SY?22122L
60V High Efficiency Four-String Boost LED Driver

S/LERGY
General Description Features

SY22122L is a high efficiency peak current mode boost
controller with four matching current sources to drive WLED
arrays of LCD backlight.

4.5-30V Wide Input Voltage Range

Programmable 5mA~240mA LED Current Per String

LED Current with +/-6% Accuracy at 5mA per String
+/-2% Current Matching Among Strings at 5mA per String

The device has a wide input voltage range from 4.5V to 30V. PWM and Analog Mode Dimming Frequency: 100Hz~50
The LED current is programmable through a resistor. It also kHz

integrates both PWM and Analog dimming function for accurate Programmable Boost Switching Frequency: 100kHz-1MHz
LED current control. Open and Short LED Protection

Output Over Voltage Protection

Boost Inductor/Diode Short Protection

LEDN short to GND Protection

RoHS Compliant and Halogen Free

Compact Package: SOP16/SOP16E

Applications
o Monitor Panel Backlight

Typical Applications
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Figure 1. Typical Application Circuit
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Figure 2. Typical Application Circuit for two Controllers in Parallel Operation
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Ordering Information

Pinout (top view)

Ordering
Part Number Package type Top Mark
SOP16
SY22122LFFC RoHS Compliant and Halogen Free GCz Xyz
SOP16E
SY221221 FEC RoHS Compliant and Halogen Free GDA Xyz

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

Lepa 1] __ _, | 16] Leps LED4 [ 1] | 16] LED3
seT [ 2] | | [15] oND ISET[ 2 | | 15| GND
ow [ 3] i [ 14] LED2 ovp [_3| | 14] LED2
RT [ 4] E Exposed i 13] LED1 RT [ 4] | 13] LED1
en (5] | PAONDIE o] pum EN [ 5| [ 12] PWM
ISEN [ 6] | I [11] comp ISEN [_6 | | 11] comp
cate [ 7] | | [10] capim GATE [ 7] | 10] cADIM
vec [ 8] T [e N vee [ 8] 9] N
(SOP16E) (SOP16)
Pin Name Pin Pin Description
Number
LED1-4 1,13,14,16 | The current source pin for the xth string of LEDs. Connect this pin to the
cathode of the LED.

ISET 2 LED current programming pin. Connect a resistor to ground to program
the current in each LED string between 5mA and 240mA. The LED
current equals to: For PWM Dimming
ILED=ISET(mA)=Dpwm*1200/RISET(K Q); For Analog Dimming
ILED=ISET(mA)=Dpwm*1200*RDOWN/RISET/(RDOWN-+50)(K Q)

OVP 3 Output over voltage setting pin. Apply a resistor divider from Vour to
Ground.

RT 4 Boost Frequency Resistor Setting Pin .Fsw [MHz] =52/R+ [KQ]. The
frequency can be programmed from 100KHz to 1MHz.
EN 5 Enable Pin. Pull high to enable the chip.
ISEN 6 Current sense input for peak current mode control in Boost switch.
GATE 7 Gate driver output pin.
VCC 8 LDO supply generated from V,y and used to power the GATE driver.
IN 9 Input pin. Decouple this pin to GND pin with 1pF or more ceramic cap.
It receives the input from 4.5V to 30V
CADIM 10 Bypass this pin to GND with enough capacitance (such as 1uF ceramic
capacitor) to hold on internal voltage reference when used in Analog
dimming mode. PWM dimming mode will be selected if this Pin is
pulled up to Vcc.
COMP 11 Compensation pin.

PWM 12 Dimming signal input, 100Hz~50KHz PWM frequency.

GND 15 IC ground pin.

Exposed | Connect the exposed pad to GND plane for maximum power dissipation.
Pad (GND)
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Function Block
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Figure 3. Block Diagram

Absolute Maximum Ratings (1) Min Max Unit

LED1, LED2, LED3, LED4 -0.3 60

IN, EN,CADIM -0.3 33

Gate, VCC -0.3  |MIN(15,IN+0.3)] V

RT, COMP, ISEN, ISET 0.3 4

OVP, PWM -0.3 6

Junction Temperature, Operating 150

Lead Temperature (Soldering,10sec.) 260 <<

Storage Temperature -65 150

Thermal Information (2) SOP16 SOP16E Unit

0ia 80 40

0;c 18 20 TIW

Po Power Dissipation Tp=25<C 2.5 2.5 W

Recommended Operating Conditions (3) Min Max Unit

IN 4.5 30

PWM 0 5.5

LED1, LED2, LED3, LED4 voltage 0 58 v

EN 0 30

ISEN 0 4

CADIM 0 30

LED1, LED2, LED3, LED4 Current 5 240 mA

Operating Frequency 0.1 1 MHz

PWM Frequency 0.1 50 KHz

Minimum PWM on Time 1 us

Junction Temperature 125 <

Ambient Temperature -20 85 <
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Electrical Characteristics

Electrical Characteristics Vin= 12V, Ta= 25<C, unless otherwise specified)

Parameter Symbol Test Conditions Min Typ Max Unit
Input Voltage Range Vin 45 30 \%
Operating Current lop EN="1",PWM="1",Qg=40nC Note 4 6 mA
Quiescent Current lo EN="1”, PWM="0" 1 mA
Shutdown Current Isp EN="0" 1.4 A
VCC Voltage VCC Vin=12V, EN="1" 9 10 11 \%
Gate Sink Current Note4 1 A
Gate Source Current Note4 0.8 A
Not: ncluce Balance Rete ooy | o 0%, Cadimoty o7 | w0 |08 mA
LED Current Balance Rate lLeomatch (100%) | |LEDmatch=(1LEDMax-1LEDMIN)/ (I LEDAVE*2) - +.3 + %
Not: ncluce Balance Rete e | e a7 5 | 88| mA
LED Current Balance Rate | LEDmatch (5%) I Lepmateh= (1 Lepmax-1Lepmin)/ (1 LEDave2) - + + %
LED Regulation Voltage VRec Riser=12kQ 510 590 670 mV
IN UVLO Rising Threshold VIN_uvLo 4.49 \Y
UVLO Hysteresis Vuvio_Hys 0.22 \%
Thermal Shutdown Temperature Tsp Note4 150 °C
Thermal Recovery Temperature Trecovery Note4 130 °C
OVP Rising Threshold Vovp TH 1.9 2 2.1 \%
OVP Hystersis Vove_Hvs 100 mvV
OSP Falling Threshold Vosp TH 50 mV
Peak current limitation threshold Visen Boost Duty=40% 430 480 530 mV
EN Input Low Threshold 0.8 \Y/
EN Input High threshold 2 \Y/
PWM Input Low Threshold 0.8 \Y/
PWM Input High Threshold 2 \Y/
CADIM Output Resistance Rabim 50 kohm
PWM Mode Threshold Vcapim 12 1.5 1.8 \Y
LED Short Protection Threshold Vscp TH 8.9 9.9 10.4 \Y
Switching Frequency Fsw Rr=100kQ 520 kHz
Maximum duty cycle Dwmax Note4 90 %

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 JA is measured according to JESD51-2, 51-7 while ambient temperature=25°C, 0 JC is measured in accordance with

JESD51-14.

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

Note 4: This parameter is guaranteed by design.

DS_SY22122L Rev. 0.9
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Typical Performance Characteristics (Vin=12V, I.eo=100mA, 54V per string, 4 strings)

PWM Dimming Curve

Analog Dimming Curve

ILep (MA)
3

N
o

w
o

N
o

foun=100Hz |

fowm=50kHz
I I I

10 20 30 40 50 60 70 80 90 100
Analog Dimming Duty Cycle (%)

-
o

(=]

o

Analog Dimming
(faom=100Hz, d=50%)
PWM 5V/div - i

S | SNOS—— -

o

v, —50V/div | e
: Vout !!g;gw gl ; |

ot

ILED 50mA/div

i |

Toml 165k us/dy Ton2 1 6.5k Tus/dv

it

Time (2ms/div and 1pus/div)

Analog Dimming
(faom=50kHz, d=50%)
Mo 65N Sus/dv

PWM 5V/div

Voraw  50V/div

Vour  50V/div

e SomAvdy

Time (5us/div)

100

90

80

70

60

50

ILep (MA)

40

30

20

10

0 1

fowm=100Hz
fowm=50kHz
| | |

0 10 20 30 40 50 60 70 80 90 100
PWM Dimming Duty Cycle (%)

PWM Dimming
(faov=100Hz, d=50%)
Mo 2 125 M ms/dv
PWM 5V/div
i 3
* Vogay  50V/div }
Vour. 50V/div
ILED 100mA/div
E Tom 6Bk /iy Tond 8B sl

Time (2ms/div and 1ps/div)

PWM Dimming
(faom=50kHz, d=509%)
[H¥T]
PWM 5V/div
Voran_ 50V/div

Vout 50V/div

ILep 100mA/div

Time (5ps/di;/)

DS_SY22122L Rev. 0.9
© 2022 Silergy Corp.

Silergy Corp. Confidential- Prepared for Customer Use Only

6
All Rights Reserved.



S/IERGY

SY221221L

Startup from Vi
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Applications Information

The SY22122L contains a peak current mode boost controller
and 4-channel matching current sources to drive WLED arrays
of LCD backlight.

LED Current Setting:

LED1~LED4 are the 4-channel LED driver outputs. The sinking
current of each channel can be programmed with a resistor Riset
connecting from ISET pin to ground:

1200x D,
——— (PWM)
Riser(Kohm)

1200% Dy ¥ Rpown
Riser x (R poun +50)(Kohm)

For PWM mode Riser=12K Q (ohm), the LED current is set to
100mA. The maximum sinking current of each channel is
240mA. For higher current application, different channels can
be paralleled. The LED current evenly flow through the
paralleled channels because of good current matching.

ILep=Iser(MA)-=

ILep=1ser(MA)= (Analog)

Input capacitor CIN1:
The ripple current through input capacitor is calculated as:

Vinx (Vour — Vin)

2\/§>< L x Fsw x Vout

X5R or X7R ceramic capacitors with greater than 4.7uF
capacitance are recommended to handle this ripple current. To
minimize the potential noise problem, place this ceramic
capacitor close to the IN and GND pins. Care should be taken to
minimize the loop area formed by Cn, and IN/GND pins.

lcin_RMs =

Output capacitor Court:

The output capacitor is selected to handle the output ripple noise
requirements. This ripple voltage is related to the capacitor’s
capacitance and its equivalent series resistance (ESR). For the
best performance, it is recommended to use better grade low
ESR ceramic capacitor. The voltage rating of the output
capacitor should be higher than the maximum output voltage.
The minimum required capacitance can be calculated as:

N x Ieo x (Vout — Vin)

Fsw x Vout X VRIPPLE

VRIPpLE is the peak to peak output ripple, n is the number of
LED string.

For LED applications, the output capacitance should be large
enough to attenuate the V epx ripple voltage.

Cout =

Inductor L:
There are several considerations in choosing this inductor.

1) Choose the inductance to provide the desired ripple current.

The inductance is calculated as:
Vi Vout—Vin) X o
L = ( in )2 X (Vour—Vin) ;}L (fOI' CCM)

Vout nxlledszwa

Select ~X = 0.4~2(for CCM)

L
Where Fsw is the switching frequency, n is the number of LED
string, lep is the current of each LED string,Vin is input

voltage,Vout is output voltage ,Al_is total inductor current ripple,

IL is inductor average current.

2) The saturation current rating of the inductor must be
selected to be greater than the peak inductor current under
full load conditions.

Vout XX Ile-d Vin X (Vout - Vin)

Vin X Vout x Lx st X 2
Where 7 is total efficiency.

3) The DCR of the inductor and the core loss at the switching
frequency must be low enough to achieve the desired
efficiency requirement.

(for CCM)

Isat_min

Main MOSFET Selection:

The choice of the main MOSFET depends on the current
through MOSFET, the maximum Vps Vvoltage, the switching
frequency, the capability of the MOSFET to dissipate heat.

The maximum RMS current through MOSFET is given by:

Vowr XX Log |(Vout = Vi) 1 AL
I = 14— 2 M
mos _rms Vi X1 Vour 3 (2 % IL) (for )

The maximum drain to source voltage equals the output voltage
plus output diode forward voltage.

Rectifier Diode Selection:

A Schottky diode with low forward voltage drop and fast
switching speed is desirable for the application. The voltage
rating of the diode must be higher than maximum output voltage.
The diode’s average and peak current rating should exceed the
average output current and peak inductor current.

Internal 10V LDO:

VCC is the output of internal LDO. Connect a 1uF capacitor
from VCC pin to ground. This LDO provides 10V power supply
for the external MOSFET gate driver. The typical dropout
voltage of the LDO is 200mV. VCC drops to 0 when the IC
shuts down.

Open LED Protection:

When any LED string is open, the respective LEDx pin will be
pulled to ground. IC continues charging the output voltage until
over voltage protection is triggered. Then the part stops
switching and checks the condition of all the LEDx pins. The
part will mark off and disable the one which voltage is below
100mV. Then the output of boost slowly drops because of the
load current. The IC resumes switching once the OVP pin
voltage drop below Vovp_th minus Vovp_hys. When all strings
are marked off, the IC latch off the Boost converter. Recycling
input power or enable signal to turn on the connected string after
fault condition is removed.

Short LED Protection:

When any diode on the LED string becomes shorted, the LEDx
voltage on that string may exceed Vscp 1w (typical 9.9V), and
short LED fault is detected. If short LED fault lasts for more
than about 15ms in LED ON time, the IC will mark off and
disable that string. When all strings are marked off, the IC will
also latch off the boost converter.

DS_SY22122L Rev. 0.9
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No Rectifier Diode Protection:

When the chip is enabled, IC will check the connection of the
rectifier diode by sensing the voltage on OVP pin. If the voltage
on OVP pin is lower than Vosp tw (typical 50mV), the I1C will
shut down.

LEDX pin short to GND Protection:

When LEDx pin short to GND, the respective LEDXx pin voltage
is below about 100mV and COMP pin voltage is higher than
about 2.3V, if last for about 15ms in LED ON time. IC will
latch off boost converter.

Peak Current limitation:

The device employs cycle by cycle current limitation to protect
Boost Inductor and MOSFET. When the peak current sensing
voltage (VISEN) exceeds 480mV (typical value), the device will
turn off MOSFET. MOSFET will turn on again until next clock
signal arrives.

Diode/Inductor Short-Circuit Protection:

When Diode/Inductor Short is happened, the current flow
through Boost MOSFET will increase significantly. If the
voltage on ISEN pin exceeds approximately 0.58V during the
ON period of the boost MOSFET and last for about 15ms in
LED ON time. The IC will shut off and stay latched. 15ms timer
will be reset if ISEN pin voltage drops below 0.58V for eight (8)
consecutive clock cycles during gate on time.

LED1/2/3 Channels Operation:

For applications where only three LED strings are used, IC
provides design flexibly by disabling the fourth channel. It is
required that a resistor (510 ohm to 820ohm) is connected
between LED4 pin and GND. The three LED strings should be
connected to LED1/2/3 correspondingly.

Over Temperature Protection:

To prevent the IC from over temperature, the device will
shutdown when the junction temperature exceeds 150°C
(typical). When the junction temperature decreases to 130°C
(typical), IC will resume to switching.

Power ON and OFF Sequence
Power on sequence:

VIN ON—PWM ON—EN ON
Power off sequence:

EN OFF—PWM OFF—VIN OFF

Multiple Controllers in Parallel operation:

For applications having more than 4 LED strings, designer can
use multiple controllers for parallel operation. A reference
circuit is illustrated in Figure 2. Both controllers share the
common Boost converter power train for 8 strings of LED
operation.

Layout Design:
Proper PCB layout and components placement are critical to the

performance of the IC and to prevent noise and electromagnetic

interference problems. Eollowing are some rules for the PCB

layout:

1) The loop of main MOSFET, rectifier diode, and output
capacitor must be as short as possible

2) Itis desirable to maximize the PCB copper area connecting
to GND pin to achieve the best thermal and noise
performance.

3) Cin2 must be close to Pins IN and GND.

4) The PCB copper area associated with main MOSFET drain
must be minimized to avoid noise problem.

5) The small signal components must be placed close to IC
and must NOT be adjacent to the main MOSFET drain net
on the PCB layout to avoid the noise problem.

6) For high accuracy at low dimming duty in analog dimming
mode, the capacitor CADIM must be placed as closed as
GND pin and CADIM PIN. DO NOT connect CADIM and
GND wire under IC.

7) Boost rectifier diode/inductor short protection is achieved
by detecting the voltage between ISEN pin and GND pin.
The current is very high when short fault occurs, the trace
between the source pole of boost main MOSFET and
current sense resistor, the trace between the drain pole of
boost main MOSFET and anode of boost rectifier
diode/inductor must be as short and wide as possible.

DS_SY22122L Rev. 0.9
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Layout Example
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Design Specifications

Input(://;) e LED configuration
12-28 4 strings, 100mA per string, 16s LEDs

Application Schematic

g e
’ I I SY22122L
GATE
IN
ict
CADIM vce
GND
EN OovP
12 13
EEE JP N e
”_| |_‘R 'VVV_H COMP LEDS
BOM List
Reference Designator Description Part Number Manufacturer
IC1 4-String LED driver SY22122LFFC Silergy
C2 47uF/100V/ECAP 860020673013 Wurth Electronics
C3 47uF/50V/ ECAP 860040875002 Wurth Electronics
C4,C5 1uF/100Vv/1206
C6,C9,C10,C11 1uF/50Vv/1206
o7 NC (PWM Dimming)
1uF/0603(Analog Dimming)
cs8 1uF/25V/0603
D1, D2 100V/3A, Schotty Diode SS310
J2 JUMPER
L1 15uH/5A, Inductor 744770115 Wourth Electronics
Q1 100V/9.4A, 210mQ, NMOS IRFR120N IR
R3 1MQ /0603
R4 10Q /1206
R5 12kQ /0603
R6, R8 100kQ /0603
R7 100€ /0603
R9, R10 200k /0603

DS_SY22122L Rev. 0.9
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R11 33kQ /0603
100kQ/0603
R12 (PWM Dimming)
NC(Analog Dimming)
R14,R15 200mQ /1206
R13, R17 10 Q /0603
DS _SY22122L Rev. 0.9 Silergy Corp. Confidential- Prepared for Customer Use Only 12
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SOP16 Package Outline Drawing
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Front View PCB layout (Recommended)

Notes: All dimension in millimeter and exclude mold flash & metal burr.
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SOP16E Package Outline Drawing
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Notes: All dimension in millimeter and exclude mold flash & metal burr.
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1. Taping orientation

Taping & Reel Specification

SOP16&SOP16E Ko
W
- 3.9/4 ] N
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8 [ P [T [ PY [T [ PY [T
N T .| T - T T
M~
uj ] | 1] .| 1] .|
[ [T [ 11 [ 11
[ [T [ [T [ [T
[ [T [ 11 [ 11
[ [T [ 11 [ 11
EE\ [T EE\ [T EE\ [T
\
Feeding direction ——
2. Carrier Tape & Reel specification for packages
e <« Reel
| Width
Reel - -
Size ]
Tape . .
Package width Pocket Reel size Reel Trailer Leader length | Qty per
types (mm) pitch(mm) (Inch) width(mm) | length(mm) (mm) reel
SOP16 & "
SOP16E 16 8 13 12.4 400 400 2500
3. Others: NA
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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 describe ed 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
©2022 Silergy Corp. All Rights Reserved.
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