S/LERGY

SY22106
Secondary Side Flyback LED Controller

General Description

The SY 22106 is a device which includes a LED controller and
an operational amplifier. The single stage solution uses an
external MOSFET to enable controlling a string of LEDs
using Constant Current (CC) regulation, while also enabling
creating a Constant VVoltage (CV) output.

The controller is designed to simplify and reduce the solution
cost for flyback converters used in LED backlight applications
such as LCD panels for TV sets and computer monitors.
SY22106 has an 8~16V input voltage range. The operational
amplifier integrates an internal voltage reference to facilitate
creating a compensation network used to regulate the output
voltage. The LED maximum current is programmed using an
external resistor. The PWM input and Analog output dimming
function allows accurate LED current control.

Features

¢ Single Stage Solution for CC and CV Output

e 8~16V Input Voltage Range

o Integrated Reference and Operational Amplifier

e Resistor programmable LED Current

e PWM Input Frequency: 10kHz~1MHz

e LED Open Protection

e LED Short protection

e LED Dimming MOSFET Drain and Source Short

Protection
e Thermal Shutdown Protection
SSOP10 Package

Applications
e TV and Monitor Panel Backlight

Typical Application
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Figurel. Schematic Diagram
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Ordering Information
Ordering
Part Number Package type Top Mark
SSOP10
SY22106FHC RoHS Compliant and Halogen Free B |nyZ

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

Pinout (top view)

IDRV [ 1]
VIN 27
GND 3]
ISEN [4_
Icomp [}

O

101 vCOMP
| 9 ] VFB

| 8 ] ovP
7 ] SYNC
[ 6 1 pWM

Pin Name Pin Number Pin Description
IDRV 1 Gate driver output for external MOSFET.
Power Supply pin. Decouple this pin to ground with a ceramic capacitor of at
VIN 2
least 1F.
GND 3 Ground pin.
ISEN 4 Current sense pin for LED current control.
ICOMP 5 Compensation pin for LED current control loop.
PWM 6 Backlight enable and PWM signal input pin.
SYNC 7 Secondary winding voltage transition detection pin.
OVP 8 LED string output voltage sense pin for LED open and short protection.
VFB 9 Feedback input for flyback CV output.
VCOMP 10 Compensation pin for flyback CV output.
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Block Diagram
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Figure2. Block Diagram
Absolute Maximum Ratings (1) Min Max Unit
IDRV, IN, ISEN, ICOMP, PWM, SYNC, OVP, VFB, VCOMP -0.3 18 Vv
Dynamic VFB Voltage in 200ns duration IN+0.6 |GND-0.7 V
Junction Temperature, Operating 150
Lead Temperature (Soldering,10sec.) 260 <
Storage Temperature -55 150
Thermal Information (2) SSOP10 Unit
0sa Junction-to-ambient Thermal Resistance 126
- - TIW
0,c Junction-to-case Thermal Resistance 31.5
Pp Power Dissipation To=25<C 1 w
Recommended Operating Conditions (3) Min Max Unit
IN 8 16 \Y
Ambient Temperature -40 85 <
DS_SY22106 Rev.1.0 3
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Electrical Characteristics

Electrical Characteristics Ta = 25<C, Vin=12V, Cin=10uF, unless otherwise specified

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Power Supply Range VN 8 16 V
Quiescent Current lo \P/\II:Vé\/I ::10 ;/V 240 305 365 HA
VIN UVLO Rising Threshold Vin_uvLo 7 7.9 \%
VIN UVLO Hysteresis VIN_UVLOHYS Falling edge 0.5 \%
VFB Reference Voltage VB _REF 1.188 12 1.212 V
ISEN Current Regulate Reference VISENREF Risen=1Q, I .ep=300mA 294 300 306 mV
Risen=1€Q, I epseT=300mA,
Analog Output Current Accuracy I LEDace Ti\év[)r\:iio(liLHEi I-';E/;/DI\S/IETDuty:w%, 10 +10 %
xDuty)/l epser*xDuty
IDRV Source Current IbrV_source Peak current 0.2 A
IDRV Sink Current Ibrv_sink Peak current 0.4 A
LED Open OVP Threshold Vovp -211 | -197 | -184 mV
ICOMP Up Clamp lcomp_up clamp 1.4 147 | 154 \%
PWM High Level VHpwMm 15 \%
PWM Low Level Virwm 0.4 \%
Gain Bandwidth of Operational Amplifier GBP 2 MHz
Operational Amplifier (OP) Sink Current Isink_mAX 75 mA
Operational Amplifier (OP) Source Current Isource_max 20 mA
Thermal Shutdown Temperature Tsp 150 <
Thermal Shutdown Hysteresis Thys 20 <T

Note 1: Stresses beyond the “Absolute Maximum Ratings” may cause permanent 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 ;a is measured in the natural convection at Ta = 25<C on high effective four-layer thermal conductivity test board of JEDEC
51-2 thermal measurement standard. Test board is built according to JESD51-5 and 51-7.

Note 3: The device is not guaranteed to function outside its operating conditions.
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Typical Performance Characteristics

Analog Output Dimming Curve
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Functional Description and Applications Information

1. Control Strategy for Energy Transfer between the LED
(CC Output) and the DC Output (CV) Windings

SY22106

Primary Vpgry

The detailed operation is shown below in figures 3 and 4.

When the primary side MOSFET Q1 is turned on by the Primary I

primary side controller, the LED winding MOSFET Q2 will / ! '/ !
be turned off by SY22106. During this phase, energy from the i N :
power input Vpc flowing through the primary winding Np; is Secondary LED ] I

stored in the airgap of the transformer ferrite core. When Q1 winding-IDRYV ! !

turns off, the stored energy will be transferred to the LED H R ] i
winding Nsi, thus providing energy for the LED string. When Secondary LED i i
Q2 is turned off by SY22106, the rest of the energy from the et ! I\
Ns; winding will be transferred to the DC output winding for i i
regulating the CV output. This completes a full switching seeondary OV up i \ i i \
cycle, and a new cycle can be initiated by the primary side ) ! ! !
controller. ' e

Discontinuous Conduction Mode operation (DCM)

When the LED winding Ns; outputs energy to LED string,
the DC output winding doesn’t output energy to its load.
When Q2 is turned off, the remaining LED winding’s energy 1
will be transferred from Ns; to the DC output winding Ns / i/

! !
Primary Vpry ! !
! !
t t

Primary lpy

which will supply its load immediately. For the above i
mechanism to operate correctly, the flyback transformer : ! T
winding turn ratio (Ns2/Nsy must meet the equation ooy LD i
described below: winding-IDRV '

(ViLep+Vpi1+Vqze+Vsen) XNs2/Nsi<Vout+Vbp2 i

Secondary LED ]
winding-ls; .

Simplifying:

Viep* Ns2/Nsi<Vour

|
|
|
' t 1
. . .
i o
Second_ary_ CV output] ] ] i
winding-Is, i g .
Primary Secondary o !
v I J

Voc Pt ¥ Continuous Conduction Mode operation (CCM)
. 4 b, |
oy . Figure4.Operation Waveform
Np1 LED winding Vieo
Nsi -
DRV — i
Q1

SY22106

DC output winding
Cour.

Is2
*

Figure3.Operation Schematic Diagram
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2. SYNC Application Information

Vour

Figure5. SYNC Application Circuit

Across the entire input voltage range for the primary side
(Vbe), the maximum voltage at the SYNC input must be
higher than 1.2V in order to provide the internal clock signal
for IDRV.

Calculation Example: If the AC input voltage range Vineac) is
90Vac to 264Vac, considering an input capacitor voltage
ripple of about 30%, when VAC=90Vac, the minimum VDC
voltage is 90 x1.414 x(1-30%)=89V; when VAC=264Vac, the
minimum VDC voltage is 264 x 1.414 x0.7=261V.

When the flyback primary MSOFET is ON, the SYNC voltage
can be calculated as:

Vsynec = (VOUT+VDC x Nso/ Npl) xR4/ (R3+R4)

Using Ns2/Np1=1/8, Vour=12V for VAC=90Vac, Vsync=
(12+89x1/8) xR4/(R3+R4)>1.2x120%,

A design margin of 120% was used in this example.

The calculated resistor values are:

R3:<15xR4. R3=1200kQ, R4=82kQ

Design Verification:
When VAC=90Vac,
Vsyne =(12V+89Vx1/8) x 82k/(1200k+82k) = 1.479V.

When VAC=264Vac,
Vsyne =(12V+261Vx1/8) x 82k/(1200k+82k) = 2.85V.

3. LED Current Setting and Analog Output Dimming

If the PWM high level on PWM pin is longer than 100ns
(Typical Value), the backlight function is enabled. If the low
PWM level is longer than 20ms (Typical Value), the backlight
will be turned off.

In figure 2, when the backlight function is enabled, the LED
current will be regulated according to the PWM signal driving
the PWMM pin using the following formula:
ILep=300mVx(PWM Duty Cycle)/Rsen.

It is recommended that the PWM frequency is higher than
10kHz and the minimum high level is than 100ns.

To get good LED current accuracy, the peak voltage of ISEN
signal needs to be less than 2V.

4. DC Output Feedback and Operational Amplifier (OP)

VIN

Primary Side Cn
Controller I
COMPV Vour VFB
Ry 12v
R,
é p [i VCOMP
}:sa

Figure6. DC butput Feedback Application Circuit

In figure5, SY22106 regulates the DC output voltage using the
integrated reference and the operational amplifier (OP). The
inverting input of the operational amplifier is connected to the
VFB pin, the non-inverting input is connected to the internal
reference voltage with a nominal value of 1.2V, and the
operational amplifier output is connected to the VCOMP pin.

Calculation example: In figure 6 resistors Ry and R, are
configured to program the Output voltage Vo For a design
with the requirement:

Vou = 12V .

Select R,=2.49kQ and calculate R; using the following
equation:

Vou = (1+ R/ R2) x 1.2V

R1 = (12V/ 1.2V-1)x2.49kQ=22.41 kQ.

5. LED Open/Short Protection

The SY22106 monitors the LED string Cathode node voltage
for LED Open/Short protection. Because the LED string
Anode node is connected to GND, the LED string voltage at
the Cathode node is negative.

For the LED Open fault, the internal reference voltage is

-197mV (typical value). If the voltage at the OVP pin goes

below the threshold, the ICOMP and IDRV outputs will be

pulled down, and the backlight LED string is turned off.

During this condition the VFB and VCOMP will continue to

operate and provide power to the DC output (CV) rail. The

LED Open protection fault condition features a latch off

function.

Clearing the fault condition and restarting normal operation

can be done following one of the following steps:

1. PWM pin is pulled down for more than 20ms then pulled
high for more than 100ns.

2. Power Recycle — Decrease VIN below the device UVLO
threshold to turn off SY22106, and then turn power back
on.

Note: The thermal protection also clears the LED Open fault.

For the LED Short fault, the internal reference voltage is
-35mV (typical value). If the voltage at the OVP pin falls

DS_SY22106 Rev.1.0
© 2018 Silergy Corp.
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deglitch time (2ms), the SY22106 will drive low the ICOMP
output to shutdown IDRYV and pull down Vcompe. The primary
controller’s COMP pin voltage will also decrease to shutdown
primary side MOSFET. In this case the flyback converter will
stop transferring energy to secondary side.

The below condition can clear the LED Short fault protection:

1. The flyback converter stops transferring energy to
secondary side which makes VIN decrease below 4V to
clear the fault, then increase VIN above the UVLO
threshold to turn on the device.

Note: The thermal protection also clears the LED Short fault.

Design example:

In figure 7 resistors Rs and Rg are configured to program the
LED open/short thresholds.

For a design with the following requirements:

Normal operating voltage of the LED string = 80V

LED open protection threshold = 100V,

Select Rg=1.5kQ

Calculate R5 using the following equation:

V,
Rs=(=>-1)xR,
\Y/
OVP
Rs = [(-100V)/ (-0.197V)-1] x1.5kQ.
A value of 760kQ is selected for R5.

Note: Rs and Cs form a RC filter used to suppress noise, to
avoid triggering OVP in noisy environments.

Using the above resistors and given the internally set threshold,
the corresponding LED short protection will trigger for
voltages above -17.8V.

Dy
Dl
Lzl
t 5
Iy Q: 2l .L
IDRV
Vieo ISEN
- W+
-Ns; —¢ i< Risen IcoMP
v W
LED-]  Courz||
l } VY ove
e
Rs
Re == Cs

Figure7. LED Open/Short Protection Application Circuit

6. LED Dimming MOSFET Drain Source Short Protection
For the secondary LED dimming MOSFET Drain and Source
short detection, an internal threshold voltage is set 100 mV
above the dimming reference. If the voltage at the ISEN input
is higher than this internal threshold voltage for a duration of
longer than 2 ms, the SY22106 will trigger the fault condition.
As a result the ICOMP output will be driven low to shutdown
IDRV and pull down Vcowme, then the primary COMPV
voltage will also decrease to shutdown primary MOSFET.

In this case the flyback converter will stop transferring energy
to the secondary side.

The below condition can clear LED dimming MOSFET short

fault:

1. The flyback converter stops transferring energy to
secondary side which makes VIN decrease below 4V to
clear the fault, then increase VIN above the UVLO
threshold to turn on IC again

Note: The thermal protection clears the LED dimming
MOSFET Drain-Source short fault.

7. Thermal Shutdown Protection

When the die temperature increases above Tsp, the device will
enter thermal protection, and the nodes IDRV, ICOMP,
VCOMP will be pulled down to turn off the LED string and
the DC output. The primary controller COMP pin voltage will
decrease to shutdown the primary MOSFET which will stop
transfer energy from the input. The device resumes normal
operation when the die temperature falls below Tsp -Thys.

8. Layout Design:

Proper PCB layout and component placement are critical to
the performance of the device and for preventing noise and
electromagnetic interference problems.

Follow the guidelines below for proper PCB layout:

1) The loop formed by the LED winding, rectifier diode,
MOSFET and output capacitor must be as short as
possible.

2) The loop formed by the 12V winding, output capacitor
and rectifier diode must be as short as possible.

3) The input capacitor Cjy must be close to the Device VIN
and GND pins. The loop area formed by Cy and GND
must be minimized.

4) The IDRV, ISEN, SYNC pin connections must be as
short as possible.

5) Place the ICOMP RC filter components close to ICOMP
pin.

6) Place the VCOMP RC filter components must close to the
VCOMP pin.

7) Split power ground and signal ground and connect them
together in an optimal place to avoid the power ground
currents crossing and creating interference on the signal
ground.

DS_SY22106 Rev.1.0
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Typical Application Schematic
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BOM List

Designator Comment Footprint
Cy, Co 220pF/630V 1206
Cs 4.7nF/630V 1206
Cs 10F/25V 0805
Cs 0.1pF /25V 0603
Cs, C2o 68F /400V Ecap
C7, Co, C1o, Cis, Ca2, Ca4 NC

Cs 100nF/25V 0603
Cu 471F 1160V Ecap
Cu 0.331F /275V X-cap
Ci3, Cao, Cas, Ca9, Css NC

Cua 220p/100V 1206
Cis, Cis 1500F /25V Ecap
Cu7 10F 125V 1206
Cuo 10nF/25V 0603
Ca 47 125V Ecap
Ca 47pF/25V 0603
Co 10LF /25V Ecap
Cos 1F 125V 0603
Cos 100pF 0603
Cos 1nF/25V 0603
Ca 100pF/25V 0603
Css 22nF/25V 0603
D, MURA460 MUR460
D, NC

D3 RS407 RS407
D4 1N4007 D041
Ds STPS20H100CT TO220
De S1M SMA
D7, Dg 1N4148 SOD-323
F1 T4A/250V FUSE
NTC1 5D-9 NTC
Q1 AOT12N30 TO220
Qs FCPONG6ON TO220
Q4 NC

R1, Rs 47/1206 1206
R2, R7, Ris NC

Rs, R22, Ras 5.1Q 0805
R4, Ris, Ris, Rig 2MQ 1206
Re 0Q 1206
Rs, Ro, Rag 3.3Q/1206 1206
Rio 10Q/1206 1206
Ri1 47kQIAW

Rz 100Q 0603
Ri4, R0, R4z 20kQ 0603
R16, R23, Rs3 100kQ 0603

DS_SY22106 Rev.1.0
© 2018 Silergy Corp.

12
All Rights Reserved




S

SY22106

S/IERGY
R17 100Q2 1206
Ro1 200kQ 0603
R24 82kQ 0603
R27, Ra2 1kQ 0603
Ry 11k 0603
R29 200Q 0603
Ra1 3.3Q 0805
R34 30kQ2 0603
R3s 12kQ 0603
R 160kQ 0603
Rs7, Rag 0.5Q 1206
Rao 510kQ 0603
R 220k 0603
R4 1.5kQ 0603
Ras 1IMQ 0603
T PQ2620
U, SY22106FHC SSOP10
U, SY22813C SOT23-6
Us PC817 PC817
Transformer Design Specifications
Pinl - Pinl O O Pinl2
o A
Pinll/12 O @)
) O O
Pin9/10 O O
Pin3 Ping
Pin5 O O
hd Pin7 Pin6| O O | Pin7
Pin6 L L Top view
Temperature:2545°C Humidity:65425%
Test Condition: 50kHz, 1V
L:PIN(1-3)=300 1 H45%
L Wire Pin Insulating
Winding diameter*Number IN ouT 1S Tape (TS)
N1 ®0.3*2(2UEW) 1 3 28 2
N2 ®0.3(2UEW) 6 5 4 2
N3 ®0.6(TEX-E) 7 8 32 2
N4 ©0.8*2(TEX-E) |9, 10 | 11,12 4 2

DS_SY22106 Rev.1.0
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Pin3 I Q- N
Pin5 ’
Pine —— | ) -t O
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ OO0
Pinl1/12
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, OO @@ o
7777777777777777777777777777777777777777777 L IR
- Two Layer
R 7~ A
|
Transformer Structure
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SSOP10 Package Outline

f—————— 470510 —— =

1A0AFr

3.70-4.10

1.75{Max.)
I
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]

-
- 5.80-8.20

JHHHL

i
|—-—03|:| 0.50 |———|—1-UUETWZI u.mn.:«nj

Top View Side View A

I
T,

f Fl
L 0.40-1.27 Jh_ |

Side View B

Notes:  All dimension in millimeter and exclude mold flash & metal burr.
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Taping & Reel Specification
1. SSOP10 taping orientation

|-—a.5:¢1—-| 1480 55
i
r}\ /|‘ " P o -~
W, Y W, / 9 \ }
a o T 1 ] =i — 1
S —]* = =i —® T
1 | o (1 =i — T
1 =i i ] =i ] =i
2.00-2. 50
| 730510 |
Feeding direction —

2. Carrier Tape & Reel specification for packages

. Pocket Reel size Trailer Qty per
Package types | Tape width (mm) pitch(mm) (Inch) length(mm) Leader length (mm) reel
SSOP10 12 8 13" 400 400 2500
3. Others: NA
DS_SY22106 Rev.1.0 16
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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 17, 2019 Revision 1.0 Production Release
December 17, 2018 Revision 0.9 Initial Release
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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. It is 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
© 2018 Silergy Corp. All Rights Reserved.
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