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Research based on six-port mixer

Dong Hongsong Hong Jiacai

(The Academy of Equipment, Beijing 101416, China)

Abstract: In the system of TT&.C, the RF signal into IF signalby the multi-stage frequency conversion, the traditional
frequency conversion structure is complex, the isolation between RF port and LLO port is small. For these defects of the
traditional mixer, this paper designs a six-port mixer structure consisting of a passive six-port junction, a square-law de-
tector, and a differential amplifier, its work center frequency is 2. 25 GHz. Firstly, the structure and frequency conver-
sion principle of six-port mixer are analyzed, the six-port junction and six-port mixer were simulated by ADS software.
The simulation shows that the six-port junction has good isolation and phase transmission characteristics, six-port mixer
with low conversion loss, large dynamic range and low required local oscillator power. So the use of six-port mixer to re-
place the traditional mixer structure has some advantages with a simple structure.

Keywords: six-port junction; mixer; the system of TT&.C

F14 Iy 2252 SO I SRR 1 14 S A3 R R AR S Ok i
P25 A3 AL AT J1 a4 . LB 1994 48 7% o 1 H AR5
— UL T HE L R N S A AR OL

0 3
oL AE AR T F2 B LT AERAS T B R R R bl

[l

A TCLE A5 BT RAIG I AN LG fF gl T3
N VEE AR RS IR R i AR A R L X AR S AT
X BT B TR A5 R G T B4 S A0 T S ) AR 8 4 A R L B 2
H 7 A R TR R G PR O S i 1 A A R ORIL R
i 171 A 2 SER O 7R A RGP AR B T2 M R T
TE 7S 9 R MOHIL A5 48 v 7S s 1 2l A6 I 5 DA B 22 43 ik
R e 2L ) 728 W30 BT 2 7 i 1T WAL B 2R

N3 VAR S phy 98 18] 18] 28 4 i J) Engen Al Hoer 1
LA 1972 AEFR I . X IR e R E A 4 Ao H

75 B H9:2017-04

Hh [ Bk AZ 0 3 T

TP R AR BB

7N 3 1B A AL o 1) IE T A B/ AH B T I AT S i
R FH A T e iy — B 43 o 5 ARG R TR A A EL . N i
1 A8 B0 5 3 3l A% 41 Ty 2380 L SR AURE G 30 e 90 ) 9T B i 1
W 128 32 K L B AR 5 A T TR N 3 10 A o Y
PR ARSCEGT T B TR RGP S BB
N i FHRARAS - 9 F ADS BPE07 E 20 A 177 S 11 3R 00 4%
(A ATARRE 1 dB R 46 i S ik

AN TIMEEA — 256 —



g 5 P&

1 RNimORMzREH

1% 55 1 TR AT 45 45 K R 7S ity VR AT 3 45 A A0 181 1 BT
7N i 45 S J7 FAG I A A 25 00 TOR ARG LT 7N i 1 TR A
#ro {9 RE Wi M 2 #EA S50 1 FEA AR 51N
S 1 op LA [ B9 AR 2 2647 2 i b 225 1 O SR Dl A
AU 5 s Gl 22 0 TR i IE S B O S
LA TG T AL

v

RF —»f

X
<>
LO

RF —» 2

!

1

T

LO
P 1 e G A0 i 45 KA A0 i 1 A0 i 45

AR SR A% 2 B9 7 S 45 4540 L 18] 2 7R L 7K s H
45 R G B U o3 A M0 SCERR & A LA

h,\
— B IFI
®
il

il
|
A .
a)( b,=-5j(a,-a,)
b=0.5j(a,*a,)
|
4

ey || g

X

-~

b,=0.5(a +ja,)
N\ b==j0.5(a,-ja,)

ro o —j —j 1 —j]
0 0 ] i1 —1
—j 0 0 0 0
=1 |1
211 i 0O 0 0 0
1 1 0 0 0 0
l—j —1 o 0 0 0 ]
— 26 — HEABRTFHEHEAR

5 O H

Ui 13,456 % th 15 5 AT LA 7S i 4SS 80
o ARBEPITASAS [ BE FUARAOL 195 5 a0 vaw TIAN LS
S ZER A= — @ s FINIAG S IRE L o,
exp[j(w, « t + ¢ ]

REfE%:a, =a+a-expjlwst+g¢)]

R 75 i 11 25 9 AR 2 800 4 > o 10 9 i s s PR ]
DR P

LO fﬁ‘%: a —a-

T

b, = %exp[j(goz -5 )} {1+a -« explj(Ap+ )]}

b = explig.) ~{14*a-exp@<A¢‘F%;>}}

by = %exp(jgoz) «[l+a-

m:—gwm@(@+gﬁ}w1+a-

exp[j(Ago*%)J}
T A EN A S 4 s H S SRR i R P
T5 FAGL AR B 5L L I LU 15 5 04 R TR 45 7 O 1 4 1)

exp[j(Ap) ]}

H L TR B O IR
V.=K, - |b] (i=3.4.5.6)

X BRAE AR D AT I 5 L A K AR B K
x@:K%u+J—mawmpﬂwt+mum

V_:K%}1+f—@-a-gd—Aw-meuﬂ}
V, = K%{lJraerZ ca s cos[— Aw 1+ Ap(D ]}

Ve =K%l +a +2axsin[— -+ dp0])

T LA R IESE T/ Q PR PR 5

I(t) =V () =V, (1) =Keqa+ |a"|+cos[—Aw =1+
Ap()]

Q) =V()—V, () =Keqge+ |a®]+sin[—Aw+t+
Agp(z‘)]

2 RNmARGHENGE

2.1 AWOEMIETHE
7N o 25V RE 19 AF SR T s 5 IR AT A M RE AR 45 X
73Ut 45 R U, LOVRFE Sy IS4 R 4L Si See s AdREG 5
S R ES B S, LA BURBIE 5 5 AR 5 B4
Uiy AR A BFER R B M SEH8 R . 7590 H 45k A ROG-
ERS 43508 BYSHIARA BT . AR S 5nZz 1 pos.
% 1 ROGERS 4350B 15415 #

H(mm) Er Mur Cond Hu/mm T/um TanD
0.508 3.66 1 1E+50 1.0e+33 35 0.003 7

NG S SECNE 3.4.5.6.7 fin. fEIBRTERE
'ﬁiE\:EP Jﬁ?ﬁggﬁgﬂ‘%ﬁ Si \Szzﬂzulzl%%dg Sm%‘ﬁﬁﬂl?*/b

Hh [ Bk AZ 0 30



201788 N .
e $365 FOH B iS5 H A

B0 B RS - 7E 2 AN A P U S8 S, LS FTRR B 150
SL¥E/NF—20 dB, AT LGA B FE AR . ARG HLIR Y
(B0 4 — 6 B, {7 2L (E 40T T 296 (RS R 25 . 33 11 B9 A 100
NS BS(E I A A 1R 2 & A 220 90 A% 4K Wl
20 y
A T
30 _h'-."-‘._._.‘.‘..‘ ., 0k
-
r "3 / -0F v
50 | se-se-se-se-sc dB(S(1,1)) Y ',"
------- dB(S(Z)Z)) “‘:. _100 1 1 1 1 1 il 1 1 1 J
-60 |- — Y 220 221 222 223 224 225 226 227 228 229 230
- dB(S(1,2)) freq/GHz
-70 — —
220 221 222 223 224 225 226 227 228 229 230 BT SEA R R A A
freq/GHz

4t ADS P N i 11 IR B0 7 5L 10 38 0T 6
BE.LOFESEEN O dBm. HiHK K 2. 27 GHz. RF 55
RYE N —10 dBm, SR 2.2 GHz, 4 N4 H 3 A 3
TR B 1) 5 B 7 O b 0 AR B 4 50 07

90°,180°,270%, &l 8 B /R 7E 4 Bt 5 4 thi 5 #E 1 2% 4 i
63| K BT 1/ QA5 5 SEBLE 5 BT A 5 30 p o £ 5

ul HOE B L/Q T B 5 000 I 9,10 T UL L
e 70 MHZ I A R A A 9 140 MHz 9 T4 8 i - (0 T4
-6.5 L L L L L L L L L 4 SN B E Y U7 A2 2L A B i v N
220 221 222 223 224 225 226 227 228 229 230 A3V BN HOE 5 1 S I AR /N T DL 2B AN T
freq/GHz 400
lgl 4 Z":yféﬁ%l:] Egﬁ/\*ﬁﬁ SIS !SH !SIS ’SIG
300
_56 -
200
_5.8 e
100 |
60} 0
e ——
62 [ ~100
64 F -200
-300
6.6 1
400 \ \ \ \ \ .
68 \ \ . . ) . \ \ ) , 5 10 15 20 25 30
220 221 222 223 224 225 226 227 228 229 230 Timels
\ Jrea/GHz B84
lzl 5 zigyﬁﬁDEGﬁ/\Tﬁﬁ 523 vSH vSZS ’SZ(S
80 10

AE

ol \
\

wn
T
_‘_,_/

——— A ff\ /\\ \/\
“ )

_ INVIRNY.

1 L L L L 1 L 1 0 5 10 15 20 25 30

T
—
—

/

_402.20 221 222 223 224 225 226 227 228 229 230 Timels
freq/GHz
N sy e A 2
PR 6 AR s 101 2 i O T A4 AR iz K9 T/QimkfEs

Hh [ Bk AZ 0 3 T AN TIMEEA — 27 —



g 5 P&

dBm(l_out)

freq/GHz
10 T ek A5 = Ja g

or m4

dBm(Q_out)

freq/GHz

B11 QB Hh A7 5 s

ABRBAE 1 dB R 45 s R IR AR AR R 1 e
AT A HEAT T 5 B . $ 4 RF g 0 dBm, A< g 2 %
LO WJE Bl N —40~10 dBm, M5 EE 11 fJLIFE H .2
AT RE B 2 AR T 2 LO BT B0, 24 AR 3R Th &
0 dBmj , 48 5 45 AL 2 Wi #a I T A€ -

~10 -
=20 F //“
-
? -~
8 PR
= -30F -
S -~
2 -~
53 //
z -40 F -~
@] ,/
=50 F -~
-
-
|~
~60 L L L L L L L L ) |
-40 -35 -30 -25 -20 -15 -10 -5 0 5 10
LOpower
127X IR AT 4 14 38 431 3 ¥
10
20 RFpower=-6.000
T HB.P_IF=-27317
2 30 m2
'i RFpower=-6.000
) line=-26.132
A
m
T =50
-60
70 L L L L L L L L L )

-40 -35 -30 -25 -20 -15 -10 -5 0 5 10
RFpower

13 1 dBE4s A

] S 70 AR

20178 H
F3bt F9H

Bl 12 §om 5o FIR AR 1 dB 45 &7 — 6 dBm,
£ —40~—6 dBm Z[8], 75U O 25 RF D)3 84 ma 3k
WAFILME X F IR LA RF F5, BA RIFMR
R L RIS DA A AR 0 e i W e LB AT B
EOR N Ry o8

3 % i

AR SC A E AT 7N i RS s A5 L O o
Za AN CIRELINCIESY o8l €1 iV ARy i T E G R
A TR A o o 3 o 7S 2 00 L S0 i 5 A IR i 11 A A
GEH TR AT AR A BB B B BE o N S TR A 1) A A L
ATRAE 7N S IR A e A B 1A 2l 253 BRI A A4
FELL B AR D R AR AR a5 X TR GE IR A AT —
O/

2 £ X #t

[1] ARSHAD N S A, IBRAHIM S Z, RAZALLI M S.
Six-port demodulator in homodynedirect conversion
receiver [ C]. International Conference on Electronic
Design, 2011:499-504.

[2] KIM Y W. Six-port direct conversion receiver front-
end with carrier recovery circuit and phase shifter using
multi-layer coupled line[ J]. Journal of the Korea Institute
of Information and Communication Engineering, 2009,
13(11) . 2267-2272.

[3] HAMMOU D, NEDIL M, TATU S O. New imple-
mentation of Mm-wave heterodyne receiver based on
six-port technology: Circuit characterization and high
data-rate demodulation results[ J]. Progress in Electro-
magnetics Research C, 2016(65): 139-151.

[4] KOELPIN A, VINCI G, LAEMMLE B, et al. The
six-port in modern society[J]. Microwave Magazine,
2010, 11(7):35-43.

(5] ARV, WL H, BER B —Fh 58 R 7S ui H 45 101
PFLTD. BooH s PR R 222 4R . 2016, 36(2) :32-36.

(6] VFPmREE. EFosumb RN RERITID]. R
TR R, 2013,

[7] LI1J, BOSISIO R G, WU K. Computer and measure-
ment simulation of a new digital receiver operating di-
rectly at millimeter-wave frequencies [ J ]. IEEE
Transactions on Microwave Theory &. Techniques,
1995, 43(12):2766-2772.

[8] LAEMMLE B, VINCI G, MAURER L, et al. An
integrated 77-GHz six-port receiver front-end for an-
gle-of-arrival detection [ C]. Bipolar/bicmos Circuits
and Technology Meeting, 2011:219-222.

[9] ARSHAD N S A, IBRAHIM S Z, RAZALLI M S.

Six-port demodulator in homodyne direct conversion

Hh [ Bk AZ 0 30



B
-

20178 H
. 5365 BOH

receiver[ CJ. 2014 2nd International Conference on E-
lectronic Design (ICED), 2014 499-504.

[10] BOUKARI B, MOLDOVAN E, AFFES S, et al. A
heterodyne six-port fmcw radar sensor architecture
based on beat signal phase slope techniques[J]. Pro-
gress in Electromagnetics Research, 2009, 93 (4):
307-322.

[11] LINZS, VINCI G, MANN S, et al. A compact, ver-
satile six-port radar module for industrial and medical
applications[ J]. Journal of Electrical & Computer
Engineering, 2013(12) ;2.

[12] WU K. Multiport interferometer techniques forinno-
vativetransceiver applications [ CJ]. IEEE Conference
on Radio and Wireless Symposium, 2010:531-534.

[13] EHEES. 5. BOAFS . moks BE I 7S o Dl R 40
RUEW S S MmALLT]. 00 & 51U 2R, 2009,

B 35 H &

23(12) :61-64.

[14] REREIE. B, M. MR D REM R
VAR T L) ], PR A R oA, 2009, 44(1)
20-25.

[15] HADDADI K, LASRI T. Formulation for complete
and accurate calibration of six-port reflectometer [ ] .
IEEE Transactions on Microwave Theory &. Tech-
niques, 2012, 60(3):574-581.

£ & &

FULAN , DA A L, FEEBTIE 7 1] S SR = L oS v
RS BT SRR

BER W AR T A S 0, B STy o R A
R RS R
E-mail; dhsgy05@163. com

EEMBSEHR DynalFET 2R ARG EP R+ ZFTIEERI

2017 4 9 H 4 H ., EMERH AR (NYSE: KEYS) H §j &
i s Ho S5 9 DynaFET # #8 R G 75w [ B 7 B 45 46 B 4 )
S =BT LT (R B o v L = 0 UM £ 2208030

DynaFET J& PAAEZ A K42 W 45 23 X (NVNA) FIA T
2 o 245 CANND Sy S filh 0 6187 1 1) 16 & 9 2 = 44 R 448
LMERIRY . SR 2 A A B/ Bl AL B B ] W
19 DynaFET #5 R n] A= B H 19 2 J 45 B L T G 7 490 A0 £ X
i SE T 92 00 B L m]  T A% SR Eh AR R AR Y Bt

Keysight EEsof EDA i 45 ffy 22 8 1 g 8 - 30m
R PERE B A o N TR REBOR L T R T O A R
BG4 7] DynaFET i i B b — 4> it B 1] 1~ A Y
FZIET ALK drain-lag 48 3 B0 A RO B T4 A
SRR T B YL I2 BRE S BT e R A B A — U
B AERCRAR T RN 24T A 0.7

P =T AR T 1956 L A T ILE S AR E 2
T A g S AR H AR BT 58 17 80 d I WA i K L % ol 45 4 T

Hh [ Bk AZ 0 3 T

EXFLMGEETIREEFERT THRFZ—, KTl
M SR T R T e T T AL R &
(MEMS) 6L 4 UL 3R 48 i i 2 5 1 A% s 5 R LI
0 EE T 3t PPRE R A W S5 A S 4

TSR AR A % A PP R 76 b - = BT Y 52 58 55
Fl#EE T DynaFET Ml &7 &, 37 X5 92 B 19 FE 4T 7 )
R, P TR E EEHEEER PR =T
SRR AR A 2 1 DROPE D6 2R I e X ORI 2 TR
LKW MR . DynaFET 4 K A5 -5 3B W 4 J5 1 #
N T2 W 2% B Bl 2 20 S A2 A SEBL T o g B IR 46 kA
BN HENT L O S S A RS AR

JEHEFRL . EEsof EDA A [E [X 2 1L A8 7w - “ 1R 155 2% AN
R T ERGE. RAER - BB TR IR G HE L
At B e L AT B P 2 Al i kR L R R B 5
KT 200 ZERSHE R BB RE b 315 Uy B e T
TR — 5 1E”

AN TIMEEA — 29 —



