S/IERGY

SY22848B

AC Input Buck Regulator

General Description

The SY22848B is an AC input Constant Voltage buck
regulator. Its target applications are home appliances
and auxiliary power supplies.

SY22848B integrates 650V MOSFET to decrease
physical volume, adopts HV start-up circuit.

SY22848B adopts multi-off time control to realize
quasi constant switching frequency and large duty
cycle.

It uses peak current mode control and enters burst
mode at light load to minimize power dissipation.

SY22848B include OCP, OVP and OTP functions.

Features

650V MOSFET Integrated

High Voltage Start up Circuit Integrated
50mW No Load Power Consumption
Multi-off Time Control

Minimum External Components

Over Temperature Protection(OTP)
Output Over Voltage Protection(OVP)
Compact Package: DIP8

Applications

Home Appliances and White Goods
Auxiliary Power Supplies

Recommended operating output power

Products Vour=12V (Open Frame)

SY?22848B 4.3W

Typical Application
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Fig.1 Typical Application Circuit
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Ordering Information
SY22848 (0 0) 01 oo Th 8
Temperature Code
Package Code 2 7
Optional Spec Code
NC {3 6:,5 DRAIN
vee [ 5/ NC
DIP8
Ordering Number|  Package Top Mark
SY22848BAGC DIP8 CCYxyz

Pinout (top view)

x=year code, y=week code, z= lot number code

Pin number Pin Name Pin Description
1 GND IC ground pin.
2.3 NC No connection.
4 VCC Powe( supply pin and voltage sense pin. Connect a ceramic
capacitor between VCC and GND pin.
5 NC No connection.
6.7.8 DRAIN Internal power MOSFET drain pin.

Absolute Maximum Ratings (Note 1)

VCC -0.3v~20V
[ Y B 650V
DRAIN Pulse Current (Pulse=100uS) 1.6A
Power Dissipation, @ Ta=25<C DIP8 1.5W
Package Thermal Resistance (Note 2)

DIP8, 6;a 83<T/W

DIP8, 0;c 36 <T/W
Maximum Junction Temperature 150<C
Lead Temperature (Soldering, 10 sec.) 260C
Storage Temperature Range -65C 1o 150C
Recommended Operating Conditions
VCC 12v
Junction Temperature Range -40Cto 125<T
Ambient Temperature Range -40<Ct0 85T
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Electrical Characteristics

(Ta = 25<C unless otherwise specified)

Parameter | Symbol | Test Conditions Min | Typ Max Unit
Power Supply Section

VCC Turn-on Threshold Vvce on 10.4 11 11.6 \%
VCC Turn-off Threshold | Vvcc orr 5 55 6 \%
_ll—_I;/reC;]J(r)rlgnt Source Enable Ve mi Ve orrtl v
Start up Current lcHARGE 14 1.8 2.2 mA
Operating Current lvee Vn=373V,loyt=0.3A,L=600H 2 mA
Quiescent Current lo Vvec=13V 300 440 560 HA
Current Sense Section

Current Limit lisen_LIM 0.61 ‘ 0.72 0.83 A
Vvce Control Section

\T/ﬁgsﬁo\ll dP Voltage Vvee_ov 14 14.6 152 | Vv
VCC Voltage Reference Vvce_Rrer 11.64 12 12.36 \Y
Integrated MOSFET Section

BV of HV MOSFET Vev Ves=0V,lps=250 A 650 \Y%
MOSFET on Resistance Ron Ves=10V,Ips=1A 9.2 Q
Driver Section

Max ON Time Ton_max 16 24 32 83
Min ON Time Ton_MIN 350 ns
Oscillator Section

NormalFrequency | Pt (M= o3 ooy 23 7
Thermal Section

Thermal Shutdown Teo 150 <

Temperature

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause perm anent damage to the device. These are stress
ratings only. Functional operation of the device at these or any other conditions beyond those indicated in the operational
sections of the specification is not implied. Exposure to absolute maximum rating conditions for extended periods may

affect device reliability.

Note 2: 0,4 is measured in the natural convection at Ta = 25<C on a low effective single layer thermal conductivity test
board of JEDEC 51-3 thermal measurement standard. Test condition: Device mounted on 2” x 2” FR-4 substrate PCB,
20z copper, with minimum recommended pad on top layer and thermal vias to bottom layer ground plan
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Fig.2 Block diagram
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Typical Performance Characteristics

(Test condition: input voltage: 90~264Vac; output spec: 12Vdc_0.36A; Ambient temperature: 25+5 °C; Ambient

humidity: 65425 %.)

Steady States
(Vin=115V(ac), full load)
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Short Circuit Protection Short Circuit Protection
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Operation Principles

Start-up Operation and Under Voltage Lockout

After AC supply is powered on, the rectified BUS
voltage ramps up. The capacitor across VCC and GND
pins, Cvcc, is charged up by the BUS voltage through a
internal HV startup circuit. When VCC voltage reaches
Vvee on, the IC starts switching and the internal high
voltage regulator turns off.

The IC stops switching when the Vycc drops blow
Vvee min. To reduce the power loss under short circuit
condition, SY22848B adopts the smart UVLO strategy.
A digital counter is adopted to slow down the restart
frequency. If Vycc drop to Vvec min, the internal PWM
switching is stop, UVLO flag signal will be set and Vvcc
will be charged to Vvcc on again by HV current source.
When Vycc has reached Vvce_min, the counter will plus
1. Initial number of the counter is 0, and when the
counter has reached number 4, UVLO flag signal will be
reset, then the Vycc drop to Vvec orr. Meanwhile, IC
will try to start up with soft start process. The timing
diagram is shown as Fig.3.

PWM

-1 NN [0

- torofe—

time

Fig.3 timing diagram of startup and UVLO off

Output Voltage Sample

SY22848B samples the Vout by Vomain and Vpsample.
The relationship between Vvcc and Vour can be
described as: Vvcc =Vout+Vbmain-VDsample

Vour is the output voltage, Vomain is the forward voltage
drop of the main power diode, Vpsample is the forward
voltage drop of the sample diode. The circuit diagram of
output voltage feedback is shown in Fig.4.

Generally, forward voltage drop varies with forward
current. SO Vomain Varies with load current, but Vpsample

e Start P Smart UVLO off Startup____
time time

keeps constant when load current varies, as a result,
Vvce cannot precisely represent Vour. So SY22848B
adopts a internal compensated strategy to optimize the
load regulation of Vour.

VCC

—1

NN
Inductor l +

Duain Vour

Fig. 4 circuit diagram of output vbltage sample

Multi-off time control(MOT)

SY?22848B adopts multi-off time control to achieve
quasi constant switching frequency and large duty
cycle. Multi-off time control is consist of fix off time
control and multi-state control.

The fix off time of PWM is decided by a current source
Iy, a capacitor and the reference.

To ensure the switching frequency of circuit is between
28k and 42k, and max duty cycle is above 0.6, multi-
state control strategy is adopted. When the Ton varies,
the Toff is changed. The logic diagram is shown in Fig.5.

State1
Ton:350ns~12us

State2

Ton>12
on-1eus > Ton:4us™16us

Toff:24us Toff:20us
Fsw:28k™42k - Ton<a Fsw:28k™42k
Duty:0~33% on=aus Duty:17%~44%

A
Ton>16us Ton<8us
\ 4
State4 State3
Ton:12us™24us - Ton>20us Ton:8us™20us

Toff:12us Toff:16us
Fsw:28k~42k TorTon™ Fsw:28k~42k
Duty:50%~67% on<izus Duty:33%~56%

Fig.5 logic diagram of multi-state control

Sleep Mode in Light Load

To improve the light load efficiency, the burst mode
control is adopted in SY22848B.

As load decreases, the peak current of MOSFET lpk Will
decrease as well. When lpk falls below a threshold
current represented by Isieep in(typical 1/6 times of
lisen_Lim), 1C will enter sleep mode. Under sleep mode,
IC will shut down most of internal circuit to further
reduce power consumption by IC.
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Due to the closed loop control, Ipk will rise again. When
Ipk rises above a threshold current represented by
Is,eep_exit(typical 1/5 times of lisen_Lim), 1C will exit
sleep mode, and resume PWM switching again. The
threshold current lsieep exit IS a little higher than
IsLeer IN.

To optimize the over voltage protection, the minimum
switching frequency will be reduced to 1k, and the peak
current will be reduced to Iseer n. The timing diagram
of burst mode is shown in Fig.6.
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Fig.6 timing diagram of burst mode
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Over Current Protection (OCP)

As the circuit operate at start up condition or output short
condition, and the output voltage is shorted to zero.
When the MOSFET conduct, the inductor current will

(Viy-0) =t

rise Al = N in a switching period, when the

power diode conduct, the inductor current will fall

V, +0) =t o .
Al _w in a switching period. If the current

rise value Al is larger than current fall value Al,, the

current will rise and the inductor will be statured, then
the circuit will be damaged.
V,, is the input voltage, t,, is MOSFET conducting

time, V;, . is the forward voltage drop of power diode,
toy IS power diode conducting time. L is inductor value.

1> 1.3 sen L,

Statel State2

Toff - 3*Toff

lpk<1.3*lisen_Lim

Iek>1.3sen v Ik<1.3*hsen

A4

113 hsen

State4 State3

27*Toff > 9*Toff

lo<1.3*lsen_Lim

Fig. 7 logic diagram of over current protection

To resolve the problem, the OCP strategy is adopted.
When peak current of MOSFET Ipk exceeds OCP
current threshold (typical 1.3times of lisen_vim), the off
time will be changed to 3 times of previous off time. The
logic diagram is shown in Fig.7.

At start up condition, when Ipx exceeds OCP current
threshold, the timing diagram of inductor current is
shown in Fig.8.
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Fig. 8 timing diagram of inductor current

Over Voltage Protection (OVP)

SY22848B will monitor the Vvcc, if the Vycc is above
Vvee_ove, IC will shut down the gate pulse till IC restart.

Over Temperature Protection (OTP)

To prevent any thermal damage, SY22848B shuts down
switching when its junction temperature exceed Tsp.
When the junction temperature drops Torp_wys, 1C will
restart.

Power design

Typical application specification:

Temperature
Products Input range Output .
rise
90Vac~264Vac 12V/0.3A 41°C
SY22848B .
90Vac~264Vac | 12V/0.36A 56C

The test is operated in natural cooling condition at
25 °C ambient temperature.
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Inductor Design Considerations
The design rules are as followed:

(a) Compute inductor value L

Consider the thermal performance during all input range,
define the ripple coefficient of inductor current as 133%.
lo,r=0.36A , then Al=1.33*],,.=0.48A

ouT ouT

In the range, the IC operation in statel of MOT in most

periods, then the Toge is 24uS.

L= 12V * 24
0.48A

(b) Compute maximum current of inductor

Because of the OCP function, the maximum current of

inductor will be limited to 1.3times of lisen_Lim. So the

saturation current of inductor should be designed as

below:

hyax =1.3 *1

MAX ISEN_LIM

=600y

=1.3*%0.72A=0.963A
(c) Preset the maximum magnetic flux AB

AB=0.3T

(d) Compute turns N

_ L#lyy _600u=*0.963A
A, *AB A, %0.3
Ae is the cross sectional area of core. Once the Acis

confirmed, the turns of inductor winding can be
calculated.
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Layout Considerations

(a) To achieve a good EMI performance and to reduce
the line frequency voltage ripples, the output of the
bridge rectifier should be connected to the BUS line
capacitor first, then to the switching circuit.

(b) The circuit loop of all switching circuit should be
kept as small as possible, which include: bus cap,
SY22848B, power diode, inductor and output cap.

(c) The circuit loop of power supply should be kept as
small as possible. The bias supply capacitor should be
close to the VCC pin.

D2
Fig.9 Layout example of Key Part

Figure 10 shows a typical application example of 12V, 360mA non-isolated power supply using.

F1
2.2/0.5W L1 Ne oo e 5714
YN DRAIN NC — _1_ 1N4007/SMA
W P 330uHAW c3 =
D1 4.7uF/25V/1206 12V/360mA
1N4007/SMA PRAIN - NG — e n
DRAN  GND. 600uH/EE10
Vac Ct == ==co U1 SY22848B L
90~264V 6.8uF/400V 10pF/400V ﬁ C4 T =
D6 7.5k/1206
L2 ES10/SMA 470uF/25V
D2 22UH/0.5W
1N4007/SMA +—V V"V ——¢
R1 L
1K/0805 =

Figure 10 Typical Application at 12V, 360mA

Design Notice

The ES1J is recommended to use for power diode.

B W

To achieve better startup and sampling performance, the 4.7uF capacitor value is recommended for VCC cap.
To optimize the thermal performance, the pin5 of SY22848B could be connected to pin6~8.
To simplify the layout, the pin 2/pin 3 could be connected to pinl or pin4.
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DIP8 Package Outline
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Notes: All dimension in millimeters and exclude mold flash & metal burr
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Revision History

The revision history provided is for informational purpose only and is believed to be accurate, however, not warranted.
Please make sure that you have the latest revision.

Date Revision Change
December 31,2019 | Revision 0.9 Initial Release
Septemberlst, 2020 | Revision 0.9A Page8: Temperature rise revise.
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IMPORTANT NOTICE

1. Right to make changes. Silergy and its subsidiaries (hereafter Silergy) reserve the right to change any information published in
this document, including but not limited to circuitry, specification and/or product design, manufacturing or descriptions, at any time
and without notice. This document supersedes and replaces all information supplied prior to the publication hereof. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products are sold subject to Silergy’s standard terms and conditions of sale.

2. Applications. Application examples that are described herein for any of these products are for illustrative purposes only. Silergy
makes no representation or warranty that such applications will be suitable for the specified use without further testing or modification.
Buyers are responsible for the design and operation of their applications and products using Silergy products. Silergy or its subsidiaries
assume no liability for any application assistance or designs of customer products. It is customer’s sole responsibility to determine
whether the Silergy product is suitable and fit for the customer’s applications and products planned. To minimize the risks associated
with customer’s products and applications, customer should provide adequate design and operating safeguards. Customer represents
and agrees that it has all the necessary expertise to create and implement safeguards which anticipate dangerous consequences of failures,
monitor failures and their consequences, lessen the likelihood of failures that might cause harm and take appropriate remedial actions.
Silergy assumes no liability related to any default, damage, costs or problem in the customer’s applications or products, or the
application or use by customer’s third-party buyers. Customer will fully indemnify Silergy, its subsidiaries, and their representatives
against any damages arising out of the use of any Silergy components in safety-critical applications. Itis also buyers’ sole responsibility
to warrant and guarantee that any intellectual property rights of a third party are not infringed upon when integrating Silergy products
into any application. Silergy assumes no responsibility for any said applications or for any use of any circuitry other than circuitry
entirely embodied in a Silergy product.

3. Limited warranty and liability. Information furnished by Silergy in this document is believed to be accurate and reliable.
However, Silergy makes no representation or warranty, expressed or implied, as to the accuracy or completeness of such information
and shall have no liability for the consequences of use of such information. In no event shall Silergy be liable for any indirect, incidental,
punitive, special or consequential damages, including but not limited to lost profits, lost savings, business interruption, costs related to
the removal or replacement of any products or rework charges, whether or not such damages are based on tort or negligence, warranty,
breach of contract or any other legal theory. Notwithstanding any damages that customer might incur for any reason whatsoever,
Silergy’ aggregate and cumulative liability towards customer for the products described herein shall be limited in accordance with the
Standard Terms and Conditions of Sale of Silergy.

4. Suitability for use. Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and
safety-related requirements concerning its products, and any use of Silergy components in its applications, notwithstanding any
applications-related information or support that may be provided by Silergy. Silergy products are not designed, authorized or warranted
to be suitable for use in life support, life-critical or safety-critical systems or equipment, nor in applications where failure or malfunction
of an Silergy product can reasonably be expected to result in personal injury, death or severe property or environmental damage. Silergy
assumes no liability for inclusion and/or use of Silergy products in such equipment or applications and therefore such inclusion and/or
use is at the customer’s own risk.

5.  Terms and conditions of commercial sale. Silergy products are sold subject to the standard terms and conditions of commercial
sale, as published at http://www.silergy.com/stdterms, unless otherwise agreed in a valid written individual agreement specifically
agreed to in writing by an authorized officer of Silergy. In case an individual agreement is concluded only the terms and conditions of
the respective agreement shall apply. Silergy hereby expressly objects to and denies the application of any customer’s general terms
and conditions with regard to the purchase of Silergy products by the customer.

6. No offer to sell or license. Nothing in this document may be interpreted or construed as an offer to sell products that is open for
acceptance or the grant, conveyance or implication of any license under any copyrights, patents or other industrial or intellectual
property rights. Silergy makes no representation or warranty that any license, either express or implied, is granted under any patent
right, copyright, mask work right, or other intellectual property right. Information published by Silergy regarding third-party products
or services does not constitute a license to use such products or services or a warranty or endorsement thereof. Use of such information
may require a license from a third party under the patents or other intellectual property of the third party, or a license from Silergy under
the patents or other intellectual property of Silergy.

For more information, please visit: www.silergy.com
© 2019 Silergy Corp. All Rights Reserved.
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