To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

iLow saturation voltage.

(Typical 1.35V at load current 0.5A and no bootstrap condition.)

PIN CONFIGURATION (TOPVIEW)

Absolute maximum rating of load current : CH1~5 500mA CH3IN [_1 C\ 42 | REG+
By taking advantage of the bootstrap function, W,
the saturation voltage can be lower. OouUT3 ‘I II REGB
There are two motor power supplies. IN3- L3 40 ] IN1+
Vm1 CH1,2 motor power supply-1
Vm2 CH34,5 motor power supply-2 VBS2 [ 4 | 39 |vBS1
Built-in OP amp. for Regulator. 5 38 | Vm1
(It enables a Regulator which consists of external PNP Tr.s Vm2 m
and resistors.) NCL_ 6 | 37 ]IN1-
iFlexible Input amp. setting.(It enables PWM control.)
iLow cross-over distortion. GND ‘I II ouTt
Wide supply voltage range.( 4.5V ~13.2V) IN3+ -8 | 35 ] vM1-
iBuilt-in Thermal Shut Down circuit. VM3- 9 = 34 ] vM1+
iBuilt-in Mute circuit.(two systems) 0 w 33
MUTE1: CH1~4, MUTEZ2: CH5 VMo o GND
' GND 11| o 32 ] vM2+
VM4+ |12 % 31 | VM2-
VM4- [ 13 | n 30 ]OouT2
VM5+ [ 14 | U 29 | GND
VMS5- [ 15 | 28 |IN2-
ouTs [ 16 | 27 JIN2+
IN5- [ 17 | 26 | MUTET1
IN5+ [ 18 | | 25 | MUTE2
IN4+ 19 24 | SS.GND
IN4- [ 20 23 | VREF
ouT4 [ 21 | 22 |VREFO
. 42pin POWER SSOP (42P9R-K
MD,CD-audio,CDROM,VCD,DVD etc. - { )
Vm1 VBS1 VBS2 Vm2
R Tt S ¢ B ? --------------------------------- ®
E I VBS2 @I IN3-
IN1+@ - VBS1 RE R E3 —(@ IN3+
IN1- @ § ' £ =2 0uT3
E1 R F_/Vm vm2 5 R D CH3IN
ouT1@ — G vest B ﬂM/ i L ,
- — | — ¥
VM1{+)@ 4-- CH1 Vrefmie ® \/refm2 CH3 | ﬁ@ VM3(+)
VMA(-)@—<_ 4 | 05 8 [ 13 >©Vm3()
E € vBS1 vBS2 - |
1 +H— I !
VM8 oo CH4 T 12 vMa(+)
WM& o5 | VREFO 08 [ 1L >3 VM4()
OUT26! . i Sleep ' !
:T Svest BI?S §vest § -ilee 5@ iness
IN2- g% :> o ™ 19 IN4+
'NH% E2 | —d_Hsteep @ RLTe
VREFO 2 — '
T ] gvest Tt | CHS5 ||~ > vms(+)
. = - . i
VREF & VREF 14 ‘g e [rs5 | %8 15 VMS(-)
E vBS2 1.25v Pl !
REGB@ ol L ? ! | Rl S—; Y T3
. VREG ™| T | # " £ 19 IN5+
REG+4 i 7 i® ouTs
S -G8 L '
777 MUTE1 MUTE2 /7
SS.GND GND (4PINS)
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MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

<PIN FUNCTION>

TERMINAL | SYMBOL TERMINAL FUNCTION TERMINAL| SYMBOL TERMINAL FUNCTION
1 CH3IN CH3 non-inverted input 42 REG+ Regulator voltage setting resistor
2 ouT3 E3 amplifier_output H REGB | Regulator PNP base connect
3 IN3- E3 amplifier inverted input 40 IN1+ E1 amplifier non-inverted input
& VBS2 Bootstrap power supply 39 VBS1 Bootstrap power supply
5 Vm2 Motor power supply 38 Vm1 Motor power supply
6 N.C N.C 37 IN1- E1 amplifier inverted input
wn GND Motor GND 36 OUT1 | E1 amplifier output
8 IN3+ E3 amplifier non-inverted input 35 VM1(-) CH1 inverted output
9 VM3() CH3 inverted output 34 VMI(+) CH1 _non-inverted output
10 VM3(+) CH3 non-inverted output 29,33 GND Motor GND
12 VM4(+) CH4 non-inverted output 32 VM2(+) CH2 non-inverted output
13 VMA4() CH4 inverted output 31 VM2(-) | cH2 inverted output
14 VM5(+) CH5 non-inverted output Y EiE E2 amplifier output
15 VMS() CHS5 inverted output 28 IN2- E2 amplifier inverted input
16 OouTS E5 amplifier output 27 IN2+ E2 amplifier non-inverted input
17 IN5- ES5 amplifier inverted input 26 MUTE1 CH1™~4 mute
18 INS+ ES amplifier non-inverted input 25 MUTE2 CH5 mute
19 IN4+ E4 amplifier non-inverted input 24 SS.GND Small signal GND
20 IN4- E4 amplifier inverted input 23 VREF Reference voltage input
21 OouT4 E4 amplifier output 22 VREFO Reference voltage output
<ABSOLUTE MAXIMUM RATING> (Ta=25°C)
SYMBOL PARAMETER CONDITIONS RATING Units
VBS Bootstrap power supply VBS power supply 15 v
Vm Motor power supply Vm power supply 15 Vv
lo Output Current _ 500 mA
Vin Maximum input voltage | 23.25.26,27,28,37 40PIN 0~VB31 \4
of terminals 1,3,8,17,18,19,20,42PIN 0~ VBS2 V
Pt Power dissipation Free Air 12 W
K6 Thermal derating Free Air . 96 mwW /°C
T) Junction temperature 150 «
Topr | Operating temperature .20 ~ +75 °C
Tstg Storage temperature -40 ~ +150 °C
REV000609
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MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

<THERMAL DERATING>

6.0
(W)

(A:4.5W )
using A-type board
| |

50 I
(B:3.2W
using B-type board
N \

This IC's package is POWER-SSOP,
so improving the board on which the IC
is mounted enables a large power
dissipation without a heat sink.

For example, using an 1 layer glass

s “R C:2.6W epoxy resin board, the IC's power
s 30 comes to 4.5W by using an improved 2
q ~ . layer board.
? B g . The information of the A, B, C type
a 2.0 DR N board is shown on page 8.
6 o “" -~ o ~
5 10f o
I TR,
0 25 50 75 100 125 150
(°C)
Ambient Temperature Ta (°C)
<RECOMMENDED OPERATING CONDITIONS>
LIMITS
SYMBOL PARAMETER - a - Units
minimum typical maximum
vm1,Vm2 Motor power supply 5.0 \
VBS1,VBS2 Bootstrap power supply vm *+ 1.0 v

<ELECTRICAL CHARACTERISTICS>

(Ta=25°C, VBS=Vm=5V unless otherwise noted.)

ENESAS
(3111 )

LIMITS
SYMBOL PARAMETER CONDITIONS Units
MIN TYP MAX
lcc1 | Supply current - 1 VBS1,VBS2,Vm1,Vm2 current —= 35 50
2 [swoyomen-2 | gespmnggnnusestes | — | 13 | 22 | ma
Vsat1 |CH1~5 Saturation voltage Igapdaggrri?‘ttt%r_ns zaatﬁaaggnbgtt:t?:ﬁ _ 1.35 1.9 \Y}
Voff1 | CH1 output offset voltage VREFO=0UT1=1.5V -41 — 41 mv
Voff2 | CH2 output offset voltage VREFO=0UT2=1.5V -41 T 41 mv
Voff3 | CH3 output offset voltage VREFQO=CH3IN=1.5V 47 — 47 mV
Voff4 | CH4 output offset voltage VREFO=0UT4=1.5V 47 - 47 mv
Voffs | CH5 output offset voltage VREFO=0UT5=1.5V -47 - 47 mvV
Gain1 CH1 Voltage Gain between %ﬁ_}\%&:})}l 45 5 5.5 | ViV
Gain2 CH2 Vltage Gain between %{%{6})} 45 5 5.5 VIV
REV000609




MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

<ELECTRICAL CHARACTERISTICS>

(Ta=25°C, VBS=Vm=5V unless otherwise noted.)

LIMITS
SYMBOL PARAMETER CONDITIONS Units
MIN TYP MAX
_ VM -VM3ET
Gain3 | cHa voltage Gain between (CH3IN-VREFO) 72 8 88 Vv
input and output i o
{VMA{F-VMA)}
Gain4 CH4 Voltage Gain between (OUT4-VREFO) 7.2 8 8.8 ViV
input and output
] {VM5(+)-VM5(-)}
Gain5 %ﬂiiﬁﬁiﬁfi” between (OUT5-VREFO) 7.2 . 8 8.8 . ViV
VIinE E1,E2 amp 0.5 VBS1-2.0] Vv
in E1,2,3,4,5 smpilfier Input voltage range E3,E4’E5 amp 0.5 i VBSZ2-2.0 \Y
VoutE E1,E2 amp (no load) 0.5 VBS1-05 V
o £1,2.3,45 amplifer cutput valtags rangs E3,E4,E5 amp (no load) 0.5 T— VBS2-05 V
VOfE | &1.2,3.4,5 ampliir offst vottage Vin = 1.5V(at buffer ) -10 L +10 . mvV
IinE E1,2,3,4,5 amplifier input current IN+ = IN- = 1'5V -1 '0 -0'05 O DA
At \J’_BS: ?._5V,Regulator voltage | |
Reg-out Regulator autput voltage range ::::;gctr: j}s::;L?I;ﬁi.ITK ' 4.8 . 5.0 5.2 . b
VinVREF VREF amplifier input voltage range 1.0 - vBS1-2.0 v
VofVREF VREF amplifier offset voltage Vin= 1.5V +2mA load -10 | 10 | mv
linVREF VREF amplifier input current VREF= 1.5V -1.0 | -0.05 0 | LA
Vmute-on Mute-on voltage Mute-on — — 0.8 \%
Vmute-off Mute-off . — —
Mute-off voltage wie-o 20 ¥
Imute Mute terminal input current Mute terminal input current (at 5V input voltage) 170 250 LA
<MUTE Function.>
M56788AFP has 2 MUTE terminals and the functions are as follows.
MUTE 1 | MUTE 2| power and Control Amp. Power and Control Amp.
26 pin | 25pin | circuits of CH1 to CH4. circuits of CH5. VRERANE; | VRESMMP.
High High ENABLE ENABLE ENABLE ENABLE
Low/Open High DISABLE ENABLE ENABLE ENABLE
High Low/Open ENABLE DISABLE ENABLE ENABLE
Low/Open | Low/Open DISABLE DISABLE DISABLE ENABLE
When both MUTE1 inputs and MUTE 2 inputs are low voltage or open, the IC is in Sleep Mode.
REV000609
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MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

[THERMAL CHARACTERISTICS]

FUNCTION START TEMPERATURE OF IC FUNCTION STOP TEMPERATURE OF IC .
SYMBOL PARAMETER Unit
MIN TYP MAX | MIN TYP MAX
TSD Thermal Shut Down — 155 e — 120 — °C
*note

This TSD function start temperature doesn't show the guaranteed max. temperature of the devices.
The guranteed max. temperature is Tj max. which is shown in "ABSOLUTE MAXIMUM RATING". The TSD function is a
thermal protection in case the temperature of the devices goes up above Tjmax because of wrong use.
And these TSD temperature are the target temperatures for circuit design, not the guranteed temperatures.
(The TSD function of all the devices is not checked by a test in high temperature.)

REV000609
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MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

<INPUT and OUTPUT CHARACTERISTICS of EACH CHANNELS>

—
-CH12> <INPUT>
SR

vm1 ouT

E' : Vrefm1 | 1.5V 0.2V

VREFO & r WA : <OUTPUT> VM+ VM-
v ‘L\ el _~
Vrefm1 M

- O VM+
VREF |\ . ;
15V _L — L R [L7ew : 0.5V
v Vref Amp. ' Vm/2 A
?;_, ouT! 'y ; (Vm/2) 0.5V

0y L putAmp. TR oER

<INPUT>
CH3IN
—
1.5V 0.2V
<QUTPUT> VM3+ VM3-
sk s
Vrefm2 y0.8V
(Vm/2) v
OP+
Refer;%.sv 2
:
—
(CHa,5) <INPUT>
— 9UT
i 1.5V 0.2V
VREFO ¢ MINGY <OUTPUT> VM+ VM-
VREF | N .~ O VM+ Y, _
15v_L P=i R IR ||
T p— Vet g . " L“. : Vrefm2 IO-SV
i R |~.4R i (Vm/2) 0.8V
| + : .
Eg% [>—o .
0, N npltAmp. R__4R________
Reference 1.5V
REV000609
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MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

< |/O terminal Equivalent circuit>

(1)E1, E2 input amplifier
/O terminal equivalent circuit

(IN1+, IN1-, OUT1, IN2+, IN2-, OUT2)

_ _ . _ VBS1
L y
1 “H b
> - -._w_
GND,, | ,VBS1 GNDy, | ,,VBS1 ~ GNDy, | VBS1
IN*- (IN*+) (out* )
(3)VREF ampilifier /0 terminal
equivalent circuit
(VREF, VREFO)
s : . _ _ vBS1
‘:li‘\gy
GND VBS1 GND VBS1

(VREF )

(5)CH3IN input terminal equivalent
circuit

Please refer to the application circuits.
(It shows the circuitry of the IC.)

(2)E3, E4, E5 input amplifier
/0 terminal equivalent circuit

(IN3+, IN3-, OUT3, IN4+, IN4-,
OUT4,IN5+, IN5-, OUT5)

S & o

VBS2

E3 ampifier isn include,

_|:

N

GND.I » Ivasz GND' WY IVBsz GND.I B IVBsz

IN*- QN+ ouT*

(4)VREG amplifier 1/O terminal
equivalent circuit
(REG+, REGB)
; : VBS2
é 1.25V
é 9.5K
2K =

GND VBS2 GND VBS2

(REG+ ) (REGB)

(6)MUTE equivalent circuit
(MUTE1, MUTE2)

(MuTE*)

GND —Pi-+P— vBS1
2K ::
23K =

‘ l 1

23K 2

GND

REV000609
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MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

<1/O terminal equivalent circuit >

(7) CH1,CH2 power 1/O terminal
equivalent circuit

(VM1(+), VM1(-), VM2(+), VM2(-))

! I @
\ \ i:Q

GND

[
*—
—

(8) CH3,CH4,CH5 power amplifier
output terminal equivalent circuit

(VM3(+), VM3(-), VM4(+), VM4(-), VM5(+), VM5(-))

|

VBS

Il

VM

A

( 8/11

)

The equivalent circuits of an output stage of power
amplifiers are shown in (7) and (8) .The power
supplies of CH1,CH2 are Vm1.

And the power supplies of CH3, CH4, CH5 are Vm2.

The source side of the power amplifier output stage
consists of a PNP and a NPN.

In the case of the CH1 and CH2, the emitta of the
PNP is connected to VBS1, and in the case of the
CH3, CH4 and CHS5, it is connected to VBS2. 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 VBS* is provided with
higher voltage input than Vm* (The recommendation
voltage is Vm*+1V) externally, the output range can
be wider than that of VBS*=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 VBS* 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.

REV000609
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MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

The boards for thermal derating evaluation

Board material

1st layer [TOP view] 2nd layer [BACK view]

Glass-epoxy FR-4

Size
70070mm
A-type
thickness Roarg
t=1.6mm
[2 layer]

1 and 2 layers

material : copper

thickness:t=181m B-type
board

[2 layer]

C-type
board

[1 layer]

POWER-SSOP

42P9R-K
TOP VIEW BOTTOM VIEW

mounted IC

r/4

Evaluation board

REV000609
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MITSUBISHI

5 CHANNEL

SEMICONDUCTORS

56788AFP

ACTUATOR DRIVER

<APPLICATION CIR

CUIT no.1>

single input (linear signal)iDirect voltage control

5V -~ “\VReFo
4 I—t&: )
VBS2 (
o o WVI_T VREFOI 1I-5V
\/m2 3
4" I_ ; Vrefm2 B VREE| 1
5V R R
?Hl Vm? Vrefm1
. IN3+ | _
VREFO < EEIN1+ 3 + IN3- { PURER
= 1 E1 E3 !
ouT
VCTL1 t>—'\N\r-L’VV\'—2; . RGER i3
b - R6 R5
CH3\|I\|<>
n
3
w
& .
@ < +—12 %
J j ' VY ‘L YW IQ
ANN——AWNY V, Ms'(
IN2+ &2 m
VREFQ = O b :
Lin2- : l_ A
W_,VW_EKOUH E2
VCTLZ2e 1
R3 R4
| Pl . 'T‘N“;i » VREFO
o VM2+ <+ - E4 N x ] o
g N j'- NV o T4\ R 8 R 7 ) VC TL4
9 05 | ' -
AR ARA Via+
) —e 025 w—L\w— wn
2
VBS AVV—— AW — s m
ey L LA VM4_ U
)i 04 J: >
v IREGB YW -1-_ W
14K T REG+ L IN5+ | .
oK Reg-amp = : IN5- X FIEERG
7, 1:25V OUTSEI; MAMA-VCTLS
S8.GND —
MUTE1 O— o - [ T
S :o 04 >—V'h£r( Py
. Hi:Sleep | O
MUTE2 ¢ i S S
< E AAA e AAR. |<}8 Q
:: A vy Z
3 04 I:I%\:ﬁc @
-‘k‘ '.'. > 'a'n'n
N o—copo /
SSGND  GND
{4PINS)
REV000609
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MITSUBISHI SEMICONDUCTORS

M56788AFP

5 CHANNEL ACTUATOR DRIVER

<APPLICATION CIRCUIT no.2>
Differential PWM inputiDirect voltage control{ FOCUS, TRACKING ,SPINDLE,SLED,ROADING)

VREFO

v—=<1 | WA

AAN
vV

2=
——M—<1 ZWAD
3=

A|N1+ E3 -: IN3- :I: © _|°°

C3 VREFO

C1 L'W"T"M’_' { It can be opened at Propagation
REFO VM1+ ¥ CH3IN characteristic check.

1D
: 2
!‘i”
A%

=0

2z
3

i

m

(@]

|

—

(9]

02.5
n .p_,,w\_r,w«_l
8 W 1 A 9 Iy VM3+
A 4 p—(
) U)
VREFO c By % Ly o w " 1_: T
wn VM- - J YV¥ VWY E — o
Czlz " Py 1 . YW L +vvv VM3 E o o
[ 1™ LiN2+ 04 o— Y Y
+
] AAA l_ AN EE E T E

sl

)ﬂ?—< 02.5 E4 ™

Wy J Wy 04 — ¢

)mz._< 025 e e
¥ j "Wy —

£d
ZNAd —WW——1
;m
Qz0C
=
=
3 n
m
%)
o
=
jl
A
(as]
Ij
KN
R8
—|
C4

LM
ONIMOVHL R

Fal

r‘Pé
Ii 3
a3ns
% <
w1 2
= 3 a

3V IREGB YW o Yvy o
14K O ID; x2T3
REG+ . INS+ L
Reg-amp " IN5- L
10K e R1
7 1:25V ouTs | StRA
$8.GND
—ww C5
e <
L o- 4 >—VE( é g %
Hi :Sleep 8 IL
ol 5CH 1~4CH W_L,Mp_ > A A
< m A KA, ARA. |<.'>B g § g
:: VA vvY z = =
:1: o L+: VMS- o
Al o
\ 9 - Y
SS.GND GND
(4PINS)
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