XC9519 Series is Not Recommended for New Designs.

XC951 9 Series

Dual Output Step-Up/Inverting DC/DC Converter

TOIREX

ETR0710-009a

B GENERAL DESCRIPTION

The XC9519 series is a 2 channel (step-up and inverting) DC/DC converter IC. One DC/DC converter is a step-up DC/DC and the other is an
inverting DC/DC converter. The step-up converter compares a built-in reference voltage 1.0V to the FBP voltage (accuracy +1.5%) and a
positive output voltage can be set freely with the external components up to 18V. The inverting DC/DC converter compares a difference
between a reference voltage and the FBN voltage (accuracy +1.5%) to the GND, then a negative output voltage can be set until -15V with the
external components.

With a 1.2MHz frequency, the size of the external components can be reduced. As for operation mode, the device can be selected to use PWM
control or automatic PWM/PFM switching control by the MODE pin. In the automatic PWM/PFM switching control mode, control switches from
PWM to PFM during light loads. The series is highly efficient from light loads through to large output currents. In the PWM control mode,
noise is easily reduced since the frequency is fixed. The control mode can be selected for each application. The soft start and current control
functions are internally optimized. During stand-by, all circuits in the IC are shutdown to reduce current consumption to as low as 1.0 # A or
less. The device includes a gate control pin for the P-channel MOSFET which is used for a load disconnection at the stand-by mode. The
GAINP and GAINN pins are used for loop compensation in order to optimize load transient response. With the built-in UVLO (Under Voltage
Lock Out) function, the internal driver transistor is forced OFF when input voltage becomes 2.2V or lower.

BAPPLICATIONS BFEATURES

Input Voltage 1 2.7V ~ 5.5V
.AMOLED Output Current : 500mA @V|N=3.7V, VOUTP:5-0V| VOUTN:'5-0V
- Smartphones Positive Output Voltage 1 4.0V ")~ 18.0V (accuracy +1.5% @25°C)
- Tablet PCs Negative Output Voltage :-15.0V (2 ~ -4.0V (accuracy +1.5% @25°C)

- Automotive navigation systems
@CCD image sensors
- Surveillance cameras

Oscillation Frequency
Soft-Start Circuit Built-In

Protection Circuits

:1.2MHz

: Step-up DC/DC converter 2.5ms (TYP.)
: Inverting DC/DC converter 2.2ms (TYP.)

: Over Current Limit (Integral Latching)

Short Protection Latching
UVLO
Thermal Shutdown
Over Voltage Protection
: Control Pin
Load disconnect Pin
Phase Compensation Pin
Ceramic Capacitor Compatible
1-40°C ~ +85°C
: QFN-24
: EU RoHS Compliant, Pb Free
(*1) VOUTPSET;V|N +0.2V (VOUTPSET :Positive OUtpUt voltage range)
(*2) Vin- Voumnser+ Ven=21.0V
(Ven : Forward voltage of SBDy, Vournser : Nagative output voltage range)

WTYPICAL PERFORMANGCE
APPLICATION = cHARACTERISTICS

Vourr=5.0V, Vourn=-5.0V, lourr=lourn
Cip, Cin=4%4.7 1 F, Lp, Ln=3.3 u H (VLF5014S-3R3M2R0), SBDp, SBDn: CMS03

@e-paper
-e-Books

Function Addition

Operating Ambient Temperature
Package
Environmentally Friendly

| TYPICAL

P-ch MOS: EMH1303, Rzp=7.5kQ, Czp=4.7nF, Rzv=130k Q, Czn=0.47nF
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BBLOCK DIAGRAM
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* Diodes inside the circuit are an ESD protection diode and a parasitic diode.
B PRODUCT CLASSIFICATION
@ Ordering Information
XC9519DR@@B®-D
DESIGNATOR ITEM SYMBOL DESCRIPTION
UVLO Detect Voltage 2.2V
@ UVLO Detect Voltage A UVLO Hysteresis width 0.2V
@3 Oscillation Frequency 12 1.2 MHz
@ Maximum Current Limit A 2.0A
®e-@ ™ Package (Order Unit) ZR-G QFN-24 (1,000/Reel) (2

(") The “-G” suffix denotes Halogen and Antimony free as well as being fully EU RoHS compliant.
(2 The XC9519 reels are shipped in a moisture-proof packing.
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BPIN CONFIGURATION

s 2 o
S o 5 5 2 =
- =2 a o w w
[=>] o — N ™ <
— N o~ o~N o~N o~N
XP 18 [ 11
vouTP 17 ] 2
BSW 16 [ ] 1 3
ENP 15 [ ] 14
FBP 14 [ ] QFN-24 15
BOTTOM VIEW
GAINP 13 [ ( ) s
¥ 2 o o ~
S 2 Z 244 8
s >
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< < > =

PVIN
PVIN
NC
LXN
LXN
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*1: The back metal pad, AGND pin and two PGND pins (No. 21 and 22) should be connected outside.

B PIN ASSIGNMENT

PIN NUMBER
QFN-24 PIN NAME FUNCTION
1,2 PVIN Power Supply Input 1

3 NC No Connection

4,5 LXN Switching of Inverting DC/DC Converter
6 VOUTN Detect Monitoring of Inverting DC/DC Output Voltage
7 MODE Selection Pin for Control Mode
8 VREF Reference Output Voltage
9 AVIN Power Supply Input 2
10 FBN Feedback Pin for Inverting DC/DC Converter
11 GAINN Loop Compensation Pin for Inverting DC/DC Converter
12 AGND Analog Ground
13 GAINP Loop Compensation Pin for Step-Up DC/DC Converter
14 FBP Feedback Pin for Step-Up DC/DC Converter
15 ENP Chip Enable Pin for Step-Up DC/DC Converter
16 BSW P-channel MOS FET Gate Control Pin
17 VOUTP Output Voltage Sense for Step-Up DC/DC Converter

18, 19 LXP Switching Output of Step-Up DC/DC Converter
20 NC No Connection

21,22 PGND Power Ground
23 ENN Chip Enable Pin for Inverting DC/DC Converter
24 SWP Detect Monitoring Voltage Pin for P-channel MOS FET Drain
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BFUNCTION

1. ENP Pin Function

ENP PIN STATUS
H Step-up DC/DC Converter Active
L Step-up DC/DC Converter Stand-by
* Please do not leave the ENP pin open.

Vin
ENP
oV ——
Vin
BSW //
ov

2.5ms

\
ouTP Vi \
oV ——

2. ENN Pin Function

ENN PIN STATUS
H Inverting DC/DC Converter Active
L Inverting DC/DC Converter Stand-by
* Please do not leave the ENP pin open.
Vin
ENN
oV ——

2.2ms

oV ——
Voutn /

3. MODE Pin Function

MODE PIN STATUS
H Auto PWM/PFM
L PWM Control

* Please do not leave the MODE pin open.
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BABSOLUTE MAXIMUM RATINGS
Ta=25°C
PARAMETER SYMBOL RATINGS UNITS
PVIN Pin Voltage VpviN -0.3~+6.0 \
AVIN Pin Voltage VaviN -0.3~+6.0 \%
ENP Pin Voltage VENp -0.3~+6.0 \%
ENN Pin Voltage VENN -0.3~+6.0 \%
MODE Pin Voltage VmoDE -0.3~+6.0 \%
LXP Pin Voltage Vixp -0.3~+22.0 \%
LXN Pin Voltage Vixn Vpvin -22.0 ~ Vpvin +0.3 \%
FBP Pin Voltage Vrep -0.3~+6.0 \%
FBN Pin Voltage VBN -0.3~+6.0 \%
VOUTP Pin Voltage Voutp -0.3~+22.0 \%
VOUTN Pin Voltage Voutn Vavin -22.0 ~ Vavin +0.3 \%
BSW Pin Voltage Vesw -0.3~+6.0 \%
SWP Pin Voltage Vswp -0.3~+6.0 \%
VREF Pin Voltage VReF -0.3~+6.0 \%
GAINP Pin Voltage Veaine -0.3~+6.0 \%
GAINN Pin Voltage VGAINN -0.3~+6.0 \%
LXP Pin Current ILxp 4000 mA
LXN Pin Current ILxN 4000 mA
Power Dissipation Pd 1500 (PCB mounted) * mwW
Operating Ambient Temperature Topr -40 ~ +85 °C
Storage Temperature Tstg -55 ~ +125 °C
* All voltages are described based on the AGND and PGND pin.
* The value is an example of data which is taken with the PCB mounted. Please refer to our web site for details.
TR
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@XC9519 Series, Common Characteristics
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faar=1.2MHz Ta=25°C
PARAMETER SYMBOL CONDITIONS " MIN. TYP. MAX. | UNITS | CIRCUIT
Input Voltage Vin 2.7 - 5.5 \Y -
Vene =1.5V, Venn = Veep = 0V, Vesn= 0.1V
UVLO Detect Voltage Vuvio The voltage which Lxp stops oscillation while 2.0 2.2 24 \% ©)
Vy is decreasing from 2.4V.
Vene =1.5V, Venn = Vesp = 0V, Vegn = 0.1V
UVLO Release Voltage Vuvior The voltage which Lye starts oscillation while 22 24 2.6 \ ©)
Vy is increasing from Vyyio.
UVLO Hysteresis Range Vuvion Vuvion = Vuvior - Vuvio - 0.2 - \% -
Vin =Venp = Venn = Vivooe = 5.5V
Supply Current 1 Ipp1 Veep =5.5V, Vean = 0.1V, Vourp = Veup = 5.5V 50 170 450 UA @
Supply Current 2 loo2 Vin =_VENN = Vwooe = 5.5V, Vene = OV 30 90 250 uA ©)
Vegn=-0.1V
Vin =Venp = Vmooe = 5.5V, Venn =0V
Supply Current 3 Ipbs Vear = 5.5V, Vours = Vews = 5.5V 30 110 250 UA @
Stand-by Current Iste Vin =5.5V, Vene =Venn = Vimone = OV - 0 1.0 uA @
Vin = 5.5V, Vexn = Viooe = OV, Vegp= 0V
ENP "H” Voltage VenpH The voltage which Lxp starts oscillation while 1.4 - 55 \% @
Vene is increasing from 0.3V.
Vin = 5.5V, Vexn = Viooe = OV, Vegp= 0V
ENP "L” Voltage VenpL The voltage which Lxp stops oscillation while AGND - 0.3 \Y @
Vene Is decreasing from 1.4V.
ENP "H’ Current lenpr Vin = Vene = 5.5V -0 - 01 LA D
ENP "L" Current lenpL Vin = Vene = OV -0.1 - 0.1 uA @
Vin = 5.5V, Vene = Vimooe = 0V, Vesn= 5.5V
ENN "H” Voltage VENNH The voltage which Lxy starts oscillation while 1.4 - 5.5 \ @
Venn is increasing from 0.3V.
Vin = 5.5V, Vene = Viooe = 0V, Vesn= 5.5V
ENN "L” Voltage VennL The voltage which Lxy stops oscillation while AGND - 0.3 \% @
Vennis decreasing from 1.4V.
ENN "H” Current lEnnH Vin = Venn = 5.5V -0.1 - 0.1 LA @
ENN "L” Current lennL Vin = Venn = 0V -0.1 - 0.1 “A @
Vin = Vene = 5.5V, Venn = 0V,
MODE "H” Voltage VMopeH The voltage which supply current decreases 14 - 5.5 \% @
while Vmope is increasing from 0.3V.
Vin = Vene = 5.5V, Venn = 0V,
MODE "L” Voltage VMopEL The voltage which supply current increases while | AGND - 0.3 \% @
Vwmooe is decreasing from 1.4V.
MODE "H” Current ImopeH Vin = Vmope = 5.5V -0.1 - 0.1 uA @
MODE "L” Current ImopEL Vin =Vwmope =0V -0.1 - 0.1 uA @
FBP "H” Current lrBPH Vin =5.5V, Vene =Venn =Vmooe =0V, Vegp =5.5V -0.1 - 0.1 UA @
FBP "L” Current |FBP|_ V|N =5.5V, VENP =VENN =VMODE =0V, VFBP =0V -0.1 - 0.1 u A @
FBN "H” Current IFBNH V|N =5.5V, VENP =VENN =VMODE =0V, VFBN =5.5V -0.1 - 0.1 u A @
FBN ”"L” Current IFBNL V|N =5.5V, VENP =VENN =VMODE =0V, VFBN =0V -0.1 - 0.1 u A @
SWP "H” Current IswpH Vin =5.5V, Vene =Venn =Vvope =0V, Vswe =5.5V -0.1 - 0.1 uA @
SWP "L” Current |swp|_ V|N =5.5V, VENP =VENN =VMODE =0V, szp =0V -0.1 - 0.1 u A @
Vin =Vene =Venn = 5.5V, Vyope =0V
. VFBP =0.9V, VFBN =0.1vV
Integral Latch Time ar Time to stop operation from the start of maximum 10 2.0 3.0 ms ®
current limit status.
Thermal Shutdown Trso ) 150 ) oC )
Temperature
Thermal Shutdown Treon ) 130 ) o )
Release Temperature
Thermal Shutdown
. Thys Thvs =Tsor - Trsp - 20 - °C -
Hysteresis Range

(*1) If the applied voltage and its pin name are not stated, those pins are left open for measurement.
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Series
BELECTRICAL CHARACTERISTICS (Continued)
@XC9519 Series, Step-up DC/DC Converter Ta=25°C
PARAMETER SYMBOL CONDITIONS " MIN. TYP. MAX. | UNITS | CIRCUIT
Output Voltage Range Vourtpser 4.0 - 18.0 \Y -
Vin= Vene = 3.6V, Venn = Vivope = 0V
Voure = Vswe = 3.6V
FBP Voltage Vesp The voltage which Ly starts oscillation while 0.985 | 1.000 | 1.015 v &
Vegp is decreasing.
I Vin= Vene = 3.6V, Venn = Vivope = 0V
Oscillation Frequency fosce Vours= Ve = 3.6V, Vegp =0V 1020 | 1200 | 1380 kHz ©
PFM Switching Current lprrp Vin =Vene = Vimooe = 3.6V, Venn =0V 180 350 550 mA
. Vin= Venp = 3.6V, Venn = Vimope = OV
D 84 90 97 %
Maximum Duty Cycle MAXP Voure = Vawe = 3.6V, Vegp =0V ° ®
LXp SW H"ON RLXPH V|N = VENP= 36V, VENN= VMODE = OV, ||_xp =100mA - 0.12 0.28 Q @
Resistance
LXP SW “H" Leak lLeace Vin =55V, Venp=0V, Vixp=5.5V - 001 | 1.0 HA ®
Current
. o V|N =VENP= 5.5V, VENN = VMODE =0V
(3) -
Maximum Current Limit lLmp Vear = 0.9V, Voure = Vewp = 5.5V 2000 4000 mA ®
FBP Voltage AVean f
FBP
Temperature (Vegp * ATopr) -40°C=Topr=85°C - +100 - ppm/°C -
Characteristics
Vin= 3.6V, Venn = Vmooe = 0V
. VoUTp = szp = 36V, VFBP =0.95V
Soft-Start Time fose Time to start Lxp oscillation from the rise of Vene. 0.8 25 52 ms ®
(0V—3.6V)
Vin =Venp = 5.5V, Venn = Vivooe =0V
Short Protection Voutp = Vswp = 5.5V
\Y 0.3 0.5 0.7 \Y
Threshold Voltage SHORTP The voltage which the integral latch time 2
becomes 200 u s or less while Vegp is decreasing.
Vin= Vene = 3.6V, Venn = Vmooe = 0V
Over Voltage Vovep Voure = Vswp = 3.6V, Veane = 3.6V Vrsp Vesp Vesp v 3
Protection Limit The voltage which Ly stops oscillation while +0.03 | +0.07 | +0.10
Vegpis increasing.
: Vin= Venp = 3.6V, Venn = Vimope = OV
|
BSW Pin Current BSW Voure = Vawp = 3.6V, Vasw =3.6V 0.2 1.2 3.0 mA @
C. Discharge Resistance |  Rocror Vin= 6.0V, Vene =Venn = Viooe = OV 50 200 | 500 Q @
Voure = 4.0V
NOTE:
(*1) If the applied voltage and its pin name are not stated, those pins are left open for measurement.
(*2) Input voltage or positive output voltage range should be Voyrpser=Vin + 0.2V.
(*3) Maximum current limit denotes the level of detection at peak of coil current.
TRy
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BELECTRICAL CHARACTERISTICS (Continued)

@XC9519 Series, Inverting DC/DC Converter

Ta=25°C
PARAMETER SYMBOL CONDITIONS ¢ MIN. TYP. MAX. | UNITS | CIRCUIT
Output Voltage Range |  Vournser -15.002 - -4.0 \Y -
Vin= Venn = 3.6V, Vene = Viope = OV
FBN Voltage Veen The voltage which Lxy starts oscillation while -26 0 26 mV ©)
Ve is increasing.

Reference Voltage Vrer Vin= Venn = 3.6V, Venp = Vinope = 0V, Vesn= 0.1V 0.970 1.000 | 1.030 \ ©)
Output Voltage Accuracy Voutna Vourna =Vrer -Vesn 0.985 | 1.000 | 1.015 \ -
Oscillation Frequency foscn Vin= Venn = 3.6V, Venp = Viooe = 0V, Veen= 0.1V 1020 1200 1380 kHz ©)

PFM Switching Current Iprun Vin = Venn = Vivooe = 3.6V, Venp = 0V 220 350 550 mA
Maximum Duty Cycle DMAXN V|N B VENN = 3.6V, VENP B VMODE = OV, VFBN= 0.1V 84 90 97 % @
LXN SW L"ON RLXNL V|N = VENN = 36V, VENP= VMODE = OV, ILXN =100mA - 0.22 0.48 Q @
Resistance

LXN SW “L” Leak

lLeakL Vin= Venn = 3.6V, Vene = Vimooe = 0V, Vegn= 0.1V - 0.01 1.0 UA @
Current

Maximum Current Limit (9| Iy | e &5V, Vere = Vaooe = OV 2000 | - | 4000 | mA | ®

VFBN =0.1V

Reference Voltage AVers |
Temperature (Vier * RZFTOPI') -40°C=Topr=85°C - +100 - ppm /°C -
Characteristics

V|N B 36V, VENP= VMODE B OV, VFBN =0.05V
Soft-Start Time tssn Time to start Lxy oscillation from the rise of Venp. 0.8 2.2 4.0 ms ®
(0V—3.6V)

Vin = Venn = 5.5V, Vene = Vmooe = 0V
VsHorTN The voltage which the integral latch time 0.3 0.5 0.7 \% ®
becomes 200 u s or less while Vegy is increasing.

Vin= Venn = 3.6V, Venp = Vivooe = 0V, Veann = 3.6V

Short Protection
Threshold Voltage

Over Voltage . N . Vesn Vesn Veesn
Protection Limit Voven The Yoltage Wh.ICh Lxn stops oscillation while 010 007 | -003 \ ®
Vegnis decreasing.
C. Discharge Resistance Rocron Vin= 6_'OV’ Vene =Vewn = Viooe = 0V 50 200 500 Q @)
Vourn = 4.0V
NOTE:

(*1) If the applied voltage and its pin name are not stated, those pins are left open for measurement.

(*2) Input voltage or positive output voltage range should be V- Voumnser+ Ven=21.0V (Ven: Forward voltage of external schottky barrier
diode) .

(*3) Maximum current limit denotes the level of detection at peak of coil current.
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B OPERATIONAL EXPLANATION

The XC9519 series consists of a reference voltage source, ramp wave circuit, error amplifier, PWM comparator, phase compensation circuit,
driver transistor, current limiter circuit, short protection circuit, UVLO circuit, thermal shutdown circuit, over voltage protection, load disconnect
control and others. (See the block diagram below.)

By using the error amplifier, the FBP (FBN) pin voltage is compared with the internal reference voltage. The error amplifier output is sent to the
PWM comparator in order to determine the duty cycle of PWM switching. The signal from the error amplifier is compared with the ramp wave from
the ramp wave circuit, and the resulting output is delivered to the buffer driver circuit to provide on-time of the duty cycle at the LXP (LXN) pin.
This process is continuously performed to ensure stable output voltage.

The current feedback circuit monitors the driver transistor current for each switching operation, and modulates the error amplifier output signal
to provide multiple feedback signals. This enables a stable feedback loop even when using a low ESR capacitor such as ceramic, which results in
ensuring stable output voltage.

GAINP Current
Over Voltage Limit
Short Protection
Protection
Current
Feedback :l LXP
FBP [ +
i Buff
. utrer
> Logic Drive 4{
Error Amp. -
7L PWM JPGND
Comparator
Ramp
T 1 Wave PGND
osc
1.2MHz PS MODE :| MODE
Ramp
Wave
PVIN
VREF [ Vrer PWM
¢ Error Amp. Comparator :| PVIN
Soft . Buff
Start t > Logle | Dyive 4{
+
FBN [ .
urrent
Short Feedback :l LXN
Protection Over Voltage
Protection Gurrent
GAINN [ Limit
Auto C
AVIN [ 5 Di:ol:argLe :l VOUTN
Vrer b - Thermal
for UVLO S h Shutdown
£
n
¢ Auto G
AGND [];7 E Di:c:argLe ?] VOUTP
ENP []% - e g[] ENN
SWP I:] % Line Switch Controller g[] BSW
* Diodes inside the circuit are an ESD protection diode and a parasitic diode.
TRy
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B OPERATIONAL EXPLANATION (Continued)

<Reference Voltage Source>

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

<Step-up DC/DC Converter Error Amplifier>

The step-up DC/DC converter error amplifier is an amplifier for output voltage monitoring. The FBP pin voltage is compared to the reference
voltage. When a voltage lower than the reference voltage is feedback to the FBP pin voltage, the output voltage of the error amplifier goes high.
External compensation of the error amplifier frequency characteristic is also possible.

<Inverting DC/DC Converter Error Amplifier>

The inverting DC/DC converter error amplifier is an amplifier for output voltage monitoring. The FBN pin voltage is compared to GND. When a
voltage higher than GND is feedback to the FBN pin voltage, the output voltage of the error amplifier goes high. External compensation of the
error amplifier frequency characteristic is also possible.

<Ramp Wave Circuit>
The ramp wave circuit determines switching frequency. The frequency is fixed 1.2MHz internally. Clock pulses generated in this circuit are
used to produce ramp waveforms needed for PWM operation, and to synchronize all the internal circuits.

<UVLO Circuit>

When the AVIN pin voltage becomes 2.2V or lower, the driver transistor is forced OFF to prevent false pulse output caused by unstable
operation of the internal circuitry. When the AVIN pin voltage becomes 2.4V or higher, switching operation takes place. By releasing the UVLO
function, the IC performs the soft start function to initiate output startup operation. The soft start function operates even when the AVIN pin
voltage falls momentarily below the UVLO detect voltage. The UVLO circuit does not cause a complete shutdown of the IC, but causes pulse
output to be suspended; therefore, the internal circuitry remains in operation.

<Thermal Shutdown>

For protection against heat damage of the ICs, thermal shutdown function monitors chip temperature. The thermal shutdown circuit starts
operating and the driver transistor will be turned off when the chip’s temperature reaches 150°C. When the temperature drops to 130°C or less
after shutting of the current flow, the IC performs the soft start function to initiate output startup operation.

<PFM Switch Current>
In PFM control operation, until coil current reaches to a specified level (Ipeve, lprun), the IC keeps the driver transistor on. In this case, time
(ton) that the driver transistor is kept on can be given by the following formula.

ton = L Xlpemp (Ipemn) / Vin ton ton

Viwe
Wien
lprue Iprran
ILxp : DmA ILxw OmA
(a). Boost DC/DC Converter (b). Inverting DC/DC Converter

Fig. PFM Current
< PFM Duty Limit >
In PFM control operation, the maximum duty cycle (DTYuwir pru) is set to 50% (TYP.). Therefore, under the condition that the duty increases
(e.g. the condition that the step-up ratio is large), it's possible for the driver transistor to be turned off even when the coil current doesn’t reach to lpemp

(IPFMN)~
. fose . . fose
—— —_s
: —+| DUTY=50%
Wip —
: W, !
+—+| DUTY=50% e [\M

SN RN j—

OmA ILym M OmA

{a). Boost DC/DC Convertar (b). Inverting DC/DC Converter
Fig. Maximum PFM Currant Duty

10/38 . e
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B OPERATIONAL EXPLANATION (Continued)

< C_ Auto-Discharge Function >

This function enables high-speed discharge of the charge on the output capacitor (C.) when an L level signal is input to the ENP (ENN) pin by
means of the internal switch between the VOUTP pin and AGND pin (between the VOUTN pin and AVIN pin).

This function makes it possible to prevent malfunctioning of applications caused by charge remaining on C,.

The discharge time is determined by the C, discharge resistance (Rpcrc) and C.. If T (T = C. % Rpcrg) is the time constant of C. and Rpcrg, the
equation for the output voltage discharge time can be obtained from the following CR discharge equation.

t=zIn Vourser/ V)

V: Output voltage during discharge
Vourser: Output voltage

t: Discharge time

T : CLxRoche

[Example]
When the set voltage (Voureser)=5.0V, Cp=18.8 4 F, and the C. discharge resistance (Rpcner)=200R (TYP.) of the DC/DC Converter, the
discharge time t from the start of C, high-speed discharge until the output voltage falls to 1.0V can be calculated as follows:

t=7in ( Vourpser/ V)= CLp*RpcHep In ( Vourpser/ V) = 18.8 # Fx200 2x%In (50V/ 10\/) =6.05%x10%s =6.05ms ("
(*1) Calculated with loyr = OmA

<Internal OSC Timing Chart>

The step-up DC/DC Converter and the Inverting DC/DC Converter are switching synchronously based on one internal clock. The phase of
the step-up driver on timing for the DC/DC Converter is shifted to completely opposite position (180 degrees different) upon the phase of driver
on timing for the Inverting DC/DC Converter.

3 1.2MHz !

Internal OSC I

Inductor Peak Current

Boost I x

Inductor Peak Current

Inverting I, x

<Overvoltage Protection>

Overvoltage protection monitors the output voltage Voure (Vourn) using the FBP (FBN) pin voltage, and prevents the output voltage Voure
(Vourn) from rising too far above the set voltage. In particular, fluctuations in the load cause the output voltage to rise, and when the FBP (FBN)
pin voltage reaches the overvoltage protection detection voltage, the driver transistor of the step-up DC/DC converter (inverting DC/DC
converter) is turned off to hold down the rise of output voltage. When the output voltage falls after overvoltage protection detection, normal
DC/DC converter operation resumes.

The output voltage Vour ove that is detected by overvoltage protection is obtained from the following equation:

VOUT_O\/PP(VOUT_OVPN)=VOUTPSET (VOUTNSET) x VO\/PP(VO\/PN)
Voureser (Vournser): Output voltage, Vover(Voven): Detect Overvoltage Protection Voltage

[Example]
In a step-up DC/DC converter with the indicated conditions, the output voltage Vour overthat is detected by overvoltage protection can be
calculated as shown below.
Condition: Output Voltage (VQUTPSET)=5.0V, Vovpp=VF5p+0.07V(TYP.) B VFBP=10V(TYP)

Vourio\/pp = Voureser X Vove = 5.0V x (1.0 + 0.07(TYP.)) =5.0V x 1.07 = 5.35V
<Load disconnect Control Circuit>

The Load disconnect control circuit makes it possible to break continuity between Viy and Voure by tuming off the external P-ch MOS FET when the
step-up DC/DC converter is in the standby state.
TURREEN
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B OPERATIONAL EXPLANATION (Continued)

<Current Limit>

The current limiter circuit of the XC9519 series monitors the current flowing through the driver transistor, and features a combination of the

current limit mode and the operation suspension mode.

(D When the driver current is greater than a specific level, the current limit function operates to turn off the pulses from the LXP (LXN) pin at any
given timing.

@ When the driver transistor is turned off, the limiter circuit is then released from the current limit detection state.

(@ At the next pulse, the driver transistor is turned on. However, the transistor is immediately turned off in the case of an over current state.

@ When the over current state is eliminated, the IC resumes its normal operation.

The IC waits for the over current state to end by repeating the steps (D through Q. If an over current state continues for the integral latch time
and the above three steps are repeatedly performed, the IC performs the function of integral latching the OFF state of the driver transistor, and
goes into operation suspension mode.

Once the IC is in suspension mode, operations can be resumed by either turning the IC off via the ENP (ENN) pin, or by restoring power. Care
must be taken when laying out the PC Board, in order to prevent misoperation of the current limit mode. Depending on the state of the PC Board,
latch time may become longer and latch operation may not work. In order to avoid the effect of noise, the board should be laid out so that input
capacitors are placed as close to the IC as possible.

(a) Step-up DC/DC Converter

Limit < 2.0ms(TYP.) Limit > 2.0ms(TYP.)

Current Limit Level

—_——————— — — = T ——{ — — — _————— — = — — =

ENP l_l<7 Restart
S _——— e — - AGND,PGND

(b) Inverting DC/DC Converter

Limit < 2.0ms(TYP.) Limit > 2.0ms(TYP.)

Current Limit Level

—_——————— — — = T ———— — — _————— — = — — =

e — 1 TUUULLUIT YU UUT T T U ——"Uuuuy)

ENN l_l<7 Restart
U —— S AGND,PGND

<Short-Circuit Protection>
The short-circuit protection circuit monitors the output voltage from the Voure (Vourn). In case where output is accidentally shorted to the GND
and when the FBP voltage decreases less than short protection threshold voltage or FBN pin voltage becomes larger than short protection
threshold voltage and a current more than the I flows to the driver transistor, the short-circuit protection quickly operates to turn off and to latch
the driver transistor.
Once the IC is in suspension mode, operations can be resumed by either turning the IC off via the ENP (ENN) pin, or by restoring power.

12/38 . e
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BEXTERNAL COMPONENTS

<Step-up DC/DC Converter Output Voltage Setting>

The output voltage Vourp of a step-up DC/DC converter can be set by connecting external dividing resistors Rrgp1 and Regpo.
The output voltage Voure is determined by the values of Regps and Regp2 as given in the equation below.
Adjust Regp1 and Regp2 SO that (Regpr + Resp2) < 500k Q.

Vour=
Voure = Vesp * (Rrep1 + Rrep2) / Respe Crar
RF!PI E Am
mor L
Set the output voltage so that Vourr= Vi + 0.2V is satisfied. R - :
D —

Reaps
1OMTYR)

Adjust the value of the phase compensation speed-up capacitor Cegp so that f,,,=7 /(2 x 7 x Regps) is about 40kHz, and insert several kQ in
series as Rgp. If a high output voltage is set, inserting a phase compensation speed-up capacitor may cause unstable operation.
Examples of setting Crsp and Rsp are shown in the next section, “Step-up DC/DC Converter Error Amplifier External Compensation”.

[ Typical Examples]

Voutp Rrsp1 Rrep2

4.0V 300k Q2 100k Q
5.0V 300k Q 75k Q
9.0V 240k Q 30k Q
12.0V 330k Q 30k Q2
15.0V 336k Q 24k Q
18.0V 408k Q 24k Q

<Inverting DC/DC Converter Output Voltage Setting>

The output voltage Vourn of an inverting DC/DC converter can be set by connecting external dividing resistors Regnt and Regn.
The output voltage Vourn is determined by the values of Regnt and Resnz as given in the equation below.
Adjust Regn1 and Resnz S0 that (Resnr + Resnz) < 500k £2.

Vourw = - (Vier - Vean) % Reant / Reanz Ve

Set the output voltage so that Error Amp.

VIN - VOUTN+ VFN=<210V
(Ven : Forward voltage of external diode SBDy) is satisfied.

[ Typical Examples]

Voutn Resn1 Reen2

-4.0V 300k Q2 75k Q
-5.0V 300k Q 60k Q
-9.0V 270k Q 30k Q
-12.0V | 360kQ 30k Q2
-15.0V 360k Q2 24k Q

O
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B COMPONENT SELECTION METHOD (Continued)

<Step-up DC/DC Converter Error Amplifier External Compensation>

External compensation of the frequency characteristic of a step-up DC/DC converter error amplifier is possible with Rze and Czp. The values of
Rzp and Cz can be adjusted to obtain the optimum load-transient response (step response). For adjustment using the input voltage and output
voltage, use the setting values below.

ViN Output Voltage Range Le Cip Rzp Czp Crsp Rsp
2x47uF 5.1k Q 4.7nF 47pFC1) 4.7kQ
4.6V = Vourr = 5.0V 3.3uH -
4x47uF 8.2k Q 4.7nF 47pFY 4.7kQ
2x47uF 5.1k Q@ 4.7nF - -
5.0V < Voutrr = 9.0V 3.3uH
4x47uF 7.5kQ 4.7nF - -
Li-ion 2X47uF 10k Q 4.7nF - -
9.0V < Vourr = 12.0V 3.3uH
(2.7~4.4V) 4xX47uF | 18kQ 2.2nF - -
2x47uF 16k Q 2.2nF - -
12.0V < Vourr = 15.0V 3.3uH
4x47uUF 27k Q 2.2nF - -
2x47uF 16k Q 2.2nF - -
15.0V < Voutrr = 18.0V 3.3uH
4x4TUF | 24kQ 4.7nF - -
VIN Output Voltage Range Le Cip Rzp Czr Crsp Rsp
2xX47uF 8.2k Q 4.7nF 47pF(2) 4.7kQ
4.0V =Vourr = 5.0V 3.3uH -
4x47UF 13k @ 4.7nF 47pF(2) 4.7k Q
2X47uF 16k Q 2.2nF - -
5.0V < Voutrr = 9.0V 3.3uH
4x47UF 22k Q 2.2nF - -
2x47uF 18k Q 2.2nF - -
3.3V£10% 9.0V < Vourr =£12.0V 3.3uH
4Xx47uF 30kQ 2.2nF - -
2x4.7uF 24k Q 2.2nF - -
12.0V < Vourr = 15.0V 3.3uH
4x47uF 36k Q2 2.2nF - -
2x4.7uF 22k Q 2.2nF - -
15.0V < Voutrr = 18.0V 3.3uH
4x47uF 36k Q2 2.2nF - -
VIN Voutp Lp Crp Rzp Czp Crep Rsp
2xX47uF 4.7k Q 4.7nF 68pF(3) 4.7kQ
5.7V = Vourr £ 7.0V 3.3uH -
4x47UF 8.2k Q 4.7nF 68pF (3 4.7k Q
2xX47uF 5.1k Q 4.7nF - -
7.0V <Vourr = 9.0V 3.3uH
4x47uF 10k Q 4.7nF - -
2xX47uF 8.2k Q 4.7nF - -
5V+10% 9.0V < Vourr = 12.0V 3.3uH
4x47uF 16k Q 2.2nF - -
2x4.7uF 13k Q@ 2.2nF - -
12.0V <Voutr = 15.0V 3.3uH
4x47uF 24k Q 2.2nF - -
2x4.7uF 12k @ 2.2nF - -
15.0V <Voutr = 18.0V 3.3uH
4x47UF 18k Q@ 4.7nF - -

(*1) Setting value with RFBP1 = 300k Q
(*2) Setting value with RFBP1 = 360k Q
(*3) Setting value with RFBP1 = 240k Q
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B COMPONENT SELECTION METHOD (Continued)

<Inverting DC/DC Converter Error Amplifier External Compensation>
External compensation of the frequency characteristic of an inverting DC/DC converter error amplifier is possible with Rzy and Czy. The values

of Rzy and Czy can be adjusted to obtain the optimum load-transient response (step response). For adjustment using the input voltage and output

voltage, use the setting values below.

VIN Output Voltage Range Ln Cin Rzn Can
2x47uF 51k Q 1.0nF
-4.0VZ=Voutn=-5.0V 3.3uH
4x47uF | 110kQ 0.47nF
2x47uF 68k 0.47nF
-5.0V > Voutn=-9.0V 3.3uH
Li-ion 4x47uF | 130kQ 0.47nF
(2.7~4.4V) 2x47uF | 120kQ 0.47nF
-9.0V > Vourn=-12.0V 3.3uH
4x47uF | 200kQ 0.47nF
2x47uF | 110kQ 1.0nF
-12.0V > Voutn2 -15.0V 3.3uH
4x47uF | 200kQ 0.47nF
ViN Output Voltage Range Ln Cin Rzn Can
2x47uF 51k Q 1.0nF
-4.0VZ=Voutn=-5.0V 3.3uH
4x47uF | 110kQ 0.47nF
2x47uF 68k 0.47nF
-5.0V > Voutn=-9.0V 3.3uH
4x47uF | 130kQ 0.47nF
3.3Vx10%
2x47uF | 120kQ 0.47nF
-9.0V > Vourn=-12.0V 3.3uH
4x47uF | 200kQ 0.47nF
2x47uF | 110kQ 1.0nF
-12.0V > Voutn=-15.0V 3.3uH
4x47uF | 200kQ 0.47nF
ViN Output Voltage Range Ln Cin Rzn Can
2x47uF 51k Q 1.0nF
-4.0VZ2Voutn=-5.0V 3.3uH
4x47uF | 110kQ 0.47nF
2x47uF 68k 0.47nF
-5.0V > Voutn=-9.0V 3.3uH
4x47uF | 130kQ 0.47nF
5V+10%
2x47uF | 120kQ 0.47nF
-9.0V > Vourn=-12.0V 3.3uH
4x47uF | 200kQ 0.47nF
2x47uF | 110kQ 1.0nF
-12.0V > Voutn=-15.0V 3.3uH
4x47uF | 200kQ 0.47nF

TN
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B TYPICAL APPLICATION CIRCUIT
(Vin=3.6V, Voutp=5.0V, Voutn=-5.0V)

Le SBDe Voute

Vin Civsw |Cinvp

777

<Typical Examples> Vin=3.6V, Voutp=5.0V, Vourn=-5.0V

- Capacitor
Cin_p 104 F/ 10V (C2012JB1A106M, TDK-EPC)
Cin_sw :4.7 4 F/ 10V (C2012JB1A475M, TDK-EPC)
Cin_A :0.1 4 F/ 10V (C1005JB1A104K, TDK-EPC)
Cup 14%x4.7 4 F/ 10V (C2012JB1A475M, TDK-EPC)
CwN 14%x4.7 4 F/ 10V (C2012JB1A475M, TDK-EPC)
CLwr :0.22 4 F/ 6.3V (C1005JB0J224M, TDK-EPC)
Czp 1 4.7nF/ 25V (C1005JB1E472K, TDK-EPC)
Czn : 0.47nF/ 50V (C1005JB1H471K, TDK-EPC)
Crep : 47pF/ 50V (C1005CH1H470J, TDK-EPC)

For Cin_p, Cin_sw, Cin_a, CL vr, Cip, and Cyn, use a B characteristic (JIS Standards) or X7R/X5R (EIA Standards), and use a ceramic capacitor with

minimal reduction of capacitance when a DC bias is applied.

- Coil, Schottky diode, P-ch MOSFET

Le, Ln - 3.3 H (VLF5014S-3R3M2R0, TDK-EPC)
(MSS5121-332, Coilcraft)
SBDp, SBDN : XBS304S17R-G (TOREX)
CMS03 (TOSHIBA)
P-ch MOS : EMH1303 (SANYO)

When selecting external components, refer to the specifications of each component and select so as not to exceed the ratings.

-Resistor
Rrsp1 : 300k Q2 Rran1 : 300k Q2 Rzp 1 8.2kQ
Rrep2 1 75k Q Rren2 1 60k Q Rzn 1110k Q
Rsp 14.7kQ
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B TYPICAL APPLICATION CIRCUIT (Continued)
(Vin=3.6V, Voutp=15.0V, Voutn=-15.0V)

Lo SBDp

VOUTP

XC9519

Vin Civsw |Cinp |Civa

Vourn

Ln

777

<Typical Examples> Vin=3.6V, Voutr=15.0V, Voutn=-15.0V

- Capacitor
Cinp 104 F/ 10V (C2012JB1A106M, TDK-EPC)
Cin_sw 14.7 4 F/ 10V (C2012JB1A475M, TDK-EPC)
Cin_A :0.1 4 F/ 10V (C1005JB1A104K, TDK-EPC)
Cip 14x4.7 y F/ 25V (TMK212BJ475KG, TAIYO YUDEN)
Cin 14x4.7 L F/ 25V (TMK212BJ475KG, TAIYO YUDEN)
CLwr :0.22 4 F/ 6.3V (C1005JB0J224M, TDK-EPC)
Czp : 2.2nF/ 50V (C1005JB1H222K, TDK-EPC)
CaN 1 0.47nF/ 50V (C1005JB1H471K, TDK-EPC)
Crep : OPEN

For Cin_p, Cin_sw, Cin_a, Ci vr, Cip, and Cyy, use a B characteristic (JIS Standards) or X7R/X5R (EIA Standards), and
use a ceramic capacitor with minimal reduction of capacitance when a DC bias is applied.

- Coil, Schottky diode, P-ch MOSFET

Le, Ln : 3.3 uH (VLF5014S-3R3M2R0, TDK-EPC)
(MSS5121-332, Coilcraft)
SBDp, SBDn : XBS304S17R-G (TOREX)
CMSO03 (TOSHIBA)
P-ch MOS : EMH1303 (SANYO)

When selecting external components, refer to the specifications of each component and select so as not to exceed the ratings.

-Resistor
Rrsp1 1336k Q2 Rran1 1 360k Q2 Rzp 1 27k Q
Resp2 124k Q Reen2 124k Q Rzn : 200k Q
Rsp : OPEN

O
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BTEST CIRCUITS

1) Circuit @ 2) Circuit @

o | [ —e L

- ENP LXP [0 _o—ENP LXP

J e o EW VOUTP | o o ) b Y vouTP
¢ | L o L

J 1 MODE FBP ) Y~ MODE FBP
¢ SWP VREF | "~ SWP VREF —
—| Bsw FBN nE @ — BSW FBN [—

‘Lo/(% o
PVIN  VOUTN [ PVIN  VOUTN
Gt AVIN LXN [— | AVIN LXN
AGND  GAINN [ AGND  GAINN | fﬁ?

PGND  GAINP | — — — PGND  GAINP —

3) Circuit @

Wave Form Measure Point

47Q

o |
1 ENP LxP
J ' o ENN VOUTP — ¢
[ —
Y o MODE FBP | ——o—
‘ 022uF
¢~ Swp VREF
— BSW FBN — e~ o
PVIN VOUTN | Wave Form Measure Point
47Q
Grt| AVIN XN e AAN———¢
S N
AGND  GAINN [—o—
1 PGND  GAINP | ——o— 1
IN .
100kQ
4) Circuit @

ENP LXP E —(0)r4

ro—
N o
1o ENN VouTP — |
' PGND
|
N—o

. MODE FBP ———
—— > SWP VREF —
— BSW FBN —— o

PVIN VOUTN —

Lt AVIN LXN e—@

AGND GAINN | — PVIN

— PGND GAINP — —_—
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EMTEST CIRCUITS (Continued)

5) Circuit ®

Eﬁurm Measure Point
ENP LXP ———

o |
N o

) 1 o ENN vouTpP
+ o
N |

b MODE FBP —
r——— o0
SWP VREF |—
BSW FBN ———
o——N—o

f PVIN VOUTN |— @
Wave Form Measure Point
2uk AVIN LXN —

P
10uH 051Q
AGND GAINN — ’

PGND GAINP — —_— —

AS

1

6) Circuit ®
ENP LXP
ENN VOUuTP |—
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—| swp VREF [—
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ST AVN LXN H
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7) Circuit @

Wave Form Measure Point
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ENP LXP ———
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MODE FBP °7'
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BSW FBN \
PVIN VOUTN

W:

o
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@) AGND GAINN \
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EMTEST CIRCUITS (Continued)

8) Circuit

33uH

’_0\07
1 ENP
o EWN
“
) 9 o1 MoDE
100k Q 300kQ
Swp VREF —
M
—| BSW Fan |7
10nF
PVIN  VOUTN
Wave Form Measure Point
2ouF TAS AVIN LXN <
¢ AGND  GAINN
I 33uH
— ] Panp GAINP o 7
PGND IN 300kQ 100k Q =
2.2nF 22nF
TIT
9) Circuit @
Wave Form Measure Point
p 471Q
o |
1 ENP LXP
. e o EWN VOUTP |——o—"
1 o MODE FBP ——
s | Swp VREF |—
—| BSW FBN —
PVIN  VOUTN |—
47Q
| AVIN LXN "o AAN——8
AGND  GAINN |—
—4 PGND  GAINP |— —
Vin _

1. Capacitance between pins
The capacitances between the following pins are omitted in the circuit diagram.
PVIN pin — PGND pin: 1y F
FBP pin - AGND pin: 1uF
FBN pin - AGND pin: 1 u F
VREF pin - AGND pin: 1 ¢ F

2. Testing method for on resistance
Testing is executed at 100% DUTY using test mode.
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BNOTES ON USE

1. For temporary, transitional voltage drop or voltage rising phenomenon, the IC is liable to malfunction should the ratings be exceeded.
2. The characteristics of this IC are highly dependent on peripheral circuits.
When selecting external components, refer to the specifications of each component and select so as not to exceed the ratings.
Some peripheral component selections may cause unstable operation.

Before use, sufficiently test operation using the actual equipment.

3. When the input voltage Vi is low and the output voltage Voure/Vourn is high, the input current may be limited by the maximum duty limit and
the set output voltage may not be output.

4. If the step-up ratio is high and excessive load current flows, the input current may be limited by the maximum duty limit and maximum current
limit protection and short-circuit protection may not activate.

5. Do not connect a component other than C, v to the VREF pin.
If a component other than C_ vr is connected, the output voltage Vourn of an inverting DC/DC converter may become unstable.

6. For external components, use the components specified in the standard circuit examples and component selection methods.
7. When the input voltage V)y is high and the output voltage Voure/Vourn is low, intermittent oscillation may occur during PWM control.

8. If the step-up ratio is low in a step-up DC/DC converter, the output voltage Voure may become unstable during PFM/PWM switching control
(Vmope = "H").

<External Components>

Step-up DC/DC Converter: PWM/PFM MODE Cip=4x4.7TuF
(ViN=4.4V, Voure=5.0V, lourp=200mA Lp=3.3 1 H (VLF5014S-3R3M2R0)
SBDp: CMS03

Vene="H", Venn="L", Vmope="H") P-ch MOS: EMH1303

Rzp=7.5kQ, Czp=4.7nF

time:20 u s/div

9. During PFM/PWM switching control (Vmope = "H"), the output voltage may become unstable near switching between PFM mode and PWM mode.

<External Components>
Step-up DC/DC Converter: PWM/PFM MODE

CLP=4X4.7 u F
(Vin=3.6V, Vourr=5.0V, lours=120mA Lp=3.3 ¢t H (VLF5014S-3R3M2RO0)
Vene="H", Venn="L", Vmope="H") SBDp: CMSO03

P-ch MOS: EMH1303
Rzp:7.5k0, Czp:4.7nF

Voure: 20mV/ di v

time:10 u s/div

O
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BNOTES ON USE (Continued)

10. During PWM control (Vmooe = "L"), the output voltage may become unstable at light loads.

<External Components>

Inverting DC Converter: PWM MODE Cun=4x4.7uUF
(Vin=5.5V, Vourn=-15.0V, loutn=100mA Ln=3.3 4 H (VLF5014S-3R3M2R0)
Venr="L", Vesn="H", Viobe="L") SBDn: CMS03

RZNZZOOKQ, CZN:O.47nF

Vourn: 20mV/ di v

time:50 i s/div

11. 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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BNOTES ON USE (Continued)

@®Notes on Layout

1. Position external components close to the IC so that the wiring is thick and short.

2. To minimize input voltage fluctuations, place Ciy p and Ciy_a as close as possible to the IC.

3. Make the GND wiring sufficiently strong. Fluctuations of AGND or PGND voltage due to GND current during switching may cause unstable IC operation.
4. When creating a layout, refer to the circuit diagram and recommended layout pattern below.

5. This product is incorporated into a driver, and thus the driver transistor current and on-resistance may cause heat generation.

L SBDp Voure
p-ch Mos LA
Crae
LXP Cip
BSW,
] Rsp
PVIN
Regpz
. AVIN
Rean:
ENP
{] XC9519 FBN
JLVIN Civsw |Cip CINAENN
T T T T ] YODE Reani _EL'VR
— v,
o__AGND VOUTN oum
PGND LXN SBDy
GAINP GAINN Cwn
Rzp Rzn Ly
Czp Can

@®Recommended Pattern Layout

Front

Back side see-through
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B TYPICAL PERFORMANCE CHARACTERISTICS

(1) Efficiency vs. Output Current
Step-up DC/DC Converter (Voutr=5.0V)

100
Vene="H",Venn="L"
e g -
80 ~
—~ /— V= 44V
R Lo
N S
T 36V I L7
8 40 A
K2 2.7V
0 N
20 -
—— PWM/PFM (Vuope="H")
=== PWM (VMODE:"L")
0 m‘ |
0.1 1 10 100
Output Current:loutp (mA)
Step-up DC/DC Converter
CLp=4x4.7 uF, Lp=3.3 t H (VLF5014S-3R3M2R0)
SBDp: CMS03, P-ch MOS: EMH1303, Rzp=27kQ, Czp=2.2nF
100 w
Verp="H" Venn="L"
e
‘y& >
80 =
% 60 Vin= 5.5V 4
é‘ 3.6V \
AN
g 40 -
= o
L
20 s
—— PWM/PFM (Vumope="H")
=== PWM (Vmooe="L")
0 m‘ |
0.1 1 10 100 1000

Cip=4%4.7 uF, Lp=3.3  H (VLF5014S-3R3M2R0)

SBDp: CMS03, P-ch MOS: EMH1303, Rzp=7.5kQ, Czp=4.7nF

1000

Output Current:loutp (mA)

(2) Output Voltage vs. Output Current
Step-up DC/DC Converter (Voutr=5.0V)

Cip=4x4.7 uF, Lp=3.3 1 H (VLF5014S-3R3M2R0)

SBDp: CMS03, P-ch MOS: EMH1303, Rzp=7.5kQ, Czp=4.7nF
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1000

Efficiency:EFFI(%) Efficiency:EFFI(%)

Output Voltage:VouTn(V)

100 SBDn: CMS03, Rzav=130kQ, Czn=0.47nF
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” 7 \\‘
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Inverting DC/DC Converter (Voutn=-15.0V)
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SBDn: CMS03, Rzn=200kQ, Czn=0.47nF
100 w
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Output Current:loutn (mA)
Inverting DC/DC Converter (Voutn=-5.0V)
Cin=4x4.7 1 F, Ln=3.3 £ H (VLF5014S-3R3M2R0)
SBDn: CMS03, Rzn=130kQ, Czn=0.47nF
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Vene="L", Venn="H"
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Output Current:loutn (mA)
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Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
(2) Output Voltage vs. Output Current (Continued)
Cip=4x4.7 it F, Lp=3.3 ¢t H (VLF5014S-3R3M2R0) Cn=4%4.7 4t F, Ly=3.3 1t H (VLF5014S-3R3M2R0)
SBDe: CMS03, P-ch MOS: EMH1303, Rzp=27kQ, Czp=2.2nF SBDw: CMS03, Rzv=200kQ, Czn=0.47nF
15.4 T -14.6 T
Vernr="H" Ver="L" Venr="L" Venn="H"
2 152 2 148
5 ViN=5.5V 5 ViN=5.5V,3.6V
O ]
> l >
[0 _ A (0] AN .
g 150 I Q 150 [ ablese?
) o
2 3.6V 2
=} =}
Q. [oR
5 148 S5 -15.2
o o
—— PWM/PFM (Vmope="H") —— PWM/PFM (Vwmope="H")
= -‘ =~ PWM (Vmope="L") - -‘ -~ PWM (Vmope="L")
14.6 el e 154 el
0.1 1 10 100 1000 0.1 1 10 100 1000
Output Current:loutp (mA) Output Current:loutn (mA)
(3) Ripple Voltage vs. Output Current
Step-up DC/DC Converter (Voutr=5.0V) Inverting DC/DC Converter (Voutn=-5.0V)
Cip=4x4.7 i F, Lp=3.3 1t H (VLF5014S-3R3M2R0) Cin=4%4.7 4 F, Ly=3.3 1t H (VLF5014S-3R3M2R0)
100 SBDp: CMS03, P-ch MOS: EMH1303, Rzp=7.5kQ, Czp=4.7nF 100 SBDw: CMS03, Rv=130kQ, Cn=0.47nF
T T T 1 T T T 1
Vene="H",Venn="L" —— PWM/PFM (Vmope="H") Vene="L",Venn="H" PWM/PFM (Vmope="H")
-‘- ~ PWM (Vwmooe="L") T7 T PWM (Viooe=L)
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\ \ N%
______ _‘___ I R
0 - el 0
0.1 1 10 100 1000 0.1 1 10 100 1000
Output Current:loutp (mA) Output Current:loutn (mA)
Step-up DC/DC Converter Inverting DC/DC Converter
CLp=4x4.7 it F, Lp=3.3 1t H (VLF5014S-3R3M2R0) (VoutN=<16BW) 1 F, Lv=3.3 1 H (VLF5014S-3R3M2R0)
100 SBDe: CMS03, P-ch MOS: EMH1303, Rzp=27kQ, Czp=2.2nF 100 SBDn: CMS03, Rzv=200kQ, Czn=0.47nF
T ‘ T T ‘ T
Vene="H", Venn="L" PWM/PFM (Vmope="H") Vene="L", Venn="H" ——— PWM/PFM (Vmope="H")
=== PWM (Viooe="L") =77 PWM (Viope="L")
= 80 I 80
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E / 3
£ 60 £ 60
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o 2.7v 55V 36v g o \\
£ 4l | £ 4 3.6V
S Vin= 2.7V,3.6V,4.4V 1 K} -y
IR : AN
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0 0ol
0.1 1 10 100 1000 0.1 1 10 100 1000
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B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(4) Oscillation Frequency vs. Ambient Temperature

1.5
¥
= 1.4
s 3.6V Vin=5.5V
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“ 13 '
5 |
% 12 e — et S
g ] I
Lt —
c 11 2.7V
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©
5 10
[
o

0.9

-50 -25 0 25 50 75 100

Ambient Temperature: Ta (°C)

(5) Supply Current 1,2,3 vs. Ambient Temperature

Supply Current 1

Supply Current 2: |y, (4 A)

Oscillation Frequency : fogony(MHZ)

1.5
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1.3 i
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. —
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-50 -25 0 25 50 75 100
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-50 -25 0 25 50 75 100
Ambient Temperature: Ta (°C)
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-50 -25 0 25 50 75 100
Ambient Temperature: Ta (°C)
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Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
(6) FBP Voltage vs. Ambient Temperature (7) Output Voltage Accuracy vs. Ambient Temperature
1.02 1.02
S
Vin=5.5V ,<Zf Vin=5.5V
s 101 i 3 101 i
= g
Q >
> s |
S 1.00 — 3 1.00 —
g 0= § "= 1
S 2.7V,3.6V g 2.1V
o S
£ 099 S 099 3.6V
5
=3
3
0.98 0.98
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100
Ambient Temperature: Ta (°C) Ambient Temperature: Ta (°C)
(8) UVLO Voltage vs. Ambient Temperature
2.7
26
S
o 25
S' UVLO Release Voltage
2 24
% D
8 23
§ UVLO Detect Voltage
o 22
3 | I
2 21
Vene="H", Venn="L", Vmope="L"
2.0
-50 -25 0 25 50 75 100
Ambient Temperature: Ta (°C)
(9) ENP "H" Voltage vs. Ambient Temperature (10) ENP "L" Voltage vs. Ambient Temperature
14 1.2
13 1.1
3 S
£ 1.2 z 1.0
pd p4
X » =
P . — - 0.9
o e R o —
g 1.0 g I —
S . S 0.8 —
T o
pd
w08 Y06
Vin=5.5V, Ven="L", Vuooe="L" Vin=5.5V, Venn="L",Vmope="L"
0.7 ‘ ‘ ‘ 05 ! ! !
-0  -25 0 25 50 75 100 -50  -25 0 25 50 75 100
Ambient Temperature: Ta (°C) Ambient Temperature: Ta (°C)
TRy
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BTYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(11) ENN "H" Voltage vs. Ambient Temperature

(12) ENN "L" Voltage vs. Ambient Temperature

1.4 1.2
—~ 13 11
< =
g 1.2 z 10
g g T |
w11 09
_<>3 1.0 _<>3 0.8
£ 09 = 07
Z 2
& o8 “ o6
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0.7 ‘ : ‘ 05 ! I !
-50 -25 0 25 50 75 100 -50 -25 0 25 50 75 100

Ambient Temperature: Ta (°C)

(13) MODE "H" Voltage vs. Ambient Temperature

Ambient Temperature: Ta (°C)

(14) MODE "L" Voltage vs. Ambient Temperature

14 1.2
E 1.3 < 141
3 7
g 12 85 1.0
o ==
g — 1 | | B —]
>° 1.0 g 0.8
T =
= 0.9 L 0.7
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Ambient Temperature: Ta (°C)

(15) LXP SW “H” ON Resistance vs. Ambient Temperature
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8 ] g 03 Y
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(16) LXN SW "L" ON Resistance vs. Ambient Temperature
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Ambient Temperature: Ta (°C)
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XC9519

Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
(17) Output Voltage Rise Wave Form
Step-up DC/DC Converter Inverting DC/DC Converter (Voutn=-15.0V)
Cip=4x4.7 it F, Lp=3.3 1t H (VLF5014S-3R3M2R0) Cin=4x4.7 4 F, Ln=3.3 £ H (VLF5014S-3R3M2R0)
SBDp: CMS03, P-ch MOS: EMH1303, Rzp=27kQ, Czp=2.2nF SBDw: CMS03, Rzv=200kQ, Czn=0.47nF
Vin=3.6V,Venn="L",Vmope="L" Vin=3.6V,Venp="L",Vnmope="L"
T fch P ety
y Vourn
Voute N;’"*»
1ch -
och > Venp =0 3.6V‘ och Venn =0 3.6Y
1ch:5V/div, 2ch:5V/div 1ch:5V/div, 2ch:5V/div
time:500 u s/div time:500 u s/div
(18) Soft Start Time vs. Ambient Temperature
50 Step-up DC/DC Converter 40 Inverting DC/DC Converter
4.5
—_ 35
2] [%2]
g 40 Vin=5.5V E
o 3.6V =z 30 3.6V Vin=5.5V
8 35 5
e 3.0 l 1 e 25 ‘
(= — — = e
5 25— = 5 .0 A ——
n n :
2 20 T z l
3 2 I7v @ 1.5 2
1.5 ’ '
1.0 10
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Ambient Temperature: Ta (°C) Ambient Temperature: Ta (°C)
(19) Maximum Duty Cycle vs. Ambient Temperature
Step-up DC/DC Converter Inverting DC/DC Converter
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BTYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(20) Maximum Current Limit vs. Ambient Temperature

Step-up DC/DC Converter (Voutr=5.0V)
Cip=4%4.7 1 F, Lp=3.3  H (VLF5014S-3R3M2R0)
SBDp: CMS03, P-ch MOS: EMH1303, Rzp=7.5kQ, Czp=4.7nF
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(21) Latch Time vs. Ambient Temperature
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Inverting DC/DC Converter (Voutn=-5.0V)
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Series

B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(22) C. Discharge Resistance vs. Ambient Temperature
Step-up DC/DC Converter

400
c
. 350
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Pt
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02 200 //t/ I
S — | J
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Ambient Temperature: Ta (°C)

(23) PFM Switching Current vs. Ambient Temperature

Step-up DC/DC Converter (Voutr=5.0V)
Cip=4%4.7 1 F, Lp=3.3  H (VLF5014S-3R3M2R0)

SBDp: CMS03, P-ch MOS: EMH1303, Rze=7.5kQ, Czp=4.7nF
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300 1
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Ambient Temperature: Ta (°C)

DC/DC

Cip=4x4.7 uF, Lp=3.3  H (VLF5014S-3R3M2R0)

Step-up Converter

SBDp: CMS03, P-ch MOS: EMH1303, Rze=27kQ, Czp=2.2nF
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C,_ Discharge Resistance: Ryc,qy (Q)

PFM Switching Current : ¢y, (MA)

PFM Switching Current : L, (MA)

Inverting DC/DC Converter
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Ambient Temperature: Ta (°C)

Inverting DC/DC Converter (Voutn=-5.0V)
Cin=4x4.7 u F, Ln=3.3 u H (VLF5014S-3R3M2R0)

SBDw: CMS03, Rax=130kQ, Czn=0.47nF
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Inverting DC/DC Converter (Voutn=-15.0V)
Cin=4x4.7 u F, Ln=3.3 u H (VLF5014S-3R3M2R0)
SBD: CMS03, Ran=200kQ, C2x=0.47nF
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BTYPICAL PERFORMANCE CHARACTERISTICS (Continued)

(24) Load Transient Response

Step-up DC/DC Converter: PWM/PFM MODE Step-up DC/DC Converter: PWM MODE
(Vin=3.6V, Voutp=5.0V, loutr=1=200mA) (Vin=3.6V, Voutp=5.0V, loutpr=200=1mA)

Cp=4x4.7 uF, Lp=3.3 4 H (VLF5014S-3R3M2R0), SBDp: CMS03

Cip=4x4.7 uF, Lp=3.3 4 H (VLF5014S-3R3M2R0), SBDe: CMS03
P-ch MOS: EMH1303, Rzp=8.2kQ, Czp=4.7nF, Crep=47pF, Rsp=4.7kQ

P-ch MOS: EMH1303, Rzp=8.2kQ), Czp=4.7nF, Crep=47pF, Rsp=4.7kQ
Vene="H",Venn="L",Vrmope="L"

Venp="H",Venn="L",Viope="L"

Voute

-
1ch *

Voure \\\\
Ve

1ch *

v

2ch ¥
2ch P loutp =12 ZOOTT'A

1ch:200mV/div, 2ch:200mA/div

loure = 200 -, 1MA

1ch:200mV/div, 2ch:200mA/div
time:100 y s/div

time: 1ms/div
Step-up DC/DC Converter: PWM/PFM MODE Step-up DC/DC Converter: PWM/PFM MODE
(Vin=3.6V, Voutp=5.0V, loutr=1=200mA)

(ViIN=3.6V, Voutr=5.0V, loutr=200=1mA)
Cip=4x4.7 uF, Lp=3.3 1t H (VLF5014S-3R3M2R0), SBDp: CMS03

P-ch MOS: EMH1303, Rzp=8.2kQ, Czp=4.7nF, Crep=47pF, Rsp=4.7kQ

Cip=4x4.7 uF, Lp=3.3 uH (VLF5014S-3R3M2R0), SBDp: CMS03
P-ch MOS: EMH1303, Rzp=8.2kQ, Czp=4.7nF, Crepr=47pF, Rsp=4.7kQ
Vene="H" Vexn="L" Vaope="H"

Vene="H",Venn="L",Vmope="H"

: N

: Voure .
1ch *m\\&\ /-— 1ch ¥ \
N/ t

\\ TN W
¥
. 2ch *
! =200 1mA
- loute =15 200mA o >
2ch ™» .
1ch:200mV/div, 2ch:200mA/div 1ch:200mV/div, 2ch:200mA/div
time: 100 u s/div

time:1ms/div
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XC9519

Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
Step-up DC/DC Converter: PWM MODE Step-up DC/DC Converter: PWM MODE
(ViIN=3.6V, Voutp=15.0V, loutr=1=50mA) (ViIN=3.6V, Voutp=15.0V, loutr=50=1mA)
CLp=4x4.7 i F, Lp=3.3 t H (VLF5014S-3R3M2R0) CLp=4x4.7 i F, Lp=3.3 ¢t H (VLF5014S-3R3M2R0)
SBDp: CMS03, P-ch MOS: EMH1303, Rzp=27kQ, Czp=2.2nF SBDp: CMS03, P-ch MOS: EMH1303, Rzp=27kQ, Czp=2.2nF
Venr="H" Ven="L" Vuooe="L" Vewe="H"Veun="L" Vyope="L"
Voute Voure
1ch P — 1gh > e
2ch *»
loute =1~ 50mA loutp =50~ 1mMA
2ch *>
1ch:500mV/div, 2ch:50mA/div 1ch:500mV/div, 2ch:50mA/div
time:200 u s/div time: 1ms/div
Step-up DC/DC Converter: PWM/PFM MODE Step-up DC/DC Converter: PWM/PFM MODE
(ViIN=3.6V, Voutp=15.0V, loutr=1=50mA) (ViIN=3.6V, Voutp=15.0V, loutr=50=1mA)
CLp=4x4.7 uF, Lp=3.3 4 H (VLF5014S-3R3M2R0) CLp=4x4.7 uF, Lp=3.3 ¢t H (VLF5014S-3R3M2R0)
SBDp: CMS03, P-ch MOS: EMH1303, Rzp=27kQ, Czp=2.2nF SBDp: CMS03, P-ch MOS: EMH1303, Rzp=27kQ, Czp=2.2nF
Vene="H",Venn="L",Vmope="H" Vene="H",Vexn="L",Vumope="H"
Voute Voute
T e i IS R e 1ch Pl
2ch »
2ch ¥ loute =15 50mMA loure = 80 1mA
Cl
1ch:500mV/div, 2ch:50mA/div 1ch:500mV/div, 2ch:50mA/div
time:200 u s/div time: 1ms/div
TR
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XC9519 Series is
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B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Inverting DC/DC Converter: PWM MODE
(Vin=3.6V, Voutn=-5.0V, loutn=1=200mA)
Cin=4%4.7 1 F, Ln=3.3 £ H (VLF5014S-3R3M2R0)
SBDn: CMS03, Rzn=130kQ, Czn=0.47nF

Vene="L",Venn="H",Vnmope="L"

Vout

Tch > prssniess e

lourn = 1= 200mA

2ch *

1ch:200mV/div, 2ch:200mA/div

time:100 i s/div

Inverting DC/DC Converter: PWM/PFM MODE
(Vin=3.6V, Voutn=-5.0V, loutn=1=200mA)
Cin=4%4.7 1 F, Ln=3.3 £ H (VLF5014S-3R3M2R0)
SBDn: CMS03, Rzn=130kQ, Czn=0.47nF

Vene="L",Venn="H",Vmope="H"

Vourn I\

Tch s - - —

o+ lourn = 1 200mA

1ch:200mV/div, 2ch:200mA/div

time:100 i s/div

Inverting DC/DC Converter: PWM MODE
(ViIN=3.6V, Voutn=-5.0V,
Cun-HsdINFAQEB-AMPAF5014S-3R3M2R0)

SBDn: CMS03, Rzn=130kQ, Czn=0.47nF

Vene="L",Venn="H",Vmope="L" -

Vout

1ch > ——

2ch *
loury =200 -, 1MA

1ch:200mV/div, 2ch:200mA/div

time:500 u s/div

Inverting DC/DC Converter: PWM/PFM MODE
(ViIN=3.6V, Voutn=-5.0V, loutn=200=1mA)
Cin=4%4.7 1 F, Ln=3.3 £ H (VLF5014S-3R3M2R0)
SBDn: CMS03, Rzn=130kQ, Czn=0.47nF

Vene="L",Venn="H",Vmope="H"

Voutn

1ch ==

2ch ¥
loutny =200, TMA

1ch:200mV/div, 2ch:200mA/div

time:500 u s/div

34/38 . T




XC9519 Series is Not Recommended for New Designs.

XC9519

Series
B TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
Inverting DC/DC Converter: PWM MODE Inverting DC/DC Converter: PWM MODE
(ViIN=3.6V, Vourn=-15.0V, loutn=1=50mA) (ViIN=3.6V, Vourn=-15.0V, loutn=50=>1mA)
Cin=4x4.7 i F, Ly=3.3 1t H (VLF5014S-3R3M2R0) Cin=4x4.7 i F, Ly=3.3 1t H (VLF5014S-3R3M2R0)
SBDn: CMS03, Rzv=200kQ, Czn=0.47nF SBDn: CMS03, Rzv=200kQ, Czx=0.47nF
Vene="L",Venn="H",Vumope="L" Vene="L",Venn="H",Vuope="L"
VouTn Voutn
1ch ¥ 1ch ¥ ———
2ch
lourv =15 50mA lourn =50, TmMA
2ch ¥
1ch:500mV/div, 2¢ch:50mA/div 1ch:500mV/div, 2ch:50mA/div
time: 100 u s/div time:500 u s/div
Inverting DC/DC Converter: PWM/PFM MODE Inverting DC/DC Converter: PWM/PFM MODE
(ViN=3.6V, Voutn=-15.0V, loutn=1=50mA) (ViN=3.6V, Voutn=-15.0V, loutn=50=>1mA)
Cin=4x%4.7 i F, Ly=3.3 it H (VLF5014S-3R3M2R0) Cin=4x%4.7 i F, Ly=3.3 it H (VLF5014S-3R3M2R0)
SBDx: CMS03, Rzn=200kQ, Czn=0.47nF SBD: CMS03, Rzn=200kQ, Czn=0.47nF
Vene="L",Venn="H",Vmope="H" Venp="L",Venn="H",Vmope="H"
R Voutn S~ Voutn
1ch ¥ 1ch % W
o
2ch ¥
louty = 1= 50mA loutn =50 - 1TmMA
2ch ¥
1ch:500mV/div, 2ch:50mA/div 1ch:500mV/div, 2ch:50mA/div
time:100 1 s/div time:500 i s/div
TORRE

-------------------------------------------- “\.......3638



XC9519 Series is
Not Recommended for New Designs.

B PACKAGING INFORMATION

@QFN-24 (unit:mm)

1 PIN INDENT
- 4.0%0.10
L oooog -
[Jo.075
0.40+0. 05
7 8 9 .10 11 12 .
UUUUUU[| 8
6 N ¥ IKENE 2
5] ==
f 4 s
S i ==
2 7 §
) Jdie [
ANENRHEEN
24 23 22 21 20 19
2.8+0.05
@QFN-24 Reference Pattern Layout (unit:mm) @QFN-24 Reference Metal Mask Design (unit:mm)
4.60 N 450 R
3.20 3 30 4
VA A A1 1 A AAAAna
KA NENRERERNAN
i j e 3 ——
77 v~ = =
g 5| A 5 RS sl o T ! -
N7 777/ Y7 3 3 -
(S £ g C o8 2
222 (224 (| =3
] FA #
707 nnnnnm o
E A A td A E I
270 1.10 1.10
2.50
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Series

BMARKING RULE

QFN-24

@ represent product series.
MARK PRODUCT SERIES

O
23060 — Ty

@ represents UVLO detect voltage.

1pin

MARK UVLO VOLTAGE PRODUCT SERIES
A Detect: 2.2V, Hysteresis Width: 0.2V XC9519A*****-G
@@ represents oscillation frequency and maximum current limit.
MARK OSCILLATION MAXIMUM
® @ FREQUENCY CURRENT LIMIT PRODUCT SERIES
1 2 1.2MHz 2.0A XC9519*12A**-G

®® represents production lot number.

01~09, 0A~0Z, 11~9Z, A1~A9, AA~AZ, and B1~ZZ repeated
(G, 1, J, O, Q, W excluded)

*No character inversion used.

TN
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" T 37/38
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1. 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.

2. 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.

3. Please ensure suitable shipping controls (including fail-safe designs and aging
protection) are in force for equipment employing products listed in this datasheet.

4. 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.)

5. 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.
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