TechnicalFeature BEARFS

I

h-l

ey HLPH-E
A iR LY

1 PLIESEF R A

Broadband Power Amplifier Design Using Extended Resistive-Reactive

Continuous Class F Modes

Gang Liu. Fugi Mu. Yongqing Leng. Yang Li. Xinli Cui, =S&IBziE FHzFApER

FHRRF

AINB T —FRZGHDEHAB (PA) #E55 2%, ZHFEHXBERA CA-E %
LBFEBEX FH (SCFM) H K&+, B HF= KRk 4 #5IN & M- L4 SCFM PA, J A
T EF A [ Z ] 6 F B, HRRG T H I, FIHEZA 7 2, 1EF & T TIERFELOS
£23GHz64:3 #PA, 84482 7% PASLIL T I0WHH 95, B MK0.55)2.3GHz64 784

KR TL59% % 79%,

Fﬁ%%%ﬁ%ﬁﬁ%mﬁﬁ%,?~ﬁﬁ%
LD 22 55 o 3 5ty 24 9 o S 8 7 A
MR, BRI L g, PARREEER
B SR N B A EEm AR, Hf BREfS2 Mis
i

IAER, CARETLHREFERTIREPA
W TE MR Tk, 20094F, S. C. Cripps'#2H
TESERICPA, B IE ST A PR R =
VR I SR A A GETT XA PAR S SE IR . B
JG, LB, HELEFIAMFARPAR KGR H
Wk, T SRR R AT
HELEB/IY . HEESEFAAHF A PARL R Y S R 98
BB EE— MEBIFEN . B, &R

loo |l o©
1
S

oo
NS

o

AR iyociyoriyeriyeriyon)

-1.0 Zsifc: o = 0/0.3

B1. Hgfeidk Mt ofpey TR,

14 www.mwjournalchina.com

— A IR S EPAXE ASK B Z G R I RE . Lu
FIChen YE20134E42 1 L FHL- BT IE SRR 5 3 1K
WA, 1A S 5 A H B S I L T
DA i T T8 U0 57 A PR B R P S
D7, G HLPE AT DA 5 L — A
R, [ I U B A B B Tz Y R I
LA e, dE B3 T I PAR A I, WTiE
LRSI HUPH- R RPA N LiSE IR M, $87R
TR SEPARI T

ASCH, R A B 2 SO T LB - B
SCEMA3AFT, 33 51 A= UK I BT — 4
TROTER], BT R ZAEEPART iR
PETHEREE B,

¥ RAVEPE-EBISCFM
1 85 11 LB - FE BT SCEMUZE 22 40 174 [ 5 FRL 37
FEAE R TR A 2 R A IE 5L WL R, RD
R i0):
'ds_SCFMs = E + ECOSG +

(1)

icosZG +L
3n

FL IR T v oo (O) NP A BR L R 05 8, LA
BT SRy &

Vds (e)=

(’I - icosG + LCOS39J
(1-ysin®)

x(1+ acos0)

T8 3545 HL - EL T SCFMLE FEL R U T 3fe DA S B
(1+BcosO) , PAFIAFEPH=WIE ST, [RIEF
BREFEERTEAZ , FiBRREIEE RSN,

Microwave Journal China i 2« M Nov/Dec 2019



SRS HIBEFR

KigiRE Sl SNERFHIFIE

JEmie )
Warranty

METRhER (R EZRSISR SRR}

« BFEPXI. LXIFIUSBhRA « RIS 300F SRS R ETi%
« EiRZI65GHZEE « REHGURIERTHELEDIETAT
o KIEFFRIAFN - Belte, (GE8. SIREFIRETIAEN « (RIEKESZS, BHE152205
«  PXHESRIFATENEAABAIPXIELPXIeBEHAE, o 30FEMTTREW, 20+FHIPXIZEFN13EFHILXIEZ
;‘ﬁgﬁﬂ]L‘)J(WH’?E%UE’\JLXIiFDLXI/USBffEﬂ%{U:F% 1%, FEEARSIRE R
8
1 m—l— Pickering Interfaces &3

FFX | 152 | ilmizFEIE | BHIiRIT | B4 SiEERS

hkaco.com/pt10

pickeringtest.com

SEHARK EIDEY sales@hkaco.com BERFHT | SEHEIE: 400-999-3848 HongKe
HEgE: TN b | B | RYI | Bk | P | Bl | &5 | B8 | £E (] 1 LAES



TechnicalFeature HEAREE

Drain Efficiency (%)

90.8
84.1
77.4
70.8
64.1
57.4
50.7
44.0
37.4
30.7
24.0

Normalized Output Power (dBm)

B2: RARE (a) fla—irdnF (b) MofBe) T,

l 28V
I bepass
Parasitic Network 0.6/30.9 ——
e ? B
I I 15/26 0.7/3.2 1.5/6.9 4.4/5.2 1.6/5.0 10 nF 1.6/42.4
| 0.55 nH 0.1 nH 0.1nH |
; ~N ~N o' guural |_|:|_
TR T gy
| L 12pF 0.25pF —= 0.25pF
| |
I e
= — — | 1.1/7.0 Mt Cength ()
B3. kiR mL,
1 ) L U T o RIp A L,
ds =(;+§cose+§cos%) Z :_3m[ﬁ”ﬁ‘”)/4ﬁ (6)  DXBRBAF APy AS 1 S X RS 21
(1+Bcos) 3) U I X B Y D/ TR X

XRE, BRI AR EA R
ZUE LA DU R T SR 8
TR RS B DA AL AT T SR RS AL
EIA AT, XH, ZHEE ik
BT, B, H— & B FETAT A
AT A

Z1 :3\/5

[l )

(67 +16B)

Z, =

5 A7
i et et
(8+3np) (5)

16 www.mwjournalchina.com

Z,. Z,MZ A BUER T £ F0<a<1
Ke-8/3n<B<OBETELIN., F1L5H T RPN

Ioko IRFFIEBEAS FATT AT ATE 2 B SRR 5
T AR RIE B PR (B A FE

= 1

PAMgEXTEE
Bandwidth . . .
Reference (GHz) el f‘;f;c:ency
(%) °
161028
3 SCM o 39110415 67 t0 82
6 SCIM 24 39910413 6221075
476
8 Res.-Rea. SCM 0'58t8°91 = 39.0t0 414 70+to 87
Res.-Rea. 2.4to 3.75
9 e o 4080 42.2 6610 71
. Res.-Rea. 05t0 2.3
This Work SCFM 129 394t041.6 59 to 79

Microwave Journal China fi i 2475

B Nov/Dec 2019



cps g 10 MHz %= B4 ..
UNCEEA

= GPS/GNSS IR 10 MHz ILt, FS740 GPS YIIAR 10 MHz e 5 4o
B SLYME IR0t 5 AL TS R ERIAD

m TCXO, OCXO B Rb B E NIlEFs,

= ABX¢ GPS F] UTC BtHaldrie HEBIREIE. — M2RI/EIRR

s B 120EUAISRRIT SR e, EETRMEAEEIDDSS

. - AR, AENERAS. MRAENTUTC
n ESE. [FZ. B, =R & IRIG-B GPSIVEERHEIFRIE o

| WE%EEH*% E-Uiﬂ'SJOCXOETﬂ[]%EE_(:Pislo) ST
m DUKRIRIRS-2321 ] 2130 dBc / HZEAR(TIETS.

FS740 ... 2745 ZETT (©HEms)

FS740 GPS TIME & FREQUENCY SYSTEM "“"“'“-*

-_-_‘_‘ﬁ
o INTH\

& Sine output frequency

£] 10 000 0011000 000

SRS stanford Research Systems
Tel: (408) 744-9040 « www.thinkSRS.com
www.thinkSRS.com/products/FS740.htm



TechnicalFeature BEARFS

-1.0j

Z Plane
Zisl-gen - — -Z4; Package
——Zyl-gen - — -Zy Package
Zz l-gen - — -Z3 Package

B 4. I-genAndt i -F & 69 K g Ao 5 8 fLIT,

TR AR A A =2 31535 5 .
DE - 2—@)( 3n+8p
J3—-a 12+ 3nB

It R 2 a MBI R K, IRl AR
D AT o IR AL L1 DL AN P2
JI7I o oI BRI AE A 17 R 6 A 25 DXk
W, RCREFE S I R T BRI LT
Uy BESE BT LARE Z B IR AR . EAR L
BT, BEE0< a <0.4F01-0.4<B<OfY %
P PASEBLR T65% i IRtk AR

FEMNE

FT AR R ERA R, B
{ii Fi§ Wolfspeed CGH40010F GaN G {A%& %
T TAESZRFE0.5%2.3 GHz) HifH-HL BT
SCFM PA, H T{E7E28VAI68mARE SR
WARERST, HARAN B ARogers 4350B

(e=3.66) , JE30mil, 4 J8)ZJE35um,
T8 2 A v AR AT ) 22 AR AR AT A

LHEWN MR AESIT R, RS R E
TR, HA, ER AL RS R T
AT LI, ERX—dBEE
DRAF R T, o PE 9 45 R
FHNEPATFERAR B, E3%H T
— BB S R PR AC R 2% . TR A
WU PATE BRI B I AR/NY B
TEBLT i A DCHC R 28 B, B 25 1) R A
S AR B DR

FAl 2 6 B9 CGH40010F i 4
IR BT A I 2% 1) RS 1 5 2 i Tasker A1l
BenediktifE G357, B TR0 A7 A 0 45
FEA, FEL-gen il i DCJE ) 2% 1 354 256~
T_E, SR B R PR UL [ 4
2, 7E0.5% 2. 3GHzI TARSHI N, 1T
SEAG B A P IR0 T R O P PR A RS
DS P P

HLPH- L HTSCFM PARY R 28 B3t
BISHR . TEIE S A 529dBm)
BT, JFEMERARINE6R,

0.5 2 2. 3GHZHRTEH N, IR AE
H59%%F79%, HIF )R A39.4 5
41.6dBm, SLIZERE(FELER 5,

AT RACPARYEHERE, AT g
{5 % 027 .5dBA20MHz LTE(F
2£0.8. 1. 1.6LAK2 GHZIRZHPA,
7RI, FEaPAYELSABIEFI 4 B L) %
TR RIFLHE, KPS EE
it EEI L (ACLR) fKT-30dBc,
SER R H34.1549.1%, EISTH T%
PA 5 H A 2B ek FE AT PARI T BE

£

SR NN/ @ ¥ 4 K
PH- L HTSCFMAY BT 25 8], X b7
R, ARG TR BCRE B FTZ [R] Y
&, ASCIA XA R RO,
FARL T — DT R AAIPA . LA
FLAE R W) Bk T X A7 e T
ZAEHRE . WAPARIA RN, fE20MHz
LTEfF S/ 9K3hF, Frik HiPARJACLR
T i 1 2 R 2929 35dBm Y % 0L TR T
30dBe, “FIIRRR R T34%, W

gt
AFFEHERBE AR EEETH
(61501455) | Juxth B ARl2EE 4T
H (4162068) . o ERFFEE PFH A
PEAWE (CXII-16M124) %HY,

SEH
1. S.C. Cripps, P. J. Tasker, A. L. Clarke, J. Lees and J. Benedikt,
“On the Continuity of High Efficiency Modes in Linear RF
Power Amplifiers,” IEEE Microwave & Wireless Components
Letters, Vol. 19, No. 10, October 2009, pp. 665-667.
2. P. Wright, J. Lees, J. Benedikt, P. J. Tasker and S. C. Cripps,
“A Methodology for Realizing High Efficiency Class-J
in a Linear and Broadband PA,” IEEE Transactions
on Microwave Theory & Techniques, Vol. 57, No. 12,
December 2009, pp. 3196-3204.

3. J. Chen, S. He, F. You, R. Tong and R. Peng, “Design of
Broadband High-Efficiency Power Amplifiers Based on a Series of
Continuous Modes,” IEEE Microwave & Wireless Components
Letters, Vol. 24, No. 9, September 2014, pp. 631-633.

4. V. Carrubba, J. Lees, J. Benedikt, P. J. Tasker and S. C.
Cripps, “A Novel Highly Efficient Broadband Continuous

a4 9

L] L]
-2.7V J_ = ~—-I-l- j—.-'i— - J_ 28V
L
bepass Ll T - . " bepass
(b)
L 06/309 L
- 2o CGH40010F =
820
1.6/36.9 10nF 1.6/2.0 7.9/47 0.7/5.2 15.3/4.7 0.7/3.8 1.5/0.1 3.0/6.8 1.5/2.6 0.7/3.2 15/6.9 4.4/52 1.6/50 10nF 1.6/42.4
T HHH H
3.9 pF
1.5/15.1 1.1/7.0 Microstrip Dimensions:
@) Width/Length (mm)

B5: PARMEA (a) ZREHE (b) .

18 www.mwjournalchina.com

Microwave Journal China i 2« M Nov/Dec 2019



e @
& it

¢

130X A RIAYEFEAN

e

. == 5MS/SES5 GS/sHIEME

i o e 1EQEE (F)

¢ e Star-Hubi®EiR, RZAIEIF165KF
[ ]
[ ]
[ ]

2EA8NEE  (LUKM/LXIYER)
ZiR20X ZINREMN /a4
BIEPR NIRRT

* & & & # & & @
@ e

sasssse

40 MS/sZE1.25 GS/sRIRE
1E8@EE (F)
Star-Hubi®iR, HRZFIREIF 165K
2E4AZMIEE  (LUAM/LXIY2R)
ZiR205%ZIhEEMN /it 4%
BIEHRF N REL

p
4y

SPECTRUM

INSTRUMENTATION

FTERIEH - RIRUIRITRIBRR T 5 WAwT Y

NsTRUME'S

www.spectrum-instrumentation.com | TZM/ERM: B3 +49 (4102) 69560 | EE: HBIE: (201) 562 1999



TechnicalFeature BiREEE

| === ——-%-0.8GHz
O - A~—a1.0GHz -15
o -==—0——0— 1.6 GHz e (J)>_
RS 50| === —°—#—20GHz e 20 T
£ 9 Hollow: ACLR Left _-T - 2
O = Solid: ACLR Right - - /,// E
_‘% —- Measured § 40 -25 9’
£ 50 —F Simulated | | ‘S g
€ i 5
2 i} o
L 40 f el e — = OO0y c 30 -30 o
g Pc;ut .(3 Q
= S 5
9 Q
< & 20 35 ©
o) S @
c 20 9 =3
2 E 5
& 10 40 &
& 10 =
Gain o
0 L L L L L L L L L 0 : - L | | 1 —45
06 08 10 12 14 16 18 20 22 30 31 32 33 34 35 36
Frequency (GHz) Average Output Power (dBm)

B6: frh R ME RIS B RN KL R, B7: 20MHz LTEfZ 5 32 3) FPA#JACLRAw-F 3 I R 69 M X2 R,

Class-F RFPA Delivering 74% Average Efficiency for an Impedance Continuous Class-F Power Amplifier with Over 10. N. Tuffy, L. Guan, A. Zhu and T. J. Brazil, “A Simplified
Octave Bandwidth,” IEEE MTT-S IMS Digest, June 2011. One Octave Bandwidth for Cognitive Radios,” IEEE Broadband Design Methodology for Linearized High
5. V. Carrubba, A. L. Clarke, M. Akmal, Z. Yusoff, J Lees, Journal on Emerging & Selected Topics in Circuits & Efficiency Continuous Class-F Power Amplifiers,” IEEE
J. Benedikt, S. C. Cripps and P. J. Tasker, “Exploring Systems, Vol. 3, No. 4, December 2013, pp.489-497. Transactions on Microwave Theory & Techniques, Vol. 60,

the Design Space for Broadband PAs Using the Novel 8. C. Friesicke, R. Quay and A. F. Jacob, “The Resistive- No. 6, March 2012, pp. 1952-1963.
‘Continuous Inverse Class-F Mode’ ,” 41st European Reactive Class-J Power Amplifier Mode,” 1EEE Microwave 11. J. Moon, J. Kim and B. Kim, “Investigation of a Class-J
Microwave Conference, October 2011. & Wireless Components Letters, Vol. 25, No. 10, October Power Amplifier With a Nonlinear Cout for Optimized
6. W. Shi, S. He and Q. Li, “A Series of Inverse Continuous 2015, pp. 666-668. Operation,” IEEE Transactions on Microwave Theory &
Modes for Designing Broadband Power Amplifiers,” IEEE 9. Q.Li S. He, Z. Dai and W. Shi, “A Method for Designing Techniques, Vol. 58, No. 11, November 2010, pp. 2800-2811.

Microwave & Wireless Components Letters, Vol. 26, No. 7,
July 2016, pp. 525-527.
7. Z.Lu and W. Chen,

Generalized Continuous Power Amplifier,” IEEE MTT-S 12.
International Microwave Workshop Series on Advanced
Materials and Processes for RF and THz Applications, July 2016.

P. J. Tasker and J. Benedikt, “Waveform Inspired Models
and the Harmonic Balance Emulator,” IEEE Microwave

“Resistive Second-Harmonic Magazine, Vol.12, No. 2, April 2011, pp. 38-54.

DC-406 FRizg/fadl

oyt : Ei@rHEME99

Mk www.shx-sh.com |

#3E B815:021-54451396
(#8: shx@shhuaxiang.sina.net






