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PW2052

GENERAL DESCRIPTION

Synchronous Step Down Regulator

The PW2052 is a high efficiency, high frequency synchronous DC-DC step-down regulator. The 100%

duty cycle feature provides low dropout operation, extending battery life in portable systems.

The Internal synchronous switch increases efficiency and eliminates the need for external Schottky

diode. At shutdown mode, the input supply current is less than 1pA. The current limit protection and

on-chip thermal shutdown features provide protection against any combination of overload or

ambient temperature.

FEATURES
® |[ow RDS(ON) for Internal Switch ® [External Components
(Top/Bottom): 180/100mQ ® [nternal Soft-Start Limits the Inrush Current
® 1MHz Switching Frequency Minimizes the ® RoHS Compliant and Halogen Free
® SOT-23-5 Packages
APPLICATIONS
® Set Top Box
® [CDTV
® Tablet
® Portable Equipment
TYPICAL APPLICATION CIRCUIT
VIN Vout: 3.3V
&
PW2052 < 2 I
4 ' VIN X 3 =t § 22pF
(optional)
%EF QIRrF - ‘ I COUT
22UF
2 L R2
2 GND  FB — < §
GND GND
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PIN ASSIGNMENT/DESCRIPTION

FB VIN

CE GND LX

1 2 3

SOT-23-5L
(TOP VIEW)

Pin Number | Pin Name | Function
) CE Enable Control. Pull high to turn the IC on, and pull low to disable the
C.
2 GND Ground Pin.
; X Power Switching Node. Connect an inductor to the drains of internal
high side PMOS and low side NMOS
A vIN Power Supply Input Pin. Place input capacitors as close as possible
from VIN to GND to avoid noise influence.
Voltage Feedback Input Pin. Connect FB and VOUT with a resistive
5 FB voltage divider.This IC senses feedback voltage via FB and regulates
it at 0.6V.
PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 2
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PCB Layout Recommendation

he device’s performance and stablility are dramatically affected by PCB layout. It Is

recommended to follow these general guidelines shown as below:

1. Place the Input capacitors and output capacitors as close to the device as possible. The traces
which connect to these capacitors should be as short and wide as possible to minimize parasitic
iInductance and resistance.

2. Place feedback resistors close to the FB pin.

3. Keep the sensitive signal (FB) away from the switching signal (LX).

4. Multi-layer PCB design Is recommended.

PCB layout

VIN PIN VIN PIN

W 4

|§| % ﬁ Close to VIN Pin

/ LX SW /LX PIN SW / LX PIN
ﬁ % Minimize area

R2 R1

Close to FB Pin

Desired
Products
Reel /outer anti-static packaging Product
/ ¢ el (=] A=) PW2052
¥ .
I// Wuxi PWCHIP Semi Technology CO., LTD [=] I Brand Packa ge
Product: PW1555 .@ J7 7
I HRLK AR F S I/PWCHIP SOT23-5L
Lot No: UT236c5FNFJAPW1555 Y — -
e TN 0T HNRN AR & Specification Qty per reel
2301 Data: N .
LI 2023701701 \ .8 Taping & Reel 3000 PCS
QTY: 5000
ML MU TSNS UNA AR AT ‘ Marking
NO: 1, QR code content: WWW.PWCHIP.COM; :
2. Product: PWCHIP product model name; le XXX
3. Lot No: wafer batch code/internal system production code
(customers can send this code to support@pwchip.com to verify DE‘ViC@ CDdE' fIW | ot number code: XXX
product information and confirm); ' ’ '
4. D/C: packaging cycle;
5. QTY: packaging quantity (box/disc);
6. Data: packaging time.
PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 3
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PW2052
Absolute Maximum Ratings (notel)
® VINtOGND ---------mmmm -0.3V to +6.5V
@ [ XTtOGND ------- - -0.3V to VIN+0.3V
® CEFB,toGND ------------cmmm e -0.3V to VIN
® Package Thermal esistance, (BJA)--------------------~-~-——-- +250°C/W
® Package Thermal esistance, (60JC)-----------------------~-~-~—- +130°C/W
® Maximum Junction Temperature (1J) ------------------- - +150°C
® |[ead Temperature (Soldering, 10sec.) --------------—-—----————-- +260°C
® Storage Temperature (TSTG) ----------—-mmmmm oo -65°C to +150°C

Note 1: Stresses beyond those listed under “Absolute Maximum atings” may cause permanent damage to the

device

Recommended Operating Conditions (Note 2)

® Supply Voltage (VIN) -----------cmmmmmm e +2.5V to +5.5V
® Junction Temperature Range ----------------------—~------———- -40°C to +125°C
® Ambient Temperature Range ------------------~--~—-~———-———————- -40°C to +85°C

Note 2: The device Is not guaranteed to function outside its operating conditions.

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 litle MODE Vin Range Vout Range lout MAX FOSC Package Link
PWZ2052B Synchronous 2.3V ~6V 0.6V ~ 5V |. SMH. OuA ) 123-6l Detail
PWZ2335 Synchronous 4.5V~30V ADI A 500KH/ 600uA SOP8-EP Detail
PWZ2312A Synchronous 4.5V ~ 55V AD] (.6A |.2ZMH/Z 250uA S50123-6l Detail
PWZ2458 Synchronous .8V ~ 36V L8V ~ 35V S5A 0.1-1.1TMH/ Z5UA SOP8-EP Detail
PWZ2153 Asynchronous 8V O\ V-3V 10A 140KH7 ImA SOPS Detail
PWZ29072 Asynchronous V-9V 5V~30V 2ZA | 40KH/ lmA SOP8-EP Detail
PWZ2906 Asynchronous 12V ~ 90V 1.3V ~ 20V 0.6A OKHZ 2.5mA SOPS-EP Detail
PW2815 Asynchronous 1.5V V AD) |.5A 180KHZ 0.73mA SOP8-EP Detail
Please Visit: WWW.PWCHIP.COM
PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 4
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ELECTRICAL CHARACTERISTICS

(VIN=5V, TA=25°C, unless otherwise specified.)

Parameter Symbol Conditions Min Typ Max Unit
Shutdown Current |sHDN CE=GND 0.1 1 LA
Quiescent Current | Vis=0.65V, lout=0A 30 UA
Reference Voltage VREF 0.588 0.6 0.612 V
FB Input Leakage Current lEB VEs=VN 0.01 1 LA
(PI\-Igtl;ag)nel MOSFET On-Resistance Roion 180 MmO
E\IN-gti;ag)nel MOSFET On-Resistance Ros(on 100 o
P-Channel Current Limit (Note 3) lLim 2.2 2.7 A
CE High-Level Input Voltage Vi1 1.5 V
CE Low-Level Input Voltage Vi 0.4 V
Under Voltage Lockout Voltage UVLO 2.4 V
UVLO Hysteresis Vhys 0.2 V
Oscillation Frequency Fosc lout=500mMA 0.8 1 1.2 MHz
Minimum On Time 50 ns
Maximum Duty Cycle 100 %
VOUT Discharge Resistance 100 ()
Thermal Shutdown Temperature (Note 3) Tsp 150 °C
Internal Soft Start Time Tss 1 ms

Note 3 : Guarantee by design.

Block Diagram

EN VIN
O O

ihﬂﬂ
Undervoltage
+ = Enable Lockout *—o
Control Bias Supply

Slope Compensation |« g
90%

VREF l @
—4E—[
>t — | Control Logic Control || 1/ X

FB O ® ""\ o Current Limit anc
EA b Logic Driver ® O LX
—FV( b 9 —® Logic .
A

Compensation I I:

Oscillator /
Soft
Vier Stnrt COMP

a - ® (O GND

PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD
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Typical Performance Curves

(VIN=5V, VOUT=1.2V, CIN=10pF, COUT=10 uF, L1=1.5puH, TA=25°C, unless otherwise noted.)
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Function Description

The PW2052 1s a high efficiency, internal compensation and constant frequency current mode step-
down synchronous DC/DC converter. It has integrated high-side (180mQ, typ) and low-side (100mqQ,

typ) power switches, and provides 2A continuous load current. It regulates input voltage from 2.5V
to 5.5V, and down to an output voltage as low as 0.6V

Control Loop

Slope compensated current mode PWM control provides stable switching and cycle-by-cycle
current limit for superior load, line response, protection of the internal main switch and synchronous
rectifier. The PW2052 switches at a constant frequency (1IMHz) and regulates the output voltage.
During each cycle, the PWM comparator modulates the power transferred to the load by changinc

PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 8
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the Inductor peak current based on the feedback error voltage. During normal operation, the main
switch iIs turned on for a certain time to ramp the inductor current at each rising edge of the internal
osclillator, and switched off when the peak inductor current Is above the error voltage. When the
main switch Is off, the synchronous rectifier will be turned on immediately and stay on until next
cycle starts.

Enable

The PW2052 CE pin provides digital control to turn on/off the regulator. When the voltage of CE
exceeds the threshold voltage, the regulator will start the soft start function. If the CE pin voltage Is
below the shutdown threshold voltage, the regulator will turn into the shutdown mode and the

shutdown current will be smaller than 1uA. For auto start-up operation, connect CE to VIN.

Soft-Start
The PW2052 employs internal soft-start function to reduce input inrush current during start up. The
internal soft start time will be 1ms.

Under Voltage Lockout
When the PW2052 1s power on, the internal circuits will be held inactive until VIN voltage exceeds

the UVLO threshold voltage. And the regulator will be disabled when VIN Is below the UVLO
threshold voltage. The hysteretic of the UVLO comparator i1s 200mV (typ).

Short Circuit Protection
The PW2052 provides short circuit protection function to prevent the device damaged from short
condition. When the short condition occurs and the feedback voltage drops lower than 40% of the

regulation level, this will activate the latch protection circuit. Then output will be forced shutdown to
prevent the inductor current runaway and to reduce the power dissipation within the IC under true
short circuit conditions. Once the short condition Is removed, reset EN or VIN to restart IC.

Over Current Protection

The PW2052 over current protection function is implemented by using cycle-by-cycle current limit
architecture. The inductor current IS monitored by measuring the high-side MOSFET series sense
resistor voltage. When the load current increases, the inductor current will also increase. When the
peak Inductor current reaches the current limit threshold, the output voltage will start to drop. When
the over current condition Is removed, the output voltage will return to the regulated value.

Over Temperature Protection

The PW2051 incorporates an over temperature protection circuit to protect itself from overheating.
When the junction temperature exceeds the thermal shutdown threshold temperature, the regulator
will be shutdown. And the hysteretic of the over temperature protection is 30°C (typ).

PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 9
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Application Information

Output Voltage Setting
The output voltage VOUT Is set by using a resistive divider from the output to FB. The FB pin

regulated voltage is 0.6V. Thus the output voltage Is:

(1+R1) 0.6V = Vout
— | x (). o
R ou

Input Capacitor Selection

The use of the Input capacitor Is filtering the input voltage ripple and the MOSFETS switching spike
voltage. Because the input current to the step-down converter Is discontinuous, the input capacitor
S required to supply the current to the converter to keep the DC input voltage. The capacitor voltage
rating should be 1.25 to 1.5 times greater than the maximum Input voltage. The Input capacitor
ripple current RMS value is calculated as:

Inrms)=lout*/D*(1-D)

_ VOUT
VII\I

D

Where D is the duty cycle of the power MOSFET. This function reaches the maximum value at D=0.5
and the equivalent RMS current I1s equal to IOUT/2. The following diagram Is the graphical
representation of above equation.

| |
1 | 2A

0.8 | |
206 1A

0.5A

0.2 /_\

0

ws) (A)

Iing

10 20 30 40 50 60 70 80 90
D (%)
A low ESR capacitor 1s required to keep the noise minimum. Ceramic capacitors are better, but
tantalum or low ESR electrolytic capacitors may also suffice.

Output Capacitor Selection
The output capacitor Is used to keep the DC output voltage and supply the load transient current.
When operating Iin constant current mode, the output ripple Is determined by four components:

VrippLe ()=VrippLec) (D *+VRiPPLE (ESR) (1)

+VrippLeEst) (D +Vioise (D)

The following figures show the form of the ripple contributions.

PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 10
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+
VRwippLEESR)(T) Vnoise (1)
/\/\/\/\ #iw Ty *'W'Lvd'iluﬂlﬂ fquhL"a"*uf"J' ] Air*ﬁbﬂldﬂp"JJ'thllllrF *H'Jr"l"f*“-’Jﬂlwm,tww*“'r.“\ulﬁwml‘ﬂh“'l%u “J L-J'J **"'J’*”"'“n‘n‘M'\'L
) (t) _
VwrippLeEsL) (1) VrippLe(t)
+ (t) (t)
V V
/”\ NSNS
o VRIPPLE(ESL)™ | +ESL XV
Vour Vour
V = X (1 - )
RIPPLE(C) 8 F Giesis2 XLXCout VN

Where FOSC Is the switching frequency, L 1s the inductance value, VIN Is the input voltage, ESR Is the

equivalent series resistance value of the output capacitor, ESL Is the equivalent series inductance
value of the output capacitor and the COUT Is the output capacitor.

Low ESR capacitors are preferred to use. Ceramic, tantalum or low ESR electrolytic capacitors can be

used depending on the output ripple requirements. When using the ceramic capacitors, the ESL
component Is usually negligible.

't IS Important to use the proper method to eliminate high frequency noise when measuring the
output ripple. The figure shows how to locate the probe across the capacitor when measuring output
ripple. Remove the scope probe plastic jacket in order to expose the ground at the tip of the probe.
It gives a very short connection from the probe ground to the capacitor and eliminates noise

Probe Ground

Ceramic Capacitor

Inductor Selection

The output Inductor Is used for storing energy and filtering output ripple current. But the trade-off
condition often happens between maximum energy storage and the physical size of the inductor.
The first consideration for selecting the output inductor Is to make sure that the inductance iIs large
enough to keep the converter In the continuous current mode.

PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 11
www.pwchip.com



/ I// nglff P PW2052

That will lower ripple current and result in lower output ripple voltage. The A L Is Inductor peak-to-
peak ripple current:

AIL=

Vour ( VOUT)
X | 1-
Fosc XL Vin

The following diagram Is an example to graphically represent A [L equation.

0.9
0.8
0.7
06
= 0.5
g 04
0.3
0.2
0.1

0

A

25 3 35 4 45 5 55
Vin (V)

VGUT= 1 .2V, Fnsc=1 MHz

A good compromise value between size and efficiency Is to set the peak-to-peak inductor ripple
current A IL equal to 30% of the maximum load current. But setting the peak-to-peak Inductor ripple
current AlL between 20%~50% of the maximum load current Is also acceptable. Then the inductance
can be calculated with the following equation:

Al =0.3%loyT(max)

_ (Vin-Vout)XVour

- VinXFose XAl

O guarantee sufficient output current, peak inductor current must be lower than the PW2052 high-
side MOSFET current limit. The peak inductor current is shown as below:

Al
lpeak =louT(vax)t >

- |
E i . TR /IOUT(MA}()
HEL VAN 4NN A -4
o | \J/
oc| - N______
o
—
Time
PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 12
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Feedforward Capacitor Selection
Internal compensation function allows users saving time In design and saving cost by reducing the

number of external components. The use of a feedforward capacitor C1 in the feedback network Is
recommended to Improve transient response or higher phase margin.

VOUT

CT

PW2052

For optimizing the feedforward capacitor, knowing the cross frequency Is the first thing. The cross
frequency (or the converter bandwidth) can be determined by using a network analyzer. When
getting the cross frequency with no feedforward capacitor identified, the value of feedforward

capacitor C1 can be calculated with the following equation:

C1 ;x lx(l+l)
2T[XFCROSS \R'I R1 R2

Where FCROSS Is the cross frequency.

To reduce transient ripple, the feedforward capacitor value can be increased to push the cross
frequency to higher region. Although this can improve transient response, It also decreases phase
margin and causes more ringing. In the other hand, If more phase margin is desired, the feedforward
capacitor value can be decreased to push the cross frequency to lower region. In general, the
feedforward capacitor range is between 10pF to 330pF.

PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 13
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PACKAGE DESCRIPTION

SOT23-5L

Bl

PW2052_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.

PW2052_3.3 Wuxi PWChip Semi Technology CO., LTD 15
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