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Abstract

This work shows that the design and test results of a power amplifier(PA) with broadband and high linearity for 4G applications
in 0.11 £m CMOS process. A 1:2-transformer is designed for load impedance matching of PA and a inter-stage matching is imple-
mented for a linearity. A designed PA achieves more than 27.3 dBm of linear output power and 26.1 % of power-added efficiency(PAE)
under an adjacent channel leakage ratio(ACLR) of —30 dBc for a LTE 16-QAM 10 MHz signal with a carrier frequency range of
1.8 to 2.3 GHz.
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Fig. 1. Load-pull simulation results for main stage at 1.95
GHz on normalized by 50 ohm smith chart.
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I3 2& 7 A aAEe 28T ERAEE Y
S-S vkt 2 57 S 2otk q471A L L 77 X
glolwz] dgrl 2} A= AYE 29 FE e
dok R Re 718 AFOE $E7h A APHoE
T3 Qo 2 HE + 9tk M mutual QJHEAZ
L, L IAH kel o8 249k Q3 Ge WA
AHrEg E=ol7] S8 F/HHRE 9A He AAH
(capacitor)°]t}. 53], GE EMAE A A3 H|
A (asymmetry) A4S $sA7]= 9T gt} 2 =
EAME 9 HFE AL T 571 3128 o] €319 18
GHzol M 2.3 GHzZMA] EAAEH O G 8HTE AY &
%719 299 S THALE Jestaa gtk

52

1.0j

—— Z (C :0.5pF~10pF)
——C,:1pF
——C,:2pF
——C,:3pF
—+—C, :4pF
Z, (L,:02nH~2.5nH)
—+—C, :6pF, C,:2pF

C) incréase

0.2j

-1.0j

J8 3. 1.95 GHzAA Ly, Ly, G, 123 G M 3ol e
z°) AN A3 3%

Fig. 3. Calculated results of Z; with the variation of L,
Ly, C), and G, at 1.95 GHz.

19 32 57H8 2 25H 195 GHz Faol| A 45
o] ko] wistel uwhe} wiETHE AU e 5022
E Atk AnA AE Ao deRd Aojth Agdle
L [ E ZH2F 05 nH, 2.5 nHZ 243 5, 3 G ¥
sholl e &8 JudX WIS AP HSI o] AlEE
ojjdel BEXE AA wWgEo]l &9 duHre nAE
GES AN, ool Fri el o]&3stel=H A
ot o] A2 RY 2 G #e] Wk B 28T o

= AR, 1 FA7F 4 FA7L oot Y
o] 7hsdhe & 4 Utk IEA # =24 50 =
55 SAHE dIEL #Esl] 93 GE 2 pFeE 1A

Ao A2 ML LT L,9] H]
atarzk sok 19 3o e ek A I,

= T
£ 25 tHE YASF, Lis WA 11 F g se

Mg 24P ehts 299 99E WsE A
B Aol 3, 7% EdsEse] B4R Lo] AR
T 7k Aol SR QuE Wakge] Aokl & 4

N

Atk F, L #ol ol A% gobxfoftt 5055 5+5 A
A o] 7hseE UehlH, tiEF of 714 = 045 nHe %
S 7H2 w, 1.95 GHz F3kroll A v o] B8 31519t



-2
oA 2.

27t 55t A HEEA Fae] mel o EujE 29

L 9 AEdold Aol WS wEow 13
o Q

3 GHzol °|E& F34 19
O~

HERE RANES 2749 We g5 WE 5o
!

k!

Admittance [1/Q]

0.0 e .
0.1 |~ Real(Y,,,q) of T-Model | |
—L—Imag(Y),4) Of T-Model
-0.2 4 —TF—Real(Y, ) of EM B
——TImag(Y,,4) of EM
03 Lt

S sk 19 45 T 2l o8 A 4
o} o] & v o 2 3t AAE 12 ERAYHE EM
(electromagnetic) Al E#| 014 S ¢ Afo|n, oju] A&¥

1.0j

1 1 1 1 1
1.0 12 14 16 1.8 20 22 24 26 28 30
Frequency [GHz]

()

J& 4. (a) 06914 5 GHzZMAl T-2d A4tz EM A&

Fig. 4.

dlojd Aol o3 =¥ I wj A A,
(b) Fatroll WE =9 oj=rH A W3t

(a) Load impedance(Z;) matching points of the T-
model related to the main amplifier and EM si-
mulation results from 0.6 to 5 GHz, and (b) Load
admittances of T-model and EM simulation results
across 1 GHz to 3 GHz.

& 4l JEENE B 7 A AGZEe A @ 7

i g5p

Top Metal : Al
Thick: 3.3 pm,

| Width : Primary 50 pm

| Secondary 20 pm
Spacing : 5 pum

___________________________

J8 5. AAE 2¥d EdAE HH
Fig. 5. Designed output transformer information.

W 3 Ly, L, G, 123 G ZH} 045 nH, 2.65 nH,
6 pF, 12|32 2 pFolt}, ¢ 4= 27t o Adeh o9 1.8
~23 GHzo A Bk R B MYl A FthS w3 o]
s de HojFEh e 19 5+ AAZ AL, EM
AlEgolAd AL EdAEHO ARE Yepdch

. 98-dgS defet QB AHO[X OiE

A FZ7) AA A Safolweka} v oleh Afo] <] 9]
El2H o)A mjAe AA AY FZ7)9] ¥ 9 &8
o Adat QJake w Atk w3k Jg Ay Z27) B4
= = HHEA] AAlGAM s FHof st Fiol
o SpAEE YukHo s NPy 8L EFo|mex
=

7}

=
AL 7 YA F s 352 F4 AfE 2

=2
>
e
B

>
[
N
ilfe3
~
B
rlr
4
rm
>

jsics
o
ant
[
N
e
o
ftl
i
ﬂ
=
H
N
1
4
2,
k=)
U
[
I (| ogt L
flo Mo N = M ox 1o

=
=25 dBcql Hu A& EHAHAA ©]52 20 dB, &
230 % ool Ho|EF Ags 3y, APAel T3
ol A Atk

AN F AHHE 2AFE F9N ek, B9

53



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 27, no. 1, Jan. 2016.

| C.S Gate Bias
I of Main Stage
parallel L,

+ series C;
I C;
1

| —
|

13

|
|
I 3,
|
|

| Drain Bias
of Driver Stage

28 62U A% WAL A ABzElA WA Y

ENA
Fig. 6. Inter-stage matching network for broadband linear out-
put power.
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Inter-stage matching

Transformer
ig. 5

Category Parameter Value [Ohm, H, F, m]
Resister Rg Ri, Re, Ry 10k, 100,20k, 1.5k
Inductor Ly Ly 18n,10n

Capacitor Cy Cr, Cs Cr 08p,5p,027p,5p

Transistor My, Py, T2ui129n, 1ddp /129 n
(Width/length) | My, M, 5184 1w/129n, 5184 u/2745n
My, M; 415m/129n, 4.15m/274.5n

(b)
J8 1. AAIE CMOS By A8 FZ719 (a) sche-
matic?} (b) AFEE AAF AE
Fig. 11. (a) Schematic and (b) parameter informations of
designed CMOS broadband power amplifier.
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