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FAN7711
Ballast Control Integrated Circuit

Features Description
m Floating Channel for Bootstrap Operation to +600V The FAN7711, developed with Fairchild’s unique high-
m Low Start-up and Operating Current: 120pA, 3.2mA voltage process, is a ballast con.trol integrated circuit (!C)
) ) for a fluorescent lamp. FAN7711 incorporates a preheating
® Under-Voltage Lockout with 1.8V of Hysteresis / ignition function, controlled by an ‘elected external
m Adjustable Run Frequency and Preheat Time capacitor, to increase lamp lift  The k. 17711 detects
= Internal Active ZVS Control switch operation from'af’ igni. 0 mo : through’ _2n
internal active Zero-\' age Swit inc (ZVS)© coniol
® Internal Protection Function (Latch Mode) circuit. This contr<.sci <. enable. the, FAN711 to
m Internal Clamping Zener Diode detect an open-lam, con_on< .ithout the expense of
m High Accuracy Oscillator external circu. « and’, 3ve. . stress en“AOSFETs. The
high-side * iver uilt ir ) the FANZ734 has a common-
m Soft-Start Functionality mo.  maisc car. .gon <ircuit “that provides robust
sere et high-dwidtaeise intrusion.
Applications 8-50° S-DIP

m Electronic Ballast ‘ &v"
N ¢t

Ordering Inf: mz ‘on

Part N' nk —| —°ackagp_ —!_ Pﬂr_ee_ ) E)Ec-._vating Temperature Range | Packing Method
=77 0 8-DiR ! Tube
[ FAN. 11N a@‘_op ' Yes 25°C ~ 125°C Tube
| W77 IMX | N\ Tape & Reel

Typicai Applicatica
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Figure 1. Typical Application Circuit for Compact Fluorescent Lamp
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Internal Block Diagram
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FAN7711 Rev. 1.00
Figure 3. Pin Configuration (Top View)
Pin Definitions
Pin # Name Description
1 Vpp Supply voltage
2 RT Oscillator frequency set resistor
3 CPH Preheating time set capacitor
4 GND Ground
5 LO Low-side output
6 Vs High-side floating supply return
7 HO High-side output
8 Vg High-side floating supply
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be opera-
ble above the recommended operating conditions and stressing the parts to these levels is not recommended. In addi-
tion, extended exposure to stresses above the recommended operating conditions may affect device reliability. The
absolute maximum ratings are stress ratings only. TA\=25°C unless otherwise specified.

Symbol Parameter Min. | Typ. | Max. | Unit
Vg High-side floating supply -0.3 625 Vv
Vg High-side floating supply return -0.3 600 \Y
VN RT, CPH pins input voltage -0.3 8 \Y,
lcL Clamping current level 25 mA

dVg/dt Allowable offset voltage slew rate o Vins
Ta Operating temperature range -25 5 °C
Tsta Storage temperature range 5 ]; 20 °C_|
Pp Power dissipation 42__?05 — 470} ;—— ———[ w
P N RN
0,a Thermal resistance (junction-to-air) _— — 4+ | C/wW
e 12100 |

Note:

1. Do not supply a low-impedance voltage source.t¢c e ‘ernal . mping Zer.er Jdiode betvieaii'the @ND ard the Vpp
pin of this device.

© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
FAN7711 3
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Electrical Characteristics

Vgias (Vpp, Vis) = 14.0V, Ty = 25°C, unless otherwise specified.

Symbol ‘ Characteristics Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Supply Voltage Section
VopTH(sT+) | Vop UVLO positive going threshold Vpp increasing 124 | 134 | 144
VbpTH(sT-) | Vpp UVLO negative going threshold Vpp decreasing 108 | 116 | 124 v
VobHy(sT) | Vpp-side UVLO hysteresis 1.8
Ve Supply clamping voltage Ipp =10mA 148 | 15.2
IsT Start-up supply current Vpp = 10V 120 A
Ibp Dynamic operating supply current 50kHz, C|_ = 1nF 4 mA
High-Side Supply Section (Vg-Vsg) |
VhsthsT+) | High-side UVLO positive going threshold Vgs increasing "85 .92 100 |
VhstH(sT-) | High-side UVLO negative going threshold Vpg decreasing | R A ?| M
Visty(st) | High-side UVLO hysteresis ) L 06 [\
lhsT High-side quiescent supply current Vgg = 14V W | 50 1" pA
IhD High-side dynamic operating supply current 50kHz, C| = '-__ -~ \ : \ .— mA
Ik Offset supply leakage current Ve =L _"‘/ ~X | 45 pA
Oscillator Section
VMpPH CPH pin preheating voltage range ' h ‘ s, ;— 30135 \Y
IpH CPH pin charging current during prehec g ~pH =1V Y ! _‘25 | u..f\_()ﬁ_ 2.85
i CPH pin charging current during an ViepH =4 \/ - 8 [_ 12 16 bA
Vmo CPH pin voltage level at “m 2 D ) 70 \
fore | Preheating frequency’ R} 80kQ, Vipy = 2V o 72 | 85 | 98 | kHz
fosc | Running frec: WRr=80kQ S 487 | 53.0 | 57.3 | kHz
DTpax | Maximum ¢ ad time .\‘,/.rgi:'e;t LY\;(\S S OO during 3.1 us
DTy L 2d e xc‘;:;dj 6\, Vg = GND during run 10 us
O Sec n \™ \J \
" lows | I h-side driversourcing Gurrent >~ TPW = 10ps 250 | 350
n ’qtl_ __High-s'dimv_er sir*i\iE current Z \ \ * PW = 10us 500 | 650 A
(S Love-side driverisourzing curient PW =10us 250 350
loL” . [ow-side driver sink curraiit PW = 10ps 500 | 650
lllop_ High-side driver “Grii-on rising time CL=1nF, Vgg =15V 45
“tyoL | High-side gsiver tuin-off rising time CL = 1nF, Vgg = 15V 25
" tor | Low-side criver turn-on rising time CL = 1nF, Vgg = 15V 45 ne
tLoL Low-side driver turn-off rising time CL=1nF, Vgg =15V 25
Vs(z) Maximum aIIowgbIe negativg Vg swing range for 98 v
signal propagation to high-side output
Protection Section
VePHsD Shutdown voltage Vir = 0 after run mode 2.6 \Y
Isp Shutdown current 250 | 450 I
TSD Thermal shutdown(® 165 °C
Note:
2. This parameter, although guaranteed, is not 100% tested in production.
© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Typical Characteristics
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Typical Characteristics (Continued)
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Typical Characteristics (Continued)
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Typical Application Information

1. Under-Voltage Lockout (UVLO) Function

The FAN7711 has UVLO circuits for both high-side and
low-side circuits. When Vpp reaches Vppryst+), UVLO
is released and the FAN7711 operates normally. At UVLO
condition, FAN7711 consumes little current, noted Igr.
Once UVLO is released, FAN7711 operates normally
until Vpp goes below VppriysT.), the UVLO hysteresis. At
UVLO condition, all latches that determine the status of
the IC are reset. When the IC is in the shutdown mode,
the IC can restart by lowering VDD below VDDTH(ST—)‘

FAN7711 has a high-side gate driver circuit. The supply
for the high-side driver is applied between Vg and Vg. To
protect the malfunction of the driver at low supply
voltage, between Vg and Vg, FAN7711 provides an
additional UVLO circuit between the supply rails. If V-
Vg is under Vyst(sT+) the driver holds low-state to turn
off the high-side switch, as shown in Figure 18. As long
as VB-VS is hlgher than VHSTH(ST—) after VB'VS exceeds
VHsTH(sT+), Operation of the driver continues.

2. Oscillator

The ballast circuit for a fluorescent lamp is basec »n the
LCC resonant tank and a half-bridge inve: =.circe . as
shown in Figure 18. To accomplish . r¢ ' e
Switching (ZVS) of the half-bride” wive ~r C cuit, wie
LCC is driven at a higher frequ icy thai ‘ts . sonart
frequency, which is deter dL L Ce Cp and'Rp,

where R__is the equival¢ tlamp's im. .ice

L' CCrexonant tank
VLT T et
Y

R c,

. ]
FAN7711 Rev. 1.00 j.

Figure 18. Resonaat Inverter Circuit Based on
LCC Resonant Tank

The transfer function of LCC resonant tank is heavily
dependent on the lamp impedance, R, as illustrated in
Figure 19. The oscillator in FAN7711 generates effective
driving frequencies to assist lamp ignition and improve
lamp life longevity. Accordingly, the oscillation frequency
is changed in the following sequence:

Preheating freq.->Ignition freq.-> Normal running freq.

Before the lamp is ignited, the lamp impedance is very
high. Once the lamp is turned on, the lamp impedance
significantly decreases. Since the resonant peak is very
high due to the high-resistance of the lamp at the instant
of turning on the lamp, the lamp must be driven at higher
frequency than the resonant frequency, shown as (A) in
Figure 19. In this mode, the current supplied by the
inverter mainly flows through Cp. Cp connects both
filaments and makes the current path to ground. As a
result, the current warms up the filament for easy
ignition. The amount of the current can be adjusted by
controlling the oscillation freques ; '~ changing the
capacitance of Cp. The driving® quenc, ‘pgg, is called

preheating frequency and< Jerive " by:

(EQ 1)

\fteo « rm-up, the, \rAN7711°. decreases the
v aue Yy, sioown es (8)of Figiie V9. Thic. action
inc ase  the yoltage of thel..amp and lelps the
fluor cent lamp ignite. /Ti= ignition ‘requency is
describec as,z function o1 CPH vo'tage;.as follows:

fo = [ 0:-3% (5 Vop) +1]x fosc (EQ2)

vitiere,Vepp isithewoltage of CPH capacitor.

cquatior. 2 15 valid only when Vpy is between 3V to 5V
before, FAN7711 enters running mode. Once Vcpy
reaches 5V, the internal latch records the exit from
ignition mode. Unless Vpp is below Vppryst.) the
preheating and ignition modes appear only once during
lamp start transition.

Finally, the lamp is driven at a fixed frequency by an
external resistor, Rp, shown as (C) of Figure 19. If Vpp is

higher than Vppryist+) @and UVLO is released, the
voltage of Ry pin is regulated to 4V. This voltage adjusts

the oscillator's control current according to the resistance
of Ry. Because this current and an internal capacitor set

the oscillation frequency, the FAN7711 does not need
any external capacitors.

The proposed oscillation characteristic is given by:

(EQ 3)

Even in the active ZVS mode, shown as (D) in Figure 19,
the oscillation frequency is not changed. The dead-time
is varied according to the resonant tank characteristic.

HNnau1g pajesfsjul jouo) isejjeg LLLINVAS
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FAN7711 Rev. 1.00 (D) Dead-time control mode

at fixed frequency

Figure 19. LCC Transfer Function in Terms of
Lamp Impedance

3. Operation Modes

FAN7711 has four operation modes: (A) pre ~rating
mode, (B) ignition mode, (C) active ZVS r= '~ _ar. (D)
shutdown mode, depicted in Figure 20 The mc. e
automatically selected by the volt< ;¢ or Pk apaciwr,
shown in Figure 20. In modes (A] nd (B), e C H actz
as a timer to determine th~ hiea gand/ aition tirnes.
After the preheating an/ ignition mc «ne rolz of tie
CPH is changed-*a s »ilize 1 : active-2'/5 _contre!
circuit. In this< .i0ae, the 'e27 .ime of te-invertaris
selected k= th > M CrH. Only when FAN/7 /11 is
in active z X mode is = possible to'shut off the-whole
sV _a. ing TPr., ... Pulling\tric CPH/pin beiow 2V in
< ‘ive Z Y | de, causes the [FFANYZI1 to. enter
sh. Jown' .ode. Inshutdown mode,.4ii activis.operation
is st 4, except LYLO anacsorne bias circuitry. The
shutdown mode.is triggered by the external CPH control
or the “astive ZVS circuit. Tlie ‘active ZVS circuit
automatcally detects larip’ “-removal (open-lamp
:ondition) and decreases~CiPH voltage below 2V to
piotect the inverter switches from damage.

CPH voltage [V] (C) Active ZVS mode
] 8
B) Ignition Mode o %
7| ®lg —\ 82
g <
6 ® 9
AW N T
5 <@
@ o
o<
4|, (A) Preheating Mode S8
< > 20
3 4"
<
2
1
0
3.2 1 0
Dead Time[ps]
Oscillation Preheating Frequency:fpre
Frequency rssmrsps
Mode 4 Running Frequency:
Ic .n \_ fosc
_ e v S
to t2.« tinie

FAN7711 Rev. 1.00

Cigure ). O, = .on Modes

3.4C ~hea gh ((0~t?)

her. ‘/DD eeds VDDTF|(ST+)’ the "FAN7711 starts
or atic At this-time, an interyi-l ‘current(souice (Ipy)
char_ s CPE: CRH voltage«iii: easesizony UV to 3V in
oreheating mcde. Accoruingly, the, oscillation frequency
iollows-the-cquatior 4. In this mode, the lamp is not
ignited. but warmea up for-aesy-ignition. The preheating
tima depenis on the size of CPH:

CUIXCPH g

U

p.sheat (EQ 4)
According to preheating process, the voltage across the
Izimp to ignite is reduced and the lifetime of the lamp is
incrzased. In this mode, the dead time is fixed at its
maximum value.

3.2 Ignition Mode (t1~t2)

When the CPH voltage exceeds 3V, the internal current
source to charge CPH is increased about six times larger
than Ipy, noted as I, causing rapid increase in CPH
voltage. The internal oscillator decreases the oscillation
frequency from fprge to fogc as CPH voltage increases.
As depicted in Figure 20, lowering the frequency
increases the voltage across the lamp. Finally, the lamp
ignites. Ignition mode is defined when CPH voltage lies
between 3V and 5V. Once CPH voltage reaches 5V, the
FAN7711 does not return to ignition mode, even if the
CPH voltage is in that range, until the FAN7711 restarts
from below VpprsT) Since the ignition mode
continues when CPH is from 3V to 5V, the ignition time is
given by:
2xCPH

IIG

t

[Sec] (EQ5)

ignition =

In this mode, dead time varies according to the CPH
voltage.
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3.3 Running and Active Zero-Voltage Switching
(AZVS) Modes (t2~)

When CPH voltage exceeds 5V, the operating frequency
is fixed to fogc by Ry. However, active ZVS operation is
not activated untii CPH reaches ~6V. The FAN7711
prepares for active ZVS operation from the instant CPH
exceeds 5V during t2 to t3. When CPH becomes higher
than ~6V at t3, the active ZVS operation is activated. To
determine the switching condition, FAN7711 detects the
transition time of the output (Vg pin) of the inverter by
using VB pin. From the output-transition information,
FAN7711 controls the dead time to meet the ZVS
condition. If ZVS is satisfied, the FAN7711 slightly
increases the CPH voltage to reduce the dead time and
to find optimal dead time, which increases the efficiency
and decreases the thermal dissipation and EMI of the
inverter switches. If ZVS fails, the FAN7711 decreases
CPH voltage to increase the dead time. CPH voltage is
adjusted to meet optimal ZVS operation. During the
active ZVS mode, the amount of the charging/
discharging current is the same as Ipy. Figure 21 depicts
normal operation waveforms.

Voo A
VoboTH(STY) [
VDoTH(ST) £
/ >
CPH , Active ZVS activ. d (e
6V
5V
—O —
av Dead . 4
2V _—
—— >
Ignition _} ing mor's S
A Z
vl_o?tr:;e ' 1 E;, ,‘u:tiveZ\/Smtxie_>
S A
EIInmll'" 8 NI 1 time
I ;7—‘? id
X
p reheating’périod o
T Filament wan.-up!
M e
il || 'LJJ"”
o= T il time

______________ Perfect ZVS

Pot=1/fosc }

—JL i jrruert

Dead time

t=Affosc | t=Alfosc ® t=1ffosc *

FAN7711 Rev. 1.00

Figure 21. Typical Transient Waveform from
Preheating to Active ZVS Mode

3.4 Shutdown Mode

If the voltage of capacitor CPH is decreased below
~2.6V by an external application circuit or internal
protection circuit, the IC enters shutdown mode. Once
the IC enters shutdown mode, this status continues until
an internal latch is reset by decreasing Vpp below

VppTH(ST)- Figure 22 shows an example of external
shutdown control circuit.

3 1 CPH

Q1 _l_CPH FAN771
1l & — 4’GI |

FAN7711 Rev.1.00

Shutdown

Figv 2 22. £ ‘ern 7 uatdowi Circuit

The vwnu € the —.-H cherging current is the same as

1, 1 King »ossiblelto snut off the IC using, small
siy al * ansistor.. FAN7711  ©rovides  acive  ZVS
ope. ‘ion by zontrolling the czea time-aceording to the

voltage of C=iH.Af ZVS f2ils, even atitbe maximum dead
ame, FANT741 stopsidriving thetinver.er.

The FAN7741% tharmal ssiiuidown circuit senses the
fenction ‘emperatured otvthie IC. If the temperature
exceeds +160°C, the ‘thermal shutdown circuit stops
cperation of the FAN7711.

The curren: ‘usages of shutdown mode and under-
voltage lockout status are different. In shutdown mode,
sore circuit blocks, such as bias circuits, are kept alive.
Therefore, the current consumption is slightly higher
than during under-voltage lockout.

4. Automatic Open-Lamp Detection

FAN7711 can automatically detect the open-lamp
condition. When the lamp is opened, the resonant tank
fails to make a closed-loop to the ground, as shown in
Figure 23. The supplied current from the Vg pin is used
to charge and discharge the charge pump capacitor, Cp.
Since the open-lamp condition means resonant tank
absence, it is impossible to meet ZVS condition. In this
condition, the power dissipation of the FAN7711, due to
capacitive load drive, is estimated as:

1
'DDissipation = EXCP ><VD(;2 xf [W] (EQ 6)

where fis driving frequency and Vp¢ is DC-link voltage.
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DB vjc

>t —

FAN7711

::cB

wo}
T LG resonant tank..
| Dead-time V1 L Cs Fllament Open
controller _ S ik i
Low-side| H

o,
Tl d} | cquivatontlamp impodance |

Dp1 xDp2

FAN7711 Rev. 1.00 Charge Pump

Figure 23. Current Flow When the Lamp is Open

Assuming that Cp, Vp¢, and f are 1nF, 311V, and 50kHz,
respectively; the power dissipation reaches about 2.4W
and the temperature of FAN7711 is increased rapidly. If
no protection is provided, the IC can be damaged by the
thermal attack. Note that hard-switching condition during
the capacitive-load drive causes lots of EMI.

Figure 24 illustrates the waveforms during the ops
lamp condition. In this condition, the charging" anc
discharging current of Cp is directly determi d by
FAN7711 and considered hard-switching ¢ ‘*ion. The
FAN7711 tries to meet ZVS condit~= by ‘ec, 9
CPH voltage to increase dead tim¢e’ .r Zv. 7ile nd CPH
goes below 2V, even though the ead tin rec.nes its
maximum value, FAN77- _ .uts. f the/ > to protect
against damage. To r start FAN7.  Vpp-raust pe
below VpprH(sT "esy an inte hal latckh tircuit, whicii
remembers th| statuaof o

<huiaown
v Release * Restart

k — m—— N
(ST-) Y Ol

|
|_ [ |\ _ - + |

cpHy Active ZVS activated time™
6V |
5V ] _/| Automatic
/ | Shutd
3V = ,
2V
time
Running mode
OUTA “ _ Active 2vS mode
ov time
o> Shutdown
Preheating period Ignition period mode

(Filament warm-up)
FAN7711 Rev. 1.00

Figure 24. CPH Voltage Variation in Open-Lamp
Condition

5. Power Supply

When Vpp is lower than Vppry(sT+), it consumes very
little current, IgT, making it possible to supply current to
the Vpp pin using a resistor with high resistance (R4 in
Figure 25). Once UVLO is released, the -current
consumption is increased and whole circuits are
operated, which requires additional power supply for
stable operation. The supply must deliver at least several
mA. A charge pump circuit is a cost-effective method to
create an additional power supply and allows Cp to be
used to reduce the EMI.

—|_
ACEL/ dvI:t\; l

Shu
regula

Cvop k ‘T-!| E*j | I C; F|Iament0pen-;
l_—-.kJ ]':T_J'—E'KE_TCP

| Cep/[ { squivalent |
H T

//2)_ .CC resonant tank

i
pimbedance |
4

i ",;1 J',.JPZIE

FAI 11 Rev. 100 S AL |

Charge Purp

Figure 25. Local FowerSupply for Vpp Using a
Charge Pumnp Circuit

As piesented in Figure 25, when Vg is high, the inductor
current and, oo create an output transition with the
siope.of dv/dt. The rising edge of Vg charges Ccp. At that
tiriie, the current that flows through Cep is:

av

| = C, —
CPth

(EQ7)
This current flows along the path (1). It charges Cypp,

which is a bypass capacitor to reduce the noise on the
supply rail. If Cypp is charged over the threshold voltage

of the internal shunt regulator, the shunt regulator is
turned on and regulates Vpp with the trigger voltage.

When Vg is changing from high to low state, Ccp is

discharged through Dp2, shown as path (2) in Figure 26.
These charging/discharging operations are continued
until FAN7711 is halted by shutdown operation. The
charging current, I, must be large enough to supply the
operating current of FAN7711.

The supply for the high-side gate driver is provided by
the boot-strap technique, as illustrated in Figure 26.
When the low-side MOSFET connected between Vg and

GND pins is turned on, the charging current for Vg flows
through Dg. Every low Vg gives the chance to charge the
Cg. Therefore Cg voltage builds up only when FAN7711
operates normally.
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When Vg goes high, the diode Dg is reverse-biased and
Cg supplies the current to the high-side driver. At this
time, since Cg discharges, Vg-Vg voltage decreases. If
Vg-Vs goes below Vygtyst.) the high-side driver

cannot operate due to the high-side UVLO protection
circuit. Cg must be chosen to be large enough not to fall
into UVLO range due to the discharge during a half of
the oscillation period, especially when the high-side
MOSFET is turned on.

pB_Bootstrap circuit /.

Rstart e T
Voo |— FAN7711 :l'v i
DD B 3
- RT HO {._...“:
[ c Shunt c-'" i LCC resonant tank
vop regulator P Cs Filament pen
CPH Vs i
RL cr
—ND o+HHp, r
h Cep L J, equivalent lamp impedance
Dp"1 % Dp2:
FAN7711 Rev. 1.00 Charge Pump

Figure 26. Implementation of Floating Power & ply
Using the Bootstrap Methoa
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Design Guide

1. Start-up Circuit

The start-up current (lgt) is supplied to the IC through
the start-up resistor, Rgiyt- Once operation starts, the
power is supplied by the charge pump circuit. To reduce
the power dissipation in R, select Rgiat @s high as
possible, considering the current requirements at start-
up. For 220V power, the rectified voltage by the full-
wave rectifier makes DC voltage, as shown in Equation
8. The voltage contains lots of AC component due to
poor regulation characteristic of the simple full-wave
rectifier:

Vpe =+/2 x220[V] = 311[V] (EQ 8)

Considering the selected parameters, Rgi,t must satisfy
the following equation:

Ve -V,
—BCDDTHST:) o, (EQ9)
Rstart
From Equation 9, Rgiayt is selected as:
Ve —V,
DC IDDTH($T+) >R yon (EQ .
ST
Note that if choosing the maximum Rg,yf *2ket ong

time for Vpp to reach Vpprhst+). Conaidaring Vp, 9
time, Rgtart Must be selected as sk wnin' aur 30.

Another important conces "»r « 20sing ot i/ the
available power rating | Rgig- TO « & commerclaily
available, low-co™ 4/4¢ -esisto Rgigt Musi obey the

following rule:

2
Vpe =)
Whe - —) <1; (3

1

EQ 1)
sart a
A uming Vpc=311Y and’ Vg =153V, the minimum

resi. e’ of Rgigqpisiabout 350k

When the IC operates i shutdown snode Jue to thermal
protecticn;” open-lamp protectiori, \or hard-switching
protecticn, the IC consum@s’ shutdown current, Igp,
wilch is larger than lgy To.prevent restart during this
rmode, Rgiat Must be, selected to cover Igp current
consumption. The following equation must be satisfied:

(EQ 12)

Voc —VoorH(st+) R
T start
From Equations 10 - 12; it is possible to select Rgiat:

(1) For safe start-up without restart in shutdown mode:

Voe -V,
4(Voe —Ver )2 < Retart < w (EQ 13)
SD
(2) For safe start-up with restart from shutdown mode:

Ve =VoorH(sT+) Voc —VoprHisT+)

(EQ 14)

R tart
ISD . IST

If Rgtart Meets Equation 14, restart operation is possible.
However, it is not recommended to choose Rgi,t at that
range because Vpp rising time could be long and it

increases the lamp's turn-on delay time, as depicted in
Figure 27.

Voo A

V
/stan ¢

VDDTH(ST+)

VDDTH(ST-)

CcL
&
<

—_——

0 time

FAN7711 Rev. 1.00

Tigure 7. | _p Build-up

Figure 28 how the' :quivalent circuit for estimating
biN ~ti circuicanalysis;\/yp variation versus time
v live by:

s N Rgart 5 \
Voo (t) ={Vpe — Retart '/sr}<’ &Ry Qoch )/; (EQ 15)
where. Cyayy is thie towal capaciiance of the bypass
capaciters connected betweer Vo and GND.

.

Eiom Eauaiien 15,4ivds possible to calculate tgy by
SUbS‘itUting VDD(I, Wit VDDTH(ST"‘):

Voc = Rstart *Ist = V4
tyore® “Rob  Cypp <IN DC ~ Nstart *!sT ~ VDDTH(ST+) (EQ 16)

VDD _Rstart 'IST
In'general, Equation 16 can be simplified as:

Rstart *Cvpp " VoprH(sT+)

(EQ 17)

tstart ~

Ve = Rstart Ist *VDDTH(sn)
Accordingly, tgot can be controlled by adjusting the
value of Rgigt and Cypp. For example, if Vpg=311V,
Rstart=560k, Cypp=10uF, Is=120pA, and VpprHsT+)=
13.5V, tgiot is about 0.33s.

Rstart é

<

RT
Cuop CPH
GND

Figure 28. Equivalent Circuit During Start

FAN7711 Rev. 1.00

HNnau1g pajesfsjul jouo) isejjeg LLLINVAS

© 2007 Fairchild Semiconductor Corporation
FAN7711 13

www.fairchildsemi.com

Downloaded from AFFOW.Com.


http://www.arrow.com

2. Current Supplied by Charge Pump
For the IC supply, the charge pump method is used in
Figure 29. Since Cgp is connected to the half-bridge

output, the supplied current by Ccp to the IC is
determined by the output voltage of the half-bridge.

When the half-bridge output shows rising slope, Ccp is

charged and the charging current is supplied to the IC.
The current can be estimated as:
dv

Vv,
I'=Cop—=~Ccp—%

at DT (EQ18)

where DT is the dead time and dV/dt is the voltage
variation of the half-bridge output.

When the half-bridge shows falling slope, Ccp is
discharged through Dp2. Total supplied current, lio,, to
the IC during switching period, t, is:

Lo =1 -DT = Cep Ve (EQ19)

total
From Equation 19, the average current, Iavg, supplied to
the IC is obtained by:

/ Cep -V,
Iavg= tottal — CPt DC =CCP'VDC‘f . -~ .\)

For the stable operation, ! mu ® be hit er than-ine
required current. If g € Ceeds the " .d current ‘the
residual current_faws ‘hrougl the shunt regulator
implemented ¢ the chip whi© can_cavse-unwanted
heat gen--ati .. fore, Ccr-.must be pselocted

considering ‘able.ope’ .ion anatier nal gereration.

T iexan ‘e, “cp=0.5nF Mnc=311Yand f=50kHz, iy

is. 7.8mA :is enough current foristable operation:

Ciharging mode Discharging mode

( cp Dp1 To Vp, 7\
— |
lpr 2

VDC
DT:dead time Half-bridge output
>/ l—

\
| | [

FAN7711 Rev. 1.00

Figure 29. Charge Pump Operation

3. Lamp Turn-on Time

The turn-on time of the lamp is determined by supply
build-up time tg,, preheating time, and ignition time;
where tg,.t has been obtained by Equation 17. When the
IC's supply voltage exceeds VpprH(sT+) after turn-on or
restart, the IC operates in preheating mode. This
operation continues until CPH pin's voltage reaches ~3V.
In this mode, CPH capacitor is charged by Ipy current,
as depicted in Figure 30. The preheating time is
achieved by calculating:

tpreheat =3—— (EQ 21)

The preheating tirm= i =< _d to . p lifeq(eso=Cially
filament); therefore, ne « aract< stics ef a given lamp
should be co. iderea her. ~ Josing‘the.tinie.

A \
|_A_! IDD

| RT
I |—
EA

» ,T___T ' <’H
! =
ChNL — 5%

A

rigure 30. Preheating Timer

FAN7711 Rev. 1.00

Compeard to the preheating time, it is almost impossible
to exazily predict the ignition time, whose definition is the
time_from the end of the preheating time to ignition. In
jeneral, the lamp ignites during the ignition mode.
Therefore, assume that the maximum ignition time is the
same as the duration of ignition mode, from 3V until CPH
reaches 5V. Thus, ignition time can be defined as:

CPH _ 2CPH

IIG IIG

tignition =(5-3) (EQ 22)

Note that, at ignition mode, CPH is charged by I, which
is six times larger than Ipy. Consequently, total turn-on
time is approximately:

VDD Build-Time + Preheating Time + Ignition Time =

CPH CPH
tfgnition = (5 - 3) =2 [Sec.] (EQ 23)
G G
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4. PCB Guideline

Component selection and placement on PCB is important
when using power control ICs. Bypass the V¢ to GND
as close to the IC terminals as possible with a low-ESR/
ESL capacitor, as shown in Figure 31. This bypassed
capacitor (Cgp) can reduce the noise from the power
supply parts, such as start-up resistor and charge pump.

The signal GND must be separated from the power
GND. So, the signal GND should be directly connected
to the rectify capacitor using an individual PCB trace.

HOT

In addition, the ground return path of the timing
components (Cpy, Ry) and Vpp decoupling capacitor
should be connected directly to the IC GND lead and not
via separate traces or jumpers to other ground traces on
the board. These connection techniques prevent high-
current ground loops from interfering with sensitive
timing component operations and allow the control circuit
to reduce common-mode noise due to output switching.

HNnau1g pajesfsjul jouo) isejjeg LLLINVAS
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Typical Application Diagram

Rectified
A D1 Z D2
FUSE NTC
— W 9
AC 1 ’[ C3 == C5=
TNR ci== / == <
INP TO—‘I,
u / c4 ::_‘l’
A
—0000/
AD3 AD4
Rectified

FAN7711 Rev. 1.22

Figuia 32. Applicatoi: Circyit of 22W Two Lamps
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Component List for 32W Two Lamps
Part Value Note Part Value Note
Resistor C55 15nF/630V Miller Capacitor

R1 330kQ 12W C56 2.7nF/1kV Miller Capacitor

R2 750kQ2 1/4W C57 15nF/630V Miller Capacitor

R3 100Q2 12W C58 2.7nF/1kV Miller Capacitor

R4 20kQ 1/4W Diode

R5 47Q 1/4W D1 1N4007 1kV,1A

R6 10kQ 1/4W D2 1N4007 1kV,1A

R7 50kQ 1/4W D3 1N4007 ‘kV,1A

R8 47kQ 1/4W D4 1N4007 A

R9 0.3Q 1w D5 UF4007 tro st 1KV AA |
R10 1MQ 1/4W D6 UF_ 107 —J_Unra Fast‘kV,1A |
R11 TMQ 1/4W D7 1N4° R 100Y,1A

R12 12.6kQ 1/4W,1% D8 | . N414 | 100v,1A

R13 220kQ 2w D. l Ui ou7 Ultra Fast,1kV,1A
R50 150kQ2 1/4W BTN UF4007 L Fast. 10 1A
R51 150kQ 1/4W o JF4007 | Ultra Fast, 1<V, 1A
R52 150kQ2 1/4W . ZD1 [ IN4T46A- _|L  Zoner 18V, 1W

R53 90k 1/ 8 MOSEET

R54 100 Ny ﬂ) L i FOPS5NGOC .|  500V,6A

R55 470 AW M2 L FQPFSNGOC 500V,5A

R56 47KQ | 4w~ L w3 FQFE5N50C 500V,5A
R57 47¢. 1/AW ' Fuse
R8 | [ 4o - dmw_ . || Fuse[ | 3A50v

L tapacitor_ B al R\ TNR
ool 4 isvae |0 BoxCapacitor TINR 471
e W SONF/275Va Jr— 5K Capaciol
B _?QCQF/SKV_ 1 Cerami:Capacitor NTC

C+ || 2200pF/sky | Ceramic Capacitor NTC | 10D-09 ‘

Ce\X 0.22uF/630V | Miller Capacitor Line Filter

CC_ 12nF/50% U Ceramic Capacitor LF1 | 40mH ‘

C7 22uFi50N Electrolytic Capacitor Transformer

cs 39pF/50V Ceramic Capacitor L1 | 0.94mH(75T:10T) \ EI12820

C9 1uF/50V Ceramic Capacitor Inductor
Cc10 0.1uF/50V Ceramic Capacitor L2 3.2mH(130T) EI12820
C11 47uF/450V Electrolytic Capacitor L3 3.2mH(130T) EI2820
C50 10uF/50V Electrolytic Capacitor IC
C51 1uF/50V Ceramic Capacitor U1 FAN7711 Fairchild Semiconductor
C52 0.47uF/25V Ceramic Capacitor,5% u2 FAN7529 Fairchild Semiconductor
C53 100nF/50V Ceramic Capacitor
C54 470pF/1kV Ceramic Capacitor

© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Component List for 20W CFL

Part ‘ Value ‘ Note Part Value Note
Resistor Diode

R1 470kQ 1/4W D1 1N4007 1KV/1A

R2 90kQ 1/4W D2 1N4007 1KV/1A

R3 100 1/4W D3 1N4007 1KV/1A

R4 470 1/4W D4 1N4007 1KV/1A

R5 470 1/4W D5 UF4007 1KV/1A,Ultra Fast

D6 UF4007 1A Ultra Fast

Capacitor D7 UF4007 T @ Ultra Fast_

C1 22uF/250V Electrolytic Capacitor Ir" .ctor

c2 10uF/50V Electrolytic Capacitor L1 [ 25me (26 2 |_ '.:‘E1E6§ \

C3 470nF/25V Miller Capacitor MC ~F

c4 100nF/25V Miller Capacitor Q1| F_PFIN, Cc N  500V,1A

Cc5 470pF/630V Miller Capacitor e I Fra v o0C 500V, 1A

cé 33nF/630V Miller Capacitor | ) Ic

c7 3.3nF/1kV Miller Capacito: H> Q FAN7741  Irairchild Semiconductor

Note:

3. Refer to the typical application circuit pr¢  >d.in_gure 1

© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Package Dimensions
8-SOP

Dimensions are in millimeters unless otherwise noted.

~—4.90+0.10—pA]

=
nalgn

B0 o —r—-f

3.90+0.10

INDICATOR
(0.33)—

1.75 MAX

1.47
|_

J.Ud
-0.20

A)

B)
C)

D)

\~SEATING PLANE

0.70£0.20

—1 (1.04)
DETAIL A

SCALE: 2:1

—

MOSAREVK

PNOW1J Hjm 1’—; <

LAND PATTERN RECDIMMENDATION

—SEE DETAIL A

oo

.25
i ] 19

N/ e —

=
|

UNLESS OTHERWISE SPECIFIED

THIS PACKAGE CONFORMS TO JEDEC
MS—012, VARIATION AA, ISSUE C,
DATED MAY 1990,
ALL DIMENSIONS ARE IN MILLIMETERS.
DIMENSIONS DO NOT INCLUDE MOLD
FLASH OR BURRS.
STANDARD LEAD FINISH:
200 MICROINCHES / 5.08 MICRONS MIN.
LEAD/TIN (SOLDER) ON COPPER.

Figure 33. 8-Lead Small Outline Package (SOP)
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Package Dimensions
8-DIP

Dimensions are in inches and [millimeters] unless otherwise noted.

. ‘ 400 [10.15
.373 |9.46
——5‘ |-a—— .036 [0.9 TYP] 8

(.092) [92.337] —\

PIN #1 *
\ 250,005 [6.35£0.13]
. J

(.032) [R0.813]

PIN #1
©
ELFAPRY 4
1 4
TOP VIEW fOP V7
OPTION 1 o7 N2
.070 [1.78 - ~
— .45 1114 .210+.01. 7.871 51 ~{<7 ——
) 130+.0057 30,
7° T 2 MA

[ 5.33]

B. CCNTRCLING P!IMENS!ONS ARE IN INCHES
REFEZRENCE DIVENSIONS ARE INMILLIMETERS
Z)DOES NOT INCLUDE MOLD -LASH OR PROTRUSIONS.
MOLD FLASH OR PRCTiTUSIONS SHALL NOT EXCEED
.010 INCHES OR-U.25 WM.
DOES NOT INCL'UDE DAMBAR PROTRUSIONS.
DAMBAR PRCTRUSIONS SHALL NOT EXCEED
.010 INCHES ©R 0.25MM.
E. DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994.

NOSEREVG

Figure 34. 8-Lead Dual In-Line Package (DIP)
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— . 015 VN
.021 [0.53 . 10.38;
015|037 — ™| YT 140 T3.55 300 | |
2: |3.17 [7.62]
[4].0011.028" w|C
no 430 MAX
>‘ [2 54‘ [10.92]
= .060 MAX
1 q k.l E\ ——
[1.52]
CONFORMS TOWEDEG REGISTRATION-MS-001,
VARIATIGNS BA 010* g5 [o2545 060 | —
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SEMICONDUCTOR®
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ACEx® HiSeC™ Power-SPM™ TinyBuck™

Across the board. Around the world.™  j-L o™ PowerTrench® TinyLogic®

ActiveArray™ ImpliedDisconnect™ Programmable Active Droop™ TINYOPTO™

Bottomless™ IntelliMAX™ QFET® TinyPower™

Build it Now™ ISOPLANAR™ Qs™ TinyWire™

CoolFET™ MICROCOUPLER™ QT Optoelectronics™ TruTranslation™
CorePLUS™ MicroPak™ Quiet Series™ uSerDes™

CROSSVOLT™ MICROWIRE™ RapidConfigure™ UH~ 3
CTL™ Motion-SPM™ RapidConnect™ L -ET™ '
Current Transfer Logic™ MSX™ ScalarPump™ vCc

DOME™ MSXPro™ SMART START™ *Vire

E2CMOS™ OCX™ SPM®

EcoSPARK® OCXPro™ STEALTH™

EnSigna™ OPTOLOGIC® SuperFET™
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in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
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