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Current Mode PWM Controller for Forward and Flyback WA0002B
Features Description
® Peak Current Mode Control The WAO0002B is a high-performance current
® [atched Primary Over Current Protection mode control chip that operates in forward
with 10 ms Fixed Delay mode, with external and internal adjustable
® Adjustable Switching Frequency up to 500 frequency pins. The chip adjusts the operating
kHz frequency by selecting resistors. The chip has a
® [atched Primary Over Current Protection unique overload protection mechanism and a
with 10 ms Fixed Delay built-in line voltage low voltage protection
® Delay Extended to 150 ms function, making the system work safer. It can
® Adjustable Soft—start Timer be used in fields such as PC power supply and
® Auto—recovery Brown—Out Detection game console power supply. The chip is
® Internal 160 ns Leading Edge Blanking packaged in SO-8L.
® Adjustable Internal Ramp Compensation Applications
® Jittering Frequency 5% of the Switching ® AC-DC Power Supplies
Frequency ® Games Adapter
® Ready for Updated No Load Regulation ® PC Silver Boxes
Specifications ® Flyback and Forward Converter
® SO-8LPackages

Typical Application Circuit
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Current Mode PWM Controller for Forward and Flyback WA0002B
Ordering and Marking Information
Part Number Marking Code Package
VMD-WH
WAQ0002B
WA0002B ® XXXXX SO-SL

H8 8 H

VMD-WH=Logo
WA0002B=Device code
XXXXX= Special code

Pin Configuration

SO-8L (TOP VIEW)

B[ 8 [] ss
BO [_| 2 7 ] vcc
cs [ ] 3 6 |_] DRV
RT [_| 4 5 |1 GND
Pin Description
Pin No. Name Function
1 FB The pin directly connects to an optocoupler collector.
2 BO The pin monitors the input voltage image to offer a Brown—out protection.
3 CS Monitors the primary current and allows the selection of the ramp compensation amplitude.
4 RT A resistor connected to ground fixes the switching frequency.
5 GND The controller ground pin.
6 DRV This pin connects to the MOSFET gate.
7 VCC This pin accepts voltage range from 8 V up to 28 V
A capacitor connected to ground selects the soft start duration. The soft start is grounded
8 SSTART . .
during the delay timer.
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Current Mode PWM Controller for Forward and Flyback WA0002B
Absolute Maximum Values

Parameter Value Unit
Power Supply Voltage 0~30 v
Output Voltage 28 v
Supply Current 20 mA
ESD Capability, HBM model 2 kV
Storage Temperature Range -65~150 °C
Lead temperature (soldering, 10 sec) 300 °C
Lead Temperature 230 °C
Junction temperature 150 °C
SO-8L Thermal Resistance Junction, 604 250 °C/W
SO-8L Thermal Resistance Junction, 0sc 115 °C/W
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Current Mode PWM Controller for Forward and Flyback

Block Diagram

=im

b

ANGA asuasy

dwinay

w_. z i 18531 O1AN
\ MMH Ja53y puee) PAIRIE)
Jejs %ﬁ LMy 155 P =
. {} L~ //_
M08
65| _@ AN ,
- — 31
Sl
EIS YOS
20N ey
ane O S
- E h-1
-0 Y
0g i
Wiln; !
Bummsd
o vl¢ 13000 %
Buuapir ] ﬁ
- PRI ey Juomas| jasay
J T MES | pueis) 195
. > @54
duwey F.._..T\q_h______“w .VUIOA_ _v_{.._
1 pasang Voo - Jauno s)g 7
14 e ’ x
AN —a
omn S

Hangzhou Via-Media Semiconductor Co., LTD.

WA0002B Block Diagram
www.vmdsemi.com

Oct. 2023, Rev1.0



I\(\\(/;/ vMDSseMI

Current Mode PWM Controller for Forward and Flyback WA0002B
Electrical performance parameters
ELECTRICAL CHARATERISTICS
(Vce =15V, Rr =43 kQ, Cprv = 1 nF. For typical values T; = 25°C)
Characteristics Test Condition Symbol Min | Typ | Max | Unit
SUPPLY SECTION AND VCC MANAGEMENT
Startup threshold at which driving Vcc increasing v 9 10 11 v
pulses are authorized ccten 13 14 15
Minimum Operating voltage at which )
. Vcc decreasing Vec(of 8 9 10 A"
driving pulses are stopped
. 0.9 1.0 -
Hysteresis between Vcc(on) and Vec(min Veemys) 45 50 Vv
Vee <V, &V
Start—up current, controller disabled . E , 4 «c Icc = - 100 uA
increasing from zero
Internal IC consumption, controller Fsw =100 kHz,
oo Icc 0.5 1.4 2.2 | mA
switching DRV = open
Internal IC consumption, controller Fsw =100 kHz,
oo Icc 2 2.7 35| mA
switching Cprv =1nF
CURRENT COMPARATOR
Current Sense Voltage Threshold ViLim 0.92 1 1.08 A"
Leading Edge Blanking Duration tLEB - 160 - ns
Input Bias Current Ibias - 0.02 - uA
. From CS detected to gate
Propagation delay tiLim - 70 150 ns
turned off
Internal Ramp Compensation Voltage
@ 25°C Viamp 3.15 3.5 3.85 \Y%
level
Internal Ramp Compensation resistance
to CS pin
INTERNAL OSCILLATOR
. RT =43 kQ & DRV pin
Oscillator Frequency fosc 92 100 108 | kHz
=47kQ
. RT = 8.5 kQ & DRV pin
Oscillator Frequency fosc 425 500 550 | kHz
=47kQ
Frequency Modulation in percentage of
ﬁitter - 5 - %
fosc
Frequency modulation Period Tswing - 3.33 - ms
Maximum operating frequency fmax 500 - - kHz
Maximum duty—cycle max 44 45 47 %
FEEDBACK SECTION
Internal voltage division from FB to CS FBuaiv - 3 | - | -
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Current Mode PWM Controller for Forward and Flyback WA0002B
set point
Internal pull—up resistor Rput-up - 3.5 - kQ
FB pin maximum current FB pin = GND IrB 1.5 - - mA
Internal feedback impedance from FB
ZrB - 40 - kQ
to GND
Open loop feedback voltage FB pin = open VrBoL - 6 - v
Internal Diode forward voltage Vi - 0.75 - v
DRIVE OUTPUT
DRV Source resistance Rsre - 10 30 Q
DRV Sink resistance Rsmk - 6 19 Q
Vee= 15V, Cprv = 1 nF,
Output voltage rise—time < PR te - 26 - ns
10 to 90%
Vec =15V, Cprv = 1 nF,
Output voltage fall-time o i te = 22 - ns
90 to 10%
Clampi It i te Vece = 25 V Rpry = 47
amping voltage (maximum ga cc DRV Ver i 5 18 v
voltage) kQ, Cprv = 1 nF
Vce = Vee(min) + 100
High—state voltage drop mV, Rprv = 47 kQ, Cprv VDRv(clamp) o 50 500 | mV
=1nF
CYCLE SKIP
Skip cycle level Vskip 0.2 0.3 0.4 A"
Vskip+
Skip threshold Reset Vskip(reset) - Vskip( - \Y
HYS)
Skip threshold Hysteresis Vskip(HYS) - 25 - mV
SOFT START
Soft—start charge current SS pin = GND Iss 8.5 10 11.5 uA
Soft start completion voltage threshold Vss 3.5 4 4.5 v
Internal delay before starting the Soft
. SSdelay 100 120 155 ms
start when Vccon) 1s reached
PROTECTION
Current sense fault voltage level
. . . Fes 0.9 1 1.1 \%
triggering the timer
Timer delay before latching a fault .
o When CS pin > Fcs Tfautt 10 15 20 ms
(overload or short circuit)
Timer delay before latching a fault .
o When CS pin > Fcs Traurt 120 150 | 200 | ms
(overload or short circuit)

Oct. 2023, Rev1.0

www.vmdsemi.com

Hangzhou Via-Media Semiconductor Co., LTD.




I\?(;/ vMDSseMI

Current Mode PWM Controller for Forward and Flyback WA0002B
Brown—out voltage Vo 0.9 1 1.1 A"
Internal current source generating the —5°C<Ty<+125°C I 10 11.5 A
u
Brown—out hysteresis —25°C < Ty < +125°C 5o 10 | 115

Typical Performance Characteristics

UVLO orr VS Temperature(v) UVLO ox VS Temperature(v)
10.00 16.00
3.80 1550
S.60
15.00
5.40
1450
5.20
3.00 14.00 —
880 13.50
.60
13.00
2.40
1250
3.20
8.00 12.00
40 0 40 20 120 A0 ] 40 20 120
Ist VS Temperature(ua) Ior VS Temperaturema)
55.00 4.00
54.00
3.00
53.00 \ /
52.00 2.00
51.00
1.00
50.00
49.00 0.00
a0 ) a0 a0 120 -a0 o 40 80 120
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Current Mode PWM Controller for Forward and Flyback

WA0002B

Oscillator Frequency VS
Temperature(KHz@Rt=43KQ)

Maximum Duty VS Temperature(%)

50.00
104.00
103.00
48.00
102.00
47.00
101.00 46.00
o090 —\—/—\_ 45.00
4400
99.00
4200
98.00
4200
S7.00
41.00
96.00 -
40 0 40 80 12D -4 i 40 B0 120
Clamping Voltage VS Temperature(v) Skip Cycle Threshold VS Temperature(v)
0.50
18.50
0.40
16.50
0.30
14.50
0.20
12.50 0.10
0.00
10,50 -40 0 40 B0 120
40 o 40 80 120
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Current Mode PWM Controller for Forward and Flyback

WA0002B

Brown Out Voltage VS Temperature(v)

Brown Out Current VS Temperature (uA)

12.00 200
B0

11.50
160

11.00
140
10.50 120
10.00 200
0.80

5.50
0.60

5.00
040
8.50 0.20
8.00 o.0a

<0 0 40 80 120
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Current Mode PWM Controller for Forward and Flyback

WA0002B

Application Information

The WAO0002B is a high-performance driver power
chip used in the PC device and adapter market. It
adopts current mode control feedback and operates
in forward working mode.
working frequency adjustable pins are installed to
adjust the chip working frequency by selecting
resistors. At the same time, the chip is equipped
with a unique overload protection mechanism and
a built-in line voltage low voltage protection
function, making the system work more safely.
Implementing peak current—mode control topology,
the circuit offers to build rugged power supplies. A
resistor to ground precisely sets the switching
frequency between 50 kHz and a maximum of 500
kHz. There is no synchronization -capability.
Frequency jittering softens the EMI signature by
spreading out peak energy within a band 5%
from the center frequency. The controller allows
operation up to 28 V continuously .

A lot of power MOSFETs do not allow their
driving voltage to exceed 20 V. The controller
includes a low—loss clamping voltage which
prevents the gate from going beyond 15 V typical.
Reaching a low no—load standby power represents
a difficult exercise when the controller requires an
external, lossy, resistor connected to the bulk
capacitor. The start—up current is guaranteed to be
less than 100 uA maximum, helping the designer to
reach a low standby power level.

By monitoring the CS pin voltage when it exceeds
1V, the controller detects a fault and starts an
internal digital timer. On the condition that the
digital elapses, the
permanently latch—off. This
overload or short—circuit detection which is not
dependant on the auxiliary winding. VCC is cycled
down to VCC(min) level. If the short circuit or the
fault disappear before the fault timer ends, the fault
timer is reset only if the CS pin voltage level is
below 1V at least during 3 switching frequency

External internal

timer controller will

allows accurate
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periods. This delay before resetting the fault timer
prevents any false or missing fault or over load
detection.

The soft—start
sequence after a minimum internal time delay of

is activated upon a start—up

120 ms . But also when the brown—out pin is reset
without in that case timer delay. This internal time
delay gives extra time to the PFC to be sure that
the output PFC voltage is in regulation. The soft
start pin is grounded until the internal delay is
ended.

If an external transistor brings the BO pin down,
the controller is shut down, but all internal biasing
circuits are alive. When the pin is released, a new
soft—start sequence takes place.

BO pin permanently monitors a fraction of the
input voltage. When this image is below the Vo
threshold, the circuit stays off and does not switch.
As soon the voltage image comes back within safe
limits, the pulses are re—started via a start—up
sequence including soft—start. The hysteresis is
implemented via a current source connected to the
BO pin; this current source sinks a current (IBO)
from the pin to the ground. As the current source
status depends on the brown—out comparator, it
can easily be used for hysteresis purposes. A
transistor pulling down the BO pin to ground will
shut—oftf the controller. Upon release, a new
soft—start sequence takes place.

A simple resistor connected from the CS pin to the
sense resistor allows the designer to inject ramp
compensation inside his design.

When the power supply loads are decreasing to a
low level, the duty cycle also decreases to the
minimum value the controller can offer. If the
output loads disappear, the converter runs at the
minimum duty cycle fixed by the propagation
delay and driving blocks. It often delivers too
much energy to the secondary side and it trips the
voltage supervisor. To avoid this problem, the FB

Hangzhou Via-Media Semiconductor Co., LTD.
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Current Mode PWM Controller for Forward and Flyback

WA0002B

is allowed to impose the min ton down to ~ V¢ and
it further decreases down to Vskip, zero duty cycle
is imposed. This mode helps to ensure no—load
outputs requested by recently
updated ATX specifications. Please note that the
converter first goes to min ton before going to zero
duty cycle: normal operation is thus not disturbed.
The following figure illustrates the different mode
of operation versus the FB pin level.

The startup sequence is activated when Vcc pin
reaches Vccwon) level. Once the startup sequence
has been activated the internal delay timer (SSdclay)
runs. Only when the internal delay elapses the soft
start can be allowed if the BO pin level is above Vgo
level. If the BO pin threshold is reached or as soon
as this level will be reached the soft start is allowed.
When the soft start is allowed the SS pin is released
from the ground and the current source connected
to this pin sources its current to the external
capacitor connected on SS pin. The voltage
variation of the SS pin divided by 4 gives the same
peak current variation on the CS pin. The following
figures illustrate the different startup cases.

When the Ve pin reaches the Vccen) level, the
internal timer starts. As the BO pin level is above
the Vpo threshold at the end of the internal delay, a
soft start sequence is started.

At the end of the internal delay, the BO pin level is
below the Vgpo threshold thus the soft start
sequence can not start. A new soft start sequence
will start only when the BO pin reaches the Vgo
threshold.

When the BO pin is grounded, the controller is shut
down and the SS pin is internally grounded in
order to discharge the soft start capacitor connected
to this pin. If the BO pin is released, when its level
reaches the Vgo level a new soft start sequence
happens.

The following figure shows the status of startup:

In Figure 1 of the following figure, when the VCC
pin reaches VCC.on level, the internal timer starts.
Due to the BO pin level being higher than the Vgo

conditions as

Oct. 2023, Rev1.0
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threshold at the end of the internal delay, a soft
start will be initiated.

In Figure 2 of the following figure, when the VCC
pin reaches VCC.on level, when the internal delay
ends, the BO pin level is lower than the Vgo
threshold, so the soft start cannot be started. A new
soft start will only be initiated when the BO pin
reaches the Vpo threshold.

In Figures 3 and 4 of the following figure, when
the voltage of the BO pin drops below the Vgo
threshold (Figure 3), the controller shuts down and
the SS pin discharges internally. If the BO pin rises
again (Figure 4), a new soft start will occur when
its level reaches Vgo level.

Hangzhou Via-Media Semiconductor Co., LTD.
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Current Mode PWM Controller for Forward and Flyback WA0002B
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WA0002B

As illustrated by the following figure, the rising
voltage on the SS pin voltage divided by 4 controls
the peak current sensed on the CS pin. Thus as
soon as the CS pin voltage becomes higher than
the SS pin voltage divided by 4 the driver latch is
reset.

Brown—Out Protection

By monitoring the level on BO pin, the controller
protects the forward converter against low input
voltage conditions. When the BO pin level falls
below the Vo level, the controllers stops pulsing
until the input level goes back to normal and
resumes the operation via a new soft start
sequence.The brown—out comparator features a
fixed voltage reference level (Vo). The hysteresis
is implemented by using the internal current
connected between the BO pin and the ground
when the BO pin is below the internal voltage
reference (Vgo).

A short circuit or an overload situation is detected
when the CS pin level reaching its maximum level
at 1 V. In that case the fault status is stored in the
latch and allows the digital timer count. If the

-
Rcomp CS8
— 1 LEB
Rsense
Soft Start
- Status
Vdd
Iss é

S8
—
L

digital timer ends then the fault is latched and the
controller permanently stops the pulses on the
driver pin. If the fault is gone before ending the
digital timer, the timer is reset only after 3 switching
controller periods without fault detection .

If the fault is latched the controller can be reset if a
BO reset is sensed or if VCC is cycled down to
VCC(off). The fault timer is typically set to 150 ms.
There is one possibility to shut down the controller;
this possibility consists of grounding the BO pin as
illustrated .

Slope compensation is a known mean to cure sub
harmonic oscillations. These oscillations take place at
half of the switching frequency and occur only
during Continuous Conduction Mode (CCM) with a
duty—cycle close to and above 50%. To lower the
current loop gain, one usually injects between 50 and
100% of the inductor down slope. The compensation
is derived from the oscillator via a buffer. A switch
placed between the buffered internal oscillator ramp
and ramp disconnects the compensation ramp during
the OFF time DRYV signal.

Qf———+ DRV

uvLO

Soft start

i

(_@ Grand Reset

Soft Start
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Current Mode PWM Controller for Forward and Flyback WA0002B

Mechanical Dimensions

SO-8L Package Information

| A\ | ( l
LT R e
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> P
N

T
o 1]

v B BB E

SYMBOL MILLIMETER
MIN MAX
A 1.23 1.75
al 0.05 0.25
b 0.31 0.51
b1 0.16 0.25
D 4.7 5.15
E 5.75 6.25
e 1.07 1.47
F 3.7 4.1
L 0.4 1.27
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Current Mode PWM Controller for Forward and Flyback WA0002B

NOTICE

Hangzhou VMD Semiconductor Co., Ltd (VMD) reserves the right to make changes without notice in order to
improve reliability, function or design and to discontinue any product or service without notice. Customers should obtain
the latest relevant information before orders and should verify that such information is current and complete. All products
are sold subject to VMD's terms and conditions supplied at the time of order acknowledgement.

VMD, its affiliates, agents, and employees, and all persons acting on its or their behalf, disclaim any and all liability

for any errors, inaccuracies or incompleteness contained herein or in any other disclosure relating to any product.
VMD disclaims any and all liability arising out of the use or application of any product described herein or of any
information provided herein to the maximum extent permitted by law. The product specifications do not expand or
otherwise modify VMD's terms and conditions of purchase, including but not limited to the warranty expressed therein,
which apply to these products.

VMD warrants performance of its hardware products to the specifications at the time of sale, testing, reliability and
quality control are used to the extent VMD deems necessary to support this warrantee. Except where agreed upon by
contractual agreement, testing of all parameters of each product is not necessarily performed.

VMD does not assume any liability arising from the use of any product or circuit designs described herein.
Customers are responsible for their products and applications using VMD's components. To minimize risk, customers
must provide adequate design and operating safeguards.

VMD does not warrant or convey any license to any intellectual property rights either expressed or implied under its
patent rights, nor the rights of others. Reproduction of information in VMD's data sheets or data books is permissible only
if reproduction is without modification or alteration. Reproduction of this information with any alteration is an unfair and
deceptive business practice.

VMD is not responsible or liable for such altered documentation. Resale of VMD's products with statements different
from or beyond the parameters stated by VMD for that product or service voids all express or implied warrantees for the
associated VMD product or service and is an unfair and deceptive business practice.

All Rights Reserved.
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Tel: +86-0571-8515 0563

- Shanghai
Shanghai R&D Center.
1506~1508, Xinyin Building, 888 Yishan Road,
Shanghai, P.R of China
Tel: +86- 021-54201999

- Xi’an

Xi’an R&D Center
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High-Tech Zone, Xi'an, Shaanxi, P.R of China

- Chengdu Office
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