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Design of CMOS Gilbert Mixers with Flicker Noise

Improvement and 60GHz Flip-chip Diode Mixers

Student : Yi-shan Li Advisor : Chin-chun Meng

Department of Communication Engineering
National Chiao Tung University

Abstract

This thesis is divided into two parts. The first part is about flicker
noise improvement for RF CMOS active mixers. Flicker noise in the
mixer of a zero IF or low-IF wireless receiver can compromise overall
receiver sensitivity. Improving, the“flicker noise corner can increase the
SNR. We choose a TSMC 0.18um CMOS technology and TSMC 0.13um
CMOS technology to implement low flicker noise active mixer.

The other part demonstrates 60GHz 4x subharmonic diode mixers.
The object of the design is to realize a technique of flip-chip. The
advantages of this technique are the elimination of heat effects and the
inductance effects due to bond wires. 60GHz CPW 4x subharmonic
mixer and 60GHz CPW 4x subharmonic mixer and amplifier for up
conversion are designed and implemented by using WIN 0.15um PHEMT

technology process .
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B1(2.46) flip chip i % & *c 4 B ;1 60GHz = aAY 4 & 47 = 254 2 45 50

-
ﬂ'ﬁ}_"‘awfl_@&é
K 4
2.65 % &34 ¥ E
£2.6322.6.47 R Bk TP ke ot B
"F::}:_ oy -
60GHZ = 1&484 12 45 = ;gb,ﬁt'ﬁ"' T M RF 5 60GHz ~

LO % 144GHz %2 IF % 2.4GHz > : 7 flip-chip {6 en& Bl % it fo 3
7> flip-chip = g 38 ¥ 5% 5 6dB - ¥ LO m@?l 74~ 14.8
dBm =pFiz > P1dB 2% %-6dBm> OP1dB 2% & %-2dBm- RF 71dB
PR N3 2GHZ =+ > IFSE R A3 REAE R > #7100 82 "3 RF 4
o LA ALALE TR B R TS A R g L
Y3k 1T 2 60GHz 5 p A% - § flip-chip i - #3434 & &% 55dB - LO
gy » 34 5F 47~ 208dBm bAoA P H gt flip-chip ® £

% o P1dB %% %-6.5dBm > OP1dB %% % %-3.5dBm - RF =11dB
EE R G5 2CGHz > IF#E F < > RF#EH -
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# 2.2 60GHz 4X subharmonic diode mixer pluses amplifier for up
conversion for flip-chip mounting

B pli %

60GHz Flip-chip 4x  Upconverter + Driving Amplifier
for Flip-chip Mounting
(WIN 0.15um PHEMT)

Frequency flip-chip = flip-chip &

(RF/LO/IF)(GHz) 60/14.4/2.4 60/14.4/2.4

Conversion Gain(dB) 5

IP1dB(dBm)

OP1dB(dBm)

Bandwidth(GHz)

4L.O-to-RF isolation(dB)

Power Consumption(mw)

Chip Size 2mm X 1mm
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(flicker noise) 1] 2 & d ¢ & W F e » svie 1 kg
' " C WL f

(006

process-dependent constant - C_, & gate oxide capacitance » W ~ L 4 %]
5 T & B cowidthdelength > f B8 I o 0] 5 PR M S 20 20 Feoae B L

B MOE chpE iE 2 E <08 S R e e Rt o TR 3 e e

CMOST & 4 FF 4 3020 27 2 02 cBL AT % B1(3.0) [1] -

|

20 |ogv2'

thermal

f 'f (log scale)

b
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g A7 & (Sensitivity ) o

R R R R b S SRR Ll A
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VDD

Asin(a,,t)
(1“@)uisy -

B (3.2) H T fr R 4 B
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3.2.1 PR o4

4B (3.2)#71 0 — B CMOS e @ VR 4f B & gﬁ%%ﬁ%@»‘
LO 73 7 5 'Ef"fr'% it Togh | i\ T 2R i T
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A g R T IR AT o [2]
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(2) #» 5

V()= i(sin ot + 1sin 3wt + lsin Sw t+-- j
V2 3 5
Ve (1) = COS et + N(1)

Vi ()= E{Sin(a)Lot — Wpet) +SIN(@ ot + Dpet) +
T
1. 1.
§S|n(3wLot - Wi t) + §S|n(3wLot + Wi t) +
1. 1.
gsm(SWLot - Weet) + gsm(SWLot + Weet) +--}

+n(t) -{i (Sinw st+ %sin 3@, t+ %sin 5w ot ++-+)}
T

b enLOR BLAR B3R & 5 A o (D4 R S se i St 2 41

7N 7

T M WA € B s s LOAT 5 6 38 R LB S n(t) A2

(M Bl o BBV () RURAR S (TR R )k a4
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E
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d oA PT UERT gzgj NS - B )ol ERCRAE
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(3) 2 &P M2

LO*» i B B e PP e 4R B g o > Vo L B B

Fiafi, 1T 4:d%e) S REMEN > FREBMMBAFEE S -

¥ 6 B(3.2) T B 0 F1 5 LO>7 3 B BE S P SRR 20 cr ol 5 {0 )
HpEER ¥ s’ ai\.lra;fé;_llnﬁ:mﬂﬂw;}g_m & 2 B(3.3)7 £ %

(=" ’%?] > enLOM B 32 e 3V E IR0 3K 2 LOR M 7 S %2 hard
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=
o
o

N

@?J M AR g 2 %> =V 675 B § (€ Zero-crossing Bk

o OV A A B BEAL R S at=V, (t)/S > S L0
Pr g a0 B chiT g tt%] VG R B e A
By AR U EL s R IR RESIR B B RI(3.4) 0 & - B

€ 7 21k zero-Crossing @k » 11 MUK fdi g D 20, ©

) LO Voltage
Voltages at Switch Input (d|fferent|al)

SANANAN AV

B8] (3.3) F° %3223 = zero-crossingzt- £
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Currents at Mixer output |
> time
Periodic -I
+
+ \ Noise Pulses
21 :
;
At_/o' i > time

#1(3.4) Flzero-crossingsf-Z il i3 ig = Fe il iR fir

on =2f o x2l XAt—gX2| X\L 41 Ve
T S SxT

Vo () =2Asino .t

% =2Aw ,Ccoso t=2A 27 f ,cosao .t
S= % =4 Af, 4 at sinw ,t=0 (zero-crossing)

S.SxT =4rxA for sine-wave LO

Fidy, 5155 5 7 F H e 5] 0 LO S 4 B B e eV, B 42
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(4) PRP B 2

FHREREA LD F2 7 T AR LO g » 3505
REFAFT 2B M)AV, oV 2 B2 2 s ARk wT &
o B W] Gl g TR IR o f LO R M T 2 2 P M
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ai kT o BI(3.5)7 T et source i ehF A R FCL Y £ X
FIV, e 7 e T a1 15 g AR - ] TR, 0 $HET
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N AW
T(a) t
B B e aare
0
-
t
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F(3.6) (a) B 7 & Hisourcesh cg R & it
(b)in jssourcesyd 4 7 % T o

(c)ﬁi;—] Dz engein o

: 2 (T2, 2 (/2 d
b, =7 [ Vi) dt == [, cp[avS (t)} dt

0

) 2 T 2
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AT @A ok 2B AR T AR B M AT LO A %

SEARM o § LOTS AR iy, ¢ JLiE © ¥ 7 LO M M e size
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£ Rtk LO ey » SUEL A 52l i) o B BB MR e i
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laaaruniph

fg T A
VDCI CI'L_ Y
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at s 5712 ON ehPF 5] 4c 2% > at > @ V(1) fat ShPEF R & $1C, %
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Ayt
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slope = V.0
V()5 dt

At

4 At dV (t)
—_C —)-V (——))=—=C, — At
L = 2C,M (VS =2, T

H
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— _g griS V +(EC j_ 2va (Cpa)LO)2
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PR B AT SRR IR ] TR BRI 2B A T e
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) % hard switch p# B B s § S8 0 TR E SR ST fgk
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333 1% TR £ et PR
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harmonic 7% 4c #c

—)

i8] (3.18) '*,f #cn 2 spurious kE 7 B§)

K =50% duty cycle Even order&ik

—3RFH 2LOL-5LO2

—3RF|+4LO1-5L0O2

3RF|—4LOI+5L02

3RF|-2LOIH5LO2

vy

[F =0z RI

®(3.19) f,,=8f, "% 3 IFcrspurious

64



¥=F S CHOS 5 HFNRAFEZ R L2 T 65

‘.

34 FiF- »EFBRE A >R TN

(TSMC 0.13pm CMOS)

341 =81

H AT RRFIC) AR E Lo f -3 WM 32

B F S R o @ CMOS 95 SlAzstime il o &4 ik
e ptek s B B4

FRE iR EEY P IR K SLE B 2 (SOC) -

fu

%] % direct conversion ¥ 7 F i * MiRijgk B o 7 U d H -

AT AT R B g iSNR £

X "N y B

XA e N 0 AT

DS B BN RTaE R T "0 R T P e

EAR
B A FRT VA NEF R T AT~ e

(1) PaeHpE

. »:—T? pa 77
LR RR T

-

g & * TSMC CMOS 0.13um & A2 k5§ 3 > | *
TRk or e R KRR GR AR Ben i e o o lon =41 Vo ¥ Ao

SxT on
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1
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(2) #u T A

& Gilbert Cell # 4c 2 T 755t » £ 5 » 4o[F](3.20)%
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81 (3.20) Gilbert mixer with static-current injection

B E 7 ORAR B e cna F][2]0 8- RF# H %GR 5 - current

sources > &V & % »xeh flicker noise source » 78 # 7 flicker noise #f 5

= O VR 0 Ry~ 60 LO 32k eV, 4 zero-crossing B §
A4 o FPAF - B R FINAER > NE R A Y PSR A
ARIA N HPEE T 4ot - ko A PR E CRERE H S
AL AR T s AR R R SR I o g PO S B s R »

= 9 R)(3.20) -
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VDD

Vetrl

R
I

i8] (3.21) Gilbert mixer with dynamic current injection

343 & rERIEE

(1) V. =0.3V 44 4 % % LOswitch® i » V. =1.2V B it » %%

RF=1.01GHz LO=1GHz LOpower =5dBm
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NF(dB)

NF(dB)

50 ——rry ——rry
0 1 —u—\c0.3V

I —e—Vc0.5V

Vcl.2Vv

30 fF
20 F

[ -10dB/dec
10k ]

O [ 1L 1L
1 10 100

IF Frequency(MHz)

B1(3.22) Static# g, iz » 7 in

50 : .
—a—Vc0.2V]| ]

40 i —eo—\/c0.5V ]
L Vcl.2V| |
30k ]
20 | ]
o [ -10dB/dec " o =Py |

O [ L L

1 10 100
IF Frequency(MHz)

8] (3.23) Dynamic¥? # f 93 » 7 i
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(2) LOpower=5dBm - LO frequency =1GHz ~ 1.5GHz ~ 2GHz :

50 ————r—rrry ——r———rrrrr
—-u— . 0=1G
ol —e—LO=1.5G| ]
i LO=2G
30| ]
o
S
L
= 20 - i
! -10dB/dec )
10} ;"\E ]
O- A A PR | A PR |
1 10 100
IF Frequency(MHz)
1 (3.24) Staticz 2 I =hl O#F
50 T T
—-u—.0=1G
3 —e—LO=1.5G
aor LO=2G | ]
30} ]
o |
E 3
T I
=z 20F
[ -10dB/dec
10}
0 [ L L
1 10 100

IF Frequency(MHz)

®1(3.25) Dynamics? # e L O#E &
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(3) Static#z Dynamic it fi :

NF(dB)

50

40

30

10

—m—dynamic
—e— static .

10 100

IF Frequency(MHz)

i8] (3.26)- Static® Dynamic s+t i

(4) Static¥2 Dynamicgconversion-gain-:

Conversion Gain(dB)

15

10

-10

1 1 1 1 1
—u—Vc0.3V
—eo—\Vc0.5v| |
B Vcl.2v| A
(=S :
.:' ]
1 1 1 1 1
-15 -10 -5 0 5 10 15

LO Power(dBm)

] (3.27) Static=rconversion gain
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-10 1 1 1 1 1
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LO Power(dBm)

] (3.29) Static die photo (0.82mm x 0.90mm)
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] (3.30) Dynamic fdleiﬁﬁa‘tu{p 89 mmx 0.85 mm)
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Vo PIE AP AL~ Tk ] pF o Staticsconversion gain § 57 ¥
B 153 & F 7] L #FH B Static current injectiond® 4_7 LOR B
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% 3.4 Glbert mixers with static and dynamic current injection

Bl 5t iR

(TSMC 0.13pm CMOS)

Glbert mixers with static and dynamic current injection

Iltem

Static

(0.82 x 0.90mm2)

Dynamic
(0.89 x 0.85 mm2)

Frequency(GHz)
RF/LO/IF

1.01/1/0.01

1.01/1/0.01

Conwersion Gain(dB)

@current injection off

Mixer flicker noise corner

(MHz)

Mixer white noise

(dB)

P1dB (dBm)

Supply Voltage

Supply Current
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(2) #- &g ¥ - mifpHF
¥ - iR Ap E A Micromixer > i & - SR~ TR 3
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TS

w3 fjf‘u{i&—D-typeﬁvFIop-Flipﬁv@i%-‘r D> 5 d CK&%@?] » o
TP E T R 0 L 4R Bl R R GBITY A
ECL(emitter coupling logic) &« % MOS * # % CML(current mode
logic) - 2CMLZ ™ & I} % ehlatch{ & &4 - ‘wdifferential pair+c
+ regenerative paird; = > 4§ (3.32) 0 A SHEZ A E R Y - &
differential=rrclock:t 55 - ¥ — D-latcheni& it 247 © 4 CLK % high
pF o> 2 g d D3 ~ differential pair® - ¢t ¥ shregenerative pair et off
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B e #2540 fe 3% cross-coupled solatch 7 fi&v‘ o B2 * CMLE IR 1) en

latch™ 14 @ 3% 1% > ApgF st Jf 4ix Ap§ 7 R

Regenerative Pair

®1(3.32) ¥ - D-latch ¢ i
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VDD
LOl+ o ~ tgzzgr
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D4 Lio2i-
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Lo LO2Q—
Vbias
o VDD
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I

T Lo1+ [ T Iy |
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Vetrl
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F1(3.35) AR T B H
353 & 4 Epes

(1) RF=1.875GHz LO1=1.5GHz LO2=0.375GHz (V. =1.4V #

F_# 7 LO switch® /it

60
—n=Vcl.4V|]
—eo—\VC1.6V|]
50 | Vcl.8V |+
40 | -
-~ ]
E r
"Z" 30 -
-10dB/dec ]
20 |
10 1
1 10 100

IF Frequency(MHz)

@] (3.36) LOpower=-2dBmp# % [ e/3 » o

78



b3 S48 CHOS 5 B 7V 2 45 B2 FPRAR 71 7082 A7 5

60 T
[ —mn—\c1.4V/|]
[ —e—Vc1.6V|]
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o L
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20k
10l

1 10 100
IF Frequency(MHZz)

B (3.37) LOpower=0dBmg: 7 = 73 ~ 7 i

60 . — s I—
[ —n—\/c1.4V/|]
[ —e—VC1.6V|]
50 | Vcl.8V |+
a b ]
) L
E 3
= 30}
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20 F
10l 1
1 10 100

IF Frequency(MHZz)

8] (3.38) LOpower=2dBmp= 7 F &3 ~ 7 it
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(2) RF=1.25GHz LO1=1GHz LO2=0.25GHz (V. =1.4V 3 4_#

% LO switch® ;%) -

60 r
—n—Vcl.4V|]
—e—VC1.6V|]
50 | Vcl.8V |+
40 | ]
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E o
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20}
10 L
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] (3.39) LOpower=-2dBmp % Ie 733 ~ 7 0
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] (3.40) LOpower=0dBmp* 7 f& 9 » 70
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IF Frequency(MHZz)

B (3.41) LOpower=2dBmp: 7 e 73 ~ 7 i

(3) LOpower =2dBm:> 'LO frequency =1GHz ~ 1.5GHz :

60 T

—n—LOf=1GHz
—eo— | Of=1.5GHz

40 |- -

NF(dB)

-10dB/dec

20 |

10l L
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IF Frequency(MHz)
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(4) LO frequency =1GHz - V. =14V :

60 . —
[ —=—2dBm
ol —eo—0dBm
[ -2dBm| ]
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o I
E 3
= |
S sop ]
[ -10dB/dec
20 F L
10 [ PR | a2 2
1 10 100

IF Frequency(MHz)

B (3.43) ¢ * “,fvr “,fﬁﬁﬁiﬁﬁ;i AR A B2 7+ LOpower

(5) CG&P1dB @ LO-frequency=1GHz > V. =1.4V

Conversion Gain(dB)

14

13

12

11

-12

-6 -3 0 3
LO Power(dBm)

®(3.44) #4534 &
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20
| —a—CG@LOpwr=-3dBm |
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m
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c ~u
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c -\
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® e
o) N
z
o SF
O

o 1 1 1 1

-35 -30 -25 -20 -15 -10

RF Power(dBm)

B (3.46) ¢ * ",ﬁ% 7 K,ﬁ% #E R 2 PR R E Bdie photo (1.2 X 0.9 mm2)
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3545 % pr3i

(336)4 ﬂ(341)?‘/ ’%‘EJF% L BENP NS g%gf'JZ fF
reiack o A X AR 5 RARE LO B M AT AR ] it
5 Ax4F > ¥ 18 I B i enl/fcorner - 8] (3.42) %2 B (3.43)R] K skE T i@

o e LOAE 5 2 g~ e LO power ¥ PP @ 3g 2 ez g 5 JTes > 7

4l | -
E on(f) V(f)X_T_V(f)xﬁ o fA j‘:E?'F:ﬂ?'i'ﬁil’iﬂﬂ
ﬁi%ﬁ‘-"? iT— mﬂ_, ¥ > 1/f corner :x:i& 3 10MHz = % > 1 & ‘«Lh] % i

rﬁ:’(“%ﬁﬁﬁén»%ﬁﬁ%a% CREE L EIE T LO24E & » % %
Zero-crossing Bk *if 17 enS AL g & o

# 3.5 Dual conversion mixer. with divide-by-4 prescaler

BBt Pl %

Dual conversion mixer with divide-by-4 prescaler
(TSMC 0.18um:CMOS) (1.2 x 0.9 mm2)

Item Measure ment

Frequency(GHz)
RF/LO1/LO2/IF

1.25/1/0.25/0

Con\ersion Gain(dB) 13

Mixer flicker noise corner(MHz) 11

Mixer white noise(dB)

IP1dB (dBm)

Supply Voltage(V)

Supply Current(mA)
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363 &Y ERIEE

(1) RF=1.125GHz LO1=1GHz LO2=0.125GHz :

—=—=Vc0.3V(§ %)
50 | —n—Vc0.6V(F >) | 1

-10dB/dec

O 1 1
0.1 1 10 100

IE Frequency(MHz)

B (3.50) & * % A xfﬁgﬁi%z{_%ﬁg;ﬂxﬁgﬁw e xR on

(2) LO frequency =1GHz »/Vz=0.3V :

60 T
—u=7dBm
so0F —s—6dBm| 4
5dBm
a0 J
) .
S 30 |
z -
20 F-10dB/de - Ty ]
10 | -
0 L L
0.1 1 10 100

IF Frequency(MHz)

B (3.51) & * ",f A~ “,%ﬁﬁi B R R A B2 7 e eriLO power
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(3) CG&P1dB @ LO frequency =1GHz - V. =0.3V
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(4) @ * % N R E 2 B 4R E cidie photo

B (3.54) & * % A "fﬂiﬁf = 2 die photo (1.1 x 1.2 mm2)
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# 3.6 Dual conversion mixer with divide-by-8 prescaler and frequency

planning

e RS

Dual conversion mixer with divide-by-8 prescaler and frequency planning

(TSMC 0.13um CMOS) (1.1 x 1.2 mm2)

Item Measure ment

Frequency(GHz)
RFLO1/LO2/IF

1.125/1/0.125/0

Conwersion Gain(dB) 13

Mixer flicker noise corner(MHz) 1

Mixer white noise(dB)

IP1dB (dBm)

Supply Voltage(V)

Supply Current(mA)
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(3) LOpower=5dBm - LO frequency =1GHz ~ 2GHz :
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% 3.7 Gilbert Mixer with Dynamic_Current Injection and Inductor

Gilbert Mixer with Dynamic Current Injection and Inductor
(TSMC 0.18um CMOS) (0.8mm x0.85 mm)

Item Measure ment

Frequency(GHz) RF/LO/IF 1.01/1/0

Conwersion Gain(dB) 8

Mixer flicker noise corner(MHz) 3

Mixer white noise(dB) 12

IP1dB (dBm) -12

Supply Voltage(V) 1.8

Supply Current(mA) 6.7
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(8) RF=5GHz LO1=4L02=4GHz ’ V. =0.9V :
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(6) @ * BIT# rB 2 & "5 4 /2H4F B cdie photo :

B (3.69) i * BT X 2 i & "# 45 2 4f Bdie photo (1.1X 0.8 mm2)
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% 3.8 Dual conversion mixer and BJT buffer with flicker noise

improvement Hc#8 22 & )% &

Dual conversion mixer and BJT buffer with flicker noise
improvement (TSMC 0.18um CMOS) (1.1 x 0.8 mm2)

Item Measure ment

Frequency(GHz)
RF/LO1/LO2/1F

5/4/1/0

Con\ersion Gain(dB) 5.8

Mixer flicker noise corner(MHz) 40

Mixer white noise(dB)

IP1dB (dBm)

Supply Voltage(V)

Supply Current(mA)
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