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Ultra-Wide Band Selective Folded-Cascode Single-Sideband Quadrature Mixer
Using Phase Switching in Intermediate Frequency Signals
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Abstract

A folded-cascode single-sideband(SSB) quadrature mixer with an intermediate frequency(IF) input switching block has been proposed
to reduce power dissipation and select frequency components for ultra-wideband applications. By changing each phase of the IF signals,
the unwanted output spectrum(sum or difference) is removed selectively. The SSB mixer has been designed in the Samsung 65-nm
RFCMOS process. From the simulated results, the SSB mixer exhibits a maximum conversion gain of 5 dB with an image signal
rejection ratio of 45 dBc in 3.168~10.56 GHz. The SSB mixer operates at a supply voltage of 1.2 V with 1.7 mW power consumption.

Key words: Ultra-Wideband, Single-Sideband, Quadrature Mixer, Image Rejection, Input Switching

I.M E 7F &I B o] mrhe Aol o] A Bl 7eR

7_|]-:'6]-1:l‘:]-1 1\;].[1 l‘jé 10 UWB }\])\E-ﬂ-/] EHO:] /‘\J_‘]]EE‘]

Ultra-WideBand(UWB) 71> ¢}o] 3to](WiFi), EFF & Holx gtk I¢ 14 7¥o] 3.1 GHzl| Al 10.6 GHz7}
2~(Bluetooth), GPS & 71&2] <A 4 71&0lA glst A W2 FF S AFEate] A oE &2 A,
ZlEolghe 33S won, 9 AgErt 23 Y olEA E HolH HolEE 873k Al&"d o] &Ht 1A

M2 Ate A3 BEaR e AUC R JHEAN7EASAE 2] o8 ICTA A S A YAFI UITP-2019-2016-0-00291) % g ATAI ] 71%
AT YA (NRF-2019R1F1A1052728) 0. 2 3 55
7488t 7 A}3 8 FHDepartment of Electronic Engineering, Kyung Hee University)
1: A A= E (https://orcid.org/0000-0002-6421-4580), 2: .4(https:/orcid.org/0000-0002-0837-3835)

- Manuscript received October 30, 2019 ; Revised December 2, 2019 ; Accepted December 12, 2019. (ID No. 20191030-115)

+ Corresponding Author: Chang-Woo Kim (e-mail: cwkim@khu.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved. 1009



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 12, Dec. 2019.

Th UWB Al 282 diolE #olEv} Hths 54 o]
T A te] 7 *éoﬂ olsle] HIE o2 o] E(BER)E
orstAIE & ITHl A ¢ B¢ A (Spurious)=
A As7] 918t ?;ﬂ.EH@‘ e 9 F7H49l 32E AL
ahH A AE 2 WA Fo FAZ o]ojHt

A CMOS ZA L AQIE ~2AYH S Ealo] 2
B=7h EobH o u, MOSFETS] H2-gto] vrold A4
oF AAIZF Aot o] 3|29 o5, AFPA, ko]

S 2 93 2 ¢ A

UWBE oF 147119 =g ALg-3te] thokat 314 A)
AR A9 e] 3 HT o & Eof 19 194 Band #1
el = Ao Far A E H“J;M]?] 7] 913ke] 4224

weh, B EEAAE IF 9
Ao Fo YRS 29 o
U4 % AR AAG AT FOE ALTE 7
29 YN E AL, NG SZ ABYIHE Bkl

1 4%s 459

*év‘i'—ﬂr Z} *ﬁmﬁ—ol '%”71] ‘/}E}‘rh‘/}.

A,coswt X Ay,coswyt

= LA]AQ(cos(11)11,‘4—11)2t‘) +cos(w,t—w,t)) (1)

2
Band #1
| 1 | " | 1

" 3.432 3.960 4.488 Freq.(GHz)

Bluetooth :4— b —————— P —————— P —————— b ———>
“ Band # Band #2 Band #3 Band#4 | Band#5}

 Freq. (GHz)

24 3.1 sz 10.6

I8 1. UWB Al279 gy AT EH
Fig. 1. Representative spectrum of the UWB system.
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Fig. 4. Circuit schematic of the proposed mixer core.

o

9,
oo
St
rx
)
)
o
N\
E=)
=
it
u)
([
X
[

= A=A YA

-96.0

-104.0

-112.0 |
az00 3. 1. . - o

(M ) LAALAMLAS b aas Wiaad 1 T [ T (AL AAAN LEMAL RN R Al
1] 1 z 3 7 8 ) 10
freg (GHz]

*LO=4.224 GHz, [F=264 MHz, RF=3.96 GHz @Vctrl=0 V
(@ 2 4+
(a) Different

Power (dBm) -
s

400
-48.0 =
-56.0
640 -

=

& 720

T

T -80.0 -
o
Z .88.0
-96.0 =
-104.0

MZ 4.224GHz -74.81dBm
M3 3.96GHz -84.78dBm
-112.0

1200 <. f . . “‘

e \sw"él1l"|\'|"|
freq (GHz)

*LO=4.224 GHZ, [F=264 MHZ, RF=4.488 GHz @Vctrl=1 V
) & 4%

(b) Sum
28 5 AAF YN0 29 2eEy
Fig. 5. Output spectrum of the proposed mixer.

#1(LO=4.224 GHz)IA 9] Al Ed o) AFolth. 29A &
o]-&3sted RF Z¥oll &, 2} 4396 GHzS} 4.488 GHz)=
AeHoRg Z3 4 vk 19 5() 2 19 5(b)olA
& F Aol F WA omA] A& A AHE 45 dBe
o4& HolT 9tk Band #1914 BlAM <] Mo 52 oF

M+ UWB(3.168~10.56 GHz) & 2}
Ao 45 dBed] WA AR AA¥E 7T 1" 72
Foi4 tjool wE RF porte] WAL AlFE YR e
Zolt}, UWB AAIt oA RF ZEE —5~7 dB9] WA}
EAS 7HA BM e FEAY 12 VAIA 1.4 mAE A
Sate] 2HAEHL 1.7 mwolt,

N.Z&2 E

B =8o|AE 65nm RFCMOS 242 o] &3le] UWB

1011



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 12, Dec. 2019.

X
d,
ol
o,
2

= = Tk IF Y etel] 9]
215 WA 5] I, Q FAZTS Eolo] AR Y Fu
o

71Ee] g5 yA

45 /
£
= =RF_signal
z 65
§ == Image_signal
E; 75
g’ P T
=] 4
-85 ’
== - —"'
-95
3 4 5 6 7 8 9 10

Frequency, GHz

a8 6. Farel] W £4 SA4(@IF=—50 dBm)
Fig. 6. Output power with respect to the frequency.

— =RF N

Frequency, GHz

28 7. Foeel BE 29 EES WAL
Fig. 7. Output reflection coefficients with respect to the fre-
quency.

LO Matchi
Network B
Liese

;

E

i

ﬂﬁ

!,!S'L[!ﬁwi

# 0] 0}3(1,200x950 ( zm’))
Fig. 8. Pattern layout of the mixer chip(1,200x950 ( xm?)).

1012

H 1. 7] SSB BlAek A vlaL
Table 1. Performance comparison of the SSB mixer.

Reference This work(Simulation) | Ref. [4] | Ref. [5]
Frequency(GHz) 3.168~10.56 23~32 | 04~6
Process(nm) 65 180 130
Voltage(V) 12 1.8 12
ISRR(dBc) 45 52 42
Gain(dB) 5 =5 NA
OP1dB(dBm) —13 —10 —15
Power(mW) 1.7 18 4
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