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60GHz power amplifier 3

TOK 7O TI=CH
Vdd

Load

Vgs o—— Matching —0

block
RFin ‘ | o
Matchin
O l:-lt:m:kEI : E |

— Matching block

 Lumped-element component

®Very widely
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 Transmission line(TL)
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Loss of passive devices 4
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CMOS xT-Iine 100“"‘
= A ]
Si substrate GaAs substrate
(conductive 300um (insulator)
|
& lossy)
" \metal

No backside metallization
Conductor loss + Substrate eddy-current loss

5002 T-line loss: 0.5 — 1.5dB/mm @60GHz
Si CMOS |GaAs

Wire width 10pum 100pm
Wire thickness 1-2um |[10um

Dielectric thickness | < 5um 100pum




The structure of TL 5

/ ﬂl\%ﬂ TECH—

uingExcellence

MT—

I t W: The width of signal line
M2 . G G : The distance between
M1 v the side grounds

g

The optimization
of TL by Wand G

Y. Tsukui, Tokyo tech.




TL at 60GHz 6
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G is not so large in CMOS. Q= 2a
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Wavelength
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Wavelength of transmission line:

21T

B
Larger 3 » Smaller wavelength
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Narrow TLs lead to shorter matching
blocks.
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The characterizations of TL 8
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The characterizations of TL 9
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Schematic 10
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« 1-stage amplifiers are designed by using the TLs of
W=6 and 10um for matching blocks.

Vdd

T3
4 _)>rmMmmTL

I
¢ H"ﬁ“*ygm

.

« 65nm CMOS process
* Transistor size: 2 X20um
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Simulation (Power gain) 11
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Loss per wavelength 12

TOKyd TI=CH

_ 5
345 [T —w= 6[um]
532 —W=10[um]
O J.
s 3 _ NN AN L
S25
> 2.
2 2 A \
8-15 V~AQY
o 1
30.5

0

50 52 54 56 58 60 62 64 66 68 70
Frequency [GHZ]

. W= 6um : 3.2dB
. W=10um : 2.1dB

Y. Tsukui, Tokyo tech. & Okada Lab. (¥




Output power [dBm)]

Simulation (Power sweep)

10 / 20
30 /, 12
c 1]
8 / : 8 &

——Output
-10 4 -=-Gain | 4
/ | PAE
15 = ' [ 0
20 15 -10 -5 0 5 10

Input power [dBm]

()W = 6um
¢ P,,z=2.2 dBm
. P_.=9.6dBm
. PAE@P, ,5=6.8%

Output power [dBm]

Y. Tsukui, Tokyo tech.

13
TOKYD TECH
20

-
o

o O,
- -
N O

—1 8
——Output
-=Gain |4

PAE

\

. Gain [dB]

-
o

e
A
(e

20 15 10 -5 0 5
Input power [dBm]

(b) W = 10um
* P,yg=3.0dBm

* P_,~9.3dBm
 PAE@P,,5=9.0%

-15

& Okada Lab. [




The die micrograph 14
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(b) W = 10um

Using narrow TLs
reduced chip area
by 60%.

.+ W= 6um : 230um X 280um
. W=10um : 280um X 590um
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Conclusion 15
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* Transmission line with 6um signal
line width Is used to investigate
area reduction of mmW amplifiers.

* The core size of the amplifier is
reduced by 60% while achieving
the standard performance.
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