure, BRD8011/D. http://www.onsemi.com/pub_link/Collateral/BRD8011-D.PDF
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