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Analysisand Design of 60 GHz Millimeter-Wave Receiver

for Flip-Chip M ounting System

Student: Yan-Shen Chen Advisor: Chin-Chun Meng

Department of Communication Engineering
National Chiao Tung University

Abstract

In this thesis we study a receiver which is for 60 GHz band
applications, and it is compatible of flip-chip mounting system. We
designed 60 GHz sub-harmonic x4 mixer, 60 GHz sub-harmonic x2 mixer,
60 GHz amplifier cascades sub-harmonic x2 mixer, 60 GHz amplifier
cascades sub-harmonic mixer and LO chain, 60 GHz image-reection
mixer combines with LO chain, and 60 GHz receiver in sequence. We
used WIN 0.15um PHEMT process to implement the former four circuits,
and WIN 0.15um MHEMT process to implement the later two circuits.

The mixer core in our thesisis the Anti-Parallel Diode Pair (APDP)
mixer, and the amplifier is designed based on small-signa S parameters.
In the Receiver, we designed a LO chain to lower the system LO signal
requirement, the multiple core of the LO chain is APDP too, and we
cascaded afeedback amplifier to drive sub-harmonic mixer.
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FRF A R EREG:

G=g,+0,=ai - +e ) (2.9)

IR DL AL TR AL TR SRR - R i
Hd LOMELZ fads » £ Sd TRV !

V =V, ,cosw .t (2.10)
#(210) % » (2.9) > i w

G =2ais -[1,(aV o) + 1,(aV, o) cos2w t + 1 ,(aV, o) cosdw ot +.....] (2.11)
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H ¢ | () » modified Bessel function -
Apd QU)F g HEGP F 73 LOSiRRIE - Be 7 FRF
I B Vi =Vio COSW ot + Ve COSWet £ 2 341 77 12 47 2 304 11 30

=GV

total

= Acosw,t + Bcoswg.t + C cos3w, ,t
+D cos5w, ot + E cos(2w, 4 + Wge )t
+F cos(2w, , — W, )t + G cos(4w, , + Wge )t

+H cos(4w, , — W )t + ... (2.12)
B(212)7% ¢ o A B e S LA i flAg B R 0TI
§¢ﬁ3$@%7wmﬁwwiﬂ’$é%ﬁﬁﬁ,»@Kﬁg%
R Fo
M- Wge £N-W,4 m*nisoddinteger. (2.13)
(213)407 7 F HAF - AR EOE R SN 2 h g T
¢~%ﬁ»ﬂ%ﬁ%@’4${ﬁm=n’ﬁﬁﬁﬂﬁﬁéﬁ%ﬁﬁ
hd EHCE > TR M BRI BT S L - A RS E e 3
IR A R B A S HHC REREEER, > T RT

L i1-i2
©T2

1. v -V
=—i(e” +e " -2
i )

=i (coshaV -1) (2.14)
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2P H-V g =V COSW, ot +Vip COSW t 5~ (2.14) » 28 i # 1 48 )
3& / ﬁ_,'(n I m? ;”’

2
(Vo CoSW, ot +V COSW,. 1)

| =i[1+
C S[ 2

+...—]1]

| 2 a2 2 2
:—5[\/LO COS™ W, ot + Vo “COS" Wopt + 2V (Ve - COSW, ot COSWi T +...]

: 2 2 2 2
=|—5{VLo ;VRF +V§ cosZwLot+VR2F COS2W,,-t

+V Ve [COS(W, o — Wi )t + COS(W, o + Wi )t] +...} (2.15)

B(215)7 ¢ APF F P @B TR § 2

c

2 2
VLO +VRF

,L 21 A v‘,\, NN e
5 R S SR I ST

M-Wge £N-W, m+n 1S even integer. (2.16)

A A FQRANTI216) 04 1T T e g Y BT

| =i, +i, (2.17)
ATt 2 Ap ke o (213)8(2.16):g 110 K R BERAE G 5
ERT O - LG AR E[12]
® T ougEd M-FOR AR T R L R AT
® Gl ARIRF BeRRIUR N AT g G v U Ry
Hc o
® AREFMFITIZTEIMPH-LHIp o2 - > & &
Ap R BOYIERA A -

>

AL E - BT CGEF LS B R ERNS Y LO

AR
|5
P}
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AARIE ORI B G AT AL 0 Bie- B EAEApf HE S
5 B A F A M R R B A R AR T AR BAR S R G S eh

- F v BRI (fop — o) TR 0 & N R $ZAT IR
AR Fmene 5 - %7 U d 210 k5 -
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H

B 2.10 LOzen = igds 1 ¢ #F o
B LOswd ¢ pedr foam By fy 2 f, » it Penf &
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Bed o I o e dn g o
25 %A BRIE
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EE BT o - BREREBOHEAPZEE SR

JHCH H F LR BB R B et e R ko g A

FA iU BB BRI RAR - Bl ) e
A

RN BRIV IR I R T e N SRS o A X Fas -/

NF =" (2.18)

He P, %T ttﬁis?lt'ii%v Brlendmgenst X > & 57 A
B~ B R SR AR D 3 e DR e A - (R
f e A LR S T AR R I 2t o

éf_ﬁ;T] dixd %‘\%J)\:‘}"g‘_ AR T 5 1B ‘:77%1 -7 NP2 E fi%f‘]GA’g\

gl
T3

THEHE T A
I:)sig
Gy=7— (2.19)

SIg;

10 (218)F & » (2.19)7 B &

P. / P _ P., / Pss
NF =39 _ SNR;, _ _sig (2.20)
s,g /P SNROut SNR,,

H ¢ P, T &3 WELT F i B o P B& T HURFEAE S F

A
kRS
|~

£ ¥ SR AT R o I E PR R A S E i
o 18- R (218)22 (220)507 2 o (218) e g ok A
?;;&*?I*u PH N FUBLE M 0 (220)5 S B 1 T R JUBLECH Uk
LEHRLET S fE e E R (22007 1 H A

P

sig ,total

=P -NF-B-SNR,, (2.21)

B A AR - d 53 (221) ) AP T @ B ehd e F
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I |Og %\' 7T

Peig.min = PRS |dBm/Hz +NF |dB +10|Og B+ SNRout,min |dB (222)

sig.min
A E - T R PR kS g AT RET e H R
EAPRES-174dBM/ Hz - Q22 W 7t "L 5T o 0
AR Fanfy AU PR D SRR R ) i R
B o
PR R sy e R e ket £ 8 9 Bl %
* B E B R E R R B ety i A MK

gk 4r@2.11

N
o
S or

R AR > Y- BEE DS Bk

P
W

Al

Amplifier 1 Amplifier 2

GAlPNi +B, [\ Puo
- = . ——

Bl 2113 e x B 5 safesn o

wgy T @l iRt 5 R, FE S
Pwo = GAz(GAlPNi +Py)+P, (2.23)
P
NEo— M gy Fu P (2.24)
PNiGAleAZ PNiGAl PNiGAlGAZ
&
NF = NF1+—NF2 -1 (2.25)
Al
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2(2.25):% F % - Bwd Feaneitig ol 's 11 Gy B R ATER
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4

A gt B AP E AL Tl AR Y E o
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ERERFN p gk (HF  RIFTVAERTLE B
20— B BRIRLBAT I PEMECOELE AP R L
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¥ - BTN B T LA ¢ EOR AT R R
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MAE e > TR A T s Een? S 2 € fdrgt M
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X (S) Y (S)

—»@—» A(s) >

Y(s) __ AS) (2.26)
X(s) 1-A(s)B(s)

3 b SRR oL~ F AR Benikyhd o A g

(2.26):¢ # enf(s) » H 3 7 TR PO R R enie 2R

B ¥ Ad g taded 4 S LIg - TR aigs

2D R R B R A AP R S Sk A

Fk SRR > - B S A
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S;; S
9 ~ S Sx ] —
Ls Dy Four Iy
B 2.13 1= Fpep Sikk-
-‘gzi;’fljtb & ruengE T oo ‘J}’E%ﬁ%iﬂ%fﬁmﬁbbi%ij 75 4 AT)';IL




F-F B2 60GH BAHHEILE S RBIP2 L7853+ 22

K
Ir =% <1 (2.27)
Lo+ 7,
|FJ:ZL_Z°£1 (2.28)
Z +7Z,
A
T, s, + 2282l L g (2.29)
922t L
|Tour s, + 2%k 1 0q (2.30)
1- 11+ S
d (227)3)(2.30) » s w 2 F - B AR TR SBK
2 2 2
_lsuli—isplslal 4 (2.31)
2 | S12521 |
MR A FOE S
|AFSyS,, =55, <1 (2.32)
B, =1-[sy, |2_|522 |2+|A|2>0 (2.33)
dod - B W2 1390 e R H S Sk K (2.31) 2 2 (2.32)

£ (2.33)H ¢ - ;4. AR PR B - TR AR SRR R 2
FNPERED - BAEAE A TR o B A K Sl h TG 7%
R A B %fﬁ-iﬂ%ﬁ%ﬁﬂ#ﬁ%ﬁ%iﬁ » ¥ 8 K %k
e v}s,ﬁ?;;bi F & 1‘3’%’;{1&.4’?}%—&; jgp_;
MR Y o AT A - B AR R A —u S

1- | 522 |2
|311 - A(Szz ) |+ I S21312 |

= (2.34)
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(234);' > 2 & T C BRREFERT 0 RET 4
BT - 7 upfhtpaS v 0 Flo i AL RETR
Pl 2] QPR TR TREdE - oy § ~ B4 3 LR R ATH 40
@@,F—@x&y CHH#-(2.34)¢ s, s, T A NPT TR
Bd3Eu 0 FlanRQ34)3 2 0 g5 R FAN- o

253 ¥ g T e

AR E s f gtk B “/f TR R ¥ - BEE

PR E o Ak A T M R SRE TR T

pu-{ P

SIENCIGEVE: SUE N £ P e

. 2 2 14 2
o @ PSP (2.35)
| (1_ Sllrs )(1_ Szer) o SlZSZIFSFL |

TR B F AN TR e otk B e

Input s s output
Z, Matching S =[ . 12} Matching Z,
Network | 1 Sa S»| |49 | Network

[ =I, =2 V2~ (2.36)
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B,—B,—4|C,F
r,=r, =—2 . —41C,| (2.37)

oM 2C,
He
B,=1+|s, F—Is, [ —|AF (2.38)
B, =1+]|s, [ —|sy [ —|AF (2.39)
C =S, S, A (2.40)
C,=5,—S,A (2.41)
| A |=|S13S00 — S5y | (2.42)

7

TRFIN G REEERETR > (236)T(242 N 4 & 2 o ppER

(RASEPIP Ll ¥ P2 jiﬁﬂ =N GMAG :
S [P
GMAG :ls_z1 | (K — K? =1) (2.43)
12

T AN TKST ASLafiR > (243)5" g
P RARAE S AL ERAFETR I EFL o T TR

GEET ST IR TR SNSRI LR Y

Gy =12 | (2.44)

(244) %P 7 A PEF g - S E I P RATHT kR T
oMU FKEFEN- o APR I b < EUHE - W

2. 154 # - d2 E KA T T LAY o
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RGS,min R

DP,max

Bl12.15 R ke TR
2.6 GGG %R
R S AT SRR S
L5 HARA > SRR AFF AT AR R E Y b
AR o B LR BB e § L F L 0 J W2 16507 1 W

Power
A

Virtual LO
4 A
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—

A s

fie flq JOXf

‘_———

f”Vl fRF
B 2.16 &t g+ 3k o
Gff- B AR o T LR o B
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MR DR R LR R AT PR R LR LD
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252 GHz 27 &3 {UARFFEM il SR E RS EMES
S REA b 0T TELHGURL B Y Y R L R3S 0 -

-k APy B 2R L Gongl > A HE B e 2
L feip i e L - BEGSURLY GO B0 AW2.17

Power
A

filter response

A
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P

-

4

]
fIF fLO

B 2. 17 rtiit § %k f BTG -
Bl TR Rl BT NP R AE S {g 0 i gt B s
F

U R U ’ﬁﬁﬂ$mﬁ%§§ﬁ§%3ﬁ

B H- B EEAT A BAR > TORIEART ¥

st (L-DT,, » #F2 © et dy e Ny, %
L-DT
NI:filter :1+ ( T) B (245)
0

H ¢ T, % 290K o
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. —fn fve ¢
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fRFH n n H o
O
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PSD
A
f'Fl szol—lFl
e H n (\ H folomira
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\ 4 7 f
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A
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\ fZIFl—IFZ
—fies fies - f
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B 2.18 & 455 awp A (@R (D)% - S (O ¥ = -
L W2.187 (C) it ¥ - WA GEL AN P L P Rk TR
20h s (g D BHGUELE T A e R LR
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LPF
% A | 90° phase
~~~ | shifter
A
i t
SWo LO Input C
\ 4
RF Input v \ IF output
IM Input 90" phase |/ >
shifter A
l cosw, ot LPF

X/ B

DEACRESIEL ST E S
AP IERR A P BT B~ SUBL S A COSWeet ~ 42 iy » UL S

A,, cosw,,t > # #}&;‘ﬁﬁ] MOLEL G Sinw b il - M gl B i

NPEA Ry AES 0 A e BEEIRELELY B

s, () = %si N(W, o — W )t + A'ZM SIN(W o — Wy, )t (2.46)
_ P . A _
sy(t) = 5 COS(W, , — W )t + > COS(W, o — W )t (2.47)
d 3T A AR e T AT R ASE- B4 LR DOBAP

Fzfe L pM et ARt Ap B F 02 v AP K o A0 ABEGTL
BLEESAR B2 Pl EC B aLELS
5 (1) =25 0os(Wy — Wee )t — 2 c0R(, — Wy ) (2.48)
- Kk BELrC B3 ip 4o (8 ¥ 1y f Gt B o B | i
o QU PR F AT el T o APT R Fnd BT
ME o RARFIRYIAPD I g QUE- TG - TRAED
gL e (in%)fr & & 4 6(indegree) » ' 7 T & & 1fU 5Ly e
ZF (image rgjection ratio, IRR)[15] :
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1+ 21+ g)cos b + (1+ ¢)?
1- 21+ &)cosf + (1+¢)?

IRR =10log[ (2.49)
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R

A B A B A B A B
_ . . (2.50)
C D measure C D input _sim C D device C D output _sim

fi% FApig e

A B ABT"
- (2.51)
CDJ|. |CD]. _
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d R R gE & B AURRRSR AR via Tl o SV T rd e

ViaR|y et e o TR 7 7D - BREDT LR AL
oo F A HREEA 2 d ABCD i Z i
Z. Z A B
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IF

—/1 @ RF
4 _Z@ZLO LO OPEN

e

T A@RF

—o

O matching LO
couplellne Signal
filter A

LOgroundnode — @ LO

RF

.

B12. 26 LO 20 LR 2 o
LO %] NN TRPE > d D i B d RS A
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60 GHz Amplifier plus subharmonic diode mixer
(WIN 0.15um PHEMT)

Conversion

Down

Down
(FlipChip)

Input Frequency

60 GHz

Conversion Gain

5.26 dB

6.06 dB

IP1dB
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-16dBm

RF bandwidth

59-63 GHz

58-63 GHz

LO-to-IF
isolation

>10dB

SSB Noise Figure

<8dB

vdd

2V

Vag

-0.5V

Power
comsumption

140mW

Chip Size

2mm X Imm
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% 2.560GHz pHEMT e 7 R4 4 o

60 GHz CPWG-Type Receiver
(WIN 0.15um PHEMT)

Conversion Down Down(FlipChip)
Input Frequency 60 GHz
Conversion Gain 492 dB 3.36dB
|P1dB -22.5dBm -23 dBm
11P3 -14 dBm
RF bandwidth About 4 GHz About 3 GHz
LO-to-IFisolation >55dB
2L O-to-IFisolation >65dB
3LO-to-IFisolation >20dB
SSB Noise Figure <10dB
vdd RFE:1.5V LO:1.5V
Idd RF:40mA L O:60mA
Power comsumption 150 mw
Chip Size 3mm x 2mm
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7 2.660CGHz =t i L i s R B £ A TR L -

60 GHz Image Rejection Mixer CombinesWith LO
Multiplier Chain
(WIN 0.15um mHEMT)
Input Frequency 60 GHz
Conversion Gain -17.1dB
IP1dB 5dBm
[1P3 15.2 dBm
RF bandwidth 58.5-63.5 GHz
LO-to-IF
0 > 60 dB
isolation
2L O-to-IF
oo > 65dB
isolation
3LO-to-IF
. . >20dB
isolation
vdd L O stage 1st, 2nd:3.8V LO stage 3rd:3.7V
ldd 58mA 31ImA
Power
. 335.1mW
comsumption
Chip Size 35mmx 2.2mm
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# 2. 760 GHz et 4 -
60 GHz RX
(WINO.15 m mHEMT)
Input Frequency 60 GHz
Conversion Gain 8.23dB
IP1dB -21 dBm
11P3 -16.5dBm
RF bandwidth 57~64 GHz
LO-to-1F
-0 > 58 dB
isolation
2L O-to-IF
O > 46 dB
isolation
3LO-to-IF
- >10dB
isolation
Noise Figure < 7.5dB
vdd LO stage | LO stage RF stage RF stage
1st,2nd: 3.5V | 3rd:3.8V | 1st,2nd:3.3V | 3rd:2.3V
ldd 38.75 mA 34.14 mA 65 mA 28.9 mA
Power
. 550 mW
comsumption
Chip Size 4.3mm X 2.4mm
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60 GHz Receiver
(WIN 0.25un mHEMT)

Channel Index Channel 1 Channel 2 Channel 3
Channel Frequency | 57.24~59.4 GHz || 59.4~61.56 GHz || 62.56~63.72 GHz
LO Input Frequency 9.3GHz 9.633 GHz 9.966 GHz

Conversion Gain 7.7~10dB 6.53~9.08dB 1.77~5.98dB
I mage Rejection Ratio >10.6dB >13.7dB >10.1dB
Noise Figure <4.6dB <7.18dB <7.5dB
|P1dB -23dBm -23dBm -26dBm
11P3 -14.5dBm -14.8dBm -16dBm
LO-to-IF isolation >58dB
2L O-to-IF isolation > 46 dB
3LO-to-IF isolation >10dB
Power comsumption 550mw

Chip Size

4.3 mm x 2.4 mm
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