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ABSTRACT

ABSTRACT

During the practicum period in Huawei, according to the company's work to
develop the content of the school and the guidance of the teacher's request, based on
the actual work involved the authort completed this paper.

Modern wireless communication technology to our daily lives and economic
development has undergone enormous changes.

Power amplifiers in communication systems are the most important one of the
modules, wireless communication technology with the rapid development of power
amplifier performance have also put forward more and more demands. Power amplifier
at the many indicators, the saturation output power, efficiency and linearity of RF
engineers the most attention, improve the performance of these indicators is always RF
Engineer diligently pursue.

Doherty amplifier is one of the many technologies that improve efficiency power
amplifier technologies. Because of its power from two tubes, so this technology can
also improve the saturation output power amplifier combined with digital
pre-distortion (DPD) technology to improve linearity, making the technology has a
clear advantage, has become the amplifier technology mainstream. A lot of worldwide
large-scale manufacturers of communications equipment, such as Ericsson, Nokia -
Siemens, Alcatel - Lucent, Qualcomm, Huawei, ZTE, etc., and its base station products
that are there is no lack of Doherty amplifier figure.

The author engaged in Doherty power amplifier research and design work of the
course and found that both the technology gaps exist, these two shortcomings of the
power amplifier saturation output power and efficiency of the impact of varying
degrees, in order to improve its performance, response to the question of its existence,
the industry put forward a modified Doherty amplifier structure --— A-Doherty (that is,
non-symmetrical Doherty) amplifier, A-Doherty amplifier has four implementation
methods in order to verify A-Doherty amplifier's actual performance, I take four
A-Doherty amplifier in combination of two forms, a new implementation of A-Doherty
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ABSTRACT

amplifier, in accordance with the requirements of the following indicators to design
and processing of the block out certain types of reactive Fang SBC, through repeated
testing, optimization, so that to achieve optimal performance with traditional
symmetrical Doherty amplifier (as opposed to A-Doherty amplifier in terms of) be
compared. Practice has proved that A-Doherty amplifier can be achieved the desired
objective, with obviously superior to the traditional symmetrical Doherty amplifier
performance.
At the whole issue of the implementation process, the author's main job there is:
1.Pointed out that the traditional symmetrical Doherty amplifier existence less than two
points.
2. A-Doherty amplifier made of a new form of implementation.
3.The indicator device in accordance with the selection and design A-Doherty
amplifier.
4.0f A-Doberty amplifier for ADS simulation, in theory, be validated.
5.Design processing A-Doherty amplifier veneer and debugging, testing its performance.
6.Put A-Doherty amplifier PCB measurement results with the traditional symmetrical
Doherty amplifier PCB measurement results, as well as A-Doherty amplifier
separately to compare simulation results and measured results, as well as the results
of the comparison analysis.
Key words: Doherty amplifier, A-Doherty amplifier, Efficiency, Linear, Saturation

output power
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WAL, BEERE—R, FUBRKNRBIREXFAM—NEEFNEmEI
£, ERERAETEMHEL R S EFEH ARp/2.

E2-44H TEHEBANDETEA, REBFRSETRSRRR. BENE
. TTLESR, #EEB/NTIBRHHINETLEA, BEIIBIRARREETS. S%HIR
FE. BT EELE B6dBE, IR H R BRI BREN—¥,
EXANNEHEREEBHEERIBEREE, EEHEMENTRESH
HBHERLER, BTXMRENEEDRRE, FUNEMENEZHE
EHAREN. BEER THBNMNERTUGEH XN, REMEEBERE
THINRE B EZIEITRAN, REHHEERN n /4, FEEEEZIBHFFE,
MEMR—ELLHIFEE. EEBIEXTedBHHA, RAERKIIBELIERN,
HuE

nw=%1(%), 0<v,-,,<%“‘— (2-20)
B8/ Fo6dBE, BANTIRERIE, RERX Q2-7), FHTHERH
112R02pt 2 2
P = TR =I'R,, (2-21)
2
e R, = V"C(I_)
KRANLRH,
Imax vin .
By = (7)(;,;)27'& (2-22)

R EZEBRRE T BB I BUH RN E R E

v, Imax
P =(=2)(—= R
dem (V )( pn W (2-23)
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B24 D ESHEE. SRR RENZNL

EE I BIE R ER TR
Vo _ 0 gy tma
P“""_Z(Vm 0.5) - W, (2-24)
Hik, WAREHEENRIR
Lnge ypa Viny
Pdc—(-;‘)[3(Vm) I]Vdc (2-25)
BEIXE, hmABEERREHZ
()
,,=% . V_vm_ _ (2-26)
3(;2)-1

B (2-15) TUBE, EBEREADZEVi=Vnh REE6dB, Blvis=Vim,/2
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E2-5 DohertyZhi 5 BIS ik % 2 g £ A 3T Hb
2. 3 543 FR Doherty LB BB R 4T

Doherty ZIZKE BM AN FATHIZHEBRBRAM, WHE 2-6 Fim. WAL
EZM—ANHEFEBRNYE, SARDIE. LEASBERAEXR, &%
ERIBCRBIRABRBIEAE, HMBERKRSE, B—MRETE AB EHHERKK
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B 2-7 Doherty THIRHI TERE R~ EE

Doherty IR ABE=HTIERE, WE 27 Fir. SHEEDEREE
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5 Veed re
n= x100% (2-27)
de’de
= 2 — Y, L _ Constant
I de
B DA e i B R R iE i B KB, R BIEE THRA.
2Ropt
Main l——'
Amplifier
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1—— Ropt/2

Auxil

Ampiifier o—l
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# 2-8 Doherty IhBUKIh &4 TEER

LMATHEMAEIE 2-7 F A S, 5B D H A2 v 2 2 [F138 6dB
HIEHE, R EThRE MR, S ERRREEEEAM, BERKETUF
BR—ARERRE, ERABTERE N ZERER. REDSHEETIR
A, BTFEERKBLRNEFAER R LR M /4 B &R A FESTE M,
BTS2 B KEARBRENRARRIER, ERE L NER M /4 HKENE
PR/, XEBERZBEFARNFRT, EWHREGHEEANIIE, TWHE
B FEDRELERMRET . RENKERFEREHRKE. BEBAY
EHE—S MK, FEERABRERMZAE, BARENEREERRKIKF.

WATHRGEMK, HHIIENTFHENIEENR 6dB /5, KR RTpRHHE
R, BRABREETIE. WREAE, ERABHBEAABRTRBBZKEHINE,
EREESIWERT, . BB AT Ry THREBRARHLIER T &
HRNEE, BINRABEREENRA.
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2Rop—* Ropy
Main L"
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Ron
l—— Root/2 = Roe
Ausxil
Amplifier
Open—» Rq‘ Ropi/2

2-9 Doherty TH P& Th &R H TEER

Root
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Amplifier
Root

Ront
it L
ier
r
Rom

Roet/2

P 2-10 Doherty A IIEH 1 THER

2.5 {4533 FT Doherty ThABY S

BUTE ME2i8 L5t Doherty TIBUEAT T MR, MWXMREIIHEENEARET
—MEE EBIAR, BT RGN LI A ERF Doherty Tl Bt — £ #I9#7 .

e 2-10 7, ZETHBUAMAE B ET, FThRA %) BE L% T 5 Dhis % P
NETFHEMETR 2 5. EHHERP, BIN—KXHAERR 50 RBETRE,
Bl S BEH — AR 50 BReR, XEMELE. HIIRES SR AL
100 Bx%, EHRBRAWHHEIENKE. BR, —RKHFHETHHERR
N, EILEE 100 BRIBLBERZBHEN, LHEZEFR 6dB B, EIHTLE
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UCACE) 200 Bk, iX&— MBS R, TE 7R E 1A L BHE 50 BXa
R THAT AR, Br LR F AR — A AT BUIZE(RAE 1 8 50 BRI AR R A48
T, TR A | R E R H LR 50 Bki. A T MRIXHE M,
AAEARBRTEH A ELTH V4 FREMEIIERRER, LHE 2-11.

Ropt
Main L"
Amplifies A4
Ropt /
e
Auxil 1
Ampl?ﬁer D ,—’ F‘T
Ropt Ropt2 Ropt

Bl 2-11 SEBF Doherty Zhill & B& &R 5> 4544

FHFRFIA V4 BREHAARRIER, EEBRBZE. HBZHN—&
V4 BKER, RHRIEE. FIRERME LN IS 50 BREBA FMFROL, RIEL

A
R11.=‘\)RmRaw (2-28)
M4 B A2 5 H PR Row=Rop=50QL B BEHTL Rin AP Rope=50 @ HIFFEX, LA
n=25Q, FE it
R, =+/25-50 =35.4Q
ik, BIATZE 50 BRBRA T HERIEN X, BIRAERITEAR, BE
B4, HWREA Doherty DI HItERE, BEME#HKA.
2.6 &

REEYFES L, Doherty HHMEER ARBAEKE. HERFUEM
NEREFEARES . 2EFLEARTHFEAEESINHRES, BTRUKR
RELIFINHE, BIRT Doherty ZhKAIRE, I EX Doberty TIRHIER AR
LIS, iEESHT Doherty THEXERMIERE. 5 5 M WEHHTT Doherty
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TR KF T #4083

S$=F A-Doherty NI E KL

3.1 15431 %R Doherty ThTEZEBY5RPE

52 EPHR T ALEHINFR Doherty THEHERMIRR A TIERE, LK
ML REF, RITRIELXF Doherty SHRAFEL T HIGRES:

—. HTRHEIIBRERE AB K, MEEINRMETE CE, NTHRAKNBA
55, BEIBKRRLRETREDRAER. WANHENIRE R Ak
%, B EI AR H R DT RENRA R IR X E Bt
BEIBE RBETINER, XHSBESHERAENERMNOBEE, AR
BEDBH R R HRERET 100 FRHES|I ZKARETH 502, wTHE
F5(E] 70 Q B EF ZEMEE (LE 3-1), BBEmIBIFHINMAE LR, BIEHK
DB RAR LI RETH LGRS, A, BTEREDRREZE C RS
T, ENRUMERELE AB KHBRBEIIBUEZIRANB L KBMAIIET, BEIHK

FHLUSBITI BB . BL, B/ Doherty THEA M Tt REAITH (Y,
300 T
Auxil (ideal) "1 Auxil (Actual)

N
8

g

8

Load Impedence|Ohm])
a

3

o

0 Vin,max/2 Vin,max
Input Voltage Amplitude

B 3-1 Doherty Zhis FRHTAIE
=\ STFRELEHXFR Doherty Thi, H5 2 ERHHRTR, HMBIIRE
PRI E[ER 6. 0dB B ERIA BB &, MIHEELRKT 6.0d4B B, MEHIEK
(A 3-2). WH, BFERFEIED, BEDBEBITHE, BEIRIERET
SELXFRERM (LA 3-3), FrLAREHEURBBKX,
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- & 3-3 Doherty Tyifl T it B F A EZRAL

HEEBRRANRERE, FINENHEEEBREE. AR A THI
LHIEER, TR TEDRHEFTEANELR, it CDMA A& 9.04B
HEH. WEMRRAEZNITFR Doherty Thif, MEHAKEREN R, T
EREEREYR. FROSK, BEMRATURBLARATRNESN, AT
URBMESTEETIEENEX.

MmN ENRERIIERTELEENRS, MEE—EEELRE
ZERMEFEN, AT HREZNFR Doherty HBFER AR HE, A
X=Xt FE, XPIIATIEXNF Doherty Tl (B} Asymmetrical-Doherty, &5 4
A-Dobherty).
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3.2 A-Doherty THAAY R AT S R LML AR

3.2.1 A-Doherty THAI R EAIE D

A-Doherty TR E £ GXFR Doherty Thig B A L, $ 3 — L& Rk s BT {E
Mk, B, AT SEMmAE L RIKHFE, "L Doherty THHIBBIK
KBNS EHABZERAPHERDRED; BN DERERATRAMRERE;
B E BB R B MRS R AR R BRE . BT ERAE EHHE,
A URABNM AR DERKREAR Doherty 44y, HE KA Doherty 3]
Doherty KIZ5HIFE R . # T RH¥EE S FFIH A-Doherty THBEISETER, 7254
HIERE,

3.2.2 A-Doherty Tt JLFSEIN A

EARFBEIT R, A-Doherty ThERFAZRAT LA A LUTF JLRKEL,

—. NEMATIE LK A-Dherty

A-Doherty THBRHEEN—FLA TN, BREMNRELHFB/HTHE
AER, FASEE. BXBARAMHIE, HE—FESKERX, WE 34 57
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Bﬂﬂmﬂ-’~< Power Spter
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B 34 REMATHELILA A-Doherty T 5 2

%45 M3 A-Doherty T, HARMREHMME R, SELXFR Doherty i 45
HEXER, FHER. RAZHMEEFARREE, REEBSARERR.
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TFHEIX%ER A-Doherty ThEGHTE IS LI AMT.

1. BRI ThBORIIE (B Th i T R T

MAFTR BB NBIRELE AB K, BERERE CX. RRERARNBALR
THEARERH I EZFN R, W 3-5 .
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B 3-5 RS REAMKER

B35 AHTHRASFEANXR, UREBKBADET —RUEBKE
KA R A RSN, FNBERBREITTH—4, BPTUEANELREA
M 0 24k 211 MBEA, SBRFAHRSESEANIEMRLNES. WE 3-5
FATLAME B ARSI TREE A

05~0536, a=n~2x 3-1)
‘={o~o.5, a=0~t

BT ER AN TS M, R, , TR

I, a.-sina.

27 1—cos(f’2£)

c=

I oa,-sina
Il,p=-§“§-—"—~la—” (3-2)
l—cos(TP)

R ac. apZBIA BB R A E DB &R .
HTRENBIRERE C XRE, HUERER AB KB ThBUE R K H
BFMATIR, FRaEERETRAZIRAALY. EERKDBIEREAH S AEA
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WET, |ETBSEEIBEHEHBREA
= Il-C
e N AEE () DIBOTHRSERMBEL, EH LN R TEFSE

THRBUA SRS R TIRT, W ETHR A4 H .
BNDRENRUIERLA BE®r, KREAWT:
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I 1
E, =10log(c”) = 101og(ﬁ)2 +1010g{(1—_—]7)7} (3-4)
FEE E RREEE i) IRXEDRRE, SHEES|IFx. FlnR
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3.6 A-Doherty T E® ., Ekwk. BiTREE™

AT HEMEEINREREIIR, RATNERDERA—BREIB RS #
ERHHATIZE, B 3-6 (a) 4 il THEIIBOIERE LR IBE R A S
Ko B, HEEEMTHER. ZRRRERRSBABESSEERLE
HEBEBMERME B, BT URARRMERRS RSB RE. B
3-3 (b) /AT RAMBHNIEE (0=24) DHERF THEKBRERL. T
BB () WHIRELE AB K, TEE () HWHRREE CRX—BEEX
WABREN—¥. B3-6 (C) @ATAHEIEES (0=24) BT, BHR

I LMERRA D ARSI E, HEERRSEMNFREET.
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ETR, BATIRENBIHTASH:
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= 0<v, <NV, e
L
Z = 2 (3-8)
¢ 4 7 Ve P
[Z,- (1+—)]
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oo, 0<v, <V, e
Z,= I (3-9)

Z,(A+5), NVpee <V <V s
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LTI EXE (0<vindN#Vin, max) REHEK (F) RETE, HERA
3B EMA RSN ERDRWEE N MRENA Z=20 M Z,=Z,/2 XK,
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1 1
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2 in.m in,m
Pr=lpcVe=1Isc Vvh ) Ve (3-11)

in,max

APV, RRENMNIBENRELE. BAK (3-10) M 3-11), HEHH

RiERA:
n:%F_xloo:—I‘f (—2—)x100 (3-12)
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1
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2 p3
N i
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4Ilc
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Hep
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27 1- cos(gc-
2

. a a,
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BT EBEB T EFERNEER. ERNRRE, 8K (¥) RmE
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Fim. &8, BRBEIBNHEIIEARIEREEIRN—¥, AREEE
EF T MG R, W 3-12 FHTERNIE. B3-30)AH TEH
SN T BIHELEARNRENMETL. dEPITUEY, BTHEK
KENERRE, TR ESFESTEEENL A FNEEITEE Ve K. [REAM,
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RS CSER T RERM, AEALEEL. TE, NTaETEEHRES
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0. KA “3K” Doherty {E R #ESI B SLIAIIER TR

KA “AEIHEEF LM IEXTFR Doherty iR ” EHFEE—NBHEHSRA,
HHREREHNAE. K TERZAER N HE— P HE Doherty T HIERE, 7]
LKA “28” Doherty #3) Doherty N4 M. ZEWM AKX WE (3-14)
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B FREREF LR

RF Input

Main Amplifier Driver Main Ampliier
|
Power Spliter I'|/ l'i/
Vgs_| md Vgs m

N
— 1

Auxil Amplifier Dnver Auxil Amplrﬁer

B 3-14 A “25” Doherty THfE R REHEIE A-Doherty B E

/0 3-15 %A “%” Doherty Zilifk H#E3hLBA A-Doherty 4 EY

ERBENT, AEF M TREDBIESRNEE, WEDS B
ZEHIREEE BN Doherty Tl H+, #z) Doherty KEEIEK (£) Thmm
DEERELE AB 2, #3h Doherty RFBENHN IR ERERE C 2K, B
i) “2K” Doherty. ZBTLIFR A Doherty, £ENZXHMHETHRMEHTR

FHESE, TEERERE, FURRERNA “%” Doherty.

ZEMBRTRRA “BIR Doherty THiR". WAINEH— 5883 ARER 2
—HHANEIREE AB ENHEE, LM KEEN Doberty RFEHBH IR
BN, - (B2 T 90 BB A RETE C XM EERAG WAL Doherty
RPHNEEIIR . 7€ Doherty RERW MM MIRE —B A/ 4 ez, ATH

PR, RESRETRME LIRS, 4MR5TEH Doherty 4.
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#B=%& A-Doherty iHIEALE R

3.3 IhE

FEYEBETHANT Doherty TR M T HFEMBANBRE, AT HFE
Doherty ThiR IR, @i T £ 40 FR Doherty TIPSR FETFERI R A,
AR E R R T MRS R, FHERT £ FEE A-Doherty KM
THEERR, FANTEENRRGRA.
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B PR R F B 2483

BME A-Doherty ThHAY ADS (FE

4.1 A-Doherty THHEZiHiE4F

¥~ A-Doherty HI B R THEIRE K

1. P thE 76W, EEINZE 41TW;

2. L TAEHZE 2140MHz, % 60MHz;

3.7 T6W BHTHET, WRMEBKT 42%;

4. ZEMANIHZE[EIR 7. 4dB. 76W HiHIIE T, ACPR /M T-58dBc;

5. AW FIEE/NT 1dB:

6. ®m KT 12dB.

DBEARAE 3 EPREE “AEDERA” M “XATRDRE” R
A-Doherty N &L S AR,

4.2 A-Doherty IhHIZRFAYIZIFE

4.2.1 INMERIERE

THIRE B RO R LR, B B e 1R K2 S L m AN ORIt B .
7 2140MHz B B Th RN, TEHF Si WIRIEGBEE, GaAs THER
5%, LDMOS IhE AT K GaN MFpARB AT ik,

1. Si XRNBHEBE: EEMHRKE. WHEDEXR, BRENKS. R
BT HEBRFLENRE, THREERR. RHEE. TRAXEHRANRE,

2. GaAs IEREE BT HTER. BABH, FENAE 4GHz UL L&A
P B, BRFENATE 2~4GHz iR, EAHARUTHRA: B FEBERE BIT
K5, EREM, RIFSERH, TEHRER. AFRAK. SLEtes. W
B RIS RS. REARMEE, BHEARER.

3. LDMOSIHZE R#4E LDMOSX MY B & BELY 24, RNA



FUYE A-Doherty i ADS {H E

ARk, BERERERE, DRAVSHDRERERGUEMRANFARA—
HE, XRENTEGMSERE. B, B8, TRAERERA. 5BIT
EHL, EHEFREK(TE80V), ¥MAHLBITH6-9dB, A LAR/NEHE RGN
RitEgRER, BEUBITEENLGYE, AEBEREMYERAS AR BAREA
i5-40dBc (BIT}-30dBc) ; FFXREEMRE, X& BITALELHIN: RN, A
BEBATEHENAN L, KATBEMAESZR, BERSHN &) ZRHRE
B S A T7EBITH, RERRSHITH) ZE DA BN R %
H#TESESE, BER, LDMOSHBITER MK AR RFEE XS
AHHE, BI{FiA30dB, #HIhEX200WHIIER T, LDMOSHEIEREM; EHRM4
L, HRAGEBMEERBIEER, HEESHXNAER/LFAT TEH
¥, #HD. BAFEFHREEBEENBEIES. Hit, E—283, BR
ERMAEEZH, C2RABITE, RARE. [T BSENDERRBHEES
1.

4. GaN TREMEABUT SANTERAMWER, TERRPIE BREE
K, FFRFER, SEBEND. X4 SERET GaN LA S T RA HFe1E:
HEEFHZREN 10FEL L, ERFIBERSTHE, FHEEHM 3 FUL H
IXLEHF N F B SR O AR R BT, W EEE M AN, B, MAZFTERBK
REEPE, WEGMESTHTHERMAENRE, BRFEREREN 50V,
T s T IAEZE 28V A6 1) LDMOS. —#tk#t, FRSHETEN, REMN
BH. BHT GaN BERA SRR, BERBATIER KBTS,

ETFARITHEXRMEHE. RIE, LEEHEKX, TLDMOSHR &1k
FERAEMRMEE. BlE. SR, BREE. AREHE. #AEK. BRRR
ZMRE, ARRIKALDMOSFETS# 4T RIT. A T IHERIMESX, B
Z[HR

76
a=10- Log(zl—7) =-74dB 4-1)

2 1113% $¥F Freescale > B 4 = BYMRF6521140 KIMRF6P2119075 3XLDMOSE, 435
{ERBE. REDIR, HERHERE

140
a=20-L
221357190

EFHRER. RN, GAKDREERE, BRAFHEEFSEIFER.

)=~7.4dB 42)
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B FREKER T EAR3C

4.2.2 Th4rsRRYIEIR

3 EF, BATRE T IEXFR Doherty THB I —FhLI AR, BEAMREK
BAARETED S, #FH, NEiR ER\EREK. WEDRBRLNAR, Kootk
BlIREZ %%, B5&EAMSEAEXR. ATERREFHRIMDIEELBNE
BARERER L ERRERER, EEREetEimLlRiE, 7 A-Doherty T
BN KHE Anaren 2 84556 SdB E MR EBREANEN TR, DLIR
FHNITIER] A-Doherty IR, LUhESEFEMBRER, TUERIELE
IR R ABRER. = BBEZRMENE 4-1 Fix.

CO—T1—W\- <>
Port 23 Port
Rin Rout
—> [k Ret80m R, >
R=300 Ohm R=300 Ohm
Rin=50 Ohm
Rout=50 Ohm

B 4-1 x BYeh B SEIR PO %
RA14EHT R, =R, =500mm T —EH R B wRE X R AT HEFELE .
#4-1 ERBAENNKOSEEE (R, =R, =500mm)
R {E

(dB)

R1 (Ohm)

R2 (Ohm)

R3 (Ohm)

2

430

430

12

3

300

300

18

S

180

180

30

4.2.3 IRHHIBBE

BN RER NN BELRURBEER B SHEEFEEXBOR
M. REEAIE., BEDEMBASHZRENEF M. ATEHNRZ
FR4, F4B ZE=N MK, BTERFFENMTLNERERR, EA0H, ™
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#UE A-Doherty THiK i ADS &

HaTd, BRSBMELA. AEEEERREEX, KIEEE, BIKA
B8 (1~2GHz £ 35~70 #K) » FB4h, EXZEFERN RS H. RIURZ
BB AERAGMEMRNES, RERKNGH, BARESER, Bidd
BIK, BEENMEEE—IHEE. YEREBENRESERAEOER. B
BN B, WOEE. MEET. FRK. A3E. RESIEBEHRE,
BREBEE. HTREREPMFEMTEAERE, MERER, RitRMER
TACONIC 2 & TLX ZFI SR ) —Fp, A B B 2. 55, 8t BB 20mil.

4.3 IR ERNTER

BTk, ZREENRMG. &M, FIA ADS HERHNREFREH
A-Doherty D& HETHE .

4.3.1 T B EMHE

EBABRLENE—SERIKXBENFBEHMEER, BXEFTEA
By

—HMF RN AR E SIEF NS B NSE A B EANERBT R, &
AR —REBRM KRER B ER KRN &8 A BRI SE
18, W 42 iR, BRARESRRIFER LR, SfRRLRAER—,
A HERRIE PR R T ISRk R G ILAC.

Vpp =2 VEc. lpg = 1200 MA, P = 30 W vy,
Zsource = Test circuit impedance as measured from

¢ Zeouroe Zind gate to ground.
MHz Q Q Zoag = Test circuit impedance as measured
from drain to ground.
2080 7.53 - j10.99 1.40 - j3.08
2110 7.57 - j10.67 1.37-j2.78 Input Device Output
Matching Under Matching
2140 7.58 - 10.23 1.4 - j2.52 Network Test Network
2170 7.51-j9.73 132 -j2.28 4—‘ 1—»
2200 7.44 - 9.32 1.31 - j2.08 7 z
source load

F4-2 BTN DA AT HERAR AR
H—RAERFRETED), BRI T EERG MEEHARA LR,

43



BF R AL FEAR X

WERMMEESET, FREAEEEE, HLAKIEN R IERRBZHITER
AR, XAREES S, EdPHEAENZER, BERTBFOAR, °7EE
SEHRE LS H RSN RE, —EERELEURSTHARE. BRERTT
ERFHXEHELEBRNERBEMIURENZENZ A, RERERITHEKX
EERERNRERTS.

ADS #4t T RBETFHERRITEHPT, $TIF project, % DesignGuide/Loa
dPull/One Tone LoadPull Simulation TR LAFZZLH, w0H 43 Frn. A&
MEERBATIEREMERT, % Smith BE LHE—MREMNT#ER, Xt
ZEE A ANARARTHRE, BRRARAERENEEE, mEbIThE,
RERERSEIEBHEENREERTRERNE. REREALIIR, XK
E, BASNAAER, EEELEFHEEXRNAMENRRITLT . &FER
BARERITARPEN, MAIERLFHEN . MELFIES, Doherty
IBHMANEERZUR . ATHEXNMLE, TUELECHRERERF, F4
Smith & EIFER AT R ML,

1 Tone LoadPull Test Bench T T
with contours at X dB Compression Duta St MP 1y VSAR MRF7S21080
A A Data Discimy MP J, VONR_MRF7S21000
{from maximum Gain) MDEJ: .
B
SRS
e
L
Lol
perpovry
1 owter =0 80 V)
Spudfycerad Furciarartel Soues
Turer coverage:

w15_ho mthe o of the ardeof

reflacion conficres permrsted
Hovever tha racus of the crde wi be\

B 4-3 LoadPull {5E B E



#0U%& A-Doherty T ADS K

EiE

BEAXKENKARXXN RN

(dB) (@8

ot _ve(PAE, spfy_meg. PAE_scfy_rest) <rvelid>
G

e, BT =P _cBimfirn e Zept s ot 2521
- [ Foua-ruiel_dBrenag inces_Zopt2.sesl_indes, 202.:7)

44 IR EE LoadPull (i EER

SHFEIH, ERHAENEERE adB HAERS, Eit, &FE4-4 58
Zop R EIETUE St EH, SRR HREZEE] 50 Bl HAF TR TR,
FUMHATFEERES, NRERENE, RBEAETIRENE 4-4 T Znw R
W THREIR, NEERR: JEANHITH, Doherty INBIEME KN, EIh
B FRBRA, REFIETREEE 44 FH Zp 5, R EDBAERERK
WHIHE, TEBSHEEIERAE.

B 45 EHRAEHRREER
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4-6 TYREEMRESR

pa_vs(PAE, Pout) e plct_vs(Gan, Fout) —rvee

plot_vs(main_gaozu. PAE, main_gaan. Patbe-see || PIOt_VS(MaEIN_gaczu..Gan, main_gamu. Foue-se-e
80

{
L T
4 4

&
?%

J 1
12 !
I

]
T T 1Ty T
0 2 36 36 40 42 M4 46 42 D 2 %

I
» =B

B 47 TP ERIEMM TRE . WA HEARNOML

Hig bk, WREBEENAORRNHEEHTAERBMMEE, B
THREMIEEEE, HRBANENNELETARRNEMAEN; FHE,
[E03E i 38 23 th RIS B1R 4 3dB B3R
4.3.2 IFETHERTR

W {H THBUE 31T LoadPull A E, BEIME R ILE 4-10.

A 4-8 BETRE LoadPull fiEEZR



S 0UE A-Doherty T ADS fHE

B IS S E B B R AR SHMESIRMITH, TR RLTATERE.
T e oy A e G . A 3 U4t Sh R R AT e KOS, BN 4-8 P Z,, o

@0, 1%
o I X R
gm. // éq-
:1/5 t R , ,
& & & & D LA & A b & D & o8 B
Pout Pat

& 4-10 BERELEHAEGR

ik, BEDRENBANERSESERHTFRIEHNE A Zus
Zps, Bt BEHIE EERA A Zuop Zrops TRE B 1R A Demo R+ HEF K REE
B YR o 2 U AT _E IR BRATIICAC 2 S0 BRi8 . AR ILACEE R S AR Rkl P&
HERINER, REBRTER. BR. K, HIREHRIKES BERES
Bt

4.4 A-Doherty IS HRERIFER

ERACSHHEE, DT EBREARNR, #1784 A-Doberty T FEEEH
HE. (TEEKRELE4-11 FiR.
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BT R K ER A8

™1 1

| S —J

TUN TUuN

w2 N s

2+60.0Ctmn RS 2+€0.0 Om nmnem

Ee150 )} I a7V E=1150) Moms 1

Fe2 14 Gz s F2 4G ADH_PAES100"(Paout_W-Pain WyPto
ADH_GarreAOHT_Paut-Pn
Ptomrrag(imcts [0 Wresc{ Opsipeic. (1 Vi)

Pacat

[] VAR AOHT_Rour= o
VARY X A

I
Pacat WeQ 5 resi( Vacut{ 1° cori lacut. { 19))

B 4-11 A-Doherty T i EREHE

KRBEETHZE, REEX. BEDRENRARHILACHE. WEMNS
AEHEB, BKUTPRHETEA:

1 RAEWMARIIENE. B AR LR TEERLR, T
BIE “AEDEBAN” FHERERRHRR.

2. ABE. BETNRERHR S0 REBMTRLK. B EEERE 50
BRIBEK R FRBEREERS THRE, LA 44, HHREBKERSE
ABERDBE, RBIEFREBOESFERANENME ENER—, BLA
¥ T ThigcE i S0 BRIBL K, BRFUEERE R Liek, HEIXZIA 44 FH Z,,,
A, BLE BRI B K s RS (B T AUt S SO BRIBER K R (MR 1E TR I 4T 7T B
MEHAE EEBERRER, R LU & IR AT R E A
HIhR, "EME;

3. WEBE. BATHBEBAR SO REBMFENEK. AEE, BEINRE
IR 50 RRIB LRt LL3T 7 BT SR ARG, MR S IR AR H DI R MR E R+ E
=,

4. ARE, BEDBHE. BERTER. AEHE LHEEENRER
E, ATUEEMmHTIENNEZ MIR—E. '

23 ZRIAR. AR, BEABRIANHESERNE 415, 4-16 Fimr.
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PAE
Gain

T

1J
54 5

ey L S I R
H 2 M s @ N =

Pdout

PAE
Galn

& 4-13 XHTh4H N 4.0dB FIEFIREBH
TN FE AT A-Doherty THil i) ADS (i E4 R

) *
]
oY —
o -
11-

L L S T L L LA B L L L S L L
W 2 4w R ® R s % 0 @ 4 4 8 B R s B
: Pdout Pdout

& 4-14 ETHRERERD 32V i, Doherty Zjfi#) ADS fiK4 R
F %3 FK Doherty ZIREIF RS R
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BT RBE ARSI AR

dep(rm1)=49 863

E:t vs(ADH_PAE, ADHT Pout)=55,157

ns
Pdout=49.832

plot_vs(Dit..PAE, Dht .Pdout)=49.062

N
\Kg

iyl

Oit. PAE

ACH PAE

: /

//;

4-15 A-Doherty 544 %%k Doherty Thiis R E HIxT

¥
p 42 4 45 48 D 52 B %

AOHT Pat
Pdat

m3
Pdou=56.454

ndep(md)=56.042
_VS(ADH Gain ADHT_Pout)=11.042

pPid_\vs(CH..Gain OH..Pdouiy=10.578
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B 4-16 A-Doherty 54545 X3 R Doherty ThS LRIy 1 Th A0t s
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SERE A-Doherty THIAISKI Z 3

2ARE ADoherty INHHISSIN RS

5.1 A-Doherty THAIHISEIN

BAEPHHRETRINET, RA “AFRMATHE” fEAH#R)35 A-Doherty
DHAEMERELRBAREDIREFE, SERSTHMBE. HTRIEZER
A-Doherty THIBISEBRAEEE, BTN T H %48 Doherty THR IR, WLHE 5-1,
HRE 4 EPHERNARSE, W A-Doherty IhB BB MLLAR. £k, FH
tEAFIRKE, FHRABHERE.

5-1 A-Doheny Thi 8tk E
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TR KWL 203

5.2 A-Doherty ThHIBINBAER

[tiAe. o
T Y o2 B8 KR
% ; o
HeshZRIR L& 19~ A-Doherylify SRl -y T

Wl % / \\ i

L Lo e

- (DPD)

5-2 A-Doherty T B8 B34 77 HEFE

5-3 A-Doherty This 4% £03) X 315

BARAAHME 5-3 fin, SAAFEHUTEAR: F5E (—8),
REMESTH (—E), BEHNERKRE (—&, ATEAEDEER,. E
HEHR (WG, BEW (—F), AHRFEFER (—8), MELHRK (—6) &
By (—&, ATEED, A5EE DPD RERZELER (BPRER). EEMHKT
BT, WMHEXRER. RILEH A-Doherty TR BESIT IR, HLAFMSE
R 5% Doherty THRUBT YT L M4
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S£RE A-Doherty HRHIKHL AN E

5.2.1 s R Lk

42 4 46 82 54 56 S8

48 50
Quiput poner{dBrri
B 54 A-Doherty 54#%:%%5 Doherty T AM-AM His% B 28 3¢ He
ME 54T UEH, SEiSSHTH—3 A-Doherty Thi KM HThE
ERXTFAELEHXFR Doherty i, %515 A-Doherty Zh 88 4% Ao 0% i oh#
H1 56.2dBm. 5, B MELTTUIE Y, ZEEINREISITHR, BITHK
i 50dBm £ A, A-Doherty TP & E MM BARE EXFALEMRK
Doherty Thi8(, Xt A-Doherty ThUKZE & F1& 4% #8 Doherty ThH KR H
Z—. B4 A-Doherty Thi KA 5dB Th4r s b, FrUIEBEMK 24 dB A4,

Tested AVPM

.

~a0 42 44 46 52 54 5% 58

48 50
Qutput powerfdBrri
B 5-5 A-Doherty 54£45%# Doherty Tl AM-PM 83 g4k f05F
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g1/ 5-5 AT ., B3F A-Doherty Thii7E {5 Thil BI 44 FF 4 THERY, BRTHRA)
HHEERE, BIATEENNE, RNETHTENREERNEN, KR
BRATE, B 54 PREIHRN AM-PM JRHARIFTX—&, XBEEH
A-Doherty DM EERH.

5.2.2 R EN X2

60
—&—~ Symmetrical Doherty ' i oo

@ 50] ~—Asymmetrical DOherty |--------rorwmermr--i- g
X : : : i
> : ; : -
£ 7
g s
& 30 :
o s
R e A G & ]
g ;
L AQp-ereemree g oeee oo ;

-%5 -20 -15 -10 5 0

Output Power Back off/dB

5-5 A-Doherty 515 4E%1#R Doherty ZhigiH RI2h % [B1R T AR 2% 2 0 th 2L 9% HL

AUEE, 5% 3 EERMTHE—B EEEBE/PE GXAMRER A 5dB
LAR), f£4i% %K Doherty ZHi I3 2 & T A-Doherty; DEEIR X F—EEFE (%
WAL R K 5dB), A-Doherty DI HINEE & T LM FR Doherty ZhiRHIZE.
FEWAIHEENR 7. 4dB &b, A-Doherty TR & T £ 4 X F Doherty THH
& 5 ANE S A I8 9dB B, A-Doherty ISR 9 N E S 4 BB 10dB &Y,
RMEZERFAT 10N ED S



S$HE A-Doherty IRHLHA RN E

5.2.3 ACPRISLE

$# 5-1 MAMITHEER-7.4dB i, A-Doherty 5
£ X1 FK Doherty Thi |78 ACPR fI%fEL

+10MHz +5MHz -5SMHz -10MHz
ADHT MEBZSR | ADHTHEZA R | ADHTRELR | ADHTRIEER
DHT HIE& R DHTRIEZR DHT B4R DHTHESZR

2110 -46.2dBc -33.5dBc -33.8dBc -46.8dBc
MHz -47.8dBc -35.4dBc -35.8dBc -47.4dBc
2140 -47.1dBc -35.4dBc -35.6dBc -47.0dBc
MHz -48.9dBc -35.7dBc -35.3dBc -48.2dBc
2170 -48.3dBc -37.2dBc -37.8dBc -49.4dBc
MHz -49.5dBc -38.3dBc -39.0dBc 49.9dBc

# 5-2 WATHE[FER-7.4dB Bt, A-Doherty 54543 #8 Doherty
it DPD K IE /G178 ACPR HIXTH

+10MHz +5MHz -5SMHz -10MHz
A-DHTHELZ SR | ADHTHIEB4 R | ADHTREZ R | ADHTHELER
DHT B4 % | DHTRESR DHT HIEZR DHT M EZ R

2110 -64.8dBc -58.3dBc -58.5dB¢ -65.0dBc
MHz -65.9dBc -60.3dBc -61.0dBc -66.1dBc
2140 -66.9dBc -59.2dBc -59.9dBc -67.2dBc
MHz -68.2dBc -61.9dBc -62.4dBc -68.4dBc¢
2170 -68.8dBc -60.2dBc¢ -60.8dBc -68.3dBc¢
MHz -70.2dBc -61.8dBc -62.0dBc -70.0dBc

MNEEBNREFATLUE S, EHRIZEFER T, A-Doherty DAL ER
2 FE 555 R Doherty T, {ER£23 DPD KREZ /S, & T UK EHULERY
-45dBc &R,
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BT RKFH L FARI

ERE GERRE

EXFBENEBT HERKBEBNTRERERAEPHLCKHAE R, K
BEEMHREHBAREHALERITRENER . EBARLIERD, WHIE,
HMEMEMR TRF R IRIEIREN, CRESTEMHRFEHNE. Hh
MEMRAMESHMREBE-—CBREE LEMETEN, RENELHTE, &F
Rz, BgaESTRFIIBLEAR. AXE-—EFEHENMAET JLFERHK
ZPHEAR, B Kahn BEFIEAEEHRAR. BL%HEER (Envelop Trans) HAR.
LINC £ REL K Doherty DR %E. HH, A Doherty IEEARFARE., 44
HFMAE (DPD) RIEEARBREHMER, EFHALGIUREREFRE
HIE R A R HTE.

Zi2 B Doherty TNHE AR H KR R, LFIHELIIFR Doherty ThEHA
HRSTA, BUT EZHATEFENBARLE, PEMEMERAOELIIR. T
XP R EXEA Doherty THHIMIETIE ., RBURLUHFET ARRBREN
g, Eik, RELEMUSE. EEEXFRAT 4MBUETR, 48L38
R EAERK, (EERK 4 M T EFRRRSE SRR, AR T —FHEEK A-Doherty
B%i)is &7 38

WI\LMER, %EH A-Doherty hR G 2 ®iH1RIR, BHERIFHH
Bt EANHBEREBUMBELT, BREENRE T IHHRME, EHXERFA
Ffi& 5.0dB B, A-Doherty DIl 55 4t% 7 Doherty THEBGR BRI KI 3 E, ThE[E
B KT 5.0dB /5, A-Doherty D KIS FE E & T 455K Doherty T, #itnfmat
Bl 10.0dB B, RIENBERTEE 10N A ! 1S, A-Doherty BhIEIRH
THMEEDE, &FIFEET 1.1dBm, XXEHNRELENT—EEA.

LR, %4 H A-Doherty TN FEF —ERRS, B0l FEEDNRITH
B, BHITHMAANSSIER N IRAENEL, URETEXT HEMIIS
th, EREGELRES THEHFE—PTHE.

ZHRABRBRTEIATNHASTEE. EEREEA KRB “WEE. 3
®, CIRZREEW” KMERT, HAHEE A-Doherty THHFARHENE MR,
RAE AR R KRBT AR EEES.

56



Bt

B

BRI LS R B BRBUEF BN Z OB SIH™ENR
FRE. FTRD. RERARERAERRZER, BROBAUE. EX=F
WS, EZMEES. BOTRER LA TFREFRES, RETHRROMH
FEMERNTERE, ARETRENIE, AR RELORBREFHRE.

BEWERN AR EZMAINRAFHRINRENL. MO0 0HBBLREF
HEEEBREDENEK, BRENTARNEAR, BAZXHERHK
KEF.

BiEE L. REFRZE MNERNIENEEEEIHREDEKX,
EERENIRFNEETREAKHED, ERBEOEBEMIZTHIR
B,

BHERAMNERS. EFFERE, EREXLRAURKELIEPMEINET
TREXHFEB!

BHAF L L ELEERMYEZNRNAR, RIOIIFRAXT, RENER,
LRUBS. BFEAANE.

BEROVEEIFHARTHEMER, RERIUT IS
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MRF6S21140LDMOS & = E 5t fE

Freescale Semiconductor MRFES21140H

Technical Data Rev. 2, 1/2005
RF Power Field Effect Transistors
N-Channel Enhancement- Mode Lateral MOSFETs
Designed for W-CDMA base station ap 18 with freqi ias from 2110 MRF6821140HR3
to 2170 MHz. Suttable for TOMA, CDMA and multicarrier amplifier applice- MRFGSZTI 4OHSR3
tions. To be used in Class AB for PCN-PC8/cellular radio and WLL
apphcations.
e Typical 2-carmer W-CDMA Performance: Vpp = 28 Volts, Ipg =
1200 MA. Poyy = 30 Watts Avg.. Full Frequency Band, Channel 2170 MH=. 30 W AVG.. 28 V
Bandwidth = 3.84 MHz. Peak/Avg. = 8.5 dB @ 0.01% Probability on CCDF. 2 x'W-CDMA -
Power Gain — 15.5 dB
Drain Efficiency — 27.5% LATERAL N-CHANNEL
IM3 @ 10 Mhz Offset — -37 dBc @ 3.84 MHz Channel Bandwidth RF POWER MOSFETs

ACPR @ 5 MHz Offset — - 41 dBc @ 3.84 MKz Channel Bandwidth
« Capable of Handiing 10:1 VSWR, @ 28 Vdo, 2140 MHz, 140 Watts CW
Output Power

¢ Charactenzed with Sertes Equivalent Large - Signal knpedance Parameters

¢ Internally Matohed. Controlled Q. for Ease of Use

e Qualified Up to a Maximum of 32 Vpp Operation

* Inmegrated ESD Protection A
e Lower Thermal Resistance Package CAsSE “:?-.::6 STYLE 1

* Designed for Lower Memary Efiects and Wide | Bandwidth MRPGS21140MR3

Applications
Low Gold Plating Thickness on Leads. 40y~ Normmal.
in Tape ard Reel. R3 Suffix = 250Unnsper56mm13itmnnl

CASE 465C-02, STYLE 1

NI.880S
MRFES21140MSRI
Table 1. Macdmum Ratings
Rating Symbol Vaive Unit
Drain- Source Vokage Voss -05. -88 Vdc
Gate - Source Voltage Vas -05, +12 Vdc
Towal Device Dssipation @ Tg = 25°C Po 500 w
Derate above 25°C 29 W/°C
Storage Temperature Range Teg -85 to +150 °C
Operating Junction Tamperanre T, 200 °C
CW Operaton cw 140 w
Table 2. Thermal Characteristios
Characterietio Symbol Value 02 Undt
Thermsal Resstance. Juncton to Case Raye “CW
Case Temperature 80°C, 140 W CW 0.35
Case Temperature 75°C 30 W CW 038
1. MTTF calkcuiator avaiiable at bt /~rew fraeacale comit. Select Tools/Soft thpr jon Soft /Calcuk 1o accons

the MTTF caiculators by product
2. Refer to AN1GS5/D wmmdmmw Qo to hitp:/www freescale comif. Selact
Documentabon/Application Notes - AN1955,
NOTE - CAUTION - MOS e tible to darnage from ek charge. R ble p in handing end
pschgngM"Smmﬂdbow

f!:: Lt 0y ddmtrte
© Freescale Semconductor ing.. 2005. Al fighto ressrved. 'q, freesm’e-
SEWRCONCRINCY
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