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HiSAT-COT & Control 1.5A Inductor Built-in Step-Down “micro DC/DC” Converters

B GENERAL DESCRIPTION

The XCL237/XCL238 series is a synchronous step-down micro DC/DC converter which integrates an inductor and a control
IC in one tiny package (3.2mm x 2.5mm, h=1.0mm). An internal coil simplifies the circuit and enables minimization of noise
and other operational trouble due to the circuit wiring.

The Output voltage is internally set in a range from 0.8V to 3.6V increments of 0.05V.

HiSAT-COT is a proprietary high-speed transient response technology for DC/DC converter which was minimized output
voltage during load fluctuations. It is Ideal for the applications with large instantaneous load fluctuations such as FPGAs and

equipment that requires stable output voltage.

Y Green Operation Compatible

O)HISAT-COT is a proprietary high-speed transient response technology for DC/DC converter which was developed by Torex. It is Ideal for the
LSI's that require high precision and high stability power supply voltage.

BAPPLICATIONS

@ Communication equipment / modules

(Bluetooth/Wi-Fi/GPS etc.)

@®Power supply for MCU/FPGA/ASIC

(POL power supply)
@®Smart phones/Mobile phones
@DSC/Camcorder
@Portable game consoles

@ Wearable devices
@ Active cable/Active optical cable

B TYPICAL APPLICATION
CIRCUIT

BFEATURES

Input Voltage Range
Output Voltage Range

Output Current
Oscillation Frequency
Efficiency

Quiescent Current
Control Methods

Protection Functions

Functions

Input/Output Capacitor

Operating Ambient Temperature

Packages
Environmentally Friendly

2.5V ~5.5V
0.80V ~ 1.00V (x20mV)
1.05V ~ 3.60V (+2.0%)
1.5A
3.0MHz
89%(Vin=3.8V,Vour=1.8V,lour=500mA)
25pA
HiSAT-COT Control
PWM Control (XCL237)
PWM/PFM Auto (XCL238)
Thermal Shutdown
Current Limit
Short Protection
Soft-Start
UVLO
C. Discharge
Ceramic Capacitor
-40°C ~105°C
USP-9B01 (3.2 x 2.5 x 1.0mm)
EU RoHS Compliant, Pb Free

B TYPICAL PERFORMANCE
CHARACTERISTICS

VOUT(T)=1'8V

Cin=10pF(GRM188C81A106KA73)
C=10uF(GRM188C81A106KA73)
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XCL237/XCL238 series

BBLOCK DIAGRAM
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L2 & (Y'Y YN % L1
Short
Vout B * _L Protection
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{ Compensation
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| Qe Logic Buffer N Lx
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EN D% Thermal Shutdown Generator | X PGND
Vout
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"PWM/PFM Selector" in the XCL237 series is fixed to PWM control.
"PWM/PFM Selector" in the XCL238 series is fixed to PWM/PFM automatic switching control.

Diodes inside the circuit are ESD protection diodes and parasitic diodes.
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XCL237/XCL238

Series
B PRODUCT CLASSIFICATION
@ Ordering Information
XCL237DQR@B®-@ : PWM control
XCL238DQR@B®-@ : PWM/PFM Automatic switching control
DESIGNATOR ITEM SYMBOL DESCRIPTION
B
@ Type = Refer to Selection Guide
Output voltage
eg.1.2v — @=1, @=2
1.25V — @=1, @=C
@® Output Voltage 08~36 | 505V increments : 0.05=A, 0.15=B, 0.25=C, 0.35=D,
0.45=E, 0.55=F, 0.65=H, 0.75=K,
0.85=L, 0.95=M
@ Oscillation Frequency 3 3.0MHz
®-@ Package (Order Unit) D2-G USP-9B01(2) (3,000pcs/Reel)
") The “-G” suffix denotes Halogen and Antimony free as well as being fully EU RoHS compliant.
(2 The USP-9B01 reels are shipped in a moisture-proof packing.
@ Selection Guide
FUNCTION B TYPE | E TYPE
Enable Yes
UVLO Yes
Soft-Start Time 0.3ms | 0.4ms
C. Discharge Yes
Current Limit Yes
(Automatic Recovery)
Short Protection Yes
(Latch Protection)
Thermal Shutdown Yes
TOIREX
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XCL237/XCL238 series

BPIN CONFIGURATION

EN6 [] []1Vn
AGND 5 O ] 2NC
Vout 4 [ []3Lx

— | | —

BOTTOM VIEW

* Be sure to short the AGND pin (Pin 5) and PGND pin (Pin 7) when using.

BPIN ASSIGNMENT

PIN NUMBER PIN NAME FUNCTIONS
1 VIN Power Input
2 NC No Connection
3 Lx Switching
4 Vour Output Voltage Monitor
5 AGND Analog Ground
6 EN Enable
7 PGND Power Ground
8 L1 Inductor Electrodes
9 L2 Inductor Electrodes
BFUNCTION TABLE
PIN NAME SIGNAL STATUS
L Stand-by
EN H Active
OPEN Undefined State ¢

() Please do not leave the EN pin open.

4/29



XCL237/XCL238

Series
BABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATINGS UNITS
Vin Pin Voltage ViN -0.3~6.2 \%
Lx Pin Voltage Vix -0.3~Vin+ 0.3 0r6.2(" \Y,
Vout Pin Voltage Vour -0.3~Vin+0.30r4.0(2 \Y;
EN Pin Voltage VEN -0.3~6.2 \%
Power Dissipation Pd 1200 (40mm x 40mm Standard board) 3 mwW
(Ta=25°C)
Junction Temperature Tj -40 ~ 125 °C
Storage Temperature Tstg -55 ~ 125 °c
All voltages are described based on the GND (AGND and PGND) pin.
() The maximum value should be either Vin+0.3V or 6.2V in the lowest voltage.
(2 The maximum value should be either Vin+0.3V or 4.0V in the lowest voltage.
() The power dissipation figure shown is PCB mounted and is for reference only.
Please refer to PACKAGING INFORMATION for the mounting condition.
B RECOMMENDED OPERATING CONDITIONS
PARAMETER SYMBOL MIN. TYP. MAX. UNITS
Input Voltage VIN 25 - 55 \%
EN Pin Voltage VEN 0.0 - 5.5 V
Output Current lout - - 1.5 A
Operating Ambient Temperature Topr -40 - 105 C
Input Capacitor (Effective Value) (') Ci 3.8 10 1000 (2 uF
Output Capacitor (Effective Value) ) CL 5.8 10 330 () uF

All voltages are described based on the GND (AGND and PGND) pin.

(1) Some ceramic capacitors have an effective capacitance that is significantly lower than the nominal value due to the applied
DC bias and ambient temperature. For the input / output capacitance of this IC, use an appropriate ceramic capacitor according
to the DC bias usage conditions (ambient temperature, input / output voltage) so that the effective capacitance value is equal
to or higher than the recommended component.

(2)If using a large-capacity capacitor such as an electrolytic capacitor or tantalum capacitor as the input capacitance, place a
low ESR ceramic capacitor in parallel. If a ceramic capacitor is not placed, high-frequency voltage fluctuations will increase and
the IC may malfunction.

(3)If using a large-capacity capacitor as the output capacitance, the output voltage may not rise during the soft-start time and
the short protection function will operate after the soft-start time, causing the IC to latch and stop.

TOIREX
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XCL237/XCL238 series
BELECTRICAL CHARACTERISTICS

@XCL237B /XCL238B Ta=25C
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNITS | CIRCUIT
V|N=VOUT(T)+2.0V(VQUT(T)é3.5V) or
OUtpUt Voltage VOUT 5.5V(VOUT(T)>3.5V), VOUT=<E-3>_’<E-1 > <E-1> <E-2> <E-3> \Y @
Vour Voltage When Lx pin is Vy or oscillations
Operating Voltage Range Vin 2.5 - 5.5 V )
When connected to external components,
Maximum OQutput Current loutmax P 1500 - - mA ©)
Vin=<C-1>
V|N =2.5Vto 12V, VOUT = OGV,
UVLO Detect Voltage V 1.35 1.95 - \% ®
9 ovLon V\n Voltage when Lx pin changes “H” to "L" level
V|N =1.2Vto 25V, VOUT = 06V,
UVLO Release Voltage Vuvior . Y - 2.00 2.48 \ ®
Vn Voltage when Lx pin changes “L” to "H" level
Quiescent Current | VeV 1.1 o5 40 A ®
(XCL238) q out =Vourm) *1. M
Quiescent Current | VeV 1.1 600 1035 A ®
(XCL237) q out =Vourm) *1. M
Wh ted t t | ts,
ON time ton en connected to external components <E-5> <E-6> <E-7> ns D
Vin =Ven=<C-1>, lour=1mA
Thermal Shutdown Trsp - - 150 - °c @®
Thermal shutdown o
) Thys - - 30 - C @
Hysteresis
Lx SW "H” ON
) RLXH VOUT=O.6V, ||_X=100mA - 0.14 0.28 Q @
Resistance
Lx SW"L” ON
) . RLXL V|N=3.6V, VOUT=VOUT(T) X 11, ||_X=100mA - 0.10 0.25 Q @
Resistance ("
Lx SW "H” Leakage
ILeakH V|N=5.5V, VEN=0V, VOUT=0V, V|_x=OV - 0.0 1.0 HA @
Current
Lx SW "L” Leakage
ILeakL V|N=5.5V, VEN=0V, VOUT=0V, VLX=5.5V - 0.0 1.0 IJA @
Current
Current Limit 2 1Y Vour=0.6V, I x until Lx pin oscillates 2.5 3.0 4.5 A ®
Output Voltage AVour/
Temperature (Vour- A lour=30mA, -40°C=Topr=105°C - +100 - ppm/°C ©)
Characteristics topr)
Vour=0.6V, Applied voltage | 1a=25°C
EN "H” Voltage Venn to Ven, Voltage changes Lx 1.4 - 5.5 \ ®
—_40~105°C(*1
to “H” level Ta=-40~105C""
Vour=0.6V, Applied voltage | T3=25°C
EN"L” Voltage VenL to Ven, Voltage changes Lx AGND - 0.3 \% ®
- ~ o (*1
to “H” level Ta=-40~105°C("
EN "H” Current IENH V|N=5.5V, VEN=0V, VOUT=0V - 0.0 0.1 IJA @
EN "L” Current IENL V|N=5.5V, VEN=5.5V, VoUT=0V - 0.0 0.1 lJA @
VEN=0V—’5.0V, VOUT=VOUT(T) x 0.9
Soft-start Time tss After "H" is fed to EN, the time by 0.10 0.30 0.60 ms (©)
when clocks are generated at Lx pin.
Short Protection Sweeping Vour, Vour voltage which Lx becomes
Vstorr PIng Your. Your voTag 017 | 027 | 038 v ®
Threshold Voltage “L” level
C. Discharge
. RDCHG VEN=0V, VoUT=4.0V 100 180 300 Q @
Resistance
Inductance L Test Freq.=1MHz - 0.5 - uH -
Vour(T) : Nominal Voltage

Unless otherwise stated, Vin=5.0V, Ven=5.0V,
"H" level = ViN- 1.2V ~ VN, "L" level =-0.1V ~ 0.1V
(1) Design value.
(2) Current limit denotes the level of detection at peak of Inductor current.
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XCL237/XCL238

Series
@XCL237E/XCL238E Ta=25C
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNITS | CIRCUIT
V|N=VOUT(T)+2.0V(VQUT(T)é3.5V) or
OUtpUt Voltage VOUT 5.5V(VOUT(T)>3.5V), VOUT=<E-3>_’<E-1 > <E-1> <E-2> <E-3> \Y ®
Vour Voltage When Lx pin is V\y or oscillations
Operating Voltage Range Vin 2.5 - 5.5 V )
When connected to external components,
Maximum OQutput Current loutmax P 1500 - - mA ©)
Vin=<C-1>
V|N =2.5Vto 12V, VOUT = 06V,
UVLO Detect Voltage V 1.35 1.95 - \Y ®
9 ovLon V\n Voltage when Lx pin changes “H” to "L" level
V|N =1.2Vto 25V, VOUT = 06V,
UVLO Release Voltage Vuvior . Y - 2.00 2.48 \ ©)
Vn Voltage when Lx pin changes “L” to "H" level
Quiescent Current | VeV 1.1 o5 40 A ®
(XCL238) q out =Vourm) *1. M
Quiescent Current | VeV 1.1 600 1035 A ®
(XCL237) q out =Vourm) *1. M
Stand-by Current lsTs Ven =0V - 0.0 1.0 uA @
ON time ton When connected to external components, <E-5> <E-6> <E-7> ns D
Vin =Ven=<C-1>, lour=1mA
Thermal Shutdown Trso - - 150 - °c @®
Thermal shutdown o
) Thvs - - 30 - c @
Hysteresis
Lx SW”"H” ON
) RLXH VOUT=O.6V, ||_X=100mA - 0.14 0.28 Q @
Resistance
Lx SW”L” ON
) . RLXL VIN=3-6V,VOUT=VOUT(T) x 11, ||_X=100mA - 0.10 0.25 Q @
Resistance ("
Lx SW "H” Leakage
ILeakH V|N=5.5V, VEN=0V, VoUT=0V, V|_x=OV - 0.0 1.0 IJA @
Current
Lx SW "L” Leakage
ILeakL V|N=5.5V, VEN=0V, VoUT=0V, VLX=5.5V - 0.0 1.0 |JA @
Current
Current Limit 2 1Y Vour=0.6V, I x until Lx pin oscillates 2.5 3.0 4.5 A ®
Output Voltage AVour/
Temperature (Vour- A lour=30mA, -40°C=Topr=105°C - +100 - ppm/°C ©)
Characteristics topr)
Vour=0.6V, Applied voltage | 1a=25°C
EN "H” Voltage Venn to Ven, Voltage changes Lx 1.4 - 5.5 \ ®
—_40~105°C(*1
to “H” level Ta=-40~105C""
Vour=0.6V, Applied voltage | Ta=25°C
EN"L” Voltage VenL to Ven, Voltage changes Lx AGND - 0.3 \% ®
- ~ o~ (*1
to “H” level Ta=-40~105°C("
EN "H’ Current lews | V=55V, Ven=5.5V, Vour=0V - 00 | o1 | pA ©
EN "L” Current IENL V|N=5.5V, VEN=0V, VOUT=0V - 0.0 0.1 lJA @
VEN=0V—’5.0V, VOUT=VOUT(T) x 0.9
Soft-start Time tss After "H" is fed to EN, the time by 0.20 0.40 0.90 ms ©)
when clocks are generated at Lx pin.
Short Protection Sweeping Vour, Vour voltage which Lx becomes
Verorr | eeping Your, Your VoTiag 047 | 027 | 038 v ®
Threshold Voltage L” level
C. Discharge
. RDCHG VEN=0V, VoUT=4.0V 100 180 300 Q @
Resistance
Inductance L Test Freq.=1MHz - 0.5 - uH -
Vour(m) : Nominal Voltage
Unless otherwise stated, Vin=5.0V, Ven=5.0V,
"H" level = ViN- 1.2V ~ VN, "L" level =-0.1V ~ 0.1V
(1) Design value.
(2) Current limit denotes the level of detection at peak of Inductor current.
TOIREX
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XCL237/XCL238 series

BELECTRICAL CHARACTERISTICS

SPEC Table

NOMINAL

OUTPUT Vour fon

VOLTAGE | <g.4> | <E2> | <E3> | <C-1> | <E-5> | <E-6> | <E-7>

Vourm MIN. TYP. MAX. Vin MIN. TYP. MAX.

0.80 0.780 0.800 0.820 2.50 55 107 158
0.85 0.830 0.850 0.870 2.50 61 13 166
0.90 0.880 0.900 0.920 2.50 66 120 174
0.95 0.930 0.950 0.970 2.50 71 127 182
1.00 0.980 1.000 1.020 2.50 77 133 190
1.05 1.029 1.050 1.071 2.50 89 140 191
1.10 1.078 1.100 1.122 2.50 95 147 199
1.15 1.127 1.150 1.173 2.50 100 153 206
1.20 1.176 1.200 1.224 2.50 106 160 214
1.25 1.225 1.250 1.275 2.50 112 167 222
1.30 1.274 1.300 1.326 2.50 17 173 229
1.35 1.323 1.350 1.377 2.50 123 180 237
1.40 1.372 1.400 1.428 2.50 129 187 245
1.45 1.421 1.450 1.479 2.50 134 193 252
1.50 1.470 1.500 1.530 2.50 140 200 260
1.55 1.519 1.550 1.581 2.58 140 200 260
1.60 1.568 1.600 1.632 2.67 140 200 260
1.65 1.617 1.650 1.683 275 140 200 260
1.70 1.666 1.700 1.734 2.83 140 200 260
1.75 1.715 1.750 1.785 2.92 140 200 260
1.80 1.764 1.800 1.836 3.00 140 200 260
1.85 1.813 1.850 1.887 3.08 140 200 260
1.90 1.862 1.900 1.938 3.17 140 200 260
1.95 1.911 1.950 1.989 3.25 140 200 260
2.00 1.960 2.000 2.040 3.33 140 200 260
2.05 2.009 2.050 2.091 3.42 140 200 260
2.10 2.058 2.100 2.142 3.50 140 200 260
2.15 2.107 2.150 2.193 3.58 140 200 260
2.20 2.156 2.200 2.244 3.67 140 200 260
2.25 2.205 2.250 2.295 3.75 140 200 260
2.30 2.254 2.300 2.346 3.83 140 200 260
2.35 2.303 2.350 2.397 3.92 140 200 260
2.40 2.352 2.400 2.448 4.00 140 200 260
2.45 2.401 2.450 2.499 4.08 140 200 260
2.50 2.450 2.500 2.550 417 140 200 260
2.55 2.499 2.550 2.601 4.25 140 200 260
2.60 2.548 2.600 2.652 4.33 140 200 260
2.65 2.597 2.650 2.703 4.42 140 200 260
2.70 2.646 2.700 2.754 4.50 140 200 260
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XCL237/XCL238

Series
BELECTRICAL CHARACTERISTICS
SPEC Table

NOMINAL

OUTPUT Your fon

VOLTAGE <E-1> <E-2> <E-3> <C-1> <E-5> <E-6> <E-7>

Vourm) MIN. TYP. Vourm) Vin MIN. TYP. MAX.
2.75 2.695 2.750 2.805 4.58 140 200 260
2.80 2.744 2.800 2.856 4.67 140 200 260
2.85 2.793 2.850 2.907 4.75 140 200 260
2.90 2.842 2.900 2.958 4.83 140 200 260
2.95 2.891 2.950 3.009 4.92 140 200 260
3.00 2.940 3.000 3.060 5.00 140 200 260
3.05 2.989 3.050 3.1 5.08 140 200 260
3.10 3.038 3.100 3.162 5.17 140 200 260
3.15 3.087 3.150 3.213 5.25 140 200 260
3.20 3.136 3.200 3.264 5.33 140 200 260
3.25 3.185 3.250 3.315 5.42 140 200 260
3.30 3.234 3.300 3.366 5.50 140 200 260
3.35 3.283 3.350 3.417 5.50 143 203 263
3.40 3.332 3.400 3.468 5.50 145 206 267
3.45 3.381 3.450 3.519 5.50 148 209 270
3.50 3.430 3.500 3.570 5.50 150 212 274
3.55 3.479 3.550 3.621 5.50 153 215 277
3.60 3.528 3.600 3.672 5.50 155 218 281
TOIREX
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XCL237/XCL238 series

BTEST CIRCUITS

<Circuit No.1> <Circuit No.2>

PGND AGND
[ — |

Ry
External Component
L :1.0uH
Cin : 10 ¢ F(ceramic)
C. :10 u F(ceramic)
<Circuit No.3> s Wave Form Measure Point <Circuit No.4>
Rpulldown !
200Q © vl
7/ houF 7
T 717 | T PGND AGND 7
b [ F— ] -
Rixu=(Vin-Vix)lx
Rixc=Vix/lix
<Circuit No.5> <Circuit No.6>
ILeakH e Wave Form Measure Point
7 7 louF
T T 7 | PGND AGND
Fa [ — ]

<Circuit No.7>

oo [
Vin L2
lyour
_Z J1ouH EN Vourt
T 7T |7 PGND AGND
f—

g

Rocne=Vout/lvout
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XCL237/XCL238

Series

B TYPICAL APPLICATION CIRCUIT

[Typical Examples]

>

MANUFACTURER PRODUCT NUMBER VALUE SIZE(LxWxT)

Cin12 Murata GRM188C81A106KA73D 10uF/10V 1.6 x 0.8 x 1.0mm

Lt Murata GRM188C81A106KA73D 10pF/10V 1.6 x 0.8 x 1.0mm
Murata GRM188C81A226ME01D 22uF/10V 1.6 x 0.8 x 1.0mm

(1) Some ceramic capacitors have an effective capacitance that is significantly lower than the nominal value due to the applied
DC bias and ambient temperature. For the input / output capacitance of this IC, use an appropriate ceramic capacitor according

to the DC bias usage conditions (ambient temperature, input / output voltage) so that the effective capacitance value is equal
to or higher than the recommended component.

(2)If using a large-capacity capacitor such as an electrolytic capacitor or tantalum capacitor as the input capacitance, place a

low ESR ceramic capacitor in parallel. If a ceramic capacitor is not placed, high-frequency voltage fluctuations will increase and
the IC may malfunction.

(3)If using a large-capacity capacitor as the output capacitance of a B type (with short protection function), the output voltage

may not rise during the soft-start time and the short protection function will operate after the soft-start time, causing the IC to
latch and stop.

TOIREX
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XCL237/XCL238 series

B OPERATIONAL EXPLANATION

This IC consists of a reference voltage source, error amplifier, comparator, phase compensation, on time generation circuit,

current limiter circuit, UVLO circuit and so on.

Inductor

Y'Y YN

L2

P

Vour B¢

1

AGND 2

Short
Protection

R1 —CrB
High Side
K Hl— Phase Current Limit
Compensation
R2 \Errnr%r Comparator |
L +
- 4 / >_ S
.‘.
e | Q Logic
Vref with R
Soft Start
CE Control Logic, Minimum
UVLO OnTime p—VnN
Thermal Shutdown Generator  \Vout

EN

M L1
X VN
—Hp!
gﬁrf]f%rr] N Lx
Drive
i
& PGND
PWM/PFM
Selector

BLOCK DIAGRAM

The control method is HISAT-COT (High Speed circuit Architecture for Transient with Constant On Time), which features the
On time control method and the fast transient response with low ripple voltage.
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XCL237/XCL238

Series

B OPERATIONAL EXPLANATION (Continued)

<Nomal operation>
In HISAT-COT control, ON time (ton) dependent on input voltage and output voltage is generated and Pch driver FET. Is turned
on.
The on-time is set as follows during light loads.

ton = (Vout/ ViN) x 333ns

The off time (torF) is controlled by comparing the output voltage and the reference voltage with the error amplifier and the
comparator. Specifically, the reference voltage and a voltage which is obtained by dividing the output voltage with R1 and R2
are compared with using the error amplifier, apply phase compensation to the output of the error amplifier, and send it to the
comparator. In the comparator, the output of the error amplifier is compared with the reference voltage, and when it falls below
the reference voltage, the SR latch is set and it becomes the ON period again.

PWM control
The XCL237 series (PWM control) operates in continuous conduction mode and operates at a stable oscillation frequency
regardless of the load. The oscillation frequency can be obtained by the following equation.

fosc = (Vout / Vin) X (1 / ton)

fOS (o}

Lx

col b AN

Current ~N 1 N

XCL237 series : Example of light load operation XCL237 series : Example of heavy load operation

PWM/PEM automatic switching control

The XCL238 series (PWM/PFM automatic switching control) lowers the oscillation frequency at light load by operating in
discontinuous conduction mode at light load.

As the output current increases, the switching frequency increases proportionally. By this operation, it is possible to reduce
switching loss at light load and achieve high efficiency from light load to heavy load.

fOSC

>

i ton i

—» !

Lx ] Lx
L SR S B— ov |
Col _ _ 0 N __ S N ¥ Coi : | |
Current : ! ' OmA Curmrent ! ! ! OmA
XCL238 series : Example of light load operation XCL238 series : Example of heavy load operation
TOIREX
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XCL237/XCL238 series

B OPERATIONAL EXPLANATION (Continued)

<100% Duty cycle mode >

In conditions where the input-output voltage difference is small or transient response, the Pch driver FET might keep on turning
on and the 100% duty cycle mode might be set.

The 100% duty cycle mode achieves highspeed response and output voltage stability under the condition where input-output
voltage difference is small.

<EN function>

When "H" voltage (Venn) is fed to the EN pin, normal operation starts after raising the output voltage with the soft-start function.
When the "L" voltage (VenL) is fed to the EN pin, it enters the stand-by state and the current consumption is suppressed to Ists
(TYP. 0.0pA).

Additionally, Pch driver FET and Nch driver FET are turned off.

< Start Mode / Soft-Start function>

It is a function to raise the output voltage gradually and suppress inrush current. After the "H" voltage (Venn) is fed to the EN
pin, the reference voltage which is connected to the error amplifier increases linearly during the soft-start period. As a result, the
output voltage increases in proportion to the increase of the reference voltage. This operation can prevent a large inrush current
and smoothly raise the output voltage.

During the soft-start function, short protection function does not operate.
Also, even with PWM control, reverse inductor current is prohibited.

tss

VEN

VENH === m e e e e

VOUT

ov
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XCL237/XCL238

Series

B OPERATIONAL EXPLANATION (Continued)

< Current Limit / Short protection>
The current limit function monitors a current flowing through Pch driver FET in each switching cycle and when Pch driver current
is more than lumu (TYP. 3.0A), an overcurrent detection state occurs.

When the overcurrent detection state occurs, the Pch driver FET is turned off. If the current flowing through Pch driver FET is
less than Iumn in the next switching cycle, the overcurrent detection state is released.

If the overcurrent detection state continues or if there is a significant drop in the output voltage, the B type short circuit protection
function will operate.
The detailed operation at overcurrent is as follows.

1) When the current flowing through the Pch driver FET increases and reaches the current limit value lumr(TYP. 3.0A), the
current limit state is set and the Pch driver FET is forcibly turned off.

2) After the Pch driver FET is turned off, the Nch driver FET is turned on for a certain period of time, and the inductor current
decreases. If there is an overload state, the Pch driver FET will turn on again until inductor current reached the current limit
value.

3) Further reducing the load resistance will drop output voltage.

When the output voltage drops, the inductor current does not decrease during the Nch Driver FET on period, and when the Pch
driver turns on again, inductor current will increase more than the current limit value lumi. When the inductor current flowing
through the Nch driver FET increases, the Pch driver FET is prohibited to turn on until the current flowing through the Nch driver
FET drops to lum(TYP. 3.5A).

4) When the output voltage drops below short protection voltage Vshort(TYP. 0.27V) in an overload condition, the short
protection function operates and latched the Pch driver FET and Nch driver in the off state.

TOIREX
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XCL237/XCL238 series

B OPERATIONAL EXPLANATION (Continued)

< Current Limit / Short protection (Continued)>

H Conditions for reversion from latch stop.
There are two conditions for returning from latch stop due to short protection.
Input “L” voltage to the EN pin to put it into stand-by state and then put IC into active state.

After the input voltage is reduced to the UVLO detection state, a voltage higher than VuvLor is applied to the input
voltage and the input voltage is set to the normal state.

To recover from latch stop, the output voltage is raised with the soft-start function, and then normal operation is performed.
If the overload condition continues, the IC enters the current limit condition again and the current limit function and short

protection function operate.

Current Limit State Short Pmotection

L

Coil
Cumrent
L
Vour
lour
i 04
|
R.ﬂud :
i
i Qg
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Series

B OPERATIONAL EXPLANATION (Continued)

< Thermal Shutdown function>

The Junction temperature is monitored to protect the IC from thermal damage.

When the junction temperature reached Trsp (TYP. 150°C), thermal shutdown operates, the Pch driver FET and Nch driver FET
will be turned off. At the same time, the output voltage decreases. When the junction temperature drops to the thermal shutdown
release temperature Ttsp-Thys (TYP. 120°C) by stopping the current supply, the output voltage is raised with the soft-start function,
and then normal operation is performed.

<UVLO function>

When the Vin voltage becomes Vuviop (TYP. 1.95V) or less, the UVLO function operates to forcibly turn off the Pch driver FET
to prevent erroneous pulse output due to operation instability of the internal circuit.

When the Vin voltage becomes Vuvior (TYP. 2.0V) or more, the UVLO function is canceled. After the UVLO function is canceled,
the output voltage rises with the soft-start function, and then the normal operation is performed.

Moreover, during the UVLO operation, the internal circuit is operating because stopping by UVLO is not same to a stand-by
mode and just switching operation is stopped.

< C. Discharge function>

This IC uses an Nch FET and resistor connected to the Vour pin to rapidly discharge the charge on the output capacitor. In order
to prevent malfunction of application due to charge remaining on the output capacitor (EN="L") during stand-by.

It also operates in the UVLO detection state.

The output voltage during discharging can be calculated by the following equation.

V=Vourxe'*
t=1 Ln (Voutr/V)

V : Output voltage during discharge

Vour : Output voltage

t : Discharge time

C. : Effective capacitance of Output capacitor
Robche : CL auto-discharge resistance

T : CLxRocHe

TOIREX
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XCL237/XCL238 series

BNOTE ON USE

1) For the phenomenon of temporal and transitional voltage decrease or voltage increase, the IC may be damaged or deteriorated
if IC is used beyond the absolute MAX. specifications. Also, if used under out of the recommended operating range, the IC may
not operate normally or may cause deterioration.

2) Spike noise and ripple voltage arise in a switching regulator as with a DC/DC converter. These are greatly influenced by external
component selection, such as capacitance values, and board layout of external components. Once the design has been completed,
verification with actual components should be done.

3) The DC/DC converter characteristics depend greatly on the externally connected components as well as on the characteristics
of this IC, so refer to the specifications and standard circuit examples of each component when carefully considering which
components to select. Especially for CL capacitor, it is recommended to use an appropriate ceramic capacitor according to the DC
bias usage conditions (ambient temperature, input / output voltage) so that the effective capacitance value is equal to or higher
than the recommended component.

4) Due to propagation delay inside the product, the on time generated by the on time generation circuit is not the same as the on
time that is the ratio of the input voltage to the output voltage.

5) The actual inductor current may at times exceed the current limit value (lLm+) due to propagation delays in the current limiting
circuit.

6) Regarding PWM/PFM auto switching control method, it works with a discontinuous conduction mode at light loads, and in this
case where the voltage difference between input voltage and output voltage is low, the inductor current may reverse when the
load is light, and thus pulse skipping will not be possible and light load efficiency will worsen.

7) When the voltage difference between input voltage and output voltage is low, the load stability feature may deteriorate.

8) When the voltage difference between input voltage and output voltage is small at low temperatures, the ripple voltage may
increase. If countermeasures are taken, the ripple voltage can be suppressed by increasing the output capacitance.

XCL237,Voyrry=1.8V XCL237,Vourr)=1.8V
Vin=3.0V Vin=3.0V
lour=1mA Cin=10puF(GRM188C81A106KA73) lour=1mA Cin=10uF(GRM188C81A106KA73)
Ta=-40°C C.=10pF(GRM188C81A106KA73) Ta=-40°C C.=10pF X 2(GRM188C81A106KA73)
= EveRs oasut LA 3 setilied Saved: 28 SEP 2023 21:16:23

Ble  Control Setup Measure Anslyze  Uiities  Help .00 P File Control Seup Measure  Analyze Uilties  Help 916 Phd

e e e —— A EETEOTE

)i 2

¥ EIP ERDIZ Disi

Vix 1 2V/div

s
)12 — €

Vix : 2V/div

Vour : 10mV/div

—

Vour ; 10mV/div

A b A A koA A A A , A A A A
A b o Pk, r / P I I o
s o i o i Yo o e o B o gt N ot ot

o H A i o

500ns/div

500ns/div i
T elecal [H][Fm0 e jﬁ‘l:?ﬂ\?mn: aefp] [ b L

I e e G ) G L

9) Torex places an importance on improving our products and their reliability. We request that users incorporate fail safe
designs and post aging protection treatment when using Torex products in their systems.

10) The internal coil is for this product only. Do not use it for any purpose other than this product.
11) This IC is an Inductor Built-in product, do not place it in an environment with a strong magnetic field such as near a magnet.

The influence of a strong magnetic field may cause a decrease in inductance value, deterioration of efficiency, and
abnormal operation of the IC.
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Series

BNOTE ON USE (Continued)

@ Instructions of pattern layouts
Especially noted in the pattern layout are as follows.
Please refer to the reference pattern layout on the next page.

(a) Wire the large current line using thick, short connecting traces.
This makes it possible to reduce the wire impedance, which is expected to reduce noise and improve heat dissipation.
If the wire impedance of the large current line is large, it may cause noise or the IC to not operate normally.

(b) Place the input capacitance Cin, output capacitance Ci, IC which the large current flows on the same

surface. If they are placed on both sides, a large current will flow through Via, which has high impedance, it may cause
noise and the IC may not operate normally.

(c) Please mount each external component as close to the IC as possible.
Especially place the input capacitance Cin near the IC and connect it with as low impedance as possible.
If the input capacity Cin and IC are too far apart, it may cause noise or the IC may not operate normally.

< Reference pattern layout>

Layer 1 Layer 2

TOREX @ o

XCL237/238 Rev1.0

. o O

VOUT 20

o

Layer 3 Layer 4

TOIREX
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XCL237/XCL238 series

B TYPICAL PERFORMANCE CHARACTERISTICS

(1) Efficiency vs. Output Current

Vourmn=0.8V Vourm=1.8V
Cin=10uF(GRM188C81A106KA73) Cin=10uF(GRM188C81A106KA73)
C,=10uF(GRM188C81A106KA73) C,=10uF(GRM188C81A106KA73)
100 100
90 90
| z ?\
80 ,ﬁ— 80 e ] ',:'
e — N o L A
X = 7,7 N X ’
= / /) >, , /
T 60 7 T 60 =
/ 7
& // /, / i / / I,
- . Vi
> 50 // 77 5 50 7
c / 4 c /
S 40 - g 40 —+
S 7 ’ ,’ o Y4
& 30 — - & 30 2!
/! mmm=e -
20 L - XCL237_VIN=3.8V 20 s XCL237_VIN=3.8V
‘Y ———-- XCL237_VIN=5.0V K S XCL237_VIN=5.0V
10 P XCL238_VIN=3.8V 10 2 s XCL238_VIN=3.8V
Al TVIN = [ =
_=22% XCL238_VIN=5.0V .2> s XL 238_VIN=5.0V
0 SPEPSY ¥ L | | 0 L. bl | |
0.1 1 10 100 1000 0.1 1 10 100 1000
Output Current : loyr [MA] Output Current : loyr [MA]
VOUT(T)=3'3V
Cin=101F(GRM188C81A106KA73)
C=10puF(GRM188C81A106KA73)
100
90 | Cd o
4
80 ] AL
/ /
< 70
= / /7
—_— L
= 60 /
L 50 -
[9) 4
S 40 )
k] /
= b
&30
’
20 L
| = XCL237_VIN=5.0V
10 _- s XCL238_VIN=5.0V
0 e m T P M M ,
0.1 1 10 100 1000
Output Current : loyr [mA]
(2) Output Voltage vs. Output Current
VOUT(T):1'8V VOUT(T)=3'3V
Cin=10uF(GRM188C81A106KA73) Cin=10uF(GRM188C81A106KA73)
C=10puF(GRM188C81A106KA73) C=10pF(GRM188C81A106KA73)
2.00 T T 3.60 T T
----- XCL237_VIN=3.8V =TT SXCL237_ VIN=5.0V
XCL238_VIN=5.0V
XCL238_VIN=3.8V 3.50
1.90
= =3.40
5 5
o o
= I S
L 1.80 4 330
oo o0
S S
©° ©
= 2320
=] =]
2170 =3
=3 p=3
© © 310
1.60 v v el 3.00 v e e e
0.1 1 10 100 1000 0.1 1 10 100 1000
Output Current : loyt [MA] Output Current : loyt [MA]
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XCL237/XCL238

Series
(3) Ripple Voltage vs. Output Current
Vourm=1.8V Vourm?=3.3V
Cin=10uF(GRM188C81A106KA73) Cin=10uF(GRM188C81A106KA73)
C.=10uF(GRM188C81A106KA73) C.=10uF(GRM188C81A106KA73)
50 50
XCL237_VIN=3.8V XCL237_VIN=5.0V
XCL238_VIN=3.8V XCL238_VIN=5.0V
40 40
= =
£ £
> 30 > 30 —
[ [
g g
5 5
> 20 4 > 20
Q Q
= =
o o
= =
10 10 —
0 v e 0 v e
0.1 1 10 100 1000 0.1 1 10 100 1000
Output Current : loyr [mA] Output Current : loyr [mA]
(4) Output Voltage vs. Ambient Temperature (5) UVLO Voltage vs. Ambient Temperature
VOUT(T)=1'8V
1.90 T T 25 . . .
24 UVLO Detect Voltage
VIN=3.8V ' UVLO Release Voltage
23
= 185
= 22
3 2
> g2l ™ i
() ©
& 180 S 20 t
) >
> 919
E 3
o
= 1.8
3175
1.7
16
1.70 15
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Ambient Temperature :Ta [°C] Ambient Temperature :Ta [°C]
(6) Quiescent Current vs. Ambient Temperature
XCL237 XCL238
1000 . . 100 . .
VIN=2.5V VIN=2.5V
900 1 90 -
VIN=3.8V VIN=3.8V
_ 800 1 _ 80
< VIN=5.0V < VIN=5.0V
= 700 i { = 70
- 1 | | -
e 600 I T T T ] 60
g i I : g
5 500 ! } 5 50
o 1 o
S 400 £ 40
@ @
< 300 $ 30
35 p=3
3 3
200 20
100 10
0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
Ambient Temperature :Ta [°C] Ambient Temperature :Ta [°C]
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B TYPICAL PERFORMANCE CHARACTERISTICS

(7) Stand-by Current vs. Ambient Temperature

10

Ists [MA]

Stand-by Current :
ey

0.30

o o N N
= - N N
S) o] o «n

Lx SW "H" ON Resistance : Rixu [Q]

o
o
a

0.00

(10) Lx SW

10

*lLeakn [MA]

Lx SW "H" Leakge Current
Fy

VIN=2.5V
VIN=3.8V
VIN=5.0V
p—
50  -25 0 25 50 75 100 125
Ambient Temperature :Ta [°C]
(8) Lx SW "H” ON Resistance vs. Ambient Temperature
/
| ]
X,
VIN=2.5V
VIN=3.8V 4
VIN=5.0V
] ]
50 -25 0 25 50 75 100 125
Ambient Temperature :Ta [°C]
“H” Leakage Current vs. Ambient Temperature
VIN=5.5V 1
50 -25 0 25 50 75 100 125

22/29

Ambient Temperature :Ta [°C]

(9) Lx SW "L” ON Resistance vs. Ambient Temperature

0.30

o
N
«

o
N
o

Lx SW "L" ON Resistance : Rux [Q]
o o
= [y
o wv

o
o
o

0.00

10

*Leaki [MA]

Lx SW "H" Leakge Current
Sy

VIN=2.5V
VIN=3.8V 4
VIN=5.0V
] ]
-50 -25 0 25 50 75 100 125
Ambient Temperature :Ta [°C]
(11) Lx SW “L” Leakage Current vs. Ambient Temperature
VIN=5.5V 1
-50 -25 0 25 50 75 100 125

Ambient Temperature :Ta [°C]
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Series

B TYPICAL PERFORMANCE CHARACTERISTICS

(12) Oscillation Frequency vs. Output Current
XCL237,Vgy7r)=0.8V

Cin=10uF(GRM188C81A106KA73)
C.=10uF(GRM188C81A106KA73)

45
VIN=3.0V
~ 40 F VIN=3.8V
I
2 VIN=5.0V
Z3s —
-
(%} 1
§ |
g 3.0 —_ T
o
()
P
§ 25
&
S
8 20
15
0 500 1000 1500
Output Current : loyt [mA]
XCL237,Voyrm=3.3V
Cin=10uF(GRM188C81A106KA73)
C,=10uF(GRM188C81A106KA73)
45
VIN=4.2V
< 40 VIN=5.0V
g
=3 VIN=5.5V
Eis
> , I
Q
2 | J
$ 30
o
(7]
e
5 25
B
3
o 20
1.5
0 500 1000 1500

Output Current : loyr [MmA]

(13) EN “H” Voltage vs. Ambient Temperature

14 . .
VIN=2.5V
1.2 VIN=3.8V
—_ VIN=5.0V
Z 10 ! t
z | |
>E i i : 1 ! I
~ 08 ! z I
(o)
oo
8
S 06
E3
2 04
w
0.2
0.0
50 -25 0 25 50 75 100 125

Ambient Temperature :Ta [°C]

XCL237,Vourm=1.8V

Cin=10uF(GRM188C81A106KA73)
C.=10puF(GRM188C81A106KA73)
4.5

VIN=3.0V

40 | VIN=3.8V

VIN=5.0V
35

25

Oscillation Frequency :fosc [MHZ]
w
o
|

20

15
0 500 1000 1500

Output Current : loyt [MA]

(14) EN “L” Voltage vs. Ambient Temperature

14 T T
VIN=2.5V
1.2 VIN=3.8V
_ VIN=5.0V
2 1.0 } i
g T + X I 1 1
> | 1 | | |
== 0.8
[
Qo
S
S 06
=z 04
w
0.2
0.0
-50 -25 0 25 50 75 100 125

Ambient Temperature :Ta [°C]
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B TYPICAL PERFORMANCE CHARACTERISTICS

(15) Soft-Start Time vs. Ambient Temperature

XCL237B/XCL238B XCL237E/XCL238E
05 T T 0.7 . .
VIN=5.0V VIN=5.0V
06
0.4
- o \\
é \\ é 0.5 ]
3 03 e K \
o L 0.4 —
£ £ T
= =
§ 02 g 03
2 2
& 5 0.2
1%} 1%}
0.1
0.1
0.0 0.0
50 -25 0 25 50 75 100 125 50  -25 0 25 50 75 100 125
Ambient Temperature :Ta [°C] Ambient Temperature :Ta [°C]
(16) Current Limit vs. Ambient Temperature (17) C. Discharge Resistance vs. Ambient Temperature
Vin=5.0V,Vo=4.0V
4.0 T T 300
VIN=3.0V
338 VIN=3.8V _
VIN=5.0V e
36 =0
z
= 3.4 z 200 —
=32 o |
.. ] __._.—-————"""
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£ 3.0 2 150
= «
g 2.8 %
526 £ 10
2
2.4 2 5o
2.2
2.0 0
50 -25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
Ambient Temperature :Ta [°C] Ambient Temperature :Ta [°C]
(18) Short Protection Voltage vs. Ambient Temperature (19) Coil Direct Current Resistance vs. Ambient Temperature
05 T 0.15
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Z VIN=5.0v g
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= ~
> g 0.0
() =
w0 0.3 £
o ‘ -
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2 02 g ]
o f=
8 5 0.05 —
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£ 01 g
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B TYPICAL PERFORMANCE CHARACTERISTICS
(20) Load Transient Response
XCL237,Voy7m=0.8V XCL238,V o y7r)=0.8V
Vin=5.0V Cin=10uF(GRM188C81A106KA73) Vin=5.0V Cin=101F(GRM188C81A106KA73)

lour=1MAE> 1000mA(tr, tf=1ps)

C.=10pF(GRM188C81A106KA73)

Saved: 27 SEP 2023 19.50:31

lour : 1A/div

Vour : 50mV/div '

SOusi/div ] | |
i ow ETa | e T[E70m |
XCL237,Vourry=1.8V
Vin=5.0V Cin=10puF(GRM188C81A106KA73)

lout=1mA® 1000mA(tr,tf=1ps)

C.=10puF(GRM188C81A106KA73)

Saved: 27 SEP 2023 2011343

lout : 1A/div

50ps/div

Vour :50mV/div

[ oD Fo0u | M[E0s0a0000s | T[zome I
XCL237,Vorn=3.3V
Vin=5.0V Cin=10uF(GRM188C81A106KA73)

lout=1mA& 1000mA(tr,tf=1ps)

C.=10pF(GRM188C81A106KA73)

Saved: 27 SEP 2023 20:25:21

IOUT 1A/div

VOUT 50mV/d|v |

50 us/d iv !
L ol 5007 | M[50,5040000 15 Tz I

lour=1MA® 1000mA(tr,tf=1ps) C.=10pF(GRM188C81A106KA73)

Saved: 27 SEP 2023 19:50:47

lour : 1A/div

VouT 50mV/d|v -

h\\NM“MM\W\\

SOH%/div ; P |
I'T oF ST EEEETT i g L
XCL238,V o yrn=1.8V
Vin=5.0V Cin=10uF(GRM188C81A106KA73)

lour=1MA® 1000mA(tr,tf=1us) C.=10puF(GRM188C81A106KA73)

Saved: 27 SEP 2023 20.1%:53

|ou'r:2 1A/div

Vou1 SOmV/dlv | i

h\\\%“-—-’\h\“&\\h

50 us/d iv

fr oD [F00u7 | M[E0504000,s | i E
XCL238,V o y7n=3.3V
Vin=5.0V Cin=10uF(GRM188C81A106KA73)

lout=1mA® 1000mA(tr,tf=1ps) C.=10pF(GRM188C81A106KA73)

Saved: 27 SEP 2023 20.25:40

lour : 1A/div

Vour : 50mV/div {

\\\\m\\\hw W\\'\\N\N

I

50us/d|v } _
[ ol 5007 | M[50:5040000 13 Tfzoma [N
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B TYPICAL PERFORMANCE CHARACTERISTICS

(21) Start-up

XCL237B,Voyrr)=1.8V

Vin=3.6V
Ven=0V=5V Cin=10puF(GRM188C81A106KA73)
R.=1.8kQ C.=10puF(GRM188C81A106KA73)
Saved: 15 FEB 2024 19.54.06
Ven : 5.0V/div |

Iin : 100mA/div.

100ps/div

P me [ow—Mpoommor | B

XCL237E,V o yrr=1.8V

Vin=3.6V
Ven=0V=5V Cin=10uF(GRM188C81A106KA73)
R=1.8kQ C.=10puF(GRM188C81A106KA73)

Saved: 15 FEB 2024 21:50:46

Ven : 5.0V/div }

Vour : 1.0V/div

Iin : 100mA/div

100us/div

i on 000, | I[300.0300000 us l_ ¥

(22) Shutdown
VOUT(T)=1' 8Vv

Vin=3.6V
Ven=5V=0V Cin=10uF(GRM188C81A106KA73)
R=1.8kQ C.=10puF(GRM188C81A106KA73)

Saved: 15 FEB 2024 19:52:46

Vour :1.0V/div

1.0ms/div

& oe 100 ms/ || [30004Z00000 ms B -

XCL238B,Voyrr)=1.8V

Vin=3.6V
Ven=0V=5V Cin=10uF(GRM188C81A106KA73)
R=1.8kQ C,=10uF(GRM188C81A106KA73)

Saved: 15 FEB 2024 19:55.00

4 [100ma/ [ Graphical Interface)

Vour : 1.0V/div

Iy : 100mA/div

100ps/div

P om o T B

XCL238E,V oyr(r)=1.8V

Vin=3.6V
Ven=0V=5V Cin=10uF(GRM188C81A106KA73)
R=1.8kQ C.=10puF(GRM188C81A106KA73)

Saved: 15 FEB 2024 21:51:35

[Ful Sereen Interiace

Ven : 5.0V/div

Vou'r H 1.0V/diV

Iy : 100mA/div

100us/div

T om o B
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Series
B PACKAGE INFORMATION
For the latest package information go to, www.torexsemi.com/technical-support/packages
PACKAGE OUTLINE / LAND PATTERN THERMAL CHARACTERISTICS
USP-9B01 USP-9B01 PKG USP-9B01 Power Dissipation
TOIREX
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XCL237/XCL238 series

BMARKING RULE

(1) represents products series

7 7
o e
SYMBOL PRODUCT SERIES 2 [] @) I
E XCL23 T+kkhs—G 3l — a4
F ACL238#kk44%— ——
il I P

(@) represents type and integer part of the output voltage

SYMBOL Type VOUT (V) | PRODUCT SERIES
A B 0.X XCL23*BO#+4k—G
B B 1.X XCL23*B 1#¥4k-G
C B 2.X XCL23*B2#+4k—G
D B 3.X XCL23*B3*+4k-G
E E 0.X XCL23*EQdkkk—G
F E 1.X XCL23*E 14#4%-G
H E 2.X XCL23*E 2%k4k—G
K E 3.X XCL23*EJ#wbk—G

(3) represents the decimal points of the output voltage

SYMBOL | VOUT (V) | PRODUCT SERIES SYMBOL | VOUT (V) | PRODUCT SERIES
0 X.0 XCL23#4k kA =G A X.05 XC L2344k Addk=G
1 X.1 XCL23%4k 1 #4%-G B X.15 XCL23#4kBrtk—G
2 X.2 XCL23%¥*2%+%-G C X.25 XCL23¥4*Coark—G
3 X.3 XCL23 %4k k%G D X.35 XCL234kk Dbk —G
4 X.4 XCL23%¥k4kk%-G E X.45 XCL23%k*EH+*-G
5 X.5 XCL23%4k5kk% -G F X.55 XCL23%kxFaackk—G
6 X.6 XCL23#¥*G*+*-G H X.65 XCL23¥dkHA4*-G
7 X.7 XCL23 %4k T k%G K X.75 XCL23%kk K dkok—G
8 X.8 XCL23#¥*BH+*-G L X.85 XCL23%kxLtk%-G
9 X.9 XC L2344 Qkkk -G M X.95 XCL2 3%k Mtk -G

@, ® represents production lot number 01~09, 0A~0Z, 11~9Z, A1~A9, AA~AZ, B1~ZZ in order.
(G, 1, J, O, Q, W excluded)
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The product 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.

The information in this datasheet is intended to illustrate the operation and characteristics of our products. We
neither make warranties or representations with respect to the accuracy or completeness of the information
contained in this datasheet nor grant any license to any intellectual property rights of ours or any third party
concerning with the information in this datasheet.

Applicable export control laws and regulations should be complied and the procedures required by such laws and
regulations should also be followed, when the product or any information contained in this datasheet is exported.

The product is neither intended nor warranted for use in equipment of systems which require extremely high levels
of quality and/or reliability and/or a malfunction or failure which may cause loss of human life, bodily injury, serious
property damage including but not limited to devices or equipment used in 1) nuclear facilities, 2) aerospace
industry, 3) medical facilities, 4) automobile industry and other transportation industry and 5) safety devices and
safety equipment to control combustions and explosions. Do not use the product for the above use unless agreed
by us in writing in advance.

Although we make continuous efforts to improve the quality and reliability of our products; nevertheless,
Semiconductors are likely to fail with a certain probability. So in order to prevent personal injury and/or property
damage resulting from such failure, customers are required to incorporate adequate safety measures in their
designs, such as system fail safes, redundancy and fire prevention features.

Our products are not designed to be Radiation-resistant.

Please use the product listed in this datasheet within the specified ranges.

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 unless agreed by Torex Semiconductor
Ltd in writing in advance.

TOREX SEMICONDUCTOR LTD.

TOIREX
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