TOSHIBA TA2002F/FN

TOSHIBA BIPOLAR LINEAR INTEGRATED CIRCUIT SILICON MONOLITHIC

TA2002F, TA2002FN

STEREO HEADPHONE AMPLIFIER (3V USE)

The TA2002F, TA2002FN are developed for play-back TA2002F
stereo headphone equipments (3V use).

They are built in dual auto-reverse preamplifier, dual OCL
power amplifier, and a ripple filter.

FEATURES

Power amplifier stage SSOP24-P-300.1.00
® OCL (Output Condenser-Less) TA2002FN

® Low noise : Vpo=22uVms (Typ.)

® Excellent ripple rejection ratio : RR=62dB (Typ.)
® \Voltage gain : Gy=27dB (Typ.)

® Built-in a power amplifier mute

® Built-in input capacitor for reducing buzz noise

SSOP24-P-300-0.65A

Preamplifier stage
Weight

® Auto-reverse with F/R control switch SSOP24-P-300-1.00 : 0.32g (Typ.)
SSOP24-P-300-0.65A : 0.14g (Typ.)

® |Input coupling condenser-less

® Low noise : Vpj=1.3uVyms (Typ.)

® Built-in a preamplifier mute

® Built-in input capacitor for reducing buzz noise

Total

® Built-in a ripple filter

Built-in a power switch

® Low quiescent current : IccqQ=11.5mA (Typ.) (Vcc=3V, Ta=25°C)

Operating supply voltage range : Vcc (opr) = 1.8~4.5V (Ta =25°C)

961001EBA2

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing
TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss
of human life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the
TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to foreign exchange and foreign trade control laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by TOSHIBA
CORPORATION for any infringements of intellectual property or other rights of the third parties which may result from its use. No license is granted

b% implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or others.
@ The information contained herein is subject to change without notice.
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TOSHIBA

TA2002F/FN

TERMINAL EXPLANATION

Terminal voltage

: Typical terminal voltage at no signal with test circuit (Vcc =3V, Ta=25°C)

TERMINAL TERMINAL
No. NAME FUNCTION INTERNAL CIRCUIT VOLTAGE (V)
1 | PRE GND The GND, except the power drive . 0
stage.
2 [INA-F
Input of preamplifier.
3 | INaA-R F/R SW 13
2 | IN (OPEN : @ /®PIN '
B-R “L" @ /@PIN
23 [ INB-F
4 | NFp
NF of preamplifier. 1.3
21 | NFg
5 [ PRE OUTp
Output of preamplifier. 1.3
20 | PRE OUTR
6 | PW INp
Input of power amplifier. 1.3
19 | PW INg
11 | OUTp
Output of power amplifier. 1.3
14 | OUTg
7 |RFIN Ripple filter terminal. 2.6
Power on/off switch.
8 |PW sw (VCC : Power on —
OPEN or GND : Power off
Muting switch for power amplifier. | . NGO
9 |PW MUTE (VCC : Power amp. on ()2 —
OPEN or GND : Power amp. off
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TOSHIBA TA2002F/FN

TERMINAL TERMINAL
No. NAME FUNCTION INTERNAL CIRCUIT VOLTAGE (V)

Forward /Reverse mode switch. 17
OPEN : Forward mode 330Ak‘QC> d
“L" level : Reverse mode gl [Fsw

¥ This terminal can’t be connected —Ljﬂ" [

c

to PRE

10 | F/R SW with GND line directly. ,;W@
In case of reverse mode, a
resistor (R = 180k ~270k{2)
should be connected to GND.

1k

12 | PW GND |GND for power drive stage. — 0

Output terminal of center power

13 | 0UTc amplifier.

1.3

30k{2

15 [ Vcc — — 3

Base bias of an external PNP

16 | BASE transistor for ripple filter.

2.3

Ripple filter output.
Ripple filter circuit supplies
17 | RF OUT internal circuit except power
amplifier circuit with power
source.
Muting switch for preamplifier.
<v17 (RF OUT) : Preamp. off 3
OPEN : Preamp. on o ® Q
¥ This terminal can’t be connected Ly ke >_| I~ loF/R
]

2.6

O

18 | PRE SW with GND line directly.

In case that terminal is
connected with GND line, a
resistor (R= 10k{2) should be
connected to GND.

Reference voltage.
24 | VREF Preamplifier and power amplifier
operate on this reference.

1.3

Q16.5k0 13k
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TOSHIBA TA2002F/FN

APPLICATION NOTE
(1) PW SW

It is necessary to connect an external pull-down resistor with the terminal PW SW (pin®), in case
that this IC is turned on due to external noise etc.

(2) PW MUTE

The leak current flows through the terminal of PW MUTE

(pin®@), in case that the terminal is connected with Vcc line

independently, even though this IC is off-mode (the terminal of

PW SW (pin®) is off-mode). . -

It is advised to connect R and C with the terminal of PW Fig.T PW MUTE circuit
reducing a pop

MUTE, to reduce a pop sound in switchover between PW MUTE sound

on/off. And it is advised to connect Ry, to shorten a

switchover time from PW MUTE off-mode to PW MUTE on-mode (see Fig.1). It is better that the

constants are R1=R»=100k{), C=1xF at Vcc=3V.

As for the constants, select the optimum one depending on each a set carefully.

(3)F/R SW

The terminal of F/R SW (pin@®) should not be applied to higher voltage than V{7 (RF OUT),
because the ripple filter circuit supplies the F/R SW circuit with power source. And in reverse
mode, the terminal of F/R SW should be connected with GND line through R3 (180~270k{(}),
because the F/R SW circuit doesn’t operate normally. It is advised to connect an external capacitor
(C3=14F), in order to reduce a pop sound in switchover between F/R mode (see Fig.2). As for the
constants, select the optimum one depending on each a set carefully.

RF OUT
7

1
PR
Ca

&sw

® ® Dy

V-

1k

Rg

Wy

28k$Y| 24k

¥
3
¥

Fig.2 Internal equivalent circuit of F/R SW and PRE SW and the external circuits reducing a pop
sound in switchover
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TOSHIBA TA2002F/FN

In controlling the F/R SW with voltage source, it is applied as follows ;
(Forward mode : 0.8V~Vq7 (RF OUT)
Reverse mode : 0.15~0.35V

(4) PRE SW

The terminal of PRE SW (pin@®) should not be applied to higher voltage than V17 (RF OUT),
because ripple filter circuit supplies the PRE SW circuit with power source. And this terminal can't
be connected with GND line directly, because the PRE SW circuit doesn't operate normally.
In case of preamplifier on-mode, this terminal should be opened or connected with GND line
through a resister (R= 10k{}).
It is advised to connect a external resistor (Rg=100~330k{()) and capacitor (C4=1xF), in order to
reduce a pop sound in switchover between PRE SW on/off mode (see Fig.2). As for the constants,
select the optimum one depending on each a set carefully.
In controlling the PRE SW with voltage source, it is applied as follows ;

(Preamplifier on-mode : 0.1~0.5V

Preamplifier off-mode : 1.0V~Vq7 (RF OUT)

(5) NF resistor of preamplifier
The NF resistor (R=39k() ; see the test circuit) should be connected, to reduce a pop sound.
(6) Input of power amplifier

In case that the volume of power amplifier is less than 10k(}, it can be connected with power
amplifier directly as Fig.3-1. In case more than 10k(}, it is necessary to insert the coupling capacitor
between volume and PW IN terminal as Fig.3-2. In case that DC current or DC voltage is applied to
the terminal of PW IN, the internal circuit has unbalance and the power amplifier doesn’t operate
normally.

VREF ~—MW—I (5) PRE OUTp VREF —WA—— (5) PRE OUTA
(&) PW INa — (6) PW INp
Fig.3-1 Volume connection (1) Fig.3-2 Volume connection (2)
(R=10k)) (R>10k{)
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TOSHIBA TA2002F/FN

(7) Increase of ripple filter current

. . . . , v Qx RF OUT
It is built in PNP transistor for a ripple filter, the current & pgmmmmm oo .o
I 1
capacity is about 10mA. ’i b ! ’i
I [ A B g%
0.22F

Then this IC can be increased the current capacity of the
ripple filter with an external transistor Qy (exp. 25A1362).
In this case, as the current gain is up, it is necessary to
connect external parts for phase-compensation (see Fig.4).
And it is necessary to stabilize the ripple filter circuit Fig.4 Increase of ripple filter current
carefully, because the ripple filter circuit supplies internal

circuit except power amplifier circuit with power source.

*  Monolithic
ceramic condenser

Vee BASE  RF OUT

(8) Pattern layout

(a) The GND line of pin@® (PRE GND) should be isolated from that of pin@ (PW GND) at the GND
point, where the V¢ decoupling condenser is placed.

(b) The GND line of capacitor (for ripple filter) should be isolated from that of compensation
capacitor, at the point of pin@ (PW GND).

(c) The pattern diagram between the pin® (VRgp) and capacitor should be made shortly.
As for pin@® (PRE GND), it's as well.

(d) The pattern diagram between the pin@ (PW GND) and compensation capacitor, should be
shortly. And this positive line of compensation capacitor should be kept away from the terminals
of PW IN, pin®, ©.

(e) The lines of PW IN should be kept away from those of PW OUT. And each of the PW OUT lines
should be kept away.

X See the example of pattern layout as shown next page.
(9) Oscillation precaution
Small temperature coefficient and excellent frequency characteristic is needed by capacitors below.
® Oscillation preventing capacitors for power amplifier output.
® Bypass capacitor for ripple filter
® Capacitor between V¢ and GND
® Capacitor between VRgp and GND
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TOSHIBA TA2002F/FN

AN EXAMPLE OF PATTERN LAYOUT
INA-R  INA-F INg-F INB-R
o (o] o

1000pF $—i— 1000pF

O RF OUT

¥ Monolithic ceramic condenser

R R
o 1652 (e} 01600 O
OouTp GND OUT¢ OUTR Vcc
MAXIMUM RATINGS (Ta =25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Supply Voltage Vee 6 Vv
Power |o (peak) 60
Output Current Ripple Filter IR 30 mA
Power TA2002F 400
Pp (Note
Dissipation TA2002FN D (Note) 500 mw
Operating Temperature Topr —-25~75 °c
Storage Temperature Tstg -55~150

(Note) Derated above Ta=25°C in the proportion of 3.2mW/°C for TA2002F, and of 4mW /°C
for TA2002FN.
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TOSHIBA

TA2002F/FN

ELECTRICAL CHARACTERISTICS

Unless otherwise specified : Ve =3V, f=1kHz, Ta=25°C, SW1

. a, SW» : a, SW3 : OPEN, SWg : ON

Preamplifier stage : Rg=2.2kQ, RL =10k}, SW> : OPEN, SWy4 : ON/OPEN, SW5 : a/b,
SWeg : a
Power amplifier stage : Rg=600(), R =16(), SW3 : ON, SW7 : a
SYM- TEST
CHARACTERISTIC BOL CIR- TEST CONDITION MIN. | TYP. |MAX.| UNIT
CUIT
Power off, SWq : b, SW> : b
. cct SW3 : ON — | — >| #A
Quiescent Current lcco2| = |Power amp. off, SWy : b — 5 9
mA
lcco3s Vin=0 — | 11.5] 165
Voltage Gain Gy _ 25 27 29
o |Channel Balance CB Vo = -12dBV — o 15|
(=2}
] Po1 R =16() 35 50 | —
+ = 0,
3 Output Power Poo THD =10% R =320 — 3 — mw
9“5’ Total Harmonic Distortion |THD1 Po=1mW — 02] 08| %
g- Output Noise Voltage Vho — |Rg=600(2, SW7 : b — 22 40 | Vyms
5|, L . fr = 100Hz, V= - 22dBV
- Ripple Rejection Ratio RR1 SWg : OPEN 45 62 [ —
§ Cross Talk (CH-A/CH-B) CT1q Vo= —12dBV 35 42 | — dB
o .
Power Muting )
Attenuation ATT1 Vo= -12dBV, SWjy : a>b — 80| —
Open Loop Voltage Gain |Gyo Vo= -12dBV, SWg : b 70 80 | — dB
Closed Loop Voltage Gain |Gy c Vo= -12dBV — 35| —
& | Maximum Output Voltage {Vom THD=1% 600 | 850 | — [mVyms
2 [Total Harmonic Distortion | THD2 Vo= -12dBV — [ 0.02 0.1 %
@ . . Rg = 2.2k(}, BPF = 20Hz~20kHz
E \E/qtljtlvalent Input Noise Vi — |sws : ¢ _ 13 2.8 | Vrms
g | Vonage NAB (Gy =35dB, f=1kHz)
o | Cross Talk (CH-A/CH-B) CTy — 70 | —
2 | Cross Talk Vo= -12dBV
(Forward / Reverse) T3 B 701 — | dB
Pre Muting Attenuation |ATT2 Vo= -12dBV, SW3 : OPEN-ON | — 80 | —
Ripple Filter Output Voltage |VRF Vee =2V, IRp=0mA 1.76 18| — Vv
. C . Vee =2V, IRp=10mA
Ripple Rejection Ratio Of — - _
Ripple Filter Output RR2 ;W;OOgEEaI/r— - 22dBV 45 S dB
Power On
= =0. —_ —_
Power On/Off | Current 's . Vee=18V, V24=0.5V > #A
Switch Power Off
- < —_
Voltage Vg Vece=1.8V, Vou=0.3V 0 0.3 \
Mute Off
- < J— —_
Power Amp. | Current l9 _ Vee=1.8V, ATT1=3dB > A
Mute Switch Mute On
- = J—
Voltage Vg Vcc =1.8V, ATT1=60dB 0 03| Vv
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TOSHIBA

TA2002F/FN

TEST CIRCUIT

(9
SWS&") o 1uF

© sw
1uF o (a) Sa
—a, o————
Rg = 6000 (®)
’ g[cl]<clle
SFENE X3 =8
ST~ ~] T2
ui +
Ne—(1) PRe GND
o~
39kQ) (D Naf
221 4700
s ©),
W INA-
220uF A-R
Gl )

S\Wea gla) (&) NFp

1uF Y
PRE OUT I elc
o~
®>w®
(5) PRE OUTA

G
X
(=)
SW7a_(a) 1 uF
(6) PW INp
Rg =600 (b)
S a7y
S —a—()RFIN
@ sw

Q 1 PW SW
vee

o—(9) PW MUTE
() 3w

o (10) F/R sW

220kQ)

SWa

(11D outa

(12) Pw GND

—————o I
(b)
Rg =600
s['1g ,9‘1&% ?
ST 3w 3NTS
SEtIBSE
Vrer @9
INgf (23) 39k
470Q _224F
*— W——H—
INg-r 22 220uF
®  Toi
- > SWeb
NFg G4 @ Tu ”:
cES
<Is — PRE OUT
23 G
PRE OUTg (0) 3
o 1uF (a), SW7b
PW INg
®) Rg=6000)
G
(=]
PRE swW (19) e
: SW3
RF oUT (17) O RF OUT
S&
m 1
BasE (16)
SWg
vee (9 O—— Vee
fr=100Hz “@'§
'S
outg (19 |
OUT¢ @
16 | 160

¥ Monolithic ceramic condenser
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TOSHIBA

TA2002F/FN

CHARACTERISTICS CURVES

Unless otherwise specified : V¢ =3V, f=1kHz, Ta=25°C

power amplifier stage
preamplifier stage :

: Rg=6000), R =160
Rg =2.2kQ, R = 10kQ

IccqQ - Ve Vo - Vcc
< == < . -
£ 12 — > 3 -
£ -
P Vin=0 o /V
o P = P RF
o 7
S b v
w
- o g 5 /
2 © il 2 /
w -
4 Q Ry
=] - > 2
: "] S g _——
= T PW MUTE ON = Vo (O), VREF
W 4 2 1
o [ Pl
wy = -
w =}
5 &)
o
0 £ 0 £
’ 2 3 4 5 g 2 3 4 5
SUPPLY VOLTAGE Vcc (V) SUPPLY VOLTAGE Vcc (V)
PW Po - VcC . PW THD1 - Po
= X
g <
€ THD =10%
60 a 20
By RL =160 =
_ L= 10
s / 5 S /
e 40 A & /
i / R =320 g
> - @ 2
a /1 (=)
-
3 // // H 1 ./
= 20 - g f=10kHz
) ANV 4 g 05 f=100Hz %
: X 2 . Z
<§z O - 0. 1 //
g f=1kHz
055 =
2 3 4 5 02 05 1 2 5 10 20 50 100
SUPPLY VOLTAGE V¢c (V) OUTPUT POWER Py (mW)
PW Gy - f PW T - f
0
o
Vo= - 12dBV 2 Vo= -12dBV
2 10 & 2
> =
© @
z =
g 30| i 40
b4
w
g 2
g 20, 2 60
> e
o
80
20 50 100 200 500 1k 2k 5k 10k 20k 20 50 100 200 500 1k 2k 5k 10k 20k
FREQUENCY f (Hz) FREQUENCY f (Hz)
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TOSHIBA TA2002F/FN

PW RR1 - Vcc PW Vno - Rg
20
> Rg =
. fr=100Hz 2 g=6000)
w >
g Vp= —22dBV 3
o _ 60)
5.3 40 >8
9 [’1}
Ex
$ :
2 ‘\ ]
Su 0 g -
gﬁl TTT I et 1T]
oS o] =T
g 2
w — 20
g 2
= 80 95
o
) 0
2 3 4 5 20 50 100 200 500 1k 2k 5k 10k 20k
SUPPLY VOLTAGE Ve (V) FREQIENCY f (Hz)
PW Vo - Vin PRE Gyo, Gyc - f
20 a5 100
f=1kHz | | T Vo= —12dBV
- Vec=4.5V ou
z / VCC=3V 80 = I
0 74 z Gvo N
2 / Vce=1.8V £3 N
g d i§ \\\
I ol 60
5 <3 4 N
g -20 74 5> \\\ \
: / 3 ~
2 59 Nl
S 4 s~ 20 o 2VC
o 40 \‘\~
o =5 —
- 40 w
v wo
-
(o)}
20
-60 -40 -20 0 20 20 50 100 200 500 1k 2k 5k 10k 20k
INPUT VOLTAGE Vin (dBV) FREQIENCY f (Hz)
PRE Vom - Vcc PRE THD2 - Vo
2 1S
£ f=1kHz =
~ 1.2 . g 1
£ THD=1% 2
> 0.5
& == )
w —
<« 0 A |~ 02
: -© / o .
o I
> / @
— 8 o1
2 v o E £ = 10kHz
E ’ 5 TS
. i [ |
3 04—t s 005 H S~ f=100Hz
2 L Su =
3 g f=1kHz \\\\ LA
2 3 002 NN
g 5 SN
re o
> 0.01
0 2 3 4 5 50 100 200 500 1000
SUPPLY VOLTAGE Ve (V) OUTPUT VOLTAGE Vg (MVims)
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TOSHIBA TA2002F/FN

PRE cT - f RF RR2 - Vce
0
Vo= —12dBV fr=100Hz
g8 W p Vp= - 22dBV
o
N = IRF=10mA
GG 5z 20
o
=5 60 g"
i FWD /REV < e
EE | |||1_// =&
P &
22 Ach/Bch Su 19
ux 80 55 \
Wi 1
s & \; —
v i
oo 100 = 60
%5
20 50 100 200 500 1k 2k 5k 10k 20k 0 2 3 4 5
FREQIENCY f (H2) SUPPLY VOLTAGE Ve (V)
RF VRF - IRF IccQq - Ta
< Vee=2V
P 20
;.:" 1.8 E
w
© o
S g s
-
S 16 = — Vin=0
5 & T
g g 10 =
2 (]
o =
o 2
w14 s PW MUTE ON
p it 5 ==
- )
] o
[~
[ A
o o
0 0
5 10 15 20 -20 0 20 40 60 80
RIPPLE FILTER OUTPUT CURRENT IRp (mA) AMBIENT TEMPERATURE Ta (°C)
Vo - Ta PW Po - Ta
T ]
. 80
s VRF (Vee=2V) .
2
9 ~- &
1.5=— o 60
¢ R e £ | _r-150
5 Vo (C), VReF - i I
2 S
1 o 40[ N
v Q e — .
a - —— |
5 2 R =320} M~
E 5 -
=) 0.5 20|
2 o
0 0
-20 0 20 40 60 80 -20 0 20 40 60 80
AMBIENT TEMPERATURE Ta (°C) AMBIENT TEMPERATURE Ta  (°C)
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TOSHIBA TA2002F/FN

PW Gy, THD1 - Ta PRE Vom. THD2 - Ta
35| g § 1000 g
2.0 2 0.08
— - o~
2 2
g 30 z E 900 T
N Gy z > Vom bos =
- _ =15 3 - - o
) E © L1 I =
o < ] — x
= 25 o [ 800 s [e]
Z = = -~ \ 4
< 2 4 - NG 1]
o 10 O > <004 ©
w 54 5 N 4 5
< 20 g £ 700 //" 5
a s 3 N THD2 - 2
= 05 < s 002 <«
< 2 <
THD1 4 s ~
15 —] g 2 600) g
0 = = b =
-20 0 20 20 60 80 -20 0 20 40 60 80
AMBIENT TEMPERATURE Ta (°C) AMBIENT TEMPERATURE Ta (°C)
PRE Gyo, Gyc - Ta RR - Ta
—~—— 0
32 Vo= -12dBY fr = 100Hz
B
ey g Vp= - 22dBV
[CAG] 80 « 20
z Gvo =
=z
<Y g
9% 60 3 a0
wa
23 g RF
6,> E \\\
>o w -
28 40 D 60 — ~]
e} == - e« T T ————— .
3= Gyc w PW
—0 a
z &5 o
53 20 “ g
-20 0 20 20 60 80 -20 0 20 40 60 80
AMBIENT TEMPERATURE Ta (°C) AMBIENT TEMPERATURE Ta (°C)
CT - Ta
Vo= -12dBV
40 ——
_——————‘——
--—-’-_-
- PW (Ach/Bch)
2]
e
= 50
-
&)
4
-
< 60
2
£ PRE (Ach/Bch, FWD/REV)
70[= S
80

-20 0 20 40 60 80
AMBIENT TEMPERATURE Ta (°C)
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APPLICATION CIRCUIT
» @ ®

|

1000pH

470Q) 221F —o
39k ]
Lal PREA
S G
10k ggé 3 Vra
WAN— ] —— v
1 pF 10k

5 .
1pF Jj’RE ouUTa PRE OUTg
6 PWa PWp 19,
PW INA PW INg
aru 100kQ _ON
8 w

F
— 7
/l :E{FIN
8

RIPPLE
FILTER

Vee

PW GND

¥ Monolithic ceramic condenser
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OUTLINE DRAWING

SSOP24-P-300-1.00

24
HHHH

O

13
ARAARRAA 1

6.040.2
7.940.3

H1 B H

1.0TYP "

HHOHHOHH ¢
12

I l 0.4%0.1 ::EH@

13.5MAX ,

13.01+0.2

[ Y

0.143:d5 .840.2

Weight : 0.32g (Typ.)

Unit : mm

6
(300mil)

0.15:335

0.52510.2
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TOSHIBA TA2002F/FN

OUTLINE DRAWING

SSOP24-P-ZO:-0.65A 3 Unit : mm
AHAAAARAAARA 1 =
;O i ! i 1
phL L L S

11 12
+
0.325TYP || ‘ ‘ |, 0.2240.1 pero—
8.3MAX
7.8+0.2

1.6MAX

>
ey >

;

—>l
045 .005

|t

it k |‘0.45i0.2

o T el

Weight : 0.14g (Typ.)
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