= TOKO

TK14551V

FEATURES

IF Input Frequency ~90 MHz (TYP)

Balanced Input (IF)

m Includes Dual High Speed RSSI Outputs. Oneis for
ASK demodulation, another one is for carrier
sensing.

m 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 ~5.5V

Very Small Package (TSSOP-24)

DESCRIPTION

The TK14551V is a wide band IF IC capable of operating
up to 90 MHz. Itincludes 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.

ORDERING INFORMATION
TK14551v 00

—l—— Tape/Reel Code

TAPE/REEL CODE
TL: Tape Left

FM IF DETECTOR/AMPLIFIER

APPLICATIONS

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

TK14551

IF DECOUPLE

IF DECOUPLE

IF OUTPUT

FM DEMODULATOR INPUT

24] IF INPUT ()

23 IF INPUT (+)

24 IF oD

[21] BATTERY SAVE
[2d RssI comP BIAS

GNp[6] [19] RSSI OUTPUT-1
Vee [T8] RSSI OUTPUT-2

17] RSSI BUFFERED OUTPUT-1
16] RSSI COMP OUTPUT

15] RSSI COMP GND

14] DATA COMP GND

13] DATA COMP OUTPUT

FM DEMODULATOR AMP INPUT[8]
FM DEMODULATOR AMP OUTPUT[ 9]
RSSI BUFFERED OUTPUT-2[10]

DATA COMP INPUT (-)

DATA COMP INPUT (+)
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FM DEMODULATOR INPUT
FM DEMODULATOR AMP OUTPUT
DATA COMP INPUT (-)
DATA COMP INPUT (+)

January 2000 TOKO, Inc.

Page 1



TK14551V

ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Operating Voltage Range
Power Dissipation (Note 1)

.......................... 6V
............. 3.0to55V
.................. 230 mwW

TK14551V ELECTRICAL CHARACTERISTICS

Test conditions: V.. =3V, T, = 25 °C, unless otherwise specified.

Storage Temperature Range
Operating Temperature Range
Operating Frequency Range

-55to +150 °C

-40 to +85 °C
0.1 to 90 MHz (typ.)

MEASUREMENT

SYMBOL PARAMETER TEST CONDITIONS POINT (NOTE 2) MIN TYP MAX | UNITS
Battery Save = OFF,
Not including Al 6 10 15 mA
comparator output
current.

lec Supply Current
Battery Save = ON,
Not including Al 0.1 50 UA
comparator output
current.
Voltage at Pin 21 for

Veon Battery Save On standby mode -0.1 0.2 Vie
Voltage at Pin 21 for

Veorr Battery Save Off operation mode 2.0 Vee Ve

FM DEMODULATION (f = 10.7 MHz)

. - -3 dB Point, 1 kHz +
Limit Limiting Sensitivity 100 kHz dev VA -65 -59 dBm
Vouroon Demodulation Output VA 60 100 160 | mvrms
Voltage

1 kHz + 100kHz dev,

THD Distortion -20 dBm input VA 0.5 2.0 %

SIN Signal to Noise Ratio VA 55 65 dB
Remove capacitor

Demodulatin between Pin 8 and
f 9 Pin 9. VA 1 15 MHz

DB1

Frequency Band

Standard measured
value at 1 kHz

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.

. _______________________________________________________________________________________________________________________________|]
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TK14551V

TK14551V ELECTRICAL CHARACTERISTICS

Test conditions: V.. =3V, T, = 25 °C, unless otherwise specified.

MEASUREMENT
SYMBOL PARAMETER TEST CONDITIONS POINT (NOTE 2) MIN TYP MAX | UNITS
RSSI OUTPUT (f,, = 40 MHz)
No input, DC vC 000 | 010 | 030 | vV
measurement pC
-60 dBm non-
modulated input, VC 0.30 0.45 0.60 Ve
DC measurement
Vs RSSI Output Voltage -30 dBm non-
modulated input, VC 0.70 0.95 1.20 Ve
DC measurement
0 dBm non-
modulated input, VC 1.05 1.35 1.65 Ve
DC measurement
fm = 2 MHz (sine
AM Demodulating wave),
Voau Output Voltage modulation = 80%, VB 140 230 360 mVe.
-40 dBm input
AM Demodulating ;‘?nogz_ll\il—?ngirllllet,
Vioau Output Voltage VB 1.5 +3 dB
Deflection wave), .
modulation = 80%
-6 dB point,
Demodulating modulation = 80%,
foe Frequency Band Standard measured VB 2 3 MHz
value at 100 kHz.
RSSI COMPARATOR
TRl Rise T|me IF no input, VD 25 50 ns
; Pin 19 Input
T Fall T VD 1
o all Time =1V, Pin 20 5 30 ns
Propagation Delay Input = 100 kHz,
oo Time (Low to High) 0.1V, Square VD 5 | 110} ns
Propagation Delay Wave
ton, : ; (Duty Ratio = 50%, VD 55 110 ns
Time (High to Low
(Hig ) T. T, <10ns),
D,, Duty Ratio DC Offset =1 V.. VD 45 50 55 %
DC measurement,
[ Output Sink Current Output Saturation A2 3.5 5.0 mA
Voltage = 0.3 V
Output Voltage High
Vourn Level DC measurement VD 2.70 2.95 3.00 Ve
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TK14551V

TK14551V ELECTRICAL CHARACTERISTICS

Test conditions: V.. =3V, T, = 25 °C, unless otherwise specified.

MEASUREMENT
SYMBOL PARAMETER TEST CONDITIONS POINT (NOTE 2) MIN TYP MAX | UNITS
RSSI COMPARATOR (CONT.)
DC measurement,
Vo, | outeutVoltage Low 1ot Sink Current VD 000 | 030 | 045 | V
Level N bC
=5mA
DATA COMPARATOR
) Propagation Delay Input: DC Offset = VE - 110 s
PD3 Time (Low to High) 1 Ve,
2MHz,0.2V,_,,
Propagation Dela Square Wave (Duty
gall Yy Ratio = 50%, T., T_<
tona Time (High to Low) 10 ns) o R TE VE 55 110 ns
r2 Rise Time Input: DC Offset = VE 25 50 ns
. 1V
DC’
o Fall Time 2 MHz, 0.2V, , VE 15 30 ns
r2 Duty Ratio Sine Wave VE 45 50 55 %
DC measurement,
I Output Sink Current Output Saturation A3 3.5 5.0 mA
Voltage = 0.3V
Output Voltage High
Vourha Level DC measurement VE 2.70 2.95 3.00 Ve
DC measurement,
vV Output Voltage Low | & 11\ it Sink Current VE 000 | 030 | 045 | Vv
OouTL2 Level DC
=5mA
RSSI BUFFER AMPLIFIER 2
lout Output Current DC measurement A4 +200 HA
Z Output Impedance DC measurement VB 130 Q

ouT
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TK14551V

TEST CIRCUIT

PG1
100 kHz 100

mvp.p

DC=10V TR, TE<10ns | o va=1vl T

FM: 10.7 MHz
1 KHz + 100 K dev

AM: 40.0 MHz
2 MHz 80% mod

NOTE:
CL1 and CL2 simulate probe capacitance

and stray capacitance.

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

SG2

1000 pF 2 MHz 200mVP-P
| i Sine Wave
DC=1.0V

FM IF Coil
T1: 836BH-0268
(TOKO)

Example of 40 MHz (=f ) FM detection

.||—| f

vce

AG38AN-1346ETJ
(TOKO)
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TK14551V

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:

SWa3 is closed only for the measurement of the RSSI comparator response characteristics and output sink
current, supplying 1 V__ 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.
(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). SWH5 = V6 position (supplying 3 V to Pin16). Measure the DC current to Pin 16 from
V6.
(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.

ISINKl

ISINK2

Measurement of T, T, t_, (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 kQ position. SW10 = 3 kQ position. SW6 = VE position. Measure the output wave
(VE).

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

t.,. 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 = 40 MHz, fm = 2 MHz, mod. = 80%, V
=-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
10inthe case that vV, =-40 dBm, f = 40 MHz, fm = 100 kHz and 80% AM modulating output voltage at Pin 10,

N
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 =3V, 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 outputimpedance
(Z,,,) is calculated by the following:

(Q) = 10 k » ((VB1 - VB2)/(VB2 - 0.5))

ZOUT

. _______________________________________________________________________________________________________________________________|]
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TK14551V

PIN FUNCTION DESCRIPTION

PIN TERMINAL
NO. SYMBOL VOLTAGE INTERNAL EQUIVALENT CIRCUIT DESCRIPTION
1 |IF DECOUPLE 18V FVee Pin 1,2: The terminal to
connect the bypass
2 |IF DECOUPLE 1.8V capacitor of the IF
limiter amplifier.
23 [IFINPUT (+) 18V [2a] — . [24]
é 15k m% Pin 23: IF Limiter
24 | IF INPUT (-) 18V E} 3 @ Amplifier Non-inverting
é 50 k Ea 50k§ InpUt
|
L Pin 24: IF Limiter
- Amplifier Inverting Input.
3 |IFOUTPUT 20V IF Limiter Amplifier
Output.
4 | IF DEMODULATOR 3.0V FM Detector Input.
INPUT Connection for the
phase shift circuit.
5 |IFV. 3.0V Power supply terminal
of IF limiter amplifier,
RSSI buffer amplifier-2
and FM detector
6 |GND ov GND Terminal
7 |V 3.0V Power supply terminal
of RSSI buffer amplifier-
1, RSSI comparator,
and data comparator

|
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TK14551V

PIN FUNCTION DESCRIPTION (CONT.)

PIN

TERMINAL

NO SYMBOL VOLTAGE INTERNAL EQUIVALENT CIRCUIT DESCRIPTION
8 |FM 1.4V Pin 8: FM Detector Post
DEMODULATOR e Amplifier Input.
AMP INPUT
9 1.4V § 2 Pin 9: FM Detector Post
FM . Amplifier Output.
DEMODULATOR
AMP OUTPUT
Trav
10 |RSSI BUFFERED Fvee RSSI Buffer Amplifier-2
OUTPUT-2 T Output.
é—( Y
[10]
¢ 7
11 | DATA COMP Fvee Pin 11: Data
INPUT (-) Comparator Inverting
Input.
12 | DATA COMP
INPUT (+) E Pin 12: Data
Comparator
@ Non-inverting Input.
13 | DATA COMP Pin 13: Data
OUTPUT I-vee Comparator Output.
The output circuit is
open collector.
14 | DATA COMP GND ov @
Pin 14: The terminal to
{E terminate the data

comparator output.

Page 8
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TK14551V

PIN FUNCTION DESCRIPTION (CONT.)

PIN

TERMINAL

IFVce

NO. SYMBOL VOLTAGE INTERNAL EQUIVALENT CIRCUIT DESCRIPTION

15 | RSSI COMP GND oV Pin 15: The terminal to

IFvee terminate the RSSI
comparator output.

16 | RSSI COMP @ Pin 16: RSSI

OUTPUT Comparator Output.
El The output circuit is
L open collector.
17 | RSSI BUFFERED . RSSI Buffer Amplifier-1
OUTPUT-1 - Output.
é -+ =
(7]
¢ 7
18 | RSSI OUTPUT-2 Pin 18, 19: RSSI
Vcec IFVce
T Output.

19 |RSSIOUTPUT-1 zT: J: These terminals are
current outputs,
converted to a voltage

[18] by connecting the
external resistor
- [19] between the output
1/ r 3 terminals and GND.
I
20 |RSSI COMP BIAS RSSI Comparator

Non-inverting Input.
Supply the reference
voltage.

January 2000 TOKO, Inc.
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TK14551V

PIN FUNCTION DESCRIPTION (CONT.)

PIN TERMINAL
NO. SYMBOL VOLTAGE INTERNAL EQUIVALENT CIRCUIT DESCRIPTION
21 | BATTERY SAVE Vs Battery Save Control.

2
Battery Save OFF:
X Ve =15VitoV .

Battery Save ON:
B Vg <03V

22 |IF GND ov GND Terminal

. _______________________________________________________________________________________________________________________________|]
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TK14551V

TYPICAL PERFORMANCE CHARACTERISTICS

T, = 25 °C, unless otherwise specified.

FM DEMODULATION FM DEMODULATION
S+N, N, THD, AM OUT (fip, = 10.7 MHz) S+N, N, THD, AM OUT (fj = 40 MHz)
0 Voc-3V | | 20 0 Vec=3v | | 20
fin = 10.7 MHz fin = 40 MHz
fm=1kHz S+N fm=1kHz S+N
< -20| dev. = +100 kHz 16 < -20| dev. = +100 kHz 16
) )
z <) '\
5 -40 123 5 -40 \ 123
g / l":* \_\ ‘OD" g - N AMOUT | 95
< AM OUT T < (30% mod.) o
; -60 VAR \, (30% mod)— 8 L =60 VI g ~
# Z # HAVMIAVAL
z AN = N
T \ N T \ \\ \
n  -80 \ N NS 4 n  -80 N 4
THD\\ THD —\
-100 L 0 -100 NN N
-120 -100 -80 -60 -40 -20 O 20 -120 -100 -80 -60 -40 -20 0O 20
IF INPUT LEVEL (dBm) IF INPUT LEVEL (dBm)
RSSI BUFF"IE:FIQNOPl.LJJ'_FI_PLLJgV\é(ELTAGE RSSI BUFFER OUTPUT VOLTAGE
VS. vs. IF INPUT LEVEL
(Vcc CHARACTERISTICS) (FREQUENCY CHARACTERISTICS)
5 2°[TTTT11] 5 2°[TTTT
>D — fin = 40 MHz >8 — Vec =3V
= 16 e = 16
'—
2 AL 5 =
g 12 B 12 ﬂ?l_
3 VL 3 Y
o cc "
w 0.8 55V — % 0.8 / 40 ;\r/I]HZ—
L 50V o / 70 MHz
S g-gg— 5 90 MHz—
2 04 D 04
) 0
%) %)
x x
0.0 0.0 | | | | |
-120-100 -80 -60 -40 -20 0 20 -120-100 -80 -60 -40 -20 0 20
IF INPUT LEVEL (dBm) IF INPUT LEVEL (dBm)
LOGARITHMIC DETECTION LOGARITHMIC DETECTION
AM DEMODULATION VOLTAGE vs. AM DEMODULATION VOLTAGE vs.
IF INPUT LEVEL DEMODULATING FREQUENCY
—~ 1000 I o —~ 1000
o — a
¢ EuGom ¢
—fir, = 40 MHz
500 }—'In 500
E/ | fm =2 MHz E/
300 |— mod = 80% 300 y
5 5 I~
o o N
'5 100 5 100 N
o] o]
i i Vec=3V
£ 50 L 50 e,
5 i fin = 40 MHz
m 39 m 3 mod = 80%
) )
€ &€
10 10
-120-100 -80 -60 -40 -20 0 20 10k 30k 100k 300k 1M 3M 10M
IF INPUT LEVEL (dBm) MODULATING FREQUENCY fm (Hz)

|
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TK14551V

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, = 25 °C, unless otherwise specified.

IF LIMITING

AMPLIFIER GAIN SUPPLY CURRENT vs.
vs. INPUT FREQUENCY SUPPLY VOLTAGE
O 1T 20
Z — Vcc =3V
=z
Z 80 16
O
n g
W 60 = < 12
0 N 1S
5 =
: ;
< 40 = 8
O
Z
E 20 4
=
3
€ 0 0
1 3 5 10 30 50 100 2 3 4 5 6
INPUT FREQUENCY (MHz) Vce (Vbe)
SUPPLY CURRENT vs. RSSI BUFFER OUTPUT VOLTAGE
TEMPERATURE vs. TEMPERATURE
20 5 2O[TT T
a  Vec T3V
16 i/ 16| fin=40MHz
- 0 dBm input
2
< 12 1.2
2 s
~ O -30 dBm input
Q o
O g w 0.8
[T
LL
8 -60 dBm input
4 n 0.4 | L L
g I—90IdBrln inlputI
40 -20 0O 20 40 60 80 40 -20 0O 20 40 60 80
TEMPERATURE (°C) TEMPERATURE (°C)
LOGARITHMIC DETECTION AM
RSSI BUFFER OUTPUT VOLTAGE vs. DEMODULATION VOLTAGE, AM
IF INPUT LEVEL DEMODULATION OUTPUT
(TEMPERATURE CHARACTERISTICS) vs. TEMPERATURE
~ 2O TTTTI] 400 — 5
Q | = [ = =
>D f_VC_C 3V E fini(i‘.o MHz ] EL) o
2 16} fin=40MHz = fm = 2 MHz S
— 23 300 mod.=80% { 6 O %
5 o o AM Demodulating Vin =-40 dBm ) =
a O > Output Voltage (OB
F 12 ZE Z 0
5 == =" E o
° <N 3 g 200 4 St
o 0.8 A7 | Temp. ¢c o o0
w 0. 77 85 ol Su
I'DL I gg s 0 AM Demodulating Output S 2
2 o w > 100 Voltage Deflection 2 Wk
— 04 20 &) NN L a4
7 , : | =S¢
Y A s ||| ) i
0.0 0 0
-120-100 -80 -60 -40 -20 0 20 40 -20 0 20 40 60 80
IF INPUT LEVEL (dBm) TEMPERATURE (°C)

Page 12 January 2000 TOKO, Inc.



TK14551V

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

LOGARITHMIC DETECTION FM DEMODULATION
AM DEMODULATION VOLTAGE, DEMODULATION OUTPUT VOLTAGE,
AM DEMODULATION OUTPUT TOTAL HARMONIC DISTORTION
vs. SUPPLY VOLTAGE vs. TEMPERATURE
400 8 200 ——T"15
= [ Ve =3V
2 79 fin= 10.7 MHz
E AM Demodulati E = 160 fm = 1 kHz 4
8 "al_ 300 Out;uT?/ollJt:glgg e 6 8 % = dev. = 100 kHz
o |1 — 2}
2z —] 25 E 120 vouT 3 <
= V. =3V Z 0 > . X
== ccC [ S et I —— <
< W 200 fin=40MHz 4 4 < I S a
59 fm = 2 MHz s 4 = T
o mod. = 80% | a 2 80 2
o Vin = -40 dBm o I(JDJ >O
E g 100 |—} Am Demodulating Output, 2 E <
a Voltage Deflection a : 40 THD 1
N o
: ~— ¢
0 0 0 0
2 3 4 5 6 40 -20 0 20 40 60 80
Vee (Vpe) TEMPERATURE (°C)
FM DEMODULATION
SIN, —SFQABDL%MPFPNUC;_QEES’\:TIVITY DEMODULATION OUTPUT VOLTAGE,
vs. TEMPERATURE TOTAL HARMONIC DISTORTION
vs. SUPPLY VOLTAGE
80 140 = 200 15
Ve =3V E Ve =3V
fin = 10.7 MHz o fin = 10.7 MHz
fm=1kHz fm =1 kH
70 dev. =100 kHz | -50 E 160 devljn: +100 in 4
> m
SIN E
) @ E 120 vour 3 5
S z £ T | =
=~ 60 -60 E — =
< % = T
n o D 80 2 +
_———__—_ é >O
50 = -3 dB Limit. Sens. +— -70 s
3 40 1
0 THD
©
40 -80 ? 0 | | 0
40 -20 0 20 40 60 80 2 3 4 5 6
TEMPERATURE (°C) Ve (Vbe)
FM DEMODULATION DATA COMPARATOR
S/N, -3 dB LIMITING SENSITIVITY TRANSIENT RESPONSE
vs. SUPPLY VOLTAGE (RISE)
80 —T—T—1-40 =
Vec =3V % VCC =3V
fin = 10.7 MHz )
fm =1 kH
70 devr.n: +100 ﬁHz -50 E ( 1?/%\’)
SIN o
o 0
3 z /
z 60 -60 o
n O]
pd
~~~ ;
50 -70 S IN
-3 dB Limit. Sens. ) (0.1Vv/div)
0
©
40 -80 R
2 3 4 5 6
Vce (Vbe) 20 ns/div

|
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TK14551V

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, = 25 °C, unless otherwise specified.

DATA COMPARATOR
TRANSIENT RESPONSE
(FALL)

VCC:3V

ouT
(1V/div)

IN
| (0.1v/div)

20 ns/div

FM DEMODULATION
FREQUENCY
CHARACTERISTICS

Vi~ 836BH-0268
CC ™ (Toko)

DEMODULATION OUTPUT VOLTAGE
vs. DEMODULTING FREQUENCY

RD =2.2kQ
2 ILIUULLLL T
0 dB =104.4 mVrms | |||||
0 * C =none
\\\.. \\ \\
2 N N\ \
C =330 pF
g | NN
T C = 1000 pF \ \ \ \ A&
2 5 \ \
(@]
> \ \ \
-8}~ vcc=3v \ c= __‘N.
fin = 10.7 MHz \[[| 47 pF I
10 |_dev. = 100 ktiz N < ,;F“
(T
1k 3k 10k 30k 100k 300k 1M

MODULATING FREQUENCY fm (Hz)

Page 14

DUTY (%)

VouT (VDo)

Vour (dB)

DATA COMPARATOR
OUTPUT DUTY RATIO
vs. INPUT VOLTAGE

100 | | |
Vcc =3V
80 fin = 2 MHz
60
40
20
0
0 100 200 300 400
VIN (MVp_p)
S CURVE CHARACTERISTICS
2.0
RN
v _=3v __|
= CcC
\\ V) =20 dBm
1.6 P~
RD = 1 RN
12 T~
. \\ —
RD=2.2k
0.8 | | |
9.9 10.3 10.7 111 115
IF INPUT FREQUENCY (MHz)
DEMODULATION OUTPUT VOLTAGE
vs. DEMODULTING FREQUENCY
RD =1.0kQ
2 RUUULLLLL T |||||||
0dB =30.7 mVrms
C =none
0 y K Y ~\~L
N N
AN N
2 \c =330 pF \
NS LN
-4 ¢ = 1000 pr \ \ \
© \ \
8L vce=3 V\ \ c=
fin = 10.7 MHz \ o 10 pH
10 dev. = 100 kHz N 47 pF
i il
1k 3k 10k 30k 100k 300k 1M

MODULATING FREQUENCY fm (Hz)
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TK14551V

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

ASK Demodulation Output Wave, Effect of Inserting Active Filter
Condition: V.. = 3V, fin = 40 MHz, fm = 2 MHz (sine wave), mod. = 80%, V = -40 dBm

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

Test Circuit Test Circuit

5
3
.||—[;|:L

-_ 3k
10 pF =
1k 1k
1000 pF __|_ 110 pF
- -T_ COMP Vcc _T_ COMP Vcc
>
T T T T T T
RSSI Buffer Out 2 (0.1V/div) RSSI Buffer Out 2 (0.1V/div)

A (A /N A (A /N A
\ \/ | \J WAL,

L L I

Data Comparator Out (1V/div) Data Comparator Out (1V/div)

0.2 ps/div 0.2 ps/div
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TK14551V

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

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

RSSI BUFFERED
Oou

TPUT-1

Condition

Vcc=3V
7 fin = 40 MHz

«C =100 pF

0 dBm input T—

-30 dBm input__|

//

1 1
-60 dBm input

« C = 1000 pF

2 ps/div

0 dBm input T—

-30 dBm input__|

UL
-60 dBm input

«C=0.01pF

5 ps/div

0 dBm input T—

-30 dBm input__|

N

=1 1 1
-60 dBm input

50 ps/div

RSSI BUFFERED OUTPUT-1
(0.5V/div)

SG GATE PULSE
@Av/div)

RSSI BUFFERED OUTPUT-1
(0.5V/div)

SG GATE PULSE
(1V/div)

RSSI BUFFERED OUTPUT-1
(0.5V/div)

SG GATE PULSE
@av/div)

2 ps/div

5 ps/div

[\

[/

50 ps/div

Page 16
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TK14551V

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.)

T, =25 °C, unless otherwise specified.

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

RSSI BUFFERED
OUTPUT-1

Condition

Vcc=3V
7 fin = 40 MHz

*« C =100 pF
0 dBm input +—
aVa —T T
/- -30 dBm input__|
NANLA T T T
-60 dBm input
o~ RSSI BUFFERED OUTPUT-1
(0.5V/div)
Battery Save
(1v/div)
2 ps/div
« C = 1000 pF
0 dBm input T
-30 dBm ir'1put_
RSSI BUFFERED OUTPUT-1
/ -60 dBminput | (0.5V/div)
—
Battery Save
(1v/div)
5 ps/div
«C=0.01pF
0 dBm input T—
-30 dBm input__|
. RSSI BUFFERED OUTPUT-1
/ -60 dBm input | (0.5V/div)
L~
Battery Save
(1v/div)
50 ps/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 inputis ASK modulation, the IF input must be an unbalanced input. If the inputis an unbalanced input as shown below,
do notterminate Pin 1 (do not connectthe bypass capacitor between Pin 1 and GND). If Pin 23 is the inputdo not terminate
Pin 2.

do not terminate -
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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 0.5V, .

The operating current of the IF limiter amplifier emitter-follower output is 550 pA. 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):

vce

IF OUTPUT

The increased operating current I (mA) = (V. - 1.0)/R, (kQ).

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 kQ (see Figure 2). If the impedance of the filter is lower than 1.5 kQ,

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 Q impedance.

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:

FREQUENCY s11 z [9]
(MHz) IS11| Cipp (series impedance)
30 0.932 -3.4 831-j701
40 0.928 -4.2 683-j667
50 0.930 -5.2 538-j672
60 0.939 -7.6 294-i613
70 0.933 -8.0 285-j574
80 0.926 -8.3 287-j537
90 0.920 -9.2 255-j490
100 0.916 | -10.0 230-j450

+j50

—_—»
magnified
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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 itincludes 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. - 0.2V (the supply voltage minus the collector
saturation voltage of the output transistor).

In addition, itis 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_. - 1.0 V.

Vce

OUTPUT
CURRENT

RSSI- OUT

Current-to-Voltage Transformation Resistor

FIGURE 3 - RSSI OUTPUT STAGE

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.
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CIRCUIT DESCRIPTION

Figure 4 shows the AM demodulated waveform.

RSSI-OUT (V)

Operating Condition:

VCC =3V, fin = 40 MHz, dé%lo%iqa?gd
(\ fm =2 MHz, Mod = +80%, inside of linear

{7 V,, = -40 dBm

\
FIBRER 50 mV/div
l V \} \ 0.2 ps/div

RF INPUT - LEVEL (dBu)

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.

TEST CIRCUIT
Operating Condition: =
V_. =3V, fin = 40 MHz, 1 %J
fm = 2 MHz, Mod = +80%, L
I \ \ (| VIN =-40 dBm 1k -
\l ] \l | 50 mV/div
/ U \ 0.2 ps/div l COMmP Ve

FIGURE 5
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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.

FIGURE 6 - DETECTOR INTERNAL EQUIVALENT CIRCUIT

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,, _.

The following figures show examples of the phase shifter.

Rz is the characteristic impedance

Vce
Rz
Rz
I AM,—| Delay _I
3 4
Line .

LC resonance circuit ceramic discriminator delay line

FIGURE 7 - EXAMPLES OF PHASE SHIFTERS
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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 and the capacitor C, 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 without changing the
constant of the phase shifter. The demodulated bandwidth can be established optionally by the time constant of this
external resistor R and capacitor C inside of a bandwidth of the IF-filter and phase shifter. Figure 9 shows an example
of this characteristic.

LJ Vref |10V convertor The -3 dB frequency Fc is calculated by the following:
I\‘ _L__| Fc = ;
5 2nCR,
4 ° ---- The S-curve output voltage is calculated by the following
C?uet?u?d&ariﬁt &?&‘i‘%ﬂf& as centering around the intern_al reference voltage V.
Vout Vour = Vit 10 X R,

Where V = 1.4V, maximum of currentio = £100 pA

FIGURE 8 - INTERNAL EQUIVALENT CIRCUIT OF DETECTOR OUTPUT STAGE

2
T
0 a
"h..\ \\ \\ ‘\\
\ \
2
— Nc =330 pF \ - T
\ .
o ‘ \ \ \ Operating Condition
= Ho=1o00pr 1\ I Measured by the standard test circuit.
3 -6 \ }TJ Parallel resistor to phase shift coil = 1 kQ.
> \ \ \ f, = 10.7 MHz, modulation = +100 kHz.
8| vec=3v \ 10 5H External capacitance C, = 0 ~ 1000 pF.
fin = 10.7 MHz c= 0
-10 dev. = 100 kHz N 47 pF \l
2 (T

1k 3k 10k 30k 100k 300k 1M
MODULATING FREQUENCY fm (Hz)

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

. _______________________________________________________________________________________________________________________________|]
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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.

LJ Vref I'to V convertor

|-
<
io
Demodulated
Output Current
; c1 Demodulated

Output Voltage
q vout

Demodulated Output Voltage V_,,=VB+R1xio

1

. Fc=————
Demodulated Bandwidth €=3 nC1(l/gm)

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

FIGURE 10 - EXAMPLE OF USING EXTERNAL REFERENCE SOURCE

Demodulated
Output Voltage
Vout

R2 c1

Demodulated Output Voltage V_, =V _J/2+R1lxio

cz— 1
2t C1(1l/gm)

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

Demodulated Bandwidth

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 0.1V 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 YA (this is below the value of
the competitors products which typically use a lateral PNP transistor at the input stage).

INPUT STAGE

FIGURE 12 - COMPARATOR INPUT STAGE

Figure 13 shows the internal equivalent circuit of the comparator output stage. Because the comparator outputis 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.

COMPARATOR
OUTPUT STAGE

FIGURE 13 - COMPARATOR OUTPUT STAGE

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

The data comparator is used for the data shaper.
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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. Itis 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.

Vcc

T
BIAS

AN

Vs —_—

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.

|
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CIRCUIT DESCRIPTION

Comp Ve

e 2200pF =
| %0 | Izzog PF
| | —
| | 51
|
|
| —
| =
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|
=
- |
[
2200 pF
@2200 pF
sG1
- =~ 2200 pF

2200 pF

Ty Tz

[sH{e]
0.01 4F |0.01 pF

FIGURE 16
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TEST BOARD
O O
RETOKO
o AP-383 TKI48B51Y

[0Q]
71

i o
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|

O O KO GO

I I |
I O

C1= 2200 pF, C2 = 10 pF, C3 = 0.01 pF, C4 = 1 pF, C5 = 1000 pF, C6 = 100 pF
R1=50Q, R2=2.2kQ, R3=22kQ, R4 =1kQ, R5 = 5.6 kQ
L1 = 10 uH, L2 = 836BH-0268 (TOKO)
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PACKAGE OUTLINE

Marking Information

TSSOP-24
TK14551V 14551
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Marking

){@
PARARAARARRR

4.8

4.4
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Recommended Mount Pad
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Lot. No.

7.8 _ 4

0.9
1.2 max

0.15
0255378

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