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FSFR-HS Series — Advanced Fairchild Power Switch
(FPS™) for Half-Bridge Resonant Converters

Features

® Variable Frequency Control with 50% Duty Cycle
for Half-Bridge Resonant Converter Topology

® High Efficiency through Zero Voltage Switching (ZVS)

® Built-in High-Side Gate Driver IC

" Internal UniFET™s with Fast-Recovery Type Body
Diode (t-=160 ns Typical)

® Fixed Dead Time (350 ns) Optimized for MOSFETs

® Operating Frequency Up to 600 kHz for Soft-Start

® Self Auto-Restart Operation for All Protections, Desr
External LV¢c Bias

® Line UVLO with Programmable Hysteresis. Levei

® Simple On/Off with Line UVLO Pin

® Easy Configuration and Compatit™ .y v F+ 7930 .0r
Line UVLO without External Cor )onents

® Protection Functions: O .. Jltac Prote’ ion (QV?2),
Over-Current Protectic (OCP). Abric..ial Over:

Description

The FSFR-HS is a highly
designed for high-effie” icy « half-br ge resonart
converters. Offering - _rything 1+ ses ury to<build a
reliable and robus® re. =< .. conv. «r, the FSFR-HS
simplifies designs vhik .imp~ ing prcductivity and
performance. he FS R-H(  _inbings pcwer MOSFETS,
a high-¢ 'e ' ‘e-driv  circuit. ar _zccurate current-
contalled ¢ cille. == 4 built-in protection functions.

egrate power switch

he A gate-drive vircuit has “a commen-mode
rn.ce  anceliation “capawsility, winch® provides- stable
ope tioi “with @exeellent noise drnmunity. Using zero-

volta_ s-switching /ZVS) teChriyue drarnatically reduces
the switciting Iesses and s'gnificariily iiriproves efficiency.
lhe ZVS, aiso reduces the switching noise noticeably,
everi though the cperating-frequency increases. It allows
a small E!ectromagnetic interference (EMI) filter, besides
the high cperating. frequency, to reduce the volume of the
resonant tank and 10 increase power density.

1he FSFRHS can be applied to resonant converter

Current Protec*” " "AG. 2), Inte hal Therinal topoldgiea such as series resonant, parallel resonant,
Shutdown (T. ) 2id LLC resonant converters.
Applicat. ns Related Resources
& OPan. CL Vs AN4151 — Half-Bridge LLC Resonant Converter Design
= DWktopd Cs and Servels Using FSFR-Series Fairchild Power Switch (FPS™)
" Ada, -rs
® Teleconi Pover Supplies
Ordering Informetion
Operating Maximum Output Power | Maximum Output
Part Number Package Junction | Rpson_max) without Heatsink Power with Heatsink
Temperature (Vin=350~400 V)2 (Vin=350~400 V)2
FSFR1800HS 9-SIP
9-SIP -40t0 +130°C | 0.95Q 120 W 260 W
FSFR1800HSL .
L-Forming
FSFR1700HS 9-SIP
9-SIP -40 to +130°C 1.25Q 100 W 200 W
FSFR1700HSL .
L-Forming
Notes:

1. The junction temperature can limit the maximum output power.
2. Maximum practical continuous power in an open-frame design at 50°C ambient.
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Figure 1. Typical Application Circuit (" © R sc. = Mlalf-Bridge Canverter)
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Figure 2. Internal Block Diagram
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Pin Configuration

Pin Definitions

0

2 345 67

LS CSSG LV
RT PG

DL CTR

HVec

Figure 3. Package Diagre

Pin # Name Description
1 DL This is the A=="n of = 211 de MOSI:ET, typically carinected.te e input DC link voltage.
2 LS Thisis t' :line-s. sin_ nin for the input voltage Under-Vcitege Lockout (UVLO).
T »int used fi controlling the switciting frequency irisrormal operation. When any
Jrotection. .Jgered, thic-interne| Autc/Restart (A/R) circuit starts to sense the voltage on
3 - ‘he piny /hich is distharged natuiallvby externalresistance. The IC can be operated with
‘R wk 1 the vcltzae-decreases (.1 V. Tvrically, an opto-coupler is connected to control the
‘ sw.._.ang freuuency for.the ouiput veitage regulation and resistors for setting minimum /
maximurn operating-freauency.
y S This piivsenses the current flowirig through the low-side MOSFET. Typically, negative
4 vsitage is aoplied-io this(pin:
SG This sin iz tre grour.u-<f the control part.
6 | RG Jh‘s pirt is the: paveer ground. This pin is connected to the source of the low-side MOSFET.
7 | LVce This piris ‘ne supply voltage of the control IC.
8 NC No'zznriection
d HVce . Ihis is the supply voltage of the high-side gate-drive circuit.
10 CTR This is the drain of the low-side MOSFET. Typically, a transformer is connected to this pin.

JI9HIBAUOD JUBUOSSY 2BplIg-}[eH 104 (w1 Sdd) UOHMS 19MOd PIYdires P3dUeApY — Sa1I8S SH-Y-4SH

© 2011 Fairchild Semiconductor Corporation
FSFR1800 / FSFR1700-HS + Rev.2

www.fairchildsemi.com



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
Vps Maximum Drain-to-Source Voltage (DL-CTR and CTR-PG) 500 \Y
LVee Low-Side Supply Voltage -0.3 25.0 \Y

HVcc to CTR | High-Side V¢ Pin to Low-Side Drain Voltage -0.3 25.0 \%
HVee High-Side Floating Supply Voltage -0.3 525.0 \%
VRt Timing Resistor Connecting and Auto-Restart Pin Voltage -0.3 - \% A
Vis Line Sensing Input Voltage -0.2 LVc \ |
Ves Current Sense (CS) Pin Input Voltage 5] 4 V
fow Recommended Switching Frequency 000 kHz
dVcrr/dt Allowable Low-Side MOSFET Drain Voltage Slew Rate 52 V/ns
W FSFR1800HS/L “wa
Po Total Power Dissipation L — w
FSFR1700HS/L. 11.6
T Maximum Junction Temperature® +150 c
’ Recommended Operating Junction T~ .. -ature' B -40 +130 j
Tste Storage Temperature Range | . +150 °C
MOSFET Section
Vber Drain Gate Voltage’ «s= 1Q, £00 \Y
Ves Gate Source (GNL /oltage . +30 \Y
, | FSFR1R00HS/L 23
Iom Drain Cu_ :nt Pulsed" N s\ S\ A
rSFR1720RS/: 20
_ A ) N S
’ : | Tc=25°C 7.0
FSFRI800HS L =
. . |_ 1c=100°C 4.5
Cortirt 4s Drain Curient —2 A
Tc=25°C 6.0
FSER1TOUHS/L
Tc=100°C 3.9
Pack e cction
Torque (Recommenued Screw Torcue ‘ 5~7 kgf-cm
Notes:
3. These parameters, althougih guaranteed, are tested only in EDS (wafer test) process.
4.~ Per MOSFET wher0'n MOSFETSs are conducting.
5+ The maximum valué or the recommended operating junction temperature is limited by thermal shutdown.
6. Pulse width is limited by maximum junction temperature.
Thermal Impedance
Ta=25°C unless otherwise specified.
Symbol Parameter Value Unit
Junction-to-Case Center Thermal Impedance FSFR1800HS/L 107 o
Bic . C/W
(Both MOSFETs Conducting) FSER1700HS/L 10.8
. . FSFR1800HS/L o
S Junction-to-Ambient Thermal Impedance FSFR1700HS/L 80 C/W

© 2011 Fairchild Semiconductor Corporation
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Electrical Characteristics
Ta=25°C, LVcc, HVee =17 Vpe and Rr=26 kQ unless otherwise specified.

Symbol Parameter Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
MOSFET Section
_ 15=200 pA, Ta=25°C 500
BVpss |Drain-to-Source Breakdown Voltage \%
10=200 pA, Ta=125°C 540
_ FSFR1800HS/L Ves=10 V, Ip=3.0 A 0.77 | 0.95
Roson) | On-State Resistance Q
FSFR1700HS/L Ves=10V, Ip=2.0 A 1.00 | 1.25
Ves=0V, Ipiope=7.0 A,
S oot Il L L L
FSFR1700HS/L dIGD?ooE/ d't=[;|88EA/ps : 0
c o FSFR1800HS/L | 639 =
1SS Input Capacitance — ——Gs Y
FSFR1700HS/L Vps=25V, Vgs=0V, - 4'» 512 < 1|_ nF
c Outbut Capacitance” | SFR1800HS/L f=1.0 MHz AR pF
0SS utpu apacitance |
FSFR1700HS/L ] | 665 pF
Supply Section
Ik Offset Supply Leakage Current |H\’ =Vert ?0(, L | T 50 pA
IgHVce | Quiescent HVcc Supply Current A '-|\/_L v _ vV 2 L \ AL 120_ MA
loLVce | Quiescent LVcc Supply Current (v '"'CL +) - O.1X_ o /00 _iOC MA
loHVce | Operating HVcc Supply Current (RML ‘alue) fos g0 KH?-— | ! S Y mA
No Switcainy | p 100 200 MA
loLVce | Operating LVcc Supply © t(k 'Sl ) Tog Nz, \X | N\ 7 1 mA
| N Switching e 2 4 | mA
UVLO Section )
LVccUV+ | LVee Supply/ ider-Voi. »P< tive Guira Threshaid (kVccsmart) 112 [ 125 [ 138 ] Vv
LVccUV- |LVec Suoply. 'nder-V: tage Neaative Coing Threztioid (LVocisop) 89 | 100 | 111 | v
LVccUVH [LV/ Supply U or ltage Hysteresis « \ ’ 25 Vv
HVecUV+ HVe.  wppi Under-Voitage Positive Going Threghald-(HVce starr) 82 | 92 [ 102 v
HV-— |1 -cT 2, Unde: Valiage Negativé Going Threshold (HVoc stor) 78 | 87 | 96 | Vv
T ~,call-‘ Hy _Supply L'r'.E—\/oIteqe t—'vstere.ois > 0.5 \%
BSL ‘ator Eedbc'ck Se_c;ior1 \ V>
Vi |Outolt Voitage an RTPin_~— 15 [ 20 [ 25 | v
fosc | Cutput Oscillziion Freataiicy~ R1=26 kQ 47 | 50 | 53 | kHz
| DG [Output Duty Cycls ) 48 | 50 | 52 [ %

Continued on the following page...
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Electrical Characteristics (Continued)
Ta=25°C, LVcc, HVee =17 Vpe and Rr=26 kQ unless otherwise specified.

7. This parameter, although guaranteed, is not tested in.«oc_ -tios
8. These parameters, although guaranteed, are teste

nly in. YS ' afer test) prccess.

Symbol Parameter ‘ Conditions Min. ‘ Typ. ‘ Max. ‘ Unit
Protection Section
Vrrreser | Threshold Voltage to Begin Restart 0.07 0.12 | 0.17 \%
toeLay reseT | Delay to Disable OSC Circuit After Protection ‘fosc=50 kHz 20 ms
VLINE On Threshold of Input Voltage 238 | 250 | 2.62 \Y,
ILne Hysteresis Current for Line UVLO 7.5 9.5 115 | pA
Vove LVcc Over-Voltage Protection 21 23 25 \%
Vaocp AOCP Threshold Voltage -1.0 -0.9 -0.8 \
tso | AOCP Blanking Time"” | Ves < Vaoce =0 ns
Vocp OCP Threshold Voltage -0.€ | -0.5 '-0.52 Vv _J |
tso | OCP Blanking Time'” | Ves < Voce 10157 20 ) Cus|
toa Delay Time (Low-Side) Detecting from Vaocp to Switch Offt”’ || 480 ns
Tsp Thermal Shutdown Temperature(” 120 ; 135, | 1;'_0 _‘ °C
Dead-Time Control Section
Dt Dead Time® ___ ~ \ :_;0 | | ns
Notes:

© 2011 Fairchild Semiconductor Corporation
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FSFR-HS Series — >o_<m:oma|_um:o:__n_ Power Switch (FPS™) for Half-Bridge Resonant Converter

Typical Performance Characteristics

These characteristic graphs are normalized at Ta=25°C.
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FSFR-HS Series — Advanced Fairchild Power Switch (FPS™) for Half-Bridge Resonant Converter

Typical Performance Characteristics (Continued)

=25°C.

These characteristic graphs are normalized at Ta
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Typical Performance Characteristics (Continued)

These characteristic graphs are normalized at To=25°C.
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Functional Description

1. Basic Operation: FSFR-HS series is designed to drive
high-side and low-side MOSFETs complementarily with
50% duty cycle. A fixed dead time of 350 ns is introduced
between consecutive transitions, as shown in Figure 18.

Once LVcc is higher than LVcestart = 12.5V, the IC
starts to operate, generates the low-side gate signal, and
drives the low-side MOSFET. The bootstrap diode and
capacitor is charged by the low-side MOSFET's
operation. After the voltage on HV¢c increases up to
HVcc sTarT, typically 9.2V, the high-side gate signal is
generated for the MOSFET.

Dead-Time
— | le—

High-Side
MOSFET
Gate Drive

Low-Side
MOSFET
Gate Drive

Time
Figure 18. MOSFET Gate Drive Signals

2. Internal Oscillator: FSFR-HS series emplo;
current-controlled oscillator, as shown in Fig <
Internally, the voltage of the RT pin is regrlated
and the charging / discharging current for
capacitor, Cr, is obtained by copyin~ ur atne )
out of the RT pin (lcrc) using a cu’ :nt mi r. « =refore,
the switching frequency increases| : lctc in 2ascs.

19,
2V
tor

e

ZANS

Sate Drive

Figure 19. Current-Cerirclled Oscillator

A

2. ~Frequency SettinQ < Figure 20 shows the typical
voltage gain curve of a resonant converter, where the
gain is inversely proportional to the switching frequency
in the ZVS region. The output voltage can be regulated
by modulating the switching frequency. Figure 21 shows
the typical circuit configuration for the RT pin, where the
opto-coupler transistor is connected to the RT pin to
modulate the switching frequency. The switching
frequency may be controlled from 20 kHz to 500 kHz.

The minimum switching frequency is determined as:

S A— [Hz]
" 792 pX Ry + O.5411 M

fmin

Assuming the saturation voltage of opto-coupler
transistor is 0.2 V, the maximum switching frequency is
determined as:

e = ! [ He] 2
M 792 0% Rein || Ry + O.5411 2)
Gain
18
fmin f hormal, If max f SS
16
\.\ | |
14 [ ¥ 1
- —
12 -
;
[]
1.0 [ e }
!
[}
0.8 =
" L]
: ; ! :
\ ’N\) | RO™Y A\
110 < 120 130 140 1.0 160 7% 180 190 200

rrequenc, khz)

Figure 20. Rescnant Cenverter Typical Gain Curve

LVeo VDL
]
2
& ]
2
-
s PG

Figure 21. Frequency Control Circuit

To prevent excessive inrush current and overshoot of
output voltage during startup, the IC needs to increase
the voltage gain of the resonant converter progressively.
Since the voltage gain of the resonant converter is
inversely proportional to the switching frequency, soft-
start is implemented by sweeping down the switching
frequency from an initial high frequency (fiss) until the
output voltage is established.

The soft-start circuit is constructed by connecting R-C
series network to the RT pin, as shown in Figure 21.
Initially, the operating frequency is set by the parallel
impedance of Rss and Rpmin.

© 2011 Fairchild Semiconductor Corporation
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The initial maximum frequency can be set up to 600 kHz,
which is given by:

1
fe= [HZ] 3)
792px R, || Rs +0.54u
The soft-start time, tss, can be calculated by:
t$=5XR$‘C$ [S] (4)

4. Self Auto-Restart: The FSFR-HS series can restart
automatically even though any built-in protections are
triggered in case external supply voltage is applied. As
shown in Figure 22 and Figure 23; once a protection is
triggered, the power MOSFET immediately stops. The
counter starts to operate and 1008-clocks are counted,
then the V-I converter is disabled. Css starts to be naturally
discharged with the series impedance of Rss and Rmin until
Vgt drops to Vrrreser, typically 0.1 V. Then, all protections
are reset and the V-l converter resumes. The FSFR-HS
starts switching again with soft-start.

The counter operating time for 1008-clocks after
protection activation is set by the current out of the RT
pin until Vgt drops to Vrrreser. Finally, the stop time of
FSFR-HS can be estimated, without considering the
counter operation time, as:

tsrop = 5Css (Rss + Rmin) [ 8] (5
{ViConveter 3
i 5 w
RT i ‘ Disable
F—+—— { i
Rin Res
‘counter
B—
2z Ce ‘ Qitching
I Stizidown
Y e I
o = g
ocp ™
e
LTS
gure 22.Intzrnal Block for Auic-Hrestart
B (ay(c) (b) » (aXe) (b)
Vst — i\
vi K o72) — >
converter @ n —_‘ >
VRt 3 ;
Vess VR RESET
Vis
Vune
-
ICr —
>« «—>
tcounte tS/S tcoun(er
> [stop

(a) Protection Trigger, (b) FSFR-HS Restart, (c) Counter Stop
Figure 23. Self Auto-Restart Operation

5. Protection Circuits: The FSFR-HS series has several
self-protective functions; such as Over-Current Protection
(OCP), Abnormal Over-Current Protection (AOCP), Over-
Voltage Protection (OVP), Thermal Shutdown (TSD), and
Line Under-Voltage Lockout (LUVLO or Brownout).
These protections are Auto-Restart Mode protections, as
shown in Figure 24.

Once a fault condition is detected, switching is instantly
terminated and the MOSFETs remain off. When LV falls
to the LVcc stop voltage of 10V and Vgr is lower than
Vrrreser of 0.1V, the protection is reset. The FSFR-HS
resumes normal operation when LVcc reaches the start
voltage of 12.5 V.

LVcc

o \
LVce Goodi—— Inte I ‘
L Vrer, Bi
10/12.5V0

L VL
'";gp 0 Auto-R it
I P tection
AOCP ] — — N, Switching
o — — S 2y Shutdown
3 N — I‘ \J‘
LV¢  ‘ood So— rt—
|
e
TR — b
I 8
2ESET D_1>A|‘F.gna|

Ciguie 24. Pinowaction 2locks

5.1 «.Over-Currént  Protecticim Y(OCP): When the
sansing piny vohage drops~below -0.58V and its
Gguration decorvies rioe ‘han OCP blanking time of
1.5 us;OCFis trigeeted and the MOSFETSs remain off.

5.2 . Abnormal \, Over-Current Protection (AOCP):
If the .secandary rectifier diodes are shorted, large
current.wich extremely high di/dt can flow through the
MOLFET before OCP is triggered. AOCP is triggered
without shutdown delay if the sensing pin voltage drops
below -0.9 V.

5.3 Over-Voltage Protection (OVP): When the LVcc
reaches 23 V, OVP is triggered. This protection is used
when auxiliary winding of the transformer supplies Vcc
to the FPS™,

5.4 Thermal Shutdown (TSD): The MOSFETs and
the control IC in one package make it easier for the
control IC to detect the abnormal over-temperature of
the MOSFETs. |If the temperature exceeds
approximately 130°C, thermal shutdown triggers.

6. Line Under-Voltage Lockout (UVLO): FSFR-HS
includes precise line UVLO (or brownout) with
programmable hysteresis voltage. This function can start
or restart the IC when Vs for the scale-down voltage of
the DC-link by the sensing resistors, R1 and R2, is higher
than Vune of 2.5V as the DC-link voltage increases and
vice versa. A hysteresis voltage between the start and
stop voltage of the IC is programmable by I ne. In normal
operation, the comparator’'s output is HIGH and I ne is
deactivated so that a voltage on LS pin, Vs, can be
obtained as a divided voltage by R1 and R2. On the
contrary, lune is activated when the comparator’s output
is LOW. Vs is generated by the difference between the
current through R1 and I.ine.
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Criter can be used to reduce some noise induced from
transformer or switching transition. Generally, hundreds
of pico-farad to tens of nano-farad is adequate,
depending on the quantity of noise.

The start and stop input-voltage can be calculated as:

R1+ R2
Viciinkstor = Vine X—=5— [V] (6)
R2
Vacsink srarr = Veeiink stop T T une X RL[V] (7)
DC-link
R1
LS’L
2 M%d
ILlNE VLlNE -
Critter —— R2
——
-

Figure 25. Half-Wave Sensing

7. Simple Remote-On/Off: The power stage can be
shutdown with optional Auto-Restart Mode, as shown.‘
Figure 26.

To configure an external protection with Auto-.
Mode, an opto-coupler and the LS pin are palk
the voltage on the LS pin is pulled ba'law V' e (0 9,
the IC stops during the status hold® Hov. ‘er, ne opio-
coupler stops pulling down and t : IC ca. »er. /m tha
auto-restart operation itself

start
v en

DC-link
Line
Sensing 7 | | Oulle Down —.
Resistor | [ «--p Switching with A/R
External” 1 L9
Prot~~* 'sn L

S Ny Line?k
v——o<‘,——J

O

rigqure 26. External Prauzciion Circuits

—

3. Current-Sensing Methods: FSFR-HS series employs
negative voltage sensing to detect the drain current of
MOSFET, which allows a low-noise resistive sensing
using a filter with low time-constant and capacitive
sensing method.

8.1 Resistive Sensing Method: The IC can sense
drain current as a negative voltage, as shown in Figure
27 and Figure 28. Half-wave sensing allows low power
dissipation in the sensing resistor; while full-wave
sensing has less switching noise in the sensing signal.
For a time constant range for the filter, 3/100~1/10 of
the operating frequency is reasonable.

Controil
IC A
VCS I
s T n M W lbs
S PG
o= ARVAN
sense 7 7
L ="+ 1
Ios I VCS
N } N -

Figure 27. HalfWe ~» Sens g
IDS
/3 DN
P W
\/
N R\ P
‘ t Vs

F:aure 28. Full-Wave Sensing

8.2 Capacitive Sensing Method: The drain current
Can be sensed using an additional capacitor parallel
with the resonant capacitor, as shown in Figure 29.
During the low-side switch turn on, the current, ics
through Cg, makes Vsense across Rsense. The icg is
scale-down of i, by the impedance ratio of C; and Cs.
Generally, 1/100~1/1000 is adequate for the ratio of Cg
against C,. Rp is used as a damper for reducing noise
generated by switching transition. Several hundreds of
ohm to a few of kilo-ohms can be normally used.

Vsense can be estimated as;

V. "kc

sense

—2 Rene [V] (8)
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to separate the control components in the vicinity of the

< Reiter
o L Vsense ot RT pin from the primary current flow pattern in the PCB
Fier sense 71 c: layout. Figure 30 shows an< ... e for a duty-

balanced case.

i 9. PCB Layout Guidelines: Duty imbalance problems
may occur due to the radiated noise from the main
transformer, the inequality of the secondary side
leakage inductances of main transformer, and so on.

Vsense This is one of the reasons that the control components

T in the vicinity of the RT pin are enclosed by the primary

Ml current flow pattern on PCB layout. The direction of the

+ 7 magnetic field on the components caused by the
LIz Cont Np primary current flow is changed when the high- and
ffcm . low-side MOSFET turn on by turns. The magnetic fields

cs _|'- i )e Ns with opposite directions induce a current through, into,

i or out of the RT pin, which makes the turn-on duration

SG PG 'Ns of each MOSFET different. It is strongly recommended
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Figure 30. Example of Duty Balancing
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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 the most recent package drawings:
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Figure 31. 9-Lead, Single Inline Package (SIP)
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Physical Dimensions
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Figure 32. 9-Lead, Single Inline Package (SIP), L-Forming
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