Features

" Soft-Start

I
FAIRCHILD

I
SEMICONDUCTOR®

®  High-Efficiency Single-Stage Power Conversion
®  Wide Input Voltage Range: 6V to 25.5V

" Backlight Lamp Ballast and Soft Dimming

®  Minimal Required External Components

®  Precision Voltage Reference Trimmed to 2%

®  ZVS Half-Bridge Topology

"  PWM Control at Fixed Frequency
®  Analog and Burst Dimming Function
"  Programmable Striking Frequency

Open-Lamp Protection
Open-Lamp Regulation
Thermal Shutdown

®  20-Pin SOIC

Applications

= |CDTV
®  LCD Monitor

FAN7314A — LCD Backlight Inverter Drive IC

Description

June 2011

The FAN7314A provides all the control functions for a
series parallel resonant converter as well as a pulse
width modulation (PWM) controller to develop a supply
voltage. Typical operating frequency range is between
30kHz and 250kHz, depending on the CCFL and the

transformer's characteristics.

The FAN7314A is available in a 20-SOIC package.

20-SOIC

Ordering Information

Part Number Package Operating Temperature Packing Method
FAN7314AM 20-SOIC -25 to +85°C RAIL
FAN7314AMX 20-SOIC -25 to +85°C TAPE & REEL

Important Note:

For complete performance specifications, please contact one of the following:

NA(TX) Jinho Choi jinho.choi@fairchildsemi.com 1-972-447-1316
EU(UK) Justin Ahn Justin. Ahn@Fairchildsemi.com +44(0)1793-856 828
KR Kl Jeon Kwangil.Jeon@fairchildsemi.co.kr 02-3498-0543
AP(HK) SH Lee seunghwan.lee@fairchildsemi.com 852-2722-8372

JP Yasuhiko Itoh Yasuhiko.ltoh@fairchildsemi.com 03-5275-8380
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Figure 1. Internal Block Diagram
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Pin Configuration

Oﬁ

aALIQ JaMaAu] JyBIPoeg 3O — VYLELNYA

VP LELNVA
LIAXd o

F : Fairchild logo

P . Assembly site code
XY : Year & weekly code
TT : Die run code
FAN7314A : Device name

Figure 2. Package Diagram
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Pin Definitions
Pin # Name Description

Open-Lamp Protection. Typically, a capacitor is connected to this pin from the ground. The

1 OLP capacitor is charged by the 1.4pA internal current source and when its voltage is more than
2.5V the IC enters into the shutdown mode.

5 OLR Open-Lamp Regulation. If the voltage of the OLR pin is more than 2V, the voltage of the
EA_OUT pin voltage will be discharged by the 160uA internal current source.

3 ENA Enable. Turns on/off the IC.
Soft-Start. Typically, a capacitor is connected to this pin from the ground. The capacitor is

4 S S charged by the 6uA internal current source. Soft start operation is working while the S_S pin
voltage is less than the EA_OUT pin voltage.

5 GND Ground. Control block.

6 REF Reference. 2.5V reference output.

7 ADIM Analog Dimming. This pin is the input for positive polarity. The lamp current decreases with
decreasing this pin voltage.

8 BDIM Burst Dimming. This pin is the input for negative polarity. The voltage range of 0.5 to 2V at
this pin controls burst mode duty cycle from 0% to 100%.

9 EA_IN Error Amplifier Inverting Input. This pin voltage is regulated at ADIM voltage.
Error Amplifier Output. Typically, a compensation capacitor is connected to this pin from

10 EA_OUT

- the ground.

Burst Timing Capacitor. This pin is for programming the frequency of the burst dimming.

11 BCT Typically, a capacitor is connected to this pin from the ground. The BCT frequency increases
with decreasing its capacitance.
Timing resistor. This pin is for programming the switching frequency. Typically, a resistor is

12 RT connected to this pin from the ground. The switching frequency increases with decreasing
its resistance.
Timing Capacitor. This pin is for programming the switching frequency. Typically, a

13 CT capacitor is connected to this pin from the ground. The switching frequency increases with
decreasing its capacitance.

14 OuTD NMOS Gate-Drive Output.

15 ouTC PMOS Gate-Drive Output.

16 PGND Power Ground.

17 VIN Supply Voltage.

18 OUTA PMOS Gate-Drive Output.

19 OouTB NMOS Gate-Drive Output.

20 RT1 Striking Timing Resistor. Typically, a resistor is connected to this pin from the RT pin. The
striking frequency increases with decreasing its resistance.

© 2008 Fairchild Semiconductor Corporation
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
operable above the recommended operating conditions and stressing the parts to these levels is not recommended. In
addition, extended exposure to stresses above the recommended operating conditions may affect device reliability.
The absolute maximum ratings are stress ratings only.

Pin Breakdown Voltage

Symbol Parameter Min Max. Unit
ViN IC Supply Voltage 6 25.5 \%
Ta Operating Temperature Range -25 +85 °C
Ty Operating Junction Temperature +150 °C
Tste Storage Temperature Range -65 +150 °C
B.a Thermal Resistance Junction-Air"? 90 °C/W
Po Power Dissipation 14 w
Notes:

1. Thermal resistance test board. Size: 76.2mm x 114.3mm x 1.6mm (1S0P); JEDEC standard: JESD51-2, JESD51-3.
2. Assume no ambient airflow.

Pin # Name Value Unit Pin # Name Value Unit

1 OLP 7 11 BCT 7

2 OLR 7 12 RT 7

3 ENA 7 13 CT 7

4 S S 7 14 OuUTD 10.5

5 GND 7 . 15 OouTC 25.5 .
6 REF 7 16 PGND 7

7 ADIM 7 17 VIN 255

8 BDIM 7 18 OUTA 255

9 EA_IN 7 19 OouTB 10.5

10 EA OUT 7 20 RT1 7
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Electrical Characteristics
For typical values, Ta = 25°C, Vin = 12V, and -25°C < Ta < 85°C, unless otherwise specified. Specifications to -25°C ~
85°C are guaranteed by design based on final characterization results.
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
REFERENCE SECTION (Recommended X7R Capacitor)
AVref Line Regulation 5<Vin<25.5V 2 25 mV
Vs 2.5V Regulation Voltage 2.45 25 2.55 \%
OSCILLATOR SECTION (MAIN)
Ta=25°C, CT=2700F, | 1404 | 1150 | 119.6
fosc Oscillation Frequency RT=18kQ kHz
CT=270pF, RT=18kQ 108 115 122
Veth CT High Voltage 2.0 \%
Ve CT Low Voltage 0.5 V
OSCILLATOR SECTION (BURST)
foscb Oscillation Frequency -Igel'=2158l?§’2 "l s 22l 25 Hz
Cw=10nF, RT=18kQ 191 220 249
Voeth BCT High Voltage 2 \%
Vet BCT Low Voltage 0.5 \%
ERROR AMPLIFIER SECTION
Gnm Error Amplifier Trans-conductance EA OUT=1V, ADIM=1V 100 360 600 umho
Ay Error Amplifier Open-loop Gain®® 50 dB
Ven EA_OUT Clamping Voltage 2.3 2.7 3.0 \%
lsin Output Sink Current ADIM=1V, EA_IN=2V 35 70 105 MA
Isur Output Source Current ADIM=1V, EA_IN=0V -154 -110 -66 HA
loir EA_OUT Sink Current on OLR OLR>2.5V -210 -160 -110 MA
louret Eﬁ?ﬁﬁ; Sink Current on Burst 100 -80 60 uA
SOFT-START SECTION
Iss Soft-Start Current S S=1V 4 6 8 HA
Vssh Soft-Start Clamping Voltage 23 2.65 3.00 \Y
PROTECTION SECTION
Volpo Open-Lamp Protection Voltage 0 Start at open lamp 2.2 25 2.8 \%
Volp1 Open-Lamp Protection Voltage 1 Normal -> open lamp 1.3 1.5 1.7 \Y,
Voir Open-Lamp Regulation Voltage 1.75 2.00 2.25 \%
lop 8522;1Ltamp Protection Charging 07 14 21 uA
Note:
3. These parameters, although guaranteed, are not 100% tested in production.
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Electrical Characteristics (Continued)

For typical values, Ta = 25°C, Vin = 15V, and -25°C < Ta < 85°C, unless otherwise specified. Specifications to -25°C ~
85°C are guaranteed by design based on final characterization results.

Symbol ‘ Parameter Test Conditions | Min. | Typ. | Max. | Unit
UNDER VOLTAGE LOCK OUT SECTION
Vin Start Threshold Voltage 5 \%
Ist Start-up Current ViN=Vi-0.2 130 180 MA
lop Operating Supply Current Vin=12V 1.5 4.0 mA
Isb Stand-by Current ViN=12V 200 370 MA
ON/OFF SECTION
Von On State Input Voltage 2 5 \%
Vot Off Stage Input Voltage 0.7 \%
OUTPUT SECTION
Vpdhv PMOS Gate Drive High Voltage ViN=12V VIN \%
Vohiv PMOS Gate Drive Low Voltage Vin=12V Vin-10.5 | ViNn-8.5 | ViN-6.5 \Y,
Vndhv NMOS Gate Drive High Voltage ViN=12V 6.5 8.5 10.5 \%
Vidiv NMOS Gate Drive Low Voltage ViN=12V 0 \%
Vour Kl(\:/ltl(\?; eC(Sjate Voltage with UVLO Vin=Ve-0.2 Vin-0.3 v
Vi E(l\:/tli(\?;e%ate Voltage with UVLO Vin=Ve-0.2 0.3 v
t, Rising Time™ Vin=12V, Cioag=2nF 200 500 ns
s Falling Time®® Vin=12V, Cioas=2nF 200 500 ns
MAXIMUM / MINIMUM OVERLAP
gllvlv?t.cﬁé/se(zlep between diagonal f.ec = 100kHz 0 %
gllvz;?d%\g(a‘{)lap between diagonal f.ec = 100kHz 100 %
DELAY TIME
PDR_A/NDR_B® RT=18kQ 450 ns
PDR_C/NDR_D® RT=18kQ 450 ns

Note:

4. These parameters, although guaranteed, are not 100% tested in production.
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Functional Description

UVLO: The under-voltage lockout (UVLO) circuit
guarantees stable operation of the IC’s control circuit by
stopping and starting it as a function of the VIN value.
The UVLO circuit turns on the control circuit when VIN
exceeds 5V. When VIN is lower than 5V, the IC’s
standby current is less than 200uA.

ENA: Applying voltage higher than 2V to the ENA pin
enables the operation of the IC. Applying voltage lower
than 0.7V to the ENA pin disables the operation of the
inverter.

Soft-start: The soft-start function requires that the S_S
pin is connected through a capacitor to GND. A soft-start
circuit ensures a gradual increase in the input and output
power. The capacitor connected to the S_S pin
determines the rate at which the duty ratio rises. It is
charged by a 6uA current source.

Ci  CIuEE
1.00 Vidiv| 1.00 Vidiv| 10.0mVidiv|
0 mV offset} 0 mV offsel] -20.00mV]

Timebase -50 m4 (Trigger )G
50.0ms/div|Stop 47 mV|
10.0MS 20 MS/s]Edge  Positive]

Figure 3. Soft-start during Initial Operation

Main Oscillator: The timing capacitors (CTs) are
charged by the reference current source, which is
formed by the timing resistor (RT). The timing resistor’s
voltage is regulated at 1.25V. The sawtooth waveform
charges up to 2V. Once this voltage is reached, the
capacitors begin discharging down to 0.5V. Next, the
timing capacitors start charging again and a new
switching cycle begins. The main frequency can be
programmed by adjusting the RT and CT values. The
main frequency can be calculated as shown below.

19

= < 1
°¢ " 32.RT-CT @

Measure P1req(C1) P2:max(C1) P3:min(C1)
value 86.14155kHz 208V 415mv
status £ v v

imebase 001
10.0 ps/div] Stop 1.245 V]|
250ks 25 GSis|Edge  Positive

Figure 4. Main Oscillator Waveform

Burst Oscillator and Burst Dimming: The timing
capacitors (BCTs) are charged by the reference current
source, which is formed by the timing resistor (RT). The
timing resistor’'s voltage is regulated at 1.25V. The
sawtooth waveform charges up to 2V. Once this voltage
is reached, the capacitors begin discharging down to
0.5V. Next the timing capacitors start charging again and
a new switching cycle begins. The burst dimming
frequency can be programmed by adjusting the RT and
BCT values. The burst dimming frequency can be
calculated as shown below.

3.75
froy = = 2
%~ 96.RT -CT @)

To avoid visible flicker, the burst dimming frequency
should be greater than 120Hz.

By comparing the input of BDIM pin with the 0.5~2V
triangular wave of the burst oscillator the PWM pulses
for burst dimming. The PWM pulse controls EA_OUT'’s
voltage by summing 85pA into the EA_IN pin.

© 2008 Fairchild Semiconductor Corporation
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Measure P1freq(C1) P2:max(C1) P3:min(C1)
value 319.26951Hz 206V 440mv.
status A v v +
g
Figure 5. Burst Oscillator Waveform Figure 7. OLR Voltage during Striking Mode
BDIMBCT Output Drives: The four output drives are designed so
'A< J that switches A and B, C and D never turn on
A OU simultaneously. The OUTA-OUTB pair is intended to
o n r\ ’ drive one half-bridge in the external power stage. The
: : OUTC-OUTD pair drives the other half-bridge.
Lamp current
BDIM Lamp current
voltage — rms_value
Measure P2:mean(C2) P3:rms(C4)
value 1497V 333mv
status v v

1.00 V/div| 1.00 V/div| 1.00 V/div| 2.00 ms/div| Stop 124V
0 mV offset] 1.500 V ofst] 1.500 V ofst] 10.0MS 500 MS/s | Dropout Pos|

Figure 6. Burst Dimming

Open-Lamp Regulation and Open-Lamp Protection:
It is necessary to suspend power stage operation if an
open lamp occurs because the power stage has high
gain. When a voltage higher than 2V is applied to the
OLR pin, the part enters regulation mode and controls
the EA_OUT voltage. This limits the lamp voltage by
summing 105pA into the feedback node. At the same
time, the OLP capacitor, connected to the OLP pin, is
charged by the 1.4pA internal current source. Once it
reaches 2.5V, the IC shuts down and all output is high.

© 2008 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Timing Diagram
The FAN7314A uses the half-bridge to drive CCFL.
A
EA_OUT /\ /\ /\ /\ /\ /\
cT \/ \/ \/ \/ \/ \
SYNC _—I —| —| —| —| L
T
POUT A
NOUT B
POUT C —
NOUT D
FAN7314A Rev. 01
Figure 8. MOSFET Gate Drive Signal
© 2008 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Typical Application Circuit (LCD Backlight Inverter)

Application

Device

Input Voltage Range

Number of lamps

22-Inch LCD Monitor

FAN7314A

22V+5%

4

. Features

" High-Efficiency Single-Stage Power Conversion
®  P-N Half-Bridge Topology
® Reduces Required External Components
®  Enhanced System Reliability through Protection Functions

+ +
C601
470u, 35V

I copP2
33n

L €820
1u, 50V
C602 ’
470u, 35V l
U 1 o1
oLP RT1 ot =
s2
OLR ouTts %2
ENA =g OUTA -
Q601
S—s ; VIN FDD8424H
GND PGND
~
REF @ ouTtc
-
ADIM H OouTD Ce51 C652
10u, 25V 10u, 25V
som B> ot [13 22 q
EA_IN RT [ 12 I ?gk“ =
EA_OUT BCT [ 11 i S5re
RT
R616 R621

150k
MM

WW-

Q602
KST2222A

c624 _|
w T

2. Transformer Specifications

oLP3
oLP4

oLp2
oLP1

‘ |

BAV70 ——
1k

oLP1
D606

C603
5p, 3kV
= R633

C604
5p, 3KV

BAV99

C643
3.9n//220p

coLD

C605

5p, 3kV
== Re620
1k

C606
5p, 3kV

Figure 9. Typical Application Circuit

®  Supported by Clover Hitech (http://www.cloverhitech.com)
®" PART NO : EEL-22W

Pin No. Wire Turns Inductance | Leakage Inductance Remarks
2>7
UTSC 0.1x12 19 83.0puH 16pH
326
1kHz, 1V
1>8
1 UEW 0.04Q 2300 1.4H 280mH
4->5

© 2008 Fairchild Semiconductor Corporation
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Figure 11. Dimensions
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NO GAP

GAP

I|@

®

PIN #5
S1 5) 287.5Ts
S1 5 287Ts
S1 5 288Ts
S1 5 287Ts
S1 5 288Ts
S1 5 287Ts
S1 5 288Ts
S1 5] 2875Ts
P1 @l 19Ts
P2 @ 19Ts
: )
—
s2 5| 2875Ts
]
S2 5 288Ts
S2 5 287Ts
52 5 288Ts
S2 5 287Ts
s2 5 288Ts
1 |
S2 5 287Ts
S2 5)| 2875Ts
PIN #8

Figure 12. Section Diagram

#1
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Physical Dimensions

13.00
12.60

11.43

= IHAAAAAAAR]

JUUOuuood

10.65 7.60
10.00 7.40
225
O -
I | DDDDDDDDD
) 1 10 0.65 ==
PIN ONE »H«O-m »w 1.27 -—>-1 27 \—‘«
INDICATOR 0.35 -
0.25 @[C[B[A]
LAND PATTERN RECOMMENDATION
 2.65 MAX SEE DETAIL A
e
/ \ // - ‘ 0.33
OOOaaOaam e - Je JIL o
0.30 | []ot0]c] . - J f
0.75 . 0.10 SEATING PLANE
*j*o.zs X 45
NOTES: UNLESS OTHERWISE SPECIFIED
(R0.10)
A) THIS PACKAGE CONFORMS TO JEDEC
(R0.10) MS-013, VARIATION AC, ISSUE E

GAGE PLANE
/.
— [
v 127 | \ !
0.40 SEATING PLANE

(1.40)———  DETAILA

SCALE: 2:1

B) ALL DIMENSIONS ARE IN MILLIMETERS.

C) DIMENSIONS DO NOT INCLUDE MOLD
FLASH OR BURRS.

D) CONFORMS TO ASME Y14.5M-1994

E) LANDPATTERN STANDARD: SOIC127P1030X265-20L
F) DRAWING FILENAME: MKT-M20BREV3

Figure 13. 20-SOIC Package

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’s worldwide terms and conditions,

specifically the warranty therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for
http://www.fairchildsemi.com/packaqing/.

the most recent package drawings:
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TRADEMARKS

The follovang includes registered and unregistered trademarks and serdce marks, awned by Fairchild Sermiconductor andior its global subsidiaries, and is not
intznded to be an exhaustive list of all such trademarks.

AccuPower™ FPRs™ Power-SPIT The Power Franchise®

AUto-SEM™ F-PFs™ PawerTrench® The Right Technology for Your Success™

AY_CAPT FRFET® Powery ™ 1ha

Bitsic® Global Power Resource™ Programmable Active Droop™ pﬁﬂnmgr

Build it Now™ Green FRS™ CFET® TinyBoost™

CorePLUS™ Green FPS™ e-Serigs™ Qs TiniBuCkT"

CarePOWERTH Grogx™ Cuiet Serigs™ TinyCalc™

CROSSYOLT™ GTOm™ Fapid Configure™ TinyLogic®

CTL™ _ Intellibf Ax ™ o TINYORTO™

Current Transfer Logic™ |SOPLANAR™ Saving our world, TmWAATA at atime™  TinyPower™

DEUXFEED MegaBuckm™ Signalvvise™ TinyPyy™

Dual Cool™ MICROCOUPLER™M™ S Tirnyire™

EcoSPARK® MicroFET™ i

e i SMART START™ TranSiC®

LE1EMIVL2 MicraPakm SPM® TriFault Detect™

ESB%T“ MicroPakam STEALTH™ TRUECURRENT®*
illerDrive™ SuperFET® userDes™

Fairchild® Hgngphlz SURS

P : ® Mation-SPM™ "

Fairchild Semiconductor SuperSOT™-6 85

FACT Guiet Series™ riSaverm™ SuperSCT™-8 UHC®

EaCT® CptaHiT™ R Supremos® Ultra FRFET™

FAST® OFTOLOGIC™ | SyncFET™ UniFET™

FashCore™ OPT%PLANAR Sync-Lock™ letal

FETBench™ GENERAL™™ T dlies

Flashi/riter POP SPM™

" Trademarks of Systerm General Carporation, used under license by Fairchild Semiconductar.

DISCLAIMER

FAIRCHILD SEMICCNDUCTOR RESERVES THE RIGHT TOMAKE CHANGES WATHOUT FURTHER NOTICE TOANY PRODUCTS HEREIN TO IMPRCVE
RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOESNOT ASSUME ANY LIABILTY ARISING QUT OF THE APPUCATION OR USE OF ANY PRODUCT
OF CIRCUIT DESCRIBED HEREIN; MEITHER DOES 1T CONVEY ANY LICENSE UNDER TS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NOT BEXPAND THE TERMS OF FAIRCHILD'S WORLDWDE TERM S AND COMDITIONS, SPECIFICALLY THE WARRANTY THEREIN,
WWHICH COVERS THESE FRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
BEXPRESS WRITTEN APPROWAL OF FAIRCHILD SEMICONDUCTOR CORPORATION

Az used herein:

1. Life support devices or systems are devices or systemns which, (a)
are intended for surgical implant into the body or (h) support or
sustain life, and (c) whose failure to perform when properly used in
accordance with instructions for use provided in the labeling, can be

reasonably expected to result in a significant injury of the user

2. A critical component in any compaonent of a life support, device, or
system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its
safety or effectiveness.

ANTI-COUNTERFEITING POLICY

Fairchild Sermiconductor Corporation's Ant-Counterfeiting Policy. Fairchild's Anti-Counterfeiting Policy is also stated on our external website,
vy fairchildsemi.com, under Sales Suppoart.

Counterfeiting of sermiconductor parts is a growing problem in the industry. All manufacturers of semiconductor products are expenencing counterfeiting of their
pants. Customerswho inadvertently purchase counterfeit parts expenence many problems such as loss of brand reputation, substandard performance, failed
applications, and increased cost of production and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our customers fromthe
praliferation of counterfeit parts. Fairchild strongly encourages customersto purchase Fairchild parts either directly from Fairchild or from Authonzed Fairchild

aALIQ JaMaAu] JyBIPoeg 3O — VYLELNYA

Distributars who are listed by country on ourweh page cited above. Products customers huy either from Fairchild directly or from Authonzed Fairchild Distrbutars
are genuine parts, have full traceahility, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date
technical and productinformation. Fairchild and our Authonzed Distributorswill stand behind all warranties and will appropriately address any warmranty issues that
may arise. Fairchild wall not provide any wamanty coverage ar other assistance for parts bought from Unauthorized Sources. Fairchild is corrmitted to combat this
global problern and encourage our customers to do their part in stopping this practice by buying direct or from authonzed distrbutors.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status Definition
) Formative / Datasheet contains the design specifications for product development. Specifications may change
Advance Information . h . .
In Design in any manner without notice.

Datasheet containg preliminary data, supplementary data will be published at a later date. Fairchild
Semiconductor reserves the right to make changes at any time without notice to improve design

Datasheet contains final specifications. Fairchild Semiconductor reserves the right to make
changes at any time without notice to improve the design.

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor
The datasheet is for reference information only.

Preliminary First Production

Mo ldentification Needed Full Production

Ohsolete Mot In Production
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