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CHGVee [41]
SEL |42

PREGND |43

PWMFIL |44

MM1538XQ

L] (2] [o] [4f [s] [of [7] [e] [of [ro] [n]

NC. OP-

BSEN BATT RESET DEAD SW  EO SPRT  Cr
1 BSEN 23 BRAKEI1
2 BATT 24 OUT4R
3 RESET 25 OUTA4F
4 DEAD 26 OUT3R
5 SW 27 OUT3F
6 EO 28 POWGND
7 EI 29 OUT2F
8 SPRT 30 OUT2R
9 Cr 31 OUTIF

10 N.C. 32 OUT4R
11 OP- 33 RCHG
12 VSYS1 34 AMUTE
13 OPOUT 35 EMP
14 OP+ 36 HVce
15 VSYS2 37 PSW
16 Vref 38 CLK
17 IN3 39 START
18 IN4 40 OFF
19 MUTE34 41 CHGVcce
20 IN2 42 SEL
21 MUTE2 43 PREGND
22 IN1 44 PWMFIL
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i F 15t BH
imFFS| WmFRE | AMARL Lhge RNERE N BEIRE
15 VSYS2 BN | TRIRShES E R AN T IR %% B B L R T
16 Vref BN FEvE HL RS A\ T w
17 IN3 BN | ch3 EHIE S5 AN T
18 IN4 ch4 FEHIESHANGT 11kQ <
20 IN2 ch2 #HE 55 A+ |
- ‘ T
22 IN1 chl #EHIE S5 A+
20PIN=7.5kQ
19 MUTE34 BN ch3 -~ ch4 Eflgg 1
21 MUTE2 ch2 Fflg 1 @ 68kQ
23 BRAKEL1 chl #lsh¥s+ @ A 68KkQ
24 OUT4R B ch4 ik
25 OUTA4F ch4 IEHiH ¢
26 OUT3R ch3 ik
27 OUT3F ch3 1 H
29 OUT2F ch2 14 th ,MM
30 OUT2R ch2 fdi @
31 OUTIF chl IF4iH @
32 OUTIR chl Gk H
28 | POWGND Fh 43 L En(l @ @) fﬂg
36 HVece BN | H AR AT 77 J
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imFFS| WmFR | AARL Lhge RNEREBEIRE
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A 95kQ
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50Q
38 CLK N | ANEBE R b T
39 START g | FHE DC - DC Apifnge
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MITSUMI {E#E X CD ERHLA 4ch EHLIEEHZE IC MM1538
(ra=25°0)
mB S HEE B i
BREE Vee ¥ 1 13.5 \Y%
Iz L R To 500 mA
BIFINFE Pd 625 X 2 mwW
IFRE Topr 30 ~ +85 °C
HFHURE Tstg —55 ~ +150 °C
F: X 1 Vee 7 VSYS1, VSYS2, HVcee, BATT, CHGVec % H%i A HLE o
H: X2 7E Ta=25°C D ERREARRH AN . & EFA 1°C i 5mw.
HEFTEEM
mB S &N | E | &K B
EHERBEFERE VSYSI 2.7 32 5.5 \Y%
PN o) 2 B ik R B E VSYS2 2.7 32 5.5 \Y%
HifFXBIREE HVce — PWM | BATT \Y%
HiFREE BATT 1.5 2.4 8.0 \Y%
Ft e BB IREIREBE CHGVcc 3.0 45 8.0 \Y%
HREE Ta —10 25 70 °C
(F24% 317 B3 2 5b Ta=25°C . BATT=2.4V. VSYS1=VSYS2=3.2V. Vref=1.6V. CHGVcc=0V . fCLK=88.2kHz)
= | e ME 21 ENEE e
< HABREREKX >
BATT 74 A R Ist | BATT =9.0V, VSYS1 = VSYS2 = Vref = 0V 0 3 | uA
BATT SH I BEEBR IBAT HVce =0.45V, MUTE34 = 3.2V 25 | 40 | mA
VSYS1 z= & Bt B B 37T Isysi HVce = 0.45V, MUTE34 = 3.2V, EI = 0V 47 | 64 | mA
VSYS2 T Hi it IR R Isys2 HVce = 0.45V, MUTE34 = 3.2V 41 | 55 | mA
CHGVcc = AT BIREBR Icvee CHGVcce = 4.5V, Rour = OPEN 0.65 | 2.00 | mA
<H X ED)EEER 7 >
B [Ei&#5 ch1,ch3,ch4 Gvciz 12 | 14 | 16 | dB
B Ei8% ch2 Gvc2 21.5 | 235|245 | dB
R BEEGE AGve 210 2 | dB
IN ifi F5# A B2fH ch1,ch3,ch4| RN IN = 1.7V il 1.8V 11| 13 | kQ
IN imFHi A B ch2 RNz IN =17V 1 1.8V 75 | 9 | kQ
RAMLIEE Vour |RL=8Q,HVcc=BATT=4.0V,IN=0-3.2V| 1.9 | 2.1 \%
T Tr BFIEBE VsaL Io =-300mA, IN =0 F13.2V 240 | 400 | mV
LM Tr tBFNEBE VsaiU To =-300mA, IN =0 1 3.2V 240 | 400 | mV
WMAMZERE Vor 8| 0 8 | mV
WHMZRE Voo134 Vref = IN = 1.6V =50 | 0 | 50 | mV
B MERIE ch2 Voo2 Vref = IN = 1.6V ~130| 0 | 130 | mV
FFXIEE VpB -10| 0 | 10 | mV
BRAKE1 ON IR #EE VBRON INI = 1.8V 2.0 \%
BRAKE1 OFF 55 % VBROFF IN1=1.8V 08 | V
MUTE2 ON IR BE VM20N IN2 = 1.8V 2.0 \Y%
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B S5 (BR4¥$515 B3 2 b Ta=25°C . BATT=2.4V. VSYS1=VSYS2=3.2V. Vref=1.6V. CHGVcc=0V. fCLK=88.2kHz)
= | e ME x4 ENEEE S IEY
<H NIz EEEB 57 >
MUTE2 OFF I[gRBE VM20FF IN2 = 1.8V 08 | V
MUTE34 ON IR B E VM340N IN3=IN4 = 1.8V 08 | V
MUTE34 OFF IR &% VM340FF IN3 =IN4 = 1.8V 2.0 \%
Vref ON |5 R EB[E VrefoN INI =IN2=IN3 =IN4 = 1.8V 1.2 \Y%
Vref OFF IR REE Vreforr IN1=IN2=IN3=IN4 = 1.8V 08 | V
BRAKE1 #lZ) 87 IBRAKEI BRAKEI 3 77F “H” B A1 “L” BT 2 4 7 10 | mA
<PWM RIRTNERSY >
PSW 98t Ipsw INI =2.1V 10 | 13 | 17 | mA
HVcc B EFZB[E VSHIF IN1 =1.8V,HVcc — OUTIF 035045055 V
HVCC fmER THLK HVce=9.0V, VSYS1 = VSYS2 = BATT = 0V 0 5 | uA
PWM H A2 (L1855 GpwM INI =1.8V,HVcc =12~ 1.4V 1/60 | 1/50 | 1/40 | 1/kQ
<DC-DC Tifzsah 5 >
< IREWMKEEZED >
VSYS1 if Flla R BE VsiTH 305320335 V
EO in FHItHEB[E “H” VEOH El=0.7V, Io =-100 A 14 | 1.6 Y
EO inFHIHEBE “L” VEoL El = 1.3V, To = 100 uA 03 | V
< FRERIRIPER S >
SPRT i FRBEIER Vspr El =13V 0 |01 ]V
SPRT ifmFH#iR 1 EO=H Ispr1 El=0.7V 6 10 | 16 | uA
SPRT imF &R 2 OFF=L Ispr2 EI = 1.3V, OFF = 0V 12 | 20 | 32 | uA
SPRT i FHIR 3T HE IsPR3 El = 1.3V, BATT = 9.5V 12 | 20 | 32 | uA
SPRT i+ Rspr 175 | 220 | 265 | kQ
SPRT imn F &R EBE VSspTH EIl=0.7V,Cr=0V 1.10 | 120 | 130 | V
T B EFRFIQN B E VHVPR BSEN 3 FHL & 80 | 84 | 90 | V
< BIFERENES >
SWIHTHEBET H | Ve | VT CIZ::]_Z]ZSEZ;E !SYsz =% 078 098 | 113 | v
SW imFHitHEBE2 “H” Vswau | Cr=0V, Io=-10mA, EI=0.7V, SPRT =0V | 1.00 | 1.50 \Y%
SWimFHIHEBE2 “L” VswaL Cr=2.0V,Io = 10mA 030 | 045 | V
SW i F iR 50 % 1 fsw1 24 Cr =470pF, VSYS1 = VSYS2=0V, [B5IK | 65 | 80 | 95 | kHz
SW i FHRSH 4N E 2 fsw2 Cr = 470pF, CLK =0V 60 | 70 | 82 | kHz
SW i FHRSHINE 3 fsw3 Cr = 470pF 88.2 kHz
SW i ¥ & /MNFoR T E TswWMIN 24 Cr=470pF, EO=0.5V — 0.7V B#34 | 0.01 0.60 | us
RTETRom 5 =% Dsw1 Cr = 470pF, VSYSI = VSYS2 =0V 4 | 50 | 60 | %
HERNSARR ST E Dsw2 Cr = 470pF, E1 = 0.7V, CLK = 0V 70 | 80 | 90 | %
CLK BZ R HARP HETR Dsw3 Cr = 470pF, E1 = 0.7V 65 | 75 | 8 | %
<O >
OFF in ¥ IEREE VOFTH El =13V VYSI0| v
OFF i F R & Bt ToFF OFF =0V 75 | 95 | 115 | uA
START i ¥ ON IR B E VSTATHI VSYS1 =VSYS2=0V,Cr=2.0V BATELO| 'V
START ifi ¥ OFF IEFR®B[E | Vsrati2 VSYS1 =VSYS2=0V,Cr=2.0V BATTA0.3 \Y%




MITSUMI fE% X CD #ERWLA 4ch BH1IXENZE IC MM1538

S (BR45RILEA > b Ta=25°C . BATT=2.4V . VSYS1=VSYS2=3.2V. Vref=1.6V. CHGVcc=0V . fCLK=88.2kHz)
= s ME 214 B\ E| 8K B
<EOS >
START ifi FRE 8% ISTART START =0V ig ?2 ?(9) HA
CLK if FIleFREE “H” VCLKTHH 2.0 A4
CLK inFllaREE “L” VCLKTHL 08 | V
CLK i F iR E Bt TcLk CLK =3.2V 10 uA
< BRFIATEER Y >
DEAD i F[E$T RDEAD 52 65 78 | kQ
DEAD if it B /E VDEAD 0.78 0.88 098 V
< BEEBIRE D >
BEtREE VsTNM VSYS1=VSYS2=0V —3.2V,START=0V | 23 25 | 27 V
BatifiE EEE VsNHS START =0V 130 200 | 300 mV
WERRFIREE Vpis 1.63 1.83 203 V
< THEFSMER 7 >
TEAGMEBE 1 VEMPTI VSEL = 0V 21 22|23 V
THIGMEBE 2 VEMmPT2 ISEL = —2uA 17 18|19 VvV
SEHMFFBRE VEMHSI VSEL = 0V 25 50 | 100 mV
SHNWFFERE 2 VEMHS2 ISEL = —2uA 25 50 | 100 @ mV
EMP i ¥ B IE VEmP Io=1mA, BSEN = 1V 05  V
EMP i F i i BB TEmPL BSEN =2.4V 1.0 uA
BSEN i 7 i A B2 RBSEN VSEL = 0V 17 23 | 27 kQ
BSEN iy Fim Bt IBSEN VSYS1=VSYS2 =0V, BSEN = 4.5V 1.0 uA
SEL i F#80 8BE VSELTH VseLtd = BATT — SEL, BSEN = 2.0V 1.5 \Y%
SEL i F 16l &8 37 ISELT -2 HA
< BIRIEES >
VSYS1 i F EfiIlmFREEL Hsgrr HiREBRE M EZ 85 90 | 95 %
S aNHREE VRSTHS 25 50 | 100 @ mV
RESET if 7t BIE VRsT Jo=1mA, VSYS1 =VSYS2 =28V 05 VvV
RESET i+ L hi e[ RRsT 72 90 | 108  kQ
AMUTE i F i i BB /E 1 VAMTI Io=-1mA, VSYS1 =VSYS2=28V  |BATT-)4 BATT V
AMUTE if FHitH B E 2 Vamr2z | To=-1mA, START =0V, VSYSI = VSYS2 = 0V |BATT-04 BATT V
AMUTE i+ T Hi R RAMT 77 95 | 113 kQ
< BEMKRZEESD >
BAREBR IBIAS OP+= 1.6V (LLTHEMA) 300 nA
WMAMERE Vorop 55 0 55 | mV
“H” BEHEBRE VoHop RL = OPEN 2.8 \Y
“L” BERHEBE VoLop RL = OPEN 02  V
W ER (RRR) Isou 50Q i GND 65| -30 mA
WHIRTN R (G9ER) IsIN 50Q £ VSYS1 04 07 mA
FH B EIES GVO VIN = -7.5dBV, f = 1kHz 70 dB
iR SR 0.5 Vius
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BS54 (84531589 2 5P Ta=25°C BATT=2.4V. VSYS1=VSYS2=3.2V. Vref=1.6V. CHGVcc=0V. fCLK=88.2kHz)

mE | e ME 21 ENLEEEIEY
< FEEEEEIREN D >
RCHG ifi FRE®BE VRCHG CHGVece = 4.5V, RCHG = 1.8kQ 0.71 | 0.81 | 091 | V
RCHG i Fiait R RRCHG CHGVece= 4.5V, RCHG = 0.5V #10.6V 0.75 | 095 | 1.20 | kQ
SEL i 7 % i B 37T 1 IseLLki  |CHGVee = 4.5V, RCHG = OPEN, BATT = 4.5V 1.0 | uA
SEL i FidimeE iR 2 Isetik2  |CHGVee = 0.6V, RCHG = 1.8kQ, BATT = 4.5V 1.0 | uA
SEL ixFBf B[+ VSELCG CHGVce = 4.5V, Io = 300mA, RCHG = 0Q 045|100 | V
M = B EE]
LSl
a
3..a SW20  HHE-obgyig
[ JoN L A "E
335‘5\%1‘\30]%5\28]%\2625]%\23
(O] o [’ o [N [a) [N o [T s —
T ccfgfgzegpeg (VY
©3333%23333 &
o a
G —
AMUTE IN1 [22}————
SW16 b"E
EMP MUTE2 [21——{+t .
HV IN2 [20—————— S
cc SW15 b-—.—| Smky
PSW MUTE34 [19——  a S
38| CLK IN4 [18 SW14 b'—.—| <) '-E
39| START IN3 [17 o O—
MM1538XQ ]—\_o_sw13 St
OFF Vref 16|—E'-E b
CHGVCC VSYS2 [15—@-+ i«
i ”rwv-ﬁf
SEL OP+ |14 'ﬁ C E
y sw1za1ou
43| PREGND OPour [18—4
PWMFIL vsyst [12} @
ad SWi11
— b
/%H;H;QQOOP o o o o wn w w wn (@) =z (@]
100 1| [2] [3] [4] [5] |6 5_} 8] [o] [10] [11] swio @
SW5 SW6 c 20k
® aolob/oa 10k AV
swz,i ﬁ‘[ 1 Swe 100k
SWi1 b/ a +
a} b SW3 SWg + SV\;B ) /37 m 470u
0 5 470p
; ®
Vil
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o 2

o
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£ B ERE SW (LB R

SW No.
=]

1|4 |5 6|7 8 22|24|25]|26
BATT fFHLAT IR -l -] ===-1-1-1-1-
BATT S HifT iR - -l -|-]1-]-]a|-]a]|-
VSYS1 Z it eiR R -l -l -la|-]-]al|-]a]|-
VSYS2 FH AT IR R -l -] -]=-|=-|-]la]|-|a]|-
CHGVcc ZHift IR IR -l == == =1=-1=-1-1-
VSYS1 IEREE -l - ]a|=-]|=-|=-]=-1]=-1]-1-
EO i FHitiBE “H” - -lajal|-|-|-|-]-1]-
EO i FiiHBE “L” —l-lalal| -] -] -|-1]-|-
SPRT im FB/E -l -l =-lalal|-=-|=-|=1]-=-1]-=
SPRT i FE#i%1 EO= “H” -l =-lalb | -] -|-1]=--=
SPRT ifi FHif2 OFF= “L” - | -] -]a|b|-|-]-]-1]a
SPRT imFHIR 3 HHBE a | - | —|lal|b| -] | -1]-]-=
SPRT i fE#T -l === | =] =-]=1]=]-=
SPRT it F 5 R HBE - -] -lala|al|-|-|-|-
I BB R ARG R R a | - | - | —|a|-|-|-1]-1]-
SWimFiitEBE1 “H” - la |- |- |-]la|]-|-]a|-
SW im FHILHEE 2 “H” - la|-—|al|bla|l-|-|-|-
SW i FHitHEBE 2 “L” —lal-|=-|=-]al|-|-]-1]-=
SW i F RS540 1 - lb |- =] =]/b| -] -]a]|-
SW i FHRSHINE 2 - /b | -] -] -]|b | -—|b| |-
SW i FiRHINE 3 - lb |- =] =]lb|-]al|-|-
SW i F & /NIRRT E - lb b | -] =-]b|-|-]=-=
BohE RO 5 == - /b | -] -l =|/b|-|b|al-
BENSARHETE - lb |- =] =]/b|-|b| |-
CLK BB { AR HEZH - /b | -la|-|b|-|al|-|-

- ff SWATFIFEIRE -
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£ B ERE SW LB R

=

DEAD i FBE#1 S Y0 A N I ) R R I
DEAD i F i B[ S P I R R R N O R
OFF i F IR EBE Yo HE N B R
OFF i - f & i |- --]-|-]-]-]-]%
START it ¥ ON [EREB[E -l -la|-|-]a|-|-|a]|-
START ii ¥ OFF I&FR8/E -l -la|-|-]a|-|-|a]|-
START ifi F R E Bt -] <]al-
CLK in FIREE “H” -l -]la|-|=|b|-|b | -|-
CLK inFI&REBE “L” -l -la|-|-|b|-—|b|-|-
CLK i FlRERR -l -] -|=--]1-]a|~-|-
BapthiheEE - lal| == <]<al-
BapthigiEEEE —l-la |- -]-]=-]=-1]a]-
MR RERREE - - =-lal=-]=]=-|=-1-
VSYS1 i F B i

IR FREBELL
SN RRE b | — | - | == =] -] --1-
RESET in ¥t B E b | - | - = = == -] =]=
RESET i 7 L i # [8 a | - | | | ||| -|-|-
AMUTE i F4fit B /E 1 S I R O ) e
AMUTE i FHILH B E 2 - -1 -1-]-]-]b|=-|a]|-
AMUTE i+ T~ i &/ -l - -] - =-=-]a|-|-|-

— i SW AT IR -
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£ B ERIE SW B R

g SW No.
1,9 (1011|1221 |27
SEIGMEE 1 a |- -] -|-]ala
SHIGMBE 2 a | - | -|-|-]a/|b
EEIGHEERE 1 a|a|-|-|-|a/ a
=EIGHERRE 2 a | - | -| | -]a/|b
EMP it FHiH B E a | - | - | | -|b]| -
EMP i F i i B a | — | — | = | -] c¢c| -
BSEN i F 4 A\ 2 FE a | — | - | - | -] -] a
BSEN i FJm Bt a | — | — | - | -] -] =
SEL i FHal B & a | - | -] -] -|a/|a
SEL i F &3 8835 a | — | - | -] -]a]|6b
BMARERR - a|-|=-]-]-
HMAIMEEE - d| =] -
“H” BFHEBEE e L e e e
“L” BEHIHEBE e T N R R
MEEER CRER) - d|b | - | - |-
BB R CIRIR) |l =|d|la| - - -
FIf B R8T ~ - |lb|-al-]-
FRifER |l -lal-la - -

— il SW ATIFHARE
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£ B ERIE SW B R

SW No.

13 | 14 | 15 | 16
chlR - - - b
ch2R - - b -
ch3R b - - -
ch4R - b - -
chl - - - b
ch2 - - b -
ch3 b - - -
ch4 - b - -
chl - - - b
ch2 - - b -
ch3 b - - -
ch4 - b - -
chlR - - - b
ch2R - - b -
ch3R b - - -
ch4R - b - -
chlF - -
chlR - -
ch2F -
ch2R -
ch3F
ch3R
ch4F - b - - a -
ch4R - b - - - a
chlF - - - b

chlR - - - b - a
ch2F - -
ch2R - -
ch3F b - - - a —
ch3R b

ch4F -
ch4R -
chl - - - a - -
ch2 - - a - - -
ch3 a - - -
ch4 - a - -
chl - - - b
ch2 - - b -
ch3 b - - -
ch4 - b - -
chl - - - b
ch2 - - b -
ch3 b - - -
ch4 - b - -

-
~
gy
©
N
N

B EiR

ESBERmE

IN i F 58 A FEFE

RAMLIEE

|o|o|o|lo|lo|o|o|o|o|o|lo|lTc|T|T|T

» ||| |lo|lo|o|g|o|g|lo|g|lo|lg|Tg|T|T

T Tr tBFIEBRE

£ Tr IBFNERE

MAMZEE

MHM=RE

FEXIEE

|
|
|
o
£ I <= = =T = - I~ I <~ <= B < =V =V VI < I 2 U -2 - = = -~ T I < B I <= <= I =T I~ I~ I <~ <~ R <SS -V =T - <R I < B O < B IR N O I I I

||| |og|c|o|T
c|o|o|o|o|oc|loc|T

—: fE SWATFIFHARE
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MUTE2 OFF B % ch2 | - | - | b | -|b|b|al|-]-
ch3 b — — — b b a — —
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ch3 b — — — b b a — —
MUTE34 OFF B[ - 6 - - 5 5 a2
chl — — — b b b a a —
ch2 — — b — b b a — —
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ch4 — b — — b b a — —
chl - | =] =|/b|b|b|al-|-
ch2 | - | = | b | -|b|b|al|-]-
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cd | - | b | -] -|b|b|al-]-
BREAK1 #IZ) R chl - | -]/ —-|/b|b|b|lal|-]|-
PWM ;4 8357 - -] =1/b|l=]=-]a|b|a
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PWM HUK 3% 818 -l -]/ =|/b|b|b|lal-]-
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19 | 27
CHGSET in FREHEE a -
CHGSET i+ i 2. /2 b -
SEL i+ i H iR 1 - a
SEL i 5 i 2 a a
SEL if FIBFEE b b
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O H LM
VO1-VO2
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VO3-VO4
Gve ) =20log 3 Vind

O IEfH Lt %
Gvc =Gve (+) - Gvc (-)

O XML

XX = VN2 VOI-ViNI «VO2 _ Vi3 + VO4-Vind + VO3

VOI-VO2 VO3-VO4
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H 4 *BATT=HVc¢=4V
& 8Q 4Q *VSYS1=VSYS2=3.2V
2 — *Vref=1.6V
*© ~20Q
-3
-0.8 0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
BNEBE: VIN(V)
W AR ET L (ch2)
RL=cx
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s /
S / do |8 200
P Y Ta-BE
E=) *BATT=HVcg=4V
& 20Q 8Q 4Q / *VSYS1=VS)yS2=3.2V
7 *Vref=1.6V
-2 7
- 7
-3
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
HINEE: VIN(V)
N RUNEAREEY (BRIEE)
0.006
o004 |_Ta= #iE 28
s 7 *BATT= HVccl= 4V 80 \7’
£ *VSYS1=VSYS2 = 3.2V
2 0002 I yrer—16v / »
i} 0 —
P
S -0.002
& 80 20Q
-0.004 S
4Q
-0.006
-30 -20 -10 0 10 20 30

HIHEE: Vo(mV)
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S 46 Ta=FR EQ BT
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/\ i
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o2 T
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RHE R RIREEE: Vsyst (V)

DEAD ﬂ%%iﬁﬂj EE,J_'T: * Voaep (V)
EO im FHIH B/ « Veo (v,

B BflinTHRE
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0.5 v
0.0

Ta=Hi&
BATT= 2.4V

SR EBE: Veo(v)
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BRI EIREE: Vsyst (V)




