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FAIRCHILD.

FSQ100

Features

® Burst-Mode Operation
® |nternal Startup Circuit

® Overload Protection (OLP)
" Auto-Restart Mode

® Built-in Soft-Start

Applications

® Charger & Ads for Mobile !
= Auxiliarv-Power £ hite Coods, PC, C-TV, Monitor

® |nternal Avalanche-Rugged SenseFET

" Pulse-by-Pulse Current Limiting
= Qver-Voltage Protection (OVP)

® Secondary-Side Regulation

FPoiatcd Apoiication Notes

Coivelers using FES™

® Precision Fixed Operating Frequency: 67KHz

® Internal Thermal Shutdown Function (TSD)

® Under-Voltage Lockout (UVLO) with Hysteresis

ione, PDA, MFP3

",/ \\-413" — Desian.Guidelines for Oir-line Tlyback

" AN-4141— Troublestiooting and Design Tips for

May 2024

Green Mode Fairchild Power Switch (FPS™)

Description

The FSQ100 consists of an_inicgrawcd Pulse Width
Modulator (PWM) and SenseFE | speciiically designed

for high-performance, i-line,  Switch-Mode _Pcower
Supplies (SMPS) witii minimal e’ al compenents.
This device is Y Inicgrated- high-voltage power

switching regulator 1ot coinbines a VDOMQOS SenseFET
with a voltage mode FWM control.block. The integrated
PWM coulroller featuizs include & fixed oscillator,
Uncer Valtage Lockout (WVLO)' protection, Leading
dge Zlan (LEB), an optimized gaia turn-on/turn-off
ariver, Thermal Shutacwn (TSD) protection, . and
terioeralure-comipensated precicion-current scurces for
loop compensaticn-and fault protection circuitry.

Nhen conipared toa disciete MOSFEET and controller or
RCC. soiution, the FSQ100 device reduces total
component count’ and. design size and weight, while
increasing efficiency, productivity, and system reliability.
This® device provides a basic platform well suited for
cost-effective Tlyback converters.

Fairchild Power Switch (FPS™) Flyback Applications
®-AN-47147 — Design Guideliries for RCD Snubber of
Flyback

® AN-4134 — Design Guidelines for Off-line Forward
Converters using FPS™

= AN-4138 — Design Considerations for Battery
Charger Using Green Mode Fairchild Power Switch

(FPS™)

Ordering Information

Product Number Package Marking Code BVpss

fOSC

Roson)

FSQ100 8-DIP Q100 650V

67KHz

16Q

FPS™ is a trademark of Fairchild Semiconductor Corporation.
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Table 1. Output Power Table (En
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FSQ100 13W | 8w h
=~ N I A
Notes: S
1. Maximum practical continuous power i1 aii opeii-frame desian with sufficient-drain ©Oatterri as a heat sinker, at
50°C ambient.
2. 230Vac or 100/115Vc with doubler.
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Figure 2.

Functional Block Diagram
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Pin Assignments

Drain
Drain
Drain

VSTR

Figure 3. Pin Configuration (Top View)

Pin Definitions

Pin #

Name

De: e

1

GND

Ground. SenseFET source terniinal on piimary <ide and-internal control'ground. . @

Vee

Positive Supply Voltage I[nput. Althougli connected to an awdiiary transformer winding,
current is supplied from pin & (Vstr) via an internal swiich during ctartup(sec-Figure 2). When
Vcc reaches the UVL per (hresholc (9V), theinternal staitup switch opens and device power
is supplied via the auxiiory uansiormer winding. \ A~

Vs

NC

Feedback. !niverting input o the PWM cornparator with its narmal input level lies between 0.5V
and 2.5V. |l has a 0 4mA current source coniiected internally, while a capacitor and opto-
couplci are ‘ypically connecied externally. A feedback voltage of 4.5V triggers overload
protection (OLF,. Tnere-is a time delay while chargiiig external capacitor Cg, from 3V to 4.5V
usina an internal 5uAccurrent souice This time delay prevents false triggering under transient
| conditions. but still allows the protection mechanism to operate in true overload conditions.

| NO Connection. -

L -artup: This pin connects directly to the rectified AC line voltage source. At startup, the internal
switch supplies internal bias.and charges an external storage capacitor placed between the V¢
pin and ground. Once the V¢ reaches 9V, the internal switch stops charging the capacitor.

6,7,¢

Drain

ISenseFf—.T Crain. The drain pins are designed to connect directly to the primary lead of the
trancformer and are.capable of switching a maximum of 650V. Minimizing the length of the trace
cornriecting these pirs to the transformer decreases leakage inductance.

(5, Sdd) Y21UMS 1emod pliusiteq spoN usaio — 00TOSH
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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. T, = 25°C, unless otherwise specified.

Thermal Impedance

1.  Repetitive rating: Pulse width is limited by maximum junciion temperaiure.
2. L =24mH, starting T, = 25°C.

T
0]

QO

|_\

o

o

@

Symbol Parameter Value Unit %
>

VpRrAIN Drain Pin Voltage 650 \% =
Vstr VSTR Pin Voltage 650 \Y 8_
Vbe Drain-Gate Voltage 650 \Y SID'I
Ves Gate-Source Voltage +20 \% D,

=

Vee Supply Voltage 20 | V 3
VEg Feedback Voltage Range -0.3to Veinp | \% é
Po Total Power Dissipation 140 | W ;30

T, Operating Junction Temperature Intcrnalily Hinited ! °C %

Ta Operating Ambient Temperature -20 t0 L °C a
Tste Storage Temperature -5510 +150 i °C §
S oy BN ~—+

: o
Notes: >
~

T

0

)]
—
<

N—r

atersinto GTP.
4. Necasured on.thie DRAIN piii close'to-piastic interface.

Ta = 25°C, unless otherwic o cpeciiied. All iiems are {ested with the JEDEC standards JESD 51-2 and 51-10 (DIP).
Symbol | Pararmieter ! Value Unit
0a |—" _")n-tinbier.i The_lrn—al |m;‘an.}C;3) X 88.84 °C/W
Q. A Lo o cadTermpal ‘mpe;ancc"‘ \ vV 13.94 °C/W
Wies: O O \¢ >~
3. Free-tianding with ne heatsink; withiout copper ciad. Measurement condition; just before junction temperature T,
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n
Electrical Characteristics 8
Ta= 25°C, unless otherwise specified. '5
o
Symbol Parameter Conditions Min. | Typ. | Max. | Unit |
SenseFET Section Q
_ Vps=650V, V=0V 25 o
Ibss Zero-Gate-Voltage Drain Current MA S
Vps=520V, Vgs=0V, T¢c=125°C 200 =
Rps(on) Drain-Source On-State Resistance®® Vgs=10V, 1p=0.5A 16 22 Q 8.
Ofs Forward Trans-Conductance Vps=50V, 1p=0.5A 1.0 1.3 S 0]
Ciss Input Capacitance 162 ;l;l
Coss Output Capacitance Vgs=0V, Vps=25V, f=1MHz 18 pF a
Crss Reverse Transfer Capacitance 3.8 =
Control Section o
o . ~ Al o
fosc Switching Frequency 60> | i 73 —L kidz <
Afosc Switching Frequency Variation® -25°C <Tpo<85°C ‘T I 5 +10 % @
Duax Maximum Duty Cycle 6U 67 1 74 % (é)
V Veg=GND 8 9 10 \Y =
START__{UVLO Threshold Voltage L M A\ O ‘ o
Vstop Vea=CAD 3] 7 8 \Y =>
== Feedback Source Current vV < Vg =3V 0.35 (/0.40 | 045 ' mA ’:n\
u \ = RS 0
tsis Internal Soft Start Time 10 | 15 IR 20 ms wn
=< N > -
Burst Mode Section NS
Vaurr WX 0oe- 107 [ 08 v
Veur | Burst Mode Voltage N 045 | 055 [ 0.65 | V
VBUR(HYS) J_L;ybteresi:_ i 150 mV
Protection Section
ILm Peok Current Limi : 0.475 | 0.550 | 0.650 A
A N
Tsp | Shutaown Témperaturem 125 145 °C
Vsp Shutdovii Feedhack Voltage | 4.0 4.5 5.0 \%
Vovp rer-Voltage Protectiori ! 20 \%
ELAY Shutcdown Delay Current 3V £ Vg < Vgp 4 5 6 uA
Totai Lcvice Section
lop | Operating Supply Current Ve < 16V 15 | 3.0 mA
oH Startup Charging Current Vee=0V , Vgrr=50V 450 550 650 MA
Notes:
5. Pulse test: Pulse width < 300us, duty < 2%.
6. These parameters, although guaranteed, are tested in EDS (wafer test) process.
7. These parameters, although guaranteed, are not 100% tested in production.
8. Control part only.
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Typical Performance Characteristics

These characteristic graphs are normalized at T = 25°C.
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Figure 4. Over-Voltage Protection (Voyp) VS. Ta
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Figure 8. Operating Frequency (fosc) vs. Ta
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These characteristic graphs are normalized at T, = 25°C.
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Functional Description

1. Startup: At startup, the internal high-voltage current
source supplies the internal bias and charges the
external V¢ capacitor, as shown in Figure 14. When
Vcc reaches 9V, the device starts switching and the
internal high-voltage current source stops charging the
capacitor. The device is in normal operation provided
Vcc does not drop below 7V. After startup, the bias is
supplied from the auxiliary transformer winding.

IsTrR

Vstr
L
. O (K l—e—

T

oVITV

Vn.dc

Figure 14. Internal Startup Circuit

Calculating the V¢ capacitor is an important step to
design with the FSQ100. At initial startup, the maximum
value of start operating current Istart is about 100uA,
which supplies current to UVLO and Vggr blocks. Tt

charging current lycc of the V¢ capacitor is equal to it
— 100pA. After Vcc reaches the UVLO start voltage, only
the bias winding supplies Vcc current to the device.

When the bias winding voltage is not sufficcii(, the V¢
level decreases to the UVLO st tage ana e
internal current source is activated again ‘o ciiorge the
Vcc capacitor. To prevent is Ve fluctuatior:
(charging/discharging), ‘e Vcc Kacitor should. be
chosen to have a value Hatween 10utF aind 474F.
Viyde —— - — %\
Istp L‘
Vstr
= lsteilsTAR: N j 3
W v — JEET
ce ‘ [
Nd) L{ o |
\"re ‘
VLC X
VSTART - — = — = — o — — — o — — — — — — — — — — — —
V¢ must not drop
- ccbelow Vstor
Vstop m==fr == md e e e - = —
Bias winding
voltage
t Ll
Figure 15. Charging V¢ Capacitor through Vstr

2. Feedback Control: The FSQ100 is a voltage mode
controlled device, as shown in Figure 16. Usually, an
opto-coupler and shunt regulator, like KA431 are used
to implement the feedback network. The feedback
voltage is compared with an internally generated
sawtooth waveform. This directly controls the duty cycle.

When the shunt regulator reference pin voltage exceeds
the internal reference voltage of 2.5V, the opto-coupler
LED current increases, the feedback voltage Vig is
pulled down, and it reduces the duty cycle. This
happens when the input voltage increases or the output
load decreases.

Vo

1
#

I KA431

PWi/ aind Feedback Circuit

king (LEB): At the instant the
internal “ensct ET is turned..on, the primary-side
capaoitance ana econdary-side rectifier diode reverse
acovery typically causes-a nigh-current spike through
e SenseFc . Excessive voltage across the. Rsense
recistor lead to-incoirect pulse-by-pulse (cuirent limit
protcction. Teravoic this, a leading edgé blaiiking (LEB)
circuit disables.-pulse-by-tuise curient-iimit protection
Ulock for a fixed timie (t gg) afterthe SenseFET turns on.

Figure 16.
3. Leading tge Bl

4. Protection Circuit: /The. FSQ100 has protective
functions, such as ©Overload protection (OLP), over
voltage protection {QVP), under-voltage lockout (UVLO),
and thermal shutdown (TSD). Because these protection
circuits are iuliy-integrated inside the IC without external
compeinents, reliability is improved without increasing
costs.. Once a fault condition occurs, switching is
terminated and the SenseFET remains off. This causes
Vcc to fall. When V¢ reaches the UVLO stop voltage
Vstop (7V), the protection is reset and the internal high-
voltage current source charges the V¢ capacitor via the
Vstr pin. When V¢ reaches the UVLO start voltage
Vstart (9V), the device resumes normal operation. In
this manner, the auto-restart can alternately enable and
disable the switching of the power SenseFET until the
fault condition is eliminated.

GATE
VER

W

OLP, TSD

so
e

AR] Protection Block

45

Figure 17. Protection Block
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4.1 Overload Protection (OLP): Overload is defined as Drain current
the load current exceeding a pre-set level due to an
unexpected event. In this situation, the protection circuit
should be activated to protect the SMPS. However, :
even when the SMPS is operating normally, the over _’}
load protection (OLP) circuit can be activated during the I
load transition. To avoid this undesired operation, the
OLP circuit is designed to be activated after a specified
time to determine whether it is a transient situation or a
true overload situation. If the output consumes more
than the maximum power determined by Iy, the output N
voltage (Vo) decreases below its rating voltage. This
reduces the current through the opto-coupler LED,
which also reduces the opto-coupler transistor current,
thus increasing the feedback voltage (Veg). If Ves 6. Burst Operation: To minimize the power dissipation
exceeds 3V, the feedback input diode is blocked and the in standby mode, the FSQ10U enicrs burst-mode
SpA current source (IpeLay) starts to charge Ceg slowly  operation. As the load decreases, the fecdback voltage
up to V¢c. In this condition, Vig increases until it reaches decreases. The device 2 .omaticzlv ent-'s burst'mode
4.5V, when the switching operation is terminated, as when the feedback voliage ¢iops Lelow Veur  (0.55V).
shown in Figure 18. The shutdown delay time is the time At this point, switching ciaps and the output voltages
required to charge Cgg from 3V to 4.5V with a S5pA  start to drop: This causes the fcedback veltage to rise.

0.55A)

0.31A

Figure 19. Internal Soft-Start

(5, Sdd) Y21UMS 1emod pliusiteq spoN usaio — 00TOSH

current source. Once ispassce Vg (0.70V), switching starts again.
The feeduick voltage ialls and the process repeats.
Vg A Bui 2de Operalorni alterhately enables and disables
. vitciing © power MOSFET to reduce the switching
Overload Protection lo-= in < 'andby mode
VA P B ertreenrreertiererieeeenaerenaees B TR AV =) T\~
: : n
i /\/ /\\ ’_@ P J_l
: : T ;|' | s & GATE
3V [reeeceene ? ........................... seeiilecene ®5pA |\V)4QL.'A —+ R DRIVER
v - —t— l—N— — on /off
tiz= Cibx(V(t)-W(E)) Joetay - ¢ Q L % ! o ! ‘L—% I
-— — | hi 070V
4 I ——y————C 2V \7 > I/O.SSV
o ’ 1
“~ Burst Operation Block

Vi) -V(t) - — V= gm
ty = Oy Iy = BUA V(1) =3V, V() =43 ) .
’2 ] omar g NN LS sl Figure 20. Burst Operation Block

Figure 18. ~Qverload Protection (CLF)

4.2 Thermal Shutdown (TSD): The SenseFET and the
control IC are iniegratea, rnaking it«easier for the control
IC to_detect the temperaiure cof the -SenseFET. When Vig
the temperature exceeds approximately 145°C, thermal
chutdown is activated.

5. Soft-Start: The FPS has an internal soft-start circuit
that slowly increases the feedback voltage, together with
the SenseFET current, right after it starts. The typical los
soft-start time is 15ms, as shown in Figure 19, where
progressive increment of the SenseFET current is
allowed during the startup phase. Soft-start circuit
progressively increases current limits to establish proper

working conditions for transformers, inductors, vy |]I|
S

capacitors, and switching devices. It also helps to
prevent transformer saturation and reduces the stress
on the secondary diode.

-
1

Figure 21. Burst Operation Function

© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
FSQ100 Rev. 2 9



Application Tips
1. Methods of Reducing Audible Noise

Switching mode power converters have electronic and
magnetic components that generate audible noise when
the operating frequency is in the range of 20~20,000Hz.
Even though they operate above 20kHz, they can make
noise, depending on the load condition. Designers can
employ several methods to reduce noise.

Glue or Varnish

The most common method involves using glue or
varnish to tighten magnetic components. The motion of
core, bobbin and coil, and the chattering or
magnetostriction of core can cause the transformer to
produce audible noise. The use of rigid glue and varnish
helps reduce the transformer noise, but can crack the
core. This is because sudden changes in the ambient
temperature cause the core and the glue to expand or
shrink in a different ratio.

Ceramic Capacitor

Using a film capacitor instead of a ceramic capacitor as
a snubber capacitor is another noise-reduction solution

Some dielectric materials show a piezoelectric effcC

depending on the electric field intensity. Heénce, a
snubber capacitor becomes one of the most sigiiiiicant
sources of audible noise. It is possible to 3. zonher
clamp circuit instead of an RCD bber for nigher
efficiency as and lower audible noice.

Adjusting Sound Freque

Moving the fundamenial frequency Gi noise  out of
2~4kHz range is e third method. Generally, humans
are more sen-iive to _nc the range of 2~4kHz.
When the fund lial ‘requency. ot noise is_located in
this range, ‘he neise it perceived as louder, aitiiough
the noice imensity lovel is.identical (refer to Figure 22
L qual Loucness Curves)

When FPS acts in-burst mode and the burst opeiation is
suspecied to be a source. of ncise, this method may be
helpful. If-the frequency ci burst-mode -operation lies in
the range of 2~4 kHz, adjusting the feedback loop can
shift the burst operation frequency. To reduce the burst
operation frequency, increase a feedback gain capacitor
(Cr), opto-coupler suppiy resistor (Rp), and feedback
capacitor (Cg); and decrease a feedback gain resistor
(Rf), as shown in Figure 23.

20 ‘\ ::-.... Equal Ioiuz%ness in phons/ /:’ ,'
\\\\\u.. i ITO‘\\\ {
100 \\\‘\; ‘.""'h-..____ 100\\.\‘\.4 4
\: NI~ 90 N - oW
w T~ — e I
2 80 \\\\\'\ \ .--"'--..aﬂ \--J//’ \,
2 %\\§\:\:"\ 70 N/ /"\/
IR\ T~/
i §\ \:\\ 50—“\--..4/'/-\\/:
N = — v
:‘U—-'; 40 '}R\\ ‘\\u.___‘-_ 40 ™ //’--\vf
5 AN 0~/
c 20 TN O 20 |l /,Q//
‘~~~\ _\\_’/ ’4 -"J'
0 [ 1" \a=== ""-—/4‘
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Figure 22 Equal Loudne-s Curvas
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) L| !_, | mOsFETcurent

Typical Feedback Network of FPS™

2] 2]

Figure 23.

2.Retaerence Materials

AN-4134 — Design Guidelines for Off-line Forward
Converters using FPS™

AN-4137 — Design Guidelines for Off-line Flyback
Converters using FPS™

AN-4138 — Design Considerations for Battery Charger
Using Green Mode Fairchild Power Switch (FPS™)

AN-4140 — Transformer Design Consideration for Off-
line_Flyback Converters Using Fairchild Power Switch

(FPS™)

AN-4141 — Troubleshooting and Design Tips for
Fairchild Power Switch (FPS™) Flyback Applications
AN-4147 — Design Guidelines for RCD Snubber of
Flyback

AN-4148 — Audible Noise Reduction Techniques for
EPS™ Applications
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