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Abstract

This thesis is divided into two parts. The first part we choose TSMC
0.18um CMOS and TSMC 0.35pm .SiGe BiCMOS technology to
implement traditional mictrowave component such as marchard balun,
rat-race hybrid coupler, and tri-filar on silicon substrate chip. 180 degree
single-balanced mixer, double-balanced ring mixer, and triply-balanced
star mixer are implemented in this thesis. We also propose the 60GHz
dual down-converter solution. Schottky-barrier diode mixer is adopted at
first down-converter, and a low noise buffer is added to the inter-stage.
Second down-converter is a resistive-mixer with quarture LO signal. The
output orthogonal IF signal is through the wide-band buffer.

In the second part, the low noise amplifier with single power supply
is implemented with WIN 0.15um pHEMT technology. We design two
kinds circuit at different frequency, which one is 2.4 to 5.9GHz and
another one is 4.9 to 5.9GHz.
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Process TSMC 0.18um CMOS
Conversion Gain 9dB
RF 3dB Bandwidth 36.5 ~ 62 GHz
IF 3dB Bandwidth 1.6 GHz
LO Power 14 dBm
Noise Figure 18~20 dB
IP1dB -10 dBm
1P3 -2.5dBm
LO1-RF Isolation < -28dB
LO2-IF Isolation <-50dB
Power Consumption 82 mW

Die Size

1.95 x 1.18 mm?
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B R G (3] 0 AV it B B P S 0 A s R
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i

TSMC 0.18um CMOS & TSMC 0.35um SiGe BiCMOS @ #7233+ 22 4

[SER
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Ard A g HEE T Bk % phase inverter 7 B A 47 0 KEH S ig

¢ ABCD 4B [2]:

b 1
c0591+17151n9l j?sm@1

A B : 1
C D b, .
¢ | b,cosd + Y, siné +bb, J s1n19 +b, cos 6 17s1n191005¢91

1 1
b, . 1
cosd + jY—zsmH1 J?smﬁl

A B : :
C D b .
0 bcosH—i—JY sin g, +bb, j smH +b, cos 6, jY—s1n19lcosl91

l 1

B R ABCD =L 2 S S8 !

B HCS Sodk

~Z,cos0, (b +b,) + jZ, sinf (b, =b, )+ JZ Y, sin 6, (=1 -b,b Z} +Y,'Z})
2c0s 6, +(Z, cos 6, + jZ,sin 6 )(b, +b, )+ jZ,Y, sin 4, (1+b2blZ]2 +Y02212)

lle —

2
S. =S.. =
P 20080, +(Z, cos 6, 4 jZ,sin 6,) (b, +by) 4 JZ,Y, sin 6, (1+ b0 27 +Y,Z}?)
~Z,cos6, (b +b, )+ jZ, sin6, (b —b,) + jZZ,sin 6, (~1-bb,Z +Y,;Z7)
* 2c086,+(Z, 0080 + JZ,sin @) (b +b,) + JZ,Y, sin 6 (1+b,0 Z} +Y,Z7)
H RS ik
~Z, cos 6, (b +b,)+ jZ,sin 6, (b =, )+ jZ,Y; sin 6, (-1-bb,Z} +Y;Z})
" 2c086 +(Z,c086 + jZ,sin ) (b +b, ) + JZ,Y, sin 6, (1+b0 2} +Y,Z})
Sy =Sy = 2
20 20086 +Z,cos, (b, +by)+ jZ,sin6, (b +b, )+ JZ)Y, sin g (1+bb,Z} +Y,'Z7 )
S ~Z,cos6, (b, +b,)+ jZ,sin 6 (b, —b;) + JZ,Y, sin 6, (-1-bb,Z} +Y;Z7)
20 —

20086, +(Z, cos 6, + jZ,sin 6, ) (b, +b,)+ jZ,Y,sin 6 (1+b1b2212 +Y02212)
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1
S34 = 843 :E(Sne _Sno) =

jZ,sin6, (b, -h,) _ s
2c0s6, +(Z,cos6,+ jZ,sin,) (b +b,)+ jZ,Y,sin6, (1+bb,Z} +YZ7) "

d g EA T Y 'g 11 phase inverter 3% & 7 180 A Hc % » ¥ 12
, 3, ) ) )

B~ % & YiTk ) rat-race mzl @ﬁﬂﬁa I ] PR o

3.2.2 % iiAp =& #& rat-race i 4 1
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w

ﬁﬁ;{@jﬁ'%& mxéﬁg?lﬁ R A FA PR TRELEI NS A
PAF R AT RARLFT UED - RDRH? HT KNP
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BA O AP - BREG R ﬁnmﬁl:ﬁ’f’rw% » ABCD 48" 4

A B | cosh(yf) \ Zsinh(y{)
C D| Y sinh(y /)"« cosh(y/)

SR ABCDAELF L H § R o AT Ak, AR S H sz

£ S0 @ E_hyperbolic Sific o ¥ #F 2% 0 s B enfE i edinzy ~ 7

N

ESE=g LTy P U 255 » Ly==>[6]
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4 1
Zp-"b Zp>"b
A -A
————————————————— a0}
~__
Zp,Yh Ib zp,yp Phase

Inverter

B 3.3 ®RMAp = F $E 2 ratrace » & A B
B 3.3 2 — B % ¥ Fphase inverter rat-race 4 £ A B - AP
Re® 3~ L TEA T2 o 27 180° phase inverter & ¥ H

SEEREE = S RGeS SR S

A AR T L ded B ABCD B

{ A B} 1 0|l cosh(yglg)  Zgsinh(ygla) 1 0
C Dy |3 coth(yplp) 1 3 sinh(yglg)  cosh(y4la) 2 tanh(yplp) 1

2 . A
cosh(yal a)t 2—a tanh(ybl b) smh(yal a) I3 s1nh(7a| a)

gcosh(yala)[tanh(;/blb)+coth(;/blb)]+smh(;/a|a)[ +—%] cosh(yala)—ir 2 coth(;/blb) sinh(y 5lg)
2

{A B} 1 0|l cosh(ygla)  Zgsinh(y4la) 1 0
C Dy |3 1 3 cosh(y zla) 2 Lcoth(yplp) 1
cosh(y gl a) + z—z coth(y 1) sinh(y gl o) 25 sinh(y 41 2)
= 22] cosh(ya|a)+§—Etanh(7blb)sinh(}/ala)
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A B] [ab] [AB] [db]
IR S R ‘J{C DL_L d}’ C DJ, [c a R

a=cosh(yzla) +

49

3 coth(]/blb) sinh(y 5l3)
b =25 sinh(y 413)

c=_l1
Z

[tanh(y I p) + coth(yplp)]+ sinh(y 4 a)[ 2a )

d =cosh(y 41 3) Y 7 tanh(y/bl p)sinh(y5lg)

AT U A L 40 ABCD B AE R AND R ApE o A
T i L e

4 e P i g4 el - fRens 4

a+b-c-d 2
SI1 S14| _|a+b+c+d  a+th+c+d
S41 Sy4 o 2 —a+b—c+d
a+b+c+d-.a+b+c+d
d+b-c-a 2
311 S14 _ a+b+c+d a+b+c+d
S41 S44 2 —d+b-c+a
a+b+c+d a+b+c+d
I Slle+Sllo Slle_sllo Sl4e_sl4o Sl4e+Sl40 |
2 2 2 2
Slle_sllo Slle+sllo Sl4e+Sl4o Sl4e_Sl4o
s]=| 2 2 2 2
S41e _8410 S41e +S4lo S44e +S44o S44e _5440
2 2 2 2
S4le+S4lo S41e_S410 S44e_s440 S44e+S44o
L 2 2 2 2 i
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‘b—c a=d 0 2 S1t S21 S31 S41
] a-d b-—c 2 0 S21 S11 S41 31

~a+b+c+d | 0 2 b-c d-a S31 S41 S11 —-921

2 0 d-a b-c] |54 S3; -Sy; 8y

sinh(;/ala)(ia -1/24 - 2a/2b2 ) -1/2} cosh(yglg)[tanh(yplp) +coth(yplp)]

S11=
2cosh(ygla) +1/ 2 [25 sinh(yglg) +cosh(yalg )[tanh(yply ) + coth(yplp )1+ sinh(yglg )25 +1/25 + Za/sz]

Sy = 23/ 2p sinh(yglg)[tanh(yplp) - coth(yplp)]
2cosh(ygla) +1/2p [2 sinh(ygzlg) +cosh(yzlg)][tanh(yplp ) + coth(ply )]+ sinh(yglg ) 2g +1/25 + Za/ibz]
S31=0
2
2cosh(yala) +1/2y [24 sinh(yalg) + cosh(yala)[tanh(yply ) + coth(yplp )1+ sinh(yala )25 +1/25 + 2a/2b2]

Loss = -10><log(|311|2 +|521|2 +|S31|2 +|S41|2j

S41 =

AP REEV I m e & F R OIEET 5 port 3 ‘,5‘3{— 32
18 fhisolation porte @ S,3=-5,, 78 ¥ &P 180° phase inverter ¥ 1/ iE T
A R L AR

’&‘;A}L‘,};‘,E?mﬁig S A #Ekmné%ﬁ‘ﬁﬁ;ﬁ;}iﬂf?#m

»

p?;‘ ’ 7r-f’r°|a:2|b:| ’ j/a:}/b:y:aq_jﬂ ’ 2a:2b RSP §i~ S Kﬁ;:‘z.l-

N\
!

4T

cosh(y//2) _sinh(y//2)
sinh(y//2) cosh(y?/2)
2 cosh(yf)+1/2[Z2sinh(y¢)+ cosh(y¢)][tanh(y//2)+ coth(y¢/2)]+ sinh(y()[Z + 2/2]

—sinh(y0)[

cosh(7¢/2) ~sinh*(71/2),
3 sinh(y//2)cosh(y//2)
" 2cosh(yf) +1/2[2sinh(y¢) + cosh(y0)][tanh(y¢/2) + coth(y ¢ /2)] + sinh(y£)[2 + 2/ 2]

—sinh(y/4)[
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B —sinh(y£)[2csch(yl)]

" 2cosh(yf) +1/2[2sinh(y¢) + cosh(y£)][tanh(y ¢ /2) + coth(y ¢ /2)] + sinh(y £)[2 + 2/ 2]
)

" 2cosh(yf) +1/2[2sinh(y¢) + cosh(y£)][tanh(y ¢ /2) + coth(y ¢ /2)] + sinh(y £)[2 + 2/ 2]

=-S5,

MEA LA BARELEE XY G A i e
FEfpF > 2 ELd portl @?J o fport2~4F LETHF SRR E
ﬁg?] 41 5 port3 % isolation port o 1k 3 2L WU E D F A ELd
port4$%l »~pE o fportl ~3F UEDHF S AP R mgig?l 41 > port2
% isolation port °
3.2.3 % 4P - F #& ratrace fEdnT e A 5

+om A e =18 33 phase inverter rat-race ¥ 12 A 4 T fFen L #
R BT ORGHA B R BT R R ST e 0 4 RS, =0

sinh(;/ala)(ia iz 2a/2b2 ) -1/2p cosh(yglg )[tanh(yplp) +coth(plp)]

2cosh(ygla) +1/ 2 [25 sinh(yglg) + cosh(yala )[tanh(yply ) + coth(yplp )1+ sinh(yglg )2 +1/25 + Za/ibz] )

— sinh(yafa)(ia —I/Ea - Ea/ii) —1/2b cosh(y,/,)[tanh(y, /¢, ) +coth(y,¢,)] =0

— sinh(yé)(i —2) — i cosh(y/)[tanh(y g) + coth(yg)] =0
Z JA

— tanh(ﬂ)(i2 -2)= tanh(;/g) + coth(yg)

> tanh(y0)(Z —2) = 2coth(y?)

S 7 =242coth(y0)

> 7=1J2+2coth’ () = \/2[1+c0th2(a+ i)
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Mormalized Impedance (Z/20)

Irnage part of Normalized Impedance (Imag(Z))
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Process TSMC 0.18um CMOS
S11 <-10dB @ 50~67 GHz
Conversion Gain -18.4 dB
RF 3dB Bandwidth 46 ~ 66 GHz
IF 3dB Bandwidth 7 GHz
LO Power 4 ~6 dBm
Noise Figure 16 dB
IP1dB -1 dBm
11P3 9~12 dBm
LO-IF Isolation <-20dB
LO-RF Isolation <-10dB
2LO-RF Isolation <-55dB
Power Consumption 0 mW
Die Size
0.74 x 0.82 mm?2
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Process TSMC 0.35um SiGe BiCMOS
S11 <-8dB @ 57.4~67 GHz
Conversion Gain -18 dB
RF 3dB Bandwidth 48 ~ 67 GHz
IF 3dB Bandwidth 3.7 GHz
LO Power 6 dBm
Noise Figure -
IP1dB 4 dBm (Simulation)
11P3 13 dBm (Simulation)
LO-IF Isolation <-27 dB (Simulation)
2LO-IF Isolation < -85 dB (Simulation)
LO-RF Isolation < -34 dB (Simulation)
2L.O-RF Isolation < -66 dB (Simulation)
Power Consumption 0 mW
Die Size
1.53 x 1.33 mm?2
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B] 3.8 1. Die Photo

376 &t
B 3.81 % VHEF &5 Tri-filar /R B ek 25 XS4 B % & 9
T s+ % TSMC 0.18um CMOS #l42 » &% * & # 5 1.8mm x

1.3mm> & * on wafer £ ;#] ' RF~LO1~LO2~1F 3 ¥ # * GSGSG pad>
T hw i ifr il - B DCpad -

A e R FE B e LOI ﬁ""] »FERERHER 0 AoBl 3.69

B B F,%&?L’LO%?] > 5 63 8dBm FFendg i F 5 0dB @] 3.74
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F e S T E R A R LO 2 K AU R SR R 5 45~64GHz

ENeS
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3-54dB o Fl S F - A E R BT BAe g - SRR
kTR rE » B ﬁxwﬁﬁlﬁ" mﬁr;}'&-ﬁ(ﬁﬁu "ié ™ %é.aaa #i‘t” A I"ﬁ,\awz‘#ﬁf

£ % GaAs M ehifeic < B i dic g £ & H R

Ao BT RE R ke uﬁg;:,v, 19~23dB - £ %8 & B #icdy 5 I 4o
% 3.5 #157
Process TSMC 0.18um CMOS
S11 <-10dB @ 35~45 GHz
Conversion Gain 0dB
RF 3dB Bandwidth 45 ~ 64 GHz
IF 3dB Bandwidth 1.5 GHz
LO Power 6~8 dBm
Noise Figure 19~23dB
IP1dB -4 dBm
11P3 6~9 dBm
LO-RF Isolation <-20 dB
2LO-RF Isolation <-54 dB
Power Consumption 92.4 mW
Die Size
1.8 x 1.3 mm?2
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14.13 Die Photo
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Process WIN 0.15um pHEMT
Frequency 2.4~5.9 GHz
Vb 5V
Current 12 mA
Gain >13.3dB
Noise Figure <3dB
NFmin <2.8dB
S11 <-9.1dB
S22 <-10.3dB
IP1dB -15dBm @ 2.4GHz
-15dBm @ 5.2GHz
11P3 -15.6 dBm @ 2.4GHz
-13.2dBm @ 5.2GHz
Die Size 1x 1 mm?
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B4.21 Die Photo
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Process WIN 0.15um pHEMT
Frequency 4.9~5.9 GHz
Vop 5V
Current 12 mA
Gain >14.9dB
Noise Figure <2.1dB
NFmin <2dB
S11 <-11.3dB
S22 <-13.7dB
IP1dB -13dBm
1P3 -15.5dBm
Die Size 1x 1 mm?
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