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Fig. 2.1-1
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Grqund plane gy conductor
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Polyimide Film
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(2) Microstrip line
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Dielectric layer Str duct
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: 2 Upper metal
(SiN : 1800A) ( pp\ ) Under metal

(4) Inverted microstrip line
with MIM capacitor
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Ground plane St”(’ conductor  (solyimide)

(6) Inverted microstrip line

i f GaA fer = «.m, polyimide layer h si

Strip conductor

8,

450 pm

Ground plane

(8) Coplanar wavequide

Fig. 2.2-1 Configurations of thin film transmssion lines.



Table 2.2 Structural parameters and characteristics of thin film transmission line.

Calculated results by FEM (at 50 GHz) Measured results (at 50GHz)
. . Polyimide - -
Line width . it Effective Insertion loss
Type Structure thickness Charactenstlcs : . |Conductor loss| Insertion loss
(um) () impedance dielectric 3 i per wavelength
H (Q) constant (dB/mm) (dB/mm) (dB)
(1) -1 10 10 73.1 2,71 0.337
Microstrip line (1)-2 20 10 50.9 2.84 0.298 0.71 2.5
2) 14 7.5 50.2 3.16 0.418 0.80 27
(8)-1 10 10 50.7 6.48 0.650 1.10 2.6
3)-2 42 10 25.6 5.33 0.435 ’
- 1
Inverted (3)-3 8 0 54.2 6.71 0.719
microstrip line]  (3)-4 .6 10 . 57.8 6.98 0.836
Upper /Under
(with(‘t:'/?lM cap)| =42/48 10
(5) 8 10 48.9 710 Thickness of GaAs Polyimide layer on single side
(6) 8 10 50.8 6.77 watfer = 100 xm Polyimide layers on both side
Triplate line (7) 18 10 21.1 3.70 0.771
8 -1 | Wath/Gap o044 483 6.67 0.88 2.0
Coplanar
waveguide 8)-2 =14/10 47.9 6.56 1.00 2.3
8)-3 =10/10 52.5 6.53 1.10 2.6
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(b) Calculated and measured frequency characteristics
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(c) Measured losses per unit- and wave-length as compared with CPW

having the same conductor width (W=20 » m).
Fig. 2.2-2 Microstrip line (W=20 » m, H=10 » m).
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(c) Measured losses per unit- and wave-length as compared with CPW
having the same conductor width (W=14 » m).

Fig. 2.2-3 Microstrip line (W=14 . m, H=7.5 » m).
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(c) Measured losses per unit- and wave-length as compared with CPW
having the same conductor width (W=10 » m).

Fig. 2.2-4 Inverted microstrip line (W=10 » m, H=10 » m).
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Fig. 2.2-5 Microstrip line (W=10 » m, H=10 »« m).
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Fig. 2.2-6 Inverted microstrip line (W=42 »» m, H=10 .« m).
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Fig. 2.2-8 Inverted microstrip line (W=6/8/10 x m, H=10 » m).
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Fig. 2.2-9 Inverted microstrip line (W=6/8 » m, H=10 ». m).
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Fig. 2.2-10

Inverted microstrip line with MIM capacitor
(W=42/48 » m, H=10 » m).
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Coupled lines Floating conductor

o Wf
hf
/
h2
AT
GaAs S Ground
G2 " |
(a) Normal type.
G2 |
Ground —

Floating conductor

Coupled lines

W s
GaAs

(b) Inverted type.

Fig. 2.3-1 Cross-sectional view of directional couplers.

Table 2.3 Structural parameters and calculated characteristics of
coupled section. The conductor losses are calculated at 50 GHz.

(a) Normal type.

Structural parame‘ters (¢ m)

Calculated characteristics

Characteristic Effective
bl 2 |Ws WHjGljG2 impedance dielectric Conccll]g(/:tor loss
25|75 15 | 44 | 10 {110 (Q) constant (dB/mm)
QOdd-mode 20.9 3.88 1.12

(b) Inverted type.

Structural parameters ( # m)

Calculated characteristics

Characteristic Effective
hi | b2 |Ws|WEjGT|G2 impedance dielectric Conccli]g(/:tor loss
752510 | 34 | 10 |120 (Q) constant (dB/mm)
GCoupling length = 600 2 m Even-mode 120.9 6.45 0.59
Odd-mode 21.0 6.01 1.56
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Fig. 2.3-2 Measured and calculated characteristics of
fabricated 3dB-coupler (Normal type).
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Fig. 2.3-3 Measured and calculated characteristics of

fabricated 3dB-coupler (Inverted type).
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Fig. 2.4 Frequency characteristics of terminations.
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Fig.3.1-1 S-parameter probing configuration.
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Fig. 3.1-2 Effect of open-stub (CPW [ 30 » m ]).
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Fig. 3.1-3 Angle of CPW (10 x m).
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Fig. 3.2-1 Frequency characteristics of transistors (layout).
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Fig. 3.2-2 Small-signal equivalent model of transistor.

Table 3.2 Fitting results of transistors.

10
Frequency (GHz)

(a) H21, UM, Gmax, S21.K.

100
Frequency (GHz)
(b) H21, UM

Fig. 3.2-3 Quality factors of transistors.
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Fig. 3.3-1 Frequency characteristics of transistors (polyimide).
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Fig. 3.3-2 Frequency characteristics of transistors (surface ground).
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Fig. 3.3-3 Quality factors of transistors.
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[ 1:MSL(73Q)

: CPW (50Q)

: TPL (21Q)

Fig. 4.1-1 Circuit diagram of unit amplifier.

Table 4.1 Transmission lines in unit amplifier.

Li Line | Characteristics Line Electrical
No. ; mg width impedance length | length (6)

P | (um) (Q) (41m) | @50GHz
L1 | Triplate line 500 57.7
Lo |(T=toxm) | 18 21.1 290 33.5
L3 Viorost 90 8.9
L4 | herostip 400 39.5

|
5 | (Fioum | O 734 90 8.9
L6 90 8.9
Ls CPW Width / Gap = 56 / 27 30
Unit amp.
RFout
< Directional coupler —
RFin

Unit amp.

Fig. 4.1-2 Circuit diagram of balanced amplifier.
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Fig. 4.2-1 Measured and calculated frequency
characteristics of fabricated unit amplifier.
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Fig. 4.2-2 Measured frequency characteristics of fabricated
balanced amplifier (as compared with gain of unit amplifier).
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Fig. 4.2-4 Output power of the fundamental and third-order
intermodulation products as a function of input power.
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Who (d) 3FEARNIRD L EZRT, EDORKHKEZ ON/OFF L7246 T 35GHz LA Eow
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DRI PCEIEHE 50GHZ ICERE L TWzds, BMERO NIV VA Y EBHOE:
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12 20~60GHz DIEH T 3dB LT T, T 2O F Mok BB EY &S5 &
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HICIIRIFREREE R 5,
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& — O A F RSB0 TRE Y BIFTH L, & HIZEEL MMIC OR#MAEE,LTL
AT 2T5Z L CTREMOESZIEL, BFRATA VLT a VRSB ONALZ LZR
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PTFIZZ20oxEREzI LD 5,

T . 40~45GHz  HEAIESE (HWEK) : 6dBLUTF (ON) 25dB LLE (OFF)
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777

Line cross-over
(Signal/Bias)

Line cross-over
(Signal/Signal)

IN
@,
Vg1 Vg2 ouT1
Fig. 5.1-1 Circuit diagram of SPDT switch.
Table 5.1-1 Transmission lines in SPDT switch.
Line Line | Characteristics Line
No. e width | impedance length
P | (um) (Q) (2m)
L1 230
L2 10 73.1 540
L3 IMicrostrip 50
ne .
L4 | =10 um) 290
L6 20 50.9 190
L7 660
L5  [Microstrip 155
L8  |ine(T=5 xm) 10 >0.0 300
Inverted line
L9 (T=5 ) 6 41.7 110
Table 5.1-2 Bias condition of SPDT switch.
Vg1/2 | Vg3/4| PS1/PS2 |Output-port
off(-2V) | off in phase OouT2
on(+0.5V)| on in phase ouT2
off on |out of phase OuUT1
on off |out of phase OUT1
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—: Measured
--------- : Calculated

0 T T T T
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E -10 \--r-/ i R
v
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=320 Q\\ OFF-
oc o=
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o -30 VA T
E \\\‘l :.:l,u

.40 b—s . . ' L

10 20 30 40 50 60

Frequency (GHz)
(a) Insertion loss (IN - OUT1)
—: Measured
--------- : Calculated

0 T T T -r T
. _ ON
m = gy Sl
N o) . A3
S ok
7)) \
oY
O 5 \ Ve
¥=
= \./

Q =30 \/
&
£ V
400 20 30 40 50 60
Frequency (GHz)

(b) Insertion loss (IN - OUT2)

Fig. 5.2-1 Measured and calculated performance
of fabricated SPDT switch.
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—In < Out1 : ON
--------- : In & Out2 : ON

0 L | ]
=10 e
) 3
o8 | \\ '
:‘:’:’-20 \ 4T
EE -30 N A\A
o .
35 [\
-50 L— - - N
10 20 30 40 50 60
Frequency (GHz)

(c) Isolation (OUT1 - OUT2)

——1:In < Outl : ON

'0 --------- : In & Out2 : ON

O : In..[} : Out-<> : Out2..-

Return loss (dB)
s

01o 20 30 40 50 60
Frequency (GHz)

(d) Return loss

Fig. 5.2-1 (Cont' d) Measured and calculated
performance of fabricated SPDT switch.
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ouT2

Line cross-over
(Signal/Signal)

(a) Circuit diagram

0 o ws -
E -10 ‘-"‘ln < Outt In & Out2 p—
3 1 %
(7)) -20 / i et 0 ~
w L < < aQ
o ,-Out1 < Out2 Ll (24
p= -30 Forpeafend <10 ©
S L A 20 £
t NN . N ” \ Ak =
SEe \ AN et
o \ . / Out1 ey Q
c | Nln T 30 o
M ‘ L L i 1 ? -40
10 20 30 40 50 60
Frequency (GHz)

(b) Measured frequency characteristics

Fig. 5.2-2 Measured performance of signal path -TEG.
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Frequency (GHz)

(a) Insertion loss

0
5 -10
&
0.20 |- Vg V) o M 2 A v
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_40 1 i 1 HE 1 1
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(b) Return loss

Fig. 5.2-3 Measured performance of phase shifter
(as SPST or attenuator).
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S f=43 GHz il
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p y ' -90
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% '20 .I: '1
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L == {-150
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_30 Ll [ N | S l r r x I ' O I ] I 1 I _180
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(a) Insertion loss and phase difference
as afunction of control bias.
180 L] LD L]  §
8 ; 120 b Vg=+ 05V
2o o 0.4
o5 60 e
EX o o )
T || 0.6\ — ]
B> o0 "
Q. /
0 - guating
g 2 120 o
~-180 o
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Frequency (GHz)

Phase-difference

(b) Frequency characteristics of phase difference.

Fig. 5.2-4 Measured performance of phase shifter.
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Or—rT 1 T
| " IP3=32dBm /
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S 0wl /
- 22.5dB
5 I
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S | “orr In & Outt}
) f=43 GHz
= -40
..g- ! ON /1M
O -60 [
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(@) IN - OUTH
40
__________________ .~
IP3 = 31 dBm l
T 20 -
2 Lo '
o - 2é.51d|3 / -
=
-20
S| In & Out2y |
— OFF f= 43 GHz
: Y X 0 T et S e S e =
3 40
-5 o -
o '60 -EON / |M3
-80 '] A L - L [ ]

0 10 20 30 40 50
Input power (dBm)

(b) IN - OUT2

Fig. 5.2-5 Output power of the fundamental and third-order
intermodulation products as a function of input power.
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6 Xz2v7IC

MMIC D#8/ Lz B & L TEBIE MMIC B OREB R INTELD, ITnETlEE
EARFR L ICZEERE 2B TAICEET ), BEIMEROBE LR SN TV, MMIC Fv 7
ELUTHBEEZEEST S I0E, FEERERFICERLAFERBOESIZ LIZEERIZLAEH
EB Z R L2 NI % 67, HIREWN CIIREETH L, £ TEHE, vA 2708 - IVHEICE
W B ORAD R SN TWB Ny TEIEFN [20) 2 T, BEEO MMIC 7 v 7% 5
McFERE 5 A A% v 7 IC(Stacked Integrated Circuits) Z$#%E T 5, 72, RICIKBHATE S
BEo I ) FAEESE T RELLZOT, ZOBRICOVTRRS [17]-{18]

6.1 135

M 6.1-11CA% v 7 ICOHEA A —T 2R HEEDO MMIC Fv 72 /N 7ESIZLD
WEHENCFER T 50 FEEOEE 2T, Fv 7TH., SvidFy 7 - BREOBRIES
2 RETELOBMEERTERTLILENE D, SO L) 2HEIE. 22 OEBEERERTHRN
REICHHEREETLIHEAIUA Ny THRERL M) 7L — MREZHWCERT LI L
MHTEDL, BIC22HTHRANZE I, A Z70A M) v 7B a7V F — B EIZIZESE
DOWEERR, ZEBEEYALTBVEYTHLEEZ D,

KIZF DRI OWTHRR B,

(V) 7AVRVERNTEBRYTA VT EHRTNY ST BERTIE, BRBTOFER
TOEIRAT B, FFICE 4 O MMIC F v 73 EBREE L 2o TWADT, BED/NY TEE LR
BLCbF v 7 - W, Fv 7 - Fy THEBEZERICE TES, o TEETORMSL
RERTHIERLEV 2 —VEREICE, HHEDLKREW/ OB/ - S#iE MMIC £ 2 —
WISHTREE T2 B,

LAREIE 4 @ MMIC 122\ TC :

(2) M6.1-2-(a) ICART LI, PI YIRS EORBETREECRITLERAODHL LT &
—VENLTRAOEMER L ZETFOBEME2ERTHI LT, FTHEFCRET IR
BB S 2 Z EDTTREE 2 5 [21]6

(3) M 6.1-2-(b) IZ/RT X HIZ. P T YV RIEORBETOERT MMIC 7 v 7R OEH
BARICHER T A, E7 R Va2 AL TEROBBERLERTAIENTE, BELCREY
BHEEISY — DRI EZ T 0o Y 4 A2 RELETIIEEREMDPTREE 25,

6.2 FHfFMMIC

A&y 7 ICOEBREZHERT A2, MMIC BEIZoWTREVEREATEDLNLTWY
A MMIC Z5E L7,

6.2.1 [EIFRIBRL

BAELZEEIE I VBT CTEIMEY 5 2 RIESR T, K6.2-1 ICFORBEHREZRT. (ZER
B TH~A 70 MY v THRETHR L, FHL 3.3 Tl TV YR8 B EAE
DEBELEB L Hihorze AN, RUBHMOESERICIIEEA Y E-F V22500, /54
7T AEE, ROREMOLOOEREMBEEITILE0Q O~ 202 M) v TREEE Fviz, ¥
EBREBIEA V=T Y ABBEEFC TV B OIE, 4 HTRAR - FEEIIEE & AL T
MBTHEEZEL-0ThH S, M, AW b7 YV A5 07— MRld 100um THE, £6.212%
(EREBEICOVWT T ED B,
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RET L O T IR R EEESR L LT, FI YU A oL
A T7F=Vee{FRLTw2nwaTHER bW, B, ZEBEEmLoENT, M6220L
A7 PRI JL, J2. BU Ls TRTAEFGEIROFME IOV TIZ, HP-Momentun % F\WTRD
72 F7o, BEODCHy baryFriid, 2.2 OEBEEEGE CHEN MIMAEZ D
BEOW<A 70 M) v TRk (K2.2-1-(4)) ZHWz, M, NI YPAY TEGO7u—-¥
7%y Fig (42pm) & b7 Y VA HRICEE T A iEfBEOReFA—I2§52 T, PP
A DEEMETRE—OBKLERZ 5,

BEEGICAMIERONBEEZRT, WM. AN, RUNA TABRIIFMOES S0 5
GaAs ZHR FICEE L7z,

6.2.2 HMEER

RAIEMMIC 24 7 o NEHE L7z, X6.2-3 I/MEFRIS, RSSO B RKEET
N o 42~56GHz I2BWV T, FlfF 104£3dB, V¥ — >0 AT AHFH I 10dB LLEYE S Iz,
W, BIEEREEEBEIR LTS, T, bV VRS FERERERNE EORRE, ¥
MEEF DR IBIHE L TV LI DEFARNL 2D, ZORELEE L Z2WEAOHEBOEERKERELED
TH6.2-4 1R T 5 EDFDIZHBIFLEHD T 7 +id oCGHz LT, #EKOFE A1 0.5dB
DATHY ., KEFED L ) RIEHIBEET ORI CIIMEICIE 202 weE 2 b,

RIHEEHEZE 6.2-512R T, 50~60GHZ IZBWTEIBUTHEELNRTWE, T, M
HiME (by NF meter) TRIFIZIE SN HFRIE, LITRT/MEZFG (by Network analyzer)
E—HLTWwW5,

X 6.2-6 \Z Bt 45, R UV 50CHz 2B B AHMAERZRT . 3 REELFEIL S50MHz
7%y FTIro/z, 1dBRREHSEDNESN (P1dB) 1384+ 12, + 10dBm. 3XkA ~ %
Y7 hRA T (IP3) &4+ 19, + 21dBm THh > 70

6.3 F&

MMIC Oi8/NE - BRI T2 RBOEEATANEZZONL A Y v 7 IC B 1E
L. RICICHEATE 2HED I ) EFHEIRSE © ZB L MMIC O¥#zE» L TREL, 08K
%b:’)b"(ﬁi&f:o

DTFICFOFEEZT LD 5,
% . 42~56GHz  F#5 : 10+£3dB U #F—ruw X 10dB Ll b
ML . 5dB LT (50~60GHz )
1dB F{REME MBS ¢ + 12dBm(@ 45GHz). + 10dBm(@ 50GHz)
3RAVEETPRA Y b 1+ 19dBm(@ 45GHz), + 21dBm(Q 50GHz)
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Se o2

AL SRS
Signal line  “.Substrate /GND plane

PP AP A VAP A AP A N A A S

Fig. 6.1-1 Cross-sectional view of stacked integrated circuits.

Via hole

A ard P
T1=10um I Surface ground metal )
Thermal flow
T1>7T2 v
T2=1 um j_ Drain Source
f ‘
A \_—/

Active layer |<_>|
Channel

(a) Thermal effect

777777,

Source : Source
i LSS
narrow /Ground line
\ o

ia hole to
urface GND plane

h i

Another layout

nother layout

Conventional For stacked IC

(b) Ground line layout

Fig. 6.1-2 Features of multilayer MMIC for stacked IC.
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DC cut Cge ? T Cde
capacitor ' ! L3 0 u t

Bypass

capacitor(5.3pF) ':;'
[ :IMSL (50Q) L IMSL (25Q)

Fig. 6.2-1 Circuit diagram of fabricated amplifier.

Table 6.2 Transmission lines of amplifier.

Line |Characteristics Line Electrical
No. | width | impedance length | length (6)
(um) (Q) (xm) | @50GHz
L1 501 76.5
L2 42 25.6 165 22.9
L3 200 27.7
L4 60 9.2
L5 300 45.8
L6 10 | 50.7 94 14.4
L7 160 24.4
Ls 50 7.6

*J1, 42, Ls, Cgé (=10fF) , Cqp(=23fF) : calculated by HP-Momentum

rIIIIIIIIIII

STD level : y
',Pad edge near-side Tr. 4

- IIIII]II

ARg496AMP
Fig. 6.2-2 Schematic layout of amplifier.

@
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Fig. 6.2-3 Measured and calculated frequency
characteristics of fabricated amplifier.
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Fig. 6.2-4 Measured and calculated frequency
characteristics of fabricated amplifier (gain).
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Fig. 6.2-5 Measured noise figure and gain (by NF meter).
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Fig. 6.2-6 Output power of the fundamental and third-order
intermodulation products as a function of input power.
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