TOIREX
XC9504 Series /

/ ETR0704_002b

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

Y GreenOperation Compatible

B 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.

BAPPLICATIONS BFEATURES
] 2ch. DC/DC Controller (Step-Up + Inverting)
@Power supplies for LCD <OQutput 1: Step-Up DC/DC Controller>
Output Voltage Range : 1.5V ~ 30V (set by FB1 pin)
®PDAs Output Current : More than 20mA

(VIN=3.3V, VouTt=15V)

@®Palm top computers 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 1 2-20mA
(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 :3.0 # F(MAX.)
Packages : MSOP-10, USP-10

Environmentally Friendly :EU RoHS Compliant, Pb Free

B TYPICAL APPLICATION CIRCUIT B TYPICAL PERFORMANCE
CHARACTERISTICS

<XC95048092A Input: 33V, Output ®: 15V, Output @: -7V> .Output Voltage VS. Output Current

Vourt=15V SD1 L1:220H Tr2:Pch MOSFET SD2 Vour=7V XC9504B092A
OUTt=-20mA MAQ735 D412F V=33V XPIE2ATZC) Mﬁ735 10UT2=~20mA (180kHz, Output1=15V, output2=-7V)

E Va ¢ L1=22 it H (CR54), CL1=4.7 it H (ceramic), SD1MA2QT37, Tri:XP151A12A2ZM

iy L2=47 ¢t H (CR54), CL2=4.7 ¢t H (ceramic), SD2MA2QT737, TrzXP152A12COM
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XC9504 series

B PIN CONFIGURATION

[ 11ExT1 EXT210 [ ] T
ExT210[] [ rext
[l2voo GND9 [ ] = 1 2 voo
[|3FB1 FB28 [ | FB2 8] [] arB1
[ 4Pwmt PWM27 [ ] PWM2 7] ] 4 pwmi
EN2 6] ] 5 ent
[ 15EN1 EN26 [ 1
MSOP-10 USP-10
(TOP VIEW) (BOTTOM VIEW)

B 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 2. 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>

B PRODUCT CLASSIFICATION

@Ordering Information

XC9504 DRBDB®-D™"

DESIGNATOR DESCRIPTION SYMBOL DESCRIPTION
Q) Type of DC/DC Controller B Standard type (10 pin)
@3 Output Voltage 09 FB products=®@=0, =9 fixed
2 180kHz
@ Oscillation Frequency 3 300kHz (custom)
5 500kHz (custom)
AR MSOP-10
Packages AR-G MSOP-10
©6-0 Taping Type 2 DR USP-10
DR-G USP-10

) The “G” suffix indicates that the products are Halogen and Antimony free as well as being fully RoHS compliant.
2 The device orientation is fixed in its embossed tape pocket. For reverse orientation, please contact your local Torex sales office or
representative. (Standard orientation: ®R-(), Reverse orientation: ®L-?)
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XC9504

Series
EXT1 PWM/PFM PWM/PFM l_‘g 4 EXT2/
Controllert Controller2 L
PWM PWM
VoD 4 . Comparator1 Comparator2 GND
' +
W +—wW— i
7 7
FB1  [—o 54 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
BABSOLUTE MAXIMUM RATINGS
Ta=25°C
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 °C
TOIREX
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XC9504 series

BELECTRICAL CHARACTERISTICS

XC9504B092A Common Characteristics (FOSC = 180kHz) Ta=25°C
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |UNITS| CIRCUIT
Supply Voltage (1) VDD 2.0 - 10.0 \% -
Vbp =2.0V  lout=1mA vouri | 0.9 _ _ v ©)
Output Voltage Range (3) | VOUTSET vourz - = 0.0 v
VIN 20.9V  lout=1mA @ Vour: | 2.0 = 10.0 v @
Vout2 - - 0.0 V
Supply Current 1 IpD1 FB=0V, FB2=0.1 - 90 190 | uA ®
EN1=3.0V, EN2=0V, FB1=0V
Supply Current 1-1 IbD1-1 EN2=3.0V, EN1=0V, FB2=1.2V - 60 120 uA ©)
FB1=0V, FB2=0V
Supply Current 1-2 IbD1-2 FBL=12V, FB2-12V - 80 150 UA ©)
Supply Current 2 IDD2 FB1=1.2V, FB2=0V - 70 132 “A ©)
Stand-by Current IsTB Same as Ibb1, EN1=EN2=0V - 1.0 3.0 UA ©)
Oscillation Frequency Fosc Same as Ipb1 153 180 207 kHz (©)
EN1, 2 "High" Voltage VENH FB1=3.0V, FB2=0V 0.65 - - \% ©)
EN1, 2 "Low" Voltage VENL FB1=3.0V, FB2=0V - - 0.20 \% ©)
EN1, 2 "High" Current IENH FB1=3.0V, FB2=0V - - 0.50 UA ©)
EN1, 2 "Low" Current IENL EN1, 2=0V, FB1=3.0V, FB2=0V - - -0.50 UA ©)
PWM1, 2 "High" Current IPWMH FB1=3.0V, FB2=0V, PWM1, 2=3.0V - - 0.50 UA (©)
PWM1, 2 "Low" Current IPWML FB1=3.0V, FB2=0V, PWM1, 2=0V - - -0.50 UA ®
FB1, 2 "High" Current IFBH FB1=3.0V, FB2=0.8V - - 0.50 UA (©)
FB1, 2 "Low" Current VFBL FB1=1.0V, FB2=0V - - -0.50 uA ©)
Unless otherwise stated, Vbp=3.0V, PWM1, 2=3.0V, EN1, 2 = 3.0V
Output 1 Characteristics Step-Up Controller (FOSC = 180kHz) Ta=25°C
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 @
. ) Using Tr: 2SD1628, } ) 0.9 v @
Operating Start Voltage 1 ?|  Vst11 | lout=1.0mA, RFB11=200k @, RFB12=75k @
VDoD#VouT1 : louT1=10mA - - 2.0 \Y @
Oscillation Start Voltage 1 VsT2-1 FB1=0V - - 0.8 Vv ®
Maximum Duty Ratio 1 MINDTY1 | Same as Ibp1 75 80 87 % ©)
Minimum Duty Ratio 1 MAXDTY1 | Same as Ibb2 - - 0 % ®
PFM Duty Ratio 1 PFMDTY1 | No Load, Vpwm1=0V 22 30 38 % ®
Efficiency 1 EFFI1 lout1= 130mA, N-ch MOSFET: XP161A1355P - 85 - % ®
Soft-Start Time 1 TSS1 Vourt1 X 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 ®
PWM1 "High" Voltage VPWMH1 No Load 0.65 - - \% ®
PWM1 "Low" Voltage VPWML1 No Load - - 0.20 \ ®
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=25C
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |[UNITS| CIRCUIT
FB2 Voltage VFB2 Vbp=3.0V 0.882 | 0.900 | 0.918 \ ©)
lout=1.0mA, RFB11=200k 2, RFB12=75k 2
Operation Start Voltage 2 VsT1-2 RFB21=17.5kQ, RFB22=10k Q, - - 2.0 \% (O]
EN1=Pwm1=3.0V
Oscillating Start Voltage 2 VsT12-2 FB2=1.2V - - 2.0 V ©)
Maximum Duty Ratio 2 MAXDTY?2 | Same as Ipbp1 75 80 87 % ®
Minimum Duty Ratio 2 MINDTY2 | Same as Ipb2 - - 0 % ©)
PFM Duty Ratio 2 PFMDTY2 | No Load, VPwm2=0V 22 30 38 % @
Efficiency 2 EFFI2 louT2=-150mA, P-ch MOSFET: XP162A12A6P - 76 - % @
EXT2 "High" ON Resistance| RExTBH2 EN2=FB2= 0V, EXT2=VDD-0.4V - 28 47 Q ®
EXT2 "Low" ON Resistance| RExTBL2 FB2=3.0V, EXT2=0.4V - 22 30 Q ®
PWM2 "High" Voltage VPWMH2 No Load 0.65 - - \% @
PWM2 "Low" Voltage VPwML2 No Load - - 0.20 \% @

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

Series
BELECTRICAL CHARACTERISTICS (Continued)
XC9504B093A Common Characteristics (FOSC = 300kHz) Ta=25°C
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. [UNITS| CIRCUIT
Supply Voltage ¥ VDD 2.0 - 10.0 v -
Vop 22.0V, lout=1mA Vouti | 0.9 - - v @
¢3) Vbb #Vout Vout2 - - 0.0
Output Voltage Range VOUTSET > — &)
VIN 0.9V, lout=1mA VouTt1 2.0 - 10.0 v ®
Vbb=Vout Vourt2 - - 0.0
Supply Current 1 IbD1 FB=0V, FB2=1.2V - 110 250 UA ©)
EN1=3.0V, EN2=0, FB1=0V
Supply Current 1-1 IDD1-1 EN2=3.0V, EN1=0V, FB2=1.2V - 80 150 UA ®
FB1=0V, FB2=0V
Supply Current 1-2 Ipp1-2 FB1=1.2V, FB2=1.2V - 90 200 UA ©)
Supply Current 2 IpD2 FB1=1.2V, FB2=0V - 80 160 uA ®
Stand-by Current IsTB Same as Ipb1, EN1=EN2=0V - 1.0 3.0 UA (©)
Oscillation Frequency FOSC Same as Ibb1 255 300 345 kHz ©)
EN1, 2 "High" Voltage VENH FB1=0V, FB2=3.0V 0.65 - - V ®
EN1, 2 "Low" Voltage VENL FB1=0V, FB2=3.0V - - 0.20 \% ©)
EN1, 2 "High" Current IENH FB1=3.0V, FB2=0V - - 050 | uA ©)
EN1, 2 "Low" Current IENL EN1, 2=0V, FB1=3.0V, FB2=0V - - -0.50 UA ®
PWM1, 2 "High" Current IPWMH FB1=3.0V, FB2=0V, PWM1, 2=3.0V - - 0.50 UA (©)
PWM1, 2 "Low" Current IPWML FB1=3.0V, FB2=0V, PWM1, 2=0V - - -0.50 UA ©)
FB1, 2 "High" Current IFBH FB1=3.0V, FB2=0.8V - - 050 | uA ®
FB1, 2 "Low" Current VFBL FB1=1.0V, FB2=0V - - -0.50 UA ®
Unless otherwise stated, Vbp=3.0V, PWM1, 2=3.0V, EN1, 2 = 3.0V
Output 1 Characteristics Step-Up Controller (FOSC = 300kHz) Ta=25°C
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 @
. . UsinE] Tr: 28D1628,_ B ) ) 0.9 v ®
Operating Start Voltage 1 \VST1-1 lout=1.0mA, RFB11=200k Q , RFB12=75k Q
Vop #Vouri : lout1=10mA - - 2.0 \Y @
Oscillation Start Voltage 1 VsT2-1 FB1=0V - - 0.8 \Y ©)
Maximum Duty Ratio 1 MINDTY1 | Same as Ipbp1 75 80 87 % ®
Minimum Duty Ratio 1 MAXDTY2 | Same as Ibb2 - - 0 % ©)
PFM Duty Ratio 1 PFMDTY1 | No Load, Vpwm1=0V 22 30 38 % ®
Efficiency 1 EFFI1 louT1= 130mA, N-ch MOSFET: XP161A1355P - 85 - % ®
Soft-Start Time 1 Tss1 Vout1 X 0.95V, EN1=0V—0.65V 5.0 10.0 | 20.0 ms ®
EXT1 "High" ON Resistance| RextBH1 | FB1=0V, EXT1=VoD -0.4V - 28 a7 Q ®
EXT1 "Low" ON Resistance| REextBL1 | EN1=FB1=1.2V, EXT1=0.4V - 22 30 Q ®
PWM1 "High" Voltage VPWMH1 No Load 0.65 - - \% ®
PWM1 "Low" Voltage VPWML1 No Load - - 0.20 \% ®
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 = 300kHz) Ta=25°C
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |[UNITS| CIRCUIT
FB 2 Voltage VFB2 Vbp=3.0V 0.882 | 0.900 | 0.918 V ®
) louT2=1.0mA, RFB11=200k Q, RFB12=75k Q
Operating StartVoltage 2 | VST12 | o ~17.5kQ Res22=10k, ENI=PWM1=3.0v | ; 20 1V @
Oscillation Start Voltage 2 VsT2-2 FB2=1.2V - - 2.0 Vv ©)
Maximum Duty Ratio 2 MAXDTY2 | Same as Ipb1 75 80 87 % ©)
Minimum Duty Ratio 2 MINDTY3 | Same as Ipp2 - - 0 % ©)
PFM Duty Ratio 2 PFMDTY2 | No Load, Vpwm2=0V 22 30 38 % @
Efficiency 2 (*4) EFFI2 louT2= -150mA, P-ch MOSFET: XP162A12A6P - 75 - % @
EXT2 "High" ON Resistance| RextsH2 | EN2=FB2= 0V, EXT2=VDD-0.4V - 28 47 Q ®
EXT2 "Low" ON Resistance| REXTBL2 FB2=3.0V, EXT2=0.4V - 22 30 Q ®
PWM2 "High" Voltage VPWMH2 No Load 0.65 - - Vv @
PWM2 "Low" Voltage VPwWML2 No Load - - 0.20 V @
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
BMELECTRICAL CHARACTERISTICS (Continued)

XC9504B095A Common Characteristics (FOSC = 500kHz) Ta=25°C
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. |UNITS| CIRCUIT
Supply Voltage (*1) VDD 2.0 - 10.0 V -
VDD=2.0V, lout=1mA \VouT1 0.9 - - v @
Output Voltage Range (*3) | VOUTSET Vop#Vour Vour2 : . 0.0
VINZ 0.9V, louT=1mA (note 2) VouT1 2.0 - 10.0 Vv ®
Vbb=Vout Vout2 - - 0.0
Supply Current 1 IpD1 FB=0V, FB2=1.2V - 165 | 350 | uA ®
Supply Current 1-1 bpra | ENS=3:0V, EN2=0, FB1=0V - 110 | 220 | A ®
EN2=3.0V, EN1=0V, FB2=1.2V
FB1=0V, FB2=0V
Supply Current 1-2 IbD1-2 FB1=1.2V, FB2=1.2V - 130 270 A ®
Supply Current 2 IDD2 FB1=1.2V, FB2=0V - 100 200 LA ®
Stand-by Current IsTB Same as Ipp1, EN1=EN2=0V - 1.0 3.0 UA ©)
Oscillation Frequency FOSC Same as Ipb1 425 500 575 kHz ©)]
EN1, 2 "High" Voltage VENH FB1=0V, FB2=3.0V 0.65 - - \% ®
EN1, 2 "Low" Voltage VENL FB1=0V, FB2=3.0V - - 0.20 \% ®
EN1, 2 "High" Current IENH FB1=3.0V, FB2=0V - - 0.50 uA ®
EN1, 2 "Low" Current IENL EN1, 2=0V, FB1=3.0V, FB2=0V - - -0.50 UA ®
PWM1, 2 "High" Current IPWMH FB1=3.0V, FB2=0V, PWM1, 2=3.0V - - 0.50 uA ®
PWM1, 2 "Low" Current IPWML FB1=3.0V, FB2=0V, PWM1, 2=0V - - -0.50 HA ©)
FB1, 2 "High" Current IFBH FB1=3.0V, FB2=0.8V - - 0.50 uA ®
FB1, 2 "Low" Current VFBL FB1=1.0V, FB2=0V - - -0.50 UA ®
Unless otherwise stated, Vbp=3.0V, PWM1, 2=3.0V, EN1, 2 = 3.0V
Output 1 Characteristics Step-Up Controller (FOSC = 500kHz) Ta=25°C
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 \ @
Using Tr: 2SD1628, ) ) 0.9 v ®
Operating Start Voltage 1| VsT1-1 louT=1.0mA, RFB11=200k Q, RFB12=75k @ '
Vbp #VouTi : louti=10mA - - 2.0 \Y @
Oscillation Start Voltage 1 VsT2-1 FB1=0V - - 0.8 \% ©)
Maximum Duty Ratio 1 MINDTY1 | Same as Ibbp1 75 80 87 % ©)]
Minimum Duty Ratio 1 MAXDTY2 | Same as Ibb2 - - 0 % ®
PFM Duty Ratio 1 PFMDTY1 | No Load, VPwm1=0V 22 30 38 % ®
Efficiency 1 EFFI1 lout1= 130mA, N-ch MOSFET: XP161A1355P - 83 - % ®
Soft-Start Time 1 Tss1 Vout1 X 0.95V, EN1=0V—0.65V 5.0 10.0 | 20.0 ms ®
EXT1 "High" ON Resistance| REextBH1 | FB1=0V, EXT1=VDD -0.4V - 28 47 Q ®
EXT1 "Low" ON Resistance| REXTBL1 EN1=FB1=1.2V, EXT1=0.4V - 22 30 Q ®
PWM1 "High" Voltage VPWMH1 No Load 0.65 - - \% ®
PWM1 "Low" Voltage VPWML1 No Load - - 0.20 V ®
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=25°C
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. | UNITS |TEST CIRCUIT]
FB 2 Voltage VFB2 Vbp=3.0V 0.882 | 0.900 | 0.918 V [©)
louT2=1.0mA, RFB11=200k R, RFB12=75k Q
Operating Start Voltage 2 VsT1-2 RFB21=17.5k Q, RFB22=10k Q, - - 2.0 \Y Q&)
EN1=PWM1=3.0V
Oscillation Start Voltage 2 VsT12-2 FB2=1.2V - - 2.0 \% ©)
Maximum Duty Ratio 2 MAXDTY2 | Same as Ibbp1 75 80 87 % ©)]
Minimum Duty Ratio 2 MINDTY2 | Same as Ipbp2 - - 0 % ®
PFM Duty Ratio 2 PFMDTY2 | No Load, Vpwm2=0V 22 30 38 % @
Efficiency 2 8 EFFI2 louT2= -150mA, P-ch MOSFET: XP162A12A6P - 71 - % @
EXT2 "High" ON Resistance| REextBH2 | EN2=FB2= 0V, EXT2=VDD-0.4V - 28 a7 Q ®
EXT2 "Low" ON Resistance| REXTBL2 FB2=3.0V, EXT2=0.4V - 22 30 Q ®
PWM2 "High" Voltage VPWMH2 No Load 0.65 - - \% @
PWM2 "Low" Voltage VPWML2 No Load - - 0.20 \% @

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

Series

BELECTRICAL 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 Vbp =2.0V. Therefore, a Vbb of more than 2.0V is recommended when Vbp 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

B 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 3.0 ¢ 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

B 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=0.9 X(RFB11+RFB12)/RFB12

The speed-up capacitor for phase compensation's (Crs1) value should be adjusted using the formula fzfb=1/(2 x 7 x CrB1
XRFB11) 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 RFB11 = 470k £ and RFB12 = 30k & : VouTti= 0.9 x(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 200k Q
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 =17.5k §2, RFB22 =10k £, 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 7 xCFB21 XRFB21) = 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=0.1 ¢ 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

BNOTES ON USE

@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: 15uH (D412F, TOKO, FOSC=300kHz) L2: 22 uH (D412F, TOKO, FOSC=300kHz)
22 4 H (D412F, TOKO, FOSC=180kHz) 44y 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, 4.7uF (Ceramic) CL2: 10V, 4.7uF (Ceramic)
* NPN Tr. *PNP Tr.
Tr.l: 2SD1628 (SANYO) Tr.2: 2SA1213 (TOSHIBA)
RB1: 500Q Adjust in accordance with load & RB2: 500%Q 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 nx 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: 15uH (CDRH5D28, SUMIDA, L2: 15¢H (CDRH5D28, SUMIDA,
FOSC=300kHz) FOSC=300kHz)
22 uH (CDRH5D28, SUMIDA, 22 uH (CDRH5D28, SUMIDA,
FOSC=180kHz) FOSC=180kHz)

CL1: 16V, 4.7uF (Tantalum) CL2: 16V, 4.7uF (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)

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)
Csi: CB1< (2 nx RB1 X FOSC x 0.7) Cs2:  2200pF (Ceramic)

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

Series

BNOTES ON USE (Continued)

@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).

vours 7N Pen Time to make soft start time is calculated by the equation below.
MOSFET1
i < . 0.9-VouT2) XRFB22
A RIS T Timess2 = -Reg21 % Crezl/Ln| 1— — ) )
N Zrre22 (Vout1 - 0.9) XRFB21)
Example)
FB2 NCh When VouT1 = 15V and VouT2 = - 7.5V,
Enz BA—OSFE 1 RFB21 = 59.6kQ, RFB22 = 100k Q by the equation below.
ONIOFF CLo= CEB21 Vourt2 = (0.9 - VouT1) x (RFB21 / RFB22) + 0.9
k signal He2 . When the light load, CFB21=0.1 1 F or lower value can be used.
o vouT2 Therefore, when CFB21=0.027 u 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

BTEST CIRCUITS

Circuit 1
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XC9504

Series

BTEST CIRCUITS(Continued)

Circuit 5

Pt id g s 3

MOSFET
1EXTY ExT210 [ —.::H:‘-'"HF
2vio GNDI[—
e

IFB1 FB28

W3 Torur ® o
L l_lP\NMI P\m?:—_
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VPt
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i 77
Circuit 6
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e -]
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—I' Towo —— L U]
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g

Circuit 7
®
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—— | sEm ENZ§
esa
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XC9504 series

B 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 :

22 1t H (CDRH5D28, SUMIDA) : XC9504B092A

154 H (CDRH5D28, SUMIDA) : XC9504B093A

10 # 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 + RFB12=1M &2

RFB21 + RFB22<1M &2

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

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

fzfb =1 /(2 x ¥ xCrB1 XRFB11) = 1kHz to 50kHz (12kHz usual)
fzfb =1 /(2 x ¥ xCrB2 XRFB21) = 1kHz to 50kHz (12kHz usual).

22 1t H (CDRH5D28 SUMIDA)

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

22 1t H (CDRH5D28, SUMIDA) : XC9504B092A
15 4 H (CDRH5D28, SUMIDA) : XC9504B093A
10 4 H (CDRH5D28, SUMIDA) : XC9504B095A
MA2Q737 (Schottky, MATSUSHITA)
16MCE476MD2 (Tantalum, NIHONCHEMICON)
16MCE476MD2 (Tantalum, NIHONCHEMICON)
XP161A1355P (TOREX)

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

BNOTE 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
< 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)
S01:CRS02, Tr1:XP151A12AZMR SD1.CRS02, Tri:XP151A12A2ZMR
104 15.4
PWIMI/PFM Swatching Contral PWMI/PFM Switching Control
PWW Contral PWM Control
s 10.2 5 152
E —
3 S 7
Q 100 Q 150
(=]
= 22 7 158 VINS2.7V 3.3V 4.2V 5.0V
A VIN=2.7V 3.3V 4.2V 5.0V 3
3 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  F(ceramic)
SD1:CRS02, Tr1:25K2857 SD1:CRS02, Tr:XP151A11BOMR
PYMIPFM Switching Control PM/PEM Switching Contral
PV Control 20 PAM Contrel
S 305 s 203
% 30,0 [ 'gs 20.0 A
S / P 4
> VIN=3.3V 5.0V 8 VIN=3.3V 5.0V
S 295 £ 195
2 5
.,5 o
= 5
=
3 290 © 190
28.5 185
0.1 1 10 0.1 1 10
Output Current 1 10UT1 (mA) Output Current 1 lout1 (mA)
TOIREX
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XC9504 series

B 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

(Ceramic capacitor use)

FOSC=180kHz, VOUT1=15.0V

L1=100 ¢ H(CDRH4D18C), CL1=10 y F(ceramic)

SD1:CRS02, Tr1:XP151A12A2MR

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

SD1:CRS02, Tr1: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 yy H(CDRH4D18C), CL1=10 & 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 4 H(CDRH4D18C), CL1=4.4 i 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)

15.4
PWM/PFM Switching Control
r; 15.2 | PWM Control | 4.2V. 5.0V
= N\
5
A
Q 150 7
-
& 373y
2 VIN=2.7V -
s 148
>
5
j=3
=
3 14.6
14.4
0.1 1 10 100
Output Current 1 IOUT1 (mA)
FOSC=180kHz, VOUT1=15.0V
L1=22 4 H(CDRH4D18C), CL1=10 y F(ceramic)
SD1:CRS02, Tr1:XP151A12A2MR
15.4
PWM/PFM Switching Control
PWM Control
152 4.2V 5.0V |
Z
a N
o}
O 150 A
> /
o) VIN=2.7v - 33V
j=)
o]
§ 14.8
=1
Qo
=
O 146
14.4
0.1 1 10 100
Output Current 1 IOUT1 (mA)
FOSC=180kHz, VOUT1= 30.0V
L1=22 y H(CDRH4D18C), CL1=2 i F(ceramic)
SD1:CRS02, Tr1:2SK2857
31.0
PWM/PFM Switching Control
PWM Control
g 30.5
-
[
o)
O 30.0 N
>
2
> VIN=3.3V 5.0V
I
5 295
>
5
i=3
3 29.0
28.5
0.1 1 10 100

Output Current 1 IOUTL (mA)




XC9504

Series
BTYPICAL 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 y H(CDRH5D28), CL1=94 y F(Tantalum) L1=22 y H(CDRH5D28), CL1=94 4 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
S 1.6 s 26 1.5V
5 = \
15 = — 2
Q / Q 2.5 —
< —
g i VIN=0.9V o VIN=0.9V 4 5y
s - 12v T | § 2.4
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 y; H(CDRH5D28), CL1=94 ; F(Tantalum) L1=22 y H(CDRH5D28), CL1=94 y4 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\/ — .51 /l/ \
2 / > /
— / \/ < )
£ v . £ £
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 /
5 81 7
= Y
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

B 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=15 ;4 H(CDRH5D28), CL1=94 ;; F(Tantalurr)
SD1:CMS02, Tr1:XP161A1355F

(Tantalum capacitor use)

FOSC=300kHz, VOUT1= 3.3V

L1=15 ;4 H(CDRH5D28), CL1=94 ;; F(Tantalurm)
SD1:CMS02, Tr1:XP161A1355F
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L1=10 4 H(CDRH5D28), CL1=94 y F(Tantalum) L1=10 4 H(CDRH5D28), CL1=94 4 F(Tantalum)
SD1:CMS02, Tr1:XP161A1355P SD1:CMS02, Tr1:XP161A1355F
35 5.2
PWM/PFM Switching Control PWM/PFM Switching Control A2V
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S 3.4 2.7V — ~ 5.1 +
< 1.5v E 1 3.3V
5 N 2 u'
0 33 = Q S0 AR
— -
7
S 32 J £ 49
= >
e VINSO.OV T oy < VIN=0.9V v
=3 = 1.2v
3
O 31 O 48 1.5V
3.0 4.7
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
B 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 4 H(LLB2520), CL1=10 4 F(ceramic) L1=22 ¢4 H(LLB2520), CL1=10 i F(ceramic)
SD1:CRS02, Trl:XP151A12A2MR SD1:CRS02, Tr1:XP151A12A2MR
100 100 T
o PWM/PFM Switching Control
PWM/PFM Switching Control PWM Control
PWM Control
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FOSC=180kHz, VOUT1= 20.0V FOSC=180kHz, VOUT1= 30.0V
L1=22 yy H(LLB2520), CL1=4.4 i F(ceramic) L1=22 gy H(LLB2520), CL1=2 ¢ F(ceramic)
SD1:CRS02, Tr1:XP151A11BOMR SD1:CRS02, Tr1:2SK2857
100 | 100 |
PWM/PFM Switching Control - PWM/PFM Switching Control
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80 80
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XC9504 series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

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

(2) Efficiency vs. Output Current (Continued)

FOSC=180kHz, VOUT1=10.0V

L1=100 4 H({CDRH4D18C), CL1=10 u 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=68 ;1 H(CDRH4D18C), CL1=10 y F(ceramic)
SD1:CRS02, Tr1:XP151A12A2MR
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XC9504

Series
B 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=22 4 H(CDRHS5D28), CL1=94 » F(Tantalum) L1=22 i H(CDRH5D28), CL1=94 4 F(Tantalum)
SD1:CMS02, Tr1:XP161A1355P SD1:CMS02, Tr1:XP161A1355F
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XC9504 series

B 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 (%)

22/53

L1=15 4 H(CDRH5D28), CL1=94 44 F(Tantalum)

SD1:CMS02, Tr1:XP161A1355P

(Tantalum capacitor use)

FOSC=300kHz, VOUT1= 3.3V

L1=15 ;4 H(CDRH5D28), CL1=94 ;; F(Tantalum)

SD1:CMS02, Tr1:XP161A1355P
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XC9504

Series
B 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=22 y H(LLB2520), CL1=10 4 F(ceramic) L1=22 i H(LLB2520), CL1=10 i F(ceramic)
SD1:CRS02, Tr1:XP151A12A2MR SD1:CRS02, Tr1:XP151A12A2MR
100 100 I
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PWM Control PWM Control
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FOSC=180kHz, VOUT1= 20.0V FOSC=180kHz, VOUT1= 30.0v
L1=22 y H(LLB2520), CL1-4.4 i F(ceramic) L1=22 i H(LLB2520),CL1=2 i F(ceramic)
SD1:CRS02, Tr1:XP151A11BOMR SD1:CRS02, Tr1:2SK2857
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XC9504 series

B 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=100 ¢ H(CDRH4D18C), CL1=10 y F(ceramic)

SD1:CRS02, Tr1:XP151A12A2MR
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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=68 y H(CDRH4D18C), CL1=10 4 F(ceramic)
SD1:CRS02, Tri:XP151A12A2MR
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XC9504

Series
B 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=22 4 H(CDRH5D28), CL1=94 ;4 F(Tantalum) L1=22 4 H(CDRH5D28), CL1=94 ;4 F(Tantalum)
SD1:CMS02, Tr1:XP161A1355P SD1:CMS02, Tr1:XP161A1355P
100 100 I
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XC9504 series

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

(Tantalum capacitor use)

FOSC=300kHz, VOUT1= 3.3V

L1=15 4 H(CDRH5D28), CL1=94 44 F(Tantalum)
SD1:CMS02, Tr1:XP161A1355P
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XC9504

Series
B 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 1y H(LLB2520), CL2=10 i F(ceramic) L2=22 y H(LLB2520), CL2=10 u F(ceramic)
SD2:CRS02, Tr2:XP152A12COMR SD2:CRS02, Tr2:XP152A12COMR
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XC9504 series

B 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=100 4 H(CDRH4D18C), CL2=10 u F(ceramic) L2=100 ¢ H(CDRH4D18C), CL2=10 ¢« F(ceramic)
SD2:CRS02, Tr2:XP152A12COMR SD2:CRS02, Tr2:XP152A12COMR
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XC9504

Series
B 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
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XC9504 series

B 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
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SD2:CRS02, Tr2:XP152A12COMR SD2:CRS02, Tr2:XP152A12COMR
100 100
PWM/PFM Switching Control .
PWM Control PWM/PFM Switching Control
80 80 | PWM Control
N N
L 60 L 60
th th
S S
g 40 2 40
Q ([d]
3] o
i i
20 — 20
VIN=2.7 \8.3V
0 | . e
Output Current 2 I0UT2 (mA) Output Current 2 IOUT2 (mA)
FOSC=300kHz, Vour2= -7.5V
L2=47 y H(LLB2520), CL2=10 i F(ceramic)
SD2:CRS02, Tr2:XP152A12COMR
100
PWM/PFM Switching Control
80 __PWM Control
S
=
T
TR
]
N
>
Q
c
K}
(8)
2
]
VIN=2.7V
0
0.1 1 10

Output Current 2 lout2 (mMA)

30/53




XC9504

Series
B 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=100 4 H(CDRH4D18C), CL2=10 y F(ceramic) L2=100 4 H(CDRH4D18C), CL2=10 ¢ F(ceramic)
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XC9504 series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

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

(5) Efficiency vs. Output Current (Continued)

FOSC=180kHz, VOUT2= -7.5V

L2=22 ;1 H(CDRH5D28), CL2=94 1 F(Tantalum)
SD2:MA2Q737, Tr2:XP162A12A6P
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(Tantalum capacitor use)
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XC9504

Series
B 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=22 y H(LLB2520), CL2=10 i F(ceramic) L2=22 4 H(LLB2520), CL2=10 u F(ceramic)
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XC9504 series

B 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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(Ceramic capacitor use)
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XC9504

Series
B 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=22 ¢ H{CDRH5D28), CL2=94 4 F(Tantalum) L2=22 4 H({CDRH5D28), CL2=94 4 F(Tantalum)
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XC9504 series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

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

(6) Breakdown of Output Voltage

FOSC=300kHz,VIN= 3.3V
L2=47 yt H(LLB2520), CL2=10 4 F(ceramic)
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XC9504

Series
B 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=94 y F(Tantalum) L2=CDRH5D28, CL2=94 y F(Tantalum)
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XC9504 series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(8) Supply Current vs. Supply Voltage

Supply Current 1 IDD1 u A)
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(10) Supply Current 1-2 vs. Supply Voltage

Supply Current 1-2 IDD1-2 (1 A)
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(12) Standby Current vs. Supply Voltage

Standby Current ISTB (1 A)
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XC9504B092 (180kHz)
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(9) Supply Current vs. Supply Voltage
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(11) Supply Current 2 vs. Supply Voltage
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(13) Oscillation Frequency vs. Supply Voltage

Oscillation Frequency Fosc (kH2)
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XC9504

Series
B 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

B 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)
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(22) Oscillation Start Voltage vs. Ambient Temperature (23) PFM Duty Ratiol, 2 vs. Supply Voltage

XC9504B092(180kHz,VOUT=2.0V) XC9504B092(180kHz)
1 40
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o Topr=85°c
= 08 = o
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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

35
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=
=2 .
2 33
<) —]
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_3. louT1=200mA
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O 31
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XC9504

Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 1 ch. Step-Up DC/DC Controller >
(25) Load Transient Response (Tantalum capacitor use)
<VouTt1 =3.3V, VIN = 2.0V, louT1 =100 4 A & 100mA >
@® PWM Control
FOSC=180kHz, VouT1=3.3V FOSC=180kHz, VOUT1=3.3V
VIN=2.0V, I0UT1=100 4 A— 100mA VIN=2.0V, I0UT1=100mA— 100 ¢t A
i b
; CH1 ; 3.3v
..... oo B S PV
T L | | 9
CHzf T o0 A (o hricadisssdnansspaies 11004 A
200 i sec/div 10msec/div
CH1:Vour1, AC-COUPLED, 50mV/div CH1:Vour1, AC-COUPLED, 50mV/div
CH2:louT1 , S0mA/div CH2:lout1, 50mA/div
@ 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
H v Y
CH1 ) : 3.3v o
I ! o ;
100mA i Jooma
NEN nE
T s B e et Yi00u : 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 , 50mA/div
TOIREX
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XC9504 series

B 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 >

@ PWM Control

FOSC=180kHz, VOUT1=3.3V FOSC=180kHz, VOUT1=3.3V
VIN=2.0V, Io0UT1=10mA— 100mA VIN=2.0V, IOUT1=100mA— 10mA
W
CH1
i 100mA Soor o n b n b 1100ma
- 4 SRS Y. NS TN UL - S S-S R B :
----- T i s S TS o o o s s st
[T TUUR FUUTE TUUTE TR FUTIR PUTIE TR VR FITVR VU FUUTR U PR PUUUR PIVOE
200 it sec/div 200 it sec/div
CH1:VouT1, AC-COUPLED, 50mV/div CH1:Vout1, AC-COUPLED, 50mV/div
CH2:louT1 , 50mA/div CH2:louTt , 50mA/div
® PWM/PFM Switching Control
FOSC=180kHz, VouT1=3.3V FOSC=180kHz, VoOUT1=3.3V
VIN=2.0V, IoUT1=10mA— 100mA VIN=2.0V, IOUT1=100mA— 10mA
; W
o\ ; EEY 33V
ol : {100mA A R
Fovmmtmmnnan - - . .4 k.. R -JR S fememiessedanoas ..... ._(
CH2--,v‘I ----- : ----- E—----;.v”\: ----- : ----- :.-:._10m G_Q ----- -.| ..... , ..... :'--‘.;.“-E ..... . ..... :,....;...._10"“
VU FUNUE TUUUR VU FUUIR TUUUE TUUIR TUUIN TR ISUUORSURUE TOUTE FUDUE FOURE SUUUE JOUR SUTUE OO
200 u sec/div 200 y sec/div

CH1:Vout1, AC-COUPLED, S0mV/div

CH1:VouTt1, AC-COUPLED, 50m\V/div
CHZ:louT1 , S0mA/div

CH2:louT1 , 50mA/div
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XC9504

Series
B 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. )
<VouTt1l =15.0V, VIN=3.3V, louT1 =100t A <& 20mA >
@ PWM Control
FOSC=180kHz, VouT1=15.0v FOSC=180kHz, VouT1=15.0V
VIN=3.3V, IOUT1=100 ¢t A— 20mA VIN=3.3V, IOUT1=20mA— 100 1 A
H [ H
CHI1 - 15.0V CH1 | =3 15.0V
i 20mA P b doom
; __‘ ..... e T s L S S S I L g
CHz ] : ; : : . . : : 100uA CH2 : ] 1 ] ] : v : ] 100 A
VTP TUUTR FUUR TUUUR FUTUE FUUUR TN HUTEDUTUR TUDUE TOUUE TUTR TUDUE TN PO PO
400 yt sec/div 10msec/div
CH1:Vour1, AC-COUPLED, 200mV/div CH1:Vout1, AC-COUPLED, 200mV/div
CH2:louT1 , 10mA/div CHZ2:louT1 , 10mA/div
@ PWM/PFM Switching Control
FOSC=180kHz, VouT1=15.0v FOSC=180kHz, VYouT1=15.0V
VIN=3.3V, IOUT1=100 £ A— 20mA VIN=3.3V, IOUT1=20mA— 100 i A
: 1 1]
CH1 15.0V
CH1 15.0v
20mA {20ma
“100u A CHzf iR 100u A
H - N i H | ' 1 i
400 it sec/div 10msec/div
CH1:VouT1, AC-COUPLED, 200mV/div CH1:Voutt, AC-COUPLED, 200mV/div
CH2:lout , 10mA/div CH2:louT1 , 10mA/div
TOIREX
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XC9504 series

B 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 =1mA & 20mA>
® PWM Control

FOSC=180kHz, VouT1=15.0V FOSC=180kHz, VouT1=15.0V
VIN=3.3V, IoUT1=1mA— 20mA VIN=3.3V, loUT1=20mA— 1TmA

CH1 115.0v 115.0v

o j20omA 20mA
...................................... L SIS SO SO SO IS N SO S
CHz A A L CRep o T T M
200 1 sec/div 1msec/div
CH1:Vour1, AC-COUPLED, 200mV/div CH1:Vout1, AC-COUPLED, 200m\/div
CHz:louT1 , 10mA/div

CH2:louT1 , 10mA/div

® PWM/PFM Switching Control

FOSC=180kHz, VouT1=15.0V FOSC=180kHz, VouT1=15.0V
VIN=3.3V, louT1=1mA— 20mA VIN=3.3V, IoUT1=20mA— TmA

CH1

] 15.0V
15.0v

20mA 20mA
: Tima Crp T 1mA
200 i sec/div 1msec/div
CH1:Vour1, AC-COUPLED, 20mV/div CH1:Vour1, AC-COUPLED, 200mV/div
CH2:lou1 , 10mA/div

CH2:louT1 , 10mA/div
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XC9504

Series

B 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, IOUT1=1mA PWM1 "H'—'L’
RN o
o 5'\\‘\5 33v
3.3V
S T N S S SR 0.65V
[SAASS A0t AN A et A0 A 0.65V
A
P S B . LI berradanaad S A Preeed
CH2 L ov oV
1 i i 1 i i i 1 i 1 1 1 1 ' ' 1 L L
1msec/div 1msec/div
CH1:Vout1 , AC-COUPLED ,10mV/div CH1 fVOUTL AC-COUPLED ,10mV/div
CH2:PWNM |, 0.5V/div CH2:PWNH, 0.5V/div

<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

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

< 2 ch. Inverting DC/DC Controller >

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

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

@ PWM Control

FOSC=180kHz, VOUT2=-7.5V FOSC=180kHz, VOUT2=-7.5V
VIN=3.3V, IOUT2=-100 ¢t A— -50mA VIN=3.3V, [OUT2=-50mA— -100 u A
L B S A A Pou
CH1 ' "1.75v CH1 : v .7.5V
B som T  eom
..... e S T O U S0 JUUT NN T S S
G_de;nu—qn-.i.....i ..... ‘E ..... E'....,i......i ..... E ..... i ..... _100‘”A G—Q ..... ?.--~‘: E :’ ? ‘: E : ; _100uA
SN TUEE AUV T AU TR TR SO SR TR TUUUE FOUE TUUUE SOV OO TR
10msec/div 200 i sec/div
CH1:Vourz2, AC-COUPLED, 50mV/div CH1:Voutz, AC-COUPLED, 50mV/div
CH2:louT2 , 50MmA/div CH2:loutz , 50mA/div
® PWM/PFM Switching Control
FOSC=180kHz, Voutz=-7.5V FOSC=180kHz, VouTtz2=-7.5V
VIN=3.3V, IoUT2=-100  A— -50mA VIN=3.3V, IOUT2=-50mA— -100 u A
.
premp 3 7.5V
CHI| ! 7.5V e . 5
H _50mA, -50mA
1004 A cHz2f A S BT Y
PR FURUR TUUTR FUTUE JUUIR TUUUE JUUIR SR
10msec/div 200t sec/div
CH1:Woutz, AC-COUPLED, 50m\V//div CH1:Woutz, AC-COUPLED, 50m\V/div
CH2:louT2 , 50mA/div CH2:louTz , 50mA/div
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XC9504

Series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

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

(25) Load Transient Response (Continued)

<Vout2 =-7.5V, VIN = 3.3V, louT2 =100uA < - 20mA >

@® PWM Control

FOSC=180kHz, Vout2=-7.5V
VIN=3.3V, loUT2=-100 t A— -20mA

CH1 e A
! N 20ma
CH2___._.__.__ ................... L100ua
1msec/div
CH1:Vout2, AC-COUPLED, 20mV/div
CH2:louT2 , 10mA/div
@ PWM/PFM Switching Control
FOSC=180kHz, Vour2=-7.5V
MVIN=3 .3V, IOUT2=-100 it A— -20mA
u
......... ' .’d(/;!tff-:l//di‘/f‘.l:ffld
CH1 S S A 7.5V
SU0E SOUE SN U SN SOURE IO U SO 42omA
cH2f LTI ST 1004 A
i 1 1 1 I 1 1 1 i
2msec/div

CH1:VouTtz, AC-COUPLED, 50m\//div
CHZ:louTz , 10mA/div

CH1

CHz

CH1

CHz

(Ceramic capacitor Use when coil current is discontinuous. )

FOSC=180kHz, VouT2=-7.5V
VIN=3.3V, I0UT2=-20mA— -100 £ A

-100 1 A
200 ¢ sec/div
CH1:Voutz, AC-COUPLED, 20mV/div
CH2Z:loutz , 10mA/div
FOSC=180kHz, VouTtz=-7.5V
VIN=3.3V, IoUT2=-20mA— -100 i A
: W
=E 1-7.5v
5 1-20mA
"""""" 1004 A
PPN PR PR P 1““i“..1.;..!;1..!;..;!.;“
200 ¢ sec/div

CH1:WouTtz, AC-COUPLED, 50m\/ /div
CHZ:louTz , 10mA/div

TOIREX
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XC9504 series

B 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 >

® 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 ' . : . . : : ; -TmA
IR U TUUUR TUTUE FUUTE TUUEE PR TUUR PO TV SRR IR FUUUR TUUIR TUP TR SO
200 i sec/div 200 i sec/div
CH1:Voutz2, AC-COUPLED, 20mV/div CH1:Voutz, AC-COUPLED, 20mV/div
CH2:loutz , 10mA/div CH2:loutz , 10mA/div
@® PWM/PFM Switching Control
FOSC=180kHz, Vour2=-7.5V FOSC=180kHz, VouT2=-7.5V
VIN=3.3V, IOUT2=-1mA— -20mA VIN=3 3V, loUT2=-20mA— -1mA
w 1]
o ESE G o, b oot
T A R A P f//ﬁ{?ﬁf#g : e
..... O SO AU SUNS SUUE SUPRE: I SO SO : : 4
CH2_....._._\ ............... T S , ..... imA CHZ'_, H : A
R T PR PUUIE P SUTE U PR U PO FUVIE TR PV PO TUE PO |
_ 400 ¢ sec/div ) 400 p sec/div
CH1:Vourz, AC-COURLED, 20mWidiv CH1:Vour2, AC-COUPLED, 20mV/div
CHz:loutz, 10mA/div CH2:lout2 , 10mA/div
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XC9504

Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
< 2 ch. Inverting 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, VouTz= - 7.5V FOSC=180kHz, Vourz=-7.5V
VIN=3.3V, [OUT2=-5mA PWM2 'L'—'H’ VIN=3,3V, IOUT2=-5mA PWM2 "H'—'L’
I H u
Hi f»','?f_f.’k?aiﬂ?ﬁﬁﬂﬁ.‘l’lﬂ"i" . L7sv ;
3 3 - + ; ; H-— .._............... . : : : : : : jossv
..... L LT TETET PEPEE AR PR L R T PEPEY EPRI R I SRR
R N
T I R I K.Y ol T L o
200 t sec/div 200 1 sec/div
CH1:Voutz , AC-COUPLED ,20mV//div CH1:VOUT2, AC-COUPLED ,20mV/div
CH2:PWMe , 0.5V /div CH2:PWME, 0.5V/div
TOIREX
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XC9504 series

B 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, IOoUT2=-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 ¢ F VIN=3.3V, IOUT1=0mA, IOUT2=-50mAEN1,2 'L'='H’, CIN=10 & F
REERERENR —
P O R St R e o 2 15.0V ]
15.0v
-7.5V
-7.5V
140ma
B0mA
: E:
b bbb 068V 065V
CH4
2ms/div amsfdiv
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:VouTt1 , 5.0V/div
CH3:ivz, 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=10 u F VIN=3.3V, IOoUT2=-50mA EN2 'L'—'H’, CIN=10 « F
CHi Cow \\ R N e
-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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XC9504

Series
B PACKAGING INFORMATION
®MSOP-10 Onitmm ®USP-10 Unit:mm
27005
0.15+0.08
ikl :
O
bkt 21 |
3.00£0.10 2
030 e
o) S
T Oopoo
0.20 5 0.5 g
) mm]m 0 Flu +0,05
EP_IEE.BU '
@USP-10 Reference Pattern Layout @USP-10 Reference Metal Mask Design
2.3 1.9
025 025 025 025 025 025 025 025 025 025
elolokals o1 1 1 B T8
2 7 e INHEE m j
1 770 . QUoDol
7 —
/ A==N
% % % % _ 1 ‘ 2 [3 ]a [Es
0.225 0.225 | 0.5 0.5 {0 0.5 |
0.35 0.35
TOIREX
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XC9504 series

B MARKING RULE

@®MSOP-10, USP-10

MSOP-10
(TOP VIEW)
100 r110
210 q e Tl g
32 o Tet Yls
Al Hte oy
5[ g6
USP-10
(TOP VIEW)

@ represents product series

MARK PRODUCT SERIES

1

XC9504B09xxx

@ represents type of DC/DC controller

MARK PRODUCT SERIES

B

XC9504B09xxx

®.,@ represents FB voltage

MARK

®

@ VOLTAGE (V)

PRODUCT SERIES

0

9 0.9

XC9504B09xxx

® represents oscillation frequency

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

® represents production lot number
0to 9, Ato Zrepeated (G, I, J, O, Q, W excluded)
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 datasheet 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 datasheet.
Please ensure suitable shipping controls (including fail-safe designs and aging
protection) are in force for equipment employing products listed in this datasheet.
The products in this datasheet 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 datasheet 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 datasheet may be copied or reproduced without the
prior permission of TOREX SEMICONDUCTOR LTD.
TOREX SEMICONDUCTOR LTD.
TOIREX
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/
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