FS Fuji Electric Innovating Energy Technology

Current resonant control IC
FA6B20N Datasheet

1. Overview

FABB20N is a switching power supply control IC for LLC current resonant converter.

It incorporates a 600V start up circuit, downsizing the circuit and enabling low-power consumption. It also incorporates a
600V high-side driver and low side driver, which can drive directly both high-side and low-side MOSFETs with 50% duty
cycle alternatively.

To ensure high reliability of the power supply, the capacitive mode prevention function, high-accuracy overload
protection function and overcurrent protection function with adjustable delay time are provided. In addition, efficiency at
light load is improved with low standby mode, therefore auxiliary power supply for standby can be removed.

When it is used with Fuji CRM PFC control IC “FA1A60N”, FA6B20N controls PFC IC operating mode (continuous,
burst or stop operation). It helps to improve efficiency of PSU, optimize the PFC operation and reduce external
components.

Since a small package of 16 pins is used and the number of exterior parts is substantially reduced, space- and cost-

saving power supply can be obtained.

2. Features
*The integrated startup circuit achieves downsized power supply and lower 0 060" §E
power consumption. DA S
-Operating mode can be switched between normal operation mode and low ﬁﬂ HHHAHAA
standby mode. 3 5
»” Auto standby operation” and “Standby operation by external signal’ are bf O
selectable. % ? HEIEEHEH
-During the low standby mode, standby power is lowered by the burst mode S 02383
operation. -
-Integrated input filter X-capacitor discharge function decreases loss due to 5
discharge resistance. 2 8
-Low consumption current, 0.80mA (Vcc quiescent current). [ "
-Integrated high-side and low-side drive circuits, which can be directly connected
to the power MOSFET and operates with 50% duty cycle.
-Since the dead time is set automatically within the IC, capacitive mode and hard Package : SOP-16

switching are prevented.

-Various protection functions: overcurrent (IS pin), overload (CA,FB pin),
overvoltage (VCC pin), overheat and protection by external signal (MODE pin).

-Integrated level-fixed brown-in/out function (VH pin)

-Various mode selection settings can be made: overcurrent protection (detection
by IS pin) delay time setting, operation setting in standby mode, and adjusting
output power switching to standby mode.

-Under voltage lock out function (VCC,VB pin)

-Package: SOP-16 (compliant with JEDEC)

3. Application circuit example (FALA60N,FA6B20N)

Vout2

Vout2

T
| %WI Jisi f

May, 2017 DS-180E Rev1.1 1/50 © Fuji Electric Co., Ltd. All rights reserved.

m



JF= Fuiji Electric

4. Block diagram

FAG6B20N Datasheet

Innovating Energy Technology
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5. Functional description of pins
Pin No. Pin name /O Description Note
1 VH | High voltage input *2
2 (NC) - (No connection) *3
Standby signal input and output PFC
3 STB o : y signatinp P *1, %2
interconnection
4 FB 110 Feedback input *1, *2
Operating mode setting and delay time settin
5 MODE 110 perating 9 Y 9 | *1, *2
for over current protection
6 CA 0] Input power sensing capacitor *1, *2
7 IS | Resonant current detection *1, *2
8 VW | Winding voltage detection *1, *2
Soft-start and burst operation setting input and
9 cs o P gnp *1
output
10 VCC /0 Power supply *1
11 LO 0] Low side gate driver output *2
12 GND - Ground -
13 (NC) - (No connection) *3
14 VS | High-side floating ground -
15 HO 0] High-side gate driver output *2
16 VB | High-side floating power supply *1

*1: Connect capacitor
*2: Connect resistor
*3: Pin 2 and 13 are high voltage spacer and these pins are not internally connected.

May, 2017 DS-180E Revl.1

2/56

© Fuji Electric Co., Ltd. All rights reserved.



KQ/ Fuiji Electric Innovating Energy Technology
FA6B20N Datasheet

6. Ratings & characteristics
“-” shows source and “+” shows sink in current descriptions.

1) Absolute maximum ratings
Stress exceeding absolute maximum ratings may malfunction or damage the device.

Pin name Item Symbol Value Unit
VB High side floating absolute voltage Vg -0.3t0 630 \%
VB High side floating absolute current in no switching lvg 0.1 mA
VS High side floating supply offset voltage Vg Vg-30to Vg+0.3 Y,
VS High side floating supply offset current in no switching lys 0.1 mA

VB,VS High side floating supply voltage (Vgs=Vg-Vs) Ves -0.3t0 30 \Y
VB,VS High side floating supply current in no switching las 15 mA
HO High side floating output pin voltage Vio Vs-0.310 Vg+0.3
— - - =
o e e
VCC Low side supply voltage Vee -0.3t0 33 \%
VCC Low side supply voltage in no switching lec 3.0 mA
LO Low side output pin voltage Vio -0.3t0 V+0.3 \Y
- - =
LO &Sﬁzg\i,oﬁa?su; \S\I/ri]d(t:rl:rielnljs,llpulse) o -08/1.5 A
VS Allowable offset supply voltage transient dv/dt dvg/dt -50 to 50 kVl/us
VS Minus surge voltage (Pulse width=0.5us, Vgs=10V, V-=12V) -Vg -30 \%
VH VH pin input voltage Vy -0.3to 600 \%
VH VH pin input current i 18 mA
STB STB pin input voltage Vs -0.3t05.3 \%
STB STB pin input current lste -200 to 100 UA
FB FB pin input voltage Vg -0.3t05.3 \%
FB FB pin input current leg -100 to 100 UA
MODE | MODE pin input voltage Vobe -0.3t05.3 \%
MODE | MODE pin input current Imope -200 to 100 UA
CA CA pin input voltage Vea -0.3t05.3 Y,
CA CA pin input current lea -100 to 100 UA
IS IS pin input voltage Vis -5.3t05.3 Y,
IS IS pin input current Is -150 to 150 UA
VW VW pin input voltage Vow -53105.3 \Y,
VW VW pin input current haw -150 to 150 UuA
Cs CS pin voltage Ves -0.3t05.3 \Y
Cs CS pin current les -100 to 100 UA
- Power dissipation (T,=25°C) Py 0.83 w
— Thermal resistance, junction to ambient *2 Ria 120 °‘CIW
- Operating junction temperature T; -40 to 150 °’C
— Storage temperature TS_lg -40 to 150 °’C

. Maximum power Dissipation
*1 . Please consider power supply voltage and load

current well and use this IC within maximum power 1.0
dissipation, operating junction temperature and
recommended ambient temperature in operation. The

0.8

,!

AN

IC may cross over maximum power dissipation at 5 06

normal operating condition by power supply voltage or =

load current within peak current absolute maximum 04 N
rating value. 02 RN

*2 . JEDEC STANDARD test board
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2) Recommended operating conditions
Recommended values are conditions for guaranteeing that the product operates normally. If it is used out of this
condition, there is a possibility of having a negative influence on operation and reliability. Please use it after confirming
enough with your products.

ltem Symbol MIN. TYP. MAX. Unit
High side floating absolute voltage Vg Vst14 V+19 V129 \Y
High side floating supply offset voltage *1 Vg -5 — 500 \%
High side floating supply voltage (Vgg=Vg-Vs) Vis 14 19 29 \%
High side floating output voltage Vio Vg — Vg \Y
High side floating pin capacitance *2 Cyues 0.10 0.47 1.00 uF
Low side supply voltage Vee 14 19 29 \%
Low side output voltage Vio 0 — Vee \Y
Low side supply pin capacitance *3 Cyec 47 100 — uF
Low side supply pin by-pass capacitance *4 Cyeez 0.10 — — uF
VH pin input voltage Vy 80 — 500 \%

VH pin input peak current V¥ - — 16 mA
VVH pin resistance Ryy 2 10 40 kQ
VH pin capacitance Cuwy - — 470 pF
Rsrea 32.67 33.0 33.33 kQ

STB pin selection resistance *5 Rsres 81.18 82.0 82.82 kQ
Rstac 297.0 300.0 303.0 kQ

STB pin capacitance Csre 820 1000 1200 pF
FB pin capacitance (Auto standby) Ces a 1 22 — nF
FB pin capacitance (External standby) Ce s 0.22 1 — nF
CA pin capacitance Ceca 0.1 0.47 1.0 uF
CA pin resistance (RSTB=82kQ) Reas 62 OPEN — kQ
CA pin resistance(RSTB=300kQ) Reac 300 OPEN — kQ
VS pin capacitance *6 Cys 100 220 1000 pF
Ruvobea 14.85 15.0 15.15 kQ

Ruvobes 23.76 240 24.24 kQ

Ruobec 35.64 36.0 36.36 kQ

Ruoben 55.44 56.0 56.56 kQ

MODE pin selection resistance *5 Rvooee 81.18 82.0 82.82 kQ
Ruvoper 118.8 120.0 121.2 kQ

Ryobes 178.2 180.0 181.8 kQ

Ryvopen 267.3 270.0 272.7 kQ

Ryoper 386.1 390.0 393.9 kQ

MODE pin capacitance Chone 1 10 22 nF
CS pin capacitance (Auto standby) Ces a 1 47 10 nF
CS pin capacitance (External standby) Cese 10 22 47 nF
External resonant inductor *7 Lrx — 0 — uH
Operating ambient temperature T, -40 — 105 °C

*1. The voltage of the VB pin must be over 10V.

*2. The high side floating pin capacitance consist a boot-strap circuit, and it should be connected between VS and VB
pin. If a surge current is worried in the capacitor charge term, limit the current by the resister

*3. Start-up operation and stand-by mode power consumption are changed by the VCC pin capacitance. Please
determine the capacitance with the confirmation of the actual power supply board.

*4. By-pass capacitor must be connected to VCC pin and GND pin near each pin.

*5. Use resistors which tolerance is within 1% at STB pin or MODE pin.

*6. VS pin capacitor achieves stable operation, but it causes a hard switching when the capacitance is too large. Please
determine the capacitance with the confirmation of the actual power supply board.

*7. The leakage inductance of the transformer is used as the resonance inductor. The Addition of external resonance
inductor is not recommended.

. ____________________________________________________________________________________________________________________________________________________________________ |
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3) DC electrical characteristics
-The characteristics in this section are under the described conditions as follows unless otherwise specified.
The voltages described in conditions are DC input, not AC input.
T=25°C, V=100V, V=19V, Vg=19V, V=0V, V 5=2.0V, Vs=3.7V, CA pin open, V,s=0V,
Vyw=0V, Vg1g =0V, V0pe=0.55V, LO pin open, HO pin open.
-The columns of ‘—" have no guaranteed specification.
-The operation described in the table as “switching” means the switching output of HO and LO. The items without
description of HO or LO in condition shows the switching operation of both HO and LO.

(1) High voltage input (VH pin, VCC pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
lyrunt V=100V, Vc>Verorr 35 5.0 6.5 UA
o lyrunz V=400V, Vc>Verorr 16 20 24 UA
VH pin input current hro V=100V, V=0V 0.6 1.4 25 mA
e V=100V, V=6V 8.4 12.0 15.6 mA
W14 V=100V, V= Veeon-0.2V 6.3 9.0 11.7 mA
lpreo V=100V, V=0V -25 -1.4 -0.6 mA
Charge current to VCC pin lpres V=100V, V=6V -14.3 -11.0 -1.7 mA
[—— V=100V, Vc=Vecon-0-2V -10.4 -8.0 -5.6 mA
Minimum start operation voltage . .
on VH pin Vyumin V, increasing, VCC open 17 22 27 \Y
Charging current rate of change to _ _
the VH pin dly,/dt V=100V, |4;=0.5—2mA 0.3 1.2 3.0 mA/us
Charging current delay time to the V=100V, The periode I, over
VH pin Y | omA after VCCOFF 20 | 40 | 60 | us
(2) Low-side power supply (VCC pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
. V¢ increasing,
Start operation voltage Veeon Switching start point, Ves=3.8V 13.2 14.0 14.8 \Y
V¢ decreasing,
Shutdown voltage Vecorr Switching stop point 85 9.0 9.5 \Y
V¢ decreasing,
IC reset voltage Vecerst C reset 8.0 85 9.0
Vsron V¢ decreasing 9.5 10.0 10.5
Start-up circuit start voltage V. decreasing
Vson Start-up or auto recovery 128 13.5 14.2
Varorr \N/%Cm'r:‘aclreas'”g’ 104 | 110 | 116 v
Start-up circuit stop voltage V. increasing
CcC
Vstorr1 Start-up or auto recovery 13.2 14.0 14.8 v
VCCHYS VCCHYS:VCCON'VCCOFF 4.0 5.0 6.0 \4
Hysteresis voltage Vet Veern=VstoreVston 0.5 10 15 v
Veers Veenz=Vston-Vecorr 0.5 10 15 v
Low.-side minimum operating Veeun | LO pin sink current 1mA 1.0 2.8 4.0 Vv
voltage
Startup PFC stop signal output Vecore prC Vec Increasing, 95 10.0 105 \%
— Start-up
. V¢ increasing,
Startup PFC resume signal output Vecon prc Start-up after mode setting 13.2 14.0 14.8 \%
VCC quiescent current at start up leco V=13V, Rgg=82kQ, Start-up 0.2 0.4 0.6 mA
. V=19V, Vg=1.6V,
VCC quiescent current leer Standby 0.5 0.8 10 mA
V=19V
. lecz Switching frequency : 25kHz 0.7 11 L5 mA
VCC operating current V=19V
lecs cem . 12 1.8 24 mA
Switching frequency : 270kHz

-
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(3) VCC voltage drop protection (VCC pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
Drop protection voltage Voveal V¢ decreasing 8.5 9.0 9.5 \
Drop protection disable voltage Viveen Vc increasing 9.5 10.0 10.5 \'
Restart time of drop protection tovecorr Ve = 19V 10 Vpy o -0.2V to 19V, 660 810 960 ms

(4) High-side power supply (VB, VS, HO pin)

ltem Symbol Conditions MIN. TYP. MAX. Unit
Vg increasing,
Switching start voltage Veson Veg =2V, Vg =0V 7.8 8.8 9.8 \Y,
HO switching start point
Vg decreasing,

Switching stop voltage Vesore Veg =2V, Vg =0V 7.0 75 8.1 \Y,
HO switching stop point
Hysteresis voltage Vashys Vestvs=Veson-Vesorr 0.5 13 2.0
High-side minimum operating Vasmin HO pin sink current ImA 0.6 2.2 3.0
voltage
High-side quiescent current I Vieg=0V, 20 30 50 UA
BS1 HO switching stops
Vgs=19V
las2 Switching frequency : 25kHz 50 80 110 uA

High-side operating current

lasa \S/\?\ztclh?r\llg frequency : 270kHz 035 0.50 065 mA
(5) MODE Selection (MODE pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
lvooer  |Viope=0V -432 | -40.0 | -368 uA
Mode selection source current ImMopEe2 Viope=0V -10.8 -10.0 9.2 UA
lvooes  |Vimope=0V -3.3 -3.0 2.7 uA
twooer | Cumope=2-2nF, Ryope=56kQ 12 15 18 ms
Mode selection time tvope2 Ciope=10nF,Ry;0pe=180kQ 24 30 36 ms
tvobEs Cope=10nF,Ry,0pe=390kQ 32 40 48 ms
Mode selection source current Vwopezz |Imoper — Imope2 246 | 265 | 284 \
switch voltage Vyooezs  |Imooez = Ivooes 293 | 315 | 3.37 \
VCC charge resume voltage Vyvooer  |Decreasing Vyope 0.60 0.65 0.70 \Y
Discharge time at initial reset tvres 05 0.8 11 ms
Discharge resistance at initial reset Rures 1.2 24 3.6 kQ

Mode selection at MODE pin

CA pin voltage when the standby operation | VW pin threshold voltage of forced turn-
MODE MODE pin resistance is switched to the normal operation off
LLC PFC Low side High side
A 15kQ 300mVv 300mVv -1.2v 1.4v
B 24kQ 300mvV 300mvV -1.0vV 1.2v
C 36kQ 300mvV 300mvV -0.8v 1.0v
D 56kQ 400mV 400mV -1.2v 1.4v
E 82kQ 400mV 400mV -1.0vV 1.2v
F 120kQ 400mV 400mV -0.8v 1.0v
G 180kQ 600mvV 600mvV -1.2v 1.4v
H 270kQ 600mvV 600mvV -1.0vV 1.2v
| 390kQ 600mvV 600mvV -0.8v 1.0v

-
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(6) External-fault stop function (MODE pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
MODE pin source current Imobese Viope=0V -150 -110 -70 UA
extomal ol 500 Viooesr | Shaehing siop pont 0% | 03 | 040
Clamp voltage Vyopecie | 'mope=-10UA 0.48 0.53 0.58
Delay time to external-fault stop tvobEDLY 244 304 364 us
Restart time of external-fault stop tmopEoEE 660 810 960 ms

(7) Input voltage detection (VH pin)

ltem Symbol Conditions MIN. TYP. MAX. Unit
. _ . 207 230 253 \
VinH Vyincreasing, High Vymode === =f-=-==--==-==[-==-=
Input voltage mode switching (146) | (163) | (179) [ (Vac)
voltage . 189 210 231 \
Vine Vy decreasing, Low Vymode == --f---<-q--=--|-----

Set switching delay time to the ¢ V, increasing, Low V,; mode to
high input voltage mode DLY1t02 High V,, mode
Set switching delay time to the ¢ V,, increasing, High V,; mode to
low input voltage mode DLY2tol Low V,, mode

(8) X-CAP Discharge Function (VH pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
VH Amplitude ensured AC v V=20V to 100V 50 — — v
detection (Notel) HACDET 1 V/,,=200V to 350V 75 - — v
Delay time of AC cutting Detection tacoeT 42 56 70 ms
Average discharge current of X- heo V, =120V 1 2 4 mA
CAP
On Discharge time tonxco 12 15 18 ms
Off discharge time torexeD 0.4 05 0.6 ms

(Note 1) Input the signal of the amplitude more than the rated value.
(9) Oscillator (FB pin, CS pin, HO pin, LO pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
V=19V, V=19V,

Duty cycle Dury Vog=2V, (Note 2) 48 50 52 %
Vee=19V, V5=19V,
fuax Initial of soft start 370 450 530 kHz
Maximum oscillation frequency fuax N xcc_:é%\\// Ve=19V, 240 300 360 kHz
- FB—Y-

. V=19V, Vg=19V,
MAXFB | V=09V
V=19V, Vg=19V,
V5=3.0V

220 270 320 kHz

Minimum oscillation frequency fuin 20 25 30 kHz

(Note 2) The duty of high side and low side are common because of HO and LO are symmetric at phase difference 180
degrees. If the times are defined as follows, the duty D,y is shown as following equation.
Dyry = (tra-tia) / (tiztin) = (otin) / (o-tin)
t,1:A certain LO turn-on point
ty1:A HO turn-on point just after LO turn-off after t, ;
t_,:A LO turn-on point just after HO turn-off after t,;
tyo:A HO turn-on point just after LO turn-off after t ,

. ____________________________________________________________________________________________________________________________________________________________________ |
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(10) Self-adjusting dead time function (VW pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
Min. [dV\,,/dt| of low side turn } i i
on (Note3) DViywm (Note 4) 0.6 Vlus
Min. [dV\,,/dt| of high side turn i i
on (Note3) DVywe (Note 5) 0.6 Vlus
Delay time for VW pin _
detection in low side turn on fovwonw Vse=1V 150 300 450 ns
Delay time for VW pin _
detection in high side turn on fovwone Vsrg=1V 150 300 450 ns
Minimum dead time ty 380 430 480 ns
Maximum dead time tomax 22 25 28 us

(Note 3) Input the signal of the inclination more than the rated value.

(Note 4) After V., raise to 4V from 0V, fall with the slope of DV (=-dV\/dt) toward -4V, and detect the LO turn-on
point.

(Note 5) After VVW fall to -4V from 0V, raise with the slope of DV,,,p(=dV\,,/dt) toward 4V, and detect the HO turn-on
point.

(11) Feedback section (FB pin)

ltem Symbol Conditions MIN. TYP. MAX. Unit

FB pin source current Ies V=0V -250 -190 -130 UuA
leg_1v=lrg at Veg=1V,

FB pin input resistance Res Irg_ov=lrg @t Veg=2V, 18 26 34 kQ
Reg=1V/ (IFRJ \ ‘IFRj\/)

Switching start voltage Veson Vg increasing 0.60 0.70 0.90 \%

Switching stop voltage Vegorr Vg decreasing 0.50 0.60 0.70 \%

Hysteresis voltage Veghvs Vesnys=Veson-Vesore 0.05 0.10 0.15 \%
lrs_1v=lrs At Veg=1V,

FB pin discharge resistance Respchc Irg_ov=lrg @t Veg=2V, 10.0 125 15.0 kQ
Rep=1V/ (IFRJ \ ‘IFRj\/)

(12) External standby operation (FB pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
FB pin burst soft-start start FB increasing, CS pin open
voltage Vrass Vern=1V, Rern=33kQ 3.9 41 43 v
FB pin burst soft-end start FB decreasing, CS pin open
voltage Vrese Vern=1V, Rern=33kQ 3.7 3.9 41
Hysteresis voltage Vegshvs Vegshys=Vesss-Vesse 0.15 0.2 0.25

(13) Auto standby operation (FB pin)

ltem Symbol Conditions MIN. TYP. MAX. Unit
Charge period after
Vegss: aura | Normal — Standby, V=1V, 3.9 41 4.3 \Y
FB pin burst soft-start start - Vs increasing
voltage Charge period after
Vegss2 aure | Normal — Standby, Vg=0.2V, 18 1.9 2.0 \Y

Ve increasing
Discharge period after Normal —

Vegser aums | Standby, 3.7 3.9 4.1 \%
FB pin burst soft-end start - V<=1V, V. decreasing
voltage Discharge period after Normal —

Vessez aute | Standby, 15 16 17 \Y%

V~<=0.2V, Vs decreasing

Vegshysi™ 0.15 0.2 0.25 \%

VFBSHYSlﬁAUT v RY;
FBSS_AUT1™ VFBSE_AUT1

Hysteresis voltage
V, =
VessHysz2_aut VFBSHYS2 RY; 0.2 0.3 0.4 \Yj
FBSS_AUT2™ VFBSE_AUT2
FB pin burst removal voltage Veges aur | Ves increasing 2.35 2.50 2.65 \%
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Item Symbol Conditions MIN. TYP. MAX. Unit
Charging current (VB low Start-up, V=0V, Vz=100V,
input, External standby) lcssor Rern=33kQ 4.8 4.0 3.2 UA
Charging current (VB high Start-up, V=0V, Vz=420V, i B i
input, External standby) lcssoz Rern=33kQ 2.2 2.0 18 UA
Charging current Start-up, V=0V, Rgr5=82kQ or i B i
(Auto standby lessoaut | 300k 22 | 20 | -8 | UuA
CS pin operation start voltage Vesons Start-up, Vcs increasing 0.35 0.40 0.45 \Y
CS pin operation stop voltage Vesorrs Start-up, Vcs decreasing 0.30 0.35 0.40 \%
Hysteresis voltage Veshyss Vesnyss=Vesons Vesorrs 0.02 0.05 0.10 \%
Soft-start removal voltage Vesse Vg increasing 2.60 2.80 3.00 \%
(15) External standby operation (CS pin)
Item Symbol Conditions MIN TYP. MAX. Unit
loscrio Starldby, VSIB:1V, V,:B:f.SV, 48 40 32 UA
CS pin charge current Ves=3V, V7100V, Re7=33k0
| Standby, Vgrg=1V, Vg=4.5V, 24 20 16 UA
cscHe2 Vee=3V, V,;=300V, R¢1z=33kQ
lcspist Starl%by, VSIBZéV' VFB:géSZ,:/k'Q 64 80 96 UA
CS pin discharge current Ves=OV, Vi =100V, Rerg=
| Standby, Vgrg=1V, Vg=3.5V, 32 0 48 UA
csbisz Ves=0V, V,;=300V, R¢1z=33kQ
Standby, Vgrg=1V, Vg=4.5V, Vg
CS pin operation start voltage Veson increasing, V=100V, Rsrs=33k0) i 10 120 Y
pin op 9 v Standby, Verg=1V, Vis=45V, Ves | 125 | 170 | 18 v
CSON2 increasing, V=420V, Rerx=33kQ ) ) )
Standby, Vgrg=1V, Vg=4.5V, Vg
CS pin operation stop voltage Vosores decreasing, V5=100V, Rs»=33k0 o — 110 Y
pin op pvoltag v Standby, Vsg=1V, V=45V, Ves | 145 | 160 | 175
CSOFF2 decreasing, V,=420V, Rerx=33kQ ) ) )
V, V =V -V, 0.05 0.10 0.15 \
cs pln hysteresis voltage CSHYS1 CSHYS1— Y CSON1 Y CSOFF1
Veshvsz Veshvsa=Vesonz-Vesorr? 0.05 0.10 0.15 v
(16) Auto standby operation (CS pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
Standby, Vg=2.2V, V=0V,
CS pin charge current 1 lescrs_autt | Rste=82KQ,Ryope=390kQ -48 -40 -32 UA
Vca=300mV
Standby, Vg=1.5V, V=1V,
CS pin discharge current 1 lesois autt | Rste=82KQ,Ryiope=390kQ 64 80 96 UA
Vca=300mV
Standby, Vg=2.2V, V=0V,
CS pin charge current 2 lescre_autz | Rste=82KQ,Ryope=390kQ -24 -20 -16 UA
Vca=600mV
Standby, Vg=1.5V, V=1V,
CS pin discharge current 2 lcsois_autz | Rste=82KQ,Ryio0pe=390kQ 32 40 48 UA
Vca=600mV
Standby, Vg increasing,
CS pin switching start voltage Veson aut | Switching start, Rgrg=82kQ 0.31 0.37 0.42 \
or 300kQ
Standby, V¢ decreasing,
CS pin switching stop voltage Vesorr aur | Switching stop, Rgrg=82kQ 0.28 0.34 0.40 \
or 300kQ
CS pin hysteresis voltage VesHvs_aut \:/\C/SC';YOSN—‘;UUTT_VCSOFF - 0.01 0.03 0.05 \%
Standby, Vg=2.2V, CS pin open,
CS pin clamp voltage Tescip Ri1a=82K0) or 300k o - - Y
P pvotag N Standby, Veg=2.2V, loa=—20UA, 0o | 10 | 11 N
CSCLPLAUT | R.-=82kQ or 300kQ ) ' )
. Standby — Normal , Vg=2.2V,
CS pin clamp removal delay tescip aut Re;5=82kQ or 300kQ, 486 608 730 us
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(17) Mode selection (STB pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
. - Vsre=0V, - - -
State setting period source current lsem Mode setting periode 42 36 30 UuA
Auto / external standby
State setting Vsteoen State set threshold voltage L7 1.9 21 v
(Judge standby detection) OLP at the CA pin
Vsteper2 State set threshold voltage 35 38 41 v
Mode selection at STB pin
i i OLP voltage at the CA pin
Mode STB pin resista Standby detection method g P
nce Symbol Voltage
A 33kQ External standby VeaoLpHL 1.5V
B 82kQ Auto standbyl VaoLpHL 1.5V
C 300kQ Auto standby?2 VeaoLpHz 3.0v
(18) External standby operation low standby mode inp ut and output (STB pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
Source current at the input pin. lstRIN Vgrg =0V, Rgrg=33KQ, -42 -36 -30 UA
Low standby mode detection Vinsten | Vsre increasing, Rgrg=33kQ, 0.30 0.35 0.40 \
voltage. VipsTaL Vg decreasing, Rgrg=33kQ, 0.25 0.30 0.35 \%
(19) Auto standby operation PFC communication functi on (STB pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
. PFC Stop, Rg15=82kQ
PFC stop signal output voltage Vsieste | o 300ka STB 4.0 4.6 5.3 \Y
. PFC Stop, Vg15=0V. Rgz=82kQ ) ) R
PFC stop signal source current. Iste_stp or 300kQ 130 100 70 UuA
PFC mode switching output signal PFC Normal — PFC Standby ,
voltage Vste_op R<rz=82kQ or 300k 2:5 2.9 33 v
PFC mode switching signal source | PFC Normal — PFC Standby, -80 -60 -40 UA
current STB_MOD V=0V, Rex=82kQ or 300kQ
PFC standby signal output time. to s18 PFC Normal — PFC Standby, 5.2 6.0 7.2 ms

R<1z=82kQ) or 300kQ

PFC Standby — PFC Normal,
R<1z=82kQ) or 300kQ

PFC Standby, V,,=300V — 100V,

PFC normal signal output time. tp nowm 0.35 0.5 0.65 ms

Input voltage switching signal

output voltage. Vste vin R«r==82kQ or 300kQ 2.5 2.9 3.3 v
Input voltage switching signal PFC Standby, Vgz=0V.

source current. ls7s_vin R«r==82kQ or 300kQ 80 60 40 UA
The number of times of the _

output pulse at the time of the Np vin_H PFC Normal, V=300V, - 1 - time

high input voltage. Rsrs=82k0) or 300kQ)

-cl)—Ste Stu n:J?:er ZI :Irln;(at?rr?é tohfethe N PFC Normal, V=100V, - 2 - times
putp PVINL | R,=82KQ or 300kQ
low input voltage.

PFC Normal, Rgr5=82kQ

Blanking signal output voltage. Vsrs LK or 300kQ -0.1 0 0.1 \%
PFC switching period after Mode
Startup PFC output stop time. te sTop prc | Selection at startup, Rgr5=82kQ or 240 320 400 ms
- 300kQ
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(20) Input current detection (CA pin, IS pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
Versso 1 V,s=0.4V, Vg=420V,
- V,,=Pulse (Note6)
v V,s=0.2V, Vg=420V,
CA400_2 V,,,=Pulse (Note6)
V,s=0.1V, Vg=420V,
Vvw=Pulse, (Note 6)
v V,s=0.04V, Vg=420V,
CA400_4 Vvw=Pulse, (Note 6)
V=1V, V=420V,

0.95 1.00 1.05 \Y

0.92 1.00 1.08 \Y

CA pin voltage Veaaoo 3 0.89 1.00 111 \Y,

0.32 0.40 0.48 \Y

Voear | v, =Puise R.,=62kO(Note6) 080 | 085 | 110 | V
Reao=(VeaoVeais)/15UA
CA pin internal resistance Recao Veao: CA pin voltage of |-,=0uA, 95 100 105 kQ

Veaq=: CA pin voltage of |~,=-15uA

(Note6) VW pin is input by square wave (pulse).
The definition of the pulse: Frequency 100kHz, Duty 50%, High level 1V, Low level -1V.

(21) Input current detection gain switching (CA pin, IS pin)

ltem Symbol Conditions MIN. TYP. MAX. Unit
G V,s=0.4V, Vvw=Pulse
CAIS1 AV{‘A / AV.:
V,s=0.08V, Vvw=Pulse
AV AV
G V,s=0.04V, Vvw=Pulse ,
CAIs4 94=VealVis, AV JAV g

2.4 25 2.6 VIV

CA pin gain Geais2 4.8 5.0 52 VIV

9.5 10.0 105 VIV

Gain down at the time of the

trigaer voltage of CA pin Veacoown | Vea increasing 1.30 145 1.60 \Y,
Gain up at the time of the .
trigger voltage of CA pin Veacup Vca decreaing 0.50 0.60 0.70 \Y,
Gain switching delay time toLveca V,s=400mV — 250mV 0 64 160 us
(22) Over load protection (CA pin)
Item Symbol Conditions MIN. TYP. MAX. Unit

Over load protection operation V¢, increasing,

voltagel _ Veaoipr Rsn=33KQ or 82k0 138 1.50 1.62 v
\%ﬁgglgi\d protection removal Vesons \ng;ci:%c;‘rlfgscl)rrl%zm 1.29 1.40 151 Vv
Hysteresis voltagel Venomvst \ngi(:zé%l;(\)/%/?og;nilf')VCAOLpu . 0.05 0.10 0.15 \
\%ﬁg’g‘;‘d protection operation Veropnz | Ve decreasing, Rgrs=300kQ 275 | 300 | 325 Vv
\%ﬁg’g‘;‘d protection removal Verople | Ven increasing, Rgrs=300kQ 255 | 280 | 3.05 Vv
Hysteresis voltage2 Venomys2 \éii:gé%zglyg’*m"“z_vmomu’ 0.10 0.20 0.30 \%

Over load protection ¢ Switching stop,
delay time D_CAOLP V~,=0V to 4V
Restart time of over current
and over load

30.0 38.0 46.0 ms

torrcaoLp The term of switching stop 660 810 960 ms

. ____________________________________________________________________________________________________________________________________________________________________ |
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(23) Auto standby operation (CA pin)

Item Symbol Conditions MIN. TYP. MAX. Unit

Ve, decreasing, Rgrs=82kQ or

300kQ, MODE=A,B,C 210 300 330 mv

LLC standby detection voltagel Veasteit

V¢, increasing, Rgrg=82kQ or

LLC normal return voltagel Veastahi 300kQ, MODE=AB.C 320 350 380 mvV
. VCASTBYIZVCASTBH1'VCASTBL1

Hysteresis voltagel Veastevt Rs15=82kQ or 300kQ, 20 50 80 mvV
MODE=AB,C

LLC standby detection Vca decreasing, Rgrg=82kQ or

voltage2 Veasteiz | 300kQ, MODE=D,E.F 370 | 400 | 430 mv
Ve, increasing, Rgrg=82kQ or

LLC normal return voltage2 VeasTeHz 300kQ. MODE=D.E.F 420 450 480 mV
VCASTBYZZVCASTBH2'VCASTBL2

Hysteresis voltage2 Veastay2 Rs15=82kQ or 300kQ, 20 50 80 mvV
MODE=D, E, F

LLC standby detection Vca decreasing, Rgrs=82kQ or

voltage3 Veasters | 300kQ, MODE=G,H.I 550 | 600 | 650 | mV
Vc,a increasing, Rgrg=82kQ or

LLC normal return voltage3 VeasTeHz 300kQ, MODE=G H.| 650 700 750 mv
VCASTBYSZVCASTBHS-VCASTBL3

Hysteresis voltage3 Veastays Rs15=82kQ or 300kQ, 40 100 160 mvV

MODE=G, H, |
Vea=1.3V10 0V,

LLC auto standby operation delay

time 'ooasiic | R =82kQ or 300k 88 | 108 | 128 | ms
Vca decreasing, Rgrg=82kQ or

CS pin voltagel of switch the CS Veassii 300kQ, MODE=A,B,C 170 200 230 mv

pin current Vc,a increasing, Rgrg=82kQ or

Vonss | 300k0, MODE=AB.C 220 | 250 | 280 | mVv

Hysteresis of CS pin voltage 1 Veassyl Veassyi=Veassi-Veassia 20 50 80 mvV
Vca decreasing, Rgrg=82kQ or
CS pin voltage2 of switch the CS Veassi2 300kQ, MODE=D,E,F 210 300 330 mv

pin current Vc, increasing, Rgrg=82kQ or
VeassHz 300kQ), MODE=D E.F 320 350 380 mvV
Hysteresis of CS pin voltage 2 Veassy? Veassy2=Veassro-Veassi2 20 50 80 mvV
Vca decreasing, Rgrg=82kQ or
CS pin voltage 3 of switch the CS Veassis 300kQ, MODE=G,H,| 350 400 450 mv
pin current Vc, increasing, Rgrg=82kQ or
VeassHs 300kQ), MODE=G H.| 450 500 550 mvV
Hysteresis of CS pin voltage 3 Veassya Veassys=Veassa-Veassia 40 100 160 mvV

(24) Low-side gate driver (LO pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
High level output voltage Vou Lo lo.=-100mA 15.0 17.0 185 \Y
Low level output voltage Vol Lo I\/Cij_llsg)\é’m\i:fizov’ 0.3 0.6 0.9 \%
| o=
High level shorted current low Lo (Note 7) -0.8 -0.5 -0.3 A
Low level shorted current lot Lo (Note 8) 0.5 1.0 15 A
o C_o=1000pF,
Rise time tz 10 Léolevel 1(p)% 0 90% 10 50 100 ns
. C_o=1000pF,
Fall ime t= 10 Léolevel g(p)% 0 10% 5 35 70 ns

(Note 7) Pulse input to LO, negative pulse width<1us, 1pulse, low level VLO=0V.
(Note 8) Pulse input to LO, positive pulse width<1us, 1pulse, high level VLO=19V.

. ____________________________________________________________________________________________________________________________________________________________________ |
May, 2017 DS-180E Rev1.1 12/56 © Fuji Electric Co., Ltd. All rights reserved.



Innovating Energy Technology

JF= Fuiji Electric

(25) High-side gate driver (HO pin)
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Item Symbol Conditions MIN. TYP. MAX. Unit
. Vgs=19V, V=0V, Vg=2V,
High level output voltage Vou_Ho Iy, =-100mMA 14.0 16.0 18.5 \
Vgs=19V, V=0V, V=2V,
Low level output voltage VoL Ho Iy =+100mA 0.2 0.5 0.8 \
. Vgs=19V, V=0V, ) . .
High level shorted current lon o (Note 9) 0.8 0.5 0.3 A
Vgs=19V, V=0V,
Low level shorted current low o (Note 10) 0.6 1.2 18 A
Vgs=19V, V=0V,
Rise time tr 1o C,,0=1000pF 10 50 100 ns
HO level 10% to 90%
Vgs=19V, V=0V,
Fall time tr 1o C,,0=1000pF 5 30 60 ns
HO level 90% to 10%
(Note 9) Pulse input to HO, negative pulse width<1us, 1pulse, low level V,;o=0V.
(Note 10) Pulse input to HO, positive pulse width<1us, 1pulse, high level V,;o=19V.
(26) Brown out protection (VH pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
. VH increasing 85.0 92.0 97.0 \Y
Brown_ln voltage VBIl . k I I I ]
Switching started point (60.0) | (65.1) | (68.6) (Va0
Vy decreasing 56.0 61.0 66.0 \%
Brown-out voltage VBOlA . . R PR PRSI AR
Switching stopped point (39.6) | (43.1) | (46.7) (Va0
Hysteresis voltage Veonysi Veonvst = Ve — Veoia 25.0 31.0 37.0 \Y
Delay time for Brown-in tepai 112 160 208 us
Delay time for Brown-out troso1 (Note 11) 38.0 47.0 56.0 ms
(Note 11) VH decreasing, VFB=2V, the term from VH step input as VH<VBO to switching stopped point.
(27) Brown out protection (VB pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vaso Vg decreasing, V=0V 47.2 52.5 57.5 \Y,
Detection cancellation voltage Vgg Vg increasing, V=0V 54 60 66 \Y,
Hysteresis voltage Veys Venys=VesrVeso 6.0 75 9.0 \Y,
. Switching stop after Vg=100V to
Delay time tweso | ov VH:gv P B 486 | 608 | 730 us
(28) Over voltage protection (VCC pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
V¢ increasing, Veg=2V,
Over voltage threshold Vecover Switching stopped point 29.2 30.6 32.0 \Y
Delay time to over voltage tvecoLy (Note 12) 244 304 364 us
Over voltage protection stop time tvecors 660 810 960 ms

(Note 12) V. increasing, V=2V, the term from V. step input as V>V covp: t0 Switching stopped point.
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(29) Over current protection (IS pin, MODE pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
Normal mode,
Over current detection voltage Vocun V,.. decreasing 425 | 40 | 375 A
of low side -
Voeus Standby or OLP of FB pin -2.75 -2.60 -2.45 \Y
Normal mode,
Over current detection voltage Vocen V< increasing 3.75 4.0 4.25 v
of high side )
Vocps Standby or OLP of FB pin 245 2.60 2.75 \Y
Delay time for low side turn off Veg=2V,
in over current torocu (Note 13) 100 160 260 ns
Delay time for high side turn V=2V,
off in over current toLoce (Note 14) 100 160 260 ns
Reset time of over current Veg=2V,
detection tocrsT (Note 15) 60 76 92 us
VocepLyL Start voltage for charge 0.60 0.65 0.70 \%
VocroLyH Start voltage for discharge 1.25 1.40 155 \%
VocpoHys =
Delay time of over current Voceonvs Vcon vi -Vacen v 0.50 0.75 1.00
(MODE pin) loceoye | Charge current -80 -65 -50 uA
locroLyd Discharge current 50 65 80 UA
Cycle number of charge and
NoceoLy discharge ) 32 ) cycle
Restart time of OCP tocorr The term of switching stop 660 810 960 ms
IS level shift resistance Risivs V=0V 400 480 560 kQ

(Note 13) The term from VIS step input (-3V to -5V) to LO turn-off point.
(Note 14) The term from VIS step input (+3V to +5V) to HO turn-off point.
(Note 15) VIS is step pulse inputted (0V to -4.5V). The pulse period where the OCP operates by decreasing the pulse period.

(30) Over load Protection (FB pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
. Vg increasing
Over load detection voltage VoLpren Switching stop point 4.1 4.3 45 \Y
Over load detection disable Vg decreasing,
voltage VoipraL Return point of repeated restart 3.9 41 43 v
Hysteresis voltage VoLpEBHYS \_/OLPFBHYS 0.1 0.2 0.3 \%
—an PERH ~ V0| PERI

Delay time of over current and Veg=4.5V,
over load foLpoLy The term of switching 60.8 6.8 92.8 ms
Restart time of over current foLpore V=2V, 660 810 960 ms

and over load

The term of switching stop
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(31) Preventing Arm-short function (IS pin, VW pin)
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ltem Symbol Conditions MIN. TYP. MAX. Unit
V,s=0V, V\,y pulse step input
Blanking time for forced turn off twpET Vyw=0Vto-1.5V, 300 500 700 ns
VW detection ignored time
VW pin threshold voltage of low side forced turn-off
Normal mode Vigwwen | Normal mode 0.35 0.40 0.45 \%
External standby, Vz=400V,
External standby, Vrrvwess Rern=33kQ 090 | -080 | -0.70 v
Standby mode External standby, Vz=100V,
Vimvwest Rern=33KQ -0.15 0.2 0.25 \Y
Auto standby, Standby mode,
Auto standby, Standby Visvwes aumy Rsrs=82kQ or 300kQ 15 L4 13 v
mode
Auto standby, Standby mode,
Viivwes aut2| R =82kQ or 300kQ 09 038 0.7 v
Auto standby, Vcs clamp periode
Vrmweswy_ | after Standby — Normal, i i i
AUT Rsrs=82kQ or 300kQ, 13 12 11 v
MODE=A,D,G
sy vescanp [ oSy, Ve et
periode after Standby — THVWPSMZ_ B Y : -1.1 -1.0 -0.9 \Y
Normal AUT Rs15=82kQ or 300kQ,
’ MODE=B,E,H
Auto standby, Vcs clamp periode
Vrnvwesws_ | after Standby — Normal, . i} .
AUT Rsr5=82kQ or 300kQ, 0.9 0.8 0.7 v
MODE=C,F,|
VW pin threshold voltage of high side forced turn-off
Normal mode Vomvwmn Normal mode -0.25 -0.20 -0.15 \Y
External standby, Vg=400V,
External standby, Vrivwuise Rex=33kQ 0.90 1.00 1.10 v
Standby mode External standby, Vg=100V,
Viivwmst Rern=33KQ -0.05 0 0.05 \Y
Auto standby, Standby mode
V. ’ ' 15 1.6 1.7 \Y
Auto standby, Standby THYWNSAUT! | Rerg=82kQ) or 300kQ)
mode Auto standby, Standby mode
Vs aut2 Rs15=82kQ or 300kQ 0.9 10 11 v
Auto standby, Vcs clamp periode
Vrgwmswa | after Standby — Normal,
o | Rerg=82kQ or 300kQ, 13 14 15 v
MODE=AD,G
Auto standby, Vcs clamp vV 2#;? sgil;:;)g/ ' xcilglri:g? periode
periode after Standby — THVWMSMZ_ B Y : 11 1.2 13 \Y
Normal AUT Rsrs=82kQ or 300kQ,
' MODE=B,E,H
Auto standby, Vcs clamp periode
Vrmwmsws_ | after Standby — Normal,
AUT Rsr5=82kQ or 300kQ, 0.9 10 11 v
MODE=C,F,|
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Item Symbol Conditions MIN. TYP. MAX. Unit
VW pin detection delay time of The term from V,,, pulse step
low side forced turn-off fovworrp input Vi, =0V to +2V to LO turn-off 50 100 200 ns
VW pin detection delay time of t The term from V,,, pulse step 50 100 200 ns
high side forced turn-off DVWOFFM input Vi, =0V to -2V to HO turn-off
IS pin threshold voltage of low
o dz orood o g Vigsy | (Note 16) 125 | -110 | 095 | Vv
IS pin threshold voltage of Ve (Note 17) 0.95 110 195 v

high side forced turn-off

The term from V,,, pulse step
input Vi,,=0V to +1.5V, and V,g=- 50 100 200 ns
2V t0 -0.5V to LO turn-off

The term from V,,, pulse step
input V\,,=0V to -1.5V, and V,g= 50 100 200 ns
2V to 0.5V to HO turn-off

(Note 16) 2us after LO turn-off, step signal (OV to +1.5V) inputted to VVW. Successively, pulse step signal is inputted to
IS pin as width 2us and amplitude OV to —V,g with increasing the V. Detect LO turn-off level.

(Note 17) 2us after HO turn-off, step signal (OV to -1.5V) inputted to VVW. Successively, pulse step signal is inputted to
IS pin as width 2us and amplitude OV to +V,g with increasing the V 5. Detect HO turn-off level.

IS pin detection delay time of i
low side forced turn-off DISOFFM

IS pin detection delay time of ¢
high side forced turn-off DISOFFP

(32) Unbalance detection (VW pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
Difference of maximum ON Don max=Ton 2-Ton 1
Period Don_wax T,, 1 IS the previous cycle of Ty , 0.5 2.0 35 us

(33) Thermal shutdown protection (Without external p in)

Item Symbol Conditions MIN. TYP. MAX. Unit
Thermal shutdown V=19V, V=2V, o
temperature Toon Switching stopped point 130 140 150 ¢

V=19V, Veg=2V,

Switching restart point 110 120 130 ¢

Restart temperature Tionr
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7. DC typical characteristics

- The conditions are as follows unless otherwise specified.
T=25°C, V=100V, V=19V, V=19V, V=0V, V¢=2.0V, V5=3.7V, CA pin open, V,s=0V, V=0V,
Vgrg =0V, Vyope=0.55V, LO pin open, HO pin open.
- The data listed here show the typical characteristics of an IC, and it does not guarantee the characteristic.

Voltage dependence

VH pin input current

Oscillation frequency
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High-side quiescent current Mode selection source current
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Minimum oscillation frequency
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Over load detection voltage
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8. LLC current resonant converter

8-1. LLC current resonant converter

FABB20N is the control IC for the LLC current resonant
converter. The LLC current resonant converter has the
circuit configuration as shown in Fig. 1 and reduces the
transformer's magnetizing inductance and the variation
width of switching frequency against load change. When
the variation width of switching frequency is reduced, the
accuracy of output voltage is improved. If this LLC current
resonant converter is used for a multi-output converter,
output voltage regulation against the load change of the
other output, namely cross-regulation, can be improved.

Since the LLC resonant converter is driven by half-
bridge circuit, it requires a floating high-side driver circuit

in addition to a low-side driver circuit.
* D1 Vo |Ro
Ns
Ns
D2

Fig. 1 LLC Current Resonant Converter Circuit

Q1

—| .
Cr T

8-2. Operation of LLC current resonant converter
Fig. 1 shows the circuit of the LLC current resonant
converter. The high side and low side switch elements Q,
and Q, turns on and off alternately at the equal duty ratio
of 50%. In Fig. 1, C, is resonant capacitor, L, is leakage
inductance for resonant, T is transformer, and L, is a
magnetizing inductance of T. N, is the winding number of
transformer's primary winding and N, is that of
transformer's secondary winding.
700 —9
Vi im Rac
Vpo
T Cr
| 1
Il

Fig. 2 Equivalent Circuit of LLC Circuit

Lr

Fig. 2 shows the equivalent circuit of LLC converter.
The output voltage is indicated as V,,, converted to the
primary-side. The load resistance R, is indicated as the
AC equivalent resistance R, as shown in Formula (8.1).

8 ,V, 8n?
R =—n2—°=—R0 (8.1)
ac 2 IO 2

where n is the turn ratio of the transformer and indicated in
Formula (8.2).
N

n=—"~

N, (8.2)
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The input-output voltage ratio, called voltage gain, can
be obtained as Formula (8.3) using the equivalent circuit.

= (8.3)
L 17 w

L’ A-—)+iQ(—-—)

. w w,

Veo L
Vs 4,

where w is the angular frequency, and the respective
parameters are indicated in the following formulas.

w=2nfg (84)
1

“= e

C

/L 1
= L — 8.6
Q CI’ Rac ( )

The LLC current resonant converter in Fig. 1 is a half-
bridge converter and the input voltage of equivalent circuit
shown in Fig. 2 becomes a half as follows:

(8.9)

VIN

Vg = Tl (8.7)

Example:
When the conditions are as follows, the calculation
results are shown in Fig. 3 and 4.
* Input voltage V 400V
« Output voltage V4 24V
« Output current | 8A (Ro=3Q)
e Turn ratio of transformern 9

* Magnetizing inductance L, 700uH
* Leakage inductance L, 100uH
» Resonant capacitor C, 0.033uF

Fig. 3 shows the voltage gain against the switching
frequency f; found with Formula (8.3), and the load
resistance R, is variable. When fg increases, the voltage
gain also increases and begins to decrease gradually
after reaching the maximum.

The resonant frequency f, is decided by Formula (8.5),
and voltage gain becomes 1 when f, equals f,.

The LLC converter is operated within the frequency
range between maximum voltage gain frequency and f,.
In other words, the LLC resonant converter operates in
the boost mode, in which the voltage gain is always
larger than 1.

As shown in Fig. 3, when the load resistance R,
becomes larger, the voltage gain becomes larger. In
addition, when the load resistance R, is smaller, the
maximum gain frequency becomes slightly higher.

© Fuji Electric Co., Ltd. All rights reserved.
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Fig. 4 also shows the voltage gain against the switching
frequency f, found with Formula (8.3), and the transformer
magnetizing inductance L, is variable. The voltage gain
becomes larger when L, is smaller. In addition, when L,

is larger, maximum voltage gain frequency becomes lower.

Therefore, when the input voltage is lowest, find the
voltage gain and decide L, so that the output voltage can
get the rated value.

5.0 ‘ ‘
|

45 L - - - _ Lo oL

| |

40 | | !

|

35 | T

3.0

Lr=100pH
Cr=0.033pH
Lm =700pH

25

Vpo/Vs

2.0
15
1.0

0.5

0.0

20 30 40 50 60 70 80 90 100
fs(kH2)

Fig. 3 Output to Input Voltage Characteristics

1.8

1.6

14

1.2

1.0

Vpo/Vs

0.8

|

|

|

| ‘ ‘

| |Lr=100uH
| |Cr=0.033uH
|

|

|

|

|

0.6
I “|[R0=3Q -
|

0.2 L __ L __ 1 __J

|
|
|
|
|
04 oo _ [
|
|
|
|

0.0

20 30 40 50 60 70 80 90 100
fs(kH2)

Fig. 4 Output to Input Voltage Characteristics
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8-3. Design of transformer for LLC current resonant
converter

As described above, the LLC current resonant converter
operates in the boost mode and the voltage gain is
decided so that it operates in the boost mode even when
the input voltage is maximum. At first, seek the winding
number of the secondary winding and then decide the
winding number of the primary winding. Since the
resonant frequency f, becomes the maximum switching
frequency, decide it beforehand within the range where it
does not exceed the maximum frequency of this IC.

(1) Use the following formula (8.8) to find the winding
number Ns of the transformer's secondary winding.

(VO + VF )Ton
2A.B,,

where V, is the output voltage [V], V¢ is the forward
voltage drop [V] of the rectifier diode, T, is the maximum
ON time (equal to 1/2 of the switching period at the
minimum switching frequency) of the switch element, A, is
the effective cross-section area [cm2] of the transformer
core, and B, is the unsaturated value of the core's
magnetic flux density [T].

Ng = (8.8)

(2) Use the formula (8.9) to find the ratio of the transformer's
primary and secondary winding numbers n in order to
operate the converter in the boost mode even when the
input voltage is maximum. V, is the value at the maximum
input voltage.

n:&> v

s
Ns (Vo +Ve)

(3) Use the formula (8.10) to find the winding number of the
transformer's primary winding.

(8.9)

N, = nN (8.10)
(4) Find the leakage inductance L,.
In this converter, the leakage inductance of the

transformer is used as the inductor for resonance. From
winding number N, of the primary winding, leakage
inductance L, for the primary winding can be found.
Connecting an additional resonant inductor separately
from a transformer does not recommend.

(5) Decide the resonant capacitor C,.
Use Formula (8.5) to calculate the resonant capacitor C,
from the resonant frequency f, and L,.

(6) Decide the magnetizing inductance L.

Find the voltage gain so that the output voltage can get
the rated value, and decide L, when the input voltage is
minimum. Under this condition, the switching frequency is
the minimum. Since the primary inductance of the
transformer includes the leakage inductance, primary
inductance is equal to sum of L, and a half of L,.

Use the formula (8.11) to calculate the gap I, of the
transformer core.

| :II'IO'A\ENI3 _l_e
Ly K

where p, is the absolute permeability of vacuum
(=41 x 107 H/m), pc is the amplitude permeability (=3000),
and le is the effective magnetic path (mm).

(8.11)
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Example:
An example of transformer design is shown below:
* Input voltage V,y, 360V (min 340V to max 390V)

 Output voltage V, 24V

* Output current |,  8A (Ro=3Q)

 Used transformer EER35
A.=107.0 mm?
[,=90.8 mm
B,,=0.35 (T)

« Resonant frequencyapprox. 100kHz
* Minimum switching frequency 60kHz (Ton=8.3us)
« Forward voltage drop of rectifier diode V=1.0V

(1) Winding number of transformer's secondary winding N

(Formula (8.8))
+
S = (VO VF )Ton - (24+1)X83 =388:> 4
2AB,, 2x107 x0.25
(2) Turn ratio n of transformer (Formula (8.9))
& S Vg 195

> = =78
Ns ~ (Vo +Ve) (24+1)
(3) Winding number N, of transformer's primary winding
(Formula (8.10))

N, =nNg =7.8x4=31.2= 32
Accordingly, n=8

(4) Calculation of transformer's leakage inductance L,
Since the leakage inductance is 72(nH) per turn in the
EER35 transformer, the leakage inductance becomes
73.7 (uH) (=322 x 72nH) when the winding number (N,)
of the primary winding is 32.

(5) Decide the resonant capacitor C,.
When f,=100kHz and L,=73.7 (uH) are substituted into
the formula (8.5) to find C,, 0.033uF is obtained.

(6) Decide the magnetizing inductance L,
Find L,, so that the output voltage will be the rated value
when the input voltage is minimum. Since the input
voltage is 340V(min), the input-to-output voltage ratio is
calculated as follows using the transformer turn ratio.

Voo _ Vo +V¢ 24 +1
0 = = =117=1.2
Vs NsVy 4340

N, 2 32 2

P
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Therefore, when the switching frequency is at the
minimum (fs=60kHz in this case), find Lm which provides
the voltage gain of 1.2 or higher using the formula (8.3).

As aresult, if Lm is 600uH or less, it is acceptable. In the
case of Lm=600uH, when the formula (8.11) is used to find
the gap Ig of transformer core, the value of about 0.2mm
can be obtained as calculated below.

_HoANZ 1, _ 4mx1077 x107 x32%  90.8x10°°
L, i 600 3000

00.2x107°

8-4. Capacitive mode

Fig. 5 shows the voltage gain against the switching
frequency fs in the LLC current resonant converter. The
operation mode differs between lower and higher
frequency area than maximum gain frequency as shown in
Fig. 5.

The area where the frequency is lower than the
maximum voltage gain frequency is called capacitive
region and short current may flows through the high and
low side switches of the half-bridge circuit at transition (it is
called shoot through). In this case, the MOSFET may be
damaged. Therefore, usually the converter is operated in
the region where frequency is higher than the maximum
voltage gain frequency gain not to cause shoot through.

Capacitive operation Normal operation

4
R
O AR
£ 25
5 /
s 21/
o 1.5
3 /
= 1 /

0.5
0
20 40 60 30
h # fsw(kHz)
Fig. 5 Operation mode of LLC
25/56 © Fuji Electric Co., Ltd. All rights reserved.
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(1) Operation in capacitive region

If the frequency becomes low, capacitive mode
operation is started. While Q, is ON, the current I, starts
decreasing after reaching the maximum value, eventually
the resonance current |, turns from positive to negative
and Ip, also turns from positive to negative. (d)

When Q, is turned off in this status, current flows
through the parasitic diode of Q,. When the opposing Q, is
turned on, the parasitic diode of Q, enters the status of
reverse recovery and may be damaged. (c)

While Q, is ON, the current |, starts decreasing after
reaching the maximum value, and eventually the
resonance current I, turns from negative to positive, and
I, turns from positive to negative. (b)

If Q, is turned off in this state, current flows through the
parasitic diode of Q,. When the opposing Q, is turned on,
the parasitic diode of Q, enters the status of reverse
recovery and may be damaged. (a)

(el € @  Zc () T1& @ =

D1

I

D2

Qi
gate | Li

Q2—
gate ‘l

(d) (c)

.

1Reverse
jrecovery
.

off

Q1

on

Fig. 6 Operation waveform in capacitive region
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(2) Operation in the normal region

Generally the converter is used
operating conditions.

While Q, is ON, the current Iy, starts decreasing after
reaching the maximum value. (a)

When Q, is turned off while Iy, is in the positive status,
current flows through the Q, side. The opposing Q, is
turned on, and the resonance current Icr changes
continuously. (b)

While Q, is ON, the current Iy, turns from negative to
positive and starts decreasing after reaching the maximum
value. (c)

When Q, is turned off while Iy, is in the positive status,
current flows through the Q, side. The opposing Q, is
turned on, and the resonance current |, changes
continuously. (d)

By repeating this operation, the resonance current Icr
can be generated.

In other words, before the currents I, and ID2 of Q,
and Q, become negative, MOFET is turned off and
operation is switched to the opposing MOSFET. Therefore,
operation is continued without any shoot through.

in the following

(d) (b) (d) (b) (d)
(e e (@ e () T (€) I (c)  7da)
fer
_

D1

N

Qi L
gate —| ’V
Q2—

gate L

(a) (b)

Fig. 7 Normal operation waveform
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(The values in the following description are typical values

(1) Protection functions list

Table 1 lists the protection function included in FA6B20N. All protection functions without Mode selection resistor open

detection are auto recovery type.
Table 1: Protection functions list

unless otherwise specified.)

Protection function

FA6B20N

Protection function

FA6B20N

CA pin overload protection

Automatic recovery

MODE pin protection by
external signal

Automatic recovery

FB pin overload protection

Automatic recovery

Thermal shutdown

Automatic recovery

IS pin overcurrent protection

Automatic recovery

VCC pin overvoltage protection

Automatic recovery

MODE pin mode selection
resistor open detection

Latch

VH pin brown-in / out

Automatic recovery

VCC voltage drop protection

Automatic recovery

Note: The overload, overcurrent, overvoltage and Vcc voltage drop protection functions allow switching to be resumed
after it is suspended for a specified period of time. In case of other protection functions (VH pin brown-in/out,
thermal shutdown or MODE pin protection by external signal), switching is stopped when temperature or VH pin
voltage exceeds the threshold value set within the IC, and switching is resumed when the value decreases within

the permissible range.

(2) Oscillation frequency

The LLC current resonance converter is controlled by switching frequency modulation (SFM). Therefore, the IC has FB
pin which is input the feedback signal from the secondary output voltage and an oscillator, which controls the switching
frequency according to the feedback signal. The oscillation frequency changes according to the FB pin voltage as
feedback and the CS pin voltage as soft-start/end control. The oscillation frequency is decided as below in each operating

mode.

1. In normal operation mode, it is decided higher one between the frequency set by FB pin or CS pin. However, CS
pin voltage goes up to internal bias voltage after soft-start period and the frequency is decided FB pin voltage.

2. In low standby mode, FB pin voltage is disabled to control the frequency. The frequency is decided only by CS pin
voltage. (See page 31 for details)

3. The oscillation frequency in the period of soft start at start up is decided based on the curves of Fig. 10.

Low standby mode
400

350

Oscillation frequency [kHz|

0.0 0.2 0.4 0.6
€S pin voltage [V]

Normal mode

400

350

Oscillation frequency [kHz]
= = N ~
s 8 8 8§ & 8

(=]

08 10 0.0

1.5 2.0 25 3.0 35
FB pin voltage [V]

Fig. 8 VCS vs. Oscillation

Soft start at start up

frequency

400

350

W
=3
S

N
15
S

N
=3
S

-
15
S

Oscillation frequency [kHz]

-
Q
S

v
=]

o

0.0 0.5 1.0 1.5
CS pin voltage [V]

20 25 3.0

Fig. 10 VCS vs. Oscillation
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Fig. 9 VFB vs. Oscillation frequency
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(3) Soft start function

Since the CS pin voltage increases charging the capacitor connected to the CS pin, the frequency gradually decreases
from high frequency depending on the CS pin voltage, which is called soft start.

Both the CS pin voltage and the FB pin voltage are kept in the GND level before startup. Since output voltage is
insufficient just after the startup, the FB pin voltage goes up to the internal bias voltage (5V). Therefore, the oscillation
frequency is decided by CS pin voltage at soft start period.

Soft start/end operation is also enabled with CS pin voltage in burst mode operation, which will be described later.

(4)Input power detection

This IC has an input power detection function. Operating mode is switched automatically depending on input power. Fig.
11 shows the peripheral circuits of the input power detection function and Fig. 12 shows the characteristics of CA pin
voltage vs. IS pin voltage.

As shown in Fig. 11, the input power detection function monitors high side MOSFET current as input current. The current
is detected by the IS pin and the detected current information is smoothed by the capacitor connected between the CA pin
and GND. Therefore, a voltage proportional to the input current is output on the CA pin. The input voltage of the LLC part is
constant due to PFC circuit and the input power can be detected by input current detection.

(Note) Input power detection function is designed on the premise that PFC is used. We does not recommend to use

without PFC.

With the input power detecting function, the IC detects decreased load power and switches into the low standby mode
(burst operation) automatically without external signal. The IC also detects overload condition and enters into protection
mode.

As shown in Fig. 12, the conversion gain from IS pin to CA pin is switched in order to widen the CA pin voltage control
range. The voltage characteristic has hysteresis.

- When load is increased, if the CA pin voltage rises to 1.45V, the gain is switched and the voltage is drops to 0.725V

- When load is decreased, if the CA pin voltage drops to 0.6V, the gain is switched and the voltage rises to 1.2V.

.
L

O °
Current 18
ON detection L6
% S 14 / / //
gL 12 ~
=
o 1.0
E 0.8
g . / y v
c 06
£ /
< 0.4
° 0/
0.2
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
IS pin voltage VIS [V]
Condition: IS pin, DC voltage is applied
VW pin, 50% Duty cycle
Fig. 11 Current detection function circuit diagram Fig. 12 CA pin voltage vs. IS pin voltage
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(5) Mode selection function

At start up, the IC selects some operating mode according to the resistors of STB pin- GND and MODE pin-GND.
The following function can be selected by the mode selection function.

Mode selection by STB pin

1. Switch method between normal mode and low standby mode: “Auto standby operation” and “Standby operation by
external signal” are selectable.
2. CA pin OLP threshold voltage: The threshold of CA pin OLP is selectable.

Table 2: Standby pin resistor and mode selection

Mode STB pin Switch method CA pin OLP
A 33kQ Standby by 1.5V
external signal
B 82kQ Auto standby 1.5V
C 300kQ Auto standby 3.0V
“Auto standby operation” and “Standby operation by external s ignal”

As for switch method between normal mode and low standby mode, “Auto standby operation” and “Standby operation
by external signal” are selectable.

Fig. 14 shows the circuit diagram of “Auto standby operation” and “Standby operation by external signal”.

In “Auto standby operation”, operating mode is switched automatically when the CA pin voltage reaches the threshold
voltage of mode switch. In this operation, switch signal is not necessary and external components can be reduced. In
addition, if the “Auto standby operation” is selected, STB pin outputs line voltage and load condition signal. If the signal is
input to the RT pin of fuji CRM PFC IC “FA1A60N”, PFC operating mode (continuous, burst or stop) can be also
controlled and the efficiency of PSU at light load can be improved.

In “Standby operation by external signal”, operating mode is switched by external signal connected to STB pin. Fig. 13
shows an example circuit in which operating mode is switched at the same time when PFC is stopped at light load.

In case of “Auto standby operation”, PFC should be operated in any condition because the CA pin which detects input
power is affected by LLC part input voltage. We do not recommend “Auto standby operation” with PFC stop at light load.

5

v
PFC-ICVCC «

PFC-ICVCC «+—

PFC ON/OFF circuit

Fig. 13 Circuit diagram for external signal Fig. 14 Circuit diagram for auto standby
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MODE selection by MODE pin

1. Threshold of CA pin voltage between normal mode and low standby mode: Threshold of CA pin voltage between
normal mode and low standby mode is selectable from 3 voltage. (In “auto standby operation” only)

2. Threshold of CA pin at which CS pin charge/discharge current is changed: If load is increased in low standby mode,
transformer may generate audio noise based on the burst frequency or large input current. To prevent audio noise in
low standby mode with large load, if load is increased, IC changes CS pin charge/discharge current so that the soft
start/end period will be extended. The threshold of CA pin at which CS pin charge/discharge current is changed is
selectable.

3. VW pin threshold for forced turn off while the delay period to release CS clamp: In auto standby operation, IC switches
operation mode from low standby to normal with 600us delay. In delay period, CS pin voltage is clamped to 1V and
switching operation is controlled by VW pin forced turn off in order to prevent drop of the output voltage. Threshold of
VW pin forced turn off to control switching operation can be selected from 3 voltage.

Table 3: MODE pin resistor and mode selection

CA pin threshold for switch between normal and . VW pin forced turn off threshold
CA pin threshold . .
. standby . while the delay period
Mode [ MODE pin for CS pin charge
. to release CS clamp.
To low standby mode To normal mode /discharge change - ——=
Low side High side
A 15kQ -1.2v 1.4v
B 24kQ 0.30Vv 0.35v 0.20Vv 0.25Vv -1.0v 1.2v
C 36kQ -0.8v 1.0v
D 56kQ -1.2v 1.4v
E 82kQ 0.40V 0.45v 0.30V 0.35v -1.0v 1.2v
F 120kQ -0.8v 1.0v
G 180kQ -1.2v 1.4v
H 270kQ 0.60V 0.70v 0.40v 0.50Vv -1.0v 1.2v
I 390kQ -0.8v 1.0v
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(6) Low standby mode
In principle, the efficiency of an LLC current resonant converter decreases at light load, and loss of several watts is
generated under no load condition. Consequently, an auxiliary power supply is required in general as energy-saving
measures in standby operation mode, which hinders downsizing.
In case of FA6B20N, operating mode is switched from the normal operation mode to the low-standby mode at light load,
thereby achieving low standby power without using an auxiliary power supply.

FAG6B20N Datasheet

(6-1)Low standby mode operation
In low standby mode, burst mode operation is achieved by repeating the Section 1 to 4 as shown in Fig. 15.

Section.2 Section.3 Section.1

Switching stop period.
Output voltage drops gradually because
switching stops. FB pin voltage rises
according to the output voltage.
Section.2.
When FB pin voltage rises t0 Vgggs, CS
pin start to charge capacitor and the CS
pin voltage rises.
Section.3.

| 1eSection.1 ¢

/ Section.4
I

I I
I

I

Output voltage
FB pin voltage

I
I
I
I . .
- Vesae I When CS pin voltage rises to Vg, IC
- I VesonH - 1 I o ;
| o T Ny | starts switching operation.
j - Cocherang A ST e | When CS pin voltage rises t0 Vegeip,
H ) oo ) | CS pin voltage is clamped. (In auto
Switching Switching
HO LO pin stop : stop : standby mod_e) . .
voltage > > By the switching operation, output
L voltage rises and FB pin voltage
Lo le—d decreases.
Switching period Section.4

(from Veson to Vesorr)

When FB pin voltage drops to Viggg,
CS pin starts discharge the capacitor
and the CS pin voltage drops. When
CS pin voltage drops below Vg, IC
stops switching operation.

Fig. 15 Low standby mode operation waveform

(6-2) Switching frequency control by forced turn off functi on (In Auto standby operation only)
In auto standby operation, switching frequency is controlled by CS pin and VW pin at low standby mode. The details
are described below.
(As for forced turn off function, please refer page 34)

1. During the soft start period, switching frequency is controlled by CS pin.

2. After the soft start, CS pin voltage clamped to 1V. When CS pin voltage is clamped, switching frequency is
controlled by VW pin forced turn off function. By the forced turn off function, peak current of the secondary diode is
limited. As the result, the loss of the secondary diode is reduced and the efficiency at low standby operation is
improved. In addition, audio noise of transformer is also prevented because peak current of transformer is limited.

3. When output voltage rises, soft end is started and switching frequency is controlled by CS pin voltage.

Soft start
(CS control)

Soft end

Soft start

Soft end

Soft start

Soft end

Soft start

Soft end

Switching stop

(CS control) (CS contyol)
VW control l Switching stop Il

(CS control)
| | | | VW control l Switching stop

(CS control) (CS control)
| | | I

(CS control) (CS control)
| | | Switching stop | I | |

—Pi—>

CS pin voltage

Vesce —

CS pin voltage

Veson

| |
| |
| |
| |
| |
| |
| |
—L |
| +

L4
_L__

Veson
SOFF

= Vesore = Vesorr

LO & HO pin LO & HO pin
voltage voltage

2nd Id peak clamp 2nd Id peak cla

| | |
| | |
| | |
| | |
| | |
T T T
| | |
| | |
| | |
| | |
T | |
| | |
| | |

Fig. 16 Low standby mode at auto standby operation

|

|

|

|

|

t

|

|

|

|
|
:
|

|

Fig. 17 Low standby mode at standby mode by external signal
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(6-3) Switch sequence between normal mode and low standby mo de
Switch sequence between normal mode and low standby mode are described on each method respectively.

(6-3-1) Auto standby operation
Fig. 18 shows the switch sequence of auto standby operation.

[Switch from normal mode to low standby mode]
When output power is decreased gradually, CA pin voltage also decreases according to the load power. When CA
pin voltage drops below Vg, , operating mode is switched from normal to low standby after the 108ms of delay.
If Fuji CRM PFC “FA1A60N” is used with this IC, PFC is also switched to burst mode by the communication signal
from STB pin to RT pin of FATA60N.

[Switch from low standby mode to normal mode]
When output power is increased gradually, CA pin voltage also increases according to the load power. When CA pin
voltage rises above V,g,,, Operating mode is switched from low standby mode to normal mode.
If Fuji CRM PFC “FA1AG60N” is used with this IC, PFC is also switched to normal mode by the communication signal.

L ON‘\

Load /
|
|
|

CA

PFC
switching
ommemm e Normal  ------ :r- ------- #:4 ------ Burst ---p ¢ Burst ;3: Normal ---------- >
. :
| | |
LLC
switching
R Normal -------ueesa VR Burst ---p ¢ Burst e Normal  ---------- »

Fig. 18 Operating mode switch sequence
(auto standby)
Load /

(6-3-2) Switch from low standby mode to normal mode
by FB pin
Large capacitor is connected to CA pin in order to
average primary input power. It causes delay time from

load change to CA pin voltage rise. If load changes CA i
rapidly, switch to normal mode is delayed and output Veasi_Lie CASHLPFC
voltage may drop. T
To prevent it, this IC has the function which switches to \
normal mode according to FB pin voltage rise. Even if CA A
FB !

pin voltage is below the threshold switching to normal
mode, the IC switch to normal mode without delay at the
time FB pin reaches to burst removal voltage of 2.5V.

However, if adjustment of each components is :
insufficient, operating mode may be switched to normal ‘
mode by FB pin below the output power where operating

mode is switched from low standby to normal by CA pin. PFC

In such case, if CA pin voltage is below low standby SWitching ... Burst -----eeo pe-ooeeees Normal ------- »
mode threshold voltage after it is switched to normal |

mode by FB pin, operating mode is switched to standby ‘

mode again. Then operating mode switched to normal by

FB pin. As the result, operating mode may repeats low L'—C .

standby mode and normal mode. Operation should be SWitching ... T Pteooneees Normal  ----s----- »
confirmed sufficiently when each component value is Fig. 19 Operating switch sequence by FB
adjusted. pin voltage
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(6-3-3) Standby operation by external signal
Fig. 20 shows the switch sequence of standby operation by external signal.

[Switch from normal mode to low standby mode]
If the switch device between STB pin and GND is turned off, STB pin voltage rises according to the resistor connected
to STB and STB pin source current. When STB pin voltage rises above Vi,grgy. the IC switches from normal to low

standby mode with 108ms delay.

[Switch from low standby mode to normal mode]
If the switch device between STB pin and GND is turned on, STB pin voltage drops to OV. When STB pin voltage drops

below Vys1eL, the IC switches from low standby mode to normal mode.

STB
VrhsTeH VihsTaL

PFC
switching !
LLC
switching
) e Normal >

Fig. 20 Operating mode switch sequence (Standby by external signal)
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(7)Capacitive mode prevention function

In the current resonance circuit, if the currents I, and I, becomes negative and then the MOSFET on the opposite side
is turned on, shoot through occurs and shot circuit current may flows through the MOSFETSs on the high and low sides. In
the worst case, they may be destroyed.

Usually the minimum frequency is restricted to prevent shoot through. However, this method is not good enough against
input voltage and load change and also restricts setting of the operating point.

In this IC, the resonant current |, is always monitored, MOFET is turned off before the currents Iy, and I, of Q, and Q,
become negative, and the opposing MOSFET is turned on. Therefore, operation is continued without any shoot through.
The resonant current is shunted by the shunt capacitor C4, converted into the voltage Vg by the resistor R g and detected
by the IS pin as shown in Fig. 21. When you use this IC, connect the primary winding of transformer and resonant
capacitor in parallel with the low-side Q;.

Power supply input

Rvw1

Vis
P2
Rvw2 Ifl Ris °®

Fig. 21 Capacitive mode prevention function circuit diagram

The capacitive mode prevention function has two functions, namely the forced turn-off function and the dead time
automatic adjusting function.

(7-1) Forced turn-off function
During normal operation, the MOSFET is turned off according to oscillator. However, the IC turns off the MOSFET
forcibly in the following two cases because there is a possibility that shoot through may occur.

[Conditions to operate the forced turn off]

1. When the VW pin voltage rises over the forced turn-off threshold Vi we (threshold voltage is switched between
normal operation mode Vi wey @nd low standby mode Vywes) and the voltage of the IS pin, which detects the
resonance current |, exceeds Vi gy

2. When the VW pin voltage drops below the forces turn-off threshold V;,wu (threshold voltage is switched between
normal operation mode V{,wwun @nd low standby mode VT, wus) and the voltage of the IS pin, falls below V1 gp.

Fig. 22 shows the relation among the VW auxiliary winding, the resonance current |, and the forced turn-off detecting point.

Sensing forced turn off mode

/

W / # s ? -

VTHISP

N
ler VTHVWM \\ VTHISM—ZE
I

Q2 Ioi /J\ /
N
Q1 Ip2 /J\

HI

N

LO

Fig. 22 Forced turn off function waveform

-
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(7-2) Self-adjusting dead time function

During startup or burst operation, the through current or the hard switching are more likely to occur at the switching
frequency near the maximum frequency. This IC is equipped with the self-adjusting dead time function to prevent such
problems.

By detecting the gradient dV/dt of the VW auxiliary winding voltage, this function detects the VS pin voltage change and
turns on the high-side or low-side MOSFET. MOSFET is turned off according to the off signal of the oscillator.

The automatic adjustment range of dead time is set within the IC, and the minimum dead time is 430ns.

In transformer design, the polarity of the VW auxiliary winding must be reversed with respect to the primary winding P,
as shown in Fig. 23. The VW auxiliary winding can also be used as VCC auxiliary winding for supplying power to the VCC
pin.

The principle of the dead time automatic adjusting function by the VW auxiliary winding P,,, is as follows.
When the VS voltage is inverted, the formula (9-1) can be obtained.

NIV, =V, +V, -V (9-1)

When the formula (9-1) is differentiated, the formulas (9-2) and (9-3) can be obtained.

dv,, _ 1 [dvs . dvcrj (9-2)

at N\ dt dt
Y
N CVS CI’ (9_3)
Since usually C,>> C,4 is valid, Formula (9-3) can be approximated.
dv,, _ 1dv, (0-4)
dt N dt

Accordingly, with Formula (9-4), the VS voltage change can be detected by the VW auxiliary winding voltage change
(dVyy,/dt).

When the switching frequency is high, the VW voltage changes only very slightly during on period because the resonant
current is small as shown in Fig. 24. Therefore, the waveform of VW voltage is almost the same as that of the VS voltage.

Accordingly, after a constant delay (to\,wone OF tovwonm) Pecause the VS voltage inversion is detected by VW voltage, the
turn-on signal is sent.

When the switching frequency is low, dV/dt of the VW voltage is detected during on period and the turn-on signal for the
next cycle can be obtained because the resonance current is large as shown in Fig. 25. In this case, the dead time is the
minimum dead time t,.

tdadj Tp

I _ o2 \ \
74 T VIRV I | R
o T w ov N

\
\
I
—
N

. LO LO

Fig. 23 Outline of primary side circuit Fig. 24 Waveforms at higher frequency Fig. 25 Waveforms at lower frequency
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(8) Dynamic Self Supply (DSS) function

By the DSS function, if the VCC pin voltage decreases, the startup circuit is set to ON/OFF, thereby maintaining the
VCC pin voltage within a certain range. In this IC, when VCC pin voltage decreases below start-up circuit start voltage of
10V, start-up circuit operates and VCC pin voltage rises. When VCC pin voltage reaches to start-up circuit stop voltage of
11V, start up circuit is stopped. Regardless of state such as protection period or stop with latch protection, DSS function
operates when VCC pin voltage decreases below start-up circuit start voltage. However, since the IC cannot operate only
with the current supplied from the startup circuit in normal switching state, VCC voltage from the auxiliary winding must
be supplied.

(9)Protection by external signal
The MODE pin also has the protection function to stop switching by external signal. If MODE pin is pulled down below
0.35V of threshold voltage for external fault stop for 304us of delay time, IC stops switching. In the switching stop period,
VCC pin voltage is maintained within the range of 10V to 11V. During the period when MODE pin is kept below the
threshold voltage ( 0.35V typ.), switching is stopped. Switching is resumed when MODE pin voltage rises over the
threshold voltage (0.35 V typ.).

(10) Overcurrent protection function

As shown in Fig. 21, the resonant current is detected by the IS pin through the shunt capacitor and current sense
resistor.

If the IS pin voltage exceeds the over current threshold voltage, the MOSFET is turned off at each oscillation cycle.

In addition, if the IS pin voltage over the over current threshold for the delay time of over current, switching is stopped
forcibly. If IS pin voltage drop below threshold for the over current detection reset time of 76us or longer, the overcurrent
detection is reset. The delay time of over current can be set within the range from 1 to 19ms by MODE pin oscillator and
counter which operates based on the MODE pin capacitor charge/discharge. When 810ms elapses after the switching is
stopped, IC starts switching. If over current condition is detected again, switching is stops. (auto recovery type)

The over current threshold is different in “low standby mode or OLP of FB pin” and “normal mode”. In case of “low
standby mode or OLP of FB pin” it is 2.6V, and in case of “normal mode” it is =4.0V.

(11) Overvoltage protection (VCC pin)

If the secondary output becomes overvoltage, the voltage of the auxiliary winding also increases. The VCC pin has a
function of detecting the voltage of this auxiliary winding, and if the VCC pin voltage exceeds the over voltage threshold
of 30.6V for 304us, switching stops. In the switching stop period, VCC pin voltage is maintained by startup circuit. When
810ms elapses after the switching is stopped, switching is resumed and if overvoltage condition is continued, switching is
stopped again. (auto recovery type)

(12) Under voltage lockout function
To prevent circuit malfunction due to decreased Vcc, an under voltage lockout circuit is integrated. When the VCC pin
voltage increases from 0V, operation is started when the voltage reaches start operation voltage of 14V. When the VCC
voltage decreases, operation is stopped when the voltage reaches shutdown voltage of 9V.
In addition, the voltage between the VB pin and the VS pin, namely high-side Vcc, is also detected, and operation is
started when the high side Vcc increases to the Vgg switching start voltage of 8.8V, and the operation is stopped when it
decreases to the Vg switching stop voltage of 7.5V.

(13) Internal thermal shutdown protection function
If the IC temperature increases to 140°C, switching is stopped. When the temperature decreases to 120°C, the
switching is resumed.

(14) Discharge function of the input filter X-capacitor at A C power interruption
By connecting the VH pin to the X-capacitor of the AC line filter through full-wave rectification, the X-capacitor can be
discharged when AC input is powered off. This function eliminates discharge resistor for X-capacitor, thereby decreasing
standby power.
The recommended capacitance of connectable X-capacitor is 2uF or lower.
(Requirement in UL60950 regarding electric shock: The voltage value of the power supply input part shall be
attenuated to 37% or lower of the peak value within 1s after the AC input voltage is powered off.)
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(15) Overload protection

(15-1) In case of standby operation by external signal

If the state where the CA pin voltage remains at the over load detection CA voltage or higher, or the FB pin voltage
remains at the over load detection FB voltage or higher, is continued for the delay time of over load (CA pin OLP : 38ms,
FB pin OLP : 76.8ms) , switching is stopped forcibly. When switching is stopped, supply of current from the auxiliary
winding is stopped, and the VCC pin voltage decreases to 10V, the startup circuit is operated, and the VCC voltage is
maintained within a range from 10V to 11V. When 810ms elapses after the switching is stopped, switching is resumed. If
overload state is continuing at that time, switching is stopped again. (auto recovery type)

Note that overload protection function by FB pin voltage is invalidated at the time of soft start.

14v /- \ /_ 14V / \ /
v [ \ [\ / v J \ [\ /
Ve in AAAVAVAVAVAVA IR AVAVAYAYAYAYAVA vee pin AAAVAVAVAVAVA R VYAV VYAV
voltage ov / voltage v /
oV N
‘/State sefting circuit moving State setting circuit moving
Startup °n Startup °n
Circuit Circuit
On/Off On/Off
signal off signal off
FB threshold voltag_e CA threshold voltage
FB pin for over load detection A pin - ‘/for over load detection
voltage voltage
<=76.8ms 76.8ms 810ms 76.8ms 810ms <76.8nis 38ms 810ms 38ms 810ms <38nis
OUT pin OUT pin
switching, switching
pulse pulse
Norma Over Norma
Normal Over Normal
load load load Joad load load
Fig. 26-1 Overload detection operation by FB pin Fig. 26-2 Overload detection operation by CA pin

Fig. 26 Overload protection with standby by external signal

(15-2) In case of auto standby operation

In case of auto standby operation, restart sequence is different after the switching stop period of 810ms.
When 810ms elapses after the switching is stopped, start up circuit operates and charges Vcc. When Vcc rises to 14V,
PFC starts pre-switching similar to start up sequence, i.e. PFC start switching prior to LLC in order to raise PFC output
voltage enough. (See page 41 for details.) The period of PFC pre-switching is 320ms. Therefore, LLC starts switching after
1130ms elapses.

14V ! : \ - :
13.5Vf=221I AT 4 uuafuufaiubetup e TR NZZIIIIIIIIIIIIIIIINATS :

VCC pin
voltage 1ov

9V

JEGUDEPE P S > gy R

Startup °onr
Circuit
On/Off
signal

FB threshold véltage
for over load detection

FB pin
voltage

e

~

320ms "176.8ms! 810ms : 810ms
Only PFC | ;
switching ! !
time

320ms i76.8ms,
L
H |

OUT pin
switching
pulse

Fig. 27 Overload protection with auto standby
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(16) VCC voltage drop protection function
When VCC voltage falls to 9V or less under the condition of output short etc. IC stops switching and VCC voltage is

maintained by start up circuit. When 810ms elapses after the switching is stopped, IC starts switching again.(auto
recovery type)

(17) Level-fixed VH pin brown-in/out function

The brown out function and brown in function are integrated. The brown out function stops switching when the AC line
voltage decreases and the brown-in function does not allow switching until the AC line voltage increases to a specified
voltage.

The VH pin voltage is directly monitored by this function. If VH pin voltage decreases below the brown out threshold of
61Vdc, switching does not stop immediately but stops with delay time of 47ms. If the VH pin voltage exceeds the brown-
in threshold of 92Vdc, switching starts with delay time of 160us.

While brown-out function operates, the VCC voltage is maintained the range from 10V to 11V by of the startup circuit.

(18) VB pin brown out function

While VH pin brown out detection is active, such as just after input voltage turned off, if VB pin voltage drops, this
function stops switching.

When input voltage is turned off and VH pin voltage drops below 61Vdc, this IC detects brown out condition. However,
brown out function does not stops switching during the delay time of 47ms. In that time, if input voltage of LLC main
drops largely, amplitude of VW pin signal for capacitive mode prevention function becomes small and forced turn off
function may not operate correctly, then capacitive mode operation may occur.

To prevent such operation, when VH pin brown out detection is active and VB pin voltage drops below 52V, this
function stops switching with delay time of 608us. VB pin voltage is monitored during the on state of high side driver.

]

[}
<
3
(o)}
=
<

VH :
L
' |
| Veso =52.5V
VH VB=VS+VBS S
( HO on period only ] 1
| I
toLveeo =608us
LLC LLe '
switching switching
troso =47ms
troeo =47ms tpoar =160us
Fig. 28 VH pin brown in/out waveform Fig. 29 VB pin brown out waveform
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(19) Start up sequence (in case of standby operatio

n by external signal)

Fig. 30 shows the timing chart at start up. Period of @ to @ in the chart are described below.
@ The AC input is turned on and start up circuit charges VCC pin voltage.

@ When VCC pin voltage reaches start-up circuit stop voltage Vgroer Of 11V, the IC starts state setting (48ms max.).
During state setting, VCC pin voltage is maintained in the range of 10V and 11V by start up circuit.
Q@ After state setting, start up circuit supplies current to VCC pin again and increases VCC pin voltage to start operation

voltage of 14V.

@ When VCC pin voltage reaches to start operation voltage, IC starts switching operation and auxiliary winding voltage
of transformer increases. Then, VCC pin voltage is supplied from auxiliary winding and IC starts normal operation.

Start-up
On/Off

VCC pin
voltage

VCCON= 14.0V

Vstorr=11.0V;

VSTON= 10.0V

Switching state

State
| AC on setting operation
on 1 1 _|
off Time
® @ ® / @
Time
Time

May, 2017 DS-180E Revl.1

Fig. 30 Start up sequence
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(20) Communication with FAIAG60N
This IC has a communication function with CRM PFC IC “FA1A60N". The communication signal is sent from STB pin of
FA6B20N to RT pin of FALAG60N. PFC operation, such as continuous, burst or stop, is controlled by the signal. (in auto
standby operation only)

The merits to control PFC operation by LLC are listed below.

1. As for CRM PFC, inductor current becomes small and switching frequency becomes high at light load. Thus,
switching loss becomes large and efficiency goes down. With communication function, input power is detected and
PFC operation mode is switched from continuous to burst mode. As the result, efficiency at light load is improved.

2. LLC part can be started after PFC output voltage rises enough because LLC IC controls PFC operation. It helps to
start up PSU with full load.

(20-1) Cooperation between FA6B20N and FA1AG0N
Fig. 31 shows the circuit diagram of communication between FA6B20N and FA1A60N. FA6B20N detects input power
and switches PFC to normal mode or burst mode. FA6B20N transmit the signal from STB pin and FALAG60ON receives it
at RT pin. As for signal transmission wiring, a buffer circuit for the signal should be inserted close to RT pin of FALAGON.
The communication signals are 5 types as listed in table 4. Details of the signal are described in page 45.
Fig. 32 shows the circuit diagram in case of using the communication between FA1A60N and FA6B20N. In addition to
communication circuit, VCC pins of FALA60N and FA6B20N are connected directly for startup with full load.

Table 4: Communication signal between PFC and LLC

Buffer for switch signal: Place close to STB pin Standby .
. . . Signal Number of
Place close to RT pin Operating mode pin output : .
width signal
voltage
. Normal to burst
5' LLC-IC (Vin=100V line) 3V 6ms 2 pulses
FABB20N Normal to burst 3V Bms 1 pulse
; sTB (Vin=200V line) P
RT Burst to normal
(Vin=100V line) 3V 0.5ms 2 pulses
Burst to normal
PEC-IC (Vin=200V line) 3V 0.5ms 1 pulse
FA1AG60N
""""""" Co ’ PFC stop 5V 0.25ms | Continuous

" Vo
}

FA6B20N

1nF

Fig. 32 Circuit block diagram for
communication between PFC and LLC
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(20-2) Start up sequence (in case of auto standby 0 peration)
Fig. 33 shows the timing chart at start up in case of cooperate with FA1AG60N.

(@ The AC input is turned on and start up circuit charges VCC pin voltage.

(@ When VCC pin voltage reaches start-up circuit stop voltage Vgroer Of 11V, the IC starts state setting (48ms max.).

Q@ Atter state setting, the IC starts PFC start up period (380ms typ.).
1. VCC pin voltage rises by start up circuit.
2. When VCC pin voltage reaches LLC start operation voltage Vo Of 14V, PFC starts switching.
3. When VCC pin voltage drops to Start-up circuit start voltage Vqroy 0f 10V, PFC stops switching.
4. VCC pin voltage rises again by start up circuit. When VCC pin voltage reaches LLC start operation voltage Vcoy
of 14V, PFC starts switching again. LLC part keeps stop state.
5. Operation of state 3 to 4 are repeated during PFC start up period.
6. After the PFC start up period, PFC stops switching.

@LLC and PFC operation period starts.
1. VCC pin voltage rises by start up circuit.
2. When VCC pin voltage reaches LLC start operation voltage V..o 0f 14V, both PFC and LLC starts switching.
3. VCC pin voltage is supplied from auxiliary winding and IC starts normal operation.

State PFC PFC & LLC
; ACon setting start-up operation
Start-u ->
on/offp on 1 1
off
Time
VCC pin < < B < >

voltage @ @) ©) @ ﬁ
(LLC)VCCON=14.0V

(PFC)Von=12.6V / \ / \ \//
(LLC)VSTOFF=1 1.0V , /
(LLC)VsTon=10.0V
1 3 1 /
2 4 2 3
Time
PFC
UVLO
Time
LLC
UVLO
Time
Switching state
(PFC)
Time
Vbulk
Time
Switching state
(LLC)
Time

Fig. 33 Start up sequence
_________________________________________________________________________________________________________________________________________________________|
May, 2017 DS-180E Rev1.1 41/56 © Fuji Electric Co., Ltd. All rights reserved.



FS Fuji Electric Innovating Energy Technology

FAG6B20N Datasheet

9. How to use each pin and advice for designing
(The values that appear in the following description are typical values, unless otherwise specified.)

No.1 : VH pin
(1)Function
(i) Supplies the startup current from the VH pin to the *
VCC pin. & J
(i) Discharges the X-capacitor of the AC line filter when
AC input is powered off.
(iii) Fixed-level brown-in/out function is provided. J
(2) How to use S
(i) Supplying startup current 4
v'Connection method
Connect to AC line voltage via a startup resistor and
diodes as shown in Fig. 34. Fig. 34 shows the
method of inputting full-wave rectified waveform of VH
the AC line voltage into the VH pin. If X-capacitor vee
discharge function should be used, connect VH pin
as Fig. 34. start _@ .
v'Unusable connection method

If the VH pin is connected to DC voltage which
means rectified and smoothed AC line voltage as
shown in Fig. 35, the discharging function of the X- Fig. 34 VH pin circuit
capacitor may malfunction, thereby causing heating
and damage. Never adopt this connection method g
shown in Fig. 35. l j

If the VH pin is connected not to full wave rectified # >_ ESkS J' <

waveform but to half wave rectification waveform, X- /
capacitor discharge function does not operate fully \/
and IC may not start up with recommended VH pin J —%
resistor  (40kQmax.). Thus, half waveform p |_|
rectification is not recommended. v/

v'Operation
When AC power is turned on, the capacitor
connected to the VCC pin is charged by the current

supplied from the startup circuit to the VCC pin via VH
the VH pin, and the VCC voltage increases. When VCC
Vce exceeds the start-up circuit stop voltage of 11V, start

If Vcc is supplied from the auxiliary winding, the
startup circuit is remains in off state. Since it is not
possible to keep operating the IC using the current
supplied from the startup circuit without using the ) )
auxiliary winding in normal operation state, Vcc Fig. 35 Connection that should not be adopted

voltage should be supplied from the auxiliary winding.

the internal supply is started to operate the IC. _q %

. ____________________________________________________________________________________________________________________________________________________________________ |
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(i )AC line filter X-capacitor discharge function
v'Connection method

This function operates with the connection method
shown in Fig. 34 only.

v'Operation

The AC input voltage is monitored by the VH pin,
and when the AC input is cut off, the discharging
function of the X capacitor will operate after 56ms of
the delay time of AC cutting detection.

The function discharges the X-capacitor with
average current of 2mA repeating ON and OFF state;
ON state is for 1.5ms and OFF state is for 0.5ms.

When the AC input is resumed, the X-capacitor
discharging function stops.

(iii) Brown-in and brown-out functions
v’ Connection method

This function operates with the connection method
shown in Fig. 34.

v'Operation

When the VH pin voltage increases to the VH pin
brown-in voltage of 92Vdc or higher, and the VH pin
brown-in detection delay time of 160 us elapses in
that state, switching is started.

Also, when the AC input voltage decreases to
below the VH pin brown-out voltage of 61Vdc, and
the VH pin brown-out detection delay time of 47ms
elapses in that state, output switching stops.

While the switching is suspended by the brown-out
function, the startup circuit is controlled as ON and
OFF to maintain the VCC voltage is within the range
from 10V to 11V. Switching operation is resumed
when the VH pin voltage reaches the VH pin brown-
in voltage.

(3)Advice on design
1. Startup resistor
To prevent damage to the IC due to surge voltage
of the AC line, it is recommended to connect a VH
pin resistor of 2kQ to 40kQ to the VH pin in series.
Note, however, large resistance causes long startup
time.

2. X-capacitor capacitance
To satisfy the requirements of UL60950 regarding
electric shock, this IC integrates a discharge function
for the voltage at the power input part to 37% or
lower of the peak value within 1s after the AC input
voltage is powered off.
The recommended capacitance of connectable X-
capacitor is 2uF or lower.

3. VH pin capacitor
When a capacitor is connected between VH pin
and GND to remove noise, 470pF or lower capacitor
is recommended. If the capacitor is too large, the X-
cap discharge function may malfunction.

No.2 : NC pin
This pin is not connected to the IC internally

because it is located next to the high-voltage pin
(VH).

May, 2017 DS-180E Revl.1
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No.3 : STB pin

(1) Function

(i) By mode selection function, switch method is selected
between “auto standby operation” and “standby
operation by external signal”. In addition, CA pin OLP
threshold is selected.

(i) In case of “standby operation by external signal”, STB
pin is used as input pin of external signal for low
standby mode.

(iii) In case of “auto standby operation”, STB pin outputs
communication signal to control the operating mode of
PFC IC “FA1A60N".

- If “auto standby operation” is selected, STB pin outputs
the operation mode signal. If “standby operation by
external signal” is selected, STB pin operate as input pin
to switch the operating mode.

(2) How to use
(i )Operating mode setting
v'Connection method
Connect a resistor and capacitor in parallel
between STB pin and GND. Select the resistor
based on the table 5. 1000pF is recommended for

capacitor.
Table 5: Standby pin resistor and mode selection
Mode STB pin Switch method CA pin OLP
A 33KQ Standby. by
external signal 1.5V
82KQ
Auto standby
C 300KQ 3.0V
v'Operation

When the VCC pin voltage rises to 11V at start up,
the mode selection source current of 36 UA is output
from the MODE pin, and mode setting is made
depending on the voltage generated resistor
between the STB pin and the GND.

(i ) Selection between normal mode and low standby
mode by external signal
v'Connection method
Connect a resistor, capacitor, and a switch
element such as transistor or photo-coupler between
the STB pin and the GND (See Fig. 36)

Rste Csts

STB

Qste J_

Fig. 36 Low standby mode switch circuit
(Standby by external signal)
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v'Operation

If “standby operation by external signal” is selected,
STB pin operate as input pin. Operating mode can
be switched between the normal mode, where IC
operates with normal switching, and the low standby
mode, where low standby power is achieved with
burst operation, depending on the voltage of the STB
pin.

By pulling down the STB pin voltage below the low
standby mode detection voltage of 0.3V (V14g1g), IC
operates in the normal mode.

To switch to the low standby mode, open the
switch elements. Since 36UA current is output from
the STB pin, STB pin voltage rises over the low
standby mode detection voltage of 0.35V (V1)

When the low standby mode detection delay time
of 108ms elapses after the STB pin voltage reaches
the threshold of 0.35V (Vysren), burst operation is
started.
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(i )Communication function with PFC IC FA1A60N
v'Connection method

This function operates with the connection shown Table 6. Communication signal
in Fig. 37.
vec Standby .
Operating mode pin output Slgnal Number of
Rc voltage width signal
FA6B20N FA1A60N
RsTs CsTa Normal to burst
(Vin=100V line) v oms | 2pulses
Cs 3) RT Normal to burst
l l ) (Vin=200V line) v 6ms 1 pulse
— gB\zLS:tltgg\?r“r::; 3V 0.5ms 2 pulses
Fig. 37 Communication function circuit
Burst to normal
S . 3v 0.5ms 1 pulse
As for signal transmission wiring, a buffer circuit for (Vin=200V line)
the signal should be inserted close to RT pin of PFC stop 5V 0.25ms | Continuous
FAL1AG60N in order to reduce noise influence.

(example of the value: Rz=1KQ, Cg=1nF. R:=10KQ)

v'Operation
In case of “Auto standby operation”, the IC detects
input power with CA pin and switches the operation
mode. When FA6B20N switches PFC operation
mode, STB pin outputs communication signal.

Details of communication signal is listed in table 6.
Each communication signal waveforms are shown

in Fig. 38 to 42.
Internal d i 6ms 6ms Internal detecti g ome 0.5ms
nternal detection point : i i : nternal detection poin H H
Vv i | | i Vv T T
3V | | | | 3V | | | |
STB STB
e | | | e
4ms 4ms 4ms
Fig. 38 Switch PFC form normal to burst (Vin=100V line) Fig. 39 Switch PFC from burst to normal
(Vin=100V line)
Internal detection point | 6ms ! Internal detection point 9.5m§
— o
> ! | " -
3V ‘ ! 3v [
STB STB
4ms I 4ms [
Fig. 40 Switch PFC form normal to burst (Vin=200V line) Fig. 41 Switch PFC from burst to normal

(Vin=200V line)

Internal detection point [
|

5V | [

3V

STB («
——4¢— 0.25ms ) ——4— 0.25ms
— o

I

(| 2ms Yo

Fig. 42 PFC stop signal
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No.4 : FB pin
(1) Function

(1) The feedback signal from the secondary side is input.
(ii) The overload state is detected.
(iii) Switching is stopped when the FB pin voltage is low.

(2)How to use
(i) Input of feedback signal
v'Connection method
Output of the photo-coupler is connected. In
addition, a capacitor is connected in parallel to the
photo coupler to suppress the noise.(See Fig. 43.)

Fig. 43 FB pin circuit

v'Operation

FB pin is biased from internal bias voltage (5V)
through a resistor. The FB pin voltage is decided by
photo-coupler current and internal resistor.

The FB pin voltage is input into the oscillator, and
the frequency is determined by the FB pin voltage.

When the FB pin voltage rises to 0.7V, switching is
started at 270kHz and the frequency gradually
decreases as FB pin voltage rises. When the voltage
rises to 3V, the oscillation frequency decreases down
to minimum of 25kHz.

(ii ) Overload detection
v'Connection method

The same as the one described in (i) .

v'Operation

When overload state occurs and the output voltage
of the power supply decreases to below the setting,
the FB pin voltage increases. If the state, in which
the FB pin voltage exceeds the over load detection
FB voltage of 4.3V, continues for the delay time of
over load of 76.8ms, switching stops.

In overload condition, operation is intermittent.
When overload condition is eliminated, operation
goes back to normal.

Note that the overload detection by the FB pin is
canceled at the time of soft start.

(iii) Switching stop when FB pin voltage is low
v'Connection method
The same as the one described in (i)

v'Operation
When the FB pin voltage rises from near 0V at
startup, etc., switching operation is stopped at less
than 0.7V, and it is started when the voltage
becomes 0.7V or over. After switching operation is
started, it is stopped when the FB pin voltage
becomes lower than 0.6V.

May, 2017 DS-180E Revl.1

(3)Advice on design

1. Resistor and capacitor between FB and GND
Insert a filter, which consists of resistor and
capacitor, between the FB pin and the GND pin to
prevent malfunction caused by noise. (See Fig. 43.)
See the following for the guideline of constants of
parts.

[External standby]
Crp1=0.47UF, Reg,=2.2kQ, Crgo=1nF
[Auto standby]
Crp1=0.47UF, Reg,=4.7KQ, Crp,=22nF, Rpp,=18kQ

Make the wiring between the photo coupler and the
FB pin/the GND as short as possible to avoid noise.
Also do not place the wiring near the transformer.

2. Prevention of output voltage drop at standby

This IC uses FB burst control method so that large
power can be output in low standby mode. However,
as output power increases, bottom of output voltage
goes down gradually because of response of FB pin.
Therefore, it is recommended to apply FB pin
response switch circuit between normal mode and
low standby mode.

Recommended circuit for auto standby operation is
shown in Fig. 44 and for standby by external signal is
shown in Fig. 45.

Connect MOSFET gate through resistor divider to
PFC Vcc for external standby or CS pin for auto
standby. (Fig. 45)

Fig. 44 FB pin response switch circuit
(Auto standby)

Fig. 45 FB pin response switch circuit
(Standby by external signal)
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MODE “A” to “D”

(i) With MODE selection function of MODE pin,
functions listed below are selectable. (Only for auto

standby operation)

- Switch level of LLC and PFC between low standby

mode and normal mode

- VW pin threshold for forced turn off while the delay

period to release CS clamp

(ii) Setthe delay time for overcurrent protection (IS pin).
(iii) Protection operates by an external signal.

(2)How to use
(i) Operating mode setting
v'Connection method

MODE pin voltage is determined with the constant
current 40uA from the MODE pin and the resistor
between MODE pin and GND. The mode selection time
in this period is 15ms. If the resistance value is
56kQ(MODE “D") or lower, the mode selection is
completed in this period. If the resistance value of the
MODE pin is higher than 82kQ (MODE “E"), the MODE
pin voltage reaches Vygpe12 (2.65V typ.) and the MODE
pin voltage is discharged rapidly.

MODEs “E” to “H”

Connect a resistor and a capacitor in parallel
between the MODE pin and the GND.

Rmope

CmopEe

MODE

!

Fig. 45 MODE pin circuit

v'Operation

-

After the MODE pin has been discharged rapidly, the
MODE pin voltage rises again with the constant current
of 10uA. Then, the MODE is determined based on the
resistance value of the resistor connected. The mode
selection time in this period is 30ms. If the resistance
value of the MODE pin is 270kQ(MODE “H") or lower,
the mode selection is completed in this period. If the
resistance value of the MODE pin is higher than 270kQ
(MODE “H"), the MODE pin voltage reaches Vyopgas
(3.15Vtyp), and the MODE pin voltage is discharged
rapidly again.

MODE “I” and detection of open of the MODE pin

At startup, input voltage is applied and VCC pin
voltage rises to 11V, then mode selection source
current of constant current is output from the MODE
pin. Operating mode is selected depending on the
voltage generated resistor between the MODE pin
and the GND. See Table 3 on page 30 for the
operation mode settable by resistors. Fig. 46 shows
the waveform of each mode selection.

After the rapid discharging of the MODE pin, the
MODE pin voltage rises again with constant current of
3uA, and the MODE is determined based on the
resistance value of the resistor connected. The mode
selection time in this period is 40ms. Note that if the
resistor is in open state at the time of operating mode
setting, the MODE pin voltage increases above the
mode selection resistor open detection voltage of 1.4V.
Consequently, latch off occurs.

The operating mode setting time is about 40ms from
10ms. After the setting time elapses, the VCC pin
voltage increases again, and when it reaches the start
operation voltage of 14V, switching is started. During
normal operation, except when operating mode is being
set, the MODE pin is kept clamped at 0.53V.

VCC pin ~ VSTON VCC pin T VCC pin
Voltage Voltage | Voltage
R |
- |
|
e I e ] N I -
MODE pin 40uA MODE pin - i 40uA MODE pin
Output Output | ! Output
current current } | current
| |
e s ‘ { ———10uA
. ] g i o
: ! el 2oms___
I | 2.65v—-! !
! ! w -~ 0.82~2.7V
MODE pin | [-———— - — —p———t - ————— 0.6V~2.24V MODE pin MODE pin
Voltage Voltage Voltage
MODE A~D MODE E~H MODE |
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Fig. 46 MODE pin mode

47156

selection waveforms
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(i) Setting the delay time for OCP (IS pin)
v'Connection method
The same as the one described in (i) .
v'Operation

FAG6B20N Datasheet

2. Setting the delay time for OCP (IS pin)
Fig. 49 shows the guideline for setting overcurrent
delay time based on the CR of the MODE pin.
Since the MODE pin also has the function of

The MODE pin voltage is clamped at 0.53V during
normal operation. If the IS pin detects state of
overcurrent, constant current of 65uUA is output from
the MODE pin to charge the capacitor. When the
MODE pin voltage reaches 1.4V, the output of the
constant current is stopped, and the electric charge

setting the operating mode by resistance value, to
set the delay time for overcurrent Tocppry, it iS
necessary to determine the capacitor
depending on the Ryope-

(Recommended operating condition : 1nF - 22nF)

CMODE'

of the capacitor is discharged by the discharge Ruope=82KQ,
current 65uA. When the MODE pin voltage 30 S ——— 120KQ,180KQ,
decreases to 0.65V, the charge current is output 270KQ.390KQ
. . . . . 25 +— 36KQ ——556KQ !
again. The MODE pin repeats this oscillation state, o ko ——
and when the number of times of oscillation reaches z o R =15KQ
g 20 180KQ 270KQ MODE
32, switching is stopped. (See Fig. 47.) The delay 5 300K / /J/
time is settable in a range approximately from 1ms to g 1s \l/ ~
19ms. 2 7=
Over current detection voltage Switching SIOP\ 10 = ﬁ /M’/ e
o AR AR =
s A . S r—
R LALALAALAR AR ARARARARRARAARNAL > 36KQ.56KQ
M‘zﬁfg‘;i" 0.65V e ? o 2 4 6 8 10 12 14 16 18 20 22
0.53V Cmode[nF]
1 puls 32 puls

Fig. 47 Overcurrent delay time counting operation ) o ) )
Fig. 49 Guideline for setting delay time for OCP

(i )Protection by external signal
v'Connection method
Connect a switch element as Fig. 45 or Fig.48.
v'Operation
The MODE pin is kept at 0.53V during normal
operation. At this time, source current of 110uA is
being output from the MODE pin. If the MODE pin
voltage is pulled down by the external switch below
protection threshold of 0.35V for 304us or longer,
switching is stopped. After the switching is stopped,
the VCC pin voltage is maintained by the startup
circuit. During the period when MODE pin is kept
below the threshold voltage (0.35V typ.), switching is
stopped. Switching is resumed when MODE pin
voltage rises over the threshold voltage (0.35 V typ.).

No.6 : CA pin
(1) Function

( i) Outputs voltage according to the input power of LLC.

(ii ) Detects overload and operates protection function

(iii) Switches to low standby mode automatically
depending on the voltage.

(2) How to use
(i) Outputs voltage according to the input power of
LLC
v'Connection method
Connect a capacitor between the CA pin and the
GND. If adjustment of mode switch level is required,
also connect a resistor .
(3)Advice on design Rca Cca
1. Overvoltage protection on the secondary side
using the MODE pin
Overvoltage protection on the secondary side using
the MODE pin can be configured. Fig. 48 shows the
example.

CA

Fig. 50 CA pin circuit

* O
3 % v'Operation
IC monitors the primary input power by detecting
O input current of LLC at IS pin and smoothing the

2
A

current signal at CA pin.

Conversion gain from IS pin to CA pin is switched
at two point as Fig. 51 in order to widen operating
voltage range of CA pin. When load is increased and
CA pin voltage increases to 1.45V, gain is switched
and CA pin voltage drops to 0.725V. When load is
decreased and CA pin voltage decreases to 0.6V,
gain is switched and CA pin voltage rises to 1.2V.

¥,

ZDovp

Fig. 48 Secondary side OVP using MODE pin
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Fig. 51 CA pin voltage vs. IS pin voltage

(ii) Detecting overload and operates protection
function
v'Connection method
The same as the method described (i ).

v'Operation
If the CA pin voltage reaches preset voltage (1.5V
or 3.0V) with STB pin mode selection, overload is
judged to be occurring, and after the overload
protection delay time of 38ms has elapsed, switching
is stopped. Switching is restarted after the
interruption of 810ms.

(iii) Switch function between low standby and normal
mode automatically according to the voltage
v'Connection method
The same as the method described (i ).

v'Operation

When the output power decreases, CA pin voltage
also decreases. If CA pin voltage drops to the preset
voltage with MODE pin resistor, the IC switches to
low standby mode automatically. When the output
power increases and CA pin voltage increases to
preset voltage, the IC also switches from low standby
mode to normal mode automatically.

(3)Advice on design
Select a capacitor from 0.1 to 0.47uF for CA pin.

The auto standby operation and overload
protection is based on the CA pin voltage. The CA

pin voltage is decided according to the IS pin voltage.

Therefore, IS pin resistor R affects the threshold
power for auto standby and overload protection. In
addition, R g is used for overcurrent protection.

When adjust each components, select R,5 and Rc,
which satisfies above conditions.

Input power detection function does not monitor
input voltage because it is designed on the premise
that PFC is used. If PFC output voltage is changed,
the CA pin voltage also changes even with the same
output power. Please evaluate enough when PFC
output voltage is changed.
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No.7 : IS pin

(1)Function

(i) This pin detects the resonance current value and
compare with the threshold voltage, which decides the
forced turnoff for the preventing capacitive mode
function.

(i) This pin detects the resonance current value for each
switching cycle and forcibly turns off switching in case
of overcurrent.

(2)How to use
(i )Detection of the IS pin voltage for the preventing
capacitive mode function
v'Connection method
Because the loss increases when the current
flowing into the resonance capacitor is monitored
directly, a shunt capacitor is connected and the
current is converted into the voltage by the resistor
as shown in Fig. 52. Then, it is input into the IS pin
and the resonance current value is detected. To
suppress the noise, connect a capacitor (C,s=100pF
recommended) between the IS pin and the GND. In
addition, connect a CR filter depending on noise
level. (See Fig. 52.) Recommended resistor R, of the
CR filter is 100Q.

R1
Ris

Fig. 52 IS pin circuit

v'Operation
See page 34 for details of the preventing capacitive
mode function.

© Fuji Electric Co., Ltd. All rights reserved.
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(ii ) Overcurrent protection
v'Connection method

The same as the one described in (i ).

v'Operation

If the IS pin voltage exceeds the over current
detection threshold for low side or high side, the
MOSFET is tuned off for each oscillation cycle, and
then turned on again after the dead time. If the
overcurrent state persists, turning on/off is repeated.
In addition, if this overcurrent detection state
continues for the delay time for overcurrent set by
the CR of the MODE pin, switching is stopped. When
810ms elapses after the switching is stopped,
switching is resumed. Overcurrent detection state is
reset if IS pin does not detect overcurrent for 76us.

(3)Advice on design
1.0vercurrent detection

The shunt capacitor C is recommended to be
approximately 1/100 of the resonant capacitor C..
Overcurrent detection is performed by dividing the
current by the capacitance ratio of C/C, and
converting the current into voltage using the current
sensing resistor Rg.

For example, to make overcurrent detection at
I,=4A, the current is divided into 40mA by the
capacitance ratio C/C, (1/100 recommended). See
CA pin section how to decide the current sensing
resistor.

2. Insert a CR filter

The switching noise of MOSFET may cause
malfunction of the overcurrent detection function or
the capacitive mode prevention function and
operation may become unstable. In such cases, add
a CR filter to the IS pin as shown in Fig. 40. The
recommended value of CR filter is approximately
Cs=100pF and R,;=1000hm. Note that the
overcurrent detection or the input power detection
may be affected if the time constant of R; X Cg is too
large.

No.8 : VW pin
(1)Function

For the capacitive mode prevention function, the
primary auxiliary winding voltage, which has the
reversed polarity to the main winding, is input and
the primary winding voltage is monitored on each
switching cycles. (Voltage detection for the
capacitive mode prevention function.)

(2) How to use
v'Connection method

The auxiliary winding voltage, which has the
reverse polarity to the main winding, is input into VW
pin through a resistor divider. The auxiliary winding
for Vcc can be used for VW pin. To suppress noise,
connect a capacitor between the VW pin and the
GND. (See Fig. 53.)
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Fig. 53 VW pin circuit

v'Operation

Apply the auxiliary winding voltage, which has the
reversed polarity to the main winding, to the VW pin.
See “Capacitive mode prevention function” on page
34 for details of operation.

(3) Advice on design

50/56

1. Selection of VW pin resistor

How to decide the VW pin resistor is different
between in auto standby operation and in standby
operation by external signal.

In case of “standby operation by external signal”,
select VW pin resistor by referring to the following
values so that the VW pin voltage becomes
approximately 3.5V during normal operation.
However, make sure that the maximum absolute
rating is not exceeded under any conditions including
startup, stop, and overload.

[Reference resistance for “standby operation
by external signal]

Ryw1 : Approximately 6.8kQ to 15kQ

Ryw2: Fixed to 2.2kQ

When Vcc winding is not used for the VW pin,
select resistors so that the parallel combined
resistance value of RVW1 and RVW2 becomes
approximately 2kQ and VW pin voltage becomes
approximately 3.5V.

In case of “auto standby operation”, VW pin resistor
is decided on the basis of the secondary diode
current at standby mode. In the standby mode of
“auto standby operation”, switching is controlled by
CS pin at soft start/end, else by VW pin as shown in
Fig. 16. VW pin controls switching frequency so that
secondary diode peak current will be limited and
audio noise from transformer will be suppressed at
standby. To adjust the resistor divider of VW pin,
secondary diode current should be monitored with
maximum load at standby. Adjust R,y; so that the
secondary diode peak current will be approximately
10A. However, if the secondary diode peak current is
too small, output power at one switching cycle
become small and the number of the switching
increases. As the result, ripple voltage of Vo will
increase. Note it at adjustment.

© Fuji Electric Co., Ltd. All rights reserved.
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2. Connecting the capacitor

Connecting a capacitor C,,, of 22pF (typ) to 56pF
is recommended to suppress noise. If noise is large,
thus causing malfunction, it is possible to increase
the capacitance of C,. In this case, however, pay
careful attention because it causes delay and the
delay may cause malfunction in forced turn off
function of the capacitive mode prevention.

No.9 CS pin
(1)Function

(1) Soft start during startup
(i) Burst operation and soft start/end function in burst
operation

(2)How to use
(i )Soft start during startup
v'Connection method
Connect a capacitor between the CS pin and the
GND.

cs
Ces

!

Fig. 54 CA pin circuit

v'Operation

Once the IC is activated, the CS pin source current
(2.0uA or 4.0uA) is output from the CS pin to charge
the capacitor connected between the CS pin and the
GND. When the CS pin voltage rises to 0.4V,
switching is started at 350kHz, and with the rise of
the CS pin voltage, the operating frequency
decreases, ensuring soft start. (See Fig. 10).

(ii ) Standby mode operation and soft start/end
function
v'Connection method
The same as the one described in (i ).

v'Operation
In the low standby mode, the CS pin is charged/
discharged according to the FB pin voltage, ensuring
burst operation. See page 31 for details.

(3)Advice on design
1. Capacitor value

Select the CS pin capacitor in the range described
below.

[Standby operation by external signal]

Adjust the capacitor of the CS pin to be
approximately from 0.01pF to 0.047uF considering
the transformer audio noise and standby power at
the standby mode.

[Auto standby operation]

In case of “auto standby operation”, adjust CS pin

capacitor form 0.0047uF to 0.01pF.

2. Response switch circuit
As Fig. 44 on page 46, CS pin can be used as
input signal for FB pin response switch circuit. The
resistance set approximately 3MQ not to affect the
charge current.
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No.10 : VCC pin
(1)Function

(1) Supplying the power of IC
(ii ) Preventing malfunction by detecting low voltage
(iii) Overvoltage protection on the secondary side

(2)How to use
(_i)Supplying power of IC
v'Connection method
Generally, the auxiliary winding voltage provided in
the transformer is rectified/smoothed and connected.
(See Fig. 55.)

Fig. 55 VCC pin circuit

v'Operation

The voltage supplied from the auxiliary winding is
optimum within the range from 14 to 27V during
normal operation. Since the start-up circuit stop
voltage is 11.6V (max.), the VCC pin voltage should
be 14V or higher (recommended operation condition)
with margin, not to allow the startup circuit to operate
during normal operation.

It is impossible to keep operation of the IC only with
the current supplied from the startup circuit, i.e.
without using the auxiliary winding under normal
operation conditions. Therefore, VCC voltage should
be supplied from the auxiliary winding.

(i ) Preventing malfunction by detecting low voltage
v'Connection method
The same as the one described in (i) .

v'Operation

To prevent circuit malfunction when supply voltage
decreases, an under voltage lockout circuit is
incorporated. At the time of startup, switching is
started when the VCC pin voltage increases to the
start operation voltage of 14V. (It is also necessary
that the voltage between the VB pin and the VS pin
becomes Vgg switching start voltage of 8.8V or
higher.) The VCC pin voltage decreases, and when it
decreases to below 8.5V, the IC stops operating to
prevent malfunction by the under voltage lockout
circuit. When the IC stops operating the OUT pin is
forcefully put in Low state. The latch mode of the
protection circuit will also be reset.

© Fuji Electric Co., Ltd. All rights reserved.



KQ/ Fuiji Electric Innovating Energy Technology
FA6B20N Datasheet

(iii )Overvoltage protection on the secondary side No.11 : LO pin
v'Connection method (1)Function
The same as the one described in (i) . This pin drives the MOSFET of low side.
v'Operation
If a state where the VCC pin voltage exceeds the (2)How to use
over voltage threshold voltage of 30.6V continues for v'Connection method
the overvoltage protection delay time of 304us, the LO pin is connected to the MOSFET gate via
IC stops switching. Once switching is stopped, the resistors.
VCC pin voltage is maintained within the range from (See Fig. 56 and 57.)

10V to 11V, and the state of stop is continued. When
810ms elapses after the switching is stopped,
switching is resumed.

(3)Advice on design
1. Connection of the bypass capacitor
Since high current flows into the VCC pin to drive
the MOSFET, relatively large noise tends to appear.
In addition, the current supplied from the auxiliary
winding may also cause the noise. If the noise is
large, the IC may malfunction. Therefore, connect

the bypass capacitor C,¢,(0.1uF or larger) as close Fig. 56 Gate circuit 1 Fig. 57 Gate circuit 2
to the VCC pin as possible, in addition to the
electrolytic capacitor C,, as shown in Fig. 55. v'Operation
During period when the MOSFET is on, the state is
2. Auxiliary winding P, set to H level and almost the VCC voltage is output.
Determine the number of turns of the P, winding During the period when the MOSFET is off, the
using the following formula. If the output voltage is state is set to the L level and the voltage of almost
Vo and the number of turns of the secondary winding 0V is output.
is S;, the number of turns of the P, winding can be
calculated as follows: (3)Advice on design
\V/ Gate resistors is connected to limit the OUT pin
P, = current and prevent the oscillation of the gate pin
\A voltage.

However, the coupling between the primary and
the secondary of LLC transformer is not high. No.12:GND pin

Therefore, the Vcc voltage on the actual PSU may (1)function
be higher than the calculated value. It is necessary to This is the GND pin of the IC and the reference for
evaluate and adjust on the prototype PSU. the voltage of each part of the IC.
3. Rectifier diode and resistors, and electrolytic (2)Advice on design
capacitor Both control circuits and low side gate driver circuit
In the VCC supply circuit shown in Fig. 55, use the use this pin as GND. Therefore, the impedance of
rectifier diode D, with low forward. GND wiring should be as low as possible.

When using low standby mode, to prevent the VCC
voltage from decreasing while switching is stopped, it No.13 : NC pin
is necessary to adopt a rather large VCC pin Since this pin is placed adjacent to the high-
capacitor. voltage pin(VS), it is not connected to inside the IC.

-
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No.14 : VS pin
(1)Function
This pin is the floating GND for the high-side driver.

(2)How to use
v'Connection method
In the power stage section of the current resonance
circuit, the high-side MOSFET source and the low-
side MOSFET drain is connected. Connect VS pin to
the node with low impedance wiring. (See Fig. 58.)

Dbst

CVBS Rbst

%
X
00000 -~

.
—\

Fig. 58 bootstrap circuit

v'Operation
Since the high-side MOSFET and the low-side
MOSFET turns on and off alternately, the VS pin
voltage goes high and low. With bootstrap circuit,
high side driver circuit operates using this pin as
floating GND.

(3)Advice on design

Just after the high side MOSFET turns off, current
path of the primary main circuit is changed from the
high side MOSFET to the body diode of the low side
MOSFET. At that time, VS pin voltage drops below
GND by tens of volts for hundreds of ns due to the
wiring inductance and current change rate. This
negative voltage may exceed the absolute maximum
rating and may cause malfunction or damage of the
IC. In order to prevent it, therefore, connect a
capacitor C,,g between VS pin and GND to reduce
switching speed or reduce wiring inductance.
However, too large C,g may causes hard switching.
Decide C, 4 after the evaluation using an actual
power supply. (Recommended : 100pF - 1000pF)

No.15 : HO pin
(1)Function
This pin drives the high side MOSFET.

(2)How to use
v'Connection method
HO pin is connected to the MOSFET gate via
resistors. (See Fig. 56 and 57.)
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v'Operation
During the period when the MOSFET is turned on,
the state is set to the H output state and almost the
VB voltage is output. During the period when
MOSFET is turned off, the state is set to the L output
state and almost the VS voltage is output.

(3)Advice on design

Gate resistors are connected to limit the OUT pin
current and prevent the oscillation of the gate pin
voltage.

When the minimum dead time t; is larger than the
appropriate dead time, delay the turn-off and
decrease effective dead time by adjusting the gate
resistance.

No.16 : VB pin

(1)Function
(i) Power supply pin of the high-side driver.
(ii) Detects low voltage to prevent malfunction.

(2)How to use
(i) Supplies power to the high-side driver
v'Connection method
The bootstrap capacitor C,zg, the bootstrap diode
D,s; @and the charge-current limiting resistor R, is
connected as shown in Fig. 58.

v'Operation
During the period when the low-side driver is on,
the bootstrap capacitor C, g5 is charged from the
VCC pin via the bootstrap diode D,. The high-side
driver operates using this electric charge.

(i ) Detecting low voltage to prevent malfunction
v'Connection method
The same as the one described in (i) .

v'Operation

To prevent malfunction at the time of decreased
power supply voltage, an under voltage lockout
circuit is integrated. When the voltage between the
VB pin and the VS pin increases and reaches the
Vgg switching start voltage of 8.8V, switching is
started (it is also necessary for the VCC pin voltage
to exceeds the switching start voltage of 9V). When
the VCC power supply voltage decreases and the
voltage between the VB pin and the VS pin
decreases to the Vg4 switching stop voltage of 7.5V,
the IC operation stops.

In a state where the under voltage lockout circuit is
actuated and the IC operation is suspended, the HO
pin is forced to be in the Low state.
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Other advice on design

The loop consisting of the bootstrap capacitor C,gs,
VS pin and VB pin should be as small as possible.

VBS
In Fig. 58, when Q, is on and Q, is off, the C, ¢

voltage decreases due to the Q, gate charging
current, the high-side operating current of IC Igg,,
and C, 55 leakage current. Therefore, select C,g5 SO
that the voltage between the VB pin and the VS pin
will not drop below the Vg switching stop voltage of
8.1V (Vgsorrmax))- The minimum capacitance
required for C,zg is calculated using the following
formula and select the capacitance with sufficient
margin. A bootstrap capacitor Cgg of 0.1uF (min.) —
1.0uF (max.) is recommended.

S Qg + | |gsp X Ton+ Ichs(leak) x Ton
Vee ~Vesorr ~Vf —Vis

Qg Gate charge quantity of MOSFET

lgs,: High-side operating current of IC

Ton: Maximum ON time of high-side MOSFET Q,
lepsgeak): L€@Kage current of bootstrap capacitor
Vcc: Low-side power supply voltage

Vesore: VBS switching stop voltage

V;: Forward voltage of bootstrap diode

V,s: Low-side MOSFET Q, ON voltage
Example:

100nc + 0.1mA x 5us + 0.01uA x 5us
15v -8.1V -0.6V -5V

= 0.08uF

2. Selecting a charging current limiting resistor R bst

Be sure to insert R, to prevent rush current at
initial charging of C,zs. To prevent damage of the
diode Dy, select R, so that the rush current will be
below the rating peak current of the selected diode.

3. Selecting bootstrap diode D

Select a fast-recovery diode of short reverse
recovery time. If the reverse recovery time is long,
the reverse recovery current to the low-side power
supply V¢ increases when the high-side MOSFET is
turned ON and high side Vcc may drops. In addition,
high side Vcc ripple may cause malfunction.

As for rating voltage, select a diode of the same or
higher rating voltage of that of the low-side MOSFET,
taking derating into consideration.

The average current I, can be found by
multiplying the gate charge quantity Q, of the
MOSFET by the operation frequency f, .

The peak current is considered to be the current
found by dividing the maximum low-side power
supply voltage value V¢ by R

54/56

(1) Preventing malfunction due to negative voltage of

the pin

If large negative voltage is applied to each pin of
the IC, the parasitic devices inside the IC may be
operated, thus causing malfunction. Confirm that the
voltage of -0.3V or less is not applied to each pin.

If negative voltage is applied due to noise, connect
a Schottky diode between each pin and the GND.

The forward voltage of the Schottky diode can
suppress the negative voltage at each pin. In this
case, use a Schottky diode whose forward voltage is
low.
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10. PCB layout guideline
In the switching power supply, large pulse current flows through the GND wiring and surge voltage (noise) is generated.
The noise may causes malfunction of the IC. (unstable voltage, unstable waveform, abnormal latch stop, etc.)
Malfunction may also be caused by injected surge voltage/current such as lighting surge test, AC line surge test and
electrostatic discharge test.
Please design the PCB layout and the wiring with consideration of the followings to prevent the malfunction.

Current path in switching power supply
(1) Main circuit current which flows from input smoothing capacitor to transformer primary winding, MOSFET and
current sense resistor.
(2) Current which flows from auxiliary winding to VCC capacitor and driving current which flows from IC to the MOSFET
(3) Control circuit current around the IC such as feedback signal
(4) Filter current which flows between primary and secondary via the Y-Capacitor.

Points in pattern designing

- The GND wiring of the above (1)-(4) should be separated so as not to affect each other.

- To minimize the surge voltage of MOSFET, loop length of the main circuit should be designed as short as possible.

- Especially separate the GND patterns in the main circuit system and the control circuit system from each other, and
connect the GND patterns as near the (-) pin of the electrolytic capacitor as possible.

- The electrolytic capacitor between VCC pin and GND should be connected close to the IC.

- The bypass capacitor of the VCC pin should be connected as close as possible to the IC.

- The bootstrap capacitor between the VB — VS pins should be connected close to each pin using the shortest wiring.

- Capacitors for filter such as FB pin and CS pin should be connected close to each pin using the shortest wiring.

- The loop area of IS pin and GND wiring should be as small as possible.

- The IC and control circuit should not be arranged inside the main circuit loop.

- Control circuit and signal wiring should not be placed under the transformer and coil so as not to affect the leakage
flux.

connected at the current sense resistor.

s TWT LT
ot LL,

[ GND of PFC IC and GND of a main circuit should be ] [ L9 el osad o el eref Shaule) e el ]

O Output

GND should be smalt”

i

[ Loop composed of IS pin apd i

Drive current should not
affect control-system GND.

:

Main circuit GND and control
circuit GND should be
separated.

[ Transistor connected to RT pin of PFC_IC should be placed close to PFC IC. ] Capacitors for filters and control
circuit should be placed close to IC.

Fig. 59 PCB wiring design guide
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/ Notice \

1. The contents of this note (Product Specification, Characteristics, Data, Materials, and Structure etc.) were prepared in
May 2017.The contents will subject to change without notice due to product specification change or some other
reasons. In case of using the products stated in this document, the latest product specification shall be provided and
the data shall be checked.

2. The application examples in this note show the typical examples of using Fuji products and this note shall neither
assure to enforce the industrial property including some other rights nor grant the license.

3. Fuji Electric Co.,Ltd. is always enhancing the product quality and reliability. However, semiconductor products may
get out of order in a certain probability. Measures for ensuring safety, such as redundant design, spreading fire
protection design, malfunction protection design shall be taken, so that Fuji Electric semiconductor product may not
cause physical injury, property damage by fire and social damage as a result.

4. Products described in this note are manufactured and intended to be used in the following electronic devices and
electric devices in which ordinary reliability is required:
- Computer - OA equipment - Communication equipment (Pin) - Measuring equipment
- Machine tool - Audio Visual equipment - Home appliance - Personal equipment
- Industrial robot etc.

5. Customers who are going to use our products in the following high reliable equipments shall contact us surely and
obtain our consent in advance. In case when our products are used in the following equipment, suitable measures for
keeping safety such as a back-up-system for malfunction of the equipment shall be taken even if Fuji Electric
semiconductor products break down:

- Transportation equipment (in-vehicle, in-ship, railways, etc.) - Communication equipment for trunk line
- Traffic signal equipment - Gas leak detector and gas shutoff equipment
- Disaster prevention/Security equipment - Various equipment for the safety.

6. Products described in this note shall not be used in the following equipments that require extremely high reliability:
- Space equipment - Aircraft equipment - Atomic energy control equipment
- Undersea communication equipment - Medical equipment.

7. When reprinting or copying all or a part of this note, our company’s acceptance in writing shall be obtained.

8. If obscure parts are found in the contents of this note, contact Fuji Electric Co.,Ltd. or a sales agent before using our
products. Fuji Electric Co.,Ltd. and its sales agents shall not be liable for any damage that is caused by a customer
who does not follow the instructions in this cautionary statement.

\_ /

® The contents will subject to change without notice due to product specification change etc.

® Application examples and component in this sheet is for the purpose of assisting in the design.
Therefore, This sheet has not been made in consideration of the margin.

® Before using, Please design in consideration of the parts variation and use condition.
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