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Mixers with Different Type Marchand Baluns and Signal
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Student:Kuan-Chang Tsung Advisor: Chin-Chun Meng

Department of Communication Engineering
National Chiao Tung University

Abstract
In this thesis, we focus on two topics of Radio Frequency Integrated

Circuits. The first is Marchand baluns and combination of Marchand
baluns and active mixers. The second is signal generation by frequency
dividers and oscillators.

We implement different, type Marchand baluns by using TSMC
0.35um CMOS technology:and TSMC 0:18um CMOS technology. Then
Marchand baluns are integrated into active:micro-mixers as LO input
element, and it is demonstrated in TSMC 0.35um SiGe BICMOS
technology process.

Conventional analog and digital frequency dividers are discussed in
this thesis. We use TSMC 0.35um SiGe BiCMOS technology process to
implement truly 50% duty cycle divide-by-5 digital frequency dividers.
Analog frequency dividers are more adaptable for high speed operation
than digital ones, and they are implemented in high cut-off frequency
Win 0.15um HEMT technology process. In Oscillator circuits, we utilize
trifilar to couple output signals. Direct coupling and series coupling by
transistors both can generate quadrature signals. Finally, Quadrature
Oscillators are implemented in TSMC 0.18um CMOS technology process
and TSMC 0.13um CMOS technology process.
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#t layout 4o @) 2.5 #7m »Type |l c4g & £ i1 * B %48 & v & =
R Type IV % & in s £ 0 5% T8 6 B RRY

Type | Type IV

Edge coulpling Broadside coulpling

B 2.5 Type | 2. Type itV IE3D layout B
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LRI

(1) Magnitude Response
Type |
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i8] 2.6 Type.l magnitude response
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i8] 2.7 Type IV magnitude response
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(2) Phase Response
Type |
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i8] 2.8 Typerl-phase response
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i8] 2.9 Type IV phase response
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(3) Magnitude difference
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i8] 2.10 Type | VS. TypelV S21 and S31 magnitude error

(4) Phase difference
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i8] 2.11 Type I VS. Type 1V S21 and S31 phase difference
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% 2.1 Type | and Type IV Marchand balun Summary

Technology TSMC 0.18um CMOS
Type I (edge couple) IV (broadside couple)
Center Frequency 10GHz 12GHz
S11@cCenter Frequency -17.3dB -17.5dB
S21@cCenter Frequency -4.7 dB -6.3dB
S31@cCenter Frequency -5.6dB -6.6 dB
Phase difference 171 deg 177.5 deg
S11 <-10dB 6GHz~17GHz 5GHz~40GHz
S11<-12dB 7GHz~14GHz 7TGHz~25GHz
Die size 170 pm x 320 pm
Die photo
Type | Type IV Open Pad

Bl 2.12 Type | and Type IV Marchand balun die photo

14
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B2t

F Rl % H v Type IV Marchand balun % & &_% port2 £ port3
1 magnitude error + £ §_% phase difference |+ eng b b @1 330 en
Type | Marchand balun & - d ﬁi%] TRk g0 s B type ehP AR
Type | errreturn loss S11 % -17.3dB & type IV return loss S11 %
-175dB e - #km 3 o T O A & L S11 4-10dB 4T 2 gk (TAE R 0 i F)
L Type IV B4 4 i~ 4542 > & 19 S11 4B 45 % - »+-10dB > & %
RAHE RO 2 S11 0] 30-12dB kv fe s F g
B At g T Type | 48 % 52 7GHz~14GHz » Type IV i 7GHz ~
25GHzZ » % (EAE 3P B 5 Type IV S E > IZ4p 3 o gt o > T3
Type IV 2 58 & g ec B TR A5 Type | @ 3 vt
P5 e R B iR TYPE IV B 4 & B R -

224 TypeV £ TypeVI10° 0% g B9 iF

(TSMC 0.18um CMOS)

TypeV £ Type VI ¥ Z_1 Type | &2 Type IV } B-FF 2 e = iR §2
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Type V

Portl

f s |

” 0IC 0OIC H

Port2 Port3

U

Edge coupling

B 2.13 %%

16
Type VI
o/C —Portl o,c. — —_oIC
|—| A A—l
Port2 - ~ Port3
Portl olC

| olc oc E]

1 L

I v |

Port 2 Port3

Broadside coupling

7 7)) 5] ;% Type V-2 Type VI IE3D layout
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LRI

(1)Magnitude Response
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i8] 2.14 Type 'V magnitude response
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i8] 2.15 Type VI magnitude response
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(2)Phase Response
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i8] 2.16 TyperV phase response
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] 2.17 Type VI phase response
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(3)Magnitude difference
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B 2.18 Type V VS. Type V1,521 and S31 magnitude error

(5) Phase difference
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i8] 2.19 Type V VS. Type VI S21 and S31 phase difference
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% 2.2 Type V and Type VI 0°,0° 4 ;& ® Summary

Technology TSMC 0.18um CMOS
Type V(edge couple) VI(broadside couple)
Center Frequency 6GHz 6Hz
S1ll@Center Frequency -9.4 dB -14.8 dB
S21@Center Frequency -5.3dB -5dB
S31@cCenter Frequency -5.7dB -5.5dB
Phase difference 4 deg 3.6 deg
S11<-10dB NO 4.5GHz~7.5GHz
Die size 220 um x 450 pm 170 pm x 320 um
Die photo
Type V Open Pad

) 2.20 Type V and Type VI 0°,0° 4 ;¢ = die photo
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BEHHw
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232 3 T RLERAH
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SR
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FHRER
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233 FRIEE

(1) #aH &
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(2) #4# 3 £ VS. RF frequency (RF bandwidth )
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(4) P1dB / 11P3 (&4 3 )
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i8] 2.28 Type | P1dB and IIP3 @ RF 7GHz

i8] 2.29 Type IV P1dB and IIP3 @ RF 7GHz
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i8] 2.30 P1dB and 11P3
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(5) Isolation
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i8] 2.32 Type IV isolation
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(6) RFand LO #j » i& v 4 4

Input return loss (dB)

Input retrun loss (dB)
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B 2.33 Type | ﬁi%l »GE v 3R A4S
Type IV
0 T T T T T T
—u— RF port
5] —e— O port|]
-10 4
-15 4 \ i
g -
-20 4
-25 T T T T T
0.0 5.0G 10.0G 15.0G 20.0G
Frequency (Hz)

®] 2.34 Type IV ﬁi%l *iE w AF 5
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(7) Noise Figure
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i8] 2.36 Type IV noise figure
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Die photo

Bl 2.38 % & Marchand balun Type IV ;2 #f % die photo
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Chip performance

Process TSMC 0.35 £ m SiGe BiCMOS
Marchand Balun Type I v
Supply Voltage 3.3V 3.3V
Supply Current 2.54mA 2.5mA
RF/LO/IF Frequency | 7GHz/6.9GHz/0.1GHz | 7GHz/6.9GHZz/0.1GHz
Conversion Gain 4.9dB 4.8dB
P1dB/ 11P3 -9dBm /-2dBm -10dBm/-2dBm
RF Bandwidth 3GHz~13GHz 1GHz~15GHz
IF Bandwidth 20MHz~900MHz 20MHz~900MHz
S11(RF match) <-10dB <-10dB
NF 14.2dB 13.8dB
LO-to-IF isolation <-25dB <-25dB
LO-to-RF isolation <-20dB <-25dB
RF-to-IF isolation <-20dB <-20dB
Power consumption 8.4 mW. 8.3mwW
Chip Size 0.95 x 0.86 mm2 0.86 x 0.71 mm2

# 2.3 Marchand balun ;2 #7 % performance summary

e ® g g 0 RF 3 17 3dB 4F % Type IV 1GHz ~ 15GHzZ 1+
Type | 3GHz ~ 13GHz P %R & & > “f pez e Ao L f o
RF 2.7 «WHf & TGHz ehil 4 3 £ A 5 & Type 14.9dB £ Type IV 4.8
dB - #4p £ 0.1dB; IF B4p = Jﬂz ¥ = 0.2MHz ~900MHz ; # RF ﬁ-%] »
Ew AL 0 B MR B e o g IS % o) 2-10dB 0 5 2R
CEOS RLIEER 2SS P T R SRR T L

< ]2 5 > 4 Marchand balun = -] #7*24] » #]% Type IV Marchand
balun % % :¥48 & (without offset ) m % #& |- ; @ Type | Marchand balun
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et ICRWAREA TR - {I* FHME AT R
A8 M e (withoffset) sxm fifo~ - jie- BREDF TR
LV SR RF4F (T IR AR R T R~ 2P 04 ¥ RF 1
(48 %% % B o1 &7 Marchand balun p|22 2 B3 4p e ch% % > T 4

Type IV Marchand balun % & f = e & £ > #p 5ok (T4 5 o

33



34

F=f FHCE

34



PZf FHEE 35

v ’xéﬁﬂk.ﬁﬁ LT o F & B RF A G integer-Nir

fractional-NZE #f > iz = 7 7 L ¥ § & 44 F X #VCOHk I e

Flip-Flop(DFF) i i & cde & ) = 22 % (counter) K3+ 5V > ¥ F
m%%ﬁﬁ%ﬁﬁo@w»? A BB A s
¥ A AL A5 % #7 T8, (Regenerative-frequency divider) #7731 »
ZE R “,/TT #p % 8 (Injectionlocked frequency divider) = fE% # - 7 F
WG BE RS TR AT RE- T o

T %J&fﬁgﬁﬁﬂaﬁaﬁ@*i“’&ﬁ%ﬁv
T b O ﬁ» BRI R AP A e SUBLRE S B g
R P ﬁﬁﬂﬂ%$££$§#Mﬁﬁ%&’%u%ﬁaﬁa
FAE RS T g 4 7R g iy g o+ ] (Image

rejection ratio)fr A 3 MEL T T AP =B R AP R 2 ¢ Jr A B WL T
#FH (dutycycle) « F ApM > dofe i@ Bz ;8 7 "/T‘ﬁg;m"/]c‘ﬁp" L L
150 %1 FiFH Ay B - £ R Ty £ 8o
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3.2 fﬂfﬁ’gj It AR LS
3.2.1 #g % &£ = B (Synthesizer) #jTgF .+ R

B- g M ke B IR TS B b i kHz k Bk B
PR B L R B g A F R R AR g KSR RO

B 0% F Ao B3 1977 o

7R/

=~
Duplexer Frequency Channel
Filter Synthesizer Selection

T

BI3.1 454 B A o b gt

L\

%R et IR BT & 4 fhspur (sideband) 1t 2
locking time ( settling time ) ~ phase noise * &% F]% 3};,3 B i on
%ﬁo,&%iﬁWD%ﬂﬂ%zgﬂwmg4,%@ NPT

4‘4)]} g f spur IR o Spurﬁ'«fi—’]( B e 2f§’3 g %3‘2%?‘&% .

Interferer

Desired Signal

RF Input (Y\
>
Dre

LO a)im
Synthesizer Sideband
Output ?
| »
Do s
IF Output (V\
2\ -0
O

B]3.2 Spuritz ot 5L angs 5
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éﬁg%%}ikﬁ;’ﬁ O BF FHRRO, RO, -0, =0,

nt -

b P @ M ELE FIIF band( o )ik F o+ + +H# ko, F D)

int
O > 3 FAFLPFE o T - ek S ¢ & Rspur® v carrier (4
60dB > # X f]k{ﬁ-%—a)s — O IR% S Rk, 7 7 duplexer
£ band pass filter k Fr 4] -
KRR B 5 £ & & ihsettling time™ 7 ¥ 3+ 3P settling time

R RO o W335 VCOR I e F R 1 a5 & F B

7 & — channelf & ¥+ 3| @, channelps 177 & B -

F13.3 47 % & & By pEVCOR 1147 5 % 1t

g

" IR EVCO ] R Veont & i I8 2% » VCORB &1 i 5 -

Jet

it o R T ELPF € #adjacent channelz 5L 4T T & st

<

;e B M BLPE - € v adjacent channel 5733t 5L 3 1% B @ iE s

B

PR S I S B e FI3.65 R o
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Received Transmitted
Channel ) Desired Channel
Adjacent Channel
. . ~ Channel ]
Desired SNy e Adjacent
Channel : g 4y Channel
w [0,

(a) (b)

Bl3.4 #7 F & = Bsettling time¥+ 355 4 i 0@, 58

Fl 5 0f = g B R of B BB R P T AR B RS

£ BHVCOZ (46§ + a0 B fﬁp (prescaler ) » #-4 & "% 7| ¥ 47 5\
THRET e [Fl(13.5) -
frer o— PD —{ LPF }=—+ vco > fout
A
+M = +2 |«
Programmable Prescaler
divider

BI3.S "2 TR AMEF & B * - j%i"éf*iﬁfﬁ
3.2.2 ® #4f ¥ & = -Carrier Frequency Generator

Ultra-Wide-Band (UWB) % (LpedE 2 &

P EPEME A E RoUWBH@E R L35 B g4 7F
TR P o HE ¥ =2 3.6GHz~10.1GHz » &7.5GHze#g3 ¢ ¥ & 5
14BHAEF i@ * > @ & BAEF 7 528MHza¥E & > 457 F e
(model and mode2) @ & * % [ g & ¥ o F] 2 UWB 2 MB-OFDM
( multi-band orthogonal frequency division multiplexing ) ,% %t > — &

W FLBXAFEH AUWBeh st » A B G - 7 > - &% 5
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B E X BRIPEF|IFA IS &+ > Mmode2 5 ] > mode2# 77
BAEF 0 M F & X BiaEtid 3. 1GHz~8 2GHz g F £ & ; = B F) 4
- BARSE S BEMRE RN s @ kSR RE S0 ns 0 ik
7 RUWBSCH 51 2 7 RS i 2 906 & § RBHY 0 5 %
i# = » % i frequency planning - direct frequency synthesizeris * % if 1]

A 4 38 ehf L (carrier frequency generation ) °

UWB Mode 14=Mode 2 i\,ﬁ.ﬂlﬁ—“ﬁ A2 BE ’}#_

Mode 1#g & 4™ B]3.6%77F

wmode 177 i@ 1T » F & £ 3.4GHz~4.5GHz: 2§42 2 2 = B
M & 5 3.432GHz ~ 3.96GHz¥2 4.488GHz » ] % & g F ehd = f‘ )4
A2 TERY T e 77 @ FaTRG B R R ‘3?"}”?5? E e
W F A GO E A A U R 8 e 3 R

HARFA AR A T Pl

i Band Band Band
#1

4

#2
3432 3690 4488
MHz MHz MHz

3.6 Frequency of operation for a mode 1 device
#13.7 % mode 1§44 & 4 R #ech— B b+ > 8 » 3155 3.96GHz -
Lip- B “f3q’ .. (- BSSBiRAE B2 - “,f TRATIE ) ?;'f”,lr?2.5§“,
B (- BSSBIRAE By - B f2”‘5 AR ) LB TR ﬁ"“] » 3B R
JUHAE > % SSBIRAE B eriiE F i 2 4% > ¥ 1 lupper bandit 5L -
. ﬁ"“] » 2 55 frlower band? IL%*U%J Nz BRSNS
ik B ¥ U 20ns o
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Band switch

% 3.432GHz/3.96GHz /4.488GHz

SSB mixer SSB mixer

PLL/VCO Y
@3.96GHz -

528MHz

+2.5
8]3.7 Direct frequency synthesizer for UWB mode 1 application

Mode 2 54F F 4o B]3.8 #1757
fmode 277 «iF (¥ > 43.4GHz~8GHzAF 3 ¥ 7 = BAEH g * > 454

19 L HE Yo b AT o

A
Band Band Band Band Band Band Band
#1 #7
3432 3690 4488 6336 6864 7392 7920
MHz MHz MHz MHz < MHz MHz MHz

[8]3.8 Frequency of operation for a mode 2 device
HRLEX3NS B A paEsREad 72 o B395 A4 7
R IR éi%] »#F % 5 16.896GHz » T ¢ & 7 - ®SSBiR
LN £ = eswitched bufferig 4% gy &1 47 5

SSB mixer

+2 b——{
: +2
SSB mixer

VSwitch buffer

Freq Out

PLL/VCO >
@16.896GHz =

f8]3.9 Direct frequency synthesizer for UWB mode 2 application
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AT FRA F A F L A EL

=7
f
LRES G GRS b (o SR T A - B TR

v

Fra L A S £ = ’f:?&ﬁﬁﬁii?ﬁimo
3.3 f%t’g’;: Bt g o LE A 4

3301 S FRIB L EET R

Homodyne 4%z # & "8 4 FF & 4&4= RF ;U 5L"% 2| M #7 UL FE &
zero-IF & B 355 47 - Zero-IF 7 Low-IF H_P w04k B £ 38 % crdd T 4% 2
o d WP EREA R R (g ) T E- M
TEAF IR T A BSTHE Wkt AV g R T 2R 250 WAL
BT s R 2 0 P F R SRR A 2 R T Bk T
Lo Bown L s iy “frf # e 7k r  Hartley 7% 22 Weaver 7
o - FERRREY DL LHPRIREGRTE

HApH A4 RS > 3 L r 2 AR T B - B AR
LO B FAT B A AR DI R4 > & HAR S chff (T RILW 4 T 54k
P 1 Output =cos oyt cos gy ot Tsin ot sinoy ot =cos(a)g Fo o)t
PR E LS ehs B L EGE F A B R F L Fupper 2 lower 8 - #f

& HELEL o

coso|pt ®

t
cos @ ot Output
sin a)Lot

|

sin @ ot ®

B3.10 H#p ¥ 2 H4p =®
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Fatileipens B AR S ENE & 2 2 4p 2 LO R
5o LO ehfp AR~ JRiE A - R g B D F B HE 0 image
rejection ¥2 side band rejection ration 2% % ° i ¥ image rejection ratio
#7 side band rejection ration F i£ ] 30 ~40dB-LO ¥ it % £.0.2 ~0.6dB
TR A S E 1~ 5 R 03R4 0 Fletdeiv A 4 BRwenl 2 4p i

MEE- FR LA LA Bt o

332 A AH A4 R

(1)RC-Network

:l_: In 0° o T \/VV\ o OUt627O

Voutz o OUt—O

v T— W o
n

»—%—cvm n_180° Hm_o out 90
W Out_180

—-=O0 0

= g
(a) (b)

]3.11 RC phase shifter

o % 3 - ELA B i - BRCE CRENT B 4o 13.11(a) 7
R 1 KRS S 2

SRC jaRC P 0

Vo=V ~V. S

o =V 1 CsRe =1k jore 41 =5 ~tan (@RC)
| 1 1

Vor =V =V —/2=—tan  (wRC

outz = N sRec M1+ jwRC (@RC)
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1
PEBRAS P > XY CHE SR FRA RS TRAEZRY o FRW AT
BRBAHEE > PR P 4% 5 % aRCnetwork > e £ F 5 T A AL
Gn o f 45 s RConetwork 5 UELEN R R B BARE T AL T 4 3

B BAEEIE XA v ok o B g M Ae s F) 4L 0 pboof ggi,g]/\gmz

y

L5k R~ UL B 30T 48 § L #RConetwork 0 F] 5 7 AR
Foenjp B ARG PR - Ho €1 ;\%] 1 Ea 17 3% 89 (duty cycle)

]

14

b

(2) % 4p 245 H1VCO

= A VCOE_d % &delay cells®rie = (§]3.12) » 4% N.iadelay

(360° —180°)

cellsB £ > & B erfp i L 3 1 9= » #0 BAVCOT 14

KA A AR m@.]”"oﬂ F] 5 BAIVCOTF P ¥ i3 5 EH
e RIS H@‘Jup%%’imﬁ RS A m A * IS T o

B®3.12 N2 % 4] VCO

FrEEEI AT T EpEEAT o TR 2 e
LC-tank cross-coupledsnVCO48 & K {8 & < 4p > mﬁia?l d o Bl H ez
HAcBI3.12 #7om o e RaE B 7 03 G AP R & 4p 3% £ (phase
error ) 2. i eitrade off » 3% € A F43F FGELP o F VCO~ 2 ¥ 55
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mismatch > BHi%J Rl H 4 B @ 2£50%1 (TixEp o

f8]3.13 Cross-coupled VCO with parallel coupling

G)fI* k= TR A2 T 2350 4

FI* k- A2 T RABGHT F S P TR AR LR R
- BVCOH (T4 T & 1 L5l S s 24> L ©1if éfatp T s 183
I AP e BL(R]3.14) o B2 B < gt EL ’&"f**;? 55%1 o
B > E BN % B R B F T B AR T BT & 4 ecurrent density
SRR BINRLERE R TROFFPEL Z I ST E
R LAl U Sl S PR AT g 28

S REKRAA T MBS E P m Y A d o

A

D - Latch CLK

- [ LT LT LI L
l.oe | CLKo— e00Q,
| ol GKo oo - LI LI LT L

. or| LI LI LI L[
D - Latch | +

B]3.14 ",f: @?J T ELA A
F1# %: TRRAA T INE TR - fgﬁ'ﬁﬁv@?])\gmﬁfb,; 24 e

»
»
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VCOB&E fR ¥ :E 7]50% 1 181 #p e %@iﬁi%J A1 e 2250% 3 173 Hp et
%,i;:@uf: TEL ST L 3)50% 1 (EIE H) év’vﬁi%l:". » F B - ﬁ%]:'u} 2
B R § X DIVCO » U ELENL (T 8 Fho 13,15

A

ckf U uu L
ck{l TN N0 N T

ool 1) I
Siligligh
Not perfect quadrature g

FI3.15 # ~ 1 (EE R S D 2 AR R R

(R U IEY SE e N3 & e 9 VCO%] »AELZF AT
SpurspF > spurs,f‘:i:‘@%: CIR S SN B D ﬁs?] »AFIF L @0 F
P *ifﬁa?] * B ] dspur oy SO FAO kL < 5 €0 AoB3.16 AT
7+ o H-spur~s » AMEPM= ‘sideband © =~ | & %8 » flip-flop ¥ € %+
313:] » 2 5 threshold crossing® * & (BR3XK ﬁia?] » endifferential threshold %

0) @ 2uiy » A HLen= ] > 27§ PM sideband$tlip-flopF # 5 -

1 R
Aw Aw
& -— —l— —
Aw /. 1 Vre
= BT 7
2 voo o
20n -y
+Aw & +Aw 1

—Aa)

1% 1\;@

—A(u

®13.16 #-spur~ 5 AM{-PM sideband

d P kg s (R13.17)0 ﬂip—ﬂop@?l dreng v w .’fJf_ﬁi%l » 2B K A
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differential threshold ¥ & _positive triggerf& & 4 % it > Vi ¥ 1038 I F]
SRR B e e 5 P g e E o
P~ o E R G - 2 RIS EPM sideband % ] 8 S g~ - 2L

EY Ag ) fiﬁ%lt".spurléi’ﬁ%“" PRI 81 5 Aw 0 rsideband -

+21Input a}l

1|

+20utput

Yo
F13.17 % SR~ 0 ik 7

2

o %l)x M HL espur & @Kﬁg: TE.{S > spurg jﬂ’,&t i gl
A IEREE S B E RN B ¥R imA ) Fspur

A S DB T AR
34 BRGETEER
3.4.1 3 :& Flip-Flop f

H kR "f: ™ B )]'J'ﬂ;’f | % — B3 €58 (master-slave ) =
flip-flop it & ® $%(H13.18)» & & B latch=2U 5.7 2 3% i fhigh? low =
R T
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><: D Master @ ~D Slave @ y\cf
_ — _ _ OOUt
/

D LI Q L2 Q

A
lw)

CLK
CLK

1]3.18 Master-slave flip-flop “% = R E

P ETERAETER > L EHEY BPEDOTRENE D ABIT

+ # % ECL(emitter coupling logic)#* & MOS_+ # 5 CML(current mode
logic) © wECLZ 7™ F 3 1! % ehlatch € § & d - ‘e differential pair+c
t regenerative pair?} = (§]3.19) » @ Sgp#+ % T B 5 & * - edifferential
sclockit &L o ¥ — D-latcheid jniEdz4- ™ © § CLK 5 highp > 2150 d
Vinz 3 » differential pair % » @* B¥ efregenérative pairftoffik & 5 %
CLK % lowp* - differential-pairi® it 2 B~#: it > regenerative pairf¥ 4 #-

L ELA B 3% cross-coupled shlatch 7 1 7

VDD Re generative Pair

-

Differential ;m ........ | IO .

Wy
W

VvV
M
VvV

®3.19 ¥ - D-latch 7 i [

i 03 SN DA A B m\mwfﬁp‘ S RE SEEh B

o

HFETA 3+ 4 4 153 Udenfr (GHz) 2 » BITA 5+ 4 &
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HB1/4511/3e f 0 (GHz) 2. B > Tt i3 en® Bp 3% 1% SR

TOF Rk it S N .ﬂ,%;'k L L fpHpr s id = o

342 g5 g 4 ;%% - 7 B (Regenerative Frequency

Divider) F 32 ¢ % 4

RFD #_Z regenerative modulation £ 4 X i& ¥ 77 » regenerative

modulation 3% ¥ Jp 3 A P 4]+ K] 3.20 Kk (¥ P — i@ regenerative
modulator 7 4 ¢ 7z = # %~ modulator K -~ filter network N; &

amplifier g & -y 135U w 2 Fmodulator

infin + mfout
fin Balanced Filter fout fout
— Modulator Network S—
K N;

f8]3.20°Regenerative modulator

ik K & = F§ eimodulator » 78 -y ~ i susigrgg & £, suslg
i modulator (31 5L3% % {5 chy 1 & Ty + 1,0 % amplifierdt & & 55 &0
34 sk AT T 3 % PF B e 42 o 5 S i filter network e0dE 4L 0 4o

b Fin F o fou 8 B M A 2 o GUBLI T fiv e S g

e & fi 55 WhE pIFTER

f.
=_10 g2 % ?’P;-};E_:_’_%:KI\: 1
2

ek o - HHB319TH s 47 0 T K 5 F F4 domodulator » ¥ 14

I ‘RIJ VAR mfﬁg f/‘,« }—\‘ : nfln _mfout :fout ( nfll’l > mfout ) ......... ( ;\. 31)

b

mf-nf;,, =f ¢ (mf , >nf, ) --eeee (543.2)
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Sz 7 Ve ~ - v n ~
&?]Lji: |I§;;\.+?ljff,'§|] fOth +1f1n ..................... (;\‘33)
% K % = I# Pmodulator » ¥ i 17 2| n=1,m=2 3 4 F*% = cFc %k o
v b ens 47 8 _finetwork Ny22amplifier pu % # € & 4 3458 p
] ¥ amp H

HRT A A FAP L

B ¥ e A 2 SRR R OB A 1740 B]3.21

n
B3 - et S fout: fin
+1
+nf;, £mf - f f
fin Balanced Filter out out
— Modulator Network —
K N,
fX
- ferfout
Filter Frequency
Network [= Multiplier
N, R
f8]3.21 Second-order regeneratrve modulator
B]3.22% 7+

$2 RFDeblock diagram» & 7 Mixer ~ low-pass filter
2 % amplifier > Mixer=n# sc 7 {% 5 2 5imodulatori *
B~ PO S el SUBL T - SRR s w B2 5 es B E
#F o TR AL Mixer © € R 11 f/2¢70dd harmonicsg > 4e3f/2 ~ 5£/2..

£ o3 5E ¢ Ak low-pass filterig 4

3 /2 ¢ A% amplifierx
< 5 FE L RS conversion loss ©

o Mixeren— 3

ad

TE A

mixer

Low pass filter amplifier

out=
2

&

f]3.22 “,/TT 2 RFD block diagram
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PR BB gk (TE S L. A d loopsiupper cutoff frequency it
%_» @ Zcutoff frequency&_d mixerframplifier#7*I4] ; 4p ¥ Fix
5\ flip-flop frequency divider:f,,, B € % loop delayi*-%_> #7112 RFD¥
rUve i SR eE B O (F o 3 BRFD G f’n%ﬁ ] finin=fnax/3
A B st TR > B S e ~ RUBL IO SO S > 31298 5
)*Ifnl?i ¢ At low-pass filter/g # > ¢ & » mixer#? ﬁa?l  NAMERAE > AL AR
ﬁi%l VIR 5 (Fnax/3%3/2=Fnax/2) 4 B8] 3.23 4757 o
LA

f . /3%3/2=1_ /2

I

e /6 Tt B \ "

(f 5/3)

[#]3.23 “,%2 RED &1 #7 3 1724
T4t B B 2v B eHLPF eicorner - frequency  fipr @ & % Af/25]31/2
2o x@m&ﬂf” B iR AT AR B B S e O e
w f24e 3247 e Bl > 23 5Lk A & LA R0 B €5
deep notch ¢ *# M3 1 31 HLhighfrlowz FFmargin -

._.\

343 AU 2SR

RFD$. ¥ 8 i 2T B 24 e de % R TR 0 0% oo
EEAZG PG L e » BRSO R RE SR TS oy -
3.24 8% = hRFDIEHE » 7 WA T hT B S 2602 4 it B
AE - BR2TE A TR RAEE S SSBREHE 0 1% SSBREE

3

REHRAR 2 1S ﬁi;,] ‘lower sideband2_ #f 5 » #] 5 SSBF £ 7 & I *

SRR R FILE B LB~ o e DR SRR ¢
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SSB Mixer

vV, | Vou I~
f'” —_— +2 ; fout
Vi, _Q T T V., Q

f —f
mTom: foul —_— fin =3 fout

3.24 43 RFDT i 2% 4

b PEELIEALH 4 T NBAE2T R > RIT 12iE 5] sz — 1%

% > 4eB3.25%977 o %K,éfﬁ:,ﬁ BATER m“fZ IR Y I A SR
E”ﬁi‘gﬁ’ ‘4‘: o
fin
2N —1],

2N71 fin‘ 2N72 fin
PR B L

Bttt
;)

:+2—> ------- —>+2

SSB Mixer

e N stages of
Tdivide-by-2 divider

325 % 2N —1 RFDT it %

3.4.4 ;3 > 4f G 38247 T B (Injection Locked Frequency

Divider) &I ¢ 5 4

ILFDehx i8I E 3 » 500 VCO » RVCOMFLE 3 » 5Lk
kL % B ede 18 0 @b T R a9 5 — injection locked oscillator
(ILO) > 17 #-A3dkfree running=hVCORA| » & ¥ 1 5 = A7)
% 2 ILO g (T4 4] o
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Free running VCO #-7|

duct i Vv
f(VO) products H(ja)) 0@=a)N

B]3.26 - “xfree running VCOH-3)

A EL AL ~» VCORF » VCO : free runnning#: it » $]3.26 = free
running VCO- #&#-7] > & 7 - B 2241 ehgain block f fo— B &t en
Bt E H(jo)  H(jo)§ @4 FER > # VCO free running i g F
oy BT auE S ARA n;s;\;uﬁj 2152 kv (t)=Vcos(ontt) » & T 3
memoryless function > B|products® | #7h & = £ &k :

products= f (Vocos(aont+@))= Z Cm(Vo)scos(Mayt +me)
m=0

" LR RRTERN BTN [C

H(jeoy )| =Vo f=
ZCi+ZH(jon)=2kr - H P ki - B AP e g f i s
B PR C B IE T € B0 7o dost — Kk H(jo)# & iip A

TR g E08 7 o

Common ILO #-3](Adler)[21]

Vi

@a)lc e f(e) products H (jo) Vo@:a)N

Ly,

®]3.27 Common ILO#cC3]
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$ MELE N VCORF  ILOE # & e .4 Adler#7# 1! ehde )
32777 o fRIpiL » MBS VCOHLBLAE F ehfd (2t 67 & 5 = 4F ¢

(1)first-harmonic ° ﬁi%] >R X A A B VCOIR T A F AP o

1N

(2)sub-harmonic > ﬁi%] LR F B VCO 3R T4 & eh A #k o (3)
super-harmonic > #j » 3USLAE 5 L VCOR 4 5 8 dic o 19547 07
e ILOg AR A S I P AP B ils e ) SN S N 2 Il < 7

B13.2622 B]3.27- ¥ ¢ 7 = #block : 224 4 egain block 22 4@ 4 e

Ja ik B > 7 I end free running VCO ﬁg?] 412 %,{ﬁ%l ~ gain block » @
HER PILOALM » 21 B3 s gp 4o 16 A s - E f 3
memoryless function » E3K %J » B ﬁg‘] A & 5% & B vi(t)=Vicos(oit+e)

B1Vo(1)=Vocos(mot) * Bproducts ™ # 1 &g * ¥ ik

0 o0
products= f (V; +V,) = z Z Km.n OS(Najt + np) cos(Mat)
m=0n=0

HeYm&nsz K § |ma)oina)| |=a)of.% » f R odp BT 3 7
€ H0XN 1A SR 2 ARG BT S A oA o o 51 B AP
v R AETER 0 H(jo) @& e3¢ chdp BRA 0 Aot - ki i
P g s E Sk i@ BB iw B edp = 3 2k o i B € 1 @ VCO MR
FEEHE  UELE FE e T o

ILFD“% = xS A A1 * super-harmonic ¢t # A ILO » 4r % B3 fe) A
= P % I8 5 (fe)=apta etae’+ase’) i » 5L Vvi(D)=Vicos(witt) © @
i ﬁa%] S ﬁg?l 41 &0 phase £ %J 42 5L L Vo(H)=Vcos(met)

HO
1+ j2Q @~ %

u(®)=f(x(1)=f(Vo(t)+ Vi(t)) 5 H(w) = » RLC tank 48 © o, »
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resonant frequency ; Q ° quality factor » ¥ 12 $& 3 ! phase-limited &2

gain-limited =14} #7 § [F][22]

(1)phase-limited : |

Ao L ttoih- KSR > d 18T B FL L UV,

Hk ] E W HE S E 4R B QU o

(2)gain-limited : V, \/ ~H,(a, +%a3vi2 +a,V, cos(go))}

% phase-limited e17i% 2 # ¥ 4+ > 3 4e VR AT 2 BV
H 4o 3| # V% 5 ¥ > ILFD~ )Iha ESR S A

i B R g ﬁﬁ%éﬁ’ﬁ%}ﬂ% S - M eh T A R3.28(a) 0 T
ﬁ%»gﬁ@lﬂﬁ;‘%’%#ﬁﬁ (6 Ll AR e 4 5 e E T B]3.28(b)
R B BB ECAIR EAE SRR a0 F G BI3.28(b) R BR AR 11 -
H T e E o G AL B g R e (s
Unified ILOB- A 448 4 kg it 7 5 o

Vo @y /2 Vo @ g /2

Vi @ oy

P e

[ ey

(a) (b)
®13.28 = &7 # <0ILFD
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Unified ILO #-3] [23]

V: (@ o
'& products Vo @ oy

H(ja)) >

f (Vi.Vo)

B§13.29 Unified ILO#-7]
Unified#-3] % %45 it - HILO {7 % chdoB)3.29%757 > d -
AR F 2 - B AEAU A S block T o Bk TR~ vi(0 2

#ij 11Vo(t) ¥ 5 memoryless function > B i iy B 'S ('small injection )

%ﬁ»u%&&&%%»%ﬁ:ﬁ?@

HUBRANE Z am (Ve Vo = (Y, —Vdc){ Z gr;(vdc)‘vén}
m=0 m=0

# am(Vdc)— am(Vl)‘ =N ’

5 %] - ﬁgq] V55 A 8] 5 V(D)= Vet Vicos(mt) £2 Vo(H)=Vcos(wot+e)

% small injection i/ ™ (¥ 3|

f(vi+vy)= Z Ay, cos(Mat + M) +— Z \' Am [cos(Ma,t + oyt) + M)
m=0 m 0

__ oA,

# v Am(vdc):—av ‘Vi=Vdc A R a8 Vo i o
i

BOAG L OMGUELER > AP E g R N e - I 5F 023 free

running VCO » @ % = 38 4 77 1 » SULE gy 0 U BLAR AT SR o fig
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- HILFD® 2 o= 20, ’ @J» MEBIRFT Bp RIS 4P L (R3TPF > Ap

AT g S RO G ZH(joy)=S(wy—oy) (S 5 - FREF

Z2El 7

#c) o floop gaini® &% so R AR FERIFF > NPT E IR

T &Y #7 crphase-limited : | SN | < ltan‘l( ki —Ko ) » Hoo
\/ 1= (ky +Kp)?
Vi
AO A3 FI# gt 504 478 3 efphase-limited ;¢ + ¢ #&

AT T
f* & B13.27(b) %7 3] ePILFD g 47 4 ] -

34.5 B vk~ 4R TR

ILFD& ¥ 8 e £052 &5‘;#1‘#%@3.28%7? » §13.28(a) 5_-

B 12 Colpitts#= iF B 5 % m“fZ 258§ ,%ﬁiﬂ HenZE 4R @ B13.28(b)
§_ 12 LC cross-coupled¥= if B& 4% m",$2? S é‘r_fhﬁaw e A

o AR IR F B EOTRE F B R RS ARG FlE e
FRUVERTE .w%*'um"/f*fﬁgg’rﬂ;ﬁ#%fm@ﬂ HAAFGE s
delay cellsfs 7+ & = 5 % e WA > AT 3k 3tdelay cellsiis e k
R R AT T o o FI3305 - BOURAIRE B P TR
#1135 v hdelay cellsshia N » ¥ L & 2 %Nﬁﬂﬁi% » Mg I R

PR R T F)S B B - AU Y, L S

ME NV, @o F o %2 TE 3 B2 (8@ BRARBELT ik

R R -
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®3.30 %N ILFD . i 1]

VCO free running » 3%V, = Asin[o,t+27j/N)] (j=1,2..N) » @ V31
BT AR T o B fesourcesd At TRLEL LV, 0 M It et 3+ &
ENN Ve, =y + o)) + BV, S e (543.4)
FI* A (wired-OR-connection)-4= # i sourceds & — 4= » ¥ 1U

A
=

| V, =B, + B A" sin(Neagt)# B, A" sin2Nayt) +... ==+ (743.5)

L)

¥ 40 sourced® - ALPT 0 d b 5UF ARV, e TR S g A T SUELY IR
FeNT R TR 0 @ BV, 2R gk oE € AR Pl o AT gL

5t o =No A 5 PFF }s,‘?VCOé"'FF'*ﬁF‘izg w, =

e E R

4 fom S 0 i B 2 PR (EHE S § A M, i B T S W el (738 B 97
PR A fg(m% LE AR e oo BB |G > = Bdelay

cellssmhA)3r F BE S F Lo FMEIL » 07 N4 F]3319757 0 4
TR TG “,$3z’1’ﬂILFD °
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F=F FHCE

VDD
—r
—i,

- M.
Ve + Ve

®3.31 “%3 ILFD % & &

35 Fiv— A 450%1 ek g 1 TR

(TSMC 0.35 ¢ m SiGe BiCMOS )
351 =5 H

P
E (T2 15 0 A4 AmUELA R AS0% TRk AR F R s F

HIZE 31,?] ¥ A E50%1 (FikHp AL o

g ;D Qo o \_LDD QgD QﬁfD QJQa
1

cC Q cC Q I
CLK our CLK

Q(n+1)=Q,(n)eQ,(n)
Qz(n +1)= Q](n)
Q;(n+1)=Q,(n)

Q(n+1)=Q,(n)eQ,(n)
Q(n+1)=Q,(n)
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332 (a) 3 - @seemp = Lo HH N (v 5 33% A
67% > @ B3.32 (b) A “’T‘I ?,ﬁ‘é»’ﬁq?l:”ﬁil&p » 40% " £.60% o
7] 5 flip-flop = H % f§ % (single edge trigger) HT § > s fﬁtfﬁf
LG PR A A TR B 5 50%:NT B o

G RSB A1 Ap p i e 2 R oR LA 5
F - LO7 250%:h1 iTik 8P pro € BE F cn's MO 8k Suenge e T
Lo xﬁg gz e %"‘LO;‘%%{?E; 0% T HppF > & g G\'LO)%‘?;UE;:

~

¥ 3 feed through¥|RFzE » FLO-RFe[§ % B % £

1%

T LB A TSMC 0.354m SiGe BICMOS % % 3. > !
¥ - BATA R T RN En D flip-flop ( 8.3.33) [15] > 2 i & Data

—
~
@
=
~

£

gV e r - BT SRR R A B e 250 0 27 e
D flip-flop & & % 4=# 3.1 #7735 % 0fe.CLK 7 XOR 5 1 p& >
Behi®* L oindF HoldH) G 5 @ % 0Fc CLK % 5 04 % 2 1 R i

% #&z Sample(S) it °

D 0 CLK | Q
Samplln % - Holdmg Q 0 0 0 0
) | _
| I
5 WL Q 0o | o | 1 |Hold
L [T~— ) '
D Are———........ N / 0 1 0 [Hold
A gary Do
0 | 1 0 0 1
Current $witch Quad
1 0 1 |Hold
CLK P
CLK ™~ * : | 1 1 0 |Hold
= = 1 R ERE
T

B3.33% n 7 24D flip-flop  #3.1 T ix2#;58D flip-flopZ & %
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60

AP ITD B RS RO B R R R B

Ci R B S 4325 B

Mode o 0, 93 ‘94 65
SHSHH 65 61 Q, 63 Q,
SSHSH 62 Q3 Q_4 Qs Ql

4.3.2 SHSHH SSHSH4: 4 3¢

®3.34¢2 §]3.354 | 5 SHSHH £ SSHSH R #: 7% 2 2 54w

Bl - SHSHH0 47 4120 8. 5 d % — & é’ﬁﬂip-ﬂopﬁa?] Ay 18 B g2 D 3 B

FTalanmugik p - Sflip-flop; SSHSHZ #0471 Fd 45— men
flip- ﬂopﬁ%l Do @ D Bepiakkeiu 5Lk p o - B Alip-flop >

A2 2P 5 SHSHH ende 173

tD QTD QQLD QTD QQID Q-Q
6 Q—6 Q 6 Q—0 Q 6 Q
clk — l l l |
CkLuoryyuyyyuyuoyue
Q ms HSH Hl—l I—I_
L s S SO B S
I e S
O ]
Q SHSHH|[SHSHH
o | T T LT
Q ms H S H H|—| —
L e T B T
Qs SHSHH|SHSHH
o, TR H TR F

®]3.34 SHSHH K,% b7 BB

& J&i% € ' SSHSHY - o

< O
Ol ©

Ol ©

Ol ©
i

Ol ©

LT «
1
® O

L]
< O

ol

-

% 1 37D flip-flopey < LB 0 REL GnREE G2 B

2R ﬁﬁﬁ%».@»ﬁi’ﬁiﬁﬂ:%rﬁrao
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el gy 2 GEL S AFHCOR ELAE 2 L B DR R

Foo iy Sy IESOQINIEILT e 0 T LG 0RIE R B S R
hH
L=

=H
R
5
ey
=hg

B4 R]3.36% 7T ©

VCC
=

<
= '\b—;‘_l CLK

L
PR R

1

AN

B]3.36 @ ﬁﬁ%».&?&%g}

F]5 & % ECL chBBRI 5 T &L BN f U] > grodfsr ?
RTINS 2ES Sui i Pl AR £ 0 itc S-A-2 UL AL
L

b- mf g e B R D ARG TR LR Bk
T B Ao W] 337 H o

VCC

Ol
VAN

out

I
Iv: %W‘
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353 FRlESE

(1) Input sensitivity

SHSHH

®»—¥ 1

i
20 /o‘o\ —o— Min. Input power

1 O—_ — 00—
15 g o ©—Max. Input power

10 ] o/ \O\

/ N ;

b

_E\D\%,o O\O/O
\
!

o —
D‘D/

Input power (dBm)

-104
.15 -
-20 N o 4

;7 L T

Input Frequency. (GHz)

i8] 3.38.SHSHH sensitivity

SSHSH

25 . , . , . , . , . ,

20 .
_ —o— Min. Input power
154 —o— Max. Input power

10 - o— T o .

-10 4

Input power (dBm)
o

1 1 1 1

D/D/D o—%
1

-15 \D\u
] L o i
-20 - a] o D\D/ -
25 — —

0 1 2 3 4 5

Input frequency (GHz)

f8]3.39 SSHSH sensitivity

62



F=f FHCE

63

(2) Input and output waveform

SHSHH Input@7GHz,output@1.4GHz

Eile Analyze  LUtliies  Help 11:03 Ak

Control  Set Measure

u

nt me: st

i HHz 6 HHz o 100.06 MHz 100.06 HHz
Duty ¢ 49 NIk 49 44
Fre

f8]3.40 SHSHH input and output waveform

SSHSH Input@5GHz,output@,1 GHz

Eile Setup  Measure  Analyze  Utilities  Help 11:52 Ak

Contral

]3.41 SSHSH input and output waveform
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(3) Input return loss

Retrun loss (dB)

0 T T T T T
> —m— SHHSH Input return loss_ |
-10 4 .
o
— {m
% 15 \l
Py b
k] =
5 7 -l -"\. |
@ =  \m
T o5 "- J,-" " -
I- .f
-30 s - i
n 5
L ]
-35 T ” T T T T T
0.0 2.0G 4.0G 6.0G 8.0G
Frequency (Hz)
f8]3.42:SHSHH input return loss
0 T T T T T T T
54 —m— SSHSH Input return loss |_
-10 4 m
o
4 0
\
-15- = -
[ ]
\
n \
L} IJ
-20 L] [ _
L]
-I
25 -
-30 m
-35 T T T T T T T
0.0 2.0G 4.0G 6.0G 8.0G
Frequency (Hz)

f8]3.43 SSHSH input return loss
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(4) Phase noise

Input@3GHz,output@0.6GHz

- Agilent E50524 Signal Source Analyzer

' Hz

IF Gain 1045 J
Phase Moise | Start 10 Ha Stop 10 MH: IETEN
[Phase Noise: Hold e SmaNan (SR FECTEnyorT [SeOiotes IS 5

f8]3.44 SHSHH input and output phase noise

Input@3GHz,output@0.6GHz

gilent E5052A Signal Source Analyzer

! ““m..u«."

ek e

IF Gain 10dB Freq Band [

FPhase Moize | Start 10 Hz

f8]3.45 SSHSH input and output phase noise
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Die photo

SHSHH

SSHSH

f3.47 SSHSH ",f 5 die photo
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67
Chip performance
[tem Spec
Technology TSMC 0.35um SiGe BiCMOS
Architecture SHSSH SSHSH
Supply Voltage 3.5V 3.5V
Supply Current (core) 21.1mA 20.8mA
Supply Current (input 10.96mA@3V 10.93mA@3V
&output buffer)
Operation Frequency 5S0MHz~7GHz 50MHz~5.4GHz
Input Sensitivity -22.2dBm ~ 4dBm -21.2dBm~0dBm
Output Power -15.3dBm ~ -12.6 dBm| -15.3dBm~-12.4dBm
Supply Power (core) 73.85mW 72.8mW
Die size 850 um x 800 pxm 850 um x 800 pxm

# 3.3 SHSHH ¥ SSHSH performance summary
3.54 SwmAm

ﬂéﬁ»%@ﬁﬂﬁmﬂﬁﬁéuﬂH&UT’ﬁWEﬁﬁ%fmmg

-

P B %JHPIL%{ ,}i"l BT 05 T e L 50%1 (e3k 2
SRRl 0 TP W g IR A7 0D flip-flop & 3 S i o 7
A Aok 2 AT > SHSHHENTE HE 7 e (T2 R 4F > 515 4

7~

B~ ELEAR P - Sy e

L
LG A ARAI R > F i F15 wAT3 0 D flip-flop % 8 T2 CLK 31
%a+’w_ﬂawm*“%%»’%* E1 R ELEAETE T

L

L

BACR PEF A A AP T I AL IRA Gl (THE RN ﬁ,\,Jﬁ;f] ~ 21
Hot o] B 0dBm 7T T K SRR R F L F o iy ) oA AR G R

T
g ?ﬂ»%} » B R e K %) 14dB 0 BT 2 B
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HSLETE AR AR G SE R 2 RRFHTHIL F o Rt FAE
WA S R AR R R Y S s flipflop - RIF 47 F -6 4 % 4
c 0 SR B Xk

36 F e UREL NG LR
(Win 0.15 z m PHEMT)

3.6.1 =7 B

Master-Slave D-flip-flop (MS-D-FF ) #7 % = FAE BB (TAE K

foax > 3 — "4 0 f S%t ' tya% o+ H — ECL 2 CML gate delay >
pd

@ Regenerative frequency divider(RFD)¥ 7 — 1 t,qfrfeedback loop
delay » #714 fipy ¥ = T $ o gt b Mixersf 507 S ik i@jjfwb
MS-D-FFehg & #c > » Apstenstdialifas b > 5 JI0 R Af7ds
CADTEL o bR FRDPEREHF TS AT MH F P EF R
#7 & cARFD§ % %’_“{fﬁﬁﬁﬂ*ﬁﬁfj‘ K0 2T kL % F4EMS D-FF2

AT R A dr gt R MS D-FFenst ) 23 T S 3 e o
3.6.2 TEER

B3.48 2 = F iTenT BB 0 120 R A 4 $ 38 Gilbert/R Af
% Gilbert/2#7 % 5 — B L 78 B > <RF port# LO port's 7 & £ &
B! %fuﬁs?] » o FN P ﬁé”—@?] iz g d - &source followerw #5 ¥ RF port5%
Fo- BRI T SMMS S M6) > FI5 T &AL § R (T 5
w4 7 % ¥ blockis DCii R & 4 B - ﬁi%] » H ##31 5 & i Marchand
balun4 # % #3873 » $/LO port(M1~M4) - RFDE_F 47 (h T B » &
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i E H A B B e Marchand balunfa & 313?] » ##balun > Marchand

balunenmr@e 4% - £ A5 o

VDD
[ [
Input % é
H
P
I
M1
LO port |Z|—| i
= =/ Oulput
M5 M6 —i '
ML RF port
ofC ‘Ig‘
Marchand balun Gilbert mixer f i i i i

B]3.48 RFDF i 7 E.schematic

oo FRITAF R B AR b R gay £ RO R A ey
=

s VOISR B é_ixﬁg,ﬁ
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3.63 FRIESE

(1) Min.Incident Frequency=7GHz, output freq=3.5GHz,-4.83dBm

5 Agilent  19: Peak Search
Mkrl 3.58 GHz
Ref @ dBm Atten 18 dB -4.834 dBm
Peak o 2 Meas Tools:
Log
16
dB/ Next Peak
Marker
AB35°d Next Pk Right
Next Pk Left
Start 1 GHz Stap 16 GHz
Res BH 3 MHz VEH 3 MHz Sween 22.5 ms (481 pts) Min Search
Marker Trace Type * Axig Amplitude
1 &5 Frag 2.58 GHz ~4.834 dEm
2 1) Frag 7.81 GHz -12.88 dEm
Pk-Pk Search
More
1of 2

A:\TRACE231.CSV file saved

#13.49 RED 5 ~ 7GHz 434 ]

‘ L :

| _ . ]
# 185

Max. Incident Frequency=19GHz, output freq=9.5GHz,-16.59dBm

------ 149:01:53

Feb File

Mkr2 19.08 GHz
Ref @ dBm Atten 16 dB -24.7 dBm
Peak
Log <1>
168
dB/
NUUPUI e P SOV PN VPRI SRy I
Start 5 GHz Stop 25 GHz
Res BH 3 MHz VBW 3 MHz Sweep 200 ms (401 pts)

Marker Trace Type X Axis Amplitude
1 1 Freg 9.50 GHz -16.59 dBm
2 [&5] Freg 19.88 GHz -24.7 dBm

C:ATRACEZ225.TRC file saved

3.50 RFD # » 19GHz # 3% ]
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(2) Input sensitivity and dynamic range

Sensitivity
—o— Mim. Input Power
T T T T T Tl —o— Max. Input Power
%19 o —a— Dynamic Range

Input Power (dBm)

(3) Phase noise

¥ Agilent E50524 Signal Source Analyzer

<4 O\O -
\O\ o
204 7§ o \ i
O
Q o‘o/

[/

b .
AN
/

>> \D\

N

N

\
/D
/

T T T T T T T T T T T T T
6 8 10 12 14 16 18 20

Input Frequency (GHz)

[#13.51 RFD input sensitivity

PPhase Moise 5.000dBS Ref -85.00dBcHz [-Smo]

Canier 5,993999347 GHz 10,4112 dBrm Trace View

5,00 P
90,00
95,00
-100,0

-105.0

-145.0
-150.0
-185.0

-160.0

1100
1150
12000
1250
13000
-135.0
-140.0

Aperture

1.5%

Data Hold r
OFf
Display Trace

Data & Mem L

Data -= Mem

Data Math

off "

Offset
0dE

Marker - -Offset

Persistence [y

Copy ko USER.

-1B5.0 |

03 a0k =

[ 1F Gain z0d8

Freq Band [300M-7GHz

f8]3.52 RFD input and output phase noise
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72

Die photo

Is}

Chip performance

_ Spec
Technology Win 0.15um PHEMT
Supply Voltage 8V
Supply Current (core) 27.9 mA
Supply Current (output buffer) 12.23mA
Operation Frequency 7GHz~19GHz
Input Sensitivity 0dBm~20dBm
Output Power -5.7dBm~-17.7 dBm
Supply Power(core) 223.2mW
Die size 1500 gm x w1000 m

# 3.4 RFD performance summary
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3.64 S#mEtw

Fipe ¢ ifuﬁ%] »JATR FE A 0dBm 0 Fl G o~ Bl G AR E
sriMarchand balun » 2t 5L 5 18 & 4 18 %] I syl g ' Mo d EM$iC
P Y L4dB > ¥ balun%] » BB fe i K A ",4rf g2tk
PHEMT % & ¢pumping power K,T&LF“ g b’“r."lﬁiq:] »BATREE °

g
(i

;J%IFJ{P HEUNRR T AR | E R T fE e
VenR B BRE BMNE 2 T Rt o € @
WER A O BT (AR SRS )

TN

‘%)ES
(m

KRER 2T B IR OAE T3 R (R 0 R SR BT A
At B A e BRI BSR4 0 8 1F TR ﬁéﬂ}#ﬁf%oﬁﬂ:
AP (233000 B SUBL AR R IREERE O B PR 15 0 " 1 6dB -

BIRLAR R o

3.7 @if= t?\;wﬁ;j e P N ‘f - R
(Win 0.15 ¢ m PHEMT)

371 =

- %%iﬁsa]».m“f: ?V?Kﬂ—\'lﬂlp flopeaih k= & > e
Flo Bl SEELFERTFRPEES SP oA R
¥ REDHZEHE K 5 o 1 2 3U5Lendiy 11> W3kt — il & % #3100

NE AR AR - TR TS EFLORERTE R - B
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3.7.2 28GHz IQ RFD % ¥ % ”fﬁ_

FAPL AL D XG0 RIF & - wRFD > R 18 H45 » JUELF &
A » = ERFD> % 7 - ey @8 g REFFELA
2 443,545 57 [19] -

in+ I+ Input
22 [ ; \/\/\f\/\]\/l/

V,, cos(2at) " - - UUUDutput N
e I AvAVAVAVAVAYS

A2 O D

‘Q
t
3.54 1 % 3USLE IIRFD % HEF 2 5057
B3.55 % R eh T BBl 07 TR R 4 # 58 Gilbert mixer

% RFD T B e T B o SR A g% F 4% & LC-tank » 4ot — %

PR R i Rt B AR R B B AR § R (T TR
oo feET 0 S R e o0 8 4R 2 RFDER - 0 %15
AR ERFLCIT S Mlend 4 R F LIRS TR e !
TE o TR MR E L BREY ii;f]%;«,%ii« ¥, * Marchand
balun #- ¥ “5’%] L S L BB o

e I e
— ekt
}

output Q' . ﬂ/'*ﬁlﬂ Fﬁ -
L TEE

o

10
TL

1L

! Qutput |

Input

#3.55 28GHz IQ RFD 7 # [§]
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f ﬁ?2q’ gLraek s B2kt - BAak® enSSB up-converter k B £
B 4p =22 % (phase error ) 4-B)3.56 77+ - SSBiR#AF B cff 1T R 3T &
533185 N L AP g ﬁd side band rejectionm ¥ 1| it % 3 HL

e o] EZ B Ap iE £ (R13.57) -

RF+

o
i

w
T

OUT Q- | OUT Q+  OUT I- | OUT I+

IF_Q+ IF I+
IF Q- IF_I-

OUT Q+| OUT Q-  OUT I+ | OUT I-

RF-

)
o

Phase Mismatch (deg)
tn N

-
T

&

o

[#]3.56 Passive SSB up-converter f8]3.57 Rejection ratio with
amplitude / phase mismatch

3.7.3 28GHz IQ REDRFI&S%

(1) Input sensitivity

Sensitivity

T T T T T T T T T T T T T
244

224

[ —=— Min. input power |

[N
©
1

-

[ ]

—
-
~—

Input power (dBm)
IN
1

I
I\.

‘ \ /'\-/'/
10 4
i —

T T T T T T T
22 23 24 25 26 27 28
Input frequency (GHz)

]3.58 28GHz IQ RFD input sensitivity
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(2) Min.Incident Frequency=22GHz ,Output freq=11GHz,-28.5dBm

# Agilent 15:37:58 Mar

Mkrz 21.98 GHz
Ref @ dBm Atten 16 dB -26.16 dBm
HNarm
Log
18

dB/

Lafw

Start 1.8@ GHz Stop 30.60 GHz

Res BH 3 MHz YEH 3 MHz Sweep 145 ms (601 pts)
Marker Trace Type i fxis fmplitude
1 (4] Freg 18.96 GHz -28.54 dBm
2 (4] Fraeg 21.98 GHz -26.16 dBm

File Operation S$tatus, A:\SCREND26.GIF file saved

#13.59 28GHz IQ RFD#j » 22GHz# 3% ]

Max. Incident Frequency=28GHz; Output ffeq=14GHz,-22.8dBm

, 2087

% Agilent 15:24:26 Mar 5

Mkrl 14.83 GHz

Ref @ dBm -22.85 dBm
Norm
Log
18

dB/

Atten 18 dB

LaRw
Start 10.80 GHz Stop 32.00 GHz
Res BH 3 MHz VBH 3 MHz Sweep 110 ms (601 ptsd
Marker Trace Type K Axig Anplitude
1 [&h] Freg 14.83 GHz -22.85 dBnm
2 [&h)] Freg 27.97 GHz -26.25 dBm

File Operation Status, A:\SCRENG11.GIF file saved

®3.60 28GHz 1Q RFD@?J » 28GHz#E 3% B
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(3) Phase noise

MPhaze Moise 5.000dB[ Ref -20.00dBcHz
- Canier 12.500001738 GHz 11,7086 dBm SRl
: »lt FO04.72 kHz -123.7707 dBc/HZ

30,00 Save Skate »
-85.00

Recall State b
-90.00
N Recal by r
o File: Marne
-0 Save
1050 Data Trace ...
T Save

Mermory Trace ..,
-1150
-1z200
-125.0 1 '{ Return
-130.0
-135.0
-140.0
14,0
-150.0
1550 13 160 & I 1M
| IF Gain 20dB Freq Band [300M-7GHz! M LO Cpt [ =150kHz! M

~
N
~—'
o
(@)
=)
=
-
=]
=
-
z
<
=
=)
-
=

10:06 PM
Arquisition 1s stopped,
40,0 GSass 1,00 kpts 12GHz Standard BW

Phase(1- W p-pll) Frequency| 1e) 7 |
Current 113.6 my 269,11 114.4 mv 12,185 GHz
Mean  113.6 my 289,11 114. 4 mv 12,185 GHz
Min  113.6 my 269,11 114. 4 mv 12,185 GHz
Max  113.6 mV 269,117 114, 4 my 12,185 GHz

®3.62 28GHz IQ RFD output waveform
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Die photo

F13.63:28GH

Chip performance

- i B

JQ RFD dme photo

Item Spec
Technology Win 0.15pm PHEMT
Supply Voltage 7V
Supply Current (core) 28.4 mA
Supply Current (output buffer) 22.4 mA

Operation Frequency

22GHz~28GHz

Input Sensitivity

8.68dBm~20.5dBm

Output Power -22.5 dBm~-11.6 dBm
Phase Error <1°
Power dissipation (core) 198.8mW

Die size

2000 pwm x 2000um

#.3.5 28GHz IQ RFD performance summary
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3.7.4 35GHzIQ RFD % §: 3 ﬁ_

THAEHIT2E - PELI AT ALBHS A P TR
SE N E A TR LA R TR MR R BRSSO
TR 5 HdeT

VDD2 VDD VDD2

Q Output | | Output

vy i
AMA I

| 7 %

&> =
= -

=

TT
TT

I

Input

#13.64:35GHZIQRFD T i ]
3.7.5 35GHz IQ RFD# #l% %

(1)Input sensitivity

16 . . . : .
14 -

12 B

10—- I

Input power (dBm)
(o] e}
1 1
|
1 1

32 33 34 35 36
Input Frequency (GHz)

®]3.65 35GHz IQ RFD input sensitivity
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(2) Incident Frequency=35GHz , Output freq=17.5GHz,-12.11dBm

- Agilent 15:58:23 Sep 13, 2067 File

Atten 16 dB [ Catalogr
1

Save»
Load»

Deleter

Copy»

Renamer

More
1 of 2

No Peak Found

®3.66 35GHZ 1Q RFD%?] » 35GHz#7 3% R

(3) SSB rejection

% Agilent 23:36:52 Sep 13, 2087 File

Catalogr
Saver
Load»

Deleter
Copy»

Rename»r

More
1 of 2

File Operation Status, A:\SCREN161.GIF file saved

®]3.67 35GHz IQ RFD side-band rejection
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Die photo

Chip performance

Item Spec
Technology Win 0.15pm PHEMT
Supply Voltage 6V
Supply Current (core) 17.6 mA
Supply Current (output buffer) 33.9 mA

Operation Frequency

32GHz~36GHz

Input Sensitivity 2dBm~15dBm
Side band rejection 35dB
Phase Error 2°
Power dissipation (core) 105.6mW

Die size

2500 pwm x 2000um

# 3.6 35GHz IQ RFD performance summary
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3.7.6 $#HEitH

Bk (TR AR LC-tank e AR AT B A R EBRAR R R 0 (2
AR¥AYILFDR 8 B e 77 B F) 5 LC-tank # v RS » #rrit 3
T TR ZEL TR RT UMLK dopt - KNP w g R
WELR * - BRED#1)f f£ehw F B F v £ 3 - BREDef 427 5
2 TIAE S x5 o@mEFLZLCE B o AP AGilbert
mixer LO stageiz 3f 7. & H ersize 2 7 172 gkt — $ > T U T Sl
rE A PR B B CORIT 0 R AP F g IR * LC-tank g
o U B AR T

% 28GHz=RFD® > - B 484 F 1% PCB™ ;¢ &k £ iPlside-band
rejection > 2 F] A PCB AL S GHZPF e s 2 @ * > 22 ® 318 * 77 4 B
TR BEIRSC ORI 2 B ARRS § Bl 5 2 RLAE R F “rdkcable & men
# 3| E 1 0lQf M BN AL 0 A i d 1Q# ! R BLR
"‘?’*9' AP E S FMEEY i o @ AP 3 a3 rwn—m?z

— 7

— N

S
TEILH B8 B AP AR ~ 3B e 23 K 5 6dB ©

%35GHze7RFD* » #IF IQ# §.d PGPPGP padix » » F]p» #
on waver & B|side-band rejection > /8| #¥ rejection ratio % 35dB » amplitude
£ A PE > d B3.57 {8 Fphase error 3 2B 5 % {3k phase error 3 0
& > P|## 3| dramplitude mismatch 3 0.3dB -

dE AR ARG FR AR UBAE S g A
W S - koA D F]L A  UBLT & SkE - BRFDR B w1 F

B K s~ B o
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83
38 FiFrw I » A% - TE
(Win 0.15 ¢y m MHEMT )
38.1 73 &
MOALAE R R BB AR TE AT 4L et G0 PLLA S 500G 4 30
AR SuR bl R T AL P S R A kL

PLEEV SURFDfR 3 ¥ 2 0 fe EILFDYE < T8 2 VCOR H i 4254 F
RFD:R | > #712 iz =k #-F1 * super-harmonic IFO X 2K 3+ — B 3 #F i< 7
i A=A E o B RILFD A - AR AT HT R 3 B VCOF Ve
KX RTIF T RIE TR TSR o FELEY A kAL S

NIV N4
FAE > AT ILFD e BB i (B kg oo

3.8.2 7B ’}#
B]3.69 = 7 B.F i%rischematic

vDD2 VDD

VDD2
T——co  cp2
o——]
Output _n R L Output _ p
i M2 M3

Vbiasl

®]3.69 ",/TT2 ILFD % & &l

T TR Y VCOE R B~cross-coupled % . 7

CEUES S
d

5
=

Do R S REM2{eM33 & gl T B¢ 2RS4 dhgain block 0 @
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ARG E A R d LC-tankie = > 00 =0 Bl » H T 5305 2.50GHz

#ij 1 S LC-tank £ AR 3¢ 93835 £.25GHz MU 3¢ % g &-25GHzE 3
i * 0 F1 5 25GHZ® AL G AU R TP SRAE S o w A PR P By
Ky TR * T EMARARY T HMAEnFE AT 7 ALC-tank
AT F FR R R F o — #Cross-coupled VCO® st uw 42 £ 4 #
ERPES S ERYEE I gatedrainin T AP E o e Fl 5 gt A
TRBRAY AR GEYRIFEIEZRY Do AP UEET
FCplECp2 ki gLendg & > 4ot — K T 5 48 cgate drainshnifp B ¥
VA e 2L ~ 2 N Fd VCOhE iR BB gatesdit x 0 A
AT e A2 R T BT F A DRI RS
a2 E IR R BRI o e s B D[RR et - R

LRI S NI B < Ve S R R T
3.8.3 ¥l %
(1) Input sensitivity

Input sensitivity
5 T T T T T T

[ —=— Min. input power | ]

-10 4 l/

-15 4 \'\ ]
-20 \
'\ ]
l/
T T T T T T T T T T
44 46 48 50 52 54
Input Frequency (GHz)

Input power (dBm)

25

®]3.70 “,/TT 2 ILFD input sensitivity
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(2) Incident Frequency=49GHz, output frequency=24.5GHz,-35.6dBm

A Agilent 12:32:85 Sep 26, 2097

Atten 18 4B

T

Catalogr

Saver

I

Deleter

"

H 3 Mz

ace

B VB Sweer Copy>

i

Type

Renamer

More
1 of 2

®3.71 ",%2 ILFD ﬁ%l » 49GHZ#E ¥ B

Die photo

®]3.72 ",%2 ILFD die photo
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Chip performance

Item Spec
Technology Win 015um MHEMT
Supply Voltage 3V
Supply Current (core) 548 mA
Supply Current (output buffer) 6 mA
Operation Frequency 45GHz~54GHz
Input Sensitivity -24.9dBm~1.7dBm
Power dissipation (core) 16.44mW
Die size 1100 pm x 900 pm

%3.7 ‘,ﬁ% 2 ILFD performance summary

38.4 s itk
ILFD{% < 8 2 VCQ » g H T3 B9 iv- 29 (v = RFD M
RATE 5 Poe TEROTT RSP R3V > 6 i
=T TRk e OF N R L T
548mAf~ > @ B £ T Fit 516.44mW o

d iS5 v R BARILFDE 3 A& (venT R BB 7 “,/f:*tﬁ
F 3|iE54GHz > 2 &#RFD (F iF= ~FiF=2 ) G & mﬁﬁ] gL
F -] o d phase limited;t + 7 # JBILFD 3 # 48 & ehT B 0 2 T B
EHAEE F 7 18.6% 5 FlA M TRAPIRF - L F KT HTF A7
¥ free running VCOﬂi%J JerE 5 o A g I A EVCOir 4 7 R
kg1 TS A A E PR T BRI o
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39 §1¥7 L » 4 a5 "=
(Win 0.15 x m MHEMT )

391 #3 # 1%

ILFD% & % ",fﬁﬁ:; 25'1'7“,/1%5?? v B iR H lfﬁimILFDii-T# 3
34553 Bl EARBIINERIAIRAERETES 1w b3 RF
B F 4 a2 Hop JRAE S 2 F &delay cellsegate delay
time B > ¥ 7 i & B HEHE 1T 2 o E%‘l331mﬁiﬂu » H =
Boo AR Bl DU LR A L B i@ o s A R S R
F A ér‘?a ILFD o #7132 gt =5 ¥4 ] * LC cross-coupled VCO 5 +% s e

ILOX§F IR "f 30ILFD -

3.9.2 TEEH

B]3.73 5 & B.F ¥ erischematic

Velo)
% VDDI VDD2
I:l] Vtune I:l]
—K)—T—Df— H
L
|_
Input — L
M1 M2
] Output

M3 Vblas M4

Ly
{

O/C

Marchand Balun

®3.73 ",/TT3 ILFD % & &l

EBTEY ¢ 5o BIA > - SVCOPie R E > d M1 M24e
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LCtank i = » w - & * & % 18 & s gateZ drainsn i B A B 5 =
BZERME T HEHRAEE o d M1~ M2 ~ M3frM4¥rie = > evip g &

EQ == o IS érj%] ~ ¥ ik ¥ 8% * Marchand balun -

Bl Ed M3 &2 M4~ > 224 8T~ VCO » VCO
free running #f & BE3K & £ F] 5 MI £ M2 =7 even-order nonlinearity
g;ﬁ_i,,aﬁp BT 2 ok 38 2f 0 R F BT o~ B 31 IEIRAR 0 f RE
8 g Ae VCO i TR PR D R b PR S o4 AR i o E%ﬁi%J

PIF:R‘%'&L)}:F]—‘[’ E‘,P?ﬁgq])‘ %‘%’{,‘EF‘_' rT‘J /w\% — o

393 RRIES

(1) Input sensitivity

Input sensitivity

15 LA SN L) B B B e B B R
J . 0\ 4
[ ]
10 ".io\. / / .
| |

N AN .
m \0
)
@ 59 " .
3 *—e —a— Vtune=4.5V
= \ ® | —e— Viune=5Vv
3
=

l/.
R
\

s -1
298 300 302 304 306 308 310 312 314 316 318

Input Frequency (GHz)

®]3.74 “,/T? 3 ILFD input sensitivity

88



¥=F 2 89

&
ki

(2) Incident Frequency=30.6GHz, output frequency=10.2GHz -11.9dBm
# Agilent 14:19:21 Sep 26, 2007 [ File

Atten 28 dB m Catalogr

. 1

|
L -

Saver

Copy

VBH Swe
Type
Frag
Frag
Frag Rename»

More
1of 2

File Operation Status. A:\SCREN209.GIF file saved
F13.75 3 ILFD B ~30.6GHz#7 34 W)

EE|
iE

Die photo

®]3.76 ‘%3 ILFD die photo
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Chip performance

Item Spec
Techology Win 015pm MHEMT
Supply Voltage 6V
Supply Current (core) 6.8 mA
Supply Current (output buffer) 17.8mA
OperationFrequency 28.8GHz~31.6GHz
Input Sensitivity -1.6dBm~12.8dBm
Supply Power(core) 40.8mW
Die size 1700 pm x 1300 pm

#%3.8 'ﬁ% 3 ILFD performance summary

cE

" 30ILFDY 7 M VCO S LB TS T 5 5 - BRI E > 15 R
CETINESRIE = it YRS S L R g VR
EIUTA 2 AL S GRS 23 B ey - TR tone 0 iR

]
BT BF A T s ! balunfT A 4 3ELA

%’i}% - %1 ?JBBH'E_Q/&‘}&J{E?* ’

ol
gl
3
A
ETINS
F_w.

VCOt

g &
el TR RE (Tr 7§ VCOPe T EA o H T LU s

BAHIR R S AV (ARSI 4% 0 5 ATl R 4S5V
3%7%*91‘“5 %15.8%’ ,%”/E%}:E #EI—}J{;F,% %@%'Li"l
* o B R F L A F LAV S309GHZ 0 A b dI R B S 45V S

31.6GHz » #& frﬂ,%gfg‘gz Brdla B 1 T4 F 4 g o
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Bo- AP R AMEE S R

~=h
i
()N
|
i
=
ks
7
@
c\“
T
fa
&4
a\
=

AR - SRS RR 2 GERAL T IAE DT BRESIE
S - RN Il f & B N T R A R

BIUELS Bk BV - TR T R R R
dod - kO RFREGFERFRRGEAE P o F AP R

T AR AR B 0 T U g e e

AATFE Y 0 A R B aF R P

*“?9
hg
2
=
&
ok
@
o

-

R T L AR S ST ITES TR PRI O

TR VCOH iy ik A 5 52k 65 - ARG L BaR AR S § 3

% % ctone(l4.1) » & F % VCOTy 3 7 v 5 % % ehizjd
w

A

[
Ideal VCO Real VCO

4.1 VCO#E #
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AP EFERU AR B 2 i Sk S Aw ch a4 5 (1HZ) R 2

PO HE F riﬂﬁ;f] N F o jpisei H > 5 dBe/Hz -

I:)'5|deband ((() +Aa) le)j
P

carrier

L(Aa)):lolog[

Flld 2P o2 F ELR E s g & 3] VCO
A Mg adr T gL 5 LOGUELT dhfp fesn ~ £ > Ao i§
A2 ¢ » H & channel 23U 5L ¢ AR AR Bofe 30 4% BT ALK o 4o 4.2

ST > FAPFHN B FONGEFEAERCRET w6 FiE

adjacent channel 731 5% » ¢ adjacent channel =7 * "F‘f T3 3

Nearby
Tranlsmitter
|
| Q
I % A v
: Wanted X %
| Signal X
| > 1
|
|
> a) >)<<>< X Xx X Exact s.ingal
C()C x Error signal

Bl4.2 2 s+ LO4p =323 $Fadjacent channelt 5 e 58

T AR AR 0 ok @ * QPSK® 578 ffphase noise sl F { B ¥
T E RPN At o R TR o F A P TR IR B

HiTH - FIEAEL 0 LOGhp 33 € ¢ = reciprocal mixing4r§4.3
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Reciprocal mixing

Interferer
Wanted
Slgnal j

Downconverted
Signals

S

Bl4.3 £ T8 LO4p = 323034 = reciprocal mixing

4.2.2 #p =R A7)

Phase Noise of Ideal Oscillator :

- B rEfufrs RipEAS TR EAoBl4457 0 BRKE frE

FLinoiseless » B k3 (MHZEPEES L) ¥ gue T d X R

>
F4 7 ig A R LLf=4KTG THLChank = 347 5 crng it e
-
Vv 1 Noiseless Energy
T Restorer
-
R L C
Bl4.4RLC 4= B
IR . oL 1 o
FEFLIT I C Z(a)0+Aa))zj+ ‘Z @, +Aa))‘ ° , H
2(Aa)/a) ) G 2QAw
R 1
P tank Q=—-= o drpt — RAPF R ET T WG BT R
oL  oGL
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2 a2 2

i& 1PSD I 7 o [P T (744.1)
f Af 2QAw

Fl 5 LR 5 IRIFE AR AR S i & 0 AP Bp e 5 34l

- L d 418 P F g I PSDAWE K B¢ LC-tank§ B 0 P Q

B4R T O FAIRRI o ik AP PR DR T L T 4R B p i
2
2KT ‘
se 5 L(Aw)=10log G | (%4.2) -
g 20Aw

d 427 e R B R S SR penQiE 2

BA 3T AR AR e L ﬁg,] TR P AR BRI A e A

1/QAw " 14 -
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BB RIE0Ap AR A I R4S frtd24p A1t F AR

Leeson 101og[2EKT ]
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V425 A g > Ao VE G dp s n(T 5 0 F]pt Leeson#é-;t

2 Aw ,
42 #x i L(Aw)=10logs —— 2FKT _Eﬁ__ 1 /v i
S|g ZQAG) ‘AC{)‘
o AT R IR R enfE ;,]; ¢ 4eWASra > B F 5 iskfittingZ %

fo ¥ ) BT DL AR U(A0) 2 1/(A0) 2 B aig
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f
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AR ReA £ R o e §_FR - Bfitting 28 HR BRI SRR

HELTE LS

Hajimiri Phase Noise Model[31] :

~
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bk B ad S A B IR T E kS MRk
2 T o FEL R R LR LI o P RO R o £
T oe R AR AR 2 (7 5 0 & 0 (o By i Ap R eniE
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PR R B e

FTAME AR - BRI ALCERFE » Fl5 H o R
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FHES gIAR R ART Sl e TR gy DR E 2R
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AR BRIV LA A 5 4P T:"_E'v”!ﬂi%J Ao e F]H Ap AR e
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@ super-harmonic &#_f|* differential amplifier 7 source ## <77 second

harmonic % coupling °
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4.10 #15 » d = B “}%‘ﬁé’? iR G.V, T :Vz-';i’ G,.V, =V, >
ZT - R ZT - R
Oscillator
1 + +
v2 R Zr Zy R vi
mV1 Gm
Oscillator

2

F14.10 18 & VCO | A 5Lt

Bk = BVCOBIVIZ Va3 500 A7 L@ PG,V -G,V =0 > §
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®]4.11 Anti-phase coupling VCO
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Megrdp =3 £ 2 [ entrade-off Vg% P F 4 B ESUBLIS B B
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VCO 2 % = % 3+
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rapehs TR K5 E RV i R BT o - VOO % LA
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(1) Tuning range (2)Output power
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Die photo
g 3+ A’g,ﬁg, =9 ._‘..{:._;__-- T i
— l:
Item . AT Spec
Technology vk IMSC 0.13pum CMOS
Supply Voltage 1.2V
Current of QVCO core 54 mA
Current of Output buffer 12.84mA
Power Consumption of core ~6.5mW

Tuning frequency range 4.49GHz~5.25GHz

Kvco 760MHz/V
Phase Noise -108dBc/Hz (@, 1MHz offset
Sideband rejection -32dB
FOM -173.8
Die size 1030pumx 1210um

% 4.1 3D trifilar series QVCOS7E 3+ 3L 4
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(3)Phase noise

Trigget
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®]4.27 QVCO based on trifilar coupling phase noise

(4) Side band rejection

Atten 18 dB

VBN 3 MHz
X Axis Amplituda
4.848 5 GHz 4 dbm
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4.602 5 GHz

| Copyright 2000-2004 Agilent Technologies

®14.28 QVCO based on trifilar coupling side band rejction
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Chip performance

s A LidE s

Item Spec
Technology TMSC 0.18um CMOS
Supply Voltage 1.2V
Current of QVCO core 35mA
Power Consumption of core 52.5mW
Tuning frequency range 4.7GHz~5.16GHz
Kvco 657MHz/V
Phase Noise -122.5dBc/Hz (@ 1MHz offset
Sideband rejection 33.7dB
FOM -180.1dBc
Die size 1200pumx* 1310pum

# 4.2 QVCO based ontrlﬁlall*_Touplmg performance summary

Die photo | o

8]4.29QVCO based on trifilar coupling die photo
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