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) Technical Field Th| S rel ates generally to an app
in a sem conduct or WH@M@M@B‘IOCGSS for effectively coll eﬁﬂlﬁmwﬁlmmﬁmnn‘
unmanted by- products | gases of a | ow pressure chem caloivapor
dep05|t|on filmfabricationé§fdcess. (2) Description of Prior Art The
followng four U S Patents relate to cold traps for reducing source
material froma reaction chanber. U S. Pat. No. 6,24,793bl issued June 5,
2001, to Jui-Hsiung Lee et al. disclosing a cold trap with a curvilinear
cooling plate. U S. Pat. No. 6, | 07,198 issued Aug. 22, 2000, to Wei-Farn
Li n discl oses an appar at us ROUBH ACATINGrCOEBUERAD process scud bui |l dup by
usi ng an exhaust circuit of cold traps and heating and cooling el enments.
U S Pat. No. 6,165,272 issued Dec. 26, 2000, to Wei-Jcn Lug et al.

di scl oses an apparatus for preventing contam nation to a LPCVD chanber by

using a val ued exhaust vepicReRASHEOF T Me¢ENTIENTP. U S, Pat. No.
6, 139,640 issued Cct. 31, 2000, to Jesse C. Ranpbs et al. describing a LPCVD

systemutilizing a mass flow rate controller for gases passing froma
reaction chanber to a vacuum punp. LPCVD is a nethod used to deposit thin

films on _sem conductor substrates. Silicon nitride is
(1) Technical Field

This invention relates generally to an apparatus used in a semiconductor manufacturing
process for effectively collecting unwanted by-products in the exhaust gases of a low pressure

chemical vapor deposition film fabrication process.
(2) Description of Prior Art

The following four U.S. Patents relate to cold traps for reducing source material from a

reaction chamber.

U. S. Pat. No. 6,24,793b1 issued June 5, 2001, to Jui-Hsiung Lee et al. disclosing a cold trap

with a curvilinear cooling plate.

U. S. Pat. No. 6,107,198 issued Aug. 22, 2000, to Wei-Farn Lin discloses an apparatus and

method for reducing process solid buildup by using an exhaust circuit of cold traps and heating



one fil'mthat is used extensively as a mask for diffusion, passivation, or
as a gate dielectric in nenory devices. Silicon nitride is usually forned
by the LPCVD nethod in deposition equipnment simlar to the one shown in
Fig. 1. (Prior Art.) The LPCVD nethod typically uses dichlorosilane as the
reactant gas with ammonia in a hot wall LPCVD vertical furnace unit 10 at a
tenp. 700C - 800C with a chanmber pressure of several hundred m Torr. During
the silicon nitride deposition using the nethod descri bed above, a reaction
by-product is farmed. This by-product is usually ammoniumchloride in the
formof a fine pomder This powder is deposited on any cold surface in the
ductlﬁﬁmdPObNECEPQVB system 2 or may be siphoned back into the reaction
chanmber during the filmdeposition process. The results of the above are
that the ducting of the systemrequires frequent mai ntenance for cleaning
the residue, nore inportantly it increases the defect density of the

product yhikChatl Not 611852472 ﬁssﬁcﬂqy&e 26 h&)()@r RAVRL-J 16h @t Af ditd1Ssel Elﬁ)ﬁﬁ%?atué\for
met hod for reducing the effects of the ammoni um chloride powder is to

i nclud %g%ﬁ t ol d
surfac regernggl%g ghta altlglrlr?r%%l]‘?jm C F%&rﬁ?o ?%L\Aﬁéa %X%gﬁq 3%@5“%‘%’%%?%4 Fofl is a
schematic of typical LPCVD systens. The typical systemincludes a LPCVD

r eact o¥a‘¥d has an exhaust outlet 14, a main pressure valve 23, a cold
trap 11, and a main vacuum punp 21. During the deposition of the silicon
nitride filmon sem conductor wafers positioned in the furnace 10, the
furnace exhaust gas 20, which contains unreacted gases, and the reaction
by- prodUcs. Ramdiol. 6/138)640ssakel QeawdBr2008, wekrisetding3 eaalc désdribingp LPT\ADd
then rel eased to the factory exhaust system 22. The ability and efficiency
of thegepld, ﬁuz%igralﬁlagmﬁ@ratmtmeﬁ ol galed bRy 418 a¥RtiSHLRnlier @4 f ects the
def ect denS|ty of the process and, t ereby, product yield and the frequency
of maintenance. A cross-sectional view of a conventional cold trap is shown
in Figye " Art). The cold trap is normally constructed of a
cylindrical housing 20 with gas inlet and outlet ports

LPCVD is a method used to deposit thin films on semiconductor substrates. Silicon nitride is
one film that is used extensively as a mask for diffusion, passivation, or as a gate dielectric in

memory devices. Silicon nitride is usually formed by the LPCVD method in deposition equipment

similar to the one shown in Fig. 1. (Prior Art.)

The LPCVD method typically uses dichlorosilane as the reactant gas with ammonia in a hot-
wall LPCVD vertical furnace unit 10 at a temp. 700°C - 800°C with a chamber pressure of several
hundred m Torr. During the silicon nitride deposition using the method described above, a
reaction by-product is formed. This by-product is usually ammonium chloride in the form of a

fine powder. This powder is deposited on any cold surface in the ducting of the LPCVD system



3 22, 24 arranged as shown in Fig 2. The housing al so supports a cooling
pl.ate 34. The cooling plate is conprised of hollow fins that contain a
cooling fluid which circulates through the fins. Cooling fluid lines are

al so provided and supported by the cold trap housing. The cooling fins
provide a large cold surface for the deposition and collection of the
anmmoni um chl ori de powder. This action prevents the amoni um chl ori de powder
from backstream ng into the reaction chanber and produci ng defects on the
product wafers. In the present configuration of cold traps shown in Fig. 2
the cold trap requires cleaning of the amoni um chl ori de powder fromthe

i nt er ngd maybé fpRcnca bt inRY 8k Yeattlor ehdiér Jufhg ARANAeABLtioNRoERSUTREMENT foOr
cl eani ng r'equi res system downti me. SUMVARY C%Z THE | NVENTI The present
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effectvel y.than current col.d tra re capabl e.of doj ng. further

obj ect fedesiduie; ors, mmariapnty §jaersase e eegt Gty oehe pEdea v sk it i Wik pe
used in a sem conductor nmaterial deposition systemwhich by its use

i ncr eakidyce the progust pisldpfahe prosesi ng cycl es, therefore decreasi ng system
downtine. 4 Anot her objective of the present invention is to provide a
cold trap with increased cool ed surface area for the deposition of unwanted
particles. An additional objective of the present invention is to provide a

AR e d R T 6 Fob e
in the LPCVD system that provides an internal cold surface arca for the ammonium chloride
powder to condense on. Fig. 1 is a schematic of typical LPCVD systems. The typical system
includes a LPCVD reactor 10 which has an exhaust outlet 14, a main pressure valve 23, a cold
trap 11, and a main vacuum pump 21. During the deposition of the silicon nitride film on
semiconductor wafers positioned in the furnace 10, the furnace exhaust gas 20, which contains
unreacted gases, and the reaction by- product ammonium chloride powder is sent through a cold
trap 11 and then released to the factory exhaust system 22. The ability and efficiency of the cold

trap 11 is an important feature of the system as it affects the defect density of the process and,

thereby, product yield and the frequency of maintenance.
A cross-sectional view of a conventional cold trap is shown in Fig. 2 (Prior Art).

The cold trap is normally constructed of a cylindrical housing 20 with gas inlet and outlet ports



A furt’her objective of the invention is to provide a second set of cooling
fins so shaped as to provide additional cold surface area for deposition of
unwanted particles. It is also the objective of the invention to provide
cooling furs so shaped as to mnimze the inpedance to gas flow. The above
obj ectives are achieved by the present invention by providing a double
acting cold trap that incorporates a cylindrical housing wth exhaust gas
inlet and outlet ports arranged at 90. Internal to the cylindrical housing
are a set of condensing fins and a set of condensing plates. A deflecting
plate i s incorporated between the condensing fins and condensi ng plates
that % &t aganged asghals in ljase sThhheusngralsel suppeiks Hepadipg plaigd4. c bigeasding g
surfaces. Input and output fittings for the cooling fluid are incorporated
on t heplate & congsBed b £l Llolwofuss they canthint Heodlingiflid whish cecidatesthr@phebe fiss. t o
provide fluid to the condensing fins and condensing plates in a cl osed

i 1 cul@dlRg fluRDlihes ard ARG BlLPMpPbIEcPRANENGR! irirdhoubingS The $66R{EBdsc of a
LPCVD system of the prior art. Fig. 2 is a cross sectional view of a cold
trap : I § i : ect | i e
doupl &rauHE o irkfofRishetale B g epelbion dYoRelofLF (R Yo pBbalr”
DESCRIETI ON OF THE, PREFERRED ENBQOD] MENT, Si.licon nitride filns are w dely
used 1 TP EHODGRRNSEISAPE AR B OBr TS oG deA To PO SYGrite 1o PREBHSH or o
met hod for depositing the silicon nitride film During the chemni cal

r eact | GaEber andrpodicingedefeqinom e diodist wakre singdhie present spnfigw aiioncHceld; tmps
powder are fornmed in the reaction chanber. In order to mnimze the

del et eshbwman Eigf @cthscad tiahesmires cleaingofthe ammuoiueaslddridiefader dkensihty on t he
product, and increased cleaning frequency of LPCVD system a cold trap is

i ncor pgfepda? Surfdted BeraXetyerD-2 T hélrs &f siRirdtiohl - THR requirement for cleaning requires

system downtime.

SUMMARY OF THE INVENTION

The present invention objective is to provide a cold trap that can be used in a semiconductor
fabrication process for collecting unwanted particles more effectively than current cold traps are

capable of doing.

A further objective of the present invention is to provide a cold trap that can be used in a
semiconductor material deposition system which by its use increases the time between cleaning

cycles, therefore decreasing system downtime.



The priesent invention discloses a double acting cold trap for collecting

t he unwanted particles such as anmoni um chl ori de, as described above. In
the present invention double acting cold trap, a cylindrical housing is
used to support a deflecting plate and two sets of cooling fins. The
housi ng al so contains a gas inlet port on the cylindrical surface of the
housi ng and a gas outlet port perpendicular to the gas inlet port. The
housi ng al so incorporates a sealing plate on the opposite end of the gas
outl et port that provides inlet and outlet connections for the cooling
water that flows throu the cooling fins. Fig. 3a is a cross section of

t he doubfBothet ¢bj@ctef9|0é%1ermpsent mecrtioa deiet Prowide BeplskirapTwish wetgssad @eladng col d
trap is constructed using a cylindrical housing 20. The housing 20 is

pr ovi dedface diea Sorghs depuselonpdubwa@ed amdicks.gas outl et port 24 perpendicul ar
to the gas inlet port 22. Internal to the cylindrical housing 20 is nounted
a gas deflecting plate 26 which directs the exhaust gases over the
sequenced col d condensi ng plates. Munted on the opposite end of the gas

outlet I3n3,83ha o ?ec@‘gé 8%%&5 Ot lisvehfish £98! H\gdcv\@éfslrdeiﬂgét g p:f’aq? F}B?d&&‘?s

cool i ng mater out'l coo |ng wat er ~pi pi ng are so

designed as to su t a I 0 ooI water to the first. plurality of
cool i nﬁeﬁ’@ﬁevm Sﬁg‘FféE{ ¥&p! %Qﬁwﬁn *oggéaffswowa &ﬁ&ewtw Snvanisd

provi de cooling water to the plurallty of cooling plates 36 perpendlcular
t o t hepatiplatist gas flow 7 Fig 3b is a bottomview of the double acting
cold trap showi ng the configuration of the two sets of condensing cold
plates 38, 40. Item 38 of Fig. 3b is the first exhaust gas condensing cold
pl ate which incorporates a set of cooling fins 34 which provides a |arge

area for ACARAENSRLURE o I irRintiGL I t@?r&fidélé‘ %@gcthﬁ \Aﬁ]‘:}lglﬁq?‘ﬁ é{’) %lgfi?eégs g Fio

3b is the second exhaust gas condensi ng col late ates a
series_of ow t he f (34\/ of gas. These cooling

. |
pl at esPIF 5%70 tlggﬁ]lcto?%ﬂgfac%rgﬁ?q eg%ﬁ%‘gﬂt‘é{wa@ﬁeda‘?ﬁt ®Y 1 ecti on of unwanted

particles. Fig.3c is a plan view with the housing renoved of the first set
of cooling fins item 38.

It is also the objective of the invention to provide cooling fins so shaped as to minimize the

impedance to gas flow.

The above objectives are achieved by the present invention by providing a double acting cold
trap that incorporates a cylindrical housing with exhaust gas inlet and outlet ports arranged at 90°.
Internal to the cylindrical housing are a set of condensing fins and a set of condensing plates. A
deflecting plate is incorporated between the condensing fins and condensing plates that directs the
exhaust gases in a serial fashion over the condensing surfaces. Input and output fittings for the
cooling fluid are incorporated on the stainless steel housing and the fluid loop is so arranged as to

provide fluid to the condensing fins and condensing plates in a closed circulating loop.



In the arrangenent of the present invention as shown in Fig. 3a, the
plurality of condensing cold plate fins and plates 34, 36 exposed to the
exhaust gases has been shown to result in | ower defect densities on the
product and | onger periods between required maj or preventive maintenance.

Al t hough the invention has been described and illustrated with reference to
specific illustrative enbodinents thereof, it is not intended that the
invention be limted to those illustrative enbodi nents. Those skilled 11

the art will recognize that variations and nodifications can be nade

w t hout departing fromthe spirit of the invention. It is therefore
intended to include wthi i f : uepyEari ations and

nodi fications which fa||i%%%§3p?zgﬂgﬁgggﬁ%? t he aggended cl aims and
equi val ents thereof. 8 What is claimed is: 1. A double acting cold trap
for collecting unwanted byproducts, reactants and particles in the exhaust
gases of _a | ow pressure_cheni cal vapor deposition system conprising: A

cyl i ndri Eig 14t aschematic of e EPCNS ssisieqn ofahg gE0T #itet port on the side of the
cylindrical steel housing; A gas outlet port on the bottom of the cylinder;
and A gas condensing apparatus with cooling liquid inlet and outl et
fittings, condensing fins parallel, and plates perpendicular to the gas
flow 2. Fhe ideuisesattibhdl ict0bith ¢dl@Bap bt tediridy bst. Wherei n the condensi ng
fins and plates are so arranged as to allow the exhaust gases to first pass
over the condensing fins and secondly over the condensing plates. 3. A
doubl e acting cold trap with condensing fins and plates so arranged as to

raximze FEgh%a,cﬁ)r,]gg rz}.lsel cr}gsssslétr:tfioan% viea\rvsef‘ gf 1%2: %gglte Ez"lglijgggocotlé1 Frag éshgelégntibe%alg ?Hcis °

invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Silicon nitride films are widely used in semiconductor wafer processing. A LPCVD system is
Ithe preferred method for depositing the silicon nitride film. During the chemical reactions of the
process unwanted particles such as ammonium chloride powder are formed in the reaction
chamber. In order to minimize the deleterious effects of these contaminants, increased defect
density on the product, and increased cleaning frequency of LPCVD system, a cold trap is

incorporated in the system. Fig. I unit 11.



4. The double acting cold trap of claim1l wherein said condensing fins and
~plates are so arranged as to utilize the sane cooling liquid input and
output fittings. 5. The double acting cold trap of claim1 further
conprising a deflecting plate that directs the exhaust gas flow over the
condensi.ng fins and secondly over the condensing plates, in a serial
fashion. 6. The double acting cold trap of claim1l wherein said plates

i ncorporate holes so arranged as to allow for free flow of exhaust gases.

7. The double acting cold trap of claim6 wherein said plates with hol es
that are staggered plate to plate so as to nmaxim ze the surface area of the
condens g pplsBhfivdrifiof ARGLs ddubid B IRURD BREARtiR th AwARLPbAidks | NG

cold trap of claim1l ereln sal gas Tnlet and outlet ports are arranged

at 90_s s to.allo I et of condensing fins and plates to be
arrana‘ég’a% émé’}?ﬁ%g‘? {%ﬁg go “The doubl e acti ng cold trap of claiml

wherei n sai d exhaust gas |nI et and outlet ports are arranged at 90 to
provide for integration to the overall LPCVD system 10 10. The doubl e
acting cold plate of claim®6 wherein said hollow condensing fins and pl ates
provi de Ia thd preseat viventian dqubletacfiog coli l@pcooylindgedl haigdng & Liseddorseppartia of

col l ecti ng unwant ed by-products, reactants and particles in exhaust gases

of a Idefleqpihg phate endOVED SeySéRIVoliRITRY. STHEthoubiAg Sis6REnt@fns Rrgay intht Pertan the
cylindrical steel housing; Providing a gas inlet port on a side of the

eyl i ndy; Y . AL thedfhs 16 J20t 1w of the
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housing also incorporates a sealing plate on the opposite end of the gas outlet port that provides

inlet and outlet connections for the cooling water that flows through the cooling fins.

Fig. 3a is a cross section of the double acting cold trap, the present invention. The double
acting cold trap is constructed using a cylindrical housing 20. The housing 20 is provided with a

gas inlet port 22, and a gas outlet port 24 perpendicular to the gas inlet port 22.

Internal to the cylindrical housing 20 is mounted a gas deflecting plate 26 which directs the
exhaust gases over the sequenced cold condensing plates. Mounted on the opposite end of the
gas outlet is a plate 28 which supports the cooling water inlet 30 and the cooling water outlet 32.
The cooling water piping inlet and outlet are so designed as to support and provide cooling water
to the first plurality of cooling fins 34 parallel to the exhaust gas flow, and to support and provide

cooling water to the plurality of cooling plates 36 perpendicular to the exhaust gas flow.



Provi ding a gas condensing apparatus with cooling liquid inlet and outl et
fittings, condensing fins parallel, and plates perpendicular to the gas
flow. And flowi ng said exhaust gases over said fins and plates. 12. The

met hod of claim 11l by the use of a double acting cold trap utilizing said
condensing fins and plates, wherein said condensing fins and plates are so
arranged as to allow the exhaust 11 gases to first pass over the
condensi ng fins and secondly over the condensing plates. 13. The net hod of
claim 12 wherein said double acting cold trap utilizes said condensing fins

and pl at anged as_.to imze t e condensin face area presented
to the & &éﬁgstaaga VIewmft%é% HIWs 6P dctr%n Sho e, e pentigueation of i ng
fins and condensing plates are connected and arranged to allow for the

util i setisiodpomtensingmeld platepud & 40npigtn el gt Ihuis tid first exdgust £as cofidensingtdodd  of
claim 1l wherein a deflecting plate is utilized that directs the exhaust

gases phtemwhidhénsopsiars iangt 6 waslingfits Bewbioh pyo vidvs@rladgh arca dodendensgtigt atdes  of
an LPCVD cold trap. 16. The nethod of claim 11, further conprising

ar r angoN&ctdalof Snivinttd atRRICASIG JTFE. 8% iS he@Scdd dFhillsih&Scon8si %eroe to
the flow of exhaust gases while maxim zing the surface area of t
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cooling plates provide additional area for condensation and collection of unwanted particles.

Fig.3c is a plan view with the housing removed of the first set of cooling fins item 38.

In the arrangément of the present invention as shown in Fig. 3a, the plurality of condensing
cold plate fins and plates 34, 36 exposed to the exhaust gases has been shown to result in lower
defect densities on the product and longer periods between required major preventive

maintenance.

Although the invention has been described and illustrated with reference to specific illustrative
embodiments thereof, it is not intended that the invention be limited to those illustrative
embodiments. Those skilled in the art will recognize that variations and modifications can be
made without departing from the spirit of the invention. It is therefore intended to include within
the invention all such variations and modifications which fall within the scope of the appended

claims and equivalents thereof.
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A gas inlet port on the side of the cylindrical steel housing;

A gas outlet port on the bottom of the cylinder; and

A gas condensing apparatus with cooling liquid inlet and outlet fittings, condensing fins

parallel, and plates perpendicular to the gas flow.

2. The double acting cold trap of claim 1, wherein the condensing fins and plates are so
arranged as to allow the exhaust gases to first pass over the condensing fins and secondly over the

condensing plates.

3. A double acting cold trap with condensing fins and plates so arranged as to maximize the

condensing surface area presented to the exhaust gases.



()-'s&$10% U& ()-F "10% U& ()-10/10/10/s6s10% & ()-d u ,iK-K, Y"$10%

()-,, T#10% U& ()-"1!10% U& ()- @10% U& ()-"10% U& ()-SZ"10% U& () - L&" 10%
() - P>@\Bi KA7, 10 U10 Uy7s10% U& ()- 1z#10% U& ()-s - 10% U& () - @ 910%
()-
()-

, &#10% U& ()-$: $10% U& () - ZBCax} A7, 10 U8$10% U& ()-s!10% U& ()- Y$10%
.- #10% U&' ()-"10%

EEERES

4. The double acting cold trap of claim 1 wherein said condensing fins and plates are so

arranged as to utilize the same cooling liquid input and output fittings.

5. The double acting cold trap of claim 1 further comprising a deflecting plate that directs the

exhaust gas flow over the condensing fins and secondly over the condensing plates, in a serial

fashion.

6. The double acting cold trap of claim 1 wherein said plates incorporate holes so arranged as

to allow for free flow of exhaust gases.

7. The double acting cold trap of claim 6 wherein said platcs with holes that are staggered

plate to plate so as to maximize the surface area of the condensing plates in contact with the

exhaust gases.

8. The double acting cold trap of claim 1 wherein said gas inlet and outlet ports are arranged

at 90° so as to allow for a double set of condensing fins and plates to be arranged in the exhaust

gas path.

9. The double acting cold trap of claim 1 wherein said exhaust gas inlet and outlet ports are

arranged at 90° to provide for integration to the overall LPCVD system.

10
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10. The double acting cold plate of claim 6 wherein said hollow condensing fins and plates

provide a closed circuit path for the cooling fluid.

11. A method of collecting unwanted by-products, reactants and particles in exhaust gases of

a low pressure CVD system comprising the steps of:
Providing a cylindrical steel housing;
Providing a gas inlet port on a side of the cylindrical steel housing;
Providing a gas outlet port on the bottom of the cylindrical steel housing;

Providing a gas condensing apparatus with cooling liquid inlet and outlet fittings,

condensing fins parallel, and plates perpendicular to the gas flow.

And flowing said exhaust gases over said fins and plates.

12. The method of claim 11 by the use of a double acting cold trap utilizing said condensing

fins and plates, wherein said condensing fins and plates are so arranged as to allow the exhaust

11
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" #3%& (16.*The hEthdd496i4RP1 1, TurtRBeIEREhAthdthg holes in the condensing plates so as

to minimize resistance to the flow of exhaust gases while maximizing the surface area of the

condensing plates in contact with the exhaust gases.
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