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Zero Qrr enables GaN to work in CCM TP-PFC @

Inductor current
RMS current

Enhancement-mode GaN FET:

"

Low Qoss — Low Qoss loss
Low Qoss — High switching frequency
Zero Qrr — No Qrr loss — high efficiency

Zero Qrr enables GaN work in CCM mode, then help reduce system cost

In this slide, GaN FET loss is analyzed using a synchronous boost converter (CCM mode)
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a
Synchronous CCM boost converter — waveforms C

When Q1 turns on
L Q1 HSW t:y_[p_;off Q2
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Synchronous CCM boost converter — key equations ()

l ' When Q1 turns on:
L 9% GansR en Q1 turns 0
> ‘j_T___I_: ¢ Q dl, VN
_____ . dt L
. .{ o When Q1 turns off:
Vin. /| :Ql > C=F RL; Vour
S ; dl,  Vour — Vin
GaN SW dt L
® ( .
D ° According to Volt-Second Balance:
A IL 1
Vour =Vin* T

| Output current vs inductor current

P
Io=1,%(1~-D)
ly Ripple current through inductor Al
VIN

Al = *DT =1, ~ 1,

[

time

1
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Loss breakdown of GaN FETs

C == RL< Vour

Core loss
DCR loss
ACR loss

Hangzhou CloudSe

Deadtime loss: Py

Conduction loss: Pcgy

ESR loss

Conduction loss: Py

Coss l0ss from SW & SR: Pap

No Qrr loss

HSW I-V overlap loss: Pgy on + Psw orr
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Ip? + Iv? + Iplv
Irms, sw = 3 x D

RMS current
derivation

Ip? + Iv? + Ip = Iv

Pcond, sw = Irms, sw? = Rdson = 3

x* D+ Rdson
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Loss breakdown of GaN FETs:

[
»

During SW turn-on transient,
Coss of SW-Q1 is discharged through SW-Q1’s channel (Current CANNOT be captured) | ‘ ‘
Coss Of SR-Q2 is charged through SW-Q1’s channel (Current CAN be captured, as in right) —/ |
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Both two capacitors charge behavior generates heat on SW-Q1.

Vbus 4

Cap loss(SW) = f Cpss x Vds dV Cap loss(SR) = J
0 0

bus
Cpss * (Vs — Vds)dV = Vbus * Qoss — j Coss * Vds dV
0

If Q1 and Q2 features the same part, then the Cog5 l0ss on SW-Q1 will be:

Pcap = (Cap_loss_SW + Cap_loss_SR) *fs =V, . * Qoss * S
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Loss breakdown of GaN

— RL§ Vour

@ —@ O

Roughly based on right schematic waveforms:

Vs

PSW,ON ~ E*VIN*Iv*ton*fs
Psw orr = E*VIN*Ip * tofr * fs

1
Psyw = E*VIN*Iv*ton*fs +E*VIN*Ip*toff*ﬁs

ton = Lir T tyr  Coff = tyr t Gif

.

J

Turn-on and turn-off time (ton, toff) also can be calculated from capacitance charging & discharging analysis.
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Switching time calculation - tir

During t0~t2 equivalent circuit Ves ¢ i e ‘
According to equivalent circuit O > /_
Vbs vaol |- i | 1 1
Ves — V. L Cp yd i i
"o __VGS T Vgs -T— &4 | \/ i ; !
lg =lgs+lga=—F— ViRl A
g 1 ! 1 1 <
A g — ! >
Vs e R ; o
s = Ces g So o——AN$ v, | - |
— N Ves v | i i i
I —C d(l/gS_VDS) —C q d(I/gS) I/gs — VGS * (1 _ eRg(Cgs+ng)) 8s i % 1 >
gd = ed gt LT i |
o Ves = Ces | |
eFeCtes N T | |
Then & L % |
v, d(Vs) d(Vys)  t=R,Cis *1 = R,Cigs %1 Vas } |
Y gs gs) gs = Rglijss * 1N V = Rglijss * 1IN\ 77— ‘ : >
lg = Cgs— =+ Cga—3— = (Cgs + Cga) — — 1 X % Vas — Vgs
A(fs) = at Finally (Rg includes R, and external resistance R,,)
Vas — Vgs Rg(Cgs + ng) r - N
t t, — ty = RgCigs * In | ——=— Ves —VTH
—ln(VGS — Vgs) = +k 1 0 Griss (Vc;s - VTH) Ly = Uy — tl = RGCiss < ln<
Rg(CgS + ng) v i Vgs — Vgpl
g -t t, — t, = RgC; *ln<;s) — i
Vgs — VGS . keRg(Cgs+ng) 2 0 G*iss VGS — Vgp Vgpl VTH + 'R

. J
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Switching time calculation - tvf

During t2~t3
According to equivalent circuit

Ig == Igd

d(Vds)
Igd == ng dt

Then
Ves = Vgs . d(Vgs)
R, & dt
i Rgng N d(Vgs)
(Vos = Ves)
Finally (Rg includes R, and external resistance R,,,)

Vbs
a7tz = Ralga* Ves — Vgp

equivalent circuit

e,
Vbs = Von

= Cgq

Vps
o=

b= 33—t = RGng &

Qcp Vbs
ES
Vbs (VGS B Vgpl)

tvf = Rg *

pl

V A .
e tir—— oo
\ ’ ‘4—’
vgpl f-- T |
Vth | A

v

v

Hangzhou CloudSemi Powering the Dreams

v

10



Switching time calculation — tvr & tif

imi i : ivalent circui
Similar to the analysis of turn-on transient equivalent circuit
(o,
(Rg includes R, and external resistance R ) Von = Vs 3
te —t = RgC I(VGS> T
6 — ls = Rgljgs * 1N | == X
Vgp | " | J
t t. = RcC Vs o—qg—/\/\g/\/—.
’ o e Vgp VGS
|74 >
tg — t, = RgCissIn (ﬂ) |
VTH ——
Cep Vps =
tor = t7 —t. = R * * ‘
vr 7 6 G VDS Vgpz .
V
— o — _ gp2 |
tif =tg — t; = RG * Clss * In <_VTH> Vng =V + _P

* Miller plateau V,, during turn-off transient is not the same as turn-on because of the different switching current.

gp2
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R
Loss breakdown of GaN FETs: SR conduction loss ()

Vin = Ql —N.I: C= RL; Vour Ip
| | | i \/\/\ i
| lv I
Al Al : ) — g

Ip=1, +—L Iy =1, ——t | Skl i
Ip? + Iv? + Iplv |

 Irms, sr = (1-D)
Ip? + Iv? + Iplv | 3 i

Irms, sr = = *(1-D)

Ip?> + Iv? + Ip  Iv
3

Pcond, st = Irms, sr* x Rdson = *(1—D) * Rdson
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( 1
L e} Q2 | GaN SR
YT o~ I T o o
e B 18
Vin =T Ql > C == RL< Vour
® o S

For turn-on and turn-off transient, the load current

are different (Ip, Iv). If deadtime is a tg;

The deadtime loss is:
Py = (Ip*Vsp pp* tye + IV * Vgp p, * ty,) * fs

|Vl + [ Vesl

* VI = |Vl + Vs orl

¢ VSD 3 Vf + IL*Rch,rev

Vos (M) ¢

Rehrev = 1/slope
VGS= 6VT
VGS= 4V

Vgs=2V |

Vgs=0V

Ves=-2 VT

Vgs=-4V
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Boost converter loss summary

Loss type Equations

2 2 A
Conductionloss | Pcond, sw = Ip” +Iv 3+ Ip v « D * Rdson Vi [

v

L 1 1
Switching loss Psw ~ S xVinx Iy ton * fs + 5+ Vit Ip * togg * f s

SW-Q1 >
Capacitive loss Pcap = Qoss *Vbus * f
Gate drive loss | Peare = Q¢ * Vs * fs
Conduction loss | pcond, sr = Ip” + Iv23+ Ip~lv * (1 — D) x Rdson

@2 Deadtime loss Py = (Ip *Vgp p* tgp + 10 * Vg 1, ¥ tg) * fs R

Gate drive loss Poare = (Q—Qgp) *Vgs * fs

\ 4

* Gate drive loss mainly happens in driver circuit, not in GaN FETSs.

\ 4

4 t5 tG t7 8
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