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Abstract

A DMB CMOS power amplifier (PA) with high efficiency and linearity is present. For this work, a 0.13-um standard
CMOS process is employed and all components of the proposed PA are fully integrated into one chop including output
matching network and adaptive bias control circuit. To improve the efficiency and linearity simultaneously, an adaptive
bias control circuit is adopted along with second harmonic termination circuit at the drain node. The PA is shown a Pis
of 1664 dBm, power added efficiency (PAE) of 3831 %, and power gain of 2464 dB, respectively. The third-order
intermodulation (IMD3) and the fifth-order intermodulation (IMD5) have been -24.122 dBc and -37.156 dBc, respectively.
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Fig. 1. Adaptive bias applied to an RF PA.
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Fig. 2. Circuit schematic of proposed adaptive bias
control circuit.
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PA input power.

As7)9 Baste], 18 2014 NMOS Mse 7197
RF 91 A%0] el DC dskoz @ziazl7] 95
o AF dolesz AT M wolos 24
gt wlololx 2t At Y4e A
CEEIEERN Jm e 1AF AEglel o
4 398 A3 ANANHZ THHAA Uk

wloloj Mz} A e A 182 g 23
vhojoj o] H#sisoi o} ek 1Y 38 RF 9 A
ol Z7kgel wet BE A AoE wolojs Het
WslE oz,

= L
g e



34

a74e] o|Fo] BE AS|E who]
£ a7elq A fAHAA gt
B, 2 AM-AM 91F] 48 Zolx, adjuz 4%
8 ulololx 24 229 FaHe YNHA HYFE7)
o vwste] AHFE7)9) AFAol 43 A5 2

o]}l

& 4P} 522 FA0 2= AY AAZE7)
2 AAste oA, 24 12 4REE 2 2de]
AAH 43 volol2 27 H2E 2 AYZE)
€ Sl BAT A A $2 oln,

of gzt WY we] Eefel =0 e A7) o3}

7] FZE o|gstd 23 1xHE 7 42& Z9A|Z
T ok FAsd MIM 7HsiA B e YA F e g E e
2,04 FXE& dod Aoln T FHFE AHA
Elgt QI¥He A71E& A= A& F3 uE F
Atk F7HH oz, o] I J2E =AY Fh 4
AX7I =99 Y 322 5E HPsHA AL
ZH ZAEE A7t 33 2 s oA EolAe

FHE ZHH s AN F AUk

3. HokEl MESET| A

2 =M AEFE0E HA 3z 371—3— Z0l7]|
At 3G B2RE A& F e o|5E 202ERH
dE F AEE AASEY TE 9 dE @ =Fe]
A Neme F27F ARSEHAT. Al AYFEUle
a9 40l v} vk 3 class-AB 32 & A%
A3 o5& 47l Hste] #F vl HEH Aok
2 class-AB 32 & PAEE €7| 98t A8 &

o A-&HAtt

o] TA9 0.13-um NMOSE AO|E-$Alo|=s} &
#Ae-422e] FE Hgo] FUlF oz vy wEdf,
o Y JEF vpojo] 2~ AL AtE Utk Mot
M, EdA2HE 35 42 (C92 3T M;
I M; ERA2EHe 3T ACE (CQE F&HZ
o AEIE FERE AYGFEY] AACdAN 22 A
T3S Hstd gy AgHo At A% o] Fx+E
B el Ao|E-SAto|= gE9 FA|¢} st A}
o =g A IEZL Aste FAs 2 Yg@
Z 7% QoA ESFA2EH M =49 DC Aol
o] &t FH= TASE RF AR IZ3 &4 T+ A
A7 2. A £3 AYdA EWALH M9 =3
A AL F TAHAMEH Vel 28] F7\74A A F

rorr

(34)

DMB CMOS

sy
HEEE

Vb VDD

7| HMY 2

Adaptive Bias Control Circuit
Vg Vb VDD

a3 4 THE M3¥ vlolojA =H MHEIEI[ 2t
gralE JiY s
Fig. 4. Simplified schematic of the implemented

adaptive bias control PA.

gt} AAFE FRAA EWAAEH Me EWRAH
M9 =Rl Age] ERALEH M9 AoE-a2 A
&3 2L A7) g ERAAE MY ACE AY
Veith &4 27 figd o] Bot o 2 =dg-A o

E A4 A2 gl o A3 Ad3T)e e
PAEE Zeth £ =294, 48 ¥& RF 49 o5
¢ FAStaE 5 A% BFe st 028-um

NMOS7t H-g-5°f At
498, 23, ¢ 9 4F 22 DC A MIM
AANE S AANEHS ddER FHE dY T o
W7 F2E ALY Aok A 2P ZE 7A
aAbe el Poz 41E HAHE Aok
g3} Az, 488 npololx 24 25} ¢
AYFE7 e 24402 HRetm, 2gmz Aol
E9 =99 Alole) ¥E AR 2L 27449 A4
527 Qojof @t aenE At ulolojx 2
327t e dEFF7e A dgdA FEAHeR
AR o) F7HAe hgst 27t dago”,
28 494 B0, HEY vlololx 24 Fae
g dolA s 27 (M9 Aoledl ¥R 24 1
z% 39 d2t 29 Y syl A5 Ao

L

T

o A aa

o]

Bl

Bl Ee ALY uloloja 2 329 23 1
¢ 32 E 0|83 DMB CMOS AEZFZy] A
ol 2o FF AW 25V
um ¥F CMOS FHo] A&xo Hu At
Z7)9] BE FA 2= €8 A I=94H

el Hoz

=)
B
53

2 N

D

g 493 9l
o 0.13-
SEE
29 voloj2 23 H2E T
LR EEETE

L

e Jzi o



20078 18 ®XZes =X H 4 ATCHA1 2 35
A ARSEAE dnHel AZE7]9 vms A H8d vlololx 24 2 I AYo| pas
7] fleted, ey Holojx 24 H2sk Q= e A oAWA AE Hlolojx HFE HAYA BAA]

42 Z7)7} 2

2e 3AL Fohel WA} At
28 59 7 gEEE 94 Gk Ae3

718} PAEZ®AA s gich H3q wlolojx 23
27t e d¥FE7)9 PAEE Pgpol Al 3831 %ol
o, am spoloi s 24 B27} fle HAZE| 9
HEPe W A4E 2= (P, = 9 dBm)IlA PAE:=

1768 %°lA 222 %th 7)Ao Hx, whde] mHH
BE (Pu = 1664 dBm)oll A PAEE 37.2 %A 3831
%2 A5 Aoy 14Y RxoA PAES e )

40
.
s | .\
35 - N
. /./.
30 - o
A/
&/
—~ 25 . [ ]
= A
W o A
-~ | |
& "
e A
& -
7 /'/ i
o/. /'/
- - » N N N
0 * - —a— without adaptive bias
& ' ) N )
e L m -—-&-— with adaptive bias
5 "
T T T T T T T T T AL T T T T T T T T

-2 0 2 4 € 8 10 12 14 18 18
Output Power {(dBm})

7]
At EF2de V‘Q 53l Aol 2 £ ¢
ok 2y BAHCE H2d nlojojx 2 FEE

A¥527]9 PAE 23l 2 432 = 5 ok

a9 6 &Y AAZAN T AHZ 7] 4
272 BelEth 43y nolola 24 Hzi} e
HHSELY 29 AEL PigilA 16638 dBmo|th.
o] A3 RF 948 A¥9 9%/t 439 volojx 2
A 322 Q7tEIX 7] Wi H$Y upolojx xA
327t g AYZE7)9 29 AFo] HLd volo)

18 -

./.al'._;'?-‘.ﬁ_.
17 4 -/./'/-/./r
1 ./l/ /./.

E 164 S K
g - o
g /
§ 15 ./
B 141
&/

13 - / —=— without adaptive bias

/ -—&— with adaptive bias
L e e e AN s e s | —r

—T 1
-16 -14 -12 -10 -8 % -4 -2 ] 2

Input Power (dBm)

O 5 &% M=o ths Ztzie| IS ET|9 AlEY Og 6 Y3 Mo iz 2tzte] MAFET o Al
0|M PAE ol &8 ®H
Fig. 5. Simulated Power Added Efficiency (PAE) of Fig. 6. Simulated output power of each power amplifier
each power amplifier vs. output power. vs. RF input power.
E 1. CIE dA ZnEzlel vl
Table 1. Comparisons of design results.
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e peration utput OV\{er PAE upply Power
Frequency Stage Power Gain (%) /IMD5 Voltage Dissination Process
Ref. (GHz) (dBm) (dB) 0 (dBc) V) P
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6 . N N 4
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58 2 16.638 24, 38.32 2.
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Table 2. Performance of proposed PA.
Operation Frequency 5.8 GHz
Ouput Power 16.638 dBm
Power Gain 2464 dB
PAE 3831 %
IMD3/IMD5 -24.122/-37.156 dBc
Supply Current 48 mA
Power Dissipation 120 mW
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