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LN A  H alf-C ircu it
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M in im um  N oise F igure
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Trad itional C M O S  N oise M odel
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• C hannel therm al no ise  is  dom inant

• G ate  res istance m in im ized  by  good  layout
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Induced  G ate  E ffects
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[A ldert van  der Z ie l, N oise  in  S o lid  S ta te  D evices  and  C ircu its,
John  W iley  &  S ons, N ew  Y ork , 1986]



A ugm ented  C M O S  N oise  M odel
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M in im um  N oise F igure
N

o
is

e 
F

ig
u

re
 (

d
B

)

W id th  (µm )

R s =  40Ω

R s =  100Ω

P d =  12m W

N F pred icted =  3 .2dB

1.8dB



O n-C hip  S p ira l Inductors
• C onstra in ts

– O n ly  M 1 / M 2 availab le

• B andages
– S trap  M 1 to  M 2 th roughout
– S egm ent substra te  w ith

n -w ell

Low  Q
Low  S R F

* W ant a t least 3  m eta l layers!



LN A  M easurem ent R esu lts
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LN A  B ig  P icture

• M ust include gate  no ise

• A n optim um  device ex is ts  for a  fixed
pow er d iss ipation  in  the inductive ly
degenerated  com m on source  LN A

• P erform ance o f C M O S  LN A  is  satis factory
fo r a  G P S  receiver



The M ixer



P rincip le  o f O peration

Input

M ix ing
Function

O utput

T im e D om ain Frequency  D om ain

t

t

t

f

f

f

1

-1

D esired
O utput



Transistor S w itches
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M ixer S chem atic



Latera l-F lux C apacitor (LFC )
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Fracta l C apacitor



S im ulated  and  E xtracted  C

• P ara lle l p la te  capacitance

• M axw ell s im ulation  o f
un it ce ll

• E xtraction  o f un it ce ll
C P 1/P 2 =  37fF  =  1 .85*C P P

C P P    =  20fF

C E X   =  45fF   =  2 .25*C P P



LFC  S um m ary

• A rea effic ien t
(extracted  d ifferent patte rn  w h ich  has  C P 1/P 2 =  5*C P P)

• L inear
(m eta l to  m eta l capacito r)

• M atched top  and  bo ttom  p late  parasitic
capacitance



M ixer M easurem ent R esu lts
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G V =  -3 .6dB1dB  C om pression



M ixer B ig  P icture

• D ow nconvers ion  is  ach ieved  on  very  low
pow er

• E xcellent linearity  a llow ing  the LN A /m ixer
com bination  to  have w ell m atched
dynam ic  ranges



P erform ance S um m ary
Low -N oise  A m plifie r M ixer
Frequ ency 1.575G H z  L O  Frequency 1.4G H z
N o ise  F igure 3.8d B  L O  A m plitude 300m V
S 21 17d B   V o ltag e C onvers ion  G ain -3 .6dB
S 12 <  -52d B  IP 3 (In p ut) 10d B m
IP 3 (Input) -6dB m  1d B  C o m p ressio n  (Input) -5dB m
1dB  C o m p ression  (Inp u t) -20dB m N o ise  F igure  (S S B ) ~10dB

P ow er D iss ip ation 12m W
S upply  V o ltage 1.5V
Techno log y 0.35µm  C M O S , 2 -m eta l, 1 -po ly

D ie  A rea 0.84m m 2



D ie P hoto

S pira l Inductors LFC  C apac itor



C onclusions

• D ifferentia l LN A  exh ib its  s ign ificantly  better
reverse  iso la tion  com pared  to  s ing le-ended
vers ion  (im portan t fo r system  in tegration )

• C M O S  is  v iab le  fo r co m m un ications
system s operating  in  the  1-3G H z range
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