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* GaN, SiC ...

-

Btk

. GaN vS. Si

High voltage Electric Field i

operation (MV/cm)
5 w——SjC
4 GaN
Thermal
Energy gap (eV) Conductivity
(W/cm.*C)
\
Electron velocity Melting point
(x107 cm/s) (x1000 °C)
8 J
k4
High Frequency
switching

Jose Millan, Philippe Godignon, Xavier Perpin‘a, Amador Perez-Tomas, and Jose Rebollo. A Survey of Wide Bandgap Power
Semiconductor Devices. IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 29, NO. 5, MAY 2014
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Breakdown Voltage (V)
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mEE,}_GaN VS. S| MOSFET

GaNSystems

g:sN:g:tsims 650V 32mQ  12nC
Cetooaa™® SV 63mQ  5.8nC
fgefgf:;ﬂﬁa 650V 45mQ  93nC
f;\fv%c:&isga 650V 19mQ  215nC

365

4185

4085

*GaN Transistors for Efficient Power Conversion, April 22,2013, Desigh west, EPC Co.
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*Documents from EPC, GaN Transistors for Efficient Power Conversion,2013, Design west, EPC Co.
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transphsirm Gate curves
TPH3006LD GaN Power
Low-loss Switch

@

Vo IV)
Ll el

®  8x8 PQFN Package

25°C

PRODUCT SUMMARY (TYPICAL) o

Vos (V) 600 -
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RGN o P | 54

Vas V]

From manufactures’ webpage and based on opened materials
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{IK B8 JGaN vs. Si MOSFET = E [£GaN vs. Si MOSFET

GaNSystems

LA
GaNSystems

EPC EPC2023 1.45mQ LGA6.05x 2.3 GaNSystems
GSE6508T 650V 63mQ 6.9x4.5x0.54 mm
Si Mos 30V 1.3mQ SuperSO8
IPBE5R045CT 650V  45mQ TO-247
EPC EPC2047 200V 10mQ BGA4.6x1.6
. Si CoolMos
Si Mos 200V 10.7mQ TO-263 8.5x9.8 IPW65R019C7 650V  19mQ TO-247

IPB107N20N3G DieSize: 5x6
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* Vgs 7 ZF B8 R [k Si MOSFET, E3J

* BIEBEE, XT0EFE UK.
HEEET @ 7 AaX

ile=] BSCO500NSI  EPC2023 EPC2047 GS66508T
ZEREN 30 30 200 650
Ak B R .20~ +20 4~ 46 4~ +6 10~ +7
HEEE 1.2~2 0.7~2.5 0.8~2.5 1.1~2.6
+SBHEE 4~5 4.5~5.5 4.5~5.5 6

B R = 15 0.5 0.5 1
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Vs — Drain-to-Source Voltage (V)
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30
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Vos [V]

Si BSCO500NSI 30V 1.3m(
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Capacitance (pF)

eGaNAYFM-Z5E8 R/ (200V)

1000

100 ¢

10 ¢

EE NI /N RERS

O

— Coss=Ceqp * Cgp
= Ciss = Cep + Cgs

Crss = Cap

50

100

150

Vps - Drain-to-Source Voltage (V)
eGaN EPC2047 200V 10mQ

200

C [pF]

104

103 4

102 |

101 |

Ciss

AN

Coss

s S=es

jss

0 40 80

Vps [V]
Si IPB107N20N3 G 200V 10.7m£

120

160
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eGaNAYFM-ZEEB R/ (650V)

1.O0OO

OmdagF)

GS66508T

Crss

|
/J

Crms

P <SR /

o 100 200 200 400 500
Vs (V)

eGaN GS66508T 650V 63mL2

C [pF]

10°

10%

10°

10%

10°

10°

IPB65R045C7
Ciss
1
\\ .
NI jaos
.='==--=-
Crss
0 100 200 300 400
Vbs [V]

Si IPB65R045C7 650V 45mQ2

500
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— .
1&@}5& Si MOSFET = B, & GaN vs. Si MOSFET
e AN S N EPC GaNSystems
m-mmm
EPC EPC2023 30V 1.45mQ  20nC 29 LGA 6.05x2.3 g:GN:;:::eTms oy T 284
Si Mos 30V 1.3mQ 39nC 507  SuperSO8
BSCO500NSI 5.15 x 5.95 g:GN:;’;;ms — S T 365
EPC EPC2047 200 10mQ 8.2nC 82 BGA4.6x 1.6
Si Mos 200 10.7mQ  65nC 696  TO-263 8.5x9.8 ;5;;::50:::40527 650V 45mQ  93nC 4185
IPB107N20N3G DieSize: 5x6
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Average efficiency
only 25 %

Efficancy %)

(IR A1 Envelope Converter

Average efficiency
> 50 % (incl. ET)
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* eGaNsF AR BB R 45 1%

* Vgs: 4YASVA RDFIE,

HEBEE. 6V, MEE

Source Return

>

: [ i i :
<& 1 ‘ - : i
’ ' i | i ‘ i
- N : ; !

Drain

Ruson = Drain to Source Resistance (mQ)

[\uzsa

Fully enhanc\ed at/4V

3 35 < 4.5 5
Vss — Gate-to-Source Vo e(V

E1E IR B EIEF
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eGaNfy Ik a)) BB oy (R A Sisg fFrY1/20, EIFFRIIKaIAET) (B
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o RIEFF AR D E%Y?T%*z%@?ﬁ)ﬁ W EMFEIRS,
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* HmERBE ﬂlejJEﬂ FERFRFIIXEE . MFIETEE. BRI LEL

'T/E o "
| Gate resistor choosing 1

% ) | Ves=50V ’ Pz}
g ' T L
: | L 2888
: | ( '
g | Re © >
= Very low Q¢ } ==L
| c. s
0 2 4 6 8 10 Dri
Q. — Gate Charge (nQ) <
Gg: Z94SigdfFAy1/20 1
GND
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* TERFHIHAR

HREIE T &

 RG(ON)/RG(OFF) > 5-10

Gate
Driver
GND

vV

-

Low VT Schottky Diode

D
's|

Rcon i
o G
| Rcorr DI T
%

Gate driver w/ single output

* From EPC Co.

= Rcon v
Gate VO~ G
- R 3 -
Dl.l"el‘ \.(-) C’OFF
- S |
GND ‘

Gate driver w/ separate outputs

(Preferred)
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eGaN BYSKzNIC

Driver Configuration

Peak Output Current (A)
Rise Time (ns)

Fall Time (ns)

Prop Delay (ns)

Input Threshold

Rating

Operating Temperature
Range (C)

Package Group

Package Size: mm2:W x L
(PKG)

Approx. Price (USS)

LM5113

Dual
Independent

5

4

4
30
TTL

Catalog
-40 to 125
DSBGA
WSON

See datasheet
(DSBGA),See

datasheet (WSON)

1.49 | 1ku

LM5114
Single

7.6
12
3
12

CMOS
TTL

Catalog
-40 to 125

SOT-23
WSON

See datasheet
(WSON)

0.60 | 1ku

UCC27511

Inverting
Non-Inverting

8
9
i
=

CMOS
TTL

Catalog
-40 to 140

SOT-23

See datasheet
(WSON)

0.49 | 1ku

UCC27611

Inverting
Non-Inverting

6
)
4
14

CMOS
TTL

Catalog
-40 to 140

WSON

See datasheet
(WSON)

0.85 | 1ku

27


http://www.ti.com.cn/product/cn/lm5114/description
http://www.ti.com.cn/product/cn/ucc27511/description
http://www.ti.com.cn/product/cn/ucc27611/description

eGaN BYEKz1IC

LM5114

LM5114 {E{RIEsI== E RIS SRS
 BI{LACTHBERT IR D B ST E SRR ;

« +4V F +12.6V BERRE RN,

- 0.23 FUEIFHR el o EiEE;

- 7.6 A/1.3 A BB / IR R &R AIRER/DE
JE583% (dV/dt)RIEZNME ;

- LA B R AE BN Z [BIRYZEIRATE], BIpF
(K(=iEHT BRAE;

« 12 ns HEUERIEIRAIEIRESMCENER, X
SIS S

- ZIX 14V BUIZEWAN (A% VCC Em) ;

- -40 BEKEZE +125 BEENEZTIERE.

28
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0 1 2 (mm)

Jla_per_m2]

1, 2014he+00
7,000 Ee 00
. 18960 +00
2. M7 1ev008

1,461 10+008
8, 6828204007
5,09530+007
3, 00900 +007
1, 77096+007
1, 04930+007
6, 19078+R00
9, 6594 e+000
21610840006
1, 27626+0006
7. 50654005
Mo MBeSe 005
2, B2BZe R0
1, 852064005

0o 1= > 2 (mm)

HLZ AT AR

Y [0 % A 25 77 5%

JLA_per_m2]

1,159 +0R9

7. 8655008

5, B7U9%e 008
WS90 9e 08
3, 28530+008
2 5580008
1, 83576+008
1, 8722e008
1, 02586+000
7,66776+007
5, 73176+007
Y. 28450+007
1, 20206 +007
2,394 Le+007
1, 70908 +0RD7
1, 8378e+007
1, PRRAE+R0 7

0 1 2 (mm)

JLA_per_m2]

7. 764204008
7. 8075008
G, 85080 +008
B, 30941ev008

5,93730+008
5. 418066+008
5,02390+000
4. S8720+008
W, 1 105e+bOn
3, 65380+008
0, 1970r+RO0
20740 3e+008
2, 2000e+RR0
1, 02696+000
1, 37R2eRRH
2,49 Ner007
W BE72ev0?
5. 82086010

0 1 2 (mm)

o 1 2 (mm)

A7 A%
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GS66508T Reverse Conduction Characteristics TPH3205WSB
120 180
Ti=25°C
- 160 150°C [
140 125°C .| it 0
86 100°C . = ™ e
120 Z57C T =1
o — 100 SEE~ . T
< = 2eSEE | -l 3
a0 o T -
B0
20
A0 o
o 20 /
20 | D
0.0 20 4.0 6.0 8.0 10.0 0 1 2 3 a g (o) 7 = O 10
Vsp (V)
\%
. 'ﬁlle =olV]
L, e

+ TCEEMOSFET{A — #} & 1772 9 IR () 1R 5 ) SR
. B

- REASENERS, BERABERE SERES.

- Aol EHIES .
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lus/div
¢
vin -,
S —— ] ich Cas
L ip { _iDZ: 8A/diV Ls
:2V/di
- 'W‘ Mot 47 —|— Coss2
|

Gate voltage oscillations Equivalent circuit for oscillation

Impact factor for the oscillation:

0.04 ;
ngh Gain p—— 0.04 : : : : 0.04 : : —r,00 |
m A —L_=0.InH —R_ =0.5Q
L — ¢ -10S| A High r s G
0.03 \ g, 0.03 | < gh source Loz | Smaller e |
— g -155| | . L.—0.3nH R -
< 002 ] e inductance S g Rg =479
o T 002} a 1 Z 1
3 = E 2, = 2 s
7 &~ 58 < £ 55—
@ 001 & @ 001 | EE = g8 |
= - . £ 1
8 0 g o g
-0.01 | i | -0.01 - f 1 B L |
Unstable Region Unstable Region 0.01 Unstable Region
0.02 . P . ; -0.02 : : : : 0.02 . . . !
100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Drain-Source Voltage Vds (V) Drain-Source Voltage Vds (V) Drain-Source Voltage Vds (V)
0.04 , ; .
— R, =0.11Q 0.04 . . ‘ :
loop 0.04 T T r
) = —__C_=200pF
S = —__C_=0pF .
0031 Smaller Ryoq, meor_ 22 01 . 003} Smaller Cc | —ch 20 | |
Y R, =0330 0.03 ——C =25pF | 4 : GS &
o - oph & o3 c s0pF —C__=280pF
J 0.02f / 1 —Coxt o g
5 / 2> — 2 002} N ] o 002t N i
: £s g b —— : 2,
e 0.01 f S [ £5 = 52
= ES w0011 g2 = 0.01 | g2
a a S E g g s 1T
g \ 2 8 = a
S o = g
) \/ =0 =
-0.01 . . L f
Unstable Region -0.01 f Unstable Region | -0.01 Unstable Region
002 : : : - 0o . . . 00 . . . ‘ 33

100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
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Driver

AJiel

@%ﬁ%@ﬁ
[EMFERS

Parasitic? Riﬁginé 10.3 mO -
5.6 mQ Gen 2 5/\ '\ SiMOSFET ¢
eGaN FET
i Vi \/\VV\X‘” S
1.8 mQ Gen 4 /
eGaN FET
m
=Y golondiooonl [/
4 [ -/ Parasitic
'*"‘C"—“‘" di/dt Voltage
| ™ 0.avi MO 8, 500M | f?-lf . l’::‘ﬁ 10.0GS% IT  50.0psipt
10 V/ div 5 ns/ div ~ e

Fig. 5: switching node waveforms of eGaN FET and MOSFET designs
(V=48 V. Iour=10 A. f.+=300 kHz. Gen 4 GaN transistors: EPC2021. Gen 2
GaN transistors: EPC2001. MOSFETs: BSZ123N08NS3G)

Alex Lidow and David Reusch Efficient Power Conversion Corporation. A New Generation of Power Semiconductor
Packaging Paves the Way for Higher Efficiency Power Conversion
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%ﬁmz B ) 25 2 FRLJBR B 9
1. m&mz B T AR 2. WinERE, FIZRERNM
(J/NS) (J&/DB)

Shielding layer

Horizontal loop with
shielding layer

Horizontal loop

¥
-m-
Vertical loop |
$

rml

Vertical loop |l
*D. Reusch, and J. Strydom, “Understanding the Effect of PCB Layout on Circuit Performance in a High-Frequency Gallium-Nitride-Based
Point of Load Converter,” Power Electronics, IEEE Transactions on, vol. 29, no. 4, pp. 2008-2015, 2014.
**Y. Xi, M. Chen, K. Nielson, and R. Bell, "Optimization of the drive circuit for enhancement mode power GaN FETs in DC-DC converters,"
in Applied Power Electronics Conference and Exposition (APEC), 2012, pp. 2467-2471.
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Smgle loop (horizontal) Smgle loop (vertical)
\ B :* o
/M )
I3 N d
\ 13 I, \ |\ > VV
. : ‘I i
Multiple loop

e Loop inductance is reduced when total flux is reduced.
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Lateral Structure
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\ertical Structure
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loop

o4

* To reduce loop inductance:

wider trace

e Multiple loop: more loops

FA_pwr _m2)

B
¥, 40N 000

-

.
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-

1.8
1.6
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0.8
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Loop Inductance

° o
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(o]

\_ EEH%

1 2

Interleaved Structure

4 5 6 9 10

Number of Loops

3 7 8

/
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Parallel loop 1 Parallel loop 2

Double side
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Bench mark Parallel loop 1(0.22nH)  Parallelloop 2 (0.2nH)  Dpouble side(0.1nH)
15mm*15mm 15mm*15mm Imm*9mm 15mm*15mm
e G ] M
T NTAES | T ‘ ! s
S | fesd 2 | § ) ]
Bench mark Parallel loop 1 Parallel loop 2 Double side
(0.9nH) (0.22nH) (0.2nH) (0.1nH) 11
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Small scale IC Modern CPU

: : : Jack Kilby's first working integrated circuit
First Transi rrnven 4 ; ~ 1hilli
Sitn 18 4; sto ented tested on September 12, 1958, No. of Transistors<100 No. transistors ~ 1billium

ENIAC & von neumann
iphone & Steve Jobs

42



BB FEMEB AR E

Modern CPU
No. transistors ~ 1billium

in 1947

AR 47N 10001#%

IBM PC/XT power supply 1983 : 63.5W VTM from Vicor : 100A/300W
Power density: ~1000W/in3

Power density: ~1W/in3
Efficiency:97~99%

Efficiency: ~60 %
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» (XEF B RE 1B 1Y R AR SR A Lk g/ MATR

Shrink size
B for 1B times
Voltage 1OV Voltage:~10V

Loglc gate:1 Logic gate: 1
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Monolithic
Integration

d inductor ]

Interconnection i .
5[:%‘%%}5‘2 / oonnee \ po— Infineon American Super

Srack:IGBT+Driver+
- - > leatsink+Bus+Cap \ conductor
(BIE) | g

WireBond

Skiip:IGBT+Driver
+HeaSink

>~ ~

"'\\ ‘¢ X :
- 3 '

_
 mmr )

o IGBT+Driver+Control

(Integrated)

PEBB:IGBT+Driver+
HeatSink+Bus+Cap
+Control+Comm.

Solder Dimple on Ungderfill
Bump, Copper Flex

Active Switch
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