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A Dual-Mode Mixer for Multi-Band Radar Signal Reception
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Abstract

In this paper, we propose a dual-mode mixer to have multi-band radar signal receiver to be compact. The proposed
mixer using a anti-parallel diode is operated as a fundamental mixer or sub-harmonic mixer with respect to a control
voltage. A fundamental mixer with a control voltage show a conversion loss of —10 dB, 1dB compression point of
2 dBm at X-band. On the other hand, it is performed as a sub-harmonic mixer with a conversion loss of —10 dB,
1 dB compression point of 2 dBm at K-band.
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Fig. 1. Fundamental mixer operation of APD.
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Fig. 2. Sub-harmonic mixer operation of APD.
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Fig. 3. DC & AC characteristics of APD.
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Table 1. The result of filter design.
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Fig. 10. Output spectrum of the dual-mode mixer.

2 99 A¥ —30 dBm, LO A
A} OFF ZHA 43
0 dB —LE:]O]')}\E EH —10 dB EE

— l'ol‘
i
i
o
=
>,\l
[ o

i B

Al
oX,
8 e ruz HE,

=
o O

Y
“3

o Rl
Y
[T

rb>

o

=
=

rll'ﬂ H}L
rir
K

°olF RE Fu 7|9 W
4 54< 249 119 vdehigeh 19 l@e 9
g A8 —30 dBm, Aol A 25V AN &
o &3 RE9] LO e wE HE &4 A]tﬂ 7

%;—&H] 3 HOinﬂff‘oﬂH 5&
ol M= FiA o E W2

Ao
Rl ot
o _11

1051



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 24, no. 11, Nov. 2013.

—+—10.50 GHz
—m— 2420 GHz

LOfreq.=15.10GHz
.10 4 IFfreq.=4.60 GHz
Cableloss= 0.0 dB
Bias = 2.5V/2 mA

2
&

Outputlevel, dBm
\'u

-40 - L A ———%
— > e
L “»

|

wn
=]

..l___.---H—-l =

a 1 2 3 4 5 1 7 8 S 10 11 12 13
LD Level, dBm

(a) 7123 &3 2T

(a) Fundamental mixing mode

o | LOfreq=1440GHz —+—10.50GHz
? IF freq.=4.60 GHz —=—24.20GHz
an Cableloss=-2.0 dB
£ Bias= OFF
= E
)
]
g4 s = 88— 1
= e
2-50 P
= -
S e
A
- I A
-70 u e -
—
g -
3 4 5 ] 7 8 9 10 11
LO Level dBm

(b) 1?— 1% _L]. :9‘_61— e
(b) Sub-harmonic mixing mode
J8 11, W8 &4 vs LO A¥
Fig. 11. Conversion loss with respect to LO power.

Aol AAEE AlE ddtdt 19 1) 949
A9 =30 dBm, Aol A4S A7bekA b 21 3
71101‘—%&“ —20dB %27 01]1 154 3% g

%‘—zéﬁr Etoﬂfﬂ th AZel teid= —40
dB Wigh &4 50 R Va3 BE o 54
< Zeth 9 89 Eodd Ase vlugle o
BAHLE 22 L0 AFo] Q7ts ook s, o=

o
BV
X
lo

©

o

lo
cob
Jn rlo
2

Ho| mWE [.dB ¥ 54 el Aoz 11
dBm LO ™ ZAA 7|25 RE @ RyZu &
3 REo|A —40 dBm ¥ PIdB SAS 2HY A&

1052

——10.50 GHz
-10 4  —m—-24.20GHz i

[
&

P1dB, dBm
; w

wn
=]

T T T T T
-300 -250 -200 -150 -1040 -5.0 0.0 5.0
RF Level. dBm

J8 12. PIdB §4
Fig. 12. P1dB compression point.

= ¢ F Ak
7188 &% RE9 PIdB A RF T3¢
10.50 GHz, LO §=3}/A| 7] 15.10 GHz/11 dBm, IF
¢ 4,60 GHz B 2.5 V] HRo]oj s 7oA 473
StlaL, Faxs £3 XX 9] PIdB £ RF T3}
2 2420 GHz, LO F3/417] 1440 GHZ/11 dBm, IF
F I} 4.60 GHz B vho]o] 2 w17} Z271el| A 3
stk Fuxnt £3F REe] A9 AolE &4 20

dBE #fsto] YERfSiTh

L

AR o]F RE Fug EYVIE FEiA
w2 A r 548 Beslr] 98t Lo, RF % IF
el s AAE A3 IH 2 ES A 45}
At 2% 132 7|89 2 Ruxn E3 BEA
o Agr 545 Jepidith 19 109 ~HEH
45 98 s AN 21 FdT FAeNA
Agstdth 19 13 7189 £ BXe LO-
IF %

Atk 1Y 13c)= 7Ry 9 Fuzxn &
RF-IF A8 §A4S el 02 &+ &
a2 K-thgeA —30 dB ol 94 RF-IF A8 %

l‘ﬂ"ﬂ ks °‘»lt*" ‘ﬂﬁ}oﬂ € YYOE ddHEn
L8

B ERAE F9A%5 39S £U5A £
o}, YWAOE Tl 95 Faks £Y719] 44



LOfreq.=15.10 GHz
-10 4 Cableloss=0.0dB
Bias=2.5V/2 mA -
£ -20 4 o
E "
=] — —A
o _ - i E—
c 3p 4 L -
2 -
& s
S -a0
-50 + ——LC-IF
—a—LO-RF
-60 i . ) .
] 2 4 6 8 10 12
LO Level, dBm

(@ 7123 £3719] LO-IFRF A%
(a) LO-IF/RF isolation of fundamental mixing mode

0

LOfreq.=14 40 GHz
-10 | Cableloss=-2.0dB
Bias= OFF
_——®
£ -20 e *
oM P
=] . .
= >
g 3 ® __ =—a
=1 g
m —
= R
S 4| g— =
-50 ——LO-TF
—&— LO-RF
-60 i
] 2 4 6 8 10 12
LO Level, dBm

(b) Fxx9 3719 LO-IFRF Z2&
(b) LO-IF/RF isolation of sub-harmonic mixing mode

-50

——FRF-IF@E0ENIC
—8—RF-IF@7| 202

RF Level=-30 dBm
55 4 LOLevel= 11dBm
Bias = OMN/OFF

-60 - P |

1 . /

-70

Isolation, dBm

-75

-80

10520 13500 24200
RF freg., MHz

(©) /1o Farzs £ ZE9 REIF 42

(c) RF-IF isolation of fundamental/sub-harmonic mixing mode
28 13, 3] RES A9E 54

Fig. 13. Isolation characteristics by mixing mode.

= WE &0 ZAEE Sz

N.Z2 &
B =S XKUY A5 Fo4 HES 6
°o]F R Fug EWV|E TG 9WE ¢

o dold A3 FAE A o) BE Foi B
0| o=o] Q17kEE Ao) Al w73t £
EE $32 EP)2 FANA 0F te F40)
FeEg o] pa719 288, ARs THo
e sl

A7tEE 71 BT £ REMA —10 dB W3 &4,
2 dBm P1dB, —28 dB LO-IF Ag = 543 -5 dB
LO-RF A2t §4& yenfiglon, Fyxa &3
FEEox —10 dB ¥ &4, 2 dBm P1dB, —28 dB
LO-IF Ag)%= EA43} —40 dB LO-RF A% EA S
e ATk

B R4 AU 0l BT Fns EHY) P
22 Kedd7b) FRAINE 249 472 5
Aol FALTHA XN A Ka <] Aol 21
5 N0l bsd 28, A% £ 7ol b

g Ao Z AlR ¥
References

[1] Stephen A. Mass, Microwave Mixers, Artech Hou-
se, Inc., 1986.

[2] M. Cohn, J. E. Degenford, and B. A. Newman, "Har-
monic mixing with an antiparallel diode pair", /EEE
Trans. Microwave Technology and Tech., vol. MTT-
23, pp. 667-673, Aug. 1975.

[3] Kunihiko lizuka, Hiroshi Kawamura, Takanobu Fuji-
wara, Kanetomo Kagoshima, Shuichi Kawama, Hi-
roshi Kijima, Kasato Koutani, Shinji Toyoyama, and
Keiichi Sakuno, "A 184 mW full integrated DVB-H
tuner with a linearized variable gain LNA and qua-
drature mixers using cross-coupled transconductor”,
IEEE Journal of Solid-State Circuits, vol. 42, no. 4,
Apr. 2007.

[4] 293, 238, gag, "wo]dZolE tF
e FA7E Ku-the A5k Alo] x17] 44
2R, A ets=EA, 2009), pp. 853-
861, 2009,

[5] Yew Hui Niew, Jurianto Joe, "RF and IF ports mat-
ching circuit synthesis for a simultaneous conjuga-
te-matched mixer using quasi-linear analysis", [EEE

Transactions on Microwave Theory and Technique,

1053



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 24, no. 11, Nov. 2013.

vol. 50, no. 9, Sep. 2002.

[6] 295, 229, 799, 452, Y % 05
W A2HE E4 W WY RE A9y 78
2 98 0% 715 Sz9 A % AR, B3R
2491843 = 5% 21(3), pp. 292-300, 2010 3¢

[7] G. L. Matthae, "Interdigital band-pass lters", IRE
Transactions on Microwave Theory and Techniques,
vol. 40, pp. 951-958, 1962.

[8] Wen-Hua Tu, Kai Chang, "Compact microstrip band-
stop filter using open stub and spurline”, /EEE Mi-

=
g
fo

2009 29: dstdigta AAEst
3 (F8aAh

20100 294: A FFAAEA
AP T A7

20109 7€ ~EA: eI~ AE

AL
e b [F BAEON B $44 A2
AN 2

&), MMIC/RFIC, @lo]t] 2 a-3d7) B

fus

19925! 24: H&%d@;ﬂ AR3
g3 (F3HAAD

19899 39 ~1998d 29: A A=}
S|

1998 39 ~2006%1 2¢: Radionix

o] A}
20063 39 ~2008'd 2¥: M&M Lynx A+
20099 34 ~&Al: A" A AT

(& ZAZOH e, 233932, gojt A2Y §

1054

crowave and Wireless Component Letters, vol. 15,
no. 4, Apr. 2005.

[9] M van der Merwe, JB de Swardt, "The design and
evaluation of a harmonic mixer using an anti-pa-
rallel diode pair", Application Note, Microwave
Office.

[10] H. Zirath, L. Angelov, and N. Rorsman, "A milli-
meter subharmonially pumped resistive mixer ba-
sed on a heterostructure field effect transistor te-
chnology", IEEE MTT-S Digest, pp. 599-602, 1992.

19859 2Y: St ALHEA S
el (“iW)
1987 84: =
B (H—T}*W)
2012 A =

Foi st ALt A g

20039 29: oAy Azt
3 (F8Ah

20073 8¥: <lslthg
I (F8AAh

20073 69 ~3A: SEHEEAA
HTd AdA+L

20119 39 ~&A: sthsta Azt

AAE

=3
23t vt
[F BAEO0H AFZZ7), MMIC/RFIC



