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:i.s 
TLR=~ (1) 

Piornl 

Tu value ofTI,R mu~ be du'!Sen ruch that lt mininlli.e,i the B.ER. 

Simukiti&I results: In the :simulation, the spreading gain N was set 
to mt TM spreading code was cho,;eti to be a Walsh-Hadama.d 
rode with k11gth 12S. All the ums were ~umoo to suffer from 
independent Rayleigh fadillg. lt was ~ assuulfd that the fadmg:s 
were independent lWJOJ:lg the difforent subcaniers. The ,lgnal to 
noise .ratio (SNR) was &:fmed throughout ilie simulation as S1'~ 
"' p1.,_...,IG0

2, where a~2 is the llilditive white Gaussian noise 
(A WGN} noi.<:e powm-. 

Fig. 3 shows. the optimal yalue of TLR required to mlllimise 
the BER pe1:fonnam:ie of a 10-m;e!" i.yswm ilt a particular SNR 
value. ~ c:;,;ixc1«1, !hi opt.inll!l TLR value ~ while the 
SNR inm:a=. If we consider the- siniatk,n wb=: the signal p<.>Wl:f 
PIO<Ol i~ oon~, the TLR should be higher, when the SNR is 
small, to effectively eliminate deep fading or noise ,::,.1nt'<!mmated 
subcami:tS. On the other b:an<:I, wl= !he SNR is lilr_g.e, the opti, 
ma! villuc of TIA will be small since !he nr.>ire or fading kvcl i:s 
not high. It is observ«i that the optimal TLR changtS from --0.3 
to --0.SdB as the SNR. varies from l to lSdit 

A BER. JX'rformance oomparfao11 is shown ln Fig. 4. It l5 ob1,i­
ous that tlw suggested contn.>lle<l MRC algorithm witJ1 po;,,<er oon­
trol outpenofffiS the MRC algorithm. Here the optimal fureshold 
was u;;ed in lhe simulation for the controlled M.RC with powe.r 
cuntrol algorithm, 1'hl! improvement fa about {iV{l wers for B"ER = 
Hr'. How=, for larger SNR values. Utt: improvmumt fa not as 
hlgh. This am be i:xplained as follows, ¥.'hen the noise level is low 
or nc., deep fading sign,11 ls pre.•;em, then few or no subcarriers will 
be m,t off, thcr~fore the diffi:rem:e be~n control.led MRC arid 
MRC will be insignificant. 

Cwu:lusion: A coutwllcd MRC algorithm bal.i bot:!l proposed for 
an MC.CDMA uplink sysiem under Rayleigh fading channel and 
A WGN oonditk>ns. The optimal thre.sihold ,~,:tlue for wi;:h an .tlgo­
ri!hm has been obtained by !lirm.ilation for vari-1.>U~ SNR 'l!llucs. rt 
hru; bi:en shown th11t tffl:. oonlrolled J\.1RC 1.!lgm'ithm can improve 
the 'f>·1C,CDMA uplink performance, ~.I' in low SNR envi­
ronments. However, when the SNR is high, the pr,,po~i nJ.l.llhod 
does not lead to noticeable i.mprow:rrrents. 
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Enhancement mode AIGaN/GaN HFET with 
selectively grown pn junction gate 

X. Hu, G. Simin, J. Yaug, M. Asif Khan, R. Gaska 
and M.S. Shur 

A repc;rt i,; pr~:.>11\ed inll.> ll;e lai.>rit.>.lli(>!> and cf1al"~cterisa tir:m of 
an rnlwr>t:<::mem mod,, ,\lGaN/OaN hettrojuncti<..'!l ficld-e/lb;;t 
llmmst,;; (HFED v,im s;:le,."{i~ly g,-o,,m f" junction gale. At 
~m ga~ Na~ the dev',.e cllanne! ii> depleted dne 10 tlw high bswl­
i.-i potentiru of th,, 13a1e_-ch<l!lm! junc:iion. Tbe set<,,;:fo1: area 
growth app1~ om.ab]:!)!; !wth depletion and mh.a~t moo,:, 
HFETs io be fi>brica1:t.'<l 01, i,',e :;am,: wafer thus op<:ning up too 
possibiliiy of ~gning ru~ spwl, low =~w.nptk,,-, {foN,ba,,ed 
logical iutegr~ted cim.tks. 

Since lhe fmt de:mollSU'!llion of a depletion mode AlGaN/GaN 
high eltxtron mobility tr.msistor {HEr,IT} HJ, there lias been rapid 
progre,;s towanh the mdisation of high power microwaw devices 
[2, 3}, However to date fuw reports have been made of AIGaNt 
GaN basod enhanootnct1t mode ttansistotS. Khan er at, reported 
sucli a dcvlre using AlGaNlGaN hettrojunctions where a 
&hottky hruricr gate wr.s used {4l For high tempera.tum digital 
IC applications it ls ideal lo fabricate both enh~nt and 
depletion m,'Xle (AlGaN/GaN) devires in seh:cii,-e areas on tlw 
s.a.me wafer. In this Letter we d=ibe a novel approach to realis­
ing an cnhant:ement mode AlGaNKlaN heter~ field e.flect 
t.ran...~stor (HFE!) with a St'l(!(,'li~ amt gr= pn junction gate. 
The p-OaN hlycr~ for the gate were grown in selective areas 
definoo by o~ in an SiO;i mask, Out novel approach there­
fore Ope!IS up the pombility of monolithically integrating AlGaN/ 
GaN based normally-on and norm.ally-off Josic deviet.--s 011 11 single 
wafer. 

s G D 

~ 
l<lg, l Schematic dii,gram of s1ruc1ur2 af pn junclion regra1>w gate 
HUT 

Toe epilayer srtnlclui:e for our devices i.!! schernatically shown in 
Fig. l. It was deposited over a basal plane sapphire substrn.te 
using low pre&mre metal organic c.bemical vapour deposition 
(MOCVD) epituy, The JOOA AlN ouffi.--r layer of our structure 
was depo.ltoo at 400°C and 76 tmr. All tire other layers Wtll'C 

dep(!Sited at IOOO"C and 76ton. The Alo.,Glo_~ barrier layer was 
:rooA thick and was ~oped to N b,mier layer was 300A 
thk:k .and was m1icon--dopod ton <Z 3 x !01SOOT\ Al! layers of the 
structure were grown with . a lov.'-level flux .if trimethyllndium 
(fMl). This incorporates. tnice 11mount of In in all the layers and 
help.; with the I.ayer and int:erl'aee smoothm:ss. for the strllC!:ure, 
the room tem-perarure sheet. carrier density and mobility were 
me-.m.irl!d to be n,"' ! x l011cm·1 andµ.= 1000cm3tv,s. 

Mg.-doped 100'.)A thick p-GaN (p ,,,. l011cm-3) was then sc!oo­
ti,·e!y grown tl'Sing JO itm >: 15-0µm ~gs in a !O0OA thick Si~ 
masking layer. TM SiO; mask layer was deJX)sited using a plasrna 
enhanced chcrnie&l vapour deposition (PECVD) ~ Tramis­
ton; wete then fabrK:ated with TIIAVJVAtl (lOOAnooAl100AI 
SOOA) s~,urro-drain oontacts. Tot contacts were !hen R.TA 
annealed at 850"C for I min in a nitrogen amb~t. Ni/Au contacts 
were then dcpo;;ited ova- tM !iek':cti~ area grown p-OaN reg.ions. 
These w~1'e annealed at 450°C in OX)~ll ambk~1t Our u-ansistor 
structure thus had a gate length or lOµm and a gate width of 
lSOimi. The source drain opening was lOµm, Note that thls goom­
euy was se~too only for a proof of principle, For higher per­
formance devices much shorter gate lengths and .ourci drain 
distaJ.leeS will be required. 

In Fig. 2a we iu:dude the SOJJJ'Ce dram current-vo!taw:: charac­
teristics. As secti nt zero ga u: hias the device doei; nor conduc! 
boca1.00 !he cl1:amicl is depleted due to the hi@ bllilt~m voltage of 
the pr. junction gate. With ~tiw gaw. voltage the device rdlch~ 
a saturation current nf 40rnNmm at +4V gate bi!lli. Fig. 2b 
shows the eitermtl transrol'idu<:!.8ll:Ce g,,. as a function of gate bias 
measured at 25V drain to soww voltage. The peak g,,, value of 
lOmS.lmm ts reached at :,.3v gate bias, 1bese h, and g., <r<1lues a.re 
limik."d by the low i::hannel oondU{':tanee from the "w.y large gaw 
.and clu:mncl !eng1h (10pm). Assuming an inverre lin= d~'ll."Tid· 
cnce ◊f ootl! ~tumtion current Md transront!m:wro:: on tlie gate 
length, we cstimat.: these val= to be 400mAimm and I SOmS! 
mm, respectively, for a 1 µm-gate devil.-e. Th~ estmlated values of 
l,t, and g., are quiw do..-.e to those typically reported for depletion 
mode devices. 

The maY.imum C\,rrellt fot heterostructure field•fill'oot L.'<lnsi.st<>n< 
depend::; on !ht ma11.imum c:hari,i indu.:ed in the device channel. 
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This cli.arge inc=ses with thcl increase in positive gate bias (for an 
n-channcl device). Thn!I the maximum s:aroratioo current i.q limited 
by the @le leakage at posili,·e bias, For our cuhancen1Cnt m<."ldc 
trntsistor with a pn junction gate, the range of po.iitive 11(1~ bias 
whlch maiotai.11s a low gate lfakllge current is signifiulnlly larger 
than lhat for a regulM Schottky--gate device. Tm!! i• illwrtni.ted by 
Hg. l showing gate channel J.V curves for a pn junction gate 
~ent mode HFET and a ~war Schottky gare HFET on 
thil sruM wafer. As S®n, for a pn junction gate dt.'\-1~ the maxi~ 
mum operating gate vulmge am be w; high as 3V as ron-iparoo 10 
-1 V rrwtimum operating '!Oltage fur a Sclml:tlcy gate HFET. nu~ 
pffi'/eS that in principle, pn. junction gate enhancement mode 
HFETs .:an provide much higher ind~-d channel charge, and 
hC11i;:e, saturation current and trnllllCOnductam» as compan!d to a 
Schottky gate depletion mo& HPJIT. 

00 

1() 

8 
E 

$ ll 
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J 

0 

3l) 40 

6 

1~1 
flli, 2 Currcnr-1·/lltaz., ciu,racterislks ef enhtmce>llttl!I made pn. jW1cric>1 
gateHFET 

a O,;,;mel wrrent de(>Onrle~, on il<-ain to soun» volsase 
b Trans.-:onducla.llre ~ on p.te bias 

0 •• 
-6 .;;? 0 2 4 II 10 

Fig. 3 Curr.mt .vl;oge chaJ;aeterisJi<z ,:,f pn j,,nctwn a;,d $dumky gale 
de,;i~,w 

--···--- P" jum:tion de"i<;e 
.... - - Schottky gate <J,,.<fio<: 

Our i:sti:mates of the threi.hold voltage as a function of !he dis­
taoce between the chamiel lUld the gate sho'l\-ed tlmt the effective 
channel•to--gate separation l5 dose to the thiclrness of the AlG.sN 
I.ayer. This m!lffll& that the p--type A1GaN layer operates as a ,l>­
typt> g;1.te. A5 .a result, thi: threshold volt1igc is shifted by -25V 
towards positive values (i.e. by the diffnrnce betwren the GaN 
energy gap .and the Schottky barrier height). 

In Hg. 3 ii can be seen that tht> differential resis:t.an<:c of the pn 
junction gate i, ~ 1 kn This ml/;tMce is largely due to the rela­
tively low doping level in regrown p-material 11s well as w the low 
hole n~1bllity in p--GaN. The pn junction gaia oopm::it= was 
measured to be < I pF, Using l:rul$.e values of g.are rems resistance 
and capacitance, we ~te the cllanl.ctwtic ti.me cooslant RC 
of oor ,mhanoonent mode HFET to be < l m, By making use of a 
higher doping tiwel in the p-Ga."ll gate material and with shorter 
g-<1.!e lllngth th.is time constant can be c.:imidenbiy d~ to 
ach.reve switching rates iri the 31gablt per s.ei::ond range. 

In conclusion we havii fabricated a ®W ~tn mode 
GaN/AlGIIN HEMT wilh .a sekctive w:w depositl."4 pn junctiou 
gate. We have also ~t.ablis.111:d the feasibility of our approaeh to 
produce ~--nt and depletioo mode GuN/A!GaN HEMTs 
011 the· same wafer_ This is an important Step towards. the goal of 
realising monolithically in~gr-ated logic circuits based on • .\lGaN/ 
GaN heremjunctions. 

Acl,,..">W1>4edgmt!tlt: This w-0rk was supported by the Balli<rtk Missile 
Defense Organi2.ation (BMOO) under Army SSDC contract 
DASG6Q..97.C 0066. monitored by B. Strickland and K, Wu. The 
work at RPl was partially supported by the Office of Nav-al 
Rere.aroh (Progm:n monitor J, Zolper). 
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Laser processing for enhanced performance 
thin film electrolumineseent devices 

W,M, Cranton, E.A, Mastio, CB. Thomas, 
C Tsakonas and R. Stevens 

A :eoohniqw., for enhancing the ~ of thin mm 
eli:cnolwni=m dcvl= i,; pr=nt«l. 1ltll; film pl>Osphors bllve 
b®n pr~ wilh Wns pulsos of S&lmJ~ !;,,si,!' iimdfatimt 
trom Q 249nm Kofi' acimer la<ef. 1:,1e;,t,,:,1~! 
charnc1.eris.amm lhoo1isna1es a four-fold impro....ment in enune:l 
luminol!S' inllmSity, u comi;iared to t.hmnally ;mnealed structll!"eS, 

lntroducti<m: Thin furn ekctwlu~t {TFEL) devices utilising 
ZnS:Mn phosphor films am important in the ficld of lafge area 
Jmt pane! di'l'p!ays, These displa)S have broefits 5uch a:s rugged­
ness, low power, high contrast, Ml colour capability, high t~pcr­
amre operadng range, and large viewing angle [ JJ. 1'hl!y are 
suitable for both tat and graphk:s based systcro.s and, .as d!ITTl,m­
m-ated by the Displays Group at Nottingham T1tat Univmity 
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lligh On/Off Ratio in Enhancement~Mode Al.rGa1-xN/GaN Junction 
Heterostructure Field~Etfoct Transistors with P~Type GaN Gate Contact 

Takahiro PUJU, Norio TSUYUKUCHI, Moloald IWA YA, Satoshi_ KAMTYAMA, 
Hiroshi AMANO 11n<l lsamu AKASAKl 

Faculty of Science· imd TEchrw/vgy, 21st Cerm,ry COE Program "Nano-,Factol)•", l•feijo Universit)·, 
1-50! Shicgamaguchi. Tempoku-ku, NtJP,oya 468,8502, Japan 

(Recei'l-'W July 29, Z006; .icee-pte<l Aug-ust 20, 2006: published llnlint! ~pi.enlref 29, 2006) 

An e:<.::etlent on/off ratio of dr.ii1H>ource current (loo) density over 6 ordexs of magnill.K!e by clmngil:ig the gate voltage (Vo) 
!'row 3 to O V was eonfinncd in p-GaN/u•AlxOal-,N/u-GaN junction hetemi.trueturt: field-effect tran5istors. The.<re device.~ 
show 11.ll el'.tremely fow leakage.Joo density ofas low as 15.SnA/m.in at Vos and Ve, of lO and 0V, On resistance is as low as 
2.6SrnQ..:rr,2 m. Vo:= 3,0V, {001: lU,!l43/JJAP.45.Ll04SJ 

KEYWORDS: Al¥Ga1-xNIGaN, JHFE"T, er,hancement mode. leakage currem, p-type GaN gate, ofll'off ratio ol drain-souree 
currant 

Al., Ga1 -xN/GaN hetemstnicture field~effect transistors 
(HFETs) are attractive for high-tempera.I.Ure, high-power, 
and high-frequency devk-es. Large numbers of high-pesl"'­
fonnam .. --e Al.,Ga1_,.N/GaN HFETs have been reported.1- 5> 
fl.·1ost A!~Gai-~N/OaN Hf'ETs are operated in the depletion 
mode or nonnally on mode, because of the high...(!ensity two-­
dimensional electron gas (2DEG) induced by the polar­
ization field.6.7) From the application vievvpoint, enhance­
menMnode or nom,ally off-mode HFETs are strongly 
required because of their circuit simplicity and low stand­
by-power dissipation. In addition, to realize fail-safe circuit 
.systems, a normally off-mode HFET is essential, 

We reported enhancement-mode AlxGa, .. ,.N/GaN junc­
tion HFETs transistors (JHFETs) using a p-type OaN (p­
GaN) gate contact.8l In order to achieve high transconrluc­
tat1c.e (gm) and predse control of the threshold voltage (V,i,) 
in JHFETs, ii is necessary to control !he thickness and alloy 
cmnpo.sltkm in the unintentionally doped Al.,Gai-xN (u­
AlxGai-lN) layer.')) Vw i,i defined by lhe following well­
known expression. 

qNl)d2 

Vu. = ¢a - -· - - b..£{;, 
2s 

1,1:~A!~U.-,;1~.N 
!16±:l.o,l 

LT,bt>ffo,· I~)·« 
W•ml 

Fig. 1. Schematic rliagnim of fabrica!OO Al,lli1 ... ,N/Qu'-i JHFETs with 

J>-Ga.~ g;tll> ~On'(a~t. 

switching devices, In switching devices, a large lea.kage 
current leads lo a decrease i11 the 011/off r .. tio, To improve 
the. efficiency of the i!Hrebicle switching deV1ce. a reduction 
in R,,,, and leakage currents and an increase in !he on/off 
ratio are very important, 

ln this study, an extremely low leakage of Ins in the off 
where ef>B denotes energy dlfferem:.e between conduction state of enhancemenl~mode Al~Ga1-~N/GaN lliFETs with a 
band minimum and formi level of p-GaN side of u- p-Ga,'J g:ate contact is reported_ An on/off ratio of the J05 
Al,Ga1 .... ,N/p-Ga.:'\I heterointerface, No, remaining donor density over 6 orders of magnitude between V0 of O and 3 V 
density of u-AlxGai-xN, d, thickness of u-AlxGai .. ,N, c, is denmnstra.ted, 
dielectric constant of u-Al.,.Ga1~~N, AEc, discontinuity of Figure I shows a schematic diagram of the sample 
conduction band of u-Al~Ga1-xN/u-GaN hcten:istru~turc. structure. All devices were grown by orga:nome!allic vapor 

For high-efficiency systems, such as in-vehicle low-loss phase epitaxy on a sapphire (0001) substrate covered with a 
switching devices, both a low ext.emaJ leakage current in the low-temperature-deposited (LT-) buffer laye~·. l:lJ After de-
off state and a higti on/off ratio of lhe drain-source cummt positing the LT-buft"ecf laye~ (20nm) at 500''C, unintentfon­
(Joo) are necessary, In the case of in-vehicle switching ally doped GaN (u-GaN) 2.5 µm in thickness, u-Al,Ga1-~N 
devices, the off time is very long, therefore the loss must barrier layer (16 ± 2l1m) and a. Mg-doped p-Ga...~ layer (120 
he !ow, It is also important that on re.sist:mce (R0n) should be nm) with a Mg concentration of 3 x 1019 cm-3 were grown 
as low as possible for high switching efficiency. Suppression at l, 100 cc. The hole concentration in the p-Oa.N layer 
of the leakage of the drain current at zero gate voltage (Vo) was l x 1018 cm-3 at room temperature. Table l shows a. 
is very important for enhancem;;mt-mode HFETs. Generally, summary of the device parameters. i.e., AJN molar fraction 
an HFET using a recess structure can be operated in an x and the thldrness of the u•AlxGa1_,N barrier layer for 
enhancement mode with a VCf)' thin u-AlxGai-xN barrier of sample.~ A-·D. After the activation of Mg acceptors at 650 "C 
less than IOnm,IO,ll) The leakage current density of los at for 5min in air, mesa isolation was perfonned by Ch 
zero Vo is at leasl 20µA/mm {Vos= 20V),rn The leakage reactive ion etching (RIB). Next, the p-GaN' layer was etched 
current at the off state is mo large for use in high-efficiency by RlE except in the gate region, Then, Ti/ Al/Ti/ Au was 
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Sample name 

Sample A 

Sample B 

S<l:fflple C 

Sample D 

AlN molar fmrnon x 
in Al,Oai-,N 
bamier laya 

OJ5 

0.17 
0,27 

0.36 

Th\ckm>ss of Al~Oai-xN 
barrier fayer (nm) 

16±2 

deposited as the source and drain contacts on u-Al,,Ga1 ... ,,N. 
Subsequently, a Ni/Au ohmic contact was deposited as a 
gate contact on p--GaN. The devk-es had a gate length of 2 
µ:m, a gate width of l 00 iun, and an interval of 8 µm between 
the drain and source contacts. 

Figure 2 shows the current--voltage (/-V) characteristics 
of loo when the Vo values are 0 and 3 V ill Al.,Gai-;,:N/GaN 
JHFETs for (a) sample C (AlN molar frnction: 0.27) and (h) 
sample A (AIN molar fraction: 0.15), Sample C did not 
show a nonnally off mode wi!h los of 11.6 mA/mm when 
Ve, and the drain-source voltage (Vos) were O and IO V, 
respectively .. In ccmtrm,t, a low external leakage current of 
15.5 nA/mm was achieved in sample A when V0 and VDl, 
were O and 10 V, re.-.pectively, Also, Ro,, was. 2,6.5 mf.l-c:m2 

in the Ve= 3,0 V active field, However, the on current at Vo 
of 3.0 V wa.~ not as high as expecte.d from the sheet carrier 
concenlration in sample A, This is caused by the high sheet 
resistllnee of 1.SOO Q/O in sample A, which is about 3 times 
larger than that of sample C, Such a high sheet resistance 
is thought to be caused hy the fluctuation in etching depth, 
etching damage by RIB, and a change in the surface level in 
u-Al,,Oai-xN, Therefore we can expect further improvemen~ 
in the on current by optimizing the etching process and using 
a surface passivation procedure, 

Figure 3 shows a summary of los when V0 Md Vos are 0 
and lOV, respectively, for various AlN molar fractions in 
the u-AlxGa1-xN barrier layer, Figure 3 aim shows Vm as a 
function of AlN molar fraction, As shown in Fig, 3, with 
increasing AIN molar fraction x in the u-Al,,Oa1_-'N barrier 
layer, the IDs at Vo= OV and Vos= 10V increases and Vm 
det.-reases, Vih decreases as the density of the 2DEG under 
the gate increases, Therefore, the leru::age current increase$ 
when V11i decrease.~. 

Figure 4 shows the conduction band and Fcnni level of 
the JHFETs a.~ function~ of AIN molar fraction x in the 
u-AliGai-xN barrier fayer simulated by SiLENSe Ver. 1.0. M) 

SiLENSe VeL 1.0 is governed by the electric continuity and 

V :z. [VJ 

tm 
e 
~ 100µ 
..... 

JOµ. 

1µ, 

100n 

10n 

1n ..__...__.......,_..,_.,.,...._...._ ........... _._........__.__. 

0 

100m 

10m 

Im 

100µ 

JOµ 

Iµ 

lOOn 

10n 

2 

2 

4 6 8 10 

8 JO 

(b) 

Ag. 2, J--V chamctcri~tics of los '\\ii:h Vr, ofO ;md 3 Vin Al,Glli--,-N/GAN 
nlFETs for (a) riample C (AL\/ molar fraction: 0.21) ll!ld (b} sample A 
(AIN molM fra<:lion: 0,l.S), 

Poisson equatiom:. The piezoelectric field is determined by Figure 5 shows the on/off current ratio for Vo of 0 and 
a piezoelectric tensor. The details of SiLENSe Ver. l.0 are 3 V for various AlN molar fractions x in the u-AJ.,Ga1 _ _.N 
shown in re[ 14. The conduction band of the AI..-Gai-xN/ barrier layer. The maximum on/off ratio of Ins is over 6 
GaN heteroinu:rface increai,es with decreasing AlN molar orders of magnitude in the AlxGai-:.N/GaN JHFET with an 
fraction x in the u-Al.,Ga1-xN barrier layer. When lhe AIN molar fraction of 0.15 and a u-Al.,Ga.1 _ _.N barrier fayer 
conduction band is above the Femi. level, 2DEG is not thickness of 15 nm. Therefore,. we believe that Al;,Oa1 __ ,N/ 
genet"ated. The energy difforenc-e between the conduction GaN JHr"ETs with a p-type GaN gate contact will be a key 
band minimum a11d the Fermi level at the interface of u-GaN device for the realization of a low-loss in-vehicle switching 
and u-Al.,Ga1-iN is as large as 0.86eV when the AIN molar device. 
fraction is 0.15 in the u-Al_,Ga1-~N barrier layer. If the AlN In summary, lhe important device pruameters for attaining 
molar fraction is 0,27, high-density 2DEG is generated, Such an extremely low leakage current and a high on/off ratio in 
a large difference c.auses the difference in the leakage Al.,Ga1-~N/GaN JHFETs with a p-GaN gate contact were 
current in the enh3nceme-t1t~mode Al,,Ga1., .. ,N/GaN JHFETs. verified, By optimizing the AlN molar fraction in the u-
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Fig. 3. uakitge CU!Wll! (•) and dlreshold ¥olta~ (A) at drain soun::e 
when Vi, is O V fur various AJN mo!M iracUQIIS 4 or u-Al.,fill1-~N bamcr 
lay.it. 
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flg. 4. Simulated rcsuiis nf conducliQn band diagra,,is unde. g,itc c<>11L.11:t 
with AlN molar f.r.;ctir,ns of 0.15 and 021 in u-Al,Cra1 ... ,N barri"'r layer 
(u-Al,Gai..,,N mldcnec.s; d = 16nm). 

Al..-Ga1-xN barrier layer, the drain-source leakage current 
became as low as 15.5nA/mm at Vos and Vo of 10 and OV, 
and an on current 6 orders of magnitude higher than the 
leakage current was realized at V0 = 3 V. R""' w·as 2.65 mO• 
cm2 in the Vi:, = 3.0 V active field. 
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Gate Injection Transistor (GIT)-A Normally-Off 
AlGaN/GaN Power Transistor Using 

Conductivity Modulation 
Yasuhiro Uemoto, Member, IEEE, Masahiro Hikita, Member, IEEE, Hiroaki Ueno, Hisayoshi Matsuo, 

Hidetoshi Ishida, Member, IE'EE, Manabu Yanagihara, Tetsuzo Ueda, Member, IEEE, 
Tsuyosh:i Tanaka, Member, IEEE, and Daisuke Ueda, Senior Member, IEEE 

Abstract-We have developed a normally-off GaN-based trnn• 
sistor using conductivity modulation, which we call a gate injection 
transistor (GIT). This new device principle utilizes hole•htjt-clilm 
from the P·AK;aN to the AlGuN/GaN hderojnnction, whkh sf. 
multaneously i~ the efed:ron den~ity in the channel, re­
sulting ill a dramatic increase of the drain current owing to the 
c-0:nductivity modulatioo. The fabri~ted GIT exhibits a threshold 
voltage of 1.0 V witb a maximum drain current or 200 mA/mm, 
in which a forward gate voltage of up to 6 V can be applied, The 
obtained spfcifk ON-st.ate nsbtallet! (RoN • A) and the OFF.-&l.ate 
breakd<1wn voltage {BV d•) are 2.6 mfl, cm:i and 800 V, re.'fMlC'­
tively. The developd GIT is advantageous for power switching 
applications. 

Index Terms-Conductivity mudu1auon, GaN, high breakdown 
voltage, high l){}Wtt switching device, hole injection, low spedlic 
ON~state resistance, normally off, Si suhstnite. 

l INTRODUCTION 

A lGa.N/GaN hcterojunct.ion field effect transistors {HFETs) 
are widely investigated for high-power switching appli­

cations. Mos! of the reported AlGaN/Gru"I HFETs are the 
normally-on type taking advuntage of the inherent high sheet 
carrier density caused by the built-in polarization electric !kid 
[lJ, [2]. However, such normally-on-type HFETs are not ap­
plicable lo actual power switching applications in which safe 
operation is the main concern. Thus, in these applications, 
Si-based power MOSfo"ETs/insulated gate bipolar transistors 
(lGBTu) have been exclusively used so far. A normally-off op­
eration is strongly desired fo:r AIGaN/Gai."f HFETs while keep­
ing the low ON-state resistance. To meet such :requirements, it 
is necessary to reduce the 2~D electron gas (2DEG) density 
in the channeL Sin~ the 2DEO is caused by the difference 
of the polarization-induced fixed charges between GaN and 
AlGaN, reduction of the Al mole fraction or the thickness of 
AIGaN effectively reduces those carriers and thereby shifts the 
threshold voltage toward the positive direction. This approach 
ea.1>ily achieves the normally-off 01ieration; however:, the result-

Manuscript received May 14, Z007; revili<:d August 13, 2007. Th:e review of 
lhi~ paper was =nged by Editor M. A. Shibil:\ 
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Gate 

Pig. l . Schematic illustration of the GIT structu~. 

ing drain current would be low since the applicable positive 
gate voltage is limited by the low barrier height on the AIGaJ'l' 
-.vith high sheet resistance. Thus, the reduction of the ON•state 

resistance is limited in this approach [3]-{6]. 
In this paper, we demonstrate a new operation principle of 

a Ga."'-1-based nonnally-off transistor with high drain current. 
which we call a gate injection transistor (GIT). The GIT utilizes 
hole injection from the p-type gate to the 2DEG region bringing 
out the conductivity modulation as observed in IGBTs [7]. 
This new concept enables both non:nally-off operation and high 
current driving capability by applying high positive gate voltage 
with low gate current. 

JI, OPl:.RATION PRINCIPLE OF GIT 

The most notable feature of the GIT is the p-AJGaN gate 
fomled over the undoped AIOaN/OaN heterostructure. as 
shown in Fig. l. The p-AIGaN lifts up the potential at the 
channel, which enables norm.illy-off operation, as shown in the 
band diagram in Fig. 2. 

Fig. 3 illustrates lhe basic operation of the GIT, At the gate 
voltage of 0 V, the channel under the gate is fully depleted, 
and the drain current does 1101 flow. At the gate voltages up to 
the forward built-in voltage Vp of the p-n junction, the GIT is 
operate.d as a field effect transistor {FET), Further increase of 
the gate vohage exceeding the Vp results in the hole injection 
to the channel from the p-A1GaN. Note that the injection of 
the electrons from the channel to the gate is well suppressed by 
the heterobarrier at AIGaN/GaN, The injected holes accumulate 

001&43831$25,00 ltl 2007 IEEE 
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Fig, 2. Calculated band diagram of the GIT under a gate bl:lll of O V. 

(a)Vgs=OV 

i-GaN 

(c) Vgs > VF 

Fig. :;. Schematics of the various GIT open1tion =dltions wllh various gate 
voltages. (a) Nomllllly-off opemtioo with tiw fuUy dcpktt.-d eha1111cl under the 
gat!l at Ye.,, ""0 V. (b) FBToperation wit.h~lut hoJc injection lit Vi!>. < Vs, < 
Vp, {c) GIT operation \\•ith hole injection at Vi,• :> Vf''. 

the equal number of electrons thal flow from the s.ourcc to keep 
charge neutrality at !he channel. The accumulated electrons are 
moved by the drain bias with high mobility, while the injected 
holes stay around !he gute because the hole mobility is at least 
two orders of magnitude lower thun that of the electron. This 
conductivity modulation results in a significant increase of the 
drain current, which keeps the low gate current 

l:Efil! TRANSACTIONS ON ELECTRON DBVJCES, VOL. 54, NO. 12., DECSMflf:.R 2001 

Fig. 4 shows the distributions of holes and el~trons in the 
GIT obtained by a 2-D device simulation at three gate voltages, 
where a drain voltage of 0.1 V is applied, With the gate voltage 
ofO V, the channel under the gate is fully depleted. With the gate 
voltage of 2 V, the drain current flo~ with the increased sheet 
charge density in the 2DEG, although the p-n junction gate is 
not in !he ON-stare, and no hole is injected into the i-GaN layer. 
With the gate voltage of 6 V, the holes start to be injected into 
the i-GaN, generating large numbers of electrons. 

Fig. 5 shows the simulated drain current and the gate current 
as a function of the gate voltages for both a GIT and for 
a conventional Scholtk.y-metal gate HFET (MESFET). The 
drain current of the conventional ?-.1ESFET is saturated when 
the gate current flows with the gate bias over 2 V. On the 
contrary, the drain current of the GIT is dramatically increased 
by the aforementioned conductivity modulation, even though 
the gate current starts to flow. The simultaneously accumulated 
electrons move to !he drain with high mobility a.nd relatively 
low gate current is maintained with the gate voltages up to 6 V. 
The dramatic increase of the drain current with the low gtil.e 

current enables low ON-state .resistances to keep the normally­
off operntion. 

llt DEVICE STRUCTURE AND FABRICATION 

The process flow of the GIT of which a cross se.ction is shown 
in Fig, t is summarized as follows. A p-AIGaN/i-AIGa.'11l/GaN 
heteroepitaxial structure for the GIT is grown on a Si substrate 
with buffer layers consisting of the GaN/AlN multilayers on 
top of the AlGaN/AlN initial layers. Both layers effectively 
relieve the strain in the overgrown GaN caused by the lattice and 
thermal mismatch between GaN and Si [SJ. The total thickness 
of the nitride epitaxial layer is 4.7 µm. To realize the nonnally­
off operation, !he Al mole fraction and the thickness of 
i-AlGaN are optimized to be 15% and ZS nm. The p-type gate 
is formed by the selective etching of the p-AIGaN. The Al mole 
fraction and the thickness of the p--AlGaN are chosen to be 
15% and 100 nm. After the fonnation of the device isolatioTI 
area, the Ti/Al source/drain and Pd gate metals are formed. As 
a passh'ation film, 400-nm-thick SiN was deposited by PECVD. 
Au interconneetions. are m.ade by electroplating. 

A cros!Mectional SEM image of the fabricated GIT is shown 
in Fig. 6. The gate length defined by the p-AIGaN width is 
2.0 µm, and !he distance between the gate and the drain 
is75µ,m. 

fY. DEVICE PERFORMANCES 

Fig. 7 shows ON¥state and OFF¥state l,1~~V<18 charncleristics 
of the fabricated GITs. A nonnally--off operation with the 
threshold voltage of 1.0 V is achieved. The maximum drain 
current J,,..,iµ: is as high as ZOO mNmm. The resulting specific 
ON-state resistance is 2.6 mn , cm2, and the OPF~state break­
down voltage is 800 V, No current offset i.s observed at zero 
drain bias, as shoWTI in Fig. 7(a), indicating a low level of the 
gate current under the forward gate voltage. The fabricated GIT 
has a slightly positive temperature. dependence in which the 
threshold voltage is 1.0 V at 25 ,,C and 1.05 V at 150 "C, 
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respectively. This is due to the increase of the gate resistance 
at the elevated temperature. Thus, a thermal positive feedback 
does not occur in the GlT, and therefore, the GIT can safely be 
operated even at higher temperatures. 

Fig. 8 shows the Jd~-V11$ and gm-Vg,; characteristics of 
the fabricated GIT compared with those of the conventional 
Schottky-gate MESFET. For the GIT, the forward gate voltages 
up to 6 V can be applied, while the applicable forward gate 
voltage is limited below 2 V in the conventional :MESFET. Toe 
GIT exhibited peculiar transconductance characteristics with 
two peaks, a.1, seen in Fig. 8. The device is operated as a FET 
up to the gate voltage of 3 V, Furthe;r increase of the gate 
voltage superlinearly increases the drain current corresponding 

to the second gm peak. This observed second peak of the 
gm is the evidence of the hole injection in the Gl'f. At such 
high gate voltages, the recombination of the injected holes 
and electrons in the 2DEG causes light emission. as shown 
in Fig. 9. The electroluminescence at 364 nm corresponds to 
the optical band gap of GaN, The light emission is diminished 
when the drain bias is given, This indicates that lhe accumu­
lated electrons move to the drain so that the recornbiTiatio11 is 
suppressed. 

Typical Gumm.el plots of the GIT and the MESFET,. the drain 
and gate currents as functions of the gate voltages, are shown 
in Fig, lO(a). The drain current of the GIT increases due to the 
hole injection at higher gate voltages, where the gate current 
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Fig. 6. Cross-s«:ticmal SEM image of the fabricate-d OIT on a Si sub~1n11.e, 
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Fig. 8. l,i,-Vg& and gm-Vgs clmracteristics m (a} a fllbricabld GIT imd 
{b) 11 MESFET. GIT ~Mbltoo peculiar traii.wO<lductanre characte,Mic~ with 
twll fN;,llks. 
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Fig. 9. Blcctrohsmin~cencc spm:lnlm obiaincd from the fabricated GIT with 
different gate voltages. 

increases. Such increase of the drain current is not observed 
with the MESFET, The ratio of l:!,.f,1 to 61,1' the current gain 
hn:, is plotted as a fooction of the gate voltages in Fig. l O(b). 
At higher gate volt.ages, the hFE of the GIT stays from l 00 to 
1000. This ex.perimentnl!y obtained hFE!l agrees well \\'1th the 
mobility ratio of the electrons to the holes, which supports the 
operation principle of the GIT. 

Fig. 11 summarizes the switching characteristics of the 
fabricated GIT. The circuit diagram for the measurement and 
the definition of the switching parameters arc sllltlmari.zed in 
Fig. l l(a), The given drain bias and driving current are 100 V 
and IO A, respectively, using 10 n load resistance. The rise, 
fall, on-delay, and off"delay times of the drain current are 
measured by varying the gate voltages, as shown in Fig, l l(b). 
The measured rise and on-delay times are on the order of 
10 ns, which are shorter than those of the conventional 
Si"based MOSFETs and IGBTs. The fall and off-delay times 
are slightly longer due to the slow reoombfoatioo of the injected 
holes, even though the values are strn smaller than those of 
Si-based MOSFETs and IGBTs. 

In addition to the nom1.ally-off operation, suppression of 
the so-called current collapse has been strongly desired for 
the GaN-based power switching devices. The drain current is 
signifieantJy reduced by the current collapse after applying high 
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drain voltages presumably due to the surface or bulk traps. 
Fig. 12 shows the results of the pulsed lds-t'da measurements 
for the GIT with different initial bia.~ conditions. The almost 
identical J,t,::-Vds characteristics imply that the GIT is operated 
free from the current collapse. It is experimentally found that 
the presented GIT is not affocted by surface tn1ps without any 
spedal structures such as gate field plates. 

Fig. 13 summarizes the state-of-the-art performances of the 
normally-off Ga.N-based power transistors, as compared with 
those of S:iC and Si-based _power transistors [3), [4], [9}-[13). 
The RoN , A and breakdown voltage of the GIT are the best 
values among the GaN-based nonnally-off transistors to the 
best of our knowledge. Note that they are as comparably good 
as those of SiC devices. The GJT on a Si substrate can provide 
the following advantages in addition to the low-cost fabrication. 
The use of a conductive substrate enables source~via grounding 
{SVG) structure [l], By the SVG, the source can be ohmic­
contacted to the condµcti.\'e Si substrate through the surface 
via hole. The SVG plays three important roles. First, it reduces 
the sour~ interconne<:tion rcsisiaucc, which makes the specific 
ON-state resistance in a large area device to be much lower. 
Second, the source parasiti.c inductance is also significantly 
reduced because of the eliminated source wires and bonding, 
Third, the SVG slructure relieves the electric field between 
the drain and the gate since the grounded substrate acts as a 
bac.kside field plate. 
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Y CONCLUSION 

We have successfully developed a new normally-off AIGaN/ 
GaN t.ransisto:r with a high drain current. The transistor, which 
we call a GIT, utilizes hole injection from the p-AIGaN formed 
over the i-AIG&'J/GaN, resulting in a dramatlc increase of the 
drain current at high gate voltages due to the conductivity 
modulation. The resulting RoN - A and the breakdown voltage 
are 2.6 mn, cm2 and 800 V, respeetively, The GIT achieves a 
high drain current of 200 mA.lmm with the tbroshold voltage of 
1.0 V. It is noted that using Si substrates makes the GIT more 
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f'ig. 13. Sta~f-the-art RoN , A 1111d brellkdown vultage of normally­
olf Ga.'11-ba%d devices compared with th~ of Sl-based cltvice5 and SiC 
MOSAIT~. 

cost-effective than ordinary Ga.""'1-based HFETs fabricated 011 

sapphires or on SiCs. The presented GIT is advantageous for 
power switching applications. 
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Substrate 31 

FIG. 3 

Transition Layers 32 

Substrate 31 1 
FIG. 4 

lnAIGaN Buffer Layer 33 

Transition layers 32 

Substrate Ji 

FIG. 5 
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Barrier Layer 34 

lnAIGaN Buffer Layer 33 

Transition Layers 32 

Substrate 31 
~-~~- -·-

FIG. 6 

Compensated Semiconductor 38 

Barrier Layer 3-4 

lnAIGaN Buffer Layer 33 

Transition Layers 32 

Sl!bstrate 31 

FIG. 7 
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Attom.:y Docket No.: EO I O l .0008/1-'008 

IN THE UNITED STATES PATlfNTA1'1D TRAD.EMARK OFF.ICE 

D.ECLARATION FOR PATENT AJ>Pl,lCATlON 

As a belo-w named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am an original, first and joint inventor of the subject matter which is claimed and 
for \Vhkh a patent is sought on the invention entitled: 

CO}.,fPENSATED GATE MISFET AND METHOD FOR FABRICATING SA1'vfE 

the specification of \.Vhich is attached hereto. 

In the event that the filing date and/or Application No. are not entered above at the time I 
execute this docurnent;, and if such information is deemed necessary, I hereby authorize and 
request my attorneys/agenl{s) at DickstehlShapiro LLP, 1825 Eye Street, NW, Washington, 
DC 20006~5403, to insert above the filing date and/or Application No. of said application. 

l hereby state that l have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically referred 
to herein. 

I acknowledge the duty to disclose all informaiion known to me that is material to 
patent:ability as defined in 37 GFR 1.56. 

FORRIGN PRIORITY CLAIJ\.1 

I hereby claim foreign priority benefits under Title 3 5, United States Code § 119( a}-( d) of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before 
that of the application on which priority is claimed: 

~ no such foreign applications have been filed 

[] such foreign applications have been filed as follows: 

Pagel of S 
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Attorney Docket No.: EO l (} 1.(X}08/P008 

EARLIEST FOREIGN APPLICATION(S), JF ANY FILED WlTHlN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS lJ.S. APPLICATION 

Application Number Country Dute of Filing 
Priority Claimed 

Under 35 USC_ 1)9 __ 

I 
>-----~---~~~~--.-.-.. -.. -.--~-.. -.-.-.. -.-.-.-.- .-.-.-.-.-.----••••-~••-••••••-----------~---~-•u•u•u••••~ 

' 

===------------...,____-----------_-------------_--------~-~~---------------------=J 
ALL FOREIGN APPLICATION{S), lF ANY FILED MORE THAN 12 t-.10NTHS 

(6 MONTHS FOR DESIGN) PRIOR TO THIS lLS. APPLICATION 

CLAIM FOR BENEFIT OF EARLIER U.S, PROVISIONAL APPLICATIONS 

I hereby claim priority benefit<; under Title 35, United States Code §l 19(e), of any United 
States provisi~nal patent application(s} listed below: 

f-----j no such U.S. provisional applications have been filed, 

Q such U.S. provisional applications have been filed as fol!m;vs; 
---------------~--------.~~--.---------------------......... - -------

: Priority Claimed 
Application Number ____ 1~~te of~iling Under 35 USC 119 

6J!l67,792 , April 8, 2009 Yes 
i-----------4'-~------------~-------------------,;---------·-·············· 

CLAIM FOR BENEFIT OF EARLIER US./PCT APPLICATION(S) 

I hereby claim the benefit under Title 35, United States Code, §120 of the United States 
application( s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by 
the first paragraph of Title 35, United States Code, § 112, l acknoi.vledge the duty to disclose 
all infom1ation that is material to patentability as defined in 37 CPR 1.56 \-Vhich became 
available to me between the filing date of the prior application and the national or PCT 
international filing date of this application: 

5J no such trSJPCT applications have been filed. 

D such U.S./PCT applications have been filed as folloi.:vs: 
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Attorney Docket No.: E0IOl.0008/P00S 

Application Number Relationship Parent Application Date of Filing 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

I hereby appoint: 

All practitioners at Customer Number 24998 

all ofDickstein Shapiro LLP, 1825 Eye Street, NW, Washington, DC 20006-5403,jointly, 
and each of them severally, my attorneys at law/patent agent(s), with full power of 
substitution, delegation and revocation, to prosecute this application, to make alterations and 
amendments therein, to receive the patent, and to transact all business in the U.S. Patent and 
Trademark Office connected therewith. 

The undersigned hereby authorizes the U.S. attorney or agent named herein to accept and 
follow instructions from Efficient Power Conversion Corporation as to any action to be taken 
in the United States Patent and Trademark Office regarding this application without direct 
communication between the U.S. attorney or agent and the undersigned. In the event of a 
change in the persons from whom instructions may be taken, the U.S. attorney or agent named 
herein will be so notified by the undersigned. 

Please mail all correspondence to Stephen A. Soffen, whose address is: 

Dickstein Shapiro LLP 
1825 Eye Street, NW 

Washington, DC 20006-5403 

Please direct telephone calls to: Stephen A. Soffen at (202) 420-4879. 

Please direct facsimiles to: (202) 420-2201 
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Torrance. California 90505-8712 
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Redondo Beach, California 
Citizenship US 
Mailing Address 
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Residence 
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Docket No.: E0101.0008/P008 
(PATENT) 

IN THE U1''ITED STATES PATENT AND TR>\DEMARK OFFICE 

In re Patent Application of: 
Alexander Lidow et al. 

Application No.: Not Yet Assigned 

Filed: April 'i, 2010 

For: CO!vIPENSATED GATE MISFET AND 
METHOD FOR FABRICATING THE SAME 

Confirmation No.: N/A 

Art Unit: N/A 

Examiner: Not Yet Assigned 

INFORMATION DISCLOSURE STATEMENT (I.OS) 

Commissioner .for Patents 
P,0, Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Pursuant to 37 CFR L56, l.97 and L98, the attention of the Patent and Trademark 

Oflice is hereby directed to the references listed on the attached PTO/SB/08. It is respectfully 

requested that the information be expressly considered dming the prosecution of this application, 

and that the references be made of record therein and appear among the "References Cited" on tmy 

patent to issue therefrom. 

This InfiJrmation Disclosure Statement accompanies the ne,,v patent application 

submitted herewith. 

In accordance with 37 CFR L98(a)(2)(ii), Applicant has not submitted copies of U.S. 

patents and U.S. patent applications. Applicant submits herewith copies of foreign patents and non­

patent literature in accordance with 37 CFR 1.98(a)(2). 

In acc.~ordance vdth 37 CFR L97(g), the filing of this Information Disclosure Statement 

shall not be constrned to mean that a search has been made or that no other material infi:.ffmation as 
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Application No,: Not Yet Assigned Doc.ket No.: EO l 0 1. 0008/P00S 

defined in 37 CFR l .56(a) exists. In accordance with 37 CFR l .97(h), the filing of this Infimnation 

Disclosure Statement shall not be construed to be an admission that any patent, publication or other 

information referred to therein is "prior art" for this inventfon unless specifically designated as such. 

It is submitted that the Information Disclosure Statement is in compliance ·with 3 7 CFR 

1.98 and the Examiner is respectfully requested to consider the listed references. 

The Director is hereby authorized to charge any deficiency in the fees filed, asseited to 

be filed or which should have bctm filed herewith (or with any paper hereafter filed in this 

application by th.is firm) to our Deposit Account No. 04-1073, under Order No. E010L0008/P008. 

Dated: April 8, 2010 

By~-------------
Stephen A. Soften 

Registration No.: 31,063 
DICKSTEIN SHAPlRO LLP 
1825 Eye Street, NW 
Washington, DC 20006-5403 
(202) 420-2200 
Attorney for Applicant 
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COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

CROSS REFERENCE TO RELATED APPLICATIONS 

(0001) This application claims priority from U.S. Provisional Application No. 

61/167,792 filed on April 8, 2009, which is hereby incorporated by reference in its entirety. 

FIELD OF TIIE INVENTION 

[0002] The present invention relates to the field of enhancement mode gallium nitride 

(GaN) transistors. More particularly, the invention relates to an enhancement mode GaN transistor 

with a compensated GaN layer or a semi-insulating GaN layer below the gate contact and above the 

barrier layer. 

DETAILED DESCRIPTION OF THE INVENTION 

[0003] Gallium nitride (GaN) semiconductor devices are increasingly desirable for 

power semiconductor devices because of their ability to carry large current and support high 

voltages. Development of these devices has generally been aimed at high power/high frequency 

applications. Devices fabricated for these types of applications are based on general device 

structures that exhibit high electron mobility and are referred to variously as heterojunction field 

effect transistors (HFET), high electron mobility transistors (HEMT), or modulation doped field 

effect transistors (MODFET). These types of devices can typically withstand high voltages, e.g., 

100 Volts, while operating at high frequencies, e.g., 100 kHz-10 GHz. 

[0004) A GaN HEMT device includes a nitride semiconductor with at least two nitride 

layers. Different materials formed on the semiconductor or on a buffer layer causes the layers to 

have different band gaps. The different material in the adjacent nitride layers also causes 

polarization, which contributes to a conductive two dimensional electron gas (2DEG) region near 

the junction of the two layers, specifically in the layer with the narrower band gap. 
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[0005) The nitride layers that cause polarization typically include a barrier layer of 

AlGaN adjacent to a layer of GaN to include the 2DEG, which allows charge to flow through the 

device. This barrier layer may be doped or undoped. Because the 2DEG region exists under the 

gate at zero gate bias, most nitride devices are normally on, or depletion mode devices. If the 2DEG 

region is depleted, i.e. removed, below the gate at zero applied gate bias, the device can be an 

enhancement mode device. Enhancement mode devices are normally off and are desirable because 

of the added safety they provide and because they are easier to control with simple, low cost drive 

circuits. An enhancement mode device requires a positive bias applied at the gate in order to 

conduct current. 

(0006) FIG. 1 illustrates a conventional enhancement mode GaN transistor device 100. 

Device 100 includes substrate 101 that can be composed of silicon (Si), silicon carbide (SiC), 

sapphire, or other material, transition layers I 02 typically composed of AIN and AlGaN that is about 

0. l to about 1.0 µm in thickness, buffer material 103 typically composed of GaN that is about 0.5 to 

about IO µm in thickness, barrier material I 04 typically composed of AlGaN where the Al to Ga 

ratio is about 0.1 to about 0.5 with thickness from about 0.005 to about 0.03 µm, p-type AlGaN I 05, 

heavily doped p-type GaN 106, isolation region 107, passivation region 108, ohmic contact metals 

109 and 110 for the source and drain, typically composed of Ti and Al with a capping metal such as 

Ni and Au, and gate metal 111 typically composed of a nickel (Ni) and gold (Au) metal contact over 

a p-type GaN gate. 

[0007) There are several disadvantages of the conventional GaN transistors shown in 

FIG. 1. One problem is that the leakage current of the gate contact during device conduction is very 

high due to gate charge injection. 

[0008) It therefore would be desirable to provide a MISFET, particularly a GaN 

transistor, that does not leak current during device conduction and that is easier to manufacture. 
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SUMMARY OF THE INVENTION 

[0009] The present invention is directed to a MISFET, such as a GaN transistor, with 

low gate leakage. In one embodiment, the gate leakage is reduced with a compensated GaN layer 

below the gate contact and above the barrier layer. In another embodiment, the gate leakage is 

reduced by employing a semi-insulating layer below the gate contact and above the barrier layer. 

(0010) 

(0011] 

(00121 

(0013) 

in FIG. 3. 

[0014) 

in FIG. 4. 

(0015] 

in FIG. 5. 

[0016) 

in FIG. 6. 

(0017) 

in FIG. 7. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a cross-section of a prior art transistor. 

FIG. 2 is a transistor according to an embodiment described herein. 

FIG. 3 is a cross-sectional view at a stage of processing. 

FIG. 4 is a cross-sectional view at a stage of processing subsequent to that shown 

FIG. 5 is a cross-sectional view at a stage of processing subsequent to that shown 

FIG. 6 is a cross-sectional view at a stage of processing subsequent to that shown 

FIG. 7 is a cross-sectional view at a stage of processing subsequent to that shown 

FIG. 8 is a cross-sectional view at a stage of processing subsequent to that shown 

(0018] · FIG. 9 is a cross-sectional view at a stage of processing subsequeµt to that shown 

in FIG. 8. 

(0019) FIG. 10 is a transistor according to an embodiment described herein. 
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(0020) 

shown in FIG. 6. 

[0021] 

shown in FIG. 11. 

[0022) 

shown in FIG. 12. 

(0023) 

[0024) 

shown in FIG. 11. 

[0025) 

[0026) 

FIG. 11 is a cross-sectional view at a stage of processing subsequent to that 

FIG. 12 is a cross-sectional view at a stage of processing subsequent to that 

FIG. 13 is a cross-sectional view at a stage of processing subsequent to that 

FIG. 14 is a transistor according to an embodiment described herein. 

FIG. 15 is a cross-sectional view at a stage of processing.subsequent to that 

FIG. 16 is a transistor according to an embodiment described herein. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 2 shows a MISFET in the form ofGaN transistor 1 according to an 

embodiment of the present invention. GaN transistor 1 is formed on a substrate 31 that may 

comprise, for example, silicon Si, silicon carbide SiC or sapphire. Over and in contact with the 

substrate 31 are transition layers 32. Transition layers 32 may comprise, for example, AlN or 

AlGaN, with a thickness of between 0.1 to 1.0µm. A buffer layer 33 separates the transition layers 

32 from a barrier layer 34. The buffer layer 33 is preferably fonned oflnAJGaN with ·any 

concentration ofln and Al (including 0% In and/or Al) and has a thickness between 0.5 and 3µm. 

The barrier layer 34 is formed of AIGaN and has a thickness between 0.005 and 0.03µm and an Al 

percentage of about 10% to 50%. Source and drain contacts 35, 36 are disposed over the barrier 

layer. Source and drain contacts are formed of Ti or Al with a capping metal such as Ni and Au or 

Ti and TiN. A gate contact 37, formed of for example, Ta, Ti, TiN, W, or WSi2, and having a 

thickness of between 0.05 and l.0µm, is provided between the source and drain contacts. In 

accordance with the present invention, a compensated semiconductor layer 38 is fonned over the 

barrier layer 34 and under the gate contact 37. Compensated semiconductor layer 38 preferably 

comprises AlGaN or GaN with a deep level passivated p-type impurity such as, for example, Mg, 
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Zn, Be, Cd, or Ca. Buffer layer 33 and barrier layer 34 are made of a III Nitride material. A III 

Nitride material can be composed oflnxAlyGa1-x-yN where x + y ~ 1. 

[0027) Advantageously, the high doping level of compensated layer 38 leads to 

enhancement mode devices. In addition, using a compensated semiconductor layer 38 leads to low 

gate leakage during device operation. Finally, the insulating nature of compensated layer 38 reduces 

the gate capacitance of the device. 

(0028) Figures 3-9 describe an example method of manufacturing the GaN transistor 1 

shown in FIG. 2. Referring to FIG. 3, the first step is to provide a substrate 31. Referring to FIG. 4, 

the next step is to nucleate and grow transition layers 32 on top of the substrate 31. Referring to 

FIG. 5, the next step is to grow a buffer layer 33 over the transistor layer 32. Referring to FIG. 6, 

the next step is to grow a barrier layer 34 over the buffer layer 33. 

[0029) Referring to FIG. 7, the next step is to grow a compensated semiconductor layer 

38 over the barrier layer 34. Referring to FIG. 8, the next step is to deposit a gate contact 37 on the 

compensated semiconductor layer 38. Referring to FIG. 9, the next step is to apply a gate photo 

mask to etch away the gate contact layer 3 7, and to etch away the compensated semiconductor layer 

38, except the portion beneath gate contact layer 37. The gate photo resist mask is then removed. 

An additional hydrogen passivation can be performed by exposing the device to ammonia or 

hydrogen plasma at a high temperature. The final step is to provide the source and drain ohmic 

contacts 35, 36 over the barrier layer 34, which results in the finished GaN transistor 1 shown in 

FIG. 2. 

[0030) The critical step in the above process that differentiates the device of the present 

invention from the P,rior art device (FIG. 1) is the passivation of a p-type impurity using hydrogen. 

The passivation leads to two differences. First, in GaN transistor 1, the compensated semiconductor 

layer 38 is a highly compensated semi-insulating material, while in GaN transistor 100 of the prior 

art, layer l 05 is a conductive p-type material. Second, the capacitance of the gate electrode to 

channel layer is reduced in the present invention as compared to the prior art. 
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[0031) FIG. IO shows a GaN transistor 2 according to a second embodiment of the 

present invention. GaN transistor 2 is similar to GaN transistor 1 (FIG. 2), except that GaN 

transistor 2 has a semi-insulating layer 39 in place of the compensated semiconductor layer 38 (FIG. 

2). Semi-insulating layer 39 may comprise, for example, AlGaN or GaN, with deep level impurity 

atoms, for example, C, Fe, Mn, Cr, V, or Ni. Additionally, a GaN transistor may have both a semi­

insulating layer and a compensated semiconductor layer. 

[0032) The second embodiment of the invention has the same advantages as the first 

embodiment. The high doping of semi-insulating layer 39 leads to enhancement mode devices, the 

semi-insulating layer 39 leads to low gate leakage during device operation, and the insulating nature 

of semi-insulating 39 reduces the gate capacitance of the device. In addition, the performance of the 

device of the second embodiment is not as sensitive to future processing steps involving hydrogen 

and/or high temperatures. 

(0033} The method of manufacturing GaN transistor 2 is the same as the method of 

manufacturing GaN transistor 1 for the steps shown in FIGS. 3-6. Referring to FIG. 11, the next 

step in the production of the second embqdiment, after the step shown in FIG.6, is the growth of 

semi-insulating layer 39 incorporating impurity atoms. 

[0034) Referring to FIG 12, the next step is to deposit a gate contact layer 37 on the 

semi-insulating layer 39. Referring to FIG. 13, the next step is to apply a photo mask to etch away 

the gate contact layer 37, and to etch away the semi-insulating layer 39, except the portion under 

gate contact layer 37. The photo resist mask is then removed. The next step is to provide the source 

and drain ohmic contacts 35, 36 over the barrier layer 34 which results in the finished device 2 

shown in FIG. 10. 

[0035] The device of the present invention has the following characteristics that 

distinguish it over the prior art: (1) the capacitance from gate to channel layer when the device is on 

is lower than in the prior art; (2) the gate bias can be driven much more positive without significant 

current through the gate (typically, in the prior art, the gate begins to conduct current between 2.5V 

to 3.5V), which the present invention can be driven to SV without dramatic gate leakage occurring; 
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and (3) hole injection from the gate into the channel layer is dramatically reduced relative to the 

prior art. 

[0036) Figure 14 shows a GaN transistor 3 according to the third embodiment of the 

present invention. GaN transistor 3 is similar to GaN transistor 2, except that a confinement layer is 

placed above the semi-insulating layer and below the gate contact layer. This confinement layer can 

be composed of AlGaN, SiN, Si 02, or other insulating material. 

[0037] The method of manufacturing GaN transistor 3 is the same as the method of 

manufacturing GaN transistor 1 for steps shown in FIGS. 3-6 and GaN transistor 2 for the step 

shown in FIG. 11. Referring to FIG. 15, the next step is the deposition of an insulating confinement 

layer 40. 

[0038) The third embodiment has the advantage of further reduced gate leakage 

compared to embodiment 1 or embodiment 2. The disadvantage is a further reduction in 

conductivity when the device is turned on by applying a positive voltage to the gate contact. A 

unique advantage of the third embodiment is the creation of a variable threshold voltage device. 

The confinement layer thickness can be adjusted such that very little leakage occurs under normal 

operating voltages, such as when the device is turned on and off, usually at 5V applied to the gate 

for on and OV applied to the gate to tum the device off. However, at higher biases, current can 

penetrate through the confinement layer and charge the semi-insulating GaN layer. This charge is 

then trapped between the barrier layer and the confinement Jayer. This trapped charge leads to a 

shift in the voltage at which the device turns on and off. By appropriate application of gate voltage, 

the device can be changed to a depletion mode device, such that it is on at OV on the gate. 

Alternatively, the device can be changed to an enhancement mode device that requires more than the 

gate drive to turn on, effectively making an open circuit. These two types of devices can be useful 

when programming an integrated circuit that controls a GaN FET with integrated gate drive. 

[0039) FIG. 16 shows a GaN transistor 4 according to a fourth embodiment of the 

present invention. GaN transistor 4 is similar to GaN transistor 2, except that it has a spacer layer 49 

beneath semi-insulating layer 48 and above barrier layer 44. Associated with spacer layer 49, which 
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is a low Mg region, is a doping offset thickness. The low Mg concentration near the barrier layer 

reduces the back diffusion into the barrier layer. 

(0040] The above description and drawings are only to be considered illustrative of 

specific embodiments, which achieve the features and advantages described herein. Modifications 

and substitutions to specific process conditions can be made. Accordingly, the embodiments of the 

invention are not considered as being limited by the foregoing description and drawings. 
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CLAIMS 

We claim: 

1. A column III Nitride transistor comprising: 

a substrate. 

a set of 111-N transition layers above the substrate, 

a III-N buffer layer above the set of transition layers, 

a III-N barrier layer, and 

a compensated III-N layer above the barrier layer. 

2. The transistor of claim I, wherein the compensated III-N layer contains acceptor type 

dopant atoms passivated with hydrogen. 

3. The transistor of claim 2, where the acceptor type atoms are selected from the group 

consisting of Mg, Zn, Be and Ca. 

4. A column III Nitride transistor comprising: 

a substrate, 

a set of III-N transition layers above the substrate, 

a 111-N buffer layer above the set of transition layers, 

a III-N barrier layer, and 

a semi-insulating III-N layer above the barrier layer. 

5. The transistor of claim 4, wherein the semi-insulating III-N layer contains deep 

acceptor type dopant atoms. 
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6. The transistor of claim 5 where the deep acceptor type atoms are selected from the 

group consisting of C, Fe, Mn, Cr and V. 

7. A column III Nitride transistor comprising: 

a substrate, 

a set of 111-N transition layers above the substrate, 

a III-N buffer layer above the set of transition layers, 

a III-N barrier layer, 

a semi-insulating III-N layer above the barrier layer, and 

a• confinement layer above the semi-insulating III-N layer. 

8. The transistor of claim 7, wherein the semi-insulating III-N layer contains deep 

acceptor type dopant atoms selected from the group consisting of C, Fe, Mn, Cr and V. 

9. The transistor of claim 7, wherein the confinement layer is made of SiN, SiO2, 

A12O3, Hf02, Ga2O3, or InAlGaN. 

I 0. A compensated gate MISFET transistor comprising: 

a barrier layer beneath a gate contact, 

a drain contact, 

a source contact, and 

further comprising one of a compensated or semi-insulating III-N layer between the 

barrier layer and the gate contact. 

11. The transistor of claim 10, further comprising a confinement layer above the one of 

a compensated or semi-insulating III-N layer. 
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ABSTRACT 

A MISFET, such as a GaN transistor, with low gate leakage. In one embodiment, the gate 

leakage is reduced with a compensated GaN layer below the gate contact and above the barrier 

layer. In another embodiment, the gate leakage is reduced by employing a semi~insulating layer 

below the gate contact and above the barrier layer. 
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Applicant( s) 
Alexander Lidow, Marina Del Ray, CA; 
Robert Beach, La Crescenta, CA; 
Jianjun Cao, Torrance, CA; 
Alana Nakata, Redondo Beach, CA; 
Guang Yuan Zhao, Torrance, CA; 

Power of Attorney: The patent practitioners associated with Customer Number 24998 

Domestic Priority data as claimed by applicant 
This appln claims benefit of 61/167,792 04/08/2009 

Foreign Applications 

If Required, Foreign Filing License Granted: 04/22/2010 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 12/756,906 

Projected Publication Date: To Be Determined - pending completion of Corrected Papers 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
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Title 

COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

Preliminary Class 

257 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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PTOISBI06 (12-04) 

DATE 04/08/10 Approved for use through 713112006. 0MB 0651-0032 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PT0-875 12/756 906 

APPLICATION AS FILED - PART I OTHER THAN 
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 
BASIC FEE 

NIA NIA NIA 82 NIA 
(37 CFR 1.16(a), (b), or (c)) -
SEARCH FEE 

NIA NIA NIA 270 NIA (37 CFR 1.16(k), (i), or (m)) 
EXAMINATION FEE 

NIA NIA NIA 110 NIA 
(37 CFR 1.16(0), (p), or (q)) 
TOTAL CLAIMS 11 x$26 x$52 
(37 CFR 1.16(i)) minus 20 :; OR 
INDEPENDENT CLAIMS 

4 . 1 x$110 110 x$220 (37 CFR 1.16(h)) minus 3 = 
If the specification and drawings exceed 100 

APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $260 ($130 for small entity) for each additional 

(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 
35 U.S.C. 41(a)(1)(G) and 37 CFR 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.160)) 195 390 

• If the difference in column 1 is less than zero, enter ''O" in column 2. TOTAL 572 TOTAL 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
ADDI- ADDI-

REMAINING NUMBER PRESENT 
RATE($) TIONAL RATE($) TIONAL < AFTER PREVIOUSLY EXTRA 

I- AMENDMENT PAID FOR 
FEE($) FEE($) 

z 
w Total . .. OR 
:ii!: Minus X = X = 
0 (37 CFR 1.16(i)) 
z Independent . Minus . .. w :; X = X = 
:ii!: (37 CFR 1.16(h)) OR 
< Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) N/A OR NIA 

TOTAL 
OR 

TOTAL 
ADD'T FEE ADD'T FEE ' 

(Column 1) (Column 2) (Column 3) OR 

CLAIMS HIGHEST ADDI- ADDI-
REMAINING NUMBER PRESENT 

ID AFTER PREVIOUSLY EXTRA RATE($) TIONAL RATE($) TIONAL 
I- AMENDMENT PAID FOR 

FEE($) FEE($) 
z 
w Total OR ~ . Minus .. = X = X = 0 (37 CFR 1.16(i)) 
z Independent w . Minus . .. :; X = X = 
~ (37 CFR 1.16(h)) OR 
< Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16U)) N/A OR N/A 

TOTAL 
OR 

TOTAL 
ADD'T FEE ADD'T FEE 

If the entry in column 1 is less than the entry in column 2, write "0" in column 3. .. If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20" . ... If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3" . 
The "Highest Number Previously Paid For· (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the 

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 

including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 

on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Paten 

and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450; DO NOT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Docket No.: E0101.0008/P008 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Alexander Lidow et al. 

Application No.: 12/756,906 

Filed: April 8, 2010 

For: COMPENSATED GATE MISFET AND 
METHOD FOR FABRICATING THE SAME 

Confirmation No.: 1573 

Art Unit: 2811 

Examiner: Not known 

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS 
FILING DATE GRANTED 

MS Missing Parts 
Commissioner for Patents 

. P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Responsive to the Notice to File Corrected Application Papers - Filing Date Granted, 

mailed April 28, 2010, submitted herewith for filing in the captioned application are five 

replacement sheets of drawings, depicting Figures 1, 2, 10, 14 and 16, in compliance with 3 7 C.F .R. 

§§ 1.84 and l.121(d). 

Payment of the required $110.00 claim fee is being made by credit card. In addition, the 

Director is authorized to charge any deficiency in the fees filed, asserted to be filed, or which should 

have been filed herewith, or credit any overpayment, to Deposit Account No. 04-1073, under Order 

No. E0101.0008/P008. 

DSMDB-2802015vl 
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Application No.: 12/756,906 Docket No.: E0101.0008/P008 

An early action on the merits is requested. 

Dated: June 17, 2010 Respectfully submitted, 

By~ 
Stephen A. Soffen 

Registration No. 31,063 
AmyM.Kuo 

Registration No. 62,374 
DICKSTEIN SHAPIRO LLP 
1825 Eye Street, NW 
Washington, DC 20006-5403 
(202) 420-2200 

Attorneys for Applicants 

2 
DSMDB-2802015vl 
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Electronic Patent Application Fee Transmittal 

Application Number: 12756906 

Filing Date: 08-Apr-2010 

Title of Invention: COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

First Named Inventor/Applicant Name: Alexander Lidow 

Filer: Mark J. Thronson/robin lamalchaux 

Attorney Docket Number: E0l 01.0008/P00S 

Filed as Small Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Independent claims in excess of 3 2201 1 110 110 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 110 
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Electronic Acknowledgement Receipt 

EFSID: 7836353 

Application Number: 12756906 

International Application Number: 

Confirmation Number: 1573 

Title of Invention: COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

First Named Inventor/Applicant Name: Alexander Lidow 

Customer Number: 24998 

Filer: Mark J. Thronson/robin lamalchaux 

Filer Authorized By: Mark J. Thronson 

Attorney Docket Number: E0l 01.0008/P008 

Receipt Date: 17-JUN-2010 

Filing Date: 08-APR-2010 

Time Stamp: 15:08:23 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $110 

RAM confirmation Number 1596 

Deposit Account 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size(Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) 
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203860 

1 Document.pdf yes 7 
655a522218a25e3d 187735e49a9dd7a0ad 

db4a9 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Applicant Response to Pre-Exam Formalities Notice 1 2 

Drawings-only black and white line drawings 3 7 

Warnings: 

Information: 

30393 

2 Fee Worksheet (PTO-875) fee-info.pdf no 2 
7868c1 70e57d9f615b6d48a4ed07fe9660e 

b240c 

Warnings: 

Information: 

Total Files Size (in bytes) 234253 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

12/756,906 

24998 

FILING or 
37l(c)DATE 

04/08/2010 

DICKSTEIN SHAPIRO LLP 
1825 EYE STREET NW 
Washington, DC 20006-5403 

GRPART 

UNIT 

2811 
FIL FEE REC'D 

572 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

E0101.0008/P008 11 4 
CONFIRMATION NO.1573 

UPDATED FILING RECEIPT 

Date Mailed: 06/24/2010 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

Applicant( s) 
Alexander Lidow, Marina Del Ray, CA; 
Robert Beach, La Crescenta, CA; 
Jianjun Cao, Torrance, CA; 
Alana Nakata, Redondo Beach, CA; 
Guang Yuan Zhao, Torrance, CA; 

Power of Attorney: The patent practitioners associated with Customer Number 24998 

Domestic Priority data as claimed by applicant 
This appln claims benefit of 61/167,792 04/08/2009 

Foreign Applications 

If Required, Foreign Filing License Granted: 04/22/2010 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 12/756,906 

Projected Publication Date: 10/14/2010 

Non-Publication Request: No 

Early Publication Request: No 
** SMALL ENTITY ** 
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Title 

COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

Preliminary Class 

257 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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Used in Lieu of PTO/SB/OBA/B 
(Based on PTO 10-07 version) 

Substitute for form 1449/PTO 
Complete if Known 

Application Number 12/756,906-Conf. #1573 

INFORMATION DISCLOSURE FIiing Date April 8, 2010 

STATEMENT BY APPLICANT First Named Inventor Alexander Lidow 

Art Unit 2811 
(Use as many sheets as necessary) 

Examiner Name Not Yet Assigned 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220 

E01010008P008PC ACTION as well as, where applicable, item 5 below. 

International application No. International filing date ( day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/US2010/030193 07 April 2010 08April 2009 

Applicant 
EFFICIENT POWER CONVERSION CORPORATION 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of ~- sheets. 

D It is also accompanieq by a copy of each prior art document cited in this report. 

I. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of: 

IZI the international application in the language in which it was filed 

D a translation of the international application into ----~------- , which is the language 
ofa translation furnished for the purposes of international search (Rules 12.3(a) and 23. l(b)) 

b. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

2. D Certain claims were found unsearchable (see Box No. II) 

3. D Unity of invention is lacking (see Box No. III) 

4. With regard to the title, 

IZJ the text is approved as submitted by the applicant 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

IZI the text is approved as submitted by the applicant 

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a the figure of the drawings to be published with the abstract is Figure No. _2 ____ _ 

IZI as suggested by the applicant 

D as selected by this Authority, because the applicant failed to suggest a figure 

D as selected by this Authority, because this figure better characterizes the invention 

b. D none of the figures is to be published with the abstract 

Form PCT/ISA/210 (first sheet) (April 2005) 
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INTERNATIONAL SEARCH REPORT International application No. 

PCT/US2010/030193 

A. CLASSIFICATION OF SUBJECT MATTER 
IPC(8)- H01L 29/778 (2010.01) 
USPC - 257/194 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
IPC(8) - H01L 29/772, 778, 78 (2010.01) 
USPC - 257/20, 22, 25, 28, 194,256,268 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

PatBase, Google Patent 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

y Applicant's Admitted Prior Art, paragraph 5 figure 1 1-9 

y US 6,537,838 B2 (STOCKMAN) 25 March 2003 (25.03.2003) entire document 1-3 

y US 6,235,547 B1 (SAKUMA et al) 22 May 2001 (22.05.2001) entire document 4-11 

y US 4,987,462 A (KIM et al) 22 January 1991 (22.01.1991) entire document 10-11 

□ Further documents are listed in the continuation of Box C. □ • Special categories of cited documents: "T' later document published after the international filing date oi;reriority 
"A" document defining the general state of the art which is not considered date and not in conflict with the apclication but cited to un erstana 

to be of particular relevance the principle or theory underlying t e invention 
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be 

filing date considered novel or cannot be considered to involve an inventive 
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 

cited to establish the I?ublication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be special reason ( as specified) considered to involve an inventive step when the document is 
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 

means being obvious to a person skilled in the art 
"P" document published prior to the international filing date but later than "&'' document member of the same patent family the priority date claimed 

Date of the actual completion of the international search Date of mailing of the international search report 

25 May 2010 0-3 JUN 2010 
Name and mailing address of the ISA/US Authorized officer: 

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

PCT Helpdesk: 571-272-4300 
Facsimile No. 571-273-3201 PCT OSP: 571-272-7774 

Form PCT/ISA/210 (second sheet) (April 2005) 
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PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

PCT To: STEPHEN SOFFEN 
DICKSTEIN SHAPIRO LLP 
1825 EYE STREET, NW 
WASHINGTON, DC 20006-5403 WRITTEN OPINION OF THE 

INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.1) 

Date of mailing 

0·11 JUN 2010 (day/month/year) 

- -
Applicant's or agent's file reference FOR FURTHER ACTION 

E01010008P008PC 
International application No. International filing date (day/month/year) 

PCT/US2010/030193 
07 April 2010 

International Patent Classification (IPC) or both national classification and IPC 
IPC(8)- H01L 29/778 (2010.01) 
USPC - 257/194 
Applicant 

EFFICIENT POWER CONVERSION CORPORATION 

1. This opinion contains indications relating to the following items: 

Basis of the opinion 

Priority 

See paragraph 2 below 

Priority date (day/month/year) 

08 April 2009 

[8J BoxNo. I 

D Box No. II 

D Box No. III 

□ BoxNo.IV 

IZ! Box No. V 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack ofunity of invention 

Reasoned statement under Rule 43bis .1 ( a)(i) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

D Box No. VI Certain documents cited 

D Box No. VII Certain defects in the international application 

D Box No. VIII Certain observations on the international application 

2. FURTHERACTION 

If a demand for international preliminary examination is made, this opinion· will be considered to be a written opinion of the 
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an Authority 
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66. lbis(b) that written 
opinions of this International Searching Authority· will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA 
a written reply together, where appropriate, with amendments, before the expiration of3 months from the date of mailing ofForm 
PCT/ISA/220 or before the expiration of22 months from the priority date, whichever expires later. 

For further options, see Form PCT/ISA/220. 

3. For further details, see notes to Form PCT/ISA/220. 

Name and mailing address of the ISA/US Date of completion of this opinion Authorized officer: 
Mall Stop PCT, Attn: ISA/US 

Blaine Copenheaver Commissioner for Patents 25 May 2010 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No. 571-273-3201 
PCT Helpdesk: 571-272-4300 
PCT OSP: S71-272-7TT4 

Form PCT/ISA/237 (cover sheet) (April 2007) 
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Box No. I 

WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Basis of this opinion 

1. With regard to the language, this opinion has been established on the basis of: 

IB] the international application in the language in which it was filed. 

International application No. 
PCT /US2010/030193 

□ a translation of the international application into ____________ which is the language of a 
translation furnished for the purposes of international search (Rules 12.3(a) and 23.l(b)). 

2. 0 This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified 
to this Authority under Rule 91 (Rule 43bis. l(a)) 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been 
established on the basis of: 

a. type ofmat<,:rial 

0 a sequence listing 

0 table(s) related to the sequence listing 

b. format of material 

□ 
□ 

on paper 

in electronic form 

c. time of filing/furnishing 

0 contained in the international application as filed 

0 filed together with the international application in electronic form 

0 furnished subsequently to this Authority for the purposes of search 

4. 0 In addition, in the case that more than one version or copy of a sequence listing and/or table(s) relating thereto has been 
filed or furnished, the required statements that the information in the subsequent or additional copies is identical to that 
in the application as filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

Form PCT/ISA/237 (Box No. I) (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/US2010/030193 

Box No. V Reasoned statement under Rule 43bis.l(a)(i) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 1-11 YES 

Claims None NO 

Inventive step (IS) Claims None YES 

Claims 1-11 NO 

Industrial applicability (IA) Claims 1-11 YES 

Claims None NO 

2. Citations and explanations: 

Claims 1-3 lack an inventive step under PCT Article 33(3) as being obvious over Applicant Admitted Prior Art, hereinafter referred to as 
AAPA In view of Stockman. 

Regarding claim 1, AAPA teaches a column Ill Nitride transistor (figure 1) comprising: a substrate (101, figure 1), a set of 11I-N transition 
layers above the substrate (102, figure 1), a I11-N buffer layer above the set of transition layers (103, figure 1), a 111-N barrier layer (104, 
figure 1, paragraph 0005), and a 111-N layer above the barrier layer (105, figure 1 ); yet fails to teach a compensated 111-N layer. 
Stockman teaches GaN based 111-V semiconductor devices such as heterojunction bipolar transistors and lowering the resistivity of buried 
p=type layers (column 1, lines 8-12). 
Stockman teaches a compensated 111-N layer (column 4, lines 20-30) for the purpose of providing a layer which is p-type and fairly 
resistive (column 2, lines 21-25). 
It would have been obvious to one of ordinary skill in the art at the time the invention was made to have the system of AAPA include the 
teaching of a compensated 11I-N layer as taught by Stockman for the purpose of providing a layer which is p-type and fairly resistive as 
taught by Stockman. 

Regarding claims 2-3, AAPA and Stockman teach the transistor of claim 1, wherein AAPA fails to teach the compensated 11I-N layer 
contains acceptor type dopant atoms, passivated with hydrogen, selected from the group consisting of Mg, Zn, Be and Ca 
Stockman teaches the compensated 111-N layer contains acceptor type dopant atoms, passivated with hydrogen, selected from the group 
consisting of Mg, Zn, Be and Ca (column 4, lines 20-30) for the purpose of providing a layer which is p-type and fairly resistive (column 2, 
lines 21-25). 
It would have been obvious to one of ordinary skill In the art at the time the invention was made to have the system of AAPA include the 
teaching of the compensated 111-N layer contains Mg acceptor type dopant atoms passivated by hydrogen as taught by Stockman for the 
purpose of providing a layer which Is p-type and fairly resistive as taught by Stockman. 

Claims 4-9 lack an inventive step under PCT Article 33(3) as being obvious over AAPA in view of Sakuma et al., hereinafter referred to as 
Sakuma. 

Regarding claim 4, AAPA teaches a column Ill Nitride transistor (figure 1) comprising: a substrate (101, figure 1 ), a set of I11-N transition 
layers above the substrate (102, figure 1, paragraph 0005), a 11I-N buffer layer above the set of transition layers (103, figure 1 ), a 11I-N 
barrier layer (104, figure 1, paragraph 0005), and yet fails to teach a semi-insulating 11I-N layer above the barrier layer. 
Sakuma teaches a semiconductor device and structure thereof (abstract). 
Sakuma teaches a semi-Insulating 111-N layer (52, figure 15B, column 19, lines 55-56) above the barrier layer (50, figure 15B, column 19, 
line 54) for the purpose of improving integration density ( column 20, lines 54-55). 
It would have been obvious to one of ordinary skill In the art at the time the invention was made to have the system of AAPA include the 
teaching of a semi-insulating 11I-N layer above the barrier layer as taught by Sakuma for the purpose of improving the integration density 
as taught by Sakuma. 

Form PCTnSA/237 (Box No. V) (April 2007) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Supplemental Box 

In case the space in any of the preceding boxes is not sufficient. 
Continuation of: 

International application No. 

PCT/US2010/030193 

Regarding claims 5-6, AAPA and Sakuma teach the transistor of claim 4, wherein AAPA fails to teach the semi-insulating 11I-N layer 
contains deep acceptor type dopant atoms selected from the group of C, Fe, Mn, Cr and V. 
Sakuma teaches the semi-insulating 111-N layer contains deep acceptor type dopant atoms selected from the group of C, Fe, Mn, Cr and V 
{Fe doped semi-insulating lnP layer 52, column 19, lines 55-56) for the purpose of improving integration density and providing a large PN 
ratio {column 20, lines 54-59). 
It would have been obvious to one of ordinary skill in the art at the time the invention was made to have the system of AAPA include the 
teaching of the semi-insulating layer containing deep acceptor Fe atoms as taught by Sakuma for the purpose of improving integration 
density and providing a large PN ratio as taught by Sa_kuma. 

Regarding claim 7, AAPA teaches a column Ill Nitride transistor {figure 1) comprising: a substrate (101, figure 1 ), a set of 111-N transition 
layers above the substrate (102, figure 1, paragraph 0005), a I11-N buffer layer above the set of transition layers (103, figure 1), a 11I-N 
barrier layer (104, figure 1, paragraph 0005), yet fails to teach a semi-insulating 111-N layer above the barrier layer, and a confinement layer 
above the semi-insulating I11-N layer 
Sakuma teaches a semi-insulating I11-N layer (52, figure 15B, column 19, lines 55-56) above the barrier layer (50, figure 15B, column 19, 
line 54), and a confinement layer (53, figure 15B, column 19, line 62) above the semi-insulating I11-N layer (52, figure 15B) for the purpose 
of improving integration density and providing a large PN ratio {column 20, lines 54-59). 
It would have been obvious to one of ordinary skill in the ari at the time the invention was made to have the system of AAPA include the 
teaching of a semi-insulating I11-N layer and a confinement layer as taught by Sakuma for the purpose of improving integration density and 
providing a large PN ratio as taught by Sakuma. 

Regarding claim 8, AAPA and Sakuma teach the transistor of claim 7, wherein AAPA fails to teach the semi-insulating 111-N layer contains 
deep acceptor type dopant atoms selected from the group consisting of C, Fe, Mn, Cr and V. 
Sakuma teaches the semi-insulating 111-N layer contains deep acceptor type dopant atoms selected from the group consisting of C, Fe, Mn, 
Cr and V {Fe doped semi-insulating lnP layer 52, column 19, lines 55-56) for the purpose of improving integration density and providing a 
large PN ratio (column 20, lines 54-59). 
It would have been obvious to one of ordinary skill In the art at the time the invention was made to have the system of AAPA include the 
teaching of the semi-insulating layer containing deep acceptor Fe atoms as taught by Sakuma for the purpose of improving integration 
density and providing a large PN ratio as taught by Sakuma. 

Regarding claim 9, AAPA and Sakuma teach the transistor of claim 7, wherein AAPA fails to teach the confinement layer is made of SiN, 
SiO2, Al2O3, HfO2, Ga2O3, or lnAIGaN. 
Sakuma teaches the confinement layer is made of SiN, SiO2, Al2O3, HfO2, Ga2O3, or lnAIGaN {SiO2 film 53, figure 15B, column 19, line 
62) for the purpose of improving integration density and providing a large PN ratio (column 20, lines 54-59). 
It would have been obvious to one of ordinary skill in the art at the time the invention was made to have the system of AAPA include the 
teaching of the confinement layer being made of SiO2 as taught by Sakuma for the purpose of improving integration density and providing 
a large PN ratio as taught by Sakuma. 

Claims 10-11 lack an inventive step under PCT Article 33(3) as being obvious over Kim et al., hereinafter referred to as Kim in view of 
Sakuma. 

Regarding claim 10, Kim teaches a compensated gate MISFET transistor (abstract) comprising: a barrier layer (40, figure 1, column 4, 
lines 3-4) beneath a gate contact (46, figure 1, column 4, line 6), a drain contact, a source contact {source and drain contacts 48, 50, figure 
1, column 4, lines 7-9), and further comprising an insulating layer between the barrier layer and the gate contact (insulator layer 44, figure 
1, column 4, line 5) yet falls to teach the layer between the barrier and contact comprising one of a compensated or semi-insulating 11I-N 
layer. 
Sakuma teaches a semi-insulating 111-N layer (52, figure 15B, column 19, lines 55-56) for the purpose of improving integration density and 
providing a large PN ratio {column 20, lines 54-59). 
It would have been obvious to one of ordinary skill in the art at the time the Invention was made to have the system of Kim include the 
teaching of a semi-insulating layer as taught by Sakuma for the purpose of improving Integration density and providing a large PN ratio as. 
taught by Sakuma. 

Regarding claim 11, Kim and Sakuma teach the transistor of claim 10, Kim fails to teach further comprising a confinement layer above the 
one of a compensated or semi-insulating 111-N layer. 
Sakuma teaches a confinement layer (53, figure 15B, column 19, line 62) above the one of a compensated or semi-insulating 11I-N layer 
(52, figure 15B) for the purpose of improving integration density and providing a large PN ratio {column 20, lines 54-59). 
It would have been obvious to one of ordinary skill In the art at the time the invention was made to have the system of Kim include the 
teaching of a confinement layer above the semi-insulating layer as taught by Sakuma for the purpose of improving integration density and 
providing a large PN ratio as taught by Sakuma. 

Claims 1-11 meet the criteria set out in PCT Article 33(4 ), and thus have industrial applicability because the subject matter claimed can be 
made or used in industry. 

Form PCT/ISA/237 (Supplemental Box) (April 2007) 
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(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Alexander Lidow et al. 

Application No.: 12/756,906 

Filed: April 8, 2010 

For: COMPENSATED GATE MISFET AND 
METHOD FOR FABRICATING THE SAME 

Confirmation No.: 1573 

Art Unit: 2811 

Examiner: Not Yet Assigned 

INFORMATION DISCLOSURE STATEMENT CTDS) 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

Pursuant to 37 CFR 1.56, 1.97 and 1.98, the attention of the Patent and Trademark 

Office is hereby directed to the references listed on the attached PTO/SB/08. It is respectfully 

requested that the information be expressly considered during the prosecution of this application, 

and that the references be made of record therein and appear among the "References Cited" on any 

patent to issue therefrom. 

This Information Disclosure Statement is filed before the mailing date of a first Office 

Action on the merits as far as is known to the undersigned (37 CFR l.97(b)(3)). 

In accordance with 37 CFR 1.98(a)(2)(ii), Applicants have not submitted copies of U.S. 

patents and U.S. patent applications. 

Applicants are aware of the following documents, cited in a June 3, 2010 International 

Search Report and Written Opinion for International Application No.PCT/US2010/030193, which 
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corresponds to the above referenced application. A copy of the Internation Search Report and 

Written Opinion is enclosed. 

In accordance with 37 CFR l.97(g), the filing of this Information Disclosure Statement 

shall not be construed to mean that a search has been made or that no other material information as 

defined in 37 CFR l.56(a) exists. In accordance with 37 CFR l.97(h), the filing of this Information 

Disclosure Statement shall not be construed to be an admission that any patent, publication or other 

information referred to therein is "prior art" for this invention unless specifically designated as such. 

It is submitted that the Information Disclosure Statement is in compliance with 3 7 CFR 

1.98 and the Examiner is respectfully requested to consider the listed references. 

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to 

be filed or which should have been filed herewith ( or with any paper hereafter filed in this 

application by this firm) to our Deposit Account No. 04-1073, under Order No. E0101.0008/P008. 

Dated: July 15,2010 ::s11iim~H 
Stephen A. Soffen 

Registration No.: 31,063 
DICKSTEIN SHAPIRO LLP 
1825 Eye Street, NW 
Washington, DC 20006-5403 
(202) 420-2200 
Attorney for Applicants 
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Publication No.US-201 0-0258848-A 1 
Publication Date: 10/14/2010 

NOTICE OF PUBLICATION OF APPLICATION 

The above-identified application will be electronically published as a patent application publication pursuant to 37 
CFR 1.211, et seq. The patent application publication number and publication date are set forth above. 

The publication may be accessed through the USPTO's publically available Searchable Databases via the 
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Application No. 

12/756,906 

Examiner 

KEVIN QUINTO 

Applicant(s) 
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Art Unit 

2829 
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Period for Reply 
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Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )□ Responsive to communication(s) filed on __ . 

2a)D This action is FINAL. 2b)[8] This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)[8] Claim(s) 1-11 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)[8] Claim(s) 4-9 is/are allowed. 

7)[8] Claim(s) 1-3. 10 and 11 is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

1 0)D The specification is objected to by the Examiner. 

11 )[8] The drawing(s) filed on 8 April 2010 and 17 June 2010 is/are: a)i:8] accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)D All b)D Some * c)D None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 
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Art Unit: 2829 

DETAILED ACTION 

Claim Rejections - 35 USC § 103 

Page 2 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 1-3 are rejected under 35 U.S.C. 103(a) as being unpatentable over Suh 

et al (United States Patent Application Publication No. US 2008/0296618 A 1) in view of 

Bowers (USPN 5,985,687) and further in view of Tsuyukuchi et al. ("Low-Leakage­

Current Enhancement-Mode AIGaN/GaN Heterostructure Field-Effect Transistor Using 

p-Type Gate Contact," Japanese Journal of Applied Physics, Vol. 45, No. 11, 2006, p. 

L319-L321 ). 

3. In reference to claim 1, Suh et al. (United States Patent Application Publication 

No. US 2008/0296618 A1, hereinafter referred to as the "Suh" reference) discloses a 

similar device. Figure 1 (a) of Suh discloses a column Ill nitride transistor comprising a 

substrate (110). There is a set of III-N transition layers (108) above the substrate (p. 6, 

paragraph 90) with a III-N buffer layer (106) above the transition layers (108). There is 

a III-N layer (104) above the buffer layer (106). Suh does not disclose that the III-N 

layer (104) is a compensated layer. However Bowers et al. (USPN 5,985,687, 

hereinafter referred to as the "Bowers" reference) discloses that it is well known in the 

art that hydrogen passivates or compensates Mg dopants in a GaN material (column 8, 
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lines 31-35). Furthermore Tsuyukuchi et al. ("Low-Leakage-Current Enhancement­

Mode AIGaN/GaN Heterostructure Field-Effect Transistor Using p-Type Gate Contact," 

Japanese Journal of Applied Physics, Vol. 45, No. 11, 2006, p. L319-L321, hereinafter 

referred to as the "Tsuyukuchi" reference) discloses that the p-type concentration (Mg in 

the case of Tsuyukuchi) of the gate contact layer determines the operating conditions of 

an enhancement mode column Ill nitride transistor (p. L319). Thus Tsuyukuchi makes it 

clear that the activated p-type dopant in the gate contact layer is a result effective 

variable. It would have been obvious to one having ordinary skill in the art at the time of 

the invention was made to adjust the activated p-type dopant, since it has been held 

that discovering an optimum value of a result effective variable involves only routine skill 

in the art. In re Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA 1980). In view of Bowers 

and Tsuyukuchi, it would therefore be obvious to use a compensated III-N gate contact 

layer in order to optimize the operating characteristic of the enhancement mode 

transistor of Suh. 

4. With regard to claim 2, the device of Suh constructed in view of Bowers and 

Tsuyukuchi has a compensated III-N layer which contains acceptor type dopant atoms 

passivated by hydrogen. 

5. In reference to claim 3, Suh makes it clear the Mg is used as the p-type dopant 

(p. 4, paragraph 68). 

6. Claim 10 is rejected under 35 U.S.C. 103(a) as being unpatentable over Suh et al 

(United States Patent Application Publication No. US 2008/0296618 A 1) in view of 
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Bowers (USPN 5,985,687) and further in view of Tsuyukuchi et al. ("Low-Leakage­

Current Enhancement-Mode AIGaN/GaN Heterostructure Field-Effect Transistor Using 

p-Type Gate Contact," Japanese Journal of Applied Physics, Vol. 45, No. 11, 2006, p. 

L319-L321 ). 

7. In reference to claim 10, Suh (United States Patent Application Publication No. 

US 2008/0296618 A 1) discloses a similar device. Figure 1 (a) of Suh discloses a 

transistor with barrier layer (106) beneath a gate contact (102). There is a drain contact 

(122) and a source contact (120). Suh does not disclose that the doped p-type (Mg) 

layer (104) between the barrier layer (106) and the gate contact (102) is a compensated 

layer. However Bowers (USPN 5,985,687) discloses that it is well known in the art that 

hydrogen passivates or compensates Mg dopants in a GaN material (column 8, lines 

31-35). Furthermore Tsuyukuchi ("Low-Leakage-Current Enhancement-Mode 

AIGaN/GaN Heterostructure Field-Effect Transistor Using p-Type Gate Contact," 

Japanese Journal of Applied Physics, Vol. 45, No. 11, 2006, p. L319-L321) discloses 

that the p-type concentration (Mg in the case of Tsuyukuchi) of the gate contact layer 

determines the operating conditions of an enhancement mode column Ill nitride 

transistor (p. L319). Thus Tsuyukuchi makes it clear that the activated p-type dopant in 

the gate contact layer is a result effective variable. It would have been obvious to one 

having ordinary skill in the art at the time of the invention was made to adjust the 

activated p-type dopant, since it has been held that discovering an optimum value of a 

result effective variable involves only routine skill in the art. In re Boesch, 617 F.2d 272, 

205 USPQ 215 (CCPA 1980). In view of Bowers and Tsuyukuchi, it would therefore be 
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obvious to use a compensated layer between the barrier layer and the gate contact in 

order to optimize the operating characteristic of the enhancement mode transistor of 

Suh. 

8. Claim 11 is rejected under 35 U.S.C. 103(a) as being unpatentable over Suh et al 

(United States Patent Application Publication No. US 2008/0296618 A 1) in view of 

Bowers (USPN 5,985,687) and further in view of Tsuyukuchi et al. ("Low-Leakage­

Current Enhancement-Mode AIGaN/GaN Heterostructure Field-Effect Transistor Using 

p-Type Gate Contact," Japanese Journal of Applied Physics, Vol. 45, No. 11, 2006, p. 

L319-L321) as applied to claim 10 above and further in view of Derluyn et al. (United 

States Patent Application Publication No. US 2008/0006845 A 1 ). 

9. In reference to claim 11, neither Suh nor Tsuyukuchi disclose the use of a 

confinement layer above the compensated layer. However Derluyn et al. (United States 

Patent Application Publication No. US 2008/0006845 A 1, hereinafter referred to as the 

"Derluyn" reference discloses that adding an additional layer in the form of SiO2, Al2O3, 

and HfO2 helps to alleviate high leakage current as well as problems caused by the 

reaction of the metal with the semiconductor (p. 5, paragraph 48). In view of Derluyn, it 

would therefore be obvious to use a confinement layer in the form of SiO2, Al2O3, and 

HfO2 in the device of Suh constructed in view of Bowers and Tsuyukuchi. 

Allowable Subject Matter 

10. Claims 4-9 are allowed. 
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11. The following is a statement of reasons for the indication of allowable subject 

matter: the examiner is unaware of any prior art which suggests or renders obvious a 

column Ill nitride transistor with a set of 111-N transition layers above a substrate, a 111-N 

buffer layer above the 111-N transition layers, a 111-N barrier layer and a semi-insulating 

layer above the barrier layer as suggested by the applicant in claims 4 and 7. 
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Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to KEVIN QUINTO whose telephone number is (571 )272-

1920. The examiner can normally be reached on M-F 8AM-5PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ha Nguyen can be reached on (571) 272-1678. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Kevin Quinto/ 
Examiner, Art Unit 2829 

/HA TRANT NGUYEN/ 
Supervisory Patent Examiner, Art Unit 2829 
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Low-Leakage-Current Enhancement-Mode AIGaN/GaN Heterostructure 
Field-Effect Transistor Using p-Type Gate Contact 
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An enhancement-mode AlGaN/GaN heterostructure field-effect transistor (HFET) using a p-type GaN gate was fabricated. Its 
leakage current density was 18.2µA/mm at a gate-source bias of OV and a drain-source bias of 20V, indicating a good 
pinched-off operation. [DOI: 10.1143/JJAP.45.L319] 

KEYWORDS: GaN, normally off mode, heterojunction field-effect transistor, p-type, pn junction, wide band gap, AIGaN/GaN 
heterostructure 

The power density of Si-based power devices is ap­
proaching the material limit.1l GaN-based group III nitride 
semiconductors are some of the most promising materials 
for high-voltage, high-power, and high-speed devices, 
because the breakdown electric field and electron saturation 
velocity of GaN are about 10-fold and 3-fold larger than 
those of Si, respectively.2l GaN-based electron devices have 
received much attention for a variety of high-power and/or 
high-speed electronics applications such as wireless com­
munications, satellite communications, and inverter systems. 
In particular, the inverter system is effective for saving 
energy. Therefore, practical applications of this system are 
eagerly awaited. In this system, normally off mode devices 
are strongly desired because of their circuit simplicity and 
low power consumption. However, most GaN-based devices 
of this type have been fabricated as depletion-mode 
(normally on mode) devices to date. Enhancement-mode 
(normally off mode) devices using a Schottky contact have 
already been realized.3.4) However, very precise controls of 
film thickness, etching depth and AlN molar fraction are 
necessary. Moreover, an increase in built-in voltage using 
the Schottky contact in such a GaN-based electron device is 
difficult. On the other hand, a pn junction induces a high 
built-in voltage greater than 3 V, which causes a full 
depletion of the device channels at a zero gate bias. Hu et 
al. 5) fabricated an AlxGa1-xN/GaN heterostructure field­
effect transistor (HFET) by selectively growing a pnjunction 
gate. However, the leakage current at a zero gate-source bias 
was not negligible. To achieve low-power-consumption 
circuits, a reduction in the leakage current at a zero gate­
source bias is necessary. We consider that the occurrence of 
the nonnegligible leakage current at a zero gate-source bias 
is due to the use of regrowth and selective growth 

· techniques.6l In this study, we fabricated an Al .. Ga1_xN/ 
GaN HFET with a p-GaN gate contact using no regrowth or 
selective growth techniques. This device is a normally off 
mode device with a low leakage drain current (/0 ) at a zero 
gate-source bias. 

We simulated the device structure with a p-GaN gate 
contact using SiLENSe 1.0. The key factors in operating the 
device in the normally off mode are the Mg concentration in 
p-GaN, residual donor concentration, AIN molar fraction 
and the thickness of unintentionally doped AlxGa1-xN. 
Table I shows the parameters used in the simulation. To 

Table I. 

AlN molar fraction 

Mg concentration 
(cm-3) · 

Donor concentration 
(cm-3) 

Dielectric constant 

Energy gap (eV) 

Spontaneous polarization 
(C/m2)sJ 

Electron effective mass 

Hole effective mass 

Parameters used in simulation. 

p-GaN u-GaN 

X = 0.10, 0.22, 0.40 

3 X 1019 

IX 1017 1 X 1016 

8.86 (x = 0.10) 

8.9 8.812 (x = 0.22) 8.9 

8.74 (x = 0.40) 

3.59 (x = 0.10) 

3.4 3.8444 (x = 0.22) 3.4 

4.28 (x = 0.40) 

-0.0368621 (x = 0.10) 

-0.029 -0.0469967 (x = 0.22) -0.029 

-0.0636444 (x = 0.40) 

0.205 (x = 0. iO) 

0.2 0.211 (x = 0.22) 0.2 

0.22 (x = 0.40) 

1.81 (x = 0.10) 

. 1.7 1.942 (x = 0.22) 1.7 

2.14 (x = 0.40) 

fabricate a high-performance normally off mode HFET, an 
increase in the Mg concentration in p-GaN and a reduction 
in the residual donor concentration in unintentionally doped 
AlxGa1-xN are necessary. However, they cannot be con­
trolled beyond a certain limit when nitrides are grown by 
metalorganic vapor-phase epitaxy. In general, it is thought 
that the residual donor concentration in unintentionally 
doped AlxGa1-xN is limited to be approximately 1 x 1017 

cm-3• Moreover, when the Mg concentration in p-GaN is 
increased beyond 3 x 1019 cm-3, the crystalline quality of 
the layer deteriorates. Hence, in our simulation, the Mg and 
donor concentrations resulting from unintentional doping 
were fixed at 3 x 1019 and 1 x 1017 cm-3, respectively. 
Moreover, when we consider the feasibility of a device 
process such as etching, to realize a normally off mode 
HFET, an AlxGa1_xN layer thicker than the p-GaN layer is 
desirable. Therefore, the thicknesses of the AlxGa1_xN and 
p-GaN layers were fixed at 15 and 7 nm, respectively. 
Simulation results show that the device operates in the 
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Fig. I. Simulated conduction band diagrams near gates with AlN molar 
fractions of 0.10, 0.22, and 0.40 in Al.,Ga1_.,N barrier layer. 

normally off mode when the AIN molar fraction and 
thickness of AlxGa1-xN are approximately 0.22 and 15 nm, 
respectively. Figures l(a)-l(c) show conduction band dia­
grams near gates with AlN molar fractions of (a) 0.10, (b) 
0.22, and (c) 0.40 in the AlxGa1_xN barrier layer. Polar­
ization electric field increases with AlN molar fraction and 
the device does not operate in the normally off mode. Hence, 
to fabricate a normally off mode device, it is essential to 
keep the AlN molar fraction less than 0.22. In this study, to 
realize the normally off mode operation, we fabricated 
devices with an AlxGa1-xN barrier layer with an AlN molar 
fraction of approximately 0.07, which is much lower than 
the 0.22 estimated by the simulation. 

Figure 2 shows the schematic device structure. The device 
was grown on a sapphire (0001) substrate by metalorganic 
vapor-phase epitaxy. The device consists of a low-temper-

Ti/Al/fi/Au 
drain contact 

\ 
Ni/Au gate contact 

1gH1f.l;/~l~Jlfa :?ll 

unintentionally doped GaN 
(thickness= 2 µm) 

N. TSUYUKUCHI et al. 

Ti/Al/Ti/Au 
source contact 
,/ 

-------------- LT-bufferlayer 

Sapphire (0001) 

Fig. 2. Schematic device structure. The device consists of a low-temper­
ature buffer layer, a 2-µm-thick unintentionally doped GaN layer, a 15-
nm-thick unintentionally doped Al0.o1Gao.93N layer, and a 7-nrn-thick 
Mg-doped p-GaN layer (Mg concentration: ~3 x 1019 cm-3). 

Drain-source voltage [V] 

Fig. 3. 1-V characteristic of /0 dependence on drain-source bias voltage. 
The gate-source bias was varied from O to 1.2 V with an interval of 0.3 V. 

ature buffer Iayer,6l a 2-µm-thick unintentionally doped GaN 
1~yP.r, ~ 1 i:;_nm-thir-\.-- nnintPntinn~lly r1npPr1 A lo.o,n~0.93 N 

layer, and a 7-nm-thick Mg-doped p-GaN layer with a Mg 
concentration of 3 x 1019 cm-3• The hole concentration in 
the p-GaN layer was 1 x 1018 cm-3 at room temperature. 
After the activation of Mg acceptors at 800 °C for 5 min, 
mesa isolation was performed by C12 reactive ion etching 
(RIE). Next, a Ni/ Au ohmic contact was deposited as a gate 
contact on p-GaN; then another area of p-GaN was etched by 
RIE. Subsequently, the source and drain contacts on AlGaN 
were fabricated as Ti/ Al/Ti/ Au. The devices had a gate 
length of 2 µm, a gate width of 100 µm, and an interval of 
8 µm between the drain and the source. 

Figure 3 shows the current-voltage (J-V) characteristic of 
the ID dependence on drain-source bias voltage. Gate­
source bias was varied from 0 to 1.2 V with an interval of 
0.3 V. The leakage current density was 18.2 µA/mm at a 
gate-source bias of 0 V and a drain-source bias of 20 V, 
indicating a good pinched-off operation. Thus, the normally 
off mode operation was realized in this device. The JD was 
16.0 mA/mm at a gate-source bias of 1.2 V and a drain­
source bias of 20V. The gate leakage was negligibly small 
in this gate-source bias as shown in Fig. 4. 

Figure 4 shows the 1-V characteristic of the gate current 
(/0 ) dependence on gate bias voltage. The on voltage (VoN) 
determined from this 1-V characteristic was approximately 
1 V. Therefore, the sweeping range of gate bias voltage was 
limited to less than 1 V. This value is lower than the built-in 
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Fig. 4. I-V characteristic of Io dependence on gate-source bias voltage. 

voltage of the pn junction in nitrides. In this device, the 
thickness of the p-type GaN layer is less than the minority 
carrier diffusion length, which was reported to be about 
200 nm in GaN with a Mg doping concentration of 3 x 
1019 cm-3 •7l When the p-type GaN layer is thicker than 200 
nm, we can expect a much wider sweeping range of gate­
source bias voltage and a higher ID. 

As reference, an HFET with a Schottky gate contact was 
also fabricated. The Schottky gate HFET had precisely the 
same structure as the p-GaN gate HFET except for the gate. 
The ID of the Schottky gate HFET was 142.0mA/mm at a 
gate-source bias of 2.0 V and a drain-source bias of 20 V. 
The ID of the p-GaN gate HFET was about one order of 
magnitude lower than that of the Schottky gate HFET. In the 
p-GaN gate HFET, gate leakage limits the sweeping range of 
gate voltage, thus limiting ID. There is also another 
possibility that the AlGaN layer was partially etched when 
the p-GaN layer was etched by RIE to fabricate the source 
and drain contacts. Therefore, this AlGaN layer may be 
thinner than that in Schottky gate HFET. The source 
resistance of the p-GaN gate HFET was higher than that 
of the Schottky gate HFET. The on-resistances of the p-GaN 
and Schottky gate HFETs were 461.0 and 29.9 Q-mm, 
respectively. 

We can expect higher IDs if we grow much thicker p-GaN 
and achieve a more accurate etching of the p-GaN layer 
simultaneously. 

Figure 5 shows the I-V characteristics of the trans­
conductance and ID dependences on gate-source bias 
voltage. The threshold voltage determined from these I-V 
characteristics was 0.05 V. The maximum transconductance 
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Fig. 5. I-V characteristics of transconductance and Io dependences on 
gate-source bias voltage. 

was 23.4mS/mm. 
We fabricated an enhancement-mode AlGaN/GaN HFET 

using a p-type GaN gate contact. The device consisted of a 
2-µm-thick unintentionally doped GaN layer, a 15-nm-thick 
unintentionally doped A10_07Ga0_93N layer, and a 7-nm-thick 
Mg-doped p-GaN layer (Mg concentration: ~3 x 1019 

cm-3). This device exhibits the normally off mode oper­
ation. Its leakage current density was 18.2 µA/mm at a gate­
source bias of 0 V and a drain-source bias of 20 V, 
indicating a good pinched-off operation. Its maximum 
transconductance was 23.4mS/mm. 
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AMENDMENT 

Confirmation No.: 1573 

Art Unit: 2829 

Examiner: Kevin V. Quinto 

INTRODUCTORY COMMENTS 

In response to the Office Action mailed on November 9, 2011, please amend the above­

identified U.S. patent application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks begin on page 5 ofthis paper. 
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AMENDMENTS TO THE CLAIMS 

1. (Currently amended) A column III Nitride transistor comprising: 

a substrate, 

a set of III-N transition layers above the substrate, 

a III-N buffer layer above the set of transition layers, 

a III-N barrier layer, and 

a compensated III-N GaN layer above the barrier layer. 

2. (Currently amended) The transistor of claim 1, wherein the compensated III-N GaN 

layer contains acceptor type dopant atoms passivated with hydrogen. 

3. (Original) The transistor of claim 2, where the acceptor type atoms are selected 

from the group consisting of Mg, Zn, Be and Ca. 

4. (Original) A column III Nitride transistor comprising: 

a substrate, 

a set of III-N transition layers above the substrate, 

a III-N buff er layer above the set of transition layers, 

a III-N barrier layer, and 

a semi-insulating III-N layer above the barrier layer. 

5. (Original) The transistor of claim 4, wherein the semi-insulating III-N layer 

contains deep acceptor type dopant atoms. 

2 
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6. (Original) The transistor of claim 5 where the deep acceptor type atoms are 

selected from the group consisting of C, Fe, Mn, Cr and V. 

7. (Original) A column III Nitride transistor comprising: 

a substrate, 

a set of III-N transition layers above the substrate, 

a III-N buffer layer above the set of transition layers, 

a III-N barrier layer, 

a semi-insulating III-N layer above the barrier layer, and 

a confinement layer above the semi-insulating III-N layer. 

8. (Original) The transistor of claim 7, wherein the semi-insulating III-N layer 

contains deep acceptor type dopant atoms selected from the group consisting of C, Fe, Mn, Cr and 

V. 

9. (Original) The transistor of claim 7, wherein the confinement layer is made of 

SiN, SiO2, Al2O3, HfO2, Ga2O3, or InAlGaN. 

10. (Currently amended) A compensated gate MISFET transistor comprising: 

a III-N barrier layer beneath a gate contact, 

a drain contact, 

a source contact, and 

3 
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further comprising one ofa compensated or~ semi-insulating III-N layer between the 

barrier layer and the gate contact. 

11. (Original) The transistor of claim 10, further comprising a confinement layer 

above the one of a compensated or semi-insulating 111-N layer. 

4 
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REMARKS 

Applicants gratefully acknowledge the allowance of claims 4-9. Claims 1, 2 and 10 have 

been amended. No new matter has been introduced by the amendments. Applicants reserve the 

right to pursue the original and other claims in this and in other applications. 

Claims 1-3, 10 and 11 stand rejected under 35 U.S.C. § 103(a) as being unpatentable 

over Suh in view of Bowers and Tsuyukuchi. The rejection is respectfully traversed. 

Claim 1, as amended, recites a column III Nitride transistor comprising a "substrate, a set 

of lII-N transition layers above the substrate, a III-N buffer layer above the set of transition layers, a 

III-N barrier layer, and a compensated GaN layer above the barrier layer." Applicants respectfully 

submit that the cited combination fails to teach or suggest the invention as recited in claim 1. 

The Examiner admits that Suh fails to teach a compensated III-N above the barrier layer. 

Office Action at 2. Accordingly, Suh does not teach or suggest a "compensated GaN layer above 

[a] barrier layer" as now recited in claim 1. The Examiner attempts to combine Suh with Bowers, 

motivated by Tsuyukuchi, for the suggestion that a compensated III-N layer is obvious and merely a 

design choice. Applicants traverse this argument and respectfully submit that Bowers merely states 

that it is known "that hydrogen passivates the p-type dopants in Mg doped GaN." Bowers at Col. 8, 

lines 31-15. Nothing in Bowers, which relates to forming cleaved facets for lasers, teaches or 

suggests forming a "compensated GaN layer above [a] barrier layer" in a column III Nitride 

transistor. Tsuyukuchi (not attached to the Office Action) also fails to teach or suggest this 

limitation. Accordingly, the cited combination fails to teach or suggest all of the limitation recited 

in claim 1, and claim I is submitted to be allowable. Claims 2 and 3 depend from claim I and are 

submitted to be allowable along with claim 1. 

Claim 10 as amended recites a compensated gate MISFET transistor comprising "a III-N 

barrier layer beneath a gate contact, a drain contact, a source contact, and a semi-insulating III-N 

layer between the barrier layer and the gate contact." The Examiner has indicated that the recited 

transistor structure with a "semi-insulating layer above the barrier layer" is allowable (claim 10 

5 
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previously recited "one of a compensated or a semi-insulating layer above the barrier layer.") 

Accordingly, Applicants respectfully submit that claim 10, as amended, is allowable over the cited 

combination. Claim 11 depends from claim 10 and is allowable along with claim 10. 

For the above reasons, the§ 103 rejection should be withdrawn and the claims allowed. 

In view of the above, Applicants believe that the pending application is in condition for 

allowance. 

Dated: February 9, 2012 

By_~~~---+----
Stephen A. Soffen 

Registration No.: 31,063 
Gianni Minutoli 

Registration No.: 41,198 
DICKSTEIN SHAPIRO LLP 
1825 Eye Street, NW 
Washington, DC 20006-5403 
(202) 420-2200 
Attorneys for Applicants 
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Office Action Summary 

Application No. 

12/756,906 

Examiner 

KEVIN QUINTO 

Applicant(s) 

LIDOW ET AL. 

Art Unit 

2829 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 09 February 2012. 

2a)IZI This action is FINAL. 2b)D This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)1Zl Claim(s) 1-11 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)1Zl Claim(s) 4-10 is/are allowed. 

7)1Zl Claim(s) 1-3 is/are rejected. 

8)1Zl Claim(s) 11 is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

1 0)D The specification is objected to by the Examiner. 

11 )□ The drawing(s) filed on __ is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)D All b)D Some * c)D None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) D Notice of References Cited (PTO-892) 

2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 3) D Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) 

6) D Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20120405 
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DETAILED ACTION 

Claim Objections 

Page 2 

1. Claim 11 is objected to because of the following informalities: claim 11 describes 

"the one of a compensated or semi-insulating III-N layer" but newly amended parent 

claim 10 no longer describes the "compensated layer." Appropriate correction is 

required. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1-3 are rejected under 35 U.S.C. 103(a) as being unpatentable over Suh 

et al (United States Patent Application Publication No. US 2008/0296618 A 1, 

hereinafter "Suh") in view of Bowers (USPN 5,985,687, hereinafter "Bowers") and 

further in view of Tsuyukuchi et al. ("Low-Leakage-Current Enhancement-Mode 

AIGaN/GaN Heterostructure Field-Effect Transistor Using p-Type Gate Contact," 

Japanese Journal of Applied Physics, Vol. 45, No. 11, 2006, p. L319-L321, hereinafter 

"Tsuyukuchi"). 

4. In reference to claim 1, Suh discloses a similar device. Figure 1 (a) of Suh 

discloses a column Ill nitride transistor comprising a substrate (110). There is a set of 
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Page 3 

III-N transition layers (108) above the substrate (p. 6, paragraph 90) with a III-N buffer 

layer (106) above the transition layers (108). There is a III-N barrier layer (104 or 106, 

p. 6, paragraph 90). There is a GaN layer (104) above the buffer layer (106). Suh does 

not disclose that the GaN layer (104) is a compensated layer. However Bowers 

discloses that it is well known in the art that hydrogen passivates or compensates Mg 

dopants in a GaN material (column 8, lines 31-35). Furthermore Tsuyukuchi discloses 

that the p-type concentration (Mg in the case of Tsuyukuchi) of the gate contact layer 

determines the operating conditions of an enhancement mode column Ill nitride 

transistor (p. L319). Thus Tsuyukuchi makes it clear that the activated p-type dopant in 

the gate contact layer is a result effective variable. It would have been obvious to one 

having ordinary skill in the art at the time of the invention was made to adjust the 

activated p-type dopant, since it has been held that discovering an optimum value of a 

result effective variable involves only routine skill in the art. In re Boesch, 617 F.2d 272, 

205 USPQ 215 (CCPA 1980). In view of Bowers and Tsuyukuchi, it would therefore be 

obvious to use a compensated III-N gate contact layer in order to optimize the operating 

characteristic of the enhancement mode transistor of Suh. 

5. With regard to claim 2, the device of Suh constructed in view of Bowers and 

Tsuyukuchi has a compensated GaN layer which contains acceptor type dopant atoms 

passivated by hydrogen. 

6. In reference to claim 3, Suh makes it clear the Mg is used as the p-type dopant 

(p. 4, paragraph 68). 
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Allowable Subject Matter 

Page 4 

7. Claim 10 is allowed. Claims 4-9 were allowed in the previous Office action. 

8. The following is a statement of reasons for the indication of allowable subject 

matter: the examiner is unaware of any prior art which suggests or renders obvious a 

transistor with a 111-N barrier layer beneath a gate contact, a drain contact, a source 

contact, and a semi-insulating layer between the barrier layer and the gate contact as 

suggested by the applicant in claim 10. 

9. Claim 11 would be allowable if amended to overcome the objection raised in the 

above section titled Claim Objections. 

Response to Arguments 

10. Applicant's arguments filed February 9, 2012 have been fully considered but they 

are not persuasive. The remarks concerning claims 1-3 have not been found to be 

persuasive. The applicant argues that the examiner attempted "to combine Suh with 

Bowers, motivated by Tsuyukuchi, for the suggestion that a compensated 111-N layer is 

obvious and merely a design choice." Bowers was cited to show that is well known in 

the art that hydrogen passivated or compensates Mg dopants in GaN material. 

Furthermore the previous Office action as well as the above Office action make it clear 

that Tsuyukuchi teaches that the amount of activated p-type dopant in the gate contact 

layer is a result effective variable; it would be obvious to one with ordinary skill in the art 

to adjust the activated p-type dopant. Therefore claims 1-3 stand rejected. 
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Conclusion 

Page 5 

11. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 

policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 

the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to KEVIN QUINTO whose telephone number is (571 )272-

1920. The examiner can normally be reached on M-F 8AM-5PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ha Nguyen can be reached on (571) 272-1678. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
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you have questions on access to the Private PAIR system, contact the Electronic 

Page 6 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Kevin Quinto/ 
Examiner, Art Unit 2829 

/HA TRANT NGUYEN/ 
Supervisory Patent Examiner, Art Unit 2829 
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Docket No.: E0101.0008/P008 
(PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Alexander Lidow et al. 

Application No.: 12/756,906 

Filed: April 8, 2010 

For: COMPENSATED GATE MISFET AND 
METHOD FOR FABRICATING THE SAME 

Confirmation No.: 1573 

Art Unit: 2829 

Examiner: Kevin V. Quinto 

AMENDMENT AFTER FINAL ACTION UNDER 37 C.F.R. 1.116 

MSAF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

INTRODUCTORY COMMENTS 

In response.to the Office Action dated April 24, 2012, please amend the above-identified 

U.S. patent application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks begin on page 5 of this paper. 
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After Final Office Action of April 24, 2012 

AMENDMENTS TO THE CLAIMS 

1. (Currently amended) A column III Nitride transistor comprising: 

a substrate, 

a set of III-N transition layers above the substrate, 

a III-N buffer layer above the set of transition layers, 

a III-N barrier layer above the buffer layer, aH:d 

a compensated GaN layer above the barrier layer, and 

a gate contact above the compensated GaN layer. 

2. (Previously presented) The transistor of claim 1, wherein the compensated GaN 

layer contains acceptor type dopant atoms passivated with hydrogen. 

3. (Original) The transistor of claim 2, where the acceptor type atoms are selected 

from the group consisting of Mg, Zn, Be and Ca. 

4. (Original) A column III Nitride transistor comprising: 

a substrate, 

a set of III-N transition layers above the substrate, 

a III-N buffer layer above the set of transition layers, 

a III-N barrier layer, and 

a semi-insulating III-N layer above the barrier layer. 

2 
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5. (Original) The transistor of claim 4, wherein the semi-insulating III-N layer 

contains deep acceptor type dopant atoms. 

6. (Original) The transistor of claim 5 where the deep acceptor type atoms are 

selected from the group consisting of C, Fe, Mn, Cr and V. 

7. (Original) A column III Nitride transistor comprising: 

a substrate, 

a set of III-N transition layers above the substrate, 

a III-N buffer layer above the set of transition layers, 

a III-N barrier layer, 

a semi-insulating III-N layer above the barrier layer, and 

a confinement layer above the semi-insulating III-N layer. 

8. (Original) The transistor of claim 7, wherein the semi-insulating III-N layer 

contains deep acceptor type dopant atoms selected from the group consisting of C, Fe, Mn, Cr and 

V. 

9. (Original) The transistor of claim 7, wherein the confinement layer is made of 

SiN, SiO2, Al2O3, HfO2, Ga2O3, or InAlGaN. 

10. (Previously presented) A compensated gate MISFET transistor comprising: 

a III-N barrier layer beneath a gate contact, 

a drain contact, 

3 
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a source contact, and 

a semi-insulating III-N layer between the barrier layer and the gate contact. 

11. (Currently amended) The transistor of claim 10, further comprising a confinement 

layer above the one of a compensated or semi-insulating III-N layer. 

12. (New) The transistor of claim 10, further comprising a spacer layer between the 

semi-insulating layer and the barrier layer. 

4 
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REMARKS 

Applicants gratefully acknowledge the allowance of claims 4-10 and the statement that 

claim 11 contains allowable subject matter. Claims 1 and 11 have been amended. No new matter 

has been introduced by the amendments. Applicants reserve the right to pursue the original and 

other claims in this and in other applications. 

Claim 11 stands objected to based on informalities. Claim 11 has been amended to 

address the concern raised in the Office Action. As such, the objection should be withdrawn and 

claim 11 allowed. 

Claims 1-3 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over Suh in 

view of Bowers and Tsuyukuchi. The rejection is respectfully traversed. 

Claim 1 recites a column III Nitride transistor. The claim 1 transistor comprises "a 

substrate, a set oflII-N transition layers above the substrate, a III-N buffer layer above the set of 

transition layers, a III-N barrier layer, a compensated GaN layer above the barrier layer, and a gate 

contact above the compensated GaN layer." An example embodiment of the claim 1 invention is 

illustrated below. 

1 

~ 
37 Gate Contact 38 Compensated Semiconductor 

5 

---+-33 lnAIGaN buffer 
Layer 
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Applicants respectfully submit that the cited combination fails to teach or suggest the 

claim 1 transistor. Specifically, Applicants note that the cited combination fails to teach or suggest 

all of the claimed layers of the claim 1 configuration, which requires "a set of III-N transition layers 

above [a] substrate, a III-N buff er layer above the set of transition layers, a III-N barrier layer above 

the buffer layer, a compensated GaN layer above the barrier layer, and a gate contact above the 

compensated GaN layer." That is, claim 1 specifically recites at least four layers between a 

"substrate" and a "gate contact." In contrast, the primary reference Suh, reproduced below, only 

teaches three layers (AlN layer 108, AlGaN layer 106 and p-GaN layer 104) between a substrate 

(GaN layer 110 according to the Office Action) and gate 102. 

100 _ 104a 
130 

102 118 

' 
118 

120 128 \ 104 Gate /; 132 122 

Source 
\ p-GaN Drain 106 

AlxGa 1_xN -----108 106a 
AIN 

------ GaN --------\-
112 116 

110 124 114 126 

This fact is tacitly acknowledged in the Office Action, in which two of Suh' s layers are 

deemed to meet three separately claimed and specifically arranged layers. That is, according to the 

Office Action, either layer 104 or layer 106 is the claimed barrier layer, yet layer 106 is also be read 

on the claimed buffer layer while layer 104 is also being read on the separate GaN layer required to 

be over the claimed buffer layer. The Examiner relies on Suh ,r 90 for support of this reading, but 

Suh ,r 90 only states: 

[a]lso, the p-GaN 104, AlGaN 106, and AlN 108 layers do not have to 
be abrupt, as they can be gradually graded (in terms of Al 
composition). 
Suh ,r 90. 

6 
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Applicants respectfully submit that nothing in this paragraph, or the remainder of Suh or 

the other cited references for that matter, supports using layers 104 and 106 as three separate layers. 

This is one reason why claim 1 is allowable over the cited combination. 

Moreover, Applicants maintain the prior position that the cited combination fails to teach 

or suggest the claim 1 "compensated GaN layer." The Examiner continues to combine Suh with 

Bowers, motivated by Tsuyukuchi, for the suggestion that a compensated III-N layer is obvious and 

merely a design choice. Applicants traverse this argument and respectfully submit that Bowers 

merely states that it is known "that hydrogen passivates the p-type dopants in Mg doped GaN." 

Bowers at col. 8, lines 31-15. Nothing in Bowers, which relates to forming cleaved facets for lasers, 

teaches or suggests forming a "compensated GaN layer above [a] barrier layer" in a column III 

Nitride transistor. Tsuyukuchi also fails to teach or suggest this limitation. This is one more reason 

why claim 1 is allowable over the cited combination. 

Claims 2 and 3 depend from claim 1 and are allowable along with claim 1. As such, the 

rejection should be withdrawn and the claims allowed. 

New claim 12 depends from allowed claim 10 and is allowable along with claim 10. 

In view of the above, Applicants believe that the pending application is in condition for 

allowance. 

Dated: July 24, 2012 

B Y.-1----11---,-,c_,f------'----+--l~--

Steph n A. Soffen 
Registration No.: 31,063 

Gianni Minutoli 
Registration No.: 41,198 

DICKSTEIN SHAPIRO LLP 
1825 Eye Street, NW 
Washington, DC 20006-5403 
(202) 420-2200 
Attorneys for Applicants 
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minus 3 = * X $ X $ (37 CFR 1.16(h)) = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

07/24/2012 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i)) · 12 Minus ** 20 = 0 X $30 = 0 OR X $ = 

0 
Independent z * 4 Minus ***4 = 0 X $125 = 0 OR X $ = 

w (37 CFR 1 .16fh\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L 0 OR ADD'L 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** X $ = OR X $ = 

0 (37 CFR 1.16(hll = 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /AJAY R. DAVID/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 

12/756,906 04/08/2010 Alexander Lidow 

24998 7590 08/15/2012 

DICKSTEIN SHAPIRO LLP 
1825 EYE STREET NW 
Washington, DC 20006-5403 

UNITED STA TES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

E0101.0008/P008 1573 

EXAMINER 

QUINTO, KEVIN V 

ART UNIT PAPER NUMBER 

2829 

MAIL DATE DELIVERY MODE 

08/15/2012 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 
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Advisory Action 
Application No. 
12/756,906 

Applicant(s) 
LIDOW ET AL. 

Before the Filing of an Appeal Brief Examiner 
KEVIN QUINTO 

Art Unit 
2829 

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address -­

THE REPLY FILED 24 July 2012 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE. 
NO NOTICE OF APPEAL FILED 

1. 1:8:1 The reply was filed after a final rejection. No Notice of Appeal has been filed. To avoid abandonment of this application, applicant must timely file 
one of the following replies: (1) an amendment, affidavit, or other evidence, which places the application in condition for allowance; 
(2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request for Continued Examination (RCE) in compliance with 
37 CFR 1.114 if this is a utility or plant application. Note that RCEs are not permitted in design applications. The reply must be filed within one of 
the following time periods: 

a) [8J The period for reply expires ~months from the mailing date of the final rejection. 
b) D The period for reply expires on: (1) the mailing date of this Advisory Action; or (2) the date set forth in the final rejection, whichever is later. 

In no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection. 
c) D A prior Advisory Action was mailed more than 3 months after the mailing date of the final rejection in response to a first after-final reply filed 

within 2 months of the mailing date of the final rejection. The current period for reply expires months from the mailing date of 
the prior Advisory Action or SIX MONTHS from the mailing date of the final rejection, whichever is earlier. 

Examiner Note: If box 1 is checked, check either box (a), (b) or (c). ONLY CHECK BOX (b) WHEN THIS ADVISORY ACTION IS THE 
FIRST RESPONSE TO APPLICANT'S FIRST AFTER-FINAL REPLY WHICH WAS FILED WITHIN TWO MONTHS OF THE FINAL 
REJECTION. ONLY CHECK BOX (c) IN THE LIMITED SITUATION SET FORTH UNDER BOX (c). See MPEP 706.07(1). 

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate 
extension fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The 
appropriate extension fee under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally 
set in the final Office action; or (2) as set forth in (b) or (c) above, if checked. Any reply received by the Office later than three months after the 
mailing date of the final rejection, even if timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b). 
NOTICE OF APPEAL 

2. D The Notice of Appeal was filed on __ . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of filing the 
Notice of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a Notice of 
Appeal has been filed, any reply must be filed within the time period set forth in 37 CFR 41.37(a). 

AMENDMENTS 

3. [8J The proposed amendments filed after a final rejection, but prior to the date of filing a brief, will not be entered because 
a) [8J They raise new issues that would require further consideration and/or search (see NOTE below); 
b) D They raise the issue of new matter (see NOTE below); 
c) D They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for 

appeal; and/or 
d) D They present additional claims without canceling a corresponding number of finally rejected claims. 

NOTE: The new limitations regarding the exact positions of the gate contact and the buffer /aver would require a further search. 
(See 37 CFR 1.116 and 41.33(a)). 

4. D The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324). 

5. D Applicant's reply has overcome the following rejection(s): __ . 

6. D Newly proposed or amended claim(s) __ would be allowable if submitted in a separate, timely filed amendment canceling the non­
allowable claim(s). 

7. [8J For purposes of appeal, the proposed amendment(s): (a) 1:8:1 will not be entered, or (b) D will be entered, and an explanation of how the 
new or amended claims would be rejected is provided below or appended. 

AFFIDAVIT OR OTHER EVIDENCE 

8. D The affidavit or other evidence filed after final action, but before or on the date of filing a Notice of Appeal will not be entered because 
applicant failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and was not earlier 
presented. See 37 CFR 1.116(e). 

9. D The affidavit or other evidence filed after the date of filing the Notice of Appeal, but prior to the date of filing a brief, will not be entered 
because the affidavit or other evidence failed to overcome ~ rejections under appeal and/or appellant fails to provide a showing of good 
and sufficient reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1 ). 

1 O. D The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached. 
REQUEST FOR RECONSIDERATION/OTHER 

11. D The request for reconsideration has been considered but does NOT place the application in condition for allowance because: 

12. D Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s). __ 
13. D Other: __ . 

STATUS OF CLAIMS 

14. The status of the claim(s) is (or will be) as follows: 
Claim(s) allowed: 
Claim(s) objected to: 
Claim(s) rejected: 

Claim/s) withdrawn from consideration: 
/HA TRANT NGUYEN/ 
Supervisory Patent Examiner, Art Unit 2829 

U.S. Patent and Trademark Office 
PTOL-303 (Rev. 09-2010) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20120803 
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Application/Control No. 

Search Notes 12756906 

Examiner 

KEVIN QUINTO 

SEARCHED 

Class Subclass 
257 190, 191, 192, 194, 195 (text limited) 
same as same as above 
above 
same as same as above 
above 

SEARCH NOTES 

Search Notes 
EAST BRS 
EAST BRS 
EAST BRS 

INTERFERENCE SEARCH 

Class I Subclass 
I 

U.S. Patent and Trademark Office 

I 
I 

Applicant( s )/Patent Under 
Reexamination 

LIDOW ET AL. 

Art Unit 

2829 

Date 
7/27//2012 
8/2/2012 

8/3/2012 

Date 
7/27/2012 
8/2/2012 
8/3/2012 

Date 

Examiner 
KO 
KO 

KO 

Examiner 
KO 
KO 
KO 

I Examiner 
I 

Part of Paper No.: 20120803 
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Do not enter the AF amendment filed on July 24, 2012. /KQ/ 

Docket No.: E0101.0008/P008 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of: 
Alexander Lidow et al. 

Application No.: 12/756,906 

Filed: April 8, 2010 

For: COMPENSATED GATE MISFET AND 
METHOD FOR FABRICATING THE SAME 

Confirmation No.: 1573 

Art Unit: 2829 

Examiner: Kevin V. Quinto 

AMENDMENT AFTER FINAL ACTION UNDER 37 C.F.R. 1.116 

MSAF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Madam: 

INTRODUCTORY COMMENTS 

(PATENT) 

In response.to the Office Action dated April 24, 2012, please amend the above-identified 

U.S. patent application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 

of this paper. 

Remarks begin on page 5 of this paper. 
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Application/Control No. 

Index of Claims 12756906 

Examiner 

KEVIN QUINTO 

✓ Rejected Cancelled N 

= Allowed Restricted 

□ Claims renumbered in the same order as presented by applicant 

CLAIM 
Final Original 11/06/2011 04/16/2012 08/03/2012 

1 ✓ ✓ ✓ 

2 ✓ ✓ ✓ 

3 ✓ ✓ ✓ 

4 = = = 

5 = = = 

6 = = = 

7 = = = 

8 = = = 

9 = = = 

10 ✓ = = 

11 ✓ 0 0 

U.S. Patent and Trademark Office 

Applicant( s )/Patent Under 
Reexamination 

LIDOW ET AL. 

Art Unit 

2829 

Non-Elected A Appeal 

Interference 0 Objected 

□ CPA □ T.D. □ R.1.47 

DATE 

Part of Paper No.: 20120803 
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PTO/SB/30 (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

Request Application Number 12/756,906-Conf. #1573 

for 
Filing Date April 8, 2010 

Continued Examination (RCE) 
First Named Inventor Alexander Lidow Transmittal 

Address to: Art Unit 2829 
Mail Stop RCE 
Commissioner for Patents Examiner Name Quinto, Kevin V. 
P.O. Box 1450 
Alexandria, VA 22313-1450 Attorney Docket Number EO 101. 0008/P008 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 

Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 
8, 1995, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2. 

1. I Submission required under 37 CFR 1. 114 I Note I; the RCE is proper, any previously filed unentered amendments and 
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If 
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such 
amendment(s). 

a. Q Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action 
may be considered as a submission even if this box is not checked. 

i. D Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

ii. 0other Amendment After Final filed on JulJ'. 24, 2012 

b. D Enclosed 

i. D Amendment/Reply iii. D Information Disclosure Statement (IDS) 

ii. D Affidavit(s)/Declaration(s) iv. Oother 

2. I Miscellaneous I 
a. D Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a 

period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

b. D other 

3. I Fees \ The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 

a. Q The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any 

Overpayments, to Deposit Account No. 04-1073 

i. 0 RCE fee required under 37 CFR 1.17(e) 

ii. Q Extension of time fee (37 CFR 1.136 and 1.17) 

iii. Oother 

b. D Check in the amount of$ enclosed 

c. 0 Payment by credit card (Form PT0-2038 enclosed) 

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide 
credit card information and authorization on PTO-2038. 

S/Gf1~TURE OF APPL/CANT, ATTORNEY, OR AGENT REQUIRED 

Signature J., ,{ / / ,. .I /tf-4Jr-. fltl-r- ~ . - Date August24,2012 

Name (Print/Type) Stephen A. Soffen 
I r 

Registration No. I 31,063 

DSMDB-3090784vl 
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PTO/SB/22 (09-11) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Pa erwork Reduction Act of 1995, no ersons are re uired to res and to a collection of information unless if dis la s a valid 0MB control number. 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) 

Application Number 12/756, 906-Conf. #1573 

Docket Number (Optional) 

E0101.0008/P008 

Filed April 8, 2010 

For COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

Art Unit 2829 Examiner Quinto, Kevin V. 

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified 
application. 

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below): 

Fee 

0 One month (37 CFR 1.17(a)(1)) $150 

D Two months (37 CFR 1.17(a)(2)) $560 

D Three months (37 CFR 1.17(a)(3)) $1270 

□ Four months (37 CFR 1.17(a)(4)) $1980 

□ Five months (37 CFR 1.17(a)(5)) $2690 

0 Applicant claims small entity status. See 37 CFR 1.27. 

D A check in the amount of the fee is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

Small Entit:,L Fee 

$75 $ 

$280 $ 

$635 $ 

$990 $ 

$1345 $ 

D The Director has already been authorized to charge fees in this application to a Deposit Account. 

75.00 

0 The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to 
Deposit Account Number 04-1073 

WARNING: Information on this form may become public. Credit card information should not be included on this form. 
Provide credit card information and authorization on PT0-2038. 

I am the □ 
□ 
0 
□ 

applicant/inventor. 

assignee of record of the entire interest. See 37 CFR 3. 71. 
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96). 

attorney or agent of record. Registration Number 

attorney or agent under 37 CFR 1.34. 
ting under 37 CFR 1.34 

Stephen A. Soften 
Typed or printed name 

31,063 

August 24, 2012 
Date 

(202) 420-4879 
Telephone Number 

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more 
than one signature is required, see below. 

D Total of forms are submitted. 

DSMDB-3090786v1 
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Electronic Patent Application Fee Transmittal 

Application Number: 12756906 

Filing Date: 08-Apr-2010 

Title of Invention: COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

First Named Inventor/Applicant Name: Alexander Lidow 

Filer: Stephen A. Soffen/Cheryl delopez 

Attorney Docket Number: E0l 01.0008/P00S 

Filed as Small Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Extension - 1 month with $0 paid 2251 1 75 75 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Request for continued examination 2801 1 465 465 

Total in USD ($) 540 
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Electronic Acknowledgement Receipt 

EFSID: 13584329 

Application Number: 12756906 

International Application Number: 

Confirmation Number: 1573 

Title of Invention: COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

First Named Inventor/Applicant Name: Alexander Lidow 

Customer Number: 24998 

Filer: Stephen A. Soffen/Cheryl delopez 

Filer Authorized By: Stephen A. Soffen 

Attorney Docket Number: E0l 01.0008/P008 

Receipt Date: 24-AUG-2012 

Filing Date: 08-APR-2010 

Time Stamp: 15:44:58 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $540 

RAM confirmation Number 2311 

Deposit Account 

Authorized User 

File Listing: 

Document I Document Description 
I 

File Name 
I 

File Size(Bytes)/ I Multi I Pages 
Number Message Digest Part /.zip (if appl.) 

Page 141 of 162



95839 

1 rcep008.pdf yes 2 
62d439e1 031 fd4467385363593ef641 f338c 

24a5 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Request for Continued Examination (RCE) 1 1 

Extension of Time 2 2 

Warnings: 

Information: 

32093 

2 Fee Worksheet (5B06) fee-info.pdf no 2 
4ad1 ceaee28c873d248fdd3bf833a0ac1 bf9 

53e5 

Warnings: 

Information: 

Total Files Size (in bytes) 127932 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 12/756,906 04/08/2010 □ To be Mailed 

APPLICATION AS FILED- PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY [8J OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

□ BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE 
(37 CFR 1.16(k), (i), or (ml) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
* X $ OR X $ (37 CFR 1.16(i)) minus 20 = = = 

INDEPENDENT CLAIMS 
minus 3 = * X $ X $ (37 CFR 1.16(h)) = = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

08/24/2012 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i)) · 12 Minus ** 20 = 0 X $30 = 0 OR X $ = 

0 
Independent z * 4 Minus ***4 = 0 X $125 = 0 OR X $ = 

w (37 CFR 1 .16fh\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L 0 OR ADD'L 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** X $ = OR X $ = 

0 (37 CFR 1.16(hll = 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /DOROTHY BELL/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

24998 7590 09/14/2012 

DICKSTEIN SHAPIRO LLP 
1825 EYE STREET NW 
Washington, DC 20006-5403 

EXAMINER 

QUINTO, KEVIN V 

ART UNIT PAPER NUMBER 

2829 

DATE MAILED: 09/14/2012 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

12/756,906 04/08/2010 Alexander Lidow E0101.0008/P008 1573 

TITLE OF INVENTION: COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional YES $870 $300 $0 $1170 12/14/2012 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

24998 7590 09/14/2012 

DICKSTEIN SHAPIRO LLP 
1825 EYE STREET NW 
Washington, DC 20006-5403 

APPLICATION NO. FILING DATE 

12/756,906 04/08/2010 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Alexander Lidow E010 I. 0008/P008 1573 

TITLE OF INVENTION: COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional YES $870 

EXAMINER ART UNIT 

QUINTO, KEVIN V 2829 

I. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

257-192000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1170 12/14/2012 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

12/756,906 04/08/2010 

24998 7590 09/14/2012 

DICKSTEIN SHAPIRO LLP 
1825 EYE STREET NW 
Washington, DC 20006-5403 

FIRST NAMED INVENTOR 

Alexander Lidow 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

E0101.0008/P008 1573 

EXAMINER 

QUINTO, KEVIN V 

ART UNIT PAPER NUMBER 

2829 

DATE MAILED: 09/14/2012 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 123 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 123 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with 
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to 
the requirements of the Act, please be advised that: (1) the general authority for the collection of this 
information is 35 U.S.C. 2(b )(2); (2) furnishing of the information solicited is voluntary; and (3) the 
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process 
and/or examine your submission related to a patent application or patent. If you do not furnish the 
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine 
your submission, which may result in termination of proceedings or abandonment of the application or 
expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom 
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of 
records may be disclosed to the Department of Justice to determine whether disclosure of these 
records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel 
in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be 
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 
U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this 
system of records may be disclosed, as a routine use, to the International Bureau of the World 
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy 
Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as part of 
that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance 
with the GSA regulations governing inspection of records for this purpose, and any other relevant 
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CPR 1.14, as a 
routine use, to the public if the record was filed in an application which became abandoned or in 
which the proceedings were terminated and which application is referenced by either a published 
application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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Notice of Allowability 

Application No. 

12/756,906 
Examiner 

KEVIN QUINTO 

Applicant(s) 

LIDOW ET AL. 
Art Unit 

2829 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. [8J This communication is responsive to 24 August 2012. 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; 
the restriction requirement and election have been incorporated into this action. 

3. [8J The allowed claim(s) is/are 1-12. 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. □ A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

6. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121 {d). 

7. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. [8J Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120908 
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Application/Control Number: 12/756,906 

Art Unit: 2829 

DETAILED ACTION 

Continued Examination Under 37 CFR 1.114 

Page 2 

1. A request for continued examination under 37 CFR 1.114, including the fee set 

forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 

application is eligible for continued examination under 37 CFR 1.114, and the fee set 

forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 

has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on July 24, 

2012 has been entered. 

Allowable Subject Matter 

2. Claims 1-3, 11, and 12 are allowed. Claims 4-10 were allowed in previous Office 

actions. 

3. The following is an examiner's statement of reasons for allowance: the examiner 

is unaware of any prior art which suggests or renders obvious a column Ill nitride 

transistor with a set of III-N transition layers above a substrate, a III-N buffer layer above 

the III-N transition layers, a III-N barrier layer above the buffer layer, a compensated 

GaN layer above the barrier layer and a gate contact above the compensated GaN 

layer as suggested by the applicant in claim 1. Claim 11, indicated to be allowable if 

amended to correct a minor error, has been amended and is thus allowed. The 

examiner is also unaware of any prior art which suggests or renders obvious a 

compensated gate MISFET transistor with a III-N barrier layer beneath a gate contact, a 
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Application/Control Number: 12/756,906 

Art Unit: 2829 

Page 3 

drain contact, a source contact, a semi-insulating III-N layer between the barrier layer 

and the gate contact, while having a confinement layer above the semi-insulating III-N 

layer or a spacer layer between the semi-insulating layer and the barrier layer as 

suggested by the applicant in claims 11 and 12. The allowable subject matter of claims 

4, 7, and 10 were discussed in previous Office actions. 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to KEVIN QUINTO whose telephone number is (571 )272-

1920. The examiner can normally be reached on M-F 8AM-5PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Ha Nguyen can be reached on (571) 272-1678. The fax phone number for 

the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
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Application/Control Number: 12/756,906 

Art Unit: 2829 

you have questions on access to the Private PAIR system, contact the Electronic 

Page 4 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Kevin Quinto/ 
Examiner, Art Unit 2829 

/HA TRANT NGUYEN/ 
Supervisory Patent Examiner, Art Unit 2829 
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UNIIBD STATES PATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

SERIAL NUMBER FILING or 371 (c) 
DATE 

CLASS 

12/756,906 04/08/2010 257 

RULE 

APPLICANTS 
Alexander Lidow, Marina Del Ray, CA; 
Robert Beach, La Crescenta, CA; 

/KQ/ Jianjun Cao, Torrance, CA; 
Alana Nakata, Redondo Beach, CA; 
Guang Yuan Zhao, Torrance, CA; 
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This appln claims benefit of 61 /167,792 04/08/2009 /KQ/ 

** FOREIGN APPLICATIONS ************************* 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 
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PART B-FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

or Fax (571) 273-2885 
INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

I 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 

. have its own certificate of mailing or transmission. 
Certificate of Mailing or Transmission 

DICKSTEIN SHAPIRO LLP 
1825 Eye Street, NW 
Washington, DC 20006-5403 I hereby certify that this Fee(s) Transmittal is being deposited with the United 

States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

12/756,906 04/08/2010 Alexander Lidow E0101.0008/P008 1573 

TITLE OF INVENTION: COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

APPLN.TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE 

nonprovisional yes $885.00 $300.00 
EXAMINER ART UNIT CLASS-SUBCLASS 

Quinto, K.V. 2829 257-192 
I. Change of correspondence address or indication of "Fee 
Address" (37 CFR 1.363). 

□ Change of correspondence address (or Change of 
Correspondence Address form PTO/SB/122) attached. 

□ "Fee Address" indication (or "Fee Address" Indication 
form PTO/SB/47; Rev 03-02 or more recent) attached. 
Use ofa Customer Number is re uired. 

2. For printing on the patent front page, list 
(1) the names ofup to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) the name of a single firm (having as a member 
a registered attorney or agent) and the names of 
up to 2 registered patent attorneys or agents. If no 
name is listed, no name will be printed. 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

TOT AL FEE(S) DUE DATE DUE 

$1,200.00 12/14/2012 

Dickstein Shapiro LLP 
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(Date 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed 
for recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Efficient Power Conversion Corporation El Segundo, California 

Please check the appropriate assignee category or categories (will not be printed on the patent): D Individual 0 Corporation or other private group entity D Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies 5 

5. Change in Entity Status (from status indicated above) 

4b. Payment ofFce(s): (Please first reapply any previously paid issue fee shown above) 

D A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 

overpayment, to Deposit Account Number 04-1073 (enclose an extra copy of this form). 

□ a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. □ b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR J.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (i anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the Unite 

Authorized Signature 
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PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. 0MB 0651-0033 

Date 

Registration No. 

December 6, 2012 
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U.S. Patent and Trademark Office; U.S .. DEPARTMENT OF COMMERCE 
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Electronic Patent Application Fee Transmittal 

Application Number: 12756906 

Filing Date: 08-Apr-2010 

Title of Invention: COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

First Named Inventor/Applicant Name: Alexander Lidow 

Filer: Stephen A. Soffen/Kanessa Howard 

Attorney Docket Number: E0l 01.0008/P008 

Filed as Small Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 2501 1 885 885 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 
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USO($) 

Extension-of-Time: 

Miscellaneous: 

Printed copy of patent - no color 8001 5 3 15 

Total in USD ($) 1200 
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Electronic Acknowledgement Receipt 

EFSID: 14404532 

Application Number: 12756906 

International Application Number: 

Confirmation Number: 1573 

Title of Invention: COMPENSATED GATE MISFET AND METHOD FOR FABRICATING THE SAME 

First Named Inventor/Applicant Name: Alexander Lidow 

Customer Number: 24998 

Filer: Stephen A. Soffen/Kanessa Howard 

Filer Authorized By: Stephen A. Soffen 

Attorney Docket Number: E0l 01.0008/P00S 

Receipt Date: 06-DEC-2012 

Filing Date: 08-APR-2010 

Time Stamp: 16:57:36 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $1200 

RAM confirmation Number 4331 

Deposit Account 041073 

Authorized User SOFFEN, STEPHEN A. 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

82940 

1 Issue Fee Payment (PTO-85B) 
E0l 0l_000S_lssue_Fee_ Trans 

mittal.pdf 
no 1 

06212c7f1 ebbfel 8bcdb3d071718d295edf 
e672a 

Warnings: 

Information: 

33676 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
a97 c8a877d8e510975f9101 f26552e 78724c 

e415 

Warnings: 

Information: 

Total Files Size (in bytes) 116616 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

12/756,906 01/08/2013 

24998 7590 

DICKSTEIN SHAPIRO LLP 
1825 EYE STREET NW 
Washington, DC 20006-5403 

12/18/2012 

PATENT NO. 

8350294 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

EOl 0 1. 0008/P008 1573 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 123 day(s). Any patent to issue from the above-identified application will 
include an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Alexander Lidow, Marina Del Ray, CA; 
Robert Beach, La Crescenta, CA; 
Jianjun Cao, Torrance, CA; 
Alana Nakata, Redondo Beach, CA; 
Guang Yuan Zhao, Torrance, CA; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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