MITSUBISHI <CONTROL / DRIVER IC>

M56789FP

4 CHANNEL ACTUATOR DRIVER

DESCRIPTION

The M56789FP is a semiconductor integrated circuit in order to

PIN CONFIGURATION (TOP VIEW)

drive 4ch actuator. mute2 [1]O 42] Vee2
MUTEL1 |2 41| VREF
FEATURES |: :l
e Large power dissipation (Power Package). SOuUT2 E @ VREFO
e 3.3V DSP available. SIN2- E E IN3-
e Low saturation voltage (typical 0.6V at load current 500mA).
e Low cross-over distortion. IN2+ [5 | 38] IN3+
e Wide supply voltage range.(4.5V-13.2V) vm3
e Divided Motor power supplies into three parts. IN2- E E m
e Chl, Ch2 and Ch3 can be controlled by PWM. GND [7] [36] ouTs
e Chl and Ch2 can act in the Current Control mode. WM
e Two naked Operational Amplifiers. ouT2 E E 3-
e TSD(Thermal Shut Down) circuit. VM2- E < @ VM3+
e Two mute circuits. o] % 5] oo
VM2+ (10 > 33
©
APPLICATION
CD-ROM, DVD, DVD-ROM etc. wmzs [12] s1] vMm4-
VM1- [13] [30] IN4A-
INL- [15] 28] vm2
N1+ [16] [27] IN4B-
vmi [17] [26] opiouT
souT1 [19] 24] oP1+
Vel [20] 23] op2+
OP20UT [21] [22] op2-
Outline 42P9R-B
oP2 OP1
BLOCK DIAGRAM VREFO VREF OP2+0OP2- OUT OP1+ OP1- OUT Vcc2
—-———- B —— @ ———
SOUT1 (19
SINL- » vm2
! ~_S1 o
B v
Iopl
IN4B-
IN4A-
Vce2
VMA4(+)
VM4(-)
VREFO
>
BIAS 89 vm3()
A Vecl
VM2(+) T VM3(+)
|
Hi:Sleep
ouT2 @
IN2- (6 ~EF2 v IN3-
IN2+ (& W : D IN3+
q TSD OouT3
WAV 1ch 4ch SLEEP
! 2ch 1
_A 25 3ch ‘
SIN2- ) 7L F@ vm3
SouT2 @
—— 9 — O —-0Ee - — —-—-—
vml MUTEL MUTE2 Veel

GND (4PINS)
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M56789FP

4 CHANNEL ACTUATOR DRIVER

PIN DESCRIPTIONS

Pin No. Symbol Function Pin No. Symbol Function
©) MUTE2 CH4 mute Vce2 Bootstrap power supply
® MUTEL CH1,2 and 3 mute @ VREF Reference voltage input
® SOUT2 S2 amplifier output VREFO Reference voltage output
@ SIN2- S2 amplifier inverted input IN3- E3 amplifier inverted input
® IN2+ E2 amplifier non-inverted input IN3+ E3 amplifier non-inverted input
® IN2- E2 amplifier inverted input ® Vm3 Motor power supply - 3
ouT2 E2 amplifier output OouUT3 E3 amplifier output
® VM2(-) CH2 inverted output @ VM3(-) CH3 inverted output
VM2(+) CH2 non-inverted output VM3(+) CH3 non-inverted output

@O GND GND @.® GND GND

@) VM1(+) CH1 non-inverted output @ VM4(+) CH4 non-inverted output
&) VM1(-) CH1 inverted output ® VM4(-) CH4 inverted output
OuUT1 E1 amplifier output IN4A- E4 amplifier low gain input
® IN1- E1 amplifier inverted input vm2 Motor power supply - 2
IN1+ E1 amplifier non-inverted input @) IN4B- E4 amplifier high gain input
@ Vml Motor power supply - 1 OP10OUT OP1 amplifier output
SIN1- S1 amplifier inverted input @ OP1- OP1 amplifier inverted input
SOUT1 S1 amplifier output OP1+ OP1 amplifier non-inverted input
Vccl 5V power supply @ OP2+ OP2 amplifier non-inverted input
@ OP20UT OP2 amplifier output @) OP2- OP2 amplifier inverted input

ABSOLUTE MAXIMUM RATING (Ta=25°C)

Symbol Parameter Conditions Rating Unit
Vee2 Bootstrap power supply pin input voltage 15 \Y
Vm Motor power supply @, @ and G pins input voltage 15 \%
Veel 5V power supply pin input voltage 7.0 Vv
lo Output Current 700 mA
Vinl Maximum input voltage ©.060,0.0,.@.80,0,6),®, 0, ), 6, @pins 0-Vcel v
Vin2 of terminals (@, pins 0-Vml
Pt Power dissipation Free Air 1.2 W%
\C] Thermal derating Free Air 9.6 mw/°C
Tj Junction temperature 150 °C
Topr Operating temperature -20 — +75 °’C
Tstg Storage temperature -40 — +150 °'C

RECOMMENDED OPERATING CONDITIONS
Limits .
Symbol Parameter Vi Typ. Max. Unit

Vccel 5V power supply 4.5 5.0 5.5 V
Vce2 Bootstrap power supply Vm + 1.0 \
vml, 2,3 Motor power supply-1, 2, 3 5.0 \
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M56789FP

4 CHANNEL ACTUATOR DRIVER

ELECTRICAL CHARACTERISTICS
(Ta=25°C, Vccl=Vm1=Vm2=Vm3=5V,Vcc2=12V, no-load current unless otherwise noted.)

Symbol Parameter Conditions - Limits Unit
Min. Typ. Max.
lccl Supply current - 1 @,@,39,@ pins supply current ( Vref=Vctl=2.5V) —_— 24 36 mA
lcc2 Supply current - 2 @0 pin[Vccl] supply current ( Vref=Vctl=2.5V) — 9.5 15 mA
lcc3 f&??epnth/loge Supply @), @9,29,3?,@ pins supply current (MUTE1L,2=H) — — 500 pA
VsatCH1 | Chl Saturation voltage —_ 0.85 1.28 Y,
VsatCH2 | Ch2 Saturation voltage Top and Bottom saturation voltage. — 0.85 1.28 \Y
VsatCH3 | Ch3 Saturation voltage Load current 500mA. At bootstrap. — 0.6 0.9 \Y
VsatCH4 | Ch4 Saturation voltage — 0.7 1.0 Vv
Vmute-on| Mute-on voltage Mute-on 2.0 — e \
Vmute-off| Mute-off voltage Mute-off — — 0.8 Vv
Imute Mute terminals input current | (Dand(@) pin input current at 5V input voltage. — 170 250 MA
) OP1 and OP2 amplifier
VinOP | 1nput voltage range 0.5 — Vee2-1.0 v
OP1 and OP2 amplifier 4+
VoutOP output voltage range lo= £2.0mA 0.5 Vccl-0.5 \
OP1 and OP2 amplifier .
VofOP inputoffset voltage Vin = 2.5V(at buffer) -10 — +10 mV
. OP1 and OP2 amplifier . . _ . . _
linOP input current inverted input = non-inverted input =2.5V -1.0 -0.15 0 HA
lofOP OP1 and OP2 amplifier inverted input = non-inverted input =2.5V -100 0 +100 nA
input current offset
GBOP |OP1 and OP2 amplifier GB 2.3 4 — MHz
. E1,E2 and E3 amplifier
VinE Input voltage range 0.5 — Vce2-2.0 \Y
E1,E2 and E3 amplifier
VoutE output voltage range No load 1.0 — Vccl-0.5 \Y
E1,E2 and E3 amplifier Vin = 2.5V(at buffer
VofE input offset voltage Ve ) -10 +10 mv
. E1,E2 and E3 amplifier . . _ r . _
linE input current inverted input = non-inverted input =2.5V -1.0 -0.15 0 PA
E1,E2 and E3 lifi . . . .
lofE input cSrnrent O?fgggl 1er inverted input = non-inverted input =2.5V -100 0 +100 nA
S1 and S2 amplifier
VoutS output voltage range No load 1.0 —_— Vcel-0.5 \
) VREF buffer amplifier
VinVREF Input voltage range 15 25 Vcel-1.2 \Y
VREF buffer amplifier - _
VofVREF offset voltage @ pin input voltage = 2.5V -10 —_— +10 mV
VREFO = OUT1 = 2.5V
VofCH1 | Chl output offset voltage | when the OUTL1 voltage is adjusted at the -26 e +26 mV
same VREFO voltage, at VREF= 2.5V
VREFO = OUT2 = 2.5V
VofCH2 | Ch2 output offset voltage | when the OUT2 voltage is adjusted at the -26 —_— +26 mV
same VREFO voltage, at VREF= 2.5V
VREFO = OUT3 = 2.5V
VofCH3 | Ch3 output offset voltage | when the OUT3 voltage is adjusted at the -26 —_— +26 mVv
same VREFO voltage, at VREF= 2.5V
VREFO = IN4A- = 2.5V
VofCH4 | Ch4 output offset voltage | when the IN4A- voltage is adjusted at the same -26 +26 mvV
VREFO voltage, at VREF= 2.5V
SOUT1-VREFO (at SI N1[-] = VM1[+] )
VofS1 S1 output offset voltage at VREE = 2.5V -20 +20 mV
SOUT2-VREFO (at SI N2[-] = VM2[+
VofS2 S2 output offset voltage ( M (1) -20 — +20 mvV

at VREF = 2.5V




MITSUBISHI <CONTROL / DRIVER IC>

M56789FP

4 CHANNEL ACTUATOR DRIVER

ELECTRICAL CHARACTERISTICS
(Ta=25°C, Vccl=Vm1=V¥m2=Vm3=5V,Vcc2=12V, no-load current unless otherwise noted.)

Symbol Parameter Conditions - Limits Unit
Min. Typ. Max.
GaincH1 | Ch1 power amplifier VML) = VMIO)} 5t vREF=2.5V 131 14 14.8 dB
voltage gain (OUT1- VREFO)
GainCH2 Ch2 power amplifier w at VREF=2.5V 13.1 14 14.8 dB
voltage gain (OUT2- VREFO)
GainCH3 | Ch3 power amplifier {VM3(+) — VM3(-)} at VREF=2.5V 19.1 20 20.8 dB
voltage gain (OUT3- VREFO)
GainCHa | G4 power amplifier 1= {VMAR) = VMAC)} , yrer=2.5v 3.17 4.08 491 dB
voltage gain (I N4A[-] — VREFO)
, 3 _ {SOUT1 - VREFO} s
GainS1 S1 amplifier voltage gain (VM1[] - SINI[]) at VREF=2.5V 5.11 6.02 6.85 dB
. . . {SOUT2 - VREFO}
GainS2 | S2 amplifier voltage gain —— ————— at VREF=2.5V 5.11 6.02 6.85 dB
(VM2[+] - SIN2[])
INPUT and OUTPUT CHARACTERISTICS of EACH CHANNELS
CH1 amplifier <INPUT>
Output of non-inverted Amp. OuT1
VREF (Gain = X2.5) /—-r<
@y H VREFO
@® VREFO VM1+ 0.2V \__—/
CH1
0
25V MVML OUTPUT
- < >
OUT1 Output of inverted Amp. VMI+ VMI-
(Gain = X-2.5)
m GainCH1 (Differential voltage gain = DD VREFO o.5v
0.5V
CH2 amplifier <INPUT>
Output of non-inverted Amp. ouT2
Gain = X2.5
VREF (Gain ) e
@ VREFO - VM2+ VREFO
0.2v ~—_
CH2
2.5V VMZ'
- <OUTPUT> -
Output of inverted Amp. M2+ ym2
ouT2 (Gain = X-2.5)
Vua 0.5V
GainCH2 Differential voltage gain= 05 VREFO
0.5V
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CH3 amplifier >
Output of non-inverted Amp.

2.5V

VREF
7 >

VREFO
(39 E3
(39
o)

(Gain = X5)
VM3+
VM3—

Output of inverted Amp.
(Gain = X-5)

GainCH3 (Differential voltage gain = D10>

:

CH3

ouT3

CH4 amplifier ) Output of non-inverted Amp.

(Gain = X5)

@VREF -

VREFO ; M4+
b

CH4
VM4-
Output of inverted Amp.
25K 4K i
Vctl4 Gain = X-5
¢ (Gain=x016) )
7T

GainCH4 <Differential voltage gain = D1.6>

<INPUT>
ouT3
VREFO
0.2v ~
<OUTPUT> VM3+ VM3-
Vrefm3 1.ov
(Vm3/2)
1.0v
<INPUT>
Vctl4
1.0v
- \/
<OUTPUT> VM4- VM4+
Vrefm4 m
(Vm4/2) 0.8V :/v
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( S1 amplifier > <INPUT>

SIN1-
SIN1- - 10K VM1+
0.5V ~—
SOUT1
VM1+
< >
o) " o @) VReFo OUTPUT SOUTL
GainS1 < Voltage gain = 02 > VREFO /§
1.0V
( S2 amplifier > SPUT
SIN2-
VM2+
0.5V ~—
>—®SOUT2
75) VREFO <OUTPUT>

SOuUT2

Gains2 < Voltage gain = 02 > VREFO /.§

1.0v
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I/O terminal equivalent circuit

(1)VREF amplifier I/0 terminal equivalent circuit
(VREF, VREFO)

Vccl

VREFO
AL

(3)E4 amplifier I/O terminal equivalent circuit
(IN4A-, IN4B-)

Vcce2

Vccl
GND
Avl\v Av'\'i

GND Vccl GND Vccl
( IN4B- ) IN4A-

(5)S1,S2 amplifier 1/0O terminal equivalent circuit
(SIN1-, SOUTL, SIN2-, SOUT2)

VREFO

A

VM(+) oK 10K

VREFO

Vv

Vcc2

Vv
- *

Vcel

5K A
GND Vm1 10K GND

SIN-

N0y

Vccl

(sout )

(2)E1,E2,E3 amplifier I/O terminal equivalent circuit
(IN1+, IN1-, OUT1, IN2+, IN2-, OUT2, IN3+, IN3-, OUT3)

Vcc2

Vccl

Ml
*—W—

Vccl

b e

IN+

Vccl

ouT

(4)OP1, OP2 amplifier 1/O terminal equivalent circuit
(OP1+, OP1-, OP10UT, OP2+, OP2-, OP20UT)

Vce2

AA
Vv
AA

Vccl
Iy $ GND

GND
Vccl Vcel

P—
OP+

GNDI ) Vcel

(OPOUT )

(6)MUTE circuits equivalent circuit
(MUTE1L, MUTE2)

(MUTE )

GNDI ; Vccl
_ Vccl
25K =
23K
T GND
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I/O terminal equivalent circuit

(7)CH1,2,3,4 power amplifier
OUTPUT terminal equivalent circuit
(VM1(+), VM1(-), VM2(+), VM2(-),

VM3(+), VM3(-), VM4(+), VM4(-), )

Vce2

P

Vm

]

GND

BASICALLY CHARACTERISTICS

Output saturation voltage and Load current characteristic.

This data is an example for typical sample.

BOOTSTRAP
cH1 Vm1=Vccl=5v,Vcc2=12v
5.0 ‘ ‘ ‘
o ———— | . ‘ ' :
L T ——
4.0 . : 0.3v, B
s |
2 30 |
8
o°
Z 20
>
o
5
O 10
0
Load Current (mA)
CH3 Vm3=Vccl=5v,Vcc2=12v
5.0 — - T T
L T e
s 0 022V/<
:; ! ! ! ' ; ' 0.46v !
g S I e il REE EEEE PEPE FEEE R R LR T EE T
° , l l | l | | l
5 20 f-o-iecdioocloioioooqooe R ik
g " | | | | | | |
S 1 I .. 05v)
. ””:”’0_’2’4\,’:’””;VM3+,VM3-”;’”’T(;:::
Lo L e
0 - > g | | | | L
0.2 04 05 06 0.8 1.0

Load Current (mA)

Output Voltage (V)

Output Voltage (V)

The equivalent circuits of an output stage of the power amplifier
are shown in (7) .

The power supplies of CH1,CH2 are VmL1.

The power supply of CH3 is Vm3, and the power supply of CH4 is
vm2.

The source side of the power amplifier output stage consists of a
PNP and a NPN. The emitta of the PNP is connected to Vcc2. So
the power supplies of the PNP can be adjusted externally.

[About bootstrap advantage]

The output stage of the power amplifier consists of the preceding
components. If Vcc2 is provided with higher voltage input than
Vm* (The recommendation voltage is Vm*+1V) externally, the
output range can be wider than that of Vcc2=Vm®*.

Please take advantage of this bootstrap function for the system
which has many power supplies. And it is the same with the
external bootstrap circuit which provides Vcc2 with higher voltage
inputs than Vm*,

Also the bootstrap can decrease the saturation voltage at the
source side of the power amplifier output stage. Therefore, when
the outputs of the power amplifiers which drive motors and
actuators are fully swung, the power dissipation of the IC will be
decreased.

Vm1=Vccl=5v,Vcc2=12v

5.0
4.0
3.0
2.0
1.0
0
Load Current (mA)
CH4 Vm2=Vccl=5v,Vcc2=12v
5.0
o ———— ‘ : C
PR SO T S =l ALV SV PO
! i 0.3v ! | I ' i
! | | ! | | 0.6v ]
U R ARht RREl CEL CERE LEED
20 | e
| L 0.3v . | | | |
1.0 ”*%*"#”*%*"\*‘RW*VM4+,VM4- R R TN
0 ’ T ! H : : .
0.2 04 05 06 0.8 1.0

Load Current (mA)
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=5v
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Vcel

4 CHANNEL ACTUATOR DRIVER
vm1

MITSUBISHI <CONTROL / DRIVER IC>
CH2

=5v

Vee2

Veel

Vml

CH1

NON-BOOTSTRAP

150

125

100

75

50
Ambient Temperature Ta ("C)

25

o
5 £
]
m..m w >
T 22 T
[ - ]
= o
o , , , , o m.m .L,M o
> | ! i p )
- ) T o
“““ 1 T A B £2 5o S
H " ” ” on 8, £
I | i i
| | | ' £T c (] c
©  fF- 4 ---- ---=- re---1--9--|© W 5 = £ =
S L ! > ! S =S 839 ©
i | © g a3 =° <
3 b--=q4----- 'S SO <+ -1 ES == ©
—~ i > ' ' = ~ = % K%
< o~ i ' ' S < ow OT
S S 3 I i A c "D 9c o
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APPLICATION CIRCUIT No.1
* single input (linear signal)
* Direct voltage control

VCTL4 j|>>>|A<oj.w

TRAY TRAVERSE
% W > R > W VREFO R
S T 1 T 7 T °
VREFO [VREF Vm2 IN4B- | T IN4A- ﬁz? VM4- Vee2 VM3- VM3+]  ouT3| |N3-[IN3+  [vm3  OP2+ OP2- |\
v
[Te)
S N v
- S
—_— X
N4 N x [ N4 N4 N4 «
S T - in 0 (o o) in 0 S
A N o[ IN N N 1
i — — — — T+ N
¢ X 4 X (X X X X
< 0 0 [ o[ | o
[V} N | N o~ [V} o~
-+

||

TSD OP20UT

OP10UT
¥ 7 7
5 g
chi, X 4 4
ch4 ch2, ch3 =1 -+ a + - -+ S + - W + -
v 5 X . | OP1+ OP1-
o N\ s}
/o_scamm MUTE1|SOUT1| SIN1-  IN1+| IN1- VM2-  VM2+ JouT2| IN2-|IN2+ SIN2- m,oS.m /
—O—O——O—0
VREFO
L»\VREFO
R1 R2 3
VCTLL FOCUS TRACKING
cf.R1=10K,R2=14K
Voltage gain=GainCH1*R2/R1
=5+14/10 VCTL2
=7(VIV)=16.9dB
if.Ra=10

Current gain=7/10=0.7(A/V)
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* Direct current control (for FOCUS and TRACKING)

APPLICATION CIRCUIT No.2

* single input (linear signal)

VCTL4

TRAVERSE

VCTL3

TRAY
z L S £ - £ VREFO Lkn
i i ! T w H
VREFO [VREF Vm2 IN4B- _zi. ﬁz? VM4- Voe2 VM3- <_<_w% OUT3[ IN3- [IN3+ oP2+ OP2- |\
g K
- S
—_— X
X v | N7 N2 NN N4 «
S r— 6 (N w| | o | o | - £
-~ o[ o~ N NEY N =
— — — — [ — ; -
e X N4 X X X [ X
< 6 |in rs} rs} 0|5 0
N | N [aV) N N[N 3\
— I
d OP20UT
OP10UT
— - « ) )
B n b ¥ dz 3% 9z 3% % W .
chi, X N4 « b1
ch4  ch2, ch3 3 - A=S v - - 1\ 9 + - W + -
m—— r— v ¥
n
S
vml Vccl o
X A A g X . |oP14 oP1-
0 VY ° 0
MUTE2 | MUTE1|SOUT1| SIN1- INI-|OUTL \| VM1+ VM- wmz-  wmz+ Jfoutz| ™2 |IN2+  siN2- | SOUT2 )
<_u_m_not\Q Ra JV
VREFO

R2

VCTL1 >—A\\—@
R1

WA

FOCUS

*Phase compensation filter

cf.R1=10K,R2=14K,Rs=1

Current gain=R2 / [R1+GainS1+Rs]
=14 /[102+1]
=0.7(A/V)

TRACKING

e

VCTL2 E
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* Differential PWM input (for FOCUS, TRACKING and TRAVERSE)

* Direct voltage control

APPLICATION CIRCUIT No.3

R6
VCTL4 > x>m/>|Aw<<§H
TRAY TRAVERSE
. e : L e
ZJj b ST
o—o0 i
/VREFO [VREF Vm2 IN4B- | | IN4A- ﬁz? VM4- Vee2 VM3-
X
n
5 N ¥
— o
—
X
S — ] o B |® ] X
— - o i o =1
— — —
r X X X X X
i ] e w| |® in
N N N N
— .
TSD
7 7 x
S
chi, 4 X ~
cha ch2,cha | S/ N33 LN S/ N\ | &/ )
X
N4 o] :Ku N4
Lo &\ 0
MUTE2| MUTE1|SOUT1| SIN1-  IN1+ vM2-  vm2+ [ouT2| INZ-|iN2+ m_zNw sout2
—O—C O—O——
TRACKING P
PWM1 > AAA AN—<] PWM1
— R3
o R4

PWM2 [ AAA\— y

R1

]

OP20UT

VREFO b \W—<]PWM2
— R3

c2
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APPLICATION CIRCUIT No.4
* Differential PWM input (for FOCUS, TRACKING and TRAVERSE)
* Direct current control (for FOCUS and TRACKING)

\

€0

T T
s = 4 g o 5
< < < » m
S g S | 2sv
m 39 . 3 °| T
i :H + < ([
R1 R1 E Z 10K 10K M
R2 i I .
1 @ 3 <
: — : S 3
Py = .
5 ) ] ~
r2 | © & > z
* —————W—— ®
10K
s 35K 4K
c1 % § <
\r + 25KZ
?,2 2.5K| 12.5K
e
L 5 -
S S .
25K 12.5K < >
25K 125K S
mn T
o)
e = 5K
2] < ¢
s W
= 1
‘ + 125K
< | o12v
5v 5 25K 125K 9
—= J
= HN)_‘ (BN
— < 5K 25K 125K
Q (o 125K
P4
o J
5K
—4
= s <
o S 25K 125K s -
> e @ 3
Q 10K 125K 5K 25K 125K z
z < L < o
@ % < n ;<U
+ et m m
> m
o) o
S 5K o c3
| o 25K 125K =
(i § ) , 5
- =
7 - R
- + L & T
=4 + —O
» =
+ 5K 10K &
= [$)] [$2]
"\Z) ¥ >———— + < 5_{ I_E
Bk S 3| sv
-3 8 T T
Q9 g 10K 10K 10K 2 2
— 0 o < <
R3|R 8w > . e £ 5
7 o 2 9 ng
0 [ = N . o
2 5 3 Q
C C N
= = j

ZAMd>—MA
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MITSUBISHI <CONTROL / DRIVER IC>

M56789FP

4 CHANNEL ACTUATOR DRIVER

APPLICATION CIRCUIT No.5 (for 3.3V DSP)
* single input (linear signal)
* Direct voltage control
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M56789FP

MITSUBISHI <CONTROL / DRIVER IC>
4 CHANNEL ACTUATOR DRIVER

APPLICATION CIRCUIT No.6 (for 3.3V DSP)

* single input (linear signal)
* Direct current control (for FOCUS and TRACKING)
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