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TOSHIBA TA2145F

TOSHIBA BIPOLAR LINEAR INTEGRATED CIRCUIT SILICON MONOLITHIC

TA2145F

3V STEREO HEADPHONE AMPLIFIER (3 V USE)

The TA2145F is developed for play-back stereo headphone
equipments (3V USE).

It is built in dual preamplifiers, dual OCL power
amplifiers, motor governor, DC volume control and
preamplifier on/off switch etc.

FEATURES
® Built-in preamplifier

Input coupling condenser-less
Built-in input capacitor for reducing buzz noise
Low noise : Vpj = 1.2 uVyms (Typ.) SSOP24-P-300-1.00
Preamplifier on/off switch. Weight : 0.32g (Typ.)

® Built-in power amplifier
OCL (Output condenser-less)
Voltage gain: Gy = 31dB (Typ.)

® Built-in motor governor

Current proportion type

® Built-in DC volume control function
DC volume maximum attenuation : ATT = 82dB (Ta = 25°C, Typ.)
Built-in bass boost function

Low supply current (Vcc = 3V, Ta = 25°C, Typ.)
PRE + PW (f = 1kHz, PRE OUT = 100 mVymg)

No Signal Output Power
(Vol : MIN.) [ 0.1 mW x 2 0.5mW x 2
RL=16Q | 85mA 10.5 mA 16.5 mA
RL=320Q 8.5mA 9.8 mA 14 mA
GVN tlec = 25mA

® Operating supply voltage range (Ta = 25°C)
PRE + PW : Vcc (opr) = 1.8~3.6V

GVN : Vec (opr) = 2.1~3.6 V (Motor voltage = 1.8V) N

@ 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 the foreign exchange and foreign trade 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 by 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 TA2145F

BLOCK DIAGRAM
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TOSHIBA TA2145F

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)
The GND, except for power
1 |PRE GND [drive stage and motor — 0
governer stage.
2 |INp
Input of preamplifier 1.2
23 |INg
3 [NFp
NF of preamplifier 1.2
22 |NFg
4 |PRE OUTp
Output of preamplifier
Vee
21 |PRE OUTR
1.2
7 |OUTg
8 |OUTp Output of power amplifier
9 |OUTc
5 |PW INp RF
Input of power amplifier 1.2
VREF
20 |PW INp
Vee
®
6 |v The terminal of DC volume VREF
cTL control
6
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TOSHIBA TA2145F

TERMINAL TERMINAL
No. NAME FUNCTION INTERNAL CIRCUIT VOLTAGE (V)
20k}
YW=VRerF
@
10 |PW INc Input of center amplifier 1.2
11 |PW GND |GND for power drive stage — 0
12 |GVN GND |GND for motor governor stage — 0
(e
13 |GVN OUT | Motor terminal —— —
_ 169—15—12) C

12 leun cTL The terminal of motor speed ) .

control
15 |Rt The terminal of amateur L

compensation resistor 3
16 |GVN V¢ [Vee for motor governor stage ® 3

”

17 |Vee V¢ for preamplifier stage and i 3
power amplifier stage.

Muting switch of preamplifier

Preamp. on : “L“ level/open _["__"j,
1

18 | PRE SW (Preamp. off : “H” level

Refer to application note
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TOSHIBA

TA2145F
TERMINAL TERMINAL
No. NAME FUNCTION INTERNAL CIRCUIT VOLTAGE (V)
I tg- I tg-
9 24
19 |RF IN Ripple filter of power supply 1 S 25
<
Reference voltage P
® Preamplifier and power G
= 1.2
24 | VREF amplifier operate on this -
reference.
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TOSHIBA TA2145F

APPLICATION NOTE
1. Vcc and GND

This IC has two V¢ terminals and three GND terminals. Pattern layout should be designed carefully
to reduce the common impedance.

Vee
Vce (pin 17) : Preamplifier stage and power amplifier stage.
GVN Vcc (pin 16) : Motor governor stage.
GND
PRE GND (pin 1) : Preamplifier stage, and power amplifier stage except for the power drive

stage.
PW GND (pin 11) : Power drive stage of power amplifier.
GVN GND (pin 12) : Motor governor stage.

2. VREF
It is necessary to stabilize the VREF circuit, because the internal circuit operate on this reference.

3. RFIN

As thisterminal is an input terminal of the ripple filter, it cannot supply a power supply to other
ICs etc.

4. Preamplifier

Input signal should be applied to VRgf standard, otherwise pop noise become bigger when Vcc is
turned on and off.

5. Power amplifier

It is necessary to insert the coupling capacitor through the PW IN terminal. In case that DC current
or DC voltage is applied to the PW IN terminal, the internal circuit has unbalance and the power
amplifier doesn’t operate normally.

6. Operating supply voltage range of motor governor stage

As for the minimum of operating supply voltage range, the motor voltage is 1.8 V.
In case that it is more than 1.8V, the low voltage performance becomes bad.
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TOSHIBA

TA2145F

7. PRE SW sensitivity (Ta =

25°C)

PRE SW

apyn
PRE AMP. : OFF

‘I.SV/

175V

TERMINAL DC VOLTAGE Vqg (V)

0.5v%%u or OPEN
PRE AMP. : ON
< i &

05 20 25 30 35 40
SUPPLY VOLTAGE Vce (V)
MAXIMUM RATINGS (Ta = 25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Supply Voltage Vee 4 Vv
p r Dissipation p Note 1 400 W

ower Dissipatio D [Note 2 925 m
Output Current (PW AMP.) lo (PW) 200 mA
Output Current (GVN) IO (GVN) 700 mA
Operating Temperature Topr -25~75 °C
Storage Temperature Tstg -55~150 °C

(Note 1) : IC only :

Derated above Ta = 25°C in the proportion 3.2 mW/°C

(Note 2) : IC+PCB (TOSHIBA typical PCB) : Derated above Ta = 25°C in the proportion

7.4mW/°C
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TOSHIBA TA2145F

ELECTRICAL CHARACTERISTICS

Unless otherwise specified, Vcc = 3V, Ta = 25°C, f = 1kHz, SW2 : a, SW5 : OPEN
Preamplifier : Rg = 2.2k{), R = 10k{), SW1 : ON, SW3 : b, SW4 : b

Power amplifier : Rg = 600 (), R = 16 {}, Vol : MAX, SW1 : OPEN, SW3 : a, SW4 : a
Motor governor : Iy = 100 mA, SW1 : OPEN, SW3 : b, SW4 : b

CHARACTERISTIC SYMBOL —I(Eg-r TEST CONDITION MIN. | TYP. [ MAX.| UNIT
CUIT

Quiescent Supply Current 1| IccQ1 | — :&ZOF; ;/\'N”;: 0('“:'/0' PMING 75 3
Quiescent Supply Current 2| IccQ2 | — |Vin =0, Vol : MIN, SW4 : b — 85| 145
Open Loop Voltage Gain Gyo — |Vo = —10dBV, SW2 : b — 86| — dB
Closed Loop Voltage Gain | Gyc — [Vo = —10dBV — 35| — dB
Maximum Output Voltage | Vom — |THD = 1% 550 | 720 | — [mVims
Total Harmonic Distortion | THD1 | — |Vg = -10dBV — | 002 03] %

o' |Equivalent Input Noise Rg = 2:2k(, SW1 : OPEN

S |Voltage Vni — |BPF = 20 Hz~20 kHz, NAB — 12| 2.4 |uVims

< (Gy = 35dB, f = 1kHz)

& | Cross Talk CT1 — |vo = -10dBV — 70 — | dB
Ripple Rejection Ratio RR1 — |fr = 100Hz, V, = —20dBV — 48 | — dB
Preamplifier Muting Vo = —-10dBV
Attenuation ATT | — |sws5 : OPEN —>ON B 80| — | B
Preamplifier On Voltage |V18 (OFF) — Vee = 1.8V 0| — 0.5 Vv
Preamplifier Off Voltage |V1g (OFF)| — cc ' 1.75| — 18| V
Voltage Gain G — 29 31 33| dB
Changel Balance CI:}B/ —|Vo = -10dBV -1.5 0|+15| dB
Output Power 1 Po1 — [RL =16 Q, THD = 10% 17| 28] — | mw

o [Output Power 2 Po2 — |[RL=32Q, THD = 10% — 20 — | mw

% Total Harmonic Distortion | THD2 [ — [Py = 1mW — 05| — %

g Output Noise Voltage Vno — Eg:fgg ﬁz'j\zl\éiﬁzb — | 270| 400 |xVims

O |Ripple Rejection Ratio RR2 — |fr = 100Hz, V, = —-20dBV — 52| — dB

* [Cross Talk CT2 | — |[Vo = -10dBV — | 32 — | dB

. Vo = —10dBV
ifte\:“ﬂ:g‘oen Maximum ATT2 | — |sSW4 : a—>b — | 82| — | dB
(Vol : MAX — MIN)
Supply Current Icc — |lm=0 — 25| 35| mA
Saturation Voltage VCE (sat) | — |Ilm = 200 mA — — 0.5 Vv

. Reference Voltage VREE | — |lm = 100 mA 0.76 | 0.81| 086| V

2 Elififa”t?snv?'tage AVRer1 | — |Vec = 2.1~36V — o025 — |%/v

> [Reference Voltage

é e 9 AVREE> | — |Im = 25~250 mA — lo003| — |%/ma

o |Reference Voltage o o

g Fluctuation 3 AVREp3 | — |Ta = —25~75°C — ]0.005| — |[%/°C

s |Current Ratio K — 345 | 37.5| 40.5
Current Ratio Fluctuation 1| AK1 — |Vec = 2.1~3.6V — | 025 — [ %/V
Current Ratio Fluctuation 2| aK2 — |lm = 25~250 mA — | 0.08| — [%/mA
Current Ratio Fluctuation 3| aK3 — |Ta = -25~75°C — [0.005| — | %/°C
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TOSHIBA TA2145F

TEST CIRCUIT

Vee
(@]
VREF
PRE OUTg
w
L
220 4F W20 o
+ea = \Dj)\a) 10 Kis | 4/,w- |
8200 pF i
PRE INg SW1b 22 pF P L Lt |1 00 50
O—G6 ™o P = A
w <
lc. g
© S~
s3I
Rg = 600 Q) N TS 1~
o
S J-oc':;?z
Rg = 600 Q e .[8 i
g = < PRE PW  RFIN PW  GUN GVN  GVN
v IN NF PRE Rt
O—Sc\mc REF B B outg INg sw  Vee  Vee L ouT
PRE INA a
TA2145 F

PRE PW PW GVN

PRE PW
GND INa NFa OUTa INp VcrL OUTg OUTA OUTec  INc  GND  GND

W O PW OUTA
22 uF 47002 swa SR
‘g 22— (@) O PW OUTC
220 uF (b) (a) 18k 2
SW2a SR
O PW OUTg
PRE OUTA
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TOSHIBA TA2145F

CHARACTERISTIC CURVES
Unless otherwise specified Vcc =3V, Ta = 25°C, f = 1kHz
Preamplifier : Rg = 2.2k(), R = 10k}
Power amplifier : Rg = 600 (), R = 16 (), Vol = MAX.

Motor governor: Iy = 100 mA
lccq, lcc - Vee Vo (D) - Vcc
16 25
<3 s
EE 2
o ~
LY =}
5 L
L
< lccQ (PRE + PW, Vol. : MIN.) _d qu 1.5 -F
=) | . 4 I /
o 8 — — 1 | _ i VREF, PW OUT, PRE OUT -~
> — - a //
zE IccQ2 (PW only, Vol. : MIN) > 19 =
S 9 P
2t ] -
(=] =
=0 4 5
N Icc (GUN : Iy = 0) £ o ot
» - jom) 5
w o -
55 [¢)
o3
0 <C 0 L&
07”15 2.0 25 3.0 35 40 0715 2.0 25 30 35 4.0
SUPPLY VOLTAGE Ve (V) SUPPLY VOLTAGE Ve (V)
PRE Gvo, Gve - f PRE cT - f
100 10
58 Vo = -10dBV Vo = —10dBV
A Sy
9y 80 \\\
o3 Gyo | ™ g %0
z N ~
;{é 60— 3 5
03 I N v 60
ad \\ N 3
15 g
=0 40 N »v
6> ™ N
Sa e il
&y Y 70 =
82 20 Gve
Zn
w
52
33 o 80
10 100 1k 10k 100k 10 100 1k 10k 100k
FREQUENCY f (Hz) FREQUENCY f (Hz)
PRE Vom - Vcc PRE THD - Vo
2 1000 —
E THD = 1% IS =
= T
£ /// A
€ // =
<) 3
= 500 e =
W Q
E 1
2 :
g v f =10kHz
a 3 ——t
’ N
= Y 9] f = 100 Hz
a =z N
2 ’ O N ~l \
S 200 2 o AN
o o Ny AY
% § AN i
s 2 003 f=1kHz \C I
< o T
= 100k = o001
0”15 20 25 3.0 35 40 1 10 100 1000 10000
SUPPLY VOLTAGE V¢ (V) OUTPUT VOLTAGE Vg (mVrms)
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TOSHIBA TA2145F

PRE Vni - Vcc PRE RR - Vcc
20 10
fr = 100 Hz
w -~
2 S 20 Vr=-20d8V
= 10
(e} «
> e 30
L3
CE 5 8
S < 40
= «
2~ 2
[ Ie) P ~ -
2z £ 50 - =
w
2 )
> - .eles uy
s E
e} & 70
0.5« 80L<K
0”5 2.0 25 3.0 35 2.0 0215 2.0 25 3.0 35 40
SUPPLY VOLTAGE Vce (V) SUPPLY VOLTAGE Vcc (V)
PW Gy - f PW T - f
60
Vo = -10dBV L Vo = —10dBV
0 1N
2 g 10
g 'C, BST = ON
LN
S 40 afih N4 % h A1
< 4
G BST = ON O BST = OFF P
wr \ AY
b N 7 \ N
™~
2 BST = OFF N g " \\ ,/
2 30 N
50
20 60
20 100 1k 10k 100k 20 100 1k 10k 100k
FREQUENCY f (Hz) FREQUENCY f (Hz)
PW Po - Vcc
100 ° PW THD - Po
~ 30
- =
THD = 10% £ Vec=3V
= =) R = 16}
% A == 2 10 !
e Lt e =" > ','
- 15}
g RL 160/// E l’
o o [
g - 320 3
[o} /// Q
-4 10 7 . =
- 7 7 =z f = 10kHz
o » [] —
o Ps s 1 ‘r{L 7
5 4 / Dé V4
o A < - 100 Hz
4 <
g 1kHz
2 [(¢ = 0.2 | ‘ ‘ |
0715 2.0 25 30 35 40 0.2 1 10 100
SUPPLY VOLTAGE Vc¢ V) OUTPUT POWER Pq (mw)
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TOSHIBA

TA2145F

PW Vo - Vol PW Vnho - Vol.
10 . 500
voLume _ _Resistance (PIN® - GND) g VOLUME  Resistance (PIN® — GND)
RATIO ; > RATIO =
_ 10 Volume Resistance / el Volume Resistance
= -
= 0dB = —10dBV o 200
2
L S
_30 /
" // w100 7
] < /
< V4 5 7
3 0 / € s /
_5 /
>
> j Y
2 o
[ / 2
3 -70 =
4/ g 20
2
o
-90 10
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
VOLUME RATIO VOLUME RATIO
PW RR - Vol. S GVN AVREF, 4K - Vcc
40 E 75
—~ Resistance (PIN® - GND) w
a VOLUME RATIO = & 0
= Volume Resistance >x S
SRS
£ 50
fr = 100 Hz, V, = —20dBV =z
2 e % F— AVRer
= << T—
2 ES o M
b4 60 = |
Q = 5_-’3 AK \\
= W= ~
e 23 o5 [~
g / & T
Wy 32
& > < _50
4 w &
Y
Z =z
[~
o
80 we —-7.5
0 0.2 0.4 0.6 08 1 3 1.5 2.0 25 3.0 35 40
VOLUME RATIO SUPPLY VOLTAGE Vce (V)
s GVN AVREF, 4K - Im lccq, lcc - Ta
E 10 16
<9
o EE
u E
> ¥ o
SE T / S8 1
p=4
2 % ( I )
= I PRE + PW, Vol. = MIN.
<z AVREF L/ & ccQt .
2 o ,// ._// % 8 :
5z 0 A N 1
= ] AK > —
: 5 / ] Iccq2 (PW only, Vol. = MIN.)
g2 > g
g Ny -
39 -5 zo 4 Icc (GVN : I = 0)
o E v} |t
> < g z /'/
uz -
52 25 [+
R4
w -10 0
g § i 50 100 150 200 250 300 -20 Y 20 40 60 80
MOTOR CURRENT Iy (mA) AMBIENT TEMPERATURE Ta (°C)
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TOSHIBA TA2145F

Vo (pg) - Ta PRE Gy, YVom- Ta _
15 40 800 2
Gy : Vg = -10dBV Z‘
s Vom : THD = 1% =
~ 38 760 g
%) 3 S
= VREF. PW OUT, PRE OUT = >
o 1 > v "
> om el
o © 3 720 %
2 z 3
5 g G >
o o v z
> L 680 S
] ¢ =
A 0.5 = >
- 3 o
= Q s
% 32 640 =
0 30 600 =
-20 0 20 40 60 80 -20 0 20 40 60 80
AMBIENT TEMPERATURE Ta (°C) AMBIENT TEMPERATURE Ta (°C)
PRE THD - Ta PW Gy, Po - Ta
1 35 50
S Vg = —=10dBV Gy : Vo = —-10dBV
a Po : THD = 10% =
= = 2
g 0 E
=
o 0.1 > Gy L
!l:zo- (U]
& £ 30 30 @
a P——— ] /______—-‘\~ g
= 3 Lt P o
Z
S 001 < ° 5
= 0 [
‘é g) 20 o]
g o
-d
5
= 0001 25 10
-20 0 20 40 60 80 -20 0 20 40 60 80
AMBIENT TEMPERATURE Ta (°C) AMBIENT TEMPERATURE Ta (°C)
PW THD - Ta = GVN AVREF, 4K - Ta
10 E 6
3 Po = 1MW N
5 o
o > ¥ 4
I ag
z
b=
g 2 5 2
= g
-4 p=4
8 ':_> 5] AK
wn 1 S = 0
a 23
)
v —t s T AVRer =S
Z 05 ws / ™N
2 <z "7
= =
: 32
I >g 2
= -
4 0.2 g =
= Z =
(e} Wiy
- o
0.1 Y -6
-20 0 20 40 60 80 43 -20 0 20 40 60 80
AMBIENT TEMPERATURE Ta (°C) AMBIENT TEMPERATURE Ta (°C)
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TOSHIBA TA2145F

APPLICATION CIRCUIT

Vee
(@]
5 +4
“./I 5
o
218 4700
Q 8200 pF 1 4F | pre O
470k
g_ N AA— - OFF 139 Q
= 3,
PRE INg S S »If 14F | 3.6kQ
S S A o
L(‘S_ ‘3‘: + 5k
=21
PRE INA ST R]' O—O—0—0—-0———)—0—B—>——
q VREF INg NFg PRE PW RF IN PRE PW GVN Rt GVN GVN
OouTg INg SW Vee Vee CTL ouTt
TA2145F
PRE PW PW GVN
GND INA NFa VeTL OUTp OouUTp OUTc INc GND GND
o A\ I\ I\ I\ o\ \
ImEs
470 kQ = = O ouTa
S o ™3 12kQ 0.1 uF
22 4fF 470 O 8200 pF < W 1—
g =4
ET ET O 0UTC
o S
v o o—— R
REF BST SW BST: OFF
O 0UTR
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TOSHIBA TA2145F

PACKAGE DIMENSIONS

SSOP24-P-300-1.00 Unit : mm
24 13 )
HOABAAAAAAAA—— ¢ I

Nl @ =
g 3 § S
O o| ~ @0
HHHjHHI:IHHHHI:I__u N4
1 12
1.01vp | |, H 0.410.1 B020)
. 13.5MAX "
13.0+0.2 .
o 7o)
N 52
oS q
® o -
—v o ) |
8 : '
2l |_1,0.525%0.2
o

Weight : 0.32g (Typ.)
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