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TOIREX
XC9280 Series /-

/ ETR05064-001a
18V Operation 3.0A Synchronous Step-Down DC/DC Converters

B GENERAL DESCRIPTION

The XC9280 series is 18V bootstrap synchronous step-down DC/DC converter with built-in Nch-Nch driver transistors,

the operating voltage range is 4.5V~18.0V, designed to allow the use of ceramic capacitors.

0.75V reference voltage source is incorporated in the IC, and the output voltage can be set to a value from 1.8V to 7.0V using
external resistors (Rrs1, Rrg2).

Switching frequency is 1.2MHz. In PWM/PFM automatic switchover control, IC can change the control method between PWM
and PFM based on the output current requirement and as a result IC can achieve high efficiency over the full load range.

XC9280 has a fixed internal soft start time which is 0.95ms (TYP.), additionally the time can be extended by using an external
resistor and capacitor.

With the built-in UVLO function, the driver transistor is forced OFF when input voltage goes down to 3.33V (TYP.) or lower.
Over current protection and thermal shutdown are embedded and they secure a safety operation.

BAPPLICATIONS BFEATURES

@ Digital TV

@ Set Top Box

@ Security camera
@ Smart meter

@ Security system

Input Voltage Range
Output Voltage Range
FB Voltage

Oscillation Frequency
Output Current

Control Method
Soft-start Time

Protection Circuits

4.5V ~18V (Absolute Max 20V)
1.8V~7.0VorVinx 0.7
0.75V+1.5%

1.2MHz

3A peak

2.0ADC (ViN=12V, VouT=5V)
PWM/PFM Automatic

0.95ms

Adjustable by RC

UVLO

Over Current Protection

(Automatic Recovery)

Thermal Shutdown
Low ESR Ceramic Capacitor : Ceramic Capacitor
Package . TSOT-26

Environmentally Friendly EU RoHS Compliant, Pb Free

B TYPICAL APPLICATION CIRCUIT B TYPICAL PERFORMANCE
CHARACTERISTICS

AC9280
{ V=12V, VDUY:S.OV)

L=3.3 12 HICLF 7045TZRAN)
Co 10 24 F *ZparallelC201 24GR1E106K)
C=22 1 F *ZparallelCR216ER1E226M)
100
90 =
80 ,f
70
60
50
40
30 VIN=12V(Cortinuous IOUT) [
20 [ seseeeesn VIN=12(Instantaneous IOUT) [
10 | |
: | |
0.001 0.01 0.1 1 10
Output Current :lowrA]

CL

(ceramic)
Rrgz

Efficiency :EFFI[%]
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XC9280series

BBLOCK DIAGRAM

EN/SS @_g N

1) Ordering Information

XC9280 Series
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*Diodes inside the circuit are an ESD protection diodes and a parasitic diodes.

BPRODUCT CLASSIFICATION

XC9280DRQB@DE®-D"
DESIGNATOR ITEM SYMBOL DESCRIPTION

) Type A Refer to Selection Guide

@® FB Voltage 75 0.75V

@ Oscillation c 1 29MHz

Frequency
. Packages .

-@ 1 YR-G() TSOT-2 Reel
®®-@ (Order Unit) G SOT-26 (3,000pcs/Reel)

() The “-G” suffix denotes Halogen and Antimony free as well as being fully EU RoHS compliant.

2) Selection Guide

) Thermal
TYPE Chip Enable UVLO Shutdown
A Yes Yes Yes
TYPE Soft Start C}Jrr.ent Automatic R.ec.overy
Limiter (Current Limiter)
A Yes Yes Yes
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XC9280

Series
B PIN CONFIGURATION
BST EN/SS FB
6 5 4
1 2 3
GND Lx Vin
TSOT-26
(TOP VIEW)
HBPIN ASSIGNMENT
PIN NUMBER
PIN
FUNCTIONS
TSOT-26 NAME
1 GND Ground
2 Lx Switching Output
3 ViN Power Input
4 FB Output Voltage Sense
5 EN/SS Enable/Soft-start
6 BST Bootstrap
BFUNCTION CHART
PIN NAME SIGNAL STATUS
H Active
EN/SS L Stand-by
OPEN Undefined State(*1)
(') Please do not leave the EN/SS pin open. Each should have a certain voltage.
TOIREX
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XC9280series

BABSOLUTE MAXIMUM RATINGS

Ta=25C
PARAMETER SYMBOL RATINGS UNITS
VN Pin Voltage ViN -0.3 ~ +20 \%
EN/SS Pin Voltage Venrss -0.3 ~ +20 \%
FB Pin Voltage VrB -0.3 ~ +6.2 \%
BST Pin Voltage Vst Vix-0.3 ~ Vix+6.2 \%
Lx Pin Voltage Vix -0.3 ~ Vin+0.3 or +20 (1 \Y
Lx Pin Current ILx 6.0 A
Di:;;‘;eﬂron TSOT-26 Pd 1300 2 mwW
Operating Ambient Temperature Topr -40 ~ +105 C
Storage Temperature Tstg -55 ~ +125 C

(") The maximum value should be either V\y+0.3 or 20 in the lowest.
(2 The power dissipation figure shown is PCB mounted and is for reference only.
Please see the power dissipation page for the mounting condition.
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XC9280

Series
XC9280series Ta=25°C
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT | CIRCUIT
Ve=0.761V — 0.739V
FB Voltage Veg . . 0.739 0.750 0.761 \% @
Vg Voltage when Lx pin oscillates
Setting Output Voltage V. 18 7.00r v _
Range(" OUTSET ' Vinx0.7¢4
Operating Input Voltage
p g Inp! ' g Vin i 45 ) 18 v .
Range(
V|N:4.4V—>2.7V\ VFB=0675V
UVLO Detect Voltage Vyviop V\y Voltage which Lx pin voltage 2.70 3.33 - \% @
changes from "oscillation" to "L" level
V|N:2.7V—>4.4V\ VFB=0675V
UVLO Release Voltage Vuvior V\y Voltage which Lx pin voltage - 3.38 4.40 \% @
changes from "L" level to "oscillation"
Quiescent Current lq Vin=Venss=12V. Vg=0.825V. V x=0V - 80 180 uA @
Stand-by Current ISTBY V|N=1 2V. VEN/SS=VFB=VLX=OV - 3.0 6.0 u A @
_ Connected to external components,
Oscillation Frequency fosc 1.0 1.2 1.4 MHz ©)
V|N=VEN/53=6.0V~ VFB=0675V
. Connected to external components,
Maximum Duty Cycle Dwiax 75 90 - % @
Vin=Venss=6.0V. Ve=0.675V
Lx SW "H" On Resistance RixH - - 16602 - mQ -
Lx SW "L" On Resistance Rix Veg=5.5V. l.x=100mA - 130 - mQ ®
Vin=18V. V, =0V. Ve=1.5V
Lx SW "H" Off Current I " ENSS e -1.0 - - 1A ®
VLX=6.0V\ VBST=VLX+5-0V
Lx SW "L" Off Current ||_x|_ V|N=1 8Vv. VEN/55=VFB=VLX=OV - - 1.0 u A
. Connected to external components,
PFM Switch Current IpEm - 1.2 - A @
V|N=1 2V. VOUT=5.0V~ IOUT=1 mA
Current Limit ILm - - 5.1 - A -
Internal Soft-Start Time tss1 Ves=0.675V - 0.95 - ms @
. VFB=0.675V
External Soft-Start Time tss2 - 26 - ms @
Rss=430kQ\ Css=0.47ﬂ F
. . Connected to external components,
Efficiency™® EFFI - 90 - % @
V|N=12Vs VOUT=5-OV~ IOUT=1 .0A
FB Voltage AVeg/
g Fe -40°C = Top=105°C - +100 - ppm/°C ©)
Temperature Characteristics (ATopr* Ves)
Test Condition: Unless otherwise stated, Vin=12V, Vengs=12V
(1: Please use within the range of Vour/Vin=0.136
(2): Design reference value. This parameter is provided only for reference.
(3 EFFI = {(output voltage) x (output current)} / {(input voltage) x (input current)} x 100
(4> The maximum value should be either 7.0 or V\\x0.7 in the lowest.
TOIREX
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XC9280series

BELECTRICAL CHARACTERISTICS

XC9280 series Ta=25°C
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT | CIRCUIT
FB “H” Current [ Vin=Venss=18V. Ves=3.0V. Vx=0V -0.1 - 0.1 uA
FB “L” Current = Vin=Venss=18V. Ves=V x=0V -0.1 - 0.1 uA

EN/SS “H” Voltage VenssH Vin=18V. Vee=0.71V 25 - 18 \ @
EN/SS “L” Voltage Venssst Vin=18V. Ves=1.5V - - 0.3 \ @
EN/SS “H” Current lenissh Vin=Venss=18V. Ves=1.5V. V x=0V - 0.1 0.3 uA
EN/SS “L” Current lenissL Vin=18V. Venss=Vrs=Vix=0V -0.1 - 0.1 uA
Thermal Shutdown .
Temperature Trsp Junction Temperature - 150 - °C -
Hysteresis Width Thys Junction Temperature - 10 - °c -

Test Condition: Unless otherwise stated, Vin=12V, Venss=12V
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XC9280

Series
CIRCUIT®
——————— C, =101 F 2parallel
| Ly pulse I
. -— XPUSe _y  C,=22uF 2parallel
é | / Coy=0.1HF
A -
Vin / L=3.3uH
/
BST
7__I_ Casr
i FB T c
T =
GND T 500
7
CIRCUIT®
()
&)
VIN
BST
== 0.1uF
EN/SS Lx —J.-_
FB
GND
777
CIRCUIT®
VIN
BST —
01uF
EN/SS x Lr_
FB
GND
77
TOIREX
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XC9280series

B TEST CIRCUITS(Continued)

Cin=10 u F 2parallel

CIRCUIT® C.=22 u F 2parallel
CBST=0-1 uF
L=3.3uH
A CFB=56pF
Vin Res1=220kQ
BST |——0o_ Rrs2=39kQ
CBST
EN/SS
p— CIN
GND Reg2 G, lout
@ L 2 @ 4
777
CIRCUIT®
®
VIN
BST
—1_
01uF
En/ss D
FB
GND
o '\
CIRCUIT®
®
VIN
e Sl
01uF
EN/SS Lx
FB
GND T .|.
777
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XC9280

Series
B TEST CIRCUITS(Continued)
CIRCUIT® C,=10 4 F 2parallel
C =22 uF 2parallel
| _Lipuise et
/ Ry=430kQ
Vin / CSS=0.47[1 Q
/
BST - —__ Cacr
Rss /
EN/SS Lx
pp— L
_\_CIN
—‘7 Css 500Q é
T GND
77
CIRCUIT®
®
VIN
BST
10.1 UF
EN/SS Lx T
FB
® ®
11
TOIREX
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XC9280series

B TYPICAL APPLICATION CIRCUIT

Cn

(ceram’c)J;_

L_ G
r— (ceramic)

Vour MANUFACTURER PRODUCT NUMBER VALUE
VLS5045EX-3R3N
5.0V~7.0V TDK 3.3uH
L CLF7045NIT-3R3N
VLS5045EX-2R2N
1.8V~4.9V TDK 2.2uH
CLF7045NIT-2R2N
C2012X5R1E106K 10pF/25V 2Parallel
CiN - TDK
C3216X7R1E106K 10pF/25V 2Parallel
C3216X5R1E226M 22uF/25V 2Parallel
3.3V~7.0V TDK
c C4532X7R1E226M 22uF/25V 2Parallel
) C3216X5R1E226M 22uF/25V 3Parallel
1.8V~3.2V TDK
C4532X7R1E226M 22uF/25V 3Parallel
Cest - - - 0.1uF/25V

<Output voltage setting>
The output voltage can be set by adding an external dividing resistor.
The output voltage is determined by the equation below based on the values of RFB1 and RFB2.

Vout=0.75%(Rre1+RFs2)/RFB2

With Rre2=50kQ

<CFB setting>

Adjust the value of the phase compensation speed-up capacitor CFB using the equation below.

FB

271 JafoX Ry

When Vour=3.3V~7.0V, a target value for fzfb of about 10k~ 15kHz is optimum.
When Vour=1.8V~3.2V, a target value for fzfb of about 30k~ 35kHz is optimum.

[Setting Example]

Vour setting= 5.0V, Rrs1=220kQ, Rr2=39kQ

Vour=0.75Vx(220kQ+39kQ) / 39kQ =5.0V

fzfb=12.9kHz

Cre= 1/(2xTrx12.9kHzx220kQ) =56pF

[examples]
Vout RFa1 Rrs2 Crs
5.0v 220kQ 39kQ 56pF
3.3V 91kQ 27kQ 120pF
1.8V 51kQ 36kQ 100pF
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Series

B TYPICAL APPLICATION CIRCUIT (Continued)

<Soft-start Time Setting>

The soft-start time can be adjusted by adding a capacitor and a resistor to the EN/SS pin.
Soft-start time (tss2) is approximated by the equation below according to values of Ven/ss, Rss, and Css.

tss2=Css X Rss % ( In( Venss/(Veniss-1.45) ) )

[Setting Example]

Css=0.47uF, Rss=430kQ, Venss=12V
ts52=0.47x10 x 430x10% x (In(12/(12-1.45) ) )=26ms

* The soft-start time is the time from the start of Ven/ss until the output voltage reaches 90% of the set voltage.

If the EN/SS pin voltage rises without connecting Css and Rss (Rss=0Q), Output rises with taking
the soft-start time of tss1=0.95ms (TYP.) which is fixed internally.

Rss VEn/ss

37- Vour

Css 90 % of setting voltage

VEN/SS;-

TOIREX
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XC9280series

B OPERATIONAL EXPLANATION

The XC9280 series consists of a reference voltage source circuit, soft-start circuit, error amplifier circuit, PWM comparator
circuit, PWM/PFM control circuit, ramp wave circuit. oscillator (OSC) circuit. phase compensation (Current feedback) circuit,
current limit circuit, current limit PFM circuit, Nch High-side driver Tr.,Nch Low-side driver Tr.,output buffer circuit, internal power
supply (LocalReg) circuit, under-voltage lockout (UVLO) circuit,. BST control circuit, thermal shutdown (TSD) circuit. control
logic circuit .

The voltage feedback from the FB pin is compared to the internal reference voltage by the error amp, the output from the error
amp is phase compensated, and the signal is input to the PWM comparator to determine the ON time of switching during PWM
operation. The output signal from the error amp is compared to the ramp wave by the PWM comparator, and the output is sent
to the buffer drive circuit and output from the LX pin as the duty width of switching. This operation is performed continuously to
stabilize the output voltage.

The driver transistor current is monitored at each switching by the phase compensation (Current feedback) circuit, and the
output signal from the error amp is modulated as a multi-feedback signal. This allows a stable feedback system to be obtained
even when a low ESR capacitor such as a ceramic capacitor is used, and this stabilizes the output voltage.

XC9280 L1)—X

Local
Reg

EN/SS EN
Control

Logic
Thermal
Shutdown

BST
‘ Control

Switch i D ST

Neh
— Highside A
DRV Tr.
Output
Buffer

Current
Feedback
Current
Limit PFM

PWM/PFM
Control Logic

VREF

Phase Compensation

PWM
Comparator

Ramp Wave
Generator, |—|
osc

FB X}
x

* Diodes inside the circuits are ESD protection diodes and parasitic diodes.

<Reference voltage source>
The reference voltage source provides the reference voltage to ensure stable output voltage of the DC/DC converter.

<Oscillator circuit>
The ramp wave circuit determines switching frequency (1.2MHz).
Clock pulses generated in this circuit are used to produce ramp waveforms needed for PWM operation.

<Error amplifier>

The error amplifier is designed to monitor output voltage. The amplifier compares the reference voltage with the feedback
voltage divided by the internal voltage divider, Rrs1 and Rrs2. When a voltage is lower than the reference voltage, then the
voltage is fed back, the output voltage of the error amplifier increases. The error amplifier output is fixed internally to deliver an
optimized signal to the mixer.
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B OPERATIONAL EXPLANATION (Continued)

< Current limiting, Short-circuit protection >

The XC9280 series incorporates a foldback circuit for current limiting and short-circuit protection.

When the output current reaches the current limit, the output voltage falls and the output current is limited.
When the overcurrent condition is canceled, the output voltage automatically recovers.

<Soft-start function>

The output voltage is soft-started by soft-starting the reference voltage.

The rise time of this reference voltage is the soft start time.

The soft-start time is set to 0.95 ms (TYP.) which is fixed internally or to the time set by adding a capacitor and a resistor to the EN
/ SS pin whichever is later.

<Thermal shutdown>

The thermal shutdown (TSD) as an over temperature limit is built in the XC9280 series.

When the junction temperature reaches the detection temperature, the driver transistor is forcibly turned off. When the junction
temperature falls to the release temperature while in the output stop state, restart takes place by soft-start 0.95ms (TYP.).

<UVLO>

When the Vin pin voltage falls below 3.33V (TYP.), the driver transistor is forcibly turned off to prevent false pulse output due to

instable operation of the internal circuits. When the Vin pin voltage rises above 3.38V (TYP.), the UVLO function is released, the
soft-start function activates, and output start operation begins. Stopping by UVLO is not shutdown; only pulse output is stopped

and the internal circuits continue to operate.

TOIREX
13/29




XC9280series

BNOTE ON USE

1)

14/29

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.

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 the coil inductance,
capacitance values, and board layout of external components.

Once the design has been completed, verification with actual components should be done.

Make sure that the absolute maximum ratings of the external components and of this IC are not exceeded.

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. Be especially careful of the capacitor characteristics and

use B characteristics (JIS standard) or X7R, X5R (EIA standard) ceramic capacitors. The capacitance decrease caused
by the bias voltage may become remarkable depending on the external size of the capacitor.

The ripple voltage could be increased when switching from discontinuous conduction mode to Continuous conduction
mode. Especially when the input / output potential difference voltage is low, the ripple voltage may increased.

Please evaluate IC well on customer’s PCB.

If the voltage at the EN/SS Pin does not start from 0V but it is at the midpoint potential when the power is switched on,
the soft-start function may not work properly and it may cause the larger inrush current.

The actual coil current may exceed the current limit value due to internal propagation delay.

When the voltage difference between input voltage and output voltage is low, the load regulation may be deteriorated
by being limited by MAXDUTY.

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.
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Series

BNOTE ON USE (Continued)

10) Instructions of pattern layouts The operation may become unstable due to noise and/or phase lag from the output current
when the wire impedance is high, please place the input capacitor(Cin) and the output capacitor (CL) as close to the IC as

possible.

(1) In order to stabilize Vin voltage level, we recommend that a by-pass capacitor (Cin) be connected as close as possible

to the Vin and GND pins.
(2) Please mount each external component as close to the IC as possible.
(3) Wire external components as close to the IC as possible and use thick, short connecting traces to reduce the circuit

impedance.

(4) Make sure that the GND traces are as thick as possible, as variations in ground potential caused by high ground
currents at the time of switching may result in instability of the IC.

(5) Please note that internal driver Tr. bring on heat because of the load current and ON resistance of High-side

driver Tr., Low-side driver Tr..

(6) Please note that Tj should be lower than 125°C.
If it exceeds the value calculated from the following calculation formula, the thermal shutdown will operate due to the
heat generation of the IC due to safety.
Reference Pattern Layout Q.= 64[°C/W]
Calculated values may not match actual operation depending on usage environment, usage conditions,

transient conditions, etc.
Please evaluate IC well on customer’s PCB.

<DC Maximum Output Voltage vs. Operating Ambient Temperature >
P_loss=Vourxlourx(1/EFFI-1)[W]

0sa=64 [°C/W]

Tj(Operating junction Temperature)=125[°C]

Operating Ambient Temperature =T-0)axP_loss

<Reference Pattern Layout>

Top Layer (1) Middle Layer (2,3)

O

|zcm1 i LI

>cn2BCH
CIN3 CINA IO
- .- casr
LI q:uclll':'o L

O XC9280 TSOT-26 REV. 0.1
TOREX SEMICONDUCTOR LTD.
EN/SS ) https://wan.torexseni,con

Bottom Layer (4)

Board :Dimensions 50mmx60mm(4 layer)
Copper thickness :35um
Material : Glass Epoxy (FR-4)

Thickness :1.6mm
0sa=64 [C/W]

TOIREX
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B TYPICAL PERFORMANCE CHARACTERISTICS

(1) Efficiency vs. Output current

16/29

XC9280
(V\N=1 2V, Vour=5.0V)

L=3.3  H(CLF7045T3R3N)
Cn=10 i F *2parallel(C2012X5R1E 106K)
C=22 i F *2parallel(C3216X5R1E226M)

Output Current :by:[A]

100
90
— 80 / ‘e
2 ¥
[
T 70
m eo
§ 50
o 40
Q
e 30 VIN=12V/(Continuous I0UT) [
20 eeseesees VIN=12V(Instantaneous IOUT) [
10 I I
o | |
0.001 0.01 0.1 1
Output Current :lui[A]
XC9280
(V\N=1 2V, Vour=1 8V)
L=2.2 ¢ H(CLF7045T2R2N)
Cw=10 4 F *2parallel(C2012X5R1E 106K)
C =22 i F *3parallel(C3216X5R1E226M)
100
90
X 80
e 0P N
— 60 -
(>; 50 ;
c
L 4
E 30 VIN=12V(Continuous IOUT)
20 eseeeeees VIN=12V(Instantaneous |OUT)
: —
0
0.001 0.01 0.1 1 10
Output Current :lui[A]
XC9280
(Vin=12V,Vour=3.3V)
L=2.2 1 H(CLF7045T2R2N)
Cw=10 4 F *2parallel(C2012X5R1E 106K)
C.=22 41 F *2parallel(C3216X5R1E226M)
3.4
S 33 —
> 32
g
fu! 3.1
©
> 3.0 VIN=12V(Continuous IOUT)
a2 eeseesees VIN=12V(Instantaneous |OUT)
5 29
(@]
2.8
0.001 0.01 0.1 1 10

Efficiency :EFFI[%)]

Qutput Voltage : Vour[V]

Output Voltage : Vour[V]

XC9280
(VIN=1 2V, VoUT=3.3V)

L=2.2 ¢t H(CLF7045T 2R2N)
Cn=10 1 F *2parallel(C2012X5R1E106K)
C=22 t F *2parallel(C3216X5R1E226M)

100
90 —
80 L= ™S
70 -
60
50
40
30 e \/| N=12V/(Continuous I0UT)
20 eeseesescs V/IN=12V(Instantaneous IOUT)
10 T T
’ | |
0.001 0.01 0.1 1 10
Output Current :lour[A]
(2) Output Voltage vs. Output Current
XC9280
(V\N=12V, VOUT=5.0V)
1=3.3 it H(CLF7045T3R3N)
Cn=10 ¢ F *2parallel(C2012X5R1E 106K)
C,=22 (£ F *2parallel(C3216X5R1E226M)
5.2
5.1
5.0
4.9
4.8
e \/|N=12V/(Continuous IOUT)
4.7 eeeeecces VIN=12V(Instantaneous IOUT) [
45 | |
0.001 0.01 0.1 1 10
Output Current :bur[A]
XC9280
(VIN=12V, Vour=1 8V)
1=2.2 4t H(CLF7045T2R2N)
Cn=10 ¢ F *2parallel(C2012X5R1E106K)
CL=22 1 F *3parallel(C3216X5R1E 226M)
2.0
1.9
1.8
—
\.'
1.7
1.6 VIN=12V(Continuous I0UT) ||
eeesccess V/IN=12V(Instantaneous IOUT)
1.5
1.4
0.001 0.01 0.1 1 10

Output Current :lurA]
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B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(3) Ripple Voltage vs. Output Current

Ripple Voltage :Vr[mV]

Ripple Voltage :Vr[mV]

UVLO VoItage *Vuwor ,VUVLoz[V]

XC9280
(VIN=1 2\/, VOUT=5.0V)

L=3.3 £ H(CLF7045T 3R3N)
Cn=10 ¢ F *2parallel(C2012X5R1E 106K)
C =22 it F *2parallel(C3216X5R1E226M)

100
90
80
70
60
50
40
30
20
10
0 wl
0.001 0.01 0.1 1 10
Output Current :loy[A]
XC9280
(Vn=12V, Vour=1.8V)
1=3.3 4t H(CLF7045T3R3N)
Cp=10 £ F *2parallel(C2012X5R1E 106K)
C.=22 i F *3parallel(C3216X5R1E226M)
100
90
80
70
60
50
40 =
30 \‘_
20 1
10
0
0.001 0.01 0.1 1 10
Output Current :loyr[A]
(5) UVLO Voltage vs. Ambient Temperature
XC9280
35
3.4 : P -
\\ celemwd -l
33 [ ——t—
—
3.2 e \/UVLO1(DetectVoltage)
3.1 e e» e» \/JVLO2(ReleaseVoltage) |—
L[]
-5 -25 0 25 50 75 100 125

Ambient Temperature :Ta[°C]

100
90
80
70
60
50
40
30
20
10

0

Ripple Voltage :Vr[mV]

XC9280
(V\N=1 2V, VOUT=3.3V)

L=2.2 1 H(CLF7045T 2R2N)

Cn=10 ¢ F *2parallel(C2012X5R1E106K)
CL=22 i F *2parallel(C3216X5R1E226M)

0.001

0.01 0.1 1

Output Current :loyr[A]

(4) FB Voltage vs. Ambient Temperature

0.760

0.755

0.750

FB Voltage :V+[V]

o
u
N
[4)]

0.740

XC9280

Vin=12V

-50 -5

0 25 50 75
Ambient Temperature :Ta[°C]

(6) Oscillation Frequency vs. Ambient Temperature

Oscillation Frequency:fosc[MHz]

XC9280

100

125

Vin=12V

-25

0 25 50 75
Ambient Temperature :Ta[°C]

100

125
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XC9280series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(7) Stand-by Current vs. Ambient Temperature (8) Lx SW ON Resistance vs. Ambient Temperature
XC9280 XC9280
V=12V
50 Vn=12v 0.25
a‘ -
< 40 5 0
E. = ® / PP °
: /// § 0.15 ‘/ ==
— . [ -
S 3.0 1 *g = =T -
5 3 ==~ 7]
3 20 ¢ 010 |—=
5 : % e—— Highside SW
g 1.0 (% 0.05 @ e» &= | owside SW ]
¥ . L [
0.0 0.00
50 -5 0 25 50 75 100 125 0o 025 50 750 100125
Ambient Temperature :To[°C] Ambient Temperature :To[ C]
(9) Quiescent Current vs. Ambient Temperature (10) Internal Soft-Start Time vs. Ambient Temperature
XC9280 XC9280
Vin=12V -
150 20 Vin=12V
< 125 E
= 2 15
= 100
£
3 75 & 10
3 &
£ &
3 2 g
o
=
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 :Te[C]
(11) External Soft-Start Time vs. Ambient Temperature (12) PFM Current vs. Ambient Temperature
XC9280
XC9280 L=3.3 4t H(CLF7045T3R3N)
Cn=10 £ F *2parallel(C2012X5R1E 106K)
35 V=12V, Res=430kQ, Ces=0.47 1 F 15 C.=22 i F *2parallel(C3216X5R1E226M) V=12V
£ -
4 30 <’i_E 1.4
£ z
S 5 13—
8 25 =1
7] O
= s 1.2
3 E
g 20 1.1
2
o]
-5 25 0 25 50 75 100 125 % -2 0 25 50 75 100 125
Arrbient Temperature :Ta[’C] Ambient Temperature :Ta[°C]
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XC9280

Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
(13) EN/SS Voltage vs. Ambient Temperature (14) lout-Vin Operation Area
XC9280
(Vour=5.0V)
L=3.3 ¢t H(CLF7045T3R3N)
XC9280 Gn=10 4 F *2parallel(G2012X5R1E106K)
N—" G.=22 i F *2parallel(C3216X5R1E226M)
4.0 | | | 18 I I I I
S Ta=25°C (Continuous)
_ o— N /S S"H" 17 Ta=60°C (Continuous)
S ) -
. 3.0 — = L] ccececeee Ta=25°C (Instantaneous)
2 " > o~
E o e e EN/SS"L = ;‘V -------- Ta=60°C (Instantaneous) N
> > 9 —
(0] (0] .
g 20 o2 Operation Area
5 S e L
> o =
3 > T T
E 1 0 8_ 4/ .
w —------—-u-----.- £ 7
0.0 6
-50 -25 0 25 50 75 100 125 0.0 0.5 1.0 1.5 2.0 25 3.0
Ambient Temperature :Ta[’C] Output Current:l,,[A]
(VXC%%SgV) XC9280
ouT=9- (Vour=1.8V)
L=2.2 ¢ H(CLF7045T2R2N) L=3.3 i H(CLF7045T3R3N)
Cn=10 4 F *2parallel(G2012X5R1E106K) Cin=10 4 F *2parallel(C2012X5R1E 106K)
C=22 it F *2parallel(C3216X5R1E226M) C,=22 i1 F *3parallel(C3216X5R1E226M)
18 T T T 13.2 I I I
Ta=25°C (Continuous) Ta=25°C (Continuous)
Ta=60°C (Continuous) 12 Ta=60°C (Continuous)
ST 2 I B I PYPRYY R Ta=25° (Instantareous) || = M T -=°*°°e° Ta=25°C (Instantaneous) [
Z | eeeseeens Ta=60°C (Instantaneous) ‘—Z‘ 10 b——orvu—o ] cccceccr Ta=60°C (Instantaneous) | |
> ' ' N >
[0} . o 9
2 6 Operation Area > K '
= . = 8 Operation Area
> SPTRA PrLM > 7
3. 5 B 2 } ° 8. 6
= c
- 5
4 4

00 05 10 1.5 20 25 30
Output Current:l,[A]

(15) Vout-Vin Operation Area

Input Voltage:V \[V]

XC9280
18
Y/
16 /
14
12 Operation Area
10
8 //
6 -
7~
4
1.0 20 30 40 50 60 70 80

Output Voltage:V,[V]

0.0 0.5 1.0 1.5 2.0 25 3.0
Output Current:l,,[A]

(16) loyt Transient Operation Area

Maxmum Output

Current:loyrwax[A]

XC9280
Vin=12V, Vour=1.8V,3.3V,5.0V
lour=0mA— loytMAX,8,,=64[°C/W]

35
3.0 —— R
-~
2.5 - = s
- —~y
N~
2.0 -~———
. S~
15 A
. =
10 FHH ===-=- 0.01s - v
- - 0.1
0.5 _\_ - - s
DC
00 I I I

50 -5 0 25 50 75 100 125

Ambient Temperature :Ta[°C]
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XC9280series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(17-1) Load Transient Response (Vo 1=5.0V)

XC9280 XC9280
(Vi=12V, Vo (i =5.0V, | ;1=1.0A=2.0A) (Vi=12V, Vo (7 =5.0V, | ;;=0.5A=1.5A)
L=3.3 it HICLF7045T3R3N) L=3.3 it HICLFT045T3R3N)
Ce=10 (£ F #2parallel(C2012X5R1E106K) Co=10 ¢t F *2parallel(C2012X5R1E 106K)
C=22 it F *2parallel(C3216X5R1E226M) G =22 it F *2parallel(C3216X5R1E226M)
1 100 g sidiv 100 g s/div
Vour: 500mVidiv A Vour: 500mV/div

lur=1.0A< 2.0A (Slew rate=1.0A/ /f sec)

XC9280
(Va=12V, Vo r=5.0V, by ;r=1.5A¢>3.0A)
1=3.3 ¢t HICLFT045T3R3N)

Ca=10 ¢ F *2parallel(C2012X5R1E106K)
C,=22 ¢t F *2parallel{C3216X5R1E226M)

100 g s/div
Vour: 500mvidiv___f\

Lur=0.5A<1.5A(Slewrate=1.0A/ I sec)

XC9280
(Va=12V, Vo 7=5.0V, by ;r=0.1A<>3.0A)
1L=3.3 gt HICLF7045T 3R3N)

Ce=10 £ F *2parallel{C2012X5R1E 106K)
Ci=22 ¢t F *2parallel(C32 16X5R1E226M)

v-f

== EEE

bur=1.5A<3.0A(Slew rate=1.0A/ i sec)

i 100 y s/div
Vour: 500mV/div ,/\__
\ .
\ N

Esussssess

lur=0.1A<>3.0A(Slew rate = 3.0A / 50 / sec)
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XC9280

Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
(17-2) Load Transient Response (Vgour=3.3V)
XC9280 XC9280
(Vi=12V, Vo (7 =3.3V, | ;;=1.0A=2.0A) (Vi=12V, Vo ;7 =3.3V, | ;;=0.5A < 1.5A)
1=2.2 ¢t HCLF7045T2R2N) L=2.2 it HCLF7045T2R2N)
C,=10 4F *2parallel(C2012X5R1E106K) C,=10 ¢ F *2parallel(C2012X5R1E 106K)
G.=22 4 F *2parallel(C3216X5R 1E226M) G,=22 1 F #2parallel(C3216X5R1E226M)
: . 100 i s/div 1 100 g s/div
Vour: 500mV/div s Vour: 500mV/div A
W= W=
- lour=0.5A< 1.5A(Slewrate=1.0A/ i sec)
XC9280 XC9280
(Vi=12V, Vo (7 =3.3V, | ;;=1.5A«3.0A) (Vi=12V, Vo ;7 =3.3V, Iy;1=0.1A3.0A)
L=2 2 it HICLFT045T2R2N) L=2.2 ¢t HICLF7045T 2R2N)
Cy=10 i F *2parallel(C2012X5R1E 106K) C,=10 4 F *2parallel(C2012X5R1E 106K)
C.=22 it F *2parallel(C3216X5R1E226M) G, =22 it F *2parallel(C3216X5R1E226M)
| ) 100 g s/div _ 100 1 s/div
Vour: 500mV/div A Vour: 500mV/div o
R

lur=1.5A<>3.0A(Slew rate=1.0A/ (£ sec)

—

lyr=0.1A<3.0A(Slewrate = 3.0A / 50  sec)

TOIREX
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XC9280series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(17-3) Load Transient Response (Vour=1.8V)

XC9280
(Vi=12V, Vur=1.8V, Ly;;=1.0A¢2.0A)
1L=2.2 p1 H{CLFT045T 2R2N)

Gp=10 1 F #2parallel(G2012X5R1E 106K)
=22 u F *3parallel(CI216XSR1E226M)

100 ¢ s/div
A V our: S00mV/div _
N - o
NG AT e Ay e
lbur=1.0A<2.0A(Slewrate=1.0A/ i sec)
XC9280
(Vi =12V, Vo (i =1.8V, | ;=1.5A3.0A)
1=2.2 y H(CLF7045T ZR2N)
Cu=10 ¢ F *2Zparallel(C2012XSR1E 106K)
=22t F *#3parallel(C321 6X5R1E226M)
100 ¢ s/div

Vour: 500mV /div

™ i

-

|
M

bur=1.5A<>3.0A(Slew rate=1.0A/ ! sec)

XC9280
(Vin=12V, Vou1=1.8V, |;;=0.5A&1.5A)

L=2.2 4 HICLF7045T 2ZR2N)
Cu=10 4 F *2parallel({G2012X5R 1E 106K)
Gi=22 i F *3parallel{C3216X5R1E226M)

100 u s/div

Vour: 500mV/div A

lbur=0.5A%> 1.5A(Slewrate=1.0A/ /! sec)

XC9280
(V=12V, V5 ;r=1.8V, |y;r=0.1A ¢ 3.0A)
L=2.2 1 H{CLF7045T ZR2N)

Cy=10 1 F *Zparallel(C2012XSR1E 106K)
C,=22 it F #3parallel(C3216X5R1E226M)

100 g s/div

Vour: 500mV/div

MNV,

P

lur=0.1A<>3.0A(Slew rate = 3.0A /50 i sec)
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XC9280

Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
(18) Input Transient Response
XC9280 XC9280
(Vi =11.5Ve13.5V, Vo, =5.0V, L,=1.0A) (Vi =11.5Ve13.5V, Vo, =3.3V, Ln=1.0A)
L=3.3 ¢t HIGLFT043T3RSN) L=2.2 4 HCLFT045T 3R3N)
Co=10  F *2parallel(C2012X5R1E 106K) Ca=104 F #2parallel(C2012X5R1E 106K)
__ Gm22F +2parallel{CaZ10XSRIE2Z20M) _ =224 F *Zparallel(C321 BXSR1E226M)
[\ . 100 u s/div (v 100 u s/div
m‘l e e N prmmsniaman
Vin=11.2V¢13.2V(Slew rate= 2.0V / H sec) Vi=11.2V¢13.2V(Slew rate= 2.0V / ,ursec]
Vour: 100mV/div Vour: 100mV/idiv
XC9280
(V=11.5Ve13.5V, V,,,=1.8V, L,=1.0A)
L=2.2 g H{CLF7045T 3R3N)
Co=10 4t F #2parallel(C2012XSR1E 106K)
G=22 ¢ F *3parallel(G3216XSR1E226M)
™ : 100y s/div
e i -f‘m
Vin=11.2Ve 13.2V(Slewrate = 2.0V / U sec)
Vour: 100mV/div '
TOIREX
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XC9280series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(19) EN/SS Rising Response

XC9280
(V=12V, V=012V, Vo 1 =5.0V, L, ;;=1.0A)
1=3.3 t HICLF7045T3R3N)

Ca=10 i F *2parallel(C2012X5R1E 106K)
=22 it F *2parallel(C3216X5R1E226M)

XC9280
(Vi =12V, V=012V, V=33V, | ,;=1.0A)
L=2.2 1 HCLFT045T2R2N)

Co=10 L F *2parallel(C2012X5R1E 106K)
€,=22 ¢t F *2parallel{C3216XSR1E226M)

200 ¢ sidiv 200 g s/div
_
ﬂ A

EN'SS=0V»12V/(Slew rate=12V/ ysec) EN'SS=0V>12V(Slew rate =12V / ysec)

Vour : 2.0Vidiv Vour: 2.0V/div

XC9280
(V=12V, Ve =012V, Vg ;1=1.8V, b r=1.0A)

L=2.2 it HICLF7045T2R2N)
Cy=10 i F *2parallel(C2012X5R1E 106K)
C=22 it F *3parallel(C3216X5R1E226M)

200 g sidiv

e

T
EN/SS=0V—12V(Slew rate=12V/ ysec)

_".—/—

Vour: 2.0Vidiv
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XC9280

Series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(20) Output Voltage vs. Output Current

XC9280
(V=12V, Vg =5.0V)
L=3.3 1t HCLF7045T3R3N)

Cn=10 1 F *2parallel(C2012X5R1E 106K)
CL=22 i1 F *2parallel(C3216X5R1E226M)

6.0

5.0

4.0

3.0

2.0

Output Voltage : Vour[V]

0.0
00 10 20 30 40 50 60 70

Output Current :lur[A]

XC9280

V=12V, Vo r=1.8V)

ouT

L=2.2 1t HCLF7045T2R2N)
Cn=10 4 F *2parallel(C2012X5R1E106K)
C=22 i1 F *3parallel(C3216X5R1E226M)

g
=}

-
(o]

-
N

Output Voltage : Vour[V]
o o
n o

g
=}

00 10 20 30 40 50 60 7.0
Output Current :lur[A]

XC9280
(Vour=3.3V)

L=2.2 ¢t H(CLF7045T 2R2N)
Cy=10 i F *2parallel(C2012X5R1E 106K)
C=22 it F *2parallel(C3216X5R1E226M)

w
o

I
o o

N
o

N
&)l
®
<

-
o

Output Voltage : Vour[V]

©c o
o w

00 10 20 30 40 50 6.0 7.0
Output Current :bur[A]

XC9280
(V =12V, Vo r=3.3V)
L=2.2 ¢t H(CLF7045T 2R2N)

Cn=10 ¢t F *2parallel(C2012X5R1E106K)
C =22 i1 fF *2parallel(C3216X5R1E226M)

w
o

w
o

N
3

g
=

N

(¢)]
3

IS

-
o

Output Voltage : Vour[V]

o
o

o
=}

00 10 20 30 40 50 60 70
Output Current :bur[A]

XC9280
(Vo1 =5.0V)

out

L=3.3 1 H(CLF7045T 3R3N)
Cn=10 i F *2parallel(C2012X5R1E 106K)
C=22 it F *2parallel(C3216X5R1E226M)

6.0
5.0
=
s 4.0
> [eeea- 7.0V
%3'0 12V
8
S —_ 18V
S 20
2
= 1.0
@]
0.0
00 10 20 30 40 50 60 70
Output Current :bur[A]
XC9280
(Vour=1-8V)
L=2.2 4t H(CLF7045T2R2N)
Cw=10 i F *2parallel(C2012X5R1E106K)
C_ =22 i F *3parallel(C3216X5R1E226M)
2.0
— 16
=
> 42 |- 6.2v
(0]
()]
iy 12V
o 0.
9 0.8
5
o
5 04
(@)
0.0

00 10 20 30 40 50 6.0 7.0
Output Current :bur[A]
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