FAIRCHILD.

Is Now Part of

IN Semicondctor®

To Icarii more about @ Semiconductor, please visit our website at
WWww.onsemi.com

Please note: As part of the Fairchild Semiconductor integration, some of the Fairchild orderable part numbers
will need-to change in order ig' meet ON Semiconductor’s system requirements. Since the ON Semiconductor
proauct management systems do not have the ability to manage part nomenclature that utilizes an underscore
(L), the underscore (_) in the Fairchild part numbers will be changed to a dash (-). This document may contain
device numbers with an underscore (_). Please check the ON Semiconductor website to verify the updated
device numbers. The most current and up-to-date ordering information can be found at www.onsemi.com. Please
email any questions regarding the system integration to Fairchild_questions@onsemi.com.

ON Semiconductor and the ON Semiconductor logo are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries. ON Semiconductor owns the rights to a number
of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right
to make changes without further notice to any products herein. ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products and applications using ON
d products, i with all laws, reg; and safety requi or standards, regardless of any support or applications information provided by ON Semiconductor. “Typical” p swhich may be provided in ON
Semiconductor data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s
hnical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not designed, intended, or authorized for use as a critical component in life support systems or any FDA
Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON icond products for any such unintended
or unauthorized application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, d and exp andr ble attorney fees arising out
of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor
is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.



http://www.onsemi.com
mailto:Fairchild_questions%40onsemi.com?subject=System%20Intergration

FAIRCHILD.

' May 2024

FSQ110
Green Mode Fairchild Power Switch (FPS™)

Features Description

m [nternal Avalanche-Rugged 650V SenseFET The FSQ110 consists of an inteq 1, current-mode, ,

m Consumes only 0.65W at 230 V¢ & 0.3W Load with Pulse Width Modulator (PWM) &4 an avalanche-rugged . |
Burst-Mode Operation 650V SenseFET. It is speccifically desigred for high-

m Precision Fixed Operating Frequency: 100kHz performance off-line - “witch-Mode . Power Supplies

m Internal Start-up Circuit and Built-in Soft-Start (SMPS) with minimal exicrmal compaiients.

m Pulse-by-Pulse Current Limiting and Auto-Restart The integratect PWM contiolier fcatures include: a fixed-
Mode frequency gerncrating oscillawor, Under-Voltage Lockout

m Over-Voltage Protection (OVP), Overload Protection (UVLO) piotecton, Leading-Edge Bianking (LEB), an
(OLP), Internal Thermal Shutdown Function (TSD) opti 1 ate  wrn-on/tum-off driver, Thermal

® Under-Voltage Lockout (UVLO) wutdown 5D) _plotestion, _and. temberature-

m Low Operating Current: 3mA compencated precision current  sources “far loop

m Adjustable Peak Current Limit conipensation-and fault protectori circuiiry.

Compared to a-discrete' MOSFET ‘and controller or RCC

. . switchiing converter colution, the =SQ110 reduces total

Appllcatlons caraporient _count, - desigin. 'size, and weight while

m SMPS for STB, Low-cost DVD increasing efficiency, oroductivity, and system reliability.
These devices proviae a basic platform that is well suited
for the design-of cost-effective flyback converters.

Related Application Netes

® AN-4134: D¢ Lign Guide ! ines foi Off-line ~orward
Converters Using Eaichila Power Switch (FPS ™)

m AN-4137 Desian Gu .elines for Ofi-line Flyback”
Siivertere Usiing airchild Power Switch (FES™)

& AN-41<  Trobleshootiiig and Design Tips for
L airchilc Power Switch (FPS™) Elyisack Applications

m Al 4 47: Decign Cuidelines for RCD-Shubber of
Flyback

Ordering Information

Product Number Package Marking Code BVpss fosc Rps(on) (MaX)
FSQ110 8DIP Q110 650V 100kHz 190

@AII package are lead free per JEDEC: J-STD-020B standard.

FPS™ is a trademark of Fairchild Semiconductor Corporation.

© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
FSQ110 Rev. 2
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Figure 1. Typical Flyback Application
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230V, +15%3) ' 95-265V5¢
Product 3 B —3 = 7
Adapter( ) Open Frame L Adzoter® Open Frame®
FSQ110 11w 17 8w 12w

Notes:

ambient.

ambient.

1. The maximum output power can be limited by junciion temperaiure.
2. 230 Vpc or 100/115 V¢ with doubler.
3. Typical continuous power in a non-ventilated erciosed acapter with suificient draih pattern as & heat sink, at 50°C

4. Maximum practical continuous pz in ail oper ne desigr with sufficient drain pattern as a heat sink, at 50°C
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Figure 2. Internal Block Diagram
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Pin Configuration

Pin Definitions

GND D

Ve D

FB D
Ipk Vsu

A
FSQ110

Figure 3. Pin Configuration (Top View)
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Pin # Name Desciiptic

1 GND Ground. SenseFET source terniinal on primnarny side and inieinai contro! ground.
Power Supply. Positive stihply voliage iput. Although connected 10 an auxiiiary. trans-
former winding, current |s supplied 1iom pin 5 (Vg,) via an interiiai switch-during start-up

2 Vee (see Figure 2). Itis not until Vi - reacties the UVLG upper tiresnold (12V) that the inter-
nal start-up switch opeiis and device poweris supplied viea the auxiliary transformer wind-
ing.
Feedbuck. i1 fecdback voltage pin‘is the nori-liiverting input to the PWM comparator.
It has a2 0.9m# current source connected-internally, wiille a capacitor and opto-coupler

3 FB are typieally eoninected axternally, A feedback voltage of 6V triggers overload protection
(OLP). A linie delay white charaing external casacitor Ceg from 3V to 6V using an internal
5pA current ssurce delay pisvents false trigoering under transient conditions, but still al-
'ovis the protection mechanisim to operate under true overload conditions.
Peak Current Limit. This pin-adjusts the peak current limit of the SenseFET. The 0.9mA
fesdback currentsource is diverted to the parallel combination of an internal 2.8k resis-

N s | tor and any external resistor to GND on this pin. This determines the peak current limit.

LAf this pin.stied to V¢ or left floating, the typical peak current limit is 0.7A.

Start-up. This pin connects to the rectified AC line voltage source. At start-up, the internal

S Vstr switch suppiies internal bias and charges an external storage capacitor placed between
the VV¢.c pin and ground. Once the V¢ reaches 12V, the internal switch is opened.

6 D l SenseFET Drain. High-voltage power SenseFET drain connection.

7 D | SenseFET Drain. High-voltage power SenseFET drain connection.

8 D SenseFET Drain. High-voltage power SenseFET drain connection.

© 2007 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. Ty = 25°C, unless otherwise specified.

¢ Measui-d ol the DRAINBin close to niastic interface.

Symbol Characteristic Value Unit
VDRAIN Drain Pin Voltage 650 \Y
VsTr Vstr Pin Voltage 650 \Y
I Drain Current Pulsed® 15 A
Eas Single Pulsed Avalanche Energy(G) 10 mJ
Vee Supply Voltage 20 \%
Veg Feedback Voltage Range -0.210 V¢ \Y
Pp Total Power Dissipation 1.40 W |
T, Operating Junction Temperature Inte _ally limitea \C
Ta Operating Ambient Temperature |25 10 +85 " °C
Tsto Storage Temperature h 55 to +150. ‘ °C
Notes:
5. Repetitive rating: Pulse width is limited by maximum juriction temperaturc.
6. L = 24mH, starting T; = 25°C.
Thermal Impedance
Tp = 25°C, unless otherwise specifi iterii© are woed with the standards JEESD 51-2 and 51-10 (DIP).
Symbol wameter. - value Unit
0;a Jurl ion-to-Amit “nermal Resistance(’) \ 88.84 °C/W
03¢ ,un ion-to-_ase Thermal Resistarice® ) 13.94 °C/W
Notes:
7. Free staicling with no heatsinl; without copper clad.
(Measurel aition - Just beforejunction temperature T; enters into OTP.)

© 2007 Fairchild Semiconductor Corporation

FSQ110 Rev. 2
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Electrical Characteristics
Ta = 25°C unless otherwise specified.

(w1Sdd) UdUMS 1amod pliyaifeq dpoN uaalo — 0TTOSH

Symbol Parameter Condition ‘ Min. | Typ. ‘ Max. ‘ Unit
SenseFET Section@©
Vps = Max. Rating
. Ves =0V 2
Ibss Zero-Gate-Voltage Drain Current : pA
Vps = 0.8 Max. Rating 200
Vgs = 0V, T = 125°C
Rps(on) | Drain-Source On-State Resistance(*? Vgs = 10V, Ip = 0.5A 14 19 Q
Ciss Input Capacitance 162
Coss | Output Capacitance ;lfsll\:/ll?l\z/ Vbs = 25V, 8 pF
Crss Reverse Transfer Capacitance 3.8 | ~
ta(on) Turn-On Delay Time 5 |
th Rise Time 19 l
: Vpg = 325V, I = 14 }— — Q ns
ta(ofn) Turn-Off Delay Time A g'i |
t; Fall Time A l 42 |
Control Section
fosc Switching Frequency ___ \_9? 1’:) | 1% _I KHz
Afosc | Switching Frequency Variation©) 250 <Ta<85C 5 1210 | %
Dmax Maximum Duty Cycle Measured-at 0.1.X Vpg :5_| 60| 65 %
VSTART | 1.0 Threshold Voltane TP R\ O | B8,
VsTop Vg = GND i 8 9
I Feedback Source C rrent \ _jF_B = GND 07 0.9 11 mA
s Internal Se'i-Start Tir 210 17 | e 2av \M 10 ms
Burst-Mode Section I \
VBURH W < N\ X 05 | 06 | 07 | Vv
VgurL | Buisi-Mo's Voltage 1925°C 03 | 04 | 05 \Y
| Veurgivs) | - < o~ 100 | 200 | 300 | mv
‘otection Section
Y Peak Current Limit N di/dt = 170mA/us 060 | 070 | 080 | A
tclp Current Limit L‘e:a'y Time® 600 ns
Tep | Thermal Shutdown Terrperature@® 125 | 140 e
Vsp | Shutdown Feednack Voltage 55 | 60 | 65 | V
_Vovp Over—Vo';lge_Protection 18 19 20 \Y
IpELAY Shutdown Delay Current Veg = 4V 35 5.0 6.5 pA
e Leading-Edge Blanking Time(1?) 200 ns
Total Device Section
lop Operating Supply Current (control part only) | Ve = 14V 1 3 5 mA
IcH Start-Up Charging Current Vee =0V 0.70 | 0.85 | 1.00 mA
VsTR Vgt Supply Voltage Vee =0V 24 \Y
Notes:

10. These parameters, although guaranteed, are not 100% tested in production.
11. Pulse test: Pulse width < 300us, duty < 2%.
12. The ESD level of an existing product can be applied to FSQ110 because it has same ESD protection circuit.

© 2007 Fairchild Semi
FSQ110 Rev. 2
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Typical Performance Characteristics (Control Part)
These characteristic graphs are normalized at Tp= 25°C.
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Figure 4. Operating Frequency (fosc) VS. Ta
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Figure 7. Operating Supply Current (Igp) Vs. Ta
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Figure 8. Start Threshold Voltage (VgtarT) VS- Ta

Figure 9. Stop Threshold Voltage (Vstop) VS. Tp
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Typical Performance Characteristics (Continued)
These characteristic graphs are normalized at Tp= 25°C.
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Functional Description

1. Startup: In previous generations of Fairchild Power
Switches (FPS™), the Vstr pin required an external
resistor to the DC input voltage line. In this generation,
the startup resistor is replaced by an internal high-
voltage current source and a switch that shuts off 10ms
after the supply voltage, Vcc, goes above 12V. The

source turns back on if V¢ drops below 8V.

Vin,de
Istr
VSU
o
on
ﬁ—@— J-FET
10ms after  lew
Vee2 12V
’|‘ UVLO off
L

FSQ100 Rev. 1.00

Figure 13. High-Voltage Current Source

2. Feedback Control: The FSQ110 employs current-
mode control as shown in Figure 14. An opto-coupler
(such as the H11A817A) and shunt regulator (such

the KA431) are typically used to implement the feealback
network. Comparing the feedback voltage with the
voltage across the Rgepse resistor of Sensct ET, pius an
offset voltage, makes it possible to contral tihe swi 9
duty cycle. When the shunt retulator refetcnce pin
voltage exceeds the internal reference voliige of 2.5V

the opto-coupler LED cuirciil incieases, (e feedback
voltage Vg is pulled down and thereuy rcduces the duty
cycle. This typic happens vien the-input-voltage
increases or the outnut load reases.

N VW@

X

F5Q110Rev. 1.00

Figure 14. Pulse Width Modulation Circuit

3. Leading-Edge Blanking (LEB): When the internal
SenseFET is turned on, the primary-side capacitance
and secondary-side rectifier diode reverse recovery
typically cause a high-current spike through the
SenseFET. Excessive voltage across the Rgepge resistor
leads 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_ep) after the SenseFET is turned on.

4. Protection Circuits: The FPS has several protective
functions, such as Overload Protection (OLP), Over-
Voltage Protection (OVP), Under-Voltage Lockout
(UVLO), and Thermal Shutdown (TSD). Because these
protection circuits are fully integrated in the IC without
external components, reliability is improved without
increasing cost. Once a fault condition occurs, switching
is terminated and the SenseFET remains off. This
causes V¢ to fall. When V¢ reaches the UVLO stop

voltage, Vstop (typically 8V), the protection is reset and
the internal high-voltage current source charges the V¢
capacitor via the Vstr pin. When V. _ i©aches the UVLO

start voltage, VgtarT (typically 12V), the =PS resumes
normal operation. In this rannei, the aulo-restait can
alternately enable and ¢isable e swilching of the power

SenseFET until the fault idition is eliminated.

n (UL °): Overload Is defined as
ling a pre-setievel due to an
unc oecteu cveri fis situation, the protection circuit
houltl e ated to protect the SMPS. However, even
when (e SMr'S is operating normiclly, the OLP-circuit
cail he activated during the load transition. To avoid this
undecired operation, the OLP Circuit Is designed to be
activated after a specified tire to deteiriine whether it is
a transient situatiori-or a tive overload situation. In
conjunction with the Ipk curient limit pin (if used), the
current._mode. feedback path limits the current in the
SenseFET when the ‘maximum PWM duty cycle is
attained. If “the output consumes more than this
maximuni power, the output voltage (Vo) decreases
below norminal voltage. This reduces the current through
the  opto-coupler LED, which also reduces the opto-
coupler transistor current, increasing the feedback
voltage (Vgg). If Vg exceeds 3V, the feedback input
diode is blocked and the 5pA current source (Ipgay)
starts to slowly charge Cgg up to Vc. In this condition,
Vgg increases until it reaches 6V, when the switching

operation is terminated, as shown in Figure 15. The
shutdown delay time is the time required to charge Cgg

from 3V to 6V with 5pA current source.

4.1 Overload Protect
the load curreii: exce

Veg A FSQ110 Rev.00
Overload Protection.
V2 T e
V2N E RIS
: t12= Cre X(V(t2)-V(t1)) / loeLay :
. |-
.. .

t t
V() -V(t)

ti, =Crp ]
DELAY

i loeiay = BuAV(t) =3V, V(t,) = 6V

Figure 15. Overload Protection (OLP)
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4.2 Thermal Shutdown (TSD): The SenseFET and the
control IC are integrated, making it easier for the control
IC to detect the temperature of the SenseFET. When the
temperature exceeds approximately 140°C, thermal
shutdown is activated.

4.3 Over-Voltage Protection (OVP): In the event of a
malfunction in the secondary-side feedback circuit or an
open-feedback loop caused by a soldering defect, the
current through the opto-coupler transistor becomes
almost zero (see Figure 14). Vg climbs up in a similar
manner to the overload situation, forcing the preset
maximum current to be supplied to the SMPS until the
overload protection is activated. Because excess energy
is provided to the output, the output voltage may exceed
the rated voltage before the overload protection is
activated, resulting in the breakdown of the devices in
the secondary side. To prevent this situation, an Over-
Voltage Protection (OVP) circuit is employed. In general,
Vcc is proportional to the output voltage and the FPS
uses V¢ instead of directly monitoring the output
voltage. If V¢ exceeds 19V, the OVP circuit is activated,
resulting in termination of the switching operation. To
avoid undesired activation of OVP during norms
operation, V¢ should be designed to be below 19V

5. Soft-Start: The FPS has an internal soft-start circuit
that slowly increases the SenseFET curre fter Start-
up, as shown in Figure 16. The typical soft-ciart w 5
10ms, where progressive incremeiits of (2 SenseFET
current are allowed during the steii-up pha-c. Thie pulse
width to the power swiitliiing device is progressively
increased to establish t'ie correct woiwiiig conditions for
transformers, ind rs, and cap-citors. The voltage cni
the output cipacitors. is yvessively increased 10
smoothly ©tabiich e (equired ouiput voltage.. This aiso
helps prevent transforiier saturaiion and raduces the
sircss o the ceconuary diode during startup.

5V

lum Rsense

[1Ir—

FSQ110 Rev. 1.00

Figure 16. Soft-Start Function

6. Burst Operation: To minimize power dissipation in
standby mode, the FPS enters burst-mode operation.
Feedback voltage decreases as the load decreases, as
shown in Figure 17, and the device automatically enters

burst-mode when the feedback voltage drops below
Vgurn (typically 600mV). Switching continues until the
feedback voltage drops below Vgyg, (typically 400mV).
At this point, switching stops and the output voltage
starts to drop at a rate dependent on the standby current
load. This causes the feedback voltage to rise. Once it
passes Vpyry, Switching resumes. The feedback
voltage then falls and the process is repeated. Burst-
mode operation alternately enables and disables
switching of the SenseFET and reduces switching loss in
standby mode.

Burst Operation Burst Operation

Ves Normal
Operatlon

VBurH ( \

VeurL N

_/
Current +
Waveform il | | | | ' \

g OFF °W'o"§T;”9

FSQ110 Rev.00

igure 17. Burst Operation Functior

/. Adjusting Peak Current Limiit: As shown in Figure
18, 2'combined 2.8kQ interna! resistance is connected to
the. non-inverting lead an the PWM comparator. An
external resistance. of Rx on the current limit pin forms a
paraliel resistance \with the 2.8kQ when the internal
diodles are biased by the main current source of 900pA.

VCC VCC
5uA 9004A PWM
Ves IpeLa les GD K0 Comparator
3
vy
4 SenseFET
= Current
Sense
Rx

FSQO0110 Rev. 1.00

Figure 18. Peak Current Limit Adjustment

For example, FSQ110 has a typical SenseFET peak
current limit (I ;) of 0.7A. I ;4 can be adjusted to 0.6A

by inserting Rx between the Ipi pin and the ground. The
value of the Rx is estimated by the following equation:

0.7A: 0.6A = 2.8kQ) : XKQ, 1)
X = Rx || 2.8kQ

where X is the resistance of the parallel network.

(w1Sdd) UdUMS 1amod pliyaifeq dpoN uaalo — 0TTOSH

© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com

FSQ110 Rev. 2 9



Application Information

Methods of Reducing Audible Noise

Switching-mode power converters have electronic and
magnetic components, which 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.
The following sections discuss methods to reduce noise.

Glue or Varnish

The most common method of reducing noise 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. Glue or varnish can
also can crack the core 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 copaciior as a

snubber capacitor is another noist-icduction soluuoi.
Some dielectric materials show = piezociactiic effect,
depending on the electric field intensity. A snubier

capacitor becomes one ¢' the most < gnificant sources of
audible noise. Another possibility is to use a Zenei-ciamp
circuit instead of it 'XCD =nhubber ior highar=fiiciencyas
well as lower auidib! ise.

Adiusting Sound Frequericy

Mcving the fundaniental irequency of noise out of the
2~4Kkl17 range-is a third method. Generally, humans are
more sensitive 19 noise in the range of Z~4kHz. When
the fundamental frequency of qoise-is located in this
range, the noise sounds. iouder although the noise
intensity level is identica! (see Figure 19).

When the FPS acts in burst mode and the burst operation
is suspected to be a source of noise, this method may be
helpful. If the frequency of burst mode operation lies in
the range of 2~4kHz, adjusting the feedback loop can
shift the burst operation frequency. To reduce the burst
operation frequency, increase a feedback gain capacitor
(Cp), opto-coupler supply resistor (Rp), and feedback
capacitor (Cg); and decrease a feedback gain resistor
(Rg), as shown in Figure 20.
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Figure 20. Typical Feedback Network of FPS

Reference Materials

AN-4134: Design Guidelines for Off-line Forward
Converters Using Fairchild Power Switch (FPS™)

AN-4137: Design Guidelines for Off-line Flyback
Converters Using Fairchild Power Switch (FPS™)

AN-4140: Transformer Design Consideration for Off-line
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