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FI ELD The present invention relates generally to sem conductor integrated
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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
power using low voltage supply levels, while performing at speeds comparable to speeds

20 realized by much larger devices. To obtain these objectives, steps in the manufacturing
process are closely controlled to ensure that rigid requirements, for example, of exacting
tolerances, quality materials, and clean environment, are realized.

An important part in the circuit construction and manufacture of semiconductor
devices concerns data storage, or semiconductor memories; the circuitry used to store digital

25  information. The construction and formation of such memory circuitry typically involves
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.




witing it back again to the sane |ocation, or else it disappears. Static
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the overall performance of this type of SRAM cell. A variety of NDR devices has been
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.




One NDR device is the "thyristor" (fromthe Geek thyra, meaning "door",

whi ch suggests sonething that is either open or closed, and thus either on
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clectronic terms this can be a long time.

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 [ow 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
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Also, due to the existence of a vertical thyristor in each T-RAM cell, the T-RAM cells
as a whole are not planar and are therefore difficult to scale to larger configurations.

Additionally, since each T-RAM cell is fabricated prior to or after fabricating other
devices (such as positive-channel metal-oxide semiconductor (“PMOS”) and negative-

25  channel metal-oxide semiconductor (“NMOS”) supporting devices) that are connected to it,
extra fabrication steps and increased manufacturing costs are incurred.

Thus, while there is a growing trend to realize an SRAM cell by using the T-RAM
combination of a PNPN junction connected to an NMOS transistor for ultra-high cell density,
the incompatibility with conventional bulk CMOS processing makes such embedded SRAM

30 design difficult.

Solutions to these problems have been long sought but prior developments have not

taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.




Solutions to these probl ens have been | ong sought but prior devel opnents
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accompanying drawings.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a cross-sectional side view of a silicon wafer in the first stages of
processing in accordance with the present invention;

FIG. 1B is a layout view of the structure of FIG. 1A;

FIG. 2A is the structure of FIG. 1A following formation of isolation regions, removal

25 of a first mask, and formation of a second mask;

FIG. 2B is a layout view of the structure of FIG. 2A;

FIG. 3A is the structure of FIG. 2A after removal of the second mask and formation of
a third mask in accordance with the present invention;

FIG. 3B is a layout view of the structure of FIG. 3A;




FIG 3B is a layout view of the structure of FIG 3A; 5 FIG 4A is the
structure of FIG 3A after renoval of the third mask, deposition of
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20 |SRARIITRUAR 8 bEHEHEEACHRT WCPH\élthpt#pi%%’ﬁ?mi* XF8HPon. BEST MODE FOR CARRYI NG

QUT THE | Wﬁf@jl@\ﬁsl?qa§mvfew bOW: QL e FRE g0, nunerous specific details

are given to provide a thoroug under st andi ng of the invention. However,
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FIG. 8B is a layout view of the structure of FIG. 8A; and
FIG. 9 is a flow chart of a method for providing and fabricating a thyristor-based

20 SRAM in accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent to one skilled in the art that the
invention may be practiced without these specific details. In order to avoid obscuring the

25 present invention, some well-known configurations and process steps are not disclosed in
detail. Also, the drawings showing embodiments of the apparatus are semi-diagrammatic and
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

30 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”,

ch- B 4

side” (as in “sidewall”)}, “higher”, “lower”, “over”, and
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"above", "below", “bottom”, “top”,

6




refers to a direction perpendicular to the horizontal as just defined.
Ternms, such as "on", "above", "below', "bottont, "top", "side" (as in
"sidewal | "), "higher", "lower", "over", and 6 "under", are defined with
respect to the horizontal plane. The term "processing"” as used herein
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|A) for NN dopant inplantation, "1llustrated by inplantation arrows 202, to
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i npl ant af i.on 204 sho i n,Fl 2A kS..referenced only in.its
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| ayout fotinelvirofhe ifferSiyed ¢06I6LSOFhdrt @is 2ék profekeby ingmagwago FI G 3A, therein
is shown the structure of FIG 2A after the mas 200 (FIG 2A) has been

renoved andReferraeoz0 Hes | Betdarcpistsbewied Lyt viewrd dhoviruchee opiplér LAl ayer
106. The ine - - ti 0 Lhd ustrated
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i Myl anfoadnhiooh 30Re aslaivawsgibin 112 and removal of the mask 108 (FIG. 1A). A mask 200

has been patterned and formed on the upper layer 106 (FIG. 1A) for N- dopant implantation,

illustrated by implantation arrows 202, to form an N-implantation 204. (For clarity of
illustration, the N-implantation 204 as shown in FIG.2A is referenced only in its
corresponding active area.)
25 Referring now to FIG. 2B, therein is shown a layout view of the structure of FIG. 2A.
Referring now to FIG. 3A, therein is shown the structure of FIG. 2A after the mask
200 (FIG. 2A) has been removed and a mask 300 has been patterned and formed on the upper
layer 106. The mask 300 defines the area for a P-implantation 302, illustrated by
implantation arrows 304. (For clarity of illustration, the P- implantation 302 as shown in
30 FIG. 3A is referenced only in its corresponding active area.)
Referring now to FIG. 3B, therein is shown a layout view of the structure of FIG. 3A.
Referring now to FIG. 4A, therein is shown the structure of FIG. 3A following
removal of the mask 300 (FIG. 3A), deposition of a lower, thin Si0; layer 400 on the upper




30 FIG 3Ais referenced only in its corresponding active area.) Referring
nowto FIG 3B, therein is shown a |l ayout view of the structure of FIG 3A
Referring nowto FIG 4A therein is shown the structure of FIG 3A
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402. The enovi.n er, 402, a slower-etch-rate
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regi 0n§fr3 néga?cy%fglho@%gﬁ) Easte§' ﬁJgr f tﬁégl c@ﬁ @RI)ZY I%Sfér' ﬁg%ec%g it lﬁga(sr{’ﬁlé then

been fo over
20 etchant from the thin Si0; layer 400 and the 1solat10n regions 112 below the thin Si;Ny4 layer

402. Then, after removing the thin Si3N, layer 402, a slower-etch-rate efchant can be used
for the removal of the thin SiO; layer 400, so that not too much of the isolation regions 112
therebelow is removed.

Next, a gate oxide 500 has been grown through conventional oxide growth processes

25  such as thermal oxidation. The gate oxide 500 is grown on all exposed Si regions, including
the P- Si pillar 410.

A polysilicon layer 502 has then been formed over the P- Si pillar 410 and the
remainder of the upper layer 106. The polysilicon layer 502, as shown in FIGs. 6A and 6B,
will subsequently be formed to serve as gate material.

30 A mask 504 has been patterned and formed on the polysilicon layer 502, and the
portion of the polysilicon layer 502 around the P- Si pillar 410 and not protected by the mask

504 has been implanted with a dopant, as indicated by implantation arrows 506. As an




remai nder of the upper |ayer 106. The polysilicon |layer 502, as shown in
FIGs. 6A and 6B, w | subsequently be forned to serve as gate material. 30
A mask 504 has been patterned and fornmed on the polysilicon |ayer 502, and
the portion of the polysilicon |ayer 502 around the P- Si pillar 410 and
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structures’on waf er including on the sides of the thyristor
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| ayout tl\éhﬁwopégd he structure of FIG 6A, wth the SiQ2 |ayer 606 omtted
for clarity of illustration. Also shown in FIG 6B is the formation of a
pollysi | i con Ustignermvirtfon@D&etiagthytoidosiigate St BEOPQI Jerositiobrpreesssesunt Yeke 600.
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polyst la{)g\?enthg %;1 ?Sltjorllcli_oo%%&hecog Osgrround gate 600, and the sides of the access transistor gate

602.

20 Referring now to FIG. 6B, therein is shown a layout view of the structure of FIG. 6A,
with the SiO, layer 606 omitted for clarity of illustration. Also shown in FIG. 6B is the
formation of a polysilicon connection 608 for the thyristor polysilicon surround gate 600.
The polysilicon connection 608 furnishes adequate spacing and electrical continuity for the
later formation of a laterally displaced electrical contact 810 (see FIG. 8B) for connecting

25 electrically to the thyristor polysilicon surround gate 600,

Referring now to FIG. 7A, therein is shown the structure of FIG. 6A following the
formation of a nitride spacer 700 over the portion of the SiO; layer 606 that is around the
P- Si pillar 410. The nitride spacer 700 is also formed around the portion of the SiO, layer
606 that is around the access transistor gate 602. The nitride spacers 700 are formed by

30 conventional deposition processes, followed by anisotropic etching that stops on the SiO;

layer 606.




Referring nowto FIG 7A, therein is shown the structure of FIG G6A
followng the formation of a nitride spacer 700 over the portion of the
Si2 |ayer 606 that is around the P- Si pillar 410. The nitride spacer 700
is also forned around the portion of the Si02 |ayer 606 that is around the
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Referring now to FIG. 7B, therein is shown a layout view of the structure of FIG. 7A.

Referring now to FIG. 8A, therein is shown the structure of FIG. 7A following
formation of a salicide layer 800 respectively on each of the N+ implantations 702 and the P+
implantation 704.

25 Then a local interconnect 802 is formed between the thyristor pillar and the access
control transistor. The local interconnect 802 is formed in conventional fashion, for example,
by first depositing an intermediate interlayer dielectric layer (“1LD”), which is then
planarized, then patterned and etched. Suitable metals and barrier materials are then used to
fill the trenches thus formed, and then CMP’d flush with the top of the intermediate 1L.D.

30 The device is then completed by formation of an ILD 804 over the various structures
on the Si wafer 100. The ILD 804 is formed by “topping up” to the ultimate [LD thickness
by deposition of dielectric. Then (among other conventional finishing steps) electrical

contacts 806, 808, and 810 (FIG. 8B) are formed through the IL.D 804.

10



control transistor. The local interconnect 802 is formed in conventi onal
fashion, for exanple, by first depositing an internediate interl ayer

dielectric layer ("ILD'), which is then planarized, then patterned and
etched. Suitable netals and barrier materials are then used to fill the
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112 r@ s 1A and 113)

The Si semlconductor substrate 104 is suitably prepared to provide an SOI region
including the buried Si0O; 102 and the upper layer 106 of Si. The mask 108 is
patterned and formed on the upper layer 106 of Si for defining the isolation
regions 112, (FIG.’s 1A and [B)
2. The isolation regions 112 are formed, such as by depositing Si0; in those
25 portions of the upper layer 106 of Si not protected by the mask 108. The mask
108 is then removed, and the mask 200 is patterned and formed over the upper
layer 106 to define the region for the N-implantation 204 (indicated by the
implantation arrows 202). (FIG.’s 2A and 2B)
3. The mask 200 (FIG. 2A) is then removed and the mask 300 is patterned and
30 formed over the upper layer 106 to define the regions for the P- implantation 302
(illustrated by the implantation arrows 304). (FIG.’s 3A and 3B)
4. The mask 300 (FIG. 3A) is next removed and the thin SiO; layer 400 is formed
on the upper layer 106. The thin Si;Ny4 layer 402 is then formed over the thin
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2. The isolation regions 112 are forned, such as by depositing SIQ2 in
those 25 portions of the upper |ayer 106 of Si not protected by the mask
108. The nmask 108 is then renoved, and the nask 200 is patterned and
formed over the upper |ayer 106 to define the region for the N

i npl antation 26@(@%@@1@@ thy thigler SiGepleertd@tiiv forard ower thothin SNk &ves 2A
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7. The nitride spacers 700 are formed by a deposition and etch, stopping on the SiO;
20 layer 606. The N+ implantation 702 is then provided by suitable masking and
implantation. Also, by using the nitride spacer 700 around the P- Si pillar 410 to
self-align, the P+ implantation 704 for the thyristor is formed adjacent the nitride
spacer 700 thereat. The RTA is then performed to activate the implantation
dopants. (FIG.’s 7A and 7B)
25 8. By suitable deposition and thermal cycles, the salicide layer 800 is formed on the
N+ implantations 702 (source/drain areas), the access transistor gate 602, and the
P+ implantation 704 (source/drain areas). The local interconnect 802 is then
formed, following which the ILD 804 is formed and the electrical contacts 806,
808, and 810 are formed through the ILD 804. This is followed by additional
30 conventional finishing steps, such as interconnect formation, including formation
of the bit line 812 and formation of the V, 814, (FIGs. 8A and 8B)
It has been discovered that the present invention has numerous advantages. Principal

among these is that the contacts can be formed with relatively little height difference.
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self-align, the P+ inplantation 704 for the thyristor is fornmed adjacent
the nitride spacer 700 thereat. The RTA is then perfornmed to activate the
inplantation dopants. (FIG'S 7A and 7B) 25 8. By suitabl e deposition and
thermal cycles, the salicide layer 800 is formed on the N+ inplantations
702 (sour ceAd@féﬁma@ae&lgy is thearchitively dowr mmaios pénmglan@tlemztepané itlothes

| mpl ant vfaof)ne ?sotille Sourtr(libe{ﬁ'()af{tﬁtbplgté(i{l%)mvepp?ﬂ wﬁﬁ sai I1{l]%%%%c aif§02 Itﬁft hen

f or med? omnng i‘car’ acts
806, 8&&;0@&@1@8‘&@51@1{&_ formed t hrough the | LD 804 This i s fol |l oned by
addi tional 30 conventional finishing steps, such as interconnect formation,
i ncl udi ng féﬂn@tdﬂwal aflvankagepist the jcapacgtyve Eaﬁfﬂlpﬂ%lr Heriston nefystsen\surepng14.
(FI i as
nurrgf ofi a van %e%tjs&) ?lssr%gﬁ g%h gfg‘(ggﬁg“?%ése %hs{.e{aﬁla%o[nt ﬁge& 1£Wéc{]gcét&si Og;hrllpbe

for rredthyritsibr mirattlsweﬂcymkglvtrhdnaa hetagh tradkitibe iepreeentctiZat AhotHyeistoapubsiiiage | S

t he relativgly | ow nunber of inplantation steps. Still another advantage
i's theSEBiY €519 y of the present invention with salicidation, t her eby

al | owing f Ofne RREIRE (AN @S £SS haRGG0r AheREHibhORBLOIBE MBI AN i Seal N
capacitivel y- coup yristor polysilicon sirround 5 gate 600 adjacent to
t he Si Irmrbcbrmecu)SOZt ﬁmrtmifrﬁsm/bmat whheighreegidtisg & pilknprrdigacttopeedilfs thhe

rlst r curre S when e trans tlon s esented at the

b S panGabo T da e Aed iy Bat St A deb B b R R Rer or - and
access t r anghsicQhe ﬁ&@ﬁﬁ&yﬁﬁtﬂe@ﬁ‘ﬁescﬁgé@lrﬁ&nﬁﬁl’cﬁ&gQlth@%pb&ﬁ@'best'rﬂé@er @qgnect
802, forma T-RAM that, although enploying a pillar configuration, exhibits

the t® adwamratged)ubatlmmx @htlerh@wght mdilfifcatrant aal varptons vibdiicadmmirand it act

e g B AGA SR, oDt ot N7 b R0 B BRGRtER AP Ry iR von.

nodi fi gabiae0sil sabll adahh@idsOmSdifichlioRe aRPPRALLIhs Gdicht ﬁﬂsﬁltﬁllﬁ'thé gfirit And he art
in light of the aforeg0|ng descrlptlon Accordi ngly is intended to

ent¥ aceconk lofdhe incndedr elaimsy e dll maters ihithei-oniore agidfoith hewm etshamndh thal |

Wi thin g%c%ﬁqﬁ) %1{1% f:ﬁ\?%ﬁ:ﬁ‘ Ecgg%te?‘%ie{ela%n aH?ﬁd‘ég?t}(gveCAn%'ngﬁ Ilrﬁltm se&r'S

acconpanyrng dr awi ngs are

hi t her - erein
to be interpreted in an illustrative and non-limting sense. 13 THE
| NVENTION CLAIMED IS: | . A nethod for manufacturing an integrated circuit

structure, conprising:
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provi ding a sem conductor substrate; formng a thyristor having at | east
four layers with three P-N junctions therebetween, 5 at |east two of the

| ayers being formed horizontally on the sem conductor substrate and at

| east two of the layers being forned vertically on the sem conductor

subst r aHE INVOENT YN £ getvETads:acent at | east one of the vertically forned

| ayers; formng an access transistor on the sem conductor substrate; and
10 form ng a&n i nhenehodéatmbefuaemgtanenteytddstienitatrdetilrecaeeésisz: t r ansi st or .
2. The nethod of claim1 wherein providing the sem conductor substrate

i ncl udes pr BWAVHIRG? SCQEMEGHISER A %N- i nsul at or substrate. 3. The method of
claim | whegej.r ) LSteQl.. i Qrgrhan; of the
verti cal |a&%ﬁ@“{ﬁﬁ§k§§¥??§gFQ%F%ﬁg§“5%9ﬁﬁﬁggﬁﬁﬁ%gﬂﬁﬁg?ﬁﬁmsﬁ%ﬁ?ﬁﬁ%ﬁ?h15 4,
Thes met hod of cl af a8 whepbithe fageryi bagng iengdt leorizoctallges fher samgomgustor r ound

gate around the vertical pillar, 5 T t hod, of claim3 wherein formng
Phe i it o connect STETGET FhIBhgTa Of SRR SREEIGER AU b e

sem conduct or substicai@ickRRIMREkicng the pillar and the access transistor

20 6. A nethod for manufacturing an integrated circuit structure,

conpri si ng: forprinyi datagdiasent adendt phagl the lvedioall s Eningd hadgtst or  subst rat e;
formng a | ayer_of buri%d si)icon oxide gntthe upqerlﬁing silicon

sem conduct §™ %%??5%%Fm§8?h9%8m§ﬁwwﬁﬁ‘PCP%V@F‘%?’%HIicon on the | ayer of
burij ed sili eamigXidiRicrcotpetiiRbvidthithdthistanNshdthe ke@kPRgsiskort he upper | ayer
of silicon; depositing at |east one additional |ayer on the upper |ayer of

silicon; etghingrhbenagdiitdorpim! 8Y§hek HAIVRIA: NOLCsdlIBsRIBPVRbs e N
inplantation region; growng a vertical P-type silicon pillar in the hole

by sel exiudee pepidiaxy sersicondpiongnanfulathesiddditci onal | ayer; 30 grow ng gate
oxi de around the sides of the P- Si pillar and over the P- inplantation
regi on; forfai ng ahpaleisid dfetaimgatierodebrihing th@athgriotcr delidas fdrmiky at least

inplantation region; 14 formng _and inplanti a | ysilicon gate adjacent
t ere) p- twgy olibe v 1J.ca1 layers in a Verm:ari'%ilﬁlr on thrg)semrllcon%lglctor Eu%s%ate. g J

15 4. The method of claim 3 wherein forming the gate includes forming a surround

gate around the vertical pillar.

5. The method of claim 3 wherein forming the interconnect includes forming a
local interconnect above the semiconductor substrate connecting the pillar and the access

transistor.

20 6. A method for manufacturing an integrated circuit structure, comprising:
providing an underlying silicon semiconductor substrate;
forming a layer of buried silicon oxide on the underlying silicon semiconductor
substrate;
forming an upper layer of silicon on the layer of buried silicon oxide;
25 implanting N- and P- regions in the upper layer of silicon;
depositing at least one additional layer on the upper layer of silicon;
etching the additional layer to form a hole therein over the N- implantation region;
growing a vertical P-type silicon pillar in the hole by selective epitaxy;
stripping off the additional layer;
30 growing gate oxide around the sides of the P- Si pillar and over the P- implantation
region;
forming a polysilicon gate over the gate oxide in the P- implantation region;
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i nplanting N- source/drain areas adjacent the polysilicon gate over the P-
i npl antation region; depositing nitride spacers around at | east one of the
polysilicon gates and the P- Si 5 pillar; formng N+ inplantations in the
N- source/drain areas, in the top of the P- Si pillar, and in the top of

t he pol ysi | fasomepadémgleating h@obsilicap gaisrdiacen theli Ywillaror mi ng a P+

i npl antation iyn_.the inpl,antati on adjacent the P- Si pillar, i t he
nitride spa‘cme?lane{lr[1 un'ﬂ‘: ?%uregpelﬁragll I%r%st arahftggenéeltglEE aPPﬁﬁlﬁf%rg it%i rr% gngg‘%i on

10 ther eadj acent p- gy aftmgpregpact i ve salicide |ayers over the N+ and P+

i npl antations; and formng an interconnect between the salicide |ayer over
the top of €epesifinggjitrige|spagerap@und ik last eecistieinolyaiconyaies agddhe Phel N-
sougce/drain are%ﬁar7. The met hod of claim®6 wherein formng the gate
adjacent the P- S pillar 15 includes formng a surround gate around the
vertical P-fdBinigy Ni-dmpldhtatibhe imdieNdscafceddrainmréasf ur thheop obther P-sSingllar,
activating the inpJantations by K rapid thermal anneal. 9. The method of
claim6 wherein # ‘ﬁith‘btod’l?rélﬂ?erﬁ(é?%]é fe ?Vﬁgﬁl?cpe‘émpgmﬁtlﬁ@ Iegiotocal

i nt er connect,. . ] L ; : Tae,,; d . Gf, . Cl ai m
6 further c%ﬁ%@ﬁz?gghﬁqﬁgg%gﬁpﬁﬁgégLHﬁﬁggﬁﬁgﬁggmégg%%%?r?g?ngagggégﬁ?ng

el ectrical cont acitsdd hpaggharoivel ithe é-ISaygitladitel etitaligo the &+plroplahiatign of t he

salicide layers. 25 15
10 y thereac:.hacent;
forming respective salicide layers over the N+ and P+ implantations; and
forming an interconnect between the salicide layer over the top of the P- S1 pillar and

one of the salicide layers over the N- source/drain areas.

7. The method of claim 6 wherein forming the gate adjacent the P- Si pillar

15 includes forming a surround gate around the vertical P- Si pillar.

8. The method of claim 6 further comprising activating the implantations by

rapid thermal anneal.

9. The method of claim 6 wherein forming the interconnect includes forming a

local interconnect above the semiconductor substrate.

20 10. The method of claim 6 further comprising:
depositing an interlayer dielectric; and
forming electrical contacts through the interlayer dielectric to a plurality of the

salicide layers.
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