Audio ICs

Pre/power amplifier and motor

governor for 3V headphone stereos
BA3528AFP/BA3529AFP

The BA3528AFP and AB3528AFP have been developed for headphone stereos. They run off a 3V power supply,
and include dual pre- and power amplifiers, and a motor governor.

The preamplifiers are direct-coupled, and the power amplifiers use a fixed-gain NF circuit. An on-chip Vrer amplifier
makes output coupling capacitors unnecessary, and the motor governor uses a bridge ratio system to minimize the
~ externa! parts count and make reliable and compact designs possible.

@Applications

3V portable sterec equipment

@Features
1) Allthe functions required for headphone stereo 4) No output coupling capacitors required for the
units on a single chip. power amplifiers.
2) Preamplifier includes a mute amplifier. 5) Power amplifiers do not require oscillation preven-
3) Direct-coupled preamplifier. tion measures.
6) Power amplifier gain allows use of noise reduction
(BA3529AFP).
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Audio ICs

@Absolute maximum ratings (Ta = 25C)

Parameter Symbol Limits Unit

Supply voltage Vee 6 v
Power dissipation Pd 1.7* w
Operating temperature Topr —25~75 c
Storage temperature Tslg —55~150 c

# Raduced by 13.6mW for each Increase In Ta of 1°C over 25°C
(when mounted on a 80mm x 50mm x 1.8mm glass epoxy PCB).

@®Recommended operating conditions (Ta = 25C)

Parameter Symbol Min. Typ. Max. Unit

Supply voltage Vee 18 3.0 6.0 A

BA3528AFP/BA3529AFP
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Audio ICs BA3528AFP/BA3529AFP

@Electrical characteristics {unless otherwise specified Ta = 25T, Vec = 3V, and f = 1kHz)
BA352BAFP

Paramatar Symbol Min. Typ. Max. Unit Conditions Meag;;ﬂli';\ent
Quiescent circuit current I - 11 18 mA Vin=0Vma
Channel separation CSL-A 30 40 - dB Ry=2.2kQ2, R=32(}
Preamplifier Ri=10k(}
Open-circult voltage gain Gvo 72 80 — dB | Vo=200mVms
Closed-cireuit voltage gain [ 33 36 g dB Vo=100mVms
Meximum output voltage Vom 350 500 - MVme | THD=1%
Total harmonic distortion THD1 - 0.03 0.2 % Ye=200mVm,
Input conversion-noise voltage (T — 1.0 1.8 Vs | Rg=2.2kQ, BPF=20~20kHz
Ripple rejection RR1 43 53 - dB frn=100Hz, Van==—20dBm
Input bias current Ia - 365 850 nA Vin=0Vrms
Mute level MUTE - 80 - dB
Power amplifier R.=3210 (excluding Pour}
Rated output 1 Poutt 25 34 - mWich | Ri=180, THD==10%
Rated output 2 Pourz 14.5 20 - mW/ich | Re=320, THD=10%
Total harmonic distortion THD 2 - 02 1.0 % Po=1mwW Fig.13
Cutput noise voltage Vno - 85 100 #Vms | BPF=20~-20kHz
Ripple rejection RRA2 53 81 - dB fRR=100Hz, Vrr=—20dBm
Closed-circuit voltage gain Gvee 33 36 39 dB Vo=300mVme
Input resistance R 13 18 23 kQd
Motor controller
Quiescent circuit current [ - 2 35 mA
Reference voltage Vres 1.16 1.23 1.31 v Voltage between pins 4 and 5 (Rs-+2=20k Q)
Saturation voltage Vsar - 0.2 0.6 v Voc=1.8V, R.=4.702
Voltage characteristic 1 AV\;—EE—“NGC —1.25 | 04 1.25 %N | Veo=1.8V~8Y
Voltage characterlstic 2 A—\}V‘a—aNcc —1.2 0.1 1.2 %N | Vec=1.8V~6Y
Current characteristic A\"::ZG fla | —0.2 | 0.1 0.2 %A | le=1mA~20mA
Temperatura characteristic ‘%’i:—“rra - oot | — | e | Ta=—25~75%C
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@Electrical characteristics
BAQJS29AFP

BA3528AFP/BA3529AFP
]

Paramelor Symbol Min. Typ. Max. Unit Conditions Msasurement
Circuit
Quiescent circuit current lg - 1 18 mA ViN=0Vime
Channel separation CSL-R 35 45 - dB Rg=2.2kGQ, AL=32Q
Preamplifier RL=10k(}
Open-circuit voltage gain Gvo 72 -] - de Vo=200mVms
Closed-circuit voltage gain Gver 33 36 32 dB Vo=100mVms
Maximum output voltage Vou 350 500 - ‘MVmms | THD=1%
Total harmonic distortion THDA - 0.03 0.2 % Vo=200MVims
Input conversicn-noise voltage Viin - 1.0 1.8 pVm | Rg=2.2kQ), BPF=20~20kHz
Ripple rejection RR1 43 53 - dB frr=100Hz, Var=-—20dBm
Input bias current le - 365 850 nA, Vin=0Vms
Mute leval MUTE - 80 - dB
Power amplifier RL=320Q (excluding Pour1)
Rated output 1 Poun 25 34 - mWich | Ri=16Q, THD=10%
Rated output 2 Poutz 14,5 20 — mWich | Ru=320, THD=10%
Total harmonic distertion THD 2 - 01 0.9 % Po=1mW Fip.13
Qutput noise voltage Vo - 26 50 uVms | BPF=20~20kHz
Ripple rejection AR2 61 89 - dB tar=100Hz, Var=—20dBm
Closed-circuit vollage gain Gvez 25 27 29 dB Vin=300Vme
Input resistance R 13 18 23 kQ
Motor controller
Quiescent circuit current le - 2 3.5 mA
Reference voltage Vrea 1.16 1.23 1.31 v Voltage between pins 4 and 5 (Rs4220k Q)
Saturation voltage Vsar - 0.2 0.6 v V=18V, R,=4.70
Voltage characteristic 1 AV:—:;GNcc —1.25 01 1.25 %N | Veo=1.8V~6V
Voltage characteristic 2 AV—?NGC -1.2 0.1 1.2 YN | Voo=1.8V~8Y
Current characteristic AV:—::G fla | —0.2 0.01 0.{2 %6/A l;=1mA~20mA
Temperature characteristic AV:—;:G - 0.01 - %iC | Ta=—25~75C
RONM 337
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Audio ICs BA3528AFP/BA3529AFP
@Electrical characteristic curves
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Audio ICs BA3528AFP/BA3529AFP

@®Electrical characteristic curves
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Audio ICs

@®Measurement circuit

BA3528AFP/BA3529AFP

Units:

Reslstance (carbon): € (1%)
Capacitance: F {£1%)
Capacilance (elacirolytic): F (15%)
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BA3528AFP/BA3529AFP

@Circuit operation

(1)

(2)

Preamplifier

In the preamplifier input stage the pin 22 bias is
the input and the negative feedback virtual earth,
and the bias for the input stage transistor is taken
from pin 22 via the tape head to allow direct cou-
pling. Connect a 1000pF capacitor in parallel with
the tape head to prevent high-frequency interfer-
ence (see Fig. 14).

22pin
Fig. 14

Mute amplifier
Preamptifier output muting can be switched on
and cff.
The mute is off when the mute switch Input (pin 1)
is low or open, and on when the mute switch in-
put is high (tied to Vcc via a re:sistor), see Fig. 15.

Vo

HE

+

-—H—-— Power input

22pin

Fig. 15
Equalizer
The preamplifier is based on an NAB120 xS NF-
type equalizer. It is possible to add a switching
function for the equalizer using the mute ampilifi-
er. Switching of the equalizer constant is con-
trolled by the voltage on pin 1 (low or high). Note,
however, when this is done, preamplifier muting
no longer operates {see Fig. 16).

(4) Power amplifier

The power amplifier employs an NF circuit with
fixed gain. Gvc = 36dB (BA3528AFP)} and Gvc =
27dB (BA3529AFP).

< Moo

+

T ‘—H" Power Input

22pin 22pin

Fig. 16

For the input stage, the pin 22 bias point is the in-
put and the negative feedback virtual earth point,
and the first stage transistor bias is taken from pin
22. The built-in Veer amplifier uses the same bias
point as its input, and its output voltage is about
the same as DC output voltage from the power
amplifier. This becomes the virtual earth for the
headphones (see Fig. 17).

(27

2}
ki | Po @

. | HEADPHONE

Powar Inpul

22pin

Fig. 17
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BA3528AFP/BA3529AFP

(5)

Motor controller circuit

The motor controller circuit uses a resistance
bridge to maintain uniform motor speed regard-
less of changes in supply voltage, ambient tem-
perature and load torque. Speed control is per-
formed by a comparator and a stable on-chip
reference voltage (Vres = 1.23V). See Fig. 18.

Voo

Fig. 18

@Application notes

(1)

(2)

Application circuits

Provided the recommended circuit constants are
used, the application circuits should function cor-
rectly. However, we recommend that you confirm
the characteristics of the circuits in actual use. If
you change the circuit constants, check both the
static and transient characteristics of the circuit,
and allow sufficient margin to accommodate vari-
ations between both ICs and external compo-
nents.

Recommended supply voliage

The values given in the electrical characteristics
table are guaranteed only for Ta = 25°C, and Vee
= 3V. However, as long as the IC is operated
within the recommended operating temperature
and supply voltage ranges, the general circuit
functions are guaranteed to operate correctly,
and there will not be significant changes in the
electrical characteristics.

(3}

(4)

Power dissipation

The internal power dissipation ot the IC is de-
pends strongly on the value of the load resis-
tance and the supply voltage.

For this reason, when designing sets for mass
production, pay due consideration to the power
dissipation characteristics of the IC with respect
to ambient temperature and supply voltage (see
Figs. 1 and 2). Note, that the maximum allowed
power dissipation is 1.7W at 25°C, and this de-
creases by 13.6mW for each increase in tempera-
ture of 1°C over this.

PCB layout

In certain cases, the external circuit wiring can in-
duce oscillations in the IC or degrade circuit per-
formance. To avoid this, design the PCB wiring in
such a way as to keep external wiring as short as
possible, and ensure that it does not have com-
men impedance.
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@Application example
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Units

Reslstors: {3 (x5%)

Capaciiors: F (10%)

Capacttore (electrolytic): F (20%)

Nota 1:
For Dolby use (BA3520AFP only),
Nota 2:
Coupling capacilors nol required.

.

Fig. 19 Application example circuit diagram (headphone stereo with pre-mute).
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@Application example
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Units

Reaigtors: 0 {+5%)

Capacitors: F {+10%)

Capacitors (electrolytic): F (220%)

HNote 1

For Dolby use (BA3529AFP only).
Note 2;

Coupling capachons not requined.

Fig. 20 Application example circuit diagram (headphone sterec metal/normal switch).
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Audio ICs BA3528AFP/BA3529AFP
e —————_—_———— .

@External components

{1) Preamplifier the voltage difference between the pre-output

(2)

(3)

I the closed-loop voltage gain {Gvc) of the pre-
amplifier is below 30dB for a frequency ot f =
1kHz, oscillation may occur.

Playback equalizer terminal (NAB)

The playback equalizer characteristics are deter-
mined by the RC circuit connected between the
output and NF pins.

For the circuit in Fig. 21, with a closed-loop volt-
age gain of GVC at an input frequency of 1 kHz,
the relationships between the values of the RC
circuit components are as follows :

3180X108
Ri+200X103
Re=2XR: X 10~GVC/20

22pin
Fig. 21

The equalizer can be switched on and off using
the mute amplifier. If equalization for metal tape Is
added, determine Rs as follows :
Rs=1.4 X As
Pre-mute switching noise
If you use the mute amplifier for pre-muting,
Veo

Hé‘\l.

0~-30kQ

22pin

Rz 3600 —iﬂ—-— Powar input
o R=51kQ 22pin
47 i
22pin
Fig. 22

and pin 22 will generate switching noise (a “pop"

-sound) when the mute is switched on and off. To

reduce the DC gain and reduce this switching
noise, we recommend that you connect a resistor
(R = 51 kQ) as shown in Fig. 22. This resistor re-
duces the gain of the circult in the bass region of
the playback equalizer as shown in the graph in
Fig. 23. By using different combinations of com-
ponent values for Ry and Cs, it is possible to com-
pensate for this effect in the iow-frequency region
as shown in the graph in Fig. 24.
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Fig. 24
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(4)

Mute amplifier cutput

To switch the mute amplifier on and off, switch
the constant-current supply for the mute amplifier
off and on by switching the voltage on pin 1 (Pre-
mute SW) high or low. When the mute is switched
on, the mute amplifier output goes open circuit
and the output voltage is unstable resulting in the
generation of an audible “pop” sound. To prevent
this, bias pin 22 through the volume control as
shown in Fig. 25. '

In applications that use a directly connected out-
put coupling capacitor, connect a resister as
shown in the circuit diagram in Fig. 26 to reduce
the pre-mute switching noise described in (3)
above.

®External components

VRS -—= Power input

22pin

Fig. 25

(28
Wute
oulput

BA3528AFP/BA3529AFP

{5) Preventing oscillation

Connect a capacitor of approximately 1000pF be-
tween the preamplifier input and.pin 22 to prevent
oscillation, and as a countermeasure against
strong electric fields. This capacitor can also be
used for treble-region compensation. In this case,
decide on a value for it based on the relationship
with the impedance of the magnetic head (see
Fig. 27). )

22pin

Fig. 27

When countermeasures against strong electric
fields for the power amplifiers are required, con-
nect bypass capacitors between each input pin
and pin 22, and connect choke coils in series-
with the output pins and the headphones. The
component values should be about 330pF for the
bypass capacitors, and the 10 x H for the choke
coils so that they do not effect the audible fre-
quency range.

Another effective measure is to connect a bypass
capacitor of about 1000pF in parallel with the fil-
ter capacitor between pin 22 and ground (pin 21).
Refer to the circuit diagram in Fig. 28.

2y 10uH
Preamplltier @ .
outpu

10u4H | HEADPHONE

Fig. 28
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M
(6) Motor speed setting : :

To control the motor speed, the stable built-in ref-
erence voltage Vrea is divided across Rs and Rs,
and this voltage is used as the speed control volt-
age. The balance conditions for the bridge circuit
are as follows :

3

Re Rs
+(1+ e )( Y )VREG

(however, Ir << < la)
From this, the balance conditions for the load
fluctuation zero are :

o .
Ea=(H1X —. —Ra) f
R

a=10XR;
As
Ee=11X—m—o—————
’ R«+Rs Vhes

However, if R. < 10 X Rs, the amount of positive
feedback increases, and the circuit will be unsta-
ble, so within the operating temperature range,
always make

R: = 10 X R (ses Fig. 28).

Vio Flx: motor armalure reslstance
Ea: Back amf

Ry

—=

3 F la
Ra=1K
R:=10KQ
]

C» and Cz capachors to pravant oscillation

Fig. 29
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@®PCB layout for application example circuit {component side)

O Pra IN2 BIAS Pra iN1 . O
i

@®PCB layout for application example circuit

i Ry
s
4
+ +
! :
Q- O
PoweriNZ PaweriN1

1pin GND

GND .
( ) [+ ( )
VR, .
M
P otor i Py

—AAA—
Govemar  Pra MUTE

p* MO O sw Q
(@ O G otor GND Veo O

BA3528AFP ND.00S52
PCB thickness: 1.6mm Silk side
Copper thickness: 35 u'm
Copper side

@External dimensions (Unit: mm)

18.5102

HSOP28
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Notes

The contents described in this catalogue are correct as of March 1997.

No unauthorized transmission or reproduction of this book, either in whole or in part, is
permitted. ’ '

The contents of this book are subject to change without notice, Always verify before use

" that the contents are the latest specifications. If, by any chance, a defect should arise in

the equipment as a result of use without verification of the specifications, ROHM CO., LTD.,
can bear no responsibility whatsoever.

Application circuit diagrams and circuit constants contained in this data book are shown
as examples of standard use and operation. When designing for mass production, please
pay careful attention to peripheral conditions.

Any and all data, including, but not limited to application circuit diagrams, information, and
various data, described in this catalogue are intended only as illustrations of such devices
and not as the specifications for such devices. ROHM CO., LTD., disclaims any warranty
that any use of such device shall be free from infringement of any third party’s intellectual
property rights or other proprietary rights, and further, assumes absoiutely no liability in the
event of any such infringement, or arising from or connected with or related to the use of
such devices.

Upon the sale of any such devices; other than for the buyer's right to use such devices
itself, resell or otherwise dispose of the same; no express or implied right or license to
practice or commercially exploit any intellectual property rights or other proprietary rights
owned or controlled by ROHM CO., LTD., is granted to any such buyer.

The products in this manual are manufactured with silicon as the main material.

The products in this manual are not of radiation resistant design.

The products listed in this catalogue are designed to be used with ordinary electronic equip-
ment or devices (such as audio-visual equipment, office-automation equipment, communica-
tions devices, electrical appliances, and electronic toys). Should you intend to use these prod-
ucts with equipment or devices which require an extremely high level of reliability and the
malfunction of which would directly endanger human life (such as medical instruments, trans-
portation equipment, aerospace machinery, nuclear-reactor controllers, fusl controllers, or oth-
er safety devices) please be sure to consult with our sales representatives in advance.

Notes when exporting

+ It is essential to obtain export permission when exporting any of the above products
when it falls under the category of strategic material (or labor) as determined by foreign
exchange or foreign trade control laws.

* Please be sure to consult with our sales representatives to ascertain whether any prod-
uct is classified as a strategic material.




