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(A 12 to 24 GHz High-Efficiency CMOS Power

Amplifier)

Ramesh K. Pokharel (Kyushu University)
H. Mosalam (Egypt-Japan University of Science and Technology)

We would like to thank everyone for nominating and
awarding our above-titled paper by the 2016 Best ELEX Paper.
The research work recognized by such prestigious award will,
of course, give us the future direction to focus more on the
research and to be more ambitious. It is, in fact, a matter of
pride, and I would like to thank everyone again who supported
this research in different ways.

This paper is a result of joint-collaboration between Kyushu
University, Japan and Egypt-Japan University of Science and
Technology (E-JUST), Alexandria, Egypt. E-JUST is a
university established in collaboration between the Government
of Japan and Egyptian Government in 2010 which is located in
New Borg El Arab city of Alexandria, Egypt, and Kyushu
University is in charge of supporting to the department of
Electronics and Communication Engineering of the E-JUST. As
a support program, we dispatch two professors for teaching and
research every year, and one in every semester. Other faculties
from the Graduate School of Information Science and
Electrical Engineering of Kyushu University will take care of
supporting the research and supervising the M. S. and Ph. D.

students as a co-supervisor visiting the E-JUST frequently and

using online and interactive methods, and the most of the Ph. D.

students enrolled in this department of the EJUST will visit
Kyushu University to conduct the research for 9 months under
their Ph. D. program. Furthermore, we have also developed a
double-degree program for the Ph. D. students. Upon
successfully completing this program, the student will be
awarded by two Pd. D. degrees, one from each university.

The recognition of the work by this prestigious award shows
our commitment to disseminating our knowledge as a member
of the Consortium of the Japanese Supporting universities to
the E-JUST. In this collaborative work, we have developed a
high-efficiency broadband power amplifier (PA) operating from
12GHz to 24 GHz for possible application in future 5G

wireless communication systems. The proposed PA was
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fabricated using a 0.18 um CMOS technology, which provides
CMOS transistors with a cut-off frequency ( f; ) of 50 GHz and
oscillation frequency ( f,.) of 55 GHz. Otherwise, a more
advanced node of CMOS technology such as 90 nm or 65 nm
which offers the transistors operating at much higher
frequencies is suitable for such band application. However, the
wafer cost increases by at least double in advancing from one
generation node to next-generation node of the CMOS
technology. Realization of system and system components in
0.18 pum CMOS technology compared to 65 nm CMOS
technology is the cost-cutting way which is about three times
cheaper than the later node. However, technology and design
challenges remain intact to design the system components at

quasi-millimeter wave band using 0.18 pum CMOS technology.

Fig. 1. An in-built spiral inductor.

4 -a-Inbuilt Inductor (1.1 nH) (Measured)
=o-In built Inductor (1.1 nH) (Simulated)
-=-Foundry Inductor (1.1 nH) (Simulated)
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Fig. 2. Comparison of the inductance of inductor provided by

the foundry and that of an inbuilt inductor.

A few of them are it is extremely difficult to achieve high

output power and gain at the same time over a wide frequency



band due to the problem of low oxide breakdown voltage of
deep sub-micron technologies. Therefore, small size cascode
pairs with high drain to source breakdown voltage are used to
reduce parasitics, and achieve a higher gain in this work. On
the other hand, a spiral inductor provided by the foundry
usually encounters a self-resonance at around quasi-millimeter
wave band if the inductor is larger than 3nH as shown in Fig. 1.
Furthermore, inductance values differ beyond 15 GHz. For
example, a 1.1 nH foundry inductor, as illustrated Fig. 1, has a
value of 1.3 nH at 15 GHz, and a value of 1.9 nH at 27GHz,
which results in almost 80% error. This error further increases
exponentially when the inductor is large. To overcome these
two problems, all inductors used for the proposed PA were
designed and extracted using an electromagnetic simulator. In
addition, in order to test the extracted model of the-designed
inductors, a 1.1 nH inbuilt inductor was fabricated separately
and tested. The measurement results as shown in Figure 1
indicate good agreement between the extracted model, and the
measured inductor where the error is almost within 6% till 30
GHz. However, the simulated 1.1 nH foundry inductor results

deviate from the measured results starting from 15 GHz.

Gain (dB)

\
LY

Tuning Freq. of 15t

stage at 20.5 GHz

L L
Tuning Freq. of 2"
stage at 15.5 GHz

Fig. 3. Illustration of stagger tuning for the proposed PA where
the center frequency of the first and second stage is

approximately set to 20.5 and 15.5 GHz, respectively.
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Fig. 4. Comparison of measured and simulated power gain

(IS21)) input return loss (|S;;|) and output return loss (|Sy,|).

To achieve the broadband characteristic and to reduce group
delay variations, the stagger-tuning technique is employed,
where gain flatness is accomplished by using two different
center frequencies at 15.5 and 20.5 GHz for the first and second
stage, respectively, as shown Fig. 3. This gain flatness is
accomplished by adjusting the width of transistors used, as
these transistors control the current-gain cut off frequencies wy,
= gni/Cos1s 012 = ol Cgy2 and w73 = g,,3/Cyy3. The first stage
(driver stage) consists of a cascode configuration as it achieves
a high unilateral gain. The input impedance matching network
formed by the gate inductor L,; and capacitor C,; is employed
in order to realize wideband input impedance matching. The
output of the first stage amplifier is passed to the second stage
amplifier (power stage) through an inter-stage matching circuit
formed by MIM capacitors C;,, C, and inductor L;,, which is
designed and optimized to achieve maximum PAE and output
power, in addition to minimum group delay variation through
the 12 to 24 GHz frequency band. As a result, the fabricated
chip has very good gain performance as shown in Fig. 4, and it
has the best Power Added Efficiency (PAE) of 26% and a

group delay variation of 56 + 20 ps.
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(1-2) B#{#5FT : Park Inn by Radisson Pribaltiyskaya Hotel
(vv7 «H 7 bXTFATNYT)

(1-3) ZMEHL 1071 4 (75 » [H)

2. PIERS 2017 in Singapore (Singapore) :

(2-1) SFEMARY : 2017 4F 11 H 19 H(H)~22 HK)

(2-2) BAf#35FT : Nanyang Technological University (NTU :
VU HR—I)

(2-5) BMEX 1017 4 (50 % [E)

PIERS i, 2013 in Stockholm J ¥ RUEIZHUFE A YA LT
BY (BINE$1,000~1,600 A, ZINEEK 50~75 B [EH) .
2017 FEOEHES . BE S AFET L2 E ML T30 5O
BEHoOP CRAMB 2o TnET, £ FRS#D.
HARNDSIN - BRPFELINL TBY | SEFIIERICHK
TLELL,

ST, 2018 #£ PIERS &XEklcBEE LTI, 8 A1 H
~5 HEIlH (%m%%%%\ ANA 7 79 7T YR
TEI) ThEISNET, BAfEICIE £ LTI, PIERS
2015 Prague =i, PIERS YRR I —F 1 7280
T. PIERS 2018 K ZE & D /IME—ik ZAE (kK%
#$% . BLPIERS 2018 Toyama BITEES £BE) NHEA
%42 LT PIERS 2018 Toyama D & 7 LB 5 —3 =
U EATOIEFEOR F. PIERS 2018 Toyama BAfEA T E L £
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2017 PIERS EFE#E#HE & 2018 F &

21 1989 4£~2018 4EF T PIERS Bife

ik (B4 (B AKTE)

[ |BAfELE | BRfett | B |BAfEAE|  BAfEH!
Ist 1989 Boston 21th | 2007 Beijing
2nd 1991 Cambridge | 22th| 2007 Prague
3rd 1993 Pasadena [ 23th [ 2008 Hangzhou
4th 1994 Noordwijk | 24th | 2008 Cambridge
Sth 1995 Seattle 25th | 2009 Beijing
6th 1996 Innsbruck | 26th [ 2009 Moscow
7th 1997 Hong Kong | 27th [ 2010 Xian

8th 1997 Cambridge | 28th| 2010 Cambridge
9th 1998 Nantes 29th | 2011 Marrakesh
10th 1999 Taipei 30th | 2011 Suzhou
I1th | 2000 Cambridge | 31th| 2012 Kuala Lumpur
12th | 2001 Osaka 32th | 2012 Moscow
13th [ 2002 Cambridge | 33th| 2013 Taipei
14th | 2003 Singapore | 34th | 2013 Stockholm
15th [ 2003 Honolulu | 35th | 2014 Guangzhou
16th [ 2004 Pisa 36th | 2015 Prague
17th 2004 Nanjing 37th | 2016 Shanghai
18th | 2003 Hangzhou | 38th | 2017 St Petersburg
19th | 2004 Cambridge | 39th| 2017 Singapore
20th | 2006 Tokyo 40th | 2018 Toyama

L 72, 2018 PIERS Toyama OFEIE FRLOEY TT DT,

EHRE - TINE - ZBMTF S0,
http://www.piers.org/piers2018Toyama/
HHWEIEE
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1991 4EBhEIR 2 1% T 2000 FHHZ, 1989~1990 4-K[E MIT (2%
B#FFER, Lil, 2005~2006 F AL TR T B HIIE 2 B 52
B, 1985 FAERGIE, 1990 F~EREM LT 17 3
~E. 2013 4L 0 PIERS EHNZEBAZEER,
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A, CY9 BT AAT LA, C-10 ETT AR/ 2w
BBl 78 20 C-12 SRR, C-13 ALY b=
JA,C-14 w47 IVET+ b= A C-15 =1
Jbhu=g Ay al—a ) (M2 T, TREHEN
TROEy va ryBNEEINTEY £9,

KL R LE LT T LY hr=7 ARFHIC X
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WRANBEOREAPITONET, £/, RBFFIZEY C12

A~ — ME2 2 FBLT 5 e @15 H it ) 25 & d,
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rFa—hMIT Ny ya R ALY =y A
FIZL D CT2 iR RDOE Wit a %3 2 2 RIEAE
W FETANAAOHER) EELI-Fa— NI TRy
varbiThiET,

N RT T N E LT, EHENERATRIC L D 1CS-1
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2lb—va UiFFICE D ICS2 =17 hr=7 X538
2T D Bt - BB ES KON LB oA & B
BEn |, EEY A =T ¢ L DI T~ A 7 m R/
A~ — MEMBFEIZ L 5 TBCS-1 Digital RF it & %
XA DERBAROEAEN] b SND TETT,

SHICHRIEEE v g e LT~ A 7 n R X
v [CK-2 Thailand-Japan Microwave (TIMW) 2017 / Vietnam-
Japan Microwave (VIMW) 2017 BEFHHKERERE Y > 3
v MBS L. TIMW2017 38 X OV VIMW2017 128\ C
BEHFRRREAT - o PADHENTONET,

REWIAD3 A 200 (k) FEEECE [CK-1 =L
J b= AV AT 4T LI -y ar-uxT)L
T bN—=TF 4 — ] BEfESIL, =V br= AV AT
TAPORSEE LTRERUCF EE VL AX—TF
A4 —ETFELTEBY ET, KDL LTREO ZS %
BENLET,

2018 FERRA K& OBGHES IO FATHIARFY L, 2018 4F
2H13H (k) £TER-TEY £, BRAEKRSICHET
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http://www.ieice-taikai.jp/2018general/jpn/
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HWXIZE EED ] ZEEFMBRVFEENRNZY LET,

FP 1 HFM 505180 OFMITIET 5 TE TRLFE
SANFUTRAR, 2 FERA~OERFFC 11 OFR OV

WCHEB S D Z LT £30, AstEX, 20
T OWIE R THFRNRE L E T, WEER T H2RHT. @
BB EBRE L, Z2ICERIRORMTHL A
b Ak - A7 AMEERD AD Z &2k > T, Hil
UWME BN - IR - R L ¥ —HIR ORI & B i
TERCTT, ZOER DY X2 T AMIp> TAFEEIZET
R LI2FE, K110 BD DB, 5~6 405, ., A
WFEBIC AV A MG E T, AR TIE, 2o %
D LT, AMFREOHENEZ TN S TIHE 7,

A=K7 E&ME 5T Google * v MEfR%AZ L7=V | Map
RN HIHIA~ORBREZH L2V . &5V X Amazon
Ty hvav 7% LY & BERNHRD N2 37
77 R —t 2D BEITRN DRI 5 T2 WES | N THIRE
OARERICET T 2 Ea—TF ¢ 75 13, &
EEDZ LM LB TV ET, RRC, REIEIC i E
FTHA—N—arta—F0onf Ty Fh—ZF &5
72 D mB I AR B E N BB L 2> TEBY . 2D
R D—o & LT, 2 ¥ a— XN e b T 2361
VE—aRxy FOBANED LI TWE T, ARFET
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(R = —HERRET A A DFTREZ

X, ot - BRECHROIRR A FTREICT D TIRHK - @
Btk | OERBLZHEE L, RV ~—NFWEET A A DT
RHEED TWET, R Y ~—EE KO TR I OFE LI
B INETICH L OBBEN BEkA RIERERBITHILT
ETWETHA, EREEICONTAR D &, FORNET,
BT awRAERECT7+ V) Y 7T 7 ¢ —3E%IEA
T LB THL I ENbLNY ET, UK LT, AR
T, #Fice R ) v —HEREOEREL LT, w17
07 4 AR AW TEXA%— ME] 28R L, 16k
R EE & ST E TR A PTREIC T 208 LWV
INA ADWFFRIZE D LA TWE T, FRlZ, EBA - SEREE
WEshd DR R, ﬁ#%t@]fﬁﬂy‘élﬁlﬁﬂ
Nz T, HFRe 3 RothliR7e & D EB RS2 — o BN E
Fi, EHIZ, ERY 7r—TRIZHW R 5 5 mmEdE?
RKOBNET, FrZ, 3 RITERE BT H720IT, WK
D74 NV VT TT 4 —ETIE B 7 r 2O R
LMETHHT=DITH L, T AF— METIIMO CTHE
W2, S BICHERMEZRET DI L TERAETH D Z
EERFEELTCEE L, M1, EBRIZ, Bl TAX—
MEIZ L D ER U7z 2 X 6¢h. SRR AR v 7 ) U 7R Y
~— O FER S NCHE EE TY, KK FEEE
OHRFLT, AF) L7z 2X 6ch. DIRIEFED (LK) 2272 L
TWHZ L, —HTWE T, 12ch. DEMRDO AT 23 1 5
RS L TWD Z & onh £,

Top view photo of the fabricated waveguide
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FE— MR (279 A X 50um F2HE) »hHo oo
FT— FNEE (274X 10um LLF) ~&., /87 &
PEREDBRAENE DY S>oH W ET, AT, vV ar
T =7 AEAM ORI, Ty TNO R EL
FEHREHOTETEY R v EITT v 7 —F—

RREIOERRA v 4 7 = — A & LTO, iz 7afEl 2o
OHVET, TOEDITIE, K ~v—HEEEO 7
T MEAEEREMFREE 20 £33, A% — MEI,
P TNE— RRY BRI OFERICBE L TH R
IZHHET, D10, ARy Mo XL HERE 72 & O ne
BEMNEG Lz /e — FERKERDITERTX 3
ZEEHALMNILTEE L, FES T, EAF— MNES
MBI DA TR, v A 7 n i ERA~EHT 570 L,
ZOMMHEAZ KT, KA v X —ax T bORBRLT,
NA TR PR E~OFRROBGZED TWET,

LU EOBIERR R, B E Rl E TR OREREEIT T
O, =L hp=J AL T O LT Fbr=F R
(OPE) MIERIZTHRESHTHENTED, INHOHRE
MU T, BEMEI A —, ETHSEA—T, 2 Ea—
B A =N 77 IEIRVEROMRE L o, RO T -
TEBETAT D L5 TRE LIz, 20X 5 7RpEsE
B, KEOMFERRE AR IT L 5 5 EEREETH
L LB FALBICLRE U THERFEIZZI v L
THHH T LT LY ERWEHEZ S D A OB A ATREIC

RBHEEZTHET,

BEE SR SRR H TR0 1%, 2014 4EICAISE 75 B4EZ M 2
F L7, TOREWVEBOFICH > T, AHFZEEIT, 44,
2017 4RI 14 B A2 A, WA D OB 1 A EE
Tl LR O 52 4 FFAE F T 18 & DA L LR
1 4, BEMIBFZER 2 4 D4 21 4 CH 2 HFRICEIA TV E
T AEAFRE, [RY ~—HEERT S 2] L)
ATHRT —~ Db LIl B IERBEETFSEE LT, M
72N BAFFERE, A CHSIZEMRTE S L5, 4%
HAFFEIREN 2 L TS0 £, 4% L b IEA VTR
FAUTEN T,

EHNEIE -

TRk 18 ARBEEFERI AR BRI LARRE T FAE ()
MZRNBABAN T 7 I =R TRk 20 FBSIEFERA R HE T
ZE T, WEHRMZR CHRAICED, PR 27 F£xL 7y ha=
7 AV YA =T 4 OPE WHFE e Fialife, ik 28 4F OPE W%t
M, Tl hn=g AV AT 4 T4 b= AR S
#eE, TRk 29 FEFERBEEYS VST RE, TR 20 £
11 BIASTHFZESE N E 528, Ek 26 4F IEEE Electronic Component
Technology Conference (ECTC) Outstanding Session Paper Award 5%
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2018 7 = v —EMHEHEEAZIZ DN T

BHFRBETFSTIE, ASHAE 2 £ HICK Y [0 - HilrE 72 13BE 3 5 3%
B L CHEREMARO b, KE~OHMPKENT=72BICH L, 7o —0K
FORAEME] LTWET, =7 hua=J AV A7 ¢ TIE, BT 0 THB W
PN hoRNrs7 2n— 7 LEa—ZARLPITEES TV = n—BEAE ZRE L,

FERRHOT7 v — ) IFx—va VEERICHIE LET, AEOHBEHFIZ4H 1 B2 6
HAB30HTTODOT, =7 ha=JA5HT7 ca—0ORFIl5Ib LWEO ZHEE % BHE
WERLET, B, 7z —#EICBL TILITO IRLICE#H ST £90T, %
CTEEWY,

http://www. ieice. org/jpn/fellow/suisen. html
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INFETOERFEIT., FirRL =L V=2 — AL ¥ —D_X—JICE#H SN TBY T, =%
BT,
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