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30V,Synchronous Step Down Regulator

GENERAL DESCRIPTION

The PW2312 I1s a high frequency, synchronous, rectified, step-down, switch-mode converter with
internal power MOSFETs. It offers a very compact solution to achieve a 1.5A peak output current
over a wide Input supply range, with excellent load and line regulation.

The PW2312 requires a minimal number of readily available, external components and I1s available In
a space saving SOT23-6 package.

FEATURES
® \Wide 4V to 30V Operating Input Range ® 200mQ/150mQ Low RDS(ON) Internal
® 12A Continuous Output Current Power MOSFETs
® 1.4MHz Switching Frequency ® Output Adjustable from 0.8V
® Short Protection with Hiccup-Mode ® No Schottky Diode Required
® Bullt-in Over Current Limit ® |[ntegrated internal compensation
® Bullt-in Over Voltage Protection ® Thermal Shutdown
® Force-PWM Mode ® Avallable in SOT23-6 Package
® [nternal Soft-Start ® -40°Cto +85°C Temperature Range
APPLICATIONS
® CCTV Camera ® Battery Charger
® Flat-Panel Television and Monitor ® Distributed Power Systems
TYPICAL APPLICATION CIRCUIT
Cl L1
VIN II Vout
L o.1UF
PW2312 S
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COUT
5 3
oN| —4 - R2 }
OFF

GND GND

Vourt R1 R2 L1 CiN <15V CIN =15V Cour

1V 2.5KQ 10KQ 2.2uH 20-47uF |10uF+100uF (EC+) | 20-68uF

1.05V 3.13KQ 10KQ 2.2uH 20-47uF |10uF+100uF (EC+) | 20-68uF

1.2V 5KQ 10KQ 2.2uH 20-47uF | 10uF+100uF (EC+) | 20-68uF

1.5V 8.75KQ 10KQ 2.2uH 20-47uF |10uF+100uF (EC+) | 20-68uF

3.3V 31.58KQ | 10KQ 3.3uH 20-47uF | 10uF+100uF (EC+) | 20-68uF

5.0V 52.5KQ 10KQ 4.7uH 20-47uF | 10uF+100uF (EC+) | 20-68uF
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PIN ASSIGNMENT/DESCRIPTION

Pin Name Function

Bootstrap. A capacitor connected between SW and BS pins is required
to form a floating supply across the high-side switch driver.

2 GND GROUND Pin

Adjustable Version Feedback input. Connect FB to the center point
of the external resistor divider

3 B

Drive this pin to a logic-high to enable the |IC. Drive to a logic-low to
disable the |C and enter micro-power shutdown mode.

4 EN

o VIN Power Supply Pin

o SW Switching Pin

Absolute Maximum Ratings (notel/2)

N = e o T R P AV Vo 1YY,
Operatlﬂg Temperature Range _409(: to _|_85°C

Lead Temperature (Soldering, 108) = e +300°C

ESD (Human Body Made) HIMB:+ssvesveeeeessrmssssssssinnsinniscsssss 2K/

VSW Voltage = eweereemssssssssssnninnnnssnsssnvnnnsnnssenesss <03V 10 (VIN+0.5V)
VBS Voltage = meerereemsemsssssnsinnississsnnessssnees (Vsw-0,3) to (VSw+5V)
Storage Temperature Range _65'3(: to 15006

Junctlon Temperature+125ﬂc
ESD (Maching Made) MM 200V
RBJA lOSGC/W
ReJC 35GC/W

Z
@)
—
(D

(1) Exceeding these ratings may damage the device.

(2) The device I1s not guaranteed to function outside of Its operating conditions.

PW2312 3.3 Wuxi PWChip Semi Technology CO., LTD 2
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PCB Layout Recommendation

PCB layout Is very Important to achieve stable operation. It is highly recommended to duplicate EVB
layout for optimum performance. If change Is necessary, please follow these guidelines for reference.
1. Keep the path of switching current short and minimize the loop area formed by Input capacitor,

high-side MOSFET and low-side MOSFET.

2. Bypass ceramic capacitors are suggested to be put close to
the Vin Pin.

3. Ensure all feedback connections are short and direct.
Place the feedback resistor sand compensation

PCB layout

VIN PIN VIN PIN

"4 4
‘%I i m Close to VIN Pin

ﬁL &EW 4

SW/LX PIN

Minimize area

s T FE PIN RZ R1 FB PIN
. . ‘I ® ={II~
components as close to the chip as possible. R i ---Li Close to FB Pin
4. VOUT, SW away from sensitive analog areas such as FB. [ ] it Desired

5. Connect VIN, SW, and especially GND respectively to a large copper area to cool the chip to
improve thermal performance and long-term reliability.

Products
Reel /outer anti-static packaging | Product
"\ | ) HE PW2312
ll/ Wu:!l Pﬁ?r;lp Semi Technology CO., LTD [=]
; Brand Package
Product: PW1555 ‘::“B —+-
MR OO o ¥ /PWCHIP SOT23-6L
Lot No: UT236¢c5FNFJAPW1555 — -
o IHIIII\II\IIIIIH\IIIHI\III\I\IIIHlIIIIII\II\III\II\III\I @@o& Specification Qty per reel
: 2301 K .
I 2023701701 « Taping & Reel 3000 PCS
QTY: 5000
I EAETSRESENA AT Marking
NO: 1, QR code content: WWW.PWCHIP.COM;
2. Product: PWCHIP product model name; GBXXX
3. Lot No: wafer batch code/internal system production code
i s ma S S R T ey Device code: GB; Lot number code: XXX
4. D/C: packaging cycle; |
5. QTY: packaging quantity (box/disc);
6. Data: packaging time.

Product Center

MOSFET OVP/OCP Protection Li-ion Charger Li-ion Protector Li-ion charge-discharge LDO
Voltage Detector DC-DC Boost ‘ DC-DC Buck | DC-DC Boost-Buck USB Fast charging LED driver

Product Title “ Vin Range Vout Range lout MAX FOSC Iq typ Package Link
PWZ2052B ynchron 0.6V ~ 5V SMH/Z SOT23-6l Deta
FWZ335 Synchronous 4.5V~30V S00KH/Z oOUUA SOP8-EP Detail
PWZ2312A Synchronous 4.5V ~ 55V AD} 0.0A |.2ZMHZ 250uA SOT23-06l Detail
PWZ458 Synchronous .8V ~ 36V )8V ~ 35V D.1-1.TMH/ ZOUA SOP8-EP Detail
PWZ2153 Asynchronous 8V-~150V 5V~ 30V 10A 140KH/Z ImA SOF8 Detail
PWZ290/2 Asynchronous 8V -~90V 5V~30V ZA |40KH/ lmA SOP8-EP Detail
PWZ2906 Asvnchronous 12V ~ 90V 1.3V ~ 20V () 6A |50KH/ 2. 5mA SOP8-EP Detail
PWZ2815 Asynchronous 4.5V ~ 80V AD) 1.5A A80KH/Z D.73mA SOP8-EP Detail

Please Visit: WWW.PWCHIP.COM
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ELECTRICAL CHARACTERISTICS

(VIN=12V, VOUT=5V, TA = 25°C, unless otherwise noted.)

Parameter Test Conditions Min Typ Max Unit
Input Voltage Range 4 30 \Y
Supply Current in Operation VEN=3.0V, VFB=1.1V 0.4 0.6 mA
Supply Current in Shutdown VEN =0 or EN = GND 4 UA
Regulated Feedback Voltage Ta=25°C, 4V<VIN <18V 0.791 0.807 0.823 Vv
High-Side Switch On-Resistance 200 m
Low-Si1de Switch On-Resistance 150 m
High-Side Switch Leakage Current | VEN=0V, Vsw=12V 1 uA
Upper Switch Current Limit Minimum Duty Cycle 1.5 A
Oscillation Frequency 1.2 1.4 1.6 MHz
Maximum Duty Cycle Vre=0.807V 90 95 %
Minimum On-Time 60 nS
Minimum Off-Time 140 nS
EN up Threshold VEn-Rising 1.05 1.15 1.25 \Y
EN Threshold Hysteresis 140 mV
Soft Start 1.2 mS
Thermal Shutdown 160 °C
Thermal Hysteresis 20 °C
Notes:
(1) MOSFET on-resistance specifications are guaranteed by correlation to wafer level measurements.
(2) Thermal shutdown specifications are guaranteed by correlation to the design and characteristics analysis.
Block Diagram
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Typical Performance Characteristics

(VIN =12V, VOUT=3.3V, TA = +25°C, unless otherwise noted, Performance waveforms are tested on the evaluation
board.)

Vout = 3.3V VouTt = 3.3V
100.00% 0.70%
R
80.00% :::,,,; > 0.50%
3 & 0.30%
= 60.00% 8
< 2 0.10%
v 40.00% .-
E E-O.lﬂ%
20.00% S 0.30%
U.00% -0.50%
0 0.2 04 0.6 0.8 1 12 0 0.2 0.4 0.6 0.8 1 1.2
Output Current(A) Output Current(A)
1 4 12V 28V SV 12V 28V
Efficiency vs Load Current Load Regulation
VouTt = 3.3V VIN=12V, VouT=3.3V, louT=0A
1.00% Tok (¥ P — e —
S \ L ' W
Z 0.50% N — .Dmm mﬁ IM\ r\ J-‘\ mf"ﬁ PN
- | v 'y ! "J '(J
S 0.00% —_—
S 0.50%
_100% oW e o e . Feieee e IIF oy . - el rore v, v
. o 20 30 BN/ VAL Wa Ve Nay
e () Inpué_gEItEgE(VIZA _
‘::lnm 1,256, 1/ [ &
e ! - 5 10k & 300
Line Regulation Qutput Ripple Voltage
VIN=12V, VouT=3.3V, louT=0.6A VIN=12V, VouT=3.3V, louT=1.2A
Tek ®1L | — _ ] [ 4. J1 S — ¥ 1

VYV VATV

Output Ripple Voltage Output Ripple Voltage

PW2312 3.3 Wuxi PWChip Semi Technology CO., LTD 0
www.pwchip.com



S
PWCHIP PW2312

VIN = 12V, VouT =3.3V, lINDucTOR =0.6A-1.2A VIN =12V, Vout = 3.3V
(00 T S— e T —— — Tk EL |
WUt Ut
|
................................................ B[ vt ----------»L---J —-—-L——-—*—--——-P+
M1 B {cw .._.L,l:,,_u_‘mi.m- RIS/ (" m-_ml.-a..a..*u-._,.,q
04 & @er aa’ o | RO 7Y it W B S |
Loop Response Hiccup with Output Short
VIN =12V, VouTt = 3.3V VIN =12V, VouTt = 3.3V
Tok &1 —— ‘ Tok 1217 = —3 = |
m——-—q;' E l
.}‘u'DL i
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Short Circuit Entry Short Circuit Recovery
VIN = 12V, VouTt = 3.3V, lout = 0A VIN =12V, Vout = 3.3V, lout=0A
T R e e — . (O Tek (E(T == —

EN
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& 00A N A 10k g 2,84V
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'\r

Enable Startup at No Load Enable Shutdown at No Load

PW2312_3.3 Wuxi PWChip Semi Technology CO., LTD
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VIN = 12V, VouTt = 3.3V, lout= 1.2A VIN =12V, Vout = 3.3V, lout=1.2A

OKIEIT | ] 3 1 ABEL Tek (511

.r-'[i_ll-——-—————t——-———-—J :

BN BN

[ 1] v 8 l m e @/ |
o h a 10k &5 ) 00y
Enable Startup at Full Load Enable Shutdown at Full Load
VIN =12V, Vout = 3.3V, lout = 0A VIN = 12V, Vout = 3.3V, louT = 1.2A
Tek 5L [ = = = | 1. G TkiET [ 1 = I .
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-
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Power Up at No Load Power Up at No Load

Function Description

The PWZ2312 1s a current mode step down DC/DC converter that provides excellent transient
response with no extra external compensation components. This device contains an internal, low
resistance, high voltage power MOSFET, and operates at a high 1.4MHz operating frequency to

ensure a compact, high efficiency design with excellent AC and DC performance.

Error Amplifier

The error amplifier compares the FB pin voltage with the internal FB reference (VFB) and outputs a
current proportional to the difference between the two. This output current Is then used to charge
or discharge the internal compensation network, which is used to control the power MOSFET current.
The optimized Internal compensation network minimizes the external component counts and
simplifies the control loop design.

Internal Soft-Start
The soft-start Is iImplemented to prevent the converter output voltage from overshooting during
startup. When the chip starts, the internal circuitry generates a soft-start voltage (SS) ramping ug

PW2312 3.3 Wuxi PWChip Semi Technology CO., LTD /
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from OV to 0.80/7V. When 1t Is lower than the internal reference (REF), SS overrides REF so the error
amplifier uses SS as the reference. When SS 1s higher than REF, REF regains control. The SS time Is
internally max to 1.2ms.

Over Current Protection & Hiccup
The PW2312 has cycle-by-cycle over current limit when the inductor current peak value exceeds the
set current limit threshold. Meanwhile, output voltage starts to drop until FB Is below the Under -

Voltage (UV) threshold, typically 25% below the reference. Once a UV Is triggered, the enters hiccup
mode to periodically restart the part. This protection mode Is especially useful when the output Is
dead-short to ground. The average short circuit current 1s greatly reduced to alleviate the thermal
issue and to protect the regulator. The exits the hiccup mode once the over current condition IS
removed.

Startup and Shutdown

It both VIN and EN are higher than their appropriate thresholds, the chip starts. The reference block
starts first, generating stable reference voltage and currents, and then the Internal regulator Is
enabled. The regulator provides stable supply for the remaining circuitries. Three events can shut
down the chip: EN low, VIN low and thermal shutdown. In the shutdown procedure, the signaling
path Is first blocked to avoid any fault triggering. The comp voltage and the internal supply rail are
then pulled down. The floating driver Is not subject to this shutdown command.

Application Information

Setting the Output Voltage
PW2312 require an Input capacitor, an output capacitor and an inductor. These components are
critical to the performance of the device. PW2312 are internally compensated and do not require

external components to achieve stable operation. The output voltage can be programmed by resistor
divider.

R1
VOUT = (1 + E) * 0.8V

Vour R1 R2 L1 CIN <15V CiNn >15v Cout

1V 2.5KQ 10K Q2 2.2uH 20-47uF |[10uF+100uF (EC+) | 20-68uF
1.05V 3.13KC 10K €2 2.2uH 20-47uF |10uF+100uF (EC+) | 20-68uF
1.2V SKQ 10K €2 2.2uH 20-47uF |10uF+100uF (EC+) | 20-68uF
1.5V 8. 75K 10K 2 2.2uH 20-47uF |10uF+100uF (EC+) | 20-68uF
3.3V 31.58K2 10K <2 3.3uH 20-47uF | 10uF+100uF (EC+)| 20-68uF
5.0V 52.5KQ 10K €2 4. 7TuH 20-47uF | 10uF+100uF (EC+)| 20-68uF
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Selecting the Inductor

he recommended Inductor values are shown In the Application Diagram. It Is important to
guarantee the Inductor core does not saturate during any foreseeable operational situation. The
inductor should be rated to handle the peak load current plus the ripple current: Care should be
taken when reviewing the different saturation current ratings that are specified by different
manufacturers. Saturation current ratings are typically specified at 25°C, so ratings at maximum
ambient temperature of the application should be requested from the manufacturer.

= Vour X (Vin = Vo@
Vin X Al X Foge

Where AlL 1s the inductor ripple current. Choose inductor ripple current to be approximately 30% if
the maximum |load current. The maximum inductor peak current Is;

Al
I (maxy = lLoap 1 >

Under light load conditions below 100mA, larger inductance I1s recommended for improved
efficiency.

Selecting the Output Capacitor

Speclal attention should be pald when selecting these components. The DC bias of these capacitors
can result in a capacitance value that falls below the minimum value given in the recommended
capacitor specifications table. The ceramic capacitor’'s actual capacitance can vary with temperature.

The capacitor type X7R, which operates over a temperature range of —55°C to +125°C, will only
vary the capacitance to within =15%. The capacitor type X5R has a similar tolerance over a reduced

temperature range of —55°C to +85°C. Many large value ceramic capacitors, larger than 1uF are

manufactured with Z5U or Y5V temperature characteristics. Thelr capacitance can drop by more than
50% as the temperature varies from 25°C to 85°C. Therefore X5R or X/R 1s recommended over Z5U

and YoV In applications where the ambient temperature will change significantly above or below
25°C.

Tantalum capacitors are less desirable than ceramic for use as output capacitors because they are
more expensive when comparing equivalent capacitance and voltage ratings in the 0.4/7ufF to 44ukF
range. Another important consideration 1s that tantalum capacitors have higher ESR values than
equivalent size ceramics. This means that while it may be possible to find a tantalum capacitor with
an ESR value within the stable range, it would have to be larger in capacitance (which means bigger
and more costly) than a ceramic capacitor with the same ESR value. It should also be noted that the

ESR of a typical tantalum will increase about 2:1 as the temperature goes from 25°C down to —40°
C, so some guard band must be allowed.

PW2312_3.3 Wuxi PWChip Semi Technology CO., LTD 9
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PACKAGE DESCRIPTION

SOT23-6L

1

PW2312 3.3

Dimensions In Millimeters

Symbol _
Min Max

A 0.900 1.450

A1l 0.000 0.150

A2 0.900 1.300
b 0.300 0.500
C 0.100 0.200
D 2.800 3.000
E 1.500 1.700
E1 2.650 2.950
e 0.950(BSC)

e 1.800 2.000
L 0.300 0.600
6 0° 8°

Wuxi PWChip Semi Technology CO., LTD

www.pwchip.com




/ I// vagff P PWZ2312

IMPORTANT NOTICE

Wuxi PWChip Semi Technology CO., LTD (PW) reserves the right to make corrections,
modifications, enhancements, improvements, and other changes to its products and
services at any time and to discontinue any products or services. Customers should obtain
the latest relevant information before placing orders and should verify that such information
IS current and complete.

PW assumes no liability for applications assistance or customer product design.
Customers are responsible for their products and applications using PW components.

PW products are not authorized for use in safety-critical applications (such as life
support devices or systems) where a failure of the PW product would reasonably be
expected to affect the safety or effectiveness of that devices or systems.

The information included herein is believed to be accurate and reliable. However, PW
assumes no responsibility for its use; nor for any infringement of patents or other rights of

third parties which may result from its use.
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