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Ca- pacitance CJerr] will be considered herein to approxi mte
25 A similar gas—phase process is also described in US 4 625 023

(Allied). Here, a highly dilute gas stream of 6—aminocapro-
nitrile, adiponitrile, ammonia, water and carrier gas is passed
over a silica gel and a copper/chromium/barium—titanium oxide
catalyst bed. The caprolactam selectivity is 91 % at 85 % conver-

30 sion. The problem of catalyst deactivation is discussed and
measures for reducing this are carried out but no information is
given with regard to their success.

. These processes both have the disadvantage of rapid catalyst
35 deactivation. This problem is not solved.

US 2 245 129 (DuPont) describes the preparation of linear poly-

amides by heating a 50 % strength aqueous solution of 6—amino-

capronitrile to 220°C for 20 hours. There is no information about
40 the formation of caprolactam.

on the other hand, US 2 301 964 describes the uncatalyzed conver-

sion of aminocapronitrile {as an aqueous sclution) to caprolactam

at 285°C. The yield is substantially below 80 %, and a residue
45 which is not further described is obtained. :
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However, the authors of US 3 988 319 alsoc state in Ind. Eng.
Chem. Process Des. Dev. 17 {19878), 9 - 16, that the cyclization
of 6—aminocaproic acid in water to caprolactam leads to signifi-
cant amounts of oligomers unless concentrations below 13 % and
35 temperatures of about 300°C are used.

A. Blade-Font, Tetrahedron Lett. 21 (1980), 2443 — 2446,
describes the cyclization of 6—aminocaproic acid as a suspension
in toluene in the presence of alumina or silica gel with removal

40 of the water of reaction. For complete desorption of the capro-~
lactam, the catalyst must be washed with methylene chloride/
methanol and polymers precipiated with diethyl ether. The yield
of caprolactam after a reaction time of 20 hours is 82 % over -
alumina and 75 % over silica gel.

45
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It is an object of the present invention to provide an improved
35 process for the preparation of caprolactam starting from é-amino-
capronitrile, which can be carried out in a technically feasible
manner with higl selectivity and without the problems of rapid
deactivation of the catalysts used. Furthermore, the process
~ should be capable of being carried out without significant pro-
40 duction of low boilers and/or high boilers.

We have found that this object is achieved by a process for the
preparation of caprolactam by heating 6é-aminocapronitrile in the
presence of a heterogeneous catalyst and water under super-—

45 atmospheric pressure, wherein
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The above-descri bed di sadvantages of the prior art MOSFETS have been
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;separated from the % g@o? crfg“éﬁte a reacted mixture, from which caprolactam
is obtained by distillation, or
30
(d3)water is added to the bottom product, which is then heated in
a reactor D without the addition of a catalyst to give a
reacted mixture, and caprolactam is obtained from said
reacted mixture by distillation, or
35
{d4) the bottom product to which water and a base have been added
is heated in a reactor E to give a reacted mixture, from
which capro_actam is obtained by distillation.

40 The 6—aminoccaprcenitrile used according to the invention as start-
ing material is usually obtained by hydrogenating adiponitrile by
a known process, for example described in DE-A 836 938,
DE-A 848 654 or US 5,151,543,

45 It is also possible to introduce into the reactor A mixtures
which may contain essentially 6-—-aminocapronitrile and hexa-
methylenediamine, adiponitrile and/or caprclactam, as well as
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Fig. 16b il |2ktinatefunthér dagieldmentiesExdre 4 ror Sveprgtemabilyaifgem 0.1 to 2 ¢
char act eri sti coyokeh§rt MHFmhodfi aFagd/dibthydrogehi gid/ch’ ndidtod8n i hay e added

‘process steps YILnkorbEMdduiMesEEl of Fig. 16. Fig. 19 illustrates a
MOSFET having a very low Clerr] which utilizes an overhang| ng upper gate to

elimnate etching of vertlcal g;f)aortlon of the g

illustrates a ?ss? Chaileid rﬁ?‘f‘?@'ﬁﬁgFﬁ l‘c')lF 1Y belé"eg arefg. 21
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overlying an oXgd@yhayehi@fsilica, silica gel, kieselguhr, guartz or mixtures
- thereof, and oxides of metals of the second to sixth subgroups of
35 the Periodic Table, such as titanium oxide, in amorphous form or
as anatase or rutile, zirconium oxide, zinc oxide, manganese
oxide or mixtures thereof. Oxides of the lanthanides and
actinides, such as cerium oxide, thorium oxide, praseocdymium
oxide, samarium oxide, rare earth mixed oxides or mixtures there-
40 of with abovementioned oxides may also be used. Further catalysts
may be, for example: vanadium oxide, niobium oxide, iron oxide,
chromium oxide, molybdenum oxide, tungsten oxide or mixtures
thereof. Mixtures of the stated oxides with one another are also
possible. Some sulfides, selenides and tellurides, such as zinc
45 telluride, tin selenide, molybdenum sulfide, tungsten sulfide and
sulfides of nickel, of zinc and of chromium, may also be used.
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Verr] and di elald he Gneajstawed ort sgsported batslpdt=li Fersesanphé, ttitanium
various above- @ﬁ%&&uheﬂla{resé Offed @k emea@fmp%maaeaéﬁcﬁm drNaki 8it&nium
BEI e Sl Sgg&é{’“ ‘i m‘é%&égede-

i/[é(r)r] V\nl;rcause eg g?%g%5 us r%%ttsgd e re

92 and between o*Anghe ﬂﬁr?pqlﬁé'n@hg'ﬁﬁélt? |on
within P-  bodFa&desnseel 2 &iliGaanatipina GrafAsrortin Aiaxdseed ThB R viben
N+ source regi dhi®2Taos Idyedr aam 182 apPhied by hydopiyeis off pitaoiym cxganylss
is primarily dumdhoasheitagiuh isopzbpdliye tdre tiaahian mityjaite ,860r| bgaiwdro-
above thin o)g 1ysde bayeicPP. orTaenepriﬂ?ﬁﬁmgaieamﬂwnﬁuaﬂn& héSripdutiaia
| ayer 86 has a oa@ucsgne%iﬁﬂg ) a5 OBgHES 352 525015 wdIdHFET and

provi des shi el |ng over 12 1| Iustrate a nethod to
formthe structure of Fi I n F| , an egthX|aI | ayer 98of

N-type conduct i‘%ﬂcpyﬁlﬁavg‘l’n the, inysptiey, c%éﬁFFEP BB Stags 42 ndfeFyraied
10E15 at ons/ cnioertr ptt @ranhlf&/e'-OaSBpé@kmfex@bﬂxgérm It weeR8B0CE parodcu-
1's deposit e®naa0yNpreépsésilipt €rom 180 to 260°C.

Usually, the reaction in stage (a) is carried out under super-
atmospheric pressure, the pressure being chosen as a rule to be
from 0.1 to 50, preferably from 0.5 to 25, MPa.
30

The duration of the reaction in reactor A depends essentially on
the chosen process parameters and, in the continuous process, is
in general from 1 to 300, preferably from 5 to 120, minutes. The
conversion generally decreases in the case of shorter reaction

" 35 times, while observations to date have shown that longer reaction
times result in increased formation of oligomers, so that larger
amounts of oligomers would have to be recycled for cleavage.

The cyclization (stage {(a)) is preferably carried out continu-
40 ously in a reactor A, preferably in a tube reactor, in a stirred
kettle or in a combination thereof.

The cyclization (stage (a)) may also be carried out batchwise.
. The reaction time in this case is usually from 30 to 300 minutes.
45
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pho- toresist5 awhtigh-beiking eempmingse (Bagh bridarsirr 8Pl 2% Grandnegpase
portion 104 of ikt remide c3Rgoher= qff ehproddceabodi nent, a Lam[err] dry
etcher is used. The exposed portion 104 of substrate 98 Is to coincide with

Lre dSSIL:?oLOF§E| fH §9F§§dyéfgﬁffﬁﬂ giﬁfé@% u mlxture I is %ist&ﬂled
ang di f fused to°¥ dt rﬁqgveﬁ Viredls %%E’ Fj?@? ?Qa%gg a?f’(}rglag% and
ions are i rrp?*arﬂ éEP"aPmaﬁ’ré’ﬁé?ﬁy FEKENXERTS Ia %&?a &agg { %) )gonta:.ns

10E13/cnferr]. ammordepodbe sattem s taﬁéﬁrék‘i'%tﬂed'-hef dRVEBtihy eoyed
900[err] C i n a weford ahe] dasmbEldteircn .t Fheoammorghe aan| bgererdied byoadepnven—
prevent. damage ¢fbridie nethod, StdildkatipleNy cdi84i106uesh oit fiy paBging O Sihert
conducted in a,{lt?g\lcfe{grekmattﬁpg,g@erﬁxt'ﬁgg gopl anted ions are diffused by a

ranp up and fusi ng process, where the tenperature of the wafer is

ranped from err Cto 00 err]C a te of r ox
8[ renr)r] C/ ni nut e ] Eﬂ“dﬁg'ﬁ?t &I tﬁ?&'rtgggnau h%'?ta"{‘étﬁgd"ﬁom
tc 900[err]C f%\fm%nﬁeﬁﬁlrr %(ﬁ’i‘?ﬂ‘i’ll&n’b?nﬁ rRusherred apbegiment by firat
to form P body rewwimgl @Behwatem aildj@pwhlovfb@&iptmxa&EObbJ/ dimtidildngnezedhe
requi red char act®ipicalilyl thetéwith®gydietimMatidh ahdlsulejsedngnthberdasiviog
g; gaﬁggms\éolﬁ aez%ﬁuet htre dRYi 6f e Wurknes &f@éilﬂmtaﬁg? p%lrﬁ gsry dtieltgggzlaé
i i | i |
conductgd to f%r)fnuls gC(E)"rtt ac?mJelrél gﬁgfbgla% %%F]’R"g'gdy regi on 132 In the
preferred enbodi nent, boron ions are inplanted at an energy of
approxi mat el y 100K Prgterred demhriingnt, 1 6EXaT & GissElisrion. isTrarripannt
energy i s cal culratesd retiocédrprédsuegiatn 166 B o 8Pt hpbefemahllye SOUtbadso pf
substrate 982mhHfr ito givdeated dnd poveibty ragiohd1188d 4 ndisdiagatibhhrasi-
SHFte)fre?qugI[: ! yO}‘ iy @quﬁcesrmﬁbtegNest a fllﬁ.ecﬂ%‘f %?.shilﬂé@i&ﬁ dth efeoihogé  to
S |
107, and arse#icoalgs ?Le iﬁYtgg#' %é& zggfé;esafegrgﬁ 11@' % 4 hé SUT] ac
of substrate 9&E¥%h % Ff 'r MR ol ve HerfP g’éﬂ?ﬁ' |‘6"’P¥§7 TARpRARt R4
at an energy ofb%;ﬂ'”o91°d}’ﬁﬁtel y 40KeV with a dosage of 10E16/cn®. I n
Fig. 10. sil3®on dioxide layer 112 is deposited at 400[err] C over the
surface of the mif @opt Gracthos kmdisak apps @dlEoE gsbéntia)10dok-bbling
prevent any outsidiviif ¥SamhRGcOprsitad) anboRved tddTisRamS REELSY drBGirdNeldldd, The
T Puritles whddidh N SBNAY CiRRledl oAl ALY, wOdY ST cileGhbRG Ubek)B i s
are then driven-in X1 mat m nuteés at approxi mat ef:
1,000[err]C so thae %?"“gg'}g’e "Ye- gion 110 extends approximately 0.3
mcrons benedth
As a rule, the bottom product is essentially composed of high-
boiling components, such as cligomers of caprolactam, 6é—amino-
caproamide, 6-aminocaproic acid and, depending on the alcochol
used, high-boiling é—-aminocaproates and, if used, high-boiling
40 alcohol.

According to the invention, the top fraction, if desired together
with any alcohol and water separated off beforehand, is recycled
to the reactor A (stage (c¢l)), and the tcp fraction may be mixed

45 with the alcohol and/or water and/or é—aminocapronitrile used in
stage (a) before being fed into the reactor A. '



the surface of é t e 98. Li: IS driyesd perlo ct
regi on 108 and nggdﬁ?‘éﬁfgﬁs?gé"%ﬁgﬁdi ffuésésséfl g’éf PWW’P
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at mospher e t 4% BFHI% ‘Trlﬁiaﬁ‘“legyéf‘ g e d"é’rg Tbsﬁ °f05 Ay ?hl ck. Silicon
di oxi de |l ayer 116 is then grown over the surface of the wafer at approxi-
mat el y 920[ er r ] Orf addiggmnotionthe| gbpmementionsd| varianiisyp She phet tom fprigduct)
to a thickness ebt2hie80n Bragas(h) G0 bh) evekedHurs dur eeageg{ad) 1 drcokding

i ncreased thi CkpgSehdfidvendeohiyBy £y icthebhpéendds), leaned over N+ source
region 110. The portlon of oxide layer 116 over P body region 106. form ng

the gate oxide, WI|| teI 900 t S X S
shown in Fig. 574 %“b‘ﬁ ﬂﬁe ?’i(l%)r? ‘%4‘5 Odﬁg %Ji;/(t'elllrl s Zb? e%?’bngéa%? |§'§'t°
et ched to exposEhe IRATHAH Bopt sB'Eﬁ‘%% ‘raégPSn 110. In an alternative
enbodi nent, an - 13 - - additional etch is
conducted to et ih stagecqa29gi af ddd) tder,omghet camkpdse deésibedy x drvadioiling
region 108. AoCap- hi&tf-ludiqlﬁgt aicéxﬁnerbémgt hedled QidTRMeOBOE té Epratdci|; e pek-
the wafer by thefiahQsid 1o2d-Okochdl palhi COMAN A rSkanty £YH3NeBY
Qu and Si, or apy ptiler coRkenttopale W%hg' LSy, § A0 ECUS 0, parricn
o RAT | U

appr oxi mat el y O

silicon are spultelePrsferabhy %u?'faﬁfb 51" Iphd, V\‘Iéﬁ’eqht R r@%ﬁ‘? ‘I"' é"F‘d heating
containing Si ithen dfedngedarsiad oyl Aindlardy | vh Sfagehdakeinl a fwrhemt o
the silicon g2Ebs¢scter Fae Bigues feaptegduabhsiurgp|firom wbich caprdladamcés
contact 96 prefspedined BHPHLEES1 Patilon baireirerabBy &ininacdyt 66 tstde (BYE or
source region overlaid by approxi mately 1 m cron of Au. The resulting
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as shown in Fig OUT CE. CO 6 con rce’r and "al so

|
contacts P+ cont act27elf¥sh Q’Eritf'l?'é RNPreSgFe Eibl o Y62 6881 ‘%?J‘Lﬂhc?e"
regi on 92 and®pP+ covatemctandehpahing baingg casried eyt G@ﬁé&uéstb% iﬂflﬂitﬂm of
ohm ¢ contact with asdtaiiysdr inCanfeactmrt &t wheré urheh@eaetion conditions are
preferably chosen to be similar to those in reactor A I
[sic], except that the temperature is chosen to be from 200
to 350°C, preferably from 280 to 320°C, and the residence
35 time to be from 5 to 240 minutes, to give a reacted mixture,
from which caprolactam is obtained by distillation, prefer-
ably similarly to stage (b), or

{d4) the bottom product to which water and a base have been added

-40 being heated in a reactor E to give a reacted mixture, from
which caprolactam is obtained by distillation, preferably
similarly to stage (b}, heating of the bottom product prefer-
ably being effected under reduced pressure at in general from
0.1 to 50, preferably from 1 to 10, mbar, in the presence of

45 the base, as a rule from 1 to 10, preferably from 1 to 3, %
by weight thereof, in reactor E, preferably a tube reactor,
at from 200 to 400°C, preferably from 280 to 320°C.
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al ternative exmg?ﬂgggﬂfgefgg} ngé‘ a?ﬁ@% r opi caPI ’epgﬁgd‘ls‘!”
~conmpl etely-through in the contact ar- ea so that source cont act 96 directly
contacts both P+ body contact region 94 and N+ source region 92. Any
enbodi ment herein may be formed with a tun8- sten (W or refractory netal
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and Fig.5 forns"R ? idi W‘Bﬁf%s%sr a%r?w?g%’étl?"gﬁhge %ﬁ? disadvan-
wherei n sourc® ?Qig?%)r?fQZhebBHP’écﬁﬁra@F°FS§?%ﬂ' dhe & HVﬁBﬁ?t#%ﬁ?doﬁ%Slar e
formed sel f - al i gmiwelimenitst ko2 jrand (dl) to (d4) are preferred. - 14 -
edge portion of gate 80. In this nmethod to forma VHF MOSFET, there are no

critical alignnep gayear aaessarawpmeﬁm amﬂlamtaldef&fémbsphaaeaikgm

L Lrner gy dagpihheld, dldrdlheY LG £48, PofadiBlil nydroxide,
t he structur 0 N % 4 rre Fa eig £
portion 86 i &8 PS“?E Y t|§ﬁ 3 frreﬁ %v‘% “ﬁ" gragt.
portion 90 by aPQFé?Ji"l“é'éFl@aPﬁe Hraklan sof h“‘a W’i%‘tlldﬁnam’ PhEHESEEpm
structure of Fikygdrpxidee netal |ayer is formed by a method which will
intentionally provide poor step coverage, such as by an evaporation

process, so thafhé %v%ﬁﬁ:h?éa&f Ped inRRre®f pHedasBA sWithht beapdiidred Yst hi n
conpared to § & enl ZQH ﬁ\(ﬂé&'ﬁ Offe éi&é%anﬁuﬁhwftﬁﬁ%g‘ lsa9 e t:Lv:Lty

st re T orke haieton rob drinliachirdl g WSPAHL the

i sotropically et

contai ni ng phosiRiiemsapf drapid dRacgiyationeh Sheorptrlepter Uard., SRR Aignd £i-
i sol at e t he porddndn agougss coB80Ldw hpddendosrd thiighk bokilers pbﬁlﬂmmr%uf:#_dm t he
portion of gate 80 forned above thin oxide portion 90. This is shown in
Fig. 13, whesg gﬁlegate 120 and | ower gates 124 result. The remaining
elements in the FET of Fig. 13 are simlar to those in Fig. 5 and are
formed using a proc g3 simlar to that described with respect to Fig. 5.

In all the exar‘?% (Te%cri bed herein, for higher fre- quency operation, the
source contact is preferably an overl ay netal (such as shown on the right
hand side of Fi@p) 50 nififihsof| & osmluytiondpEr £9i broysyeighbeof cfaninsioppmar-
row (- 10 mzsons) diarilew dc2i 9-Bo-wedghteof apatEirt andeethaus] . (rEmainderpus
figures do not incGrer Frema[s1®) N alool BYETidAEY Situbki féddtor healted! b6
MOGFET structure ofadyed, Adviddls phbity 4f APBL|CH GLahVB L26Chml2da a

while a separate Vcilet%%% |§ ?P@ | ed fﬂ{fgd ‘gjkthet%%gnlmpOSJéfove v %t??gem

applied to e upper gate
in creating 3addl ti dts f(? r?gr ?ﬁ“’t FELRRAREER 1 82 and i n-

The guantitative gas chromatographic evaluation of the
reacted mixture gave the following yields (without ethanol
and water): 91 % of caprolactam, 4 % of ethyl é6-aminocaproate
and 1 % of 6—aminocapronitrile.
35 _ '
A product stream collected over 200 hours was freed from
ethanol and water, and the resulting crude lactam was dis-
tilled. 56 g of low-boiling components (low boilers) and
126 g of high~boiling components (high boilers) and 1232 g of
40 caprolactam were obtained. The low boilers essentially con-—
sisted of ethyl 6-aminocaproate and unconverted é-—aminocapro-
nitrile, and the high boilers essentially consisted of
oligomers.

45 (b) 445 g of water were added to 126 g of oligomers, 56 g of low
boilers (from (a)) and 1200 g of 6—aminocapronitrile, and the
mixture was diluted with ethanol to give a 10 % strength by
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In Fig. 14, a structure identical to Fig. 13 is shown except that upper

"gate 120 is connected to the source voltage instead of to an upper gate

voltage. Thus, in this configuration, upégr gate 120 acts as a field plate -
for increasing thaedghtesobntiagi @hisnsdliwtipBFashonce hegaivOgEmpedsatnaits
of f state. This Sefi:‘é%é be eohanee thbsughrankdenstypl 40 @300t ahe NOHRE. The

In an alternative, ?ﬁe? LE EﬂéJd1¥@haH§ &rpfgadgt gate déég¥d¥héa %y méahs of

removed using a we

oCcess h
dashed outline, i&3fiF f&%?%&pf'&ceﬁnag%shs cer?lf-l gul%ge?. IW&K“’%I ﬁtﬁagm{' And
met- al overS oxi d&ager) TARd \WRTSst 81 ﬁrBEe%%Pﬁ"éﬁ'ﬁi‘i Bl fict 8L tB %ea ﬁ'ﬁ%‘é‘l"‘
and al so renoves th@pgaaéem@looédj%aeénﬁ*megéﬁrw-t| on. Gate vol tage
is applied to gates 124 to invert the channel regions in P body regions
88. I'n th%f*&b%&i&cﬁﬂlﬁh&éiomphneatgaﬁ cHpeelattal) B6 Hoor Lewebolrdms
140 is formed %%ﬁﬁiﬁh bb3Refs AR d %tginéaefma%@ sb8OhQNuidl P
body region 8, it [ %@@ o:031S 144 0UPT1.a05, LDE, TEQRLLAg pOTide %ff{,
channel regi n"’lhﬁ' Bepoay - TE |oﬁ 8 Of atian °F ?é
Cerr] of the IVQSFETS %?ﬁ‘l ofkePIg ﬁ?%r‘l]zﬁ?qag‘ gﬁFﬁt?% §P{‘,‘a$
from drain 82. 6ramihpeaprppity %@r-aﬂ%rfio‘%aﬁe yipdd d'i!fer?ér &t ag b?“mﬁ?élecﬁai%tl’
144 in con- juraki 68 sith the field created by lower gate 140 is used to
invert the channel region in P body region 88 to forman ohnic channel
bet ween N+ ign 92 and N- drain 82.

- 16 - Sﬁu%'%gméfigu%ture of Fig. 1 6a is fornmed using a nmethod siml ar
to that described with respect to _Fi exce that afte rive-in of N+
source region 92) aﬂé?"P'-Plz M@ 53y tgﬁngﬂf ongpg |H§1‘élﬁ:rf’tr &?é‘ﬁ’ﬂﬂg? ro-
‘di scussed with re- ndgséle; ol ® Pl’ wpighte AL HEEQEf BPdI%%*!sa"ﬂlrrér%aan?’é)
‘etch away | ess of eerdefromelsik(0agndef bay iicde i tubecrdagtar heatedhis s
shown in Fige 17. Bhe°tgriavidig agcppacion off 20xmlle 4 agixmeldd b bomAtHil a
above an exposed p%h ef & RO 2h8TE L &8 WARE €1 thndn (BSideC{ahQEatoyein
gate 140 and upper 0#4 foL/l nhﬁr&?@'{% eral di nensi ons of one

e s

‘enbodi nent are sho tep illustrated in Fig. 18,
silicon nitride Iayer 102 is renoved, and oxide |ayer 116 is grown. As
shown in Fig. 16a, Thei guantitatsver gABIChESRASSEAPBLE cofkhatzionn @t hEhe
contact regiasn 94 aeectedimixtwie gavechhel followdeg yieldmriwithouvt ethaarlk
together by a net alan8oWatér FONHRAG of AcaPiclactamduadli ¥ et |@fy @thyd Bhamino-
:deposi ted, prefer aQIa¥ Byt&vaporation, so as to provide a netal |ayer having
poor step coverage ﬁl s netal lay- er is then masked and isotropically
etched so as to formu er gate 144, |o a and o ti.onal.l

source contact 1482 B $ RSt SRR cfﬁ% ‘\r{g?/d %"&5 éégflb gfef’ﬂr%ﬁ

openi ng i n 3%ubseghbApPy WMhHeteEd #pG dd9 FpERLERS 6‘7?“&@ %?%rvafléls’c’-l‘
resulting in a twoledyeb5netefl lowrboibhing cqnmhsnabl eltmrqulgwsm andehty g
and high density defi Egh—boiling thmpshentd Uhdghf bbilerdfandCiieen] ghes been
virtual ly elim nat edprbPaetadlerel dhtaBieds THINSG! BEilérs Udseatifll Predh
through an al ter natsaeee&%f e&&h{:@- ﬁ%ﬂééaﬁ&atecuhﬁd Al ﬁlfaﬁ, bgybls nassen-

drai n-to- upper gat %CilgaCI t anc f COI’lSt 1t Ut es er I’ er I‘ In
the prior a Y ??2% 3 aﬂ%ﬁ%9 nOM/appears |n thls |nvent|0n as
a part of C[err] The dramatically inproved switching char- acteristics of
t he new struct bé 3880stiowh waterhwere gidded tpel4d (g migoligemess &S Sposetiovw
on the gate chargebehaersatfm Exanplgr2ph «ofd R0 §. of 6~aminocapronitrile,
and the mixture was diluted with ethanol to give a 10 %
a0 strength by weight solution. This solution was once again-:
pumped at a rate of 100 ml/h through the reactor at 260°C and
200 bar. The yields of the discharged product were determined
by means of gas chromatographic analysis (calculated without
ethanol and water) and were: 91 % of caprolactam and 2 % of

as ARl Samawmis namammaon o



- 17 - O jllustrates, ap, exa chis ar LatLot t he
structure of Frfy‘sarieék +ﬁnﬁ?ﬁ?ﬁ§?hﬁ€t)er &@%4 overhéhés §§F92258}?| on
86. This structure has the ad- vantage in that the channel region between
N+ source 92 and drain 82 is conpletely overl apped by the conbi- nation of
upper gate 144 and |ower gate 140 so as tdd nsure the inversion of the

channel region. afuert Masrilhatbén u@i29egnay depdolacedmyi Shogtofilpw boilers

requirenent fora@ 1is0h’ 8P Ridh HUbil1@re! GEréVERtAnkdr Ered! th0'ddcdnaokibbe

netal |ayer |n|t| dﬁ\; connectr ng upper gate 144 to | ower gate 140. The
met hod for form ng e structure of Fig. 19 is simlar to that for form ng
the structure of Fig. 5, except, in the process steps illustrated in Fi

11 and 12 forS fAktageshele NOSFEE SECEFYable Low bpiitersw k96, goof shigh boi ers
tially etched tandi(3936%goéficapmliagitam wehe cihrtadpedThrem cbifffl @ oify 6remibnes
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in Fig. 20, is gdgn re-etched 100-200 nm (1, 000-2. 000 A) to create a new
smal | overhanging nitride portion 11 4A. A netal lay- er is then deposited
by, for exangé(e%? ation, and a vertical portion is not fornmed on a

si dewal | 3% 100. The resulting structure is nmasked and etched
‘to formthe structure of Fig. 19. Fig. 21 shows an enbodi nent of the
dinvention for hiaghd5 mldhuefica esplutiionsof {@r% &y eeighttdf ffz@AmETcapae- i ng
a separate upper galigxrilie,FBg2 fbywpmpeighgadeswiied and dtRamsk (Memiainder)
separated by a gap we-E@ &rsﬁlr psid et emul bari ihtd l20WabedtadtdO HéaRRE €8t e
capaci tance {Jerr] e q,o@é % Qqer d&ﬂ& | gh u ﬁ rg
capability is retar ned Eﬁzrel i %&q}pﬁﬁ ate

This split upper g g tTofth g éﬁg of ‘?’He ase’ in
above- descri bed entf&® ﬁl“s° T M eFsTrAates;  where gate 80 overlying

oxi de 86 nmay be opened up to further reduce (ferr]

- 18 - I n the Hhghghargiracive/igaBEChpbmdtagraphicsevalwatcion adft theé i S
preferably caypri sedacted RORturE (RvR0ChS) roliowidg’ F2e1d8YEFLtNGIR e@nERAS1 NM

9,000 A) Au |l ayer Il cty;;nal t
E)odr rrent)\/\/nererﬁ a;#%nggtg%ghﬁ?/gg%?g%%@%t di r%acf?{?ff %ghi gcit; 8 de&a%QOE%
t h@

body contact regio ~ABUEEP r‘e’ﬁr H- s shown in Fig. 19, platinum
suicide is preferably used as a contact |ayer under the WIi to im prove
ohm ¢ contact. N productnplochan reldected awssFRPOohoyry) was) Ireed framting
material is 2n N+ (exhangbnand sdaterQ>and| thereaditingt eruwdd laotad wasr dhs~

epi taxial |ayer forﬂmdeahewigr ST bWebei I8y Sbhpbhentd (Lowl abiiefa) and 12 g

Oxi de | ayer 86 has 5 g nqb éﬂgmqg“g &9 hA%OJF’II’OU
cel%ér

t hi ckness of 80 nm

: op

88 im purities ar &2F T“an?%e 9 taé‘néd &? F]%’ 8 “THe®

124 is appr oxi matel°f H(,Sr(ﬁ‘ﬁ‘sm°?ﬁ8r%ftﬁ @&dcﬂﬁ?%fb‘ferﬁr?gk RIS Hré’“ nle'
m crons. ThéQate Bpd thepuigh dwilexst assentindlyxcrastsied of mhlgomers-

{(b) 94 g of water were added to 12 g of oligomers, 29 g of low
- boilers (from Example 3a) and 260 g of 6-aminccapronitrile,
and the mixture was diluted with ethanol to give a 10 &
35 strength by weight solution. This solution was once again
pumped at a rate of 100 ml/h through the reactor at 250°C and
200 bar. The yields of the discharged product were determined
by means of gas chromatographic analysis (calculated without
ethanol and water) and were: 91 % of caprolactam and 2 % of
40 ethyl 6—aminocaproate.

After distillation, 265 g of caprolactam, 83 g of low boilers and
25 g of high bolilers were obtained from the second discharge.
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The |mplant doses are as fol 0 regi on 88:

13/ cnferr] at 7PNEX Akt 13“9"Fﬁ\£,iﬁﬁ¥‘6ﬁtl ons; 94)°6d¥q:or P+ Body gBﬁPi%E-‘Pagi on
94* 1 x 10E15/cnierr] at 100 KeV using boron ions; and For source
region 92: 1 x 10El6/cnferr] at 40KeV us- i ng arsenic i ons. The
channel length is approximately 1 micron, ¥#hd the channel width is

approxi mat el y 1AD€hgéthed)s83 g off headyeaubnengo‘stﬂdmreuee besg tde Hijn ®elingrs

el ectrical propeitdAsy of caprola&ted'n{ lrere obtained from 560 g o of 6—amino-
19- When overI feta re

u i€ i I
connected to the&® %ﬁ) 9§lé8ntg§? éﬁﬁfra é@§8a§e¥mé£n tgd §h Don Sﬁétgagagnd
the drain to pr%% ettt pad capacitance from becon ng part of C[err] In
addi ti onal ex®dnples the upper gate described with respect to Figs. 13, 14,
16a, 19 and 21 is deposited on the sane thickness of oxide as the | ower
gate and separated fromthe |ower gate by a masking and etch process. A
representative exanple is shown in Fig. 22. where gates 152 and 154 are
formed over a same thick- ness of oxide 156. Further, both gates 152 and
154 may or #g not overlie a portion of the channel region. The remai ni ng
el ements in g. 22 are identical to those shown in Fig. 5. Fig. 23
shows a new schematic representation of the resulting structures descri bed
herein which utilize a separate upper gate and | ower gate. Fig. 24
shows a | ateral MOSFET, where gate por- tion 160 is formed over thick oxide
86, and gate portion 162 is formed over thin oxide 90. Gate portions 160
‘and 162 may Bg separated as described with respect to Fig. 13. The MOSFET
O Fig. 24 is formed using steps simlar to those.used to formthe verti cal
MOSFET of Fig. 5. except, in Fig. 23, N+ drain contact region 168 is fornmed
in a top surface of substrate 82. Substrate 82 may be of an N or P type. If
substrate 82 is of a P type, P body region 88 may be del eted. Thus, an
i mproved MOSFET has been described which exhibits a | ower gate-to-drain .
capaci tance fgerr], wherein source and body regions are precisely aligned
wWith respect to a gate without the use of any critical masking steps, and
wherein a parasitic bipolar transistor has been rendered i noperative. Wile
particul ar enbcd- inments of the present invention have been shown and
described, it will be obvious to those skilled in the art that changes and
nodi fications may be nmade w thout departing fromthis inventionin its
broader aspezxdss. For exanple, all conductivity types nmay be nade opposite
to those specifically nmentioned, and the various di nen- sions may be
nodi fi ed as necessary. '
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(82) of o i1 BABRIARTAPREPRARISSRARE " S4Bag 1O, o0.%, pose?aRySy " ©

bcott om suf ace, the bot- tom surface of said substrate acting as a
drain contact region (95) for sad—MSFEF—pai+ struc- ture:

a first and second body region (88) conductivity type
formed in said top surface of ﬂmﬂmﬁgmgul J and separated from one
anot her weYc@afhist area of satd ¢op sur +0f; sai d sub-

strate: first and second source regions (92) of said first
conductivity type forned in said. top_surf of . ' and
wi thin respective offteB*8Fe®® °r,tthseapﬁ?g%§§te%°g’ iognts:;aprdéﬁaqn %%%%égsé??ve
gate having af uppef-pBineeapRoRdfrile in the presepee: of & NFELISPEPRE from
a first |ower - catpbyst ;and WRtprapnudery cHRerasmosphenif PLe§SRren wherein
(124), said first |lower portion being insulated froma first

channel region w thig)sg-gmihésdpidtrile, or 4 e@ixtarbetusediritigl ebsefitially
source region and a ' & ALY 9heSahdh fidtsh BAGYa'RSFBHIAY NG or a -
| nsul a- tion | ayel { 51-0 af'oasidg U Gl 132k e of a

| over portioft%eing i nsfaFeRCT AN & §88BndS cRAnReT FegonoweEn?n
sai d second body regi onheterogengpus,cakalysy b FG2E58F R ?‘égﬂgﬂﬁ Anfratpee
ri phery of said second Bedy region by an insu- | ation | ayer (90) of
said first thickness, said up- - per portion being insulated from
said first area (b) -m@ktpé 0 3P thenl acecil1anitd §ubets atop lBracibn; -
-21 - . 15 SUEE Oflad BF anaB8) bSOt tén AV L] NAGKADSS being removed
wher ei n sai d-second thi S28 tl'.hs q{i%%ri.ehrla{ &p if '1:'. is p§ &Ig 'i.rnSElIixture I

t hi ckness, whePel-R-gart upper portion of sard gate 1s split ’
into a first upper portPBf FA®®) and a second up- per portion
(162), wherein neither said first up- per portion nor said second
upper portion over- {cl})the topiBmacticenisafepamticothef reagtex & <if stage (2),
The MOSFET stapucture (fiiguagsifea aheChopnEdaction beinghmiged ssizihd thier alcohol

lovwer portion (140) oveplap3ter or 6-amihbéSprdidri®B Gfeddin dvdgl (BhaBegbre
region, and sal flet bl Sted!RRT, RRL! LOMAdi®), BYer!aps a sécond
portion of said first c ahnel regi on, and 'wnerei n sai d second | ower

portion (140) over- laps a fi rst_goorti_on of said second channel re-
gi on, and sai d secof@2dfsperteprirastirrq4L gpsired with thejhetion pragpct from
portion of sa&isd second skageelb), is fedr dgtorr reactPheBMERETOR frectien of
claim2 wherein said uppeing mixed, if desired, with the alcohol or water or

G-aminocapronitrilé used in stage (a) before being fad
into the reactor B, and caprolactam is then obtained
similarly to stage (b) by distillation, and either
30 ' ’
(dl) the bottom product from stage (b) is fed into the reactor
A of stage (a) or

(d2) if desired water and if desired a low-boiling or a high-
35 boiling alcohol are added to the bottom product and the
latter is then heated similarly to stage (a) in a further
reactor C to give a reacted mixture, from which capro-
lactam is obtained by distillation, or

-40 {d3)water is added to the bottom product, which is then
heated in a reactor D without the addition of a catalyst
to give a reacted mixture, and caprolactam is obtained
from said reacted mixture by distillation, or
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. ti 1 44,160, .162) i§.c ted t coi _
Vol 1 hge (VL er 11 #AB; ARKiePepRpLIRRRaTe o BAOFHE 170, oo, BN/,

second channel re- gions, and said first and second | ower portions
(124, 140) are connected to receive a separate | ower gate vol t age
(Merr]) for inverting said first portion &f said first and second

channel regions. 4(ddhehdBdttbns prodtct ecmfwhikchi wateorantl whdasenhsee dbeen
gﬁper Eortl Z?: (%44£ 160addéd)id heapodend @ rblctdl & to gfi@é‘lré:ﬁ:é’a%&bﬁnmixture,
rough an short cir < 3 MER r [ ;

or 4wher ei EHoh Whls?%l gggﬁper p&dr ts'L fsoﬁs%:ylﬁ%gob\?gr‘%g%%léggﬁn'

i nsul ation | ayer (100) of said second thickness. 6. A nethod of . .
formng a MOSEE%- pafrPERGafd @fecipimed in Glaim b, (¥heraig dhgs distillation in
forming a first andtseceraygdsod@2)eg(d?) (@) (dh) is carrigdseypngimilarly to
conductivity type istaégé qb)stbf give of caprolactam,sabibwebei iRy fabcaibhraid a
conductivity type apfttom produs@PayféN NheS Préviss Sthaddnee8WdbdLMhg &FaR0S

from one anot her bytf‘ort'fsgtre%?ﬁi‘letéaQ&Jé)szur-‘ face of said
sal d S

substrate, a ﬁottom surface o bstrate acting as a drain
cont act regi6 95) for said MOQSFET pair structure; . form ng
first and 'seconéi- sObrRePqess dfscladpedfin claim 108 2. wheredip g terrgnarure
type in said top supf atxemofl00 to 320%}iis maebptained dmd thet heacterspdettiovd-
ones of sai d body regions; and form ng a conducti-ve gate
.P_a\fi [‘9 an Uppequpora process a?i @ﬂafﬂ&p%ilﬁ&hyebﬁcéiiﬁﬁ liy tB€pr Mk fd @M a
firs ower ausLC ; 3 ;
(123, 15 oo PR A0 o B0 uEE T e BRned in thd YddRBrs
first channel regi oh ¥ Hin said first -body region bet ween sai d
first source region and a periph- ' ery of said first body region by
an insul ation |2y- A processeps(9objimgd dnf mpyt of Iekadmssd, to 4, whexgjnd from
second | ower porti om. deitrg 35naul adEdvdttedmare used gerseodndf cbammiziodaggiosn
wi thin said gecond nitrile. body regi on between said second source re-
gion and a periphery of said second body re- ' gion by an insulation
I_a;z/gr_(QO) of Séal d Jt';grsc;[cess as clg.ir]ﬁe%(gﬁsgny of claims 1 to 5, wherein a resi-
dence time of from 1 to 300 minutes is maintained in the
reactors A to D.
25
7. A process as claimed in any of claims 1 to 6, wherein an
alcohol selected from the group consisting of methanol,
ethanol, n—propanocl, isopropanol, n—butanol, isobutanol, sec-
butanol and tetraethylene glycol is used. :

30 | .
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sai d_upper por tgn %&%Agg&ﬂ&%ﬂ@m Saighasz  blLES! oﬁ%??g%ﬁ?a;d

top; surface of "sard by ‘an 1 nsul ati on"["ayer

second t hi ck- ness, wherein sald second t hi ckness i s greater

than said first thickness, wherein said upper portion of said gate
Is split . into a first upper portion (160) and a second up-

per portion (162) such that neither said first up- per portion nor
said second UppeepRPAti®R W &faprolactam |ies a central portion of said
first area. 7. T e method of claim6 wherein said step of formng sai d
conductive gat gu&e 19) conprises the steps of: form ng
sai d conductiyv So that said first | ower portion (140)

overl aps a fi% st portlon of said-first chanpel region, and said
first upper Caprolpetan oks @%@@?reﬁePYeﬂﬁ?ﬁ%nseéUﬂE1$Rﬁ%Rqﬂ¥lGF1§3|H“ the
second channel pregenne @hda heterogendeousigrtadydtsandwhtcanwwndpor super< 140)
over - ladRSsphét{s tprysiirenpef a smthosecandghtémnnel re- gi on,
and sai d second upper portion (144) over- | aps a second portion of

sai d second nnel

24 - ]%h%afh amfﬂ %a%ﬁé%%é§1g16 oF 3’?1 Pﬁe conta#?%ﬂqlesfﬁntlall%teps
of : conneéfPH@"ﬂ%?QF?ﬂﬁﬁE SOr??%Hme“hﬂndl or a pigh-
recei ve an upper &Pél%@m%ﬂgf@b(‘#[ ere|heatad in the prespsce| ﬁ§ %dﬁ%@@@ﬁ&ous
portion of said flcataAndt in a reaggovnll thaivel arviktume Iand

connecting said first and second | ower portions (124, 140) to
receive a sqpar Et)enﬁ%ﬁ{e gfltfs %Qx'eh dJ.st:Llled %egﬁ.VLeirtlép fﬂ:raclt'i&ﬁr tLggrsai d

first portion i ctam REN | oA SRIRNS amme gﬂuf ?%%EGtRé

7 further conpr n onnect| n Yl d
160 182) 1 Bs'sa?a%h?ww&p it t@z?rﬁﬁ":ﬁ:gﬂs CNTL A NS EE

10. The method of claim6, 7, 8, or 9 further conprising the step of
form ng sai d upp#d tpertbpnfx(amd-)onsésaged intip theerbaees A @i stapeat {an, if
llayer (100) 20f sai deS€fed the AP ERbekiIOS beinglmikes WMIFEhestaluohdl conf
claim1l1, 2, 4, 5 @htlr or SMMHi%RapPOALLADR vBEA! mnsﬂcfé (a:§6gefé§3)béfng
con- nect ed tofgdfiﬁg&? Melol %SE@E al%y The nethod of claimé6, 7,

10 furtherconprising he step o cohnectlng sai d upper portion (144
160, 162) to a fixed potential.
- (c2)the top fraction, if desired with the bottom product from
25 stage (b), is fed into a reactor B, the top fraction being

mixed, if desired, with the alcchol or water or 6—aminocapro-
nitrile used in stage (a) before being fed into the reactor
B, and caprolactam is then obtained similarly to stage (b) by
distillation, and either
30
{d1) the bottom product from stage (b) is fed into the reactor A
of stage (a) or

{(d2) if desired water and if desired a low-boiling or a high—

35 boiling alcohol are added to the bottom product and the
latter is then heated similarly to stage (a) in a further
reactor C to give a reacted mixture, from which caprolactam
is obtained by distillation, or

40 (d3)water is added to the bottom product, which is then heated in
a reactor D without the addition of a catalyst to give a
reacted mixture, and caprolactam is obtained from said
reacted mixture by distillation, or

45 (d4) the bottom product to which water and a base have been added
is heated in a reactor E to give a reacted mixture, from
which caprolactam is obtained by distillation.



