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Design of Coplanar Waveguide Matching Circuit for RF-CMOS Front-End

Haruichi KANAYA '™, Tetsuya NAKAMURA ', Kouji KAWAKAMI',

and Keiji YOSHIDA

0000 O0000o0o0o0ooooooooOo0oOoo0ooOoO0OOO0OOO0OOOOOOOCOOCOCCOOOOOOO
gooooooooooooooooOoOoOOOOOOOOOODOODOODOODOODOODOOOOOOOOODOOO
ooooocMOSUOO0O0OO0O0OOoOoOooO0OOno (LNA)ODOOUODOODO (PA)DOOUOODOUDOOOUDOOO
goooooooooooOooOooOopoOoOoOoOoOoOOOOOOOODODOODOODOODOODOODOODDODOO
00000 (cpw)0OO0oO0OoO0O0OO0OUOOOOOOOOOODOOOD CPWOOOOOOOODOOOOOOO
gooooooooooooooooooooooooooooooOOoOOoOOOOOOOOOOOODOOO
0000000000000 00000000000000000 LANO (IEEE802.11b02.4GHz)OODOO

00000 RF-CMOSOOOLANOOOOOOOOOO0OO0O0O0O0O0OO0O0OO00OO0

1. 0000

OoooooIMT20000 00 LANOOOODOOO

pgooooboobooboooobboooooboboboooooboo
gobooobooboboboboobobbobobo
gooooboobobobobooobobobobobo
00o00ooooooooocecMoOosSOooooog
goobooooobooboobboboooboobo
(Low Noise Amplifier: LNA)ODOOOOOO (PA)
go0oooooooooooocoOoooooOooboOoo
0000000o00O0oDoo0ooLoO0ooOoO (MMIC)
0D00000000000000000 [1),[200
000 LANOOOOOOoOPCOOOOOOOOOOO
gooboboobo200b0b0000bO00o0obobOoon
goboooboobobboboobobboboo

+00000000000000000000DODO
Graduate School of Information Science and Electrical En-
gineering, Kyushu University, Fukuoka-shi, 812-8581 Japan
1 0000000000000000000OO
Graduate School of Information Science and Electrical En-
gineering, Kyushu University, Fukuoka-shi, 812-8581 Japan
a) E-mail: kanaya@ed.kyushu-u.ac.jp

goooooocooooooo
oo0ooOo000ooo0o0oo0o0ooosQon

oooo0o0O000000000000oCcMOSO0d

gboooobooooboobooooobooobobooon
gbooooooobooboboooboobooo
goooooooooOoooooooooboooog
gboooobooooobobooobobooobobooon
gbobooooooboobooboooboboobooon
oo
ooooooooooooooobooOoooooo
gooooooooooooocoooooobooobooo
gooooooooooooooooooooobooo
gooooooooooooocoooooobooobooo
ooooooooooooooooeMosSoooono
gboooooooboobooboooboobooon
goboooooooooooboobooobooo
gbooboooobobooboooobooooboo
oooooooooo (cpw)0DOooOooocCMOsS
gooooooooooooocoOoooooooOoo
gooooooooooocoooooo100000
00000ooD00oo0b0o00oUoooOUOooO ()00

00000000000 C Vol.J87-C No.12 pp.1017-1023 20040 120 1017



000000o0o0oooo 2004/12 Vol. J87-C No. 12

Antenna \/ BPF LNA

!Za Matchin H o H i I
g : Match
(a) circuit |} BPF grcculi?g *LNA
- H o
----------- A-r}-t-é-[:l-r-‘;-uu-...v‘off-chip CMOS
gzak H o
Matching : Matchi
(®) i circuit |£ | BPF* direut* +LNA
................................... On-chip

01 00000000000 (2)0000000 (b)0o
oooo
Fig.1 Brock diagram of the RF section. (a) Conven-
tional type. (b) On-chip type.
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Fig.4 Circuit model of the quarter wavelength matching
circuit.

JX

R, = ZIZGL

05 040 A-A'0000000O
Fig.5 Equivalent circuit model at A-A’ in Fig.4.

ooobO B, 000000000 OOODOODDOODO
00 CF/m|000000000000O0O00OOO
ooo

By,

Al =—
wOC

(7)

000040000 2, 00 R,00A/40000
00000000 2 0000600000 (8)0(12)
00000000

7y, =Z2Gr +jX1 =R}, + 35X} (8)
X1 =—Z1cotf X2, (i — ﬂ) (9)
wo w
s
I/l = ZZI (10)
= Z2Gy (11)
K2
Ry =91 12
5= (12)

00000 (8)0O0LNAODOODODOOODOO Z
0000000000000 |YL|<Y000000
000000040 A-A’0000000000500
0oooooooo

000D010000000000000000000
0 (400 (5)0000000000

R/ Z

Lo 2 g =2 (13)
Ry K0,1 g2

0 x1 Zo T1

- Rs+ R, K3, (1+£)
gogigz

" wigo+g2) (14)

unooooobz20b Ko, 22 00OOO0OO0DDOOO
oooooooo

™ w

= — 15
' 9192GL (15)
Z

Ko = vwy | 2222 (16)

gogdi

™

=7 17
m= 17 (17)

0ooooooooooa/400000000oooDoo
(Z1)0 Ko, OODOODOODOOOOOOOOOOOO
(1) 00 wO0OO0O0O0OD0O0O0ODODO0ODOOODOOOOO
uooboobboooonbbooYL=Y,,,0 Yo,

000000000000000000000000
0oooooo (7o

3. DODOODO

gbooboooobooboobooooobooooboo
O0000o0o0ooooooooooooo eMosOo
O000o0ooO0oooO0ooOoO (Coplanar Wave
guide: CPW)ODOOOCPWOOO 600000
00o00o0O00o0o0o000oO0ob0OO0oooo0oonon
ooooooOooOoo0ooOoboOooOoooooon
oooooooOooOooooOooO0ooooooon
gboooboobooooboobooooboooobobooon
gbooooooobooboboooboobooo
gbooooooobooboboooboobooo
ooooOosidooooooooooooooooo
goooOoOooooOoOooooooooooo CcPw
O0oo0oOoooemCPWOOOOOOOOODODOOO
0 MomentumO OO O0O0O0000O00O0O00OO0OO

O700000000000O0O0O00OO0O0O0GCO0O0
o0oooooOooOooOoOooOooO0o0oooooon
ooO0o0oO0s0040000000000000800O00
OO0 Al0DODOOO Sio,0000000BoooO
goobooboooooboobooooboooobooono
googucpwiooooooooOoooooooo

1019



000000o0o0oooo 2004/12 Vol. J87-C No. 12

Signal line

Ground plane Ground plane

CPW Conductor-backed CPW

06 cpwOoooooo
Fig.6 Schematic diagram of the CPW structure.
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Fig.7 Sectional views of the real process and EM-
simulated condition.
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Fig.8 Layout image of the CPW matching circuit.

oo0oguouoooo /4000000000000
goooooooookKkOOOOOOOOOOOOO
ooooooocoooooon

4. DOOOOOO

goboooooOoOooOoOoOooOooOooDbOOboOoon
gooooooooooooooooooDoooboo
gooooooooooooooobooooooobooo
oocpwoOooOoooOoooooosoooon
goooooooooolooooodooooood
gooooooboi1opmbOOO0OCDOOOCCOOOOOO
00 13mm0O000245GHz0 A\/40000000
goobooonooooooboooooooooo
gooooooooooooocoooooobooobooo

1020

09 0DO0O0O0oOooO
Fig.9 Photograph of the RF measuring system.
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Fig.10 Photograph of the conductor-backed CPW.
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Fig.11 Characteristics of the conductor-backed CPW.
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nected with LNA.
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put matching circuit.
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Fig. 14 Noise figure of the LNA with input and output
matching circuit.
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Fig.15 Input and output impedance of the LNA with
input and output matching circuit.
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