Optical disc ICs

4-channel driver and power
controller
BA6893AK

The BA6893AK is a 4-channel driver and power supply that includes the reset, recharge, and shock detection circuits
required for portable CD players on a single IC. The driver block power supply uses the on-chip switching regulator, mak-
ing this component an ideal choice for low-power sets.

@Applications
Portable CD players

@Features

1) Four H-bridge driver circuits. 6) Ripple filter circuit.

2) DC to DC converter control circuit. 7) Audio reference output.
3) Reset circuit. 8) Low power consumption.
4) Shock detection circuit. 9) Thermal shutdown circuit.
5) Battery recharge circuit. 10) QFP44 package.

@Absolute maximum ratings (Ta = 25°C)

Parameter Symbol Limits Unit
Power supply voltage Vee 13.5 \
Drive output current lo 500 mA
Power dissipation Pd 625 * mw
Operating temperature Topr —30~+185 c
Storage temperature Tstg —85~+150 c

** Reduced by 5mW for each increase in Ta of 1°C over 25C.

@Recommended operating conditions (Ta = 25°C)

Parameter Symbol Min. Typ. Max. Unit
Control circuit power supply voltage YSYS1 2.7 3.2 5.5 \'
Pre-drive circuit power supply voltage | YSYS2 2.7 3.2 55 \'
H-bridge power supply voltage HVec - PWM BATT A
Battery power supply voltage BATT 1.5 2.4 8.0 \'
Recharge circuit power supply voltage | CHGVce 3.0 45 8.0 A
Ambient temperature Ta —10 25 70 c
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@Block diagram

Optical disc ICs BA6893AK
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Optical disc ICs BAG6893AK

@Pin descriptions

Pin No.| Pin name Function Pin No.| Pin name Function
1 BSEN | Battery voltage monitor 23 BRAKE1 | Channel 1 brake
2 BATT | Battery power supply input 24 OUT4R | Channel 4 negative output
3 RESET | Reset detect output 25 OUT4F | Channel 4 positive output
4 DEAD | Dead-time setting 26 OUT3R | Channel 3 negative output
5 Sw Transistor drive for voltage multiplier 27 OUT3F | Channel 3 positive output
6 EO Error amplifier output 28 | POWGND | Power block power supply ground
7 El Error amplifier input 29 OUT2F | Channel 2 positive output
8 SPRT | Short protection setting 30 OUT2R | Channel 2 negative output
9 CT Triangular-wave output 31 OUT1F | Channel 1 positive output
10 AREF | Audio reference output 32 OUT1R | Channel 1 negative output
11 CRP Ripple filter smoothing 33 RCHG | Charge current setting
12 VSYS1 | Control circuit power supply input 34 AMUTE | Reset invert output
13 PRP Transistor drive for ripple filter 35 EMP Empty detect output
14 AVce Ripple filter output 36 HVce H-bridge power supply input
15 VSYS2 | Pre-drive power supply input 37 PSW PWM transistor drive
16 VREF | Reference voltage input 38 CLK External clock synchronizing input
17 IN3 Channel 3 control signal input 39 START | Voltage multiplier DC/DC converter start
18 IN4 Channel 4 control signal input 40 OFF Voltage multiplier DC/DC converter OFF
19 MUTES34 | Channel 3 and 4 mute 41 CHGVce | Charging circuit power supply input
20 IN2 Channel 2 control signal input 42 SEL Empty detect level switch
21 MUTE2 | Channel 2 mute 43 PREGND | Pre section power supply ground
22 IN1 Channel 1 control signal input 44 PWMFIL | PWM phase compensation

Note: The positive and negative outputs are the polarity with respect to the input.
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Optical disc ICs BA6893AK
@Input / output circuits
Pin No. Pin name Equivalent circuit
BATT
71k
1 BSEN >—<
10k
2 BATT Battery power supply
VSYS1 vsYst
90k
3 RESET
vSYS1
2 18k
4 DEAD ® :
f 65k
50k
BATT BATT
5 SwW
250
ok
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Optical disc ICs BA6893AK

Pin No. Pin name Equivalent circuit

VSYS1 VSYS1
@i } \_gv é
VSYS1 VSYS1
35k
7 El
21k
VSYS1  VSYSt
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VS8YS1 BATT

e
&

SR

610 nRaHm



Optical disc ICs BA6893AK

Pin No. | Pin name Equivalent circuit

vsys1 vsYst
O =

10 AREF

V8YS1

VSYSt
22k 1k
11 CRP @ '<_
10k

12 VSYSH Control circuit power supply
VSYS1 VSYSi
27k
13 PRP C I}
VSYST
=
@ ; T
14 AVee f 30K
51k

30k

15 VSYS2 Driver pre-stage power supply
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Optical disc ICs

BAG893AK

Pin No. Pin name Equivalent circuit

16 VREF

V8YS2

17 IN3

18 IN4

20 IN2 =

22 INT 20pin=7.5k

VSYS2

19 MUTES34 75K

21 MUTE2 (19)

23 BRAKET @ 75
612 nROHM



Optical disc ICs

BAG893AK

Pin No. Pin name Equivalent circuit
24 OUT4R
25 OUT4F
26 OUT3R
27 OUT3F
28 POWGND
29 OUT2F
30 OUT2R
31 OUT1F
32 OUT1R
36 HVcc
CHGVee
950
33 RCHG
34 AMUTE
35 EMP
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Optical disc ICs BA6893AK

Pin No. Pin name Equivalent circuit

BATT  BATT

37 PSW

38 CLK
39 START
vsyst VSYST
180k
40 OFF 40
30k
41 CHGVce Charging circuit power supply
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Optical disc ICs BA6893AK

Pin No. Pin name Equivalent circuit
BATT
220k
68k
42 SEL 30K
43 PREGND Pre block ground
VSYS1
VSYS1 2k
a4 PWMFIL @) i ¢
2%
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Optical disc ICs BA6893AK

@Electrical characteristics (unless otherwise noted, Ta = 25°C, BATT = 2.4V, VSYS1 = VSYS2 = 3.2V, VREF = 1.6V,
CHGVce = 0V, and fCLK = 88.2kHz)

Parameter | Symbol | Min. | Typ. | Max. | Unit | Conditions
[Total circuit]
BATT=9V,

BATT standby current Ist ] 3 rA VSYS1=VSYS2=VREF=0V
BATT no-load power supply _ HVecc=0.45V,
current lear 25 4.0 MA | MUTE34=3.2V
VSYS1 no-load power supply _ HVcec=0.45V,
current Isver 8.3 45 MA | MUTE34=3.2V, EI=0V
VSYS2 no-load power supply _ HVcec=0.45V,
current Isvs2 44 55 | mMA | \MUTEss4=3.2v
CHGVcce no-load power _ CHGVcec=4.5V,
supply current Icavee 0.65 2.0 mA ROUT=OPEN
[H-bridge drive block]
Channels 1, 3, 4, and 2 Givotas 12 14 16 dB _
voltage gain Gz | 215 | 235 | 255 | dB
Positive / negative voltage gain differential | A Give —2 0 2 dB —
Channels 1,3, 4,and 2 INpin | Rintes 9 " 13 kQ _
input resistance Rinz 6 75 9 KQ IN=1.7and 1.8V

. ) _ R.=8Q, HVcc=BATT=4V,
Maximum output amplitude Vour 1.9 24 A IN=0—3.2V
Lower-side transistor saturation voliage |  VsatL - 240 400 mV lo=—300mA, IN=0 and 3.2V
Upper-side transistor saturation voltage |  Vsatu — 240 400 mV lo=300mA, IN=0 and 3.2V
Input offset voltage Voi —8 0 8 mv -
Channels 1, 3, 4, and 2 Vootas | —50 0 50 mV
output offset Voltage Vooz —130 0 130 mv VREF=IN=1.6V
Dead-band width Voe —10 0 10 mV -
BRAKET1 on threshold voltage | Vsron 2.0 - - \ IN1=1.8V
BRAKE]1 off threshold voltage | Verorr - — 0.8 \ IN1=1.8V
MUTEZ2 on threshold voltage VmzoN 2.0 - - A IN2=1.8V
MUTE2 off threshold voltage Vm20FF — - 0.8 \' IN2=1.8V
MUTE34 on threshold voltage | Vmason - — 0.8 \ IN3=IN4=1.8V
MUTES4 off threshold voltage | VmasorF 2.0 - - A IN3=IN4=1.8V
VREF on threshold voltage VREFON 1.2 - - A IN1=IN2=IN3=IN4=1.8V
VREF off threshold voltage VREFOFF — - 0.8 v IN1=IN2=IN3=IN4=1.8V

Current difference between when

BRAKE brake current lopaer | 4 7 10| MA 1 BRAKE1 pinis high level and low level.

ONot designed for radiation resistance.
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Optical disc ICs

BA6893AK

Parameter | Symbol | Min. | Typ. | Max. | Unit | Conditions
[PWM power supply drive]
PSW sink current lpsw 10 13 17 mA IN1=2.1V
HVce level shift voltage VsHIF 0.35 0.45 0.55 A IN1=1.8V, HVcc—OUT1F
_ HVce=9V,
HVcc leak current Ik 0 5 KA VSYS1=VSYS2=BATT=0V
. IN1=1.8V,
PWM amp transfer gain Grwm 1/60 | 1/50 1/40 | 1/kQ HVeo=1.2V~1.4V
[DC/DC converter]
{Error amplifier block)
VSYS1 threshold voltage Vsiti 3.05 3.20 3.35 A —
EOQ output high level voltage VEeoH 1.4 1.6 - \' ElI=0.7V, lo=—100 x A
EO output low level voltage VeoL — — 0.3 \ EI=1.3V, [o=100 A
{Short protect block)
SPRT voltage normal VsPrR - 0 0.1 \ El=1.3V
SPRT current 1, EO=high level IsPR1 6 10 16 uA El=0.7V
SPRT current 2, OFF=low level IsPR2 12 20 32 rA ElI=1.3V, OFF=0V
SPRT current 3, overload Ispra 12 20 32 kA El=1.3V, BATT=9.5V
SPRT pin impedance Rspr 175 220 265 kQ -
SPRT threshold voltage VspTH 1.10 1.20 1.30 \' El=0.7V, CT=0V
Over voltage protection detection voltage |  Vhvem 8.0 8.4 9.0 Vv BSEN voltage
{Transistor drive)
BATT=CT=1.5V
SW output high level voltage 1 VswiH 0.78 0.98 1.13 \ VSYS1=VSYS2=0V,
lo=—2mA, at start
SW output high level voltage 2 VswzH 1.0 1.50 - \' gl’==00;/\,/ IOS?,R_.FggC'
SW output low level voltage 2 | VswaL — 0.3 0.45 v CT=2V, lo=10mA
CT=470pF,
SW oscillator frequency 1 fswi 65 80 95 kHz VSYS1=VSYS2=0V,
At start
SW oscillator frequency 2 fewz 60 70 82 kHz CT=470pF, CLK=0V
SW oscillator frequency 3 fsws - 88.2 - kHz CT=470pF
- . _ CT=470pF,
SW minimum pulse width TswMIN 0.01 0.6 KSEC | EN_( 5007V swe op
Pulse duty at start Dsw1 40 50 60 % 318-?3417 g:}:S,YSZ=ON
El=0.7V, CT=470pF
g, ’ )
Max. duty at free run Dswe 70 80 90 % CLK=0V
Max. duty with synchronized CLK Dswa 65 75 85 % ElI=0.7V, CT=470pF

©Not designed for radiation resistance.
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BA6893AK

Parameter | Symbol ‘ Min. | Typ. | Max. ‘ Unit | Conditions

{Dead-time block)

Dead pin impedance Roeap 52 65 78 kQ -

Dead pin output voltage VDEAD 0.78 0.88 0.98 \ —

{Interface block)

OFF pin threshold voltage VorTtH - - !SZYOS 1 \ El=1.3V

OFF pin bias current loFr 75 95 115 A OFF=0QV

START pin off threshold V. _ _ BATT Vv VSYS1=VS8YS2=0V,

voltage STATHI —1.0 CT=2v

START pin off threshold v BATT _ _ v V8YS1=VSYS2=0V,

voltage STATR2 1 —0.3 CcT=2v

START pin bias current IsTaRT 13 16 19 rA START=0V

CLK pin threshold high level _ _ _

voltage VCLKTHH 2.0 A

CLK pin threshold low level _ _ _

voltage VeLKTHL 0.8 \

CLK pin bias current leik - - 10 KA CLK=3.2V

(Start circuit)

. VSYS1=VS8YS2=0V—3.2V,

Start switch voltage VsTm 2.3 25 2.7 \' START=0V

Start switch hysteresis width VsNHs 130 200 300 mv START=0V

Discharge release voltage Vois 1.63 1.83 2.03 \ -

[Empty detect block]

Empty detect voltage 1 VEMPT1 2.1 2.2 2.3 \ VSEL=0V

Empty detect voltage 2 VEmpT2 1.7 1.8 1.9 v ISEL=—2 A

Empty detect hysteresis 1 VEMHS1 25 50 100 mvV VSEL=0V

Empty detect hysteresis 2 VEMHS2 25 50 100 mV ISEL=—2 A

EMP output voltage VEmMP - - 0.5 A lo=1mA, BSEN=1V

EMP output leak current lemPL - — 1.0 kA BSEN=2.4V

BSEN input resistance Resen 17 23 27 kQ VSEL=0V
V8YS1=VS8YS2=0V,

BSEN leak current lesni 1.0 KA BSEN=45V
VseLTh=BATT—SEL,

SEL detect voltage VseLTH 1.5 \' BSEN=2V

SEL detect current IseLT —2 — - kA —

©ONot designed for radiation resistance.
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Optical disc ICs

BA6893AK

Parameter ‘ Symbol ‘ Min. ‘ Typ. | Max. | Unit Conditions
[Reset circuit]
VSYS1 pin reset threshold o Ratio to error amplifier
voltage ratio Herr 85 90 95 % threshold voltage
Reset detect hysteresis width VRsTHS 25 50 100 mV —
lo=1mA,
RESET output voltage VRsT 0.5 \Y VSYS1=VSYS2=2.8V
RESET pin pull-up resistance Rrst 72 90 108 kQ —
BATT lo=—1mA
AMUTE output voltage 1 Vautt | g4 BATT \Y VSYSI=VSYS2=2.8V
BATT lo=—1mA
AMUTE output voltage 2 Vamrz —04 - BATT \ V8YS1=V8YS2=0V,
' START=0V
AMUTE pull-down resistance Ravr 77 95 113 kQ —
[Ripple filter]
Voltage between AVcc and lo=—6mA, external PNP,
VSYS1 Vavce 0.22 0.24 0.27 \ CRP=OPEN
CRP input resistance Rcrp 18 22 26 kQ —
AVcc discharge current lavec 1.7 25 4.0 mA V8YS1=VS8YS2=2.8V
PRP pull-up resistance Rerp 21 27 33 kQ CRP=2.8V, AVcc=3.0V
PRP drive current sink IPrP 150 400 600 HA CRP=3.0V, AVcc=2.8V
[Charge circuit block]
. CHGVcc=4.5V,
RCHG bias voltage VRcHa 0.71 0.81 0.91 \Y RCHG=1.8kQ
. CHGVcc=4.5V,
RCHG output resistance RreHa 0.75 0.95 1.20 kQ RCHG=0.5 and 0.6V
CHGVce=4.5V,
SEL leak current 1 IsELLK 1.0 rA RCHG=OPEN
_ _ CHGVee=0.6V,
SEL leak current 2 IsELLK 1.0 HA RCHG=1.8kQ
) CHGVco=4.5V,
SEL saturation voltage VseLca 0.45 1.0 \ lo=300mA, RCHG=0Q
[Audio reference circuit]
AREF output voltage VAREF 1.4 1.5 1.6 \ AVcc=3V
AREF output impedance Rarer 3.3 4.0 4.7 kQ AVcc=3V
AREF discharge current laRer 1.7 25 4.0 mA YSYS1=VS8YS2=2.6V

©Not designed for radiation resistance.
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BAG893AK

@Circuit operation

(1) Empty detector block

When the voltage applied to the BSEN pin falls below the
detector voltage, EMP (pin 35) goes from high level to
low level (open-collector output). The detector voltage
has 50mV (Typ.) of hysteresis to prevent output chatter-
ing. Use SEL (pin 42) to switch the detection voltage as
shown below.

SEL Detect voltage Return voltage
‘P’ 2.2V (Typ.) 2.25V (Typ.)
HIGH-Z 1.8V (Typ.) 1.85V (Typ.)

(2) Reset circuit block

At about 90% (Typ.) of the DC/DC comparator output
voltage, RESET (pin 3) goes from low level to high level,
and AMUTE (pin 34) goes from high level to low level.
The reset voltage has 50mV (Typ.) of hysteresis to pre-
vent output chattering.

(3) Ripple filter circuit

By connecting an external PNP transistor, a voltage of
(VSYS1 0.24)V is supplied from AVcc (pin 14). Connect
a ripple bypass capacitor between CRIP (pin 11) and

GND. |
i47,u

22 u

IS5
B

VSYSt
PRP

|~ lcrp
— AVce

7

1

¢ %
(4) Audio reference circuit block

One half of the AVcc voltage (pin 14) generated by the rip-
ple filter circuit is output from AREF (pin 10). The output
impedance is 4.0kQ (Typ.).

(5) Charging circuit block

The power supply for the charging circuit block is
CHGVcc (pin 41), and is independent from the other cir-
cuits. The resistance between RCHG (pin 33) and GND

sets the charging current. This current is drawn from
SEL.

N

13

A thermal shutdown circuit is provided, and when the
chip temperature reaches 150°C (Typ.) the charging cur-
rent is cut. The chip starts operating again at about
120°C (Typ.).

(6) DC/DC converter block

1) Output voltage
A 3.2V (Typ.) voltage multiplier circuit can be constructed
using external components. This voltage can be varied
with the addition of an external resistor. The setting meth-
od is as follows.

R1 ¢ R3 + R2 * R4
R1+R3 R2+R4
VSYS1=1.20% V)
R2 * R4
R2+R4
VeYs R1=external resistor
12 R2=external resistor
R3=35kQ
R4=21kQ
R1 R3
El
7]
L I[>
R2 R4
7% ; 1.20V

—

2) Short protect function
When the error amplifier output (pin 6) has switched to
the high-level state, SPRT (pin 8) is charged, and when
the voltage reaches 1.2V (Typ.), the SW (pin 5) switching
stops. The time until switching stops is set by the capaci-
tor connected to SPRT (pin 8) according to the following
formula.

VTH
t=CSPRT x

(sec)
ISPRT

(VTH = 1.20V, ISPRT = 10pA)

3) Soft start function

The soft start function operates when a capacitor is con-
nected between DEAD (pin 4) and GND. Also, the maxi-
mum duty can be varied by connecting a resistor to pin
4,

t = CDEAD X R (sec) (R = 65kQ)
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BAG6893AK

4) Power off function

When low-level is applied to OFF (pin 40), SPRT (pin 8)
is charged, and when the voltage reaches 1.2V (Typ.),
the SW (pin 5) switching stops. The time until switching
stops is set by the capacitor connected to SPRT (pin 8)
according to the following formula.

VTH

t = CSPRT x

(sec)
lorr

(V1 = 1.20V, lorr = 20pA)

5) Over voltage protection circuit
When the voltage applied to BSEN (pin 1) reaches 8.4V
(Typ.), SPRT (pin 8) is charged, and when the voltage
reaches 1.2V (Typ.), the SW (pin 5) switching stops. The
time until switching stops is set by the capacitor con-
nected to SPRT (pin 8) according to the following formu-
la.

t = CSPRT x

VH

(sec)
Inv
(V1 = 1.20V, lnv = 20pA)
(7) H-bridge driver block
1) Gain setting
The driver input resistance is 11kQ (Typ.) for channels 1,

3, and 4, and 7.5kQ for channel 2. Set the gain according
to the following formula.

ch1 "

ch3 GV=20log \L\ (dB)

chd 11k+R

ch2 GV=20log \i\ (dB)
7.5k+R

R: Externally-connected input resistor

The driver output stage power supply is HYCC (pin 36),
and the bridge circuit power supply is VSYS2 (pin 15).
Connect a bypass capacitor between these two power
supplies (approximately 0.1uF).

2) Mute function

Of the four drivers, channel 1 has a brake function, and
the other channels have a mute function.

When BRAKEL (pin 23) is set to high level, both channel
1 outputs go low level, and the circuit enters brake mode.
When MUTE2 (pin 21) is set to high level, the channel 2
output is muted.
When MUTE34 (pin 19) is set to high level, the channel
3 and 4 outputs are muted.

3) VREF drop mute
When the voltage applied to VREF (pin 16) is 1.0V or less
(Typ.), the driver outputs are set to high impedance.

4) Thermal shutdown

When the chip temperature reaches 150°C (Typ.) the
output current is cut. The chip starts operating again at
about 120°C (Typ.).

(8) PWM power supply drive block

This detects the maximum output level from among the
four channels, and supplies the load drive power supply
for the PWM.

The external components are a PNP transistor, call,
Schottky diode, and capacitor.

10p
—

aooop 100K

”r

SBD 47 p
47
37 36

44
f PWMFIL PSW

01 p
HVee \
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@Application example
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@External dimensions (Units: mm)

14.04£0.3

14.020.3
10.0+0.2

15+0.1
05

2.
0,

0.15+0.1

=
 osll losstor 5o

QFP44
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