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TK14551V

FEATURES
■  IF Input Frequency ~90 MHz (TYP)
■  Balanced Input (IF)
■  Includes Dual High Speed RSSI Outputs.  One is for
    ASK demodulation, another one is for carrier
    sensing.
■  RSSI outputs are accurate with stable temperature
     characteristic and include buffer amplifiers.
■  High Speed RSSI Comparator for Carrier Sensing
■  HIgh Speed Data Comparator (~2 Mbps)
■  Wide Band Demodulator (~1 MHz)
■  Battery Save Function
■  Low Voltage Operation: 3.0 ~ 5.5 V
■  Very Small Package (TSSOP-24)

BLOCK DIAGRAM

TK14551

APPLICATIONS
■  Wide Band FSK Demodulation
■  Wide Band FM Demodulation
■  Video Signal Demodulation
■  Wide Band ASK Demodulation

ORDERING INFORMATION

TAPE/REEL CODE
TL: Tape Left

Tape/Reel Code

TK14551V

IF INPUT (-)

IF INPUT (+)

IF GND

BATTERY SAVE

RSSI COMP BIAS

RSSI OUTPUT-1

RSSI OUTPUT-2

IF DECOUPLE

IF DECOUPLE

IF OUTPUT

FM DEMODULATOR INPUT

IF VCC

GND

VCC

13

14

15

16

17

18

19

20

21

22

23

FM DEMODULATOR AMP INPUT

FM DEMODULATOR AMP OUTPUT

RSSI BUFFERED OUTPUT-2

DATA COMP INPUT (-)

 DATA COMP INPUT (+)

RSSI BUFFERED OUTPUT-1

RSSI COMP OUTPUT

RSSI COMP GND

DATA COMP GND

DATA COMP OUTPUT

FM IF DETECTOR/AMPLIFIER

DESCRIPTION

The TK14551V is a wide band IF IC capable of operating
up to 90 MHz.  It includes an FM demodulator, RSSI, RSSI
comparator and data comparator.  These functions can
perform high-speed operations.  The TK14551V has a
unique function that allows establishing the demodulation
characteristics by changing the external RC time constant,
and not changing the phase shifter constant.  The RSSI
output is individually trimmed, resulting in excellent
accuracy, good linearity, and stable temperature
characteristics.  Because the TK14551V includes a dual
high-speed RSSI output, it is possible to demodulate AM
simply and to sense the carrier level at the same time.

Therefore, the TK14551V is suitable for high-speed data
communication and can be used for various applications.

The TK14551V is available in the very small TSSOP-24
surface mount package.
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TK14551V

LOBMYS RETEMARAP SNOITIDNOCTSET
TNEMERUSAEM
)2ETON(TNIOP

NIM PYT XAM STINU

I CC tnerruCylppuS

,FFO=evaSyrettaB
gnidulcnitoN

tuptuorotarapmoc
.tnerruc

1A 6 01 51 Am

,NO=evaSyrettaB
gnidulcnitoN

tuptuorotarapmoc
.tnerruc

1A 1.0 0.5 Aµ

V NOS nOevaSyrettaB
rof12niPtaegatloV

edomybdnats
1.0- 2.0 V CD

V FFOS ffOevaSyrettaB
rof12niPtaegatloV

edomnoitarepo
0.2 V CC V CD

NOITALUDOMEDMF f( NI )zHM7.01=

timiL ytivitisneSgnitimiL
±zHk1,tnioPBd3-

vedzHk001
AV 56- 95- mBd

V )TED(TUO

tuptuOnoitaludomeD
egatloV

,vedzHk001±zHk1
tupnimBd02-

AV 06 001 061 smrVm

DHT noitrotsiD AV 5.0 0.2 %

N/S oitaResioNotlangiS AV 55 56 Bd

f 1BD

gnitaludomeD
dnaBycneuqerF

roticapacevomeR
dna8niPneewteb

.9niP
derusaemdradnatS

zHk1taeulav

AV 1 5.1 zHM

ABSOLUTE MAXIMUM RATINGS
Storage Temperature Range ................... -55 to +150 °C
Operating Temperature Range ................... -40 to +85 °C
Operating Frequency Range ............ 0.1 to 90 MHz (typ.)

TK14551V ELECTRICAL CHARACTERISTICS
Test conditions: VCC = 3 V, TA = 25 °C, unless otherwise specified.

Note 1:  Power dissipation is 230 mW in free air. Derate at 1.84 mW/°C for operation above 25°C.
Note 2:  Refer to Test Circuit.

Supply Voltage ........................................................... 6 V
Operating Voltage Range.............................. 3.0 to 5.5 V
Power Dissipation (Note 1) ................................ 230 mW
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TK14551V ELECTRICAL CHARACTERISTICS
Test conditions: VCC = 3 V, TA = 25 °C, unless otherwise specified.
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TUPTUOISSR f( NI )zHM04=
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CD,tupnioN
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CV 00.0 01.0 03.0 V CD

-nonmBd06-
,tupnidetaludom
tnemerusaemCD

CV 03.0 54.0 06.0 V CD

-nonmBd03-
,tupnidetaludom
tnemerusaemCD

CV 07.0 59.0 02.1 V CD

-nonmBd0
,tupnidetaludom
tnemerusaemCD
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egatloVtuptuO
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D 1R oitaRytuD DV 54 05 55 %

I 1KNIS tnerruCkniStuptuO
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noitarutaStuptuO
V3.0=egatloV

2A 5.3 0.5 Am

V 1HTUO

hgiHegatloVtuptuO
leveL

tnemerusaemCD DV 07.2 59.2 00.3 V CD
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TK14551V ELECTRICAL CHARACTERISTICS
Test conditions: VCC = 3 V, TA = 25 °C, unless otherwise specified.

LOBMYS RETEMARAP SNOITIDNOCTSET
TNEMERUSAEM
)2ETON(TNIOP

NIM PYT XAM STINU

).TNOC(ROTARAPMOCISSR

V 1LTUO

woLegatloVtuptuO
leveL

,tnemerusaemCD
tnerruCkniStuptuO

Am5=
DV 00.0 03.0 54.0 V CD

ROTARAPMOCATAD

t 3DP

yaleDnoitagaporP
)hgiHotwoL(emiT
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T,%05=oitaR R T, F <
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EV 55 011 sn

t 4DP

yaleDnoitagaporP
)woLothgiH(emiT
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V3.0=egatloV

3A 5.3 0.5 Am
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woLegatloVtuptuO
leveL
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tnerruCkniStuptuO

Am5=
EV 00.0 03.0 54.0 V CD

2REIFILPMAREFFUBISSR

I TUO tnerruCtuptuO tnemerusaemCD 4A 002± Aµ

Z TUO ecnadepmItuptuO tnemerusaemCD BV 031 Ω
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1pF

A1

VCC

VCC = 3 V

V11 = 0.5 V

47 µF

0.01 µF 10 µF
VA

1000 pF

VB A4

22 K SW7 SW8 SW9 SW10

V8

V9
= 1 V

V10 = 0.9 V

3 K

2200 pF

2.2 K 3 K

1000 pF

~

SG2

0.01 µF 0.01 µFT1

2200 pF

SW5

A2

VD

CL1
10 pF

1 k

CL2
10 pF 10 µF

Comp VCC
= 3 V

0.01 µF

A3 VE

SW6

VC

SW2
5.6 K

V4 = 1 V
V5 = 1 V

SW3
SW4

100 pF 5.6 K

50

V3 = 0.9 V

V1 = 0.2 V
SW1

V2 = 2.0 V

2200 pF
2200 pF

~

50
SG1

SG1
FM: 10.7 MHz

1 KHz ± 100 K dev

AM: 40.0 MHz
2 MHz 80% mod

51

PG1
100 kHz 100 mVP-P

DC = 1.0 V TR, TF < 10 ns

PG1

SG2
2 MHz  200mVP-P

Sine Wave
DC = 1.0 V

1 k

V6 = 3V V7 = 3V

NOTE:
CL1 and CL2 simulate probe capacitance
and stray capacitance.

VD and VE are measured with low capacitance
FET probe (Sony Tektronix P6201).

50

10 k

0.01 µF
FM IF Coil

T1: 836BH-0268
(TOKO)

2.2 k

22 pF

VCC
A638AN-1346ETJ

(TOKO)

56 k

1000 pF

1 pF

TEST CIRCUIT

Example of 40 MHz (= fIN) FM detection
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TEST CIRCUIT (CONT.)

Measurement of Battery Save Function:

Battery Save ON:  SW1 = 0.2 V position
Battery Save OFF:  SW1 = 2 V position

Measurement of Comparator:

SW3 is closed only for the measurement of the RSSI comparator response characteristics and output sink
current, supplying 1 V

DC
 to Pin 19.

PG1 is connected only for the measurement of the RSSI comparator response.  Input the pulse wave to Pin 20,
and measure the output wave (VD) of Pin 16.
I
SINK1

 (RSSI Comparator Output Current):
 No IF input.  SW2 = V3 position (supplying 0.9 V to Pin 20).  SW3 = ON (supplying 1 V to Pin
 19).  SW5 = V6 position (supplying 3 V to Pin16).  Measure the DC current to Pin 16 from
 V6.

I
SINK2

 (Data Comparator Output Current):
 SW9 = V9 position(supplying 1 V Pin 11).  SW10 = V10 position (supplying 0.9 V to Pin 12).
 SW6 = V7 position (supplying 3 V to Pin 13).  Measure the DC current to Pin 13 from V7.

Measurement of TR, TF, tPD (RSSI Comparator, Data Comparator):

RSSI Comparator:  No IF input.  SW2 = PG1 position.  SW3 = ON (supplying 1 V to Pin 19).  SW5 = VD position.
Measure  the output wave (VD).
Data Comparator: SW9 = 3 kΩ position.  SW10 = 3 kΩ position. SW6 = VE position.  Measure the output wave
(VE).
T

R
, T

F
:  Measure the time between the 10% point and the 90% point of the output wave.

tPD:  Measure the time between the 50% point of the input wave and the 50% point of the output wave.

Measurement of the Logarithmic Detection of RSSI Output:

SW7 = OFF.  SW8 = VB position.  Input AM modulation signal SG1(f
IN

 = 40 MHz, fm = 2 MHz, mod. = 80%, V
IN

= -60, -40, -15 dBm) to Pin 24.  Measure the logarithmic detection output voltage of Pin 10.
The AM demodulating output voltage deflection is standardizing the AM demodulating output voltage in the case
of -40 dBm input, and calculated by the deflection by AM demodulating output voltage  in the case of -60, -15
dBm input.
The measurement of demodulating frequency band is standardizing the AM demodulating output voltage of Pin
10 in the case that V

IN
 = -40 dBm, f

IN
 = 40 MHz, fm = 100 kHz and 80% AM modulating output voltage at Pin 10,

comparing it to the standard output voltage.

Measurement of Output Current of RSSI Buffer Amplifier 2:

SW7 = OFF.  SW8 = V8 position.  No IF input.  SW4 = ON (supplying 1 V to Pin 18).  Measure the DC current
(A4) between V8 and Pin 10 in the case of V8 = 3 V, 0 V.

Measurement of Output Impedance of RSSI Buffer Amplifier 2:

No IF input.  SW8 = VB position.  SW4 = ON (supplying 1 V to Pin 18).  At first, SW7 = OFF and measure the
DC current (VB1) of Pin 10.  Next, SW7 = ON and measure the DC current (VB8) of Pin 10.  The output impedance
(Z

OUT
) is calculated by the following:

ZOUT (Ω) = 10 k • ((VB1 - VB2)/(VB2 - 0.5))
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NIP
.ON

LOBMYS
LANIMRET
EGATLOV

TIUCRICTNELAVIUQELANRETNI NOITPIRCSED

1

2

32

42

ELPUOCEDFI

ELPUOCEDFI

)+(TUPNIFI

)-(TUPNIFI

V8.1

V8.1

V8.1

V8.1

otlanimretehT:2,1niP
ssapybehttcennoc

FIehtforoticapac
.reifilpmaretimil

retimiLFI:32niP
gnitrevni-noNreifilpmA

.tupnI

retimiLFI:42niP
.tupnIgnitrevnIreifilpmA

3 TUPTUOFI V0.2 reifilpmAretimiLFI
.tuptuO

4 ROTALUDOMEDFI
TUPNI

V0.3 .tupnIrotceteDMF
ehtrofnoitcennoC
.tiucrictfihsesahp

5 VFI CC V0.3 lanimretylppusrewoP
,reifilpmaretimilFIfo
2-reifilpmareffubISSR

rotcetedMFdna

6 DNG V0 lanimreTDNG

7 V CC V0.3 lanimretylppusrewoP
-reifilpmareffubISSRfo

,rotarapmocISSR,1
rotarapmocataddna

PIN FUNCTION DESCRIPTION

IF V CC

1.5 k 1.5 k

50 k 50 k

IF VCC

1 k

IF VCC
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PIN FUNCTION DESCRIPTION  (CONT.)

IF VCC

1.4 V

IF VCC

IF VCC

IF VCC

NIP
.ON

LOBMYS
LANIMRET
EGATLOV

TIUCRICTNELAVIUQELANRETNI NOITPIRCSED

8

9

MF
ROTALUDOMED

TUPNIPMA

MF
ROTALUDOMED

TUPTUOPMA

V4.1

V4.1

tsoProtceteDMF:8niP
.tupnIreifilpmA

tsoProtceteDMF:9niP
.tuptuOreifilpmA

01 DEREFFUBISSR
2-TUPTUO

2-reifilpmAreffuBISSR
.tuptuO

11

21

PMOCATAD
)-(TUPNI

PMOCATAD
)+(TUPNI

ataD:11niP
gnitrevnIrotarapmoC

.tupnI

ataD:21niP
rotarapmoC

.tupnIgnitrevni-noN

31

41

PMOCATAD
TUPTUO

DNGPMOCATAD V0

ataD:31niP
.tuptuOrotarapmoC

sitiucrictuptuoehT
.rotcellocnepo

otlanimretehT:41niP
atadehtetanimret

.tuptuorotarapmoc



January 2000 TOKO, Inc. Page 9

TK14551V

PIN FUNCTION DESCRIPTION  (CONT.)

NIP
.ON

LOBMYS
LANIMRET
EGATLOV

TIUCRICTNELAVIUQELANRETNI NOITPIRCSED

51

61

DNGPMOCISSR

PMOCISSR
TUPTUO

V0 otlanimretehT:51niP
ISSRehtetanimret
.tuptuorotarapmoc

ISSR:61niP
.tuptuOrotarapmoC

sitiucrictuptuoehT
.rotcellocnepo

71 DEREFFUBISSR
1-TUPTUO

1-reifilpmAreffuBISSR
.tuptuO

81

91

2-TUPTUOISSR

1-TUPTUOISSR

ISSR:91,81niP
.tuptuO

eraslanimretesehT
,stuptuotnerruc

egatlovaotdetrevnoc
ehtgnitcennocyb

rotsiserlanretxe
tuptuoehtneewteb
.DNGdnaslanimret

02 SAIBPMOCISSR rotarapmoCISSR
.tupnIgnitrevni-noN
ecnereferehtylppuS

.egatlov

IF VCC

IF VCC

IF VCCVCC

IF VCC
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PIN FUNCTION DESCRIPTION  (CONT.)

NIP
.ON

LOBMYS
LANIMRET
EGATLOV

TIUCRICTNELAVIUQELANRETNI NOITPIRCSED

12 EVASYRETTAB V SB .lortnoCevaSyrettaB

:FFOevaSyrettaB
V SB VotV5.1= CC

:NOevaSyrettaB
V SB V3.0<

22 DNGFI V0 lanimreTDNG

100 k

100 k
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TYPICAL PERFORMANCE CHARACTERISTICS
TA = 25 °C, unless otherwise specified.
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)
TA = 25 °C, unless otherwise specified.
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)
TA = 25 °C, unless otherwise specified.
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)
TA = 25 °C, unless otherwise specified.

DATA COMPARATOR
TRANSIENT RESPONSE

(FALL)

OUT
(1V/div)

20 ns/div

V
CC

 = 3 V

IN
(0.1V/div)

DATA COMPARATOR
OUTPUT DUTY RATIO
vs. INPUT VOLTAGE

VIN (mVP-P)

D
U

T
Y

 (
%

)

100

0

60

20

40

80

   0           100         200         300         400

VCC = 3 V
fin = 2 MHz

VCC 836BH-0268
(TOKO)

C

22 k

RD

1 pF

FM DEMODULATION
FREQUENCY

 CHARACTERISTICS

V
O

U
T

 (
V

D
C

)

2.0
S CURVE CHARACTERISTICS

IF INPUT FREQUENCY (MHz)

       9.9      10.3     10.7     11.1     11.5
0.8

1.6

1.2

V
CC

 = 3 V

V
IN

 = -20 dBm

RD = 1 k

RD = 2.2 k

V
O

U
T

 (
dB

)

2

DEMODULATION OUTPUT VOLTAGE
vs. DEMODULTING FREQUENCY

RD = 2.2 kΩ

MODULATING FREQUENCY fm (Hz)

  1k      3k     10k     30k   100k   300k  1M
-12

-6

0

-2

-10

-8

-4

0 dB = 104.4 mVrms
C = none

C = 1000 pF

VCC = 3 V
fin = 10.7 MHz
dev. = 100 kHz

C = 330 pF

C =
47 pF

C =
10 pF

V
O

U
T

 (
dB

)

2

DEMODULATION OUTPUT VOLTAGE
vs. DEMODULTING FREQUENCY

RD = 1.0 kΩ

MODULATING FREQUENCY fm (Hz)

  1k      3k     10k     30k   100k  300k   1M
-12

-6

0

-2

-10

-8

-4

0 dB = 30.7 mVrms
C = none

C = 1000 pF

VCC = 3 V
fin = 10.7 MHz
dev. = 100 kHz

C = 330 pF

C =
47 pF

C =
10 pF



January 2000 TOKO, Inc. Page 15

TK14551V

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)
TA = 25 °C, unless otherwise specified.

ASK Demodulation Output Wave, Effect of Inserting Active Filter

Condition: VCC = 3 V, fin = 40 MHz, fm = 2 MHz (sine wave), mod. = 80%, VIN = -40 dBm

Without Active Filter With Active Filter (fc = 3 MHz)

Test Circuit Test Circuit

0.2 µs/div 0.2 µs/div

1000 pF

3 k

3 k

10 pF
1 k

COMP VCC

1000 pF

3 k

2.2 k

10 pF

1 k

COMP VCC

15 pF

2.2 k

3 k

33 pF

RSSI Buffer Out 2 (0.1V/div)

Data Comparator Out (1V/div)

RSSI Buffer Out 2 (0.1V/div)

Data Comparator Out (1V/div)
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)
TA = 25 °C, unless otherwise specified.

RSSI Buffer Output (Pin 17) Transient Response (IF Input ON/OFF)

5.6 k

RSSI BUFFERED
OUTPUT-1

C

Condition

       VCC = 3 V
        fin = 40 MHz

• C = 100 pF

RSSI BUFFERED OUTPUT-1
(0.5V/div)

2 µs/div

0 dBm input

-30 dBm input

-60 dBm input

SG GATE PULSE
(1V/div)

• C = 1000 pF

• C = 0.01 µF

2 µs/div

5 µs/div

0 dBm input

-30 dBm input

-60 dBm input

5 µs/div

50 µs/div50 µs/div

0 dBm input

-30 dBm input

-60 dBm input

RSSI BUFFERED OUTPUT-1
(0.5V/div)

RSSI BUFFERED OUTPUT-1
(0.5V/div)

SG GATE PULSE
(1V/div)

SG GATE PULSE
(1V/div)
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)
TA = 25 °C, unless otherwise specified.

RSSI Buffer Output-1 (Pin 17) Transient Response (Battery Save ON     OFF)

5.6 k

RSSI BUFFERED
OUTPUT-1

C

Condition

       VCC = 3 V
        fin = 40 MHz

• C = 100 pF

• C = 1000 pF

• C = 0.01 µF

RSSI BUFFERED OUTPUT-1
(0.5V/div)

Battery Save
(1V/div)

2 µs/div

0 dBm input

-30 dBm input

-60 dBm input

5 µs/div

0 dBm input

-30 dBm input

-60 dBm input

50 µs/div

0 dBm input

-30 dBm input

-60 dBm input

RSSI BUFFERED OUTPUT-1
(0.5V/div)

Battery Save
(1V/div)

RSSI BUFFERED OUTPUT-1
(0.5V/div)

Battery Save
(1V/div)
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APPLICATION NOTES

If the input is FM or FSK modulation, whether the IF input is a balanced or an unbalanced input, there is no problem.  But,

if the input is ASK modulation and the IF input is a balanced input, the Bit Error Rate (BER) may be high.  Therefore, if

the input is ASK modulation, the IF input must be an unbalanced input.  If the input is an unbalanced input as shown below,

do not terminate Pin 1 (do not connect the bypass capacitor between Pin 1 and GND).  If Pin 23 is the input do not terminate

Pin 2.

do not terminate

1.5 k 50 k

50 k1.5 k

~

50
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CIRCUIT DESCRIPTION

IF Limiter Amplifier:

The IF limiter amplifier is composed of four differential gain stages.  The total gain of the IF limiter amplifier is about 64
dB.  The output signal of the IF limiter amplifier is provided at Pin 3 through the emitter-follower output stage.  The IF limiter
amplifier output level is 0.5 VP-P.

The operating current of the IF limiter amplifier emitter-follower output is 550 µA.  If the capacitive load is heavy, the
negative half cycle of the output waveform may be distorted.  This distortion can be reduced by connecting an external
resistor between Pin 3 and GND to increase the operating current.  The increased operating current by using an external
resistor is calculated as follows (see Figure 1):

The increased operating current I
e
 (mA) = (V

CC
 - 1.0)/R

e
 (kΩ).

Because the IF input is a balanced input, it is easy to match a SAW filter, etc.

If the IF input is an unbalanced input, connect Pin 23 or 24 with a bypass capacitor to ground.

The input resistance of the IF limiter amplifier is 1.5 kΩ (see Figure 2).  If the impedance of the filter is lower than 1.5 kΩ,
connect  an external resistor between Pin 24 and Pin 2 or between Pin 23 and Pin 1 in parallel to provide the equivalent
load impedance of the filter.  Figure 2 shows an example of a filter with a 330 Ω impedance.

VCC

Ie
550 µA

IF OUTPUT

Re

FIGURE 1

23,
24

1, 2

330 1.5 K

FIGURE 2
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CIRCUIT DESCRIPTION

The input impedance of the IF limiter amplifier (between Pin 23, 24 and GND) is as follows:

YCNEUQERF
)zHM(

11S Z ni ][
)ecnadepmiseires(|11S| φ∠ φ∠ φ∠ φ∠ φ∠

03 239.0 4.3- 107j-138

04 829.0 2.4- 766j-386

05 039.0 2.5- 276j-835

06 939.0 6.7- 316j-492

07 339.0 0.8- 475j-582

08 629.0 3.8- 735j-782

09 029.0 2.9- 094j-552

001 619.0 0.01- 054j-032

magnified

+ j250

+ j100

+ j50

+ j25

+ j10

0

- j10

- j25

- j50

- j100

- j250

10 25 50 100 250

S11

+ j500

+ j300+ j200
+ j150

+  j100

+ j75

+ j50

- j50

- j75

- j100

- j150
- j200 - j300

- j500

100 MHz

175 250 850400

S11
30 MHz

0

Ω
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CIRCUIT DESCRIPTION

RSSI, RSSI Buffer Amplifier:

Because the RSSI output of this product is a dual output, it has various uses.  Because it includes a dual high-speed RSSI
output, it is possible to sense the carrier level and to demodulate AM at the same time.

The RSSI output  is a current output.  It converts to a voltage by an external resistor between Pin 28,19 and GND.  The
time constant of the RSSI output is determined by the product of the external converting resistor and parallel capacitor.
When the time constant is longer, the RSSI output is more immune to disturbances or the component of amplitude
modulation, but the RSSI output response is lower.  Determine the external resistor and capacitor with this in mind.

It is possible to modify the slope of the RSSI curve characteristic by changing the external resistor.  In this case, the
maximum range of converted RSSI output voltage is GND level to about V

CC
 - 0.2 V (the supply voltage minus the collector

saturation voltage of the output transistor).

In addition, it is possible to modify the temperature characteristic of the RSSI output voltage by changing the temperature
characteristic of the external resistor.  Normally, the temperature characteristic of the RSSI output voltage is very stable
when using a carbon resistor or metal film resistor with a temperature characteristic of  0 to 200 ppm/ °C.

This product is very accurate, because the RSSI characteristic is trimmed individually.

Both systems of RSSI output are connected to individual buffer amplifiers with an internal gain of 1.  Therefore, even if
the load impedance is heavy, it is possible to take out the RSSI output signal from the buffer amplifier output.  The
maximum input and output level of this buffer amplifier is V

CC
 - 1.0 V.

AM Demodulation by Using the RSSI Output:

Although the distortion of the RSSI output is high because it is a logarithmic detection of the envelope to the IF input, AM
can be demodulated simply by using the RSSI output.  In this case, the input dynamic range that can demodulate AM
is the  inside of the linear portion of the RSSI curve characteristic (see Figure 4).

This method does not have a feedback loop to control the gain because an AGC amplifier is not  necessary (unlike the
popularly used AM demodulation method).  Therefore, it is a very useful application for some uses because it doesn’t
have the response time problem.

VCC

18,
19

RSSI- OUT

Current-to-Voltage Transformation Resistor

OUTPUT
CURRENT

FIGURE 3 - RSSI OUTPUT STAGE
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CIRCUIT DESCRIPTION

RSSI-OUT (V)

RF INPUT - LEVEL (dBu)

AM can be
demodulated

inside of linear
range

Operating Condition:
V

CC
 = 3 V, fin = 40 MHz,

fm = 2 MHz, Mod = ±80%,
V

IN
 = -40 dBm

50 mV/div
0.2 µs/div

FIGURE 4 -AM DEMODULATED WAVEFORM

If it is necessary to improve the distortion of the AM demodulated waveform of logarithmic detection, connect a low pass
filter to the RSSI buffer amplifier output.  Figure 5 shows the AM demodulated waveform with a low pass filter inserted.

3 k

2.2 k

10 pF

1 k

COMP VCC

15 pF

2.2 k

3 k

33 pF

fc = 3 MHz

C

TEST CIRCUIT

Operating Condition:
V

CC
 = 3 V, fin = 40 MHz,

fm = 2 MHz, Mod = ±80%,
V

IN
 = -40 dBm

50 mV/div
0.2 µs/div

FIGURE 5

Figure 4 shows the AM demodulated waveform.
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VCC

VCC

QB

VCC

QA

multiplier core circuit

FIGURE 6 - DETECTOR INTERNAL EQUIVALENT CIRCUIT

VCC VCC

Delay
Line

VCC

Rz
Rz

Rz is the characteristic impedance

LC resonance circuit ceramic discriminator delay line

FIGURE 7 - EXAMPLES OF PHASE SHIFTERS

CIRCUIT DESCRIPTION

FM Detector:

The FM detector is included in the quadrature FM detector using a Gilbert multiplier.

It is suitable for high speed data communication because the demodulation bandwidth is over 1 MHz.

The phase shifter is connected between Pin 3 (IF limiter output) and Pin 4 (input detector).  Any available phase shifter
can be used: a LC resonance circuit, a ceramic discriminator, a delay line, etc.

Figure 6 shows the internal equivalent circuit of the detector.

The signal from the phase shifter is applied to  the multiplier (in the dotted line) through emitter-follower stage QA.  When
the phase shifter is connected between pin 3 and pin 4, note that the bias voltage to pin 4 should be provided from an
external source because pin 4 is only connected to the base of QA.

Because the base of QB  (at  the opposite side) is connected with the supply voltage, Pin 4 has to be biased with the
equivalent voltage.

Using an LC resonance circuit is not a problem (see Figure 7).  However, when using a ceramic discriminator, it is
necessary to pay attention to bias.  If there is a difference of the base voltages, the DC voltages of the multiplier do not
balance. It alters the DC zero point or worsens the distortion of demodulation output.

The Pin 4 input level should be saturated at the multiplier; if this level is lower, it is easy to disperse the modulation output.
Therefore, to have stable operation, Pin 4 should be higher than 100 mV

P-P
.

The following figures show examples of the phase shifter.
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CIRCUIT DESCRIPTION

Establishing Demodulation Characteristics:

Generally, demodulation characteristics of FM detectors are determined by the external phase shifter.  However, this
product has a unique function which can optionally establish the demodulation characteristics by the time constant of the
circuit parts after demodulation.  The following explains this concept.

Figure 8 shows the internal equivalent circuit of the detector output stage.

The multiplier output current of the detector is converted to a voltage by the internal OP AMP. The characteristic of this
stage is determined by converting the current to voltage with resistor R

0
 and the capacitor C

0
 connected between Pin 8

and Pin 9 (see Figure 8).

In other words, the slope of the S-curve characteristic can be established optionally with resistor R
0 
without changing the

constant of the phase shifter.  The demodulated bandwidth can be established optionally by the time constant of this
external resistor R

0
 and capacitor C

0
 inside of a bandwidth of the IF-filter and phase shifter.  Figure 9 shows an example

of this characteristic.

FIGURE 8 - INTERNAL EQUIVALENT CIRCUIT OF DETECTOR OUTPUT STAGE

R0

C0

Demodulated
Output Current Demodulated

Output Voltage
VOUT

Vref I to V convertor

io

FIGURE 9 - EXAMPLE: BAND WIDTH OF DEMODULATION VS. TIME CONSTANT CHARACTERISTIC

V
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MODULATING FREQUENCY fm (Hz)

  1k      3k     10k     30k   100k  300k   1M
-12

-6

0

-2

-10

-8

-4

0 dB = 30.7 mVrms
C = none

C = 1000 pF

VCC = 3 V
fin = 10.7 MHz
dev. = 100 kHz

C = 330 pF

C =
47 pF

C =
10 pF

Operating Condition:
       Measured by the standard test circuit.
       Parallel resistor to phase shift coil = 1 kΩ.
       f

IN
 = 10.7 MHz, modulation = ±100 kHz.

       External capacitance C
0
 = 0 ~ 1000 pF.

The -3 dB frequency Fc is calculated by the following:

The S-curve output voltage is calculated by the following
as centering around the internal reference voltage V

ref
:

V
OUT

 = V
ref 

± io X R
0

Where V
ref

 = 1.4 V, maximum of current io = ±100 µA

Fc = 1
2 π C

0
R

0
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CIRCUIT DESCRIPTION

Center Voltage of Detector DC Output:

The center voltage of the detector DC output is determined by the internal reference voltage source.  It is impossible to
change this internal reference voltage source, but it is possible to change the center voltage by the following method.

As illustrated in Figure 10,  the demodulated output current at Pin 8 is converted to the voltage by an external resistor R1,
without using the internal OP AMP.

Figure 11 shows an example of a simple circuit that divides the supply voltage into halves using resistors.  Since both
circuits have a high output impedance, an external buffer amplifier should be connected.

Demodulated
Output Current

Demodulated
Output Voltage

VOUT

Vref I to V convertor

io

VB R1 C1

FIGURE 10 - EXAMPLE OF USING EXTERNAL REFERENCE SOURCE

Demodulated
Output Voltage

VOUT

R1

C1R2

VCC

Demodulated Output Voltage    V
OUT 

= VB ± R1 x io

Demodulated Bandwidth

1/gm is approximately 50 kΩ which is the output resistance of the
multiplier.
Pin 9 is disconnected.

Fc =

Demodulated Output Voltage    V
OUT 

= V
CC

/ 2 ± R1 x io

Demodulated Bandwidth

1/gm is approximately 50 kΩ, which is the output resistance of the
multiplier.
Pin 9 is disconnected.

Fc = 1
2 π C1(1/gm)

1
2 π C1(1/gm)

FIGURE 11 - EXAMPLE OF DIVIDING SUPPLY VOLTAGE INTO HALVES BY RESISTORS
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CIRCUIT DESCRIPTION

RSSI Comparator, Data Comparator:

The TK14551V contains a general purpose high speed data comparator and RSSI comparator for the base band
processing.

Because the input stage is composed of PNP transistors, it is possible to operate from a minimum voltage of  0.1 V to
the supply voltage - 1.0 V (see Figure 12).

Moreover, since the HFE of this PNP transistor is over 100, the bias current is below 0.01 µA (this is below the value of
the competitors products which typically use a lateral PNP transistor at the input stage).

Figure 13 shows the internal equivalent circuit of the comparator output stage.  Because the comparator output is an open
collector, it is suitable for many interface levels.  This open collector output is connected with an electrostatic discharge
protection diode at the GND side only; it is not connected with it at the power supply side in consideration of operating
the voltage over the supply voltage of this IC.

When the collector pull-up resistor value is low, high operating currents result.  To prevent interference to the other
circuitry, the emitters of the output transistors are brought out independently at Pins 14 and 15.

Pins 14 and 15 are not connected with the substrate and other GNDs internal to the IC.  Therefore, when operating these
comparators, these terminals must be connected to GND.

When these comparators are operating at high speed, the etch pattern of Pins 13, 14, 15, and 16 (comparator output
stages) should not be run close to the etch pattern of Pins 23 and 24 (IF inputs).  The switching waveforms of the
comparator outputs may have an effect on the IF inputs and may add noise to the zero crossing of the demodulated
waveform, resulting in cross over distortion.

Because the negative input of the RSSI comparator is connected to the RSSI buffer amplifier output-1 internally, it is used
for carrier sensing.

The data comparator is used for the data shaper.

INPUT STAGE

FIGURE 12 - COMPARATOR INPUT STAGE

VCC

14,
15

13,
16

VCC

COMPARATOR
OUTPUT STAGE

FIGURE 13 - COMPARATOR OUTPUT STAGE
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CIRCUIT DESCRIPTION

Battery Save Function:

Pin 21 is the control terminal for the battery save function.  The ON/OFF operation of the whole IC can be switched by
controlling the DC voltage at this terminal.  Figure 14 shows the internal equivalent circuit of Pin 21.

Because it switches the bias circuit of the whole IC using the transistor in standby mode, it reduces the supply current
to near zero.  As the input terminal is connected with an electrostatic discharge protection diode at GND side only, it is
possible to control the voltage above the supply voltage.  It is possible to go into standby mode by disconnecting Pin 21,
but it is not recommended because Pin 21 is a high impedance and may malfunction from an external disturbance.

When Pin 21 is disconnected, a suitable capacitor should be connected between Pin 21 and GND.

FIGURE 14 - BATTERY SAVE

Application of ASK(Amplitude Shift Keying) Demodulation:

Figure 15 shows an example application of ASK demodulation.

If the application circuit is like Figure 15, the transient response time is long because of the time constant of the rectifier
(Pin 12) of the data comparator input.

On the other hand, if the circuit construction between the RSSI buffer amplifier output-2 (Pin 10) and the data comparator
input is Figure 16, the transient response time is shortened.  Since the demodulation is a logarithmic detection using the
RSSI output, the demodulated wave of the RSSI buffer amplifier output-2 is distorted making the duty ratio of the data
comparator output worse.  The output duty ratio may be improved by adding the offset DC voltage (Vs) to the DC voltage
of Pin 11 of the data comparator input.  Vs is established at a few tens of  mV.  But, as the demodulation level of the RSSI
buffer amplifier output-2 is changed by the dispersion, it is best to control Vs by a variable resistor, etc.  It is possible to
substitute the variable resistor for Vs.

VCC

21

50 K

BIAS

Vs
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VCC = 3 V47 µF

0.01 µF 10 µF

2200 pF 0.01 µF 0.01 µF

2200 pF

1 k

5.6 K

100 pF
5.6 K

B.S. = 1.5 V

2200 pF
2200 pF

~

50
SG1

51

0.01 µF

3 K 3 K

330 pF

1 k

0.01 µF

10 µF

Comp VCC
= 3 V

IF
AMP

BIAS

RSSI

VCC VCC

FIGURE 15

FIGURE 16

CIRCUIT DESCRIPTION

VCC = 3 V47 µF

0.01 µF 10 µF

2200 pF 0.01 µF 0.01 µF

2200 pF

1 k

5.6 K

100 pF
5.6 K

B.S. = 1.5 V

2200 pF
2200 pF

~

50
SG1

51

0.01 µF

1 k

0.01 µF

10 µF

Comp VCC
= 3 V

IF
AMP

BIAS

RSSI

VCC VCC

100 K

VCC

100 K

VCC

Vs
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TEST BOARD

C1= 2200 pF, C2 = 10 µF, C3 = 0.01 µF, C4 = 1 pF, C5 = 1000 pF, C6 = 100 pF
R1 = 50 Ω, R2 = 2.2 kΩ, R3 = 22 kΩ, R4 = 1 kΩ, R5 = 5.6 kΩ
L1 = 10 µH, L2 = 836BH-0268 (TOKO)

L1
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Dimensions are shown in millimeters
Tolerance: x.x = ± 0.2 mm (unless otherwise specified)
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