TOIREX
XC9504 Series /

/ ETR0704_001

2 ch. Step-Up / Inverting DC/DC Controller ICs

O Green Operation Compatible

m GENERAL DESCRIPTION

The XC9504 series are PWM control, PWM/PFM switching, 2 channel (step-up and inverting) DC/DC controller ICs.

With 0.9V of standard voltage supply internal, and using externally connected components, the output 1 voltage (step-up
DC/DC controller) can be set freely within a range of 1.5V ~ 30V. Since output 2 (inverting DC/DC controller) has a built-in
0.9V reference voltage (accuracy +2%), a negative voltage can be set with the external components.

With a 180kHz frequency, the size of the external components can be reduced. Oscillation frequencies of 300kHz are also
available as custom designed products.

The control of the XC9504 series can be switched between PWM control and PWM/PFM automatic switching control using
external signals. Control switches from PWM to PFM during light loads when automatic switching is selected and the series
is highly efficient from light loads through to large output currents. Noise is easily reduced with PWM control since the
frequency is fixed.

The series gives freedom of control selection so that control suited to the application can be selected.

Soft-start time is internally set to 10ms (output 1) which offers protection against rush currents and voltage overshoot when
the power is switched on.

m APPLICATIONS m FEATURES
2ch. DC/DC Controller (Step-Up + Inverting)
e Power supplies for LCD <Output 1: Step-Up DC/DC Controller>
Output Voltage Range : 1.5V ~ 30V (set by FB1 pin)
e PDAs Output Current : More than 20mA
e Palm top computers (VIN=3.3V, VouT=15V)

Soft-Start Internally Set-Up

Portable audio systems .
<Output 2: Inverting DC/DC Controller >

Various multi-function power supplies Output Voltage Range : -30V ~ OV (set by FB2 pin)
Output Current -0 -20mA
(VIN=3.3V, VouT=-7.0V)

<Common>
Supply Voltage Range: 2.0V ~ 10.0V
Input Voltage Range :0.9V ~ 10.0V
Oscillation Frequency : 180kHz (£15%)
*300kHz, 500kHz custom
Maximum Duty Cycle :80% (TYP.)

Control Method : PWM or PWM/PFM Selectable
Stand-by Function :3.0p F(MAX.))
Packages :MSOP-10, USP-10

m TYPICAL APPLICATION CIRCUIT m TYPICAL PERFORMANCE
CHARACTERISTICS

0O XC95048092A Input: 33V, Output 0: 15V, Output O:-7vQd .Output Voltage VS. Output Current

Voutt=15V SD1 L1:2204 Tr2:Pch MOSFET D2 Vourz=TV XC9504B092A
oetms e e o Mﬁ’” ourz-2ma (180kHz, Output1=15V, output2=-7V)
+ L1=22 it H (CR54), CL1=4.7 it H (ceramic), SD1MA2QT37, Tri:XP151A12A2ZM

C

Tri:Nch 0 L2=47 it H (CR54), CL2=4.7 1 H (ceramic), SD2MAZQT737, Trz:XP152412C0M

MOSFETXPI51A1242 15.6 66
L247H 407”“ S : -9 S
Rt é Crat _Clio il bz Rrezt L Creet = 15.4 -8.7 =~
400> 5pF > 6@ T 0.14F = o
1B EXT2 10 § 15.2 6.8 é
Lo w09 i; 15.0 L3, 6.9 %
Cu J4nF []3rs1 B2 8 [ S = il .@
Ve ——|«pm P27 [K—— oo L 14.8 \ VT -7.0 g
R = o
0 e —fsker e[ K—— v L e 3 146 xces04Bo92 | 71 3
100k = see circuit below 3
O 144 bkt 72 O

v 0 5 10 15 20 25 30 35

Output Current1,2:lout12 (mA)
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XC9504 series

m PIN CONFIGURATION

[ [1ExT EXT210 ] Tl
EXT210 ] [rexm
[l2voo GNDO [ ] . o 2vo0
| 3FB1 FB28 [ | FB2 8] ] s e
[ apPwm1 PWM27 [ PWM2 7] ] 4 Pwm1
[ 5En En26 [ ] Enz 6] I Csem
MSOP-10 USP-10
(TOP VIEW) (BOTTOM VIEW)
m PIN ASSIGNMENT
PIN NUMBER| PIN NAME FUNCTION
1 EXT 1 Channel 1: External Transistor Drive Pin
<Connected to N-ch Power MOSFET Gate>
2 Vbp Supply Voltage
3 EB1 Channel 1: Output Voltage Monitor Feedback Pin <Threshold value: 0.9V. Output voltage
can be set freely by connecting split resistor between Vout1 and GND.>
4 PWM1 Channel 1: PWM/PFM Switching Pin <Control Output 1. PMW control when connected
to Vbbp, PWM/PFM auto switching when connected to GND.>
5 EN1 Channel 1: Enable Pin <Connected to GND when Output 1 is in stand-by mode.
Connected to VDD when Output 1 is active. EXT1 is low when in stand-by mode.>
6 EN2 Channel 2: Enable Pin <Connected to GND when Output 2 is in stand-by mode.
Connected to VDD when Output 2 is active. EXT1 is high when in stand-by mode.>
7 PWM2 Channel 2: PWM/PFM Switching Pin <Control Output 20 PMW control when connected
to Vbbp, PWM/PFM auto switching when connected to GND.>
Channel 2: Output Voltage Monitor Feedback Pin <Threshold value: 0.9V. Output voltage
8 FB2 . . X
can be set freely by connecting split resistor between Vout2 and GND.>
9 GND Ground
10 EXT2/ Channel 2: External Transistor Drive Pin <Connected to P-ch Power MOSFET Gate>

m PRODUCT CLASSIFICATION

e Ordering Information

XC9504 OO dn

DESIGNATOR DESCRIPTION SYMBOL DESCRIPTION
ad Type of DC/DC Controller B : Standard type (10 pin)
o o Output Voltage 09 : FB products=0 =0, 0 =9 fixed
2 : 180kHz
ad Oscillation Frequency 3 : 300kHz (custom)
5 : 500kHz (custom)
A : MSOP-1
O Packages SOP-10
D : USP-10
] ] ) R : Embossed tape, standard feed
a Device Orientation
L : Embossed tape, reverse feed
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XC9504

Series
m BLOCK DIAGRAM
EXT1 PWM/PFM PWM/PFM l_‘g ] EXT2/
Controllert Controller2 Ly
PWM PWM
VDD 4 . Comparator1 Comparator2 GND
' +
W —wW— i
77 >
FB1  J—o —X< FB2
Error Amp1 [ Ramp Wave Ramp Wave Error Amp2
Generator1 Generator2
PWMT  Sg—H l ‘ —Dg  Pwm2
0sc
Generator
Vref1=0.9V Vref2=0.9V
EN1  D<}— with Soft Start1, ——» «— ; —D<  EN2
EN1 EN1 to EN2 to EN2
internal circuit internal circuit
m ABSOLUTE MAXIMUM RATINGS
Ta=250
PARAMETER SYMBOL RATINGS UNITS
VDD Pin Voltage VDD -0.3~12.0 \%
FB1, 2 Pin Voltage VFB -0.3~12.0 \
EN1, 2 Pin Voltage VEN -0.3~12.0 \
PWML1, 2 Pin Voltage VPWM -0.3~12.0 \Y
EXT1, 2 Pin Voltage VEXT -0.3~VpD+0.3 \%
EXT1, 2 Pin Current IEXT + 100 mA
MSOP-10 150
Power Dissipation Pd mw
USP-10 150
Operating Temperature Range Topr -40~+85
Storage Temperature Range Tstg -55~+125 ad
TOIREX
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XC9504 series

m ELECTRICAL CHARACTERISTICS

XC9504B092A Common Characteristics (FOSC = 180kHz) Ta=250
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |UNITS| CIRCUIT
Supply Voltage (1) VDD 2.0 - 10.0 \% -
VoD 2.0V lout=1mA xzzz 0;9 5 x 0
Output Voltage Range (*3) VOUTSET -
VIN 00.9V lout=1mA (? vourt | 2.0 - [ 1001 V 0
Vout2 - - 0.0 V
Supply Current 1 Ibp1 FB=0V, FB2=0.1 - 90 190 pA O
EN1=3.0V, EN2=0V, FB1=0V
Supply Current 1-1 IbD1-1 EN2=3.0V, EN1=0V, FB2=1.2V - 60 120 u A |
Supply Current 1-2 bora  |oi=QV: FB2=0V - 80 | 150 | p A 0
FB1=1.2V, FB2=1.2V
Supply Current 2 IbD2 FB1=1.2V, FB2=0V - 70 132 g A O
Stand-by Current IsTB Same as Ibb1, EN1=EN2=0V - 1.0 3.0 g A 0
Oscillation Frequency Fosc Same as Ipb1 153 180 207 kHz ]
EN1, 2 "High" Voltage VENH FB1=3.0V, FB2=0V 0.65 - - \% O
EN1, 2 "Low" Voltage VENL FB1=3.0V, FB2=0V - - 0.20 \% O
EN1, 2 "High" Current IENH FB1=3.0V, FB2=0V - - 0.50 A 0
EN1, 2 "Low" Current IENL EN1, 2=0V, FB1=3.0V, FB2=0V - - -0.50 pA 0
PWM1, 2 "High" Current IPWMH FB1=3.0V, FB2=0V, PWM1, 2=3.0V - - 0.50 g A O
PWML1, 2 "Low" Current IPWML FB1=3.0V, FB2=0V, PWM1, 2=0V - - -0.50 uA O
FB1, 2 "High" Current IFBH FB1=3.0V, FB2=0.8V - - 0.50 g A O
FB1, 2 "Low" Current VFBL FB1=1.0V, FB2=0V - - -0.50 pA O
Unless otherwise stated, Vbp=3.0V, PWM1, 2=3.0V, EN1, 2 = 3.0V
Output 1 Characteristics Step-Up Controller (FOSC = 180kHz) Ta=250
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |UNITS| CIRCUIT
FB1 Voltage VFB1 Vbb=3.0V, VIN=1.5V, louT=10mA 0.882 | 0.900 | 0.918 V 0
) Using Tr: 2SD1628, } ) 0.9 v
Operating Start Voltage 1 2| Vst11 | lout=1.0mA, RFB11=200kQ , RFB12=75kQ
Vop# Vourt : lout1=10mA - - 2.0 \% 0
Oscillation Start Voltage 1 VsT2-1 FB1=0V - - 0.8 Vv O
Maximum Duty Ratio 1 MINDTY1 | Same as Ibp1 75 80 87 % |
Minimum Duty Ratio 1 MAXDTY1 | Same as Ibb2 - - 0 % 0
PFM Duty Ratio 1 PFMDTY1 | No Load, Vpwm1=0V 22 30 38 % ]
Efficiency 1 EFFI1 lout1= 130mA, N-ch MOSFET: XP161A1355P - 85 - % O
Soft-Start Time 1 TSS1 Voutix 0.95V, EN1=0V - 0.65V 5.0 10.0 | 20.0 ms ]
EXT1 "High" ON Resistance| RextBH1 | FB1=0V, EXT1=VpD -0.4V - 28 47 Q ]
EXT1 "Low" ON Resistance| REXTBL1 EN1=FB1=1.2V, EXT1=0.4V - 22 30 Q 0
PWM1 "High" Voltage VPWMH1 No Load 0.65 - - \% ]
PWM1 "Low" Voltage VPWML1 No Load - - 0.20 V 0
Unless otherwise stated, Vbb=EN1=PWM1=3.0V, EN2=PWM2=GND, EXT2=0OPEN, FB2=OPEN, VIN=1.8V
Output 2 Characteristics  Inverting DC/DC Controller (FOSC = 180kHz) Ta=250
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |[UNITS| CIRCUIT
FB2 Voltage VFB2 Vbp=3.0V 0.882 | 0.900 | 0.918 Vv 0
lout=1.0mA, RrB11=200kQ , RFB12=75kQ
Operation Start Voltage 2 VsT1-2 RFB21=17.5kQ , RFB22=10KQ , - - 2.0 \% oo
EN1=Pwm1=3.0V
Oscillating Start Voltage 2 VsT12-2 FB2=1.2V - - 2.0 V O
Maximum Duty Ratio 2 MAXDTY?2 | Same as Ipbp1 75 80 87 % O
Minimum Duty Ratio 2 MINDTY2 | Same as Ipb2 - - 0 % 0
PFM Duty Ratio 2 PFMDTY2 | No Load, VPwm2=0V 22 30 38 % ad
Efficiency 2 EFFI2 louT2=-150mA, P-ch MOSFET: XP162A12A6P - 76 - % g
EXT2 "High" ON Resistance| RExTBH2 EN2=FB2= 0V, EXT2=VDD-0.4V - 28 47 Q g
EXT2 "Low" ON Resistance| RExTBL2 FB2=3.0V, EXT2=0.4V - 22 30 Q g
PWM2 "High" Voltage VPWMH2 No Load 0.65 - - \% O
PWM2 "Low" Voltage VPwML2 No Load - - 0.20 \% ad

Unless otherwise stated, VDb=EN2=PWM2=3.0V, PWM1=EN1=GND, EXT1=OPEN, FB1=OPEN, VIiN=3.0V
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XC9504

Series
m ELECTRICAL CHARACTERISTICS (Continued)
XC9504B093A Common Characteristics (FOSC = 300kHz) Ta=250]
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |UNITS| CIRCUIT
Supply Voltage ¥ VDD 2.0 - 10.0 v -
Vob O 2.0V, lout=1mA Vout1 | 0.9 - - v 0
Output Voltage Range @ | Vourser [0 % VOUT = Vourz | - - 0.0
VIN 0 0.9V, lout=1mA VouTt1 2.0 - 10.0 v 0
Vbb=Vout Vourt2 - - 0.0
Supply Current 1 IbD1 FB=0V, FB2=1.2V - 110 250 g A 0
EN1=3.0V, EN2=0, FB1=0V
Supply Current 1-1 IDD1-1 EN2=3.0V, EN1=0V, FB2=1.2V - 80 150 g A O
FB1=0V, FB2=0V
Supply Current 1-2 IDD1-2 FB1=1.2V, FB2=1.2V - 90 200 gA O
Supply Current 2 IpD2 FB1=1.2V, FB2=0V - 80 160 A O
Stand-by Current IsTB Same as Ipb1, EN1=EN2=0V - 1.0 3.0 g A ]
Oscillation Frequency FOSC Same as Ibb1 255 300 345 kHz 0
EN1, 2 "High" Voltage VENH FB1=0V, FB2=3.0V 0.65 - - V O
EN1, 2 "Low" Voltage VENL FB1=0V, FB2=3.0V - - 0.20 \% O
EN1, 2 "High" Current IENH FB1=3.0V, FB2=0V - - 050 | pA O
EN1, 2 "Low" Current IENL EN1, 2=0V, FB1=3.0V, FB2=0V - - -050 | v A O
PWM1, 2 "High" Current IPWMH FB1=3.0V, FB2=0V, PWM1, 2=3.0V - - 050 | pA O
PWML1, 2 "Low" Current IPWML FB1=3.0V, FB2=0V, PWM1, 2=0V - - -0.50 b A 0
FB1, 2 "High" Current IFBH FB1=3.0V, FB2=0.8V - - 050 | pA O
FB1, 2 "Low" Current VFBL FB1=1.0V, FB2=0V - - -0.50 uA O
Unless otherwise stated, Vbp=3.0V, PWM1, 2=3.0V, EN1, 2 = 3.0V
Output 1 Characteristics Step-Up Controller (FOSC = 300kHz) Ta=250
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |UNITS| CIRCUIT
FB 1 Voltage VFB1 Vbp=3.0V, VIN=1.5V, louT1=10mA 0.882 | 0.900 | 0.918 V d
) Using Tr: 2SD1628, ) ) 0.9 v 0
Operating Start Voltage 12 VST1-1 lout=1.0mA, RFB11=200kQ , RFB12=75kQ
Vob # Vourti: louti=10mA - - 2.0 V m]
Oscillation Start Voltage 1 VsT2-1 FB1=0V - - 0.8 Vv O
Maximum Duty Ratio 1 MINDTY1 | Same as Ipbp1 75 80 87 % O
Minimum Duty Ratio 1 MAXDTY2 | Same as Ibb2 - - 0 % ad
PFM Duty Ratio 1 PFMDTY1 | No Load, VPwm1=0V 22 30 38 % 0
Efficiency 1 EFFI1 louT1= 130mA, N-ch MOSFET: XP161A1355P - 85 - % 0
Soft-Start Time 1 Tss1 Voutix 0.95V, EN1=0V - 0.65V 5.0 10.0 | 20.0 ms O
EXT1 "High" ON Resistance| RextBH1 | FB1=0V, EXT1=VDD -0.4V - 28 47 Q 0
EXT1 "Low" ON Resistance| REextBL1 | EN1=FB1=1.2V, EXT1=0.4V - 22 30 Q O
PWM1 "High" Voltage VPWMH1 No Load 0.65 - - \% O
PWM1 "Low" Voltage VPWML1 No Load - - 0.20 \% ad
Unless otherwise stated, VDD=EN1=PWM1=3.0V, EN2=PWM2=GND, EXT2=0OPEN, FB2=OPEN, VIiN=1.8V
Output 2 Characteristics _Inverting DC/DC Controller (FOSC = 300kHz) Ta=250
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |UNITS| CIRCUIT
FB 2 Voltage VFB2 Vbp=3.0V 0.882 | 0.900 | 0.918 V 0
) louT2=1.0mA, RFB11=200kQ , RFB12=75kQ
Operating Start Voltage 2 VsT1-2 RrB21=17.5kQ Rrs22=10k, ENL=PWM1=3.0V - - 2.0 \% oo
Oscillation Start Voltage 2 VsT2-2 FB2=1.2V - - 2.0 Vv 0
Maximum Duty Ratio 2 MAXDTY2 | Same as Ipb1 75 80 87 % 0
Minimum Duty Ratio 2 MINDTY3 | Same as Ipp2 - - 0 % ]
PFM Duty Ratio 2 PFMDTY2 | No Load, Vpwm2=0V 22 30 38 % 0
Efficiency 2 (*4) EFFI2 lout2= -150mA, P-ch MOSFET: XP162A12A6P - 75 - % O
EXT2 "High" ON Resistance| RextsH2 | EN2=FB2= 0V, EXT2=VDD-0.4V - 28 47 Q O
EXT2 "Low" ON Resistance| REXTBL2 FB2=3.0V, EXT2=0.4V - 22 30 Q 0
PWM2 "High" Voltage VPWMH2 No Load 0.65 - - Vv 0
PWM2 "Low" Voltage VPwWML2 No Load - - 0.20 V 0
Unless otherwise stated, VDD=EN2=PWM2=3.0V, PWM1=EN1=GND, EXT1=OPEN, FB1=OPEN, VIN=3.0V
TOIREX
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XC9504 SEIES
m ELECTRICAL CHARACTERISTICS (Continued)

XC9504B095A  Common Characteristics (FOSC = 500kHz) Ta=250
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |UNITS| CIRCUIT
Supply Voltage (*1) VDD 2.0 - 10.0 V -
Vobpl 2.0V, lout=1mA VouT1 0.9 - - v 0
Output Voltage Range (*3) | VOUTSET Voo# Vour Vour2 : . 0.0
VIND 0.9V, lout=1mA (note 2) VouT1 2.0 - 10.0 Vv 0
Vbb=Vout Vout2 - - 0.0
Supply Current 1 IbD1 FB=0V, FB2=1.2V - 165 350 uA O
Supply Current 1-1 bpra | ENS=3:0V, EN2=0, FB1=0V - 110 | 220 | pA
EN2=3.0V, EN1=0V, FB2=1.2V
Supply Current 1-2 IbD1-2 FB1=0V, FB2=0V - 130 270 uA O
FB1=1.2V, FB2=1.2V
Supply Current 2 IbD2 FB1=1.2V, FB2=0V - 100 200 u A a0
Stand-by Current IsTB Same as Ipp1, EN1=EN2=0V - 1.0 3.0 u A O
Oscillation Frequency FOSC Same as Ipb1 425 500 575 kHz O
EN1, 2 "High" Voltage VENH FB1=0V, FB2=3.0V 0.65 - - \% O
EN1, 2 "Low" Voltage VENL FB1=0V, FB2=3.0V - - 0.20 \% O
EN1, 2 "High" Current IENH FB1=3.0V, FB2=0V - - 0.50 uA 0
EN1, 2 "Low" Current IENL EN1, 2=0V, FB1=3.0V, FB2=0V - - -0.50 uA O
PWM1, 2 "High" Current IPWMH FB1=3.0V, FB2=0V, PWM1, 2=3.0V - - 0.50 u A a0
PWM1, 2 "Low" Current IPWML FB1=3.0V, FB2=0V, PWM1, 2=0V - - -050 | p A 0
FB1, 2 "High" Current IFBH FB1=3.0V, FB2=0.8V - - 0.50 uA 0
FB1, 2 "Low" Current VFBL FB1=1.0V, FB2=0V - - -0.50 uA O
Unless otherwise stated, Vbp=3.0V, PWM1, 2=3.0V, EN1, 2 = 3.0V
Output 1 Characteristics Step-Up Controller (FOSC = 500kHz) Ta=250
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |UNITS| CIRCUIT
FB 1 Voltage VFB1 Vop=3.0V, VIN=1.5V, louT1=10mA 0.882 | 0.900 | 0.918 \ 0
Using Tr: 2SD1628, ) ) 0.9 v 0
Operating Start Voltage 1| VsT1-1 louT=1.0mA, RFB11=200kQ , RFB12=75kQ '
Vobp # Vourtt : lout1=10mA - - 2.0 \% O
Oscillation Start Voltage 1 VsT2-1 FB1=0V - - 0.8 \% O
Maximum Duty Ratio 1 MINDTY1 | Same as Ibbp1 75 80 87 % O
Minimum Duty Ratio 1 MAXDTY2 | Same as Ibb2 - - 0 % a0
PFM Duty Ratio 1 PFMDTY1 | No Load, VPwm1=0V 22 30 38 % 0
Efficiency 1 EFFI1 louT1= 130mA, N-ch MOSFET: XP161A1355P - 83 - % O
Soft-Start Time 1 Tss1 VouTix 0.95V, EN1=0V - 0.65V 5.0 10.0 | 20.0 ms O
EXT1 "High" ON Resistance| REextBH1 | FB1=0V, EXT1=VDD -0.4V - 28 47 Q ad
EXT1 "Low" ON Resistance| RextBL1 | EN1=FB1=1.2V, EXT1=0.4V - 22 30 Q O
PWM1 "High" Voltage VPWMH1 No Load 0.65 - - \% O
PWM1 "Low" Voltage VPWML1 No Load - - 0.20 V a0
Unless otherwise stated, Vbob=EN1=PWM1=3.0V, EN2=PWM2=GND, EXT2=0OPEN, FB2=OPEN, VIin=1.8V
Output 2 Characteristics  Inverting DC/DC Controller (FOSC = 500kHz) Ta=250
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. | UNITS |TEST CIRCUIT]
FB 2 Voltage VFB2 Vpp=3.0V 0.882 | 0.900 | 0.918 V 0
louT2=1.0mA, RFB11=200kQ , RFB12=75kQ
Operating Start Voltage 2 VsT1-2 RFB21=17.5kQ , RFB22=10kQ , - - 2.0 \% oo
EN1=PWM1=3.0V
Oscillation Start Voltage 2 VsT12-2 FB2=1.2V - - 2.0 \% O
Maximum Duty Ratio 2 MAXDTY2 | Same as Ibbp1 75 80 87 % O
Minimum Duty Ratio 2 MINDTY2 | Same as Ipbp2 - - 0 % O
PFM Duty Ratio 2 PFMDTY2 | No Load, Vpwm2=0V 22 30 38 % a0
Efficiency 2 EFFI2 louT2= -150mA, P-ch MOSFET: XP162A12A6P - 71 - % O
EXT2 "High" ON Resistance| REextBH2 | EN2=FB2= 0V, EXT2=VDD-0.4V - 28 a7 Q O
EXT2 "Low" ON Resistance| REXTBL2 FB2=3.0V, EXT2=0.4V - 22 30 Q a0
PWM2 "High" Voltage VPWMH2 No Load 0.65 - - \% O
PWM2 "Low" Voltage VPWML2 No Load - - 0.20 \% 0

Unless otherwise stated, VDb=EN2=PWM2=3.0V, PWM1=EN1=GND, EXT1=0OPEN, FB1=0OPEN, VIN=3.0V
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XC9504

Series

m ELECTRICAL CHARACTERISTICS (Continued)

NOTE:

*1 Although the IC's step-up switching operations start from a Vbp of 0.8V, the output voltage and oscillation frequency are
stabilized at Vbb 0O 2.0V. Therefore, a Vbb of more than 2.0V is recommended when VDD is supplied from VIN or other
power sources.

*2 Although the IC's operations start from a VIN of 0.9V, the IC's power supply pin (VDD) and output voltage monitor pin (FB1)
should be connected to VouTti. With operations from VIN=0.9V, the 2nd channel's (output 2) EN2 pin should be disabled.
Once output voltage VouT1 is more than 2.0V, the EN2 pin should be enabled.

*3 Please be careful not to exceed the breakdown voltage level of the peripheral parts.

*4 EFFI={[ (output voltage) x (output current) ]/ [ (input voltage) x (input current) ] } x 100

TOIREX
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XC9504 series

m OPERATIONAL EXPLANATION

The XC9504 series are dual DC/DC (step-up + inverting) converter controller ICs with built-in high speed, low ON resistance
buffers.

<Error Amp. 1>
Error amplifier 1 is designed to monitor the output voltage and it compares the feedback voltagel (FB1) with the reference
voltage Vrefl. In response to feedback of a voltage lower than the reference voltage Vrefl, the output voltage of the error
amp. decreases

<Error Amp. 2>

Error amplifier 2 is designed to monitor the output voltage and it compares the feedback voltage 2 (FB2) with the reference
voltage Vref 2. In response to feedback of a voltage lower than the reference voltage Vref2, the output voltage of the error
amp. decreases.

<OSC Generator>
This circuit generates the internal reference clock.

<Ramp Wave Generator 1, 2>
The ramp wave generator generates a saw-tooth waveform based on outputs from the OSC generator.

<PWM Comparator 1, 2>
The PWM comparator compares outputs from the error amp. and saw-tooth waveform. When the voltage from the error
amp's output is low, the external will be set to ON.

<PWM/PFM Controller 1, 2>

This circuit generates PFM pulses.

Control can be switched between PWM control and PWM/PFM automatic switching control using external signals.

The PWM/PFM automatic switching mode is selected when the voltage of the PWM1 (2) pin is less than 0.2V, and the control
switches between PWM and PFM automatically depending on the load. As the PFM circuit generates pulses based on
outputs from the PWM comparator, shifting between modes occurs smoothly. PWM control mode is selected when the
voltage of the PWML1 (2) pin is more than 0.65V. Noise is easily reduced with PWM control since the oscillation frequency is
fixed. Control suited to the application can easily be selected which is useful in audio applications, for example, where
traditionally, efficiencies have been sacrificed during stand-by as a result of using PWM control (due to the noise problems
associated with the PFM mode in stand-by).

<Vref 1 with Soft Start 1>

The reference voltage, Vrefl (FB1 pin voltage)=0.9V, is adjusted and fixed by laser trimming (for output voltage settings,
please refer to the functional settings notes below.). To protect against inrush current, when the power is switched on, and
also to protect against voltage overshoot, soft-start time is set internally to 10ms. It should be noted, however, that this
circuit does not protect the load capacitor (CL) from inrush current. With the Vref voltage limited, and depending upon the
input to error amp 1, the operation maintains a balance between the two inputs of error amps and controls the EXT pin's ON
time so that it doesn't increase more than is necessary.

<Vref 2>
The reference voltage, Vref2 (FB2 pin voltage)=0.9V, is adjusted and fixed by laser trimming.

<Enable Function 1,2>

This function controls the operation and shutdown of the IC. When the voltage of the EN1 or EN2 pins is 0.2V or less, the
mode will be disable, the channel's operations will stop and the EXT1 pin will be kept at a low level (the external N-ch
MOSFET will be OFF) and the EXT2 pin will be kept at a high level (the external P-ch MOSFET will be OFF). When both EN1
and EN2 are in a state of chip disable, current consumption will be no more than 3.0u A.

When the EN1 or EN2 pin's voltage is 0.65V or more, the mode will be enable and operations will recommence. With
channel one (output 1) soft-start, 95% of the set output voltage will be reached within 10msec (TYP.) from the moment of
enable.
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XC9504

Series

m OPERATIONAL EXPLANATION (Continued)

< Output Voltage Setting, Ch.1 (Step-Up DC/DC Converter Controller) >
Output voltage can be set by adding external split resistors. Output voltage is determined by the following equation, based
on the values of RFB11 and RFB12. The sum of RFB11 and RFB12 should normally be 1 MQ or less.

VouT1=0.9x (RFB11+RFB12)/RFB12

The speed-up capacitor for phase compensation's (Crs1) value should be adjusted using the formula fzfb=1/(2x 77 x CrB1
x RFB11) so that it equals 12kHz. Depending on the application, the inductance value L, and the load capacity value CL,
adjustments to this value are suggested so that the value is somewhere between 1kHz to 50kHz.

[Calculation Example]

When RrFB11 = 470kQ and RrFB12 = 30k®2 : Vouti= 0.9x (470k+30k) / 30k = 15.0V.

[Typical Example]

Vout RFB11 RFB12 CFB1 Vout RFB11 RFB12 CFB1 Vout RFB11 RFB12 CFB1
V) (kQ) (kQ) (PF) V) (kQ) (kQ) (PF) (V) (kQ) (kQ) (PF)
15 220 330 62 2.7 360 180 33 10.0 680 68 18
1.8 220 220 62 3.0 560 240 24 12.0 160 13 82
2.0 330 330 39 3.3 200 75 62 15.0 470 30 27
2.2 390 390 33 5.0 82 18 160 20.0 470 22 27
2.5 390 390 33 8.0 120 15 100 30.0 390 12 34

< Output Voltage Setting, Ch. 2 (Inverting DC/DC Converter) >

Output voltage can be set by adding reference voltage and split resistors externally. Output voltage is determined using the
following equation and is based on the values of RFB21 and RFB22. The sum of RFB21 and RFB22 should normally be 200kQ
or less. The equation uses Ch 1's (VouT1) output voltage calculation method for the reference voltage.

VouT2 = (0.9-VouTt1) x (RFB21/RFB22) + 0.9V

[Calculation Example]
When RFB21 =17.5kQ2, RFB22 =10kQ, VouT1 =3.3V, VouT2 = - 3.3V

The value of speed-up capacitor for phase compensation CFs21:

[Conditions: Heavy load (when coil current is continuous.)]

fzfb2 = 1/2 x m x CrB21x RFB21) = 10kHz

Depending on the application, the inductance value L, and the load capacity value CL, adjustments to this value are
suggested so that the value is somewhere between 1kHz to 50kHz.

[Conditions: Light load (when coil current is discontinuous.)]

Less than CFB21=0.1p F

Depending on the application, the inductance value L, and the load capacity value CL, adjustments to this value are suggested.

> Example Circuit 1: Using voltage of Ch 1 (Step-Up)

VOUTY,
>

Channel 1 (Step-Up) circuits should be enable by setting EN1 to
High level so that a stable voltage is provided. Inrush current to the
inverter when the supply voltage VDD of the IC is 2.0 V or higher can
be controlled by setting EN 1 and EN 2 to enable (“H” level)
simultaneously.

> Example Circuit 2: Using a positive regulator

VR_OUT

Tq_o lh_e other

circuit

= RFB22
A stable positive voltage produced by a positive voltage regulator or
Fez ;l; by other means is usable.
cZ] = Torsz Vout2 = (0.9 - VRouT) x (RFB21 / RFB22) + 0.9V

1 >

7
VOouT2

TOIREX
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XC9504 series

m NOTES ON USE

e External Components

Conditions: Light load (when coil current is discontinuous.)
Channel One: Step-Up DC/DC Converter Controller ICs  Channel Two: Inverter DC/DC Converter

* MOSFET * MOSFET

Tr.l: XP151A12A2 (N-ch Power MOSFET, TOREX) Tr.2: XP151A12C0 (P-ch Power MOSFET, TOREX)
Note: VGs break down voltage of the XP151A12A2 Note: VGs break down voltage of the XP151A12CO0 is
is 12V so please be careful with the power supply 12V so please be careful with the power supply
voltage. voltage.

SD1: MA2Q737 (Schottky diode, MATSUSHITA) SD2: MA2Q737 (Schottky diode, MATSUSHITA)

L1: 15u H (D412F, TOKO, FOSC=300kHz) L2: 22u H (D412F, TOKO, FOSC=300kHz)
22u H (D412F, TOKO, FOSC=180kHz) 44u H (D412F, TOKO, FOSC=180kHz)
Please set so that the coil current is discontinuous. Please set so that the coil current is discontinuous.

CL1: 25V, 4.7y F (Ceramic) CL2: 10V, 4.7y F (Ceramic)

* NPN Tr. *PNP Tr.

Tr.l: 2SD1628 (SANYO) Tr.2: 2SA1213 (TOSHIBA)

RB1: 500Q Adjust in accordance with load & RB2: 500Q Adjust in accordance with load &

Tr.’s hFE. Tr.'s hFE.
RB1<(VIN - 0.7) X (hFE/IC - REXTBH) RB2<(VIN - 0.7) x (hFE/IC - REXTBL)

CB1:  2200pF (Ceramic) Cs2: 2200pF (Ceramic)

CB1< (2 X RB1 X FOSC x 0.7) CB2< (2 nx RB2 X FOSC x 0.7)

Conditions: Light load (when coil current is discontinuous.)
Channel One: Step-Up DC/DC Converter Controller ICs  Channel Two: Inverter DC/DC Converter

* MOSFET * MOSFET
Tr.l: XP151A12A2 (N-ch Power MOSFET, TOREX) Tr2: XP151A12C0 (P-ch Power MOSFET, TOREX)
Note: VGs break down voltage of the XP151A12A2 Note: VGs break down voltage of the XP151A12CO0 is
is 12V so please be careful with the power supply 12V so please be careful with the power supply
voltage. voltage.
SD1: MA2Q737 (Schottky diode, MATSUSHITA) SD2: MA2Q737 (Schottky diode, MATSUSHITA)
CRS02, (Schottky diode, TOSHIBA)
CMS02
L1: 15p H (CDRH5D28, SUMIDA, L2: 15p H (CDRH5D28, SUMIDA,
FOSC=300kHz) FOSC=300kHz)
22y H (CDRH5D28, SUMIDA, 22y H (CDRH5D28, SUMIDA,
FOSC=180kHz) FOSC=180kHz)
CL1: 16V, 4.7u F (Tantalum) CL2: 16V, 4.7y F (Tantalum)
Increase capacity according to the equation below Increase capacity according to the equation below
when the step-up voltage ratio is large and output when the step-up voltage ratio is large and output
current is high. current is high.
CL=(CL standard value) x (loutr (mA) / 300mA x CL=(CL standard value) x (lout2 (mA) / 300mA x
Vourt1 / VIN Vout2/ VIN
*NPN Tr. *PNP Tr.
Tr1: 2SD1628 (SANYO) Tr2: 2SA1213 (TOSHIBA)
RBe1:  500Q Adjust in accordance with load & RB2: 500Q Adjust in accordance with load &
Tr.’s hFE. Tr.’s hFE.
RB1<(VIN - 0.7) x (hFE/IC - REXTBH) RB2<(VIN - 0.7) x (hFE/IC - REXTBL)
Csi: CB1< (2 X RB1 X FOSC x 0.7) Cs2:  2200pF (Ceramic)

CB2< (2 tx RB2 X FOSC x 0.7)
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XC9504

Series

m NOTES ON USE (Continued)

e Hint on application

1. Channel 1 (Step-Up) How to shut down the output voltage during standby mode
If the circuit configuration shown as an example of typical application circuits is used, voltage VIN will occur at VouT1 when
the IC is in standby, the diode being bypassed. This can cause circuits connected to VouT1 to malfunction.

> Example of typical application circuit 1:
Pch SBD1

NOuT1 MOSFET1 |"‘
T— =R1
= 2 Set R1 so as to prevent leakage current of N-ch MOSFET 2.
-<
<>
FB1 CFB]]
cL1 &
<>
<>
~ RFB12
/L ON/OFF

signal

> Example of typical application circuit 2: Power Ready Function
The combination of R 2, C 1, and the threshold

voltage of approximately 0.7 V of NPN Bip 1 is
used to produce a delay time between the
CFB1 circuits being enabled and P-ch MOSFET 1

Pch SBD1
VOUTL MOSFETL
ars

FE1S> being switched on. Delay time set to 20ms
NPN cLi ensures power to be made ready in a favorable
Bipl manner, as soft start of this product is
completed during the delay time.
Set Value (Example)
o= VOLTAGE (V) | R2 (kQ) Cl(uF)
Time to make power ready is calculated by the equation below. 2.5 430 0.15
Time =-R2x C1 x Ln (1 - 0.7/ [ON / OFF Signal Voltage ] 33 470 0.18
Set R1 so as to prevent leakage current of NPN (Bip 1). 5.0 430 0.33

N-ch MOSFET 2 and the inverter enables power to be turned off quickly.

2. Channel 2 (Inverting): Soft start circuit

Channel 2 (inverting) is subject to the overshoot of output voltage 2 (Vourt2) at start-up. It is possible to control the
overshoot of output voltage 2 (VouTtz), as shown by circuit example 1 in “Output Voltage Settings for Channel 2" in
“Function Settings.” In this circuit configuration, EN 1 and EN 2 are enabled (set to “H” level) simultaneously. This lets
output voltage 1 (VourTi) of channel 1 increase gently as soft start, thereby controlling the overshoot.

> Example of typical application circuit: Improved Soft start
This example is effective when EN 1 and EN 2 are enabled with different timings under light load condition (the coil current
being discontinuous).

AN Pch Time to make soft start time is calculated by the equation below.
VOUTL | vosFeTL
i < . 0.9-VouT2) ¥ RFB22
e m= T Timess2 = -Rrg21 x Crezl/Ln| 1— —¢ ) )
S Zrre22 (Vout1 —0.9) ¥ RFB21)
Example)
FB2 NCh When VouT1 = 15V and VouT2 = - 7.5V,
Enz MOSFE ﬁ} Jd RFB21 = 59.6kQ , RFB22 = 100kQ by the equation below.
ONIOFF CLo= CEB21 Vourt2 = (0.9 - VouT1) x (RFB21 / RFB22) + 0.9
k signal He2 . When the light load, CFB21=0.1u F or lower value can be used.
o vouT2 Therefore, when CFB21=0.027u F,

Time_ss2 = 5.0ms and VouT2 = 95% of setting value

3. Channel 2 (Inverting): Withstand voltage of transistor

The voltage applied between the drain and source is the sum of VIN and VouT2. Select a transistor with an absolute Vbss
rating that is suitable for your operating conditions. Example: The voltage applied across VDs of a transistor will be 20.0V if
VIN = 5.0 V and VouT2 = -15.0 V. Under this condition, a transistor with Vbss higher than 20.0V should be selected. (Use
a transistor with VDSS that is 1.5 times the applied voltage or more, as a standard.)

TOIREX
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XC9504 series

m TEST CIRCUITS

Circuit 1
22uH PNP ‘,L;
MouTi dl“ faaan) » Tr. 2200pF A Rraz2
[P S
5109 5100
NPN
R 3 o 1EXT1 EXT2/ 10 e ):,“m‘
+« 79 SpF zzmp‘FKF 2 Voo GND S [ & > 2 o
., 4TuF F—{JarFen Feze [ ] e |
'
{4 Pyt Pz T [ -
Rows 2 L — — o Jarun ATHF_ Ruz
9 e ] sen ENZ & [
Vi -
77
Circuit 2
22uH PNP o
MouTy ey Tr 2200pF 4 Rreaz
— L
f‘ A ATuF
5100 5100
I "'r- 1 ExT1 EXT2/ 10 0tu <
e iz
on Lt ] T 22000F 8= 2Voo GND 9 [T 22000F <
3 aTuF e Fe28[]) ,]F‘ L
At —
Rlulz;? - o B il :'_—‘Luwm a7uH  ATHF__ Rz
b T {]5Em ENZE :|___|
WN'T T\'\N}
777
Circuit 3
1EXTY EXT2 10 [
2voo GND % [}
aFet FB28
4 P M2 7
5 o
SENI ENZE :}%
T vea T vevaz T v
77
Circuit 4
Neh
o Vours . MOSFET
= |
1EXT1 ExTz 10 Vine
4TpF_| * L
G‘) on - ""F-l- ] zvoo GND o [ }——a
S {|aFB1 FB28[}———
R
: 4 4 PWMIP 1T — Y
m_'__-l- SENI ENZG[}——@
b ol wilLd
7
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XC9504

Series

m TEST CIRCUITS(Continued)

Circuit 5

MOSFET
1EXTY ExT210[3 —.::H:‘-'"HF
2 Voo GND S [
e

IFB1 FB28

-
A B
T"‘F L @ 4 P PMZT o

S5ENT ENZE [J—8

—@—:-Em

—— A ]

1w ——————J3Fm
Toee —————— ] P

—[ 5EN1

1l
g

Circuit 7
®
’—E"'_::_ ww| [C]1exm EXT2/ 10
DY 2voo GND B
— | 2FB1 FB28
——{ |aPvn WMz 7
—— | sEm ENZ§
esa

TOIREX
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XC9504 series

m EXTERNAL COMPONENTS USED FOR THE TEST CIRCUITS

Circuit 1, Circuit 2
L1, L2:

SD1, SD2 :
CL1, CL2:

CIN:
NPN Tr1:
PNP Tr2:
RFB :

CrB :

Circuit 4
L1:
SD1:
CL1:
CIN :
N-ch MOSFET :

Circuit 5
L1:

SD1:

CL1:

CIN:

N-ch MOSFET :

Circuit 7
L2:

SD2:

CL2:

CIN:

P-ch MOSFET :

22p H (CDRH5D28, SUMIDA) : XC9504B092A

15p H (CDRH5D28, SUMIDA) : XC9504B093A

10p H (CDRH5D28, SUMIDA) : XC9504B095A

CRSO02 (Schottky, TOSHIBA)

EC10QS06 (Schottky, NIHON INTER)

16MCE476MD2 (Tantalum, NIHON CHEMICON)
35MCE335MB x 3 (Tantalum, NIHON CHEMICON)
16MCE476MD2

25D1628 (SANYO)

2SA1213 (TOSHIBA)

Please use by the conditions as below.

RFB11 + RFB12J1MQ

RFB21 + RFB2271MQ2

RFB11/ RFB12 = (Setting Output Voltage / 0.9) - 1

VouT2 = (0.9 - VouT1) / (RFB21 / RFB22) + 0.9

fzfb =1 /(2x m x CFrB1Xx RFB11) = 1kHz to 50kHz (12kHz usual)
fzfb =1 /(2x m x CFrB2Xx RFB21) = 1kHz to 50kHz (12kHz usual).

22p H (CDRH5D28 SUMIDA)

MA2Q737 (Schottky, MATSUSHITA)
16MCE476MD2 (Tantalum, NIHONCHEMICON)
16MCE476MD2 (Tantalum, NIHONCHEMICON)
XP161A1355P (TOREX)

22p H (CDRH5D28, SUMIDA) : XC9504B092A
154 H (CDRH5D28, SUMIDA) : XC9504B093A
10p H (CDRH5D28, SUMIDA) : XC9504B095A
MA2Q737 (Schottky, MATSUSHITA)
16MCE476MD2 (Tantalum, NIHONCHEMICON)
16MCE476MD2 (Tantalum, NIHONCHEMICON)
XP161A1355P (TOREX)

22p H (CDRH5D28, SUMIDA) : XC9504B092A
15p H (CDRH5D28, SUMIDA) : XC9504B093A
10p H (CDRH5D28, SUMIDA) : XC9504B095A
MA2Q737 (Schottky, MATSUSHITA)
16MCE476MD2 (Tantalum, NIHONCHEMICON)
16MCE476MD2 (Tantalum, NIHONCHEMICON)
XP162A12A6P (TOREX)

m NOTE ON USE

1. PWM/PFM Automatic Switching

If PWM/PFM automatic switching control is selected and the step-up ratio is low (e.g., from 4.5 V to 5.0 V), the control
mode remains in PFM setting over the whole load range, since the duty ratio under continuous-duty condition is smaller
than the PFM duty ratio of the XC9504 series. The output voltage's ripple voltage becomes substantially high under
heavy load conditions, with the XC9504 series appearing to be producing an abnormal oscillation. If this operation
becomes a concern, set pins PWM to High to set the control mode to PWM setting. For use under the
above-mentioned condition, measured data of PWM/PFM automatic switching control shown on the data sheets are
available up to louT = 100 mA.

2. Ratings
Use the XC9504 series and peripheral components within the limits of their ratings.
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS
< 1 ch. Step-Up DC/DC Controller >
(1) Output Voltage vs. Output Current (Ceramic capacitor and compact Inductor use )
FOSC=180kHz, VOUT1=10.0V FOSC=180kHz, VOUT1=15.0V
L1=22uH(LLB2520), CL1=10 F(ceramic) L1=22 1t H{LLB2520), CL1=10 ¢ F(ceramic)
SD1:.CRS02, Tr1:*P151A12A2ZMR SD1.CRS02, Tri:XP151A12A2ZMR
10.4 15.4
PWWMI/PFM Swatching Contral PWMI/PFM Switching Control
PWW Contral PWM Control
s 10.2 5 152
= -
3 S :
Q 100 Q 150
(=]
= 2 7 2 148 VINS2.7V 3.3V 4.2V 5.0V
a2 VIN=2.7V 3.3V 4.2V 5.0V 32
] 5
© g8 O 148
9.4 14.4
1 10 0.1 1 10
Output Current 1 IOUT1 (mA) Output Current 1 IOUT1 (mA)
FOSC=180kHz, VOUT1= 30.0V FOSC=180kHz, VOUT1= 20.0V
L1=22 ¢ H(LLB2520), CL1=2 4 F(ceramic) L1=22 ¢ H(LLB2520), CL1=4.4 t F(ceramic)
SD1:CRS02, Tr1:25K2857 SD1:CRS02, Tr1:XP151A11BOMR
il L UL PM/PEM Switching Contral
Rol e 20 P Contrel
S 305 s 203
% 30,0 [ 'gs 20.0 A
S / P 4
> VIN=3.3V 5.0V 8 LA
S 295 £ 195
2 5
.,5 =N
=3 ]
3
3 290 © 190
28.5 18.5
0.1 1 10 0.1 1 10
Output Current 1 10UT1 (mA) Output Current 1 loutt (mA)
TOIREX
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 1 ch. Step-Up DC/DC Controller > (Continued)

(1) Output Voltage vs. Output Current (Continued)

Output Voltagel VOUT1 (V)

Output Voltagel VOUT1(V)

Output Voltagel VOUT1 (V)

16/53

FOSC=180kHz, VOUT1=10.0V

L1=100y H(CDRH4D18C), CL1=10y F(ceramic)
SD1:CRS02, Tri:XP151A12A2MR

10.4
PWM/PFM Switching Control
PWM Control
10.2 5.0V
4.2V
10.0 \\ v
P2 /\
9.8 VIN=2.7V /
9.6 3.3V
9.4
0.1 1 10 100
Output Current 1 IOUT1 (mA)
FOSC=180kHz, VOUT1=10.0V
L1=22 H(CDRH4D18C), CL1=10u F(ceramic)
SD1:CRS02, Tr1:XP151A12A2MR
10.4 |
PWM/PFM Switching Control
PWM Control
10.2
VIN=2.7V 3.3V
4.2V
10.0 S
f
9.8 5.0V
9.6
9.4
0.1 1 10 100 1000
Output Current 1 IOUT1 (mA)
FOSC=180kHz, VOUT1= 20.0V
L1=22)y H(CDRH4D18C), CL1=4.4 F(ceramic)
SD1:CRS02, Tr1:XP151A11BOMR
21.0
PWM/PFM Switching Control
PWM Control
20.5
20.0 A
VIN=3.3V
19.5 5.0V —
19.0
18.5
0.1 1 10 100

Output Current 1 IOUT1 (mA)

(Ceramic capacitor use)

Output Voltagel VOUT1(V)

Output Voltagel VOUT1 (V)

Output Voltagel VOUT1 (V)

FOSC=180kHz, VOUT1=15.0V

L1=68y H(CDRH4D18C), CL1=10u F(ceramic)
SD1:CRS02, Tr1:XP151A12A2MR

15.4
PWM/PFM Switching Control
15.2 | PWM Control | 4_2V5_\0\/
15.0 I
VIN=27V | 33V
14.8
14.6
14.4
0.1 1 10 100
Output Current 1 IOUT1 (mA)
FOSC=180kHz, VOUT1= 15.0V
L1=22y H(CDRH4D18C), CL1=10u F(ceramic)
SD1:CRS02, Tr1:XP151A12A2MR
15.4
PWM/PFM Switching Control
PWM Control
152 4.2V 5.0V |
150 7l A
VIN=2.7v 3.3V
14.8
14.6
14.4
0.1 1 10 100
Output Current 1 IOUT1 (mA)
FOSC=180kHz, VOUT1= 30.0V
L1=22; H(CDRH4D18C), CL1=2 F(ceramic)
SD1:CRS02, Tr1:2SK2857
31.0
PWM/PFM Switching Control
PWM Control
30.5

30.0 N

VIN=3.3V 5.0V
295
29.0
28.5
0.1 1 10 100

Output Current 1 IOUTL (mA)




XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 1 ch. Step-Up DC/DC Controller > (Continued)
(1) Output Voltage vs. Output Current (Continued) (Tantalum capacitor use)
FOSC=180kHz, VOUT1= 1.5V FOSC=180kHz, VOUT1= 2.5V
L1=22;, H(CDRH5D28), CL1=94y F(Tantalum) L1=22), H(CDRH5D28), CL1=94); F(Tantalum)
SD1:CMS02, Tr1:XP161A1355F SD1:CMS02, Tr1:XP161A1355P
1.7 2.7 I
PWM/PFM Switching Control PWM/PFM Switching Control
PWM Control PWM Control
~ 16 ~ 2.6 1.5V
S >
~ N
5 = \
1.5 —_———— ——— 2
Q / Q 2.5 —
< —
g i VIN=0.9V o VIN=0.9V 4 5y
s - 1.2v § 24
2 F
3 13 3 23
1.2 o2
0.1 1 10 100 1000 01 1 10 100 1000
Output Current 1 IOUTL (mA) Output Current 1 IOUTL (mA)
FOSC=180kHz, VOUT1=3.3V FOSC=180kHz, VOUT1= 5.0V
L1=22|; H(CDRH5D28), CL1=94y, F(Tantalum) L1=22y H(CDRH5D28), CL1=94y F(Tantalum)
a5 SD1:CMS02, Tr1:XP161A1355F SD1:CMS02, Tr1:XP161A1355P
: 5.2
PWM/PFM Switching Control PWM/PFM Switching Control 4.2V
PWM Control PWM Control
~ 34 2,'7\/— ~ 5.1 /l/ \
\>./ ! \/ > /
/ () /
s v = /
> X 5 1
Q 33 9 50 /BTN
g 2
g VIN=0.9v 2 VIN=L5V
S 3.2 1.2V,1.5V ] S 49
> s 27v |
2 E 3.3V
S 5
O 31 O 48
3.0 47
0.1 1 10 100 1000 01 1 10 100 1000
Output Current 1 IOUT1 (mA) Output Current 1 I0UTL (mA)
FOSC=180kHz, VOUT1= 8.0V
L1=22, H(CDRH5D28), CL1=94; F(Tantalum)
SD1:CMS02, Tr1:XP161A1265P
8.2
PWM/PFM Switching Control 5.0v
PWM Control /
f>\ 8.1 ¢
S
= SN
s
3 f
Q 80 i
2 VIN=3.3V
> 4.2v
g
5 79
>
5
o
5
O 78
7.7
0.1 1 10 100 1000 * Dotted Arrow Head -———= > PWM/PFM Switching Control
Output Current 1 IOUT1 (mA)
TOIREX
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 1 ch. Step-Up DC/DC Controller > (Continued)

(1) Output Voltage vs. Output Current (Continued)

FOSC=300kHz, VOUT1= 2.5V

L1=15y H(CDRH5D28), CL1=94;; F(Tantalum)
SD1:CMS02, Tr1:XP161A1355F

(Tantalum capacitor use)

FOSC=300kHz, VOUT1= 3.3V

L1=15y H(CDRH5D28), CL1=94;, F(Tantalum)
SD1:CMS02, Tr1:XP161A1355F

2.7 I | 35
PWM/PFM Switching Control Lo
PWM Control 1.5\/\ EmlchOMm,i\;mChmg Control 27V
~ 26 ~ 34 -
a > /
— :_-" /
= = v
3 25 3
> 7 g 33 \
i) I
] ]
[=2] [=2]
8 24 8 32 VIN=0.9V
o . |— ° . u T
g VIN=0.9V / 9 1oV 1oy
=] = '
j=3 1.2V I=3
3 =1
O 23 O 31
2.2 3.0
0.1 1 10 100 1000 0.1 1 10 100 1000
Output Current 1 IOUT1 (mA) Output Current 1 IOUT1 (mA)
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 1 ch. Step-Up DC/DC Controller > (Continued)
(2) Efficiency vs. Output Current (Ceramic capacitor and compact inductor use)
FOSC=180kHz, VOUT1= 10.0V FOSC=180kHz, VOUT1= 15.0V
L1=22 H(LLB2520), CL1=10p F(ceramic) L1=22y H(LLB2520), CL1=10u F(ceramic)
SD1:CRS02, Trl:XP151A12A2MR SD1:CRS02, Tr1:XP151A12A2MR
100 100 T
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 1 ch. Step-Up DC/DC Controller > (Continued)

(2) Efficiency vs. Output Current (Continued)

FOSC=180kHz, VOUT1=10.0V

L1=100y H(CDRH4D18C), CL1=10u F(ceramic)
SD1:CRS02, Tr1:XP151A12A2MR
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Output Current 1 IOUT1 (mA)

(Ceramic capacitor use)

Efficiencyl EFFI 1 (%)

Efficiencyl EFFI 1 (%)

Efficiencyl EFFI 1 (%)

FOSC=180kHz, VOUT1= 15.0V

L1=68y H(CDRH4D18C), CL1=10y F(ceramic)
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 1 ch. Step-Up DC/DC Controller > (Continued)
(2) Efficiency vs. Output Current (Continued) (Tantalum capacitor use)
FOSC=180kHz, VOUT1= 1.5V FOSC=180kHz, VOUT1=2.5V
L1=22y H(CDRH5D28), CL1=94y F(Tantalum) L1=22) H(CDRH5D28), CL1=94 F(Tantalum)
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 1 ch. Step-Up DC/DC Controller > (Continued)

(2) Efficiency vs. Output Current (Continued)
FOSC=300kHz, VOUT1= 2.5V

Efficiencyl EFFI 1 (%)

Efficiencyl EFFI 1 (%)

Efficiencyl EFFI1 (%)
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L1=15; H(CDRH5D28), CL1=94, F(Tantalum)

SD1:CMS02, Tr1:XP161A1355P

(Tantalum capacitor use)

FOSC=300kHz, VOUT1= 3.3V

L1=15y H(CDRH5D28), CL1=94y, F(Tantalum)

SD1:CMS02, Tr1:XP161A1355P
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XC9504

Series
m TYPICAL PERFOMANCE CHARACTERISTICS (Continued)
< 1 ch. Step-Up DC/DC Controller > (Continued)
(3) Ripple Voltage vs. Output Current (Ceramic capacitor and compact inductor use)
FOSC=180kHz, VOUT1= 10.0V FOSC=180kHz, VOUT1= 15.0V
L1=22y H(LLB2520), CL1=10p F(ceramic) L1=22y H(LLB2520), CL1=10y F(ceramic)
SD1:CRS02, Tr1:XP151A12A2MR SD1:CRS02, Tr1:XP151A12A2MR
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 1 ch. Step-Up DC/DC Controller > (Continued)

(3) Ripple Voltage vs. Output Current (Continued)

FOSC=180kHz, VOUT1=10.0V
L1=100y H(CDRH4D18C), CL1=10y F(ceramic)
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Output Current 1 IOUT1 (mA)

(Ceramic capacitor use)

Ripple Voltagel (mV)

Ripple Voltagel (mV)

Ripple Voltagel (mV)

FOSC=180kHz, VOUT1= 15.0V

L1=68y H(CDRH4D18C), CL1=10p F(ceramic)
SD1:CRS02, Tri:XP151A12A2MR
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XC9504

Series
m TYPICAL PERFOMANCE CHARACTERISTICS (Continued)
< 1 ch. Step-Up DC/DC Controller > (Continued)
(3) Ripple Voltage vs. Output Current (Continued) (Tantalum capacitor use)
FOSC=180kHz, VOUT1= 1.5V FOSC=180kHz, VOUT1= 2.5V
L1=22y H(CDRH5D28), CL1=94p F(Tantalum) L1=22\y H(CDRH5D28), CL1=94y F(Tantalum)
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 1 ch. Step-Up DC/DC Controller > (Continued)

(3) Ripple Voltage vs. Output Current (Continued)

Ripple Voltagel (mV)

Ripple Voltagel (mV)

Ripple Voltagel (mV)
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FOSC=300kHz, VOUT1= 2.5V

L1=15y H(CDRH5D28), CL1=94y, F(Tantalum)
SD1:CMS02, Tr1:XP161A1355P

(Tantalum capacitor use)

FOSC=300kHz, VOUT1= 3.3V

L1=15; H(CDRH5D28), CL1=94, F(Tantalum)
SD1:CMS02, Tr1:XP161A1355P
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 2 ch. Inverting DC/DC Controller >
(4) Output Voltage vs. Output Current (Ceramic capacitor and compact inductor use )
FOSC=180kHz, VOUT2=-7.5V FOSC=180kHz, VOUT2=-10.0V
L2=22)) H(LLB2520), CL2=10py F(ceramic) L2=22y H(LLB2520), CL2=10u F(ceramic)
SD2:CRS02, Tr2:XP152A12COMR SD2:CRS02, Tr2:XP152A12COMR
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller > (Continued)

(4) Output Voltage vs. Output Current (Continued) (Ceramic capacitor use)
FOSC=180kHz, VOUT2=-7.5V FOSC=180kHz, Vour2= -10.0V
L2=100y H(CDRH4D18C), CL2=10u F(ceramic) L2=100y H(CDRH4D18C), CL2=10y F(ceramic)
SD2:CRS02, Tr2:XP152A12COMR SD2:CRS02, Tr2:XP152A12COMR
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 2 ch. Inverting DC/DC Controller > (Continued)
(4) Output Voltage vs. Output Current (Continued) (Tantalum capacitor use)
FOSC=180kHz, VOUT2=-7.5V FOSC=180kHz, VOUT2=-10.0V
L2=22 H(CDRH5D28), CL2=94y F(Tantalum) L2=22)1 H(CDRH5D28), CL2=94y F(Tantalum)
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller > (Continued)

(5) Efficiency vs. Output Current (Ceramic capacitor and compact inductor use)

FOSC=180kHz, VOUT2=-7.5V FOSC=180kHz, VOUT2= -10.0V

L2=22 H(LLB2520), CL2=10u F(ceramic) L2=22)1 H(LLB2520), CL2=10u F(ceramic)
SD2:CRS02, Tr2:XP152A12COMR SD2:CRS02, Tr2:XP152A12COMR
100 100
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 2 ch. Inverting DC/DC Controller > (Continued)
(5) Efficiency vs. Output Current (Continued) (Ceramic capacitor use)
FOSC=180kHz, VOUT2=-7.5V FOSC=180kHz, VOUT2= -10.0V
L2=100y H(CDRH4D18C), CL2=10p F(ceramic) L2=100p H(CDRH4D18C), CL2=10yu F(ceramic)
SD2:CRS02, Tr2:XP152A12COMR SD2:CRS02, Tr2:XP152A12COMR
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller > (Continued)

(5) Efficiency vs. Output Current (Continued)

FOSC=180kHz, VOUT2= -7.5V

L2=22y H(CDRH5D28), CL2=94p F(Tantalum)
SD2:MA2Q737, Tr2:XP162A12A6P
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(Tantalum capacitor use)
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 2 ch. Inverting DC/DC Controller > (Continued)
(5) Ripple Voltage vs. Output Current (Ceramic capacitor and compact inductor use)
FOSC=180kHz, VOUT2=-7.5V FOSC=180kHz, VOUT2= -10.0V
L2=22p H(LLB2520), CL2=10p F(ceramic) L2=22 H(LLB2520), CL2=10p F(ceramic)
SD2:CRS02, Tr2:XP152A12COMR SD2:CRS02, Tr2:XP152A12COMR
100 100
PWM/PFM Switching Control PWM/PEM Switching Control
PWM Control PWM Control
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller > (Continued)

(5) Ripple Voltage vs. Output Current (Continued)

Ripple Voltage2 (mV)

Ripple Voltage2 (mV)
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FOSC=180kHz, VOUT2= -7.5V
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(Ceramic capacitor use)
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 2 ch. Inverting DC/DC Controller > (Continued)
(5) Ripple Voltage vs. Output Current (Continued) (Tantalum capacitor use)
FOSC=180kHz, VOUT2=-7.5V FOSC=180kHz, VOUT2=-10.0V
L2=221 H(CDRH5D28), CL2=94y F(Tantalum) L2=22p H(CDRH5D28), CL2=94y F(Tantalum)
SD2:MA2Q737, Tr2:XP162A12A6P SD2:MA2Q737, Tr2:XP162A12A6P
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller > (Continued)

(6) Breakdown of Output Voltage

FOSC=300kHz,VIN= 3.3V
L2=47y H(LLB2520), CL2=10p F(ceramic)
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 2 ch. Inverting DC/DC Controller > (Continued)
(7) Breakdown of Coil Inductance Value
FOSC=300kHz,VIN3.3V,0utput2= -7.5V FOSC=300kHz,VIN=3.3V,0utput2= -7.5V
L2=CDRH5D28, CL2=94y F(Tantalum) L2=CDRH5D28, CL2=94p F(Tantalum)
SD2:MA2Q737, Tr2:XP162A12COMR SD2:MA2Q737, Tr2:XP162A12A6P
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(8) Supply Current vs. Supply Voltage

XC9504B092 (180kHz)
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(10) Supply Current 1-2 vs. Supply Voltage
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(12) Standby Current vs. Supply Voltage

Standby Current ISTB ¢4 A)
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XC9504B092 (180kHz)
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(9) Supply Current vs. Supply Voltage

Supply Current 1-1 IDD1-1 @1 A)
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(11) Supply Current 2 vs. Supply Voltage

Supply Currenty 2 IDD2 (1 A)
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(13) Oscillation Frequency vs. Supply Voltage

Oscillation Frequency Fosc(kHz)
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
(14) PWM1, 2 'H"L" Voltage vs. Supply Voltage (15) EN1, 2 'H"L' Voltage vs. Supply Voltage
XC9504B092 (180kHz) XC9504B092 (180kHz)
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(20) Operation Start Voltage vs. Ambient Temperature (21) Operation Retention Voltage vs. Ambient Temperature
XC9504B092(180kHz,VOUT=3.3V) XC9504B092(180kHz,VOUT=3.3V)
L=22 p H{CDRH5D28), CL=47 i F(Tantalum) L=22 s H{CDRHED28), CL=47 i F{Tantalum)
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(22) Oscillation Start Voltage vs. Ambient Temperature (23) PFM Duty Ratiol, 2 vs. Supply Voltage
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(24) Output Voltage vs. Ambient Temperature
XC9504B093(300kHz)

L1=22 s H(CDRHSD28), CL1=84 1 F(Tantalum)
Tri:XP161A1265P, SD1:.CMS02
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 1 ch. Step-Up DC/DC Controller >
(25) Load Transient Response (Tantalum capacitor use)
< Vourt1 = 3.3V, VIN = 2.0V, louT1 =100y A = 100mA >
e PWM Control
FOSC=180kHz, VouT1=3.3V FOSC=180kHz, VOUT1=3.3V
Lt sl st UG sl VIN=2.0V, I0UT1=100mA— 100 ¢ A
v
CH1 33v
..... T oom i 5 B B B B B e
CHzf™ T o0 A CHz2E™" " e 00 A
200 i sec/div 10msec/div
CH1:Vour:, AC-COUPLED, 50mV/div CH1:Voutt, AC-COUPLED, 50mV/div
CH2:louT1, 50mA/div CH2:lout1, 50mA/div
e PWM/PFM Switching Control
FOSC=180kHz, VouT1=3.3V FOSC=180kHz, VouT1=3.3V
VIN=2.0V, IOUT1=100 ¢ A— 100mA VIN=2.0V, IOUT1=100mA— 100 u A
: Pedsav
CH1 i : 33v 5
I z o ;
100mA i J1ooma
NN e
T s e B e 00 : d100, A
200 y sec/div 10msec/div
CH1:Vout1, AC-COUPLED, 50mV /div CH1:Vour1, AC-COUPLED, 50mV/div
CH2:louT1 , 50mA/div CH2:louT1 , 50MmA/div
TOIREX
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

<1 ch. Step-Up DC/DC Controller > (Continued)

(25) Load Transient Response (Continued) (Tantalum capacitor use)

<VouTt1 =3.3V, VIN = 2.0V, louT1 =10mA = 100mA >

e PWM Control

FOSC=180kHz, VOUT1=3.3V FOSC=180kHz, VOUT1=3.3V
VIN=2.0V, Io0UT1=10mA— 100mA VIN=2.0V, IOoUT1=100mA— 10mA
W
CH1 CH1
i 100mA Soor o n b n bt 1100ma
- 4 VP Y S PP - . - S S
----- T o T S S s 1O
VR U TOUIE FUTUR TUUIR P FUUN FUOOT PRIV FUUUR TUVIRE FUUUR FUUUR SO TUPE TR
200 it sec/div 200 i sec/div
CH1:VouT1, AC-COUPLED, 50mV/div CH1:Vout1, AC-COUPLED, 50mv/div
CH2:lout1 , 50mA/div CH2:louT1 , 50mA/div
e PWM/PFM Switching Control
FOSC=180kHz, VouT1=3.3V FOSC=180kHz, VoUT1=3.3V
VIN=2.0V, IoUT1=10mA— 100mA VIN=2.0V, IOUT1=100mA— 10mA
; ™
o\ ; EEY 33V
b : {100mA A £
[ - - - .4 k.. TN SN A VENEYEY NV ..... -_(
CHZ.-,.‘I ----- : ----- ;----;..,-\: ----- : ----- :.-:._10rnq creb ™ -.| ..... , ..... :,....;....E ..... . ..... :,....;...._10”.‘\
SN FUUTE TUUTE DUTUE TUUER POV TUUTE UL OO FUUUUR TUUE TUUIE TUUUR FURUR SO TUUUE TOUOE PO
200 u sec/div 200 y sec/div

CH1:Vout1, AC-COUPLED, S0mV/div

CH1:VouTt1, AC-COUPLED, 50m\V/div
CHZ:louT1 , 50mA/div

CH2:louT1 , 50mA/div
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
<1 ch. Step-Up DC/DC Controller > (Continued)
(25) Load Transient Response (Continued) (Ceramic capacitor use when coil current is discontinuous. )
< Vourt1 =15.0V, VIN = 3.3V, louT1 =100p A = 20mA >
e PWM Control
FOSC=180kHz, VouTr1=15.0V FOSC=180kHz, VouT1=15.0V
VIN=3.3V, lOUT1=100 ¢ A— 20mA VIN=3.3V, I0UT1=20mA— 100 u A
H [
CH1 pssstemss- 15.0v CH1 | =415.0v
20mA P b e doom
:_,““E“,"E_ : s I D SR A J T, L O JO S, s .‘E
) 100uA CH2 L 100 A
i H H jannn H H i i i A 1 ! AL ] i Lo
400y sec/div 10msec/div
CH1:Vouri, AC-COUPLED, 200mV/div CH1:Vour1, AC-COUPLED, 200m\V/div
CH2:lout1 , 10mA/div CHZ:louT1, 10mA/div
e PWM/PFM Switching Control
FOSC=180kHz, VouT1=15.0V FOSC=180kHz, VouT1=15.0V
VIN=3.3V, [OUT1=100 £ A— 20mA VIN=3.3V, IOUT1=20mA— 100 1 A
: 1 ) ]
T 15.0V v
CHi [ 115.0v
20mA P b : 120ma
“J100k A CH2f TR 1001 A
H o & i A | ' - f ]
400 it sec/div 10msec/div
CH1:Vour1, AC-COUPLED, 200mV/div CH1:VouT1, AC-COUPLED, 200mV/div
CH2:louT1 , 10mA/div CH2:louT1 , 10mA/div
TOIREX
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 1 ch. Step-Up DC/DC Controller > (Continued)

(25) Load Transient Response (Continued) (Ceramic capacitor use when coil current is discontinuous. )
<VouTt1 = 15.0V, VIN = 3.3V, louT1 =1ImA = 20mA>

e PWM Control

FOSC=180kHz, VOouUT1=15.0V FOSC=180kHz, VouT1=15.0V
VIN=3.3V, IOUT1=1mA— 20mA VIN=3.3V, IoUT1=20mA— 1mA
uy 3 H
CH1 115.0v ] o (20
5 2oma : P Jeoma
_________________________________ SO ST SO L NI
CHz 1mA CH2 : : 1mA
200 1 sec/div 1msec/div
CH1:Vour1, AC-COUPLED, 200m\V/div CH1:Vourt, AC-COUPLED, 200m\V/div
CH2:loutt , 10mA/div CH2:lout1 , 10mA/div
e PWM/PFM Switching Control
FOSC=180kHz, VouT1=15.0V FOSC=180kHz, VouT1=15.0V
VIN=3.3V, IoUT1=1mA— 20mA VIN=3.3V, IoUT1=20mA— 1mA
u
| = 15.0V
CH1 1s.0v :
20mA 20mA
| i I N
200 i sec/div 1msec/div
CH1:Vour1, AC-COUPLED, 20mV/div CH1:Voutt, AC-COUPLED, 200mV/div
CH2:louT1 , 10mA/div CHZ:louT1 , 10mA/div
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XC9504

Series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

<1 ch. Step-Up DC/DC Controller > (Continued)

(25) Load Transient Response (Continued) (Ceramic capacitor use when coil current is discontinuous. )

< PWM Control <= PWM /PFM Switching Control >

FOSC=180kHz, VOUT1=3.3V FOSC=180kHz, VOUT1=3.3V
VIN=2.0V, IOUT1=1mA PWM1 'L’ —'H' VIN=2.0V, [OUT1=1mA PWM1 "H'—'L’

ARG A
o [ ;M\; 33V

3.3V

SRS S S SN AU SN A 0.65V
5 . : . H H . . H 0.65Vv
: 4
L et SRSt AN e e el et A A el
CH2 ST R ov
1 i i H i i i 1 i 1 1 i ' ' ' s L i
Tmsec/div Tmsec/div
CH1:Vour , AC-COUPLED ,10mV/div e
CH2:PWM |, 0.5V/div CH2:PML, 0.5V

<Soft-start Wave Form>

FOSC=180kHz, VouT1=3.3V
VIN=2.0V, IOUT1=100mAEN1 'L'—='H" CIN=47 u F

3.3V

300mA

i 0.65V
CH3
4ms/div
CH1:Vout1, 1.0Vidiv
CH2:Int, 100mA/div
CH3:EN1, 0.5V/div * EN2=GND

TOIREX
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller >

(25) Load Transient Response (Continued) (Tantalum capacitor use)

<VouTt2 =-7.5VY, VIN = 3.3V, louT2 =100uA = -50mA>

e PWM Control

FOSC=180kHz, VOUT2=-7.5V FOSC=180kHz, VOUT2=-7.5V
MVIN=3 3V, IOUT2=-100 ¢ A— -50mA VIN=3.3V, loUT2=-50mA— -100 u A
L R S A ru
CH1 ' "1.785v CH1 : v .7.5V
N soma T e
..... B e RS JRN R AU SNSRI RO W SN S
G-den--».:.: ..... ‘ ..... :..:..: ..... ..... . ..... _100‘”A G—Q ..... f~‘ ‘ , , ‘ . 3 . _100uA
VOV TUUU FUUUE TUOTE TOTUE FUUR TUUE TOOR: FUPIR TR TUUUE FUUUE SUUUE TUUI TUU OO
10msec/div 200 i sec/div
CH1:Vourz, AC-COUPLED, 50mV/div CH1:VouTz2, AC-COUPLED, 50mv/div
CH2:louT2 , 50mA/div CH2:loutz , 50mA/div
e PWM/PFM Switching Control
FOSC=180kHz, Vour2=-7.5V FOSC=180kHz, VouT2=-7.5V
VIN=3.3V, IoUT2=-100 ¢ A— -50mA VIN=3.3V, IOUT2=-50mA— -100 A
T 9
[ ; 7.5V
CHI | ! 7.5V e ! 5
. _50mA, -50mA
11004 A cHz2f A A A A S T Y
VUV PO TUVIE FUTIR FUTUR FUTRN TUE FOOOR |
10msec/div 200 ¢ sec/div
CH1:Woutz, AC-COUPLED, 50m\V/div CH1:Woutz, AC-COUPLED, 50m\V/div
CH2:loutz , 50mA/div CH2:louT2 , 50mA/div
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XC9504

Series
m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 2 ch. Inverting DC/DC Controller > (Continued)
(25) Load Transient Response (Continued) (Ceramic capacitor Use when coil current is discontinuous. )
<Vout2 =-7.5V, VIN = 3.3V, louT2 =100uA = - 20mA>
e PWM Control
FOSC=180kHz, VouTt2=-7.5V FOSC=180kHz, VouT2=-7.5V
VIN=3.3V, loUT2=-100 t A— -20mA VIN=3.3V, IOUT2=-20mA— -100 z A
CH1 e :
S g CH1 :
: dooma
CJ—E‘—_M ..... ..... "“A ..... ..... ?““?.“h-100;1A aebie : 1004 A
1msec/div 200 it sec/div
CH1:Voutz, AC-COUPLED, 20mV/div CH1:Voutz, AC-COUPLED, 20mV/div
CH2:butz , 10mA/div CH2:louTz , 10mA/div
e PWM/PFM Switching Control
FOSC=180kHz, Vour2=-7.5V FOSC=180kHz, Vourz=-7.5V
VIN=3.3V, IOUT2=-100 t A— -20mA VIN=3.3V, IoUT2=-20mA— -100 i A
R EEEEE B H
......... ' .’(.(/;!.III:ZJJAL‘ZIJ:JIJA
CHt A A R .
gom o P i R R
CHR [ 1T T 400 4 A oHef T ; 1004 A
: I ] i i i i i i AP PUTE PU FRPIE T PRI P P P PP
2msec/div 200 p sec/div
CH1:Voutz2, AC-COUPLED, 50mV/div CH1:Voutz, AC-COUPLED, 50mV/div
CHZ:louTz , 10mA/div CHZ:louTz , 10mA/div
TOIREX
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller > (Continued)
(25) Load Transient Response (Continued) (Ceramic capacitor use when coil current is discontinuous. )

<VouTt2 =-7.5V, VIN = 3.3V, louT2 =1mA = -20mA>

e PWM Control

FOSC=180kHz, VouT2=-7.5V FOSC=180kHz, \VouT2=-7.5V
VIN=3.3V, louT2=-1mA— -20mA VIN=3.3V, loUT2=-20mA— -1mA

CH1 F 1.7.5v

4-20mA -20mA
CD_Q............—-; ----- ----- r'1 ----- ----- r'_'-1m°l cH2f ' 5 i ; ] H i : -TmA
IR TR TUUUR TUE FUUTE TUUE PR TR PO VIR TR L FUUUR FOUIR TUUIR OV OV
200 i sec/div 200 i sec/div
CH1:Voutz, AC-COUPLED, 20m\V/div CH1:Voutz, AC-COUPLED, 20mV/div
CH2:lout2 , 10mA/div CH2:loutz , 10mA/div
e PWM/PFM Switching Control
FOSC=180kHz, Vour2=-7.5V FOSC=180kHz, VouT2=-7.5V
VIN=3.3V, lOUT2=-1mA— -20mA VIN=3.3V, loUT2=-20mA— -1mA
U
PSSR N
ot ENTT J-Wﬁfﬂwﬁ R .
RS & f//ﬁ{?ﬁf#g R
-20mA _20mA
A STSTRS | SYSINSIE SIS UV ISSVSVSN. SYSVSE SYMEISES STmEvE Iovers - Y A . 4
CH2_....._._\ ............... ,.\ ............... Y L 1mA _ . : : P
RN, AUV RUUIUR SO RVIWP RUVOS RPN, ROV | IR FRTOL VUL TR IR UL TR OO |
_ 400 4 sec/div ) 400 y sec/div
GH1:Vourz, AC-COURLED, 20mVidiv CH1:Vour2, AC-COUPLED, 20mV/div
CHz:loutz, 10mA/div CH2:lout2 , 10mA/div
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Series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller > (Continued)

(25) Load Transient Response (Continued)

CH1

CHz

FOSC=180kHz, Vout2= - 7.5V
VIN=3.3V, IoUT2=-5mA PWM2 'L'—'H’

1) g
it ! Y
: . H ]
- ................ ......................... :
; ; 1 1 I i 1 1 1 1 i
200 u sec/div

CH1:Vourz, AC-COUPLED ,.20mV/div
CH2:PWE | 0.5V /div

< PWM Control = PWM /PFM Switching Control >

-7.5V

0.65V

ov

CH2

FOSC=180kHz, Vout2=-7.5V
VIN=3.3V, [OUT2=-5mAPWM2 'H—'L’

200 u sec/div
CH1:VOUTz, AC-COUPLED ,20mV /div
CH2:PWNE, 0.5V/div

jo.85v

{ov

(Ceramic capacitor use when coil current is discontinuous. )

TOIREX
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XC9504 series

m TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller > (Continued)

(25) Load Transient Response (Continued) (Ceramic capacitor use when cail current is discontinuous. )

< Soft-Start Wave Form >

FOSC=180kHz, VouT2=-7.5V FOSC=180kHz, VouTtz2=-7.5V
VIN=3.3V, IoUT2=-20mAEN1, 2 'L'—'H’, CIN=10 « F VIN=3.3V, IOUT2=-50mA EN1, 2 'L'—='H’, CIN=10 u F
v T T
-7.5V -7.5V
140ma
7 60mA
1 1. 1 1 1 1 1 1 i C|-|3 L L L L 1 L i 1 L
CH3 .
2ms/div 2ms/div
CH1:VouTz , 5.0V/div, CH2:Inz, 50mA/div CH1:Vourz, S.UVfdhf. CH2:Inz, 50mA/div
CH3:EN1, 2 , 0.5V/div CH3:EN1, 2 |, 0.5V/div
FOSC=180kHz, VouTt2=-7.5V FOSC=180kHz, VOUT2=-7.5V
WVIN=3.3V, I0UT1=0mA, I0UT2=-20mAEN1,2 'L'—'H’, CIN=10 u F VIN=3.3V, IOUT1=0mA, IOUT2=-50mAEN1,2 'L'='H’, CIN=10 & F
REERERENR —
BT T R St R oo & 15.0V ]
15.0v
-7.5V
-7.5V
140ma
B0mA
: E
b bbbl 088V 0.65V
CH4
2ms/div omsfdiv
CH1:Vourz , 5.0V/div, CHZ:VouT1 | 5.0V/div,
CH3:bnz, 50mA/div, CH4:EN1, 2 | 0.5V/div CH1:Vourz , 5.0V/div, CH2:Vout1 , 5.0V/div
CH3:nz, 50mA/div, CHA:EN1, 2 |, 0.5V/div
FOSC=180kHz, VouT2=-7.5V FOSC=180kHz, VouT2=-7.5V
VIN=3.3V, IOUT2=-20mAEN2 'L'—'H’, CIN=10u F VIN=3.3V, IOoUT2=-50mA EN2 'L'—'H’, CIN=10 « F
Eal N \\ ‘IR N R A
-7.5V
140mA
..... ‘:A_..__:._.E_.___._I,___:,‘; 065V _.-E,A,.*,A‘,'.i 065.0.
CH3 CH3 .
200 ¢ sec/div 200 i sec/div
CH1:Voutz , 5.0V/div, CH2:Inz, 500mA/div CH1:Vour2, 5.0V/div, CH2:Inz, S00mA /div
CH3:EN2 |, 0.5V/div CH3:EN2 |, 0.5V/div

*EN1=GND
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Series

m PACKAGING INFORMATION

e MSOP-10 e USP-10
0.15+0.08
H H H H f 274005
g | AN
1 To AR
O .
I ey
1 Kl b=
1015 &4
3.0020.10 I i S
[ = M mmimn
_ g_ ) 2.30 —
0.20 5 0.5 E

* Soldering fillet surface is not formed
because the sides of the pins are not
plated.

e USP-10 Recommended Pattern Layout e USP-10 Recommended Metal Mask Design

2.3 1.9

025 025 025 025 025 0.256 025 025 025 025
HERRE Nilckclil:
g 7 7 T g m oMo m j
T 000 iy Rk
%
% % % % 5 : ‘1 ‘ 2 [3 [a 5
0.225 | 0.5 | 0.5 | 05 | 05 0225 L_IJO_S 0.5 ! 0.5 0.5 |

LO.?S,J 0.35

TOIREX
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XC9504 series

m MARKING RULE

e MSOP-10, USP-10

MSOP-10
(TOP VIEW)
100 r110
210 q e Tl g
32 g Tet T8
alr Bt1ed oy
5[ g6
USP-10
(TOP VIEW)

0 Represents product series

MARK PRODUCT SERIES

1

XC9504B09xxx

O Represents type of DC/DC controller

MARK PRODUCT SERIES

B

XC9504B09xxx

0,0 Represents FB voltage

MARK

VOLTAGE (V)

PRODUCT SERIES

9 0.9

XC9504B09xxx

O Represents oscillation frequency

MARK OSCILLATION FREQUENCY (kHz) PRODUCT SERIES
2 180 XC9504B092xx
3 300 XC9504B093xx
5 500 XC9504B095xx

0 Represents production lot number
0to 9, Ato Zrepeated (G, I, J, O, Q, W excepted)
Note: No character inversion used.
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XC9504

Series
The products and product specifications contained herein are subject to change without
notice to improve performance characteristics. Consult us, or our representatives
before use, to confirm that the information in this catalog is up to date.
We assume no responsibility for any infringement of patents, patent rights, or other
rights arising from the use of any information and circuitry in this catalog.
Please ensure suitable shipping controls (including fail-safe designs and aging
protection) are in force for equipment employing products listed in this catalog.
The products in this catalog are not developed, designed, or approved for use with such
equipment whose failure of malfunction can be reasonably expected to directly
endanger the life of, or cause significant injury to, the user.
(e.g. Atomic energy; aerospace; transport; combustion and associated safety
equipment thereof.)
Please use the products listed in this catalog within the specified ranges.
Should you wish to use the products under conditions exceeding the specifications,
please consult us or our representatives.
We assume no responsibility for damage or loss due to abnormal use.
All rights reserved. No part of this catalog may be copied or reproduced without the
prior permission of Torex Semiconductor Ltd.
TOREX SEMICONDUCTOR LTD.
TOIREX

53/53



