IF DETECT ICs

FM IF DETECTOR IC FOR CORDLESS TELEPHONE

Low operation voltage FM IF detector IC. This IC is
suitable for cordless telephone.

FEATURES

® Llow operating voltage : Vcc=1.8~55V

® Excellent temperature characteristics

® High sensitivity
12dB sensitivity : 11dBuV EMF (Input 50{2)
High intercept point : 96dBuV (Input 50(2)
Quadrature detector, both ceramic and coil discriminators
are usable

® Built-in 2nd MIX
Operating frequency :  10~100MHz
Built-in noise detection circuit
RSSI function

® Very small package
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PIN FUNCTION (The values of resistor and capacitor are typical.)

IF DETECT ICs

PIN
No.

PIN NAME

FUNCTION

INTERNAL EQUIVALENT CIRCUIT

1

OSC IN

OsC OuUT

Local oscillator input and
output terminals.

Colpitts oscillator is formed
by internal emitter follower
and external X'tal.

And external injection is
possible from pin 2 or pin 1.

ot P

@ 6pF

i
Pt
120 «A

MIX QUT

MIX output terminal.
Output impedance is around
1.8k

200uA

vee ‘% vee
1.6k0)
% ®

Vce

Power supply

IF IN

DEC

2nd IF input and decoupling
for bias.

Input impedance is around
1.8k{}.

vee =

<

o)

A
YVy— 1
33k§2

10 A

91082 Sb

FiL OUT

FIL IN

INVERTER AMP input and
output terminals.

BPF is composed of external
capacitors and resistors.
Connected internally to
rectifier circuit by coupling
capacitor.

AF OUT

Demodulate signal output
terminal.

Carrier leak is small as LPF is
built-in.

Output impedance is around
3600},

K—am—y

vee

33002
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PIN | pin NAME

No. FUNCTION

INTERNAL EQUIVALENT CIRCUIT

10 | QUAD Phase shift signal input

terminal of FM demodulator.

vee . vee
@ 50062
®

11 | IF OUT Output terminal of IF AMP.

10002

200 «A

12 | RSS! This terminal outputs DC
level according to input
signal level to IF AMP.

Dynamic range is around

70d8B.

vee

~a

s6k 2

13 | N-DET The result of noise detection
is output by comparing
output voltage of N-REC
terminal with internal
refrence. Hysteresis range is
about 100mV and output is

open collector.

14 | N-REC After output of INVERTER
AMP amplified around 20d8,
noise signal is rectified by

external capacitor.

75k 2

S e NOISE %
comp
B

15 | GND GND terminal.

16 | MIX IN 1st IF signal input terminal.
Input impedance is around

4k} at 21.7MHz.

100 uh

®
<
e{‘—ee
L
3q?F
38

5k{d

2k 2
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DESCRIPTION
1. Local oscillator external injection method

Inject as shown in Figure 1, setting the injection level between 95dBuV and 100dBuV. A built-in
BUFFER amp. minimizes leakage from the mixer.
Input from pin 1 is possible as shown in Figure 2. However, when the input frequency is high,
the level at pin 2 may not be sufficient, causing a decrease in sensitivity.
in such a case, add resistor Rgq and set the input signal so that signal level at pin2 is
95~100dB V.
The input capacitance of pins 1 and 2 is respectively 1.5pF (typ.) and 4.6pF (typ.).
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Figure 1 Figure

2. OQvertone oscillation

Figure 3 shows the basic configuration of the local oscillation
circuit using overtone oscillation. The Cs51 and Ly tuning circuits
prevent crystal fundamental oscillation. Therefore, set C51 and L X'tal B3 (24
to inductive at the fundamental frequency and capacitive at the
overtone frequency.

Since the level at pin 2 may decrease and the sensitivity may fall at
high frequency as with external injection, adjust the oscillation
level using Rsq.

w

WA—

Figure 3

3. Detection circuit

Detection stage is quadrature method.

Oscillator is ceramic discriminator on reference application. In case of using coil, connect as shown
in Figure 4. In this case, demodulation output Vop is about 80mVyys. Demodulation output can
be increased by raising damping resistance R3. However, be careful because the temperature
dependency of the modulation output also increases.

Center frequency fg and demodulation output depends largely on phase shifter and C7. For Cz,
use a capacitor with good temperature characteristics.

In case of coil, especially C1pq, use a capacitor with good temperature characteristics.
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Figure 4
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4. Demodulation output distortion factor

Demodulation output distortion factor is about ~43dB when ceramic discriminator CDB450C24
used, is about -50dB when coil 5114-JPS-010 used. (IF 100dBuV EMF input, measured pin 9 before
when input from MIX demodulation output distortion factor depends largely on a ceramic filter
band and a group delay characteristic. Select ceramic filter adequately.

5. INVERTER AMP usage

The INVERTER AMP can be used to form a band pass filter as shown in Figure 4.
Set constants as in equations (1) to (3). However, because a low pass filter and a high pass filter
are built in, it is recommended that center frequency fg be about 30kHz.

1
1 fg=
M o 2V R3{(Rq /i Rg) C?

LPF (fc = 47kHz) HPF {fc == 25kHz)
(2) Gy=R3/2R
e N D>
R3 9 8 7

3 n —————
3 Q= Ry l .
at R4 ® Rp I Rg N °
Example R3 = 150k{), Rg = 330k{), "‘i o3

Rs = 3.3k(), Rp = 20k (VR) ”

C = 220pF provide ; )

fo = 31kHz, Gy = - 13dB Figure 5

Q=12

6. Noise detection rise time

The rise time is a proportion of time constant 7. 5ms of the smoothing capacitor Cg=0. 1xF of the
noise rectifier and internal resistor 75k{). Although decreasing the capacitance of Cg can shorten
the rise time, note that the noise detection output fluctuation may increase. This should be taken
into account before use.
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7. RSSI function
A DC voltage corresponding to the input level of IF input pins (pin5) is output to the RSSI pin
(P21). While the linear range is about 80dB when Vcc =2V, the range can be expanded to 80dB
as in Figure 6.
However, in such a case, note that the temperature characteristics of the RSS! output may alter
due to a disparity between the temperature coefficient of the external resistor and the internal

resistance of the IC.

vee
;
g
5
19— £
I s _ g R101 ADDITIONAL
IF INPUT LEVEL
Figure 6
8. DC voltages for pins (Typical values for reference)
Vee=2.0V
lfl'c':‘ PIN NAME | VOLTAGE ,F\’J'é“ PIN NAME | VOLTAGE
1 OCS IN 1.98 9 AF OUT —
2 OSC OQUT 1.33 10 QUAD 2.0 =
3 MIX OUT 074 1 IF oUT 114 i
4 Vee 2.0 12 RSSI —
5 IF IN 1.67 13 N-DET —
6 DEC 1.67 14 N-REC —
7 FIL OUT 0.67 15 GND 0.0
8 FIL IN 0.65 16 MIX IN 0.94

(UNIT: V)
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MAXIMUM RATINGS (Ta =25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Supply Voltage Vee 7 \
Power TA31136F o 370 W
Dissipation TA31136FN D 560
Operating Temperature Topr -30~85 °C
Storage Temperature Tstg -50~150 °C

ELECTRICAL CHARACTERISTIC

S

(Unless otherwise specified, Vcc=2.0V, fiN (mix) =21.7MHz, fiy (iF) =450kHz, af= +1.5kHz, )
fmop = 1kHz, Ta=25°C

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
Power Supply Voltage Vee — — 1.8 20 5.5 \
Current Consumption Icco 1 — —_ 3.2 4.6 mA
Measured through ceramic
Mixer Conversion Gain Gye 2 [|filter. 15 18 21 dB
VIN (MIX) =46dBuV
Mixer Intercept Point Pim — |Input 500 — 96 | — |[dBuVv
Mixer Input Impedance RINMIX) | — — — >3 | — k)
SNMIX) | — — 28 | — pF
Mixer Output Resistance | Ro (MIX) — — 1.2 1.8 | 24 | kQ
12dB Sensitivity 12d8 SN — — — 11 — {dBuV
Demodulation Output VoD 2 |ViN F) =80dBV 70 | 100 | 130 |mVims
Level
SN Ratio SN 2 |ViN () =80dBuV 43 65| — | dB
AM Rejection Ratio AMR 2 |VIN(QF) =80dBuV, AM=30% | — 40 | — dB
IF AMP. Input Resistance | R|N (IF) — — 1.2 1.8 | 24 | kQ)
VRSSI-1 2 VIN (IF) =30dBuV 200 360 | 520 mV
RSSI \ =
551 Output Voltage VRSS2 7 | Vee=3v Vin(IF) =100dBgV | 14 | 20| 26 | V
Noise Detection Output
Voltage VNDET 2 |1 SINK=0.2mA — 01| 05| V
Noise Detection Output
Leak Current fLEaK — |VNREC=0.6V, VNDET =2V — 0 50 #A
Noise “H" Level | VTH-H 5 — 0.5 0.7 v
Detection Level |"L" Level | VTH.L - 0.3 0.4 —
All AC levels are indicated by open level (EMF).
TA31136F/FN-7
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TEST CIRCUIT 1

[
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lccq (mA)

CURRENT CONSUMPTION

MIXER CONVERSION GAIN Gy¢ (dB)

MIXER CONVERSION GAIN Gy¢ (dB)

CURRENT CONSUMPTION
— POWER SUPPLY VOLTAGE

4.0
L
30 <
2.0 !
o]
/ No signal
oL L/
0 1 2 3 4 5
POWER SUPPLY VOLTAGE Ve (V)
MIXER CONVERSION GAIN
— POWER SUPPLY VOLTAGE
40 T
T 1 T
36 Vet Input matching 1~——
VinN=50dBuV  —
32 iN /el
28
24
20
16 - Input 502 —
Vin = 70dBaV —]
12
8
4 fiy = 21.7MHz
0
0 1 2 3 4 S b
POWER SUPPLY VOLTAGE Ve (V)
MIXER CONVERSION GAIN
- LOCAL OSC INJECTION LEVEL
j T T
fin=21.7MHz
18 =
//—-" fIN=91.7MHz | ™
7
7
4
14 A
/
7/
i
/ 7
10 /'
/
/
Vee=2v
6 VIN=70dBuV
fLo = fiy - 450kHz
80 990 100 110 120

LOCAL OSC INJECTION LEVEL

(dB V)
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(dB)

MIXER CONVERSION GAIN Gy

{d8 V)

MIXER OUTPUT LEVEL

(d8 V)

LOCAL OSC PIN 2 LEVEL

MIXER FREQUENCY CHARACTERISTICS

20
BN
6 N
\
\
12
1
8 Vee=2V I
fLo =1in - 450kHz X
Vin =70dBuv L
a|LOCAL OSC  —— 100dBuV
Injection level - -~ 1050BuV
Measurement through ceramic
ol filter
10 30 100 300 1000
INPUT FREQUENCY fiy (MHz2)
MIXER INTERCEPT POINT CHARACTERISTICS
Vee=2v '/IJ
120 fin=21.7MHz
fin (IM) =21.725MHz £
=21.750MHz
100 /’ £
A I/ I
i
2
80
// /
60 //
Vi
/
40 /
V /
7
i
20
0
0 20 40 60 80 100 120
INPUT LEVEL VN (dBuV EMF}
LOCAL OSC LEVEL
—~ POWER SUPPLY VOLTAGE
10
L1
100 I
90 I
80
0 1 2 3 4 5 6

POWER SUPPLY VOLTAGE Vcc (V)




(d8)

DEMODULATION S+ N, N AMR

DEMODULATION S+ N, N AMR  (dB)

DEMODULATION OUTPUT LEVEL Vop {(mVmg)

MIXER INPUT DEMODULATION
CHARACTERISTICS

0
\ S+N
0 NN
N
40 ST e (AM30%) |
\/-\ L\\_

- 60 Vee=2V U

fin=21.7MHz

fMoD = 1kHz, Af=1.5kHz

CDB450C24, input 5002

0 20 40 60 80 100
MIXER INPUT LEVEL VN (dBuV EMF)

IF INPUT DEMODULATION
CHARACTERISTICS

S+N

N

-20 \

N AMR (AM 30%)
w0 N LT
) \

B (77T N

C
fiN =450kHz

fMoD = 1kHz, Af=15kHz
CDBA50C24

0 20 a0 60 80 100 120

IF INPUT LEVEL V)N (dBuV EMF)

DEMODULATION OUTPUT LEVEL

120 TEMPERATURE CHARACTERISTICS

100 —

80

60

Vee=2v

fiN = 850kHz

A fMOD = 1kHz, Af =1 5kHz
= VIN = 60dBuV EMF

CDB4S0C24

~40 -20 0 20 40 60 80

TEMPERATURE Ta ({°C)

+1dB
0dB

-1dB

(dB)

THD

(dB)

DEMODULATION OUTPUT LEVEL Vop

=20}

60 |

IF AMP GAIN {(dB)
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DEMODULATION OUTPUT LEVEL VQD,
12dB SENSITIVITY - POWER SUPPLY VOLTAGE

16
0 Voo z
>
i §
— _J kA
-4 12dB SENSITIVITY N
s 3
=
-8 2
fin=21.7MHz :
—{fmop = 1kHz, 4f=1.5kHz |4 3
Vin = - 60dBuV EMF -
-12 CDB450C24
Input 50§}
0 1 2 3 4 5 6
POWER SUPPLY VOLTAGE Vcc (V)
IF INPUT DETUNING CHARACTERISTICS
~
0 iy &TUNING 16
. T N 97mVrms
o
=z N // N N
_a AN 125
¢ | N N -
z S CURVE w
S_ THD N 2
& oL/ N 3
a-8 0.8 Y
/ TN v
vee=2v \\
_12{fIN=450kHz y 0.4
fMOD = 1kHz, Af=1.5kHz \
ViN=100dBuV EMF
CDB450(€24
-12 -8 -4 0 4 8 12
DETUNING FREQUENCY  (kHz)
IF AMP GAIN FREQUENCY
%0 CHARACTERISTICS
' Vee=2V
80
70/ \
A\
N
60
50
0.1 0.3 1 3 10

INPUT FREQUENCY fiy (MHz)}
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IN COIL DISCRIMINATER USED

MIXER INPUT DEMODULATION
CHARACTERISTICS

g 0 —~J S+N
N
o
=
< .20 k\
- N
=z AN
t \¢ N~ AMR (AM 30%)
- NNALAIALA
- a0
) N
5 N
3
2 Vee=2V \ N
S -60] fiN=21.7MHz
E fmMOD = 1kHz, Af = 1.5kHz
a Coil: 5114-JPS-010
Input 500
0 20 40 60 80 100
MIXER INPUT LEVEL Vjy (dBzV EMF)
IF DETUNING CHARACTERISTICS
L >_<,_ \,\DETQ\HNG 1.6
5 \\ 81.4mVms
— K \
=
.20} -4 125
© B
. | ¢ \ /.
= 5 S CURVE >
8o N AR
-40 | DO-8 i ﬁ‘ri - — 048:
Ve =2V
_60 1 - 12|fin=a50kHz IS, 0.4
fMOD = 1kHz, Af = 1.5kHz NG
Vin = 100dBuV EMF
Coil : 5114-JPS-010 \

-12 -8 -4 0 4 8
DETUNING FREQUENCY {kHz}
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DEMODULATION S+N, N AMR (dB)

IF INPUT DEMODULATION
CHARACTERISTICS

0 S+N
==
-20 \
N\ ’—\\
N EVVVY
\ ¥
Vee=2V X
~60] f;) = 450kHz
fmop = 1kHz, Af=1.5kHz
Coil: 5114-JPS-010

20 40 60 80 100

IF INPUT LEVEL Vi (dBuV EME)
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V)

RSS! OUTPUT VOLTAGE Vgss

v)

RSSI OUTPUT VOLTAGE  VRss;

v)

N-REC QUTPUT VOLTAGE

MIXER INPUT RSS| CHARACTERISTICS

T
Vee=3v ="
2.0
1 A/ Vee=2v
6 va
//
1.2 ///
08
0.4 // iy = 21.7MHz
W
— Input 508}
L 20 a0 60 80 100
MIXER INPUT LEVEL Viy (dBuV EMF)
MIXER INPUT RSS! TEMPERATURE
a5 CHARACTERISTICS
20
VIN=80dBuV EMF k
1.5
1.0
VN =20dBuV EMF
05 Vee=3v
N =21.7MHz
input 5082
-40 -20 0 20 a0 60 80
TEMPERATURE Ta (°C)
NOISE DETECTION CHARACTERISTICS
Vee=2v
18] fn=3ikhz
3.0
12 N -REC —
/
DET 0
N -
08 Hih—4
1.0
0.4 7
- / Iﬁ 0
Q
0 0.1 0.2 03 0.4 05
FILTER AMP INPUT LEVEL ViN  (mV;ms)

(V)

N-DET OUTPUT VOLTAGE

V)

RSS! QUTPUT VOLTAGE VRgss|

v)

RSSI OUTPUT VOLTAGE  VRgss)

{mVyms)

NOISE INPUT LEVEL Vi
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IF INPUT RSSI CHARACTERISTICS

IV—
2.0
’_ vee=3v -
16 » / Vee=2V
Vi
7
1.2
//
0.8
/
/' fiN = 450kHz
)
0 20 40 60 80 100 120
IF INPUT LEVEL V)y (dBuV EMF)
IF INPUT RSSI TEMPERATURE
25 CHARACTERISTICS
2.0
ViN=100dBuV EMF | | |
1.5
1.0
Vin =40dBuV EMF (~—t——
05
Vee=3v
fiy = 450kHz
~40 -20 0 20 40 60 80
TEMPERATURE Ta (°C}
NOISE DETECTION TEMPERATURE
CHARACTERISTICS
Vee=2V
04 fin=31kHz
L—H
----- H-t
0.3
02 R ——— et =
0.1
0
-40  -20 [} 20 40 60 80

TEMPERATURE Ta (°C}
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NOISE DETECTION FRE
CHARACTERISTIC

UENCY

1000 o
—~ 500N
2 B NS
2 3
E ~T ~,
~ 100 W
~ G210k
el 50 3
= b4
s N n] Vin
G N V)N level is measured
Z 10 wR‘en N-DET (pin 13)
v output changes.
2 5
AV
g ~
o
B == EEEE: =
w 0.5 \\\
e y,
Al
° 1 5 10 50 100

INPUT FREQUENCY fiy (kHz)

DEMODULATED OUTPUT
12dB SENSITIVITY - POWER SUPPLY VOLTAGE

o
2
5
> 0 _'_(
Voo
2 {
o
; |
3
o]
= -4 —
2 12dB SENSITIVITY
=
2
o
3 -s
g fin=21.7MHz
2 fMoD = 1kHz, Af = 1.5kHz
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§ €DBA450C24
0 1 2 3 4 s 4

POWER SUPPLY VOLTAGE V(c

v)

NOISE DETECTION SENSITIVITY,
12dB SENSITIVITY - TEMPERATURE
(IN COIL DISCRIMINATOR USED)

Vec=2v
fig=21.7MHz
. 1MOD = 1kHz
= 4 Af=1.5kHz
Z Input matching
o Coil : 5114-JPS-010
=2
23g =
Gz2 - il
zZ0 0
UER
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P
S [ ] 1]
5 - AR
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TEMPERATURE Ta (°C)
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(dBuV)

12d8 SENSITIVITY

MIXER INPUT DEMODULATION

CHARACTERISTICS (INPUT MATCHING)

- ]
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o
b \Y
« 20
z \/\
= I
i N
‘; 20 INAMR (AM 30%}
2 OUA]/
; \
g 60 Vee=2V
2 fiN=21.7MHz N—]
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MIXER INPUT LEVEL Vg ({dBuV EMF)
NQISE DETECTION SENSITIVITY,
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@ Vee=2v
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g 4| Input matching
CDBA450C24
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SE
Eg 12d8 SENSITIVITY
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CHARACTERISTICS
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APPLICATION
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CIRCUIT
NOISE DET  RSSI| OUT
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I
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B~ cc
c ‘S~ L AF OUT
13 w wlS DE EMP BF Lo
22pF S v} g 300Hz~3kHz
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Lomix N Ghp N-OET LRSS ,1]1\1F our AF OUT
LPF
MIX QUADRATURE
NOISE DETECTOR
* COMP
w
RECTIFIER NOISE AMP s
BUFFER TR
<
LOCAL 0SC IF_Amvp
2 3 ) 6) @)—J
0SC IN N70SC OUT N MIX ou?\t j/w TR OT \FIL IN
C X w
2
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21.25MHz Szs A 1o Sax YR S|~ -G
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CD : CDBA50C24 (MURATA)
CF1 : CFWA50G (MURATA)
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