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Dual-Band Six-Port Direct Conversion Receiver with [/Q Mismatch
Calibration Scheme for Software Defined Radio
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£ =59 M= software defined radio(SDR) 7)¥te} 749 thE 2 ob& 92 ¢33 A2 2 six-port 2 FH
FANE AFeh AR 2715 2709) CMOS four-port BPSK 41719 A2 LO A3 2L 93 0%
9 1% polyphase BEZ FA =] It} 0.18 xm CMOS FA S o] &3lo] rlo] A2y} tfdo X H LR 7l
ek four-port A7 MY FE AR, 5F ©E, F MY AY HE7) ¢ g2 YIAHRE FHE
Atk A g polyphase BEIE type-l +2 5 A3 oH, L0 A5 A £4& Fo)7] 93t 1822 78
BRI, AWAHE AHEStE A tlalste LC FRATRE A48t oF g9 5842 FEstAh At six-
port 4171 RF 7MW S 843517 89, six-port junction® A A7) /Q 944 2 7| E BAGE=
325 FUFetoch AU 2o A A7) BATe] WA W= 242} 859 14 dBol v A FE six-port
FA71E o1F thE < 900 MHzSH 2.4 GHz T ol A M-QAM, M-PSK 9| 40 MspsS] WX A58 Ao g &
Z3tAh
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Abstract

In this paper, a new six-port direct conversion receiver for high-speed multi-band multi-mode wireless communi-
cation system such as software defined radio(SDR) is proposed. The designed receiver is composed of two CMOS
four-port BPSK receivers and a dual-band one-stage polyphase filter for quadrature LO signal generation. The four-port
BPSK receiver, implemented in 0.18 #m CMOS technology for the first time in microwave-band, is composed of two
active combiners, an active balun, two power detector, and an analog decoder. The proposed polyphase filter adopt
type-I architecture, one-stage for reduction of the local oscillator power loss, and LC resonance structure instead of
using capacitor for dual-band operation. In order to extent the operation RF bandwidth of the proposed six-port receiver,
we include 1/Q phase and amplitude calibration scheme in the six-port junction and the power detector. The calibration
range of the phase and amplitude mismatch in the proposed calibration scheme is 8 degree and 14 dB, respectively.
The validity of the designed six-port receiver is successfully demonstrated by modulating M-QAM, and M-PSK signal
with 40 Msps in the two-band of 900 MHz and 2.4 GHz
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A o] FFA A1AFE f-1] 7 B 2(ubiquitous)
Y EHHo B33t 71E9] 9 T (single-mode)
A 2H A g3l tF B E(multi-mode) 15
A AMHAE AYde A2doR dAs T gth
ojg g o 2o 2 § FALE o NFE
FAO AT £ A FFolojof gt} o2 Y3}
o 71 o) 4F el $5A71E 1. Mitola!'7} A okat
software defined radio(SDR) 72 & $A15+= DACS
Y FZ7% WAHE, $ARE LNA $9 A3
£ HIE A F%(sampling)3te] o8] Fatho] A
© ATE AT F e oty 1). &R
T4 RF #8359 A2, ADC/DACS) HE &)
Y5 (bit resolution)} ME8 £ o AR A A 9
ARG, FAR L 54 2 2v AEE vHT
o ")) 7€ = SDRY AE3 o g FFo)
£ol3t] 9.

SDRo| Aget &= b2 W2 six-port 7]4ke) &
A7) wrAlolth 1970 o] 32 Y EYS I £A)7]
of AHFHAE AA E(additive mixing) W29
six-port 92| & &3 $5417] F271 SDRY 72
Z gig a7t ARG 7 Yo 23 gix-port
junction®] AHE-E= FF Az power divider}
hybrid couplerg T3 WH2E FAsHA Fo2H
4 Yo FAIR FN FZRE UF Ug &
A7129) o] FHATH,

EF Wang 20073 ISSCCHl A CMOS 33L& o]
4319} 60 GHz th Q) six-port 71¥He] £4:417] =2
O 2 six-port T2E CMOSOl HA3} 7154 BY
O g Auk g E =252 Wilkinson A
719k hybrid 2871 5 £ &AE o] &8 six-port
junction®] $44171 3 2o TFH7 o o]F
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DSP
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J2 1. o489 SDR 29} BF tiolo)1d
Fig. 1. Block diagram of ideal SDR architecture.

652

nfojA 2 g oA CMOS TRl AF 337100
T AA7A B2 o gel Atk

2 =T E six-port TA7] +Z2E wlo|AZ 5
Fot 9N CMOSE A A3 7153 four-port
junction 325 o]-&8ta¥ gix-port F41712 33}
o] M-QAM, M-PSK A 3& &4 7H58E A58
A g}, T8 A7) SR E six-port FAI7] FZ
EE &% 2AE FHE six-port junctiono A LAY
3 1Q 9 2 AE RAEE NI X 39
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six-port junctiono A FY BAsh= WS 245}
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I.74E 32 3 M7 28 718
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A gk B2 A 7+ A B2E (0, 59
i HoIE Zte 5 B A5G WX RF IS
Adste QA £ W& o8-8 four-port BPSK
junctionol e, 19 2= 7+ekslsk CMOS 719t four-
port 317] B Zolt} ArE CMOS four-port T4
7IE T &AE olEY IE, 45 FEUL,RF 2
% 71(combiner), L] ¥ ZHZ7](power detector)
2 7459 gtk

Four-port +4171¢] S8 2307] A5 A2 (0,
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o

A FHo] o) o] g o] frol M WEL WE &
A3 v 3o F7He P o] glo] UWHOZ off-
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#3tA .

FlA Q7tEE S ) ASE 3F &
Zx(common source)¥t 3% A °1E(common gate)Z
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a8 2. 7+eFEet four-port A7) FE
Fig. 2. Simplified schematic of four-port receiver.
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Fig. 3. Simulated demodulation process for a BPSK
signal, each waveform is observed at nodes sh-
own in Fig. 2.
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(b) Proposed dual-band polyphase filter
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Fig. 4. (a) Schematic and simulated result of the con-
ventional one-stage polyphase filter, (b) Schema-
tic and simulated result of the proposed one-
stage dual-band polyphase filter.
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Fig. 5. Vector representation of the effect of a pole
and zero in the signal path.
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Fig. 6. Block diagram of the proposed six-port demo-
dulator(the dotted area is the four-port BPSK
demodulator).
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Fig. 7. Simulated constellation of 1/Q demodulation signal.
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ter, (b) measured amplitude and relative phase
graph.
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Fig. 10. Block diagram of the measurement setup for
six-port demodulator.
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Fig. 14. Measured output waveform of the six-port re-
ceiver at (a) 0.95 GHz and (b) 2.531 GHz
with RF=-20 dBm, and LO=-15 dBm.
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Fig. 15. Measured 20 Mbps 16-QAM (a) demodulated
constellation, (b) 1/Q demodulated output at 1
GHz with RF=-20 dBm, and LO=-15 dBm.
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