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Description

The FP6700 is a PWM high-efficiency LED driver
control IC. It allows efficient operation of High
Brightness (HB) LEDs from voltage sources ranging
from 8VDC up to 450VDC. The FP6700 controls an
external MOSFET at fixed switching frequency up to
300 kHz. The frequency can be programmed using a
single resistor. The LED string is driven at constant
current 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.

FP6700 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
FP6700. The FP6700 provides a low-frequency
PWM dimming input that can accept an external

Universal High
Brightness LED Driver

Features

e >90% Efficiency

e 8V to 450V input range

e Constant-current LED driver

e Applications from a few mA to more than 1A
Output

e LED string from one to hundreds of diodes

e PWM Low-Frequency Dimming via Enable pin

e Input Voltage Surge ratings up to 450V

Applications

e DC/DC or AC/DG
e RGB Backlighting @

e Back Lighting.of Fla el Displays
e General purp onstant current source
e Sign and.Decorative LED Lighting

o Aut
o C ers

iver applications

control signal with a duty ratio of 0-100% and
frequency of up to a few kilohertz.
Pin Assignments rdering Information
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Figure 1. Pin Assignment of FP6700
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Typical Application Circuit

Universal Input

8V~450VDC _‘L\\.
85~265VAC rectified %= v
N\
VIN Rosc _VL\\
— e ‘m_
1 FP6700 L
GATE [——— 14
LD _
CS :ﬁ
PWM D GND Sets LED
B Current
Q

Functional Pin Description

Pin Name Pin Number Pin Function
SOP-8 SOP-16
VIN 1 1
CSs 4 2
o | s 3 &
GATE 8 4 (@ A
PWM_D 9 5 M Dimming pin, also Enable input. Interna@b pu@nt GND
lated supply voltage. 7.5Vnominal. Can sypp! to 1 reternal circuitry. A
VDD 12 storage capacitor is used to provide storage e re?&é?{) nput is near the zero
<\
LD 13 7 inear Dimming by changing the current limit O A
hreshold at current sense comparator Os| i@p contrg esistor connected between this pin
ROSC 14
and ground sets the PWM frequency. /(D AN
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Block Diagram

Vin I

»
Lt

VIN
Reg — 7.5V
N
VDD
VDD <T1._\
T 250mV >
LD
*— —
PWM_D
100K FP6700
iGND
Figure 3. Block Iiagram 0
Absolute Maximum Ratings 4
e VIN to GND - -05 + 470V

e CS -—- @ 0 V& 0.3V

e LD, PWM_D to GND 3v@/DD -0.3V)

o GATE to GND (Voo + 0.3V)
o VDDMAX @

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

@ &@ + 630mwW

8-Pin SO (derate 6.3mW/°C above +25°C)

16-Pin SO (derate 7.5mW/°C above +25°C) @ @ +750mW

8-Pin DIP (derate 9mW/°C above +25°C) +900mW
e Operating Temperature Range -40°C to + 85°C
e Junction Temperature +125°C
e Storage Temperature Range -65°C to + 150°C

Note1 : Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond those
indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.
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Electrical Characteristics

(Ta = 25°C unless noted otherwise)

Symbol Description Min Typ Max Units Conditions
Vinoc Input DC supply voltage range 8.0 450 Vv DC input voltage
linsd Shut-Down mode supply current 0.5 1 mA Pin PWM_D to GND, V\y = 8V
Voo Internally regulated voltage 7.0 75 8.0 Y Xg‘e: 8-450V, lop(exy=0, pin Gate
Voomex | Maximal pin Vdd voltage 135 v Z\m’; dtomin oxtemal - voltage
Ipb(ext) Vpp current available for external circuitry® 1.0 mA Vi = 8-100V
UVLO Vpp | undervoltage lockout threshold 6.45 6.7 6.95 \Y V\\ rising
AUVLO Vpp undervoltage lockout hysteresis 500 mV Vy falling
VEN(io) Pin PWM_D input low voltage 1.0 \Y Vin = 8450V
Ven(hi) Pin PWM_D input high voltage 24 \Y Vin = 8450V

Ren Pin PWM_D pull-down resistance 50 100 150 kQ
Vesihiy Current sense pull in threshold voltage 225 250 275

VEN =5V
A =-40°C to +85°C

Veatemy | GATE high output voltage Vpp-0.3 OmA
VGATE(0) GATE low output voltage 0 0.3 T =-10mA
. 20 25 Rosc = 1.00MQ
fosc Oscillator frequency 80 Rosc = 226kQ
i . Frwmne = 25kHz, at GATE, CS to
Daxhe Maximum Oscillator PWM Duty Cycle %o GND. GBD

Vip Linear Dimming pin voltage range 0 @TA =<85°C, Viy =12V

TaLank Current sense blanking interval Ves = 0.55Vip, Vip = Vp

V|N = 12V, VLD = 015, Vcs =0to

toeLay Delay from CS trip to GATE lo 0.22V after Taiank

trise GATE output rise time Coate = 500pF

teaLL GATE output fall time

Note2 : Also limited by package power dissi
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Application Information

AC/DC Off-Line Applications

The FP6700 is a low-cost off-line buck, boost or
buck-boost converter control IC specifically
designed for driving multi-LED stings or arrays. It
can be operated from either universal AC line or
any DC voltage between -450V.Optionally,
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 FP6700
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 or
series/parallel connection. The FP6700 regulates
constant current that ensures controlled
brightness and spectrum of the LEDs, and
extends their lifetime. The FP6700 features an
enable pin (PWM_D) that allows PWM control of
brightness.

The FP6700 can also control brightness of LEDs
by programming continuous output current of the
LED driver (so-called linear dimming) when a
control voltage is applied to the LD pin.

The FP6700 is offered in standard 8-pin SOIC a
DIP packages. It is also available in a hig
voltage rated SOP-16 package for applicatio
that require VIN greater than 250V. g

The FP6700 includes an internal h
linear regulator that powers all intern
and can also serve as a bias s for low
voltage external circuitry.

1. LED Driver Operation

The FP6700 can cont
converters, isolate
continuous or discontinuous: conduction mode.
When the gate signal enhances the external
power MOSFET, the er stores the input
energy in an inductor or in‘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
component 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 Vpp 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 connected in series with
the source terminal of the MOSFET. The voltage
from the sense resistor is applied to the CS pin of
the FP6700. When the voltage at CS pin exceeds

FP6700-Preliminary 0.1-2006

2. Supply Current

4,

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 LD pin. When soft start is required, a
capacitor can be connected to the LD pin to allow
this voltage to ramp at a desired rate, therefore,
assuring that output current of the LED ramps
gradually.

Optionally, a simple passive power factor correct-

ion circuit, consisting of 3 diodes and 2 capacitors,
can be added as shown in the application circuit
diagram of Figure 1.

A current of TmA is n ed to start the FP6700.

tinuously powered using its
ator that provides a regulated
for all internal circuits.

n ‘the buck converter topology of Figure 1 is

, the peak CS voltage is a good
resentation of the average current in the LED.
wever, there is a certain error associated with
his current sensing meth needs to be
accounted for. This error uced by the
difference between the of= %average
current in the inductor. F*amp peak-to-

peak ripple current inthe induc 50maA, to get

a 500mA LED cu resistor should
be 250mV/ (5 ) =0.43 ohm
Dimming

Dimming hed in two ways, sepa-

ac
en

rately o in ding on the application.

|g u D can be controlled either by

|IE% an s current, or by switching the
off while maintaining it constant.

dimming method (so-called PWM

di controls the LED brightness by varying
the ratio of the output current.
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Application Information (Continued)

The linear dimming can be implemented by apply-  fekrun | ! ] Trigd
ing a control voltage from 0 to 250mV to the LD | @ T e T
pin. This control voltage overrides the internally set
250mV threshold level of the CS pin and programs
the output current accordingly. For example, a zf : : U

potentiometer connected between Vpp and ground ' ' 1 ghgina
can program the control voltage at the CS pin.
Applying a control voltage higher than T ch2 +Duty

250mV will not change the output current setting.
When higher current is desired, select a smaller g g ama
sense resistor. ITRRRL LR A1 R TR

The PWM dimming scheme can be implemented e
by applying an external PWM signal to the PWM_D  [z"ii S
pin. The PWM signal can be generated by a chil _s0.0v |,72:‘"’" Md00ps| A Chz S 1.80V N
microcontroller or a pulse generator with a duty e ~420.000ps 1006053
cycle proportional to the amount of desired light 95% PWM
output. This signal enables and disables the S

converter modulating the LED current in the PWM

at Hz Dimming

fashion. In this mode, LED current can be in one of T e T

the two states: zero or the nominal current set by SR T T S

the current sense resistor. It is not possible to use N

this method to achieve average brightness levels b .- - . .

higher than the one set by the current sense R S S-S T <= L0
threshold level of the FP6700. By using the PWM z :

control method of the FP6700, the light output c L). - J chz +puty
be adjusted between zero and 100%. T ;o
accuracy of the PWM dimming method. is limited e o] €It Mz
only by the minimum gate pulse width i¢h. i : 42.4mA
fraction of a percent of the low freq

cycle.

Some of the typical waveforms,illustrating™ the Wchﬂ'sb.’ov' S RPATIAT 4'03

PWM dimming method used with appliecation T.00AG

24 Mar 2004
10:08:55

circuit of Figure 1 are given b hows the _
MOSFET Drain volta H, signal to 0.4% PWM Ratligat SO0 ming
pin PWM_D and 4 IS the in the LED 5. Programming ing Kfedluency
string. ‘ The operati (@ of the oscillator is
un . ; e program tw and 300 kHz using an
TekR |‘ S | — ...T.zg.d. : exter ted to the Rosc pin
4 k&] + 22) [kHz]
N TR LR R LTRIREEAT ~TATE CUEE SO IETTITEers rr rrectlon
2
Ch2 Freq en ut power to the LED driver does not
W a simple passive power factor
S S brrrbees] Ch2 +Duty jon circuit can be added to the FP6700
By ; : — 3R app catlon circuit of Figure 1 in order to pass the
L ——__ e ean AC line harmonic limits of the EN61000-3-2 stand-
302ma ard for Class C equipment. The typical application
: ] Do circuit diagram shows how this can be done
Ty o without affecting the rest of the circuit significantly.
(T A simple circuit consisting of 3 diodes and 2
g ke AR LY ee  CAPACHtOrs is added across the rectified AC line
~420.0004s 10:06:11 input to improve the line current harmonic
33% PWM Ratio at 500Hz Dimming g:esat:réi%r; and to achieve a power factor greater
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Application Information (Continued)

7. 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 I gp is 350mA.

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 V| gps is
30V.

Knowing the nominal rectified input voltage
Vin=120V*1.41=169V, the switching duty ratio can
be determined, as:

D= VLEDs/ V|N=30/1 69=0.177

Then, given the switching frequency, in this
example fosc=50 KHz, 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 =(Vin- Vieps) * Ton/(0.3 * I gp) = 4.6mH
. Input Bulk Capacitor

An input filter capacitor should be designe
the rectified AC voltage above twice the'l
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= lLep * Vieps*0.06/V "2

Cuin = 22=F, a value 22uF/250V can be used.

A passive PFC circuit at the input requires using
two series connected capacitors at the place of
calculated Cyn. Each of these identical capacitors

should be rated for V2 of the input voltage and have
twice as much capacitance.

. Enable

The FP6700 can be turned off by pulling the
PWM_D pin to und. When disabled, the
FP6700 draws quies current of les than 1TmA.

10. Output Open Ci

e inductor, there is no
against an open circuit
string. Open LED connection
ing and can be continuous.
e case of the buck-boost or the
the FP6700 may cause
oltage stress of the switching transistor
rectifier diode and potential failure. In this
, the FP6700 can be disabled by pulling the
W_D pin to ground when the over voltage

2 Coilcraft
\ BUSH-2820R5B
250v 1N4004

AC Input
85135V AC

0.150F,
250V

——

Optional for PFC

VN2224

T#1

|
1

L
<

=
o2

Figure 1 : Typical Application Circuit
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Application Information (Continued)

DC/DC Low Voltage Applications
1. 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 voltage must be
maintained higher than 2 times the forward voltage
drop across the LEDs. This limitation is related to
the output current instability that may develop
when the FP6700 buck converter operates at a
duty cycle greater than 0.5. This instability reveals
itself as an oscillation of the output current at a sub-
harmonic of the switching frequency.

2. Flyback (Buck-Boost) Operation

This power conversion topology can be used when
the forward voltage drop of the LED string is
higher, equal or lower than the input supply
voltage. For example, the buck-boost topology can
be appropriate 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 tai
and break signal lights.

In the buck-boost converter, the energy from
input source is first stored in the induct

Flyback transformer when the switchin

n
is ON. The energy is then delivered u

tp

during the OFF time of the transi e
energy stored in the Flyback ind fully
depleted by the next switchi ontinuous
conduction mode) the _DC between

input and output vol gi
VOUT =- V|N*D/(1-D

The output voltage er higher or lower
than the input voltage, ing on duty ratio.

Let us discuss the above example of an auto-
motive LED driver that needs to drive three HB
LEDs at 350mA. Knowing the nominal input
voltage VIN=12V, the nominal duty ratio can be
determined, as

D= VLEDS/ (V|N+VLEDS)=9/ (12+9)= 0.43

Then, given the switching frequency, in this
example fosc=50KHz, the required on-time of the
MOSFET transistor can be calculated:
Ton=D/fosc=8.6 microsecond

The required value of the inductor is given by:

L =VnN* Ton/(0.3 * lled) = 0.98mH, use 1mH

be

3. Output Capacitor

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

In order to average the current in the LED, this
capacitor must present impedance to the switching
output AC ripple current that is much lower than
the dynamic impedance Rgyr of the LED string. If
we assume Royt=3 Ohm in our example, in order
to attenuate the switching ripple by a factor of 10,
a capacitor with equivalent series resistance
(ESR) of 0.3 Ohm isineeded. A chip SMT tantalum
capacitor can be selected for this purpose.

QA
Q}\

@~
@@%@@
S

OMIOA
S
X @@

FP6700-Preliminary 0.1-2006


alice.hung
Control Copy



f.t.
I Ifitipower integrated technology Inc. Preliminary FP6700

Application Information (Continued)

Viy *+1
= c7
Viy = 8-30V 104F, 25V = C6
10uF, 25V
O ol
B140A-13
INT
- HB LED 900 mA at 4.5V
Uz A2 |

— 220uH
£ R11

5 vdd Rosc & - Q2

FP6700 267K
4 S Gate IE VN3205
5 2
L. C5 PWMD 2 CS
T 2.24F, 10V & ’
7 \
E < Ri1
s

Figure 2 : FP6700 Buck Driver for a si @ 00

HB LED (Vp= 8 — 30V)

Vin+1
8-300 VDC 18
10uF, 25V
Vin =1

o
=
=
a

4

£
>

! D13

c4

4.7pF. 16V

N

l

Vdd Rosc & I Q2
FP6700 470K
LD Gate “A_
||
2
PWMD T  CS
o

4
@%s ;ﬁz@@

Figure 3 : FP6700 Buck-Boost driver powering 3 to 8, 350mA HB LEDs (V\y =8 —30V)y)
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Outline Information

SOP-8 Package (Unit: mm)

— c P — DIMENSION IN MILLIMETER
“'ﬁ' — MIN NOM MAX
A 1.35 1.60 1.75
A1 0.10 0.25
Wl T A2 1.45
o B 0.33 0.51
c 0.19 0.25
U U U U | D 4.80 5.00
1 E 3.80 4.00
L e 1.27
5 L_ﬂ_./ H 6.20
L 1.27
,—T‘ 7° C4X) S T
_ . -
| o
[l—j:l—]:uiuj - = P xclude Mold Flash and Gate
— B

g Dimension Is Millimeter Converted Inch

e — : s'Measured in Gage Plane.
<T -10 mm Unless Otherwise Specified.
B

SOP-16 P

Life Support Policy
Fitipower’s products are not authorized for use as critical components in life support devices or other medical systems.
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