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Abstract : Currently digital communication systems adapt various digital modulation schemes. All these communication systems are
required to cause the minimum interference to adjacent channels, they must therefore employ the linear power amplifiers. In respect
to linear power amplifiers, there are many linearization techniques. Feedforward power amplifier represent very wide bandwidth and
high linearization capability. In the feedforward systems overall efficiency is reduced due to the loss of delay line. In this paper, delay
filter instead of transmission delay line adapted to get more high efficiency. Experimental results showed that ACLR has improvead
17.04dB which is added 2.54dB by using the delay filter.

Key words : linear power amplifiers, feedforward power amplifier, delay filter, digital modulation schemes

1.M B AgAl B DAL Y ARZHAE ARBON 5
3 AQddze S4E A% ZLY A2 BVl M A
IMT-2000 Al=9e A4 Helutelze) ¥ 27 meye Aesan.
3 gk AAY B4 AxAME AE Fas el A
e g9 dolelg AF ol Hn W 2AY OAY ¥z
B2 Ada B ola@ Y Wa wAdME A
B4 299 A¥Ae] e $5sloF gk 53 Ay 5%
719 Yol AA BN Azge) WYY Az Y
ARZE) Basioh g zred gele WA F370: Fig 1% 2ol 74
AAAA G ey 4Ee BPoaE We E(back-off) IO AFAE TRV A2 T A T A4H A=
%2, 2l BHnegative feedback) 4], T AP (enve- = oA RS W A 2ol 2ABHE vages
lope feedback)*2), 3 9= (predistortion) 34, WA (feed- * 48Y & At
forward)¥H4] ol Qtk. 1 FolA AT WAL T2} B
e wde] the WA W) MY} e s 3 L

2. MutEA] MY NYSET]

m(t.207+ IM3£07) m( fo20y +6'2* 180" M3 201 + 072 + 180" )

&
e 548 2 gioh ol2g MAAHE A 7&@.—0——.7]% m 8 R mtecel - o' e120%)
tufolxgl @sh} B0 &3 WA Aes wANTS] e

(t.287+IM3 28})
HgAo/ A5 oz ety B =FodMe olad tAE P> !
T.&’L"jl“" 1 . R mMa 0 0%

* A319), microkim@mail. mmu.ac kr, 061)240-7119 fo(ontaoy  M3ZO]
++ A 3]9l, gkpark@mail mmu.ackr, 061)240-7128 Fig. 1 Basic operation of feedforward power amplifier

- 295 -



IMT-2000 A8 tAd 3& A¥HHF

F 33719 29L& V(99 949 Azl dsid oS3 2.

Var(0="24 v _(9e 7+ v (0 M
A7, 10 FEFY A Y, A4S F FE7)9 o5
VADE F FE71 gFolth
o, w7132 &% s+ g7 Prh
Verlt)= Vy(B) — Vo(8)
A‘fl-
- ZCQVe(t)eC +Vd(t) . V;(t) e—imrn (2)
a
’}'](2)0“/\1 Tn = TA, C(;I—AAloé o‘T ‘_‘:‘7’}‘ %E}
_ VLY
Vel = Cal 3)
FAREAl AA 284058
Vo) = 28y (e Tnr e @
—jorn A —jwrm
+ VAde - Caézcz VADe

O]D‘ 0"11]], Tp = TAZ!AA2= CQCQ 01‘5 /L](4)“E E}%T—]-
#h

AAI

Vol =5 V(e Fulintca 5)

agaz 28 s F 27|19 4F Yol AAHR
NEREL tHo}°E1 Azk Ads FZo] Hojzl Az7t Bk
2.2 HSHE My SE7|2] FEA|0f W

2.2.1 Look-Up H|o]E-S o]&3 F= o]

ek 2E7]9 o537 4ol oldHA FL AAE A

grol 323 @qHe] A 5 YA o5 F& YA A
o steelElSS Holgst ¥ 4 Yok 2em WA ol 4
WHos 29E Ao T AdslE FHE + Uk o
g g0 25U 9Y 4359 27 E= YY A Fo] Fx
Aloe) deloleEz ol4d 4 itk £E MMZ WAle] &
58 AFed olo] gk HolBolNg W3} AL ¢
o4 o] EHlolHE ol53 Si4 Ao} Hzol HEY F Utk B
4 dlo|8 e EEPROMOl A3t A3 Aoz A
g 23 P2 152 B Aol Azs} WavAE Yy
& 4 9tk Look-Up ®lo]& Waje) 4ge 2 #axd o
@ Ausk 9a gioks 3ol gleu BE 747y FE)0
sl ol wrEolol doke wol gk

222 oPER 1 Ao|71E 0] &3 FI Ao

Fig. 2% old&1 Aoj7]dl 2T Fleje] A%

Ze] 4

7] AA

Main

amplifier Sampling

coupler
To detay

—1
line
Aftenuator
Error
Gain signd
and Ve
phase Demod,
control Ref.
‘ slgnd
|_1_J 1

Input Delay fine
coupler

2

2

To ermror
amplifisr

Cancellanun
coupler

Fig. 2 Feedforward amplifier using analog control technique.

BAEY. o)A gF& X 3 A5e sfejoiund ¥
date 71859 d8IF dB(correlated) FH ozt ojz2R
B dojd FRE Fxourid s=9 gof o534 44< A
ojslAl Hr} FEWUAE l—‘r’.‘lD‘_Q} LR S b S B
(uncorrelated)d w AojFc) o} Aojrjwtael FHL wE
Wl dig BAS & vk Aotk

223 OAY A5 YA AP

AN B oSuss dNdo s AT AAFE
o MAage WYL 5 glont JaF XY we,u ES
Be a7dch wop FFYAol WAHAL W T FEE
4 2 27 2 H4eAE Fa shd 2a71% A 9
9718 Aolste] wAFoloF @ek A WA HUR A2
zole WEHE TR 4 A3 F FEr)6 FFAD
329 29 455k AURT, T 9 HU3 AzH FEY

-...-

o ¥ M) Felo] WS go] N REES BFAT

ge Azz $4H0Y HUg st YPAse] e
ow AsAe FAe Wil glout WAETH ofurlrh Alx
W9} 2ol WrHAD, of ol B WA FUR Az
2 o3 olae T e BB AFH)
Fig. 30 el gleh.

Fig. 3 Feedforward linearizer using digital adaptive control
technique



A347)

gAgA Aol i@ 7 Fxe] F7)sh A¥e wAH F
7 A8 QezkA gaZel wadYch olFd by U
A oz Aoz e AED Aol AHAE ol &4
279 Aelghg Rohils TATAE YnaFe] glem ol
FARAEE A7k @ Pl Yok

3. dA ¥ M=

3.1 & %7 88 Al
FZ 28€AHYL I0OW=E &1 IMDE -40dBcolite] HEE
37] 938 B =RdAe REZAM AFTEE MRF21125

¢l LDMOSE AMgslsich AA FF3E7]9 AA Ag2
Table 3% 732 A B2 XL Fig. 48 2o] FAsHch

d&y A3z AAE 2140MHzAIAM S 458 gu
2 AL o] 843t B4 A3 conjugate matching)e] WHo =z
AAsA

Fig. 594 Zin& A s 7S B4 FA He
Z0Le AA £9& U= #3 gudzolrh FE7]¢ ¢
@] I ZE 2219 dHojg AEdA FAXE ¢, &
AAS Ex= 4, Y dud29 o2y 27 AP
TG olm Y AxloA FolAe Y& JHi29]
2 o] gS AY ¥IUEER P& o PIdBY EHE & F

=8 =

Eabal

B

e
i)

P

=]

-—

_1

Table 3. Design specification of main amplifier

& g 125W (53dBm)Peak
4 = -16.5dBm
o] = 56.5dB
A A} MHI.21336, MRF21060, MRF21125
I M D -40dBc
i I cuT
3108 ‘IZ,SdB 1308
MHLZ1338 MRF21060 MRF21125
Fig. 4 Block diagram of main amplifier
500
Mo LDNOS EEEE e
I
25 Za Za' Za

Fig. 5 Matching circuits of LDMOS amplifier

a2}

AEE st golmz AY Yz: 9, 29 Yu¥szvY
4 29¢ WES 74T + Aok

3.2 2% 5F7| €5 44

L3t FE7)ME AgAel mj§ ol SRR & =%
e AP ¢+ AF FETVIZ 4 d§ FAIALH
TA% 22 FE7|9 EEEE Fig. 69 Eh

AnsoftAle] 32 A|E#lo]lld T23WQ) SerenadeE ol &
gto] o, 28 ARG Pt Adle FEAFS ©15 S
AE 32E FAsH AAE BFP620 AAY FE719] §
27} Fig. 791 vehiien Algd ol 3= Fig. 8% 2th

IN | { ouT
1408 Iatas |.25dB 11dB
BFP620 MHL21336 FLL357 ALLI20

Fig. 6 Block diagram of error amplifier

© o Tt L E25 1 Pun - PR
B
TR £0L

20 .00

20,004 4 4§

Y

-10.00 &

v

I T B
EERE R R

Ll

.00 100 200 " 3.00 EE:S) 5.00

Fraq (GHz]

Fig. 8 Simulation results of designed BFP620 amplifier

- 297 -



IMT-2000 A%¢A% dAd 3§

3.3 XA E D} ofnty| 25 HA

71&9 AlolEg AMEEY Xd AR A=
o] PG HEAdo] F& Fo] YA A= Al
A7) Asf A& Aot vig Ao uR & 5
o FAlelEe HYEAR A7 z17]4 &4 1 Edgaty
o] Atk 53 oA FE7) AT AA 38t7] 913l
Z719] Hell 91X A A2 +el XHI FEIY &
S 2N gY9Ey d5re Fa5¢ g9 594 §4 9
of Faigo] M2 F A EAHE A /HAEE H9 F34
Ar|e # Ad A4S Ad H2E dAE 5 0oy o)y
& A #uE S94 Uil AAY 5 Jom A&
A A2 vs] A2 sinlE Feje Wiy T Uiz T
A%+ Sloh

Fig. 9% & $%7] £589 &9 435& J¥sta 24 43
9 s 71La A7) 91 AulE Fe 9 S8 g5
o} 9N E AA 322 -10dB WFY A%riE FAHY D
37 B2 Aot HAdE sinlel Fef Y T3} o
3718 F AA EAo] Fig. 103} Fig. 110} Beyarch

o
2
FIBs

—.—-l Nlm rﬁ. OH.

& rlr

i ‘{N

rﬂ_r&ig

o @Y 9 do ox

3.4 Cixig =g mop?| 85 M

F 33719 2A3%7)e 9L A&s WEAAA T
Zob 93 AEAA FLY Q43 27)8 BIo] F7] st
AN PAY AEAYEES ASHE DSPE Agste] A
AEE BT o] AABE 7hd Ao Shazka]

718 AHgste] AgAloly] B2 FHsdnh

Coupler j .
IN—> a Cavity Filter
(FE301 g2 _J}
= — -10dB Coupling

Saarggl?ng ] e Circulator (Subtracter)

ouT. @ Coupler -

N E Detector I
§§M§ Circuit =

-30dB I

Sampling SIS
(2XIEE)) g2

Fig. 9 The configuration of delay filter.

Fig. 10 Designed cavity filter model using HFSS.
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Fig. 15 Layout of designed error amplifier and detector board.
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