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Abstract

In the present thesis, we have probed the AlGaN/GaN HEMTs device modelling and
simulation to extract the bias dependency of different parameters associated with the devices.
The presence of surface traps is an important phenomenon in AlGaN/GaN HEMT. The
analysis shows that from deep to shallow surface donors, the percentage change in electron
density in 2DEG gets saturated (near 8 %) with change in aluminum concentration. The depth
of the quantum potential well below the fermi level is also analysed and is found to get
saturated (near 2 %) with aluminum percentage when surface donor states energy changes to
deep from shallow. In this part, the effect of surface donor traps on the surface potential also
have been discussed in detail. These surface states are modeled as donor states. Deep donor
(Ec-Ep=1.4 eV) to shallow donor (Ec-Ep=0.2 eV) surface traps are thoroughly studied for the
donor concentration of 10! to 10'® cm™. This study involves an aluminum concentration

variation from 5 % to 50 %.

By using this TCAD calibrated platform, we have generated the Ips vs Vgs and Ips Vs
Vps of the HEMT device. It is observed that the parasitic Rp/Rs (drain/source) resistances of
AlGaN/GaN HEMT are gate bias dependent. A different methodology is being adopted to
extract these source/drain (Ro/Rs) resistance variation with low gate voltage over a wide range
of temperatures with single device DC characterization data. Extraction of source and drain
resistance by this methodology takes only single device data which reduces the sample to
sample variation in resistance calculation. The reliability of the adopted methodology used to
extract the parasitic resistance is found in tune with the reported results. The extraction of

these parasitic resistance is also extracted through modified RF technique.

The previously proposed models assumed a constant value of inductance, but recent a
strong dependency of bias on extrinsic inductances (Ls, Lg, and L) are reported, which leads
to the deviation in simulated and measured values of intrinsic Y-parameters. This deviation
in simulated and measured values suggests that the circuit structure should be modified for
small-signal modelling of AlGaN/GaN HEMTs. This bias dependency on the extrinsic
parameters can be eliminated by introducing a novel channel resistance (RL) and an inductance
(Las) in the intrinsic part of the small-signal model of AlGaN/GaN HEMT. These reports
analysed the effect of R and Lgs at higher gate bias, but its impact at low gate bias and on the
other parameters (like Rgs and Cgs) in the intrinsic part of the small-signal model have not been
explored. We have studied three main aspects of modified SSM for GaN HEMTSs: First,



variation of R. with respect to low gate voltage, second, Effect of R on parameters such as
Ras and Cgs, and third, Study of intrinsic Y-parameters deviation from measured data with R.

and without R..

The short circuit current gain (h21) is one of the RF parameters which is used to
evaluate the cut-off frequency. The cut-off frequency defined the upper limit of frequency
operation in GaN HEMT. In general, this h1 decreases with the rate of -20 dB/decade of
frequency; nonetheless, sometimes this standard roll-off in hz1 deviates from its ideal
behaviour beyond the cut-off frequency. This deviation in short circuit current gain h; owing
to have the peak beyond the cut-off frequency called current gain peak. In this part, we are
reporting the effect of the low gate bias condition on these current gain peaks. A small-signal
equivalent model (SSEM) has been adopted to extract the value of the parameter at different
low gat bias conditions. These parameters are then used to predict the behaviour of these
double peaks in AlGaN/GaN HEMTSs. It is observed that there are two peaks. First peak is
associated to the resonance frequency (48 GHz to 53.5 GHz) of the dip in open-circuit output
impedance Z»». Whereas, the second peak of hz: associated to the resonance frequency (75.2
GHz) of open circuit forward transfer impedance Z»:. Simulation says that the first peak of
h21 having magnitude as well as resonance frequency (421, Afrip 7 0) window with respect
to low gate bias but the second peak have only magnitude window (4/421sp # 0) not resonance
frequency (4frtsp = 0) window.

Vi



LS IES

JIaE MY &Y T, T IUBON ¥ J3 fafia ArudSt &t ganre fAyRdr &
@I & T AlGaN / GaN TasTHS! fEargy Al 3k R &1 9 &1 ¢ | Tda!
STl 1 IUFRUTT AlGaN/GaN TIREHS & T Hg@qu! ge-T g | fazayur & udr aadl §
fh 8% ¥ Iyd Idg ISl d, 2DEG | Saide - g+ H UfaRId uikad- Tegei-ad
THTIAT # URac & 1Y Tq (1T 8 %) BT STl & | T Wk I = HicH &l o
TExTs BT Ut fa=eiT fasa STt € SiR I8 Ur oifdl ¢ o e 98 &Tal Sholl &l 3uUd A
TeX # geadl § o TegHiad Ufa=id & a1y Squ (RTHT 2 %) &1 oIl 8 | 39 U H,
TAR! & IR g aTal SITdt & UHTd R off faaR & =il &t 715 8 | 39 9de ol &l ardl
Tl & ¥0 H JUR {501 11 81 78R SR (Ec-Ep=1.4 eV) ¥ IYA SR (Ec-Ep=0.2 eV)
TG ST T 101 F 1016 JH2 Pt ST THTIAT & foIE I} e ¥ & fopdm S g
3 ST H 5 % J 50 % qP TegH 1 -aH Jigar fysrar nfie g1

S TCAD URNTd Td &1 IUAN I, §H TasUAC fSasd & S8 ITd S
NI R STy I A1 T I o § | I8 <1 7T § [ AlGaN/GaN TaguHAC!
& TRSNG! Ro/Rs (3TdTEeT /A UfaRiY e gare R AR 81t fSarza SR qeun
JUF SFSRI & 1Y AUHEH &1 Th [ad $ae IR FHH I dlecd & 91 37 A/
YA (Re/Ro) TfeRIY Fed B fshTe & fRiT U 31T Ul 3oerE ST e 8139
UGid GRT Td 3R SUarRe! IRy &7 F5hyul dad Teh SUHRUN STHHRT ddl § Sl
THAT 1 UfeRIe AT § AT FFaT & FH Sl g1 TRoid! UfaRiY & e & fig
3{UTS T8 UG &1 faya-itaar Rard fg g ufvomel & ey urg St 31 37 URoiat
gfeRTel &1 sy o I SRUE dd-ieh & A1eqd § e S g |

Jgcl URATdd o - IR &1 U FARAR Ged U8 fobdt T, wifds+ g1 61 H &Tel UR bl
(Ls, Lg, 3R Lo) TR GANIE B1 Teh AoTed R o) g1 &Y 718 8, St iidfes arg- TRifiex
¥ s iR AT gt # fagred &t $iR SraT g1 Adba 3R AT 7o § I8 famed
T § fob AlGaN/GaN TIREHE & Bie- g Arsfei & forg o= WRa=1 &1 w=nferd fear
ST AT | STeX) AUGS! IR 9 Yarue HyRdl &1 AlGaN / GaN TISTHC & Blc-Rwd
ATsd & HTARS U H U ITIMN I UfARIY (RL) 3R U IR (Las) B YSATT HIb
T BT o TohdT g1 39 RUlel 3 3 ¢ gaiig W Ry 3R Lgs & YT BT fa=awor
fora, Qe Bie-Riua Aisd & siale® I H &H Tic TaiUg 3R 3= AUEST (S Rus
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3R Cys) TR STb UHTG BT U Tg] THIIAT 7T 8 | §H GaN TISUTHS & for Tenferd ssm
& oM 0 U Qs & 3ieqg fohdT §: Ugel, ©H T1C dieed & Yae H R, &1 =T, Gy,
Ras 3R Cs O ATIG ST UR Ry BT YHTE, MR THERT, AT F SR aTs -URMHICR faaa &l
[ R, & 1Y 3R Ry & foT|

Y IRTY YRT ATH (ho1) RF ATIGS] H 4 TS § oIIehT SUANT He-3ih SH1gfd &1
e ie B & QT8 T STl § | -3 Sy ¥ GaN TaRuHc! H gy TR i
SR T DI IR foraT | T dR WR, T8 hyy SR & -20 dB/GRIH Hi &2 I gedl
& fosz +ft, H1-Faft oy T T TP AT-3HTh e-3iTh SMgRT T W 3 3R] TagR I
faaferd g1 SiTa 81 ™IS Afhe e M hy, B 8 fage $e-3iith g 4 R RRR g &
HRUT YRT TH RRIR FHedrdr 81 39 YT H, 89 37 YRT oy Afedt R 4 e yafg &
fRufq & ouma &1 ufaafed = 38 €| faftd i fic yaive fRufodl - IRifler & g &t
Ao & fiu U Sie-Riud 0w Aisd (TUUYSUH) ST 141 § | 39 HIUcs| &l
JUINT Id AlGaN/GaN TasuHc! H 3 glgx] difed! & HagR &1 Hiasgarult & & oy
forar SITa1 ] 1 U8 a1 T § T 3l FRReR § | ugen RRaR siivA-wfdhe 33eye ufaane 22
T D! DI 3G GRT (48 GHz | 53.5 GHz) ¥ JST g1 Safdh, MU Tfdhe Bikas
TR UTASTYT Z51 o 3ATE IR (75.2 GHz) T IS hyy P gIRI dlct | RgaRE wad
& T h,y B Ugelt A o UfRHToT & -1y SIFATE SMART (dhare, Afirp # 0) TIST HH e
TaiTE & Jdy B B, A g A & S aRaTor RISH (haws # 0) B, 3TE 3Ry
mqﬁwfrfm =0)I
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