HOLTEK

HT7L5502/HT7L5503
Primary-Side Regulation

Dimmable LED Driver with Active PFC

Features

Primary-side current regulation without secondary-
side feedback circuitry

Power factor higher than 0.9

Compatible with wide dimming range

+ PWM dimming range: 5%-~100%

+ Analog dimming range: 10%~100%

Tight LED constant current regulation of £3%

Line compensation for enhanced LED current

accuracy
Constant voltage regulation when LED is turned off
Full protection functions for enhanced safety

+ Output over voltage protection

+ Output short-circuit protection

+ VCC over voltage protection

+ VCC under voltage lockout

+ External/internal over temperature protection

Package type: 8-pin SOP

Typical Application Circuit

Applications

» General illumination
» E26/27, T5/T8 LED lamps
* Smart lighting applications

General Description

The HT7L5502/03 is a controller for implementing
constant current LED driver with power factor
correction (PFC). By using primary-side regulation,
it controls the LED output current accurately without
the need of secondary-side feedback components. The
HT7L5502/03 operates in the quasi-resonant mode
to achieve higher efficiency. The output current can
be modulated by the DIM pin. The HT7L5502/03
integrates robust protection functions, including
output over voltage protection, output short-circuit
protection (SCP), VCC over voltage protection, VCC
under voltage lockout and over temperature protection
(OTP).
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Pin Assignment

omC{1 ~ sfvee
NTC 2 70 DRV
comp 3 6|1 GND
cs4 5[12CD
HT7L5502/HT7L5503
8 SOP-A
Pin Description
Pin No. | Pin Name | Type Pin Description
1 DIM | Dimming signal input
2 NTC | Connect an NTC resistor to this pin for programmable thermal protection
3 COMP | Loop compensation pin. A capacitor should be placed between COMP and GND
4 CSs | Current sense pin. A resistor is connected to sense the MOSFET's current
5 7CD | Connected to a resistor divider from the auxiliary winding to sense the valley and
the output voltage
6 GND G Ground pin
7 DRV (6] Gate driver output for driving the external power MOSFET
8 VCC P Power supply input

Legend: I=Input, O=Output, P=Power, G=Ground.

Absolute Maximum Ratings

Parameter Value Unit

VCC Supply Voltage, VCC to GND -0.3 ~ +48 \%
DRV to GND -0.3 ~+20 \
COMP, DIM, NTC, ZCD, CS to GND -0.3~+6 Y
Maximum Junction Temperature +150 °C
Lead Temperature (Soldering 10sec) +260 °C
Storage Temperature Range -60 ~ +150 °C
L Human Body Model +2000 \%

ESD Susceptibility -
Machine Model +200 \Y

Recommended Operating Range

Parameter Value Unit
VCC Supply Voltage 10~ 40 \%
Ambient Temperature -40 ~ 105 °C
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Electrical Characteristics
Vee=15V, Ta=25°C

Symbol ‘ Parameter Test Conditions ‘ Min. ‘ Typ. ‘Max.‘ Unit
Supply Voltage
Vec_ove VCC Over Voltage Protection — — | 44 | — \
Vec_on VCC Turn-On Threshold Voltage — — 18 | — \%
Vec_orF VCC Turn-Off Threshold Voltage — — | 75| — \Y,
Entry VCC Self-Charging Threshold .
Vee et Voltage Vce Falling — | 85 | — \Y
Exit VCC Self-Charging Threshold .
Vec_ex Voltage Vec Rising — 9 — Vv
lec_st Start-up Current Vce = Vecon - 1V — 10 — MA
lec_au Quiescent Current ZCD Pin and DRV Pin Open Circuit| — | 1.2 | — | mA
Constant Current Control
Constant Current Maximum Reference
VREF_MAX Voltage — — [300 | — | mV
Maximum Current Sense Limit Voltage
Ves_max for Over Load Protection Vzeo > Vzep_uve — [155| — \%
Minimum Current Sense Limit Voltage for
Ves Output Under Voltage Protection Vo S Voo uve OF Vo < Vo ois — |04 =V
ties Leading Edge Blanking Time — — | 400 | — | ns
to_oce Over Current Protection Debounce Time |Vcowr 2 4.8V — | 100 | — | ms
Zero Current and Output Voltage Detector
Vv ZCD Pin Over Voltage Protection . _ 36| — Vv
Z0OY% | Threshold Voltage :
Vzeo_cv Constant Voltage Threshold Voltage — — | 08 | — \%
Vaeo ue ZCD Pin Under Voltage Protection o — o6 | — v

Threshold Voltage

t ZCD Pin Under Voltage Protection _ _ 16 | — | ms
D-zeouvR Debounce Time

. . . Ves pk 2 150mV — [112| — | us

tek_zco ZCD Pin Blanking Time
Ves_pk < 150mV — |077| — | s

Timing Control
torr_cemn | Minimum Off Time for CC Mode |cC Vo > Voim_pis — | 22| — | ps
torr_comax | Maximum Off Time for CC Mode |Mode | Vo > Vom ois — | 150 | — | ps
torF_am g\r/e(EAHOZ/IeOde Fixed Off Time for oV Vom < Vo pis — | 40 — us
torF_sTmax '(\:A\a/XI\IAn;L(;Z Start Timer Period for | Mode Vo < Vo _pis — 10 — | ms
ton_max Maximum On Time — — | 22 | — | ps
Gate Driver
lorv_source | DRV Pin Source Current — — (400 | — | mMA
Ibrv_sink DRV Pin Sink Current — — [ 500 | — | mA
Vorv_ctave | DRV Pin Clamp Voltage — — 12 | — \%
Dimming Control
Vom_op DIM Pin Open Voltage — — | 54 | — \%
Vom_niet | DIM Pin High Threshold Voltage — — 3 — \%
Vom_Low DIM Pin Low Threshold Voltage — — 300 | — | mV
Voim_pis DIM Pin Disable Threshold Voltage — — | 250 | — | mV
to_pimois DIM Pin Disable Debounce Time — — 15 | — | ms
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Symbol Parameter Test Conditions Min. | Typ. |Max. | Unit
. For HT7L5502 — 1 — | mA
lom DIM Pin Current Source
For HT7L5503 — | 10 | — | pA
Current Foldback with Thermal Regulation
Vnrc_op NTC Pin Open Voltage — — | 37| — V
InTc NTC Pin Current Source — — | 8 | — | MA
Start Current Fold-back Threshold
VcF_sTarT Voltage — — 1.0 | — \
Ver stor Stop Current Fold-back Threshold . —_los| — Vv
Voltage
Vinre ReseT External Thermal Shutdown Reset . — 10| — v
Voltage
NTC Pin Thermal Shutdown Debounce
to_NTcsD Time — — 16 — | ms

Internal Over Temperature Protection
Tote_sp Internal Thermal Shutdown Protection — — [ 150 | — | °C

Internal Thermal Shutdown Protection o
Totp_spHys ) — — 25 — C
Hysteresis

Functional Description

The HT7L5502/03 is a dimmable constant current LED controller designed for isolated LED lighting applications.
The controller can achieve high power factor values and low total harmonic distortion (THD) values without
additional circuits and can also generate high accuracy LED driving currents with very few external components.

LED Current Setting

The HT7L5502/03 regulates the LED current (Iep) by sensing the primary-side information. The maximum LED
current (ILep max) can be calculated by the following equation:

\%
[LEDp MAX = % X 712115{;2/1“ x II:ITIS)

where Np is the turns of the primary winding, Ns is the turns of the secondary winding, Vrer max is the maximum
current reference voltage for ILep max, and Res is the external current sensing resistor.

Dimming Function

The HT7L5502/03 provides the analog and PWM dimming functions on the DIM pin. If the average voltage on
the DIM pin (Vp) is within Vo mien and Vo Low, the Iiep is linearly proportional to Vpnv. The Iiep of analog

dimming can be expressed as:

Iep = ILep max if Vo > Vo HiGe
Tep = o YPM ] itV > Vo >V
LED LED_MAX if Vbim_nicn DIM DIM_DIS
VbM HiGH

For better dimming performance at the analog low dimming level, a 0.1uF capacitor is recommended to be placed
between the DIM pin and GND. If the DIM pin inputs the PWM signal directly, it is recommended that the high-
level voltage (Vewwm piv 1) is 3.3V and the low-level voltage (Vewwm piv 1) is OV. The PWM frequency (fewm pmv)
is between 500Hz and 1kHz. When the PWM duty cycle (Dpwm piv) is reduced from 100% to 5%, the Irep is
decreased from 100% to 5% of Irep max, the Irep is linearly proportional to Dewm pm. The Iiep of PWM dimming
can be expressed as:

Itep = Dewm piv X ILED Max if 100% > Dpwm piv > 5%
Note that when the PWM duty cycle is lower than 5%, the LED current will not be proportional to it. In addition,

to have a good LED current regulation and prevent flicker, it is recommended to power the dimming controller
(ex. MCU) through another power supply. If Vpuv is lower than the dimming disable threshold voltage (Vb pis)
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for a period of tp pivpis, the HT7L5502/03 will enter the constant-voltage regulation mode until Vv is higher than
Vb row. If DIM pin is open, the Vo will be pulled up to the internal bias voltage, and output a current of I ep max.
The analog and PWM dimming curves are shown below.

ILED ILED

A A
100%*ILep_max " 100%*I.ep_max

Dimming oy

Decreases . m PWM_DIM_H
T e et T Vewomt

10%*ILen_max |- - 5%Le0_max [:>1 fewm_pm
Voim_pis =VDIM7LOW VDiM_HiGH > Vo 0 5% 100% > Deww_om
(a) Analog Dimming Curve (b) PWM Dimming Curve

LED Dimming Curves

Current Foldback with Thermal Regulation

The HT7L5502/03 provides an NTC pin to limit the maximum output current with an external 100kQQ NTC
resistor. In response to a high temperature, the maximum output current is clamped by the foldback current Irep cr.
As shown in the figure below, for PWM dimming applications, the LED current is gradually reduced according to
the decreasing of Vnrc. The foldback current (ILep cr) can be determined by the following equation:

Itep cr = ILep pim if Vire > Ver start
Ve .
Itep cr =<7 X ILep pim if Ver start > Vinre > Ver stop
VcF starT

When Vnrc reaches the thermal shutdown threshold voltage Ve stor for to nresp, the controller will enter the auto-
recovery mode until Vnrc is higher than Ver starr.

lLeo_cr

A
P Sy
100%*ILep_om R — >
el
Thermal
Increases
x/~" Thermal
50%*ILep_pim < Decreases
vl >
> > Vinte

VCFfSTOF‘ VCF_START
(Release Protection)

LED Current Foldback Curve — PWM Dimming

As shown in the following figure, for analog dimming applications, when Vrc is decreasing, the LED current (Ipm)
is not clamped until it is higher than the foldback current (Itep cr). ILep cr can be determined by the following

equation:
ILep cr = ILep Max if Vnre > Ver start
_ Vnrc :
Itep cF = <7 > ILep max if Ver start > Vinre > Ver stop
VCE sTaRT

When Vxrc reaches the thermal shutdown threshold voltage Vcr stop for tp xtesp, the controller will enter the auto-
recovery mode until Vnrc is higher than Ve starr.
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LED Current Foldback Curve — Analog Dimming

Constant Voltage Control

When the Vv is lower than Vv pis for to pimpis, the HT7L5502/03 will enter the constant voltage mode, and the
output voltage is regulated by sensing the ZCD voltage (Vzcp su). The following first figure shows that the ZCD
pin samples the Vzcp after the blanking time (tsk zcp) when the MOSFET is turned off. The tsk zcp is adjusted
by the peak current voltage of the CS pin (Vcs rx), and the output voltage can be adjusted by Rzcpi and Rzenz as
shown in the application circuit. Therefore, the output constant voltage (Vour cv) can be designed by the following
equation:

Vour ev=Vzep cv X (1 + m) X II:IL; - Vb

RZCDZ
where Ns is the turns of the secondary winding, Na is the turns of the auxiliary winding, and Vp is the forward
voltage of the secondary-side rectifier diode. As shown in the following second figure, if Vo is lower than Vom pis
for more than tp pivors, the controller will enter the constant voltage operating mode. The controller will return to
constant current operating mode immediately when Vpuv is higher than Vo Low.

teKk_zcp
A ie-—-pi  VzeosH
i rd
Vzep
Vzeo vs
L » t
A
Ves_pk

Ves -

ZCD Pin Voltage Sampling Method
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CC/CV Mode Operation

Line Compensation

When the MOSFET is turned off, the propagation delay under different input voltages will cause the CS pin
voltage deviation (AVcs), which will affect the LED current accuracy. The HT7L5502/03 has integrated a line
compensation for current regulation errors due to different AC line inputs. As illustrated by the figure below, the
input voltage is sensed by ZCD pin and converted to the current to CS pin. By adding an external compensation
resistor (Recs) in series between the Res and CS pin, the voltage offset will be added to the CS pin and is
proportional to the input voltage when the MOSFET is turned on.

Lo—~
NoO— ~
Reoor § DRVO—|
. ﬁ
g Naux ZCD[] Line C(C):rirljgljzi?sation []CS AN —
les_comp Rpcs @
GND
Rzcp2 j —Ces Res

Line Compensation for LED Current Accuracy

Boundary Conduction Mode (BCM)

The power MOSFET is turned on by inductor current zero-crossing detection. When the inductor current is falling
to the zero-crossing point, the voltage on the ZCD pin will detect the zero voltage and turn on the MOSFET. The
BCM control provides low turn-on switching losses and high conversion efficiency.

Soft-Start

When the VCC pin reaches the turn-on threshold voltage (Vcc on) after power-on, the MOSFET will be turned on
and the CS pin will set the minimum current sense threshold voltage (Vcs miv) to limit the power so as to reduce
the voltage spike on the MOSFET. In the soft-start period, the on-time of DRV is determined by Vcs miv and the
maximum off-time of QR operation is limited by torr comax. When the Vzep is higher than Vzep uve, the controller
will set the maximum current sense threshold voltage (Vs max) and operate in normal operation, as shown below.
The on-time and minimum switching off-time of DRV is determined by Vcomp.
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Waveform in Start-up Condition

VCC Self-Charging Mode

When the VCC pin voltage reaches the self-charging threshold voltage (Vcc er), the HT7L5502/03 will enter
the VCC self-charging mode to charge VCC to avoid triggering VCC UVLO during start-up or light load. It is
highly recommended to design the VCC operating voltage higher than Vcc er to avoid the output voltage out of
regulation.

Over Current Protection (OCP)

The HT7L5502/03 includes an over current protection function on the CS pin. In normal operation, an internal
circuit detects the current level and when the current is larger than the over current protection threshold level
(Ves max), the MOSFET will be turned off.

Output Short Circuit Protection (SCP)

The HT7L5502/03 determines whether the LED is shorted by detecting Vzcp. When the LED is short-circuited and
the Vzcp is lower than Vzep uve, the controller will set the current sense limit voltage to Ves miv to limit a lower
output power so as to protect the power components, as shown in the following figure.
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Waveform in LED Short Circuit Condition

VCC Over Voltage Protection (VCC OVP)

In order to prevent PWM controller damage, the HT7L5502/03 integrates a VCC OVP function. When the VCC
voltage is higher than the OVP threshold voltage (Vcc ove), the PWM controller will stop operating immediately.
If the VCC voltage decreases below the UVLO threshold voltage (Vcc orr), the controller will reset.

VCC Under Voltage Lockout (VCC UVLO)

The HT7L5502/03 has an integrated UVLO function which includes a hysteresis of 10.5V (Typ.). The PWM
controller will switch on when the VCC voltage exceeds Vcc on. It will switch off when the VCC voltage is less
than Vcc orr. The wide hysteresis characteristics will ensure that the device can be powered by an input capacitor
during start-up. When the output voltage increases to a certain value after start-up, the VCC will be charged
through the auxiliary winding.

Internal Over Temperature Protection (In-OTP)

The HT7L5502/03 also has an internal over temperature protection (In-OTP). When the junction temperature
exceeds the internal thermal shutdown temperature (Torp sp), the controller will immediately turn off the DRV
terminal. When the VCC decreases below the Vcc orr, the controller will reset.

Component Selection Guide

ZCD Divider Resistor

The upper resistor (Rzco1) of the voltage divider is determined by the following equation:
Rzepr =335 X%X 103 Q
P
where Np is the turns of the primary winding and Na is the turns of the auxiliary winding. The lower resistor (Rzcp2)
is determined by:
(Vour ove + Vb) x Na
Ns % Vzep ove -D
The ZCD pin senses the positive voltage of the auxiliary winding to detect the output over-voltage condition of

Rzep2 =Rzepi / (

Vour. When the sensed voltage is higher than Vzcp ove, the IC stops switching.
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NTC Resistor

An external NTC resistor is used to program the thermal shutdown temperature. With the internal current source
(Intc) and the shutdown threshold (Vcr stor), a 5.8kQ thermistor shutdown threshold is determined. If the NTC
resistance stays lower than 5.8kQ for more than tp ntcsp, the IC stops switching. The NTC resistance must increase
to greater than 11.8kQ to enter a normal start-up. The bias resistor (Rgias) is used to adjust the thermal shutdown
temperature for different thermistors.

CS Compensation Resistor

The propagation delay (tep) of the IC and MOSFET leads to the AV¢s deviation, which can be calculated as:
\2Vac X top X Res
Lm
in which Ly, is the primary inductance. An internal current sourcing from the CS pin creates the offset voltage to

AVcs =

compensate the propagation delay effect. In the beginning, the propagation compensation resistor can be calculated
by:
tep X Res X Rzepr X Np
Lm % 0.044 x Na
If the LED current is higher at high line, increase Recs. Conversely, if the LED current is lower at high line,

Rpcs =

increase Ccs.

Layout Guide

When designing switching power supply, good layout can improve the system performance and reliability. The
following layout practices are recommended.

» Keep switching current loops as small and straight as possible to decrease noise coupling.

» RCD snubber loop is a high switching loop. Keep it as small as possible.

* The DRV pin trace is also a high frequency loop. Keep it away from sensitive ZCD feedback loop.

 The resistor divider connected to ZCD is recommended to be placed beside the IC.

» Separate signal and power ground. Connect grounds close to Ci.

Keep switching current loops as small as possible
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Package Information

Note that the package information provided here is for consultation purposes only. As this information may be
updated at regular intervals users are reminded to consult the Holtek website for the latest version of the Package/
Carton Information.

Additional supplementary information with regard to packaging is listed below. Click on the relevant section to be
transferred to the relevant website page.

» Package Information (include Outline Dimensions, Product Tape and Reel Specifications)
» Packing Meterials Information

¢ Carton information
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HDLTEK#

HT7L5502/HT7L5503

8-pin SOP (150mil) Outline Dimensions
THAHT
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Dimensions in inch

Symbol Min. ‘ Nom. ‘ Max.
A 0.236 BSC
B 0.154 BSC
c 0.012 | = | 0.020
c' 0.193 BSC
D — | — | 0.069
E 0.050 BSC
F 0.004 — 0.010
G 0.016 — 0.050
H 0.004 — 0.010
a 0° — 8°

Dimensions in mm

Symbol Min. ‘ Nom. ‘ Max.
A 6.00 BSC
B 3.90 BSC
c 0.31 | = | 0.51
c' 4.90 BSC
D — | — | 1.75
E 1.27 BSC
F 0.10 — 0.25
G 0.40 — 1.27
H 0.10 — 0.25
a 0° — 8°
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Copyright® 2023 by HOLTEK SEMICONDUCTOR INC. All Rights Reserved.

The information provided in this document has been produced with reasonable care and attention
before publication, however, HOLTEK does not guarantee that the information is completely
accurate. The information contained in this publication is provided for reference only and may
be superseded by updates. HOLTEK disclaims any expressed, implied or statutory warranties,
including but not limited to suitability for commercialization, satisfactory quality, specifications,
characteristics, functions, fithess for a particular purpose, and non-infringement of any third-
party’s rights. HOLTEK disclaims all liability arising from the information and its application. In
addition, HOLTEK does not recommend the use of HOLTEK’s products where there is a risk of
personal hazard due to malfunction or other reasons. HOLTEK hereby declares that it does not
authorise the use of these products in life-saving, life-sustaining or safety critical components. Any
use of HOLTEK’s products in life-saving/sustaining or safety applications is entirely at the buyer’s
risk, and the buyer agrees to defend, indemnify and hold HOLTEK harmless from any damages,
claims, suits, or expenses resulting from such use. The information provided in this document,
including but not limited to the content, data, examples, materials, graphs, and trademarks, is the
intellectual property of HOLTEK (and its licensors, where applicable) and is protected by copyright
law and other intellectual property laws. No license, express or implied, to any intellectual property
right, is granted by HOLTEK herein. HOLTEK reserves the right to revise the information described
in the document at any time without prior notice. For the latest information, please contact us.
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