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Abstract

In this paper, in order to improve efficiency performance of power amplifiers, a mode changeable autotransformer is
proposed. Efficiency performance at the low-power mode can be improved by adopting the mode changeable
autotransformer. A dual-mode autotransfomrer CMOS power amplifier using a standard 0.18-gm CMOS process is designed
in this work. Number of turns in a primary winding is re-configurated according to mode change between the high-power
mode and the low-power mode. Thus, the efficiency performance of the power amplifier at each mode is optimized. EM
and total circuit simulation results verify that low-power mode power added efficiency(PAE) at 24dBm output power is
improved from 10.4% to 26.1% using the proposed multi-mode operation.
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3. Proposed mode changeable autotransformer.

Fig.
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2. Autotransformer.

Fig.



LD se SHAZ7E A@ &8 220 H3, 1 A8 3
A9 98 PNRAZE W AGFE & § 49 o ek GMESZwt 4D ol
&2 AT 5 A, 5600] ek, wWebA] HAMe)e] Qe oz v

JAHEA(Zy) & -] FEEE ZFo] 7Hs3H
3. Mot REHSE Jhset THRHHT| AA H d8F%7] 45 HAE & 5 ok
a9 4(a)= CMOS % 348 &3 A4 +4d 7
S AlRME SARYTIY g 7A] FEjo] ojolol . ®QHel CMOS ™ESZ7| A
o AsdEs e dEe REWE Thed dd
f7lelw 17 4b)e= olol A&ate= SUs R 1 o=l Ajbd gAY ds HAEs] 9
g 4(av $E¥EY7Ie FH+ 018~m CMOS % A 0.18~m CMOS %F 34HS o]&sle FERE
7ol AREE = 2.34um T2 Al top metal A3} AESH71E AASIAT At 3== 17 5ellA <}
lateral FEN=Z kT 19 4ol A SR 2L 2ol g o, dgFEridy 28 dow At
A BeoA 12k fMo] REInv-°IA RFIn+ Akolel Y= o= single-ended 215 E AHsA TR W57
TQlE Fato] aAbso R dAdnh A Y HEoA A HES o] R AYFETIddd= A A oA
= REZ2-AM REZp+7HA Abg 0.2 A7 € uheba 1 dYoer Fore Wi rbed A A9SEIE
a9 409 SR RAA dERstre] dAXTE Adeatint Z4zke] axte] B Ay 2EHAE v5t
nne=n=1= 7H48Hd, 19 4.(a)e] #lolok A9l 7] flete] A=z WAE AdEsigith NMOS &2&
sjgeteh oju A HHd A 949 Fow v 9 ol gatsior & ACE(CHTNE 0.35um  thick-
RF2;,. RF2ins o
Vs Rload
RF1;,.
O824 () REWE JHSE cHA®M Y| alolotR
(b) ZEHE Jhssh SHAH AT
Fig. 4. (a) Layout of the mode changeable autotransformer
(b)

(738)



2014 48 XSS
I

==X H 513 H 4 & 63

Journal of The Institute of Electronics and Information Engineers  Vol. 51, NO. 4, April 2014

a2l 5 ZEBE JtsF cFAEEH Y| CMOS MHEE7|
o 3 2E

Fig. 5. Schematic of the mode changeable autotra—
nsformer CMOS Power Amplifier.
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thin-oxide &AM AHE- 3}

A= gE ACIECQES HA AlE  width7t

m=z ARt A Ay Red o FshE 3% A

OJE(CG)Y A ACIE width7} 1024um, &%F A2~

(COH2 768m= 77t AAeSirt. 3w %Stol

7 AHEER oM AlC]E mpelojs AYE FEA

(CS) L 06V, 5% ACIECQ TS 33VE 747 H 4

3} 3otk 9 e Aekd dEwEr|E o
1

T dEEYTIE 19 49 FHE 0.18-m

ofo
ol
—_
£

40F —=— Low Power
—o— High Power
30+
.g 20+
S
Z
14
o mﬂpcﬂm;criﬂow
,7@30?0)0900&03
oL, \ \ \ \ \ \ \ \
0.0 05 1.0 15 2.0 25 3.0 35 4.0 4.5
Frequency [GHz]
% 7. ZE B3 Jtseh ot etY|el EM AlEE| 0l M
2 £3 Ry 23

Fig. 7. EM simulated ARn results of the mode
changeable transformer.

—= Low Power g
&
—— High Power I

= 30} &
M &
5 &
20} d
10+ ez "
14 16 18 20 22 24 26 28 30 32
Output Power [dBm]

I3 8. ZEHEt Jisdh ok o838t CMOS M
HIEE7| PAE AlE20|M

Fig. 8. Simulated power added efficiency (PAE) of
CMOS power amplifier using mode changeable
autotransformerer.

Fwr CMOS &85 ol&ste]l 234me  F79]
top-metal 2 AT WHEHEITE AYEAde F
o e 545 agaEiA oFAFE 060 miE A
H AT}, Lateral FEle] S A7] F30]9 top metal
2 1A 949 2a Ads A sklen, a4 RES
thin metalo] AF&EHSITh EM AlEd ]2 Agilent
Momentum= ©]-83te] Fa sttt 19 5ell4 MIM
AHAE (Cronp) & HA st A S T3] A3l
F7hE At

N



64 ZEHE Jbse HHEYIIE 0|8

- 1.80dB(66.03%) 7t7te] AHdEA 545
- 5«] bonding wire2] 75 Ansoft HFSS
Aol AaE AAg = AEd
3}@;} o 7S SERgrIe f4Y
Z wolEth 1.8GHz el A
ouq:q/\7}50 0 4w 1
2~(Rw)7F 515Q & ZHA
IO E =P o
SEISENIE]
Oﬂ s e
T2 (D Q)llAe] B4 i
7Hgate] Fatarel whek Wbt gl
practlcald non-ideal SAWSH7] =24
w}‘“/} 48 A9E =R 7 v
=T U?}E’r/ﬂ

oo rlr Ui
)
J

o
2
o
i
r\-ﬂ
9,

A8 A e

[
2 o

b

N
ich
2

Jf B

=
>

™ [o

N
-

o 1o fe L
R.:J
(o,
ot

g | mlog_ﬁﬂi [
B = -
z
o,

e
o ok
rlr

oo
N
e

I

i1k
2
1o
o
o

N
-

i,

S LRI RS}
'011 —!O
E )
rﬂ

B e UL A S > B Cu SN - B O OS> )

N
k=)
4

backed-off ¥
10.4%¢

o8
=
ol
oy
1
N
Y
=)
u
Y
ol
m:{o

E]

on;lr L3 DC AF7F A AdHReE
A o] 365 mAolA 237
7]4 Z=7Aeo] 18 dBmoﬂH
4 742 MHE F Ao 1

#2337 Ao Adsila, 71E

H s WaE s /&9

Y BmE Q
=3
[e)

R\ —{> feorr
OR
12
>~
>
o
=2

28dB

2

[*]
S
ot

e
o
[

[

712 FYEE CMOS
Performance comparison of the dual-mode
CMOS power amplifier with previous works.
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