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devices and nethods for the production thereof, and nore particularly to
thyri stor-based SRAM 5 devi ces. BACKGROUND ART Contenporary conputers,
cellular tel ephones, radios, televisions, and other electronic equipnent
are constructed using sem conductor mcroprocessors, integrated circuits,
menory %P&?%EAL%%RMMND%%EHW ddth EABRI bR L HEREDE ar e
characteristically fabricated to on a sem conductor substrate, are
constructed using various mcroel ectronic devices such as transistors,
capacitors, diodes, resistors, and so forth. Each m croel ectronic device is

typically a pattern of conduct qQcrgeniconrguctor, and insul ator regions
formed on the sem conductor substrate. The el ectronics industry continues

to strive f incr i hgher - d i - I ORI J
circuits by%é%\ﬂ9§583§1ﬁ’ﬁ ?'lg[i&lﬁlr %%ag% %&gér[]@ goys%&g%?qjuﬁtgob r%ug{%gfaf%&ng&f %détn@%g%’lsces
on a suidltetsRF Rentepretuctbn phatofliaad Merypdratded s caltryrisniragrat SRAN{rcui ts
on small areas of silicon wafers are manufactured through a series of
st eps @&fif§Sed out in a particular order. The nmin objectives include
obt ai ning a device that occupies as snall an area as possi ble and consunes
| ow | evel s of 20 power using | ow voltage supply levels, while perform ng at
speeds conparable to speeds rgalikzegdobwimagr | arger devices. An inportant
part in the circuit construction and manufacture of sem conductor devices
concerns da torage, oOfr m uct or 0Ll es. 1 i I ed to
tore digt e Rear e ey TR Pl TR dete b Ml S U kRl o
Ci rcui kgMphyi frakcbiystiuoralviag sédidoadmithigmatogreastorqnategtatidageuns, engndryand
form ng associated circuitry designed to access the stored inforpation. In
appl i cahiparandihelike. cThe@apmispadustorsaionedhstingh psirhagriesiqally fahwigatedgng
[ &b APk ol sl BE BNk HRSL %Q@@L@ed s CRNRK el JoRRYBAY doBtBULyfggMemry
devi ces can e very I nportant. nam c’ read/wite random access menory
(" DRAMithndistoss, toppecitfs, vibdds] Iresistemsprayd don fodti. c hEddhe ndabelesit@riedieatce eiach
| ocation.is periodically refreshed by reading it and then witing it back
agai n tyiealy damterp ot Faucieh SO dicis AP aruatosragiops ety e
randomy. ACCRSSIRBLAtd. " SRAM') is a type of volatile nenory in which the
data, once It 1s witten to

The electronics industry continues to strive for increasingly higher-powered and

15  higher-functioning circuits by device miniaturization and by creating multifunction devices
on a single semiconductor chip or die.

Very large-scale integrated circuits on small areas of silicon wafers are manufactured
through a series of steps carried out in a particular order. The main objectives include
obtaining a device that occupies as small an area as possible and consumes low levels of

20 power using low voltage supply levels, while performing at speeds comparable to speeds
realized by much larger devices.

An important part in the circuit construction and manufacture of semiconductor
devices concerns data storage, or semiconductor memories; the circuifry used to store digital
information. The construction and formation of such memory circuitry typically involves

25 forming at least one storage element and forming associated circuitry designed to access the
stored information. In applications where circuit space, power consumption, circuit speed,
and reliability are primary design goals, the construction and layout of memory devices can

be very important.




5 a nenory |location, remains stored there as long as power is applied to
the menory chip (unless, of course, the data is deliberately changed by
replacing it with new data). SRAM and DRAM of ten conpronm se one or nore of
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introduced, ranging from a simple bipolar transistor to complicated quantum-effect devices.
The biggest advantage of the NDR-based memory cell is the potential of having a cell area
smaller than that of 4T and 6T memory cells because of the smaller number of active devices
25  and interconnections needed in the NDR design.

Conventional NDR-based SRAM cells, however, have many problems that have
inhibited their use in commercial SRAM products. Some of these problems include: high
standby power consumption due to the large current needed in one or both of the stable
memory states of the cell; excessively high or excessively low voltage levels needed for the

30 cell operation; stable states that are too sensitive to manufacturing variations and provide

poor noise-margins; limitations in access speed due to slow switching from one stable state to

the other; and manufacturability and yield issues due to complicated fabrication processing.




5 Athyristor is a four-layer sem conductor device consisting of
alternating N-type and P-type sem conductor materials (i.e., "NPNP'), with
three P-N junctions. Thyristors usually have three electrodes: an anode, a
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significant problens in many applications and have 25 resulted in nmany
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thyristors, and to circuit applications for such structures. These devices
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electronic terms this can be quite long.
This inability to switch the device off without interrupting the current, and the
associated slow switching speed, are significant problems in many applications and have
25  resulted in many attempts to modify the device structures so that they can be actively and
rapidly switched off.
A prior design directed to these concerns appears in U.S. Patents Numbers 6,229,161
and 6,448,586 (both to Nemati et al.). The descriptions are directed to capacitively-coupled
NDR devices such as thyristors, and to circuit applications for such structures. These devices
30  are described as having advantages for use in designs that need NDR devices having
improved on/off switching speeds and a low holding current when in the on state. They are

said to be unlike many NDR devices such as conventional thyristor structures that slowly turn

off due to the saturation of their junctions in the on state, and/or which may not turn off at all




signal that is presented adjacent a particular region of the
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20 bottom N+ region of the thyristor.
There is also potential incompatibility with salicidation. Additionally, difficulties can
arise in controlling the dimensions of the vertical pillar and reproducing these dimensions for
each TRAM cell in a TRAM array.
Also, due to the existence of a vertical thyristor in each TRAM cell, the TRAM cells
25 as a whole are not planar and are therefore difficult to scale to larger configurations.
Additionally, since each TRAM cell is fabricated prior to or after fabricating other
devices (such as positive-channel metal-oxide semiconductor (“PMOS”) and negative-
channel metal-oxide semiconductor (“NMOS”) supporting devices) that are connected to i,
extra fabrication steps and increased manufacturing costs are incurred.
30 Thus, while there is a growing trend to realize an SRAM cell by using the TRAM
combination of an NPNP junction connected to an NMOS transistor for ultra-high cell
density, the incompatibility with conventional bulk CMOS processing makes such embedded

SRAM design difficult.




DI SCLOSURE OF THE | NVENTI ON The present invention provides a nmethod for
manuf acturing an integrated circuit 5 structure. A sem conductor substrate
is provided and a trench is forned therein. Athyristor is formed around
the trench and within the sem conductor substrate, the thyristor having at

| east four ISalgioss W pidblchisad thisNojturet begisiohpeoediel hadnve ngadleddiahodehe
thyristor is formed wthin the trench. An access transistor is fornmed on
the sefkidlhdutestt substrate; and an interconnect is forned between the
thyristor and the access transistor. Thus, there is provided to a

t hyri stor-based SRAM and advanced nethods for the fabrication thereof that
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of those mentioned above. The advantages will become apparent to those skilled in the art

from a reading of the following detailed description when taken with reference to the

20 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. | is a cross-sectional view of a silicon wafer in the first stages of processing in
accordance with the present invention;
FIG. 2 is the structure of FIG. 1 after removal of an N-well mask and formation of a
25 P-well mask in accordance with the present invention;
FIG. 3 is the structure of FIG. 2 after removal of the P-well mask and formation of an
active mask for forming shallow trench isolations;
FIG. 4 is the structure of FIG. 3 after removal of the active mask, formation of an

oxide liner, and filling of the trenches in accordance with the present invention;



FIG 7 is the structure of FIG 6 after etching to forman access
transistor gate and a thyristor gate and formng a mask in accordance with
the present invention; FIG 8 is the structure of FIG 7 after renoval of
the mask and formati on of spacers in accordance with the present

invention; @R H (g thd sirtethiteofSEIGUCH ak@ refotdlGf tBe akpded fportioakicdnhobxide | ocal
i nterconnect between the access transistor and the thyristor; and FIG 10
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i ncludes deposition of material or photoresist, patterning, exposure,

devel ogereerts,in aetocdrinagg with|teapricsy! irwdiior renoval of the material or
photoresist as required in formng a described structure. 30 Referring now
to FIG 1, therein is shown a cross-section of a silicon ("Si") wafer 100

inthe first stagegget A@é@ﬁﬁﬁ@ﬁ%ﬁﬁ@ﬁﬁﬁ@[WEngal static

read/ wite random access nenor IS thyristor-based ("TRAM).

The_ thyri st negati ve.differenti al I stance ("I
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patterned and formed on the sem conduct or substrate 102. The N-well mask
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bei ng i);lfelsel:{ﬁturl%n 101, Xome weﬂqm%wnactzdn%uarurons an&' process steps are not disclosed in
detail. Also, the drawings showing embodiments of the apparatus are semi-diagrammatic and
20 not to scale and, particularly, some of the dimensions are for the clarity of presentation and

may be shown exaggerated in the FIGs.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of a wafer or substrate, regardless of its orientation. The term “vertical”
refers to a direction perpendicular to the horizontal as just defined. Terms, such as “on”,

bk B

25 “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”, “over”, and
“under”, are defined with respect to the horizontal plane. The term “processing” as used
herein includes deposition of material or photoresist, patterning, exposure, development,
etching, cleaning, and/or removal of the material or photoresist as required in forming a
described structure.

30 Referring now to FIG. 1, therein is shown a cross-section of a silicon (“Si”) wafer 100
in the first stages of processing to fabricate a horizontal static read/write random-access

memory (“SRAM”) that is thyristor-based (“TRAM”). The thyristor is a negative differential

6




Referring nowto FIG 2, therein is shown the structure of FIG 1 follow ng
renoval of the N-well mask 104 (FIG 1) and the patterning and deposition
of a P-well nmask 200. The P-well nask 200 defines a region for a P-well

i npl antation 202, the inplantation being illustrated by P+ inplantation
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FIG 2 followng renoval of the P-well nmask 200 (FIG 2) and patterning
and fomaticsn of an active mask 300 for forming shallow trench isol ations
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uni npl anted portion under 15 the P-well inplantation 202 of th
sent coliovel weelpEe L0067 o el iReing HEsiERd - ITHgYaieAEEne - bot h
i nside and ﬁg%gﬁx?ggmﬁ\p% Iisl'l@{ei,lthé li@@h@\%\}/hQHe %t%ur@%lf :Flléi.uﬁtfél?évﬁQg rémsegond

STl  trench ornmed entirely wthin the Nwe i nplantation 106 for

| ater ufthe ﬁ\hw][eb mmdskd 0d (FiChylp asd the p808{1FE Bd dgposatcwortdi hrogvellonadke?0pr dbent
i nvention. Referrin ow to FI 4, th in is.sh he. st t of FIG
3 fol | B MoVl gefg“ﬁsﬁfl‘etgw&(;%’m \?éwﬁégllﬁ‘g'@iﬁsﬂ“%#ﬁgg» g‘}ee Rl HBIRPFOR of an

oxi de hmﬁgteélggpgtimeg@gtw aotBpogn the P-well inplantation 202 and the
STl trenches he first STI trench 302 and the second STI trench 304 (FIG

3) 1are t henRefetdiginty t@fIGTS, e isIshawn, the stuctwe @f BYG ch dolleing nempemi cal

pl anari zation (,"CVR" ry.ing now t.o Fl 5 .therein is sh .
struct BI_FZ 0 “ﬁ(”dmﬂc %8? :?g(ﬁen% ar“gn%z&glmnégngffowgogxo e UyS,! ?S%‘v’s(}d(; °"t he
oxi de kiRgkg 40106l 1noh &HIABSHSPERTTONS TR akeyef e Rhitdieulibt sulgamfed ddt 402) .
A pol ynor phous Si ("Poly") mask 500 is then formed to define an opening 502

12 glr ef oprritentedaby H%]q igsvormaght S 0vie :the@oatclwdttﬁifﬂrm o Sdd drracisT) as fdloets. 304
. 1 tar { - 4 { f . i
502 by THeSTL Tsp A AR i ol DSBS SO E yBRED 00

! It ner t ﬂ(&@h{}ﬁgl 5a]gchnl. %Gﬁ%fﬂﬁé @émicﬂgclhﬂﬁkwf@bsr.]tl:dtﬁl 0Bat dddedeat its isarfsdrpdinst he
structur

gat o oxkiennaper i95ge Rad OB (bf DuHOBAAHAIHEY 655 A RL St cbredet T
substrate,l ) i St : , X f i,on of
et PRI o Rt RahOF e YR B R N-HR B RER 1 0h 30 BN A (SRR 800,
A Pol y thyaer 8694F s 8) dedohding cethopidserdt ioventibe. TECS |i ner 602, and a gate

To FIG 7. RREFGHARDY (Cdin Tt REE FUBOU oA TGS b 101 P SHING PEUERPRY
t ngﬂgﬁf ’tﬂﬁ:gacggf% gédgg%bo OR%s. (o Sndontdt@nRRiae iy abo ¢9picafry Si08) orrd
P-well implantation 202 and the STI trenches. The first STI trench 302 and the second STI
trench 304 (FIG. 3) are then filled by an STI gapfill 402, followed by chemical-mechanical
planarization (“CMP”).
Referring now to FIG. 5, therein is shown the structure of FIG. 4 following removal
25 of the exposed portions of the oxide liner 400 (i.e., those portions not covered by the STI
gapfill 402). A polymorphous Si (“Poly”) mask 500 is then formed to define an opening 502
for forming a thyristor gate well 504 within the second STI trench 304 (FIG. 3). The
thyristor gate well 504 is then formed through the opening 502 by means of an STI etch
which also removes the portion of the oxide liner 400 therebeneath.
30 Referring now to FIG. 6, therein is shown the structure of FIG. 5 following removal
of the Poly mask 500 (FIG. 5). A gate oxide layer 600 has been grown on and across the

semiconductor substrate 102 and the various structures thereon, followed by formation of a

tetraethylorthosilicate (“TEOS”) liner 602 on the gate oxide layer 600. A Poly layer 604 is




5 portions of the TECS |iner 602 therebeneath to forman access transistor
gate 700 for an access transistor 806 (FIG 8), and to forma thyristor
gate 702 for the thyristor 808 (FIG 8). Both gates are forned fromthe
Pon | ayer 604. A mask 704 is then forned for a lightly doped drain

(" LDD' Jhehripp @d‘t%@bh@ﬂile $00S(1xee 6F1, Gnd 8)gatcepadsert 8 patinedpiddd@bitahomtieons

706. Referr nowto FIG 8, therein is shown the structure of FIG 7

f ol | owPly sy to of the mask 704 (FIG 7) and showing the regions of
the LDD inp S -he
access tr ang?%%@é 36;‘?29%8 Z’n %{e %OF{P[ ?}ﬁgr&rggtﬂ 1eeb@fe[ﬂ[.Gf ? f@gt‘ﬁi ?:%ytgglglgn

(" S/ D" )hromghkthe pate mbdne)6 (Gt Reaf ﬁlerﬂaﬁﬁiandﬁoti (F I&ﬁbamﬁthromgmmmxmﬁl ng by
t he spacers 802, defin t for an.S/D inplantati.on 804, | owi ng
wht Eh PHEIOE B sk EOSC el Reechgrie KL GrE: b ASIbHaL g ERe Hloeseh

transi gt ks §;9r@1sw}l'§)6f(t@f@e@ AR oLfgﬁntahﬁyl?sQ e%ﬁe 760 ﬁﬁ%ésﬁq?f istgAkes (06, and the

adj acent portions of the gate oxide |ayer i npl antati on 800,
and t h8o8/ @itesmﬂeafmhaed (5mT8ﬂ¥b Py riyea Oy, Ahea&ko?(é tsdhgoﬁezfmeé fof atlfghtly

t hyri stor de.the th 702 and .the a ent ns of
tha gatapesitais (EOEY S e LA QL BB S ERCa b8 PR AERBrRE 2hEat s on
804, the P- Y@fclml'l H}Q&)@%@GOQ #02in BNHowdAhé BRudhWRIFIFIGITP faild Rin ABmd A .

Ref erri ng nowtogl‘: 9, therein is shown the structure of FIG 8 foll ow ng

f onrat obthe m'etskél'OMEEﬁ 0] mn@smn@dte 1’§Qi@ﬂ$)éf hedP P haplagieder 300 ahricgscV2806

and th th r| tor 808., The I I 0 fo
orarm Bt e Rl i A BE Rbas RBGSBORAEoP A TRY uRFisloP lRroat ok
exanpl @@urﬁ@@x AAeViSEE ahadkinst SHoage 13/\@1@h dmb&dnﬁﬁik gdcorgigheg, wﬁim chasking $tyen
fitted 25 to formthe | ocal interconnect. The device is then conpleted by

means dfe memﬁ%c@ﬁees die@raadpr e SO mpaytafiay 894, golowins avhiHethsrBRingaskn of

el ectri. cal gptacts 904 and 906 for the access transistor gate 700 and the
thyri st é’a?e 702, respectively. Additional finishing steps include

prayi si on ofthetdaey comb@@dntsi cBthecantactsnsisnat Sehows) foagedieclwdes tienaicyss and

finishing with CM and ot her 30 conyventi | finish st eps. not
shown itiangEsier mte 7P0wind tise adinay sRBBaNY I"?gtﬁllf:h@t’?/af’rxl“if“ugayéﬂf Fi E%Iﬂ'&)

282: g?rglflpllantsd\f‘ﬂ? EH@ t el % rllﬂ%ﬁ%n&ﬁ%ﬁt @fL S S%Ha qhgggrc W)ljngm{b‘ﬂfs of the

' co- p anar 8 commo practlce I he art to
enabl e tlejflfst(ﬁ“I%ltmthtchl thpdist@opnt @ eL s amcbtliaeadjem:mtem)ﬂwnsa)fdb@/g@te oxhdviapg very
cl osel y spaced. conponents

el ovel  epRcd,Somenent S ol im0, By 10 er et b &
devjces,d N_V@&pﬂ{ﬂm&%nm%h the present invention.

Referring now to FIG. 9, therein is shown the structure of FIG. 8 following formation
of a local interconnect 900 between the access transistor 806 and the thyristor 808. The local
interconnect 900 may be formed, for example, in a known manner such as used for contact
formation. For example, the device at this stage would be masked, etched, and tungsten filled

25 to form the local interconnect.

The device is then completed by means of an interlayer dielectric (*ILD”) layer 902
and the provision of electrical contacts 904 and 906 for the access transistor gate 700 and the
thyristor gate 702, respectively. Additional finishing steps include provision of other
electrical contacts (not shown) as are customary, and finishing with CMP and other

30 conventional finishing steps.
While not shown in FIG. 9, it will be understood that the various electrical contacts,

such as the electrical contacts 904 and 906, will not customarily all be co-planar, which is




5 The nethod includes a step 1002 of providing a sem conductor substrate; a
step 1004 of formng a trench in the sem conductor substrate; a step 1006
of formng a thyristor around the trench and within the sem conductor
substrate, the thyristor having at |east four layers with three P-N

j unct i egnsmbherahiet We e ad tteaghld @0Rciaft dartmiahgoatagatte bbdbrohdieir hydeiist or
within the trench; a step 1010 of form ng an access transistor on the

sem cohdieg vy slopely sared cap@osedt ep 10 1012 of forming an i nterconnect

between t hep LEnideShalk BNAINF ARERTS id LIS S Abw LitidbLE! SLERt R0D, (A
g nethod t he

manuf acturin to produce the horizontal TRAM according to
pr esenprovit@nitdromniab thyeisfoobasd SBAModdvies in decohecseith dentesnbmveutdst. r at e

102 is suitably. d, N-wel | .mask 104 | t1 d and f d
Lhas bolhe siihadisthebar St G PLpriiB e sinrui P et TRE & ARG 108 B 1o
N-wel | fdmlﬁ\ﬁ AQ8nhFh Be shhniboshdubePsRIRYestich 16060 MBlhinERSKy %8t drsund@kt er ned

and forned on the sem conductor substrate 102, and the P-well inplantation
202 i strperhf oxdmeithin tho sghicohdicPresbitratmske gQdistof Be@ng 25 [@st e [Prewerithmask

200 (FILG is renoyed, the activ sk.300 for th irst. 20 STl trench
202 anfirenE L bReoRaYRePraER So reTDa [P 4l PoHisAviCy yETn b
sem copgugt QktepUb3e bat an 8dsst st ohtBOSMESoRIuBtok BEiitretes hata step
t heret hrough. (FIG 3) 4. The oxide liner 400 is forned on and across the

seiti coh@iceidernsinban izttwon@R} betgen thertkyrisgmangdtehedsesomngidos 3), and the

The STI gaphl FPdoRt et e FelPRag rodef BENP A TERRAL BT Lo

por ti onsthehrdsha i@xinden i pefordedaaftlovenoved, the Poly mask 500 is
deposited, and the thyristor gate well 504 is fornmed by etching the STI
beneat h t helopenilhgssoizondncitisubsiae sk ssiebly priparedsilieddwell sk By nask

500 (FIG 5) Is [ammyedand hbeodals, 9l e \aysr i ang the sTRGR,L ner

602 are formed o and across t sem con strate 1 t he
valsous structurgd@ hereon, follow ng which the Poly |ayer 604 is
deposited on the TEOQS liner 602. The ﬁate mask 606 fqr ‘578% acces

Sva&@ :

transi stor 29 gat 8¢ 2oovelrmesk 204540t Ab it {0 spve L ppex %‘%J s then
P 271, 20, SRR ) 8 Sty Bl g e o1
implantation 202 is performed through the P-well mask 200. (FIG. 2)
3. The P-well mask 200 (FIG. 2) is removed, the active mask 300 for the first
20 STI trench 302 and the second STI trench 304 is patterned and formed on the
semiconductor substrate 102, and the STI trenches are then etched
therethrough. (FIG. 3)
4, The oxide liner 400 is formed on and across the semiconductor substrate 102,
the first STI trench 302 (FIG. 3), and the second STI trench 304 (FIG. 3). The
25 STI trenches are then filled with the STI gapfill 402, and CMP is performed
thereon. (FIG. 4)
5. The exposed portions of the oxide liner 400 are removed, the Poly mask 500 is
deposited, and the thyristor gate well 504 s formed by etching the STI
beneath the opening 502 in the Poly mask 500. (FIG. 5)
30 6. The Poly mask 500 (FIG. 5) is removed and the gate oxide layer 600 and the
TEOS liner 602 are formed over and across the semiconductor substrate 102

and the various structures thereon, following which the Poly layer 604 is

deposited on the TEOS liner 602. The gate mask 606 for the access transistor




to formthe access transistor gate 700 and the thyristor gate 702 fromthe
Poly 5 layer 604. The unprotected portions of the TECS |iner 602 are
etched away at the sane tinme. The nmask 704 for the LDD inplantation 800
(FIG 8) is patterned and forned, follow ng which the LDD inplantation 800
takes place. (Fltie 70 @IGTHAe andishke AistoFleGe T2 (G ity dabn faterrspaandr s 802
are fornmed, and the S/D 10 jinplantati g04 is performed. (FIG 8) 9. The
| ocal i nter conned@mygEn;tae Faly, FGP%e Iah ) LD | ayer 902 is deposited

thereover apd th%h%?’ghg{%gléﬂ6d4%k@.d¢)g?flkh%tﬁ%@%é%}ﬁgﬂkg%9@1%‘(360%(291@.@ 906,

are fornmed theret This is owed : ot her conventi ona
finishing steps tofortrhie desdss ansiFdiGat@YO0L&nd the higgisbwegated] BclowartkaPolyat t he

present invention ha uper ous advant ages. . Pri.nci pal ng these is the
conpatibility of 1%%%%4‘.6 BTG ElcH PORT Pﬂ%&%ﬁi’%‘n@%ﬁ%?ﬁ&f away at
conplimentary metgd sxd @gneSenmheansucter " GVEDD MENsessiingoo I $Hhe
addition of a poly and an inplantation nodule. The invention provides an
enbedded static petehed indformndidntlacingsdhiethsrlyDD 2oplanBRAMBIO trkss giace.
utilizing a negathﬁgﬁﬁhannel nmet al - oxi de sem conductor ("NMOS") TRAM for
ultra-high cell é i'ty. Epitaxy is not required because the TRAMis

fabricated Rori zamkahdsk 7% FOGNTNG reinsvedNRNPsHesk RO dike ket pder hals/Dayer s
around a trench. The resulting process is straightforward, econom cal,

undonpl i cat ed, hiighlaptalien $8¢ iy rerformsd.uddS. onvent i onal technol ogies, and is
thus readily suited faﬂigggﬁEﬁ&&%ﬂbn% %h&&?wﬂ&Q?hﬁﬁhb1&ﬂ§ﬂiht%<ﬂ§x§&%$-

While the i Venti‘ﬁlﬁas escribed 1'n conjunction ha specCific best

nmode, it is to bgrendensd aadeddiats, nmuydiag tier dadtiive sonodiHH catli 6s arcand
variations will be apparent to those skilled in the art in |light of the
af or egoi ng descr ifpieh thergtgrahngitis it ollewied (ksh §8dP t #rd3othenisparatiaptl such

o erne s, Todaiageny anovey piape i ch ! Wi Lhe on
herigi n or shoh Yedn tiheovaaariaptr piresgnidinamitiog haanememubed vantaepr 8tiedpaln an
illustrative and non-limting sense. 10 THE INVENTION.CLAIMED | S: 1. A
met hod 2MAPENHEE alst H FEURATPINE fHathéd REPSeRLITBYLEPlcPife CORBREPTY ﬁ@l.k
provi dic@&pﬁn&ﬁfﬁ‘f&@%‘%%ﬁé sSHRSMAGES: (“CMOS”) processing, with the addition of a poly
and an implantation module.
The invention provides an embedded static read/write random-access memory
20 (“SRAM”) design utilizing a negative-channel metal-oxide semiconductor ("NMOS™) TRAM
for ultra-high cell density.
Epitaxy is not required because the TRAM is fabricated horizontally by forming its
NPNP semiconductor material layers around a trench.
The resulting process is straightforward, economical, uncomplicated, highly versatile,
25  uses conventional technologies, and is thus readily suited for manufacturing ultra-high cell
density devices.
While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
30 embrace all such alternatives, modifications, and variations which fall within the spirit and

scope of the included claims. All matters hither-to-fore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and non-limiting sense.
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formng a trench in the sem conductor substrate; 5 formng a thyristor
around the trench and on opposite sides thereof within the sem conductor
substrate, the thyristor having at |least four layers with three P-N
junctions therebetween; formng a gate for the thyristor within the trench;

f or m nguanpaceErRssON@nsmngtonson the sem conductor substrate; and to form ng
an i nterconnect between the thyristor and the access transistor. 2. The

met hod of chaim ly W@ﬁf)@'f&rﬁé?{u@ﬂd&ﬁu{%:ﬁ 1Btéﬁfdt&§&fcuﬁrsﬁﬂ&gré bempfigaeh further
conprises formng at |east two of e thyristor layers horizontally in the
sem conduct prow@u@smlatcen@mtblatlbst@afst two of the thyristor layers

verti caIIy |fn t.he emhco duct or sde at;tF 3. The method of claim?2

wher ei n: 15 4T8HA$ AFCRE" P EAETHGY! (lﬂwfﬁ‘é "RGtistor layers vertically further

conpri ses f iAg o BRrisloryRbSndv elid ineadd Yn@diraegpdsitthgdds ereddf @minf @em ng
the gate for the thyristor within the trench further conprises formng the

gate for the thyehispaducki salb@tmte,atﬁleltbmatorowmﬁ at lpastviont lavery yith shiged

| ayers. 4. The erein formng the thyristor around the
trench further ng)dt]é%nr?pl |stg§18 or mm4r1lg the trench within at | east one of the

four thyri SE@hih?ﬁ%ﬁt& fobthe msmmm ok tehei;m 1 wherein fornmng the
i nt erconnect inc es form n% | ocal int erconnect above the sem conduct or
substrate cEMHERE hacorpdranipfor SRdhe saRrcHEciaE Bdslate; #%hsistor. 6. A method

f Orl 0 manuf actf&rrﬁlﬁ'[g %rggqtér?(gn%% e‘t:"‘ge tﬁg H‘Mcl) 181%} LNE {hlé @cesg %m{ %t&l ng 25

prowdlngasem or substrate; rmn flrs

sem conduct tra rm sec | he se con t.0

substrate e tendlqﬁlﬁ l%éi‘r‘déis Cziiml eéleleén Obrg 1V\Bthe tha/f“sﬁoﬁ a“?lm lt1e tréquéf i} l4(1)8rrm' ng a
first %&%#Jh@é&’ tor@Nhat Ratiadioo bt exd engisity 1@5@&1 hoFigéietell pnd tRuIkehidenduasorf i 1 St
30 wel | orm ng a second shallow trench isolation in both the first well

and t h@u@é@wdm feast two pf therthysigonlayery vpdicalty i thapemicprdusariselsfatiet or
substrate and around the second shallow trench isolation, the thyristor
havi ng at | 8ast ﬂ@anndtiagderfgimtmwtlhwee P-N junctions t her ebet ween; forning

a q?t e for f(r)]r?mgg bAS! e%gtotrwov%ft &er{hyrls of aggtgdve1stpc%lly Lvl\{'tltlglecr(])?nhpl fsgso%mmmg, the

layers vertically adjacent the trench, and
forming the gate for the thyristor within the trench further comprises forming the gate

for the thyristor adjacent at least one of the vertically formed layers.

4, The method of claim | wherein forming the thyristor around the trench further

20 comprises forming the trench within at [east one of the four thyristor layers.

5. The method of claim | wherein forming the interconnect includes forming a

local interconnect above the semiconductor substrate connecting the thyristor and the access

transistor.
6. A method for manufacturing an integrated circuit structure, comprising:
25 providing a semiconductor substrate,

forming a first well in the semiconductor substrate;
forming a second well in the semiconductor substrate extending across at least a
portion of the first well;
forming a first shallow trench isolation extending both inside and outside the first
30 well;

forming a second shallow trench isolation in both the first well and the second well;

11




5 form ng an access transistor on the sem conductor substrate adjacent the
first shallow trench isolation and outside the first well, the access
transi stor including an access transistor gate fornmed above the

sem conductor substrate; and form ng an interconnect between the thyristor

and the accgsgidd ARSHslhewitheheR¥mionhaitbZeBiadte ZRAMbIS frersadshd shliv The
met hod of claim® wherein formng the thyristor around the second shallow

trench isol ati ontrenght iekatieante gesistosrhbaviitg at gastadeurt yewst withethtdsy Filst or
| ayers horizont %Inlt)lf F:ilsr}ltrhget&,ggg,conduct or substrate and at |east two of the
thyristor |ayers''V 4 05? Fy r~the sem conductor substrate. 8. The nethod

of claim?7 wheki Hgatd Borftos yrgoatvitheadt stavad ehallohetrédejinsdatam; | ayer s
vertically further conprises formng the |layers vertjcal I%{jﬁadj acent the
second shal foowing eheseerssieansisiaspn thasemisppdustt sHestigis wliscspt HgdsthpAIeY or

wi thin the secon a I t 50l atd r : :m t he
gate for the t hy&?i@oirswaa ?{laggﬂ'? Iata?%&l %]gsf%rgﬂg‘ﬁ%ﬂj’o#lg? Iﬁ%esg\?lglp %1%@2?1?{}&?{\;’% Egd
| ayers. 20 9. Thecoeed thoadisafr saledbrmdt atfove tikerendamdndtes nupsfraendmdg spacers

around the thyristor gate ang the a ceEs_.transi t or ate,. the ﬁ acer s
bei ng f or mePrEERE, &1 (i AETOBRTCE SRERER o LBFELatnd g RFceiHERSISH 1Y g%t he
thyristor and fofminghhR 8GGEERfhansi stor further conprise formng source
and drain regions in the sem conductor substrate adjacent the 25 spacers.

10. The nethod of..cl ai unt:-her TRt ing: . for m he.. t by
f orfri ng a Iz'cal itrﬁ?enrv%:tge?fﬁggt&é@oée&@ Ege%{sz(lﬁnd}g%élﬁ%?a o?? gtotsru%g%urma?l ie,cggggﬁgss t he
first shabliowehdie nghatiosoliathcd Romphided Ebwarn at Heast hyoi of olie tlandtdrhayascess
transistor; 30 depositing an interlayer dielectric I %ygr og}g{r. at leﬁst t he
t hyr i shefizoadlyvtindhesenisanduciosmypsitass andyploleasy by ohiigthytistPe Byprsorratically

el ect ri“ct%5‘%3{&%?&‘]‘“‘5&'{‘8&9&%t he interlayer dielectric layer to the

thyristor east one electrical contact through the interlayer

dielectric _layer,to t\h es nsi.stor. 5 11. A method for
manuf act uri ﬁ'g antfpﬁ{%a Oz‘togf&?a ﬁn%c%fl%e*s’t ructure, conprising: } providing a
sens conduct eirnishd et ledktivo of the thyristor layers vertically further comprises forming the
layers vertically adjacent the second shallow trench isolation, and
forming the gate for the thyristor within the second shallow trench isolation further

comprises forming the gate for the thyristor adjacent at least one of the

vertically formed layers.

20 9. The method of claim 6:
further comprising forming spacers around the thyristor gate and the access transistor
gate, the spacers being formed above the semiconductor substrate; and
wherein forming the thyristor and forming the access transistor further comprise
forming source and drain regions in the semiconductor substrate adjacent the

25 spacers.

10.  The method of claim 6 further comprising:
forming the interconnect by forming a local interconnect above the semiconductor
substrate, across the first shallow trench isolation, and between the thyristor
and the access transistor;
30 depositing an interlayer dielectric layer over at least the thyristor and the access

transistor; and
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formng a trench in the sem conductor substrate; formng a thyristor around
the trench and within the sem conductor substrate, the thyristor having at
| east four layers with three P-N junctions therebetween, at to |east two
of the P-N junctions being |ocated horizontally with respect to each other

in the sem gRRGULCHOTcaSUNRE EBEtRcANG Akt kiﬁ‘@lS h Eﬂéomwcrlayéledlﬁeblrlcufa?éﬂ ke bei ng
| ocat ed vert| cally with respect to each in the sem conduct.or

substrate; forni ﬁgnatogamé ft deast lage tSFWFllC@i @@nwtt fhrapehnide iptedayer diglestseni ng
an access transi the se nduct or substrate; and formng an

i nt erconnect bet Oﬁﬁ%a?cﬁlsrtfasntg%? and the access transistor. 12, The

met hod of claim 11 wherein formng the thyristor around the trench further
conprises forming at |east two of the thyristor layers horizontally in the

seni conduct [ subst.e@be f@ﬂgalﬁltfacluﬁfﬁ@ant W gbfted &ﬁ:uﬁt@ﬁﬁbtﬁ?@boﬂlwﬁﬁg vertically
in the 20 sem conductor substrate. % he met hod of claim 12 wherein:

form ng at pm&hngmcmfconmtqrhiybﬂ‘t@t%r I ayers vertically further conprises

formng the, |l ayers vert cent, the trench, and formng the gate
for the thyfqEEds? gﬁe?‘feh t&h%e F%ﬁ%atoff’l 3tre conprises formng the gate 25

for the t hy'fdlﬁﬁl% a2@lyAesNbrodhd ltBa@steneinan®fwitthie thekéhahdyctdrogubmatt agher s.
14. The method of claimlIl wherein formng the thyristaor around the trench

further conpri se&hyistaribayingteé laapichonnlayprstvith dire B% funsHansothefapatvies iy at
| ibr connect | neldae q 8 femgdondfoag PR st MELSANL B fAER ceshauct or
substrate connecbilg ik hie tsdimi’cbﬁdtmforadmﬂsttdle aad cedsast 30o tafahsiFBsNojunctids
being located vertically with respect to each other in the semiconductor
substrate;
forming a gate for the thyristor within the trench;

L5 forming an access transistor on the semiconductor substrate; and

forming an interconnect between the thyristor and the access transistor.

12, The method of claim 11 wherein forming the thyristor around the trench
further comprises forming at least two of the thyristor layers horizontally in the
semiconductor substrate and at least two of the thyristor layers vertically in the

20  semiconductor substrate.

13. The method of claim 12 wherein:

forming at least two of the thyristor layers vertically further comprises forming the
layers vertically adjacent the trench, and

forming the gate for the thyristor within the trench further comprises forming the gate

23 for the thyristor adjacent at least one of the vertically formed layers.

14. The method of claim 11 wherein forming the thyristor around the trench

further comprises forming the trench within at least one of the four thyristor layers.

5. The method of claim 11 wherein forming the interconnect includes forming a
local interconnect above the semiconductor substrate connecting the thyristor and the access

30 transistor.
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