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Abstract

In this thesis, the radios which are suitable for Wireless Personal
Area Network (WPAN) applications are designed.and implemented. The
thesis consists of two parts. The first part focuses on the most important
part in front-end:circuits - Low Noise Amplifier, and implements in low
& high frequency. The second part implements receivers which are
suitable for ISM band applications.

First, we study low noise amplifier schematics-and its different
low-power techniques.  And then, we discuss for. cascode low noise
amplifier and implement: 2.4-GHz & 5.8-GHz power-constrained
single-band amplifier in TSMC 0.18-um CMOS technology. Otherwise,
we use trifilar-type component implementing dual-band amplifier in
TSMC 0.13-um CMOS technology. Finally, 60-GHz dual-gate LNA is
implemented in TSMC 90-nm CMOS technology.

Because power-constrained amplifier implemented in former
chapter, we can use it to extending to the low power receivers. First , we
consider various performance in active mixer and VGA. Composed with
various LO generator individually , we implement low power low noise
receivers on the power restriction in TSMC 0.18-um CMOS technology.
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External Capacitor
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Post-Simulation

fvor hAe R R 2 BER S E ORI R

Supply Voltage (V)

Voltage Gain (dB)

32

26

Noise Figure (dB)

2.18

11P3 (dBm)

0.8

2

|P1dB (dBm)

5

>5

Input Return Loss (dB)
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(5GHz~6.6GH2)
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(4.7GHz~6.9GHZz)

Power Consumption (mW)

4.4

Current Consumption (mA)

No Exter nal Capacitor

Post-Simul ation

2.5

Supply Voltage (V)
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% 27 F T

External Capacitor Yes None
Supply Voltage (V) :
Voltage Gain (dB) 26 25.7
Noise Figure (dB) 2.7
11P3 (dBm) 2 0

|P1dB (dBm) >5 -1.5

<-10 <-10
(4.7GHz~6.9GHz) | (4.9GHz~6.5GHz)
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Current Consumption (mA) 2.5 2.5

Input Return Loss (dB)

#. 2.8 58-GHz g0+ =& < )E’% o &

Input return Putput.return
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V4 _Vo _ Vo + gmroVZ

Rf ro
- V,-V
Va V°+(V4—V3)SC2+—( . 2):O
sL,
V, -V V, -V
V2°5Cgs+(2 3)+(2 4):O
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V., —
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R, r Ry |- -
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FI(248) (=)~ 2 Bij B8 w445 20 () S 2 s I
10 T T = 10 T T T T T
~ -10} g ,’// i -
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% 2.10 60-GHz -/ t&2c~ B & Pl4F 1L 4

[tem Post-Simul ation M easurement
Supply Voltage (V) 15 15
S (dB) 11.5 7
Noise Figure (dB) 7.5 8@64.5GHz
11P3 (dBm) 0.1 -1.2
|P1dB (dBm) -10 -10.5
<-10 <5
(58GHz~94GHz) | (65.5GHz~85.5GHz)
<-10 <5
(55GHz~65GHz) | (65GHz~74.5GHz)
Power Consumption (mW) 24 25.5
Current Consumption (mA) 16 17

Input Return Loss (dB)

Output Return Loss
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V1
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(3.5

AR LORGAM » £ F LORGAR S » 7 4% > BB B 5\ eh
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K= el

$HE MR 3 0 B i F(dynamicrange) £ T T B 1 5 A
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(1) g £,24F (self-mixing)
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| _ ngF AQF—LO Vbzk % S/V(t): 2ngF A?F—LOVZ

IM2out — VL =y, bko @ |:1+ COS((()l - C()z)t +

pk

%cosZ(a)Lo — o, )t+ %cosz(a)Lo —, )t +cos(2w,, — &, —w, )t +... sw(t)}
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=bei. +hei *+bei +... b =5 =T p (t)sin(2z f ot)dt
LO

65



F=F MAAFRICH 66
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dG," (w,,,) . dG,"* 1,(02)
dg dv,

SlaEHEETRE SRR -

TREAGEELIFHERETRR I RE o

2300 - S Lk S R R R 2

RPEEFT D R AHRT L M8l iR W E K A SR TR 2
Beno ehogonaR AR 2 LB fﬁ’&afﬁgﬁﬂ%?vtz T e o

FodELRETR K EF = ’g‘é’%%ﬁﬁ_ﬁ]ﬂ" * F15 Livoor §

67



F=F HAAFREY 63

RAEIIBIED |y, BB LR - PR - Vi B

SEMHE R TBREC TS A RRB TR AL

Vio(t)
Vorr
lout=11-12
AT iie — it
+lin
-lin
— it
sw Tip
2lin &
o = =
|74
AT = TLO orr > L
211Vpk (b)

& ]

—l\

F(3.9) ()% & 7k ™ fe(b) fegy 4 2Ldd r

PLEREARS ARG - S TFEF DA E (B RY
TV ioiadd RN P(TRERBT) it TRE 10T
4TI T IR R RS S A TR iR

BLLGERACPHELDTRLE § o

d Bl(3.9)7F o3 LOZHHAGE = o s Bt AT % Tﬁﬁ%} Ao PEIE T R

AT=0=L,z=0 -

68



F=F MAFREH 69

¥R E vl R (A )R T 6 T F T [M(310)] T e

BB = C
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o B8 G A S 15x1mm’ e

B RIPFR A feheT

Post Simulation

M easurement

A M3 BE-R f Cadance Post-sm i & <
¥ - B BFEA G S%R o B RR el B ARLAR S G
15 VGA iEB~fin i H craze fﬁ » OP1dB = Z_i& mjpﬁvl%] 3 10-dB = +
[B](343)] » &k g e aAsl FGAE 07TMHz 2% > v 7 17— R4 o
%34 58GHz M F Ml 7 £ 2 EciB & Pl ik ik

[tem Post Simulation M easurement

Supply Voltage (V)

Conversion Gain (dB) 54 50

RF Bandwidth (GHz) 5 5.15-5.85

IF Bandwidth (MHz)

(50€Q2 Load) 40 25

10 @ 100 kHz 11.4 @ 100 kHz
3.4 (noise floor) 5.3 (noise floor)

NF (dB)

IP1dB @ Highest Gain

(dBm) 51 -46

11P3 @ Highest Gain

(dBm) -30 -39
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[1P2 @ Highest Gain 57
(dBm)

L O-to-RF Isolation (dB)

LO-to-IF Isolation (dB) >50

<-10 <-10

Input Return Loss (dB) (5.3GHz~6.6GHz) | (5.1GHz~7.2GHz)

Current Consumption (mA) 4.4 4.75
Power Consumption (mW) 6.75 8.55
Chip Size (mmxmm)

%35 5-6-GHz #fc~ it i

Ref.

Process

I:’DC
(mW)
Voltage
Gain (dB)
NF (dB)
NP3
(dBm)
P2
(dBm)

Pis
(dBm)
Area
(mm?)
Architectu

re
*The architecture of the radio is dual conversion.
**VCO power consumption included.
***The architecture of the mixer is sub-harmonic.
# Only active area of the chip

37 1= :58GHZ R » = gy 2
%74 3 143220 32 12 8 (CM 0S0.18- 1z m)

371 EiH
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BRI B O BRE S BN R A 0 B Bt R TR AL
GAT P ATig ¥ D4 J G BACEI(35L) ) - Ak A T &
SRR LR LA K L LO R A 1
¥Rk R S E R B P G ) s~ 1Y AR
Hﬂof“’%ﬁ*ﬁ#ﬁmﬁwmmvxﬂ%mPﬁmﬁﬁ,1g
?'Jr# 5 - i’ﬁ)ﬁ" ~ M2+ 'H'F‘i"//a/}iagﬁ " g mmﬁ?—ﬁ)»[l4] > 1

Ui s 2SR o L B - e e 2 f V0T TR

W E e LR AL L

Channel
Filter
5 (B_aseband) AF
N I \
O
L,
Q
Q /\ \
\\\ >
«

Freq

BI(351D) - =x:FA ¥t e HEMMEF T & B

Input RF Output
Switches Mixer Switches

1 Baseband

RF Input Output

B1(3.52) ) % = = 3k % 14
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X
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18
90/0.
2 H ,u_ 18
1
H
Vb

Vhbias
RF in ol,soH_ 120/
0.18

ouTQ_p ouTQ n

VDD

Vetrl
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|_
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wy
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Wy
Wy
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373 TEXF

(1) A=< F

|_
Los
A
|_

Vbias

] (3.54) ¥ = i Faf 2 = % 7 B W

2 ve ZHEARF o BRET B4 LCE JRIE K Y AT N
PRE S REFEREIE PR (R L AL T L enF 4 s
F R F ) e S R R RS e L TR Y R TR
B oAk 9 £66x 78(um’) B 5 230H 2 F 4 TR 5 A MRIGE
'V'6~'V'2”ﬁ“*1 g e m wf P BRFITE AR FETR
PARHE S SR mEEZE B e o A B REEE LR
B4 BER B B R EJREEOL JURA o A B PR e

ETTRS

3N
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A FRIW

TR &R

@ i ()

F1(3.55)(a) p {7 i (b)Foundry & & i & vt )

poi7 st (1)

TSMC Mode (2)

24E-9
2260 m10 m9 /)
1 freq=6.100GHZz .|freq=6:000GHZ /i
2.0E-9 L2=9.969E-10 L1=1.366E-9 /
L8E-9] /
NI 1.55—9; oL N
4 ~
1.4E-9] /m'9/
1260 7777,/——7'*/77/ i
| mo |
10E9—4— e Y
8.0E-10 T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T ‘ T

freq,

GHz

k1

01
b mll
-0.2—4
03] mll \
freq=6.100GHz
04— k2=-0.199
-0.5—
A& T mi12
06— Y
7 m12 I
07— freq=6.000GHz
k1=-0.599
08 \ Y | =~ BRE I
0 1 2 3 4 5 6 7
freq, GHz

B(3.56)( =) TR E(F )48 & B fpt st # @

12.
10—
1 [m1a ]
freq=6.000GHz .
. Q2=8.489 ~_

P

ml3

freq=6.000GHz
Q1=8.216

freq, GHz

Bl(3.57) % F1% (Q) B H#t v ]
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(2 EHGrERAERAF L RYE

VDD

18/0.5 I |

LOp o—y 951 T $—r10n
+— 0 —T—T0—¢
Vor [ ] | 2PF T lzao UA
O—0—|
230/1

F1(358) 2 M » =R B § 2 4 BT B
» &

,‘tgp/\ é FﬂvI_‘{_’ 3\‘ Péb‘flj

N’ﬂ%31?%§ﬁﬁ%%’ﬂ%ﬂ§ﬁ%+’E&@ﬁ$%iT

T3 P 3330 Fhren

P A LO A R A 0T

B Ao BT E AR IE R o T 5} JBI(3:59)] > eistkeTF b

TR § 7’—"L'r,l'}‘j]-‘}‘;}'u Lou'® paf/ s B LOHF(F - B LO
PG RAE) -

B(359)% #j » = WA P EBL KR 2
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CG_i

CGL_i

dB(S(1,1)

F=F MAAFRAIH 107
374 & T HEEE
56 55 m4
B A 4
8 m4 m5 1 Im21 — m5
ol PLO=0.000 mé v 1 |RF=5.600 mg 5|RF=6.000
CG_i=53.661 T s0_] |CG_i=51.348 CG_i=50.695
52— /// mS ] \
- PLO=4.000 || . | \
1 P CG_i=54.180 | o' 45 v — N
50— i RF=5.800
| ] CG_i=53.661
48 0
46 \ \ \ \ \ \ 35 T T T T 1 T
-10 8 6 4 2 0 2 4 6 5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6
PLO RF
2 Z I LW A 2 I L 4 = %
B1(3.60)( 2 )HE 4 5 # LO # 5 (% )# 4 4 ¥ % RF 47 2
55M8 m9 55
. — m7
50— i E—— 50 Il
— m6 m7
| PRF=-80.000 | PRF=-50.000 o - IF=LO00E-4 | |IF=0.025 \
| CG1 =53509 CG1 i=82326 Srse| Ve 2006001 | Nost 200000
30— - 30— L
m10 m11 \
25— |PRF=-80.000 PRF=-40.000 25—
CG1_i=42.989 CG1_i=41.887
20 \/an_ﬁannQ i ‘ \/P—Q_Rﬂﬂgﬂﬂ ‘ 20 | |
80 75 70 65 60 5 50 45 40 35 -30 1E-4 1E3 1E-2 1E1
PRF IF

FI(3.61)( 2 )3 5 & % RF

m16
™. [|freq=5.870GHz
. |dB(S(1,1))=-12.872

N |
\ -

ml4 \ .
freq=5.500GHz N\ 7
dB(S(1,1))=-10.000

ml5 s
freq=6.700GHz
dB(S(1,1))=-10.013

NFdsb

W
o

F ()N E Y F

N
al

N
o

=
3

.
o

4

o

freq, GHz

F1(3.62)(2 ) ~ i€ w4 45

-
m
w

1E4

3 |m17 m18

3 |noisefreq=100.0kHz noisefreq=10.00MHz
] NFdsh=9.309 NFdsb=3.761

E /
1 [
] /
E 17

s [ =ik Aty

1 I I I [ [

1E5 1E6

noisefreq, Hz

(&)t 4 e

1E7

1E8 1E9
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108

#3.6 58GHz & ﬁs?l » =

[tem

fE 2 d B Bhec g 2 M 5

Pre Simulation

MR g

Supply Voltage (V)

Conversion Gain (dB)

56

54

NF (dB)

3.6 (noise floor)

3.7 (noise floor)

IP1dB @ Highest Gain
(dBm)

-52

[1P3 @ Highest Gain
(dBm)

.43

[1P2 @ Highest Gain
(dBm)

0

Input Return Loss (dB)

<-10
(5:5GHz~6.2GH2)

<-10
(5.5GHz~6.7GH2)

Current Consumption (mA)

4.2

4.2

Power Consumption (mW)

7.56

7.56

Chip Size (mmxmm)

38 FiEE i TG _EHE2L S
247 % (CMOS 0.18 4, m)

MR Z )

381 mi#is
BB AT
FI* & 2 Ap = KR IRAT

filter) #t o

BAPTAR R
error = 3 o o % T

At g T EER oy H

B E P

o RS

s (TR AT UELEE € 7 bit
G iFR* ehl 2 4p A 4 B (poly-phase
JEHE K AR R A o
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A FRIW

3

—

¥

10/0.18 =

m\.ub m,m: mﬁlh \..|:
f a\mum f f J.A 4>0.§.mm4 Tﬂ j 4>0|§.mm4 Jc
LOI p LOI n PQQ U LOQ_ n %HW %
RS hmb\.mm

%7 h Vi n
N\Q 18 vDD vDD

L

IFiIF i IFQIF i
400/1 i -

ol_ _lo & ol_ OUT_ i ol_ _lo VB ol_ OUT i

AL

100/1

IFL.p IFl n IFLp IFI n

100/2 VDD VDD
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382 it 2fp=Ag d N

ERELA D SR AT B 3k - o i B (Divider)

[15] > *% = AR E T L BB 5 T L RUEL g~ hA B

R F Z &
Flgt o > 2 - > I 2 4p 2RI F % (Quadrature VCO)[16]-[18] » %

SROURBEF a0 T A MR RRG L Hg

HF %748 TE IR A & phasenoise ¥ quadrature accuracy 2.
B iB4h o % i 2 0 4/ & s (Couplen)[19]-[21] » + 34 4miB L7 it
& MMIC:E * ¢
MR B AR B B AC L o R R R AR R il A R 1L 2 R by e T
fire > e > kAR T B(Ring Oscillators)[22]-[24] » B2 28 7 12 4% it
LCRIFL AR TS > RAI* I g i= 24 Breanm 2
5527 phasenoise» #-¢ B BB f %o 327 »d RC-CR#rie & th
7

-

Fl 5t MO OB g U e 1C A T

I % 4p = A 24 B(polyphasefilter)[25][26] > & *t @Az b erig % » F (F

b fl* 5 s RC-CR K A it 2 Ap i Bk s i Ap e T PR 4L

S ERA T DIEDAGERE S R E A R T AR EE AFHET

2202k o F] L B 3 17 4 2 4GHZ e iR /T‘ T RER MM T A PR
&

Toi £ £ 4R E LABAE R M F R

W TG R Y S B A o & A

& Zero Crossing 4% & » ;%Hi%] g N eI AR ) o % #E BB gy 4% 1T 0y

pF'
S A AL UEAEARNGRAET 2 L UERE (2 2 LT
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AT RRBEATE N ) s B RTAEE  ABRE T &R et
A e TH A BRI AUEF BAA* A B/ D A
FooF- BDAEF BRA BT G o 40A B DI
I F B PFRITT A5 fﬁ%ﬁé“ﬂﬁo%‘fﬁ%%% s i
BoHd - BrrEE A RN (sensemode)-# D~ 5% 5
BT F BR Ag 58 (latch mode)-3= 2 w0 e
CHRA* L FME g/ L3 23 BEF Fauk (FHG §

f#ﬁiaﬁ%’i%;é_%ﬁ#'lﬂis?]ﬂzﬁﬂﬁﬁﬁééﬂiﬁ»ﬁv— L HHEE D

BHGE S BB g ATIRE AT E BT S g S e ueh
S
D Q D Q J f out- f out+
Master Slave
L D o) D 0
CLK_l | fin=2fout O-I

CLK ¢ 1

1 (3.64)(@) i fo 5% BAE(CML)(b)id » &;\ cEY
%L E Y LG VhiEds £ 4R SCL(source-couple logic) s &1

A [RI(364)] 0 v ke o — SR SCL ¢ 8 * CML Static %
AE E[FI(365)] > e ik & § FIF R 0 ] o T 5 g k]
WEGRR PGS o A IR RN i R 0 A - &
RS ¥ N AR ERE
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237 R B R

Voo
= =\VOn = =
Vo _p W V/_Po?q VI n
V/_p-l |‘_//_ n VQ_-In \|/_Q_ D
CLK_p'I e etk p

0

B1(3.65)# & 7 i i\ géﬁugf Hp R
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384 TEA

(1) "Agi# TG B R E

VDD

I

M- A
IF_p o—4 11}( W ———o/F n

LO p o—o—” I I 20/0.18“—
LO_biaS"—ﬂm_, L3 ), 1300 uA

vy

RF p v—|-“:l RF bias 10/01‘? RF.n

@(366) L% S w5 ‘h?l 5}'37 e 'H'F‘ ey ﬁ’l g]
7 et haher e dg B3 N o T headroom sRRRE 0 6 gL RlE 2

e r TUiRed MV T BRI SR R A Bk (e — AT ] o
Hu ) o] s o gad e e F(8) i@ REsgéne + 2 50 = % o

27

2 AR RS ERE A RFEAT R AR D 73k
Fé_«ﬂ“&i‘&’m* T '?

o s ek & F - R E 0§

FPRkQrd 53T FXTIEFR s RF B o
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() 22z g HE

Vo

WEN)H L T E T i

L:: 5 A= o 2 h o4& ] \»/,’ ] - R -~
¥ ,w:ﬂ,‘h&,"ff*iﬁﬁ N1 RPN S S S - S mﬁ?}&«"/f*ﬁﬁ

N
in-

=

AR AT B e e Rt R AR W os RS
- 0 B R R B R St o R R TR B
g * PR T RS R FldeT [27]

\

L T /T
C;’ %RLH E V % 1L E CI V
T s oL
H| T L '|_| = S =
lor 4 .
gmVi ori _-—E :TE gdi gm rol
@) Read Latch (b) Read Latch

18] (3.68) > it Tﬁ? 2] g w B (8)Clock=High (b)Clock=Low
o 1%](3.68).1\;,&7&@_;}’L i P crps [ B2 %ﬁ’fnfﬁ LY

@Clock = High= 7, =(Ry / /1y / /1, )#(C, +C)

Vou (1) = (R /11y 111, )] g (1— eXp(‘%highD

(3.46)

e
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(R /1ty 1) .
@Clock = Low=>7,,, =" - =g (Ry 1 Iy 11, (C+C+Cy)

Ve (1) =V, (exp(_%.owj)

(3.47)
3 (347)7 g, Ad laich chit w4t & o Fg R >1 Vo (1) § &

#E IV Ar%k g R <1 RV, (t)<V, » % o1 laich 7 it s4¥ data> “7

-~ —~

113 Gme iy B fE R ) FT LR 0 AR

B L EPE S T 5 NMOS St fek » + & PMOS 5 % (] T

L) > ek R B EREY s 7 g Ry RS EPF TG

NMOS & SU1E % & S Fe(hTim) > & % $875> Tk 48 £ 5 (couple

pair) o @ + & PMOS 3 4edfe i d [T R 030 B G g 105 [0

BAN)PF i E4p4s - EHME A AR L X G BRNTF IR
Al SR RS . S

B FHFELFHEFE
55 LO T 3405 02pF» FASEMT BHR 1 E it r 0 Vi §

fﬁﬁﬂg RN %ﬁ%ﬁﬂﬁiﬂﬂ?fiﬁmﬁﬁﬁm LO #® 3B 7

=

for bp FHUERYERTFNLARBR P RS 7 & aug
# - A et X ajk(common drain) k F R o ?Hi%l »~ 7 R %08V . #
P EAYEH Vo iE R LOB T RLIVe& i * & Jkik(Common Source)
I % - 148 § §*(Diode Load)= s & p /R & % Kt - HH & &

9
gmz

o
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Minimum Power (dBm)

IF Power (dBm)

BI(B7L)(2)5 & UL ()B4 & # IF AT

¥=F HAFRKH 116
Vo Vbp
VI no—{| m2 M2
LOI n LOI n
Ve o—{| m1 VI no—|m1
= (@ = (b)
B(3.69)(a) £ i~ t&(b) % A&7 K B
385 & ¥ ERIEE
5 j- D/D . = 0=0-0~0~0-0-0-0-0-p0—_
Z\D s S BN
-10F /D {1 = of D\j i
SN © o
X E\] O =0—0-0-0=61
15k - ~o.
L c \O
[ v | mem Measurement o .
3 1.65r —o—IMQ Load N\ ]
= —o— 50Q Load \
25 4 o Q
[ w O \
L @)
_30 PR ST S T [ T T T N N TN TN S T NN TN T S TN N 10 1 1 1 1 1 1
20 22 24 26 28 30 -50 -45 -40 -35 -30 -25 -20 -15
LO fregency (GHz) RF Power (dBm)
Fl(3.70) (= )'F 4 B e (w) s £ ¥ RF # %
0 P17 e T rorrrr T T T T
o OP=155dBm E OO0 O0O00CO000O0000M0,_
GfOPFs@n o o oL D 1
3 oy aaly —0— Pout (f1) 3 oy L
20F o0 “ I —0— Paut (2f2-f3) %, ?OOOOOOOOOO\ I OOOOOOOOO oMz
o™ e ——Par(ff)] = O ob R
10 pF 00 3 7
-50- AA{/,,KO 3 (210' Y b e
E A P f1=200kHz i1 & Q \
o - o ——1MQLoad \
0 ;AAA -4 =250 khiz i 2 —o— 50QLoad O\ O
09 IP=25dBmy O W\
O
OF IP1s=-28 dBm E é of 2 MHz \ -
-0 E° lIPs=-55 dBm E o\
(D _SIO _ZIO -]I-0 |O 10 01 ekl ---u;- ----IO ---]:I Al ---im
RF Power (dBm) IF Frequency (MHz)
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2L O-to-RF/IF Isolation (dB)

Gain Mismatch (dB)

Noise Figure (dB)

F=F RAAFREY 117

65 P e e e 70 T T T T
60 E O/O\O E a? E
C \o o 7 E 65k E
[ D/ \D ] c - 4
56/ : ]
55k D—D\ /D ] i) - i ]
[ 0 AN 1 B ool —0— LO-to-RF Isolation ;
O, A1 3%F —o—LO-to-IF Isolation ]
sof —o—¥ 192 |
i —o— 2LO+to-RF Isolation ] £ ossf _g—o—0 ]
sk —o—2LO+to-IF Isolation 15 —o— " —og—0—0—F o 1
2.0 power=0dBm 1 S b 2LO power= 0 dBm ]
40 - o - é L J
[ 4 —0—0— 60— ——0—~—d ]
fclc] I I EPEPIPE PP IPEPIPI IPIPIP PIPPE I IPIPIP MU PO P/} I S BN B PR .
40 42 44 46 48 50 52 54 56 58 2.0 22 24 26 2.8 30
2L O Frequency (GHz) LO Frequency (GHz)
®(3.72)(£)2LO to RF/IF If 3 & (% )LO to RF/IF If 3 &
15 T T T T T 15 File  Control Measure  Analyze  Utilities  Help
1 apped .
10 —0— Gain Mismatch e S YT 2 e 2] )
—0— Phase Mismatch ] % ]
osf . Jos =
— ] [&]
RN 1 2 AN AN NN A A
00F I s o NG Joo g
O\D\ ] 12 ¥
05F - - -0.5 =
' 2LO power=0dBm — 1 § \ / \ / \ / \ / \ /
10f O\ ° Jaogs
’ Ny el = )
15 1 1 1 1 | ] 15 e - olezal ﬂﬁnnwmv i ’Tluns ﬂilll [Tf100 s i‘ﬁ
' 20 22 24 26 28 30
LO Frequency (GHz) w 3
8] (3.73)( i)ﬂiq?] J 3 E e iA ™ f_ja(é)@?l 41k 35 (2.4GHz)
35 35
—=— RF=2,0 GHz
o s a s y o RE22GH:
2L.O Power=6 dE m % —o- RF=25 GHz
2L O Power=6 dBm = | N
» A W S —— RF=2,8 GHz
4 T | x
R 1 2 | Nj ]
20 gﬁ g 20
Nand ot o : S AR
15 l ] 15L ]
100k ™ 10M 100M 100k M 10M 100M
Noise Frequency (Hz) IF Frequency (Hz)

B(3.74)3230 4 B (2 )LO 5 (4 )LO # 5
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B b woq N N K
8] (3.75)Die Photo (0.9mm x 1.1 mm)

386 B¥x&itHh

Fl AR R A MR R E ) IR R FER SR g 4TS 0 (e
d F e > #F R Corner iR £ 4 IMHz 1 [BI3.74)] - h F1¥ it &
TR, ZO TR RS R R G ET R
I e SR LSt IS SRR ST A
A0 E TR o % ‘ffﬂfﬁﬁﬁﬂ%}%@’ LOBA g At (* 2ink
) = I/Qﬁ%l:'zﬁi&ﬁ‘; < PR FEHAEE A 3T

438 "% ﬂ,ért: ‘ﬁ%*t‘;?%i R R B A

Item Measurement
Supply Voltage (V) 1.8
Conversion Gain (dB) 22
|F Bandwidth (MHZz) 50
30 @ 100 kHz
17 (noise floor)
OP1dB (dBm) -6
[1P3(dBm) -55
P2 25
L O/2LO-to-RF Isolation (dB) >55/>54

NF (dB)

LO/2LO-to-1F Isolation (dB)

>47/>54

I/Q Imbalance @ 2.4GHz

0.1dB/0.1°

Current Consumption (mA)

9.2

Chip Size (mmxmm)

09 x1.1
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Rt
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,/TT

Mixer

Lol

VGA

64/0. 1k cLic
18 [ _v P

\Divider

Buffer

VDD

WY

7k =

S

_vav

bi

Im
Log p 't

0.18 ~

Lol p ___H_ ET o Lorn
o vQ_inv

hQOOla
Vi A_ _v VL inv V _v
12.5/

B

1(3.76)
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392 WE iR+ FA 728

(1) ##F=
Yok ke SIS hans o e

(QERHBA2F

M1 ON
v | / \\ I/ \\
Vie+ Vi II 1 ] I
M2 ON
ve | \ / \\ I/
Vis+ V¢ l \\ / \ l
Noiseless Switching ®)
switching with noise

lout=11-1>

T/Vll ON \/ \\

i

¢ = M2 ONY i ilil | /

+1
Vnoise Jout
I—o -1
-Vio !
*Vio Noiseless +1

/, out -1

- — 0

Noise
pulses 1 i 1 1y

FE7N@Y & T % %l 4 2 (D) R fe L 4 2 () ¢

T o T ERE B R ETAR L On
Overlap)[#(3.77)-(a)] » M1~ M2E jitp % 5 Fid k& > @ 22 LO i »
Ak AeB(3.77)-(8) o % 7 #k Ak F LA F (9 LO i ELERE o
B B3k % »x e W ey & fe 3 (flicker noise) § # w sV af & % % ¢ 2L
(zero-crossing) s # GpF o @ Wil pF Y (duty cycle)i?i® {87 4 —
BoOHZRH - wRiEREin ARG W d B(3.72)-(0)F Friz ik
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B8 § Aot HE S 2 JRIF S 2l 0 BB R Y BRI BT A 2 nE R

3 EIR R % rese ;‘En”ﬁ B R AR B B R
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Architecture
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Low-IF***

DCR
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Low-IF

Low-IF

DCR

**xLow-IF

Low-IF

Low-IF

Low-1F

DCR

DCR

*VCO power consumption included.
** Conversion Gain from input power to output peak voltage.
***The architecture of the radio isdual conversion.
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