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150W/19V adaptor

R+t

ThEEF

HE

Dimensions

(uncased)
Power Density
230 Vac
Efficiency (full load)
115 Vpc
230 Vac

Efficiency (4—pt. ave.)

115 Vac

103 x55x 17

96.3

1.56

25.6

95.2

94.5

95.5

mm
cc
W/cc
W/in3
%
%

%




@ 40% Size Reduction

HP 65W Adaptor

HP 65W Adaptor ¢



@ High Power-Density PCBA (96 cc)= 103 x 55 x 17mm

HP mouse
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High Efficiency >93.5% @ 90 V,., Full Load

o > 95%
Efficiency Vs Po
--;- 96.00
=
h _.._ 7
‘é 95.00
lg
O
= P
$5 9400
°®
93.00
92.00
91.00 LEIX
90.00
20% 30% 40% 50% 60% 70% 80% 90% 100%
—8— 90V —— 115V 230V —8— 264V Load Condition



@ 150W Thermal

e Test condition: Ambient Temp: 30 degree C ;

e full load lo=7.8A

P1:
P2:
P3:
P4.
P5:
P6:
P7:
P8:

PFCIC
LLC IC
PFC GaN
PFCCS
PFC Diode
LLC GaN
SR IC

SR MOS

80°C
82T
84C
84C
86C
857
85T
90C

GaNFast™ F




@ 150W Thermal | GaNFast™

* Test condition: Ambient Temp: 30 degree C ;
e full load lo=7.8A . |

P1: CMC —821C
P2: Bridge —1177C
P3: DMC —787C
P4: Inductor ——92C
P5: BUS E-CAP —767C
P6: Resonant Inductor ——79°C
P7: Transformer ——88°C

P8: Secondary E-CAP ——657C




@ 150W Thermal GaNFast™

e Test condition: Ambient Temp: 30 degree C ;
e full load lo=7.8A

Test Bridae PFC | LLC | PFC Inductor | Transformer Resonant | BUS | Secondray| SR
Conditions 9¢ | GAN | GAN | diode Inductor | E-CAP | E-CAP MQOS

Vin=90Vac | 117 84 85 86 92 88 79 76 65 90




@) 150W EMC

$n#:14.872MHz AV:32.8 PK:52.5

dBuv

210 -
150 kHz 1 MHz 10 MHz 30 MHz
HEE
Data: 7 File: C:\Users\Administrator.WIN7U-20140812P\Desktopf{\6-21.EM8 (8)
on Level (dBuVim) Date: 2019-06-21 Time: 19:36:44
70 ‘ ! ‘ .
50 i ===
|| & HEEN
: | A
g MMM ‘
20 I N b ¥4 { |- ‘ _
M 1T 111 |
o | | |
30 50 100 200 500 1000
Frequency (MHz)
Condition e
EUT : 150W-pinbi-115V-H
Power : AC 115V/56Hz
Env. : 23.5°C , 49%RH , 100.2KPa

dBuv

$i%:161.868kHz AV:26.2 PK:52.0

210 -
150 kHz 1 MHz 10 MHz 30 MHz
R
Data: 8 File: C:\Users\Administrator.WIN7U-20140812P\Desktopé#§f\6-21.EM8 (8)

an Level (dBuV/m) Date: 2019-06-21 Time: 19:39:30

70| ‘

s0| - us L I s

1 ‘ 3 |
f [ s e
30 ’%#wu. | LM \Mﬂjh !
ol
i ‘
10 l
0l | |
30 50 100 200 500 1000
Frequency (MHz)

Condition £
EUT : 158W-pinbi-115V-V
Power : AC 115V/50Hz
Env. : 23.5°C , 49%RH , 100.2KPa
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@ Key Waveform, PFC GaNFast”

- SR T b | A i__ " w_

'
| A
g
I
'
|
I
'
c3
ol

Measure P1:maxiC1 P2:maxi{C3) P3:rms({C1) P4d:max(C4) P&:frea(C1) PG freq(C3 P7:max(C3) P8:rms(C3)
value 131V 5.13 A 1001V 122V 133.35732 kHz 133.51023 kHz
status i s _ v v ity A

L4 [ULTM Timebase 0.0 ps||Trigger )15

1E| EI "u dl / 100 Vidiv 2.00 Aldiv 50.0 ".;""I::Ihi ! 5.00 ps/div] Stop 220V
-30.00 V -100.0 V -6.000 A -50.0V ofst : 500 kS 10 GS/s|Edge Positive
100 mV | TAV]| 110 mA] | 110.4 "u" ' X1= 98629us AX= 74710 us
130 mV | 1 18Vt S 9.6 Vi E X2= 17.3339 us 1AX= 133.851 kHz
90 mV | Ay -700 m\/ -

1: PFC DRIVER 2: PFCMOSVDS 3: PFC IL 4: VOLTAGE AFTER BRIDGE
11



Key Waveform, LLC GaNFast™ .

_ I' \ N TELEDYNE LECROY
| | Everywhorbyoulook
| f L
| W
' | -

& ca | | |
4 2 I""s 2 ps 4 ps B ps 8 us
Measure P1:max(C1) P2:max(C3) P3:rms(C1) P4:max(C4) Pa:freq(C1) P6:freq(C3) P7:max(C3) PB:rms(C3)
value 404 W 782 mA 272V 16.6 'V 277.22714 kHz 2T77.73212 kHz

atus v v v v

1.00 Aldiv]

. 5 230V
-2.000 A : st 200 kS 10 GSis|Edge Positive
-756 mA] | 5 - ' X1= 36605 us AX= 33624 us

-T7T4 mA| 1 1 ; X2= 1031 ns VAX= 280.710 kHz

1: LLCSW 2: VTP 3: IR 4: DRIVER

o0

12



, @Key Waveform, LLC GaNFast™

é NA\ TELEDYNE LECROY
Everywhereyoulook”

5 e v : q .'-:. o g o I

Measure P1:maxi(CT P2:max(C3) P3:rms(C1) P4:max(C4) Pa:freqiC1] PE:freai(C3) PT7:max(C3) P8:rms({C3)
value 404 W 774 mA 2781V 16.5 V 277.27550 kHz 276.90159 kHz

satus _ v v v v

100 Vidiv 200 Vidiv 00A/div]  10.0 Vidiv

0.0V offset 0.0V offset 0.00 V ofst : 100kS 10 GS/s Edge Positive

NIV SV | 13.72 V§ X1= 17568 us AX= 1514 ns
_ 196.6 V] 1 470 mV § : X2= -1.9082 us 1/AX= 6605 MHz
Ay 3841 V& Ay 1413 V] |

1: LLCSW 2: VTP 3: IR 4: DRIVER

s

13



% GaNFast™ 3

60.6 A

q NB\ TELEDYNE LECROY
Everywhereyoulook

406 A

194 A

-10 ys -8 us -6 s -4 s -3 s 0fs 2 s 4 s B s 8 s 10 ys

Measure P1:max(C1) P2:max(C3) P3:rms(C1) P4:max(C4) P& freqiC1 PE:freq(C3) P7:maxiC3) PB:rms(C3)
value 5.5V 122 A 347V 449V 247 63497 kHz 488.8723 kHz
status o W v v v A

2.00 ps/div] Stop
0.00V ofstj ' 200 kS 10 GS/s|Edge Positive

5.00 V/div 20.0 Vidivl

10.0 Addiv
-20.60 A

0.00V ofst

1: H-DRIVER2: LOW-DRIVER 3: | 4: VDS
14
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- @ Key Waveform, Ripple — = GéNFasti

400

300 mv

200 mv

100 my

0

mv

ﬂ? TELEDYNE LECROY
Everywhereyoulook

— — — — —

-200m
-300 mvy
-400 my I
-25ms -20 ms -15 ms -10 ms -5 ms 0%s B ms 10 ms 15 ms 20 ms 25 ms
Measure P1:max(C1) P2:max(C3) P3:rmsiC1) P4 max(C4) P5:freq(C1] PEB:freq(C3) P7:max(C3) P8:rmsi{C3
value 100 mv 74 mA 12.1 mv v 266.706 kHz —
v v v v A iy

status

-116 mV/ §
-209 mV §

15



_ ® Key Waveform, Standby - GaNFast™

610V +
I : ﬂ S TELEDYNE LECROY
e ———e— = ———— e — = - b R e R i e R R R R A = - Evargwharoyoulok®
410V

310V

210
118
1o = = i et
R
TR b i i i T : i
55 -4 5 s sl 15 0% 15 25 3s 43 5s
Measure P1:maxiC1 P2:maxiC3 P3:rms(C1) P4:maxi(C4) Pa:freqiC1l P&:freqiC3) P7-maxiC3) PB:rmsiC3)

value 193V 240 A 1371V 233V 1.12310853 Hz 7723813 Hz
o v 4 A A

J1L15V
25MS 250 k5/s|Edge  Positive

1: VCC 2: VBUS 3: VC
16



, @ Key Waveform, SCP GalFast” 3

20 A i i i ; ) o i i I 5
: f f f ' L : : ﬂ\TELEBYHE LECROY
| i i
i i | \

f f f f ] i Jyoulook
60 A ; ; ; ; ! L ?uewff1emyuu ook

: F

DA [ s —— s —————————————

40 A ] =

i
355 D5 155 15 -500 ms 0ths 500 ms 138 153 95 253

|
|
i
| | | | 1 | | : | |
B o

-0 A

Measure P1:maxiC1) P2:maxiC3) P3:rms(C1} P4:max(C4) P5:freqiC1) PG freaqiC3] P7:maxiC3) P8:rmsiC3)
value 16.9V 5.8 A 283V 12V 169.742813023 kHz 944 10273 mHz
status v v v v il v

LalRAntg . Timebase 0.00 s||Trigger 53 1518
10.0 Vidiv 20.0 A/divj Roll 500 ms/div|Stop  -3.0V
0.00 V ofst 0.00 A ofst} ! 2.5 MS 500 kS/s|Edge Positive
330 mV| | -660 mA | ; X1= 560.760 ms AX= 1171378 s

1 330mV|t  -660 mA : X2= 1732138 s 1/AX= 853.695 mHz
Ay 0.00 Af !

1: LLCDRIVER 2: 10

17



AC Bridge ‘

Main board

18



- iy,

Schematic Architecture- GaNFast™

-

90 t '
o e e ., o ————— P, —mm———— -
265VAC { ' ' ! N ":DQWBA
Input EMI Bridge 5 Boost Resonant . ¥ Sync  Qutput
®  Filter ™ Rect 5' PFC LLC »| XFMR | ¥ ®| Rect * I .
' 1 ¥ ;'
“ A P & ; I
| t 5
: : | i 1
2x | | 2x S\ ¥ 2x |
NV6115 | .| Nve115 s, | NCP4305
GaNIC | . | GaNnIC 21 SR
. . | Controller
. |
l : -
NCP1615 | | NCP1399 Ouiriiit
PFC ; E LLC < opl - OP
. | Controller | .| Controller : i g |
" e e e - e e s . 1_ L4 . I\ D : g
Boost PFC Half-Bridge LLC | SR Output

19



GaNFast™

@ ON Semi PFC/LLC/SR Chip Set

>+

ACIN |SOLAITION
ﬂ: |
|
|
|
|
NCP1615C NCP13992AB | NCP43080
|
HVFB = o = H\/ - 1] O 16| VBOOT : —ucc ~ DRU—
FB c= 15| HB : —{MIN_TOFF  GND|—
Restart o= F= VCC —VBULRIPFCFE 3 14 MUPPER | 1™ r
FOVP/BUV o= F= DRV SKIP/REM [ 4 :
VControl = = GND LLCFB[5 12| MLOWER | —
FFControl o= Fo CS/ZCD wees (6 711 GND i :[I:I\[J: - EES
o PFeOK— :
Fault == _ oVP/OTP [7 10] vee ! MIN_TON €S
STDBY = PSTimer PON/OFF [ 8 9| PFCMODE | LLD Ne
:
|
|
|
|
|
PFC LLC | SR

20



@ Boost PFC Circuit - GaNFast™

Inductor current

Input current

‘y

sl LLhs

line Filter

r
. Dicde
Switch Conduction

Conduction

21



@ Boost PFC Circuit Modes GalNFast”

-

T

line Filter

CrCM (BCM) Mode DCM Mode valley
VD Vi 4 : ~ turn-on

Z\/S/ZCS turn-on

Loty tos ! ton 1 ‘on off i Lon
22



. @ PFC: F,(MIN) =200 kHz - GaNFast™ 3

HVFB =g o = HY
FB o= PIN CONNECTIONS
Restart o= — VCC FB t—oO O HV
FOVP/BUY o= o DRY STDBY/FAULT o=
VControl == o GND VControl = T \VCC
FFControl o= T CS/ZCD FFControl T DRV
Fault == o PFCOK CS/ZCD T GND
STDBY == O PSTimer

NCP1616 9 Pins (Top View)
NCP1615 16 Pins (Top View)

23



@) NCP1615 > NCP1616

xxx

SOIC-16
HVFB &g 01 o HY
FB gt
Restart gag3 1 VCC
FOVP/BUV itz 1 DRV
VControl o3 1 GND
FFControl o 1 CS/ZCD
Fault g 9% PFCOK
STDBY ft] 9% PSTimer
NCP1615

Pins removed
Pins combined .
Pins combined

FB o=  HV
STDBY/FAULT =
VControl o= 3 VCC
FFControl o= O DRV
CS/ZCD o= . GND
NCP1616

GaNFast™ r

Current controlled frequency foldback (CCFF) scheme for
high efficiency across line and load.
Integrated high voltage start-up.

24



@ Layout Guideline GaNFast™

-
/ D
Q@ s
VL!NH oul
s :

line Filter

* When the FET is turned off, the current transferred into the diode instantly, which creates huge
di/dt, so the loop must be minimized.

25



@ Layout Guideline GaNFast”

eolelelelele
200¢
DOQQVDI0

G 3
A\ , _
................ @
e
ooooo & "@::.

 When the FET is turned off, the current transferred into the diode instantly, which creates huge
di/dt, so the loop must be minimized.

26



@ Layout Guideline

Low-side GaN

GaNFast™

High-side GaN

Should have no any overlap
between high-side node and
low-side node.

27



@ Layout Guidelin

NetC36_1

e

0000000
0000000
0000054

0000000
0000000
0000000 /

4
//

o Iy,

GaNFast™

Minimum power loop is
important for efficiency

28



&) NV6115/7 (650V GaNFast™ Power IC)G3NFast

QFN 5x 6 mm Simplified schematic

Features

Monolithically-integrated gate drive
Wide logic input range with hysteresis
5V / 15V input-compatible

Wide Vcc range (10 to 24 V)
Programmable turn-on dV/dt

200 V/ns dV/dt immunity

650 V eMode GaN FET

Low 170 mQ resistance

Zero reverse recovery charge
2 MHz operation

™

+— DCoyur(t)

DCn(+)—e 7Y >
G
10Vto24V,  VeeC I (
I—I |—I ] PWM {REG
Vo +
j— — p—
Ir
I_.
S
Dc"q{-)_‘ l -

Fig 1. Boost application diagram

¢— DCour(-)

29



@ NV6115 (Connection, Components) GaNFast”

SYM DESCRIPTION TYP UNITS
Cyce V. supply filter capacitor 0.1 uF
C Cyop Vpp supply capacitors 0.01 uF
VCC_L
ate drive turn-on current set
NV6115 R Gate dri 25 a
vbD resistor range 10 to 400
10V to 24V 1 (rang )
o Rowm PWM filter resistor 100 Q
D Cowm PWM filter capacitor 100 pF
Table I. Recommended component values (typical only).
S
CS SYM DESCRIPTION PART NO. SUPPLIER TYP UNITS
Rcs BZTS2BEV2 RHG Taiwan Semicc?nductor
Corporation
PGND MM3Z6V2ST1G ON-Semiconductor
== D, Vop set Zener diode PDZ6.2B.115 Nexperia (NXP) 6.2 y
(D pin) PLVA662A.215 Nexperia (NXP)

Fig 1. GaN Power IC connection diagram Leshan Radio

LM3Z6V2T1
Company

Table Il. Qualified Zener diode components to be used with this GaN Power IC.



Drain

Switched Node

CVCC_L
NV6115
10V to 24V
JUUL
D
S
CS
Rcs

PGND

Fig 1. GaN Power IC connection diagram

@ NV6115 (Timing Diagram)

CONTROLLER UVLO+

GaNFast™

N- CONTROLLER UVLO-

Vewm
X t
I
. :
| |
Vps & I |
—
|
nnnnnnnnnnnnnnnnnnnn:
|
|
........................................ : -
I I-+I t

| Normal Operating Mode
Fig 2. Normal operating mode timing diagram

31



@ NV6115 (Turn-on Slew Rate Control) GaNFast”

Drain
Switched Node
C VPWM‘
vee [
NV6115
10V to 24V
D - — >
Torr i Ton
Vos 4 |
/PR P —

PGND

Fig 1. GaN Power IC connection diagram

L ]
v Increase Rpp to

LI ]

' _ ¥ Decreasedvidt

Drain turn-on
Falling edge

Fig 2. Turn-on Slew rate control timing diagram

32



@ Nv6115 (PCB Layout)

10V to 24V

JUL

CS

cVCC _L

NV6115

PGND

GaNFast™ 4

Place supply filter
capacitor (Cyce) \\

PWM filter capacitor (Comu) ~_

PWM filter resistor {Rn.]\
Vee Supply —i»

PWM Input—s=
Gate Drive SET Rasistor (Rps) =—
Ve Filter Capacitor {Cypo) —

Voo SET Zaner (Dg) =
Current Sensing Signal —

Tloc

IIIIIE

® & S0 FE L BLH & B @

Bottom Layer
L— Thermal Copper Area
(adjust size as necessary)

Drain
Switching
MNode

[ Current Sensing
|- Resistors (Res)

PWR GND

(Top View)

33



NV6115 (Parallel Configuration) GAaNFast™

® See datasheet for details and conditions

; : " PCB Bottom Layer
Drain Switching \ Thermal Copper Area
Node (adjust size as necessary)

l m.rvsf 15

D
S

ﬂ-

D
-
1 1
o | L j La—
Cvecz Rpp2
Crwmz

pitch = 0.925mm,
via wall thickness = 1mil)

Cvcet

10V to 24V

CSs
l PWR GND

(Top View)

34



IPD60R180P7

Table1 KeyPerformance Parameters

Powertrain GaN vs. Si

Param eter Yalue Unit

Vs @ Tj,max 650 W

Rostor.max 180 m

Qatp 25 ncC

lp.puke 53 A

Eos @ 400V 29 pd

Body diode dir/dt 800 Alus

Type ! Ordering Code Package Marking Related Links

IPDBOR180PT PG-TO 252-3 BOR180P7 see Appendix A
Table 5 Dynamic characteristics

Values . .
Param eter Symbol - Unit |[Note / Test Condition
Min. |[Typ. [Max.

Input capacitance Ces - 1081 |- pF Ves=0V, Vps=400V, f=250kHz
Cutput capacitance Coss - 19 - pF Ves=0V, Vps=400V, f=250kHz
EIeCi® output capacitance, Bnergy | ¢, ; 3/ |- OF | Ves=0V, Vos=0. 400V
Effective output capacitance, time Cuty ) 281 _ oF fo=constant, Ves=0V  Vos=0.. 400V

related?

o,
.
S,
QFN5 x6 mm Simplified schematic
* GaN FET Charadteristics
l s Drain-Source Leakage Current 0.3 25 pA | V= B0V V=0V
les | Drain-Source Leakage Current 10 pa | Vpe= B30V Ym0V, T =125°C
Ruen | Drain-Source Resistance 120 170 MmO Vo= BY. =64
Ve Source-Drain Reverse Voltage 3.2 5 Voo Vo OV I = BA
Goes | Output Charge 27 nc |Vpe= 400V, Vo =0V
Q.. Reverse Recavery Charge 0 nc
Coss | Output Capacitance 27 pF | V= 400V, V=0V
p | Effective Output Capacitance, Energy _ _
Coen” | Related 41 | V= 400V, v, =0V
c ® Effective Qutput Capacitance, Time V=400V, V. =0V
o® | Related o7 ] Yes o
Total Gate Charge Qs 1.5 nC
Ves=0to bV
Gate-to-Source Charge Qqs 0.55 nC Vos = 400V
Gate-to-Drain Charge Qco 0.40 nC

35



_ @ PFC Waveform Comparison GaNFast”™

Test condition:
Input: 90 VAC, Output Voltage: 19.5V, Output Current 7.69 A

30A

! 30A ’ T :
AW TELEDYNE LECROY R TELEDYNE LECROY
Everywhereyoulook™ i i i Everywheareyoulook
25 A 25 A : : :
204 204
15A 4 4 :
104 ’ ! i \
) / | / / ‘ / \\ /
i 1 . iead
5 A
10A : i ! ! | 04 ] ] ]
-50 ms -40ms -30ms -20 ms -10ms 10 ms 20 ms 30ms 40ms 50 ms -25 s -20ps -15ps -10pus -5ps 0hs 5us 10pus 15 us 20us 258
Measure P1:mean(C3) P2:freq(C3) P3:rmsi(C1) P4:max(C4) P5:freq(C1) PE:frea(C3) P7:max(C3} P& rms(C3] Measure P1:mean(C3) P2:freq(C3] P3:rms(C1) P4:max(C4) P5:frea(C11 Pé&:freq(C3) P7:max(C3) P8:rms(C3}
value 991 mA value 171A
status

£ £ B O L.

Tbase 0.0 ms|[Trigger )18
10.0 ms/div| Stop  128.0V 5.00 A/div 5.00 ps/div] No

25MS 25 MSis|Edge  Positve -10.00 A G ree n: Vd S 500 kS 10 GS/s| Edge Positive
:
Blue: Id

Green: Vds
Blue: Id
Yellow: Voltage after the bridge

36



_ @ PFC Waveform Comparison

Test condition:

Input: 90 V,., Output Voltage: 19.5V, Output Current 7.69 A

q\ TELEDYNE LECROY

GaNFast™

Evarywhereyoulook™

7 S TELEDYNE LECROY

.E Tl i

B

Everywhereyoulook

|
|
|
|
|
|
|
r
|
|

i o
| i |/ :
5 - — - ZIF e
i i | 1
& & : c1
Measure P1:mean(C3) P2:freq(C3) P3.rms(C1) P4.max(C4) P7.max(C3) P&:rms(C3) P3:rms(C1) P4:max(C4) P5:frealC1l P6:freaiC31 P7:max(C3) P8:rms(C3)
value 3354 A

Blue: Id

NV6117
13.65 ns

AX= -1365ns

X2= -965ns VAX= -73.3 MHz

Blue: Id

IPD60R180P7
24.6 ns

Trigger (148
Stop 515 A
Edge Neg

X1= 2015ns AX= 2460ns
X2=  445ns 1AX= 4065 MHz

37



, @ PFC Waveform Compar

Output Voltage: 19.5 V, Output Current 7.69 A

Input: 230 V,,

B TELEDYNE LECROY
\ Everywhereyoulook”
300 \ i i \ ! i ; ) i 1
/ k L
2
Oom ,,
8 s 4 ps 2pus 0TS 2ys L B s ! ln 10 us
P1:mean(C3) P2:freq(C3) P3:rms(C1) P4:max(C4) P5:frea(C1l P6:frea(C3) P8:rms(C3)
161 mA
1T P, Ve
T (I T
ﬁ\‘ TELEDYNE LECROY ; ! R®. TELEDYNE LECROY
i Everywheruyoulock ] | i Everywhereyoulook™
_'l)%;k
| ! | i
| J‘ ! H
1 |
] |
| | i
2A 1 |
A : j & & | ;
-532 ns -332ns -132ns i 68 ns 268 ns 488 ns 668 ns 868 ns 1.068 ps 1.268 ps 1.468 ps
Measure P1.mean(C3) P2:frealC3) P3:rms(C1) P4.max(C4) P5:freafC1) P6:freafC3) P7:max(C3) PE.ms(C3) Measure P1:mean(C3) P2:freq(C3) P3:rms(C1) P4.max(C4) P5:frealC1) P6:frealC3) P7:max(C3) PB:rms(C3)
value 749 mA value 423 mA

status " v

Blue: Id
7777777777777777 | NV6117
49.8 ns

status

2.00 Ardiv

4.000 A
25 A

Blue: Id
IPD60R180P7
65.8 ns

X1= 76335 ns
X2= 82915 ns 1UAX= 1520 MHz

AX=  6580ns

38



@ PFC Efficiency: GaN vs. Si GaNFast™

Room ambient, Ta=25C:

Efficiency Vs Vin

96.0

Efficiency(
& &
o Unn o w

o)y £ ©
o i

w
™
8y

92.0
80 100 120 140 160 180 200 220 240 260 280

—8—GAN —e—COOL Vin (V)

Conclusion: GaN Power IC has much lower Cy, and faster turn-off, for higher efficiency

39



, @ LLC Waveform Comparison GalFast™

Test condition:
Input: 230V, Output Voltage: 19.5V, Output Current 7.69 A

B
; 5 : : N TELEDYNE LECROY
| /\\ q‘ Everywhereyoulook™

606 o

P4 max(C4) P5:freq(C1) PE:frea(C3) P7:max(C3) P8:rms(C3)

20 1*~_

Measure P1:rms(C3) P2:rms(C1}
value 923 mA 2826V
sl Y = v

P3:rms(C1)

10.0 Wdiv
2000V
120 mv | |

Blue: Resonant Current e L
Red Low Side Driver

T =220 mV] 1
Ay -80.7 V| Ay -100 mV | Ay

Zoom In on next page

40



@ LLC Waveform Comparison GalNFast”

Test condition: Input: 230V, Output Voltage: 19.5V, Output Current 7.69 A

Losing ZVS
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-15us -1ps -500 ns 0'ns 500 ns 1ps 15us 2ps 25pus -25us -2y -15us -Tus -500 ns 0ns 500 ns 1 iJS 15ps ZiJS 25ps
P2:frea(C3) P3:rms({C1) P4:max(C4) P35:freaiC1l P6:freqiC31 P7:max(C3) P&:rms(C3)

P3:rms(CT) P4:max(C4) P5:frea(C1] PE:frea(C3) ax P8:rms(C3) Measure P1:rms(C3)
ue

X1= 18393us AX= -1781ns
X2= 20184 us 1AX= -5583 MHz

X1= -1.7051us  AX=  -104.0n J§
X2= 1.8091us 1/AX= -9.615 MH J§

Si FET paraIIeIed with 100pF added drain-source

Original (left) waveform uses GaN power IC (C,cs = 61 pF)

If a Si FET is used (C,es = 381 pF), the board blows up immediately.
To capture a waveform, an extra 100pF was added (drain-source) to the FET.

Conclusion: For LLC, very big Si Cys result in losing ZVS in high-frequency application
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