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PFM Controller for Half-Bridge Resonant Converters

Features

®  Variable Frequency Control with 50% Duty Cycle
for Half-bridge Resonant Converter Topology

" High Efficiency through Zero Voltage Switching (ZVS)

" Fixed Dead Time (350ns)

®  Up to 300kHz Operating Frequency

®  Pulse Skipping for Frequency Limit (Programmable)
at Light-Load Condition

®  Remote On/Off Control using CON Pin

®  Protection Functions: Over-Voltage Protection
(OVP), Overload Protection (OLP), Over-Current
Protection (OCP), Abnormal Over-Current Prote ..o\
(AOCP), Internal Thermal Shutdown (TSD)

Applications

® PDPandLCD TVs

® Desktop PCs and Ser

®  Adapters

"  Telecom Po upy s
" Video Gan Ce7 '=s

Description

The FAN7621B is a pulse fre ==2ncy modulation
controller for high-efficiency nali-. ‘dge resonant
converters. Offering everv*hing aeces: 'y to build \a
reliable and robust res= unt cor. rter/ he FAN7GZ1B
simplifies designs. a i _oves oductivity. while
improving perform. ce.. ¢ FAN7621B includes a high-
side gate-drive circ ‘. a 2 urate.-<current controlled
oscillatorfrec =2ncy « it c.cuit, sofi=start, and built-in
protectiori 'nc. 1s. T : high-siic.gate-drive circuit has
a ¢ ™on ~ode e cancelletion capability, which
lare tec able operation  with © excellent noise
I aur Using {he -zZero-voltage switchirg-.(ZVS)
tec iqu dramaiically reduces e switching lbsses and
effici_icy is’ _sigrificantly~ilmproved: \The ZVS also
reduces ‘ne\switching ficis2 noticezEiy, which allows a
small-zized Electramagnetic Inteiference (EMI) filter.

Tre FAN7EZ4R _can be epplied to various resonant
cinverter| tanclogies; such”as series resonant, parallel
reseriant, and LLC rexcnant converters.

Relzted Resources

~MN4151 — Half-bridge LLC Resonant Converter Design
using FSFR-series Fairchild Power Switch (FPS™)

Operaiing sunction Packaging
< N\J»
RGPy Nember Temperature Package Method
\\FAN7621BSJ 4~ . Tube
-40°C ~ 130°C 16-Lead Small Outline Package (SOP)
FAN7621BSJX Tape & Reel

© 2009 Fairchild Semiconductor Corporation
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Application Circuit Diagram
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Figure 1. Typical Application Cir- ((LLL Yes ~ant Half-Bridge Convzniary,
Block Diagram
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Figure 2. Internal Block Diagram
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Pin Configuration

(1) HVec PG (16)
(2) CTR NC (15)
(3) HO LO (14)
“Ne FAN7621B Ne a3
(5) NC LVcc (12) |
(6) CON NC (11)
(7) NC S5 (10
(8) Rr cL 9

Figure 2 ckage Yiag 'm

Pin Definitions

Pin # Name Description

1 HVce This ist  supply ;age of-tha P-i;'r:-side gal;(ﬂve (Ercui E

2 CTR i his is?we, “ rthe 'ow-@e_MOSFFT. Typicaly, a_transformer is connected to this pin.

3 Ho This is| 2 high-sice q_ate_drivi;*q _91; N

4 N(-‘. _‘ I\\—..necti:n. 1O \ X

5 N NC No corn ect;n. \J \ \

- _|_ S This ;.i_n Ts fora prote_ctmo_er;bling/disabling the controller. When the voltage of this pin

5 CON 5 a)ov_e O.k‘:\_’, tie IC cpareiion is enabled._When the voltage of this pin dr_ops_ bglow 0.4V,

gate driviz cignals fehoth MOSFETSs are disabled. When the voltage of this pin increases
| ahove bV, protettionis triggered.

7 _ll__ _I]E ' N_o conrle;,tiir i

g | Ry Thi.°.. RIn programs the switching frequency. Typically, an optq-coupler is connected to
contol the switching frequency for the output voltage regulation.

\ 9 cs —'_f.zis pin_sense_s the cur_rent_ flowing through the low-side MOSFET. Typically, negative

voltage is applied on this pin.

10 SG This pin is the control ground.

11 NC No connection.

12 LVce This pin is the supply voltage of the control IC.

13 NC No connection.

14 LO This is the low-side gate driving signal.

15 NC No connection.

16 PG This pin is the power ground. This pin is connected to the source of the low-side MOSFET.

© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
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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. To=25°C unless otherwise specified.

Symbol Parameter Min. Max. Unit
VHo High-Side Gate Driving Voltage Vcrr-0.3 HVce Vv
Vio Low-Side Gate Driving Voltage -0.3 LVce
LVce Low-Side Supply Voltage -0.3 25.0 \Y,
HVcc to Verr | High-Side Ve Pin to Center Voltage -0.3 25.0 \%
Verr Center Voltage -0.3 S \Y
Vcon Control Pin Input Voltage -0.3 LVce \% |
Ves Current Sense (CS) Pin Input Voltage EL 1 .0 i v
Vir Rr Pin Input Voltage R —Jr_s.u NS4
dVcrr/dt Allowable Center Voltage Slew Rate 59 V/ns
Po Total Power Dissipation | 16-SOP ) ) 1_1’.)_ W
T, Maximum Junction Temperature(” A N ~N _+1 50 oc
Recommended Operating Junction Temp« atc (1) -40 N
Tste Storage Temperature Range N | 55 : 1 50 T ) °C
Note: ’. \~ N\

1.  The maximum value of the recommenc

Thermal Impedanr

“aner. ‘ng junc an temperature is limited-oy thermz! shutdown.

Symbol Pzrameier

Value

Unit

Bua Anuient Thermal Impedance

110

°C/W
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-
Electrical Characteristics Jz>
Ta=25°C and LVcc=17V unless otherwise specified. §
Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit a
Supply Section '|U
Ik Offset Supply Leakage Current HVce=Vcerr 50 MA m
laHVce Quiescent HV¢c Supply Current (HVccUV+) - 0.1V 50 120 MA §
laLVce Quiescent LV¢c Supply Current (LVccUVH) - 0.1V 100 200 MA %
= -~
loHVce %Pﬁgii/r;?ulz;/cc Supply Current %f;;l?,?‘é”z Veon > 0.6V, 5 8 mA %
No Switching, Vcon < 0.4V o0 200 pA 1 | g"
Operating LVcc Supply Current Gty Voo 08 5 [e | mn T
loLVee | (RMS Value) Lo — e de = Y
No Switching, Veox < 0.47% | 4| 44| A [ma =
UVLO Section g
LVccUV+ | LVce Supply Under-Voltage Positive Going Thresholdi_cs_ 1) FZ_ __1_-‘-:3 13.8 \Y (‘gb'
LVccUV- | LVcc Supply Under-Voltage Negative Going T-esi <« '~ Stop) 3.9  10.0G. | 11.10 \% s
LVccUVH | LVce Supply Under-Voltage Hysteresis 4 ___ . _|__ _;‘ L— 3 | ) l \Y §
HVccUV+ | HVce Supply Under-Voltage Positi2 Goin, Thresh (H\A/c_,-itarf; § .: : 9.2_ _|_ 0.2 \% g
HVccUV-  |HVce Supply Under-Voltage” »aativ. Soing  resholdi(idVc Stos) /.8 I O\/ 9.6 \% -
HVccUVH | HVce Supply Under-\/"_ 2 I-1_ ‘ert: A\ _;_ \ \X a / T _0.5 \% g
Oscillator & Feedback Sectitﬂ RN R\ g
Vconbis Control Pi Uisable . -esh< 4 Voltage 0.36 0.40 0.44 \Y %
VCONEN Cort=al P. Enabl¢ "hreshold \’cEa:e - \ 0.54 0.60 0.66 \% »
VRt -l (‘firtc.—v‘shol:’ Vo[ag_e NS X ~ 1.5 2.0 25 \Y
fosc __Outnut-(‘ cillation Fréo:ency \J Pi=3.2ke2 94 100 106 kHz
- DC N _'ltput Duty (‘-ycl_e_ N 48 50 52 %
i fss __Interral Sogtart Iritial ;r_eowr‘."-' \ fss=fosct40kHz, Rt=5.2kQ 140 kHz
o __., . JI._nerr.al_So_ft«itar:L;mi__ X 2 3 4 ms
Outpuit Scction
Is:.ce_ Peak Sourzing _)Jrrent HVce=17V 250 360 mA
|— Isink Peak Sin'?(i:g_Current HVcc=17V 460 600 mA
tr Rising Time 65 ns
t Falling Time Coaa=1nF, HVeo=17V 35 ns
Vion g;g:alﬁ\vlil\,gi-vi?)-s'de Gate Driving 10 Vv
VioL g(i)g\]/\r/];_level of High-Side Gate Driving 06 Vv
i f High-Side Gate Driving lo=20mA
Vo | vl o i 10 | v
VieL g(i)g\;\r/];_level of High-Side Gate Driving 06 Vv

© 2009 Fairchild Semiconductor Corporation
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Electrical Characteristics (Continued)

Ta=25°C and LVcc=17V unless otherwise specified.

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Protection Section
lop OLP Delay Current Vcon=4V 3.8 5.0 6.2 MA
Voup OLP Protection Voltage Vcon > 3.5V 4.5 5.0 5.5 \Y
Vove LVcc Over-Voltage Protection LVce > 21V 21 23 25 \%
Vaocp AOCP Threshold Voltage -1.0 -0.9 -0.8 \Y
tsno AOCP Blanking Time F ns
Vocp OCP Threshold Voltage -0.64 05 0.52 Vel
tso OCP Blanking Time® i “_+ F._p.c_ i
on |3 e v sige Deestng rom T Lo [ | o
Tsp Thermal Shutdown Temperature(z) _110 130 - 150 °C
lsu (F:’Lortrz(r:]ttion Latch Sustain LVcc Supply LVee=" 5\ J| 100 ‘ 150 | uA
Verser \F/’L?tt:;:gon Latch Reset LVcc Supply B N i_ 5 \"v i ) v
= N, QS | NN
Dead-Time Control Section
Dr  |Dead Time QU A& A [ AT | | ns

Note:

2. These parameters, altk

Y g ‘rantee are nottesiau in production.
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Typical Performance Characteristics

These characteristic graphs are normalized at Tao=25°C.
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FAN7621B — PFM Controllei for Half-Bridge Resonant Converters
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Figure 15. OCP Voltage vs. Temperature
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Functional Description

1. Basic Operation: FAN7621B is designed to drive Gain
high-side and low-side MOSFETs complementarily with
50% duty cycle. A fixed dead time of 350ns is introduced 18
between consecutive transitions, as shown in Figure 16. ' )
f min f normal  f max f Iss
Dead time
| — | f— | — 16
High-side N
MOSFET - \.\
gate drive 1.4 /
1.2 :
Low-side — <
MOSFET S~
gate drve . 10 \§T¥
me ol start
Figure 16. MOSFETs Gate Drive Signal I | |
08 ———F——+—}—F S ot NN
2. Internal Oscillator: FAN7621B employs a current- + % *
controlled oscillator, as shown in Figure 17. Internally, 06 N - N,

60 90 100 §Q At} 130 140 150

the voltage of Rt pin is regulated at 2V and the charging Srequancy (kHz)

/ discharging current for the oscillator capacitor, Cr, is

obtained by copying the current flowing out of Ry pin Tig. 2 1c sonant Cor verter Ty al Gain Curve
(Ictc) using a current mirror. Therefore, the switchir
frequency increases as Icrc increases. — <1 2\ T_IWW_ A 'S
VCY Vil AP O
i ."‘/"(, [
7 | HVee [—T—1
RT O
Ly — £
N vl T
~ —
CON Z
< CaM < o
JUbuuul \ L
R F] T \J Counter ﬂm —
[ y _ W =) T sate drive -0 H t
‘ cs
A N A
~ ure 17. Cuivent Con‘rotied Osciiiator SG | PG
3. Froquency Setting: Figare 18 shows the typical J7
voltage gain curve of a.r=soriant converter, where the . sense L.
gairi is inversely propcrticnal to the switching frequency Figure 19. Frequency Control Circuit

in the ZVS region. The output voltage can be regulated

by modulating the switching frequency. Figure 19 shows

the typical circuit configuration for Rr pin, where the min D.2KQ

opto-coupler transistor is connected to the Rt pin to f R

modulate the switching frequency. min
Assuming the saturation voltage of opto-coupler
transistor is 0.2V, the maximum switching frequency is
determined as:

o _ (75':"9 4+ 268Ky 150 (kH2) (2)
To prevent excessive inrush current and overshoot of
output voltage during startup, increase the voltage gain
of the resonant converter progressively. Since the
voltage gain of the resonant converter is inversely

The minimum switching frequency is determined as:

x100 (kHz) (1)

min 'max

© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
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proportional to the switching frequency, the soft-start is
implemented by sweeping down the switching frequency
from an initial high frequency (f'SS) until the output
voltage is established. The soft-start circuit is made by
connecting R-C series network on the Ry pin, as shown
in Figure 19. FAN7621B also has an internal soft-start
for 3ms to reduce the current overshoot during the initial
cycles, which adds 40kHz to the initial frequency of the
external soft-start circuit, as shown in Figure 20. The
initial frequency of the soft-start is given as:

755"9 +75'§"Q) %100+ 40 (kHz)

SS
It is typical to set the initial (soft-start) frequency of two ~
three times the resonant frequency (fo) of the resonant
network.

.I: 1SS _ ( (3)

min

The soft-start time is three to four times the RC time
constant. The RC time constant is as follows:

Tss = Rss 'Css (4)

L O

Control loop
take over

Figure 20. Frequenc: e qof S t-Start

4. Control Pin: The F. 7621R has a contol nir for
protection, cyclec . ping and rr 1ote or/oif. Eigure 21
shows the inter al ble~'«dic._ ior czatrorpin.

[_L\, A U

07 4

C N

ol ‘
N |

Stop Switching
<

Auto-restart
protection

Figure 21. Internal Block of Control Pin

Protection: When the control pin voltage exceeds 5V,
protection is triggered. Detailed applications are
described in the protection section.

Pulse Skipping: FAN7621B stops switching when the
control pin voltage drops below 0.4V and resumes
switching when the control pin voltage rises above 0.6V.
To use pulse-skipping, the control pin should be
connected to the opto-coupler collector pin. The
frequency that causes pulse skipping is given as:

fSKIP

_ (5.2k§2+ 4.16kQ]X100(kHZ)

max

Rmin

il

M

§

Fi_ 're 2. control Rin Configrza‘ion forRPu'se

Skijirilg

Remute On /“Ovi: Wheri aa auxiliary power supply is
ised far, standby;, the main (nower stage using
FAMNT7C 273 can ke wsiivt dowsi by oulling down the control
pm woltage.-as'shown in/rigute 23. R1 and C1 are used
1o ensuresoft-start wiien ewitching resumes.

>
Main
’ Output

7

FAN7621B Main Off

>
Aux
Output

CON

Figure 23. Remote On / Off Circuit

5. Protection Circuits: The FAN7621B has several self-
protective functions, such as Overload Protection (OLP),
Over-Current Protection (OCP), Abnormal Over-Current
Protection (AOCP), Over-Voltage Protection (OVP), and
Thermal Shutdown (TSD). OLP, OCP, and OVP are
auto-restart mode protections; while AOCP and TSD are
latch-mode protections, as shown in Figure 24.

S19119AUOD JuBUOSAY 9bpLIG-}BH 10}13]|013U0D WAd — S129.NV4
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Auto-Restart Mode Protection: Once a fault condition
is detected, switching is terminated and the MOSFETs
remain off. When LVcc falls to the LV¢c stop voltage of
10.0V, the protection is reset. FAN7621B resumes
normal operation when LVcc reaches the start voltage of
12.5V.

Latch-Mode Protection: Once this protection is
triggered, switching is terminated and the gate output
signals remain off. The latch is reset only when LVcc is
discharged below 5V.

LVee

12}

LV, good v Internal
REF Bias
10/12.5V O

Shutdown
OCP
Auto-restart Latch
Sl protection protection
Q s AOCP
OVP S Q

LV good R -Q QR
CON s = TSD
20k
LV, <5V

Figure 24. Protection Blocks

Current Sensing Using Resistor: FAN7621B . nses
drain current as a negative voltage, as shu N Foure
25 and Figure 26. Half-wave sensinc~'lows ow | r
dissipation in the sensing resi® ur, . ‘le" "ull-wave
sensing has less switching noise i he sen. 1g « jnal.

——

Figure 25. Half-Wave Sensing

gl
3

I*T

Co 1

FAN7621B

N+

cs

S PG

o P
¢ {
[ 8
1 = 8
4 o Pl
T T L
T*T
U
L4 .

Figure 26. 7 ..-Wav. 3ens’ g

Current Sensing/'sin_ © sonant _apaciior Vuitage:
For high-power ap ‘cat. s, = .ent serising using a
resistor may ot be  aila due f0_the severe power
dissipatic_.in « » resii or. In that casz, indirect current
sen~nq us 9t o _nant-capecior voltage can be a
700¢ . = e because-ttiz amplitude of the resonant
« mac r vo. e (VP is proportficiiar to the.resonant

cL.=nt the primaryside (I,°") 5.
| &P
V PP e (6)
cr 2 f.C

SJ1a)I9AUOD JuBUOSaY 8BpLIg-JleH 40} 13]103U0) NAd — S1Z9LNVH

© 2009 Fairchild Semiconductor Corporation
FAN7621B « 11

www.fairchildsemi.com



To minimize power dissipation, a capacitive voltage
divider is generally used for capacitor voltage sensing,
as shown in Figure 27.
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v are 27: Current Sensing-Jsing Réscnant
Caracitor Voltage

5.1 Cver-Current Protection (DT F). When the sensing
piii'voliage drops below -G.6V, OCP is triggered and the
MOSFETs remain off: Thic protection has a shutdown
iime delay of 1.5us to prevent premature shutdown
during startup.

5.2 Abnormal Over-Current Protection: (AOCP): If the
secondary rectifier diodes are shorted, large current with
extremely high di/dt can flow through the MOSFET
before OCP or OLP is triggered. AOCP is triggered
without shutdown delay when the sensing pin voltage
drops below -0.9V. This protection is latch mode and
reset when LVcc is pulled down below 5V.

5.3 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 power
supply. However, even when the power supply is in the
normal condition, the overload situation can occur during
the load ftransition. To avoid pre= *ure triggering of
protection, the overload prote .on « ‘cuit should be
designed to trigger onlv.cafte .a sp. ified time. (0
determine whether it ie® . transic ‘ sit* don or‘a trie
overload situation. Fig e 27 show typicaincverload
protection circuit.” v ¢ sing e resonant capacitor
voltage on th< contrc in, =< erloac.oreiection can be
implemer‘ed. 'sing t " tin ¢ consant, shutdown delay
can be a » ir. 2duc: . The viit=ge obtained on the
col. 2in . Tive.
)

v, o = (7)

c 2 75 +Cg

anse /

Py
Vi

where Vo™ 15.4he amriittde of the

Joltage.

5.4 Over-Vzltage Protection: (OVP): When the LVcc
ieaches 23V, OJVP i< friggcred. This protection is used
wher auxiliary wiinding.of the transformer to supply Vcc
te-the . controller is\utilized.

rasonant capacitor

§.5 Theimal Shutdown (TSD): If the temperature of the
junctiori exceeds approximately 130°C, the thermal
¢<hutdown triggers.
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6. PCB Layout Guideline: Duty imbalance problems
may occur due to the radiated noise from main
transformer, the inequality of the secondary-side leakage
inductances of main transformer, and so on. Among
them, it is one of the dominant reasons that the control
components in the vicinity of Rr pin are enclosed by the
primary current flow pattern on PCB layout. The direction
of the magnetic field on the components caused by the L 3-1-] |
primary current flow is changed when the high-and-low e e N
side MOSFET turns on by turns. The magnetic fields with +lmle L e — [
opposite direction from each other induce a current m M [
through, into, or out of the Rt pin, which makes the turn- - : I . -
on duration of each MOSFET different. It is strongly ®  FAN7621 Engineering Board 2008.09.02

recommended to separate the control components in the
vicinity of Rt pin from the primary current flow pattern on
PCB layout. Figure 28 shows an example for the duty-
balanced case. The yellow and blue lines show the
primary current flows when the lower-side and higher-
side MOSFETs turns on, respectively. The primary
current does not enclose any component of controller.

L Ttew
LTI L) L .
.

Preliminary L]

In addition, it is helpful to reduce the duty imbalance to
make the loop configured between CON pin and opto-
coupler as small as possible, as shown in the red line in
Figure 28.

Figure 28 Examri zor Duty Balancing

© 2009 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Typical Application Circuit (Half-Bridge LLC Resonant Converter)

F101
3.15A1250V

H
c101
220UF/ 450V

Vin=340~400Vdc

=

®  High efficiency ( >94% at 400Vpc input)
®  Reduced EMI noise through zero-voltage-switching (ZVS)
"  Enhanced system reliability with various protection functions

gy . Output Voltage
Application Device Input Voltage Range Rated Output Power (Rated Current)
390Vpc
LCD TV FAN7621B (340~400Vc) 192W 24V-8A
Features

R103 400k D101
1Naga7

,m

£g

s

1

5

8

.
=

W

c201
2010uF/  2000uF/
N v

D:
FYPF20100 |

Figuwe 2G. Typica! s\pplicaiion Circuit

.
Vo
=
L
N L 120F
R204 S
R202 |, v 6k = R205
K - 2k
—wWh—

C203  R203
4T0F 33k
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Typical Application Circuit (Continued)

Usually, LLC resonant converters require large leakage inductance value
sectional winding method is used.

®  Core: EC35 (Ae=106 mmz)
®  Bobbin: EC35 (Horizontal)
®  Transformer Model Number: SNX-2468-1

. To obtain a large leakage inductance,

EC35
1 | 3.3mm
2] N
P 13 N,
4 12\,
— [ ] f—
(]
— 0
6 9
Figure 30. Tra~ .orme_"or. ‘ruction
Pins (S — F) W. » T Turzsis Note
Np 6—2 98y 88 (Liz Wire) ’ 36
Ns1 12 -9 0.0 px234 (LitzWire) 4 Bifilar Winding
Ns2 10— 1 v.08@*234 iLitz Wire) A\ 4 Bifilar Winding
ARERS. R
Pins Specitications Remark
Prir.. ty-« ‘e Inuuctarice (L) [\ 2-6 550uH + 10% 100kHz, 1V
L . =\
F. hary-* de Effective Leakage (\«) ‘ 2°+¢ 110uH + 10% Short one of the secondary windings

For nwore detailed information’ 12garding the transformer, visit http://www.santronics-usa.com/documents.html or

chntact sales@santronics-!1sa.com or +1-408-734-1878 (Sunnyvale, Californi

a USA).
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