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DP231X

High Performance Primary Side Regulation CV/CC Power Switch

FEATURES

Built-in 800V High Voltage Power BJT
PSR Control, High Efficiency
Multi-mode PSR Control

Fast Dynamic Response

Integrated Dynamic BJT Driving Circuit
Optimized EMI Performance

Audio Noise Free Operation

CCand CV regulation +5%

Low Standby Power <30mW

Cable Drop Compensation

Build-in Protections:

Short Load Protection (FB SLP)
Over Voltage Protection (FB OVP)
Cycle-by-Cycle Current Limiting (OCP)
On-Chip Thermal Shutdown (OTP)
VDD OVP & UVP & Clamp

® Available with SOP7/SOP8 Package

APPLICATIONS

e Battery Chargers for Cellular Phones
® AC/DC Power Adapter

TYPICAL APPLICATIONI CIRCUIT

GENERAL DESCRIPTION

DP231X is a high performance Primary Side
Regulation (PSR) PWM power switch with high
precision CV/CC control ideal for  charger
applications , especially for low power off-line
charger.

DP231X can achieve audio noise free operation
and fast dynamic response. The built-in Cable Drop
Compensation (CDC) function can provide excellent
CV performance.

DP23X integrates functions and protections of
VDD Under Voltage Lockout (UVLO), VDD over
Voltage Protection (VDD OVP), Cycle-by-cycle
Current Limiting (OCP), Short Load Protection (SLP),
On-Chip Thermal Shutdown (OTP), VDD Clamping,
etc.

DP231X also integrates single failure
protections, including FB pull-up resistor open
protection, FB pull-down resistor open protection,
FB pull-down resistor short protection, output
rectifier diode or SR open protection, output
rectifier diode or SR short protection, transformer
windings short protection and Rcs open protection.

PACKAGE

Name Description

SOP7, Halogen free, Reel, 4000pc/reel
DP231X

SOP8, Halogen free, Reel, 4000pc/reel

Zx K —wWw— . =
ﬁ,—f\ — 1 Ik ‘g ]j _,—"\.:jg e
| T T . “ o
N = e *
DP231X(SOP7)
2022/11/2 www.depuw.com 1

DP231X_REV1.2_EN

The content of the document is a trade secret, without permission, any organization or individual shall not be
copied and disseminated in any form!



"
Ted

oo =
= =]

fnl EBF

DEVELOPER MICROELECTRONICS

DP231X

High Performance Primarx Side Regulation CV/CC Power
PRODUCTS DESCRIPTION

> PIN CONFIGURATION

VDD !

0
4]

> PIN DISCRIPTION

E
[ 1 [ 1
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7 ‘GND

SOP-7

FB | | e 8| _lc

GND [_ 2 7 _ c

vop | |3 6| |c

cs E_ 4 5 _' |
SOP-8

PIN Number | PIN Name I/0 PIN,Déseription (SOP7)
1 VDD P IC(Power supply pin
Systém feedback pin which regulates both the output voltage in
2 FB I CV mode and output current in CC mode based on the flyback
voltage of the auxiliary winding.
3 NC N No connect
4 CS I Current Sense Input Pin
5.6 C P Internal Power BJT collector pin
7 GND P IC Ground pin
PIN Number | PIN Name I/0 PIN Description (SOP8)
System feedback pin which regulates both the output voltage in
1 FB I CV mode and output current in CC mode based on the flyback
voltage of the auxiliary winding.
2 GND P IC ground pin
3 VDD P IC Power supply pin
4 CS I Current Sense Input Pin
56,78 C 0] Internal power BJT collector pin
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» MARKING INFORMATION
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DP231X
® XXXXXX

DP231X for product name:

XXXXXX, the first X represents the last NO of year, 2014 is 4; The second X represents‘‘the month, in A-L 12
letters; The third and fourth X on behalf of the date, 01-31 said; The last X represents,the wafer batch code.

> TYPICAL OUTPUT POWER TABLE

230VAC + 1 5%(2) 85-265VAC
Part Number
Adapter (3) Adapter (3)
DP2311 SW 3W
DP2313 8W 6W
DP2314 10W. 7.5W
DP2315 19W 10W
DP2316 15W 12W

Note 1. The Max. output power,is limited by junction temperature.

Note 2. 230VAC or 100/115VAC with voltage doubler.
Note 3. Typical continuous™power in a non-ventilated enclosed adapter with sufficient collector pattern as a heat

sink at 50°C ambient.
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BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS®Mete4)

DP231X

High Performance Primary Side Requlation CV/CC Power

Parameter Value Unit
C Pin Voltage Range -0.3 to 800 \Y
VDD DC Supply Voltage -0.3to 26 \Y%
VDD DC Clamp Current 7 mA
CS Voltage Range -03to7 \Y
FB Voltage Range -0.7to 7 \Y
Package Thermal Resistance---Junction to Ambient (SOP7/SOP8) 90 °C/W
Maximum Junction Temperature 165 °C
Storage Temperature Range %65 t0150 °C
Lead Temperature (Soldering, 10sec.) 260 °C
ESD Capability, HBM (Human Body Model) 3 KV

RECOMMENDED OPERATION CONDITIONS

Parameter Value Unit
Supply Voltage, VDD 5 to 21 \Y%
Operating Ambient Temperature -40 to 85 °C
Maximum Switching Frequency @ Full Loading 70 kHz
Minimum Switching Frequency @ Full Léading 35 kHz
2022/11/2 www.depuw.com 5
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DP231X

ELECTRICAL CHARACTERISTICS (1A= 25°c,vpD=16V, If not otherwise noted)

High Performance Primary Side Requlation CV/CC Power

Symbol Parameter Test Conditions Min Typ. | Max | Unit
Supply Voltage Section (VDD Pin)
IVDD_st Start-up current into VDD pin VDD< VDD _ON 0.1 1.1 3 uA
IVDD op Operation Current 0.8 ™S mA
IVDD_standby Standby Current 0.16 0.26 0.36 mA
VDD _ON VDD Under Voltage Lockout Exit 9 10 12 Vv
VDD_OFF VDD Under Voltage Lockout Enter 34 3.8 4.2 \Y
VDD _OVP VDD OVP Threshold 22 24 26 \Y
VDD_Clamp VDD Zener Clamp Voltage (VDD ) =7 mA 26 28 30 \
Control Function Section (FB Pin)
VFBREF Internal Error Amplifier (EA) 1232 | 125 | 1268 v
Reference Input
Short Load Protection (SLP)
VFB_SLP Threshold 0.5 \Y
VFB OVP  |FB Over Voltage Protection Threshold 1.48 1.56 1.64 \"
hort L P i LP
TFB_short Short Load Protection (SLF) (Note 5) 42 ms
- Debounce Time
FB Vol P ionD
TEB OVP Over Voltage 'rotectlon ebounce (Note 5) g TSW
- Time
izati Upper Threshold 20 mV
VFB_dem Demagnetizations\Comparator
Threshald Lower Threshold 0 mV
CC Mode (Note 5) 3.6 4 4.4 us
Tblank Leading"Edge Blanking Time
CV Mode (Note 5) 1.8 2 2.2 us
Ton_max Maximum ON time (Note 5) 25 us
Toff_max Maximum OFF time 44 ms
Maximum Cable Drop
ICabl 48 A
avie ™ Compensation(CDC) Current !
Ratio between Switching Period and
TSW/Td 2
/Tdem Demagnetization Time in CC Mode
Current Sense Input Section (CS Pin)

TLEB CS Input Leading Edge Blanking Time 450 ns
VCS(max) Current limiting threshold 490 500 510 mV
VCS(min) Current limiting threshold 184 200 216 mV
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High Performance Primary Side Requlation CV/CC Power

D OC Over Current Detection and Control 100 ns
- Delay
On-Chip Thermal Shutdown
TSD Thermal Shutdown (Note 5) -- 160 -- °C
TRC Thermal Recovery (Note 5) -- 135 -- °C
Power BJT Section (C Pin)
DP2311 0.35 A
DP2313 1.3 A
IC Maximum DC Collector Current DP2314 =8 A
DP2315 25 A
DP2316 4 A
VCE(sat) Collector-Emitter Saturation Voltage IC=0.5A 03 \Y
HFE DC Current Gain 15 20
DP2311 700 \
DR2313 700
VCBO Collector-Base Breakdown Voltage DP2314 800
DP2315 800
DP2316 800

Note4.Stresses listed as the above “Maximum Ratings” may cause permanent damage to the device. These are
for stress ratings. Functional operation ofsthe device at these or any other conditions beyond those indicated
in the operational sections of the specifications is not implied. Exposure to maximum rating conditions for
extended periods may remain possibility,to affect device reliability.

Note5. Guaranteed by the Design.
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CHARACTERIZATION PLOTS
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OPERATION DESCRIPTION

DP231X is a high performance, multi-mode,
Primary Side Regulation (PSR) power switch. The
built-in high precision CV/CC control with high level
protection features makes it suitable for offline small
power converter applications

® System Start-Up Operation

Before the IC starts to work, it consumes only
startup current (typically 1.1uA) which allows a large
value startup resistor to be used to minimize the
standby power loss. When VDD reaches turn-on
voltage of 10V (typical), DP231X begins switching and
the IC operation current is increased to be 0.26mA
(typical). The hold-up capacitor continues to supply
VDD before the auxiliary winding of the transformer
takes control.
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Fig 1
® PSR CV Modulation (PSR-CVM)

In Primary Side Regulation (PSR) control, the
output voltage is sensed on the auxiliary winding
during the transfer of transformer energy to the
secondary. Fig.2 illustrates DP231X internal voltage
sampling, the timing waveform of CV sampling signal,

demagnetization signal (DEM). When the CV sampling
process is over, the internal sample/hold (S&H) circuit
captures the error signal and amplifies it through the
internal Error Amplifier (EA). The output of EA is sent
to the PSR CV Modulator (PSR-CVM) for CV regulation.
The internal reference voltage for EA ‘is trimmed to
1.25V with high accuracy.

DEM

RS S

Fig 2

During the CV sampling process, DP231X internal
variable current source is flowing to FB pin for Cable
Drop Compensation (CDC). Thus, there is a step at FB
pin in the transformer demagnetization process, as
shown in Fig.2. Fig.2 also illustrates the equation for

“demagnetization plateau” ,

Na Rf
R i G Y g
ra = (Vo +Ve ) Lo R R2

Where Vo and VF is the output voltage and diode
forward voltage; R1 and R2 is the resistor divider
connected from the auxiliary winding to FB Pin, Ns
and Na is secondary winding and auxiliary winding
respectively.

When heavy load condition, the Mode Selector (as
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shown in “Block Diagram” ) based on EA output will
switch to CC Mode automatically.

® PSR CV Modulation (PSR-CVYM)

Timing information at the FB pin and current
information at the CS pin allow accurate regulation of
the secondary average current. The control law
dictates that as power is increased in CV regulation
and approaching CC regulation the primary peak
current is at Ipp (max), as shown in Fig.3.

T34
---------------------- Ipk_s=Ipp(max)*N
Ipp(max) -~ B3k d g
P Ton % Tdem
« Tsw >
Vout
CV =
A
Gt
Ipp(max) N, Tdem =
]cciom’ = *N o
2 Ny  Tsw \ o
Y
lout
Fig 3

Referring to Fig.3 above, the primary peak current,
transformer turns ratio, secondary demagnetization
time (Tdem), and switchingypeftiod (Tsw) determines
the secondary averageoutput current lout. Ignoring
leakage inductancereffects, the equation for average
output current is ‘shewn in Fig.3. When the average
output current lout reaches the regulation reference in
the Primary | Side Constant Current Modulator
(PSR-CCM) block, the IC operates in pulse frequency
modulation (PFM) mode to control the output current
at any output voltage at or below the voltage
regulation target as long as the auxiliary winding can
keep VDD above the UVLO turn-off threshold.

In DP231X, the ratio between Tdem and Tsw in CC
mode is 1/2. Therefore, the average output current

can be expressed as:

Res(€2)

g spx i 500mV

In the equation above,

N----The turn ratio of primary ‘side’ 'winding to
secondary side winding.

Rcs--- the sensing resistor, connected between the
power BJT emitter to GND:

® Multi-Mode Controlhin CV Mode

To meet the tightrequirement of averaged system
efficiency and no-load power consumption, a hybrid
of frequency modulation (FM) and amplitude
modulation' (AM) is adopted in DP231X which is
shown, in the Fig 4.

Around the full load, the system operates in FM
mode. When normal to light load conditions, the IC
operates in FM+AM mode to achieve excellent
regulation and high efficiency. When the system is
near zero loading, the IC operates in FM again for
standby power reduction. In this way, the no-load
consumption can be less than 30mW

A Ics(peak)
Ipk fmax
0.4*Ipk{
fmin
Pout

Fig 4

® Cable Drop Compensation (CDC) in CV Mode
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In smart phone charger application, the battery is
always connected to the adapter with a cable wire
which can cause several percentages of voltage drop
on the actual battery voltage. In DP231X, an offset
voltage is generated at FB pin by an internal current
source (modulated by CDC block, as shown in Fig.5)
flowing into the resistor divider. The current is
proportional to the switching period; thus, it is
inversely proportional to the output power Pout.
Therefore, the drop due the cable loss can be
compensated. As the load decreases from full loading
to zero loading, the offset voltage at FB pin will
increase. The percentage of maximum compensation
is given by:

AV(cable) _Icable_maxx(R1//R2) < 100%

Vout VEe_REF

KAt

REREF

48uA

B AR FME I

Fig 5

For example, R1=2KQ, R2=16KQ, The percentage
of maximum*€ompensation is given by

AVicable) 48ux(16k//2k)

Vout 1.25

=100% =6.83%

® Fast Dynamic Response

In DP231X, the dynamic response performance is

optimized to meet USB charge requirements.
® Single Failure Protections for Power Supply

DP231X integrates single failure protections,
including FB pull-up resistor open protection, FB
pull-down resistor open protection, FB pull-down
resistor short protection, output rectifier diode or SR
open protection, output rectifier diode or SR short
protection, transformer windings shert/protection and
Rcs open protection. This function €ansensure there is
no damage to IC and no over voltage of output.

® On Chip Thermal Shutdown'(OTP)

When the IC temperaturenis’ over 160°C, the IC shuts
down. Only when the,l€ temperature drops to 135°C,
IC will restart

® Audio Noise Free Operation

As ‘mentioned above, the multi-mode CV control
with“a “hybrid of FM and AM provides frequency
medulation is used in CV mode. An internal current
source flowing to CS pin makes CS peak voltage
modulation realized. In DP231X, the optimized
combination of frequency modulation and CS peak
voltage modulation algorithm can provide audio noise
free operation from full loading to zero loading.

® Dynamic BJT Base Drive

DP231X integrates a dynamic base drive control
to optimize efficiency. The BJT base drive current is
dynamically controlled according to the power supply
load change. The higher the output power, the higher
the based current.

® Short Load Protection (FB SLP)

In DP231X, the output is sampled on FB pin and
then compared with a threshold of UVP (0.5V

typically).
In DP231X, when sensed FB voltage is below 0.5V
and hold 42ms, the IC will enter into Short Load

Protection (SLP) mode, in which the IC will enter into
auto recovery protection mode

® FB Over Voltage Protection (FB OVP)

2022/11/2
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In DP231X, the output is sampled on FB pin and
then compared with a threshold of OVP (1.56V

typically).

When sensed FB voltage is above 1.56V for more
than 5 cycles, the IC will enter into Over Voltage
Protection (OVP) mode, in which the IC will enter into
auto recovery protection mode

® VDD Over Voltage Protection (OVP) and Zener
Clamp

When VDD voltage is higher than 24V (typical),
the IC will stop switching. This will cause VDD fall
down to be lower than Vpp off (typical 3.8V) and then
the system will restart up again. An internal 28V
(typical) zener clamp is integrated to prevent the IC
from damage.
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DP231X
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PACKAGE DIMENSION
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SECTION B-B
Symbol Dimensions in Millimeters
Min Nom Max
A 145 1.55 1.65
A1 0.10 0.15 0.20
A2 1.353 1.40 1.453
A3 0.55 0.60 0.65
b 0.38 - 0.51
b1 0.37 0.42 0.47
C 0.17 - 0.25
c1 0.17 0.20 0.23
D 4.85 490 495
E 5.85 6.00 6.15
E1 3.85 3.90 3.95
e 1.245 1.27 1.295
L 0.45 0.60 0.75
L1 - 1.050REF -
L2 - 0.250BSC -
01-04 12° REF
h 0.40REF
R 0.15° REF
R1 0.15° REF
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PACKAGE DIMENSION
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SECTION B-B
Symbol : Dimensions in Millimeters
Min Nom Max
A N5 1.55 1.65
Al 010 0.15 0.20
A2 1.353 1.40 1.453
A3 0.55 0.60 0.65
b 0.38 - 0.51
b1 0.37 0.42 0.47
C 0.17 - 0.25
c1 0.17 0.20 0.23
D 4.85 4.90 4.95
E 5.85 6.00 6.15
E1 3.85 3.90 3.95
e 1.245 1.27 1.295
L 0.45 0.60 0.75
L1 - 1.050REF -
L2 - 0.250BSC -
01-04 12° REF
h 0.40REF
R 0.15° REF
R1 0.15° REF
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OFFICIAL ANNOUNCEMENT

Division | will ensure the accuracy and reliability of the product specification document, but we reserve the right
to independently modify the content of the specification document without prior notice to the customer. Before
placing an order, customers should contact us to obtain the latest relevant information and verify that this
information is complete and up-to-date. All product sales are subject to the sales terms and conditions provided
by our company at the time of order confirmation.

Division | will periodically update the content of this document. Actual product parameter§s¢may-vary due to
differences in models or other factors. This document does not serve as any express or implied guarantee or
authorization.

The product specification does not include any authorization for the intellectual property owned by our company
or any third party. With respect to the information contained in this product specification, we make no explicit or
implied warranties, including but not limited to the accuracy of the specificatien; its fitness for commercial use,
suitability for specific purposes, or non-infringement of our company's or any‘third party's intellectual property.
We also do not assume any responsibility for any incidental or consequential losses related to this specification
document and its use.

We do not assume any obligations regarding application assistance or customer product design. Customers are
responsible for their own use of our company's products@nd applications. In order to minimize risks associated
with customer products and applications, customers should provide thorough design and operational safety
validation.

The reproduction, transmission or use of this‘document or its contents is not permitted without express written
authority. Once discovered, the company Will\oursue its legal responsibility according to law and compensate for
all losses caused to the company.

Please note that the product is used within the conditions described in this document, paying particular attention
to the absolute maximum ratingyoperating voltage range, and electrical characteristics. The Company shall not
be liable for any damage €aused by malfunctions, accidents, etc. caused by the use of the product outside the
conditions stated in«this doeiment.

Division | has beenweommitted to improving the quality and reliability of products, but all semiconductor
products have a certain probability of failure, which may lead to some personal accidents, fire accidents,
etc. When'designing products, pay full attention to redundancy design and adopt safety indicators, so as to avoid
accidents.

When using our chips to produce products, Division | shall not be liable for any patent dispute arising from the
use of the chip in the product, the specification of the product, or the country of import, etc., in the event of a
patent dispute over the products including the chip.

2022/11/2 www.depuw.com

DP231X REV1.2_ EN

The content of the document is a trade secret, without permission, any organization or individual shall not be
copied and disseminated in any form!

15



	AC/DC Power Adapter
	PIN CONFIGURATION


