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GFOO1H
Green-Mode Fairchild Power Switch (FPS™)

Description
Features escriptio
) The GFO001H is a next-generation, Green-Mode
" Advanced Burst Mode Operation at No-Load Fairchild Power Switch (FPS™). It integrates an
Condition advanced current-mode Pulse Width Modulator (PWM)
= 700 V High-Voltage JFET Startup Circuit and an avalanqhe-rugggd 700 V Sense_FET in a s_lngle
package, allowing auxiliary power designs with higher
® Internal Avalanche-Rugged 700 V SenseFET standby energy efficiency, reduced size, improved
®  Built-in 5 ms Soft-Start reliat_)ility, and lower system cost than previous
solutions.

"  Peak-Current-Mode Control
A new frequency modulation reduces EMI emission and

® Cycle-by-Cycle Current Limiting built-in synchronized slope compensation allows stable
* Leading-Edge Blanking (LEB) pelztak—current—mode control over a wide range of input
voltage.
®  Synchronized Slope Compensation | o
) ) Requiring a minimum number of external components,
® Frequency Modulation to Attenuating EMI the GFOO1H provides a solid platform for cost-effective
® Internal Overload / Open-Loop Protection (OLP) flyback converter design with low standby power

consumption.
®  Vpp Under-Voltage Lockout (UVLO)

"  Vpp Over-Voltage Protection (OVP)
®  Internal Auto-Restart Circuit (OLP, Vpp OVP)
"  Adjustable Peak Current Limit

Ordering Information

(w:Sd4) UoHMS 18mod pliyd4ieq dPON-Ud8ID — HTO04D

Part Number | SenseFET CpeEllig Package Packing Method
Temperature Range
GFOO01HN 2A 700V -40°C to +105°C 8-Pin, Dual Inline Package (DIP) Tube
© 2014 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Application Diagram
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Figure 1. Typical Flyback Application
Output Power Table®
230 Vac 215% @ 85-265 Vac
Product 3 7 3 n
Adapter @ Open-Frame @ Adapter © Open-Frame
GFOO01HN 14 W 20W 11w 16 W

Notes:

Block Diagram

1. The maximum output power can be limited by junction temperature.

2. 230 Vac or 100/115 Vac with voltage doublers.

3. Typical continuous power in a non-ventilated enclosed adapter, with sufficient drain pattern of printed circuit
board (PCB) as a heat sink, at 50°C ambient.

4. Maximum practical continuous power in an open-frame, design with sufficient drain pattern of printed circuit
board (PCB) as a heat sink, at 50°C ambient.
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CONFIDENTIAL AND PROPRIETARY — DO NOT DISTRIBUTE

Marking Information

° F — Fairchild Logo
Z — Plant Code
£ ZXYTT X — 1-Digit Year Code
> GFOO1H Y — 1-Digit Week Code
™ TT — 2-Digit Die Run Code
T — Package Type (N: DIP)
) M — Manufacture Flow Code

Figure 3. Top Mark

Pin Configuration

GND | 1 U 8 | Drain

VDD | 2 7 | Drain
FB 3 6 | Drain
IPK 4 5 HV

Figure 4. Pin Assignment

Pin Definitions

Pin # | Name Description

Ground. This pin internally connects to the SenseFET source and signal ground of the PWM

1 GND
controller.

Supply Voltage of the IC. Typically the hold-up capacitor connects from this pin to ground. A
2 VDD |rectifier diode in series with the transformer auxiliary winding connects to this pin to supply bias
during normal operation.

Feedback. The signal from the external compensation circuit connects to this pin. The PWM duty

3 = cycle is determined by comparing the signal on this pin and the internal current-sense signal.

Adjust Peak Current. Typically a resistor connects from this pin to the GND pin to program the
4 IPK current-limit level. The internal current source (50 pA) introduces voltage drop across the
resistor, which determines the current-limit level of pulse-by-pulse current limit.

Startup. Typically, resistors in serious from DC line connect to this pin to supply internal bias and
5 HV to charge the external capacitor connected between the VDD pin and the GND pin during
startup. This pin is also used to sense the line voltage for brownout protection.

Drain |SenseFET Drain. This pin is designed to directly drive the transformer.

(w1 Sdd) Y21Ms 1amod p|iydireq dpon-usai9 — HT004D
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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.

Symbol Parameter Min. Max. Unit
Voran | Drain Pin Voltage®® 700 v
Iom Drain Current Pulsed"” 8.0 A
Eas Single Pulsed Avalanche Energy(s) 140 mJ
Vob DC Supply Voltage 25 \%
\V/= FB Pin Input Voltage -0.3 6.0 \%
Vipk IPK Pin Input Voltage -0.3 6.0 \%
Vhv HV Pin Input Voltage 700 \%
Pb Power Dissipation (TA<50°C) 15 w
T, Operating Junction Temperature -40 :_nltne"rtgzl(lgg °C
Tste Storage Temperature Range -55 +150 °C
TL Lead Soldering Temperature (Wave Soldering or IR, 10 Seconds) +260 °C

Notes

All voltage values, except differential voltages, are given with respect to the network ground terminal.
6. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
7. Non-repetitive rating: pulse width is limited by the maximum junction temperature.
8. L =51mH, starting T; = 25°C.
9. Internally limited by Over-Temperature Protection(OTP). Refer to Tore.

Thermal Resistance Table

Symbol Parameter Value Unit
01a Junction-to-Air Thermal Resistance 86 °C/W
Wyt Junction-to-Package Thermal Resistance™” 20 °C/W

Note:

10. Measured on the package top surface.

ESD Capability

Symbol Parameter Value Unit

Human Body Model, JESD22-A114™" All pins excluding HV pin !

All pins including HV pin 3
ESD - - - kv
) 1) All pins excluding HV pin 2
Charged Device Model, JESD22-C101 — : :
All pins including HV pin 2
Note:
11. Meets JEDEC standards JESD 22-A114 and JESD 22-C101.
© 2014 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Electrical Characteristics

Vpp=15 V, and Ta=25°C unless otherwise specified.
Symbol Parameter Condition Min. Typ. Max. Unit
SenseFET Section®?
BVpss Drain-Source Breakdown Voltage Vps =700V, Ves=0V 700 \%
VDs =700 V, Vos =0V 50
Ipss Zero-Gate-Voltage Drain Current Vbs =560V, Vgs =0V, 200 HA
Tc =125°C
Roson) | Drain-Source On-State Resistance™ |Ves=10V, Ib=05A 6.0 7.2 Q
. VGSZOV,VDSZZSV,
Ciss Input Capacitance f=1 MHz 550 715 pF
. Ves =0V, Vps=25YV,
Coss Output Capacitance f=1 MHz 38 50 pF
Crss |Reverse Transfer Capacitance st =0V, Vos =25V, 17 26 pF
f=1MHz
td(on) Turn-On Delay Vps =350V, Ip=1.0 A 20 50 ns
tr Rise Time Vps =350V, Ip=1.0 A 15 40 ns
td(offy Turn-Off Delay Vps =350V, Ip=1.0 A 55 120 ns
tr Fall Time Vbs=350V,Ip=1.0A 25 60 ns
Control Section
VDD Section
Vbp-on UVLO Start Threshold Voltage 11 12 13 \%
Vop-orr1 | UVLO Stop Threshold Voltage 5 7 \%
Vop-orr2 | Ibp-oLe Enable Threshold Voltage 10 \Y
Vpp Voltage Threshold for HV Startup
Voo-olP | 1m.0n at Protection Mode 5 8 U v
Ibp-sT Startup Supply Current Vpp-on —0.16 V 30 HA
Operating Supply Current with Normal _ _
loo-op1 Switching Operation Voo=15V, Vrs=3 V 38 mA
Operating Supply Current without _ _
loo-o2 Switching Operation Voo=15V, Vrs=1 V 18 mA
lbp-oLp Internal Sinking Current Vpop-op + 0.1V 30 60 90 HA
Vop-ove | Vop Over-Voltage Protection 23 24 25 \%
Vpp Over-Voltage Protection
1-vo0OVP | hehounce Time 40 e 170 HS
HV Section
. HV=120 Vpc,
Iy Supply Current Drawn from HV Pin Voo=0 V with 10 uF 15 5.0 mA
vV, Minimum HV Voltage for Vpp being Ruv=0 Q, 30 Vv
Hv charged to Vpp.on Ta=-40 °C to 105 °C
HV=700 V
IHv- Leak rrent after Star !
HV-LC eakage Current after Startup Vop=Voo.orri+1 V 10 HA
Vbcon | Brown-in Threshold Level (Vi) DC Voltage Applied to 104 114 124 \Y
HV Pin Through 200 kQ
Vpc.oer | Brownout Threshold Level (Vpc) Resistor 89 99 109 \
tuve Brownout Protection Time 0.8 1.2 1.6 S

Continued on the following page...

© 2014 Fairchild Semiconductor Corporation
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Electrical Characteristics (Continued)
Vpp=15 V, Ta=25°C unless otherwise specified.
Symbol Parameter Condition Min. | Typ. | Max. | Unit
Oscillator Section
fosc Frequency in Nominal Mode Center Frequency 94 100 106 kHz
fm Frequency Modulation +6 kHz
fosc-c Green-Mode Frequency 20 23 26 kHz
fov Frequency Variation vs. Vpp Deviation Vop=11Vto 22V 5 %
Frequency Variation vs. Temperature _ o o 0
for Deviation}{a Ta=-40 °C to 105 °C 5 %
Feedback Input Section
Av Internal Voltage Dividing Factor of FB Pin®*? 1/45 | 1/4.0 | 1135 | VIV
Zrg Pull-Up Impedance of FB Pin 15 21 27 kQ
Vrsoren | FB Pin Pull-Up Voltage FB Pin Open 5.2 5.4 5.6 \%
FB Voltage Threshold to Trigger Open-Loop
VFsole | protection & Ly 4.9 v
tp-oLp Delay of FB Pin Open-Loop Protection 46 56 66 ms
VEB-N FB Voltage Threshold to Exit Green Mode Ves is Rising 2.4 2.6 2.8 \%
Veg. FB Voltage Threshold to Enter Green Mode | Vs is Falling YSB'ZN v
Veszoe FB Voltage Threshold to Enter Zero-Duty Ves is Falling 11 12 13 v
State
Veszock | FB Voltage Threshold to Exit Zero-Duty State | Ves is Rising Vfr%zfc \Y
IPK Pin Section
VPK-OPEN IPK Pin Open Voltage 3.0 3.5 4.0 Vv
Vipkat ::?itne({gal Upper Clamping Voltage of IPK 3 v
Vipk ::?itne({gal Lower Clamping Voltage of IPK 15 v
. Ta=-40 °C to 105 °C,
Ipk Internal Current Source of IPK Pin Vipk=2.25 \V 45 50 55 HA
Flat Threshold Level of Current Limit for the _
ILmMT-H Highest IPK Level Vipk=3 V 0.90 1.00 1.10 A
Flat Threshold Level of Current Limit for the _
ImT-L Laresn [[9% L] Vipk=1.5V 0.45 0.50 0.55 A
Current-Sense Section®®
tep Current Limit Turn-Off Delay™ 100 | 200 ns
ties Leading-Edge Blanking Time™" 160 | 210 | 260 ns
tss Soft-Start Time*? 5 ms
GATE Section®
DCYwmax ‘ Maximum Duty Cycle ‘ ‘ 70 ‘ ‘ ‘ %
Over Temperature Protection Section (OTP)
Tote ‘ Junction Temperature to Trigger oTp®*? ‘ ‘ 140 ‘ ‘ ‘ °C
Notes:
12. Guaranteed by design; not 100% tested in production.
13. Pulse test: pulse width < 300 s, duty < 2%.
14. These parameters, although guaranteed, are tested in wafer-sort process.

© 2014 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Typical Characteristics
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Typical Characteristics (Continued)
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Functional Description

Startup Operation

The HV pin is typically connected to the DC link input
through one resistor (Ruy), as shown in Figure 19. When
the DC input voltage is applied, the Vpp hold-up
capacitor is charged by the line voltage through the
resistor. After Vpp voltage reaches the turn-on threshold
voltage (Vpp-on), the startup circuit charging the Vpp
capacitor is switched off and Vpp is supplied by the
auxiliary winding of the transformer. Once the GFO01H
starts, it continues operation until Vpp drops below 6 V
(Vop-orr1)- The IC startup time with a given DC input
voltage is:

Ve

@

tstarTup = Ry Cpp'in

Voc-Vipp.on

Filter

Line Sensing

AC Line

Figure 19. Startup Circuit

Brown-in/out Function

The HV pin can detect the DC link voltage using a
switched voltage divider that consists of external resistor
(Rnv) and internal resistor (R.s), as shown in Figure 19.
The internal DC input voltage sensing circuit detects the
input voltage using a sampling circuit and peak-
detection circuit. Since the voltage divider causes power
consumption when it is switched on, the switching is
driven by a signal with a very narrow pulse width to
minimize power loss. The sampling frequency is
adaptively changed according to the load condition to
minimize power consumption in light-load condition.

Based on the detected DC input voltage, brown-in and
brownout thresholds are determined. Since the internal
resistor (R.s) of the voltage divider is much smaller than
Rhv, the thresholds are given:

Ryy

Verown-In = 200k = VDC_ON (@)
Ryy

Verownour = _ZOOk "Vbc_orr ©)

PWM Control

The GFO01H employs current-mode control, as shown
in Figure 20. An opto-coupler (such as the H11A817A)
and shunt regulator (such as the KA431) are typically
used to implement the feedback network. Comparing
the feedback voltage with the voltage across the Rsense
resistor makes it possible to control the switching duty
cycle. A synchronized positive slope is added to the
SenseFET current information to guarantee stable
current-mode control over a wide range of input voltage.
The built-in slope compensation stabilizes the current
loop and prevents sub-harmonic oscillation.

----- 6]-{7}8
L__| . Drai 5.4V |
rain | vo
Ze !
FB !
3 I
osc } §
I
I
PWM élé
Comparator ! —
! y
N | KA431 >
|_ Driver }
|
|
A B -
4 i Secondary-
NY i e ! Side
Rsense Aaa Primary-Side
Slope
Compensation

Figure 20. Current Mode Control

Soft-Start

The GFO001H has an internal soft-start circuit that
progressively increases the pulse-by-pulse current limit
level of MOSFET during startup to establish the correct
working conditions for transformers and capacitors, as
shown in Figure 21. The current limit levels have nine
steps, as shown in Figure 22. This prevents transformer
saturation and reduces stress on the secondary diode
during startup.

J6]-[7]-[8
te] vy

- PWM
Drain
Comparator

SS
Comparator

Gate
|_ Driver

Slope
Compensation

Current Limit
Comparator

Rsense

Figure 21. Soft-Start and Current-Limit Circuit
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Protections

The GFO001H provides protection functions that include
Overload / Open-Loop Protection (OLP) and Over-
Voltage Protection (OVP). All the protections are
implemented as Auto-Restart Mode. Once the fault
condition is detected, switching is terminated and the
SenseFET remains off, this causes Vpp to fall. When

: Vpp falls to 6 V, the protection is reset and HV startup

. 3.22m: 4.50ms B . .

1.28ms 2.56ms 3.86ms 5.12ms circuit charges Vpp up to 12 V voltage, allowing restart.

Figure 22. Current Limit Variation During Soft-Start Open-Loop / Overload Protection (OLP)
. Lo Because of the pulse-by-pulse current-limit capability,
Adjustable Peak Current Limit the maximum peak current through the SenseFET is

The peak current limit is programmable using a resistor ~ limited and maximum input power is limited. If the output
on the IPK pin. The internal current 50 pA source for the ~ consumes more than the limited maximum power, the
IPK pin generates voltage drop across the resistor. The ~ output voltage (Vo) drops below the set voltage. The
voltage of the IPK pin determines the current-limit level. ~ current through the opto-coupler LED and the transistor
Since the upper and lower clamping voltage of the IPK ~ become virtually zero and FB voltage is pulled HIGH,

resistor value is from 30 kQ to 60 kQ. for longer than 56 ms, OLP is triggered. This protection

is also triggered when the feedback loop is open due to
Green Mode 99 RS °P

a soldering defect.

As output load condition is reduced, the switching loss

becomes the largest power loss factor. GFOO1H uses the A Ve

FB pin voltage to monitor output load condition. As output 5.4V
load decreases, Vg decreases and switching frequency
declines, show in Figure 23. Once Vgg falls to 2.4 V, the Ves.oLp (4.6V)
switching frequency varies between 21.5kHz and
24.5 kHz before Burst Mode operation. At Burst Mode

operation, random frequency fluctuation still functions. >

As Vg falls below Veg.zoc, the GFOO1H enters Burst o Shsuédown Delay ~ i OLP Triggered
Mode, where PWM switching is disabled. The output ms

voltage starts to drop, causing the feedback voltage to Figure 25. OLP Operation

rise. Once Vegrises above Veg.zpcr, Switching resumes.
Burst Mode alternately enables and disables switching, Vpp Over-Voltage Protection (OVP)

thereby reducing switching loss to reduce power If the secondary-side feedback circuit malfunctions or a
consumption, shown in Figure 24. solder defect causes an opening in the feedback path,
PWM Frequency R the current through the opto-coupler t_ransis_tor becpmes

A [ R@ndom Frequency virtually zero. Feedback voltage climbs in a similar

Modulation Range manner to the overload situation, forcing the preset

maximum current to be supplied to the SMPS until the

94KHZ |-==--mmmmmmmo e overload protection triggers. Since more energy than

required is provided to the output, the output voltage

may exceed the rated voltage before the overload

protection triggers, resulting in the breakdown of the

Ves devices in the secondary side. To prevent this situation,

> an OVP circuit is employed. Since Vpp voltage is

Veszoc Veszocr Vs Ve proportional to the output voltage by the transformer

Figure 23. PWM Frequency coupling, the over-voltage of output is indirectly detected

using Vpp voltage. The OVP is triggered when Vpp

voltage reaches 24 V. Debounce time (typically 105 pus) is
applied to prevent false triggering by switching noise.

> Two-Level UVLO
Since all the protections of the GFO01H are auto-restart,
Vs soon the power supply repeats shutdown and restart until the
Ves.zoc fault condition is removed. GFOO1H has two-level
> UVLO, which is enabled when protection is triggered, to
lorain delay the re-startup by slowing down the discharge of
Vpp. This effectively reduces the input power of the
m 1 ‘ ‘ 1 1 1 ‘ ‘ 1 power supply during the fault condition, minimizing the
voltage/current stress of the switching devices. Figure
26 shows the normal UVLO operation and two-step
UVLO operation. When Vpp drops to 6V without
triggering the protection, PWM stops switching and Vpp

106KHZ |=mmmmmmmmmmmmmmmm e

24.5kHz | ____
21.5kHz - A

Vo A

VEs o

‘Switching' ‘Switching'
Disabled Disabled

Figure 24. Burst-Mode Operation
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is charged up by the HV startup circuit. Meanwhile,
when the protection is triggered, GFOO1H has a different
Vpp discharge profile. Once the protection is triggered,
the IC stops switching and Vpp drops. When Vpp drops
to 9V, the operating current becomes very small and
Vpp is slowly discharged. When Vpp is naturally
discharged down to 6 V, the protection is reset and Vpp
is charged up by the HV startup circuit. Once Vpp
reaches 12 V, the IC resumes switching operation.

L Normal UVLO without
/' Line is connected (} protection (ex. aux winding

eV Disconnected)
12V

Vop-on

Vop-oFr2|

Vop-olp

v
/ 6V
6V

VDS L

Ipp-op1

Ipp-oLp

lpp-st

/v Line is connected > Protection triggers

12V
12V

Vop-on

Vbp-orr2|

y
/ . \/
6V

Vop.oLp

VDS L

Ipp-op1

Iop-oLp

Ipp-st

Figure 26. Two-Level UVLO
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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