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1). Features:

¢ >90% Efficiency

& 8V to 450V input range

& Congtant=current LED driver

¢ Applieations from a few mA to more than 1A Output
4/LED string from.one to hundreds of diodes

¢ PWM Kow-Frequency Dimming via Enable pin

4 Input Voltage Surge ratings up to 700V

@ Coristant-offtime/or eonstant frequency PWM

2). Applications ° Cof B LED%
¢ DC/DC or AC/DC/LED Driver applications o1 L _yr
# RGB Backlighting LED Brivet; ' "7%6610
# Back Lighting of Flat Parfel Displays dima pate
@ General purpose constant €urrent sourde oas s
& Signage and Decorative LED Lighting 10% JT—
€ Automotive L
& Chargers

Fig 1< Jypical application
3). Typical Application General Description ¢

The FT6610 is a PWM high-efficiency LED driver contrel IC/ It allows_efficient” operation of High
Brightness (HB) LEDs from voltage sources ranging from 8VDC up’16-450VDC./ The FT6610 controls
an external MOSFET at fixed switching frequency up to 300kHz/ Thé/frequency (offtime) can be
programmed using a single resistor. The LED string is driven at constantcurrent rather than constant
voltage, thus providing constant light output and enhanced reliability.” The output current can be
programmed between a few milliamps and up to more than 1.0A.

The FT6610 uses a rugged high voltage junction isolated process that can withstand an input voltage
surge of up to 450V. Output current to an LED string can be programmed to any value between zero
and its maximum value by applying an external control voltage at the linear dimming control input of the
FT6610. The FT6610 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 kHz.
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4). Block Diagram :

vin

Tosc

SCI1se

dim a

5). Pin Description :

UVLO—»
regulator vee
POR —»
OSC
250m\,

! D— gate

100k
A A AEE

dim d

Fig2/ FJ6610,block diagram

Pin SOIC-16 Description
VIN 1 1 Input voltage 8V to 450V DC
SENSE 4 2 Sense LED/string’current
VSS 5 3 Device ground
GATE 8 4 Drives the gate’of the\external MOSEEA,
DIM D 9 5 Low Frequency PWM Dimming pin, also Enable input.
- Internal 100kQ pull-down to VSS
Internally regulated supply/voltage (7.56) iominal). Can
supply up to 1TmA for external-circtitry. A sufficient
VCC 12 6 o /
storage capacitor is used to‘proyvide/storage when the
rectified AC input is near the zero{crossings.
DIM A 13 7 Linear dimming by changing the current limit threshold at
- current sense comparator
Oscillator control. A resistor connected between this pin
Rosc 14 8 and ground sets the PWM frequency, ., Connected
between this pin and gate sets the offtime..

No Connects (NC) are not internally connected and may be used for pass-thru PCB traces.
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6). Pin configuration :

dimn_a
vecll 6 ]

Fig-37FT6610 package sop-8 and sop-16

7). Absolute Maximum’Ratings ;

Parameter Value

VIN to VSS -0.5V to +470V
SENSE -0.3V to (VCC + 0.3V)
DIM_A, DIM_D to VSS -0.3V to (VCC - 0.3V)
GATE to VSS -0.3V to (VCC + 0.3V)
VCCmax 13.5V
Continuous Power Dissipation (TA= #25°C)

16-Pin SO (derate 7.5mW/°C above +25°C) 1300mW
8-Pin SO (derate 6.3mW/°C above +25°C) 630mwW
Operating temperature range -40°C to +85°C
Junction temperature +125°C
Storage temperature range -65°C to +150°C

Absolute Maximum Ratings are those values beyond which’damage to.the device may
occur. Functional operation under these conditions is not /implied.Continuous
operation of the device at the absolute rating level may affect-device reliability. All
voltages are referenced to device ground.

8). Thermal Resistance :

Package i,
8-Lead SOIC 128°C/W
16-Lead SOIC 82°C/W

FocalTech Systems Co., Ltd Page: 5 of 17



Product Data Sheet

g . i
Focallecn

Doc# : D-FT6610-0812 (Version : 2.0)

DDCN# : DC-0903003

9). Electrical Characteristics :

(Over recommended operating conditions unless otherwise specified T, =25°C)

Symbol Parameter Min Typ | Max | Units Conditions
VINDC Input DC supply voltage range 8.0 450 V DC input voltage
IINsd Shut-down mode supply current - 0.5 1 mA E'gVDIM—D o) ez Wil
VIN = 8 — 450V, lcc(ext)
VCC Internally regulated voltage 7.2 7.5 7.8 V - 0, GATE open
When an external
VCCmax | Maximal pin VCC voltage - - 13.5 V voltage applied to pin
VCC
o | VOO SUnEt el for ; - 10  mA | VIN=8-100V
external circuitry 1
Uil | ek eenelzge lesent 62 | 67 | 7.2 | V | VINrising
threshold
alye | LE0 el Eee (bE e ; 500 | - | mV | VINfalling
hysteresis
VEN(lo) Pin DIM_D input low voltage - - 1.0 \Y VIN = 8 — 450V
VEN(hi) Pin DIM_D input high voltage 24 - - \Y VIN = 8 — 450V
REN Pin DIM_D pull-down resistance 80 100 120 kQ
VSENSE(hi) Current sense pull-in threshold 295 250 | 275 mv
voltage
VGATE(hi) | GATE high output voltage VCC-0.3 - VCC V IOUT = 10mA
VGATE(lo) | GATE low output voltage 0 - 0.3 V IOUT = -10mA
28 Rocs=1MQ t
fOSC Oscillator frequency kHz ocs oS
78 Rosc=300kQ to vss
. FPWMhf = 25kHz.
- - o
DMAXhf Maximum PWM duty cycle 100 % sense to vss. GBD
VDIM_A 'r-;"r‘]zaer el B Vel 0 - 250 | mV | VIN=12V
TBLANK Current sense blanking interval 240 300 360 ns V_sensg = 0.55Vdim_a,
dim_a=vcc
tRISE GATE output rise time - 60 ns CGATE = 270pF
tFALL GATE output fall time - 40 ns CGATE = 270pF

Note: some parameters are guaranteed by design, not by production test
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10). Application Information :

The FT6610 is a low-cost off-line buck(see Fig 5.) or boost (see Fig 6.) converter control IC designed
specifically for driving multi-LED stings or arrays. It can be operated from either universal AC line(see
fig 4.) or any DC voltage (see fig 1.) between 8-450V. Optionally, 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 FT6610 can drive up to hundreds of
High-Brightness (HB) LEDs or multiple strings of HB LEDs. The LED arrays can be configured as a
series Oy series/parallel connection. The FT6610 regulates constant current that ensures controlled
brightness ahd spectrum) of the LEDs, and extends their lifetime. The FT6610 features an enable pin
(DIM_D) that allowsPXWWM-control of brightness.

The FT6610.can‘also contral brightness,of LEDs by programming continuous output current of the LED
driver (so=calledinear dimming) when a control voltage is applied to the DIM_A pin.

The FT6610-is offered in“a standard 8-pin SOIC-package. It is also available in a high voltage rated
SO-16 package-for/applicationsthat require VIN, greater than 250V.

The FT6610 includes an. internal high<voltage-linear regulator that powers all internal circuits and can
also serve as a bias supply for\lowoltage. external cirCuitry.

The FT6610 includes two kind/of . PWN: coenstantfrequency or constant offtime. For the late one, when
input power voltage changes in big/tange‘the autput current will change little.

F1

O~ o T h 4
T1
AC Input . —_— D2 . —
85-264v C1 c2 7 ©3 *
2R | | = D3 |
T a2 p1 g -
NTC D3
c4 7
vin
— VCC
FT6610
dim_d ot |E _

[k Jem— —dim_a
__L_ PWM - RERSE
— TrosC S5

(PWM in constant frequency)

=

Fig 4.a. Typical AC input application circuit
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Fl

4
AC Input - D2 -
85~264v C1 Clr — 4 *
IR | | 4 = D3 j
‘ll i D4 D1 |
D3
NIC 5 .
1_3_ vin
dmd e IE S

Cs—— i
T PWM -
= TOSC VEL]

[ 2
EAE:

PWM in‘constantofftime

Fig 4.b Typical/ACinput application circuit

11). LED Driver Operation :

The FT6610 can control all basic types of eonverters; isolated-or jnon-isolated, operating in
continuous or discontinuous conduction mode. When the ,gate/signal enhances thesexternal power
MOSFET, the LED driver stores the input energy in{an/inductor or4n the primary inductance of a
transformer and, depending on the converter type, may(partially’ deliverthé energy directly to LEDs.
The energy stored in the magnetic component is further delivered to'the output daring-the off-cycle of
the power MOSFET producing current through the string of LEDgs’ (Flyback-maodé(of operation).

When the voltage at the VCC pin exceeds the UVLO threshald’ the” gate-drive/is enabled. The
output current is controlled by means of limiting peak current in theZexternal powér MOSFET. A
current sense resistor is connected in series with the source terminal*of/the'MOSFET. The voltage
from the sense resistor is applied to the SENSE pin of the FT6610. Whenthe/voltage at SENSE 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 250mV, or it can be programmed externally by
applying voltage to the DIM_A pin. When soft start is required, a capacitor can be connected to the
DIM_A pin to allow this voltage to ramp at a desired rate, therefore, assuring that output current of
the LED ramps gradually.

FocalTech Systems Co., Ltd Page: 8 of 17
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12). Supply Current :

A current of TmA is needed to start the FT6610, this current is internally generated in the FT6610
without using bulky startup resistors typically required in the offline applications. Moreover, in many
applications'the FT6610 can be continuously powered using its internal linear regulator that provides
a regulated voltage of 7.5V for all internal circuits.

13)~.Setting Light Output :

Whenr'the' buek-conyertér.topology of Figure 1 is selected, the peak SENSE voltage is a good
représentation ofythe average current in the LED. However, there is a certain error associated with
this ecurrent sensing/method that needs to be accounted for. 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/inthe/inductor is” 150mA, to get a 500mA LED current, the sense resistor should be
250mVB00mA+ 075 150mA) =0:43Q)

14). Dimming ;

Dimming can be accemplished in twe ways, separately or combined, depending on the application.
Light output of the LED._can be contfolled either/by linear change of its current, or by switching the
current on and off whilemaintaining, it .Censtant.>The seécond dimming method (so-called PWM
dimming) controls the LED brightness-byvarying the duty ratio’of the output current.

The linear dimming can be implemented by applying a control voltage from 0 to 250mV to the
DIM_A pin. This control voltage overrides” the mternally set250mV threshold level of the SENSE
pin and programs the output current aceordingly. Fot-example;a potentiometer connected between
VCC and ground can program the control veltage/at the’SENSE pin. Applying a control voltage
higher than 250mV will not change the outputcCurrent setting:. When highet Current is desired, select a
smaller sense resistor. The PWM dimming scheme/can be implémented. by applying an external
PWM signal to the DIM_D pin. The PWM signal“can ‘be’ generatéd by amierocontroller or a pulse
generator with a duty cycle proportional to the amount-of desired light-Output. This signal enables and
disables the converter modulating the LED current in the PWM fashion-—Ifi/this"'mode, LED current
can be in one of the two states: zero or the nominal current set/by/the-carrent’sense resistor. 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 FT6610. By using the PWM controlanethod of the FT6610, the light
output can be adjusted between zero and 100%. The accuracy of the PWM dimming method is
limited only by the minimum gate pulse width, which is a fraction of a percent of the low frequency
duty cycle.

15). Programming Operating Frequency :

The operating frequency of the oscillator is programmed between 25 and 300kHz using an external
resistor connected to the Rosc pin to vss shown in Fig 4 a:

FocalTech Systems Co., Ltd Page: 9 of 17
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Fosc= 25000/(RosclkQ] + 22) [kHz]

And the operating offtime of the oscillator is programmed too using an external resistor connected
to the Rosc pin to gate shown in Fig 4 b:

Toff=(Rosc[kQ] *.22)/25[us]

16). PowerFactor Correction :

When the”input/power to the LED driver does not exceed 25W, a simple passive power factor
cofrection/circuit/can, be added te the FT6610 typical application circuit in Fig 4. In order to pass the
AC line/harmonic/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 diodes ‘and 2 capacitors is added across the rectified AC line input to
improve the liné’clrrent’harmonic distortion and to achieve a power factor greater than 0.85.

17). Inductor Design/

Referring to the typical bucK application eircuit in'Eig 5. /the value can be calculated from the desired
peak-to-peak LED ripple curreént in‘the’inductors Jypically, such ripple current is selected to be 30% of
the nominal LED current. In the“example’given here, the-nominal current lled is 350mA.

8~30VO | |
22uF | | IOnF B140-13| | HB LED
35V 35V D1 g h 4
900mA at 4.5V
vin AP
VCC
FT6610 220uH
dim_d gate _|E ML
o3 = 1y VN3205
1m_a sense
1uF | PWM
1l rosc VSS

R1 -

157kohm J_ % 0. 2?0hm

Fig 5. Buck Driver for a single 900mA HB LED(vin=8~30V)

The next step is determining the total voltage drop across the LED string. For example, when the
string consists of 10 High-Brightness LEDs and each diode has a forward voltage drop of 3.0V at its
nominal current; the total LED voltage Vled is 30V.

Knowing the nominal rectified input voltage VIN = 120V*1.41 = 169V, the switching duty ratio can be

FocalTech Systems Co., Ltd Page: 10 of 17
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determined, as:
D = Vled/VIN = 30/169 = 0.177

Then, given the switching frequency, in this example Fosc= 50KHz, the required on-time of the
MOSFEF transistor can be calculated:

Ton='D/E6sc = 3.5 microsecond
The required value of the inductor is given by:
b =AVIN # Vled) * Ton /(0.3 * lled) = 4.6mH

I the buck-beost/application eircuit in Fig 6., the energy from the input source is first stored in the
indUctor or a-FlybackAransformer 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 inductor is not
fully-depleted by the next-switching cycle*continuous conduction mode) the DC conversion between
input and’ ouput voltage is givenby:

Vout=-vin*D/(1-D)

8~30VO | I
L1 4 *
22uF | | 101‘IF 1000uH — 1
35V 35V 4. 7uF I
35V
vin Dl *
r
vee ’J
Fioo6l0 B260A-13 3 (5 8350mA
dim d qate _l E - HB LEDs
oy —— N IRFLO14
1T a SErnse
1uF PWM
1oV — Iosc VES
470kohm J- % 0. 2701’“‘“
R1

Fig 6. Buck-Boost driver powering 3 to 8,350mAHB LEDs (Vin=8~30V)

The output voltage can be either higher or lower than the input voltage, depending on duty ratio.
Aassumed the load current is 350mA and vin is equal to 12V, that:

D=vled/(vin+vled)=9/21=0.43

Then, given the switching frequency, in this example fosc=50kHz, the required on-time of the MOS
can be calculated:

Ton=D/Fosc=9.6microsecond

FocalTech Systems Co., Ltd Page: 11 of 17
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The required value of the inductor is given by:

L=vin*Ton/(0.3*lled)=0.98mH, can use 1mH.
18). Input Bulk Capacitor :

An input filter capacitor should be designed to hold the rectified AC voltage above twice the LED
String voltage throughout the AC line cycle. Assuming 15% relative voltage ripple across the capacitor,
a'simplified formula for the minimum value of the bulk input capacitor is given by:

Cmin=AHed*YIed*0.06/¥in*2
Cmin= 22uF;ayalue 22uF/250V can be used.

A passive PFC gircuit at the input requires using two series connected capacitors at the place of
calculgted €min/Each’of these identical capacitors should be rated for 72 of the input voltage and
have twice/as much,Capasitance.

19). Enable:

The FT6610 can be turned off by pulling_the' DIM_D pin to ground. When disabled, the FT6610
draws quiescent eurrent of less'than 1mA.

20). Output Open Circuit Protection .

When the buck topology is used, and’the XED is connécted in series with the inductor, there is no
need for any protection against-an gpen”girCuit Condition>in the/LED string. Open LED connection
means no switching and can be continuouds. Howeyver; inthe case of the buck-boost or the flyback
topology the FT6610 may cause excessiye yvoltage stress-of the switching transistor and the rectifier
diode and potential failure. In this case, the/F1,6610 can bedisabled by pulling the DIM_D pin to ground
when the over voltage condition is detected.
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21). Typical application wave :

Eil= Edit werkical Horizfacg Trig Display Cursors rMeasure rMasks rMath  MyScope  Uilicies Help

Tek Stopped 07 Mo g4
(=1 QR per i :

Cursl Pos

Curs2 Pos

0.0s

Ch1 100 S00psAat

Fig'7. Sense wave-in typical application

File Edit Yertical Horizfacq Trig Display Cursors Measure Masks rath  MyScope  Utkilikies Help
: 45

Fig 8. gate wave in typical application

Test condition: Rosc=180kohm to vss, Rsense=0.33ohm, L=220uH, Vin=20VDC with two LEDs
Please refer to Fig 1.
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22). Order Information :

SOP SOP
Package Type

8 Pin 16 Pin
Product Name FT6610BE FT6610CE

Note¢;
1) The‘packages! type‘are available in the top marking “B” (i.e. FTxxxxBx).
2). The packages’leadpitch’is available in the top marking “E” (i.e. FTxxxxxE).

T : Track'Code

F :"F for Lead Free process. FT6610BE
Y : Year Code PFYWWSV
WW : Week Code

SV : Lot Code

FocalTech Systems Co., Ltd Page: 14 of 17
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23). Package information :

23.1). ,Sopl6 L outline information

16-Lead SOIC(Narrow Body) Package Outline(NG)

9.90*3.90mm body,1.75mm height(max),1.27mm pitch

InInINiniNiNE

TT000000

(ranee plane A
P\

0.2500
!
Mo

A

I ll LR Dy MILLIMETERS DAMERNSIORS S8 ERUHES
EYMBOLE - - — -
HFHHHHFFFFF MIN NOM | MaAY MIN Nou | MAX
e 1 | T 7 T Y A 133 L0 178 0053 | 0083 | 0080
Al 0.10 — 0.5 0004 — | womw
W — 145 — — I —
B 033 — 0.51 0013 — | o
C 0.19 — 0.25 0007 N T
D a0 — | W 0388 — | 0384
El 130 130 0130 | 015 | 017
NOTE 8 —_ 1.7 —_ - 1050 —_
1. PACKAGE BODY SIZES EXCLUDE MOLD FLASH 43D L 280 | 800 | 62 0.128 28 | 0=
GATE BURES L 0.0 -— 127 0018 —_ 0.030
3 DIMENSION L15 MEASURED TN GAGE PLANE ¥y — -— 010 -— — | G0
3. TOLERANCE .10 mm UNLESS OTHEEWISE SPECIFIED 8 -— £ ¥ — i
4, CONTROLLING DIMENSION IS MILLIMETER. CONVERTED Aui | — — 0.12 -— — | 0.005
ICH DIMENSIONS ARE NOT NECESSARILY EXACT gy [ L 1.04REF 0.041REF
5 FOLLOWED FROM JEDEC MS-012
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23.2). Sop 8L outline information

8-Lead SOIC(Narrow Body) Package Outline(LG)
4.90*3.90mm body,1.75mm height(max),1.27mm pitch

Gange plane
02000
e |

INININI R

i
i |
1 8
o I
Il
oy |
|
: l
iy 4 hen i o
= Y
I | DIMENEIONS D MILLIMETER DIMENIIONE I DICH
! = SYMEOLE
i (S __j ‘*r‘ MIN NOM AMAK AN NOL AR
e P s 8l o == = 1 - — — o ¢
4 1] ] A 133 1.60 173 EE] 0.063 0060
e il Al 0.10 75 000 0.010
' aite ] jv) 15 = 0057 =08
E 033 — 15} IT1E] — 0.020
I C 0.1% —_— 025 0007 —_— 0.010
D 480 — 500 I 0.197
NOTE Eq 380 1.90 400 K] 0.153 0157
1. PACEAGE BODY 3IZES EXCLUDE MOLD FLASH AND : P 137 0050
GATE BURRS — — — = ETr
2. DIMENSION L 15 MEASURED I GAGE FLANE E 3'9:;' 6.00 f‘::‘ ;; g 0.236 5-;};
3. TOLEBANCE (.10 mm UNLESS OTHERWISE SPECIFIED : L) Ny = ol = :’
4. CONTROLLDNG DIMENSION I35 MILLIMETER. COWNVERTED bj =— = 010 = = 0.004
DNCH DIMENSIONS ARE WOT NECESSARILY EXACT ] 0 —_— s 0 — ge
5. FOLLOWED FROM JEDEC M5-012 T a5 10 1 WTIE 0.8 s
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REVISION TABLE

DDCN version Revisions Date
DC-0812002 1.0 Initial create 2009-12-18
1). page 3- ratings up to 450V ratings up to 700V

2). Page6 - Oscillator frequency Change to 24 - 78KHZ
3). Page10- Fosc= 25000/(RosckQ] + 21) [kHz]> Fosc=
DC-0903003 2.0 25000/(Resc[kQ] + 22) [kHz] 2009-04-06

Toff=(Rosc[kQ] + 21)/25[us]> Toff=(Rosc[kQ] + 22)/25[us]
4)/ Page13~Rasc=100kohm - Rosc=180kohm
5)_ Current sense blanking interval Change to 240~360 ns

END OF DATABOOK
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