Optical disc ICs

PWM driver for CD and MD players

BH6504K

The BH6504K is a 4-channel PWM driver designed for CD and MD player motors and actuator drives. The power MOF-
SET output stage allows for applications with low power consumption. This IC also has a charge pump circuit and stan-
dard operational amplifier (needed for power MOSFET gate drives), and so supports a wide spectrum of applications.

@Applications

Portable CD players, MD players

@Features
1) Low power consumption. 5) Allowsforfree-running and clock synchronization op-
2) A minimum of attached components. eration.
3) Excellentgain precision because of the voltage feed- 6) Internal standard operational amplifier.
back circuit. 7) Internal charge pump circuit for gate drive.
4) Internal mute function for channel 1. 8) Switchable to doubled clock synchronization.
@Absolute maximum ratings (Ta = 25°C)
Parameter Symbol Limits Unit

H bridge power supply voltage Battery 7 \

Control circuit power supply voltage Pre.Vec 7 \

Predriver power supply voltage| VG (pin18) 7 \

Driver output current lo 500 mA

Power dissipation Pd 500*1 mw

Operating temperature Topr —30~+85 c

Storage temperature Tstg —55~+125 T
#1 Reduced by 5.0 mW for each increase in Ta of 1°C over 257C.
@Recommended operating conditions

Parameter Symbol Min. Typ. | Max. Unit

H bridge power supply voltage Battery 1.6 2.4 4.5 \

Control circuit power supply voltage Pre.Vcc 2.7 3.0 4.5 \

Predriver power supply voltage*? | VG (pin18) _Bl_a1tte6ry 6.5 6.9 '

Ambient temperature Ta —10 25 70 T

%2 When supplied from an external source without using the internal DC / DC convertor
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Optical disc ICs BH6504K

@Block diagram
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Optical disc ICs

@Pin descriptions

BH6504K

Pin No.| Pin name Function Pin No.| Pin name Function
1 CcOo3 Channel 3 voltage feedback filter 23 Cco2 Channel 2 voltage feedback filter
2 BATT3 | Power supply input 24 BATT2 | Power supply input
3 OUT 3F | Channel 3 positive output 25 OUT 2R | Channel 2 negative output
4 | POWGND | Power supply ground 26 | POWGND | Power supply ground
5 OUT 3R | Channel 3 negative output 27 OUT 2F | Channel 2 positive output
6 BATT34 | Power supply input 28 BATT12 | Power supply input
7 OUT 4F | Channel 4 positive output 29 OUT 1R | Channel 1 negative output
8 | POWGND | Power supply ground 30 | POWGND | Power supply ground
9 OUT 4R | Channel 4 negative output 31 OUT 1F | Channel 1 positive output
10 BATT4 | Power supply input 32 BATT1 | Power supply input
11 CO4 Channel 4 voltage feedback filter 33 CcOt Channel 1 voltage feedback filter
12 D.GND | Predrive circuit supply ground 34 OP— | Negative input of the operational amplifier
13 ESP Double-speed detection circuit 35 OP OUT | Operational amplifier output
14 PC All-driver output mute 36 Pre.Vcc | Control circuit supply input
15 CcT Triangular wave output 37 ERR2 | Channel 2 control signal input
16 RT Charge current setting 38 ERR1 | Channel 1 control signal input
17 CLK External clock synchronization input 39 vC Reference voltage input
18 VG Predrive circuit supply input 40 ERR3 | Channel 3 control signal input
19 LG Attached DC / DC converter connection 4 ERR4 | Channel 4 control signal input
20 CN1 Channel 1 phase compensation filter 42 CN4 Channel 4 phase compensation filter
21 CN2 Channel 2 phase compensation filter 43 CN3 Channel 3 phase compensation filter
22 |CHIMUTE| Channel 1 mute 44 Pre.GND | Control circuit supply ground

Note: positive and negative output of the driver is relative to the polarity of the input pins.
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Optical disc ICs BH6504K

@Input / output circuits

Pin name | Pin No. Pin equivalent circuit
CO3 1
BATT3 2
OUT_3F 3
POWGND 4
OUT_3R 5 {
BATT34 6
30k
30k
Pre. Vcc
4] bezd
OUT_4F 7
POWGND| 8 (e] [19]
OUT_4R 9
BATT4 ioc | ] 7
cos | 1 EIEIE =
30k
(7]
30k
E Pre. Vcc
(8] 7
D.GND 12 Predriver circuit ground pin
ESP 13
Pre. Vcc
? 30k
[13]
f 30k \—{
PC 14
Pre. Vcc
; o [
[14]
f 30k \—{
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Optical disc ICs BH6504K

Pin name | Pin No. Pin equivalent circuit
CcT 15
RT 16

39k

56k

CLK 17
Pre. Vcc
30k ’_{
(17}
30k \—{
VG 18 Predriver circuit power supply pin
LG 19
CN1 20
CN2 21
CN4 42
CN3 43
20
e
N
MUTEH1 22
;Pre Vee
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Optical disc ICs BH6504K
Pin name | Pin No Pin equivalent circuit
Co2 23
BATT2 24 24 28
OUT_2R 25 ’:\ L—_\
POWGND % | | | o ot
OUT_2F 27
oz EIEE4 43

@ 30k

@ } { 30k

\Eﬂ 77
OUT_1R 29
POWGND 30
OUT_1F 31
BATT1 32
CO1 33
oP_— 34
OP_OUT 35
Pre. Vcc
nROHM 231



Optical disc ICs

BH6504K

Pin name | Pin No. Pin equivalent circuit
Pre.Vcc 36 Control circuit power supply pin
ERR2 37
; Pre. Vce
10k
ERR1 38
ERR3 40
ERR4 41 ; Pre. Voo
25K
38 P
o N
Ve 39
X4
5k
Pre.GND 44 Control circuit ground pin
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Optical disc ICs

BH6504K

@Electrical characteristics

(unless otherwise noted, Ta = 25°C, Battery = 2.4V, Pre.Vcc = 3.0V, Vc = 1.5V, fax= 176.4kHz, Ru= 8Q-47uH)

Parameter Symbol Min. Typ. Max. Unit Conditions
Standby current Ist - - 3 A Pre.Vec=0OFF
Quiescent current dissipation [[o<]] - 4.5 9 mA Including DC / DC converter coil current
Operating current locz - 7 14 mA ;SITJZT:: III()jg‘;eDC converter coil current
{PWM driver)
Output-on resistance Ron - 1.3 2.0 Q Sum of top and bottom on-resistance
CH1 | Input offset voltage Vo —5 0 5 mv
CH3 | Output offset voltage Voo —35 0 35 mV
CH4 | Voltage gain Gve1—4 8.0 10.0 12.0 dB
Pos./neg. voltage gain differential Gve —1.5 0 1.5 dB
Output ON resistance Ron - 1.3 2.0 Q Sum of top and bottom ON resistance
Input offset voltage Voi —5 0 5 mv
CH2 | Output offset voltage Voo —35 0 35 mv
Voltage gain Gvei—a 18.0 20.0 22.0 dB
Pos./neg. voltage gain differential Gve =15 0 1.5 dB
{DC / DC convertor=1)
Output voltage VG ‘ 6.1 6.5 6.9 Vv
{Triangular wave generator)
Free-running oscillation frequency 1 fosct — 140 - kHz
Synchronization signal input frequency 11 feLkt 75 88 100 kHz | ESP= “H”| RT=39%Q, CT=220pF
Synchronization signal input frequency 12 fowkiz 150 176 200 kHz | ESP= “L”
Free-running oscillation frequency 2 fosca - 60 - kHz
Synchronization signal input frequency 21 foLket 38 44 50 kHz | ESP= “H”| RT=39kQ, CT=470pF
Synchronization signal input frequency 22 folkez 75 88 100 kHz | ESP= “L”
{Operational amplifier)
Input bias current IBias - - 300 nA
Input offset voltage Voor | —5.5 0 5.5 my
Output high level voltage Vohor 2.8 — - ) RL=OPEN
Output low level voltage VoLop - - 0.2 v RL=OPEN
Output drive current (source) Isou 0.3 0.5 - mA 50Q at GND
Output drive current (sink) lsiv 1 3 - mA 50Q at Vee
Open loop voltage gain Gvo - 70 - dB Vin=—75dBV, f=1kHz
Slew rate SR - 0.5 - Vius
{Control pin threshold)
MUTE1-ON level input voltage VmToN 2.2 - - Vv
MUTE1-OFF level input voltage VmTOFF - - 0.5 \
PC-ON level input voltage Vpcon 22 - - \"
PC-OFF level input voltage VPcorFF — — 0.5 v
ESP-ON level input voltage VEsPoN 2.2 - - \
ESP-OFF level input voltage VESPOFF - - 0.5 Vv

©Not designed for radiation resistance.
*1 DC / DC converter circuit:

Pre.Vce is raised to 6.5 V by attaching an inductance, Schottky barrier diode, and capacitor.
This voltage is the power supply (VG) for the predriver circuit.
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Optical disc ICs

BH6504K

@Measurement circuit

lopr

A

; Pre. Veo

/ & F 2 R F s R & AN
M M —
%(f H BRIDGE? H BRIDGE2 Y ’7 Varr
21
—|Pre. Vec 20 I_E
1000p
o—|37 PRE .. [10]
IN2 W | DRIVER?2 DC/DC Hg—l
1
VG
o oo T e A
N1 WW;I> LOGICT [ priveR &1 u
— i i @
va CLK
agk
,_o/o_l 20 PRE SAW _E_W\,_E
AWJ;D LOGICS [t DRIVER3 0sC 200p
VG o
I: PRE . 150
% DRIVER4 T_:l—oi‘—“!(!—ﬁ
p
e
Vpe
ESP 13—k
Vi
H BRIDGE3 | H BRIDGE4 | A o
' Hio—+
o F 4 R F__ 4 8 9 /
2

lopow A

Battery L

2.4V
>

234



Optical disc ICs

BH6504K

@Measurement circuit switch tables

Parameter VERR IN RL Notes Measurement point
Ist OFF OFF OFF Pre.Vcc=Vc=OPEN, Battery=24V lapow
lect OFF OFF OFF larr
lccz +0.5V ON OFF Simultaneous 4-channel input lapr
(PWM driverd
Parameter VERR IN RL Notes Measurement point
— —~ X
Roni~4 | +15V ON ON | Rou= BEMEY—Vol~4) XRL Vol~4
Vol~4
Vo OFF OFF ON Voil~4, Vin
Voo ov ON ON Vol~4
+0.1 _ ‘ Vol~4 ‘
Gvcl~4 o2 ON ON Gv=20log o1 Vin
Gve - - — Difference between Gvc+ and Gve— —
[DC/DC converterd
Parameter VERR IN RL Notes Measurement point
Va OFF OFF OFF Ve
[Triangular wave generator]
Parameter | Verr IN RL Notes Measurement point
fosct OFF OFF OFF No clock input, CT = 220 pF, verify triangular waveform Pin 15 waveform
foikt OFF OFF OFF | Clock =88 kHz, CT =220 pF, verify clock synchronization of triangular wave | Pin 15 waveform

forkie OFF OFF OFF

Clock = 176 kHz, CT = 220 pF, verify clock synchronization of triangular wave

Pin 15 waveform

fosce OFF OFF OFF

No clock input, CT = 470 pF, verify triangular waveform

Pin 15 waveform

forket OFF OFF OFF

Clock = 44 kHz, CT = 470 pF, verify clock synchronization of triangular wave

Pin 15 waveform

fowkez OFF OFF OFF

Clock = 88 kHz, CT = 470 pF, verify clock synchronization of triangular wave

Pin 15 waveform

[Control pin threshold[

Parameter | Verr IN RL Notes Measurement point
Vur +0.5v ON ON | Verify: No output from Vo1 at Vur=2.2V Vo1
Vre +0.5v ON ON | Verify: No output from Vo1 through Vo4 at Vec =2.2 V Voi~4
Vesp OFF OFF OFF | Verify: Vesr = 2.2 V, pin 15 waveform is double the clock frequency -
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Optical disc ICs BH6504K
[Operational amplifierd
Parameter VOP OPIN RLOP Notes Measurement point
VRf
leias OFF 2 OFF RfI=1MQ, Ipas= MQ Ve
Vioop OFF 2 OFF Rf=0Q Vio
VoHor ov 2 OFF Rf=30kQ Voop1
VoLop 3V 2 OFF Rf=30kQ Voop1
Voor
Isou OFF 2 GND Rf=0Q, lsou= 500 Voor1
lsi OFF 2 Pre.Voc | RF=0Q, lsw= ’ _Pre-Vee—Voor ’ Voor1
50Q
Voor2
Gvo 1 OFF Rf=OPEN, Gvo=20log ‘ W Voor2
SR — 1 OFF Rf =30 kQ, input pulse wave = 0.5 Vp-p Pin 35 waveform
@Circuit operation
(1) PWM driver
Thisis an H bridge driver with four N-type FETs in the out-
put stage. Output polarity and PWM duty vary in propor-
tion to the input differential voltage between Vc, and to
the absolute value. The load is direct-PWM-driven by the
square wave with this varying duty. This is a voltage feed-
back driver and so delivers a constant gain regardless of
battery voltage variation.
(2) DC/DC convertor
The DC/DC converter that generates the voltage need-
ed to drive the FETs of the output-stage H bridge. Pre.Vcc
is raised to 6.5V by attaching an inductance, Schottky
barrier diode, and capacitor.
(3) Triangular wave generator
1) Free-running oscillation
The free-running oscillation frequency of the triangular \
waves can be set with an attached resistor (Rt, between %pre_ Vee
pin 16 and the ground) and capacitor (Ct, between pin 15
and the ground). The triangular wave has an amplitude
of 3/5 X Pre.Vcc at the top and Vr (approximately 0.7V) Ve=0.7V
at the bottom. The ratio between rise time and fall time

is 3: 1. Free-running frequency (ft) is determined with the
following equation:

ﬁ:To

Ve
Pre.Vec

CteRt |1 —
5

The triangular waveform during free-running oscillation
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BH6504K

2) Clock synchronization

The triangular wave can be synchronized by inputting to
the CLK pin (pin17) a pulse wave equal to 0—Pre.Vcc (Vp-
p). The following precautions should be kept in mind:

» The amplitude of the triangular wave decreases as the
clock frequency rises.

\ Synchronized to the leading edge
Pre. Vco
Clock
o}
T t
\' Free
L orunnin
% Pre. Vcc - g'l‘y
Approx.0.7V \/

ESP= “L”

3) Using the ESP pin
1. To operate the PWM driver at 176.4kHz

e The PWM driver is a voltage feedback driver, which
should preclude any problems unless the setting is such
that the triangular wave has an extremely small ampli-
tude.

¢ As mentioned above, a capacitor and resistor are also
required during clock synchronization.

A Synchronized to the edge
Pre. Vce ——
Clock
o]
t
v Free :
i running
% Pre. Vcc : g
Approx.0.7V

ESP= “H”

Clock synchronous triangle waveform

Mode Clock input frequency| ESP input voltage |Driver operating frequency
Normal 88.2kHz ‘H 176.4kHz
Double speed 176.4kHz L 176.4kHz

2. To operate the PWM driver at 88.2kHz

Mode Clock input frequency| ESP input voltage |Driver operating frequency
Normal 44.1kHz ‘H 88.2kHz
Double speed 88.2kHz ‘v 88.2kHz
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BH6504K

@Application example

SLED SPINDLE
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o 1000 1000
CONVERTER p T T p
Battery = j=1 u
Unit R:Q
L FOCUS TRACKING Rig
Fig. 2
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Optical disc ICs BH6504K
@Operation notes
Attach a bypass capacitor (roughly 1uF) to the power supply, at the base of the IC.
@Electrical characteristic curves
3 3 80
AL= 6
— — ya ke~
z 2 y > 2 £ E RL=
¢ FER [T\ =
o
Z o T 8% — 3 i 40
| 80 w 1Q - 20
o} 49 e | & v |
2 o ; 0 g o t
a o) | g Ta=25C
> Ta=25C L Ta=25C 5—20 PreVcc=3.0V
5 PreVcc=3.0V 5 PreVec=3.0V — RowVee=2.4V
T RowVcc=2.4V a RowVee=2.4V 240 VC=1.5V
5 -2 = Ve=1.5V 5 -2 Vo=1.5V E yi f=176kHz
e} 7 f=176kHz s} 7 f=176kHz 8—60 % CH1,3,4 Input/output
3 CH1.3.4 Input/output -3 CH2 Input/output / characteristics with
characteristics characteristics —80 a minute input.
—-15 —10 —05 0 05 10 15 —15 —10 —05 0 05 10 15 —2%5-20—15-10 =5 0 5 10 15 20 25
INPUT VOLTAGE : Vin (V) INPUT VOLTAGE : Vi (V) INPUT VOLTAGE : Vi (mV)
Fig. 3 Driver | / O characteristics Fig. 4 Driver | / O characteristics Fig. 5 Dead zone |/ O
(variable load) (variable load) characteristics
Channels 1, 3, 4 Channel 2 Channels 1, 3, 4
| | 1 | 1
400 | 5 PawVec= 5 PawVoc=
w0 160 s M y 42V
N = SV = S
CI 38% 2 3 35V 2 3 A 35V
2 P S , 2.4V S ,/ 2.4V
7. 100 - 1.5V . Z 1.5V
W /, &g ! | g ! g |
(O]
g o - £ o H o Eoe .
3 Ta=25C 0o —1 Ta=25C 0 — Ta=25TC
5100 7 PreVce=3.0V - PreVec=>5.0V > PreVee=5.0V
= RowVee=2.4V 52 RL=8Q 52 RL=8Q
P20 7 V=15V E -3 Ve=2.5V E -3 Ve=2.5V
E f=176kHz 5 f=176kHz 5 f=176kHz
330 CH2 Input /output o —4 CH1.3.4 Input/output o —4 CH2 Input /output
characteristics with —5 ch isti —5 ch st
—400 a minute input. PRE=Pow. PRE=Pow.

—25—20-15-10 —5 0 5 10 15 20 25
INPUT VOLTAGE : Vi (mV)

Fig. 6 Dead zone |/ O
characteristics
Channel 2

—15—10—05 0 05 10 15
INPUT VOLTAGE : Vin (V)

Fig. 7 Driver | / O characteristics
(variable supply voltage)

—15—-10-05 0 05 10 15
INPUT VOLTAGE : Vi (V)

Fig. 8 Driver | / O characteristics

(variable supply voltage)
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@External dimensions (Units: mm)

14.0%0.3

14.04+0.3

10.0+0.2

—
T
)
0.8 0.3540.1
3 (=1 015 |

QFP44

BH6504K
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