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GaN HEMT Line-up Suitable for Radar Applications

Kazutaka Takagi, Kazuhiro Kanto and Shigemitsu Arai
Microwave Solid-State Engineering Department, Komukai Operations, Social Infrastructure
Systems Company, Toshiba Corp., 1, Komukai Toshiba-cho, Saiwai-ku, Kawasaki 212-8581, Japan

Summary
Gallium nitride (GaN) power HEMT line-up suitable for solid-state amplifiers used in radar

applications has been developed. The line-up will contribute to realize smaller size, lighter-weight
and higher performance radar systems.

Copyright © 2009 Toshiba Corporation. All rights reserved.



TOSHIBA

Leading Innovation >>>

GaN 1/2
GaN 4H-SIC 6H-SC GaAs S
() a 3.189 a 3073 a 3.08 5.6533 54301
c 5.185 c 10.053 c 1512
(eV) 3.39 3.26 3 143 112
I 900 850 400 8500 1400
2DEG 2000 | /7 1020 /7 80
150 115 90 400 600
Ec 3.3E+06 2.2E+06 2.5E+H06 4.EH05 3EH05
AW/enk) 1.3 2 49 49 05 15
Vsat 2 2. 7E+07 2.2E+07 1.9e+07 1.3E+07 1.0E+07
= 9 9.7 10 12.8 11.8
< —- O —- O
- O —-O SO
SAP.SIC.Si
BM Si 653 340 191 16 1
BHFM S 78 50 25 11 1
BM : e : A=0.42
BHFM : HE a=4.76 c=12.99

Copyright © 2009 Toshiba Corporation. All rights reserved.

P3-6



GaN 2/2 P3-6

GaAs 1 35

GaAs 10

GaAs 24
GaAs 2.6 )
GaAs 3/4

g /
%)
%)

. —u LED LD

TOSHIBA
Leading Innovation >»>  COpyright © 2009 Toshiba Corporation. All rights reserved 2



1/6

HEMT)

Source Gate Drain 0.1
(Ti/A) 0.09
0.08
0.07
—~ 0.06
/ i-AlIGaN \ % 005
~ 0.04
0.03
0.02

S.l. SiC substrate 001

i-GaN

TOSHIBA
Legs Innovation >>> Copyright © 2009 Toshiba Corporation. All rights reserved.

P3-6

DC

Lg=0.5um
Wg=100um
Vg=from1to-4V (step=-1V)

+1V
0.6A / mm

10 20 30 40 50 60
Vas(V)



2/6 P3-6

C -

TOSHIBA : : : :
Leading Innovation >»>  COpyright © 2009 Toshiba Corporation. All rights reserved. 4



3/6 P3-6

Wg=100um
Vg=from 0 to -4V (step = -1V)
—\/ds=5V
—\/ds=10V
0.06 am—\/ 5 =20V
e \/ds=50V
z e \/ds=70V
5, 0.04
©
0.02
0
0 20 40 60 80 100
Vds [V]
TOSHIBA .

Copyright © 2009 Toshiba Corporation. All rights reserved.

Leading Innovation >>>



4/6 P3-6

Collapse » ['here s no large collapse until
1.2 70volts.
1 -
E 0.8
0
© 0.6 Wg=100um
= Vg=from 0 to -4V (step = -1V)
7
- 0.4 |
- 0.06 [
—6— with damage
0.2 R N
——without damage 2 0os [y /S Tl
O l .y r—— e,
0 20 40 60 R A _
Drain voltage(V) . -3V, -4V
0 20 40 60 80 100
Vds [V]
TOSHIBA 6

Leading Innovation >»>  COpyright © 2009 Toshiba Corporation. All rights reserved.



5/6 P3-6

simulation
e Lswasswept from
30 25pH to 225pH.
o5 » Reduction of the
. \ Inductance less than
$F20 25pH.
= R
g \\Q\\
é 10 . Ls= O0(nH) \\\ tQ\'\\
Ls= 25 (nH) R
O [ Ls=75(nH) \
Ls=100 (nH)
O : : P
1 10 100
freq. (GHz)
TOSHIBA 7

Leading Innovation >>> Copyright © 2009 Toshiba Corporation. All rights reserved.



6/6 P3-6

£-2 SSE¥ d9'91 X189 nield

TOSHIBA : : : .
Leading Innovation >»>  COpyright © 2009 Toshiba Corporation. All rights reserved 8



1/6 W  GaN HEMT P36

60 100
Psat=55.4dBm
(348

5 r 1 5
)
)
- 40
85 160 5
<30 } Gain=19.9dB PAE=47.4% =
5 <
e {4 %
5 20
O
o

10 } 1 20

S 350W FET (GaN) . | | O
20 30. 40 50
24.0mm><17.4mm Pin (dBm)
348W, 47.4%
TOSHIBA

Leading Innovation >>> Copyright © 2009 Toshiba Corporation. All rights reserved. 9



2/6 X W  GaN HEMT P3-6

60 100
Psat=51.1dBm
(129W)

50 F 1 0
o
) I
= 40
K 1 60 =
O PAE=47.8% <
30 F ' L
s <
) Gain=12.1dB 1 40
=20 [
e}
o

10 F 20

X W FET (GaN) 0 1 1 0
20 30 40 50
Pin (dBm
24.4mm><17.4mm (dBm)
129W, 47.8%
TOSHIBA 10

Leading Innovation >»>  COpyright © 2009 Toshiba Corporation. All rights reserved



3/6 X W  GaN HEMT P3-6

60 100
Psat=47.1dBm
51W
50 ™ ( ) - 80
.’W‘Q
S 40 F
< - 60 >
g ' S
=30 Fr PAE=44.6% L
S > <
% 4 40
5
£
4 20
X wW FET (GaN) 0 . . 0
20 30 40 50
21.0mm><12.9mm Pin (dBm)

51W, 44.6%

Igg ,!:,I,!‘,Eﬁ s> Copyright © 2009 Toshiba Corporation. All rights reserved. 11



4/6 11GHz W GaN HEMT  P3-6

N 0 ™ Pei=48.20Bm 100
(65W)
ol B 1 80
S 40 |
£ 1%
© 30 o
= PAE=40.7% <
3 140
T 20 [Gain- 10.90B
g
0 4 20
11GHz W FET (GaN)
0 L 0
20 30 40 50

21.0mm><12.9mm .
Pin (dBm)

65W, 40.7%

Ig,g ,!:,I,!‘,Eﬁ, s> Copyright © 2009 Toshiba Corporation. All rights reserved. 12



5/6 Ku W GaN HEMT P3-6

60 100
Psat=47.3dBm
L (53W)
0 F 4 80
S 4f
% 1 60 g
© 30 L
= X
Q Gair=10.2dB  PAE=33.2% 7 40
= 20 }
3
4 20
10
W FET (GaN)
0 : : 0
20 30 40 50

21.0mm><12.9mm Pin (dBm)

53W, 33.2%

Igg lﬂ!‘gﬁ s> Copyright © 2009 Toshiba Corporation. All rights reserved. 13



6/6 P3-6

70

60

50 —&o— TEG(Loadpull)
g 40 —— T(GI1414-50L
g 20 | |~ TGI1011-50L
0 —8— T(GI18596-50

20 === TGI7785-120L

10

0
5 7 9 11 13 15
freq. (GHz)
TOSHIBA

Leading Innovation >>>  COPYright © 2009 Toshiba Corporation. All rights reserved. 14



1/2 P3-6

2009 A Power(CW
1000 ¢ 0 : (W)
- 2008 A Power(Pulse)
- 2007 ® TSB CW)
- 2005 SSDM O TSB(Pulse)
100 | 5006 Csics | @ TSB Products
5 - 2007 ISCS
= )
o - A
o
10 ¢
- A
i A
1 | | | | L1 | | | | I
1 10 100
Frequency(GHz)
TOSHIBA 15

Leading Innovation >»>  COpyright © 2009 Toshiba Corporation. All rights reserved



2(2 P3-6

20 X-Band Ku-Band A X-Band (CW)
- A X-Band (Pulse)
60 | ¢ X-band (CW)
50 A @ product
. N m Ku-band (CW)
40 | N W product
L - A
E 30 2009
- A B A 2008
20 + A AA 2007
10 2006 CSICS
- 2007 ISCS
O Lol L1l I s
1 10 100 1000
Pout(W)
TOSHIBA 16

Leading Innovation >»>  COpyright © 2009 Toshiba Corporation. All rights reserved



GaN 1/2 P3-6

X 250W GaN
55 ‘ ‘ 54.1dBm 257W)
54 54dBm(250W) _
83 r/
52 //
51 /
0 /
549
~ 48
47 /
. 1
|
-
L
|
G N 41 /
a 40
10 15 20 25 30 35 40 45 50
X 500MHz ™
25dB
+35V -5V
150mm ><150mm><45mm
TOSHIBA 17

Copyright © 2009 Toshiba Corporation. All rights reserved.

Leading Innovation >>>



GaN

2/2

TOSHIBA

Leading Innovation >>>

P3-6
16
=
-k
- ,
=
i | :
Ll .3
w1 :
4 '_‘50.0
5 |8 ,,
| 6 450
7 30W ( )
2 400
10
11
N 12
-13 30.012345678910].11213141516
14
.’ 15
- 16

Copyright © 2009 Toshiba Corporation. All rights reserved.

18




P3-6

E0.50Bm (1Z20W) ]

[
. - -‘_"-'-"—\-._ ] 1

Lh

2
Efficiency [%]

—
E F14. 5GHZ 2 14, 5GHZ
§ 2 ¢ ain 14.25GHT
5 1
o . 14GHz~
a0 f -
- bl
|1 EfMclency .
il Wi 8l LT I
20 25 30 35 40 45 S0 55
Cuiput power [dBm]

Fig. 8.  Measerement resulis of 120-W S5PA:
gain and power efficiency (one-tone CW)

H Sumi, et al, “Ku-Band, 120-W Power Amplifier Using Gallium Nitride FETSs”’,
2009 IEEE MTT-S Int. Microwave Symp., Dig., pp. 1389-1392, June 2009.
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