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Abstract

A 2.4 GHz CMOS RF front-end using for ZigBee application is described. The front-end consists of a low
noise amplifier and a down-mixer and uses a 2 MHz IF frequency. A common source with resistive feedback
and an inductive degeneration are adopted for a low noise amplifier, and a 20 dB gain control step is digitally
controlled. A passive mixer for low current consumption is employed. The RF front-end is implemented in

0.18 wum 1P6M CMOS process. The measured performance is 4.44 dB NF and -6.5 dBm IIP3 while consuming
3.28 mA current from a 1.8 V supply.

Key words : ZigBee, Front-end, CMOS, Low-IF, Gain-control, Linearity, Low-noise, Low-current
LM & GHz 7]9He] 817 10~20 m ol A 250 kbps®] &=
2 do|HE A3 65,0007] o)A =22 A4
A 18](ZigBee) = FA B4l T+AQ] IEEES02.15.4 & 4 9l 71&0ltH1]. ZigBee'® ThAF HIAE 2
(Wireless Personal Area Network: WPAN)2] Qo] AFE A0 Ty &89 Avdoln E3] L3O
Adsgon M, 248, Aulgo] 549 24 =AY 2uFe] AT gol A FF FHAHL 9

s« Sl etn 83 AR Department of Avionics, Korea Aerospace University)
ZJdtistw AR I Department of Electric Engineering, Chung—Ang University)

- AAA} (First Author) : o]&H]

- Eudak 20089 12€ 39

- AAHEA) A} 2008 12€ 59 (YA 1 2008 12€ 199)

- AALA 2008 12€ 309

*

*



ol&Rl AZEA 7Y WEFH ; 271H|(ZigBee) 8-S 98 14 AL 2.4GHz CMOS RF ZZE = (Front—End) 605

A EFH0F gk gtk
H =52 274¥] §-8(ZigBee application)ol] A&
5= CMOS ZEE-=(front-end)E 180 um CMOS

Ly
8471eS olgste s ot e 2405~
2480 MHz9] 167] AES A3l oA FAS 428

3o B A7 e ojtjoe uEsleg A8
k. 24 GHz 3 t9& b B 75 ==
EZe] Fulg g ate] SHOE Q8 35 Fub
Al o3 4 Bolu 4 oRE QI3 Ad
S, ZigBee T419) A A& 7l B2 ¥
A7) skl ok 53] A de] 2ol ol-vio]
(Wi-F)9F #HZo RASE7] A2 EFFS
(Bluetooth) X522} HIEAOZ Q8] 54l &

Asl7h wAE 7hsAdo]l &t 1
o9 ZigBee AlZ~El] RF A& X(linearity)2 -20
dBmo]™ RIZFE(sensitivity) = -85 dBmo]Th2]. 1]
Bg B R A7 % RF ZEEQCE 22 A
A Aol F4S T CMOSY cut-off 3}
9 47} RFS} woj2~ls HE dHE3 5§
o] Fdo] 7hesithe A, 283 7H4 WA <]
AAES vEOZ (.18 um 34 AT

11 Ao A LNAS} mixer7} E3H8 FATe] A7)
o s 71% s, MAME =4 Z2xsl g4
R ARE YepfSlow, vixjeto @ VoA
2 =79 488 a9kste] Yepfisith

o2

I. = & &

FAEe E5rtoloj S I 1o eI
Front-end© *-&(Balun)¥} differential LNA, T 7]<]
33k 5 F3<=H37)(Down conversion- passive
mixer(I and Q))Z TR SHHIUZFH Q7FE Al
3 BalunS AA LNA, mixers 533t 7144
FoFE MY T2 W E o] 5FZ7|(PGA
programmable gain amplifier)2} ¥l =) 2~ E(BPF :
band pass filter)E A* oFdZI1-TIAEHE7|(ADC
. analog -to-digital conversion)Z 17} T}

2 FAIG A Al aed He AA Al 7R
U 4 Utk A, ZigBeed] oZE]AI0)AA &

THE A A9 7S stofof stke A =4,
ZigBeeol| A 3% HAH W -85 dBme] UZAI
3 & Wolso]7] Al F2ASNF : noise figure)S
Hojgk 2A AAg ok g}, wiAeoZ o} A2
gl ALl FE Z Hie] As7tA ¢
glo] Wol=o]7] 913 LNAS] HSeol5& 24 e
SHA A ok Stk Low-IF W41 Zero-IFHH2 o
H|3) DC-offseto] @ TSI 1/f noised] = O %o
W A5E 7HA7] W&ol Low-IF 1-229] RF front-end
£ A

Complex BPF — Rx_IF(+)
R )

32 1. RF AIEke] 2ECtolo{ 1
Fig. 1. Block diagram of the RF Front-end

BRI AQHE front-ende ¥ gmiks ZE
LNAS} AF-Z =2}o] B (drive) 3=
(low load impedance) passive mixerE 7]¥O.Z &}o]

St
2-1 LNA (Low Noise Amplifier)

LNAE A3s, A8A4, =2 o5, 283 A AF
AR o]FA F v 7HA 84F 73 AAEnh 1
# 20 LNAY] AA A1 3|27} veh Qlet 242
A AAE FZE= Common-source with resistive
feedback differential LNA©]T}. 7] 2~5 =(cascode) T
ZE AMESH  CG(common gate) EMA|AEIS}
CS(common source) EMAXE7} 22 AFE AHE
s 2719 o]F ZH|o|AE F4H7] u
2 DC A8 2R} =2 0|58 T 4s &
o 1 B oyt YYEE E

(isolation) §4do] =31 NFEA
ZAReT I} AL & e

=
M,, My= CSe] YHEMAXE| O] CG

o
-3
T



606

M} AHEAEE ol G 9 Gy 9™ UH%]
93t 7%-4]/\]151051 G, G, G J.E],]_ Cy= D
Ahblock)s g AFHAHoT g ]1—
degeneration 1EE Ly, & AH&-3t NF % agi=z
FAG el o9 mHE AMS 2dsio
down-bonding® 1 H 9} FAHAEF (.35 nHAE
S ARSIt 7HHAQ] 8 Al s thste] AdE A
Ql 7h o5& T ESR 817] Hl8f 328 Hstels
S 22O HESA 28T § JEF AASATH
Ry, R,< high o|SEEY wjo] gl #j3lo]n
R,, Ry mid 0]SRE9] £4(loss)E WHE7] 93
Agtjutolyoly R, Ry low O|SEEY] lossE
RHE7] 919k Aduteltloltt. mid o] SR =9} low
O|SE =& 30 ERAZE(core transistor)S] HFE
Feta Ag tnfelH & lossE HHEA=H], mid ©]
222 A9 487 &8 Atolof 100 ohmo] A%
Adste] J i H lossE THENL, low ©]F
o] 3% AHY] 2 X(plus)9k wHoIHAZ(minus)
o 200 ohm®] #3S A3t YHAAHAE
221 1EE Atolo) 1300 ohme] A&+-S A3}
k= loss7h B71=% stGith H2 01-1 = °é7] 9]
| &8 & ?’“0}* L& 93t
g2 A9 AAE e 31 01%3}04 o %]
HAHAE BhEd FAd 28 S 93 5o
AHE-SFATE Flolol(layout) 3F $-9] 7]A AT A E 2
(parasitic capacitance)E 1L2j3t JGEIS} ATAIH
o Fzlo] 714 2 s HUGPOE 7HAE 4 bit o
A" AEE AGYAEE vtEo] AGrEAE 24

—=

& =E Fach
LNAS  AStel5&  F8t7] 93l open-loop

) &} feedback factor (f)E 751

o

Fl

W

b o Jn

[

>~
-/
&

ol

transresistance gain(a

BE T )

- (RS”RS)gm (RL||R3 )
o (1
==

S-23)3)sts] =822 A 12 A 635 2008 129

Digitally cantralted cap
—% > Rx_OUTH)
'

> Rx_OUT)

a8 2. C|X|2 ZHEZ Differential LNA
Fig. 2. Digitally controlled Differential LNA

(9 RgE QEAZolD, B, E F
JEsE vele AYE Q@2
RL = Q1,02 2A8E 4 9tk INA
2 AW 4 )% 27 o]

vl
st

oF
HO

i

ﬁg_lﬁ
e

[

_

A V(Feedback Theory) —  Im (RL| |RS ) (2)
«45 AH(resistive feedback)S AH&-31H I
< 7SS EM NFE 2ol SAd 4 ¢
AL §7 % 0 A5 S
Lol BAE NFE Akshd

’y m 1
ng m y; 291 3192,,7,

L AR, 1 2 €)
R, [1+ R3+RS) ]




&)

olewl, AFA, AP, WEd ; A1H(ZigBee) 58-S g
2-2 Current driven passive mixer

Application®] 5434 AFARS} AP Aol
7] Wl AFAETF A3 AFgo] e A
o|H 538 FI¢= &% 7|(current driven passive

mixer) 7E2E At 5 Fu i“?ﬂ
(active mixer)2] 7% 2.4 GHzolA Yol 77z
7I(LO : local oscillator) ZQt 2~ (voltage swmg)% o
7] FE7] Wil A¥Ago] "ozt 1YBE H&
EWA~AYE X(transconductance) S A= LNAS =
Aol o dudAE EFHu |oado] AZd=
passiveEF1 €] mixerE AAFOZHA mixer®] At
22902 Q3| BAshe xS AAL WA
Z1=1

29 30 mixer® FAXY 27} et itk
olr|zl AAE Sl I, Q F /Y 23zE B
Double-balanced type®] passive mixer7} LNAS] &¥
o A <JdA"Et MOS EWMAELH M,
M 150 Quadrature 125 o159 M, AF
I R, Rl 91X mixere] Zete]5o] wAsit
EWAEH M, o0 AF R, 9] 3RS Wol
o= F W7 Wl RS Mo, AEE 46t

of ERALE Y] AFe] wisl] mtE o]59] ¥z} &
FE Y F At mixerd] 2293 (switching) EHA]
2~E9] A|0]E H}o]o]X(gate bias) AU EMAX
Hl £E AL OP amp?] F5 2. =(common mode)
Akl o) 28 He=w Mgy, Mpoise7t 2914

24 B4ap] o] EdAZES] W=zl
(overdrive) 22 A9 0ol 7M4th 1Y EZ gateo)
bias Y2 T2 2t

I/bz'a,s = VCJW + V;‘ (4)
291312 3 ojm@ DC A

2L 32X 9%7] ufj T sw1tch1ng 2=E| 0] 2|9 A 9]
Uf 0] 25 AAT = QUth gate Q17HASY N whebA
|

MOSE v|2] T3S 2 3|4 LO voltage swing &
A5 29 4 oy IP37F UMHAIE= trade-off7} 91
CEF 4biteZ L0 7S 1.2~1.6 [V]HS Wi

XN 24 7hsdt=s A,

143 AFS 2.4GHz CMOS RF Z&

E —dl=(Front—End) 607

T Ry
BG LO bias [—VW—LOy
voltage [—>—{ voltage wivhd tgs‘:v
(600m\v) Gen. | ama-Loms z
- 2
- —| |—
C; R /
RFHC—>—|
R
+ = —— > liF(+)
—+ > IF(-)
c R -
REOC>—|} W
s
L —
C;

LOgx L0z

OB 3 AT B Fai Ha)

Fig. 3 Quadrature down—conversion Mixer

mixer®] switching 2~E|o] || WA sl= E= A
9] 8} Y (harmonic)S A|A3}7] el A e
EJ(LPF : low pass filter)7} EQ3}t} T2 Z mixer
of 29 R, % Cyoll &3 1-Pole©] &= o] amp
o AFE olgstd] =9 swingo]l H7} HEE
, S A738kal 7 MHz9] 3 dB W 93 (bandwidth)S
&S O3 Atk st tS-st7] sl
Ry E 2800~4500 ohm Fxo] W ol X 24 &
T UEE 3t mixerd] o]53 NFE 2A g A H
A trade-off & = JEE AASHY. OP amp]
open loop gainS A(f)Eh s 94 JIdx~

“m

_4

Zin(f)E S 2oH4)
Zp(f) = 7o + 0
1 %236’2 +£
LA £+230
2
__ 2 R, _|_R1

X et 2ol Z (f)e A(f)7h =& 3H
oA wlg- 2 AL & 4 k. IHEZ IF T3¢
7} 2 MHzQ) low-IF $A17]0) A 0]} & 27} w)

[e) S= [e) =
- Agst AS & 5 Utk



fr08 LO FoFeaL 8k ¢, & MOS] 7148

2}al 3 switching 228 0] Kol M 9] 5714

2 GubdRl A9A ARAE(SC ;o Switched

Capacitor) 3| 22] 57} SC A&} a1 4 (6)2 2ol
UERE 4 SiTh4l.

1
= 6
out QfLOq;ar ( )

LNA9] &80 &A5k= 714 A= OP amp
o 28FS FFNE 9FS doh ayE=E
switching 3l= M0OS9] =717} ©f 24 4 o B
¢ Re A AEY Aok B3 LoFHaTt =
S5E A Asprt o wel AgEo] AAEY %
o dFe mAA Fr

Unop— amp (f)E OP amp®] 571918 & A8

olekn s MA 29 A5 Ake A ()% 2

2R
Unout,op—amp (f) = (1 + R Fjvn,op—amp <f)

out

(7)

PCED XSS
=8 F30] S7HAt Switching Z2H| o] A] o]
N ZE9E 4229 328 2eAaol Mse) Al

HOAE & 5 A5l R
1

FA719) 4 A 4
Hhe} 2o] -8 dBofste} AUEASIE A=
=

%9 3715 43tk 34 23 high/mid/low ©]
Ered ) 259/7/97dBY o]5E THAE AL
g9 & 5 stk 1P3 A4S 371 9180 LO(2.403
GHz)F3ol 717k RF1(2.410  GHz)F3k+¢t

ala)sls] =22 4124 A 63 200849 12€

RF2(2415 GHz) T35 YEFar2 Bt 374
3 A3} 38 6o B Bkl 2o high/midlow ©]5
2ed o) .65/ 11.8 / 17 dBm9] 1IP3E ¥Lo7
IEEE802.15.4 ol A% 20 dBm®] RF linearity
£ WEAS Z9 & 4 doh2]. Mixer] LO bias
Agte] WE £A1719) o)E 11p3e] AL 19 7
of Yeht §let o]5o] 7agel wet IP3= S7tst
+ trade-off TAI7} $17] wWiiol] A3 2 - ol A bias
ASks o] FZAIACk 3 & 4 AT 0.18 um
CMOS 3871 col&3dte] AAT  ZigBee
application RF front-end7} 18 8o YEh} Ut} A
A BWAHL 115 mm x 0.9 mmo]Th

[]iM easured S11 (dB)

200+ =g —

S$11 (dB)

30 |-

2.0G 226 246G 266G 2.8G 3.0G6
Frequency (GHz)
J8 4 RF ZEE-Y=9| sulejo|e £Y Znt

Fig. 4 RF Front-end S—-para measurement result

| | —i— Measured Front-end+Balun+Buffer NF
0 | —0— Measured Front-end + Balun NF

I ‘\ —o— Measured Front-end NF
8 1

Measured @ 3.28mA NF = 6.44dB
Measured-@3-28mA-NF=5.44dB-
Measured @ 3.2BmA NF =4.44dB

-~
T

Noise Figure (dB)
T

1'f/
/ v

3 4 5
LNA Current (mA)
8 5 RF ZEE-AEo| MK+ 5 Zuf

Fig. 5 RF Front-end NF measurement result



ol&Hl AFA 7Y, WMEH ; 271H|(ZigBee) &S & 148, AL 2.4GHz CMOS RF Z2E - =(Front—End) 609

o
|
High gain IR3 -sAsJBm Mit ﬂ‘}'? o i

3
|/

: o
M "; g 4 "[.-"’;
1522 oc 1
Wl =" Lowgain IIP3 | 17dBm

3

Output Power [dBm]
3
L BE
N

&

&
=3

‘ﬂf —0— Fundamentals

f‘ ——3rd order intermod.
[

-50 40 =30 -20 -10 0 10 20 30
Input Power [dBm)]
8 6 RF ZEE-A=9| |P3 5 Z3f
Fig. 6 RF Front—end IIP3 measurement result

8

30 . . 30
. wMeasured @ 1.34 Voltage gain =25.9 dH|
—~ 20 |- e ¥ N - "
) 20 ‘0\0\0%.&0 20 E
B ¢ o
S0 10wl
© ™
o o
LSVAN
@ i A =
> ° i s
. B T g
§-10 L f‘ L/ ™Measured @1.34 V IIP3 = 65 dBm _| a0
Lt I Voltage gain (dB)
1IP3 (dBm
-20 L L -20
1.2 1.3 1.4 1.5 1.6

LO bias (voltage)
J8 7 RF ZEE-A=o| 22U dHlojojAof e
M 0|5 & 1IP3
Fig. 7 RF Front-end Voltage gain & IIP3 by LO
bias

FEEER nRynE un i EE dirtel
ZEE-Ycof F njo|3za2=
Fig. 8 RF Front—end chip micrograph

V.2 &

2 =2 ZigBee application®] ARE-E& CMOS
front-end& 180 um CMOS ¥4 7]&S 0|83l A7
5}tk Front-end+= off-chip balun¥} differential LNA,
183l mixerZ TAETE LNAT B o|S2EH
9% 22 3ol 55 dBnolHRE 0 dBme] A A
Ses o 4 glon Ti=u AL AL
o] Hage] wolzs) A A, 12 HE For
YoM FAEE AASH mixers A AH
A4S SPHA flicker noiseS &Y 4 & current
driven passiveE}Q} 2] 22 AAISIATE WA 4417]
£328 mAY] AF} 1.8 V ALGE AHEsi AA 3
o] WAL 1.035 mm? Otk

1. A‘liol Hlm

o o

Table 1. Performance comparisons

Metric| 151 | [61 | [7]1| 8] | T

Process
[um | 0.18 0.18 0.18 0.18 0.18

Freq.
[ GHz ] 2.4 2.4 2.4 2.4 2.4

Power
fFower, | 5.4 16 18 | 65 | 57
Gain | 4, 33 30 | 214 | 25
[ dB ] :
NF
(| va 8 73 | 139 | 444
w3 | _ _ _ _
L 15 8 18 6.5
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tecture IF DCR DCR DCR IF

DCR : Direct conversion receiver
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