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STAVIE st Hel @& 4 3+ 'One—chip solution' & 7F& 7
sttt

&1, CMOS += Al°lE 4ts}E (gate oxide) @] breakdown, 3F 7)o
43} (hot carrier degradation) “1#3l punch through d74o. = <l3f,

o AN} (Viee ) S 53N 545 7HAA =i, ol

o], 1&8s flste] EAAREO Alo]=E HEA =W, €A
99 dd 7k AAA Hol Wi dESANM ¥7]= &4 (oss)
I o F Age] o] A7]A drt

olgigt E-AolE, AolE-Aa ¥y E=Hd-iro B

FEAGS FHAT w-Q WE WELAS TAT 5 gt AL

o] E=wodAe EWHAAHE %ol &= 'stacked T OE



2.1.1 Basic operation
o] =xeollMe Ay FFH7] FxRv st 4" FEeaaet A e

stacked EURAEE ddol AdA3 222 &8 swing £°] EA]

TE AolE EWdAAEL ¢¥€S RF—ground & AHgdte AHATE

Tz 2, ZF stacked EWAAEL  Ao|Eo] M3 Qi
APAE S Do} AFAE AL Hu|E Eso] =i ztzto]
EWAAE ] AOJE—aA 83 EH—2A7H] RF swing & 5]

Seel FRAY FAYS DT F U ¥ S A% AT 5
o171 fth [6]

a1 9 3had STEREM ry 7F B8] AL Ao Ee] 2

[>

ARAHE JH8RS wf, stacked EWAAEHY 2A Ag dydd

Zs = Uyt 2ol 4o "

Zg = (1 + Cgs) L=
si = 3 (gm [l SCgS)
1+ Ces, 1 for fy < F
~ ( Ci) gm; or Iy t-
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2.1.2 A A3t stacked 7%

o] =&oldE 0.11ym 9 1.2V ¢ %3 CMOS #4S o]gst3la 7zt
stacked EWAAE Y =g d-4A AONE-4229 swing & L3
P77 ekl 7 AOlE ASE (Vg Vs, Ve ) T 21 ATAE

( G C3C) = HAZ sty 53], 291F A9 SFH7|lA

=

Y

X

iy

o

[-‘O
|

o] £33 '"Miller cap compensation' WHES A &4

ol A8k swing & 9%l fAE a&S S ARG [7], [8].

Vg4 o M‘ : t

]— C..
% - m, ]— millerl
&
Vo oW 1;
TC3 -
Vg o—MA T :I:
T a

IN o——i,

CmillerZ

m;

A

<

a3 2. AA% stacked—-FET +%

11

T



2.2. Continuous class—F Ag FZ7]

2.2.1 & Class—F A¥g F3%7]

o] Al class—F ¥ 5E7]+= ¥tk A F sinusoidal & AR/ 333
Al 24 fundamental ¥ 1%+ odd harmonic =% XS
TEe A HES FAsHA Hok

ol gt B FAA R tad o] AT [9], [10].

vp(0) = Vpe — Vicos(B) — Vzcos(30) — Vscos(50)—, -+

T T
ip(8) = I,eakcos() for — 0 <f< 0

18 T
=0for—1‘t<9<—5, E<9<T[

3 12} harmonic AEE7HA 18E oA Hrid, o] ow

dar Agrel 1A 3rd harmonic 7FA|%E

X

100 %9 &#&s& 7H4
IHE A HW E&2 90.7 % = FolEA Ak

HE9} sinusoidal A7+ class—B well 77k DC Alo|E HfoJo] AR
THEolA Al Ha, A9t &2 passive output network & F3 even
harmonic = short AlA Aol Y& v|AA AEF T3] =P
sty Sy, ol#st #AoA Quarter—wave HAFHAEY ©HEH

resonator & A7 HO 2R F& T fYef AskS FA H.
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2.2.2 Extended class—F

HIL A =EsS Py, ¥7]E o]l€3%te] 3rd harmonic =

v(8) = (1 — acos9)? - (1 + BcosI) - (1 — ysin)

AZIH Al 7HA el S E q B,y © design space & 5Kk,

in)
o
J {
ol
rir
<
=
S
—/
v
w‘<
=
3
o
2
O
o
=
+

Ao AdRd FAS F o dHst] R,
v(9) = Vpc — Aicos(9) — Aycos(29) — Azcos(39) + Bysin(9) + B,sin(29)
+ B3sin(39) + B,sin(49)
9} o] mdo] HY AVIA Vpe v FwEHE DC AYS YERH,
A;, A, A; + fundamental, 2nd 18]31 3rd harmonic 93T A8 AL
Z1¥]3l By,B,, B3, By, ZF harmonic Y3 A9 SFH-E 564 ©r).
7t harmonic I P2 HAFHe FHFHE Vpe o st

normalized 34l B 7k Ay, Byiz Th& s 2ol gelHrh
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1 1 ) 1 )
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ol2xow Hueo = &&° continuous class—F &
AYFZ715 Fdst7] fsiA+= 2nd harmonic YIHEAE FAHE

ox
M

o
o

A8k (A, =0), 1o oIt fundamental AQF AE9
HaHs 327 =9 o B @t e 7+ Ut
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289 o B = FASHH, continuous class—F & WEs7] 9
HyEE y 7F Ha 4359 'S A1 = g 9
—1<y<1

a9 3 oA B o ko], yol WstdAM AlRe 1w Ay AR

3d8S 5 4 YA, o]l class—F 9 83 288 A4 & AA

%

sttt

HaEo], o]5 AulA AAEAA  fundamental ¥} harmonic
Ay A9 91% (3rd harmonic YIHA 74x 1) =2 AyHHA
fundamental & constant resistance circle & WE7FAA 2nd

harmonic 2 7%= AAZ A53] short o YAEHA ol A
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=025 | e Z1
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/ ¥
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2.2.3 Design space for Continuous class—F

ojdel B=a/2, a=2/V3 & WFIHA y7F WA FHolE 2nd
harmonic & short o YAIA|71A] ¢l reactive &S XA =
ojlgA oz 90.7% ¢ class—F ¢ @& (3rd harmonic 7}A|Rt
1R ERE) & FAE 4 9l 'design space's &A H AT

2nd harmonic UIHEAE  reactive AEWS JHAEE F1

i
ol
1)
R
oy
o
o
ry
)
ol
f
32
)

fundamental ¢ 2<=5-¢]| design space

a 7} % o] ol 0.75 S} 1.5 Atele] o e 7HAE &&o] 75%

O
-

e AAE 2e stk o2 F34 el delA (—1<y<1)

T A8

o

— 0.32

— 0.30

— 0.28

Efficiency (%)
I
o
o
[}
(N\) mod

60 o [—=— Efficiency i L 0.22
—5- Poyr

50 — . — 0.20
| | | | | | | |

08 09 10 11 12 13 14 15
0
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o34l 2nd harmonic? X455 7FX 1 fundamental o] A% H3}
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>
[

o
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e
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%0
St
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kol
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o,
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(@)
<
o
o

°] 50% ¥+ Fd 545 HojFv, oA AAAA F design

space 7} Ht}.

100
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N =9 A 2 A A e As 9
A= = to] Continuous class—F2] design space® <A ¥
=t

s,

device?] &8 AHAIYAEHAE 1
Abgeto] S HANE RoJFon

of 7hel=E HolA ekstrk [13].

e wwdMes deviced WMAY =9 FAMAREAS 13

325 A continuous class—F AHZFZ7S FHAA T,

SRFT (Simplified real frequency technique) synthesis algorithm< ©]

&% Y 4PARE 5

R

AHER stow g4 oldFH X kert [14
H=of,

|=4
=

—n

25 handsetg©°] ofd F77] 8224 GaN device
TAL Bl 8 o EH ) low—voltage? CMOS F4of AL3}7]

°
o

o
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2.3. 2 Atd Fx

o
A

d 3

d

2 =AY AYFTEYE 2 GHzE $HCE 600 MHze o
(30% Bandwidth) & 3= A A3t

1.7 GHz °lA4 2.3 GHz7}A], 2t fundamental =3}¢f @l &3t Load
impedanceS Optimum impedance® 7}A7}7] Y3dte] 29 73 7o)

W AMAE GG AL 291 (TL2) 2 o1& v,

Vob

cBypass

-
g

§ o
a
=
B e

- TL 2 Cocmiock T 3

7z

Hy AgA g e AE gkele 173} harmonic I EAE openl E 7}

i
o
ol

A7 HaL, 4714 2" 83 o] F7hAQl ¥ AMAIE ¢} short

stub(TL1) & Yo} 592X 2%} harmonic YIS Hust A 7}

Z 7} 3% harmonice openl® HolA & FAdto] Extended
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Aul A FE AR ZF fundamental ¥ 1e) dl9StE LAk harmonic
dI A (23 32h) AAL O 99 2t

o F 9] fundamental YI|EAL] AFH = 7~10Q 0% FolA 4
3L 22} harmonic Y YAE= tiEF 0.6+j24.4Q 12|31 3% harmonic

AT EUAE 49786742 TAHOZ A3 Ht,
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3.1. A 3= 74
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shortE 93t 10 pF, 220 pF 18|31 33 pF

VDD

CBy pass

11L

Bl S o] &3sto] tE oA —10 dB ©]ste] wiZ S sk,
HELI= 57 0.4 TS FR—4 substrate 7% A}
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b 2 @kt
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3.2. Layout Issue
3.2.1 stacked T-Z°l|A transistor®] Gate capacitance® 93

MOSFET®] current gain?} power gain® AX%E YEl+= cutoff

frequency (fr) ®F maximum oscillation frequency (fpha) & 2= A9

B v g

8m
Zang

f .
fmax = /T/(SnRgng) (Rg : gate resistance)

—o OUT

fr = (ng : total gate capacitance)

my

Vg4 (e NV\ :Ejj: Cmillerl
T C4 . T— = Zsource4

R m3-

1
Vgg, O \/VV‘ :I: Cmillerz
T T
Te [

Rgz m; - = Zsource3
ng o M _]_ :E]
T c t

IN o—|[F

1% 11. 4-stacked JAEFZ7|AA Z} ERAXAE L A4 dIdA

== ZsourceZ
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o] s40] Slulal Ae EAAAEE AE ARANEA Fol, 53]
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ACIE-Er]l ARANEAE AHFTHT| Y] o5 AfHoz &= 7

T — 1

k= Aol
tEo], AoJE—=g el AMANE AT} E7tetA HH, g€ orHE Al
37F &2 592+ Feedback Loop7F A7 229 A% Qo).

TQ% AL, EWAAHIE FolA HHA 9] EWAAHEY sourceH

om mol AWARA HRow Aste] Aol AFTF WAL 2

ojty. o]FL WFE Zope (optimum impedance) 9 &2 IR A HA

o A, JA FE719] o] 5ol dF= vIAA

ol

e EQAIAE ] dojobxe & Aldl, 9 22 AMES Ay

of Hh@ Aol E-Selql AMARAE Fold stk
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3.2. 2 % Layout 7%
=

A nEE nP o R 7 EQX
AE|AE HOgt Zo|=5 layouts st o, =5 dego] A5k
= HA

Q1 AFZ sty ekl =19 Metal width

AHAEE Fato] Deep N well Biasingo] E58+= 2SS W4 517] ¢
st Aoz A (10kQ) & Zof FUuh
HAL 23 mm X 1.14 mm ©]

FHF layout 2¥%+ 19 129 #1

dot

I3 12. A= Layout 2%
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3.3. Simulation Results

3.3.1 Continuous wave simulation
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=
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e, dgdat 285 yste] AolE mpolojae] Ag-ol= 0.29

C AFE oF 25 mAZL 324 At =3, 4

<
il
&)
ol
38
=
iy
o
[-‘O
1o
»)

g =2 A8 Ao ZF ERAAEY =l a4 g3 AoJES T
ol ko] At AL A 3.5V 7HA WES AA AT

A FAF2 2 GHz oA Continuous wave Al&E#o]Ad Ai=

L

==l
1w
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=]l wpojol A At 5 Ve AojFA Hele W, 23 =4

o
JIn
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(K

15 1

29.5 dBm o2 Ho o]52 10.249 dB & HolFA Hoh

ok
—

= High power levelolA] shooting 3t E5S #5394 H4
dB compression pointe} 1¢f 3t &S SV AlA T
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3.3. 2 2—Tone simulation
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4.1. S—parameter
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4.2. 1—Tone / WCDMA measurements
4.2.1 Measurement setup
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4.2.2 Continuous wave Measurements
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4.2.3 WCDMA Measurements
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ith other work
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ABSTRACT

A Study on a Broadband and High-Efficient

Structure for CMOS RF Linear Power Amplifier

A single—stage stacked FET linear power amplifier (PA) is
demonstrated using 0.11um standard RF—CMOS technology.

To overcome the low breakdown voltage limit of MOSFETSs, a
stacked—FET topology is employed, where four transistors are
connected in series. Furthermore, to maintain high efficiency
throughout the bandwidth, output matching is realized as 'continuous
class—F".

With a 5=V supply, the measured PA achieves a saturated output
power of over 26.5 dBm and a DE of around or over 40% from 1.6
GHz to 2.2 GHz. Using an uplink wideband code division multiple
access modulated signal, the PA shows an output power of over 23.5
dBm with a DE of over 35 % while meeting the adjacent channel

leakage ratio requirement.
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