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Cellular phone $41719] F8 rf %89 F3¢ E7]E 1 xm ion
L-C-R lumped element 2 745 MMIC 34 AHSsle] rasigich Fus E3b7)= 709 FET &
cascode FHHE <143} single-ended FET mixerd S 3tz ¢Jem, common-source self-
biasing circuit & AH8sled 3 V e e AHEF HelRA TR, A Fag B0l o

implanted GaAs MESFET %

L=
HAgs2 2 E371E g8l 14 mm x 1.03 mm ¢ |2 AztEge). AAtE Fo E3)e
0dBm & LO £%3s}ollA 55 dB 2 W3t o15 % 19 dB 9] A3 A48 B3] RF £Heo] -30 dBm
o4] -60 dBc ¢ IM3 544 vepligde)h =3 7} port 719] isolation & 20 dB o|AMS HedF3 glh

Abstract

An MMIC downconverting mixer for cellular phone application has been successfully developed
using an MMIC process including 1 #m ion implanted GaAs MESFET and passive lumped elements
consisting of spiral inductor, SizN¢ MIM capacitor and NiCr resistor. The configuration of the mixer
presented in this paper is single~ended dual-gate FET mixer with common-source self-bias circuits
for single power supply operation. The dimension of the fabricated circuit is 1.4 mm x 1.03 mm
including all input matching circuits and a mixing circuit. The conversion gain and noise figure of
the mixer at LO power of 0 dBm are 55 dB and 19 dB, respectively. The two-tone IM3
characteristics are also measured, showing -60 dBc at RF power of -30 dBm. All isolations between
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each port show better than 20 dB.
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Fig. 1. Schematic of Frequency spectra of the

mixer at Each port.
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Fig. 2. Circuit configuration of dual-gate mixer

using cascode connection and bias con-
dition.



16

Z
-1

=5 1210 9] A3E At FET Alo]E<} )
FET®] Aol 7lsix|nz Abd
AolE A AL, T2 Y F
o FET® =dldl-a Akt 194§ A& 7z
stk Er|1E &2 Al LO At FET (FET2)
o] AplEd, RF & sl FET (FET1)®] Alo]Ee
Q7ksle] FETS) transconductance ®B]AE EA1S
ol g3le] & Fulg Aol dFshz IF A5E AT
t}. wl2bx FET | transconductance H]A13Ado]
2 4994 FA 2L AAe Aol Foldd F
st} 4]

e FET7) #ld=2 947 =& dodl ¥ 22k}
Al Af E3HJelE 52 A5 FET 9 Ade
FHe) AFRde] AH=Z olojx]l Zow B 4 glenm
2 oE =S s Ao Erbssil A= &
2= Ay Gdelld F2RIEE st thE ke
3} dool|x] FABIEE wjololaE oo it
ola thR-E-2] 7} Al Vaelr E3F Felr] F=
3= FET o ZejAl =k

=
A
o

.

s

ly

sof
SOJ »

40+

30+ \ 1
20+f \\
104 -2
[V, T U L} A
0.0 1.0 2.0 3.0 40 50 Vg,
5.0 4.0 3.0 2.0 1.0 0.0 V,,,

28 3. Dual-gate FET 9] "AF-4st &4, 42
H2-& mixer 3 9% &3 bias point
The shaded region shows the proper bias
condition for the mixer operation.

Fig. 3.

1% 3 & cascode #A]oE AR FET 9 Vg,
Veet, Vasi, Va2t Lo BAE -V TA22 ehifg]
t} A FET2& 2E LO 9 izl djs] H=|5
o] glck 7FAsPE, cascode mixer HAlo] ZHele
Vis & Va2 A8 & 5 vk 2304 &
T QI%e], FET2 7} 413 ddelA s34k FET1
o] %3} JAoix FaRghpd, & TPl [-V34lY
2EZ I AP Vool FAHE o Veaole

Cellular Phone 4 @4 A MMIC Single-Ended 3 &87] g

(792)

£E— 4

LO ¢ vls] Ado= =19 2k RF Zsfe] 7k
ok LO A8t VoS ¥W3l AA Ve ko] A7) 2
AP oake s yEEE ¥AY S2RE TR 3
Aair, 23 39 WUEA FEo AEshe X B
A& Alolo} ) a3HE B9 o] ¥-EolM FET27F
%3} dodol, FET1e] Addde] Exp3o] S,
Vs ©] 4Rk 7 49 Ve 9 #H3) (32
e 9uiga] Veao] WEh o 98 transconduc-
tance 7} BHA WA HE & 5l o)A
Vega©] WF 2| AAEA Voo 71 F(-) A7
ZA #allopt $E3% transconductance 2] W3l
dojxlez ZHAF Vead Azl Ao F835h
ofu] 329 Aol Vgaol
tance 7} A3 IS X EE 3] single-gate
FETE&&7)el ®lall intermodulation %93-& Zol&
= AHgsllE g Y

Cascode FET mixer®] w2 FET1e] A% <
SollA] EAslE R transconductance 8 Io/ 9 Vst ©]
3} ddollx] E=8le= single-gate FET &37]el
vlal 2R e 7o, AR e =del-as
Aol [F 24& 92 A7l 2] Ao, &
719 Wig o]E0] ZFojz& Zlo|rh ¥HH FET2:
23} 9doelx EAsleg ke transconductance
2] wisle] 9sixx FET1 9 =3l AFe FET2
Aol Bl Ql7}El= LO A% Alele] & d4E o=
HE £ & glck FET 2% IF Aol ds) Alel=r}t
o2 Felcka 7FHE, common gate %724
Eabsle 9l fdelda 1/<gmt)>  (K<gmt)>+E
FET22] 4 transconductance) 24] Hepd 4= g}
o o)y el 7]&3 FET1 o &9 ddx
(=d18l-4 *3h) of vl AFgs] =t A= mixer
(FET 1) o] £3%9} 5% (FET 2) & ¥FellA
glutlizzie) & ol ok &4l wffel o]5o] A
t} o] FAEE MMICS} o] HH9] Aoks
vhe o] zhe 422 4l2 LO ¢ RF 9] ¥
2 AYY = svke AHE AW 3= cascode
mixer7} Ag&e] & 52HE ¢lsid] A 329 F
23 S22 A sjof ¥ W3 Eelrh

ol2qt S FH3P] A A Ale]ES} =8
9l kA o= LO % RF axulel EjhFalged
32z uox =g AAYcL ! RFe} LO
9] §J¥¥, & FET 18} FET 29| Al|Eex= 2

3l transconduc-

o
e



19974 10 EFTREHLE

A% Falpo djgshe A 3 2E AASIHok 5o
LO e ulsl] =2 A=) RFAZ s o At
A AYseE Ik [F FHFdxie IF 259
o] AuEA] Y slo] Tl Hgte] UAEHA
A=A el =g sl AdelE AMgsle] FET2
o] Aol IF Fakrol sl Ag=3bd FET29] IF
ZZAR8-S FHA3E 4 gl o] A% LO A%
2= IF Az ds) & JdodHAs Yehizg 3
of gk} 31 IF &% d¥wl2E common-gate 3
2o B4l &3S rEE AdHer & TF
F3lA g AMegteEM o152 A & 4 rk

=
=

50

a0 O o8 &3 ¢ & 0 3 8 & -3

~ Mode!
Q Measure

o
{mA}

2 o . s . m D B G B8

P

. I,

0 Vis M 5

% 4.4 x 100 m 9 gate width & ZHe GaAs
FET ¢ &4 AfF-#d B4 (Ve = 3
V, Is = 10 mA) & HP-ROOT model &
ARg-sle] Aabd BA Bl

Comparison of simulated using HP-ROOT
Model and measured 1-V characteristics.
(FET 4X100 m)

Fig. 4.

Mixer A9 7Z$olli= dutzlel FErjels e
7t bias pointe4] Z+ small-signal element®] B4
A& Eihshe dAlE 571 mde] HQ3jrh GaAs
FET ¢ 7% <3218el¢] empirical HAls =do]
Aersig et BT gls £o) wdle) vl
A&s] Jehix] Eele B3] mixer o F w33 A
&3] 33| 3=

=3l intermodulation B4-&

threshold voltage H3-&

AeEZ o4#A ek
simulate 3}7] —‘}4%“/“]% transconductance 9] high-
order derivative o w3 A3 FHALE T3}l
of gt} # =Fo|A M43t HP-ROOT ZdE &
Aol 723 5% A2 ZdEA wigh ofe) &4 d
olBlE zkw glofok e ©Ho] gl A AA
=5 HelollA 322] vw]Al3Ad 2 harmonic SAF
Q

& & vehie el Atk AR T AT T

=

(793)

BMUE DI F 10K 17

FozH AY 9 vy AFAE sk,
IC-CAPWH-2] =l A Alxsle] 9)3) HP-ROOT
2elg PMAHA olF ZuFuE AlEHe|eal MDS
A root BdE o8l AlEHeE F3Psisick
¥ 4% FET 4 x 100 (gate width : 4 finger x
100 pm) 24 SAT 1-V B4 49 root 2
& o]83lo] MDSeM HF-AUEAE Aol dd
A% vt Helx, 23 5% FET 4 x 100 &2
2] S- parameter AlE#Ho]A AAE HF= Aol
th ROOT =d& AHg3le] Alg#o]dd Ash=
A2E AHg3pA nd™sta gl.em, 53] mixer bias
Z74) cut-off region o g ¥ mdglo] =
ad8s o4 4 vk =3 FET 2 x 100, 3 x 100, 6

Ay

o o o

v 2

x 100, 8 x 100, 10 x 100 oxx Ayt == A
42 dg 4 olgen, F4 Er) 8 ) 5
o WAy 3z A A 5F axle] Al ojelgol
gt oz vl golrejels FEsige} )

™ Model
' " Measure

1GHz ~ 12GHz 1GHz ~ 12GHz

718 5.4 x 100 m 9 gate width & ZE GaAs
FET ¢ &A% S-parameter (Vgs = 3 V,
Is = 10 mA) $} HP-ROOT model & AH%-
slod A4= S-parameter 2] B

Comparison of simulated using HP-ROOT
Model and measured S-parameter of FET
4 x100m.(Vgs = 3V, Iss = 10 mA)

Fig. b.

sz AA whga
Faf3le] dAsIIc
LOst RF Fo 492 Z4zb 955 - 985
MHz, 866 - 896 MHzol™, o] izl IF
= 86 MHzoltlk Cellular phone T3¢ g2
strip line o83k A3 3= A o Aot A
o2y Azpdoz MMIC 37} Erbs’ 7hgel
lumped element & AHE3le S]¥ALE T3l
o] A% A AY AAE library oA AFshe 3
o lumped element Ztell A|ZHEH, olo] w2 FHA

Mixer+- HP-MDS¢] wjAl3

harmonic balance analysis
[10]

=)

L.

=



18 Cellular Phone 4 94 A% MMIC Single-Ended F34 &£37] E£E— 5

o) 4% 278 Ak At
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mixer?] IHZE

Fig. 6. Designed circuit topology of the mixer
including the input matching and self-
biasing circuitry.
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Fig. 8. A photograph of fabricated MMIC mixer.

2. 44

23 9% Azke mixerol] RF¢ LO 948 7+
Z} 881 MHz (-20 dBm) # 967 MHz (0 dBm)
S 718te W 8% IF 9 spectrum 224 fio
- freell #wshe Fub: 86 MHze| IF A3t &%
HiE 2g B 4 9lon, ¢ 55 dBY) HiklsE &
& 4 9girk o] ®W 7RIl Vaai= 3 Volal self-
biasing #| 2ol &5l 6 mA 9 AF7F 2nsw Q)
=8

ATTEN 10dB
HFL CdBm

MKR —14.50dBm
B85 . 00MHzZ

MK R
as..
—14

po .
.50

Hz | 7
S Bm

e ]

BSPAN 30, 00MHZ
SWFP SO .0ms

CENTER 85, 00MHz
®FBW 300Kz H*VBW 3OkHZz

22 9 Py = -20 dBm, Po = 0 dBm & 7Hl&
o IF spectrum. ¢ 55 dB 2] Wzle]5-8
% 4 olet

Fig. 9. IF output spectrum under the operating
condition of Prr = -20 dBm, Pio = 0 dBm.

218} 10 RF F3¢} RF power& 717} 881
MHz, -20 dBmo® 3AA7la LO T3¢ LO
powerE Zt7t 967 MHz ¥ 0 dBm=Z 7}3lsi& o
drain bias W3ld] wlE WE o] WIS HelFT
giek. AH8gk FETS] AH-AsF 543 #FAlsbA 15

V AE¥E HilelES HolFEy glow 1 EAo]
saturate Hv 2L B £ 9ok o]#¥ B2 ol



20

A1 dual-gate mixer AA|A] bias point AR L3}
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Fig. 10. Comparison of simulated and measured
conversion gain of the mixer as a
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