KA/ Fuji Electric Innovating Energy Technology

Current resonant control IC
FAB6A30/31N Datasheet

1. Overview
FABA30/31N is a switching power supply control IC for LLC current resonant converter.
This IC enables a LLC current resonant converter for wide input voltage range without PFC. 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 MOSFETSs with 50% duty cycle alternatively.
To ensure high reliability of the power supply, the arm-short prevention function, high-accuracy overload protection
function, and overcurrent protection function with adjustable delay time are provided.
In addition, low standby power is achieved with low standby mode selected by external signal, therefore auxiliary power
supply for standby can be removed.
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
« For wide input voltage range, LLC current resonant power supply system
can be configured without PFC.
- Integrated high-side and low-side drive circuits, which can be directly
connected to the power MOSFET and operates with 50% duty cycle.
 The integrated startup circuit achieves downsized power supply and lower
power consumption.
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 Operating mode can be selected from normal operation mode, low standby %% — S
mode, and ultralow standby mode (STB pin) ﬁﬂ EEEHEEHA

« During the low standby mode, standby power is lowered by the burst mode <=35

operation. il O

* Integrated input filter X-capacitor discharge function decreases loss due to ‘ HEHHHEEHH £
discharge resistance. 0. 350, 51D 0.2505
» Low consumption current, 0.65mA (Vcc quiescent current). PinlIndicator

UNIT; nm
- Since the dead time is set automatically within the IC, switch-through and

hard switching are prevented.

- Various protection functions: overcurrent (IS pin), overload (VW,FB pin),
overvoltage (VH,VCC pin) and overheat.

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

- Level-adjustable brown-in/out function (BO pin)

- Various condition settings, including external latch-off function, overcurrent
protection (detection by IS pin) delay time setting, operation setting in
standby mode, and PFC with/without setting, can be made (MODE pin).

* Built-in circuit for prevention of low-voltage malfunction (VCC,VB pin)

- Package: SOP-16 (compliant with JEDEC)

Pacge:SOP-16

Protection functions

Type name Overload Overcurrent Overvoltage ef(igtrﬁ;tllzingggl VCC voltage drop
(VW,FB pin) (IS pin) (VCC pin) (MODE pin) (VCC pin)

FAGA30N Auto recovery Auto recovery Latch Latch Auto recovery

FAGA31N Latch Latch Latch Latch Auto recovery
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3. Application circuit example
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5. Functional description of pins

Pin No. Pin name /O Description Note
1 VH I High voltage input *2
2 (NC) - (No connection) *3
3 BO 1’0 Brown-in/out setting *1,%2 VH[=] o 3] vB
4 FB 110 Feedback input *1,*2 (NC) E E‘ HO
5 (O] l[e} Soft start and soft end *1 BO [« BRE
1 H * *
6 STB 110 Standby signal |nput_ 1,*2 FB[=] FABA3ON |Z] (NO)
7 MODE 10 Operating mode setting and 1 %2
Delay time for over current protection ' CS[«] 5] GND
8 IS I Current detection *1,%2 STB[=| Bl
- - .
9 VW I Winding voltage detection 2 MODE[<] 3] vee
10 VCC I Low side power supply *1
1S[=] [e] VW
11 LO (0] Low-side gate drive output *2
12 GND - Ground -
13 (NC) - (No connection) *3
14 VS I High-side floating ground -
15 HO (0] High-side gate drive output *2
16 VB I High-side floating power supply *1

I: Input pin, O: Output pin, I/O: Input and output pin
Notes)
*1 Connect the capacitor
*2 Connect the resistance
*3 Pin 2 and 13 are high voltage spacer and these pins are not internally connected.
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6. Ratings & characteristics

(1) Absolute maximum ratings
*Stress exceeding absolute maximum ratings may malfunction or damage the device.
*.” shows source and “+” shows sink in current descriptions.

Item Symbol Value Unit
High side floating absolute voltage Vg -0.3t0 630 \%
High side floating absolute current in no switching lvg 0.05 mA
High side floating supply offset voltage Vg V;-30 to Vg+0.3 \%
High side floating supply offset current in no switching lys 0.05 mA
High side floating supply voltage (Vgs=Vg-Vs) Vis -0.3to0 30 \Y,
High side floating supply current in no switching lss 15 mA
High side floating output voltage Vio Vs-0.3 to Vg+0.3
High side floating output current *1 | 11/25
(Va-V<=30V, Pulse Width < 1us, 1pulse) Ho
Low side supply voltage Vee -0.3t0 30
Low side supply voltage in no switching lec 3.0 mA
Low side output voltage Vio -0.3t0 V10.3 \Y,

i *

Izszvpilgg\/cjﬁﬁgec\l;\;irg;L 11us, 1pulse) o -1.1/1.7 A
Allowable offset supply voltage transient dv/dt dVvg/dt -50 to +50 kVl/us
VH pin input voltage Vy -0.3 to 600 \%
VH pin input current Iy 12 mA
IS pin input voltage Vs -5.3t0 +5.3 \Y,
IS pin input current ls -100 to +100 uA
VW pin input voltage Vyw -5.310 +5.3 \%
VW pin input current lyw -150 to +150 UA
PGS/BO/FB/MODE/CS pin input voltages V. -0.3t0 +5.3 \%
PGS/BO/FB/MODE/CS pin input currents n -100 to +100 UuA
STB pin input voltage Vg -0.3t0 +6.0 \Y,
STB pin input current Iste -100 to +100 UA
Power dissipation at T,=25 deg. Py 0.83 \W
Thermal resistance, junction to ambient *2 Rinia 120 C/W
Operating junction temperature T; -40 to +150 °C
Storage temperature Tig -40 to +150 °c

*1 Please consider power supply voltage and load current well and use this IC within maximum power dissipation,
operating junction temperature and recommended ambient temperature in operation. The IC may cross over
maximum power dissipation at normal operating condition by power supply voltage or load current within peak
current absolute maximum rating value.

*2 JEDEC STANDARD test board

*3 The specified value is defined as DC applied voltage. The tolerance of negative voltage serge is defined as follows.

Tj [°C] Min. serge voltage[V] Max. serge width[ns]
-40 -0.90 45
25 -0.76 60
125 -0.56 82

Please contact us if the situation exceeded above table happens.
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X Maximum dissipation curve
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(2) Recommended operating conditions
Iltem Symbol MIN. TYP. MAX. Unit
High side floating absolute voltage Vg V+14 Ve +19 V+27 \
High side floating supply offset voltage *1 Vg -5 — 500 V
High side floating supply voltage (Vgs=Vg-Vs) Vps 14 19 27 V
High side floating output voltage Vig Vg — Vg V
High side floating pin capacitance *2 Cygs 0.47 1.0 — uF
Low side supply voltage Ve 14 19 27 V
Low side output voltage Vo 0 — Vee V
Low side supply pin capacitance *3 Cycc 22 220 — uF
Low side supply pin by-pass capacitance *4 Cyceo 0.10 — — uF
VH pin input voltage Vy 80 — 500 vV
VVH pin input peak current lyy — — 10 mA
VH pin resistance Ryy 2 10 40 kQ
STB pin resistance *5, *6 Rerg 32.67 33.00 33.33 kQ
STB pin capacitance Csi 820 1000 1200 pF
FB pin capacitance Ceg 220 1000 — pF
CS pin capacitance Ces 0.01 0.022 0.047 uF
VS pin capacitance *7 Cys 220 470 1000 pF
Ruopea 55.44 56 56.56 kQ
. . . Ruones 99 100 101 kQ
MODE pin state selection resistance Ruooec 198 500 502 %)
Ruaonen 326.7 330 333.3 kQ
External resonant inductor "8 Lex — 0 — uH
Operating ambient temperature T, -40 — 105 °C

*0 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.

*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 Remove the resistor at ultra-low standby mode.

*6 Use 33kQ resistance with an uncertainty of 1 % at standby mode.

*7 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.

*8 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, V=19V, V=0V, V5=2.0V, V=3.7V, V|g=0V, V1, =0V, Vgrg =0V, V0p5e=0.5V, Vpes=0V,
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.

(3)-1. High voltage input (VH pin, VCC pin )

ltem Symbol Conditions MIN. TYP. MAX. Unit
lhrunL V=100V, Vc>Verope 2.0 3.0 4.0 uA
L liruN2 V=400V, Ve>Vgrore 5 10 15 UA
VH pin input current
lyho V=100V, V=0V 0.7 14 24 mA
e V=100V, V=6V 2.8 4.2 6.0 mA
lores V=100V, V=6V -5.5 -3.8 -2.5 mA
Charge current to VCC pin V,.=100V
| H ’ -6.3 -4.3 -2.8 mA
PREL2 Vee=Vecon0.2V
Minimum start operation voltage VH increasing,
on VH pin Vurmin VCC open 12 25 50 v
(3)-2. Low-side power supply (VCC pin)
ltem Symbol Conditions MIN. TYP. MAX. Unit

V¢ increasing,

Start operation voltage Vecon Switching started point 12.4 13.0 13.6 \Y
Vc decreasing,
Shutdown voltage Vecorr Switching stopped point 8.5 9.0 9.5 \Y
V¢ decreasing,
IC reset voltage Veerst IC reset 8.0 8.5 9.0 \Y
Hysteresis voltage Veenys Veenvs=Vecon-Vecore 3.5 4.0 4.5 V
Low-side minimum .
operating voltage Veemn LO pin sink current 1mA 1.0 2.8 4.0 \%
Start-up circuit start voltage Vsron V¢ decreasing, 10.4 11.0 11.6 V
Start-up circuit stop voltage Vsrorr V¢ increasing, 10.9 11.5 12.1 V
Hysteresis voltage Vec Veern=Vstorr-Vston 03 0.5 0.7 v
Vechz Veenz=Vston-Vecore 10 2.0 3.0 v

V=19V, FB pin open,

V5=0V, switching stops 0.50 0.65 0.80 mA

VCC quiescent current lect

Vee=19V, Vg=3V,
leeo V=3V, in minimum 0.60 0.75 0.90 mA

frequency operation
VCC operating current

Vee=19V, V=3V,
lees Ve=0.3V, in maximum 0.75 0.95 1.15 mA
frequency operation

Consumption current | V=11V,
In latch mode ceLar after latch stops by OVP

Vee=19V, V,=0V

0.50 0.65 0.80 mA

VCC quiescent current at

ultra standby mode leca STB pin open 30 55 80 uA
VCC rapid discharge current lvecroe VCC:_ZSV V=4V, 2.0 3.0 4.0 mA
Vs1g=0V
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(3)-3. High-side power supply (VB pin)

Item Symbol Conditions MIN. TYP. MAX. Unit

Vgincreasing,
Switching start voltage Vason V=2V, Vg=0V, 7.8 8.8 9.8 \Y
HO switching started point

Vg decreasing,
Switching stop voltage Vasorr V=2V, Vg=0V, 7.0 7.5 8.1 \Y
HO switching stopped point

Hysteresis voltage Vashys Vasiys=Vason-Vesorr 0.5 13 2.0 \Y
High-side minimum operating L
voltage Vasmin HO pin sink current 1ImA 0.6 2.2 3.0 \Y
High-side quiescent current I Veg=OV, 25 50 100 UA
BS1 HO switching stops
V=3V,
lgso in minimum frequency 0.05 0.10 0.25 mA
operation
High-side operating current
V5=0.3V,
lgss in maximum frequency 0.05 0.10 0.25 mA
operation
(3)-4. MODE Selection (MODE pin)
Iltem Symbol Conditions MIN. TYP. MAX. Unit
Mode selection Ivobe Mode pin source current -11.2 | -10.0 -8.8 uA
source current
Mode selection time tmobE 32 40 48 ms
Mode selection resistor No Switching
Open detection voltage Vimodeo if Vmode > VmodeO 4.10 4.40 4.70 v
VCC charge resume voltage V moder Decreasing Vmode 0.54 0.60 0.66 \Y,

Mode selection list

MODE MODE pin resistor Burst setting With/Without PFC setting
A 56kQ High frequency mode With
B 100kQ High frequency mode Without
C 200kQ Low frequency mode With
D 330kQ Low frequency mode Without

(3)-5. External-fault latch stop function (MODE pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
Source current I ats Viode = OV -33 -25 -17 UA
Threshold voltage for .
external-fault stop Voaiar Vmode deCreasing 0.30 0.35 0.40 \Y
Clamp voltage VelpLar loge= ~10UA 0.43 0.48 0.53 \

Vioge = 0.5V t0 OV,

The term of switching 244 304 364 us

Delay time to external-fault stop tvmobEDLY
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(3)-6. Input voltage mode setting (VH pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
VH increasing, 214 240 266 \Y
VINH HI h VH mode ...................................
Threshold voltage to 9 (151) [ (170) | (188) | (Vao)
change input voltage mode setting v V,, decreasing, 204 226 249 Vv
e Low VH mode (144) | (160) | (176) | (Vao)
Delay time to change mode
setting from low VH mode to high toLyiTo? V, increasing 3 5 7 us
VH mode
Delay time to change mode
setting from high VH mode to low toLy2To1 V,, decreasing 21.0 26.5 32.0 ms
VH mode

(3)-7. X-CAP Discharge Function (VH pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
VH Amplitude ensured y V=20V 10 100V 72 ~ ~ v
AC detection (Notel) HACDET V,;=200V to 350V 100 _ _ v
gglt?éttiicme of AC cutting tacoer 42 56 70 ms
ng'r:lge discharge current of o V, =120V 1 2 4 mA
On Discharge time tonxen 1.2 15 1.8 ms
Off discharge time torexeD 0.4 0.5 0.6 ms

(Notel) Input the signal of the amplitude more than the rated value.

(3)-8. Oscillator (FB pin, CS pin, HO pin, LO pin)

Item Symbol Conditions MIN. TYP. MAX. Unit

Vee=19V, Vg=19V,

0,
Vep=2V, (Note 1) 48 | 50 82 %

Duty cycle Dury

Maximum oscillation V=19V, V=19V,
frequency fuax Vep=0.3V, Ve=4V 300 350 400 kHz
Minimum oscillation V=19V, V=19V,
frequency fuin Vip=4V, Veg=4V 32 38 44 kHz

(Note 2) The duty cycle of high side and low side are same because HO and LO are symmetric at phase difference
180 degrees. If the times are defined as follows, the duty cycle Dy is shown as following equation.

Dury = (thati) / (tiartin) = (ot / (to-tin)

t 1. A certain LO turn-on point

ty.: 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,,;
to: A HO turn-on point just after LO turn-off after t,,

|
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Item Symbol Conditions MIN. TYP. MAX. Unit
FB pin source current leg Veg=0V -250 -190 -130 UA
lrs_1v=lrs @t V=1V,
FB pin input resistance Reg leg ov=lg at V=2V, 18 26 34 kQ
Res=1V/(Ies 1y -lrs_ov!
- Vg increasing,
Switching start voltage Veson Switching started point 0.25 0.30 0.35 \Y
Switching stop voltage v, Vg decreasing, 022 | 026 | 030 | v
FBOFF Switching stopped point ' ' :
Hysteresis voltage Veghys Veahys=Veeon-Vesorr 0.02 0.04 0.06 \Y,
FB pin discharge resistance Regoche V=1V, protection 3.0 4.5 6.0 kQ
(3)-10. Soft-start operation (CS pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
lcsso1 Startup -7.2 -5.5 -3.8 UA
Standby="Normal
I -58.0 | -44.0 | -30.0 UA
CS pin source current cssozt Vy=100V
Standby=Normal
lessoz VH:SOO)(/ 2290 | 220 | -150 | uA
Switching start voltage Vesons Startup 0.35 0.40 0.45 \Y
Switching stop voltage Vesores Startup 0.25 0.30 0.35 \Y
Hysteresis voltage Veshyss Vesnvss = Vesons - 0.05 | 0.10 | 0.15 v
VCSOFFS
Soft-start remove voltage Vesse Vg increasing 3.6 4.0 4.4 \Y
(3)-11. Low standby mode and ultra low standby mode (STB pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
STB pin source current lsteso Vstb=0 -35 -30 -25 UuA
\ 0.30 0.35 0.40 \
Standby mode detection Voltage Rant
VinsTeL 0.25 0.30 0.35 \
Low standby mode V1usTBHYS
detection hysteresis voltage Vristervs =Vinsten —VTHsTBL 0.02 0.05 0.08 v
Standby mode detection
Delay time toLsTe 85 105 125 ms
Ultra low standby mode Vrnssten 1.35 1.50 1.65
detection voltage VTHSSTBL 1.25 1.40 1.55
Ultra low standby mode VinssTBHYS
detection hysteresis voltage Vrissrenvs =Vinssten —VTHssTBL 0.05 0.10 0.15 v
STB pin clump voltage Velpsts STB pin :open 4.5 5.2 5.9 \Y
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(3)-12. Standby operation (CS pin, VCC pin)

ltem Symbol Conditions MIN. TYP. MAX. Unit
V=100V as low VH mode,
leschot Vg, =45V, Vee= OV (Notel) -58.0 -44.0 -30.0 UA

| V=300V as high VH mode,
CSCHG2 1\, =45V, V=0V (Notel)

| V=100V as low VH mode,
espISL v =35V, Veg=3V

| V=300V as high VH mode,
CsDis2 Vi, =3.5V, V=3V (Notel)

CS pin charge current
-29.0 -22.0 -15.0 UA

60.0 88.0 116.0 UA
CS pin discharge current

30.0 44.0 58.0 UA

Vesous | ViEL0OVASIOWVH | 108 | 120 | 132
Vg increasing, v
o Vesonit | Switching started point |EM| 108 | 1.20 f 1.32
CS pin switching start voltage :
Vosona | VHE300VashighVH |yl 081 | 090 | 0.99
mode, v
Vg increasing,
Vesona, Switching started point LMf 1.08 120 1.32
Vesorrn | VHE100VaslowVH —1ym| 099 | 110 | 121
mode, v
Vg decreasing,
Vesorrit | Switching stopped point| LM 099 | 110 | 1.21
CS pin switching stop voltage
Vesorran | VH=300VashighVH Iym| 072 | o080 | o088
mode, v
Vg decreasing,
VesorraL | Switching stopped point| LM 099 | 110 | 1.21

. . VCSHYSl VCSHYSl:VCSONl'VCSOFFl 0.05 0.10 0.15

CS pin hysteresis voltage
VCSHYSZ VCSHYSZ:VCSONTVCSOFFZ 0.05 0.10 0.15
CS pin fast discharge resistance Reschs xcs:_‘?/\’/ 00V 9.5 135 175 kQ
STB—

FB pin . .
burst soft-start start voltage Vesss FB increasing 41 4.3 45 v
FB pin .
burst soft-end start voltage Vrese FB decreasing 3.9 41 4.3 v

(Note 3) HM means High frequency Mode, and LM means Low frequency Mode.
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(3)-13. Self-adjusting dead time function (VW pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
Min. |dV\,/dt] of low side turn on i _ _
(Noted) DVywm (Note5) 0.6 Vius
Min. |dV,,,/dt| of high side turn on DV (Note 6) 0.6 _ _ Vius

(Note4)

Vsrg=1V

tovwonms (Note 7) 350 450 550 ns

Delay time for VW pin detection in
low side turn on

Vgrg=0V
tovwonmn (|\?(T)?e 7) 100 200 300 ns
Vgrg=1V
, , | towowes | (Note 8) 350 | 450 | 550 ns
Delay time for VW pin detection in
high side turn on _
Vgrg=0V
tovwonen (ﬁg?e 8) 100 200 300 ns
Minimum dead time [ (Note 9) 380 430 480 ns
Maximum dead time tomax (Note 10) 15 20 25 us

(Note 4) Input the signal of the inclination more than the rated value.

(Note 5) 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 6) After V,, fall to -4V from 0V, raise with the slope of DV, (=dV\,,/dt) toward +4V, and detect the HO turn-on point.
(Note 7) The term from step signal input to VW pin (V,,,=0V to -2V) to LO turn-on.

(Note 8) The term from step signal input to VW pin (V\,,=0V to +2V) to HO turn-on.

(Note 9) The term from LO turn-off to HO turn-on with step signal input to VW pin (V,,,=-4V to +4V).

(Note 10) The term from LO turn-off to HO turn-on, under the self-adjusting dead time operation mode.

(3)-14. Low-side gate driver (LO pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
High level output voltage Vou Lo ?/cfllgt\)/r:n\ka:zv’ 14.5 175 18.7 \%
_| oL=-
Low level output voltage Vol 1o Ycillé())\é,mVKB:ZV, 0.15 0.6 15 \%
| o=
High level shorted current lon 1o (Note 11) -1.0 -0.6 -0.3 A
Low level shorted current lot 1o (Note 12) 0.4 1.0 1.6 A
o C,_o=1000pF,
Rise time tr 1o LO level 10% to 90% 10 50 100 ns
. C_o=1000pF,
Fall time tr 1o LO level 90% to 10% 5 35 70 ns

(Note 11) Pulse input to LO, negative pulse width<1us, 1pulse, low level V, ,=0V.
(Note 12) Pulse input to LO, positive pulse width<1us, 1pulse, high level V| ,=19V.
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(3)-15. High-side gate driver (HO pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
. Vgs=19V, V=0V, V=2V,

High level output voltage Vou_Ho lo,=-100MA 13.3 17.1 18.7 \Y
Vgs=19V, V=0V, V=2V,

Low level output voltage VoL Ho lop=+100MA 0.12 0.5 13 \Y

High level shorted current loH_Ho Ell\?cs)t:eli\?g Vs=OV, -1.0 -0.6 -0.3 A
Vgs=19V, V=0V,

Low level shorted current loL_ro (Note 14) 0.6 15 2.4 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 o C,,0=1000pF 5 30 60 ns
HO level 90% to 10%

(Note 13) Pulse input to HO, negative pulse width<lus, 1pulse, low level V,=0V.
(Note 14) Pulse input to HO, positive pulse width<lus, 1pulse, high level V,=19V.

(3)-16. Brown out protection (VH pin,BO pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
; i - 87 93 99 \
9 p (61.5) | (65.8) | (70.9) | (Vao)
. _ 85 90 95 \
g stopped p (60.0) | (63.6) | (67.2) | (V0
Hysteresis voltage Veohvs Veonys = Vai - Veo 14 3 6 \Y
Delay time for Brown-in teoai 116 144 172 us
Delay time for Brown-out troBO (Note 15) 84 107 130 ms
BO pin hysteresis current lsoHys Vgo-0.7V -1.10 | -1.00 | -0.90 UA
Veon Vgo increasing 0.615 | 0.650 | 0.685 \Y
BO pin threshold voltage .
of Brown-out VgoL Vgo decreasing 0.600 | 0.635 | 0.670
Veorys2 Veorvs2 =Veon ~VeoL 0.000 [ 0.015 | 0.030
BO pin open detection Voltage Vgoop 4.1 4.4 4.7 \Y

(Note 15) V,, decreasing, Vgg=2V, the term from V, step input as V<Vg, to switching stopped point.

|
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Item Symbol Conditions MIN. TYP. MAX. Unit
V¢ increasing, Vgg=2V,
Over voltage threshold Vecovp Switching stopped point 275 28.5 29.5 \Y
Delay time to over voltage tvcepLy (Note 16) 244 304 364 us
(Note 16) V. increasing, V=2V, the term from V¢ step input as V>V, to switching stopped point.
(3)-18. Over voltage protection (VH pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
VH increasing, VFB=2V,
Over voltage threshold VioveH Switching stopped point 475 525 575 \Y
VCC decreasing, VFB=2V,
Restart voltage ViyoveL Switching restarted point 450 500 550 \Y
Hysteresis voltage Viyovehys 20 25 30 \Y
(3)-19. Over current protection (IS pin, MODE pin)
Item Symbol Conditions MIN. TYP. MAX. Unit
With PFC or
\Y/ : . -3.7 -3.5 -3.3 \
Over current detection voltage ocm2 200Vac line without PFC
of low side Voew: | 100Vac line without PFC | -43 | -40 | -37 v
With PFC or
Vv ; . 3.3 35 3.7 Y,
Over current detection voltage ock2 200Vac line without PFC
of high side Vocrs | 100Vac line withoutPFC | 3.7 | 40 | 43 Y,
Delay time for low side turn off V=2V,
in over current toLocu (Note 17) 50 100 200 ns
Delay time for high side turn off V=2V,
in over current toLoce (Note 18) 50 100 200 ns
Reset time of over current V=2V,
detection tocrsT (Note 19) 60 76 92 us
Voceoye | Start Voltage for Charge 0.54 0.60 0.66 \Y
Voceowyn | Start Voltage for Discharge | 0.72 0.80 0.88 \Y
Delay time of over current v —
(MODE pin) Vocerouys OCPDHYS " 0.15 0.20 0.25 \Y
VOCPDLYH 'VOCPDLYL
locroLye Charge Current -345 | -26.5 | -185 UuA
Cycle Number of Charge _ _
NoceoLy and Discharge 36 cycle
Restart time of over current From switching stop
(FAGA30N) tocorr to state setting 660 810 960 ms
IS level shift resistance Risivs 200 240 280 kQ

(Note 17) The term from Vg step input (-3V to -5V) to LO turn-off point.
(Note 18) The term from V,g step input (+3V to +5V) to HO turn-off point.
(Note 19) Vg is step pulse inputted (OV to -4.5V). The pulse period where the OCP operates by decreasing the

pulse period.
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(3)-20. Over load Protection (VW, FB pin)

Item Symbol Conditions MIN. TYP. MAX. Unit

V,s=0V, V\y, pulse step
tww input V,,=0V to 4V, 300 500 700 ns
VW detection ignored time

Blanking time of over load
detection by VW

With PFC or 100Vac line

V 3.22 3.36 3.50 \%

Over load detection VW voltage OLPYWL - fw/o PFC

VoLpvwz 200Vac line w/o PFC 296 | 3.08 | 3.20 \Y
Over load detection FB voltage VoLpeeH \S/\s\?itlcnr?irnegazlcg?)pe d point 4.1 4.3 45 \Y

. . Vg decreasing,

Over load detection disable Vorese | Return point of repeated 3.9 4.1 4.3 \Y
FB voltage restart
Delay time of over current and Veg=4.5V,
over load foreoLY The term of switching 60.8 6.8 92.8 ms
Hysteresis voltage VoLpEBHYS Votprarvs 0.1 0.2 0.3 \Y

=Vorrren-VoLpraL

VW over load detection reset time toLrsT 86 108 130 us

Restart time of over current and N
From switching stop to

over load toLporr . 660 810 960 ms
(FABA3ON) state setting
VW level shift resistance Rywivs Vyw=0V 80 100 120 kQ

|
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(3)-21. Preventing Arm-short function (IS pin, VW pin))

Item Symbol Conditions MIN. TYP. MAX. Unit
N V=0V, V,,y pulse step
Blanking time of forced turn-off 1S vw
detectiogn tywoeT input V,,,=0V to -1.5V, 300 500 700 ns
VW detection ignored time
Normal _
VW pin threshold voltage of low Vrrwen Mode Vis=0V, 0.35 0.40 0.45 v
side forced turn-off Standb (Note 20),
Vimvwes Y (Note 22) -0.05 | 0.00 | 0.05 v
Mode
Normal _
VW pin threshold voltage of high Vrivwmn Mode 2/,\'15(;2\;1) -0.25 [ -0.20 | -0.15 v
side forced turn-off Vimwis ;tgggby (Note 22) 015 | 020 | 0.25 v

The term from V,,, pulse
step input V,,,=0V to +2V 150 250 350 ns
to LO turn-off

VW pin detection delay time of ¢
low side forced turn-off DVWOFFP

VW pin detection delay time of The term from Vi, pulse

: . . tovworem | StEp input Vy,,=0V to -2V to|] 150 250 350 ns

high side forced turn-off HO turn-off

IS pin threshold voltage of low

side forced turn-off Vigsw | (Note 23) -1.15 | -1.00 | -0.85 %

IS pin threshold voltage of high

side forced turn-off Viwse | (Note 24) 085 | 1.00 | 1.15 %
The term from V,,, pulse

IS pin detection delay time of low step input V,,,=0V to

side forced turn-off torsorrm +1.5V, and V g=-2V to -0.5V 50 100 200 ns
to LO turn-off
The term from V,,, pulse

IS pin detection delay time of high step input V,,,=0V to -1.5V,

side forced turn-off toisorre | and V,s=+2V to +0.5V to 50 100 200 ns

HO turn-off

(Note 20) Pulse step signal is inputted to VW pin as width 4us and amplitude OV to +V,,, with increasing the V,,,
Detect LO turn-off level.

(Note 21) Pulse step signal is inputted to VW pin as width 4us and amplitude OV to -V,,, with increasing the V,,,
Detect HO turn-off level.

(Note 22) In stand-by mode, forced turn-off is operated by VW. In normal mode, VW does not turn-off directly, but
it permits to operate forced turn-off by IS detection.

(Note 23) 2us after LO turn-off, step signal (OV to +1.5V) inputted to V,,,. Successively, pulse step signal is
inputted to IS pin as width 2us and amplitude OV to -V g with increasing the V,g Detect LO turn-off level.

(Note 24) 2us after HO turn-off, step signal (OV to -1.5V) inputted to V,,,. Successively, pulse step signal is
inputted to IS pin as width 2us and amplitude OV to +V,g with increasing the Vg Detect HO turn-off level.

(3)-22. Thermal shutdown protection (Without external pin)

Item Symbol Conditions MIN. TYP. MAX. Unit
Vee=19V, V=2V, 0
Thermal shutdown temperature Tion Switching stopped point 126 136 146 C
Restart temperature Ti0nR Vec=19V, Veg=2V, 110 120 130 °Cc

Switching restart point

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

Item Symbol Conditions MIN. TYP. MAX. Unit
Drop protection voltage Voveel VCC decreasing 8.5 9.0 9.5 \Y
Drop protection disable voltage Vovech VCC increasing 10.4 11.0 11.6 Y,
VCC =19V to VpyeeL -
Restart time of drop protection tovecorr 0.2Vto 19V, 660 810 960 ms

From switching stop to
state setting

|
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7. Characteristic curve

The conditions are as follows unless otherwise specified.
T=25°C, V},;=100V, V=19V, V=19V, V=0V, Vg5=2.0V, Vg=3.7V, V|g=0V, V\, =0V, Vg5 =0V, V}y0pe=0.5V, Vpgs=0V,
LO pin open, HO pin open.

Notes)

(1) “-" shows source current and “+” shows sink in current regulations of the current.
(2) The data listed here show the typical characteristics of an IC, and does not guarantee the characteristic.

Input voltage dependency

VH pin input current

IVH [mA]

6 8
VCC [V]

10

12

Maximum oscillation frequency

400

14

390 |
380 |
370 |
360 |

350 |
340
330 |
320
310 |
300

fmax [kHz]

10 15

20
VCC [V]

25

Switching start voltage

30

0.35
0.34 |
033 |
032 |

S 031 |

0.30 |
0.29 |
0.28 |
0.27 |
0.26 |

VFBON

0.25
10 15
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20
VCC [V]

25

30

VCC quiescent current

0.75

0.70 |

o

o))

a
T

Icci [mA]
o
[o2]
o

o

a

a
T

0.50 |

0.45

10

44

15 20 25 30
VCC [V]

Minimum oscillation frequency

42 |

38 |

fMIN [kHZ]

36 |

32

10

400

15 20 25 30
VCC [V]

Oscillation frequency

350 |
300 |
250
200 |
150

fosc [kHz]

100 |
50 |
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Temperature dependency

VH pin input current VCC pin Start operation voltage
25 13.5
20 | 13.3 |
3 15 | 5131 |
2 10 + ©129 |
£ >
5T 127 |
0 12.5
50 -25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Tj[*C] Tj[*C]
VCC guiescent current VB pin Switching start voltage
0.8 12
11 |
07
_ 10 |
< >
g
o 06 [-=— zZ 9t
2 3
> 8 -
05 |
7 L
0.4 6
50 -25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Tj[C] Tj[*C]
High-side quiescent current VCC guiescent current
100 6
80 |
8 |
3 60 '<3?
b o -10 |
2 40 | e
=
20 | 1z
0 -14
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Ti[C] Tj[°C]

|
Nov., 2021 DS-142J Rev2.2 17/46 © Fuji Electric Co., Ltd. All rights reserved.



KA/ Fuji Electric Innovating Energy Technology
FAG6A30N_31N Datasheet

Temperature dependency

MODE selection time Maximum oscillation frequency
50 450
46 400 |
@ 42 | ~ 350 |
E T /_\_
= X,
= >
o 38 < 300
E o
34 250 |
30 200
50 -25 0 25 50 75 100 125 150 .50 25 0 25 50 75 100 125 150
Tj[*C] Tj[C]
Minimum oscillation frequency CS pin source current
50 -3
45 |
4 |
g 40 + <
= 3 o
S 35 ?
. O
30 | 67
25 -7
50 25 0 25 50 75 100 125 150 50 25 0 25 50 75 100 125 150
Ti[C] Ti[°C]
STB pin source current Over load detection VW voltage
-22 3.40
24 t
-26 | 335 |
g -28 1 / > i
g 30| $3.30
>
E 32 | 5
34 + >3.25 B
_36 L
-38 3.20
50 -25 0 25 50 75 100 125 150 50 -25 0 25 50 75 100 125 150
Ti[C] Tj [°c]
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8. LLC Current resonant converter

8-1. LLC current resonant converter

FA6A30/31N 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

ot D

Cr T

Fig. 1 LLC Current Resonant Converter Circuit

8-2. Operation of LLC current resonant converter

Nov., 2021 DS-142J Rev2.2

Fig. 1 shows the circuit of the LLC current resonant
converter. The high side and low side switch elements
Q1 and Q2 turns on and off alternately at the equal duty
ratio of 50%. In this figure, Cr is resonant capacitor, Lr is
leakage inductance for resonant, T is transformer, and
Lm is a magnetizing inductance of T. Np is the winding
number of transformer's primary winding and Ns is that
of transformer's secondary winding.

Lr
R
Vs Lm ac
Vp0o
T Cr
[ s
[l

Fig. 2 Equivalent Circuit of LLC Circuit

Fig/ 2 shows the equivalent circuit of LLC converter.
The output voltage is indicated as VpO0, converted to the
primary-side. The load resistance RO is indicated as the
AC equivalent resistance Rac as shown in Formula (8.1).

8n?
7 R, 8.1)

V,
Rac Z%nZ_OZ
Vs I,

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

n= N, (8.2)

19/46

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

Voo _ L

V. . L ;. . o
Sl - D)4 Q2 -
L w W,

m

@D

) (83)
(4]

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

®=2rf (8.4)
o =t

o /chr (8.5)
L, 1

= == 8.6

Q Cr 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:

V
V. =N (@7
)

Example:
When the conditions are as follows, the calculation
results are shown in Fig. 3 and 4.

e Input voltage Vy 400V

« Output voltage V, 24V

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

o Turn ratio of transformern 9

e Magnetizing inductance L, 700uH

e Leakage inductance L, 100uH

o 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 f, 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

4.0

a5 \o Rg=90Q Lr=100pH |
I \ Cr=0.033pH

3.0 - =
I(\A” Ry=60 Lm =700pH

25

Vpo/Vs
N
o
—
=

s [N\ f
;:: // \ROi3Q

0.0 [ .

~

AN
{

pad

20 30 40 50 60 70 8 90 100
fs(kHz2)

Fig. 3 Output to Input Voltage Characteristics

1.8
&L »=600uH
1.4 \\ n ‘
§< L m=700uH
12 S W o
" 10 ‘I‘
g /// 800pH
S L=
£ 08 / "
0.6/ Lr=100pH |
/ Cr=0.033pH
0.4 Ro=3Q I
0.2
0.0
20 30 40 50 60 70 80 90 100
fs(kHz)

Fig. 4 Output to Input Voltage Characteristics

8-3. Design of transformer for LLC current resonant
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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 N, of the transformer's secondary winding

— (VO +VF )Ton

° 2AB,
where Vo 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
[cm?] of the transformer core, and B, is the
unsaturated value of the core's magnetic flux density
[T].

(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.

Ne oV

s
N - (Vo +Vi)

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

Np =nNg (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.

(8.9)

(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 |, of the
transformer core.

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



JF= Fuiji Electric

Innovating Energy Technology

FAG6A30N_31N Datasheet

I ::LlOAeNg _I_e
’ L Hc

m
where g is the absolute permeability of vacuum
(=4nx107 H/m), 4 is the amplitude permeability (=3000),
and |, is the effective magnetic path (mm).

(8.11)

Example:
An example of transformer design is shown below:
e Input voltage Vy 360V (min 340 — max 390V) |

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

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

AN L 47 x107" x107x 322 _ 90.8x10°°
L He 600 3000

m

~0.2x107°

g

4. switch-through

« Output voltage V, 24V

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

¢ Used transformer EER35 8-
Ae=107.0 mm?2
1€=90.8 mm
Bm=0.35 (T)

e Resonant frequency  approx. 100kHz
e Minimum switching frequency 60kHz (T,,=8.3us)
» Forward voltage drop of rectifier diode Vg 1.0V

(1) Winding number of transformer's secondary winding
N, (Formula (8.8))

(Vo +Ve)T,,  (24+1)x83

s = =3.88=14
2A.B, 2x107x%x0.25
(2) Turn ratio n of transformer (Formula (8.9))
ne & S V, 195

> = =78
N (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+Vp 2441
Voo _ - —117=12
V., N,V, 4340 -
N, 2 32 2
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Fig. 3 shows the voltage gain against the switching
frequency f, in the LLC current resonant converter.
However, the operation mode differs between lower and
higher frequency area than maximum gain frequency as
shown in Fig. 5.

In the area where the frequency is lower than the
maximum voltage gain frequency, the high and low sides
of the half-bridge circuit are short-circuited (switch-
through), and this phenomenon is called switch—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 switch—through.

Capacitive operation Normal operation

region

A
\
\

region

4

e
3

o
oo

/
/
[

/
/

/
V4

Voltage gain Vo/Vs
- v~

—
2

[=]

30

ra
[=]

60

40
h # fswikHz)

Fig. 5 Operation mode of LLC
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(1) Operation in capacitive region

If the frequency becomes low, switch-through operation
is started. While Q1 is ON, the current ID1 starts
decreasing after reaching the maximum value, eventually
the resonance current Icr turns from positive to negative
and ID1 also turns from positive to negative. (d)

When QL1 is turned off in this status, current flows
through the parasitic diode of Q1. When the opposing Q2
is turned on, the parasitic diode of Q1 enters the status of
reverse recovery and may be damaged. (c)

While Q2 is ON, the current ID2 starts decreasing after
reaching the maximum value, and eventually the
resonance current Icr turns from negative to positive, and
ID2 turns from positive to negative. (b)

If Q2 is turned off in this state, current flows through the
parasitic diode of Q2. When the opposing Q1 is turned on,
the parasitic diode of Q2 enters the status of reverse
recovery and may be damaged. (a)

[T
o
[T
o

v @ T ¢ (c)

(el € [€) IS (e) 7

D1

I

D2

Qi
gate || L

Q2
gate ‘l

(d)

(]

1 Reverse
srecovery
(]

on

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

Generally the converter is used in the following
operating conditions.

While Q1 is ON, the current ID1 starts decreasing
after reaching the maximum value. (a)

When Q1 is turned off while ID1 is in the positive
status, current flows through the Q2 side. The opposing
Q2 is turned on, and the resonance current Icr changes
continuously. (b)

While Q2 is ON, the current ID2 turns from negative to
positive and starts decreasing after reaching the
maximum value. (c)

When Q2 is turned off while ID2 is in the positive
status, current flows through the Q1 side. The opposing
Q1 is turned on, and the resonance current Icr changes
continuously. (d)

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

In other words, before the currents ID1 and ID2 of Q1
and Q2 become negative, MOFET is turned off and
operation is switched to the opposing MOSFET.
Therefore, operation is continued without any switch-
through.

(d) (b) (d) O) (d)
e (@ 7T (e T (@ T+ () =Tda
Ier
_
D
D2\
Q1 L
gate — ’V
ot | | I

Fig. 7 Normal operation waveform
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9. Description of the function (The values in the following description are typical values unless otherwise specified.)

(1) Protection functions
Table 1 lists the protection method of each protection function.

Table 1
Protection function FAGA30N FAGA31N Protection function FAGA30N FABA31N
VW pin ovgrload Auto Latch VH pin brown-in / out Auto Auto
protection recovery recovery recovery
FB pin ovgrload Auto Latch MODE pin external fault Latch Latch
protection recovery stop
IS pin overcurrent Auto Latch Thermal shutdown Auto Auto
protection recovery protection recovery recovery
VH pin overvoltage Auto Auto Mode selection resistor
. . Latch Latch
protection recovery recovery open detection
VCC pin ovgrvoltage Latch Latch VCC voltage drop Auto Auto
protection protection recovery recovery

Note: The automatic recovery overcurrent, overload and Vcc voltage drop protection functions allow switching to be
resumed after it is suspended for a specified period of time. With the automatic recovery of other protection functions,
switching is stopped when temperature or voltage of each pin exceeds the threshold value set within the IC, and
switching is resumed when the value decreases within the permissible range.

(2) Oscillating frequency
The LLC current resonance converter is controlled by switching frequency modulation (SFM). Therefore, the IC is

equipped with an oscillator, which controls the switching frequency according to the feedback signal from output voltage.

The oscillating frequency changes according to the FB pin voltage as feedback and the CS pin voltage as soft-start
setting. The frequency is decided by the lower pin voltage between the FB pin voltage and the CS pin voltage.

The oscillating frequency is set at maximum 350kHz and minimum 38kHz, and Fig. 8 and 9 shows the relation between
the oscillating frequency and the FB pin voltage or the CS pin voltage. (The ON pulse width waveform represents the
values obtained with the minimum dead time of 430 ns.)

Generally in many cases, the frequency linear control is used for feedback, but the ON-width linear control method is
used for this IC. In this method, the frequency change near the operating point can be made smaller than that of the
frequency linear control. As the result, the loop gain of the converter can be restricted, and operation will be stable easily.

w
a
=}
=
I
N

Oscillation
frequency

38kHz

0.3V 0.4V 3.5v 0.3V 0.4V 3.5V
FB pin voltage or CS pin voltage FB pin voltage or CS pin voltage
Fig. 8 Dependency of os_cillation frequency Fig. 9 Dependency of ON pulse width
on FB and CS pin voltages on FB and CS pin voltages

(3) Soft start function
Both the CS pin voltage and the FB pin voltage are kept in the GND level before startup. Since output voltage is

insufficient immediately after the startup, the FB pin voltage goes high. 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.

Soft start is also implemented when the mode is switched from the low standby mode to the normal operation mode, and
in low-standby-mode burst operation, which will be described later, based on the CS pin voltage.
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(4) 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.

This IC uses STB pin to switch modes from the normal operation mode to the low-standby mode, thereby achieving low
standby power without using an auxiliary power supply. When the IC is switched to low standby mode, the IC operates in
burst mode in which IC repeats start and stop of switching. In detail, the capacitor of the CS pin is charged/discharged
depending on the FB pin voltage, and the frequency changes depending on this CS pin voltage. Consequently, the IC
operates in burst mode with soft start and soft end enabled at start/stop switching. To decrease standby power, it is better
to lower the output voltage in standby mode. Therefore, in some application, DC/DC converter may be necessary for
standby output to stabilize voltage.

(5) Preventing switch-through function

In the current resonance circuit, if the currents ID1 and ID2 becomes negative and then the MOSFET on the opposite
side is turned on, switch-through occurs and the MOSFETs on the high and low sides are arm-shorted . In the worst case,
they may be destroyed.

Usually the minimum frequency is restricted to prevent switch-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 Icr is always monitored, MOFET is turned off before the currents ID1 and ID2 of Q1 and
Q2 become negative, and the opposing MOSFET is turned on. Therefore, operation is continued without any switch-
through.

The resonant current is shunted by the shunt capacitor C4, converted into the voltage V,, by the resistor R,; and detected
by the IS pin as shown in Fig. 10.

When you use this IC, connect the primary winding of transformer and resonant capacitor in parallel with the low-side Q2.

Power supply input

Crd

Vi

is
P2
Rvw2 I:l:l Ris °®

Fig. 10 Switch-through prevention function circuit diagram

The preventing switch-through function has two functions, namely the forced turn-off function and the dead time automatic
adjusting function.

|
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(5-1) 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 switch-through may occur.

-When the VW pin voltage rises over the forced turn-off threshold Ve (threshold voltage is switched between normal
operation mode Vqweny @nd low standby mode Viywes) @and the voltage of the IS pin, which detects the resonance
current Icr, exceeds Vi isu-

-When the VW pin voltage drops below the forces turn-off threshold V;ww (threshold voltage is switched between
normal operation mode Vq,wwun @nd low standby mode Vi,,wus) @nd the voltage of the IS pin, falls below V1 sp-

Fig. 11 shows the relation among the VW auxiliary winding, the resonance current Icr and the forced turn-off detecting
point.

Sensing forced turn off mode

/

vw/- ™
\:J VTHISP / VTHvwe
. //
ler \ VTHISM—Z

VTHVWM

N

HI

LO

Fig. 11 Arm-short prevention function waveform

(5-2) 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 430 ns and the
maximum dead time is 20 us.

In transformer design, the polarity of the VW auxiliary winding must be reversed with respect to the primary winding P1
as shown in Fig. 12. The VW auxiliary winding can also be used as VCC auxiliary winding for supplying power to the VCC
pin.

Fig. 12 Outline of primary side circuit

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

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

|
Nov., 2021 DS-142J Rev2.2 25/46 © Fuji Electric Co., Ltd. All rights reserved.



KA/ Fuji Electric Innovating Energy Technology
FAG6A30N_31N Datasheet

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

av,, 1(dv, dv,
o | s oo | (g-)
dt  dt

dt N
—i Icr +Ii
NlC, C, ©-3)

Vs

Since usually Cr >> CVS is valid, Formula (9-3) can be approximated.
dv,, 1dv,

dt N dt

(9-4)

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

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. 13. Therefore, the waveform of VW voltage is almost the same as that of the VS voltage.

Accordingly, after a constant delay (tpywone OF tovwonw) PE€Cause 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. 14. In this case, the dead time is the
minimum dead time tp.

tdadj Tp
) )
HO HO
b2 Ib2 \
_\// L |

o VT e I
e

Ip1 - /x_ Ip1 \

\:\‘/

"

LO LO

Fig. 13 Waveforms at higher frequency operation Fig. 14 Waveforms at lower frequency operation
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(6) Startup circuit and startup operation

When 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 through the VH pin, and Vcc voltage increases. When Vcc voltage reaches 11.5 V, the bias voltage
for internal circuit is started, and operation mode setting is made first.

With this IC, constant current is output from the MODE pin in the operation mode setting period, and each operation
mode is set according to the resistance value connected to the MODE pin. During this period, the VCC pin voltage is
maintained within a range from 11 V to 11.5 V by ON/OFF control of the startup circuit.

After the operating mode setting period (40 ms), the MODE pin voltage decreases, and when it decreases to 0.6 V, the
VCC pin voltage starts increasing again and the MODE pin voltage is clamped at 0.48 V. When the VCC pin voltage
reaches the start operation voltage of 13 V, CS pin voltage starts rising. When the CS pin voltage reaches to 0.4 V,
switching is started with the soft start which decreases the frequency gradually from the maximum oscillating frequency of
350 kHz.

If the voltage supplied from the VCC auxiliary winding is higher than 11 V, the startup circuit is operated only at the time
of startup, and after the startup, operation is continued with the voltage of the auxiliary winding used as the power supply.

AC Input
Vce
14v
13V // \\
11.5vV
/ N \
11v /
9V
Startup .
circuit
ON/OFF
MODE pin State setting
voltage Z0ms VCC charge resume
(State setting voltage 0.6V
Circuit)
Clamp voltage 0.48V:
CS pin
voltage CS pin switching
start voltage 0.4V
Soft start
OUT pin
switching
pulse

Fig. 15 Startup operation waveform

(7) Dynamic Self Supply (DSS) function

By the DSS function, if the VCC pin voltage decreases to the start-up circuit start voltage of 11 V after the startup, the
startup circuit is set to ON/OFF, thereby maintaining the VCC pin voltage within the range from 11 V to 11.5 V, in such
case that switching is stopped by the protective function of overvoltage, overload and etc. 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.
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(8) Correction of each level based on the input voltage
By detecting VH pin peak voltage, the threshold voltage, etc., of each function is switched depending on the input voltage,
thereby correcting the voltage to be maintained at an appropriate level. Table 2 lists the items to be corrected. See the
specifications for details.

Table 2
Level-correcting function Item
Soft start function at CS pin source current
Standby=Normal P

CS pin charge/discharge current

Low standby mode - —
CS pin switching start/stop voltage

Over current detection voltage of low
side / high side

Overload protection (VW pin) Over load protection VW voltage

Overcurrent protection (IS pin)

(9) Operating mode setting function
The burst operation settings (High frequency mode or Low frequency mode) in low standby mode and with/without PFC
setting is corrected according to the resistor between the MODE pin and the GND at startup. Table 3 lists the details of
operating mode settings. When the resistor is found to be in open state at startup, IC stops in latch mode.

Table 3
Resistor Mode Burst setting With/Without PFC
I:zMODE
56kQ A High frequency mode (HM) With
100kQ B High frequency mode (HM) Without
200kQ C Low frequency mode (LM) With
330kQ D Low frequency mode (LM) Without

(10) Protection by external signal(Latch type)
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 304 us of delay time, IC stops switching.
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(11) Overload protection
M Auto recovery type(FA6A30N)

If the VW pin voltage over the over load threshold of VW pin, or the FB pin voltage over the over load threshold of FB pin
for the delay time of over load of 76.8 ms, switching is stopped forcibly. If each pin voltage drop below threshold for the
over load detection reset time of 108 us or longer the overload detection is reset.

When switching is stopped, power supply from the auxiliary winding is stopped and the startup circuit maintains the VCC
pin voltage within a range from 11V to 11.5 V.

When 810 ms elapses after the switching is stopped, IC is reset and starts startup sequence (operation state setting
sequence) again. State setting operation takes time of 40ms. Therefore Switching stop period for over load is 850ms. After
850ms elapses, switching is resumed. If overload state is continuing at that time, start and stop operations are repeated. If
load condition is changed to normal, operation goes back to normal.

During soft start (until the CS pin voltage increases to 4 V) at the time of startup, the overload protection function based
on the FB pin voltage is invalidated.

/ p—t pu—
13v
115V ./ \ \
VCC pin
voltage 11v /
9V
State setting circuit moving
Startup ©°n
Circuit
On/Off
signal off
FB threshold voltage
for over load detection
FB pin >
voltage
<=76.8ms 76.8ms 810ms 40ms; i76.8ms: 810ms 40ms ; : 76.8ms
OUT pin
switching
pulse
Normal Normal
load Over load load
Fig.16 Overload detection operation by FB pin
13v // \
VCC bi 11.5V N AN
volta " 1v
ge /
9V
State setting circuit moving
Startup ©°n
Circuit
On/Off
signal off
VW threshold voltage
/’/ for over load detection
A-A A-A e A-A A
i VIV VU VWL
<=76.8ms 76.8ms: 810ms 40ms i76.8ms: 810ms 40ms: 76.8ms
Output pin
switching
pulse
Normal Over load Normal
load load
Fig.17 Overload detection operation by WV pin
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HETimer latch type(FA6A31N)

If the state where the VW pin voltage remains at the over load detection VW 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 of 76.8 ms or longer,
switching is stopped forcibly. If detection is not made for a period equivalent to the over load detection reset time of 304 us
or longer while the overload detection state continues, the overload detection is reset.

When switching is stopped, supply of current from the auxiliary winding is stopped, and the VCC pin voltage decreases
to 11 V or lower, the startup circuit is operated, and the VCC voltage is maintained within a range from 11 V to 11.5 V.

To reset the overload latch, it is necessary to stop the supply of VCC voltage from the startup circuit by interrupting the
input voltage, thereby decreasing the VCC voltage to the IC reset voltage of 8.5 V or lower.

During soft start (until the CS pin voltage increases to 4 V) at the time of startup, and in the low standby mode, the
overload protection function based on the FB pin voltage is invalidated.

12v [/ \ 12v / \
J11.5V ¥ 11.5V ¥
VCC pin 11V VCC pin
voltage [ voltage v [
9V 9V
/S tate setting cirtuit moving /E tate setting circuit moving

Startup °N[~- B Startup ©°n

Circuit Circuit i i
on/off on/off i i
signal off i i signal off ; ;

! | VW threshold véltage
i FB threshold voltage AN AN for-over load-det ;

tion
for over load detection i
FB pin / VW pin N\ﬂ
voltage voltage

<=76.8ms 76.8ms;

<=76.8ms 76.8ms;

OUT pin

OUT pin
switching switching
pulse pulse
Normal Over Normal Over
load load load load
Fig. 18 Overload detection operation by FB pin Fig. 19 Overload detection operation by VW pin

(timer latch type)

(12) Overcurrent protection function

As shown in Fig. 10, the resonant current is shunted by the shunt capacitor C,4, converted into the voltage V,; by the
resistor R;; and detected by the IS pin.

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

If the IS pin voltage over the over current threshold for the delay time, switching is stopped forcibly. If IS pin voltage drop
below threshold for the over current detection reset time of 76 us or longer, the overcurrent detection is reset. The delay
time of over current can be set within the range from 1 to 40 ms using a capacitor and resistor of MODE pin which have a
built-in CR oscillator and counter.

In the case of Auto recovery type, When 810 ms elapses after the switching is stopped, IC is reset and starts startup
sequence (operation state setting sequence) again. State setting operation takes time of 40ms. Therefore Switching stop
period for over current is 850ms. Switching is restarted when the restart time of over current has elapsed.

In the case of latch type, latch off occurs when the delay time of over current has elapsed.

(13) 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
28.5 V for 304 ps, switching stops.
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(14) Overvoltage protection function (VH pin)
If the peak voltage of the VH pin increases to the over voltage threshold of 525 Vdc, switching is stopped, and it is
resumed when the VH pin voltage decreases to the restart voltage of 500 Vdc.

(15) 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 13 V. When the VCC
voltage decreases, operation is stopped when the voltage reaches shutdown voltage of 9 V.
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 VBS switching start voltage of 8.8 V, and the operation is stopped when it
decreases to the VBS switching stop voltage of 7.5 V.

(16) Internal thermal shutdown protection function
If the IC temperature increases to 136°C, switching is stopped. When the temperature decreases to 120°C, the switching
is resumed.

(17) Discharge function of the input filter X-capacitor at AC 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 2 uF 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 1 s after the AC input voltage is powered off.)

(18) 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
90Vdc, switching does not stop immediately but stops with delay time of 107ms. If the VH pin voltage exceeds the brown-in
threshold of 93 Vdc, switching starts with delay time of 144 pus.

While the output pulse of the OUT pin is stopped by the brown-out function, the VCC voltage is maintained between the
range from 11 V to 11.5 V by of the startup circuit.

(19) Level-adjustable BO pin brown-in/out function
By inputting the resistor-divided voltage derived from the DC voltage obtained by rectifying AC input voltage to the BO
pin, the level-fixed VH pin brown-in/out function can be disabled, and brown-in/out voltage can be set arbitrarily by the
voltage divided by resistors of the BO pin. In this case, the BO pin judges the brown-in/out voltage.
If the BO pin is brought into an open state, the normal level-fixed VH pin brown-in/out function is validated. In this case,
the BO pin judges whether there are resistors connected during operating mode setting at the time of startup, and
switches the brown-in/out function between the VH and the BO pins.

(20) 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 internal start up circuit. When 810 ms elapses after the switching is stopped, IC is reset and starts startup
sequence (operation state setting sequence) again. State setting operation takes time of 40ms. Therefore Switching stop
period for over voltage is 850ms.

13v
115V
vcCpin 0 IIWAVAVAVAVANVAVANVAVANVANA S WAN/
voltage V
WV
Output
voltage Shorted Load
810ms 40ms
OUT pin
switching
pulse

Fig. 20 VCC voltage drop protection function
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10. How to use each pin and advice for designing
(The values that appear in the following description are typical values, unless otherwise specified.)

No.l: VH pin
(1) Function

If power is turned on, the capacitor connected to the

(i) Supplies the startup current from the VH pin to the
VCC pin.

(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.

(iv) Each function level is corrected by input voltage
detection.

(v) Detects the overvoltage of the AC line and stops
switching.

VCC pin is charged by the current supplied from the
startup circuit to the VCC pin via the VH pin, and the
VCC voltage increases. When Vcc exceeds the start
operation voltage of 13 V of the undervoltage lockout
circuit (UVLO), the internal supply is started to operate
the IC.

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 voltage
(2) How to use should be supplied from the auxiliary winding.
(i) Supplying startup current
- Connection method
Connect to AC line voltage via a startup resistor and
diodes. (See Fig. 21 and 22)
- Operation

This IC integrates a 600V startup circuit and achieves
low power consumption.

In Fig. 21, the half-wave rectified waveform of the AC
line voltage is input to the VH pin. The startup time of
this method is the longer.

Note that although this IC integrates the X-capacitor
discharge function when the AC power is powered off,
discharge is guaranteed only when the full-wave
rectification is applied. If the half-wave rectification is
applied, X-capacitor may not be discharged depending
on the voltage polarity of the X-capacitor at the time of
AC power off. Therefore in case of the half-wave
rectification, additional discharge measures must be
taken.

Fig. 22 shows the method of inputting full-wave
rectified waveform of the AC line voltage into the VH pin.
With the full-wave rectification, the startup time will be
approximately half of that of the half-wave rectification
shown in Fig. 21, X-capacitor discharge function operate
correctly.

Fig. 22 VH pin circuit (2)

This IC has the function of discharging the X-capacitor
of the input line filter when the AC power is powered off.

If the VH pin is connected to DC voltage which means A

rectified and smoothed AC line voltage as shown in Fig. * 3 ]
23, the discharging function of the X-capacitor may

malfunction, thereby causing heating and damage. ] J
Never adopt this connection method. \4

1
VH
start —déjgvcc E

Fig. 23 Connection that should not be adopted
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(lii ) AC line filter X-capacitor discharge function
- Connection method

This function operates with the connection method

shown in Fig. 22 only.
- 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
- Connection method

Operation is allowed with the connection shown in

Fig. 21 and 22.
- Operation

When the VH pin voltage increases to the VH pin
brown-in voltage of 93 Vdc or higher, and the VH pin
brown-in detection delay time of 144 pus elapses in that
state, switching is started.

Also, when the AC input voltage decreases to below
the VH pin brown-out voltage of 90 Vdc, and the VH
pin brown-out detection delay time of 107 ms 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 11V to 11.5V. Switching operation is resumed
when the VH pin voltage reaches the VH pin brown-in
voltage.

By inputting the resistor-divided voltage derived from
the DC voltage obtained by rectifying AC input voltage
to the BO pin, the level-fixed VH pin brown-in/out
function can be disabled, and brown-in/out voltage can
be set arbitrarily by the voltage divided by resistors of
the BO pin. In this case, the BO pin judges the brown-
in/out voltage.

(iv) Correction of each function level by input voltage
detection
- Connection method
Operation is allowed with the connection methods
shown in Fig. 21 and 22.
- Operation
Based on the input voltage detected as VH pin peak
voltage, the detection level of each function is switched,
thereby correcting it at an appropriate level.
Table 4 lists the functions to be corrected according
to the input voltage.

Table 4
Level-correcting
. Item
function
Soft start function at CS pin source current
Standby=Normal P

CS pin charge/discharge current

Low standby mode

CS pin switching start/stop voltage

Overcurrent

protection (IS pin) low side / high side

Over current detection voltage of

Overload protection

(VW pin) Over load protection VW voltage

33/46

(v ) Overvoltage detection of input voltage
- Connection method
Operation is allowed with the connection methods
shown in Fig. 21 and 22.
- Operation
If the VH pin voltage exceeds 525V, it is judged as
overvoltage and switching is stopped. When the VH
pin voltage becomes lower than 500Vdc while
switching is stopped, it is judged that the overvoltage
state is released and switching operation is restarted.

(3) Advice on design

(DVH pin 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 2 kQ to 40 kQ to the VH pin in series. Startup
is allowed up to 40 kQ but give sufficient consideration
because the startup time varies depending on the
resistor and the capacitor of the VCC pin.

The VH pin resistor cannot be adjusted to control the
startup time and startup voltage.

@Capacitance of X-capacitor when the input filter X-

capacitor discharge function is used

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 1 s after the AC input voltage is
powered off.

The recommended capacitance of connectable X-
capacitor is 2 pF or lower.

No.2 : NC pin
This pin is not connected to the IC internally because it
is located next to the high-voltage pin (VH).

No.3: BO pin
(1) Function

Adjustable brown-in/out function is provided.

(2) How to use
- Connection method
As shown in Fig. 24, DC input voltage, which is
rectified and smoothed AC line voltage, is input to BO
pin via resistor voltage divider. A capacitor is also
connected between the BO pin and the GND.
- Operation
Brown-in/out voltage can be adjusted by inputting the
resistor divided DC main voltage to BO pin. The level-
fixed VH pin brown-infout function is disabled when
voltage divider resistor is connected to BO pin.
1pA current is output from the BO pin during the
period of the operating mode setting at startup.
Therefore, if the BO pin is made to be in open state,
the voltage of the BO pin rises to above the BO pin
open detection voltage of 4.4 V at start up and the
level-fixed VH pin brown-in/out function is enabled.
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(3) Advice on design
@ BO pin resistance
The formula for calculating the resistance is shown

below:
RIM Q] = Ve *Veo, ™ Vao %Veon) _ (Vg x0.635— Vg, x0.65)
Vo —Veon) (Ve —0.65)
R2IMQ] = (Va1 XVeor—Vao XViou) _ (Vg x0.635— Vg, % 0.65)
Veou 0.65

Vg= BO pin brown-in voltage (arbitrary setting)
Vgo= BO pin brown-out voltage (arbitrary setting)
Vgon= BO pin brown-out threshold voltage =0.65V
VgoL= BO pin brown-out threshold voltage =0.635V

Example:
When Vg=100 Vdc and Vg,=85 Vdc are selected, R1
and R2 are respectively calculated to R1=83 kQ and
R2=12.7 MQ.

@ Capacitor between the BO pin and the GND

When the input voltage V,, is a DC voltage such as
PFC output, approximately 1nF of capacitor C1 between
BO pin and GND is recommended to suppress the noise.

If the input voltage V, contains AC ripples such as the
rectified AC line voltage (Fig. 24), select C1 so that the
time constant of C1 and R1 become approximately 50
ms to remove AC ripples.

When the ripples of the input voltage V, are large, the
CR time constant must be further increased, or the
hysteresis of the brown-in/out voltage must be set large,
to prevent the BO pin voltage from exceeding the brown-
infout threshold due to the ripples. Note, however, that
the delay time for detection also increases if the CR time
constant increases.

auxiliary power
supply

Fig. 24 BO pin parts connection circuit
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No.4: FB pin
(1) Function

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

(2) How to use

(i) Input of feedback signal

- 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. 25.)

Fig. 25 FB pin part connection diagram

- Operation

FB pin is biased form internal bias voltage through a
resistor.

The voltage of the FB pin is input into the oscillator,
and the frequency is determined by the FB pin voltage
or the CS pin voltage, whichever is lower.

When the FB pin voltage rises to 0.3V, switching is
started at 350kHz. When voltage rises to 0.4V, the
switching frequency starts to decrease. When the
voltage rises to 3.5V or higher, the oscillation
frequency decreases down to minimum of 38 kHz(Fig.
8).

(i ) Overload detection

- Connection method
The same as the one described in (i).
- 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 is at the over load detection FB voltage of
4.3 V or higher continues for the delay time of over
load of 76.8 ms, switching stops.

Note that the overload detection by the FB pin is
canceled at the time of soft start (until the CS pin
voltage increases to 4V).

See 9. (11) Overload operation for details.

(iii ) Switching stop when FB pin voltage is low

- Connection method
The same as the one described in (i)

- Operation

When the FB pin voltage rises from near 0V at

startup, etc., switching operation is stopped at less
than 0.30V, and it is started when the voltage becomes
0.3V or over. After switching operation is started, it is
stopped when the FB pin voltage becomes lower than
0.26V.
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(3) Advice on design

The FB pin is the input pin for the feedback signal from
the secondary constant voltage control. 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. 25)

See the following for the guideline of constants of parts.

Cr1=0.47uF, Reg=2.2kQ. Crg,=1000pF

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.

No.5: CS pin
(1) Function

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

(2) How to use
(i) Soft start during startup
- Connection method
Connect a capacitor between the CS pin and the GND.
(See Fig. 26.)

CSs
Ccs

!

Fig. 26 CS pin parts connection diagram

- Operation

Once the IC is activated, the CS pin source current
of 5.5pA is output from the CS pin to charge the
capacitor connected between the CS pin and the GND.
When the CS pin voltage increases to 0.4 V, switching
is started at 350 kH, and with the increase of the CS
pin voltage, the operating frequency decreases,
ensuring soft start operation. (See Fig. 8.)

(lii ) Standby mode operation and soft start/end function
- Connection method
Connect a capacitor between the CS pin and the GND.
- Operation
In the low standby mode, the CS pin is charged/
discharged according to the FB pin voltage, ensuring
burst operation. (See Fig. 27.)

(&) When the FB pin voltage decreases to the FB pin
burst soft-end start voltage Vggge, the CS pin enters
the discharging mode and discharges the capacitor
connected to the CS pin. Note that even if the CS
pin voltage increases, it is clamped at 5 V.

(b) When the CS pin voltage decreases, the switching
frequency increases and when CS pin decreases
to below the CS pin switching stop voltage Vcgoer
switching is stopped. This operation is soft end.
Eventually the CS pin voltage reaches almost OV.

(c) After the switching is stopped, output voltage of the
converter decreases and FB pin voltage starts
increasing.

35/46

(d) When the FB pin voltage increases to the FB pin
burst soft-start start voltage Vgggs, the CS pin
enters the charging mode, and charges the
capacitor of CS pin.

(e) When the CS pin voltage increases and exceeds
the CS pin switching start voltage Vgon, SWitching
is started with soft start.

() With the increase of the CS pin voltage, the
switching frequency gradually decreases.

(g) By the switching operation, output voltage of the
converter increases and FB pin voltage decreases.

As a result of returning from the state described in
(g) to that in (a), burst operation is ensured,
thereby achieving low standby power operation

FB pin VFBss 4
Vrese / /
i v /
CS pin VCCSSCON / /
voltage ov

/

switching
pulse oV

Output
voltage

Fig. 27 Burst operation waveform in low standby mode

ov

(3) Advice on design

When low standby mode is to be used, adjust the
capacitor of the CS pin to be approximately from 0.01 pF
to 0.047 uF considering the transformer audio noise and
standby power at the time of burst operation.

When the low standby mode is not to be used, adjust
the capacitor to be 0.01 uF or higher taking the soft start
time only into consideration.

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



JF= Fuiji Electric

Innovating Energy Technology

FAG6A30N_31N Datasheet

No.6 : STB pin
() Function
(i) Selection between normal mode and low standby
mode.

(2) How to use
(i) Selection between normal mode and low standby
mode
- 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. 28).

RsTs

Fig. 28 Standby mode switching circuit diagram

- Operation

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 0.3 V (Viygra). IC
operates in the normal mode.

To switch to the low standby mode, open the switch
elements. Since 30pA current is output from the STB
pin, FB pin voltage rises. It is necessary to adjust this
STB pin voltage within the range from the low standby
mode detection voltage of 0.35 V (Vysten) and the
ultra-low standby mode detection voltage of 1.5 V
(Vrussten), by adjusting the resistor connected
between the STB pin and the GND.

i
TﬁH

LLC_vCe

PFC_vVCC

When the low standby mode detection delay time of
105 ms elapses after the STB pin voltage reaches the
low standby mode detection voltage of 0.35 V
(V1usTen), burst operation is started.

(3) Advice on design
(D STB pin resistor and capacitor
When using low standby mode, it is recommended that
the resistor Rgrg connected between the STB pin and
the GND is 33 kQ.
It is also recommended that the capacitor Cqrg IS
1000pF.

@ Improvement of standby power

At standby mode, average output voltage of the
converter is kept the same voltage as normal operation
by feedback control, though ripple voltage becomes
large by burst operation. As the result, standby power
becomes higher slightly.

We recommend output voltage switch circuit which
lowers the output voltage at standby mode to decrease
standby power.

In addition, we recommend FB pin response switch
circuit to decrease ripple voltage caused by burst mode
operation at standby mode. (See Fig. 29)

(@]

DC/IDC
Converter

PC1,

pC2 QO ps-on

® *—-o—0o—o Qono

Fig. 29 Output voltage and FB pin response switch circuit at standby mode
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No.7 : MODE pin
() Function
(i) Burst mode condition and PFC condition
(with/without PFC) are selected according to the
MODE pin resistor.
(ii) Set the delay time for overcurrent protection (IS pin).
(iii) Protection operates by an external signal.

(2) How to use
(i) Operating mode setting
- Connection method
Connect a resistor and a capacitor in parallel
between the MODE pin and the GND. (See Fig. 30.)

Rwmobe
CmoDE

MODE J_

13

Fig.30 MODE pin parts connection diagram

- Operation

When the VCC pin voltage rises to 11.5 V at start up,
the mode selection source current of 10 pA is output
from the MODE pin, and mode setting is made
depending on the voltage generated resistor between
the MODE pin and the GND. Note that if the resistor is
in open state at the time of operating mode setting, the
MODE pin voltage increases to above the mode
selection resistor open detection voltage of 4.4 V.
Consequently, IC stops in latch mode.

The operating mode setting time is set at 40 ms.
After the setting time elapses, the VCC pin voltage
increases again, and when it reaches the start
operation voltage of 13V, switching is started.

During normal operation, the MODE pin is kept at
0.48 V. (See the startup operation waveform in Fig.
15))

There are four selectable modes. (See Table 5.)

(i) Setting the delay time for overcurrent protection (IS
pin)
- Connection method
The same as the one described in (i).
- Operation
The MODE pin voltage is clamped at 0.48 V during
normal operation. If the IS pin detects state of
overcurrent, constant current of 26.5 pA is output from
the MODE pin to charge the capacitor. When the
MODE pin voltage reaches 0.8 V, the output of the
constant current is stopped, and the capacitor is
discharged by the resistor. When the MODE pin
voltage decreases to 0.6 V, the constant current is
output again. The MODE pin repeats this oscillation
state, and when the number of times of oscillation
reaches 36, switching is stopped. (See Fig. 31.)
The delay time is settable in a range approximately
from 1 ms to 40 ms.

s I

MODE pin
voltage > 4
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Over current detection voltage
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0.48V

1 puls’ 36 puls

Fig. 31 Overcurrent delay time counting operation

(iii) Protection by external signal input

- Connection method
Pull down the MODE pin by external signals. (See Fig.
30)

- Operation
The MODE pin is kept at 0.48 V during normal
operation. At this time, source current of 25 pA is
output from the MODE pin. If the MODE pin voltage is
pulled down below the threshold voltage for external
fault stop of 0.35 V for 304 us, output switching stops.

(3) Advice on design

(D Each settings based on the MODE pin resistor

See Table 5 for the details of resistance between the
MODE pin and the GND.

As for burst setting, if switching frequency at rating
output power is higher than 100 kHz, high frequency
mode is selected and if switching frequency at rating
output power is lower than 70 kHz, low frequency mode
is selected, generally. If switching frequency at rating
output power is between 70 kHz and 100 kHz test both
high frequency mode and low frequency mode and
select mode according to the test result.

In addition, if operation at burst mode has no problem,
it is acceptable that low frequency mode is selected
though switching frequency is higher than 100 kHz. It is
also acceptable that high frequency mode is selected
though switching frequency is lower than 70 kHz.

Table 5
MODE _ ]
i With/Without .
pin MODE PEC setting Burst setting

resistor

56kQ A With High frequency
mode

100kQ B Without High frequency
mode

200kQ C With Low frequency
mode

330kQ D Without Low frequency
mode
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@ Output over voltage protection circuit using MODE pin No.8 : IS pin

Secondary overvoltage protection in Latch mode can (1) Function
be made using MODE pin. (i) This pin detects the resonant current for the forced
Example circuit is shown in Fig. 32. turnoff function to prevent switch through.
(ii) This pin detects the resonant current for over current
protection.
e
. O (2) How to use
J é (i) Detection of resonant current for the preventing
° switch-through function

CwmopE

L
O ,
> - Connection method
Because the loss increases when the current flowing

into the resonant capacitor is monitored directly, a
shunt capacitor is connected, the current is converted
into the voltage by the resistor and it is input into the IS
pin in order to detect the resonant current.

To prevent influence of noise, connect a capacitor
(Cis=100pF recommended) between the IS pin and the
GND. In addition, set CR filter depending on noise

Fig. 32 Secondary overvoltage protection using MODE pin level. (See Fig. 34)
Q
]

2
- E{} )

@) Setting the delay time for overcurrent protection

IS pin

The delay time for overcurrent using the capacitor and
the resistor of the MODE pin is calculated as below.
Table 6 lists the relation between “a@” and “b” values in
the formula and the resistance value, and the chart in

Fig. 33 exhibits the relation between the delay time for Lo
overcurrent and the capacitor. GND |
Since the MODE pin also has the function of setting ol L e
the operating mode by resistance value, to set the delay — vis
time for overcurrent Tocpp,y, it IS Necessary to determine
the capacitor, Cyope, depending on this resistor.
toceory [MS]=2ax Cyope [NF]+D v
Fig. 34 IS pin parts connection diagram
Table 6
R 2 b - Operation
MODE See Section 9.(5) for details of the preventing switch-
56kQ 1212 0.392 through function.
100kQ 1.479 0.461
200kQ 2 406 0.656 (lii ) Overcurrent protection
- Connection method
330k0 3.867 0.913 The same as the one described in (i).
- Operation
0 If the IS pin voltage exceeds the over current detection
/ A voltage, the MOSFET is tuned off for each oscillation
/ cycle, and then other MOSFET is turned on after the
_30 / RIUODE dead time. If the overcurrent state continues, turning
£ / % o on/off is repeated.
E 20 / — 1o0k0 If this overcyrrent detection state cqntinues for a period
8 / / ) of the delay time for overcurrent having been set by the
o é 200ka CR constant of the MODE pin, switching is stopped. (See
= 330k0 Flg 31. )
Switching is suspended for the period of the restart
e time of over current of 810 ms, and switching is resumed
o 10 20 30 .
P when the restart time of overcurrent has elapsed.

If overcurrent is not detected for a period equivalent to
the reset time of over current detection of 76 us,

Fig. 33 Guideline for setting delay time overcurrent detection is reset.

for overcurrent protection

|
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(3) Advice on design
@ Overcurrent detection

The capacitance of the shunt capacitor Crd is
recommended to be approximately 1/100 of that of the
resonant capacitor Cr.

Overcurrent is detected by dividing the current by the
capacitance ratio of Crd/Cr, and converting the current
into voltage using an overcurrent resistor Ris.

For example, to detect overcurrent at Icr=4A, the
current is divided into 40 mA by the capacitance ratio
Crd/Cr (1:100 recommended). When the over current
detection voltage of low/high side (Voep Or Vo) Of the
IS pinis +4 V (which is corrected depending on the AC
input voltage and with/without PFC settings), the
overcurrent resistor Ris becomes 100 Q.

Ris = Voce (0rVoew ) < Cr

lcrxCrd
@ Inserting a CR filter
The switching noise of MOSFET may cause malfunction
of the overcurrent detection function and the preventing
switch-through function of IS pin, and operation may
become unstable. In such cases, add a CR filter to the
IS pin as shown in Fig. 34.

The value of CR filter recommends approximately
Cis=100pF and R1=1000hm.

Select a filter depending on the magnitude of the noise,
but the selection requires special attention because
delay factor increases, thereby increasing fluctuation in
overcurrent detection level if the time constant of Rcs
x Ccs increases.

No0.9 : VW pin
(1) Function

(i) Detects the current state during of switching
monitoring the auxiliary winding voltage which has
the reversed polarity to the main winding for the
preventing switch-through function.

(ii) Detects the overload state.

(2) How to use
(i) Voltage detection for arm-short prevention function
- Connection method
The auxiliary winding voltage which has the reversed
polarity to main winding is input to VW pin through
voltage divider resistor. The auxiliary winding can also
be used as Vcc winding.
To prevent influence of noise, connect a capacitor
between the VW pin and GND.
Connection of two zener diodes may be needed so
that the pin voltage may not exceed absolute

maximum rating.
Q2
Vo

L 200000 -

v
Fig.35 VW pin circuit
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- Operation
Connect the auxiliary winding voltage which has the
reversed polarity to main winding to VW pin. See 9 (5)
Arm-short prevention function for details of operation.

(lii ) Overload detection
- Connection method

The same as the one described in (i).
- Operation

Since the peak voltage of the auxiliary winding on the
primary side is proportional to the load on the
secondary side, by detecting the peak voltage of the
auxiliary winding, high-precision overload protection
function can be achieved. The auxiliary winding
voltage is input to the VW pin through resistor voltage
divider and the voltage divider should be adjusted
according to overload load detection level. If the VW
pin voltage over the over load detection VW voltage for
a period equivalent to the delay time of over load of
76.8 ms, switching stops.

In the case of automatic recovery type, intermittent
operation is performed under overload, and when the
overload state is reset, normal operation is resumed. In
the case of timer latch type, switching stops when
overload state is reached, and thus latch off occurs.

If detection is not performed for a period equivalent
to the over load detection reset time of 108 us or
longer while the overload detection state continues,
overload detection is reset.

See 9 (11) Overload operation for details.

(3) Advice on design
( Calculating the VW pin resistance
The resistor Ryy; is recommended within the range
from 10 kQ to 20 kQ.
The formula for calculating the resistor Ry, is shown

below:
Ry, = Row1 XVorevw

2
(\/OLPPZ_VOLPVW)

where,

VoLpyw = Over load detection VW voltage
=3.08V or 3.36V
(It is corrected according to the input voltage and
PFC with/without settings.)
VoLpp2 =Measured voltage of auxiliary winding P2
at overload

However, since the dependency of P2 auxiliary
winding voltage against the load varies with leakage
inductance, etc. determine Ry, (voltage divider ratio
with Ryyy,) with evaluation of overload on actual
converter.

If the resistor Ry, becomes large, the effect of the
VW level shift resistor within the IC increases. When
the effect of the VW level shift resistance taken into
consideration, the following calculating formula can be
used:

Row X Vorpvw

- R
(VOLPPZ_VOLPVW) + [(5 _VOLPVW ) X R L

VWLVS

RVW 2

where, Rywivs= VW level shift resistance
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@ Connecting the capacitor

Connecting a capacitor C,, of 22 pF (typ) to 56 pF is
recommended to prevent influence of noise. If noise is
large, thus causing malfunction, it is possible to increase
the capacitor. In this case, however, pay careful attention
because delay may be caused in overload detection due
to the filter circuit with Ry, thereby affecting the
detection level, or delay may also be caused in forcibly
turning off the arm-short prevention function and it may
malfunction.

No.10 : VCC pin
(1) Function

() Supplying the power of IC

(ii) Preventing malfunction by detecting low voltage

(iii) Overvoltage protection at secondary-side
overvoltage

(2) How to use
(i) Supplying power of IC
- Connection method
Generally, the auxiliary winding voltage provided in the
transformer is rectified/smoothed and connected. (See
Fig. 36.)

Fig. 36 VCC terminal part connection diagram

- Operation

Make the setting so that the voltage supplied from the
auxiliary winding during normal operation will be in the
range from 14 to 27 V. Since the start-up circuit stop
voltage is 12.1 V (max.), the VCC pin voltage should
be 14 V or higher (recommended operation condition)
not to allow the startup circuit to be activated during
normal operation.

Since it is not possible to keep operating the IC only
with the current supplied from the startup circuit,
without the auxiliary winding under normal operation
conditions, supply VCC voltage from the auxiliary
winding.

(lii ) Preventing malfunction by detecting low voltage

- Connection method
The same as the one described in (i).

- Operation
To prevent circuit malfunction when Vcc voltage
decreases, an under voltage lockout circuit is
incorporated.
At the startup, switching is started when the VCC pin
voltage increases to the start operation voltage of 13 V.
(It is also necessary that the voltage between the VB
pin and the VS pin becomes higher than VBS
switching start voltage of 8.8 V.) When the VCC
voltage decreases to below 9V, the IC stops operation.
When the IC stops operating by the under voltage
lockout circuit, the OUT pin is forcefully put in Low
state.

Nov., 2021 DS-142J Rev2.2
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(iii ) Overvoltage protection on the secondary side

- Connection method
The same as the one described in (i).

- Operation
If the VCC pin voltage exceeds the over voltage
threshold voltage of 28.5 V for the delay time of
overvoltage protection of 304 ps, switching stops in
latch mode.

(3) Advice on design

(DConnection of the bypass capacitor

Since high current flows in the VCC pin when the
MOSFET is driven, relatively large noise is generated on
VCC pin. In addition, noise is also generated by the
current supplied by the auxiliary winding. If this noise is
large, the IC may malfunction.

Therefore, connect the bypass capacitor Cy,c,(0.1uF
~) between VCC-GND near the IC in addition to the
electrolytic capacitor C,c as shown in Fig. 36.

@Auxiliary winding P2
Determine the number of turns of the P2 winding using
the following formula. When the number of turns of the
secondary winding for output voltage Vo is defined as S1,
the number of turns of the P2 winding can be calculated

as follows:
P, = —= Sy

\

[o]

(10-1)

QRectifier diode and resistors, and electrolytic capacitor
In the VCC supply circuit shown in Fig. 36, use the low
forward voltage diode for the rectifier diode D1.
In case that low standby mode is used, Vcc capacitor
may be enlarged so that Vcc voltage will not drops while
switching stop period of burst mode.

@Decreasing the startup time

In case that low standby mode is used, Vcc capacitor
may be enlarged and it causes longer start up time.

If it is necessary to decrease start up time, use the
circuit as shown in Fig. 37.

Capacitor should be selected as Cvcc3 < Cvecl.

Fig.37 Vcc circuit for shorter start up time
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No.11: LO pin
(1) Function
This pin drives the MOSFET of the low side.
(2) How to use
- Connection method
LO pin is connected to gate of the MOSFET via the
resistor. (See Fig. 38 and 39.)

HO HO
VS VS
LO LO

Fig. 38 OUT pin circuit 1 Fig.39 OUT pin circuit 2

- Operation
During ON period of the MOSFET, LO pin is H state
and outputs almost the VCC voltage.
During OFF period of the MOSFET, LO pin is L state
and outputs almost OV.

(3) Advice on design
Gate resistor is connected to limit the OUT pin current
and prevent the oscillation on the gate pin voltage.

No0.12 : GND pin
(1) Function

This is the reference pin for the voltage of each part of
the IC.

(2) Advice on design
GND pin is connected to both signal GND and Gate
drive GND. Each GND wiring should be connected to
GND pin with the impedance as low as possible.

No0.13 : NC pin
This pin is not connected to the IC internally because it

is located next to the high-voltage pin (VS).

No.14 : VS pin
(1) Function

This is the floating ground pin for the high-side driver.
(2) How to use

- Connection method
In the main circuit of the current resonant converter,
the source of the high-side MOSFET and the drain of
the low side MOSFET are connected and the
connected point is input to the VS pin with low
impedance. (See Fig. 40.)
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Fig. 40 Output part circuit

- Operation
Since the high-side MOSFET and the low-side
MOSFET turns on and off alternately, the VS pin
voltage changes. The high side driver operates with
the VS pin as the reference voltage and with the
bootstrap circuit.

(3) Advice on design

When the high side MOSFET Q2 turns off, the current
flowing Q1 goes to the body diode of low side MOSFET
Q1.

VS pin voltage may drop by tens of volts for hundreds of
ns at high side turn off depending on the inductance and
current change rate of main current. The large minus
voltage of VS pin may cause malfunction or damage of
the IC.

Therefore, take the countermeasures such as lowering
the switching speed by connecting the capacitor C,,g
between VS and GND, and making the wiring
inductance to be small.

However, too large C,5 causes a hard switching. Please
determine C,,g with the confirmation of the actual power

supply.

No0.15 : HO pin
(1) Function

This pin drives the high-side MOSFET.

(2) How to use

- Connection method
HO pin is connected to gate of the MOSFET via the
resistor (See Fig. 38 and 39.)

- 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 resistor is connected to limit the OUT pin current
and prevent the oscillation on the gate pin voltage.
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No0.16 : 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
- Connection method
Connect the bootstrap capacitor C, g5, the bootstrap
diode Dbst and the charge-current limiting resistor
Rbst as shown in Fig. 40.
- Operation
During the period when the low-side MOSFET is on,
the bootstrap capacitor Cgg is charged from the
VCC pin via the bootstrap diode Dbst. The high-side
driver operates with the voltage charged C,ggs.

(lii ) Detecting low voltage to prevent malfunction

- Connection method
The same as the one described in (i).

- Operation
To prevent circuit 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 VBS switching start voltage
of 8.8 V, switching is started (it is also necessary for
the VCC pin voltage to increase and reach the
switching start voltage of 9 V or higher).
When the VCC power supply voltage decreases and
the voltage between the VB pin and the VS pin
decreases to the VBS switching stop voltage of 7.5V,
the IC operation stops.
When high side driver is stopped by the under voltage
lockout circuit, the HO pin is forced to be in the Low
state.

(3) Advice on design
The loop among the bootstrap capacitor Cgg, VS pin
and VB pin should be as small as possible.

(DSelecting a bootstrap capacitor C,gg

In Fig. 40, at the state where Q2 is ON and Q1 is OFF,
the Vg voltage decreases due to the Q1 gate charging
current, the high-side driver operating current of IC Igg,,
and C, g leakage current.

Therefore, to prevent the voltage between the VB pin
and the VS pin from decreasing to the VBS switching
stop voltage of 7.5 V (Vggore) OF lower during the Q2 ON
period, select the value of Cys.

The minimum capacitance required for C,gg Iis
calculated using the following formula, but select the
capacitance with enough margin.

A bootstrap capacitor C,gzg having the capacitance of
0.47 pF (min.) — 1.0 uF (typ) is recommended.

Qg + I g5, xTon+ Icbs(leak) x Ton

CVBS >
Vcc _VBSOFF -V _VLS

42146

where,

Qg: Gate charge of MOSFET

Izso: High-side operating current of IC

Ton: Maximum ON time of high-side MOSFET Q2
Icbs(leak): Leakage current of bootstrap capacitor
V¢c: Low-side power supply voltage

Vgsorr: VBS switching stop voltage

Vf: Forward voltage of bootstrap diode

VLS: Low-side MOSFET Q1 ON voltage

Example:

100nc + 0.1mAx 5us + 0.01uAx 5us -0 11uF
vBs = =0.4u
14V -7.5V -0.6V -5V

@sSelecting a charging current limiting resistor Rbst

Be sure to insert Rbst to prevent generation of rush
current at the time of initial charging of C,z5. To prevent
damage of the diode Dbst, select Rbst so that the peak
current of the Dbst will be in the range of maximum
ratings.

BSelecting bootstrap diode Dbst

Select a fast-recovery diode with small reverse
recovery time. If the reverse recovery time is long, the
reverse recovery current to the low-side power supply
VCC increases when the high-side MOSFET is set to
ON, and thus Vcc supply efficiency for VBS decreases.
In addition, VCC ripple may cause malfunction.

Use the rating voltage to be that of the low-side
MOSFET or higher, taking derating into consideration.

The average current I, can be found by multiplying
the gate charge quantity Qg of the MOSFET by the
operation frequency fsw as follows:

Iy =Qgx fsw

The peak current is considered to be the current found
by dividing the maximum low-side power supply voltage
value VCC by Rbst.
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@ Other advice on designing
(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 -
0.3 V 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.

(2) Loss calculation

To use the IC within the rating, it is necessary to
confirm the loss of the IC. However, since it is difficult
to measure the loss directly, the method of confirming
the loss by calculation is shown below.

If the voltage applied to the VH pin is defined as V,
the current fed to the VH pin during operation as
lurun2(VH=400V), power supply voltage as V., VCC
operating current as l.c3, gate input charge of the
MOSFET to be used as Qgl and Qg2, and switching
frequency as fsw, the total loss Pd of the IC can be
calculated using the following formula.

Py =V x (1 oes +QO1xfy, +Qg2x Ty, )+ V, Xl irun2

A rough value can be found using the above formula,
but note that Pd is slightly larger than the actual loss
value. Also note that each specific characteristic value
has temperature characteristics or variation.

Example:
If the VH pin is connected to AC 240V via a full-wave
rectification, the average voltage to be applied to the
VH pin is approximately 215 V. In this state, assume
that Vcc=20V. Qg1=Qg2=100nC. fsw=100kHz (when
Tj = 25°C). Since lyryun>=10UA and l¢c3=0.9mA from
the specifications, the standard IC loss can be
calculated as follows:
Pd=20V % (0.9mA+100nC X 100kHz+100nC x 100kHz)
+215V X 10uA
=420mwW

|
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11. Precautions for pattern design
In the switching power supply, large pulse current flows in 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 trace with consideration of the followings to prevent the malfunction.

Current path in switching power

(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.

Loop composed of main circuit should be small ‘

Main circuit (be\m

AC Input

Output

GND of PFC IC and GND of a
main circuit should be connected in
the place of detection resistance.

]|
T
Driving l
Loop composed of IS terminal F_ current

and GND should be small
[7] [%] [5 [i6] [i5] [i4] [igl [11] [1o] [o] .
VCC OUT GND IS zz.

' Yecaw- — n
) pro o = o d e .
FB_COMP RT RTZC VH_(NC) BO FB CS STBMDDE !
0T 2T BT T TL,J LI Te B8] &
Capacitor for filter should be F Main circuit and drive circuft
arranged close to the IC e R 1 and control circuit GND
T T Control T 23 should be separated
Main circuit and control circuit . current Filter and surge
GND should be separated Control current current

|
/ 1

Capacitor for filter should be
arranged close to the IC

Fig. 41 Pattern design image
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12. Application circuit example
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/ Notice \

1. The contents of this note (Product Specification, Characteristics, Data, Materials, and Structure etc.) were prepared in
November 2021.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 equipment 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 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 equipment 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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