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Specification Revision History:
Version Date Description

V1.0 2019/12 New

V1.1 2021/05 Modify Ordering Information

V1.2 2025/02 Modify Ordering Information

V13 2025/03 Add application precautions and

overall typesetting.
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Description

The HV99101s a PWM high-efficiency LED driver control IC.It allows efficient operation of High Brightness
{(HBJLEDs from voltage sources ranging from 8VDC up to 450VDC. The HVY9910 controls an external MOSFET at
fixed switching frequency up to 300kHz The frequency can be programmed using a single resistor. The LED
stringis driven at constant current rather than constant voltage,thus providing constant light outputand
enhanced reliability.The output current can be programmed between a few milliamps and up to more than
1.0A,

HV9910 uses a rugged high voltage junction isolated process that can withstand an input voltage surge of up
to 450V.0utput currentto an LED string can be programmed to any value between zero and its maximum
value by applying an external controlvoltage at_the linear dimming controlinput of the HV9910.The HV9910
provides a low-frequency PWM dimming input that can accept an external control signal with a duty ratio of

0-100%and a frequency of up to a few kilohertz,
Features

@ =90% Efficiency

@ 38V to450Vinput range

@ Constant-current LED driver

@ Applications from a few mAto more than 1A Qutput
@ LED string from one to hundreds of diodes

@® PWM Low-Frequency Dimmingvia Enable pin

@ Input Voltage Surge ratings up to 450V

Applications

@ DC/DCorAC/DC LED Driverapplications 3 RGB Backlighting LED Driver

@ BackLighting of Flat Panel Displays

@ General purpose constant current source [0 Signage and Decorative LED Lighting
@ Automotive

@ Chargers
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GMIC HV9910
The appearance of the product
Ordering Information
Product Model Package Type Marking Packing Packing Qty
HY9S10BS SOP-8 499105017 REEL 2500PCS/REEL
9910 SOP-8 9910 G017 REEL 2500PCS/REEL
Typical Application
Universal input &
* A 2 A
8V-450VDC [N v
85-265VAC rectified ] I o
'y --\\‘
VIN RT Yy @
W\
o VDD % + ®
1 9910 - a
GATE I
— LD —
CS
PWM_D GND T Sets LED Current
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Absolute Maximum Ratings

Wi T GND e v 0 DY TO HATOY

0 R NORPNSRRE | AVl (o e Ts S U REAT)
LD, PWI_D to GND.oes e 0.3Y 10 (Veld -0.3V)
GATEto GND .o 0.3V T0 (Vdd + 0.3V
Va5 13.5V

Continuous Power Dissipation (T, =+25°C) (Note 1)

"\n.-'-

16-Pin SO (derate 7.5mW/"C above +25"Clar e 720 mMW

3-Pi {derate 9mW/*C above+25"Cli e 300 MW

8-Pin SO (derate 6.3mW/"C above+25"C)...ccoovvvvenerre . 630MW
O perating Temperature Range ......cccccecvvev v m40°C 1o +85°C
Junction Temperature......ocoo i 71 25°C

Storage Temperature Range ..o o065 C 1o +150°C

H. = |'|r-{_:\'}t-.r'f'|‘_lr'k'| R:' '\-g ; et ar
£ - . -,
AUION OFf tNe devic ] oF ar
onsis notimplied. E):,')f‘.‘.;.'.' e [0 absoluTe maXimum ralting conaitions for extended

SpECiﬁCﬂtiO"S (TA=25°C unless noted atherwise)

Symbol Description Min Typ | Max | Units Conditions
Ve [Input DCsupply voltage range 8.0 450 W )Cinputvoltage
lyea  |Shut-Down mode supply current 0.5 1 mA  |Pin PWM_D to GND ) ..,” =8Y
v Internally regulated voltage 7.0 7.5 8.0 W Vin = 8=450V, lppiey=0, pin
oo Gate open
N Maximal pin Vdd voltage 135 Y When an external voltage
S Homa applied ta pin Vyy
Vop current available for external 1.0 T S
||.1|.1[r~x|;- e ] Vin = 8-100Y
circuitry
UYLO Voo unc?erx-*c}ltage lockout 6.45 6.7 | 6.95 Y Vinrising
threshold
~ |V undervoltage lockout 500 mY . .
AUVLO | oo . ag Vinfalli ng
hysteresis
Ve [PIn PWM_D input low voltage 1.0 W .,” =8-450V
Veg [Pin PWM_D input high voltage 2.4 Y V,, = 8-450V
Rey  |Pin PWM_D pull-down resistance 50 100 | 150 kQ |V, =5V
( o - 39E 350 7TE Y] . - o
Veen ,y rrent sense pull-in threshold 225 25 275 m @TA = -40°C to +85°C
il lyoltage
Ve |GATE high output voltage Wop-0.3 Yoo W lour = 10mA
Vourenor |GATE low outputvoltage 0 0.3 W lour = -10mA
: Oscillator frequency 20 25 30 kHz |Rgsc = LOOMO
80 100 20 kHz |R.. =226k0
D Maximum Oscillator PWHM Duty 100 % Fownnr = 25kHz, at GATE, CS
M Cyele to GND. GBD
V., |Linear Dimming pin voltage range 0 250 mY  |@TA=<85"C,Vin=12V
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Tosnk  |Current sense blanking interval 150 215 | 280 ns |V =055V, Y, =V
_— Delay from CS trip to GATE lo 300 ns Vin=12V, V=015,V =0
DELAY to 0.22V after Tom
tuee |GATE output rise time 30 50 ns Coare =500pF
tan  |GATE output fall time 30 50 ns | Coape =500pF

'Also limited by package power dissipation limit,whichever is lower.

Pinout
Description
Name S0-16 [?I%—%
Vi 1 1 Input valtage 8Y to 450V DC
CS 4 2 Senses LED string current
GND 5 3 Device ground
GATE 8 4 Drives the gate of the external MOSFET
PWM D a 5 Low Frequency PWHM Dimming pin,also Enable input.Internal
- i i 100kQ pull-down to GND
Internally regulated supply voltage. 7.5V
Y nominal.Can supply up to ImA for external
‘oo 12 6 circuitry A sufficient starage capacitoris used ta provide
storage when the rectfied AC input is near the zero crossings.
D 13 7 Linear Dimming by changing the current limit threshold at
' current sense camparataor
R 14 8 Oscillator control.A resistar connected hetween this pin and
nat ground sets the PWM frequency.
v, ® NC
NC ] NC
N Rosc
w(l® ] - cs ] LD
cs [ [] LD GND [] Voo
GND [ 1 Voo NC ] NC
|
GATE [] ] PwM_D NCl NC
L GATE ] PWM_D/
8-Pin DIP/SOP 16-PinSOP
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Block Diagram &Typical Application

Vi b

VIN
vI:II:I .::‘
Voo ‘j_ .
N
! Tl
LD

PWM_D ¥
100%

Application Information
AC/DC Off-Line Applications

The HY9910 is a low-cast aff-line buck,boost or buck-boast converter control IC specifically designed for

driving multi-LED stings or arrays.It can be operated from either universal AC line or any DCvoltage between
8-450V.0Optionally,a passive power factor correction circuit can be used in order to pass the AC harmonic
limits set by EN 61000-3-2 Class C for lighting equipment having input power less than 25W.The HV9910 can
drive up to hundreds of High-Brightness(HB]LEDs ar multiple strings of HB LEDs.The LED arrays can be
configured as a series or series/parallel connection. The HV9910 regu lates canstant current that ensures
controlled brightness and spectrum of the LEDs,and extends their lifetime. The HY9910 features an enable

pin(PWM_D]that allows PWM cantrol of brightness.

The HY9910 can also control brightness of LEDs by programming continuous cutput current of the LED

driver(so-called linear dimminglwhen a controlvoltage is applied to the LD pin.

The HY9910is aoffered in standard 8-pin SOIC and DIP packages.It is also available in a high voltage rated

S0O-16 package for applications that require VIn greater than 250V,
The HY9910 includes an internal high-voltage linear regu lator that powers all internal circuits and can also

serve as a bias supply for low voltage external circuitry.

LED Driver Operation

The HY9910 can control all basic types of converters,isolated or nan-isolated,operating in continuous or

discontinuous conduction maode.
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an inductor orin the primary inductance of a transformer and,depending on the converter type, may
partially deliver the energy directly to LEDs The energy stored in the magnetic camponent is further
delivered to the output during the off-cycle of the power MOSFET producing current through the string of
LEDs{Flyback mode of operation).

When the voltage at the VDD pin exceeds the UVLO threshold the gate drive is enabled. The output current is
controlled by means of limiting peak current in the external power MOSFET.A current sense resistor is

cannected in series with the

the sense resistor is applied to the CS pin of the HY9910.When the voltage at CS pin exceeds a peak current
sense voltage threshold,the gate drive signal terminates,and the power MOSFET turns off. The threshold is
internally set to 250mVY, or it can be programmed externally by applying voltage to the LD pin.When soft start
is required,a capacitor can be connected to the LD pin to allow this valtage to ramp at a desired

rate,therefore, assuring that output current of the LED ramps gradually

Optionally,a simple passive power factor correction circuit,consisting of 3 diodes and 2 capacitors,can be

added as shown in the application circuit diagram of Figure 1.

Supply Current

Acurrent of ImAis needed to start the HY9910As shown in block diagram,this current is internally resistors
typically required in the offline applications. Mareover,in many applications the HY9910 can be continuously

powered using its internal linear regulator that provides a regulated voltage of 7.5V for all internal circuits.

Setting Light Output

When the buck canverter topology of Figure 1 is selected, the peak CS voltage is a good representation of the
average current in the LED. However there is a certain errar associated with this current sensing method that
needs to be accounted far. This error is introduced by the difference between the peak and the average
current in the inductor.For example if the peak-to- peak ripple current in the inductor is 150mA,to get a

500mA LED current,the sense resstor should be 250mY/ (500 mA+D.5*150mA)=0.430 .

Dimming

Dimming can be accomplished in two ways, separately or combined, depending on the application.Light
output of the LED can be controlled either by linear change of its current,or by switching the current an and
off while maintaining it constant.The second dimming method (so-called PWHM dimming)cantrols the LED

brightness by varying the duty ratio of the output current.

The linear dimming can be implemented by applying a control voltage from 0 to 250mV to the LD pin.This
control voltage averrides the internally set 250mV threshold level of the CS pin and programs the output

current accordingly.For example,a potentiometer connected between VDD and ground can program the
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control voltage at the CS pin.Applying a control voltage higher than 250mVY will not change the output

current setting. When higher current is desired,select a smaller sense resistor,

The PWH dimming scheme can be implemented by applying an external PWHM signal to the PWM_D pin.The
PWM signal can be generated by a microcantroller or a pulse generator with a duty cycle proportional to the
amount of desired light cutput.This signal enables and disables the converter modulating the LED current in
the PWHM fashion.In ths mode,LED current can be in ane of the two states:zero or the neminal current set by
the current sense resistar.It is not possible to use this method to achieve average brightness levels higher
than the one set by the current sense threshold level of the HV9310By using the PWM control method of the
HV3910,the light cutput can be adjusted between zero and 100%.The accuracy of the PWM dimming methaod
is limited anly by the minimum gate pulse width,which is a fraction of a percent of the low frequency duty

cycle,

Some of the typical waveforms illustrating the PWM dimming method used with the application circuit of
Figure 1 are given below.CH: shows the MOSFET Drainvoltage,CH: is the PWH signal to pin PWM_D and CH

¢ is the current inthe LED string.

Tek Run _ _ [ : : ; | — ] Tr_ig,d
S i EDRRRERRARE SRR |
&£
: : : Ch2 Freq
317.6 Hz
B : : . . x : : : : . 23 4d %
_..._.. : """"T""" 'y-— -..- """""’""" """"p-__._._.._.. 4 Ch4 Mean
i . | . 302maA
.|.
ﬁ\ A _|:| | TSI : I L ULHLE R D TR S .
Ch1[ 50.0V  Ch2| 2.00V %M 400ps| A Chz & 1.80V
O 1.00AQ 24 Mar 2004
v —420.000us 10:06:11

33%PWM Ratio at 500Hz Dimming
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Ch1 50.0V |Ch2 2.00V &M 400us Al Ch2 £ 1.80V
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......... e o
| 4
i
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| i
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| 4
| ]
......... o 4
- | i
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1 | i

Chil 50.0V  |Ch2 2.00V &M 400ps A Ch2 S 1.80 V]
1.00 AQ 24 Mar 2004
i+~ [~420.0000s 10:08:55

0.4% PWM Ratio at 500Hz Dimming

Programming Operating Frequency

The operating frequency of the oscillator is programmed between 25 and 300kHz using an external resistor

connected to the R, pin:

WWW.GREENMICRO.NET 9 /16 VERV1.3



®
FF GREEN MICRO o010

Foec=25000/ (R [kKQ]+22) [kHZ]

Power Factor Correction

When the input power to the LED driver does not exceed 25W,a simple passive power factor correction
circuit can be added to the HV9910 application circuit of Figure 1 in arder to pass the AC line harmanic limits
of the EN61000-3-2 standard for Class C equipment. The typical application circuit diagram shows how this

can be done without affecting the rest of the circuit

significantly.A simple circuit consisting of 3 diades and 2 capacitors is added across the rectified AC line

input to improve the line current harmanic distortion and to achieve a power factor greater than 0.85.

Inductor Design

Referring to the Typical Application Circuit below the value can be calculated from the desired peak- to-peak
LED ripple current in the inductor. Typically,such ripple current is selected to be 30% of the nominal LED

current.In the example given here,the nominal current LED is 350 mA.

The next step is determining the total voltage drap acrass the LED string.For example,when the string
consists of 10 High-Brightness LEDs and each diade has a forward voltage drap of 3.0V at its nominal
current;the total LED voltage V . is 30V. Knowing the nominal rectified input voltage

Vin=120V*1.41=169V the switching duty ratic can be determined,as:
D= VLEDg N|N=30Jr169=01??

Then,given the switching frequency,in this example fosc=50KHz,the required on-time of the MOSFET

transistor can be calculated:

Ton=D/fosc=3.5 microsecond

The required value of the inductor is given by:
L=V -Yiens " Ton/(0.3%] ,)=4.6 mH

Input Bulk Capacitor

Aninput filter capacitor should be designed to hold the rectified AC voltage above twice the LED string
valtage throughout the AC line cycle.Assuming 15%relative voltage ripple across the capacitor,a simplified

farmula for the minimum value of the bulk input capacitor is given by:
C—[T‘l‘ln:lLED“"a"lLEDS*0.06_.":&'”“'*'2

Cmin=22pF,avalue 22uF/250Y can be used.
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A passive PFC circuit at the input requires using two series connected capacitors at the place of calculated

CMIN.Each of these identical capacitors should be rated for Y. of the input voltage and have twice as much

capacitance.

Enable

The HY9910 can be turned off by pulling the PWHI_D pin to ground.When disabled,the HY9910 draws

quiescent current of less than ImA.

Figure 1:Typical Application Circuit

- i
4 |
- ccloral 4004 4|N4r,o4 \ B T ~
25 BUSH-ZE20R5E i | BYVZER -
- ] 1R4004
s | hika F : LEDs
A input I | ) | ey —F ! e AT e .
139V AC ' — T | | —s— w00 < — N
Bhv | ’ 2ab | Iuf J_ 5wk ] -
-—A0, L | INmT ([
] - *
= - -
NTC j_;:-rl:rv : T GaTE | ™ vmzaze . 1
nF I * = bl F | o
v | D4 (140 160 : . .
L PO ] | cs +
| | I i .
= T uran
T apltional Tor PFC i
| — GND
PNRM_D .
LED{s) — astring of HB LEDs , 16 diodes -

Output Open Circuit Protection

When the buck topology is used,and the LED is connected in series with the inductor,there is no need for any
protection against an apen circuit condition in the LED string.Open LED connection means no switching and
can be continuous. However,in the case of the buck-boast or the Flyback topology the HY9910 may cause
excessive voltage stress of the switching transistor and the rectifier diode and potential failure.In this
case,the HY9910 can be disabled by pulling the PMW_D pin to ground when the over voltage condition is

detectad.
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DC/DC Low Voltage Applications

Buck Converter Operation

The buck power conversion topology can be used when the LED string voltage is needed to be lower than
the input supply voltage. The design procedure for a buck LED driver outlined in the previous chapters can
be applied to the low voltage LED drivers as well. However,the designer must keep in mind that the input
valtage must be maintained higher than 2 times the forward valtage drop across the LEDs. This limitation is
related to the output current instability that may develop when the HY9910 buck converter operates at a
duty cycle greater than 0.5.This instability reveals itself as an oscillation of the cutput current at a sub-

harmonic of the switching frequency.

Flyback(Buck-Boost)Operation

This power conversion topology can be used when the forward voltage drop of the LED string is higher,
equal ar lower than the input supply voltage.For example, the buck-boost topology can be appropriate
M)

when input voltage is supplied by an automotive battery(12V)and output string consists of three to six HB

LEDs,as the case may be for tail and break signal lights.

In the buck-boast converter,the energy from the input source is first stared in the inductor ar a Flyback
transformer when the switching transistor is ON.The energy is then delivered to the output during the OFF
time of the transistor.When the energy stored in the Flyback inductar is not fully depleted by the next

switching cycle{continuous canduction madejthe DC conversion between input and cutput voltage is given
biy:

Vour =V *D/(1-D)
The output voltage can be either higher or lower than the input valtage,depending on duty ratia.
Let us discuss the above example of an automotive LED driver that needs to drive three HB LEDs at 350mA.

-

Knowing the nominalinput voltage VIn=12V,the nominal duty ratio can be determined,as

D=V e/ VitV e ) =9/ (1 249)=0.43

Then,given the switching frequency,in this
example f, . =50KHzthe required on-time of the
MOSFET transistor can be calculated:

Ton=D/f

0sc

=8.6 microsecond

The required value of the inductor is given by:

WWW.GREENMICRO.NET 12 / 16 VERV1.3



®
FF GREEN MICRO o010

L=V, * Tan/(0.3* 11,4 )=0.98 mH,use ImH

Output Capacitor
Unlike the buck topology,the buck-boost converter requires an output filter capacitor to deliver power to
the LED string during the OMN time of switching the transistor,when the Flyback inductor current is diverted

from the output of the converter,

In order ta average the current in the LED this capacitor must present impedance to the switching autput AC
ripple current that is much lower than the dynamic impedance RouT of the LED string.If we assume RouT=3
Ohminour example,in arder to attenuate the switching ripple by afactor of 10,a capacitor with equivalent

series resistance(ESR)of 0.3 Ohm is needed.A chip SMT tantalum capacitor can be selected for this purpose.

Vi +1
= c7
V) = 8-30V 104F, 25V == Ch
10uF, 25V
LED
D2
O %S) B140-13
v, -1 HB LED 900mA at 4.5V
L2
uz - LYY
220uH
:f; R11
£ v Rosc E—Mr\f-lll' Qz
267K
il HUS‘BHJGNB 4 EI VN3205
LCs 24 pwn B CS s
T 2.2uF, 10V o
a
=
i R10
0.27
- - -

Figure 2-HV9910 Buck Driver for a single 900mA HB LED{VIn=8-30V)
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Vi 1
8-300 VDC +“‘ +” & LED
10uF, 25V 10pF, 25V
Vin =1 _L_ ; LED
-
] C4
— LED
L2 4, TuF. 18V

E 1000uH

u

& Lo
% e

% LED

D13
uz_ -] ~NC
s R2 J
] A 310 8 350mA HB LED's
I Vdd Rosc ." Qz
cs HVOQ10 | erox a)
2.24F, ‘E-«l 7 A
' Lo Gate ﬁ RFLOT4
b pwMD g cs &
&
RG
027

PWMD

Figure 3-HV9910 Buck-Boost driver powering 3 to 8,350mA HB LEDs(V.

N=8-30VIN)
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Outline Dimensions
SOP-8 Unit : mm
| ' i |
| 1 '__% | = [| |I >
EE ] J Ly
= i b {_;}_IJY
M L: | =
1]
H BB B
Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 1.350 1.800 0.053 0.071
Al 0.050 0.250 0.004 0.010
A2 1.250 1.550 0.053 0.061
b 0.330 0.510 0.013 0.020
C 0.170 0.250 0.006 0.010
D 4.780 5.000 0.185 0.197
E 3.800 4,000 0.150 0.157
El 5.800 6.300 0.22 0.244
e 1.270(BSC) 0.050(BSC)
L 0.400 1.270 0.016 0.050
g 0" 8" 0" g°
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Important Notice:

® Green Micro chip reserves the right to change products and documents without notice,
Customers should obtain and verify the completeness of the latest technical information
before placing orders. Meanwhile, Green Micro chip shall not assume any responsibility or

obligation for non-officially revised documents.

® Any parameters in the entire product specification are for reference only, and actual
application testing shall prevail. When customers use the products for system design, they
must comply with safety regulations and independently assume the following responsibilities:
selecting suitable Green Micro chip products according to application requirements;
completing desigh verification and full-link testing of the application; and ensuring that the
application complies with safety regulations or other requirements of the target market.
Customers shall bear all personal or property losses caused by design defects orillegal

operations, which shall have no relation to Green Micro chip.

® Green Micro chip products are prohibited from being used in scenarios such as life support,
military equipment, and key aerospace applications. All accidents and legal liabilities arising
from out-of-scope use shall be borne by the user, and Green Micro chip shall not be held

responsible.

e Alltechnical resources of Green Micro chip (including data sheets and reference designs) are
provided "as is", without guarantee of no defects or universality, and without any express or
implied warranties. The documents are only authorized for product development and
research described in this document. Unauthorized use of intellectual property, public
reproduction, and reverse engineering are strictly prohibited. All claims and losses caused by

illegal use shall be borne by the user, and Green Micro chip shall not be liable.
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