KE E SEMICONDUCTOR KIA2039FN

KOREA ELECTRONICS CO.LTD. TECHNICAL DATA BIPOLAR LINEAR INTEGRATED CIRCUIT

FM ANTENNA DIVERSITY IC

The KIAZ2039FN is a antenna-switch type FM Antenna
diversity IC developed for use in car tuners. 1
For diversity, all you need 1s this IC.

The FM IF diversity IC can be easily combined with RE
processor KIA2074F and FM processor KIAZ2093F.
An excellent space factor and shrink package delivers diversity

in the smallest possible space. A

10AR0R1] T

Bl 4.4+ 0.2

FUNCTIONS e = saroa

- Average electric fleld value and peak value comparison/detection s D 077 0.1
(Advanced noise detector) O T

+ Antenna switch control. j H H H H H H f 1; 025;02
+ Antenna switch driver, 1 E T | oisi01,/ 008

+ Antenna misoperation switching protector.

+ Over-deviation protector.

+ Protection against weak electric field misoperation.
- Strong electric field sub antenna fixed.

+ Antenna switch mode switch. NMFP—16
- Operating power supply voltage @ Vec=7~10V.

FEATURES

- Uses a new method called advanced noise detection.
This method detects the comparison of an electric field detect signal obtained by, for example, FM processor
KIAZ027F connected to the next step, with the average and peak values, then switches antenmas based on the
result. Thus, conventional external large—capacity capacitors using noise detect AGC (Automatic gain control)
are no longer needed.

+ The basic operation of the antenna diversity IC is that when noise is received from the cwrently-connected
antenna, the IC switches to the other anfenna.
That is, the antenna with the best reception is nof necessarily connected all the time. Therefore, to guard
against possible misoperations, the following three functions are supported.

a. Antenna misoperation switching protector.
b. Over-deviation protector,
c. Weak electric field misoperation protector.

- The constants of external components have low values. Thus, all components can be integrated on a single
10 % 40mm printed circuit board.
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KIAZ2039FN

MAXIMUM RATINGS (Ta=257)

CHARACTERISTIC SYMBOL, RATING UNIT
Power Supply Voltage Veo 10 Vv
Power Dissipation {Note) Pp 530 mW
Operating Temperature Topr -40—~85 q
Storage Temperature Tstg -55~150 q
Pins @ and @ Flow Current To , Iio 5 mA
Pins @ and @ Flow Current Tz, Tis 500 UA

(Note) « Derated above Ta=25% in the proportion of 4.4mW/C.
+ Handle with care because pin of the IC has low electrostatic withstanding voltage.

Fig. 1
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KIA2039FN

TARGET ELECTRICAL CHARACTERISTICS

(Unless otherwise specified, the following apply @ Vce=85V, Ta=257TC)

CHARACTERISTIC SYMBOL TEST CONDITION MIN., | TYP. | MAX. | UNIT
Power Supply Current With V=0, not mcluding pin diode
No Signal Teca current 82 1z 172 mA
Diversity Cutput Vo, Vio - 6.6 6.9 7.2 Vv
Diversity Sensitivity Vs IC only tested (f=114kHz} 15 25 40 mVp-o
VZ:ZV DC iIlDUt OIllY. 17 20 23
Allowable Input Voltage Vi V=4V Monitors Voltage 3.7 4,0 4.3 Vv
V=6V at Pin @. 57 | 60 | 63
Wealft ‘E»lectnc Field Judge Vetwedo B 17 90 54 v
Sensitivity
Strong Electric Fleld Judge B
Sensitivity Vstsuong) L7 20 24 v
Over-Deviation Protector Vmwope f=10kHz 280 430 580 mVms
TEST CIRCUIT
2.2k0
18V237
e c
8 d
A Y]
T(Stop), T(Judge), N, Vo O (9] 5} Vs(strong), Hys (Strong)
0.01uF
T(Stop), T(ludge), N, Vig o 19 7 &
100kn 3
§—{ 11 @ T VCC, [cog
0.047:F
Rex12 $—ww——-(1g)
KIAZO39FN
Rex13 $—v——(13]
F——14
0.047uF
15 Ve, VIM, Vs(weak),
0.01uF 10k{) Hy=(weak)
VEh(ODP) (18]
+ 10k
4.7F l
=

T3

(#) Test with Rex12 and Rex13 of 10kQ or more.
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KIAZ2039FN

BLOCK DIAGRAM

| PN L P | oNtRel | ooy e |
Main @R é)é?‘?EERFFLOP " g | |(FORCED SUE FI) 8 ) SDSin
sub (10— BOTTOM 7 ) BPD
WEAK FIELD TRAR DET
Viy, (weak) @ STRENGTH DET. 6 ) Veo
{(FORCED MAIN FIX) E@
T(Judge) @—‘ % 5 ) BPF
=
1 | W
T(Stop) @ MISPSRS;EE(?;T;ON ﬂ‘ COMPARATER ‘ E /N | 4) Ground
ODP @ L 3 Vip, (Diver)
Vi (ODP) @ﬂai AVERAGE I 2 ) FSDin
DET. BUFFER
ovr-in (19 | D) prereee
77N
PINS
Pin No. PIN SYMBOL PIN NAME
1 Average Detector Average value detector
2 FSDin Electric field detect signal input
3 Vi (Diver) Diversity optional sensitivity trimmer
4 Ground Ground
5 BPF Band pass filter
6 Vee Power supply
7 BPD Bottom peak detector
8 SFSin Strong electric field judge nput
9 Main Main output
10 Sub Sub output
11 Vi (weak) Weak electric judge trimmer
12 T (judge} Miss operation judge time trimmer
13 T (Stop) Miss operation stop time trimmer
14 ODP Over—deviation protector
15 Vu (ODP) Over-deviation protector sensitivity timmer
16 ODP-in Over—deviation protector input
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KIAZ2039FN

APPLICATION CIRCUIT (Diversity IC block)

FORCED
SUB MAIN AGC MAIN
ANTENNA—IN ANTENNA-IN  FM OUT SIGNAL-IN FM Voo METER-IN ODP-IN  ANTENNA
1] (£] (4] (5] (6] (7] (8]
= =
o, o,
Lo 4L &
T < TO
S =
() 18vesy
Lol J
|
o2
2.2k M
; D
0.01uF
2.2K0 b
10 7k
10010 =
0.047uF 6 —1
T0.01uF 560u1
1000pF W 5
10k 0 KIAZ2039FN 3000pF| TAIYO YUDEN
0.1uF $— i3 (4 ——+ LAV35VB61]
RN1309 LO0KD
0.047uF $———(14] k&
1000 0.033uF
———m—(i5} E
0.01F  10kD 0.01uF
6 1
{(#) The external constants of pin@, T(judge}, and pin@, T(STOP), may need to be changed
depending on the running test or simulation conditions.
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KIAZ2039FN

PIN FUNCTION
(Pin voltage is a typical value when Vec=85V, Ta=25T, and no DC signal is input to the test circuit.)

PIN
NO.

PIN
NAME

PIN
VOLTAGE
(V)

INTERNAL EQUIPMENT
CIRCUIT/EXTERNAL TYPICAL VALUE
(INTERNAL R AND C VALUES
ARE TYPICAL)

PIN FUNCTION

Average
Detector

075

Peak
Detector

0.01uF

A

Yoo

A

50k

I)

H
I
i

GND

Average value detector pin.
Connect a capacitor externally.

Bottom peak detector pin.
Cormect a capacitor externally.

FsDin

Vin
(Driver)

0.0834F 1000

BPF

METER—OUT

Al

Veeo

F—m—

3900pF

]

560uH

GND

Electric field detector input pin.
Connect this pin  directly to
electric field detector output pin
of, for example, FM processor
KIAZ027F at the next step.
Note that the internal ground
registance of the electric field
detector output pin of the FM
processor must be 27kQ  or
less.

Feedback pin for the noise
amp. For gain sefting, commect
a resistor land a capacitor
externally. When resistance is
small, gain ig large. In the
example, antennas are switched
when the modulation factor is
5% or more of the 114kHz
signal component.

Output pin for the noise amp.
Connect LC parallel resonant
circuit externally between pin 3
and NF. In the application
circuit example, noise due to
diversity IC  operation is
detected outside the composite
signal band, 114kHz fo is set.
Be careful with Z vs f. of the
inductor. (In the example,
7Z=82kQ at f=114kHz)
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KIA2039FN

PIN
NO.

PIN NAME

PIN
VOLTAGE
V)

INTERNAL EQUIPMENT

CIRCUTT/EXTERNAL TYPICAL VALUE
(INTERNAL R AND C VALUES

ARE TYPICAL)

PIN FUNCTION

GND

Veeo

85

Main

10

Sub

o
-l

|
Land 4l

Voo

GND

Power supply pin and ground
pin. Connect a capacitor
between these pins.

Divergity output ping for the
main and sub antennas.

For example, connect a FIN
diode externally for switching
antennas.

Strong
Field
Strength—in

KIAZO74F
FM AGC(PIN}OUT

Strong electric field detect pin.
Comnect the PIN diode of
KIAZOS4AF FM front end
externally for antenna damping
output.

11

Vin{weak)

=ty

RN1309

uF
100K0

0.047,

|
\T/ ]KH

Veg

GND

Weak electric field judge setting
pin. Current in

proportion to the strength of the
electric field is output
internally. The internal Vth is set
so that when the potential of the
external resistor is ZV or less,
weak electric field is determined,
and the main antenna is fixed.
To force fix the main antenna,
ground the external digital
transistor {eg, TOSHIBA RN13
09), Note that an external
capacitor is uged to set the time
constant  for judging weak
electric field.

In the example, combining RF
processor KLAZ0MAF with FM
processor KIAZ027F results in
approximately 15dBgV to judge
weak electric field.

1999, 2,1

Revigion No :

1

KEL

7/14




KIA2039FN

PIN
NO.

PIN
NAME

PIN
VOLTAGE
V)

INTERNAL EQUIPMENT
CIRCUIT/EXTERNAL TYPICAL VALUE
(INTERNAL R AND C VALUES
ARE TYPICAL)

PIN FUNCTION

12

T(udge)

13

T(Stop)

Voo

fl

~

=_}
T
iy

GND

Used to count time for switching
misoperation. An external
capacitor is used for counting.
When capacitance is large, the
count time is long.

The maximum number of
misoperations 1s 4 antenna
changes.

When the number of
misoperations  reaches  four
within the time set by pin@),
T(udge), stops antenna
switching. The time set by this
pin is used to fix the main
antenna. An external capacitor is
used to set the time. When
capacitance is large, the time is
long.

14

Over
Deviation
Protector

15

Va(ODP)

16

ODPin

Veo

g
T

Pl

27k

B
LaB @

T S

GND

FM-DET.QUT

Over-deviation detect pin.
Detects the peak of the signal
nput to pin@®. Connect a
capacitor externally.

Used to set over-deviation
misoperation detect sensitivity.
When the signal detected at pin@@
is over-deviated, fixes the main
antenna o prevent antenna
switching  misoperation. An
external resistor and capacitor
are used fo set over—deviation
detect sensitivity and obtain
frequency

characteristics,

Input pin for the over-deviation
misoperation protector. Directly
connect to this pin the detect
output pin of the FM processor
KIAZ027F at the next step.
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KIA2039FN

Vo (peak), ¥y (ave), Vy(weak) — Vg Vo (peak), V (ave), Vy(weak) — Vg
= =
—_ 10 Vep=10V P —_ 10 Vee=7v
a Ta=25C v 3 Ta=25C
o A 7 ]
= B rab's g8
Z AL =
£, Al £
n /,44 Vo(ave) T s
5 LA olcal] = I o)
N B = g pd Vo (peak)
= // - // Vo (weak)
& L E % [
0 0
= 1] 2 4 6 8 10 =2 0 2 4 6 8 10
Vg (V) Vg (V)
Vg (weak) — Vg(Main)
(WEAK FIELD DETECTION Vth)
_ [ Vg =4V
— Vo (peak), Vo (ave), Vo (weak) — Vg = (Main Fix} Vs{strang) =3V
LT = N Ta=25C
_ Vee=B.5V 3 Y s 1
! Ta=25'C — High— N1 0 H l
g 8 >O VCC =10V \l
£ B i1
= s L W 1
. 6 A ow
Ef //// 1.6 1.8 2.0 2.2 2.4 2.6
= 4 Pl
A Vg (weak) (V)
£ e
— 2 /,/
= // Vg(strong) — Vg5 (Sub)
z ry (STRONG FIELD DETECTION Vi, )
~ 0
2 0 2 4 6 8 10 Vg =4V | \
= Vig4 =2V (SUB Fix)—
Vg (V) S figh | Te=25¢ N
a | -
1 -—
o Voo =10v1].] | hild
= 8.5v :,l [
— 7V
DIVERSITY OPERATING RANGE V. Low l ‘
-8 1.0 1.5 2.0 2.5 3.0
4
Voo =8.5V Vg (strong) (V)
VO(Weak)>8'5V
— VS(strong) =9V, Yg=0Vv
2 3 |Ta=g5cC Tstop
|
: T T ]
E . = Voe=10V | (Main Fix)
- H = = L
E : | un Hish v »- ‘{]0(weak)>4;v
E | |oteeard OPERATING | phon- igh— 1 Va(strong) =
= -ING 1 RANGE i RANGE = 8.5V YFIX SUB
RANGE | ! v \ ANTENNA.
1 | THEN MEASURH
! ! Low \ Ta=25C
2 4 6 8 10 2.0 2.2 2.4 2.6 2.8 3.0
Vg (V) Vg (strong) (V)
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KIA2039FN

DIVEESITY INPUT SENSITIVITY — Vg

(TONE BURST)

DIVEESITY INPUT SENSITIVITY — Vg
(CONTINUOUS WAVE)

600 Vo(wealk) >3V, V(strong) =0V Va(strong) = 3V
REPEAT=10ms, BURST=1 [ ggE ﬁUﬁEﬁggggNA,
fin =114KHz, Ta=25¢C _ ]
= 500 in 10V T 150 |Votwesr) >3V LA I .
L e e L £ 1, = 1 05KHzZ{MAXIMUM e 1‘(’
= 400 T .7‘—L// H = SENSITIVITY)
2 7 o 0 g Ta=25C h
_ F—t i ~ 100 i
s : . e
= CPERATING I OPERAT = I' /
% G S RANGE :'* = :_'_ING 7 o ! L von—
= RANGE H | ) RANCE g 50| NON- ¢  — 1
200 1 ! 1 OPERAT | T | OPERAT
H | H ING = OPERATING| | S g
I l I RANGE | ‘RANGE [ |  RANGE
100 ] | ] 1 | | i
2 4 6 8 10 2 4 6 8 10
Vg (V) Vg (V)
0DP SENSITIVITY — VCC ODP SENSITIVITY -— VCC
(TONE BURST) {CONTINUOUS WAVE)
REPEAT 10ms L
BURST 1 ED
iy L14KH:
800 | z = 800
CI; Voop 2 CI;
= 600 ————— 3 o = 600 g p—_—— ===
i 415 2 £l
— = — v =3V-0V
2 = S{strong)
a 400 Vatstrong) =370 e & 400 FIX SUB ANTENNA
% TIX SUB ANTENNA,| @ % THEN MEASURE
= 500 THEN MEASURE = = 500 fin =10KHz
Vo(wealk) > 3V m Vo(weak)> 3V
Vg4V = Vg=4V
Ta=25'C A, Ta=25C
Liel
6 7 8 9 10 11 hut 6 7 8 9 10 11
Vee (V) Vee (V)
VO(peak), VO(ave), VO(weak) - Vg VO(peak), VO(ave), VO(weak) - Vg
10 10
; VCC =8.5V /:; VCE =10V
Z Ta=25( Z Ta=—40'C =
e 8 o a8 ]
) — O] e
g : -~
g/ 6 Vo(ave) \‘7// \z/ & Vo(ave) —7//
= P = P
-~ // > S ,/ /)<
E 4 ~ Vo(peak) E 4 ’/ //\ Vo(peak)
;5’ // // VO(weak) ;5’ / // VO(weak)
. ‘,/" - . ,///,/”/
Cl 2 e ) & =
g v 9 paVd
B A B
= &
a 2 4 4] a 10 a 2 4 6 B 10
Vg (V) Vg (V)
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KIA2039FN

Vg (peak), Vy(ave), Vy(weak) — ¥

Vo (weak) - Vg{Main)
(WEAK FIELD DETECTION Vth)

=
e ] i
5 Ta=—40C 2 Hieh (Main_ Fix) Bisdier
F 8 = & DD 1
= 2 e =
= 6 e = E ;— iov Wi l
3 e sl
g g i T
B 4 // Low L
K= /// Vo(ave) 1.6 1.8 20 22 24 26
- 2 / e \ Vo(pealk) Vv ( k) (V)
) L~ AL ¥, p (wea
= / / Ofweal)
B i [
Z 0 5 A - 3 0 Vg (strong) — Vo(Sub)
= {(STRONG FIELD DETECTION Vi, )
v v
s (V) Vg=4V ]
—_ Vi4 =2V {SUB Fix)—
g High Ta=—4('C >
A ! T -+~
=] Ve =101 ] ik
DIVERSITY OPERATING RANGE — Vg S =g 5y l
= 7V +
Vorweal) >3V Low ‘
VS(strong) =0V 1.0 1.5 2.0 2.0 3.0
= g [Ta=—toC
= Voo =10V A4 stron A
g b s (atrong) (V)
e ! R
AR
S NON= il |(OPERATING ! T ] T T won- | |
= I RANGE | I !
OPERAT j | OPERAT —_ P
= ol o i i E—ING 2 1 Vee=10V | (Main Fix)
RANGE | ' I RANGE & - Vo(weals)> 3V
‘ r' I : ~— ngh 4 = Vs(strong) =
0 : ; . 2 Nesv ¥ B
L i \ S -
Vg (V) Low \ Ta-—10¢
2.0 2.2 2.4 2.6 2.8 3.0
Vg (strong) (V)
ODP SENSITIVITY - Vg ODP SENSITIVITY — Ve
(TONE BURST) {TONE BURST)
Vo(weak) > 3V, Vs(atrong) =0V
Wiver REPEAT 10ms, BURST 1 [
S 500 -1 lfm L14KHz, Ta=—40C - 800
£ Y :8"5‘]\/4\./'-1//1 T — ==
v 7 e
£ 400 . L = 600
- NN <
5 1 —
8 30— i M Rovs & 400 I SEEEAT 10ms Volweal) > 3V
7 ! 1 i = BURST 1 =
B OPERAT | t i | OPERAT = Vg =4V
00| ~NG 1L OPERATING ! 1 Ve Rz 1y, 114EHz Va(etrong) =3V-0V
RANGE || FANGE ! H | RANGE 200 FIX SUB ANTENNA,
: [ — : : Yopp THEN MEASURE
100 ‘ 1 | | ‘ ! 1 1 Ta=—40C
2 4 6 8 10 6 7 8 9 10 11
Vs (V) Vee (V)
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KIA2039FN

DIVERSITY INPUT SENSITIVITY — Vg
{CONTINUQUS WAVE)

ODP SENSITIVITY — Veo

(CONTINUQUS WAVE)

150 800
_ fin=114KHZ | _ | . g00 =
2100 —— £ L o]
E B
— - —~ 400
fin —105KHZ o
B (MAXTMTUM SENSITIVITY) g fV; M::ljzﬂv
A 50 = = 1 A e
& v =3V-0v & Vg=d4V, Ta=—40°C
= S{strong) = 200 -
FIX SUB ANTENNA, THEN MEASURE ‘Pfggsg%%g);;r‘;;;&
VO(weak)>3V .
Voo a¥: Tam 400 THEN MEASURE
6 7 i) 9 10 11 6 7 B 9 10 11
Vg (peak), ¥y (ave), V,(weak) — Vy Vo (peak), Yy (ave), V(weak) — Vg
e Yvesy g 10ty
= Ta=85C = Ta=85"C 7
£ B = T 8 ///
‘;’ s : % ////
= o ////" = o _ 7 “
o L]
;5 4 //,/ ;5 4 //,/
e ] r ]
1) 2 / N 2 /
gﬁ ] g ]
B e s ey
Q 2 4 6 8 10 0 2 4 6 a8 10
Vg (V) Vg (V)
Vo (weak) — Vy(Main)
Vo (peak), ¥ (ave), ¥y (weak) - Vg (WEAK FIELD DETECTION Vi, )
B 19 Vop ="V | ] Vg =4V
— Ta=85C B . ¥s(strong) =3V
i s Z High (Mo B Taz85
£ 8 LN
z ‘E’ ¥ P 1 l
; ] = AN Veo=10V |
5 ; i | B
-
i, o P
. ? Votave) 1.6 1.8 20 22 24 26
o v
B / VO(weak
e e [
Q 2 4 6 8 10
Vg (V)
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KIA2039FN

Vg(strong) — V5(Sub)
(STRONG FIELD DETECTION Vi, )

Vg—4V | \ |

DIVERSITY OPERATING RANGE - Vg

v 3V
. Vig=2V (SUB Fix)— o eal) 2
2 High [Ta==10C Slstreng) =
@ g '| : : E 3 Ta=B5C
T | o =
o veo=1ov1l] | il - Yee 10V
= 8.5V T.J 5= &3V
— 7V , - 2 . '
Low L] = ! L
1.0 1.5 2.0 2.5 3.0 == NONT: OPERATING :_— :4 NON—
= 1 |OPERAT | RANGE I OPERAT
= ZING —ING
Vg (strong) (V) = RANGE ! 1 | RANCE
! I
0 I 1 1
4] 2 4 6 B 10
Vg (V)
DIVERSITY INPUT SENSITIVITY — Vg
Tstop (TONE BURST)
‘ ‘ | Vofweak)” 3V, Ve(strong) =0V
—_ | b Towwes REPEAT 10ms, BURST 1 ——
2 High|— Vee=10V | {Main Flix) 3 500 T fi; 114KHz, Ta=85C
Eg T > 1 Vo(wealk) >3V ID-4 ‘ /:
v } l g‘?r(jg{rmg): = Vo= | ]
cC™
o N g5y Ve sum £ o0 8.5V : i
ira%s \ ‘ ANTENNA. . 10V |/ !/
THEN MEASURE » !
L \ \ Ta=85'C z —""I' H
ow = 300 — = 1 = —
2.0 2.2 2.4 2.6 2.8 3.0 E’ OgggA_T : : : gg]{]\]R_AT
I OPERATING ! ! _
—ING | ING
Vs(stop) (V) 200 |Lvar :L lRANT;E | i i RANIGE
I
100 L 1 L
2 4 6 8 10
Vg (V)
ODP SENSITIVITY — Vee DIVERSITY INPUT SENSITIVITY — Vg
(TONE BURST) 150 (CONTINUOUS WAVE)
Vs(strong] =3V=-0V
FIX SUB ANTENNA,
800 THEN MEASURE
= — VO(Weak)>3V
i £ 100 |Vg=4V, Ta=85T0
=% e =
= 600 B g
é o
. F
& 400 [ppppar 1oms Vowear) > 3Y E 50 fin, =114KHz ||
) BURST 1 VoAV =t i ‘ o
= 200 B 114KHz V(strong) =3V-0V = E fin =11RKHz
FIX SUB ANTENNA, (MAXIMUM SENSITIVITY)
Vopp THEN MEASURE
Ta=85C L]
4] 7 a8 9 10 11 6 v 8 9 10 11
Vee (V) Voo (V)
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KIA2039FN

ODP SENSITIVITY — Ve

POWER SUPPLY CURRENT WITH NO SIGNAL
(CONTINUOUS WAVE) — Ta
800 Z0
[ ——— — P
5“ 600 15 LT 8.5V
i E [ I 7y
B 400 =
-~ fin =10KHz g 10
=] VO(weak)>3V =
= Vo =4V
e 200 Ve(strong) =3V-0V
FIX SUE ANTENNA, 5
THEN MEASURE
Ta=85C 0
6 7 8 9 10 11 —-40 =20 0 20 40 60 80 100
Vee (V) Ta (°C)
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