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Design of 2nd-harmonic Quadrature Mixer for Ultra Wideband(UWB)
Systems

Goo-Young Jung - Jong-Hyuk Lim - Byung-Hyun Choi - Tae-Yeoul Yun
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Abstract

This paper presents an ultra wideband(UWB) direct conversion mixer for IEEE 802.15.3a applications with
simulation and measurement results. Since the direct conversion mixing causes dc-offset and even-order distortion, the
proposed mixer adopts an anti-parallel diode pairs(APDPs) to solve these problems. The proposed mixer consists of
an in-phase wilkinson power divider over 3.1~4.8 GHz, a wideband 45° power divider over 1.5~2.4 GHz, and
miniatured band pass filters(BPFs) for RF-LO isolations. The conversion loss is optimized with impedance matchings
between APDPs and wideband components. The measured mixer shows the conversion loss of 13.5 dB, input
third-order intercept-point(//Ps) of 7 dBm, and 1-dB gain compression point(Pigs) of —4 dBm. Quadrature(I/Q) outputs
have the magnitude difference of about 1 dB and phase difference of +3°
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Fig. 2. Direct conversion mixer for UWB systems.
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Table 1. S-parameters of the mixer components.

24|49 B3 dY B3 5944 | 45049
54 a7 | dmr] | B | R
g | 07264 | 3148 | 3148 155~2.4
T MHgz GHz GHz GHz
WA} 4| —12 dB | —12 dB | —15 dB | —15 dB
(Su) o] 3} o]} o]} o] 3}
A EA| -05dB| —1dB | —35dB| -4 dB
(S21) ol At o)A} ol ol
A —20 dB | —20 dB
(S3) o] & o]}

1159



BEBUESEHRNGE F17H $125% 20065 128

(ADS)E o] &3t AA 325 HHssioH, 1
g 6ol Vel Ak Al EF ol M HE HalA 7
zte) 2SS BES . 8], A9 2uj7| ¢
BPF &= AaHA AlE#o|MdE B3 S-parameter Fh
FZ3lo, 32 AEHolHE vS FF3] Ao

19 7-& MB-OFDM UWB A|2®9] dS 7.9
3e, Band 12 RF7} 3.432 GHzolX LOE 1.716
GHzY o, Band 2= RF7} 3.960 GHzolY LO+
1.980 GHzQ ), Band 3-& RF 4.488 GHzo| 7. LO=
2.244 GHzY w9 LO Ao w& 7|9 W3
£4& Yepd At oju) A3 RF A -30
dBmolt}. AlE#H o] A3= LO Mol 6 dBmY 9
Band 10} A& 12.521 dB, Band 2941 13.309 dB,

BB{(Q)port !

RF power
divider

LO 45° power
divider

BPF APDP

LPF

BB(l) port

J8 6. Agtd &3] g2
Fig. 6. Schematic of the proposed mixer.

-10

-15 4

o1

'U- -20

£

S

O 25

c

o

[] 30 -

o

>

S %51 1 Band 1

O N P Band 2
40 - : === Band 3
45

£ 4 2 0 2 4 & 8 10 12 18
LO Power, dBm

J8 7. L0 A sl ©E S48 WE &4

Fig. 7. Measured conversion loss vs. varied LO power.

1160

Band 39 A= 13.876 dBY ¥ 3 £4<& Yot
A EH oI Aot FABHA 19 7914 LO Ao
6 dBm A4 Y of FAFHS & 5 Atk

E719 B4E U F e FoF HE &
A, 94, P, 22 TEZ 9 BAE SAFHT
RF 413. 3.432 GHz (Band )9l A1 8] ¥3 £42 &
2 TE otk (/Q)ol| M 13.42/13.66 dBE AU,
3.980 GHz (Band 2)o| A 13.85/13.97 dB, m}A| 2o
4488 GHz (Band 3)91A] 14.35/14.64 dBZ ZAHY
th o] RAL ATEA EF77L ofd @Y VR
A7, A Bl 719 Ay £40] 35 dBE 2o}
W 10~11 dBY W& £42 /A= 5% 549
NS g F A

A4 EA Age NEH OIS gt o] £3°
9 4AE EHh Pedl SRS 19 83 o)
RF 3.7} 3.432, 3.960, 4488 GHz A} 73 25 ok
—4 dBmojt}

J¥ 9= 7IA d¥(BB) &8 N5oA 23 9
Z B33 de offseto] EEAHCE AAHUEA &
013}7] Y3t 3.432 GHz$} —30 dBme] RF A5 ¢}
1702 GHz$} 6 dBm¢] LO A3 & Band 19} 714 o
o ~2HEYS Yepldh AS7Y 544 de 3
& E3E A 7] dFel 20 MHz¢] Rl F
o] ZA3I% ) De offset 2HER FA47|2F 9l
715t AR AYAZ 243 43 0~30 wE
etk AF AgAY 3 gAA N 7M7) i &
ol Ags HE 2 & AU I9 89 erdt

<10

A2
m
T
£ a4 fommmmemmmmmae
® ~-
o
c B
§ -
[
o
S s
S Band 1
—— Ban
O ol [ Band 2
~=-Band3
22 . . . : . :
30 25 .20 A5 40 5 0 5

RF Power, dBm

J8 8 RF 3¢ Wslel B2 248 W@ &4
Fig. 8. Measured conversion loss vs. varied RF power.



REF TTUSCANE T AYY aMiord 20.06 MHz
0.0 dBm tOG 10 aB/ 10 ¢8 ~43.88 dbm
1]
STEP 4.08 M1

0.00 MHz REW 300 kHz sWP 200 ms
0.00 MHz wew 300 kHz Cintd

J8 9. Band 19] baseband 2HNEF &4
Fig. 9. Measured baseband spectrum of Band 1.

ZAANY AHER £47)9] A2 #d Wl (-80
dBm ©]3} &4 B7)) 129 A A E A& 3
371 oHAA G, 24 X 32 BB A9 3
A 3}71 & AHE-EH AAEALS AT & AU

E 29N TR EAE FEetd e
t}. Mode 1, & Band 1, 2, 3¢} A o)A 1Q @
o] o]5 Aol 05 dB oA, 917 Aol 45° A
g Fol71Y AgelA oS3 £3° o], 4 Piwp7t
—4 dBm, [IP;7} 7 dBm, RF-IF A2]&= —40 dB ©]&},
RF-LO A2 %7} —70 dB o|3}2 UWB &37] Abok

E 2 243 UWB £37) 54
Table 2. Measured UWB Mixer characteristics.
Parameters Band 1 | Band 2 | Band 3

3.168~ | 3.696~ | 4.224~
3.696 4224 4752

Conversion Loss [dB] | 13.42/ 13.85/ 14.35/

RF Frequency [GHz]

I ch/Q ch 13.66 13.97 14.64
P [dBm] -4 —4 =5
1Py [dBm] 7 6 6
I/Q Gain difference
24 . :
(B] 0.2 0.12 0.29
1/Q Phase difference 24 16 )
[deg]
LO Power [dBm] 6 6 6

RF-BB Isolation [dB] [ <—40 <—40 <—40
RF-LO Isolation {dB} | <-—70 <=70 <=70

22t 1205 o] 4% UWB Al2dE A=A E7] A4

# 3. EW7 4% N L
Table 3. Improvement of mixer characteristics.
WE &4 | 9E &4 | o517 | AR

S8 (149 @) |Q AY (@B)|27) (mmd)]  (mm)
This This This This
o
. 21 work (2l work 2l work 2] work
Band 1|19.42[13.42]19.70]13.66
Band 2| 18.10]13.85[18.38|13.9770x20| 137 1;gx stx
Band 3| 1743|1435 [17.98 | 14.64

S wEA 7)Y Ytk I8 7 de offset B 22} 721}
T AAsY A A By S5 18
U 5 E371017] "l | £4E VI EE,
ER7) & F AFE $F7] ©]50] 20 dB F =]
ofel, 2719 FeAF7E AA Az gF&
A & Aolth

X 3ofN = o] dof Wxe =Fe] FQ83 EAS
ol =FolA MAE EAS el W &
AL 4~6 dB NI, 5719 A7]= oF 116
712 FEH, o2 &) HA Z7= ok 14
2 ZopA e AHE HAFE

19 102 AA AzE UWB £87]9) AHAS B
o F3 gtk AtE T}V EAL Fas W
#40] 13.5 dB, input third-order intercept-point(/IPs)
= 7 dBm, 18] 3 1-dB gain compression point(Pis)T
—4 dBm °|th. 11Q &4 497 HY a1+ 1dB
2 LA £3° ojuj e 23U Y FHEA
T2 FHEA

I8 10. MY UWB £37) ARA(80x45 mm?)
Fig. 10. Photograph of the fabricated UWB mixer(80x
45 mm?).

1161



BETHASERIGE B178 F125 2064 128

V.2 E
2 =58 3~5 GHzI A EZ381= Mode 19) %
o H(ultra wideband: UWB) A A5 L A4 wig &
@719l AA 2 AAE BofFck Sub-harmonic
mixing WHS o] &3 AHE to]lot EF)
£ Ao, A4 W3 FA9 ZAHA LO self-mi-
xingoll 23} de-offset# even-order distortionS %32
O FAsA}. £ L0 459 23 AZHE o]
£ O 2 M RF, LO, baseband XE] AT & 1
3L, HE thol o= ARIZE 53 AL g
S FAE F AUk d5r)9) 718 FolT
FES iqEs FH3l7) 98te] meander T2
771§ A GstA ok
ARG £ e S5 e &
23} 5§ HAA UWB A2g &
T Utk

4, P, 1IP3, 1/Q
3712 Ae g

b

o
A
ot

1

[1] A. Batra et al., Multi-Band OFDM Physical Layer
Proposal, IEEE 802.15-03/267r5, Jul. 2003.

(21 7Y, ol 5%, &, "I E T LEE o f
3 23l AlA"E 3~5 GHz E§7] AA",

20049 2¢: ZFoloigty AAH7
TR (FAD
20061 294: sty AAEN
AFE Tt (FFAAD
20063 6Y~8A: LSAAN g9
[F ZYE0H RF A&™, 233
3 %532 2 5%3]2, RFIC

1162

&= 2} 918} 8] =F A, 16(7), pp. 681-689, 2005
974,

[3] B. Razavi, RF Microelectronics, Prentice Hall, 1999.

[4] M. Cohn, J. E. Degenford, and B. A. Newman,
"Harmonic mixing with an antiparallel diode pair”,
IEEE Trans. Microwave Theory and Tech., vol.
MTT-23, pp. 667-673, Aug. 1975.

[5] D. M. Pozar, Microwave Engineering, John Wiley
and Son Inc., 1998.

[6] S. A. Mass, Microwave Mixers, Artech House,

1993. :

[7] G. L. Matthaei, L. Young, Microwave Filter, Impe-
dance Matching Networks, and Coupling Structures,
Artech House, 1980. .

[8] K. Sachse, A. Sawicki, and G. Jaworski, "Novel,
multiplayer, coupled-line structures and their circuit
applications", Microwaves, Radar and Wireless Co-

mmunications, MIKON, International Conference
on, vol. 3, pp. 131-155, May 2000.

(9] H. Hayashi, B. Piernas, "Miniaturized 45°power
divider using three-dimensional MMIC technology”,
IEE Electron. Lett., vol. 36, no. 21, pp. 1785-1787,
Oct. 2000.

20043 29 Eouistu AAAT
834 (34D

20060 29: ¥R AxEA
HAFEHZES (FAD

200613 3 ~&A: ety A

‘ AR FE T vl
e (T ZREOH oY @ £EAZ)




23 1295 o] 4% UWB A2F S A=A 7] 44

2004 24: ¥ ofste Az 9 A 1987 29: A58 AAFE

BFER (FAY # (FAD
20063 8¢ gty AAEA 19899 29: @=387|ed A
AFE e (F8AAh T3} (F8HAAD

200613 8Q~&A): LGolxE 97 2001d 59: m] = Texas A&M Uni-
b . versity 7] 2834 (F8huhAp
[ #&20H RFIC % RF 27 £ (< 19894 39~2000 129: =3

AT YA+

20019 4€~2003d 29: ©l= Triquint Semiconductor
MMIC 47 €74

20039 39~FA: YU AAFAAFE TR =
g

[ 420 RFIC, MMIC, St}

1163



