(07X QX Micro Devices QX2303

M )2 Analog IC Design PFM Step-up DC-DC Converter
General Description Features
The QX2303 Series are PFM step-up » 300KHz Maximum Operating Frequency
DC-DC converters with high efficiency, low > 2.5V to 5.0V Output Voltage With 0.1V

ripple and high operation frequency. The
QX2303 Series need only four external
components to realize step-up conversion
from low input battery voltage to the voltage
needed, and they are applied to one to four o
battery- cells application. Up to 89% Efficiency

The QX2303 Series adopt low dissipation Output Current: 300mA at 2.5V Input,
and high performance reference circuit, with 3.3V Output voltage

step
Low Start-up Voltage: 0.8V at ImA
+2.5% Output Voltage Accuracy

YV V VYV V

trimming technique in manufacture, which > Low Ripple and Low Noise
ensure high precision and low temperature > F | ded onl
drift of the output voltage. The precision of our external components needed only
output voltage precede +2.5%, and the

highest efficiency is 89%.
The QX2303 Series have four package ; ;
types: SOT23, SOT23-5, SOT89-3 and Appllcatlons
T092 For SOT23-5 package, an er!able pIn > One to Three Cell Battery Devices

EN” is provided so that the operation state _
of the converter can be controlled. When EN » LED Lamp, LED Flashlight

is low, the converter is in power saving > Portable Instruments Such As Electronic
mode, which decreases power dissipation to Dictionary, VCR, PDA And So On
the minimum. ’ ’

Typical Application

VIN Vout VIN Vourt
Court
(@) Built-in Power MOSFET (b) External Power MOSFET
Figure 1: Typical Application Circuit Diagrams of QX2303
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Ordering Information
Type Number

QX2303XXXX

—  Package Type:
T: SOT23

F: SOT23-5

E: SOT89-3

PO: TO-92
Output Voltage:
25: 2.5V

26: 2.6V

50: 5.0V

Power Transistor Type:
L: Built-in Transistor
E. Extenral Transistor

Package Marking

XXXX

—— Lot Number

—— Output Voltage:
25: 2.5V
26: 2.6V

50: 5.0V

Package Type:
E: SOT23 or SOT89-3
L: SOT23-5

QX2303_DS03EN QX Micro Devices Co., Ltd. 2 of 14
www.gxmd.com.cn



(07X QX Micro Devices QX2303
Dlm Analog IC Design PFM Step-up DC-DC Converter

Pin Assignments

LX GND
s
EXXX LXXX
n 2
GND LX EN VOUT NC
QX2303LXXT QX2303LXXF
(SOT23) (SOT23-5)
LX GND
—
EXXX LXXX
ERCRD
EN VOUT EXT
GND VOUT LX
QX2303LXXE QX2303EXXF
(SOT89-3) (SOT23-5)
1 2 3

GND VOUT LX

QX2303LXXPO
(TO-92)
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M )2 Analog IC Design PFM Step-up DC-DC Converter
Pin Description
Type Number and Package Type
NP'” QX2303 | QX2303 | QX2303 | QX2303 | QX2303 | Description
AME | |XXT | LXXF | EXXF | LXXE |LXXPO
SOT23 | SOT23-5 | SOT23-5 | SOT89-3 | TO-92
LX 2 5 5 3 3 Switching Pin
Buffer Output
EXT 3 for External
Transistor
VOUT 3 2 2 2 2 Output Voltage
Chip Enable Pin
EN ! ! (Active High)
GND 1 4 4 1 1 Ground
NC 3 No Connection
Functional Block Diagram
68 Current Limiting
Comparator
LX 1 ® + 1VOUT
o |
Error
EXT 1 Buffer Amplifier
pul— l | PFM ’
el \ Controller B
< < 1.24v
L Enable 40%?(?42 Bandgap
ENT Controller [1GND
Figure 2: Functional Block Diagram of QX2303
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Absolute Maximum Ratings M
Parameter | Symbol Description Min | Max | Unit
VMAX Maximum Voltage On VOUT and VLX Pins 7 \
\oltage
VMIN_MAX The Voltage Range On EN Pin -0.3 | Voutt+0.3 \
Current ILx_mAx Maximum Current On LX Pin 1000 mA
Maximum Power Dissipation for SOT23
Psor2s Package 0.25 w
Maximum Power Dissipation for SOT23-5
Power PsoT23-5 Package 0.25 W
Dissipation
Maximum Power Dissipation for SOT89-3
PsoTse-3 Package 0.5 w
P10-92 Maximum Power Dissipation for TO-92 Package 0.75 W
Ta Operating Temperature Range -20 85 °Cc
TsTG Storage Temperature Range -40 120 °Cc
Thermal Soldering Temperature Rang for SOT23, 0
Tsp1 SOT23-5, SOT89-3 Package (less than 30 sec) 230 240 c
Soldering Temperature Rang for TO-92 Package 0
Tsp2 (less than 5 sec) 250 260 C
ESD VEsD ESD Voltage for Human Body Mode 2000 \

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Exposure to

Absolute Maximum Rating conditions for extended periods may affect device reliability.
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Electronic Characteristics
VN =5V, Ta=25°C, Cin =47uF, Coyt =100UF, L1 =47uH, unless otherwise specified

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Supply Voltage
Maximum Input
Voltage P VIN_MAX 0.7 Vout \
Start-up Voltage VSTART ILoaD=1mA,V )y rises from OV to 2V 0.8 \Y
Hold-on Voltage VHoLp lLoap=1mA, V) falls from 2V to 0V 0.6 \Y/
Supply Current
Current Limiting lumir 600 800 1000 mA

Input Current _ _

Without Load liNno Vin=1.8V, Vour=3.3V 15 UuA
Standby Input Current ling Without Load, EN="Low” 1 UA
Output Voltage

Output Voltage

Accuracy AVout -2.5 2.5 %

Enable Input On EN Pin

“High” Voltage Level 0.4% \%
On EN Pin Vout

“Low” Voltage Level 0.2 \Y/
On EN Pin

“High” EN input 01 UA
current

“Low” EN input -0.1 UA
current

Oscillation Characteristics

Maximum Oscillation

Frequency Fmax 300 KHz
Maximum Duty Cycle Dosc 83 %
QX2303_DS03EN QX Micro Devices Co., Ltd. 6 of 14
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Typical Electrical Curves
Vin=5V, Ta=25°C, Vout=3.3V, Cn=47uF, Cout=100uF, L1 =47uH, unless otherwise specified

start-up voltage vs. output current ripple voltage vs. output current
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Applications Information

QX2303_DS03EN

Detailed Description

The QX2303 Series are step-up DC-DC
converters with boost structure and PFM
control mode.

The QX2303 Series need only an inductor, a
schottky diode, an input capacitor and an
output capacitor to provide a 2.5~5.0V low
noise output voltage.

The converter has many built-in function
blocks including Output Voltage Feedback
And Trimming Network, Startup Circuit,
Oscillator, Reference Voltage Circuit, PFM
Controller, Over Current Protection and
Power MOS.

The core circuit of QX2303 is the PFM
Controller. This module controls the power
MOS to provide the constant output voltage
according to the input voltage, the load
signal and the current signal. In the PFM
Control system, the oscillation frequency
and the pulse width are fixed, and the steady
output voltage are realized by controlling the
ON-time of power MOS in an oscillation
cycle according to the ratio of input/output
voltage and the load.

Oscillator provides reference oscillation
frequency and fixed pulse width. Reference
\oltage circuit provides steady reference
voltage. With internal trimming technique,
the output voltage accuracy can be +£2.5%.
With temperature compensation technique
used in the Reference Voltage circuit, the
temperature drift of the output voltage is less
than 100ppm/°C. Error Amplifier with high
gain ensures the steady of the output voltage
under different input voltages and load
currents. In order to decrease the ripple and
noise of the output voltage, the Error
Amplifier adopts schmitt comparator
structure, which has rapid response.

The inductor and the schottky diode will
sharply influence the conversion efficiency,
and the capacitors and inductor will

QX Micro Devices Co., Ltd.

influence ripple of output voltage, so
choosing a suitable inductor, capacitor and
schottky diode can acquire high conversion
efficiency, low ripple and low noise. Before
discussing, we define:

Vour — Viv

Vour

D 1)

Inductor Selection

The selection of inductor value needs to
consider these aspects below.

First, the minimum value of inductor should
make sure that the BOOST DC-DC
converter works in the constant current
mode(CCM):

D(1- D) R
21
This formula is derived from conversion
under the CCM mode, neglecting the
parasitic resistors and the forward voltage

drop of the diode, and the actual value will
be larger.

Ly >

)

Secondly, the operating frequency of
QX2303 series is 300 KHz, which can
decrease the size of the outer inductor.
Normally, a 4.7uH value of inductor can
make the system work properly, but for
larger load current (for example, the output
current is higher than 50mA), a larger value
of inductor is needed to improve the
efficiency.

Under large load current, the parasitical

series resistance of the inductor will

influence the efficiency greatly. Assuming

the parasitical resistance of the inductor is

Ry, output load resistor is R oap, the power

dissipation on the inductor is as follows:
o~ —2 ©

Ko (1 - 0)2

If the input voltage is 1.5V, the output
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QX2303
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voltage is 3.0V, the load resistance is 20Q

Diode Selection

QX2303_DS03EN

(the output current is150mA) and R, =0.5Q,
then the efficiency decreases by 10%.

Considering all these factors, an inductor
whose value is 47uH and R is less than 0.5
Q is proposed.

Output Capacitor Selection

Neglecting the ESR of the output capacitor,
the ripple of the output voltage is:

_ A Vour _ D (@)
Vour Froaw * Cour

In order to decrease the ripple of the output
voltage, a large value of output capacitor is
required, but too large capacitance will slow
down the system response time and increase
the cost of the system. A 22uH low ESR
tantalum capacitor is recommended.

r

QX Micro Devices Co., Ltd.

The freewheeling diode will influence the
efficiency of DC-DC converter greatly.
Though common diodes can also make the
DC-DC system work normally, the
efficiency will decreased by 5% to 10%. So
a schottky diode which has lower forward
voltage drop and faster response time is
proposed, for example, 1N5817, 1N5819,
1N5822 and so on

Input Capacitor Selection

If the input voltage is steady, there is no
need to connect input filter capacitor,
however, if the input voltage source is far
from the DC-DC system, a 10uF filter
capacitor connected to the DC-DC input
terminal is recommended to decrease the
noise.
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Package Information
Physical Dimensions for SOT23 Package:

D

el

-______--'-__‘-'——-_.

A

QX2303
PFM Step-up DC-DC Converter

Symbol Dimensions In Millimeters Dimensions In Inches
Min. Max. Min. Max.
A 0.900 1.150 0.035 0.045
A1 0.000 0.100 0.000 0.004
A2 0.900 1.050 0.035 0.041
b 0.300 0.500 0.012 0.020
c 0.080 0.150 0.003 0.006
D 2.800 3.000 0.110 0.118
E 1.200 1400 0.047 0.055
E1 2.250 2550 0.089 0.100
e 0950 TYP. 0.037 TYP.
el 1.800 | 2.000 0.071 | 0.079
L 0.550 REF. 0.022 REF.
L1 0.300 0.500 0.012 0.020
S) 0° 8° 0° 8°

QX2303_DS03EN
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Physical Dimensions for SOT23-5 Package:

D

E1

QX2303
PFM Step-up DC-DC Converter

/_ - \ 1
\ | 4
Symbo Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 1.050 1.250 0.041 0.049
A1 0.000 0.100 0.000 0.004
A2 1.050 1.150 0.041 0.045
b 0.300 0.500 0.012 0.020
C 0.100 0.200 0.004 0.008
D 2.820 3.020 0111 0.119
E 1.500 1.700 0.099 0.067
E1 2.650 2.950 0.104 0.116
e 0.950(BSC) 0.037(BSC)
el 1.800 2.000 0.071 0.079
L 0.300 0.600 0.012 0.024
0 0° 8° 0° 8°
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Physical Dimensions for SOT89-3 Package:

QX2303
PFM Step-up DC-DC Converter

D —
) . A
A / AN ]
_-_H_‘-“_‘_-—‘_'-‘—-—
=
_—- -‘J
P
! I J -
— g C
—
Svmbol Dimensions In Millimeters Dimensions In Inches
y Min Max Min Max
A 1.400 1.600 0.055 0.06e3
b 0.320 0.520 0.013 0.020
b1 0.400 0.580 0.016 0.023
c 0.350 0.440 0.014 0.017
D 4.400 4 600 0173 0.181
D1 1.550 REF. 0.061 REF.
E 2.300 2.600 0.091 0.102
E1 3.940 4250 0.155 0.167
e 1.500 TYP. 0.060 TYP.
el 3.000 TYP. 0.118 TYP.
L 0.900 1.200 0.035 0.047
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Physical Dimensions for TO-92 Package:

QX2303

PFM Step-up DC-DC Converter

‘

C_|

el

S S—

Symbol Dimensions In Millimeters Dimensions In Inches
Min. Max. Min. Max.
A 3.300 3.700 0.130 0.146
A1 1.100 1.400 0.043 0.055
b 0.380 0.550 0.015 0.022
C 0.360 0.510 0.014 0.020
D 4.300 4.700 0.169 0.185
D1 3.430 0.135

E 4.300 4.700 0.169 0.185

e 1.270 TYP. 0.050 TYP.
el 2.440 2.640 0.096 0.104
L 14.100 14.500 0.555 0.571
o 1.600 0.063
h 0.000 0.380 0.000 0.015
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Declaration

» QXMD reserves the right to make changes to improve technical design and semiconductor
products, and may do so without further notice. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and
complete.

» QXMD is continually working to improve the quality and reliability of its products. Nevertheless,
semiconductor devices in general can malfunction or fail due to their inherent electrical
sensitivity and vulnerability to physical stress. It is the responsibility of the buyers, when utilizing
QXMD products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a malfunction or failure of such QXMD products could
cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that QXMD products are used within specified
operating ranges as set forth in the most recent QXMD products specifications.

» The QXMD products listed in this document are intended for usage in consumer electronics
applications. These QXMD products are neither intended nor warranted for usage in equipment
that requires extraordinarily high quality and/or reliability or a malfunction or failure of which
may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments,
traffic signal instruments, combustion control instruments, medical instruments, all types of
safety devices, etc.. Unintended Usage of QXMD products listed in this document shall be made
at the customer’s own risk.

» The information contained herein is presented only as a guide for the applications of our products.
QXMD cannot assume responsibility for use of any circuitry other than circuitry entirely
embodied in a QXMD product. No circuit patent licenses are implied.

Customer Service Center

QX Micro Devices Co., Ltd.

Add: 4th Floor, Building 22, Zhiheng Hi-Tech Park, Nantou Guangkou 2nd Road, Nanshan,
Shenzhen, Guangdong, China

ZIP Code: 518052

Tel: +86-0755-88852177
Fax: +86-0755-86350858
Web Site: www.gxmd.com.cn
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