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ABSTRACT

The major limitations of high range and high-resolution radar at microwave and
millimeter wave frequency is the unavailability of compact, efficient high-power source with
low distortion using solid state devices. The Current most promising solid-state technology for
high power handling is GaN/AlGaN based high electron mobility transistors (HEMT) at
microwave and millimeter wave frequency. A key advantage to GaN is its ability to maintain
high operating voltage at higher frequency range. This is due to the unique combination of high
band gap energy resulting in higher device tolerance for high field strengths, as well as the
high-speed properties of electron mobility and saturation velocity due to hetro-structure at
junction and polarization effect. Due to high mobility and high saturation velocity these
transistors can be operated at microwave and millimeter wave frequency. These devices can
handle high voltage due to the wide band-gap of GaN and have high carrier density due to
polarization effects and structure of HEMT. Hence these devices have high power handling
and high-power generating capacity with less distortion at microwave and millimeter wave

frequency range.

This thesis work is focused on developing GaN/AlGaN HEMT based High power
sources using active integrated antenna (AlA) approach. One goal of this thesis is to develop a
high-power amplifier type AIA. While most reports on GaN HEMT concentrate on power
amplifiers, this design also combines AIA approach with power amplifier design to make the
system compact and increase effective isotropic radiated power (EIRP). The measured EIRP
of this circuit is 49 dBm. Which is better than the state-of-the-art results reported for GaN

HEMT based active integrated antenna.

The second goal of this thesis is to develop GaN/AlGaN HEMT based self-oscillating
AlA. This oscillator design is based on negative impedance technique and AIA approach. Here
the patch antenna is connected at the output side of the oscillator and performs multiple
functions and makes the system compact. It acts like a load, resonator and radiator. The two
circuits using the same approach are developed using a single device. The measured EIRP of
the first circuit is 18 dBm power at 1.5 GHz. The measured EIRP of the second circuit is 29

dBm at 2 GHz frequency.



The third goal of this thesis is to develop GaN/AlGaN HEMT based self-oscillating
AlA, where the AIA approach is used to maximize the radiated power at second harmonic.
Hence the frequency of power generation is doubled. Two circuits are designed for this
purpose. The measured EIRP of the first circuit is 32 dBm at second harmonic (3 GHz) and 16
dBm at fundamental frequency (1.5 GHz). In the second circuit the negative impedance region
(frequency) is increased using a coupled line in parallel with the device, the AIA approach is
also used to maximize the radiated power at second harmonic. So, this circuit generates high
power at higher frequency. In simulation this circuit has simulated power of 37 dBm at second
harmonic of 8 GHz and 20 dBm at fundamental frequency (4 GHz). So, the proposed GaN
HEMT based AIA concept can be used to generate useful power at higher frequency and this
technique will be very useful in extending the frequency of operation of circuit beyond the
operating frequency range of transistors used in the circuit.

The final goal of this circuit is to develop GaN/AlIGaN HEMT based self-oscillating
fixed frequency and frequency reconfigurable AIA high power source using feedback
topology. The fixed frequency circuit implemented radiates 41 dBm power at 2.4 GHz, which
is the highest EIRP using a single device. In frequency reconfigurable AlA, the frequency of
oscillation changes from 2.1 GHz to 2.7GHz, when pin diodes change its state from off state
to on state. The second circuit has EIRP within 1dB in both states. This circuit is very compact
and can generate two frequencies by changing the biasing of pin diodes without changing the
circuit footprint. This circuit is the first implementation of GaN/AlGaN HEMT based

reconfigurable oscillating AlA.

Due to the above-mentioned design concept and approaches on design level, this work
provides the basis for the design and implementation of GaN/AlGaN HEMT based high power
sources at microwave and millimeter wave frequency. Also, the power can be further increased
using spatial power combining technique. Therefore, GaN/AlGaN based high power circuits

are of great interest for long range solid-state phased-array systems.
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ATEhad 3R fidiier a¥ mafy W i ¥o7 3R 31fie Relfegz TSR &t
TG AT 31T SaRIT SUBRUN BT SUTNT Fxcb HH (AUl & 1Y HIide, HRIC, S
fad Aid B SrUasdl g1 % Wfad gafeiT & fau adam & a8 S=ieH® 39
TR T ATZehiad MR Aeiiiier a1 SRy W GaN / AlGaN 3TeTRd sifw
Sage TfaRiterdT ¢ifoieR (HEMT) 81 GaN & foTT T Heaqut ary $ifid Sigft T
TR A SHTIRIET o™l ST TG B 5HB! &1 | T8 31U o5 N FHoll & sffgdy
TGS & HRUT Bl § o IRUTHaR= 3% faggd &3 &I didd & g 3Hf®
JUHUT AW BTl §, 1Y BT SR 3R YdTH01 YU TR 821-URa-T & HRUT Faae 4
TfRAerdT SR TG ovT o HfRres Tt & U i & | e Tia=itadn iR 31fde Hqiad o
& BRU 3 TORCR BT ATZHIad 3R FciieR a7 Mgy W Fanferd fawan S e 7
g IUBUT GaN & TS §3-1T & HRUN 3 dlecol Bl THIA Thd & MR YdidmRor
UG 3R HEMT B ATT & HRUT HTUH I8 I ¢ | S 7 SUBRUN | H1ShIad
3R fiycfitfiex a Srgfty W R &4 faeuur & 9ry 3iftres wifad gafenT iR sifie wfad
TG & Bl 5 |

g MR &1 Ifyg Tadled TS (AIA) dh-1db BT IUTRT HRb GaN / AlGaN
HEMT 3enia 3ifies faa Tal & fasRid a3 W Hfad 71 39 iR &1 i aea U
3fYH fFT THABERR THR FT AIA [AHRIG BT g1 Fdfh GaN HEMT TR ST
RUIé graR TEABRRT W &M disd B 8, I8 feued ReH & Sifiae M 3R
qTdt SMEHICiu® fawiof /fad (EIRP) PS¢ & [T UTaR THAHRR (S8 & Iy
AIA TH-t B Wt Sirgeht 8 | §9 URTY T HIT TIT EIRP 49 dBm & | S GaN HEMT 31emid
AIA & forg RoYe fu 7w erameyf~res oRRomd} & S8R B

39 IR &7 TR A&T GaN / AlGaN HEMT 3R W-gla AlA faHmRId B
21 I8 Qo (oS8 TH RIS UfdaTeT db-id 3R THTST EVHI WR 1R g1 I8
TEHT SIaH & 3T3CYC U& TR J3T §3MT & 3R P B Hdl ¢ AR Riew drdiae 411
21 U8 UH TS, resonator 3R ASTER Bt A€ B ol & | TH & ddb-1dh 3R TH @l
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fSarsy &1 It FR% 4 Ifhe fAwRyd fHu U g1 ugd ulkuy o1 ATor 741 EIRP 1.5
GHz TR 18 dBm XITad § | GER IR &1 HIYT 74T EIRP 2 TTTECS 3gfRi TR 29 dBm § |

39 IR BT FIRT A&T GaN / AlGaN HEMT STeTRT W-ale AIA fabRid w1
8, ST8T AIA I 1 SUUNT GER BT TR [0l Qe &1 3w dH - & fore fara
STl 8 | ST fqgd Sere 1 Mgy Q-1 €1 Siiell ¢ | $9 I5.29 o forg &) Hicbe fewgH
fT 7T § | Ugal IRy FT AT 7T EIRP AR HIM® (3 GHz) TR 32 dBm 3R Hifdi®
39T (1.5 GHz) W 16 dBm B | G Ffdhe H THRIAS Ufdarer & (3ngf) feagya &
1Y TR & Th G W1 BT YN HRb Ig[AT Sl &, USMTSU ddb-id BT ITaNT
SR gHS R fqeiol wfad &1 siftrman e & fore off fasan sran g1 g9, g8 wfde
31 SMafy R i wfdd I wxar g1 Rgas= & 39 Afche & 8 ey, g
BT U 37 SIETH B fad § AR AN 3R (4 TEcs)) TR 20 S6TH 5 | 39,
URATTdd GaN HEMT STHTRT AIA deh-ildh &l SUANT ¥ TR TR IUTN Al ITq=
HRA P forg fopan o1 wava B SR I8 dab-iids Ffdbe W IUANT fhT SH a1dt gifoRer &t
SITRFET gy T ¥ W Fidhe & TAeH &1 3gRi HT faadR - | 9gd STArT ghft|

39 Afthe &1 SifaH T8 GaN / AlGaN HEMT 3R W-gia (Hidd emaf 3R
G-HT{I%T reconfigurable AIA 31f¥en Rifad Hid Ufdfesar Sraiarsn ol STANT &R f[dhRid H-
¥ fore g1 Fraffad foear war fAfa safy afdhe 2.4 Tmeds R 41 Siefiuw urer fagiof
IRAT g, Sl Th UHd (SaAsd &I IWNT TP JaaH SMSARYT g1 3MgRT Re-
configuration T3HTST T, Gre Bt 3T 2.1 Tﬂ"TI_E!_éTr[@f 2.7 Tﬂ"'ﬂ%ﬁ‘ﬁﬁﬁﬁ?ﬁ% od
o STaTS 3ot fRUf Y 3T AR on FTRIT R Teal o & | TER lebe H AT AT
H 1dB & iR EIRP B 1 T8 Widhe 9gd HIdae § 3R Wfthe Uafig &I Saa o foqr fud
SIS & SR & deadR ol SMgfdl B ITF HR IHhdl &1 I8 URUY GaN/AlGaN
HEMT 3RS 3MgRI Re-configuration ®RA AT GIa AIA &1 Ugdl ®1A-aa- |

fEOE TR W IUYdd Sole SAYRUN 3R DDV & HRUT, Ig HTH HISHIAd
3R fircfiter a2 3mafiy R GaN / AlGaN HEMT 3nenid 3ifies wifdd Tal & fSomga
3R wrafag & g YR UM R 8| g T, spatial power combining dPp-idh

vii



BT IUTGNT FRb fad P 3R IGT ST JbdT g | 3TN, GaN / AlGaN HenlRd = wfad
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