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FSQ500L
Compact, Green Mode, Fairchild Power Switch (FPS™)

Features Description

=  Single Chip 700V SenseFET Power Switch The FSQ500L is specially designed for a replacement of
o ) ) linear power supplies with low  co This device
® Precision Fixed Operating Frequency: 130kHz combines current-mode Pulse Vidth Mculator (PWM)
"  No-load consumption 250mW at 265Vc with with a senseFET. Thgiitegrigd HgM coptrGhey
Burst Mode and Down to 60mW with External Bias features include: a “ed crcillaior Under. Voltage
] Lockout (UVLO) piotect Overload Proteciion (OLP),
® Internal Startup Switch Leading-Edge Blaniing (L°B) =i optinized gate turn-
= Soft-Start Time Tuned by External Capacitor on/turn-off drivar, Thermal Shutdown- (TSD) protection
with  hysterecis, =nd  temperature-compensated
- Under-Voltage Lockout (UVLO) with Hysteresis precisinn-cuirent es foi ioop compensation. When
®  Pulse-by-Pulse Current Limit R jjnear poyENSupDly, theqSQ500L device
reduces . totar size: _and’ weight,  wnile _iiicreasing
®  Overload Protection (OLP) and Internal Therma! efiiciency. productivity, and . <ystem reliability. This
Shutdown Function (TSD) with Hysteresis device provides' & basicpiatform “for cost-effective

»  Auto-Restart Mode flyback canverters.

®  No Need for Auxiliary Bias Winding

Applications

®  Cost-Effective Linecr Power Suppiies Regiacement

®  Charger ari. Auaptei ‘or Mabile Phone; RDA, MP2,

and Cardicss & > Maximum Output Power"”
R-lZ-d1 ascices 230V * 15%? 85-265V ¢
= AN41 7 — Design Guidelines for.Oif-line Flvback Adapter® Open(4) Adapter® Open(4)
“onyiters IJsing Fairchild Power Swiich (FPS™) Frame Frame
" AN4141 -— Tioubleshogting and Design Tips for 2.5W 3.0W 2.0W 2.5W
Eaiichild Power Switch (FPS™1) Flyback Notes:
Applications 1. The junction temperature can limit the maximum
= AN-4147 — Desion Guideiines for RCD Snubber of output power. .
Flyback Converters 2. 230yAC or 1QO/1 15Vac W|th doubler. .
) 3. Typical continuous power in a non-ventilated
" AN-6075 — Compact Green Mode Adapter Using enclosed adapter measured at 50°C ambient.
FSQS00L for Low Cost 4. Maximum practical continuous power in an open
=  AN-4138 — Design Considerations for Battery frame design at 50°C ambient.
Charger Using Green Mode Fairchild Power Switch
(FPS™)

®  Evaluation Board: FEBFSQ500L

Ordering Information

(n.Sd4) USUMS Jamod p|iydiied ‘9pojy Lal9 Joedwod — 70050SH

Part Number Operating Package Packing Method
Temperature Range
FSQ500L -40°C to +85°C 4-Lead, Small Outline Package (SOT223-4L) Tape & Reel
© 2008 Fairchild Semiconductor Corporation www.fairchildsemi.com

FSQ500L ¢ Rev. 2



Application Circuit Diagram
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Figure 2. Internal Block Diagram
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Pin Assignments

GND

H

FSQS500L

Figure 3. Package / Pin Diagram

Pin Definitions

Pin #

Name

De: cripdon

High-voltage power senseFET < rain corniiaction. In adaition, at startup, the iniernai-high-voltage

current source supplies | al bias and cnarges the external capacitor.connected to the V¢ pin.
Once V¢ reaches € 0V, all inteinia! blocks are activated. The internal-higin-voltage current source
is alive until Voo reachcs 6.0/, After that, the iriternal high voltage current source turns on and off
irregularly to maintain V. at ©.5V.

Vi

This piriis connecind t6 4 storage capacitor. A high-voltage regulator connected between pin 1 (D)
and {/i's pin provides the supply voltage to the FSQ580L at startup and when switching during

rmal operation. The FSQAa0OL elirminates the rieed for auxiliary bias winding and associated
evternal Jonents.

This'pin is internally connecied to the nen-inverting input of the PWM comparator. The collector of
pto-coupler is typically tied to this pin. For stable operation, a capacitor should be placed
between this pin and GND. If the voltage of this pin reaches 4.5V, the overload protection triggers,

which shuts down the FPS.

GND JI_T:s pin is the control ground and the senseFET source.

(n.Sd4) USUMS Jamod p|iyd4ied ‘apojy Laal9 ‘}oedwod — 70050SH

© 2008 Fairchild Semiconductor Corporation

FSQ500L ¢ 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.

7. Free-standing with no ieat sick: minimum land pattern.

Symbol Parameter Min. Max. Unit
Vbs Drain Pin Voltage® 700 v
Vee Supply Voltage 10 \Y,
VEs Feedback Voltage Range -0.3 Vee \
Pp Total Power Dissipation 0.78 W
Iom Drain Current Pulsed® 0.41 A
T, Operating Junction Temperature -40 Internally Linuiad °C |
Tste Storage Temperature -55 +150 °C . _|
Notes: A U \J "
5. LDMOS available drain voltage is -0.3V ~ 700V.
6. Repetitive rating: pulse width is limited by maximum junction temperatu
Thermal Impedance
Symbol v ameter R l_ Valﬂe_ Unit
(I Junction-to-Ambiefi | mel Resis! ..cem‘ l _:L‘O °C/W
Note:
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Electrical Characteristics

T, = 25°C unless otherwise specified.

Symbol Parameter Condition Min. |Typ.| Max. | Unit
SenseFET Section
BVpss |Drain-Source Breakdown Voltage |V¢c = 6.5V, Veg = 0V, Ip = 150uA 700 \Y,
Ipss Zero-Gate-Voltage Drain Current Vee = 6.5V, Veg = 0V, Vpg = 560V 150 A
. ) T,=25°C, Ip = 25mA 25 29 Q
Rps(on) | Drain-Source On-State Resistance
T,=100°C, Ip = 25mA 35 41 Q
Ciss Input Capacitance(e) Vgs = 6.5V 42 pF
Coss |Output Capacitance(g) Vps =40V, fs = 1MHz | e pF
. Rise Time® Vps = 350V, Ip = 25mA [ 100 ns |
t  |Fall Time® Vps = 350V, Ip = 25mA & 2 Wb e
Control Section
fs | Switching Frequency Ve = 6.5V, Veg = 1.0V | o [430 140 | kHz
Afg Switching Frequency Variation® -25°C < T,;<125°C N IB \ V«_b 7 %
IFe@ury Feedback Source Current w’—\ ITL N —GC 11—(_) L hA
IFB(Normal) Vee =650 200 (1225 | 250 pA
Duax | Maximum Duty Ratio Vod= 68V, VstV <) [ _854 6D #?5_ %
Dmin Minimum Duty Ratio _L =6.5V. Vg =0V <\ e _|L | 0 %
YSRT_| 1.0 Threshold Voltage g Vo FEX" X | GE\}00 | 65 | v
R After iurn-on, Vey= OV, Voo Sweep- || 45 | 50 | 55 v
Vet 21 \S;gf:;%%""” Delay Currert Enable |\, v, Ve Swieep from 6V 60 | 65| 70 | V
Burst-Mode Section AY] ¢
Veurs " W c T AN o~ 075 |080| 085 | V
VBURL Jurst Vloue Voltage Vee = 6.5V, Vs Sweep 0.70 [ 0.75| 0.80 Vv
H | 30 50 80 mV
—n \@ic —Se\ on - X ~
B >eak Current Limit— .~ [gildt = 150mA/us 245 | 280 | 315 | mA
Veu | Shutdown Fesdback Voltage— | Ve = 6.5V, Vg Sweep 41 | 45| 49 | v
loeLav. | Shutdown Delay Current Vee = 6.5V, Veg = 4.0V 4 5 | 6 | uA
tes. |Leading Edge Bianking Time® 250 ns
| oo | Current Limit Detay Time® 100 ns
TDS 130 | 140 | 150 °C
Thermal Shutdown Temperature(s)
HYS 80 °C
Total Device Section
lop-8ursT | Operating Supply Current (Control | Vcc = 6.5V, Veg = OV 360 | 430 | 500 | uwA
loprs | Part Only) Voc = 6.5V, Vig = 4V 640 | 760 | 880 | pA
lch Startup Charging Current Vee = Vig = 0V, Vps = 40V 3.3 mA
Vecree | Supply Shunt Regulator Vps = 40V, Vg = 0V 6.0 6.5 7.0 \
Veceres. Supp()fliy Shunt Regulator During 59 57 6.2 Vv
TSD TSD
Note:
8. These parameters, although guaranteed, are not 100% tested in production.
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Typical Performance Characteristics
These characteristic graphs are measured at T, = 25°C.
Operating Supply Current (lop) vs Temperature Switching Frequency (fs) vs Temperature
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These characteristic graphs are measured at T, = 25°C.

Typical Performance Characteristics (Continued)

Figure 14.Supply Shunt Regulator (Vccrea)
vs. Temperature

Maximum Duty Ratio (Dyax) vs Temperature Shutdown Feedback Voltage (Vsp) vs Temperature
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Functional Description

1. Startup and V¢c Regulation: At startup, an internal
high-voltage current source supplies the internal bias
and charges the external capacitor (Ca) connected to
the V¢ pin, as illustrated in Figure 15. An internal high-
voltage regulator (HV/REG) located between the D and
Vce pins regulates the Ve to be 6.5V and supplies
operating current. Therefore, FSQ500L needs no
auxiliary bias winding.

Transformer

IcH
<«

6.2V HV/REG

l IsTART

| Vrer [—{ UVLO |

Figure 15.Startup Block

2. Feedback Control: FSQ500L employs curreri: mode
control, as shown in Figure 16. An opto-coiilar (such as
the FOD817A) and shunt regulator (such as thc KA451)
are typically used to implement the iccihack netwoik.
Comparing the feedback voltage with the voltage across
the Rgense resistor makes it possible to control -iive
switching duty cycle. When the reicience pin voliage of
the regulator exceeds 112 internal reference voitage of
2.5V, the opto-coupler L =D cuirent increases; pulling
down the feedback voltage reducing the duty cycle

This typically happens when thie line input' voltage
increases or the outnut load currerit.decreases.

{ Pulsc by-ulse Cuirent Limit: Because Cuirent
maode contiol is empioyed, the peaic cuirent through the
senccEFET is limited by the non<inverting<input of PWM
compaiator (Ves®), as shown_ in Figure-15. Assuming
that 225pA current source flows “orily through the
internai resistor (8R + R = 12kQ). tihe cathode voltage of
diode D2 is about 2.7V. Since D1 is blocked when the
feedback voltage (Vig) exceeds 2.7V, the maximum
voltage of the cathode of D2 is clamped at this voltage,
clamping Vgg*. Therefore, the peak value of the current
through the senseFET is limited.

2.2 Leading-Edge Blanking (LEB): At the instant the
internal senseFET is turned on, a high-current spike
occurs through the senseFET, caused by primary-side
capacitance and secondary-side rectifier reverse
recovery. Excessive voltage across the Rgense resistor
would lead to incorrect feedback operation in the current
mode PWM control. To counter this effect, the FPS
employs a leading-edge blanking (LEB) circuit. This
circuit inhibits the PWM comparator for a short time (t_gg
= 250ns) after the senseFET turns on.

Vee Ve
G IDELAV lFB
Vo Ves
osc

FOD817A D1 D2

SenseFET

[

Gate
driver

Figure 16.Pulse Width Modulatici (PWM) Circuit

3. Protection Circuitc The FSUT00! nas two-seli-
protective functions: cverload protection (OLP) and
thermal shutdown (1 D). While ©LP is implemiented as
auto-restart ‘11nde, ticre 1o switching when TSD
triggers.” Once the coverload condifion is detected,
switching Is terninated, the senseFET remains off, and
HV/EC turne off. This causes Ve o fall. When Ve
ialls below (e under voltage lockout (UVLO) stop
veiiage of 5.0V, the protection is reset and the. startup
circuit chargesthe V¢ capacitor. When V¢ reaches the
start voltage of £.0V, the FSQ500L resumes its normal
speration. If ‘the fauit condition«is stil! not removed, the
senseFET and HV/REG remszin off and Ve drops to
Vsror again. in. this. manner, the auto-restart can
ailernately enable and disable the switching of the
power seriseFET unti! the fault condition is eliminated,
as shown inFigure 7.

Because these protection circuits are fully integrated
into the IC without external components, reliability is
improved without increasing cost.

OoLP

OLP

s Power

Vos on oceurs removed
Vee

6.5V

6.0V

5.0V

Normal
operation

Normal Fault

operation situation

Figure 17.Auto Restart Protection Waveforms

© 2008 Fairchild Semiconductor Corporation
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3.1 Overload Protection (OLP): Overload is defined as
the load current exceeding its normal level due to an
unexpected abnormal event. In this situation, the
protection circuit should trigger to protect the SMPS.
However, even when the SMPS is in the normal
operation, the overload protection circuit can be
triggered during the load transition. To avoid this
undesired operation, the overload protection circuit is
designed to trigger after a specified time to determine
whether the situation is transient or a true overload.
Because of the pulse-by-pulse current limit capability,
the maximum peak current through the senseFET is
limited and, therefore, the maximum input power is
restricted with a given input voltage. If the output
consumes more than this maximum power, the output
voltage (Vo) decreases below the set 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 Ve
exceeds 2.7V, D1 is blocked and the 5uA current source
starts to charge Cp slowly up to Vcc. In this condition,
Vg continues increasing until it reaches 4.5V, when the
switching operation is terminated, as shown in Figure
18. The delay time for shutdown is the time required to
charge Cg from 2.7V to 4.5V with 5pA. In general, a 10
~ 50ms delay time is typical for most applications. 7
protection is implemented in auto restart mode.

Ves 4 Overload protection ~_
45V |_ _ _ _ _ _ _ ______ W A
o
/
27V / ....................
h,
\ T1‘= c-;'(4.5-2.7).’:05 LAY \
/ — « > S
4 Wad & 2 NI
T T, t

Figure 18.0verload Pratection

3.2'Thermal Shutdown (TSGD): The senseFET and the
control IC in one package makes it easy for the control
IC to detect an abnormal over temperature of the
senseFET. When the temperature  exceeds
approximately 140°C, the thermal shutdown triggers.
When TSD triggers, delay current is disabled, switching
operation stops, and Vcc through the internal high-
voltage current source is set to 5.7V from 6.5V, as
shown in Figure 19. Since TSD signal prohibits the
senseFET from switching, there is no switching until the
junction temperature decreases sufficiently. If the
junction temperature is lower than 60°C typically, TSD
signal is removed and V. is set to 6.5V again. While
Ve increases from 5.7V to 6.5V, the soft-start function
makes the senseFET turn on and off with no voltage
and/or current stress.

TSD TSD
occurs removed

Q ¥ \

Power

~

- >t > t
Normal F Normal
operation situation operation

Figure 19.0ver-Tem/ crature 'roterion (OTP;

4. Soft-Start: The ¢ f-sto @ time (o tuned.by an“external
Ve capacitc: (Cp), which reases PWM comparator
non-invei ng 1iut voli-ge together with the senseFET
current slowly aiier it starts- up. before Ve reaches
VsTA is charged by the current lcp-Istart, Where Iy

d lg. 7 aic describea.in Figure 15. Alter Ve reaches
Ve =7, !l internal biocks are activated, so that the
curtent consuming inside IC becoines lgp. Therefore, Cp
is chargec~by the currant lcy-lop, which makes the
ncreasing slope of V¢ become siuggish. Ve is shifted
by. 6.0V riegatively (it'is performea in soft-start block in
Figure 2), aiid. then V¢ -6.0V is an input of one of the
input terminals of «the® PWM comparator. The drain
curreént foliows V¢ =6.0V instead of the Vgg* because of
the low-domiriant feature of the PWM comparator. The
soft-start-timé can be made long or short by selecting
Ca, @s_described in Figure 20. During tss, lpgLay is
disabled to avoid unwanted OLP. Typically, ts;s is
aiound 4.6ms with 27uF of Ca.

4 Vee Ctss
-—
6.5V -+ Veeree
BV [ s B Vstart
BV | oo, ......... ........................... Vsrop

qa

t1=Cax6V/(Icn-lstarT) tsis=Ca%0.5V/(Icu-lop)

Figure 20.Soft-Start Function

The peak value of the drain current of the power
switching device is progressively increased to establish
the correct working conditions for transformers,
inductors, and capacitors. The voltage on the output
capacitors is progressively increased with the intention
of smoothly establishing the required output voltage. It
also helps to prevent transformer saturation and reduce
stress on the secondary diode during startup.
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5. Burst Operation: To minimize power dissipation in
standby mode, the FPS enters burst-mode operation.
During the burst mode operation, Irggust decreases half
of Irgnormal As the load decreases, the feedback
voltage decreases. As shown in Figure 21, the device
automatically enters burst mode when the feedback
voltage drops below Vgyr. (750mV). At this point,
switching stops and the output voltages start to drop at a
rate dependent on standby current load. This causes the
feedback voltage to rise. Once it passes Vgyry (800mV),
switching resumes. The feedback voltage then falls and
the process repeats. Burst mode alternately enables
and disables switching of the power senseFET, reducing
switching loss in standby mode.

Vo

Voset

Ves

0.80V
0.75Vv

Il
g

=
Switching
sabled disabled ¢
t4 "2 3 4

time

Figure 21.85urst-Mode Operatioii
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NOTES: UNLESS OTHERWISE SPECIFIED

A) DRAWING BASED ON JEDEC REGISTRATION
TO-261C, VARIATION AA.

B) ALL DIMENSIONS ARE IN MILLIMETERS.

C) DIMENSIONS DO NOT INCLUDE BURRS
OR MOLD FLASH. MOLD FLASH OR BURRS
DOES NOT EXCEED 0.10MM.

D) DIMENSIONING AND TOLERANCING PER
ASME Y14.5M-2009.

E) LANDPATTERN NAME: SOT230P700X180-4BN

F) DRAWING FILENAME: MKT-MAO4AREV3
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