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3A , Synchronous Step Down Regulator

GENERAL DESCRIPTION

The PWZ2053 Is a high-efficiency monolithic synchronous buck regulator using a constant
frequency, current mode architecture. The device Is avallable In an adjustable version. Supply current

with no load I1s 40uA and drops to <1uA In shutdown. The 2.5V to 5.5V Iinput voltage range makes
the PW2053 Ideally suited for single Li-lon battery powered applications. 100% duty cycle provides
low dropout operation, extending battery life in portable systems. PWM/PFM mode operation
provides very low output ripple voltage for noise sensitive applications. Switching frequency Is
internally set at 1.2MHz, allowing the use of small surface mount Inductors and capacitors. Low
output voltages are easlily supported with the 0.6V feedback reference voltage.

The PW2053 Is offered In a low profile (1mm) 5-pin, thin SOT package, and Is avallable in an
adjustable version.

FEATURES

® High Efficiency: Up to 96% ® Over temperature Protected
® 25Vto 55V Input Voltage Range ® [ow Quiescent Current: 40uA
® 1.2MHz Constant Frequency Operation ® Short Circult Protection
® Up to 3.0A Current Output ® [nrush Current Limit and Soft Start
® No Schottky Diode Required ® |[ow Dropout Operation:100% Duty Cycle
® PFM Mode for High Efficiency in Light Load ® SOT23-5 package
APPLICATIONS
® Cellular and Smart Phones ® Digital Still and Video Cameras
® \Wireless and DSL Modems,PDAS ® PC Cards
® Portable Instruments
TYPICAL APPLICATION CIRCUIT
L1
VIN Vout: 3.3V
4.7UH
PW2053 » Rl::m
4 VIN X — L 22pF
(optional)
CIN ON| OFF . N
22UF CE ‘ __gz()UI{:T
s {R2
2 GND FB —> :
GND GND
(Rl | 1) * 0.6V = Vout
R2 '

Vour R1 R2 L1 CIN Cour Cl

1.05V | 7.5KQ 10KQ 1.00H~4.7uH 20-47uF | 20-68uF 20~1000pF

3.3V 45KQ 10KQ 1.0uH~6.8uH | 20-47uF | 20-68uF 20~1000pF
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PIN ASSIGNMENT/DESCRIPTION

FB VIN

CE GND LX

1 2 3

SOT-23-5L
(TOP VIEW)

Pin Name Function

1 o Chip Enable Pin. Drive CE above 1.5V to turn on the part. Drive CE
below 0.3V to turn it off. Do not leave CE floating.

2 GND GROUND Pin
Power Switch Output. It I1s the switch node connection to Inductor.

3 LX This pin connects to the drains of the internal P-ch and N-ch MOSFET
switches.

A VIN Power Supply Input. Mugt be closely decoupled to GND with a 10uF
Or greater ceramic capacitor.

- - Output Voltage Feedback Pin. An internal resistive divider divides the
output voltage down for comparison to the internal reference voltage

Absolute Maximum Ratings mote1/2)

@ CE, FB Voltages < () 310 BV
® QOperating Temperature Range = _40°C to +85°C
® |ead Temperature (Soldering, 108) =« £300°C
® ESD (Human Body Made) HMB::eeeeseeessmmssesiiiniesnnsnen DK/
@ [ X Voltage e () 3V 10 (VIN+0.3V)
® Storage Temperature Range - e _65°C to 150°C
® Junction Temperature (NOte2) - +1925°C
® ESD (Machine Made)MM e D)V
® Thermal Resistance (BJA) s JA0°C/W
() Tr]erma ReSIStance (OJC) 110‘3C/W
Note
(1) Exceeding these ratings may damage the device.
(2) he device is not guaranteed to function outside of its operating conditions.
PW2053 3.3 Wuxi PWChip Semi Technology CO., LTD 2
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PCB Layout Recommendation

PCB layout 1s very important to achieve stable operation. It 1s highly recommended to duplicate EVB
ayout for optimum performance. If change i1s 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 resistors and
compensation components as close to the chip as possible.

4. VOUT, LX away from sensitive analog areas such as FB.

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

PCB layout
V@ PIN V& PIN
l%l % m Close to VIN Pin

SW/LX PIN

I LA SW/LX PIN
ﬁ % Minimize area
'52 51 FB PIN RZR FB PIN
== V4 ﬂ Y
o — =il Close to FB Pin
E
Undesired Desired
Products
Reel /outer anti-static packaging Product
/ (=] =] PW2053
I// Wuj Pﬁ?HIP Semi Technology CO., LTD [=] Bra n d | P 3 Ck 3 g e
Product: PW1555 —
i S EA/PWCHIP SOT23-5L

Lot No: UT236¢c5FNFJAPW 1555

AU L Ly

D/C: 2301 Data: e
I 2023101701 &

QTY: 5000

LTI

NO: 1, OR code content: WWW.PWCHIP.COM:;

2. Product: PWCHIP product model name;

3. Lot No: wafer batch code/internal system production code
(customers can send this code to support@pwchip.com to verify
product information and confirm);

4. D/C: packaging cycle;

5. QTY: packaging quantity (box/disc);

6. Data: packaging time.

T FENMESHEBREARLS

www.pwchip.com

Specification | Qty per reel

Taping & Reel 3000 PCS

Marking |

AHXXX

Device code: AH, Lot number code: XXX

PW2053_3.3
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ELECTRICAL CHARACTERISTICS(note3/4)

(VIN=Vce=3.6V, TA = 25°C, unless otherwise noted.)

Parameter Conditions Min. Typ. Max. Unit
Input Voltage Range 2.5 0.9 | \V
OVP Threshold | 6.0 | V
UVLO Threshold 2.4 V
FB = 90%, lload=0mA 150 300 LA
Input DC Supply Current FB= 105%, lload=0mA 40 70 LA
Vce = 0V, VIN=4.2V 0.1 1.0 WA
Reqgulated Feedback Voltage 0.588 0.600 0.612 \V
Reference Voltage Line Regulation Vin = 2.5V to 6.0V 0.04 0.40 W/
Output Voltage Line Regulation VIN = 2.5V to 6.0V 0.04 0.40 %
Output Voltage Load Regulation 0.5 %
Osclllation Frequency 1.2 MHz
On Resistance of PMQOS X =100mA 0.08 Q)
ON Resistance of NMOS X =-100mA 0.06 Q
Peak Current Limit ViN= 3.6V, FB=90% 4
CE up Threshold Vce-Rising 1.05 1.15 1.25 \V
CE Threshold Hysteresis 140 mV
CE Leakage Current +0.01 +1.0 LA
LX Leakage Current Vce=0V, VIN=VLX=5V +0.01 +1.0 LA
Soft Start 1.2 mS
Thermal Shutdown 160
Thermal Hysteresis 20
Note:

(3): MOSFET on-resistance specifications are guaranteed by correlation to wafer level measurements.

(4): Thermal shutdown specifications are guaranteed by correlation to the design and characteristics analysis.

Block Diagram

VIN

RS §
0OSC & o
Shutdown Current Limit o o
Control Detector
PWM/PFM
Mode
s Detector
Compensation
Current
sSensor E}
PWM Control Logic Driver s LX
A 1 Compartor
Error E}
y [ / 4'
Zero Detector
= 4 GND
UVLO & Power
Good Detector
l VREF

PW2053 3.3 Wuxi PWChip Semi Technology CO., LTD
www.pwchip.com




PWCHIP

PW2053

Typical Performance Characteristics
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Output Voltage (V)

Efficiency

VIN=5V VouTt=1.2V IouT=0A-3A
93%
92%
91%
90%
89%
88%
87%
86%
85%
84%
83%
82%
81%
80%
79%
78%
17%
76%
75%
74%

0 500

Efficiency (%)

1000 1500 2000

2500

3000
Output Current (mA)

Load Regulation
VIN=5V VouT=1.2V IouT=0A-2A

1.26
1.24
1.22
1.20
1.18
1.16
1.14

Output Voltage (V)

1.12

1.10
0.00.20.40.60.81.01.21.41.61.82.02.22.42.62.83.0

Output Current (A)

Line Regulation

VouT=1.2V louT=100mA
1.210

1.209
1.208
1.207
1.206
1.205
1.204
1.203
1.202
1.201

1.200
2.52.7293.133353.7394.14.3454.7495.1

Input Voltage (V)

Wuxi PWChip Semi Technology CO., LTD

www.pwchip.com



PWCHIP PW2053

Disabled Supply Current Disabled Supply Current
VIN=4.0V-5.0V VouT=3.3V VIN=2.6V-5.0V VouT=1.2V
0.40 0.40
:‘-‘E% 0.36 3 0.36
— 0.32 — 0.32
C -
U 0.28 v 0.28
- -
O 0.24 O 0.24
> >
< 0.20 < 0.20
5 0.16 5 0.16
V) v
- 0.12 - 0.12
@ Q
S 0.08 S 0.08
o >
2 0.04 20.04
0.00 0.00
3.9 4.0 41 4.2 43 4.4 45 46 4.7 4.8 4.9 5.0 5.1 2.52729313.3353.73.94.143454.7495.1
Input Voltage (V) Input Voltage (V)
Enabled Supply Current Enabled Supply Current
VIN=4.0V-5.0V VouT=3.3V VIN=2.6V-5.0V VouT=1.2V
54.0 42.00
< 53.5 <C 41.50
2530 = 41.00
c 52.5 T 40.50
Q Q
= 52.0 = 40.00
O 51.5 O 39.50
=51.0 = 39.00
Q. Q.
Q 50.5 Q 38.50
- -
& 50.0 A 38.00
© 49.5 @ 37.50
2 49.0 2 37.00
o 48.5 < 36.50
48.0 36.00
3.94.0 4142 43 44 45 4.6 4.7 4.8 4.9 5.0 5.1 2.52.7293.133353.73.94.143454.7495.1
Input Voltage (V) Input Voltage (V)
Peak Current VS Duty Cycle
VIN=5V VouT=1.8V
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= 5.10
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c 4.90
= 4.80
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© 4.50
& 4.40
4.30
4.20
4.10
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3537394143454749515355575961636567
Duty Circle (%)
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Function Description

Internal Regulator

The PW2053 Is 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 1.2M/2.4MHz 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 I1Is Implemented to prevent the converter output voltage from overshooting during
startup. When the chip starts, the internal circuitry generates a soft-start voltage (SS) ramping up
from OV to 0.6V. When 1t 1s lower than the internal reference (REF), SS overrides REF so the error
amplifier uses SS as the reference. When SS i1s higher than REF, REF regains control. The SS time Is
internally max to 1.2ms.

Over Current Protection & Hiccup

The PW2053 has cycle-by-cycle over current [imit when the inductor current peak value exceeds the
set current [imit 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 PW2053 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 Is greatly reduced to alleviate the
thermal i1ssue and to protect the regulator. The PW2053 exits the hiccup mode once the over current
condition Is removed.

Startup and Shutdown

If both VIN and CE 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: CE 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 1s not subject to this shutdown command.

Application Information

Setting the Output Voltage
PW2053 require an Input capacitor, an output capacitor and an inductor. These components are
critical to the performance of the device. PW2053 are internally compensated and do not require

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

PW2053 3.3 Wuxi PWChip Semi Technology CO., LTD 7
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(Rl 1) 0.6V = Vout
I * (), —
R ou

Vour R1 R2 L1 CiN Cour Cl
1.05V 7.5KC) 10KC2 1.0uH~4.7uH 20-47uF 20-68uF 20~1000pF
3.3V 45K 10K 1.0uH~6.8uH 20-47uF 20-68uF 20~1000pF

Selecting the Inductor
The recommended Iinductor values are shown In the Application Diagram. It Is important to
guarantee the inductorcore does not saturate during any foreseeable operational situation. The

iInductor 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.

I Vour X (Vin — Vour)
Vin X Al X Fpse

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

IL(MAX) = l10ap T )

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

Selecting the Output Capacitor

Specilal 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 X/R, 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 X7R 1s recommended over Z5U
and Y5V 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 0.47ufF to 44uF
range. Another important consideration I1s 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°Cdown to

—40°C, so some guard band must be alloweaq.

PW2053 3.3 Wuxi PWChip Semi Technology CO., LTD 3
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PACKAGE DESCRIPTION

SOT23-5L

Bl

PW2053_3.3

Dimensions In Millimeters

Symbol _
Min Max

A 0.900 1.450

A1 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)

el 1.800 2.000
L 0.300 0.600
6 0° 8°

Wuxi PWChip Semi Technology CO., LTD
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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.

PW2053 3.3 Wuxi PWChip Semi Technology CO., LTD 10
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