High Performance Switcher
Integrated with HV Startup
and SENSEFET®

Advance Information
FSL518H, FSL538H,
FSL518A, FSL538A

The FSL5x8 is an integrated peak-current-mode controlled pulse
width modulation (PWM) power switch, specifically designed for
off-line switch-mode power supplies. The PWM controller includes an
advanced soft-start, frequency hopping, optimized gate driver, internal
transconductance amplifier, temperature-compensated precise current
source for loop compensation and enhanced self-protections as well.
Compared to a discrete MOSFET and PWM controller solution, the
FSL5x8 allows to reduce total cost, component count, size, and
weight, while simultaneously increasing efficiency, productivity, and
system reliability. This device provides a basic platform for
cost-effective design of both isolated and non-isolated Flyback
converters.

Features

® |ntegrated Rugged 800 V Super-Junction MOSFET with SENSERET

Technology

Built-in HV Current Source for Start-up

Peak-current-mode Control with Slope Compensation

AC Line Compensation for/Accurate Over Power Protection

Advanced Soft-start:for l.ow Electrical Stress

Pulse-by-pulseCurrent, Limit

FSL5x8A: 100 kHz and FSL5x8H> 130 kHz

Line Brown-in, Brown-out Function

Line Over-voltage Protection (LOVP)

Adjustable Burst—-mode Operation

Frequency \Hopping for Low EMI

All Protections are Auto-Recovery: Brown-out, OLP, OVP, AOCP

and TSD

® These Devices are Pb-Free, Halogen Free/BFR Free and RoHS
Compliant

Typical Applications

® Power Supplies for White Goods

o [ndustrial Auxiliary Power Supply, E-metering SMPS

® Consumer Electronics (Chargers, Set-top-boxes and TVs)

This document contains information on a new product. Specifications and information
herein are subject to change without notice.
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ON Semiconductor®

WWwW.onsemi.com

" »

PDIP-7 RPDIP=7 MISSING
CASE 626A PIN GW
CASE 707AA

MARKING DIAGRAM
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A = Plant Code
Y = 1-digit Year Code
w = 1-digit Week Code
WL = 2-digit Die—-Run Code
L5x8 = Specific Device Code
X = Device Option (1 or 3)
y = Frequency Option (A or H)
PIN CONNECTIONS
GND 1 |[] | 8 DRAIN
vee 2 || | 7 DRAIN
FB 3 ||
COMP 4 ] [|] 5 LINE

ORDERING INFORMATION
See detailed ordering and shipping information on page 25 of
this data sheet.

Publication Order Number:
FSL538HR/D
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FSL518H, FSL538H, FSL518A, FSL538A

PRODUCT INFORMATION & INDICATIVE RECOMMENDED OUTPUT POWER

. Output Power Table (Open Frame) (Notes 1, 2)
Operating
Part Junction Operation Current Max. 230 Vpc = 85 ~ 265
Number Package Temperature Frequency Limit (A) | Rps(on) (?) 15% Vac
FSL518H PDIP-7 / PDIP-7 GW -40 ~ 125°C 130 kHz 0.46 8.0 15W 12w
FSL538H PDIP-7 / PDIP-7 GW -40 ~ 125°C 130 kHz 0.66 4.6 21w 17w
FSL518A PDIP-7 / PDIP-7 GW -40 ~ 125°C 100 kHz 0.61 8.0 17W 14 W
FSL538A PDIP-7 / PDIP-7 GW -40 ~ 125°C 100 kHz 0.86 4.6 25w 20 W
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. Application Schematic — Isolated or Non-isolated Flyback Converter
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FSL518H, FSL538H, FSL518A, FSL538A

LINE VCC DRAIN
1 L |. .....
Brown-out «— |.itial Setting and Vee good /_®_
Line Detection Vce Supply
| O\ec-smarmsTop HV Current
Source
VBURHIL + LOVP
I ,_/5
Vcomp
Frequency
Reduction osc
[Voar f—>
Soft +
E/A Start L s o
— >~ PWM
FB |: @ A —e— N - >R 5 Gate Driver—|
Vrer + 3R
R +
LEB
Slope
Compensation
comp [ ]
RSENSE
Brown-out 9 Vaocp
Protection
to-oLp
VOLP
TSD Vee good —P>—R_Q
Vee +
VCC—O\/P =

PIN FUNCTION DESCRIPTION

=[]

Figure 2. Internal Block Diagram

Pin No. PinsName Pin Function Description
GND Ground SENSEFET ‘'source terminal and internal controller ground.
2 VCC Powen Supply. This pin-is connected to an external capacitor and provides internal operating current of
thelC. It also includes an auto-recovery over-voltage protection.
3 FB Feedback This pin is connected to the input of transconductance amplifier for regulating output volt-
age of the power converter. If transconductance amplifier is not used, connect FB to
GND.
4 COMP Feedback-Loop Control-loop compensation. For opto-coupler feedback, connect COMP to opto coupler
Compensation directly.
5 LINE Brown in/out, LOVP, |For line detection(Line OVP, Brown in/out), this pin needs to be connected to the high-
Burst-mode Setting |voltage DC link through voltage divider. And it's also multiple-function pin for burst-mode
adjustment.
7,8 DRAIN MOSFET Drain High-voltage power MOSFET drain connection. In addition, during startup and protection
mode, the internal high-voltage current source supplies internal bias current and charges
the external capacitor connected to the VCC pin.

WWW.onsemi.com
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FSL518H, FSL538H, FSL518A, FSL538A

MAXIMUM RATINGS

Rating Symbol Value Unit

DRAIN Pin Voltage Vps —0.3 to 800 Vv
VCC Pin Voltage Vce -0.3to0 26 \%
Feedback Pin Voltage VEg -0.3t05.0 \Y
Compensation Pin Voltage Vcomp -0.3t05.0 \Y;
Line-detection Pin Voltage VLINE -0.3to Ve \%
DRAIN Pin Pulsed Current (Note 3) Ib-PULSE A
FSL518H/A 21

FSL538H/A 2.8

Single Pulse Avalanche Energy (Note 4) Eas mJ
FSL518H/A 6.0

FSL538H/A 11.7

Total Power Dissipation (PDIP-7 / PDIP-7 GW) Pp W
FSL518H/A & FSL538H/A 1.25

Junction Temperature (Note 5) T, 150 °C
Operating Junction Temperature (Note 6) T; =40 to +125 °C
Storage Temperature Tste -55 to +150 °C
ESD Capability HBM, JESD22-A114 1000 v
ESD Capability HBM, JESD22-A114 (Except DRAIN pin) 2000

ESD Capability CDM, JESD22-C101 1000 \

Stresses exceeding those listed in the Maximum Ratings table may ‘damage the device. If any<of these limits'are exceeded, device functionality
should not be assumed, damage may occur and reliability may‘be affected.

3. Repetitive peak switching current when the inductive load is assumed: Limited-bymaximum.duty and junction temperature.

4. L=45 mH, starting T; = 25°C.

5. Although this parameter guarantees IC operation it does not guarantee all electrical characteristics

6. Junction temperature can limit maximum output power of power converter controlled-by the'device.

THERMAL CHARACTERISTICS

Rating Symbol Value Unit
Thermal Characteristics, PDIP=7/ PDIP-7 GW °C/W
Thermal.Resistance,Junction-to=Air, (Note 7)
FSL518H/A & FSLS38H/IA Reia 100
Thermal Reference, Junction-to-Lead.(Note 7)
FSE518H/A-&FSL538H/A RyaL 18

7. JEDEC recommended-environment, JESD51~2, and test board, JESD51-3, with minimum land pattern.

ELECTRICAL\.CHARACTERISTICS
T;=-4010,+125°C and V¢ = 14 V unless otherwise specified.

Parameter Test Conditions Symbol | Min | Typ | Max | Unit |
SENSEFET Section
MOSFET Peak Current Limit T;=25°C, Duty = 60% ILim mA
di/dt = 100 mA/us FSL518H 428 460 492
di/dt = 100 mA/us FSL518A 560 610 660
di/dt = 143 mA/us FSL538H 614 660 706
di/dt = 143 mA/us FSL538A 790 860 930
Drain-to-Source On-State Resistance MOSFET ON, T;=25°C Rps(on) Q
FSL518H/A, Iprain = 0.46 A 6.3 8.0
FSL538H/A, IDRAIN = 0.66 A 3.8 4.6
Output Capacitance (Note 9) Vps =480V, Vgs=0V,f=1MHz, Coss pF
T;=25°C
FSL518H/A 3.8
FSL538H/A 5.0

WWW.onsemi.com
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FSL518H, FSL538H, FSL518A, FSL538A

ELECTRICAL CHARACTERISTICS (continued)
T3=-40to +125°C and V¢ = 14 V unless otherwise specified.

Parameter | Test Conditions Symbol | Min | Typ | Max | Unit |
SENSEFET Section
Effective Output Capacitance (Note 9) Vps=01t0480V,Vgs=0V, T;=25°C Cossieff) pF
FSL518H/A 31
FSL538H/A 40
DRAIN Voltage Rise Time (Note 8) VpRrain =40 V10 360 V t ns
FSL518H/A, IDRAIN =04A 26
FSL538H/A, IDRAIN =06 A 35
DRAIN Voltage Fall Time (Note 8) VpRaiN = 360 V10 40 V t ns
FSL518H/A, IDRAIN = 04 A 34
FSL538H/A, IDRAIN = 06 A 30
Drain to Source Breakdown Voltage Ves=0V, Ip=250 uA, Ty;=25°C BVpss 800 \
Zero Gate Voltage Drain Current Vps =800V, Vgs =0V, Ty=25°C Ipss 25 uA
Vps =640V, Vgs=0V, T;=125°C 250
VCC Section
Controller Turn-on Threshold Voltage VcC-START. 15 16 17 Y
Under-voltage Lockout Threshold Vee-stop 7 8 9 \
Voltage
Vcc Regulation Voltage During Protection, T; =25°C VEC-HVREG 9 10 11 \Y
Restart Time in Protection Mode (Note 9) AR 800 ms
Soft-start Time tss 7 10 13 ms
Oscillation Section
Switching Frequency Vee =14V, Vcomp =3.6 V, T45= 25°C fs kHz
FSL5%8H 122 130 138
FSL5x8A 94 100 106
Switching Frequency Variation T3=-40 ~125°C Afg 15 +10 %
Frequency Modulation Range Veomp= 3.6V fm kHz
FSL5x8H 6.2
FSL5X8A 4.8
Frequency Modulation Period\(Note 9) Veomp=36 V Tem 3.2 ms
Green-mode Entry Freguency Vcomp =14V N kHz
FSL5x8H 115
FSL5x8A 89
Green-mode Ending Frequency VgyrL =04V fe 22 25 28 kHz
Frequency-limiting Voltage Vcomp-s VoLp \
Green-mode Entry COMP Voltage (Note 9) Vcomp-N 14 \
Green-mode Ending COMP Voltage Vcomp-G VBURL \%
Burst-Mode Section
COMP Threshold Voltage for Entering Vune in Vune-seto during tset VBURL 0.35 0.4 0.45 \
Burst-mode when Line Detection is Vune in Vune-sera during tser 0.45 0.5 0.55
Enabled Vune in Vune-setz during tser 0.55 0.6 0.65
COMP Threshold Voltage for Entering 09V<Vne<1l2V VBURL 0.4 \%
Burst-mode when Line Detection is 12V<VNe<3.6V Av-8ursT X VLINE
Disabled
COMP Threshold Voltage for Leaving VBURH VgyrL + 0.1 \%
Burst-mode

WWW.onsemi.com
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FSL518H, FSL538H, FSL518A, FSL538A

ELECTRICAL CHARACTERISTICS (continued)
T3=-40to +125°C and V¢ = 14 V unless otherwise specified.

Parameter | Test Conditions Symbol | Min | Typ | Max | Unit |
Control Section
Maximum Duty Ratio Vecomp=3.6V Dmax 68 75 82 %
COMP Output High Voltage COMP-pin Open Vcomp- 5 Y

OPEN

COMP Sourcing Current lcomp 70 100 135 uA
Transconductance of Internal Error Gwm 300 usS
Amplifier
Current-sourcing capability of Internal Veg=VRegp—- 1V lom-source| 55 90 125 uA
Error Amplifier
Current-sinking capability of Internal Veg=VRegp+ 1V lgM-SINK -55 -90 -125 uA
Error Amplifier
Reference Voltage to Regulate FB-pin VREE 2.45 25 2.55 \%
Voltage
Leading-edge Blanking Time of Internal tLeB 250 ns
SENSEFET Current Signal (Note 9)
Propagation Delay of Turning-off Power tpp 100 ns
MOSFET (Note 9)
LINE Section
Threshold Voltage for Line Detection VIINE > VLINE-DET Vineder | 015 \
Enable
Threshold Voltage for Line Detection VINESVLINE-ADJ V| INE-ADT 0.05 \Y
Disable
Burst-mode Level Setting Time when Line tseT 100 us
Detection is Enabled (Note 9)
Sourcing Current for Detecting Burst During tsgvVee =15 V, Vi ng 10V IseT 1.6 2.7 3.8 mA
Setting Zener Voltage intseT
Burst-mode Level0 Setup Voltage During gt ViNe-seTo | 12.4 \%
Burst-mode Level 1. Set up Voltage DuringtseT V| INE-SET1 9.3 10.6 Y
Burst-mode Level 2 Set up Voltage During-tsgy V| INE-SET2 7.9 \Y
Sourcing Current for-Setting Burst-mode _~|V{ing = 0 V before V¢ is charged to IBURST 9.4 10 10.6 uA
Level when Line-Detection is Disabled Vee-START
LINE-pin Veltage to Burst-mode Level AV.BURST 1/3 VIV
Attenuation when Line Detection is
Disabled (Note 9)
Protections: Over-Voltage Protection (OVP)
Over-Voltage Protection Threshold Voltage Vce-ovp 23.0 245 26.0 \%
for VCC-pin
Delay time for OVP (Note 9) tp-ovp 6.0 us
Protections: Over-Load Protection (OLP)
OLP-Triggering Threshold Voltage on VoLp 3.3 3.6 3.9 \%
COMP—-pin
Delay Time for OLP Vcowmp > VoLp after Soft-start Time tp-oLp 30 60 90 ms

WWW.onsemi.com
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FSL518H, FSL538H, FSL518A, FSL538A

ELECTRICAL CHARACTERISTICS (continued)
T3=-40to +125°C and V¢ = 14 V unless otherwise specified.

| Parameter | Test Conditions Symbol | Min | Typ | Max | Unit |

Abnormal Over-Current Protection (AOCP)

AOCP Monitoring duration after t| gg taocp 150 ns
(Note 9)

Threshold Drain Current for Triggering lanocp ILm mA
AOCP (Note 9)

Number of pulse for AOCP to skip NaocP-TRIG 2 times
switching operation for Naocp-HALT times

(Note 9)

Number of skipped pulses after NAOCP-HALT 7 times
NAOCP-TRIG is satisfied (Note 9)

Number of Pulse for Satisfying Naocp-TRIG Naocp- 3 times
to Trigger Auto-restart Protection (Note 9) COUNT

Protections: Line Detection (Bl, BO, LOVP)

Brown-out (BO) Threshold Voltage on V{INE-BO 0.80 0.85 0.90 \Y
LINE-pin

Brown-in (Bl) Threshold Voltage on VLINE-BI 0.95 1 1.05 \%
LINE-pin

Hysteresis between Bl and BO VLINE-BI — VLINE-BO AVLINE- 0.09 0.15 0.21 \%

BIBO

Delay Time for Brown—out (Note 9) tso 100 ms
Threshold Voltage for Line Over-Voltage VL INE-OVP 4.3 4.5 4.7 \%
Protection (LOVP)

Recovering Level for LOVP V[ \NE-OVP- 4.2 4.4 4.6 \%

RECOVER

Hysteresis Voltage for LOVP V0LINE-OVP T VUNE-OVP-RECOVER AV NE-OVP 0.05 0.1 0.15 \%
Delay Time for LOVP (Note 9) tLINE-OVP 2 us

Protections: Thermal Shutdown

Junction Temperature to Trigger Thermal Tsp 147 °C
Shutdown (Note 9)

Junction Temperature for-Resuming from TRECOVER 95 °C
Thermal Shutdown (Note“9)

Total Device Section

Operating Supply Current Vcomp =0V, Vprain =12V, lop1 0.9 1.2 mA
(Control Part in Burst-mode) Rprain =500 Q

Operating Supply Current Vcomp=3.2V, Vprain =12V lop2 1.7 2.0 mA
VCC-pin current at startup condition Vec=149V,Vcoup=3.6 V ISTART 170 205 uA

(Before V¢ Reaches Vee.sTarT)

Startup Charging Current Vec =0V, Vprain =40V IcH 1.2 4 mA
(JFET saturation current)

Minimum DRAIN-pin Voltage to Start Vee=Veomp=0V VSTART 40 \%
Operation (Note 10)

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

8. Evaluated in the typical flyback application board, T = 25°C

9. This parameter is not tested in production, but verified by design/characterization.

10. It is guaranteed that Icy can charge Ve up to Vee.start if DRAIN-pin voltage is higher than VgrarT.

WWW.onsemi.com
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

HV Current Source for V¢ Start up and
Vcc Regulation

The HV current source utilizes voltage on DRAIN pin to
charge capacitor on VCC pin. This current source is
activated during start-up and provides operating current
when Ve is lower than Vce.Hvreg. Thanks to Vec
start-up function, no external start-up circuitry is needed.
The HV current source is disabled when V¢ voltage is
charged to Vcc-sTART

Vcc regulation also helps avoiding start-up failure during
soft-start and keeps FSL5x8 operating to count auto-restart
delay time (taR) in protection mode, as illustrated in Figure
34. It also enables the use of smaller capacitance for V¢
biasing. The V¢ regulation is not functional when the
external bias is higher than Vcc-HvREG.

DRAIN

VvCC

[
L

O
VCC—START/STOP

L | VCC
Regulation

?

tar

-

HV Current
Source

Figure 34. V6 Start Up and Ve Regulation

Initial Setting for Line Detection and Adjusting
Burst-mode Operation

LINE pin is used for both input=voltage detection and
burst-mode setting. When a voltage divider-is connected
between bulk capacitor and LINE pin, a Zeper-diode
connected to LINE pincwill allow to set level of burst-mode
operation. If theresis.no voltage‘divider, the line-detection
function is disabled and burst-maode-operation<level is set
linearly by simply.connecting@-resistor-between LINE pin
and GND pin. In order to avoid interference fromswitching

noise, connecting/a\ceramic capacitor to LINE pin is
recommended.

When linedetection is enabled, voltage on LINE pin is
monitored to offer brown-in (BI), brown-out (BO) and line
over-voltage protections (LOVP).

With IgursT, VLINE reflects resistance of the external
resistor. FSL5x8 adjusts burst-mode operation threshold
based on real-time V| ne level. Please refer to burst
threshold setting table for LINE pin configuration and
settings.

VBuLk
E e Input Voltage Detection
5 e Brown-n/out Function
o e Setting Burst Threshold by
§ Zener
<
M
g
>
° LINE e Setting Burst Threshold by
= Resistance
o Rsurs
<

= |BURST

Figure 35. Architecture of LINE-pin Setting
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BURST THRESHOLD SETTING TABLE

Line Detection Enable/Disable Vine (V) Veurn/VeurL (V)
124V <Vz 0.5/0.4
Architecture A Enable
9.3V<Vz<10.6V 0.6/05
Vz<79V 0.7/0.6
0.9V< IBURST X RBURST <12V 0.5/0.4
Architecture B Disable

1.2V <lgyrsT X RgursT <3.6 V

Av-BURsST X (IBURsT X ReuUrsT) + 0.1

IAV-BURST X (IBURST X RBURST)

Initial Setting for Configuration of Feedback
Regulation

Being simultaneous to the initial setting of LINE-pin
functions, configuration of feedback regulation is also
decided based on peripheral circuitry to FB pin. If a voltage
divider is connected to FB pin, the IC will regulate output
voltage by referring to the reference voltage, Vrer of
transconductance error amplifier.

I Controller

Vcomp-oPEN

FBI

=1

Vout

lcomp

(a) Isolated Application

In the case that external error amplifier is used for output
regulation, simply connect FB pin to GND pin. The external
output regulation circuitry will, sinks lcomp-(160 nA) to
control PWM duty cycle for accuracy output-regulation.

Controller

(b) Non - Isolated Application

Figure 36. Isolated vs. Non-Isolated Application

Advanced Soft-Start Operation

After Vcc is charged to Vcc-starT and all settings about
LINE-pin and FB-pin functions are done, switching
operation can be initiated with a soft-start period. For
soft-start period of 10 ms, both drain current and switching

frequency limits are settled to target value gradually as
shown in Fig. 37. Thus, output voltage will be increased
smoothly and the voltage stresses in switching devices can
be minimized.
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IDRAIN

ILIM

VSS— LIMIT

Pull high (5 V)

VCOMP

8 Steps

~ Y

Figure 37. Soft-start Operation

Main Control Frequency Reduction

Operating frequency of switching operation is
synchronized with COMP-pin voltage, Vcomp. When
Vcowmp drops, operating frequency will also decrease. This
helps reducing switching losses and thus improve light-load
efficiency operation. The operating frequency will not be
decreased below 22-kHz so acoustic noise can be avoided.

PWM Control
The FSL5x8 operates with peak—current mode to.regulate
output voltage. The duty cycle of PWM is_determined: by

comparing drain peak.current and Vcomp. TheEVcomp can
be controlled by either the'input signal-oferror amplifier or
the signal deliveredvia opto=coupler and feedback loop for
output regulation.

Slope Compensation

Built=in slope. compensation is added into the PWM
procedure whenduty cyele.is higherithan 45%. It helps to
avoid sub-harmonic escillation,of peak-current control.

VsensE
T |
| -
>
t
VsLopE 45% Duty 45% Duty
» ) » | =
- » >
T >
VsSENSE+COMP t
T )
Y ™ >
i H t

Figure 38. Slope Compensation

Burst-mode Operation

As loading of the power converter decreases, Vcomp
decreases, thus reducing switching frequency of the
oscillator. When minimum operating frequency is reached,
to further reduce delivered output power, the device goes

into burst-mode. In burst-mode, switching operation is
halted when Vcomp is lower than Vgyr and resumed when
Vcowmp is higher than Vgyrn. By skipping un-needed
switching cycles, the FSL5x8 drastically reduced the power
wasted during light load conditions.
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Vcomp,

VBURH
VBURL

-+ V

|DS A t
— P —P t
PWM PWM
disabled disabled

Figure 39. Burst-mode Behavior

VgurL and VgyrH can be adjusted LINE-pin voltage
detected. It is provided for tuning light load efficiency.and
acoustic noise. By adjusting VgyrL, minimum peak value
of drain current of each switching.cycle is adjusted as
described in Equation 1.

VBURL

IDRAIN.PEAKBURL = 406 ILIM

(eq\1)
Line Compensation

Propagation delay in turning-off\power MOSFET makes
drain current exceed'current limit by.anamount that related
to slope of drain current, The device adjusts-its internal
current-limit reference-voltage according to duty cycle to
compensate the-effect of propagation delay. As a result, the
delivered-output power is kept under control across different
input voltage conditions.

Protections
Over-Load Protection)(OLP)

Vcovpywill be(pulled higher than Vop when drain
current hits current limit and switching frequency operates
at its highestirange. If the condition continues for tp-gLp,
OLP will\be triggered and switching operation is stopped as
shown in Fig. 40.

The figure also shows typical protection mode behavior of
the IC. The operation current is supplied by HV current
source for tar that can extend the restart period to reduce
average power dissipation when fault is still present. After
tar, Ve drops to Vec-stop to reset protective operation
and then, controller will be restarted.
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Vcomp
VoLp
Ib-oLp -
Ll
IpRAIN t
------- > lum
>
Vce t
Vcc-HVREG
\'/VCC—STOP
tAR -~
Ll
Protection t
| -
L
t

Figure 40. Timing Chart of OLP.

Over Voltage Protection (OVP)

A malfunction of voltage-feedback circuitry for output
regulation in power converter could result in“excessive
energy delivered to output. In this condition, both output
voltage and V¢ can be increased by unstable operation; and

OVP willbetriggered afterdelay time tp-ovp when Ve
rises.abeve Vce-ovp.

IbrAIN Fa+U|t
Viec f
A t
Vec-ove
tb-ovp
>iie
Ve -HvreG
; N Vce -sTop
AR Y
Protection t
t

Figure 41. Timing Chart of OVP

Abnormal Over-Current Protection (AOCP)

When the secondary-side rectifier diodes or the
transformer windings are shorted, a steep drain current with
extremely high di/dt will flow through the MOSFET during
the minimum turn-on time. Under this condition, each
switching cycle generates very high current stress on power
MOSFET. The controller monitors drain current within a

limited leading-edge time duration t gg + taocp Of each
switching cycle. If drain current exceeds current limit for a
few consecutive switching cycles, Naocp-Trig, switching
will be stopped for number of pulses, Naocp-HaLT. If the
fault condition is met for three times, Naocp-counT, the
controller goes into protection mode as shown in Fig. 42.
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lorAIN 1 2 3
A | “
} ILim
i
!
Stop Stop | :
switching switching :| Protection ~
e hocr st e, t
«—— A ———>
_'\r~\~
Y] /
B Vec-stop
t

Figure 42. Timing Chart of AOCP

Brown-in, Brown-out (BI/BO) and Line Over-Voltage
Protection (LOVP)

When a voltage divider is connected between LINE pin
and input bulk capacitor, line-detection function is enabled
and V| ne reflects peak of AC input voltage. If Vi nE is
below V| |ne-g) after initial setting, switching operation will
not be initiated until V| ng reaches Vi ne-i- If V0LINE iS

lower than V| ne-so for tgonduring normals-eperation,
brown-out will be triggered and the controller-will go into
protection mode: If V) |NedS higher than V| nE-ovp,
switching operation’is halted until Vi jng drops down below
VLINE-OVP-RECOVER. Both recovering from LOVP or after
BI, the controller performs:a'soft start sequence.

VBuLk
4 ] ]
| %
o e
]
]
i
! VUNEBST : -~ i .
1 (] g
| : : E 1 E ] i t
DRAIN ] ! 1\ '
t h 1 s 1 ts !
NS e o Sy
1 >, )
1 I ) 1 ¥
] ] HH HK g
Vce : : i E i i t
A : ! E
' 1
N\ N\ /‘\ /V—

A
Vee -HvREG!
far

<
-———f=—

tar

iR

Figure 43. LOVP, Brown-out and Brown-in Behavior

Thermal Shutdown (TSD)

Since SENSEFET and controller are integrated in the
same package, it is easier for the controller to detect
temperature inside the package. When junction temperature

exceeds shut-down temperature, Tsp, thermal shutdown is
activated. The controller will go into protection mode after
thermal shutdown. If temperature is not lower than
TRECOVER, SWitching operation will not be resumed.
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DESIGN CONSIDERATIONS

Peripheral Components
While designing flyback converters using FSL5x8H/A,
there are some design considerations on selecting value and
rating of components and PCB (Printed Circuit Board)
layout as the following.
o |nput/Output Capacitor
It is typical to select the input capacitor as 2~3 uF per
watt of peak input power for universal input range
(85—265 VRMms) and 1 uF per watt of peak input power for
European high input voltage range (195-265 V rms).
The minimum DC link voltage is obtained as:

2 Py (1 - Dch)
v = [2.(v. L .
OCpmin \/ ( Ilnemin) fL- Cpe (eq. 2)

where Dg, is the DC link capacitor charging duty ratio
which is typically about 0.2. f,_ is line voltage frequency.

Considering the output voltage ripple, capacitance at
the output terminal can be determined as the following.
For better voltage ripple at output terminal, low ESR
(Effective Series Resistance) type capacitor is
recommended.

0.25 - loyr

OUT —ripple fonin

where loyT is @ max output load current, Vogt:ripple is
deviation of a ripple voltage and f should minimum
fregeuncy between operating frequency deviation.

Cour = y (eq.3)

® V¢ Capacitance
FSL5x8 includes HV._start-up circuit providing'startup
current, which determine startup.time. It can\be calculated
with Icy and Vge.capacitance. The typical value of Ve
capacitor isfselected in\a range-of ‘10 to ‘47 uF. dJtis
recommended that V¢ capacitor and FSL5x8 should be
placed as close as'possible toreject noise decoupling.

Cyec * Vec—€ThRT

Start-up Time = I

(eq. 4)
CH

e Consideration on Designing BI/BO/LOVP

Line input voltage can be detected for brown-in (Bl),
brown-out (BO) and input line over-voltage protection
(LOVP) by connecting LINE pin with dividing resisters
linking to input bulk capacitor. Each level of Bl and
LOVP can be determined as following. Meanwhile,
CiNe-F should be choosen considering some noises on
the line induced by switching of the main switch and etc.
It is typical to select 3~5 times of time constant higher
than switching frequency.

R LINE-lower

Figure 45. LINE Pin Settle for BI/BO/LOVP

Brown-in AC Voltage =

RLINE—upper + RLINE—Iower 1 (eq' 5)
ViiNe-g1 % R X—
LINE=lower V2
Line OVP. AC Voltage' =
\ Rinesugper + Rune-lower 7 (€0-6)
X X —
LINE-OVP
RLINE—Iower ‘/E
3
Cyne-F= (eq. 7)
(RLINE—upper//RLINE—Iower) “fsw

Selecting. EB/COMR “and Consideration when One of
Bothis Selected

For—non-isolated converters, connects the output
voltagedivider to FB pin. For isolated converters, FB pin
shaould‘be connected to GND, and the external feedback
circuit should connect to COMP as well.

Preventing Audible Noise

Even though the switching frequency of the FSL5x8 is
above the range of human hearing, audible noise can be
generated during transient or burst operation. In most
flyback converters, the major noise sources are
transformers and capacitors. Transformers produce
audible noise, since they contain many physically
movable elements, such as coils, isolation tapes and
bobbins. The most effective way to reduce the audible
noise in the transformer is to remove the possibility of
physical movement of the transformer elements by using
adhesive material or by varnishing.

Ceramic capacitors can also produce audible noise,
because of their piezoelectric characteristics. By
replacing the ceramic capacitor with a film capacitor, the
audible noise can be reduced. Another way to lower
audible noise is to reduce the snubber capacitor value,
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which decreases the pulse current that charges the
capacitor every time the FSL5x8 resumes switching
operation in burst—-mode.

For more information, please refer to AN-4148.

Maximum Duty and Reflected Output Voltage

When MOSFET in FSL5x8 is turned off, the input
voltage together with the reflected output voltage (Vro)
on primary winding of the transformer are imposed on
MOSFET.

VoraNmax = 2 Vinemay + VRO (eq. 8)
Vinemax 1S maximum ac-input voltage in r.m.s. value.

VRo is a function of maximum duty (Dyax) and minimum
DC-link voltage.

D max

Vio = *Vpe (eq.9)
RO 1 — Drnax DC

min

The designed Dmyax should not exceed FSL5x8’s
maximum duty raio specification, Dyax. It is typical to
have 70% of de-rating on Vprainmax according to
MOSFET’s breakdown voltage. With 800V of
breakdown voltage in FSL5x8, more room are created to
target higher Dpax.

Transformer Design Considerations
When Dpax is assigned, turn ratio of the transformerhas
been decided.

nop__ Vro (eq" 10)
Ns  Vour teVe .

where Np and Ns stands for primary and secondary
windings’ turn ratio of the transformer, Voy.stands for
output voltage, and:Vg stands, for forward voltage)of
rectifying diodeseonnecting,to the secondary winding.

Inductance. (L) ‘of the primary winding can 'be
obtained from input power (Pi,) and switehing frequency
(fsw), with ripple factor (Kgg) left to be'decided. Krg > 1
results in lower . inductance. and \discontinuous-
conduction-mode (DCM) design,<which tend to have
smaller switching loss. Kgg <1 results in a continuous-
conduction-mode (CCM) design. Which tend to be able
to deliver more power with same maximum drain current.

2
(VDCmin ’ Dmax)

ly=————
2 % Py - fsw - Kge

(eq. 11)

The inductance value affects maximum drain current
(IprainPEAK ), Which should be limited by FSL5x8’s I jm
specification with some margin. Care needs to be taken
when designing Ly, and choosing part from FSL5x8
series.

Pin ~ VDcmin * Dmax q.12
2 Ly fgy

| =
DRAIN
PEAK VDCmin * Dmax

e Clamping Circuit for internal MOSFET

Due to parasitic or leakage inductance, it is inevitable
that voltage on DRAIN pin of MOSFET shows some
spikes during switching off. A clamping circuit is
generally implemented if the spike can be so high that
makes DRAIN voltage possibly exceeds MOSFET’s
breakdown voltage, BVpss. The clamping circuit can be
RCD snubber or transient-voltage suppressor. In both
cases, the design target is to clamp the reflected voltage
that appears across primary winding with a clamping
voltage Vgiamp-

Velamp should be set up properly considering power
loss and BVpss of MOSFET. Vjamp is way too high,
MOSFET is likely to get damage at maximum input
voltage. Whereas, too low one could cause power loss
increasing at the clamp circuit. Generally, valug in 2~2.5
times of VRO is usually chosen. Additionally;-it should
not exceed over 90% of BVpss.

V24 Vi, + Vetamp = 0% BVpgs  (eq. 13)

clamp —

AN=4137 and. AN-4140)\provide detailed flyback
converter, transformer;-and-snubber design information.
Audesign tool' withaeccompanying manual is also made for
FSL5x8 series.

Figure 46. Magnetic Component and RCD Snubber

IpRAIN

PEAK
IDRAIN

\

Vbs A [ t

Vclamp
Vro

Vin

A »
-

t

Figure 47. Typical Waveform of DRAIN Current
and Voltage
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PCB Layout Recommendations
Hereafter are a few hints that would help designers to

make their SMPS working better.

e High-frequency switching current/voltage makes PCB
layout a very important design issue. Good PCB layout
minimizes EMI (Electromagnetic Interference) and helps
the power supply survive during surge/ESD
(ElectroStatic Discharge) tests.

® To improve EMI performance and reduce line frequency
ripples, the output of the bridge rectifier should be
connected to capacitor Cpc as close as possible.

® The high-frequency current loop is formed from the
beginning of bridge rectifier, Cpc, power transformer,
Integrated MOSFET and return to GND of Cpc. The area
enclosed by this current loop should be designed as small
as possible to reduce conduction and radiation noise.
Keep the traces (especially = — 2b — 1) short, direct,
and wide. High-voltage traces related the drain of
MOSFET and RCD snubber should be kept far way from
control circuits to prevent unnecessary interference. If
a heatsink is used for MOSFET, connect this heatsink to
power ground.

® Asindicated by ~=, the ground of control circuits should
be connected first, then to other circuitry.

® Place Cyc as close to VCC pin of the FSL5x8H/A as
possible for good decoupling. It is recommended:to use
afew of micro-farad capacitor and 400 nF ceramic
capacitor for high frequency noise decoupling as well.

Signal GND

C15: Vcc small capacibor
C10: COMP capacitor

Vce and COMP capacitorclose topin

There are some suggestions for grounding connection.
GND: There are two kinds of GND in power conversion
board and should be separated for avoiding interference
and better performance.

Regarding the ESD discharge path, the charges go from
secondary, through the transformer stray capacitance, to
GND first, and back to mains. It should be noted that
control circuits should not be placed on the discharge
path. Point discharge for common choke can decrease
high-frequency impedance and increase ESD immunity.
3 should be a point-discharger route to bypass the static
electricity energy. It is suggested to map out this discharge
route.

Should a Y-cap be required between primary and
secondary, connect this Y-cap to the positive terminal of
Cpc. If this Y-cap is connected to primary GND; it should
be connected to the “negative: terminal of Cpc (GND)
directly. Point.discharge of this Y-cap_helps for ESD;
however, the creepage between these two pointed ends
shouldbe at least 5 mm according to safety requirements.

Thermal Considerations

Power MOSFET dissipates heat during switching

operation. If chip temperature—exceed Tsp, thermal
shutdown'would be triggered and FSL5x8 stops operating to
protect itself from’ damage: The path of lowest thermal
impedance from FSL5x8’s chip to external are DRAIN pins.
It is recommended-to’increase area of connected copper to
DRAIN pin-as-much as possible.

Enlarge DRAIN pin pattern
for better heat emission

Figure 48. Layout Considerations
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Design Example
Hereafter is a typical schematic of an isolated flyback.

240R
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100V
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Figure 49. FSL538AFLYGEVB Schematic

REFERENCES

For more details on specific designs, please refer to,below documents:

o AN-4148 Audible Noise Reduction Technique for ERS Applications
https://www.onsemi.com/pub/Collateral/ AN—4148.pdf.pdf

o AN-4137 Design Guidelines for Off-=line Flyback Canverters.Using Power Switch
https://www.onsemi.com/pub/Collateral/AN-4137.pdf.pdf

o AN-4140 Transformer Design Coensideratian-for Offline.Flyback Converters Using Power Switch
https://www.onsemi.com/pub/CoHateral/AN—4140.pdf.pdf

e EVBUMZ2650/D:'14.5 W auxiliary power forwhite goods and industrial equipment with FSL538HPG
https://www.onsemi.com/pub/Collateral/EVVBUM2650-D.PDF

e EVBUMZ2651/D:15 W auxiliary-power for white goods and industrial equipment with FSL538APG
https://www:onsemi.com/pub/Collateral/EVBUM2651-D.PDF

o EVBUMZ2652/D: 8 W auxiliary power for white goods and industrial equipment with FSL518APG
https://www.onsemi.com/pub/Collateral/EVBUMZ2652-D.PDF

® FSL5x8 Application note and Design tool
https://www.onsemi.com/PowerSolutions/supportDoc.do?type=tools&rpn=FSL538
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ORDERING INFORMATION

FSL518H, FSL538H, FSL518A, FSL538A

Device Current Limit (A) Rps.oN,max (€2) Package Shipping®

FSL518HPG 0.46 8.0 PDIP-7 Tube
(Pb-Free)

FSL518HPLR2G 0.46 8.0 PDIP-7 GW Tape & Reel
(Pb-Free)

FSL518APG 0.61 8.0 PDIP-7 Tube
(Pb-Free)

FSL518APLR2G 0.61 8.0 PDIP-7 GW Tape & Reel
(Pb-Free)

FSL538HPG 0.66 4.6 PDIP-7 Tube
(Pb-Free)

FSL538HPLR2G 0.66 4.6 PDIP-7 GW Tape & Reel
(Pb-Free)

FSL538APG 0.86 4.6 PDIP-7 Tube
(Pb-Free)

FSL538APLR2G 0.86 4.6 PDIP-7 GW Tape & Reel
(Pb-Free)

SENSEFET is a registered trademark of Semiconductor Components Industries, LLC (SCILLC) or its subsidiaries in the United States

and/or other countries.
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DIMENSIONING AND TOLERANCING PER ASME Y14.5M, 1994.
CONTROLLING DIMENSION: INCHES.

DIMENSIONS A, A1 AND L ARE MEASURED WITH THE PACK-
AGE SEATED IN JEDEC SEATING PLANE GAUGE GS-3.
DIMENSIONS D, D1 AND E1 DO NOT INCLUDE MOLD FLASH
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LEADS, WHERE THE LEADS EXIT THE BODY.
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CORNERS).
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information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi 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 onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi 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 technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi 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 onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable 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 onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS: ONLINE SUPPORT: www.onsemi.com/support
Technical Library: www.onsemi.com/design/resources/technical-documentation For additional information, please contact your local Sales Representative at
onsemi Website: www.onsemi.com www.onsemi.com/support/sales
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