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ON Semiconductor®

FSL156MRIN
Green-Mode Power Switch (FPS™)

Features Description

= Advanced Soft Burst Mode for Low Standby Power The FSL156MRIN “is 2 int rated. Pulee” Width
and Low Audible Noise Modulation (7 VM) cc_‘rol  SersekET specifically
. designec’ ‘or = fline . vitched Mad=z Power Supplies
® Random Frequency Fluctuation (RFF) for Low EMI (SMPS) w » m. mal’ xternal camponents. The PWM
®  Pulse-by-Pulse Current Limit ~on. + ludes an. inegrated. fixed-frequency
] cille »r, .. Dver Voltage Protecticn (LOVPR), ‘Jnder-
" Overload Protection (OLP), Over-Voltage V. age ockout (UVLO), Leading-Lage Blaiikinig (LEB),
Protection (OVP), Abnormal Over-Current opti ‘zeu gate ‘driver, interndi. Soft-stait), iamperature-
Protection (AOCP), Internal Thermal Shutd¢ n compensataG.~ piecise _ (uirent  sources  for  loop
(TSD) with Hysteresis, Output-Short Pratectic ~ompenaation, and-sel.-rrotection circuitry. Compared
(OSP), and Under-Voltage Lockout (U it with”a dizcrete MOSFET and F'WM controller solution,
Hysteresis , Line Over Voltage ™ " =tioi .0 thia ©SL156MRIN reduces inial cost, component count,
" | ow Operating Current (0.4n. )in Bur Mc 2 size, and . weight;  whiie” simultaneously  increasing
. efficizncy,. productivity;, and system reliability. This
® Internal Startup Circ: device provides a‘basic platform suited for cost-effective

= |nternal High-Voltag  Sense™=T: 650V ces.gn of afiyuack converter.

®  Built-in S¢ -Start: 15,

" Auto-. stai.wiode
.

. oplic tic s

. ‘ow’  Supply-fur Fome Aorlicnces, 1:CD\WMuonitors,
L ss, ana LVD Plavers

Ordering Information

Output Power Table®

Operating |Current

o -
Part Number |Package!”| Junction Limit ?h?lg(gN; 230Vac £15% 85-265Vac
Temperature | (Typ.) ' 3| Open 3| Open
Adapter Frame® Adapter Frame®
FSL156MRIN 8-DIP -40°C ~+125°C| 1.6A 2.20Q 26W 40W 20W 30W

Notes:

1. Lead-free package per JEDEC J-STD-020B.

2. The junction temperature can limit the maximum output power.

3. Typical continuous power in a non-ventilated enclosed adapter measured at 50°C ambient temperature.
4. Maximum practical continuous power in an open-frame design at 50°C ambient temperature.
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Application Circuit
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Figure 2. Internal Block Diagram
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Pin Configuration

Pin Definitions

1. GND O 8. Drain
2. Vcc 7. Drain
FSL156MRIN
3.FB 6. Drain
4.V 5. Vstr

Figure 3. Pin Assignments (Tog ‘iew)

Pin # Name Descriztion
1 GND | Ground. This pin is ~ni ' ground and (e SenseFE [source.
2 Vv Power Sup ,. s s tnc Jositive vupprly input;which provides the internal operating
ce current for oth sta 1p < d steadystaic operat on.
Fe «ck. This pir s internally sennected to the invering iniput of the PWM comparator.
3 FB 7 e collecto: opto-coupieiis typically tied todh!s pin. For stable operation, a capacitor
¢ ould be Hlaced between this piri end GND. I the voltage of this pin reaches 7V, the
o\ 'nad’ otection tiagers, wiich, shuts dcwn the FPS.
| ‘ne Over-Yaltage Input. This pin isitng input pin of line voltage. The voltage, which is
V. .vided by res:stors, i th=input aitric pin. If this pin voltage is higher than Viyy voltage, the
‘ ' LOMP tiigyers, viich siiuts down the FPS. Do not leave this pin floating. If LOVP is not used,
this“pin should ke directly-coriected to the GND.
| Startur. This pin is<coniiected directly, or through a resistor, to the high-voltage DC link.
. ‘ WA At startunythe irieriial-high-voltage current source supplies internal bias and charges the
v | X' external capacitar. connected to the Vec pin. Once Ve reaches 12V, the internal current
| source (lzp. iv disabled.
6
| 7 Drain ‘! €anseFET Drain. High-voltage power SenseFET drain connection.
| 8
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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.

Symbol Parameter Min. Max. Unit
VsTtr Vstr Pin Voltage 650 Vv
Vbs Drain Pin Voltage 650 \Y,
Vce Vcc Pin Voltage 26 \Y
Ves Feedback Pin Voltage -0.3 10.0 Vv
Vin VN Pin Voltage -0.3 Ao \Y
Iom Drain Current Pulsed 1 L A A\

Ibs Continuous Switching Drain Current® To=25°C A ¢ A
Tc=100°C A | 1 i

Eas Single-Pulsed Avalanche Energy(6) : 19C mJ
Ppo Total Power Dissipation (Tc=25°C)"") ) 15 w
Maximum Junction Temperature ) _150 °C
T Operating Junction Temperature(s) A Q -40_ ) +125 ¥
Tste Storage Temperature N | -55 (-2 —JSO ) °C
gsp | Electrostatic Discharge | Human Bov Modei, £SD22-A145, O | WA KV

Capability Charg . e Model, JESL22.C101 < L 2.0

Notes:

5. Repetitive peak switching cu
junction temperature
6. L=45mH, starting T. 25°C.
7. Infinite coolin~~onc¢ 9n (rel
8. Althought' s parame =au

rigure 4.

Thermal Impedance

Ta=25°C unless otherwise specified.

to the SENMI'G35U-88)
antees I& uperatian, it anes not guarantee all electrical characteristics.

:nt whe: he iductiva load is assurnied: limitea\br maximum duty (Duax=0.73) and
Fige 2 4).

E\' —[-'MAX_>§

~—

fswr——>

Repetitive Peak Switching Current

Symbol Parameter Value Unit
Bua Junction-to-Ambient Thermal Impedance(g) 85 °C/W
W, Junction-to-Lead Thermal Impedance“o) 11 °C/W

Notes:

9. JEDEC recommended environment, JESD51-2, and test board, JESD51-10, with minimum land pattern.

10. Measured on drain pin #7, close to the plastic interface.
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Electrical Characteristics

T, = 25°C unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
SenseFET Section
BVpss Drain-Source Breakdown Voltage Vee=0V, Ip=250pA 650 \Y
loss Zero-Gate-Voltage Drain Current Vps=520V, Ta=125°C 250 HA
Rbs(on) Drain-Source On-State Resistance |Vgs=10V, Ip=1A 1.8 2.2 Q
Ciss Input Capacitance'” Vps=25V, Vgs=0V, f=1MHz 515 pF
Coss |Output Capacitance!"” Vbs=25V, Ves=0V, f=1MHz 75 pF
tr Rise Time Vps=325V, Ip=4A, Rc=250Q 2 ns |
1 Fall Time Vps=325V, Ip=4A, Rc=25Q 5 ns. |
tgony | Turn-On Delay Vps=325V, Ip=4A, Rg=25Q R ne
tyoy | Turn-Off Delay Vos=325V, b=4A,Re=250 | | 22| [ ns
Control Section
fs Switching Frequency"” Voos1aV, Ves=4V [ 151 [ Al 73 [ kHz
Afs Switching Frequency Variation!" -25°C <T,< =0 | : J_,; ! +10 %
Dwax | Maximum Duty Ratio Vees" 'V, = b e | ezl 3w
Dwn | Minimum Duty Ratio o 4V Vi OV LT e ) %
lrs | Feedback Source Current Vrs=0 NN
VSTART | \L0 Threshold Voltan \ A o U JI Al ° Y
Vstop Aveer Turn-on, Veg =0% 7.0 7.5 8.0 \%
tss Internal Soft-Start T e ¥ Vst 146\;',—\7CC Sw e_ep i 15 ms
Vrecomm | Recommer’ ca «;I\ ae Fai OM al -~ \\ 13 23 \%
Burst Mode Sectinn
VBURH W < \' ¢ 0.45 0.50 0.55 \Y,
Veur. | BuroeMoC  Voltage | Vee=14V. Ves'Sweep 030 | 035 | 040 | Vv
V.. N\ . Ra 150 mv
b tectio Seu .on
| [PeakDiain CurrentLmit | di/dt=300mA/ps 145 | 160 | 175 | A
Veo .| Bhuidown Festback Vaitage © | Vec=14V, Ves Sweep 645 | 7.00 | 755 | V
loserv | Shutdown Delay Gurar Vee=14V, Veg=4V 1.2 2.0 2.8 HA
tes |Leading-Edge Bianking Time! "™ 300 ns
I_ _VOVP Over-Vo.‘:g_? Protection Vce Sweep 23.0 24.5 26.0 \%
Vin #E;ggg:’,gﬁggz Protection Vec=14V, Viy Sweep 187 | 195 | 203 | vV
Vintys hl;:t eCi;/:irs-Voltage Protection Vee=14V, Vin Sweep 0.06 v
tosp Output-Short Threshold Time OSP Triggered when 0.7 1.0 1.3 us
Vosp Protection(" Threshold Vg ton<tosp & Ves>Vosp 1.8 2.0 2.2 \%
tosp. r5 Vg Blanking Time | (Lasts Longer than tose rs) 20 | 25 | 30 us
TSD Shutdown Temperature 125 135 145 °C
Thermal Shutdown Temperaturem)
Thvs Hysteresis 60 °C
Continued on the following page...
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Electrical Characteristics (Continued)

T, = 25°C unless otherwise specified.

Notes:

11. These parameters are guaranteed; not 100% tested in production.
12. ties includes gate turn-on time.

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Total Device Section
Operating Supply Current, _ _
lop (Control Part in Burst Mode) Vee=14V, Vre=0V 03 04 0.5 mA
Operating Switching Current, _ _
lops (Control Part and SenseFET Part) Vee=14V, Vrg=2V 1.1 1.5 1.9 mA
Vce=11V (Before Ve
IsTART Start Current Reaches Vsrarr) 85 120 155 MA
IchH Startup Charging Current Vce=Vre=0V, Vstr=40V 0.7 4 1.3 mA |
Vstr Minimum Vstr Supply Voltage Vee=Vre=0V, Vstr Sweep *6 Vo
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Typical Performance Characteristics

Characteristic graphs are normalized at Ta=25°C.
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Figure 5. Operating Supply Current (lop) vs. Ta
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Figure 9. Feedback Source Current (Ieg) vs. Ta
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Figure 8. Peak Drain Current Limit (Im) vs. Ta
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Figure 10. Shutdown Delay Current (lpeLay) vs. Ta
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Typical Performance Characteristics

Characteristic graphs are normalized at Ta=25°C.
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Figure 15. Switching Frequency (fs) vs. Ta

Shutaown Feedbhack Voltaoe (Mup) vs. Ta

Normalized

Figure 1.

Norrnalizea

Normalized

Figure 14. Over-Voltage Protection (Vovp) vs. Ta
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Figure 16. Maximum Duty Ratio (Dmax) vs. Ta
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Typical Performance Characteristics

Characteristic graphs are normalized at Ta=25°C.
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Functional Description

1. Startup: At startup, an internal high-voltage current
source supplies the internal bias and charges the
external capacitor (Cvcc) connected to the Vcc pin, as
illustrated in Figure 19. When Vcc reaches 12V, the
FSL156MRIN begins switching and the internal high-
voltage current source is disabled. Normal switching
operation continues and the power is supplied from the
auxiliary transformer winding unless Vcc goes below the
stop voltage of 7.5V.

VDC

[ ]
Cvce

7.5V/12.0V——

Internal
Bias

Figure 19. Startup Block

2. Soft-Start: The internal soft-start circu .o S

PWM comparator inverting input /= way. tog ‘her with
the SenseFET current, slowly af r startu,  Th typical
soft-start time is 15ms. T »ult width = the power
switching device is pro¢ :ssively il.. == u to establish

the correct working ¢ ditions= for the transformiers.

3. Feedback Control: This device employs Current-
Mode control, as shown in Figure 20. An opto-coupler
(such as the FOD817) and shunt regulator (such as the
KA431) are typically used to implement the feedback
network. Comparing the feedback voltage with the
voltage across the Rsense resistor makes it possible to
control the switching duty cycle. When the reference pin
voltage of the shunt regulator exceeds the internal
reference voltage of 2.5V, the opto-coupler LED current
increases, pulling down the feedback voltage and
reducing drain current. This typically occurs when the
input voltage is increased or the output load is decreased.

3.1 Pulse-by-Pulse Current mit: B. ause Current-
Mode control is emplov ., the eak ¢ Tent thrcugh
the SenseFET is lim¥ u by teiri tic Jinput 0f-PWiM
comparator (Vee® as % wvn in Fi_ure 207 Assuming
that the 90uA cu. nt « urce” ows only, through the
internal res ‘or (3K . R _kQ), the cathode voltage
of diodv D2 about .8V. Sirce\L\17is blocked when
the feec ack ' ge (Nsg) '\ exceeds 2.8V, the
Me 'tage of the-catriode of D2 is clamped at
his' »ltage. .herefore, the peak~'aue of the current
. aug the SerceFiT is limitev:

3.2 Leazing-Fdge Blanking (LEE): Avthe instant the
interna! SenseFET) is warned ©n, a' high-current spike
vstally occurshiarough tae’ SenseFET, caused by
primiary-side, c2pacitenze and secondary-side rectifier
reverse recovery. Sicessive voltage across the Rsense
recistor ‘leadss, ~incorrect feedback operation in
Cunent-Mgzaiz PWM control. To counter this effect, the

LEB circuic inhibits the PWM comparator for ties

inductors, and« .. .cito. . The oltage ‘or_the output (3CIns).2fter the SenseFET is turned on.
capacitors_ is orccsive., aicreazed fo  smactny
establish v »requued ¢ put voltage. This helps orevent
trap=" »mer atwtiet U and «reduces stress ‘on the
= _onde. dic > during staitup.
Drain
‘—- 6,7,8 '—
! Vee Vrer
IpeLay IrB JLILIL
FB
V. v, 3R
=7 R [3] « >
FoD817 D1 D2 . | Gate
Cra Veo' Driver ﬂ
y
et -
W >
KA431 /77 OSP
Vosp & = R
AOCP SENSE rGND
Vaocp
. [1]
OLP
v v Vep o]- J

Figure 20. Pulse Width Modulation Circuit

(w1 Sdd) U2UMS 19MO¢ - IpON-UdaID — NIYINIS LIS

© 2012 Semiconductor Components Industries, LLC.
FSL156MRIN « Rev. 3

www.onsemi.com



4. Protection Circuits: The FSL156MRIN has several increasing until it reaches 7.0V, when the switching
self-protective functions, such as Overload Protection operation is terminated, as shown in Figure 22. The
(OLP), Abnormal Over-Current Protection (AOCP), delay for shutdown is the time required to charge Crg
Output-Short Protection (OSP), Over-Voltage Protection from 2.5V to 7.0V with 2.0uA. A 25 ~ 50ms delay is
(OVP), and Thermal Shutdown (TSD). All the typical for most applications. This protection is
protections are implemented as auto-restart. Once the implemented as auto-restart.

fault condition is detected, switching is terminated and

the SenseFET remains off. This causes Vcc to fall. Ves 4

Overload Protection

When Vcc falls to the Under-Voltage Lockout (UVLO)
stop voltage of 7.5V, the protection is reset and the
startup circuit charges the Vcc capacitor. When Vec 7.0v
reaches the start voltage of 12.0V, normal operation
resumes. If the fault condition is not removed, the
SenseFET remains off and Vcc drops to stop voltage
again. In this manner, the auto-restart can alternately 25V
enable and disable the switching of the power
SenseFET until the fault condition is eliminated.

(w1 Sdd) U2UMS 19MO¢ - IpON-UdaID — NIYINIS LIS

Because these protection circuits are fully integrated t CreX(7.C 5)lgerr :
into the IC without external components, reliability is o — Ay I\
improved without increasing cost. ; L e\ 7;—:
1 2
Vps 4 P‘;‘Zer o’;aczl,ts ,e’;a:vlgd Fi_ re 22. Dve.i0ad Piciecdon
< 4. . < aal vver-Cuient Proiection (AOCP):
\ ‘Whe the  secoridery. rectifier ciodes«.or the
s, ‘mer pirs a‘e shorted; a steep (cuirent with
m e. =mely kign d/dt can_flc nrough the-GenseFET
5 during the 'minimum Aura-on time. Even though the
Voo FSLAS6MRIN has cverloac. protection, it is not
3 cnotgn to prowact tiie FSI156MRIN in that abnormal
i - case; duee, the sever? curvent stress imposed on the
12.0v el SensaF ET until CLR-is tiiggered. The internal AOCP
75y P ¢ircuit is shown in-Figure 23. When the gate turn-on
’ ; signal is 2pplied o the power SenseFET, the AOCP
biock is"eriabied and monitors the current through the
t sersing resistor. The voltage across the resistor is
— P —— A\ m compared with a preset AOCP level. If the sensing-
o Sig 5;‘:’2 N )’;)’Z;a’?fi’ ) resistor voltage is greater than the AOCP level, the
: "' set signal is applied to the S—R latch, resulting in the
S1gu 27 Auw-restart Frocecticn "Vaveforrs shutdown of the SMPS.
Drain
4 Oy f(oad Pretection (DLP): Overlgaaiis defined 678
as < loac current exceeding its narma' leével due to L=
an unexpected abnoriral event.<Ip-this situation, the osc

protaction. circuit should triagarto\protect the SMPS.
However, even when-ihe SMPS is in normal | ...
ouperation, the overlaad nrotection circuit can be
triggered during the icad transition. To avoid this
undesired operation, the overload protection circuit is

Gati
Dr:/:r ﬂ
designed to trigger only after a specified time to

determine whether it is a transient situation or a true

overload situation. Because of the pulse-by-pulse R

current-limit capability, the maximum peak current a s SENSE GND
through the SenseFET is limited and, therefore, the Vaoce {1]

3R

maximum input power is restricted with a given input Q  R}|—o<}— Voo Good
voltage. If the output consumes more than this
maximum power, the output voltage (Vour) decreases
below the set voltage. This reduces the current Figure 23. Abnormal Over-Current Protection
through the opto-coupler LED, which also reduces the
opto-coupler transistor current, increasing the
feedback voltage (Veg). If Ves exceeds 2.5V, D1 is
blocked and the 2.0pA current source starts to charge
Ces slowly up. In this condition, Veg continues

© 2012 Semiconductor Components Industries, LLC. www.onsemi.com
FSL156MRIN + Rev. 3 11



4.3. Output-Short Protection (OSP): If the output is
shorted, steep current with extremely high di/dt can
flow through the SenseFET during the minimum turn-
on time. Such a steep current creates high-voltage
stress on the drain of the SenseFET when turned off.
To protect the device from this abnormal condition,
OSP is included. It is comprised of detecting Veg and
SenseFET turn-on time. When the Vg is higher than
2.0V and the SenseFET turn-on time is lower than
1.0us, this condition is recognized as an abnormal
error and PWM switching shuts down until V¢c
reaches Vstart again. An abnormal condition output
short is shown in Figure 24.

A
MOSFET Rectifier S W— Im
Drain Diode .
Current Current jﬁ? _2'25(\)/\/
7 T ? i
Iim
0 ! >
1.0us = — i«—1.0us
torr “ton
Output Short
Occurs ~
Vour
lour
0 >
OSP
osP Triggered N
1
0 .
Figure 24. Output-She . Prouv tio.
4.4 Over-Voltage rowectio (cP): A \the

\ck cirexit marfunctiona_or a
solder defect 2S¢ apeni ;inthefeednack pati,
the curren’ throw~h opto-coupiar transistar
become aln. _zerc Then Vegciimus up in a similar
me=ner « the aver’ ad situation, forcing the pressi
dXll.. MU rencw be suppiiea to the SMPS untilthe
werloa  pr.action “is_ _iriggered.—~Eecause \ niore
v 2rgy. .an required is providadw10 the wou, the
oL voltage. may“exceed ine rated. \sitage before
the "‘overload \oiotectian Jis, _triggerea; resulting in the
breakdown of the devices in iz secondary side. To
préveavnis situation, an SVF ciicuit is employed. In
aencial, the Vcc is precoertional to the output voltage
2nd the FSL156MXIM vses Vcc instead of directly
monitoring the output voltage. If Vcc exceeds 24.5V,
an OVP circuit is triggered, resulting in the termination
of the switching operation. To avoid undesired
activation of OVP during normal operation, Vcc should
be designed to be below 24.5V.

4.5 Thermal Shutdown (TSD): The SenseFET and
the control IC on a die in one package makes it easier
for the control IC to detect the temperature of the
SenseFET. If the temperature exceeds ~135°C, the
thermal shutdown is triggered and stops operation.
The FSL156MRIN operates in Auto-Restart Mode
until the temperature decreases to around 75°C,
when normal operation resumes.

secondary-side feed

4.6 Line Over-Voltage Protection (LOVP): If the line
input voltage is increased to an unwanted level, high
line input voltage creates high-voltage stress on the
entire system. To protect from this abnormal condition,
LOVP is included. It is comprised of detecting Vin using
divided resistors. When V|y is higher than 1.95V, this
condition is recognized as an abnormal error and PWM
switching shuts down until Vv decreases to around
1.89V (60mV hysteresis).

Vi =1.95V

Ty Vs
M

LOVP

A

OVP triggere

=120V

. —— (7 1

g N 3

Figure 25.Line OUver-V:ltage Protection

5, Joft Burst Mode: To miirimize power dissipation in
Siandby Made, the +=SL156MRIN enters Burst-Mode
operation. As the “cad 'decreases, the feedback voltage
decreases. As shown in Figure 22, the device
automatically“enters Burst Mode when the feedback
voltage 'drops below Vgure (350mV). At this point,
switching stops and the output voltages start to drop at
aaate dependent on standby current load. This causes
‘he feedback voltage to rise. Once it passes Vgurn
(500mV), switching resumes. The feedback voltage then
falls and the process repeats. Burst Mode alternately
enables and disables SenseFET switching, reducing
switching loss in Standby Mode.

Vot

0.50v
0.35V

A
Soft Burst
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Switching :
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Disabled t4

# Disabled © 13

Figure 26. Burst-Mode Operation
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6. Random Frequency Fluctuation (RFF): Fluctuating
switching frequency of an SMPS can reduce EMI by
spreading the energy over a wide frequency range. The
amount of EMI reduction is directly related to the
switching frequency variation, which is limited internally.
The switching frequency is determined randomly by
external feedback voltage and an internal free-running
oscillator at every switching instant. RFF effectively
scatters EMI noise around typical switching frequency
(67kHz) and can reduce the cost of the input filter
included to meet the EMI requirements (e.g. EN55022).
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Figure 27. Random Frequency Fluctuation
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Package Dimensions
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Figure 28. 8-Lead, MDIP, JEDEC MS-001, .300" Wide
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