ossqs-‘l P05 T

; achi eved by using bulk Si ‘substrates that are used -

riqmeicing ordinary Si integrated circuits. The - advant.ages of the Sa

t €dhol ogy i ncl.ude: 1. the ease of dielectric isolation that

al'lggs an 5 enhanced degree of integration; 2. the excellent
Stivity against radiation; - 3. a reduced floating capacitance
allows a ~ - high device operation speed; - he ] SS| .
he wel | form' ng step; 10 5. the effect of &;E%ER

6. the possibility of pr oducing fully d |%| QI'NE:

Ct fenanrits] Q4095P525¢ 13| Y639 Piacnenhi n £ | m technol ogy € advai}aqes 0 R
SOt echnol ogy are. thoroughl y discussed in F@Qﬂﬁd\v@he les®p&in patem,;mmeys

gle-crystal 15 silicon on non-single-crystal i nsiNGHEN:$AMBEHGE ed y
W Cullen, Journal of Crystal Gowth, volune IéﬁzleIIH?% e Manchen

590 (1983). : ' In recent years, a nunber of Ggge,@q,c,,en
ished on the SO technology for providing 20  su strat es tha
i ze high speed operation and " 1 ow power condGHBSFHHY "'?B’FQWESSFSET
(| HEE SO conference 1994). The process of mandt QEPUIP IRy 0603 Minchen
sergconduct or device can be significantly curt drHethatyO.08Diet - DiplemS&Ysiker

cture if conpared-with the correspondi ng _process ofpachipgn.GlagsenuPigiemnincemeyr
vite on a bulk $§i waRBEPLBEEBUSHESI'S  SG he i npl AvEmeahiitl o Rirlom-Gremikery
lified device [|M Debsoliati:eagatap. whhusd . the| use B BuRer SEpomLg8iRyf ogy

" can prd# dmia(si gniphicaaMt... eOfked eduction in _ .
if acturing a semjpdmducihge) deyicae, 'lpa{ot,jﬂgyct aml ylin terns of the

. waflpr cost and the. PrAe@ss.¢OSt phieaviewed, ..q - ffomthe conventional
t ec@nol ogy of manuf clfnt Uhi RG: @ 3 pp MOSFET OF @71 C on 85BBBkEB-Isubstrate,.
to §ay not hi ng EEZUTE i e A NG “pertormance of 4@BRAEYséhy cdR8hct or
devce. S Ful |y depl eted MOSFETs are very prom@?ng f.or

-eving high speed operation and | ow power 10 consunption if provided

wi th i nproved drive power. General | y speaki ng, the threshold vol tage
(Vtlp) of a MOSFET is determned as a function of the inpurity
corgentration of "its channel section but, in the case of a fully :
degeted (FD) MOSFET, the characteristics of 15 t he depletion layer is ..
i nfRuenced by the SO film t hi ckness. Therefore, the SO film :
thigkness has to be r Q0N %@%&Prﬁéfﬁé ignporder to inprove t he
yi egd of . manufacturgng Ll Shi-shinjuku YeaRWREl €, a device formed on
a cpnpound 20 -sem conductorsﬁbﬁ\j\ﬁka_ markgbbe ‘evel -of performance
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kcannot be expected fromsilicon particularly in ternms of high
H operation and |ight em-ssion. Such, devices are currently
bd by nmeans of epitaxial grom}h on a conpound sem conduct or
rate that may 25 be made of GaAs or a simlar conpound. However,

a conpound sem conductor substrate is costly and mechanically
not@very strong so that it is not adapted : _ -
o to produce a.large wafer. Thus, efforts have been
to forma conpound substrate by hetero-epitaxial growmh on an S
] that is inexpensive, mechanically stpong and good for 5
uci ng a | arge wafer. Researchesgonﬁ{orning SO substrates

e remar kapoT NATRIXI PEINTERIHEAD'T Y, attention was paid

he techni que of producing single crystal silicon by epi t axi al

th on a sapphire substrate (SOS: silicon 10 on sapphire), that of
ucing an SO structure “through full isolation by porous oxidized

et nod conpr obs PLAERRS AR A A S0 of dsE e T |

P-type prigtercheatdakn8i adthought dt 1% ndjy 1 otemtrmtwlpl Bt ation
t al. 47, t |
hea a reia%?{ngke Rar:f:ti.r ag‘ggi'ry XY a Sﬁ% dé%%a"'éhgpﬂ%e& axi a

mng o type strate
a porouhesdb aving syraaoaupaﬂnsd Hith1uﬂk at distaliters £38%| ding

I sl a”&'ﬁ?‘é%@?}%'ﬂ@ sgakAse. 2 gﬂeet %&dgf:el it &thé‘ﬁ the N-type S

nds to die I sol ation by a

d ox tion. This :
hi que i stransferripgelak, tacEBEpQHPGG &Hﬁwﬁﬂ?ﬂn9¢mé%?%e t9solated Si

regigon is deféesédbsfeasraegeer ogegs ghifrelr adg@a@auc imageledt Cige t O
res@ict the freedom of device design. 25 The oxygen I on

i npllant at i ont HERHOR FReaFR8eFef erred to-the SIMOX method, which was
proffosed by K |zumh {8k supply &Pstbhr Fort anewird Hbtt Maﬂﬁcmﬁmﬁer ?Xégen
ion§ are - nt e
int@ an Si v SFAPER LROFRLGR 2R SRK| E4EPOB; 1S not’ ugsds t?3"”"101[18'? ﬁacn{ err]
and § hen t hesdpl Pedi Sromnenl tnkatahkgho the distxleremds e:ﬁ)fthaé)(mtre

1, 330 C

CBoted oAARCrHERLrY o the (RTERMIECEN1N B Whdes
produce a siprimm paper. Omedendwpeinkhguide menh@na$mnfqr(ﬁQQh1an

b d fa t d

Fehis coltiTieRly Ssrifed) 208 s OlopRRYTA( 8 ae 19 /90 AHET 12100 1
2d i Nt 0 CAMDFLS PN YSPITRHS METDAT capableowﬁgé#s@bmaﬂldm I%h is

;5(;; ystal! lZa;;geirra.-. PELEkCC e ink gu?8EOhEcRRUISA havilndy &iiredii|e the
contacting the porous member. The porous member
contains fine holes whose sizes or diameters vary in a
certain-fange, with the result that the ink absorbing
capability varies from porous member to porous member,
and both excessive and insufficient quantzties of ink
are liable to be supplied to the distal ends of the
wires. The quantities of ink retained in the vicinity of -
‘the distal ends of the wires differ widely, and the
porous member is liable to vary in dimensions or to be
deformed due to coaction with the sides of the wires.

Consequently, the ink densities of the so-formed dots

This Sheet Has Been Re’ilaced

BN [T




Phow a defect rate as high as 10[err]/cnferr], a recent

5 jgi cal devel opnent has nmade it possible to - reduce the defect
felown to about 10[err]/cnferr] by 12 selecting a rate of oxygen

fnt ati on of about 4x10[err]/cnferr]. However, the allowable

s of energy . - |nfu5|on and that of ion inpl antati on are limted if
i | m qualane oFERFELAF.oxi de | ayer and the crystallinity of the

hce Si | ayer arspm-bm bebddigcid8es ah%%m&t l:.\fﬁc daspp dx@aleémmd
thefllmt e surface .S r-.an é% i

i ckne
bd Si oxidde™ £&if ET]BORS EHPPiElea £ger P&yé‘r"l%\r I%@\eﬁh % only
ed val ugnds mﬁ)tv.mresxohylsmeansroﬁeaSpﬁfnpsamue‘ iirk supplyoxi dation or

0 2 desmeahania of EPERRE hlle RRs, RoFEyeSt S A iRV IRVAEET <o

phelt ehefcamsteuctiom ofi thecssndeettion betweaer rshe pump

. adver fect t 35S o £ |
iR t s sayi ﬁé‘%t %ai’%%c%%d P; géﬁggggeaﬁgf 58;11\}5@;'91 oxr}%éﬁéeggee‘]h)ns in
[ SENOY decost T4y &S ttRcessary cterprdvideas gopds se@de s§f ashdo 5
SHB bl e caus ygﬁ TBY . foLekg - ' 3345 as
i nt rodu@ . nt 1| a&erlE a% ﬁaﬁ@e, .éﬁ?i ﬁelgfrgieoﬁ%ig;I ) aﬁitzgﬁégn. The
e produsedrice 4s requizrﬁq)efqaegqlbhvtm thevwpumpr ad&&ec Haka SUER L i cs

I ﬂe%r | e 10
Iy| ng. sﬁSS?snl%ﬁlk d ;Iaefﬁa.él?%] ND&E?EQC% iﬁugﬁ%n&gla\%gtfPﬁe use of "a
mulsiocol augh Printer head aﬁnﬁr@a@ar aphaRK: BEPPINUME

i n the gegdhAAR¥mSAE RIMWIHatIOCESS wdél GePECa smalll Beinger
hrit ati on prggcess may take a long tinme if a 15 specifically designed

M atus i sh83d for it. Since the ion inplantation process is
iabrned typicall gtbis thereftars af oipjdct Sfathef paesent lazenthoni ng a

o Tongtei RESKAGe0E PG ALY S5 bihtbceehhanifoBEE rdE= "

iR i onal | yprifitearahkadgef a simpifecrcorstruceissrdvhichi gs teppbilet ure,

B0 af FERISTEIS R IR A LA RO

(o e o 0, B Bt B i
e T e i

plerr] C wh-gh éﬁdn%% lesF U Qe vy t{g\e rgflstn Ye& oM conductor -

bss, the em o en ‘tenpera ut | on will becone
' em:eoeeeneaé chazges gackfas ﬂmpe@amrer@eméalgﬁﬁess

hly efféﬁiﬁYﬁrﬁ@PaEahﬁtrh%ﬂTHh§T*“'Zed Besi de the above
i bed known techni ques _of
In DE-A-2,546,835 there is disclosed a wire dot
matrix printer head comprising an ink tank; a wire
guide means having a portion whlch is arranged to
receive ink from the ink tank and a prznting wire a
distal end portion of which is mounted in a hole in the
| wire guide means, the wire guide means having a-
'capiliary ink path which communicates both with the said
portion of the wire guide means and with a distal end
. portion of the printing wire so as to supply ink to the
latter. |
In DE-A-2,546,835, however, the ink tank

contains liquid ink which enters one end of the
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. dev

’ y .
forgng SIO a technique of bonding a single crystal Si 5 Substrate to
anofher single crystal Si substrate that has been thermally oxized to
pf ofguce an SO structure has been p3r oposed recently. This nethod

reqg res the ~use of an active layer having an even thickness for the

ces to‘b'echg_ngr?nlhg‘ MRee %ﬂ;ﬂ fdl‘fealllé’%uﬁ Eli’git ik gl seciystal Si

trate that Ts_as fthick s Sdver mcrorreters has to be

madlf as thin h%28&@cfq Vary or gioc bendntermiptasssift Mhecliqeiti Haks have

beelf known contaias parembﬂasao%l L Cereest%i%h Icenxefg éﬂ@tcagafiyéigy
(1) @pol i shing | ocal plasnma etchin (3)

sel fctive et c*ﬁ]ﬁgp . F'Sr hermogey; fhe Hige & &P@% HSPfilm

t hi likness by constrm‘.‘ﬁéd ehathanmhhi'hwnﬁ.cmem@ Berroiddfalin Al the
nean_d nlnthefllmthlckn can be as

‘Par @i cul arl vy,
o B as L et R APRE ELa Tk BBrER kaPoar, Aschpe LT afRAm FEARRES bl o
whell the fil meachimgn’ehletdzanal end sardaceobfsthe mmeomfde xﬁnms,

G ofrer ! PR Bng, resur PO RRE °FRE 31"k BRI oY Hx
confl nati on \prdssure \Mic¢ll)is pbesespeanfli caube, fillbe problemsi. mis

thi gned by mg %ﬁoﬁ%ﬁli&%'ﬂé@ngf akéd) ptBvidea foQbBE'EV%ntﬁnépm and the

di s i bution
i s et er m ned®xsesHive inky accunulatingcknetbeadistal endnsurdeces qﬁm nt S..

sub

Theg the fl|éqé %ﬂ@lﬁﬁé‘éjrﬁé’a etching operation whére the filmis
sca ed with plasna _ err% articles having a dianeter. of several
5 | linmeters, co¥¥ efiﬁ'ﬂfgoat Rereohsofisrliased 2 wigpcRA&ss, until
2 dfired fi Hﬂﬁﬂ:@lﬁﬁ&&éﬁ kﬁi&@'é&ﬁbrzsmg Jﬂeiﬁkhgﬁpiawnmaahgpoat t hat

or fhso by WiTe Hnide Beann SaThI < BoFLvRERLoRhES prEeaed 20 30 "
gess by | v h d; 10

acc pani ed lnec@id:rea\mﬂclfﬁdmtthe fzri}oranpplybmesﬁﬁ ane wh:Lch nassant on the

sub rate int ormdof ticles {bﬁgthepa chla t hey

opefbte as s8* ﬁgﬁs} % PR PHD cBLHF off eF %?5?1 §At he

sub@rate  portikmn afhevhdtathi gy mpmtaedoinla; hhoke.in 16he wirddduidenal |y,
sin@e the su t e,.sho _ I er the
et cifg ng opergl?%'(%l% @n.str?x \gsﬁtpgaﬁ{] ?131?1 %ﬁer a%f%‘s&%gégto %Iégconduct ed
on ifpe hammsc@ sapdd lainy ezmk matma-fpiebnmmmngtasudbohb

opet

i g | | t t T '
CPer obl em S Hovt St foe, PRATSY (qg The @1 LA suace e ARy

arisgks. Stilyizedovideamepns and Wletfp(ﬁh%kdm%\?geendtwtmmyoﬁohhal ni ng
col igi dal si S std}lﬂp [ r ence the
I ay b?iﬁtln r?érlgnsgts:t | vtqf Pg ﬁe%?l%c%p ﬁ o
pol #hi ng agéﬁﬂ-dsgoﬂ-ﬁa9°m%dﬁﬁh ABtleas one lnkl%? e%&/‘-’%e

profficed. Thgrbbweughruatel ke tHeP@tal end $iFFrdtee ShENERE GaELY reduced
mhej arge mafgde fMeans into which ink collection groove any
F excessive ink on the distal end surface of the wire

' guidé”méans is drawn under capillary attraction, the or
each ink collection groove being open to the atmosphere.

- In this construction, however, there is no nrovzsion for
‘ensuring that the force of canzllary attraction '
increases in the dlrectlon from the ink supply means to
the said distal end surface with the result that there
can be wastage of ink in the said ink supply means,
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treated because the duration of the plasma etching

Lation is prolonged as a function of the surface. area of the
r being processed. The techni que of (3) involves the use of a

configuration for the substrate to be thinned that

cofgprises one or nore than one filmlayers adapted to . sel ective

et ghi ng. For exanple, assune that a Pler4]-Si. thin [ ayer containing
borgpn by nore than 10[err]/cnferr] and a P-type Si. thin layer are
made to grow sequentially on a 10 P-type substrate by neans of

epiff axi al gr especially. lf pindiscrappedt 15ubber 38&ETeki ch is then bonded
to second g ‘% V%ﬁél—@{)bté‘suéét tHE )é%redwtﬁfmﬂfﬁbn,

t hgf ebet ween, the insu atlo | ayer bein i cal oxide film
andf t hat t hethexe dis mrayided h% 49% s’?atESx Pr%&ﬁ?ﬁ 5’@@4 FIRRFSs1Ng

suffgi ci entlyahhijmd Buppan xhé/ contalnﬁﬁdj aﬂhngabedrmilngs hieams, the
Sulequently,, theP r -Ia Iga 9 % "3‘331%3‘3

selfctivel y éPEnSHP haw&ﬁ}? nt¥%. $YBR Va an e he P-type
Su tr?te lSarrangedf&df ﬂ&mrﬁwxﬁmedtbg $nkeabsm1bj.ng oieans ,t he P-
20 ayer t uce a tru T,

di fussed i n€ gégécl &*tse %z%rl’]ﬁ %o%ﬁin@ gllé%";ﬁiszara J.

25

will.

surface after MREesvering

Ucﬁd by Eﬂicﬁbi'hp%&tlon 1rpmfeatvlcﬁh;nﬂ'mr@f0tne thk Supplyhipotass can
t he

- uniformt s it s reduc pol Particul arly,
e the polishi ngP8p &}l means thnfﬁ/%l‘}@ ﬁypgﬁx §3P%ion of the
afsi on, ipreferably d:loi‘rfprd.lﬁés ta0 Yiqyortoerségfcontrol the operation :
use

ee of

trochem céapressed nea;rmwm:gmgy of the ink guppdn Perfel ecti ve
ing technique ig eff?cc;téb{orblngc ndd¥is P{& f'é?ﬂrﬁbtlg" Rohipi@s¥ed) an

filmthickness,
tjofi ed bbyowall means ofhdhse|idde |S}bpé¥£h?%§kr atio is not satisfactory

be as | owrgg X Qﬁ@rarﬂscﬁtbl HFimeans may have a tagered portion.
C

npani ed by the drawbacks as

A tou pO|IS | g operatlpn |s regwre "~ snoot h

may Pﬁé’ cBarse surface

thi's BRELAH AHERRRTH A% S GRRLY Kal' BfERETY 10, 10

enel y t hthesetnl whdcht Hatcriea s®s itrhlsnm with distenge from the The

uced SO y a poor . crystallinity due to the use of a
form nglkg Shpgigh'g%%

et er o- epi t axi afhgr saiR dmkambsorking neans|seduces the,eBPRCGoped with

i t i Onabk%/ﬁakleec%&d%% WA Gring carried hentabeheacapialagyow a
SO

ue .t hat involve ion inplantation and epitaxial

ness
ink path. Moreover, air which has been drawn into the

ink by capillary force can escape therefrom through ink
colleci:ibn groove or grodves, while the latter may serve
to prevent excessive ink building up on the distal end
surface of the wire guide m_éans.
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i nferior relative to that of a conventional Si wafer 20 (C. Harendt,

ety ., J. Elect. Mater. Vol. 20,267 (1991), H Baungart, et al.,

Exggended Abstract of ECS 1st International Synposium of Wafer

Boji ng, pp-733 (1991), C. E. Hunt, Extended Abstract of ECS 1st

| ngger nati onal Synposi um of Wafer Bondi ng, pp-696 25 ~(1991)). still

ad@tionally, there is a problemthat s the selectivity of the

sefective etching technique heavi |y depends on the concentration

di @ erence anong the inmpurities such as boron contained in'the

Ssukstrate and the steepness of the concentration profile
 he . inpurities along the depth of the substrate. Ther ef or e,

i f @ he bondi ng anneal is conducted at high tenperature to inprove the

bogli ng strength . of the 5 | ayers and the epitaxial growh is carried

oug al so at @hahlhmlgmrx% t0 Al RGed hanéf ¢ By abli alayydzf t he

SOE | ayer, the concentration profile of the inpuritigs | ong t he

def h becone@X2PRieendd tHer ARRAPRANY1Ng dr%ﬁﬂ%ﬁﬁqv*?y"BFcphe et chi ng

opgation. Sinply sighed 1 i@ an14*;1dagdn§§g§§e¢ﬁ1¢@eveéwhbﬁgaselect|V|ty

an@ hence - |, that_of the c s_talllnl%and °d§'t J1or oy pent of -the

boffi ng st r RRAREEF chedf; REELFY Lintca} entiqRmot be net at

thg sane tine. Figure UnderamhQ&@hﬁdﬂﬂupﬁxﬂpzntlvéeviewenpartlgf t he

chnduct 6 E0RY e"pR' $BO IR oA Snd B0 tileay qupad BHERTRY 19,0

5- 21338, Acquaxit ngftbhe pr:.ntelrehlemdemﬁ dgrigurtee I3r oposed et hod is '
chagacterized by eCqMRL! 3 B4 QA% a‘%ftifo(?{arf R AP f\iiﬁgésaéxngrrangl ng
a PO nonporous S|%gfe crystal “Sem conductor region on

si 1l e crystthe seamnendint whichgran inkotankg z{qq@xounted Lmrpleeeoinga

er i al Carﬂeva&g?a@y'a Ut Rp s&;mb%r h@ad of_ mgtdie.r qon to the

corf espondi ng surface of said" porous ngl e crystal semicon uctor

recf on and subsequehEpye 45is aﬂeﬁﬁﬂlﬁ&egaﬂﬁﬁﬁaﬁﬁi$%ﬁrﬁﬁ%?c??s?ﬁl nk

conduct gfuide whléﬁgmﬂy Pyrat pairtdof a printerTheéuehfirehet al. who
arcgthe i nventors of - 12 -

prkent i nv@RSTINS %%V?’ébii)?{‘ed a bonded SO that is excel l ent in
5 of even'hlrwi¢mnknss$saad explodeﬂypEabpenmmweyuheukmfednto bat ch

pr ogessi ng (T e pl \O 08 5
(1994} . kt?ﬂ?ﬁw % %gt%8§moPa g act %1 H@Q hea A %£4€h SO wll
.unnar|Ipqhagnttmmwtmtnmnby _ referrlng to FIGS 4A t hrough 4C of
thegacconpanyi ng Flgurgrgmiggﬁ perspectlvzh@ngOp%%?%ﬂ?ﬂﬂEEkéﬁes a porous

Iay‘r 32 fornmed on
_away, of an ink tank previously known to the
appllcants,

20 Flgure 7 is a schematic view to 1llustrate the way

S

eet Has Been

T I \WIl\ '



»
P dael

TN D s O DU DTS

’;L";.’;ﬂ Xt g

vyaoc:
ik A i el

el

Tkl

w.r—f'f—f'

(7]
q

o wm 9_
R r—:&...,v

¥,

ql

I&
CG
|Ij
'l
t .
ngj
as:
pl‘
[ =:

]

2o o e

hi gh as hundreds of thousands th this tec

Dl + o
VLIV USE WP T B et

f first Si substrate 31 as a | ayer to be sel ectively et ched.
forntng a nonporous single crystal , | ayer 33 on the porous
_r 32 by epitaxial growth, it _ g bonded to a second substrate 34
h an Si oxi de | ayer 35 interposed t her ebetween (FIG 4A). Then,

15 por,Qu | onp, € efdeO entire
ace ar oa iof PRt AAE ol 4P PRECHE AR O OF ks gs
strate frexpandedgapnd de (FIG 4B). The exposed porous Si is then
hed out by neangj ghr'é 3 é%&%ﬁﬂ@z@tmvﬂ%ﬁ%%é@@u%@tﬁﬁhl
ai ni ng KOH or HE+ 552 FI'G |nce e selecthve e chlng
o of printgg Gﬁe#&&“§¥ﬁﬁt%n%ﬂnﬁﬁgﬁ4ﬁﬁ E¥1F§§eF RPEPAEi-ve
[ he bul k Si | ayehghiReaPe aua i 14k erkd ya?éetmp%nym drhaﬂﬁgii can be made
por ous

byl e crystallystrate ap, ﬁaﬂhuFQHﬁqWﬂFﬁiﬂQMEF? n'qf% ﬁﬁggﬂcgncan be

nsferred eﬁEOaFEhaeﬁead cwmt:.rseﬂrfg tan Rimcicgp reygriiied membesubstrate

out redu0|ng hi_.ckness

s "BriBor BEC AL BRTORS, MAkeniad, HiiSh EhAS 3 fank 140.

formty Oi‘héhﬁnkl tankhecelstrucfidheoSHigudest tatand 7 isiacf dat er ni ned

, h I h
"Uince obhplessndbl ard CR, sty S Fttale RUROUE M ERD O

beaupefinter héadebotyxiuadegr appropridder @apdfllary unifornity of
filmthi cggg?sgé?hbghtﬁg #ovxs aré)r e(aa e%erlegﬁazed oigldi tional y,_

epltaX|a? cryst |n|ty of about
x10[ er r] /mefiber]160 1¢an be lspﬁssmalt@dsm v ileF tddi 9 i onal
ctive  ;nyp wﬁ%f@' ﬁ%e@@ﬁéﬂh&uﬁn%%\ﬂédy 19@%’&@% 1@9: tf*iﬁ:n?%‘?ﬂf ation

erence anon urities-contained in th bstrate and the

ff-pness othh% tbhctmt thei Bank 140 apdyfrpm éﬂ iRE | % B ong the
gl h of thejsd5 substrate as described above, the tenperature of t he

t r eat ment (for. bondi

n ep|t X|al dation and so on)
limted to as |%beasleo%?% t as %%°"nnﬁ§tpbgyéﬁs§“the i mpurity

entrat i Oporifiehidst & oRiEh air 1n EbatESnbdtabenethhaﬁnkﬁmmrature

i que | SCRRFSISRLEA ASARRE B0 B %?1&”?&%%%&1"4 Loy BRI, S o

por ous Iﬁuert&mkliﬁm bul k Iayer so that the heat treatnment is
subjected to S¢ ' | a I hi gh
h C:(.ﬂ?c ks useggfg'gp E?LE k 2dn ?]cgfiw Yl s

,180[err]C 2 nowWN at a heat treatnent
ess a cmnsttuntnbudtEhethekbdndthg ophraanhnlégnwmeﬁﬁkwébly
| OVE the bandi e St sl s RRULEEB1YAEBTE 200mbeddCeoward the ink

) supply port.14l under a pressure difference which is
developed between the ink close to the ink supply port
141 and the ink remote therefrom as capillary
attraction of the ink-impregnated member 160 in the
vieinity of the ink supply port 141 is increased due to
ink consumption. However, as ‘can be seen in porous
materlals, as the quantlty of lmpregnated ink is
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that interrupted ink paths prevent smooth ink flow. If
the ink flow is prevented before a pressure difference
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pcti on perpendi cul ar t e sur
printer head is adapted for use in a multi-colour

printer. Movement is effected of the head of such a2
printer or of a sheet of print paper or both, a wire
corresponding to a desired one of the colours being
directed against the print paper at a prescribed
position thereon to form an ink dot. Desired characters
and figures can thus be produced by repeating the above
cycle. In such a colour image printer using inks of
different colours, a sheet of print paper.(or other
material) may be scanned by a printer head in a
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The present invention is concerﬁed'prima:ily'with

a printer head, and no further detailed description of
the overall printer construction will therefore be

' given. ' ' '
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The ink supply guide 12" and the wire gu;de 13
jointly form an ink path from the ink tank 2 to the
distal end portion of the wire. The printer head shown
in Figure 1 is adapted for use in a four-colour'printeg
plotter or in a four-colour image printer, and four.
wires5ere employed respectively corresponding. to the.
four colours.

In a standby posztzon, the distal end portion of
the wire is located rearwardly of a distal end surface
13c of the wire quide 13, and the length of the wire is
selected such that an ink meniscus formed in a front
portion of the wire guide hole 13a covers the distal end
of the wire. '
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The ink tank 2, or each :Lnk tank 2a, 2b, comprises
an ink tank body 40, two stacked :.nk—:.mpregnated members
u, 62 of a porous material which are disposed in the
“space in the ink tank body 40 so as to £ill the latter,
..lﬂd a 1id 50. The :.nk-:.mpregnated members 61, 62 are
‘ympregnated with ink at a pressure lower than '
tmospheric ranging from 5 to 10 mmHg, so that air
“pemaining in the porous ink-impregnated members will be
-geduced as much as possible to increase the amouzit of
“{mpregnated ink. The ‘ink tank body 40 has a bottom 40a
-provided with a front ink supply port 41 and a front
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.s used herein refers to a wafer obtalned by pol i shing and

g the surface |ayer of a nonitor wafer used in an | C process
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an 5 extent that it can be reused in an | C process).
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sibstrate at0a, the rsideiwaly 40w, cobe partition 48, and the 1id 50
of the tank body 50 accommodates therein the two porous

' members 61, 62 as double layers which are held in
contact with only the raised surface 44 of the bottom
40a, the vertical ridges 47 of the side wall 40c, the
partition 48, and the ridges 51 of the 1lid 50. The
porous members 61, 62 have different avéragé'hole sizes
or diameters. The“porous member 61, which has a larger
average hole diameter, is placed on top of the other
porous member 62. Thus the porous member 62, which is

closer to the ink supply port 41, is made of a porous
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The average hole diameter of the porods member 61:

_ . 0.4mm
The average hole diameter of the porous member 62:
2 0.3mm
W The width of each of the ink guide slots |
45a,45b,45¢c: 0.12mm
The width of the ink guide grooves 12b: 0. lmm
The gaps between the ink supply guide 12
and the wire guide 13: 0.1lmm.
The gap between the surface defining the _ .
wire guide hole 13a and the wire 11: 0.0lmm
Thisllsltiiﬂtliliilﬂiﬁnlllgﬂm




Foted to being diffused into a silicon substrate by nmeans of
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a dif3 H on techni que and capabl e of 13 controlling the conduction type
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is formed wi Phi At8 BPPPﬁégﬁnsﬁ %Oﬁlﬁy %i ectlto ‘ﬁﬁ% di f fusion

reg@pn is a ﬁhtyheldlrbuatablyegnunﬂéﬁﬂln a holddnnsupporxehnletybe

[ty shgine! Rekeepeghel 565 o o J@spHARIARS R 1GR e Used

- b - 723,T‘db¥-§h3180909399#bt1§| dm 'Bediﬂi&ﬁk@ttacmnenfgd'MS3$our ce

Dp koo tenye 2oy an es, « Bk Aapor o

spifn- coat ed £9| Bhe respectlve older support 31 and having a
cylindrical projection 49 engageable with a lower edge
of the respective guide slot 35.

The ink tank 2 can be attached to the holder 70a -
and detached therefrom in the following manner.

The holder 70a is supported in the position shown
in Figure 3, and the ink tank 2 is inserted into the
holder 70a in the direction of the arrow C. At this
time, the ink tank 2 is not required to be accurately
positioned in the holder 70a and hence can easily be
inserted into the holder 70a. Then, the holder 70a is

- turned in the direction of the arrow D to bring the
projection 49 on each of the sides of the ink tank 2
into contact with an edge of the respective guide slot
35 in the head frame 30, whereupon the ink tank 2 is
-positioned with respect to the head frame 30.

The ink supply port 41 is now positioned
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-of the techniques listed in Table 3, the 10 el ement supplied
he source is diffused into a : Si Ilcon substrate by neans of a
~Ctreatnment operation conduct®¥ in a "furnace" For
npl e, the diffusion technique using a spin- ' coat ed filmis

&8 ried out in a ner, as descri bed |rstly, a
@<t ure of - %‘Hﬁ% r3DO%S tReAFR :b?n‘geﬁ’faﬁﬁe Tnk supply; gRide’ s Llen) y

2fipl i ed ont a2’ siticlorpsopectetgpwardly £rohethebprintes bead bedyner. The
58l i ed m xt r esu‘%‘ nyed rie %%P’? ‘p&%%g%tgffgﬁ@ o ég} fv,bgmcggsbge

i con sTlrcon substrate is placed |
TR a furnacé:l'tea\ﬂmg JaZ'bbrtto gpngage)nlmstlstnonmkl suppertiport 41 éﬁé ®80j ect ed

2 heat trsaldilg EAGS e 'K SRR OF, The sehPhpfikertadre diffused into

e substrat ence NuURer a 1 denotes the furnace
d ref er en@FoiEstion itda on mcm@tﬁesoa the cepnkr holdrs ZPRj con

sqbstrate f ggeaphber eobmiehbna
B err] qerr]engage]so%r%clfnéﬁ]ﬁs ngémfeﬁ éﬁ]ﬁ' ngs 38 Ep by

oroné@%ﬂato can E ﬁi used into the
27 - other .siThe FemiARIS BLG2 b\ PFRIRGHIPR S 7 8D inally enggge; o
1§300[err] Cﬂﬂtﬁi&éﬂﬁi&%nﬂ“@i&léé‘%&; andltf.ﬁélsl@é\frgﬂrﬂﬂgs 36, is formed
only on the surfac (k)&' arries the ég g/ﬁ im but al so
t he oppo#¥ %‘Rﬂ%ﬁﬁl’e SPrifigs "Eﬁt"H:Fé tALERE AV ELTAER  anot her
sif i con SUb?b’ tta.ons to M rns;hé s e 7 (R 0Sedutelysinr paagtiionit hi n

the B2Q3 filmc I n surfa | o '
is-the sgy‘lea 41 m%‘f"gc’é? % &Sre &ﬁl&ggo\y-}gfl | m
er eof bec&ueer@nr&waaﬁ ithe cittdehmemtopkoddss dssubsihedeabpeeat es as a

4 f I B f d

o of the PP Y'TH) R %e:éf%sd@mﬁfe@é%##%ﬁ epYERIEBLLOT TP O

i s{ advant agéehorsuligic dbee ink amen:rsnna:,e daha:iaemt:awk thereon;egn@tbmt;% bet ween

D oee r ool shAde B et ek (Her sHAWA) G PPSnbEeLEnEnOgK 2l O7
rous - si-Ticon layer f

prpcess for for In t usi on region.
Fof the purposﬁh@f ptrr:@ti m&nomhemézkmmr ibm a stand BY the el enent

copit ai ned | osﬁ%l%ff't%ep'qlrs%loréxﬁ‘cl:hereof £Ppde L o £ﬂﬁif@1y|6ﬂ the
copducti on épe IS genera y 20 bet ween 5. Oxl O[ err. /cgerr]

5. bx10[ er r | k8g] 8istalyeade sasfpqrdac P the wire),quide 1758 By

2.px10[ err] Agnfakr heﬁ&%d&shsorﬁiﬁe@@h lﬁtdw@rbf the dﬁseaJLOémwfcne and
| . .’)xlO[err]/ch[ err] fromthe vi ewpoi nt of the rocess%$$ éodum ng
S

rous siliEOR f"l’n’%ugl@cmr "nqlrém et iaFashed h%u aFatY cs of the
epj taxi al. Bhe dibkithD ferdmed ahed hﬁ.wraw&rfe lizoret ayerprojected  For the

o P?§F|gg|éh§y %g%%f ggﬁngrans 2P ¥ ink to tH€ SLLLLP QRarEE O 1528
the wire, and other detarls of an inked-wire dot matrix
printing process, are described in the above-mentioned
EP-A-97009 and will therefore not be described here in
greater detail. '

Any excessive 1nk on the distal end surface 13¢c of
the wire guide 13 is drewn under caplllary attraction '
into cross-sectionally V—Shaped collection grooves 13b
(Figure 4) provided in the front and side surfaces of
the wire guide 13:and_is returned to the ink supply
guide 12 without smearing the print paper. The grooves
13b are thus provided in the'distal end surface of the .
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Perature and the duration of the heat treatnent process. It is
G- al |y between 100[err] and 100[err]m._- pref erably between

S8 err] and . 50[err] mand nost pref er-abll)s . between 5,000[err] and
amcrrlm However, it is not 5 necessarily requiredtoformathick

fusion re e ess

ous e‘gi‘??a?ul?ﬁa%g §Paoﬁg““ g@e&‘ y%ﬂ%#f#ﬁ%l on

ion can eb¥ly é@rehdwbeynnazgheedﬁf,flnheogrloegﬂam 13b extend %@r the
pose of t t Nn.gb C i gl st al
I"con subsétlfzfée@‘?ggl éPYﬁH&*_--g ?f eab aa&angtq)lg'duesé 1)‘go°rS ét%efosl é|Icon
strate orPR@R P sthe atmogphereion region is forned. However, fromthe

Afwpoint of manuffgd usp é‘ﬁa@;éﬁ”bf??ﬂéciﬁk SUBBLYARHanisn of Iy cost, a

;i@ i con substrate having an uns ctric resistance, a
hitor waf dnkedhiwier rinil%é’eP‘ printerphgad cefescess t& aPIV&yener at ed

R er obt aj Qﬁ_(ilb)how be dd¥tihedg the surface |ayer of a substrate
ryi ng t-hereon, one or nore than one defective deV|ces to such

R extent that it IPIRET KR RPIHIN A PEOReECERE ARPSIEY, itydFantageously
beg used for pdteguampIn Ciplgii}e an appré@rﬁﬂtéoq'aantlty offPiakasaably of

B R A e

sd 'conduct glum drola 133 sHduld I'%ié $Hyptopdecliménsion in thel . 35, 333

(1956)) . Porous Sy £al RS, PRRALA dH BBMene wire®BR 43hr8Red’ a0 S

pstrate in . 09 -
-' aiougamiofr émdk,t suazhcmtr esiitenfarhi exsesslyoonat Bbortage of

S ol uti vesLeac f ﬁ‘bglfj [ S t hat the

exy st.ence o?‘hﬁdl tggﬁl%l(ar eqwng) S Ao |z”2}?é| o%ﬁ{pégﬁf %f Si and the

refction proceedsInntienpristess head canstrudkipmbedescyibednabave, J.
El pct h l5

% i éognlg Yige, pﬁg fi: ‘&@[ <£rﬁi30aank 2 to g &fsc’itfoﬁ"gﬁ: .
Sif[err] + FP@rV]’-ClnltY of t end- of> the Wiz 18 rfompesed or

Sif+ AHF + g4- ésa&k)ebebbbes> %hﬁ[ %"ab]s W[ﬁidcenﬂgrﬂf{&mé
Siglerr] +.2HF -> H efr

ere err e[err] represent

refpect i vel FARSRSER §nG']faﬁh[e w:.dth§| &k &e ‘EF r%F‘E%Y?T r%ﬁ&esent
reppective gapber shef amdant ohol:.ﬁk h@@:@sfﬁhﬁ olipsimying canibgl e Si
atpm The F pﬁé agg% &h por.o JS for d when the condition
of{n>2 or [FF§S3 FO REE. a let I’iu:fec %l%??’f%fl%%ﬁ be drawn
frbmthe capillboyeatsrabatioR- phoﬁn‘.: crRusingrate guexfkowinder the 20
exystence of hole p :
replity, both Mt%\e\ggﬁ’gééﬁwﬁ&% @ghtggy%g l%Sn]‘{ﬁa“'s'jaﬁiturnse‘%)p%rous under
ce tain corevenowsen the ink snppdydfmgm ¢11ehe.nkn§;mﬁkm gxoong 2P st al
POUS Si i reduced due to increased use of ink.

The dimensions of the ink supply groove and gaps,
the hole diameters of the porous member 60" and the
‘widths of the said slots .are selected so that the
capillary attraction is progressively greater along the
ink path. Therefore, ink will not be interrupted in the
ink path as described below. N |

If the flow of ink is interrupted in the ink path
by reason of vibrations or the like, a mass of ink which
has been so interrupted is moved forward until it is
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c 5, Or essi veﬂl@ﬁsp#'@h of2n hb&r

¥ f or med t hrough anodi zation of a single crystal 25 Si substradte
aI ly in an HF solution. A porous S | ayer "shows a spongy
-cture where pores with a ‘di ah®ter between 10[err] and 10nm are
hinged Wit h - .30 -

brval s bet O[err and, 10nm e |t p u can be
L to vary &F@eé er dc)d. /%ﬁ er?’]d Q/uq«f:e QEQ aniﬁllar?
entrati antm'act:henHEss@nﬁam Hat viheen Stk Path EHGRZQ% 5he/ dnkoy varyi ng

‘ current tgﬁﬂs' tFihEe Q&? &%{‘flaaszt y [ed e Elensi Ly ghedtag! QnCltIh%t al Si

I'n ‘ot her wor ds, the goros%é
us SI i §1<¥afl|1§15| of whe disdaduensd Qhtha Wb b ow a density
G (han apBathof§ obhgheOlink Hth in whidh/ Stié ﬁowlbfrmnnt asns t he

perties as single _10 crystal Si so as C taI Iayer
be mtﬁsrﬁﬁaeﬁy B dak &S g"r%arf:ﬁﬁ;]aé Egg s$ %2 A
pus  Si '@M@rwﬁi‘é dafl@nsiehke e idot le‘e&tst:lwt will nothbedeaade;redf a

e crystal Iayer because |t 5&@ #i Il< lg angggtg voi ds
he i nsi I%Stalﬁ%e evepnReReatan: Yy R7 yE s wE ramati cal |y
ge Surfaéﬁdgbfﬁtﬁ@ﬁitéegh@ tbleeus@drm;alt occupi es. Thlts rre?Rs
a porous Si |ayer can yebgr greater an
rate at whi chT® g ﬁ&?‘g‘ 92 an%d "é‘ cﬁ"ﬁfﬁ%aﬁ%gl a{’/ieir is normally -
hed. | 20supplyid¥i inkpunouaeSmxreo\naxe deigtents iens siependent han 5
es depe ng_on_i rQgit rLesu n t hat

ng_g g‘Fﬁ%F%%ieB? ?ﬁ %hag:teé v 'the ?&?{ﬁ’oneut&o é%é the'

pul k Si . ayer porosity of
it rraycbmpeaém:socan be eassauefumedi el e dnkgh c@tim%$$%‘h§§% i s about

1 of  Zocura gatagf b9 GOERRLAH C il koWl dater2 add ehdernkor ds,
a wafer For he % a pai'r substrates is Eu}l‘)gect ed to
dghdar @émennonally accurate an

A - 0 naRgedHd arpbaiange 2 vand tice
o6f r oyed f Ir stt:?B I?Hkhgﬁ?glg éﬁgﬁb@lzﬁt@g

- a ar e t Lt will be
=¥ royed wiak W%‘ﬂ?epé‘ﬁho??n easil Egﬁﬂteéd %%o% *YREY [Preparation
g D| ffus&&ﬁbo?&] of I%ggﬁa]rg_ ?hgbgrro%%aqttst ramﬁ}ormamb? di f f usi on
into a_pgrous_state can 2
usr on. r%}%ﬁalm ?Fr%epﬁFBB‘sgeBF Fﬁ‘gs &%fé'%aeuon ygfﬁa\/eg&%n t he

knezls O%efb@dp@fqneelauar ckd keep thedrerialitiaietpeeformamce 150pm
erably

LY S eedlle, s SLBAER AP, Wil i bgeen, - anc

us | ayks siwowhhendPiiguee l4qvdiheofinfk agnrde ﬂmomel%'ob ous
heiv%%5$§%9u§h§§gkﬁoQQUSHQ’&d@@@qpofgis membdP 1ihe pur pose of
which serves as an extenszon of the ink-impregnated

member in the ink tank. '

Figure 5 is an exnlcded perspective view of
an ink tank 2" which may be used in the present
invention. The porous member 60" has different front
and rear thicknesses and a tapered portion 60"'
therebetween so that the thicker front portion, which is
disposed adjacent to the ink supply port 41, is o
compressed by the tank 1lid 50 when the porous member 60"
iszintroduced into the tank body 40. Therefore, even if
the potous member 60" has uniform hole diameters, the

present
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_--';sem' conductor | ayer can be fornmed preferably by using a

k sel ected fromsingle crystal Si, pol ycrystalline Si,
alline Si and conpound s conductors i ncl udi ng GaAs, |nP,
aAl As, 20 - InAs, Al GaSh, InGiAs, ZnS, CdSe, CdTe and SiGe. A

us sem conductor | ayer that can be used for the . pur pose of

sent $7ueIpOPcIBN EHORLAR! | Bhith js ad HUUA tHNnETARIe Lhan one
ield’effect _ tran5|sfors)1. 125 I rst, Substrate] _
b pur pRRP LY BOEt pflschasi avameildgr avermgesthole diameRer,ate is a

R v xheope heifieted becoming progressively greater
ngugt ifp‘%ﬁé& ' r%ig’éd:)‘gﬁgi%r pﬁpégi Q-F[dz'@?‘_ﬁt: %Oron} ei’;éé:ﬁ:;’; bmay be
e ot r&LISth iméewheandhet @browsm F ous
n Iazer‘mipvmytqcﬁbe . 5 psi i%o% gt?) tr,at e .or @bform'n a _porous.,silicon
Vs Fladka b end| 1ok Fad CBaR. S0, TG RatuE) el o |
ous sds stmoturaklpdquivalent to a plugrajdtyuefspormusiuct or | ayer
fornme r siligco [ ical: Ly a CVD
echni ag}ggs%el g&eercf f%rﬁ#@%ﬁﬁ%g%ggwéX%D&%‘gg %f?%&cgm and MO
net al - ergapileced)in &lepuinleriank body #@thwigbethenevediage a bi as
o BBl dnk ks becolBiS HESGTRERIVERY BXbakel BHCR hEGNNI AUC O
he pur fooBtota Fean gssthiamahithe nembezeéOnd ~ substrate onto
t he nonporo ' s I B3 sher Kem t he
P igtgx?%?sggfe&g#e@é{& érﬁ)b‘%izfz?ent of f;%%f@ her grd %hﬂ

substrate ma oma sem nducfor substrate such

si ngl et@¥salts pacedsighaveh thiRFinker Jheadi tonbbet drksEB3Kr at e
I lnlg Z_Iéza?“gépifb?tﬂe@“ Hél!dtw j%dl'@ft@;ﬁré’é\ @?}1 denidte &i e;&hbmetng a A
gmal |y oxidized fi .or nitri i | mon . surface thereof, a
}0 tr ancRFLRFAGTs BRTS LAY, thsoNas the InK quiding $5e8eSRbstrate or A
#s substfeseribelridbovels substrate and an insul ating substrate
cally made of al um _na_dependi on..th licajign_of the finally
bar ed” seni condafft she, FeRstE c%:.ons d&kHited Bdve ' 18R =8 fue - 33
- st&bbgi sgbplied throuflr at simnirecsmsirudeiomvEndémoan t he first

conduct S7e1 9Bk 580 Ky 8BRS, Gi¥e S and ms ERCRERHEY,
duce a mttatchedrtet thet dist@lnend of thelwirewdfor prodweim®ndor ous
| conduct QL - P¥CLnéSproper ink dot density. The ink will not be
interrupted in the ink guide path and the risk of a
supply failure will.be'reduced. The quantity of ink
i? . absorbed in the ink guide path is smaller than would be
- the case with a known arrangement in which a porous
member is used to apply ink to the distal end of the
wire. Therefore, any wasted ink which is not used for
printing is of a small quantity, and hence |
substantially all the ink in.the'ink tank can
effectively be used for printing. |
] ' If the ink tank runs short of ink, or if the ink
: in the ink tank is rendered highly viscous by being
i dried at a high temperature, or if the supply of ink
: ‘fails due to its solidification, a fresh cartridge ink

e e I
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fnside). For the purpose of the present : invention, a

yer structure having a nonporous sem conduct or | ayer | ocated
efers not only to a 10 struggure obtai ned by bonding the .
us - sem conductor |ayer of a first substrate directly to a
substrate but also to a structure obtained by = - bondi ng t he
bus s eankoragc tber Mourredfim plasé so thatsfibeshadekcaanying on the

ther | S 3 0yid a nitride
raenecdicedy 1 fibpited to i YiRRAT PR FE SR s s, o

ayer §9Fu€?§ﬂ§‘iﬁ5v¢rh$ Aeminad Eristing oprrabion. | ayer 1ocated

refers to Qns“:h‘é‘:?:eﬁxﬁ’g}?r dd%escribed Qusngeglrlgoggggtor I.ayer _

ated inside 20 l'ative to the porous silicon_la _ For
r pose06FUFfedpPe$onvariatdans in H@empe@ture and ;aEmasphagic

ates gAasBArki EHHYab%'Egﬂﬂé At hﬂt dens:LtJ} VP4 Cavaylableoom

ature by snoQth t eir bondi n faces. Addjti onal | Y,

§i ques ¥® ?ﬁHFﬁgln 5 low; eus efhHdhe gk (3 R¥EEeR BRI t her mal
rrent thus 8RY¥iaPAGORRedrdng el Tidto pazmoweima;mwiﬁed

tt| ng +H& RBPEFt oYer 18K Hiddy gpter the PEihar %ff’éa?)cf?%%azéﬁ?(:on ' -
f or meth et sisleptéeented fadohf maldunctdicnings. f'n'wegléaa:thdampar ed with

e can o S3Eh GERTpaBtaY; ke RESpIRA Sy et Hhe BT TOT,
second xepikeniskmesb.t hat the two substrate can be separated
ably. Speci f'§i éeggﬂl gFE@%V%%SQ%Reg FEY d frf}{fr!s&!%tiém t he

misi | ayer structdur |nc udeapp erna rce that may

F

¢n the feimpld q.ne@@mstruptlﬁ.bnmgit takefsonpeo@rlysrae@maig. fspage.

g i catio i z ¢ he porous
si i con, m&g;égeqngé%%naé)?suﬁePrlPleéﬁgsegab'eglgp%?g i ng puI on of .
hedt to t hEyalans Aerdeseritbedcabayesi hey 1561 68 spst emcSn q¥or ous

si i con | aytye e |16 Q616G raPREAPbRAEBaced willRQYist'@hat any [Renoval
of-§t he Porous Layer) After segar ati ngst he multilayer structure

thht has unwargsdh SRIQPREF SLRINGoRBRNGST AVSLE8Ad second substrates 20
toget her along the porous Si |ayer, the residual porous Si renai ni ng
§ the substrates can be selectively renmoved on the basis of the
fgct that the porous Si | ayer has a | ow nechani cal strength and a

| gr ge surface area. Methods that can be used for selectively 25
dnmovi ng the remai ning porous Si include nmechani cal t echni ques such
scrapi ng and polishing, chem cal et ching using an etching solution
afd ion etching (such ' '
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gas reactive ion etching). Et chi ng solutions that can

35 %

be ‘@ ¥ a process of sel ecigvely renoving the porous Si by nmeans
of . I etching solution include, beside a m xture solution of . 5

49* | uoric acid and 30% aqueous hydrogen per oxi de, hydrofluoric
aci xture sol ution obt ai ned by addi ng al cohol to hydrofluoric
aci m xture sol ution obtained by addi ng al cohol and aqueous

per oxi de to hydrofluoric acid, .buffered 10 hydrof luoric acid, a
ol ution obtai ned by addi'ng al cohol to buffered hydrofluoric
i Xt urkccordingolot imnpobfarned @speddi ngf aqheowswwxm’ngeh perdpd de
ed h C | S takln Hgﬂ g
mé”équegi.kﬁﬁég h%%dd % Hlé‘tégég?dgh?’ l(é'):'l’lblr}:fc%mepr %df&%f ?’uorl C |yg
X1, piile contam‘em umbnabsonlydngf mganse &bed ink tsmtp@larc itdndh chaatigtg ¢
ink FA®py m@%@éhaw %ﬁrs}?aébwgtah%éaaw e{fkdfrom the

sa%en1conductor | ayer gre era treated in a
W

- gwat eﬁbﬁ%@bh@%m@ erel§ub§éﬁuehf‘lky 9959@%@1 efGaps is
O‘Eorﬁ;kleem&um the vi¢ayety &€ tHBM MR bhpp&t{a pggs of the

sem conduct or | ayer. Now, e present invention
descrl bed by 25 referring to the accorrpanyl ng draw ngs t hat
ate' The mlefafwsoafbrmglaseaxﬁs qaayybégcomprébeednhynwaon means of

e of Carr t.th

: Lk ST, bk B8R oo R TRFR IR PPBRS Hak bAYE
12 a st&pened lpoxii idusi Gheoninke ahsanbiipgg means alsd ameyofhavei agl e

h | elk P |

D e B ke cintey of Ttne [RRKCBUPRLY BBEET 'L A

greater than the thickness-of the P[err] |layer to produce a

PRUAE 1y | téorfdr%lﬁir 1§s gétan L\fKLer Ly "éhePOEQEEementmned _
n layer 14 (FI G~ 1B) Theg 3 east a nonpor ous t hi
P

15 9% d?qﬁ‘al’&np’cfh%tﬁfepﬁ]a Ssaky Wafi g‘?é&ﬁ I°aFye‘Fh9_3ln Né\HfPPéY
subsiniainay co@pPided 1id theddefnonporous thin film 15 may conprise
e crystal Si, polycrystalline Si, noncrystalline Si, netal

- conpound semi conductor thin film or superconductlve
thizd film Thadvendiimy i hoerd afertherbcasgqm,at ttef riotk &Gpplyt Mearkt may
| aygr pr ab d r an r
| aygr . Rglfag{rléﬁpg{ :%nla: gb&% f@{é,}’e{,? Wh'l%h c°m8¥n%ﬁ§9§gcorw# Eg{'ra e fg'
“and] a corlre@§|¢ormtrt¢|gsvacﬁad@tween tbe tlrmé: fabserkimgt mepasarandrayghnnet o
cl gse CORAl of the k! 81 tptlgeume/ benbondgd AHRYEH1GHg RO ES Raved

_'rrul tilayer structure having nonpor.ous thin fil ated
i ngi de. mmﬁqqnatf% Vbbwal h@ksPFeﬁgtPﬁ'essure %féf%ehhéﬂeamespherlc

means further may have pores therein which increase in size
with distance from the ink supply port.

According to a still further aspect, the head may comprise
an ink guide means having a portion which is arranged to
receive ink from the ink absorbing means, there being a
capillary ink path through the ink absorbing means the force of
capillary attraction in which increases in the direction of the
guide'means, the said portion of the guide méans'extending into
the ink tank so as to receive ink directly from a part of the-
ink absorbing means in which the average diameter of the pores
1is smalleSt._Further'said portion of the wire guide means may
have an ink guide groove theréin whose width is less than the
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di ng, pressurization, heat treatnent, if appropriate, or a
g on of any of these. 25 ' Wen a single crystal Si layer is

pr 06y by ~deposition, preferably silicon oxide is fornmed on the

3 of the single crystal 'Si layer typically by

t hermal oxidation before2®he substrates are bonded

The second substrate may be any of the above listed
es. Wile FIG. 1C shows a second substrate bonded .to a first
e W|th an insul ation layer 17 arranged therebetween, the

Ia%er %{%‘“ e’ﬁo?grr&g‘t ed v% réstthe nongorxﬁo the J_{Ht{hfbkmtilté or

2t hii-nsul ating panel
nggeaqp blﬁétzmemt he wire gfiidet hade smonuesmdeatmsanhe@ i Wgr?hem

g rfdteé"ecllnyslfl ’él t?&bgg 9.{95:'? Rigl of 'éﬁgllhs A6, Pl §PblEaxd 1R |h1nk

icon sone ther mat eri al
nsgudeiet rm:qmre)ussadlagetlgamﬁethe WJ-rreezﬁltleF}%éEPm éPﬁEEﬁrt Bay

¥ the Hﬂﬁn porous Si layer-at the tinme of etching
IS COI@ subj eact ecﬁjt eat treatment during the process of

ial growth or in a subsequent process. In order to avoid this
em and i nprove the structural stability of the porous | ayer,
brous Si | ayer is preferably subjected to a prelimnary heat

nt 20 operation that is conducted at tenperature between 200

OO[eri]Cto forma thin oxide filmon the wall surface of the

; (while maintaining the properties of . porous single crystal
S on) and prevent any possible rearrangenment of the pores. 25
A p as will be described bel ow can be enpl oyed to produce an
e axi al silicon filmthat is substantially free fromdefects.
- - While a porous Si |ayer maintains the structure of
S I e crystal silicon, the epitaxial silicon film formed on the
S ace can show defects attributable to the nunerous pores existing
o] he surface of the 5 porous Si layer. Therefore, it nmay be a good

o to hernetically close the surface of the porous Si |ayer
t is brought into contact with the epitaxial film by means of
S |l e crystal Si. A techni que that can be used for hernetically
1( closing the surface of the porous Si l|ayer is 'a heat - treatnment
op ration to be conducted in a hydrogen- : cont ai ni ng at nosphere. As a
redqult of this heat . treatnent using hydrogen, sonme of the silicon
at qns on ' _
TR
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Fe of the porous Si layer will be mgrated to 15 hernetical ly
& pores exposed to the surface of the porous Si layer. This
Jat nent operation is typically conducted at tenperature

omthis technlque It may al so be effective 20 to forn1a

¥500 and 1,300[err]C, preferably between 900 and 1, 300[err].C.

¥ filmon the surface of the porous Si - layer at a very |l ow

g gas that contains silicon atonms to flow ir
¥ chanber. In the above descri bed process mmmHn
25 exposed to the surface of the porous Si | aye

a silicon filmby epitaxial growh after the formati on of a
kide filmon the wall surfaceCBAIMS '

. the pores, the single crystal is preferably exposed at

> of the porous Si layer to effectively close the pores. The

B crystal can be exposed by i mersing t he upper surface of the

Si | ayer Whose pqr Qfot éatrﬂﬁVprheeercaahadcwmﬁht«slmg @f dmiilmin
d such ), fenmove the th Oéb In1arrnEg i% t he
surfacéuPP]-Y tankT(h?e }ea‘F‘P%FalPﬁggt Mk SPrates e 3 Qtded al ong
br ous Slr_th(iEh}d @ﬁy 1k t{ﬂ]ﬁ % 2D) . havingf ahhen]glauptpalyopentes(m)bed I
ques ma ysed for separati subst r at.e Wi |l e
bt rar@wﬁﬁ Fergi ey ink Erol B iRk apsqubing

:Iygng pReans q@a%yy1dhamacﬂdrised 1nthhgtnnhepanklybsnﬁhﬂmgly be
ated thrgud YRl 9 leorbosbOROUR Fhe! 69BIRILY o3 pilel ok 2NV

em e porous S~ layérs are
tlvely sapplyd poirft t(4d honpor ous thin f|In1|s made of single

nly the poroéﬁélméo@yﬂsgﬁme eaada;%qaemehc%d cﬁf 1Py

ectrol y?|c wet chem usi ng an etchin SO utlon
ed forl charagteriged dnthaki Hae hWrBPFGSPF-BQaE‘Féthé 0" s) a'(-ﬁ

§0l ug} ﬁJBrEQ%eEe&@CRddﬁ Y& (§0POHEUEHS inR su

|on obtaln, by adding at | east either - al cohoP or aqueous
fgogen peré%lae to hydrofluoric 25 acid, buffered hydrofluoric acid
m xturezgolution a doﬁﬂﬁétfﬁxlﬁwladdrngeaﬁ asaslad¢mededineiclaial or

e 1 proten Rl O LS o LY R LHSbLBiRE febhe
trate i n(ed¥anhasoa mh@emaﬂnpbzmisnréﬁé")As described above in

oL 2205 LE 0 apy paSELESLYBLAr hERe oLy cAltagE 21l oY
preceding clazm characterlsed in that the 1nk absorblng
means (60") has a thicker portlon in the vicinity of the
ink supply port (41).
5. ' A dot matrix prlnter head as clalmed inany

20 'precedlng claim characterised in that the said wall
means of the ink supply tank (2") comprises a 11d (50)
thereof.
6. A dot matrix printer head as claimed in any
preceding claim characterised in that the ink absorbing

25 means (60") has pores therein which increase in size

with distance from the ink supply port (41).
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gively, the porous Si layers - 13 and 14 may be sel ectively </

f by polishing it, using the nonporous thin filmlayer 15 as a

ng 10 st opper. - \When a conpound sem conductor |ayer is

on the _ porous Si |ayer, an etching solution that provides a

i etching rate relative to the conpound sem conduct or is used

Im cally etch only the 15 porous Si layers 13 and 14, |eaving the

i ngle crystal conpound sem conductor filmlayer 15 on the

substrate 16. Alternatively, taMsd3Icas Si | ayers 13 and 14

b sel ectively renoved by polishing it, using the single crystal

nd 20 sem conductor |ayer 15 as a polishing stopper.

fLE shows a semiconductor article that can be produced by a

H accopndin the | (eTgW s r n or, i Al ich

o 505 Rl pELHERL Mhad” compriscf] M TERRCSHEBAY)' Sk, (T,

d orcor®inindeimint fbsoshifigecmeshst {é0S'goorthes ubwk raupply. tank 42 ")

ti ubst kaie diS, S sybs : :

b o s 0 ATk BRI RORS (4D)°%AY SiOShithRged to rlcellE ink
from thayditagabelrying FRANT of 6B ddudhfy &REctakinxbirg| megns

are igpyl ated cuith Nt e fEeN @aeimltherof the inkOWGPNE port

lual porous Si on the first single. crystal Si substrate 117is

ed fAhthe latter, the 5 latter can be used as another first

e crystal Si substrate 11 or as another second substrate 16

snmoot hing the surface if the surface has turned ' .V'

] m ssi bly coarse and such a snoothing operation is necessary.

’ [ Second Mode of Carrying out the Invention] ~ FIGS. 2A

ugh 2E illustrate a second node of - carrying out the invention.

hown, a P[err] layer 22 is formed on each. of the oppositely

osed surfaces of a single crystal silicon substrate 21 that

titutes a 15 first substrate by nmeans of a diffusion technique

2A). Then, the first substrate is transfornmed into a

us state on the both sides to a depth greater than t he thickness

he P[err] layers 22 to produce P[err] porous | ayers 23 and an

rlying porous silicon [ayer 24 20 (FIG 2B). Subsequently, a.

orous thin film25 is formed on each P[err]. porous |ayer 23 and

second substrates 26 and 27 are bonded-to the respective sides

an insulation |ayer 28 disposed therebetween (FIG 2C) . Thus,

i1l be appreciated that a pair of 25 . sem conductor articles are-

pared in a single - process. O herw se, the manufacturing steps of

node are identical with those of the above described

Bof the | arge surface area 6f:fhé:poﬁous Si | ayers 13 and 14.  X}_

t
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oy e -
¥3l of EgéﬁgéPlﬁﬁéé? - Once:'t'he residual porous Si on the (fﬁ
¢§§P3| [ substrate.leyzireaned fromthe latter, the

can be used as another #J/ &t single crystal Si substrate 21

as anot her second substrate. .26 (or 27) after snoot hi ng the

e if the.surface has turned- ~inperm ssibly coarse and such a
ng operation is necessary. The support substrates
may have respective 10 t hi cknesses that .are different from each
The nonporous thin filnms 25 on the opposite surfaces of the

substrate may be made of respective materials and have

tive thicknesses that are different from _ each other. - 15

he present invention will be described further by way - of

es. (Exanple 1) A 5pmthick P[err] high

#htration |layer was formed as - a surfaceayer of a single

sikicon substrate 20 . havi ng an unspeef fied_electric resistance
dans of a di ffusion techni que. Angt '
% was al so fornmed on the rear ﬁ@ﬁface 0

specifically, t Plerr] hig Mtration layer 25  Wg forned in
ol I owi ng manne .Qgﬁ sol ution prepared by dissol vi ng
Jerr] into a"sQUVeht was gp

Al ied to the principa
‘substrate by means of : ' ‘/’a

sH n- coating techni que, : was g@? baked at 140[erf oI ‘
\‘h léktrate S _’g/' n j J’t in a

pate the solvent. The ré¢
<43

$ss to produce a Plerr
erature - of t ugace .t ube
1j-coated fil mwas re@ged.

1-HF solution 10 to carry g .
surflace side of the substrate afdlpyod
firdt surface side. The an01|‘\n\;9r

§owi ng conditions. R €
anofli zation solution: HF :_Hﬁé{;w?‘
Ation: 11 (min.) th_ik
Theg obt ai ned porous silicon %yerlh.'
of Hhich the underlying‘Z? EINpOr OuS
and{fragile structure if ‘? y
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A gbegnppémsuﬂ.f ace | ayer. The substrate was then
51 @QBEF-E]C for an hour i n an oxygen atnosphere. As a
:5ne oxi dati on, _ the wal |l surfaces of the pores of the
were 25 covered wit gfgrral Iy oxidized filmof silicon.
ystal Si was nade to epit ly growto a t hi ckness of
mon the porous Si |ayer by neans of :

“a CVD (chem cal vapor dep05| tion) technl qgue. This

was conducted under the followi ng conditions. - source
SiHerr]A[err]/Herr] - ' gas flowrate: 0.5/180 1/ mn.
gas pressure: 80 Torr : . tenperature: 950 [err]C
ate: 0.3 [err]m'mn. Additionally, an SidJerr] |ayer
pd . to a thickness ' of 100nm by thermal |y .oxidizing the
of the 10 “epitaxially grown Si |ayer. The surface of
err] layer and the correspondi ng surface of an Si substrate
1@ substrate) carrying : a 500nmthick Sigerr] |ayer thereon and
pr epard i n advance were brought into contact with each other and
H together to produce a multilayer structure.. The |00nm

iJerr]. layer and the epitaxial Si |ayer were rem)ved by

g froman edge of the he af{er to expose an edge of the
silicon |ayer. bond r was .
of 20 py I ﬁ vépar ate the
twosbstrate al ong t hg ) g min 50
uk The separ at ed |Ss ‘ 3.y;| nd out that the
porx silicon had bee 427 t he outer
perixghery of the j@ 0[? a central
Th '

porous Si | ayer remsu ni ng on the sete 1S

- 45 - 49%
hydrfluorlc aC|d d | ing the
solution constantly. The simgle c i ;,,- . , ed._gnd g
opertat ed as etching stopper sO 5 TR T QO xi di ze
porgus Si were -sel ectivel ‘St‘kq\; ‘-&“\_’ bl y. .
The.rate of etching nonporous singl &NePysTdl /SI Z of the _
above cited etching solution is ve - : tr.zlty ratio
-of the rate of etching porous: hi ng

nonpor ous single crystal . [ IB[err] so that
t he reduction by etching of the hei ght of the nonp®fous |ayer (about

This Sheet Has Been Reﬂ
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faEP 9+3h8)Llis practically negligible. Thus, a

drgas Bp-tayer was forned to a 15 t hi ckness of O 1[err]mon

on oxide film The ' t hi ckness of the forned single crystal

was. observed at 100 poi nts. spreadi ng over the entire .

bf the substrate to find that the uniformty of ‘the film

5 was 101lnm8nm 20 -~ Th he substrate was subjected to a
treatment operation at 1% err]C for an hour in a

o at nosphere. The surface coarseness was - - observed by neans of

Sorce mcroscopy to find - that the root mean square of surface

s (Rrns) 25 within a 50[err] msquare was about 0.2nm which is

ially equal to the corresponding val ue of - comercially

e Si wafers. , - 46 -

ross section was observed t hrough a transm ssion el ectron

sgope, it was confirnmed that -~ no new crystal defects had been

gdced in the Si - layer and an excellent degree of Zcrystallinity

n - 5 mai nt ai ned. For the purpose of gaPi son, a

mul til ayer tu carrying no oxide Qon the epitaxia
| ayer was prepare S£7 @i n the above,i gé ' resul ts.
Finally, the porous and the oxidi . éan
ing on the first substrate -were al so v St d off in
a gure sol ution of 49% hydr of | uge ) gous hydrogen

2rystal 15

t D t he
iely etched and

be ‘used for another
| ayer as anot her

gde, stirring the solution
§ | eft unetched and operated as ¢#
Si and the oxidized porous Si
: ;r-d conpletely and the f?x t
dltfuﬁlon process

first! 20 substrat r for process as

a sernd substrate. 3%f _ @hick Plerr]

hi ghjconcentration layer jya Qra-d as gurface | afer of a single
crysgal silicon substrat: v havrng an un .ecrfled el ecyric resi stance

by neans of a e 7das anpl e 1.

Anot her P[err] hrgh ¢ ation |ayer

- 47 - ¢ ear dqurface of th cS 7 e
concentration surf e |ayer] of the_sing P Cryks aI |
subjiected to anodization i an HF 7

sufdstrate was

/Za

o s
; ,’} uQLb e
S la RURL
s

'l.r
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Diy

] ;éﬁggbgq@bgnlmas conducted under the 5 foll ow ng

5-058—EP-I current density: 7 (mAlerr]cnierr]) _

Is3f°Sol ution: HF : Herr]O : Cigi?ﬂ [errfOH=1: 1: 1 -
11 (min.) t hi ckness 6f« The porous Si layer: 12 ([err]m

The obtai ned porous silicon |layer had a double- | ayer ed
p, of which the underlying | ower porous silicon | ayer showed
"and fragile structure if . " conpared with the upper surface.
' The substrate was then oxidized at 400[err]C for an hour
§ an oxygen atnosphere. ‘As a result of the oxidation, t he
faces of the pores of the.porous Si were ' covered with
y oxidized filmof silicon. Single crystal Si was nade to

hl 1y grow to a "t hi cknes <1?§l.é§bﬁ rImon the porous Si |ayer
s of 20 a CVD (chemi cal - K it¢on) technique. This

on was conducted under the fol ljpw onditions. sour ce
SiHerr]dJ[err]/Herr] . [2E50as flowrate: 0.5/180 1/ m n.

ssure: 80 Torr 25 950 C growt h
0.3 [err]mmn. an SigJerr] |ayer was
:to a thickness , : - 48 - :

m by thermally oxidizing the s§iffa )rma epitaxially grown
S er . - The surface of theng 12? ayer and the correspondi ng
sur.f&ge of -an Si substrate (second su 3 carrying 5 a 500nm thick
Sidefir] |ayer thereon and prepared ip ady#hce /E' ' brought into
contagt with each other and put , her - 1q. *After renoving
the:g@kide filmon the rear surface of the Si 'substrate, a - CJerr]
| asé¥ beam was irradiated on the 10 re Si substrate side surface of
the wafer with an out put power] I's P §0 1, 000W The QO[err]
| aser! was absorbed by.the 500fmth SJE? F;] | ayer arranged on the

e
ai se e t enper at ure of
Iayﬁ?ﬁthat were | ocated cl ose
' rom each other al ong
éyl stress
Thereafter,
bstrate was sel ectively
d ofluoric”a id and 30%
. RSN o ghsﬁﬁhtly, The
single crystal Si was |eft unetched fild Mlerated as et'chi ng st opper
so tthat the porous Si 25 [ fed and renoved conpletely.
Thus, a single crystal Sl | ayer \~'cknessA9f O | pm
on the silicon oxide {i The N :
' Be

intefiface of the two substrates to ra
the epitaxial layer and the porous S
to it until the two substrated
the | under |l ying porous Si |aye
rapi dly generated in the underlying
the residual porous Si |ayer on tg
etched off in a m xture s@

This Sheet Has Been Reﬂlaoe
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Ewnal of EP 9aj“omqae,sls of the forrreds Ir{gl e crystal Si |layer was

pe{ VeedS 38 SE8-EPpDi Nt S spreadlng~over t he entlre surface of the
FhStrate to find that the uwm *y\of t he f|In1th|ckness was
T@ELNnBnm 5 Then e substrat yas subj ected tf»
tr.eat ment operation a , 100[ err].C for an™sQur gﬁé rogen
- atfrosphere. The surf coarseness was ~NQbserved by neans of atom c
force mcroscopy to fi.' that the Rrms ‘w™R{n a 50[err] msquare was

" about 0.2nm 10 whi cf

_ ubstantially equal to™wQe correspondi ng val ue
of :commercially avail able Si

SLS. When a c™esSSs- secti on was

observed through a transhhssi™hNQn el ectron m croscopeyit was
cohfirned that ﬁé Myew crysta : i fluced in the S
15: | ayer and an e erqy_ degLee o ini I €en

mat nt ai ned. ' 27 OO ' Imlar nultilayer
structure carrying no OX|;~,f1I AR .;'." for NN | ayer was
prepared to obtain the.-uove Jen 3.- :;;' - .i' Finally,

the porous Si remaining" X s al so sel ectively
etched off in a mxturg :. ‘ ,-' %ﬁAUnrlc agi d and 30%
aqueous hydr ogep. perOX|de sttrrlng th,.s@niulcnx':EQQ ntly. 25
The single crystal Si peas. 1eft-unetched and 0-?3§ted .a et ¢hi ng
stopper so that the pofdys Si; wds selectlvely _ﬁ}??i¢‘_ hed and renoved
conpl etely-and the firgt: substrate . vee

- 50 - coul d be used for. anofher dlf tﬁadn p ocess of the high
concentration Plerr] " \anothen tbrst S hsirate gr for anot her
e filmformng prg $Toutrr at d. 5 (Exampl e 3)
mthick Plerr] hif§ &w:i0¥ned as a surface
Iayer of a single crys “Arayd ng an unspecified

el ectric resistance y nmeaRNy 3 N ﬂ:ﬂ'§ﬁﬁy?’ Echni que. - Anot her
P[err] high concentrdtion - N Al 05 o‘\"d on the rear 'surface
of the substr 3 ST I A P[err] hi-gh
concentration | ayer on teghni que in
t he fol | owi ng ;> 4@%ﬁ

di ffusion furnace and th l'iquid

di ffusi on source containing [ N he @groduced gas was
then introduced into the érr ' ﬁ~carrier gas of |
(N2+02). A B[err]C{err]A? ni ng the

tenperature of the

/’ 160 /4}2

A, AV W - 5/ N
ﬁ?i. o 1{ WV 147
\& " Y
' ~
I\ N
N N
N .
N\ . N W \\ -

!~

ot | N
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P a? }ﬁ 1P 50[err] C for én hour and subse entf t he
: s §?e&8&é Lo : e s

0 a so-called driven-in di ffusi on process
e P 8duce a E?e r] high concentrati | ayer, maintaining the
t'@perature of the furnace tube éi 1,200[err]C for six hours. 25
Then, the high concentration surface™ &yer of the single crystal Si
substraie was subjected to anodi zation in an HF solution. The
anodi zati on was _ - 51 -
conduct ed under the follow ng condi tions.’ - current density: 7
(merr]cmerr]) = anodi zation solution: HF : Herr]O:
Clerr]Herr]OH=1: 1: 1 duration: 11 (mn.) 5 - thickness

of the porous Si |ayer:
| ayer had a doubl e-
por ous sili
conpared with thg
oxi di zed at 400[ er
result of the oxijtQl 1 ™Q
porous Si were
Single crystal Sij was maq# ¥
0. 15[ err] m.on thg porous 3NJ &
deposition) technique. This

foll owi ng condi tifons.
gas flow rate: @ 5/180 1/nin. 20§
t egper at ur e: 958 [err]C \
tionally, ‘an SiONrr] Iayer1k=;
M\

The obt ai nge.por gus silicon

uct ureysaf whic £gé derlying .| oner
| ayer showed a m fragi tructure if

upper surface |ayer. ' The substrate was then

. oXxygen atnosphere. As a

Of the pores of the

sd filmof silicon.

' t hi ckness of
chenlcal vapor

PR .h n."f Iy
( "'

1'3' L r s

- ~ -gas pressuf-'a g
rbwhrme-"OSa
rre'd, tg. &, -t,hl cknesa
, Thé 25.° epltaxna

by' thernmal Iy oxidi zi ng™\pe surf!

| ayer. The . ace of: B “qrerr] | a_yer an'd th n
surface of an Si subs##ate {gecol dg 'nstrabé) car¢y|ng '{
- 52 - a 500nm t hi cR\Sila \

Eﬂgya eeﬁ £1.e0R and

advance wer e brought intoN Q,c>%“ﬁ- ‘w\_ heh.. e '

t oget her. A pul sat ed el e¥rric cur of ac-~. ElOA was 5
made to flow only through the high- concentﬂéﬁ on P[err] ngl e
crystal Si layer of the first substrate. The el e. urrent was
made.to flow by renoving the Sierr] to expoz?/t gh
concentration P[err] single crystal Si : | ayer an end surface of
the wafer and pinching the 10 - wafer by means of + and - electrodes that

touch only

Fig. 8 :
P

o) T
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- atnosphere.

’
{

;é?ﬁ £,
the et surface. As a result,
abruptly . subjected to thermm

. stress
~along the underlylng porous Si

t he underlying pordus S

| ay e OTREST 20
to sever the two substrates :
| ayer. 15... Thereafter. the

reS|hd3< ' pQ&%A@ED'S’}XEtré’” “'?g |

etche CT1 txon : Sl( tou';«% ut
aqueous qsﬂ p%ar"o e, ' 8885 i ng:
singl e % fé W%% Iefﬂoﬂhé@cﬁeﬂ
so tha usWSF -------- to pagggs-..sel
Thus, j’r‘tj‘laét cr yRaged B tp agged - Mas.
0. I[er' AT nCFHREGEIATC.on..axi.de. fi.l.m

single crystal S 25 Xo

the entire

| ayer was

53 - Then,
treatment operation at 1,100[err]Cf

The surface coarseness was

segond substraiefM@e‘Eém ivel y;:::
i on of 499&hy@r i
t he squthnJ

.....

*Ghlﬁgo '

20 and oyér ‘@em
ectively ef cved:z%né“rewé £ogpLetel y.
fornmed to & thlckness of *

The tthKnes&,QL

el Yher

bserved at L1B0- pornt.& it

surface of the substrate to find that the unlfornlty of
the filmthickness was DQAA#EPRIX PRINTER HEAD"
the substrate was subjected to a heat

or an hour in a hydr ogen
observed by neans of atomc

force mcroscopy to 'Ifl'ié“%re'_%enﬁ hitvdrie; &t ”fe!‘éé@é neg aOketr harsauar e was

about 0.2nm

- s subst nt
of conner0|alﬁfkﬂﬁﬁqzﬁﬁ *ﬁh?
observed t hroyggllates more bhmmﬁﬁumﬂ

fi dth 0
ayer and an BRER PETEA JLEES R

stal %é

|aIIy equal to the correspaonding value

1t 15 "spknsa TrESTICEER o taa

et ecd r@ﬂréﬂ E6OSHAREixi brWﬁter
ect been LnLrgd d Ln_the Si
a1"end £

itk Bk e aanst PRESi ned.

For the purposadomovabjiar rgainst = mﬂeatrnﬁtpffaﬁnpaoer fostructure

. carrying no Oﬁ&Qﬁsgek?Eﬁ% éﬂﬁ %%

obtain the above
Si
in a mxture
hydrogen per oxi

v

ge onSehit kABef 49%

stirring

3 4

the sol ution constantly.

e 1P ene | AYB), YBSaBLEPRDEd 1O

esu € porous

remai ni ng gecold 8 cheracter, Quﬁmguﬁaa\ﬂngnaphnaeimcgeverytbeched of f

hydr of l uori c acid and 30% aqueous 20

The single

crystal Si was | ef t ADnéRBhEUDPRAY Spstamedam a wire dotHatriXppEstes t hat

the porous Sijwagns@heshi ¥Bi¥h an inkebabedrAnd &
be used for

cBHEBAE PGt FEARPRR APK| AFBK &0 Ah& H’é-rs?qlr Qnag 3% rEe B or

first substrate coul d

high 25

Vs EOMPhEt DAy £ad the

g ffusi on process of the

anot her

anot her oxi deaﬁﬁ|ﬁréﬁ§ﬂhﬁﬂe@r§§eﬁ5tﬁ§ ¥igReO@drectly tdhsiswdét of

54 - przn; naggr Sde known

ink supply system is di

ink guide mechanism for such an
sclosed in US-A—4,194,846 and

comprises a porous member capable of absorbing ink from

an ink tank, the ink guide mechanism having wires

contacting the porous member.

The porous member

contains fine holes whose sizes or diameters vary in a.

certain range, with the result that the ink absorbing

and both excessive and

capability varies from porous member to porous member,

insufficient guantities of ink -

are liable to be sunplled to the distal ends of the

wires.

The quantities of ink retained in the vicinity of

the distal ends of the wires differ widely, and the

porous member is liable to vary in dimensions or to be

deformed due to coaction with the sides of the wires.

Consequently, the ink densities of the so-formed dots
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A 5pmthick P[err] high concentration first |ayer was forned as a
surface |ayer of a single crystal silicon - substrate having an
unspecified electric resistance by 5 - nmeans of a diffusion technique as
in the-case of Exanpl e 3. Anot her PEerr] hi gh concentration |ayer
was al so formed on the rear surface of the substrate. The high
concentration surface |ayer of the single crystal Si substrat.e was
subj ected to agg@i;g&@g&ﬂdfjm1 HF 10 solution. The anodi zati on was
conduct ed under "t he fol |l ow ng conditions, rent. density:

. ur
7 (merr] cnferr]) EP'A'”'OOaQnd%Frsz%]E‘?%ﬁE SHPAERSHA: _'"nﬁFS:uHE[‘ié'r r"]elfh.a“_ism
C][e[ L] Herr] O"jsﬁlxiqhi&hi iﬁfz is supplibd aﬁt&ﬁl:arl%ihﬁm gtah}c itd53 the d:‘Idu_aldkness
0 e porous Si _layer; . err obt ai ne rous silicon
| ayer had a do@Bf - Wires g’&ef’&fr&ﬁ Qe 13 rRImRyf ﬁﬂ?cﬁnk‘héuﬁgé’rl ying | ower
por ous sethanibshapér EPRAWSY 008 rhds, dnsivévag | ehet disadvanithge
conpared with the upper l.ayer. 0 e _su
oxi di zed at 40@?%?r€%f8§8%1%%ﬁ§&‘1 of t % %?P%?%géﬂﬁag%%%%‘gr \g.E%Aéng‘B'
result of the gsxddatpointer headt lis wamplax farcbsresults por éscobaskd
porous Si were oygr ' r Ooxj di z [ f <S5l LLCPR.
. Single cryst alcﬁt'waslﬁa%g ﬁgcgg%tgég]glﬁéd&r@ol% gé a&g%é g&?hfékhgggaof
0. 15[ err] m on d¢bteaioraeed purpy prrfprmanes ofand a lazgeveorauenfgivevapor
deposi ti on) t%%]illloén%eis ThéGuired £oPPETAVIYY Wi GABAMC! eﬂhH”ﬁ:_?JES&SH_ﬁply

foll owi ng con . . . .
source gas: mechiaqis®|iF [RRFELFRLAFLY complex day ther2seeof . 5/180

1/mn. | multiicdIASE UpLinte80héAR! and such drfMHEK A& 950
[err]C 5 rowmt h rate: Itipnally, an

1

0,3%2%%Mn1n . Y
Sigerr] |ayem® DisThett (RPh PREERREEsfor use sitfhdhF HRF HRF8Y
oxi di zi ng t he pgaidf.ace of the epitaxially grown Si |ayer.
The surface of the S Jerr], layer_and the.correspqondin 10 . .surface of
A S substrate (seddnd hifefers ap, ohiget S U Medche VG 1)
| ayer thereontangroveder ed hightgeatity and highd yexrqedsiable dott rmagerix
plasma (in order._to_i \Rpr . | .ren ) t | d one
on the other & ;_nttex.J rﬂ%{)aﬁallﬁ%f t%esn%rflél?% ggﬁggggc\%‘toﬁl g}g{%‘:kg%ger . %h#elaé
conbi ned 15 of supglying awstabhenandnapprdpaiated@antd tfproflicindours.
When evenly di I Qut r}_%_rﬁyf L CJ | ¥ .S ng s n;d%” L S
applied on%/o tf%tg e% |?'gﬂ_§ur acelélllcljﬂ:&gf to H%g géﬁég& V\e/a er%lén.eaa |1$e:(9te?on
per pendi cul ar wizeshand is lefg rsekjectedstesthat dsfdaeacsemf ated al ong

the 20 undgohybRieQuar dipniiss sthikods| Bufbetbu-wavataidtions -
fragile. Asimlar result was obtained when pressure or shearing
force was use8§bBpR BF&OE SPAFEFUTITR | force. The substrates coul d

al so be separated frampe-a-2, 366838 hglie 2k 008 Ehechbsed @ hawey doar ous
silicon Iayermatrix printer head comprising an ink tank; a wire '
guide means having a portion which is arranged to
receive ink from the ink tank; and a printing wire a |
distal end portion of which is mounted in a hole in the
wire guide means, the wire guide means having a .
capillary ink path which communicates both with the said
portion of the wire guide means and with a distal end
portion of the printing wire so as to supply ink to the
latter. _ .
In DE-A-2,546,835, however, the ink tank
contains liquid ink which enters one end of the
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25 by driving a knife into a gap between the bonded two

substrates. Thereafter, the residual porous Si |ayer on the

-756 - second substrate was sel ectively etched off in a

m xture solution of 49% hydrofluoric acid and 30% aqueous hydrogen
peroxi de; stirring the solution consigantly. The single crystal Si was
| eft unetched 5 and operated as etching stopper so that the porous S
was sel ectively etched and renoved conpl etely. Thus, a single

cr?/stal Si Laygalymimmtpaeh with EH?CkégﬁitOEhgcl[Lﬁklr]fm‘:@ﬂ ﬂ§16
silicon oxide fi The ness of the r I e Gr t
| ayer was 10 11z lsee&ve 34Y R E)% ?SLEBFEEHPHSQOE t?‘ﬁ S r‘%i
surface of thqunﬁamnﬁ(pantﬁclﬁhtéﬁudmhe evciowhiel olog the cualpd lilialop
t hi ckness was 3 Then, he substrate maspguﬁ%e%ted to a

heat treatm?% operé'}rthe%?oﬁeio Tﬁef%‘ru A fio5d a~°15
hydrogen at mspmﬁérucﬂﬁd MMEWBMS@MS been dpbworistiobgheeans

of atomic forcegpqp B?O%%%EYI.ltaQ-f Vﬁ%ﬂqﬁe csa%rb%@aés%ié? Pﬁﬂ@r&f%ﬁ{no‘p?ﬁgg[ gbrim

square was about stan equa
cor r espondi ng F&FGBlng the éﬁ-séiéﬁ’r@ftﬁ él'-li,‘/féﬁ/%u‘?%btl@e snwafgusde means,

Wien a cross Sﬁﬂ:hoﬁh%%eghig ‘t?ﬁtt HHYHL R can expdddNiles! CRe CLEGELT ON

m croscope, it _was_conf |k t hat no, new crystal def ects had been .
i ntroduced i n PRES8HIe which) i5. Presend, and A3ush eyt Rreplemgstal linity
had been Adamtmbﬁang} ndSmeans at® Pl ISP FST r&@m@iwon a
simlar rrultlla;é g ure carrying . no oxide onteepléamal
Si | ay P *GRESHYEpiP daFS“B‘b‘ﬁéF& h&Mh % SRk f% surface ‘o

- 57 - theewﬂi'ésguide means.Finally, the porous Si renaining on the

fsljlrzt I on of 43%?1;{1?% I uor absg‘%egﬁgt é‘?%qﬁ%ggg‘d °se£ﬁjr s u‘{f’e oxi de,
stirring the smammrpmteanhegd conprising anng,hk SupEtiapt u&an,sas deft
unetched and qperleeidé means hs%sﬂgngog%, iy PR S NGNS o Was

sel ectively renove t he
-coul d be used FegeikyRt iRk %Wﬂu'shenlpkoééyylaff mtenesmagki wm,ch has a

concentration YAl iy BuRtadplBh &I printys! LALR QA dlidkal epg anot her
omdehlmformﬁtg roc ss asasecond npl e 5)

A 5[err]mthi @@ PRt RPURFeR ERydr hwag F-Brf‘h?& a@relsuldEa
surface | ayer nfarss 3r:ngi % Cga/ptﬁheﬁéhéﬁﬁéeﬁl,lb’éhéa{&re guide means

having a capillary ink path which communicates both
with the said portion and the distal end surface of the
wire guide means and with the distal end portion of the

. printing wire so as to supply ink to the'latter, the
said hole communicating with at least one ink collection
groove situated in the distal end surface of the wire
guide means into which ink collection grooﬁe any
excessive ink on the distal end surface of the wire

' guide means is drawn under capillary attraction, the or
each ink collection groove being open to the atmosphere.
In this construction, however, there is no provision for
ensuring that the force of capillary attraction
increases in the direction from the ink supply means to
the said distal end surface with the result that there
can be wastage of ink in the said ink supply means,
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-

havi ng an unspecified electric resistance by neans of a di ffusion

technique as in the case of Exanple 1. Anot her P[err] high
concentration |ayer was al so formed on the rear surface of the
substrate. The high 20 concentration surface 'l ayer of the single
crystal Si substrate was subjected to anodization i an HF

solution. The anodi zati on was conducted under the fol |l ow ng

condi tions. ' current density: 7 (nA[err]cn{err]) 25

anodi zation solution: HF : Herr]0 : Cerr]Herr]OH=1: 1 1

duration: 11 (mn.) _ . thickness of the porous Si Iayer: 12 ([err]lm
- 58 - The obt ai ned porous silicon |ayer had a doubl e-

| ayered structure, of which the underlying | ower porous silicon

| ayer showed aespemaalbmmfragrl dsstradpede iy the latieppared with the
upper surface |layer.ac@ording Thﬁe§abét—eat Qcmsué t:me@éndl indeatidﬂO[err]C
for an hour in an oxy gen at nosp resul l:[xegé EQS Qﬂ’gﬁ%

the wal |. surfderefis Rrppidedop €ak BBF&B‘ gr%treér overa

thermal 'y oxi dirzechK iduply SthhkOB8ontainingSiimy eattsqxsbnﬂ:gsnea\as. nbhe to

|1 K f; S|
by moans of © iRk SUPRLD SR RERtRGo80, K, SO D PPLk R ER S8, O 1!

oper ati on was sxarahgdddandeceive ink| Swomgtbendink @lesorbing meanseour ce
gas: Si H err er erl] a Bneafds 21480 1/ mn.
15 gas ;ﬁh(gsr zqé% %J[l that the 1nﬂ %bfsld?.‘% urr?ée eafis 2. err] C

growt h rate: conQ:zaas[saed]m ntme vicinity Oﬂd&hﬁ d-ri’éq ISMPRAY PPLt ayer was

formed to a thicknesge jnk aBéoéQQﬁ':E‘ R¥ahbensnigoe e b 7y ngolieessed ace of
the 20  epitaxially grown S Ja he surface of the

Siqerr] |ayebYarklhdns e%f)om?nb"k supply, of an Si substrate
(second substrate) ce@fd YinW absorbmg5ﬂeaﬁst hiagk haiveg e rﬁapemd port tom. and

prepared in advance expased. t o_ni.t roge der to
i mprove 25 t he B'tﬂﬁﬁ%‘@egt r %%aiasPﬁgﬁnﬁa?“&%ggeq%[yt er to
bring them i nithieNdrmgomiidn emhtlme heicﬁliheycorfmtirmj ink supBl&)sMIates

were then anneal ed 400 £
- 59 - se%fe‘it égdi’ ute 8 sﬁ?‘fls(ﬁpepn]th strong

tensile for cepmﬁea:mﬁlyed:mpmsée aanlldetbarﬁatfe of t he bonded wafer
in adirection per peﬁ% 4he d!Sé’c:l:f'ang meané”%&@f@ratﬂﬁ HPSigsHes were

separated along th yi ng” | owner rous si,licon Ia er t at was
very f rhgiried.n N@Qﬁ IJeFFCIF%%%# t10\/a§166t Hitdd diRNRTS or

shearing for cq_nwagdgpqg, |§b,p¢ ace of the tensile

The said ink absorblng means reduces the chance
of particles of dust being carried into the capillary
ink path. Moreover, air which has been drawn into the
ink by capillary force can escape therefrom through ink
collection groove or grooves, while the latter may serve
to prevent excessive ink building up on the distal end
surface of the wire guide means.
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force. The substrates could al so be Separated from each ot her al ong

the fragile | ower porous silicon layer 10 by driving a knife into a gap
bet ween t he bonded two substrates. . Then, the porous S
remai ning on the second substrate was al so selectively and

conpl etely eteched . inan HF/HN( erg] / CH err] COCH type et ching
solution. The single 15 crystal Si was left unetched and operated as

et chi ng " stopper so that the porous Si was sel ectively etched

and renoved conpl etely. Thus, a single crystal Si |ayer was
formed to a - thickness of O 1[err]mon the silicon oxide film The

20 t hi ckness of the forned single crystal Si |ayer was - observed
at 100 points spreading over the entire - surface of the substrate to

find that the unifopmt . . [ L& KNGS Se1BS b0 LB

Then, the substrate s)é'g%netcltoe% ﬁ%h]gl%%%ﬁé%c?' tr?eg?rren}to operation at
1,100[ err] C fexampleouin rthe accompanyiingciravingphetB. WhREhsay f ace

coar seness was  gRbseny $hg PO ged LI TiewoBTORY (0 find
- 60 - . thgtlgtgx%e% Ii’r?r%\%‘thl a SO[Zér]mﬁesquare was about 0.2nm

whi ch i s subspuinter| peaguaicaarding &p reR@ FRAIRP Y alQ¥ention,
Cgrmercidal |hy aVﬁi ! a?'&%@e Wiy an exploded piespectivesviedt,i partady e
observed through a transnm ssi on el ectrqn mcrosco i nfirme
t hat - neukedVaYysPEl aderldtd §°r¥§ﬁ %’b‘gr%’?qﬁt#m@édgﬁa?hg"g%"%o . -
l'ayer and an gxgel bgnthdeprdnter tewmd adt iRigyrdiak; been - mai nt ai ned.
For the purpose of g¢onparison, a si.glar d Fops s

carrying no oxide f%l"g}aﬁﬁ héSeff tséggealejséwgl&?gfl‘é]yée‘rg %vé%a%r%g%tsrig‘ to
obtain the abgne hémnerfimdwhich am dnk ttank is mountedinin| placke 1FoRous

Si remaining on_the fir : I ectively etched off
in an etchi ngheié god&o?&tit § & e%}&dﬁe%:é type, stirring the
sol ution conBignrey 4 lise agi myplededRarpeckive eYieynefcpegink
and oper at ed ?&ﬁ&%cbhgahshﬁgp?oﬁ@ﬁéﬁ df& ¥ HterS head of Whe

efched an e

sel ectively 1 renov conpletely and the first substrate
coul d be usedp¥eseBROLA¥ELNFLLMNIsi on 20 process of the high

concentration P[errfjbayer saisanf fploded pdrspdctsivstviee of &ar anot her
oxide filmformn ocess. as

. br a seco subsirate. ; anpl e 6)
A 5[orr]m t hi 8RK PEenk] Vhigh BadeEatPumant 195 & REAPYSr Rgad o, R
surface | ayerppésansi hghvenedpsi;al silicon substrate havi ng an

unspec {1 ed"el eot 11 6L G2bo% 18 PpdFHkedlvd view, pll{1yobEBrbRCN que 25
- away, of an ink tank previously known to the
applicants; '

Figure 7 is a schematic view to illustrate the way
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Anot her P[err] high concentration |ayer was al so forned on t he rear

surface of the substrate. The high . concentration surface |ayer of
the single crystal Si substrate was subjected to anodization in an
HF 5 solution. The anodi zati on was cquucted under the

foll ow ng conditions. current density: 7 (nA[err]cn{err])

anodi zation solution: HF : Herr]O: Cerr]Herr]OH=1: 1

duration: 11 ( 0. igknes f r 2
([errlm m‘%gﬁﬂ- a;br Hh EB gr g&s%’sh |lt(§1%ﬁt|%g{/kg;§fhsﬂdl%@yd%u ié

| ayer ed structQXEanQﬂdvmﬂéﬁ the underlylng | ower porous SI|ICOﬂ

| ayer showed a m nut&@ﬂ.defs ags| '8 §Eh!éﬁxta't‘.r:.% Wiew of a GRRRMH Kb MWd the
upper surface | ayer substrate was then oxidized at 400[err]C

for an hour  Printem t@, Jo&%%ﬁ"é?ﬁoéﬁhéu‘é'anﬂgm&nlte@él #ides H1&p8at i on,
the wall surfaces Ofciélﬁ'é@rﬁsax@é vhefpeheuacsbmpﬁh91ng dravwEsgy ed with
thermal 'y oxidjized filmof sjl s t al i nade to
epitaxially gr Ygrate@n ”E]'Fl E?ﬂ’és§°ﬁﬁt5"§§?8?r SroT yp\fﬁ’(ﬂi‘g‘ $° | ayer
by neans of  the dap@l@fidﬁ?&f&ﬁpt?smgr aflepak+ inpppghaced tembelhi s
operation was G uct e er_the fo ng,conditio urce
ggs: SiH[é#&FG (ﬁr ,Rﬁrous materlgﬁs Y bﬁ#rgfé;50?5ff§6 EthL_ 25
gas pressure: Thdﬂlnkomank construdeiqreraf UFigures 960ahér 7] €s of a

gmmhrme . ' -
SARBIE SREPE) 2R R TRRLY 5 UL S FBAURE 95 APKRSss
of 100nm by themmahtyrohe@dzhmﬂxtundﬁmfapnxmpriame capildpryaxially grown

Si |ayer. - sy f éﬁﬁg he respondi ng
5 surface Ofttra%g?{xzﬂér %?%r g’t e J('ﬁnep% suE]bst rat 39@66 fﬂ%ar ed in
advance were @£§b§§d1§6 FRRr SecimpregRated| with atlﬁ#ﬁ%uﬂ“@@éé ¥Yeefto

~bring themintgycRiaet nweban%fmy unwan'&td‘%!nk mﬂmlfwmswsuft es were

t hen anneal ed_a r ours 10 When evenly
di stributed aﬁal§uiﬁ?cFBnFL §%P@h 40 2nd QRQ%NQQa¥Q§C§Pﬁﬁé&éﬂﬂ¥Fed ont o

the entire suphace of - the bonded wafer in a direction perpendicul ar

to the . surf t he str.gtes me separa dalo t he
under | yi ng | ower pgfﬁ%sa§F|$83 erth &9 n7g'fragile A
simlar resultommanbbaaesedlmhealmr&asm@aces betwaenﬂthglink4cwce was used

ephr at ed  romiPreoRetEd penbaz, 3600 ank RAY RERERLTRGE Aehet el o8,

62

| ayer bgedtawkng4@ kni fe |nto a gap between the bonded two 20
substr at es. herl hfﬁfaiéeEuobﬁﬁege%frg&ﬁalthQOE%S +3nk VE H Ll
second substrate mas selectlvely elc

a construction, the ink in the ink tank 140 which is
remote from the ink supply port is moved toward the ink
supply port 141 under a pressure difference which is
developed between the ink close to the ink supply port
141 and the ink remote therefrom as capillary
attraction of the ink-impregnated member 160 in the
vicinity of the ink supply port 141 is increased due to
ink consumption. However, as can be seen in porous -
materials, as the quantity of impregnated ink is
reduced, ink-impregnated members are generally subjected
to an increased resistance to ink flow and to the fact
that interrupted ink paths prevent smooth ink flow. If
the ink flow is prevented before a pressure difference
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m xture solution of 49% hydrofluoric acid and 30% aqueous hydr ogen
peroxide, stirring the solution 25 constantly. The single crystal Si
was | eft unetched and operated as etching stopper so that the porous
S was sel ectively etched and rem)vgd conpl etel y.

- 63 - Thus, a single crystal | ayer was forned to a

t hi ckness of O 1[err]mon the quartz substrate. The t hi ckness of the

formed single %ygtr%)du%ed MGh }@9,[%# ! HhSeé VeHe alink0@nPehiat LnkPAHK NG

over the entire surfac strate to flnd that the uniformty

of the £fPm Fﬁﬁekﬁ@&%rmmrﬁﬁom the ink sWBR1Y: REF&UB4dr at e
was subj ected remaihéain positibhCAndEned At resudtiRgOEAr B] Shbat Wik
hours in a E&d %n at mosphere. The surface coarseness was 10
observed by meSHEPSY SEEA%Porce nicroscopy to find that the Rrms

within a 50[err] msqasr shown sehena®i2ally in ngdﬂr@m; sthebshkntankl y
equal avaj labl e.Si

toth d I
waf ers. °ne C£46e%\%gguéﬂg}gsba§eEPF8ﬁt\ﬁas°roasn%¥je?rfg%a? rdth £arped
transm ssi on etketrebn.ni Wheacthe, amnbieat cenferstrhitdatises or tbenew

crystal defect [ d;Ln - £ cel | ent
degree of Cryg%t#??g????ﬁaggéggﬁfg 15 lg%%r%dailr{]eos.ud aé/l.fcv'mgi%?c?%
purpose of corp@arasonlapesi kiBacompuniraydng 2Zorectsty weith etkerrai®ng no
oxide filmon e axLa | ager t i 5 4 he
above identifi ﬁ%f Pk ﬁ Eﬁ%nded and’ 2¥ dﬁ‘% :Hf tt?g&pogo(t}gs%%&r'erral ni ng
on the first hole 1428 sedivated| by aswovs Ve WA thaste ARAFYANG AR xt ur e
25 soluti ogarpésé@lfe hygr ehé uaapfegﬁaeeanqn?:o‘ymﬁ%s a rgocketwﬁpg@e

per oxi de, sti the sol ution_conStantly. he si e crystal Si
was | eft unet CFERP e tERpped 2ir is expanded as indicated by the

64 - aﬁm gy éﬁ@pmﬁs Sx@oté@tthaesaet:ebaad@ngwaméel eu;idn/el y
etched and renoved co ete and fhe fi bstrat | d be used
for anot her dﬁ?’&s‘ﬁﬁn% P e BP ﬁg’@nt’t"a‘t |Sd’r? %XB9<% ayer
as another fi U%Zﬁlmsérﬁéﬁmltﬁtg u:(cfasmpéd ihk outflow cArbpadde & P[err]
hi gh concent rat I on f

st a_surface Iay
single crystal rﬁ r:.r?ﬁ' as%waét’f%t%e hﬁvﬁﬁﬁ'egn%@'n?ﬁ’e&"ﬁﬁ 5(? r| c
resi stance by allow 1nieatr:s Tind it$ fway obintechiheqpeiatein helad case of 10

Exampl e 3. Rlerr f&ﬁr? t f or med
on the rear su%fcggéuo % h‘(la éelt(t:)gs]t rate hgﬂﬁhﬁ)& owa%fag%t rléﬁtc?nr surface
| ayer of the single T QRRjecy of the mgenat dnwentigp d&t &yuso to

?Rgd' zation i B 3yide a consttUid]- id Weh2BRdLAR! 1AR Wapplgnductessunder

subjected to temperature and other environmental
variations.

In one embodiment of the present invention, a
printer head is adapted for use in a multi-colour
printer. Movement is effected of the head of such a
printer or of a sheet of print paper or both, a wire
corresponding to a desired one of the colours being
directed against the print paper at a prescribed
position thereon to form an ink dot. Desired characters
and figures can thus be produced by repeating the above
cycle. In such a colour'image printer using inks of
different colours, a sheet of print paper (or other
material) may be scanned by a printer head in a
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15 foll ow ng conditions. current density: 7 (mAferr]jcnferr])
anodi zation solution: HF : Herr]O : Jerr]Herr]OH=1: 1 : 1

duration: 11 (mn.) t hi ckness of the porous Si layer: 12 (pnm) 20
The obt ai ned porous silicon |ayer ‘had a doubl e- | ayered. structure,

of which the underlying | ower porous silicon | ayer showed a m nute
and fragile structure if conpar ed %Mtl1 t he upper surface |ayer.

The substrate was then oxidized at 400[err]C for an hour 25 in an
oxygen al mspaergee 8y Aorfigd! kel A PR e feed oENenEADrisrfaces
of the pores o tﬁe porous SI were covered with thermal |y oxidi,zed

filmof silicPaper to form a one-dot line in one scanning ggroke, and

Single cryst aéh&p%ﬁt”pdg_ekom‘ég taxifald Ya lHriyV BP Pine pitchBsckeess of
0.55[err]mon the porous Si |ayér by neans of a CVD (chem cal vapor
deposi ti on) t%%ﬁﬂ?%ué@aﬁﬁﬁs operation was conducted under the

followi ng conditi onmshe SonstructfvhCefias multi-ddXder rpfiheer] Akl err]

gas flowrate: 0.5/180 mn , . as Jpressure: Ig .

tenperat ure: SCheBY {"é?ﬁ't shown in Fd‘ngb\%ten qtza :prm?f%%gﬁ%}rgﬁ ?10 *30

Addi tional | ymewvailéllesck angefowth fiar the diredtiodsiesf an arrowfX100nm
by thermally oxjdizi,ng the_surface h | t.ax] oyn &

| ayer. and al'h%h%fﬁ‘f%%epﬁfnﬁhggéle%{ Zro rr] qt(%/eezf maantgé%ﬁiei¥oﬁ e%\gpﬁéd? ng
surface of arl¥ingubxtcassiyedyoatl subser dioe @dtoh dn tlse dige t hi ck
Sigerr] lay t rafzﬂﬂ: Px £P | Qea COmeadtd bfpuohy ing o
cont act Wthed(;fac 0 er@ga Apﬁté‘ffgy’ Bft gégf@hgro.s 1§rne§zla\ﬁ_€'r, the 100nm
thick Si O errdn ItherPrinter headt i@ epteadsarlong ay &tIkEht ehRRd by

et chi ng fromi"ﬁl'ilined attdps Hligibesbendadruabact! @S Gcaih iy of the
20 porous silicon |ayer. - Subsequent |y, ded fer was

t he bo
subj ect ed t o directigng XoxihRtVYbRePosibdops, Ppé osﬁﬁrﬁﬁ‘ﬁt’é} V& parate
the t G rediSidratle & gpibeh! 886L BOROBS SieilQ@w-iales magenta-within
50 m nutes. The separated.surf cgf mgre 25, ogservggrgo find out that
t he porous siHf¥oorr¥3aT an ackzFBKVAEES) APGESSAONH)] AT the out er
peri phery of iideated at tiRf esosibibmsi 72y emBi,n@d andf f76&cted in a centra
area.

. .-_66 - _. oz
Thereafter, EREBEGTHIEIF |58 SFELGTE (FRIGRFOEDPRES Printili, fFe§ ﬁﬁ%ﬂﬂ
remai ni ng onundesdeedhdclidst mixingr eSince asdbtcbifvene acdier gff in a

mxture sol ubian ol vdor a adl L1 IH8ERErAEbToRRT £ RAGRD L T 0gen

peroxide, 5 stirrrng the solutrton constantly. e single crystal
formation, multi-colour image printers are generally
liable to suffer from unwanted colour mixing because the
ink of the former colour is applied to the wire carrying
the ink of the latter colour. 1In the printer
construction of Figure 8, yellow ink, which is the ink -
most affected in colour by inks;of the other colours, is
first applied to the print paper so as to prevent the
inks of the other colours from being applied to the tip
of the wire carrying the-yellow ink, thus avoiding the:
mixture of the yellow ink with the inks of the other
colours.

The present invention is concerned primarily with

a2 printer head, and no further detailed description of
the overall printer construction will therefore be

given.
This is the replacement sheel
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Si was |eft unetched and operated as etching stopper so that the
parous Si and the oxidized porous Si were - sel ectively etched and
renoved conpl etely. The rate of etching nonporous single crysta
Si by 10 means of the above cited etching solution is very | ow

rand the selectivity ratio of the rate of efching porous Si relative
to that of etching nonporous single crysta Si is as large as nore
than 10[err] so that the reduction by - etching of the height of the
nonporous | ayer (abo te ] ' ragtically
negl i gi bl e. ¥J"‘?hus ajéln yéﬁéf'%gpgggé?ggésbﬁggngg a

t hi ckness of OPSFQFPFnhﬁﬂdtH@Qﬂﬂﬁhﬂﬂ1quﬁh?fptﬁ$eﬂhelnventioﬂh|ckness of

the formed single crygtahxSran®y e jW0BetachabDPSRbYLLedl b308 ABLAEE on
spreadi ng over the entlre 20 surface of the substrate flnd that the

uniformty of tOP oL BLBTERteX: feakhdSYids Hvhnithnyank 2 °1s' of Then, the
fsubstraL e was &u@b@stedngeraclaeah conp oséd@ﬁra&ﬂtlﬂ?ei&ﬁkombafoi 100[err£g
or an hour in a a ere e surface coarseness was
observed by ne%ﬂ%t%*né?gn%cgggf"ge HgDngc ’t‘{i‘frﬁm‘ Whigh 1St he Rris
V\nth: n a 50[erdim@qﬂamtwasrmbeurseatzams for coMhurdd i nksibstivet imksy
equa

to the corres ondin .
67 - %ﬁ#ﬁﬁﬁ ggfaylﬁvéPFabP@rggqﬁﬁﬁgwyemners 60’ Q@kﬁpﬁfcross
section was obﬁ's)ero@ohtrbmmgh material whdchrmase @ondantedninrthesiodpe, it

was confirmed - no new crystal defects had been introduced in the
Si 5 | ayer andzan excel l ent degree of crystallinity had been
mai nt ai ned. ' -onf@ac:lheiqﬂar ptee priptepahesdnbodysilnilas imulitig ayer

structure carr fP% p al Sl | 2y ,¥§E$
prepared to 05ﬁ3#${#$ ove | r#ﬁ%ﬁi? ghiéé 12 (Fzgure Y al ly,
the porous Si iR Qn8¥99¥§i@ﬂﬁ%%slz b Wlt§|Pﬂc@ﬁdréﬁéﬂﬁpﬂthht@ﬁb first
substrate wer&eﬂ tive in}6Simeté ﬁ/e&tﬁéﬁsegf%orfnaﬁdrrhxwﬁ @%':.'dfe' on of
49% hydrof |l uoric acid and 3 @6a teous h¥drog er ox de
stirring the Q‘@I @ﬁ"&?%&@{%ﬁ@u 8 EPysPyiding th eSltl\Ba§rI ef t
unetched and -@petaledn® piridiy &f WpeEspective pr&hainghemerqn&tsl and
t he oxi di zed p%Pou% %ngpre sel ectively etched and renoved

WiUE

conpl etely anf ein. substrate coul d be used for anot her
di ffusion process ohere @rdg trthus ¢gis cshovenmnt £t FogubPpelr fohgyénkasaahkst her

2 Sacond subsEP: pecocidted il ¥¥s O B 1n oR36E P, RUBRFREvOERe

hi gh concen;rd&sam1bayen wed dvyr mefeaen@s wilkh aurmahbylhyemaéé andngl e
iR on |1t LBy, sl RS R L
The 1nk sunnly guide 12" and the wire guide 1
jointly form an ink path from the ink tank 2 to the
distal end portion of the wire. The printer head shown
in Figure 1 is adapted for use in a four-colour printer
plotter or in a four-colour image printer, and four. s
wires are employed respectively corresponding to the
four colours.
In a2 standby position, the distal end portion of
the wire is located rearwardly of a distal end surface
13c of the wire guide 13, and the length of the wire is
selected such that an ink meniscus formed in a front
portion of the wire guide hole 13a covers the distal end
of the wire.

s 5 ihe rapiecemernt shegs
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- 68 - concentration |ayer was also forned on the rear surface

of the substrate. The high concentration surface |ayer of the single
~crystal Si substrate was subjected to _ anodi zation in an HF sol ution.
The anodi zati on was 5 conducted under the foll ow ng conditions.

current density: 7 (mAlerr]cnierr]) 10 anodi zation solution: HF :

Herr]O : JerrlHeryr]OH =,2: 1. 1 . .duration: 1 1.N..)

t hi ckness of the}%br gfnlja%e?.ssfglb(% W%Ch Com?ﬁé'stﬁﬁlaﬁﬁ‘gd.lﬁgfous
Si Lli Clon_ ! ayféfuﬂp]dyélgﬁiﬁtdé er2 ancli_tnee:mctétguﬁaw €3 pfww{mcfbéh]g N
underlyi ng | ower poraous, silicon layer, showed a ninu and.fragi
structure i fiescrgbeéorﬂﬁérgﬁe\ﬁitﬁ?t‘gﬁté rwlstaﬁf 5@&@5%?.6 to nlg:"9"11%1'h42'

substrate was theheoxigikzethl1¢08Gildd 2orhaws dS5centiva Brheixdem £
at nosphere. As a result of "t'he oXidation, the wall surfaces of the

pores of th&goreasdinawie distal wrdepositionnefniils Wirei-zeThe| ikt

silicon. j.n yshal S Lt ht axiial :

t hi ckness of u(?%%egjﬁ%n#éonf heag'osra\oﬁ@a%?%y%ﬁgg %nél]ﬁséé% gfézj\gngOgeC\/D
(cheni cal vamith depadirigpnjot Ehkeniiqle: impiegnated memderi 60 "was Thadinked
under, the fol l.om ng_conditigns. . o Source qas;

SiH err] O [ SH9% gffﬂm’e 139 hass3 wiith, 8BA  depshy sphected such
gas pressur&hat 8@nkowilP5be stabippemipleéed f590 the liak tank 2 as
growth rate: O.g he]re_L%an. . ddltlogal.lg,,gn %lqeflr] | ayer
was formed GESEY¥RPE ter on. The ink supply guide 12 asgpu a
of 100nm by syisipeklrfaddl 1bne (HgesedC® eirdiflar grotfré axbald wiiewn
Si layer. The surface of the Siderr] layer and the correspondi ng

surface of SPMUBiates ewitlcdihiesipk Gubjecgngevgs 32"b atbhayoughhask
Sice | : ' : i Rt t
|G layer Lhg(epn f&pﬁ%ﬁpa?ﬁggég?ggm? The 'fige’’ gudtie | Al pa ag

vmth each other an renovi ng the oxide
filmon thepmoxinaif @rdofl3d therdof Spladesd r itie the Cisrellagsgroeym

IS o ° : : LA e
wen oo A Uiertods | GBLY' 8, Shad 948 Bt tachirs o B8

a]?so[]be;:l byptdmb 'tﬁﬁténrm]:t[ hsi;uk‘fﬁicfé ede]f:iJrﬂiymgt aﬂ'rearrgiam‘eorgmhtée hoi%et iIBaer iace
of the two strates O, La ral se.tne . . 1 e ratur.e or .t ne

opi (ot al ) TE ke mfiaghnd & (HhE° 1K s, o dSdREE A She, 1 kank

it until the t¥Brough thebPSinRt fuiBee papevat adkfpoireagheot gk ahopglihe

under |l ying porous Si |layer due to the thermal stress rapidly
gener at ed i FUide vhdePnd ghBerals e | Wize guide 13 tohGharddstaheend

resi dual po - r r. : ecti vel
POpR fon! BIPICHD WS e Ahders SN BURY. R oL 0

et.ched off ) rluoric aci d and 30%
The ink tank 2 will now be described in detail with

reference to Figure 2.
The ink tank 2, or each ink tank 2a, 2b, comprises an
ink tank body 40, two stacked ink-impregnated members 61,
62 of a porous material which'are-disposed in the space
in the ink tank body 40 so as to £ill the latter, and a
lid 50. The ink-impregnated members 61, 62 are
impregnated with ink at a pressure lower than atmospheric
ranging from 5 to 10mmHg, so that air remaining in the
porous ink-impregnated members will be reduced as much as
- possible to increase the amount of impregnated ink. The
ink tank body 40 has a bottom 40a provided with a front
ink supply port 41 and a front |

This is the replacement sheet
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aqueous hydrogen peroxide, stirring the solution constantly. The

sinhgle crystal Si was |left unetched and operated as etching stopper
'so that the porous Si 25 was sel ectively etched and renoved conpl etely.
- Thus, a single crystal Si layer was forned to a t hi ckness of '

O 1[err]mon the silicon oxide film The 1

- 70 - t hi ckness of the forned %ingle crystal Si |ayer was
observed at 100 points spreading over the entire surface of the

substrate to f} t iIformtwy : fi t i%ﬁﬁﬁﬁf was
11nm8Bnm 5 ‘,'a'ﬂ fﬁw&l,&%ﬂu%gtﬁa eh%% étzjb?%£§'§§dt ghgh h%att

treatnent opeperitdenathereed.criieC ink swppbyrguhde 12 has ppdeggent2d ,
at nosphere. The ;s ;ac FeRN e RY gRansH3femat omic
force mecr oscggﬁétﬁol?i E'g%% qﬁeﬁ&%thiemﬁrsrr%p%b?h?ﬁﬁg 50[err]ms cuare was

about 0.2nm pIojectsnfeem $heypRiaten hgadpedytd- t RRecBPrEsRoAdenfLval ue

of commerci al {jeayakl &Bh dewaW@“has a raisedV¥§ff§cérQ&SiﬁeﬁhﬁQh.WaS
observed t hrou

gh a transm SS_I on electron m croscoge, bt E/as
confirmed thatBere areng RAWTALISYACHISIRES $2R) LBYR i RPFOHBLER in the S1
5 | aygr apgmatnexaek! eathdetecand suppsiiylgdrt t41 harhéeshots 45a,

mal nt al ned.

For the purpose of conparison, a simlar multiilayer
structure carfyPng*ns BdeélFPBﬁF n OBREeS '42%8&%“ i°°mmunlc?é§eyl&gs
prepared to obhai inkhsuppdyegirdenesf 1eth pHdovidedsid ttshe arm 124 ofinal |y,
t he porous Si_ ¢ L pi the.Lir tr.at tively
ctched off i rtAE e aR FEPBly' 98Lbs! 2. ALshosBly MK Shddh, a8, S5EE 00
agueous - 45aydédheareecjoindd, togethieny tohdoam & isdnglmssbotly. 25
The single cr | n h n s '
st opper so th%l?i%eg%%gr\gﬁgkg{'iagsgéél ggto?vgls%ogﬁtd%% é%t%c%elcfu%ini r&errhtoggd
-~ conpl etely arthk heupplytgropvesaldb. The ink tank body 40 also has a

- 7l- 0 sideGoaid b@c%wiﬁgroﬁn%ﬁe&nﬁh&f WRi1an aP?lQﬁ?aslﬁyté‘P hi gh
concentration Plerr] layer as andther first substrate Or for anot her
oxi de fHIﬂf(ﬁ?ﬁ?&F%%dE%@%e%s4§ BR¥dpg lower e§é§s@@&@bﬁgﬁin5t(¥§%nple 9)

A 5]|9m t h: ck. Fﬁ@i;ﬁdm e Ledoeppéat égiasfkégtt bateofWddntact ﬁriftgf niik.as a
Sur e, | ayer 2 74 NS oL BLhkCBay, gp. Pt BR ST e e
in the case artiition B@NMhicH. is AdDspesel| behlindi ghec@icetold 42 | ayer
wes al'soana T EGR dF %R nR ULhBE Ty hot e 43UPEHA ¥ onte NI Oh

partition 48 having one end joined to the side wall 40c.

The tank 1lid 50 has on a lower surface thereof a

plurality of longitudinal ridges 51.

The space or hollow interior defined by the bottom

40a, the side wall 40c, the partition 48, and the 1id 50

of the tank body 50 accommodates therein the two pofous

members 61, 62 as double layers which are held in

contact with only the raised surface 44 of the bottom

40a, the vertical ridges 47 of the side wall 40c, the :

partition 48, and the ridges 51 of the 1id 50. The

porous members 61, 62 have différent'average hole sizes

or diameters. The porous member 61, which has a larger

average hole diameter, is placed on top of the other

porous member 62. Thus the porous member 62, which is

closer to the ink supply port 41, is made of a porous

Tris is the replacement sheet
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concentration surface |ayer of the single crystal Si substrate was

supj ected to-anodi zation in an HF sol ution. The anodi zati on was
conduct ed under the 15 fol l'om ng conditions. current density:
7 (mMerr]cnierr]) - anodi zation solution: HF : Herr]O
Cerr]Herr]OH=1: 1: 1 duration: 11 (min.)

‘thickness of the porous Si layer: 12 (pn) 1220 The obt ai ned porous
silicon layer had a doubl e- | ayered structure, of which the
under | yi ng | ower porous silicon layer showed a mnute and fragile

structure if materiatohpzied & tSmillkerppeersgef hodel dieameter than The

atrosphere.  pest PEchRR"BP-Bhs Bemtidt p1v vAIL Phe garpus ALY, |
pores of the ppjoulsiGh derfurther fixorerthie vink $UppPiHl PPIoxidd 2es fa | m of

si-licon. - : = I ngl e
_crystal GaAs %%a%%ﬁea 8r38|et g)?ilgl Idfagﬁeotwerf' ot%an tnde ?ﬁi gﬁﬁeggrg 1pm on

the porous Sipdmiyexr &3, neans of a MOCVD (netal organic chem cal
d iti t ' ' ' d 5
vapor deposition) rp thel2ARNGHY8e HY ag&_ﬁé’%ﬂ\é}ﬁ/g%‘gfﬁkeﬂpu? er

the follow ng conditions. _..source L ] err]/Herr]
gas pressure;consrueked, the capilddaget athxactiomobf cspfeessively The

surface of t e%r'@ﬂ@ﬁ%aﬂﬂet RAKC PaltdsPAMEtNG s 1succsss{deyokran S
substrate (setond substraeggegrgﬁa ed . i.n advance were brought into
d

contact with tR&PHAMT B BYing fhendarger average 3gies: ed
el ectric currgiimefernbopttid pord(8Amemder 62 haw®idey tthd | smadbéy t hrough

t he hi gh concentratiqn e 5 ingl e crystal, Si, l.ayer.of the first
substrate. * mygerage %oﬁ% e%[%‘f‘%éﬁﬁr P@ﬁt %&%&é’ %J’q.lltmf' b?“l"g%#‘?l the
~Sigerr] 45a,! &5 potic teovidedcdnc thier Fhiilsed[surface d cofryseal Si

| ayer at an end,surfage e d+.Ris0.ChiaN by neans
of + and - eﬁ"é’%ttrpg‘de“?%kéﬁ t%%%c on#?ﬁﬂzegd tqk?egé‘tr‘#(;essouﬁ%c%}.l aresult,
t he underlyi gpiger grocsies 12b prayidedadnatbeptink SMEpEY ciiide t3Be mal
stress to sevysly . b t g e 4 ' porous Si

| ayer. 1% aﬂ%ierhgé#%r%aﬁ%gréé?gugFt%%rggugh%i_#g‘?/gd%ﬁtghe 25
second subst guidendsd enchdheo¥irg guide 38, and finallx g &heligRB ne +

pyrocat echol pErvakdl il K adhdgpl ?'uidef 1378ha tBe widd )1Ptand Qe
- 73 - The single crystal _GaAs | eft unetched and

operated as SBPhPREVESHFdie IHLx4Fuife Ea@ré{}a spegfdre 11. (Jhe 3BANeed
porous Si wagapeheekiy elttictish adtting can be achieved by : -

providing the following dimensions:
The average hole diameter of the porous member 61:
| ' 0.4mm
The average hole diameter of the porous member 62:

0.3mm
The width of each of the ink guide slots )
45a,45b,45c: 0.12mm
The width of the ink gquide grooves 12b: 0. 1lmm
The gaps between the ink supply guide 12
and the wire guide 13: 0.1mm.
The gap between the surface defining the
wire guide hole 13a and the wire 11l: 0.01lmm

This is the repiscement sheet
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renmoved conpletely. 5 The rate of etching nonporous single crystal
- GAs by means of the above cited etching solution is very | ow

and the ‘reduction by etching of the height of the nonpor ous | ayer
(about tens of several angstrons) is iPpractically negligible. - 10
Thus, a single crystal GaAs |ayer was forned to a t hi ckness of
1[err]n10n the silicon oxide film The t hi ckness of the forned
singl e, crystal GaAs | ayer was observed at 100 points spreadi ng over

the entire rface_of % e sybstrate tq find that the degree of 15
uniforiiity of the f | FPERFERA égnmggrlﬁﬁﬂy Yy attaching \ihs, $nk oss
section:-was obszmkezl whibugd describedt mﬂ:ﬁmr&iécﬁd FLdireHSTOoPed |t
was confirmed fhat no new crystal defects had been introduced in the
GaAs | ayer and an excellent degree of crystallinity had been 20

mai nt ai ned. The:cprimeeq:)uhpaéeboﬁycd.lmsi soineazl Exrasned B®kr was

formed .on an i r yi ng

t hereon an omﬂ%jf‘ﬂ% !%s ‘{su%]por €9P8H9§hlgs%%h %Eﬁetg thr(;a?%bove
identified repAntionp®f the g:rmmy head podyud sndr 6#&;‘M‘4Mga($nat he first
substrate was i Sehaidaiel 1 ot GBEChobE Re?sThK! Walls of theOhdladt Of

49% hydr of | uori ¢ aci 30% aqueous

- 74 - suppard @g;emaﬁeraemﬁ%de%tmapﬁg»t RelsoPdwi 8nleahscaxing

The single cryg 3hidh Was degﬂnéw%fh@ﬁoaﬂérﬁﬂéﬁit edca@Sses 33a,°BSBH A&
st opper so tha&Fh e .porous Si was_sele and eaned

conpl etel y andiendolides: suppanty 3t a%gtbvéﬁglHaEeaUQSESFSraEFBF

di ffusi on protede Qi th@:dhlagfgu:.de sl@@nssentaahbmef’[ g0&] hhsyehn aacanot her
first substrat QL _for

substrate. 1t€EﬁEﬁﬁFétfbf£HésE” g?b&??ﬁﬁ?ﬁ?gitgfé ?? hi gh
concentrationWhayhr1warotatmbdymmouﬁted HnsmrhakéerasuppoftahelagBé

crysial si11CqR BEShERRCsrame adiOWI0 2T URPBSELELEE) chesLLespRS! St ance

by neans of a ron technique A% |n e case
Anot her P[errf2Rig Whéghceﬁt eaigua@realmgaarmvas hokdet cattachment holetﬁé rear

surface of thgagﬂbagrghg lgﬂet straté Wasqgﬁiagtéf%éQ@1§H6§é§9c13¥8£ of

the single cr stal jected to anodization In an
HF - sol 9. Bhe 1‘ﬁ§°§ﬁ§élﬁ’§ah°é4ﬁ%§m%t%bl apdchayirg a

fol I owi ng congit iﬁﬂ%lcal nro cd@dﬂ“ﬁg ééblg‘&ﬁfﬁairioﬁéieédéé 20
anodlzatlon so err]O X erri [err] OH =

duration: 1 ? resnectzvet %e porous Sl Iayer 12 ([err]m
The obt ai. ned por ouSTRE! LARNERAKED &ad; dpelattarhed to tHaViesRieBtT0Et U €,

of i ch the YReLIL DL LOLEL RICRUS 2 SUTESSI L AlStp shoved 2 i nuce

' The holder 70a is supported in the position shown
in Figure 3, and the ink tank 2 is inserted into the |
holder 70a in the direction of the arrow C. At this
time, the ink tank 2 is not required to be accurately
positioned in the holder 70a and hence can easily be ‘
inserted into the holder 70a. Then, the holder 70a is
turned in the direction of the arrow D to bring the :
projection 49 on each of the sides of the ink tank 2
into contact with an edge of the respective guide slot
35 in the head frame 30, whereupon the ink tank 2 is
positioned with respect to the head frame 30.

The ink supply port 41 is now positioned

This is the repimcerhent sheet
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The substrate was then oxidized at 400[err]C for an hour

- 75 - I n an oxygen atnosphere. As a result of the oxidation,
~the wall surfaces of the pores of the porous Si were covered with
thermally oxidized film Single crystal 314 InP was nmade to epitaxially
grow to a thickness of I[errJm 5 on the porous Si |ayer by nmeans of- a
MOCVD ( net al organi ¢ chem cal vapor deposition) technique.

The surface ofcorirecttdy labcwe aitk tawi 1d"d sflathe ink suppllysgudde (second

bstrate r gRar nce were brought | n each
gthr and)pgt&?o S%h iﬂ%%EA%SHHP%ﬁﬁﬂﬁxmﬁf%ﬂigk%aéggg&g?ehg%ﬁegkhg
200[err] C for 110 COHtinUﬁ@UMﬂrming moveméﬂ&noﬁn@h#yhdlderllQBeQaaﬁﬂs
sufficiently thetlim 12"d dof %%Jfgaegé A e r@P o P8 go&he&nahaeﬁe

surface of bond rpentdi cular to t
surface, the ép5srradednier @h@emtt@mlwon@rxmesemsphemeél| yi ng | ower

porous sil i COBrbauetibha24aBn Yakh side df Alld Gadk Sholder pesult was

obt ai ned when” préssure hearing force was_used P ace of -the
¥

tensile engages. aqrﬁesee7391d.satté=§ sprdags %er%ﬁ’%&'%d B each
each ot her- al aanerheThéaseh@sE@wlcaqr@:% jeidties |'erfinally éygageving a

knife into a ubsi r at es
Thereaf ter, mﬁgﬁcbﬁﬁﬂ ﬂgﬁeﬁa r16‘ntg’ﬁ'esl SPLHRFH P Qubstrate was -
sel ectivel y. ewvhéedupbh thealedf springsuse &QFtutrlmrthftH@%ém&o:ﬂl uoric

o ot 2 s i BB BEZROERR BRI BEE G it " B .
- 76 - The imk b@nkaZedaasbetrbmbgedtdnparpﬂmddﬁurdrwhxnhous Si
was sel ecti Ve’!:l)fe ei&i-‘sf’?gnﬁgyéggvsﬂtSEHBeﬁ% L%Eﬁggs greﬁc[reir alib éhngl €

crystal InP |ayer mon

silicon oxide fHlnInTmPeaatlonhlthﬁeéiSDalthadfoﬁm&heﬂwﬁpaapnq&ﬁcﬂsInP
| ayer was d; .ats [ fHB%

surface of 't RPERfRE TN 12k nORiRRLE. PAPEEAC TAK)\Heddtn THAd Bice of
the filmthi cﬁ(r\%%%e‘%\/a%fll[’ém'fnﬂépﬁnfnc’t shown) Weﬁl'én@rf@s'-'s té@;tmr&%

observed throggheige ;l@mt padpasm ﬁﬁéﬁntﬁéeﬁii-enig‘ §hOSC FRRAndPy Was
confirmed that no, nqiégggital defects _had been |ntroducd:1‘y n the I nP

layer and an RS&EH¥h c®hdt hherRpfyifadogased inwardiy ot ned.

Finally, the gl Qistdl rendisurgace 1be tf:frﬁhe &ﬁre g&lm%t N3t gorvahadl so
sel ectively etc ric

he ff t 9%, hydr ofJ
aci d and 30%3Y l}é-gﬁgnenisnc@s rl*]%/%(j gﬁ’@‘ﬁe%e?'xaxf'ﬁgn ngn?:?’ﬁgét"ﬁ Iregltqg’

constantly. the wire. Accordingly, ink is attached successively to
the distal end of the wire as the latter is projected
and retracted. The transfer of ink to the distal end of
the wire, and other details of an inked-wire dot matrix
printing process, are described in the above-mentioned
EP-A-97009 and will therefore not be described here in
greater detail. :

Any excessive ink on the distal end surface 1l3c qf

the wire guide 13 is drawn under capillary attraction
into cross-sectionally V-shaped collection grooves 13b -
(Figure 4) provided in the front and side surfaces of
the wire guide 13 and is returned to the ink supply
guide 12 without smearing the print paper. The grooves
13b are thus provided in the distal end surface of the
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The single crystal Si was |eft unetched and operated as - . etching

st opper so that the porous Si was selectively 20 et ched and renoved
conpletely and the first substrate coul d be used for another

di ffusion process of the high conggntration Pa | ayer as another
first substrate. (Exanpl e 11) A 5[err]mthick Plerr] high
concentration first |layer was 25 formed as a surface |ayer on the two

opposite sidesird guide 13 and communlcate with the wire iﬂide hole  a
double mrro l&SI ng st al jcon sklbsa{‘at e _havin pecified

le cr S
electric resiktncd Dy “ghsirbf Jagure Pt §E° 8?(%5231?@ qelfﬁt%&d Li'h" the case
of Exanpl e 1th‘§1e>uter petigiferprefnthatwonesguiidee Ulayper af tdaesi ngle

crystal 5 I fuPsifat %}i&b ected to anodi zation in an HF
r e

sol ution frorrrt e rear su The anodi zati on was conduct ed
under the foll ow nFheomjieradison Tfe the inkasoppiyt meghapdsat iofh thes

duct ed 10

gaprg(r:lt edeﬁgl ﬂ]%d()%: %ig[j:: ]mcnf’i @%éf ﬁeéanFe err%léo? 2(%?3ut l'on: HF :

H 0 : gp. H stri d t 11 2

tLlez:rk]ness S]E t he E@HL e ]:.% d s5¢d ura on E p f (ghmen :
qhn @ﬁ‘q r %V%rb tait ?f ﬁ@d%u%?t eliens:l. g‘CS:LQ i

obt ai ned porous silicon yers ere tructure, of
whi ch t he unB8FPFSAEY GWePDDIY an gm%rm%o%umye YsA§wéBkastrRi¥e and

fragile to €heugigtall EnEOGEth%‘é Witre herh@ﬁ@foﬁé”feﬁe bﬁéf

The substrate vxg hﬂin oxi di it . 400[ err C for 3

oxygen at nesBHEFE. ealpds§ pu& bayeo s %’FnSI‘PﬂeiWaFFesurfaces
?f I t hef por lesvi)éihhtypefouaesalmae enld of wrvej}d\ll ixﬁdtﬁlepﬂabér oxi di zed
ilmof sili n tal .Si_was made to_epi a grow to a
hi ckness. of SUOYRF PF) #78n HEROBE BASESS A0 Beass ok By snoctade REL ' O
a CVD (cheniimk, vehouldepesstpphjedefiromguhe itfk tardhiz. operation was

E:oggu?t gd under thfnsgh%o%ggter heagcgﬁgﬁﬂ._lr&@[% fri /ﬁs rIfJIbEd above, gas

flow rate: he/ igk gunﬂa path from thesipkesanke:2 t@® Tosition in

tenperat ur eitpe 959& s‘c Fhe discdiOUH L Tne wikd {€difdldy |

Additional ly, _an_ SI or me
by t her mal | Y& §+R '§$n99’¥¢@"%$1rf%@ gapéacﬁmselectmg IFaligghai al |y grown

S layers. dimensiondor SUhid acafhsegEnthk Lhets Og¥iddvdgyamand the 10

correspondin surf%:e of an SI substrate (second substrate) carrying

a 50nmthic the amownt (¢kr R BREessary Iorpridding £ARRSE were
br ought i nt anoickédicio Wiéd Eo€tal end of the wire unae* appropriate

capillary attraction without causing an overflow.

An appropriate quantity of ink can be supplied
even when the ink supply from the ink supply groove 12"b
is reduced due to increased use of ink.

The dimensions of the ink supply. groove and gaps,
the hole diameters of the porous member 60" and the -
widths of the said slots .are selected so that the
capillary attraction is progressively greater along the
ink path. Therefore, ink will not be interrupted in the
ink path as described below.

If the flow of ink is interrupted in the ink path

- by reason of vibrations or the like, a mass of ink which
has been so interrﬁpted is moved forward until it is
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other and put together so that the first substrate was ~ sandwi ched by
a pair of second substrates. Thereafter, 15 the 100nmthick Sierr]
| ayer and the epitaxial Si |ayer were renmoved by etching from an
edge of. the bonded waf er to exposes an end of the porous silicon
| ayer. Subsequently, the bondedgvafer was subjected to
pyro-oxidation at 1,000[err]C to conpletely separate the 20 t wo
substrate along the | ower porous silicon |ayer Wi thin 50 m nutes.
Thg oxi dati onjpinedssoi & ptef:eaab.lgymass of Cl%d@iﬁdefﬁﬁeseiﬁﬁdﬂa’igﬂs in
order to mni I at-i,ons ,anm, r The. se
surfaces mreﬁégag{'ygﬁséfvga %eﬁ H’d‘ 3'15{ it @’pﬁ?%ﬁs §| ad been
25 t ransf otamid. |r1$mcseq:her]:apnlﬂ.ha'yomm:r*a;mr1qnhei§' gfedher in thewafer,
‘S’g'r'oﬁs' tS| rfg%?:gi’% ifcéﬁ‘g hngaie%da'ofa t$% wire than {fCEgafter. the
79 -- popoiousrkithaysnk pakhi Annyhdeht e ileecofidiBlibésr at es
were sel ectivgl ol X LWt i f %
d‘e‘%ﬁm}%}% o fnR Hﬁ %QE%a%‘EeH f%nP She .dis stdPnd

hydr of | uori c aci ueous Sti rr| ng the

sol ution constt%th;rem@%m@m@e tBe dOér denshitg Wld-sl Il'tcﬂt ‘heerenderedd
operated as gifd¥d¥le even n§<§xﬁ’&9€ér§9# h§b EHSthrlQU%.rﬁl &P%ﬁé‘ed%glzed

por ous S were selectively etc removed conpl e

Thus, a pair &K @It ]‘ﬁﬁ?ll%@(nsbﬂgliéeérym- al Si layers vvere f or med
on the silicon oxi etehef iR  tRyek (P &kAeeRe 1Rk uQaeeg,t‘alupffdfle f ormed
singl e crystal SI er.s .was observed_a eadl ng over
the entire _ pl s‘ﬁ‘?/gf 30k Fo the s‘ﬂ'bg?r%?‘get‘él?‘feﬁalpﬁ‘ét Tolf ty of

the fil'mthi (ﬂﬁéess:cm&aciﬂbﬁﬁﬁma shapes of ﬁ’hencohbenenw r mexdﬁa&he

; ﬁ;gjr gggﬁdat gﬁ%ﬁﬁ?@?’én hga&heace % ?@géa % rluggogﬂ' o an meiagsaof
at omi ¢ f or ce agcurasyoppst ®yf mujlldlng, thet mllnetalkBZWIanIdJ Itha Eﬂﬂ:err] m
square was a I A h

cor r espondi n%ﬂvaﬁubgegocan bfe % &ﬂ?y i%/gfﬂ%i% nggﬁk $nt"fave

Wen a crossasstebdn wak syspliecanalidity. The inkr Gapki Qsﬁad shect ron

m croscope, hk“’gﬁlﬁgniah%ﬂe‘éahh%taSLI be ds féasﬁél tﬁ‘égeﬁfr:é had been

i ntroduced in er an an exce ent degree Of crystal linity
had been 25comppgeht@fnadsmall number®f (Jarptr pbBeY oM2¥oRBari son, a

gl mlar multphayebined fred! Eyeht/iRaardnd r&f@rﬁtﬂ@nffbﬁl anlbﬁg epi taxi al
| er was :

pr epar ed to BBFaPR PRelSB0FBY Fo% MESRY their 14%%%1?1—3931'*0:“3 ce
partly because of the lubrication effected by the ink.

As shown in Figure 4, the ink guide groove 12"b
has mounted therein an ink guide porous member 12"e
which serves as an extension of the ink-impregnated
member in the ink tank.

Figure 5 is an explcded perspectivé view of °
an ink tank 2" which may be used in the present
invention. The porous member 60" has different front
and rear thicknesses and a tapered portion 60"'
therebetween so that the thicker front portion, which is
disposed adjacent to the ink supply port 41, is
compressed by the tank lid 50 when the porous member 60"
is introduced into the tank body 40. Therefore, even if
the porous member 60" has uniform hole diameters, the

This is the replacement sheet

Date: 2 ) FEB 1997



Finally, the porous Si and the oxidized porous “silicon remaining on

the first. substrate were also 5 selectively etched off in a mxture

sol uti or¥ of 49% hydrof l uori c acid and 30% aqueous hydrogen peroxi de,
stirring the solution constantly. The single crystal Si was |eft
unet ched and operated as etching stopper SO, t hat the porous Si and
the oxidi zed porous Si were 10 sel ectiJver et ched and renoved

conpletely and the first substrate coul d be used for another

di ffusi on procgs high concentration rl.l rs anot her
first s‘ﬁ'f)s %a?%r%%'g{lo%géﬁ?ger wg‘i'icg% 3 I?‘F? %&rﬁﬂr\g{%rgggs%ggs
a second, substsupmly pert 41Exbapl 2 §2pller average liplerfhematek,Plerr]

hi gh contentr af.i | Y, : e of a
ol gl 6 cryst i (e Rol &&Laklter becomiHe Ui Eeasive P g EUERLD
resi stance by toward th&ynceaf pogtiensi hicdchHs qamake fremethastnkf 20

Exanpl e 1 exc RAdIAE 4| Ve | fhéi £148! Uhel UHRS diSe £ Ofgluct ed
for 10 hours. %g%(gt xrp Plerr]. high congent rat isi)(?rf?uas en? was, al so

formed on the ife 1258 ddb the ink kankcbegysilar FherReAAYh RepReft 8%t i on
surface |ayer jg stru&fuztinysia?iiav&xaﬁtatosh plgialdits W solpested to
25 anodi zat h\%n iriégn HFqs;glséj_an. The agodl zati.on was & I§:,org:luct ed
under the fol FO&STy BFHT i lifferent avegpgg,fods,diigpeters whic
(mAlerr]cnferalp placed in the ink tank body 40" with the8hverage

anodi zation splutiqgn. HE . H.err]Q : [ = : ;

duration: 15 f#ﬁ. ?J.ameters be[cr#%%P%é'}?%giggggugrélatleé:ygrr:](:mlg.h(e[ errjm
The obt ai ned pooptstsi rieasn poaytdrorhat hwubémber 0. | ayered structure,
of which the under| ¥ ag ol PYi Smbodimedt | b6 P 1kAYE! 15NQYRT ;3T nut &
and fragile structure’i conpared w the upper surface layer..
The substrat etank 2hés pladededbpvesdiierpiinter headoly the inkj gank

oxygen at TOSPRChsy BE oAyl BRI HRXWeE Lo d0hievkne Wabbigurfaces
of the pores of the porous Si were covered with thermally oxidized

filmof silicehinting densigye thrpugh the K gatdingcBFP&RF8I |y grow to a
thi ckness of fedéFebedimaBBvehe porous Si |ayer by means of a CVD '

(chem cal vapor depgsitjon) technique. Thjs 1 oper ati gn,_was conduct ed
nder he 1ol Lovi ntBokbe, FeRetitctions ddsnrtheq ABove, ' Shk"Ean 5a

SiHerr]d [ersﬂilbé%?[rﬁlltpplied throggh &l @&rﬁpﬂte:coﬁ%ﬁf&ﬁﬂw i&ﬁgfﬂgxg an

gas pressure:, C re . e rature: . errdC.

growh rate: lnko‘?%ngr#?n' Fil_xe d:.sta& gplgd(ﬂ iaoﬁ‘é’rlf?/', %&S} e?‘?]sFﬁgé}' was
fornmed to a taitkeksd to the dist8lnendy ahethmlWwirexior zprodtdinguaf ace of
t he eplt.ax{ al i . lay 5 surf f_1h
Siqerr] | a‘yeér“%jdgt% d%?érggggoﬁélﬂnggtzgens‘st&'f a-i?%f%%a‘glgu%éf ?%?e
(second substimsteyrypeedrtn the inki guideamesnwand haighisk b zont act

with each oth&inpyy £aiPlfe PYL11086! PEAUCEY GHd YuaddfrypalLriy@s heat
absorbed in the ink guide path- is smaller than would be
the case with 2 known arrangement in which a porous
member is used to apply ink to the distal end of the
wire. Therefore, any wasted ink which is not used for
printing is of a small guantity, and hence
substantially a2ll the ink in the ink tank can
effectively be used for printing.

If the ink tank runs short of ink, or if the ink
in the ink tank is rendered highly viscous by being
dried at a high temperature, or if the supply of ink
fails due to its solidification, a fresh cartridge ink
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--82 - treated at 1,180[err]C for five mnutes to inprove the

bondi ng st rengt h. When evenly distributed and sufficiently strong
tensile force was applied onto the entire surface of 5 t he bonded waf er
in a direction perpendicular to the surface, the substrates were
separated al ong the under |l ying | owera-QJor ous silicon | ayer that was
very fragile. A simlar result was obtai ned when pressure or

shearing force e of t tensi | e for The
subst r at es cou?%y?lgl %%Sg% ﬁ ngilnr ce so oqﬂ%ﬁhafc"a’r‘lgcfﬂe fragile
| ower porous sixtmeﬁ)mteayprbe suppljed i |t‘d her ddytiarl ierid af ghpebeinreen the

ayer on'the 57 TERHAE the peatreg, Pintie oA Ay o 1 In o

m xture sol ution of UP%hey poihteri head descdtide® above, mpeinis Wogen
peroxi de, stir t ng e

was | eft unet é:[]dcg&st Qﬁ]esql'&l *QPlat%gas 9'8 %g%g%&;gé ea'rﬂaslgét yﬁ%}e porous
- Si 20 was msaknwaqd@scﬁm&admkndagddeasprtm disy . avallable Thus, a
Si ngl e crystalyy aat@aermoﬁ%ws%tﬁ he ink EQhﬁkai ;E:fév&ée{aerr] m on
the silicon oxi de fil ness of d si ngl e crystal

Si |ayer was  thus aveiddng smgaging p‘éhﬁtﬁréBFeREPﬁg' U\i&ht eskgek 25
surface of thmuagablt%teﬁd) ifﬂ}f‘(i:ii”'ﬁteﬁbéruﬂhéoﬁaﬂ“ihile head mecHifdd,m

t hi ckness was 191 iﬂe supstrate was subjected to a
heat ch is prevented from ma functigning. The cartridge i

operation at 1nkoﬁbﬁkr kéenf easAl Qe det&ched andydtegehedt forplipke. The
surface coarsene; gm observed by neans of atom c force m croscopy
to find . REFDLRERRR e within a 50[ err] m square was about 0.2nm 5
whi ch i s substanti aBinceqthle timk cupgpEly syssegonof nghe invenzlioa db

- comrercially i habl i r S.S n

observed throgxiﬂ:}?g’él Lﬁ ébngﬂgﬁlsm:"sasr}'onz'teltea)%/gEe %%ﬁgéco %ﬁgh‘? \?\ggée'
confirmed thaWhere a mudthewodiopnt @rn'&e;ctheathobnmbmysninkdaupplyn t he Si
10 | ayer xgel Iy, I i

mai nt ai ned. aggsegmg QE h@EErﬁ%&{dS(;%gng{ éﬂéa}ﬁ}go% pgfg %?FEems lftl | ayer
structure car@ﬂ,rfﬁgr%to;mhecplpmr@w qafe Qﬁ)lﬁm%ﬁ widely so thybranis
prepared to obtaRtédiccaDo? hdKiny i@t Yo avoidsdlts. Finally,
the porous Si remaining on the first substrate was al so selectively
etched off in a mxture
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sol uti on of 49% hydrofluoric acid and 30% aqueous o hydr ogen peroxi de,

stirring the solution constantly. 20 The single crystal Si was |eft

unet ched and—operated as etching stopper so that the porous Si was
sel ectively etched and renoved conpletely and the first substrate
coul d be used-for another diffusion proifss of the high

concentration P[err] l|ayer as another fiTst substrate or for 25 anot her
oxide fil.mform ng process as-a second substrate. ( Exanpl e
13) - 84 - A 10[err]m
~thick Plerr] high concentration first |ayer was formed as a surface

| ayer of a singlAcepyding $id |®opreferredsu@speate0|favw@ anvensieoi f ieeddot
eIectrlc reS|st C8r¥iter head™® {8 ff | h

of FPa-rafiter head ey ipSovidtd MIHQD FERDELIE I Mt Neuppty
conduct ed fqanEOCﬁBE‘PénlAEof-ﬁl‘r aPF&F-'P]J-nIg i gileans, theoklenswBPivntankchawnirg

~also forned Onﬂhl&e s&&ﬁﬂ;ﬁuﬁcﬁﬁ@ewh;ch if aEBSn?BEStﬂoatfecé_b@eh'lﬁb} from the
concentrati 8 Surface g&}t e single crystal, Si substrate was
Fn

subj ect ed mnkloabwﬁhba , PRBRS) SRPitol ({iSon 1MkhAbSREPSAT | JIEaRS 1S
conduct ed upggpréseed olhovhagvionditiyooE. the J.nk suppnrqurtdenSI ty: 7
(mA[err]cnferr]) anodi zation solution: HF : Herr]O :
Cerr]Herr]OH=1 : 1 : 1° duration: 15 (mn.) 15

t hi ckness of theTlrinis &psérlying m&Sné[may] e compressedl’h:ty ohihn mexhns of
porous il gl | aKeL,Badya:daud! urcher, 'y LAYCLAL SHEREHING: é:‘gh'm%gr Y&e

underlylng ower poro I con
structure |4 taperedc PRrEkEen wi t'I}het hénbppﬁs‘?s%ﬂ?i%&eme@}?@r alag may hiﬁﬂie a

substrat e vgip;dien kel deci Al cAOOY E1hEkOb1ARNAOUNK supply lbdkt OXyoen

atnosphere. As a result of the oxidation, surfaces of the
pores of the porous Si were covered wth thermally oxi di zed film of
sih! i Eon. N iz?dtg}c}amg ysbﬁlfxﬁ'rtm aa@ectt@ ,Lpthexiia |t?§r(3/fd:c‘én@ng-f}%ned
t hi ckness o errlmon,the,poro nmeans. o .
(cheni cal \FL%to Yy ?Fbﬂfefe@ﬁﬁd eﬁ\'?% “hadf “@;?é}sat?%ntﬁﬁslegnﬁb’&?ég
under the frAAloOwWayy compiriseons.lid thereof. - 85
source gas: SiHerr]OJ[err]/Herr] gas flow
rate. 0.5/180 1/ mn. gas pressure: 80 Torr ‘

t enper at ur e: mpgding ctos a furtheswaspes®: thep. 3nkmsvpply tank may

Addi tional Ingvenagl @i8F I holdy 8fheesih ORHBEH Océn&nﬁh%'a%%% with aQf 1PPnEk

by thermally oxidizing the surface of the Itaxially grown Si

| ayer. Teast one sSpace between the ink’ absor ing mears "and an inner
wall of the ink supply tank. The ink absorbing means may have
been impregnated with ink at a pressure lower than atmospheric
pressure, preferably in the range 5-10 mm Hg. The ink absorbing
means further may have pores therein which increase in size

with distance from the ink supply port.

According to a still further aspect, the head may comprise
an ink guide means having a portion which 'is arranged to
receive ink from the ink absorbing means, there being a
capillary ink path through the ink absorbing means the force of
capillary attraction in which increases in the direction of the
guide means, the said portion of the guide means extending into
the ink tank so as to receive ink directly from a part of the
ink absorbing means in which the average diameter of the pores
is smallest. Further said portion of the wire quide means may
have an ink guide groove therein whose width is less than the
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The surface of the SiJerr] |layer and the corresponding 10 surface of
an Si substrate (second substrate) carrying a 500nmthick Sigerr]

| ayer thereon and prepared in advance ~were brought into contact with
each other and put together. Thereafter, the wafer was heat treated
at 1,180[err]C for five mnutes to inprove the bonding 15
strength.:. . When evenly distributed and sufficiently strong
tensilefqorce was applied onto the entire surface of t he bonded
wafer ¥in & direction perpendicular to the surface, the substrates
were separated along the 20 underlyin&‘?omer porous silicon |ayer that
was very,: fragile. A simlar result was obtai ned when pressure

or shearing force was used in place of the tensile force. The
substrates could al so be separated from each other along the fragile
| oner porous _silhCen al@¥ by drh¥i.Rg jfeyjlt o g e
bonded tf/voa"ei'hbé g&bstrgresc.?é the ¥mgﬁ}léhgr gg’fﬁtgeyr', e}% %rggfd%&g%%?%?
| ayer 'on"'tlgap between a wire guide hole in the guideggneans and Hcwhee

subst ratie ?é’ﬁéré?he%éa)/%é! utRedntfifally dless tHEntthe SAldHH 08f Ok 19 %nk
hydrof fuori"C_acid and 30% . aqueou hégrogen peroxi de, stirring the .
sol ution guidecgrep¥Rr| paithPostiqre oF ke wEreguiper redns dFher may

and operatggmggigécaipgraﬁgpﬁgmbag,that t he porous Si was sel ectively
etched and renoved conpl etely. Thus, a single crystal Si |ayer
was fornmed to a thi ckness of O0.1[err]mon the silicon oxide film
The t hi ckness of the forned single crystal Si |ayer was 10
observed at 100 points spreading over the entire surface of the
substrate tq find that the uniformty of | the filmthickness was
101nnBnm Then, the substrate was subjected to a heat

treatnent operation at 1,100[err]C for an hour-in a 15 hydr ogen

at nosphere. The surface coarseness was observed by neans of atomc
force mcroscopy to find that the Rrnms within a 50[ err] m square was
about 0.2nm which is substantially equal to the correspondi ng val ue
of commercially available Si wafers. 20 . When a cross section was
observed t hrough a transm ssion el ectron mcroscope, it was
confirmed that no new crystal defects had been introduced in the S

| ayer and an excellent degree of crystallinity had been mai nt ai ned.
25 Finally, the porous Si remaining on the first substrate was
al so selectively etched off in a mxture solution of 49%
hydr of l uorirc acid and 30% aqueous ' -

87 -
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hydr ogen peroxide, stirring the solution constantly. The single
crystal Si was left unetched and operated as et chi ng stopper so that
t’he porous Si was sel ectively -etched and renoved conpletely and the
first supstrate 5 could be used for another diffusion process of the
hi gh . concentration Pl[err] layer as another flrst substrate or for
anot her bondi ng process as a second substrate. mwhuﬂ

A 5pmthick P[err] high concentration |ayer was forned " face
| ayer of .a single crystal silicon substmpate of a fer
by means -of a diffusion techni que. Another P[err] high concentratlon
| ayer was al so formed on the rear surface of the substrate. The high
concentration surface |ayer of the single crystal Si 15 substrate was
subj ected to anodi zation in an HF - sol ution. The anodi zati on was
conduct ed under the foll owi ng conditions. current density:
7 (merr]jcnferr]) anodi zat E2RIMS ution: HF : Herr]O
Cerr]Herr]OH=1:1: 1 20 duration: 15 (min.) .

t hi ckness of the porous Si layer: 16 (pm The obt ai ned porous
silicon layer had a doubl e- | ayered structure, of which the
underlying | owar. porous A dotsmatrir paxiateshhwad xomprisimndcad gkl e

Substrat o vas RERLYRELI L) JRpEEIERE 1B SRRRANY means (60700

at nospher e. Astherepﬂ1$uﬂplﬁmtinkdézrbnhav1ng an ink supply port (41)

- 88 - e j\al (o]4 h or
covered with tﬁgrﬂr:rzgl éﬁr@:&?‘%ﬁé‘? %QEV i ég% ﬂ'o{n %h% e crﬁ%g Si
was nade to epmﬁéﬂﬁaKﬁQ Qnoﬁhﬁ?#?terlsedthnckhé§stbﬁ gn&s[ nhxngthe

porous Si Iayeﬁehﬁsm%sos' )Ofls %omplaeé?éléh(iﬂeﬂheah&aﬁ f%?oﬁﬁé
ol I owi ng

t echni que. Thi g |on was conducted under t
condi ti ons. supply P?GGr éﬁd Si H2d 2/ H2 gas flow rate:

0.5/180 1/min.2. gaﬁqmwmanrix prBﬁt&brheaaOas clalh@ﬂPQ&ﬁEH??m
all'y, an

950 [err]C ]
Sigerr] | ayeflmﬁgafsgqﬁég&? t%ak‘f‘u fslge gy abﬁ?rﬁéﬁﬁnfnﬁﬁthérsﬁgql ¢S
oxi di zi ng t he sompressefl byewall means t 650 1l 0Ff thewdn®i shppdy. tahk

The surface of hg Siderr] layer and the correspondi ng surface of
an Si substrat econd substrate) carrying a 500nmthick Siderr]
| ayer thereon %nd prepar ed PRtad@dRix printencheadxpssedainedi inogdaim

plasma (in ordﬁrofozlenaeaetensed tshe Me'ﬂgesmfn&ﬁ%rs&ﬂ tfﬂ%?,ﬁga' d one
on the other to tg@the into contact wth eac gr

conbi ned - (6Q bslﬁ?ﬁt%s SPTdHemy 680"t - 400[err]C for 10 hours.

Wien evenly digfributed anddeufl matiral Iprt&fthead as £8A%hEA BAr 8RyVAS
applied onto &pe entjre surface

of
ing claim characterlsed in that the ink absorbing
means (60") has a thicker portion in the v1c1n1ty of the

ink supply port (41).

5. A dot matrix printer head as claimed inany:
preceding claim characterised in that the said wall
means of the ink supply tank (2") comprises a 1lid (50)
thereof. '

6. - A dot matrix printer head as claimed in any
preceding claim characterised in that the ink absorbing
means (60") has pores therein which increase in size
with distance from the ink supply port (41).

4

A A R i is the repiscemen: sheet
* c L L} H *

2 0 FEB W87

Dste:



t he bonded wafer in a direction perpendicular to the 25 surface, the
substrates were separated along the underlying | ower porous silicon
|"ayer that was very fragile. A simlar result was obtained when
pressure - 89 - or
shearing force was used in place of the tensile force. The substrates
could al so be separated from each other along the fragile | ower

porous silicon |ayer by. driving a knf4e into a gap between the bonded:
t wo 5 substrat es. Thereafter, the residual porous Si |ayer

on the " second substrate was selectively etched off in a

m xture solution of 49% hydrof | uori aqueous hydrogen
peroxide, stirring the solution %O?%ﬁz*]%ﬁin Hr%e single crystal Si _
was | eft unetched and operated g stopper so that the porous
Si ~  was selectively etched and ri£5% rytgrrpletely Thus, a
single crystal Si layer was fornmed to a t hi ckness of 0.1[err]n10n
the silicon oxide film The 15 t hi ckness of the forned single crystal

Si layer was observed at 100 points SEreadlng pver the entjre o
surface of A hdosuPatrite PHLRTRH Pﬁﬁ?t?ﬁﬂﬂﬁ $8F ma®y HRK SuPPly phgapk f27)
thi ckness vastH3HYH Mnk absorbindhfBankhg69uhst ritee incls suppéyt ednko (2 ")

ydr ogen aness ey SOk TABEEIY IR g TR §oiugnd

atonmic forggoN CEReCAmk tabsonding mearsha(60h¢ . Rt wilnki ralascmpemg] means
squar e was out 0.2n which. y als 4.0
Correspondi(r%gl al b8 %‘Pres&e%oﬁﬁercﬁiéal I%;'J/Lleg@a?:I&lab{J!E &% leltg(s $lfply port
When a crogglgection was observed through a transnlsS|on el ectron

m croscope, it was confirnmed that S ' -
90 - no new crystal defects had been introduced in the S

| ayer and an excellent degree of crystallinity had been mai nt ai ned.
For the purpose of conparison, a simlar nmultilayer 5 structure
carrying no oxide filmon the epitaxial Si | ayer was prepared to
obtain the alpgggre dentified -results. : Finally, the porous
Si .remaining on the first - substrate was al so selectively etched off
ina mxture 10 solution of 49% hydrofluoric acid and 30% aqueous

hydr ogen peroxide, stirring the solution constantly. The single
crystal Si was |left unetched and operated as et chi ng stopper so that
"the porous Si was selectively ‘et ched and renoved conpletely and the
first substrate '

_—
* ‘This Sheet Has Been

Nll!lll i ’ill
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15 could be used for another diffusion process of the high

concentration P[err] layer as another first substrate or for - anot her
oxide filmform ng process as a second -substrate. ( Exanpl e
15) 20 A 5pmthick P[err] high concentration |ayer was formed as

a surface layer of a single crystal silicon substrate of a
regenerated wafer by neans of a diffusion . technique as in the case
of Exanple 1. Another P[err] high - 1 toncentration layer was al so
formed on the rear surface 25 of the substrate. The high concentration
surface | ayer of the single crystal Si substrate was subjected to
anodi zation in an HF solution. The anodi zati on was

91 conduct ed under the foll ow ng conditiops, current
density: 7 (mA[err]nferr]) anodi zati ons0lut™dNQn: HF : Herr]O
Jerr]Herr]OH=1: 1 : 1 durati on. 1

t hi ckness of the porous Si |ayer: Z@cgpn) NQed porous
silicon | ayer had a bl ayes€d structure,

under | yi ng | ower porggg ‘7[ siligern | ayer showed a minute 'qggme
structure if comgared wt e upper surface |ayer. s

substrate was then oxidi zed at_400[err]C for an hour 7e”s
atnosphere. As a result of tHJJS idathkﬂ the wal |l s
pores of the porous Si were Q\k\\\fo ered with YooK
silicon. Single crystalf Si W}gY 3
t hi ckness of 0.15[err]mon e | QU
(chem cal vapor depositio t §&ANI

under the follow ng condi4i%ns"
SiHerr]A[err]/Herr]

gas pressure: 80 Torr

growth rate: 0.3 pnimn.

fornmed to a thickness of NEYAM
the 25 epitaxially grown |Si 2)fafRe

SiJerr] layer and the corregp OI‘rii

(second substrate) prepared \

in advance were exposed to niyrPogek -H

bondi ng strength) and the Aivh¢eone Ok e

contact with each other. g&/ ~COonbi ngRy
hoUr s.

D

()

at 400[err]-Cfor 10 5 >
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When evenly distributed and sufficiently strong tensile force was
applied onto the entire surface of the bonded wafer in a direction
per pendi.cul ar to the surface, the substrates were separated al ong the
10 underlying | ower porous silicon |layer that was very fragile. A
simlar result was obtained when pressure or shearing force was used
in place of the tensile force. The substrates could al so be
separated from each other along the?fragile | ower porous silicon.

| ayer 15 by driving a knife into a gap between the bonded two
substrates. ~Thereafter, the residual porous Si |ayer on the

- second substrate was selectively etched off in a m xture sol ution of
49% hydrof l uoric acid and 30% 20 aqueous hydrogen peroxide, stirring
the sol ution constantly. The single crystal Si was |eft unetched

and operated as etching stopper so that the porous Si was

sel ectively etched and renoved conpl etely. Thus, a single crysta

t hat e umnformty of

Si layer was forned to a 25 t hi ckness of O0.1[err]mon-the silicon oxide
- 93 - surface g 0 f%ﬂy
Q, fhe s 4 Jas
5 hydr ogen at nospher » _
10

film The t hi ckness of the single crystal Si |ayer was
observed at 100 points spreagt entire
the filmthickness was f
subj ected to a heat 1,100C #0r an hour in a

. observed by
means of atom c force mjcroscsg . A5 thin a _

et . éwgqual to the

When a cross section wag observed throﬂv 2 ' ) '\, el ectron
m croscope, it was cgnfj 4 ' : ! 4@ﬁd been

introduced in the Si llinity
had been mai nt ai ned. § ing on
the first substrate was absQ se|f¥ ~ 8 ture
sol ution of 49% hydrofluoric acid anhs > gen per oxi de,
stirring the solution constantly. ' | ef t
unetched and operated as. 20 etchﬂﬂg,SQ?bp-r t hat\ us Si was
sel ectively etched and renoved conp eggy an?}g’é 8 gubstrate
could be used for another diffusion process the M 4/
concentration P[err] |ayer as another first substrate or for anot her
A

bondi ng process as a second substrate. 25 (Exa?ﬁ
5[err]lmthick P[err] high concentration |ayer was 10
surface |l ayer of a single crystal silicon substrate

Thig is the replacement sheel

pate: £ 0 FEB 1997



- 94 - of a regenerated wafer by neans of a diffusion
technique as in the case of Exanple 1. Another
concentration | ayer was also forned on the rear surface of the
substrate. The high concentration surface |ayer
anodi zation in an HF sol ution.
The anodi zati on was conducted under the follow ng conditions.

anodi zation solution: HF :

crystal -Si substrate was subjected

current density: 7 (mAferr]jcnferr])

Herr]O : Cerr]Herr]OH=1: 1:
t hi ckness of the porous Si |ayer:
silicon | ayer had a doubl e-

substrate was then oxidized at 400[err]C for an hour

to

1 103 -

16 ([err]m

Plerr] high

5 of the single

duration: 15 (mn.)

The obt ai ned porous

| ayered structure, of which the
under | yi ng | ower porous silicon layer showed a mnute and fragile
structure if 15 conpared with the upper surface | ayer. ' The

at nosphere. As a result of the oxidation,

pores of the porous Si were 0
silicon. 20 Thereafte ,I

uppernost surface of the substrate where the pa

formed was renoved by immersing it
Subsequently, the obtained
at 1,050C 25 and 760Torr for 1

overed mnth ther ’e

in a

substrate
ninut"
rate of 2301/ mn. and for nore 5 m nut

‘? an oxygen
supf aces of the

jdized fil m of
t he

t he

9 been

#. treat ment
A TTO a ’

i H4

50sccm Then,
single crystal Si was made toZﬁﬁ;t b a thickness of
0.15[err]mon the porous Si |a _ “ 2 (chem cal vapor
deposi tion) technlque é? p '. operation was conglucte der the
followng 5 condi ti ﬁ? ) source gas: SiH[ ]Afer]/Herr]
gas flowrate: 0.5/180 1/ gas presglre: rr

t enper at ur e: 950 C growt h rate ;yi

Additionally, an Si( er ¥ ayeT—Td OT TTg eﬁ‘%&gﬁ of 100nm
by thermally oxidizipg e qurface of the , - - f grQwn S

| ayer. - The ZLurfacg of the Si ayer d the Qorfr gsporjding 15
surface of an Si sul§strate (jsecond sub ht e -repared [ kiﬁgvance
were exposed to nitragen plgsma (in gtdefjto nprqvejthel} ﬁaing
strength) and then | ai®h onejon the ot he ing Mem i kd contact
wi th each other. The Q"lin€EISUG Lrate® were then anf¥aligd at
400[err]C for 10 20 how 1% // I

4

& - o

t
1
s

o —————— e — o o et e

2 i

JO

N

.
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When evenly distributed and sufficiently strong tensile force was

applied onto the entire surface of t he bonded wafer in a direction
per pendi cul ar to the surface, the substrates were separated al ong
the 25 underlying | ower porous silicon |layer that was very

fragile. A simlar result was obtai ned when pressure or shearing
force was used in place of the tensile = 4 -

- 96 - force. The substrates could al so be separated from

each other along the fragile | ower porous silicon |ayer by driving a

knife into a gap between the bonded t > strates. 5
Thereafter, the residual porous Si | aydr %: é’ second substrate was

selectively etched off in a m xt yrgfkplati on of 49% hydrofluoric acid
and 30% aqueous hydrogen peroxid:izhﬁ‘rring the sol ution

constantly. The single crystal Si was l[gfg.junetched 10 and operated as
et ching stopper so that the porous Si |7>&%| was sel ectively etched and
renoved conpl etely. : Thus, a n?'éﬁe crystal Si layer was formed to
a thi ckness of O | pmon the siIﬂth5oxid7 film The t hi ckness
of the forned single crystal Si |ayer wig:*#15 // bserved at 100 points

spreadi ng over the entire surf age jof| tJiE bstrate to find that the
uniformty of the filmthickness WagA01nnBnk,, ¢i; Then, the _
substrate was subjected to a heat | Wreat nent foplefat ifon at 1,100[err]C
for an hour in a 20 hydr ogen at nosf ,ﬁa The surTace coarseness was
observed by neans of atomic force mcripgéy jto find that the Rrns
within a 50[err] msquare was about 0. 2 ! i%hkir is substantially .
equal to the correspondi ng val ue oh"r i y available S

waf ers. 25 : Wien a cross sectiorf was spseaézﬁénhrough a )

transm ssion el ectron m croscope, it jir hat no new
crystal defects had been introduced i . j

- 97 - | ayer and an excel |l ent deg'_( O crx{’é&linity had been

mai nt ai ned. Finally, the porgdus Si i enti ¥ N@° ofi the first
substrate was al so selectively etched Qff 1/ aMfktufe 5 solution of.
49% hydr of  uori ¢ acid and* 30% aqug0s ydr dge peroxidq{ tirring the
sol ution constantly. The singl e™sy a) SN\ | ef t fﬁed and
operated as et ching stopper |so_that tH#E"p iﬁ S_Se-nds sel ectively

et ched and renoved conpl etely apd e fijrgy yriate 10. coul d be ‘used

;
for another diffusion progess™of tjhe high{

_ | ayer
as another first substda2e®r for | - \

alion P[e

*%\§§§§~f7
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another'bonding process as a second substrate.

98 - ' WHAT IS CLAIMED I S: : 1. A nmethod of nmanufacturing
a’ sem conduct or article, characterized by conprising -steps--of:--.-
formng-a diffusion region at |east on the surface 5 = of one of the
sides of a silicon substrate by dlffu5|ng an el ement capabl e of
controlling the conduction type; : formng a porous silicon |ayer
in.a.region including sai.d diffusion region; preparing a
first substrate by form ng a nonporous 10 sem conductor |ayer on said
porous silicon |ayer; bondi ng said-first substrate and a second
substrate . together to p ;HDSQHN nult|layer structure with said
nonpor ous sem conductor | gyer |ocate

si da;5 | i p#i ng said
multilayer structure alefig said 15 - pONQUS SI| é? i;ﬁ not al ong
said diffusion egi on; and S ng the orous SI|ICOﬂ

| ayer remaining on said split second s b at e. ' A
nmet hod of manufacturing a onduct or artieke, characterlzed by
conpri sing steps of: >xJ1i ng a di ffusion reghqp at | east on the
surface of one of the side a silicon substrate Ny dlffu5|ng

an &l enent capabl e of(ﬁggﬁ?olling t uducti on type; formng a
porous silicon |ayer | 8gi gi ncl ud usi on region;
preparing a fitst substrate_m e

sem conductor |ayer on sa<d- N bondi ng sai d
first substrate and a 8ond st 7 eQde Jto produce a

mul tilayer structure mnth- Ts — e DOTIRQE€ :. At onduct.or | ayer | ocated
i nsi de; 5 spllttrng sald ﬂuitliayEI-'. @@fﬁre nlo ai d

porous silicon layer byf. not aI0ng said. dirff 'ia&n 5%370n;‘

‘renovi ng the por ous S|Ihconolaybr Fenﬁnnlng Ofi? sajd _/ split second

substrate; and 10 - reuSLng ‘the subsfhat:fspiainej by removing the

porous | ayer remaining Sy saxd sepaﬁaiﬁd flrsifh” .=~ pubstrate as materi al
. Y ihod af] manufacturing a

,;canpr|5|ng steps of:

| S t.on the SO t&oe,.:' of one of the

sem conductor 15
formng a diffusion r§
sides of a silicon s

~0!

L
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an el enent capabl e. of controlling the conduction type; forming a
porous silicon layer in a region including 20 said diffusion region;
preparing a first substrate by form ng a nonporous sem conduct or

| ayer on said porous silicon |ayer; o bondi ng said first substrate
and a second substrate together to produce a nultilayer structure
wth said 25 nonporous seni conductor |ayer |ocated inside;

splitting said multilayer structureéalong sai d _porous silicon |ayer
but not along said diffusion - 100 -
regi on; renoving the porous silicon Iayer renalnlng on said split
second substrate; and reusi ng the substrate obtained by renopving
t he porous'layer remai ni ng' on said separated first. 5 substrate as
mat eri al of another second substrate. , 4. A nethod of

manuf acturing a sem conduct or article according to claim1l, wherein
said step of formng a diffusion region is perfornmed by neans of a
10 di ffusi on techni que. 5. A nethod of manufacturing a

sem conduct or article according to claim4, wherein said el enent
capabl e of controlling the conduction type is an 15 el enment capabl e of
controlling the conduction type of silicon to the n-type.

6. A method of nmanufacturing a sem conduct or article according to
claim5, wherein sdid elenent capabl e of controlling the conducti on
type is selected , .Y Sh. met hod of
manuf acturing a sem congCt or icl 0 dlng t €b4n wherein
Sai d el enent ; nductl d@;§p 's an

el enent capable of
- 101 - S
manuf acturing a se
said elenent 5

9. A net-hod of man

8. A method of

( W Nng to claim?7, wherein
controlling the ‘conduct™Qn type is B.

8 sen conduct or '

This is the replacement shééf
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article according to claim4, wherein said diffusion 10 technique is

adapted to thermally diffuse said el enent into said silicon
substrate. 10. A method of manufacturing a sem conductor
article according to claim@8, wherein said elenment 15 capabl e of
controlling the conduction type is suppl4ed in the formof gas.
11. A nethod of manufact g% sem conduct or article according to
claim 10, wherein said g [err]H err]. 20 12. A method of

- manuf acturing a sen condu ({f{l e accolrllgit‘@g to clagign 8, wherein
sai d el enent capabl e of control g the tion t is supplied .

in the formof I|iqui
seni conduct or

\WALS]| yi L pa; O

- 102 - BBr[err].I turh ng”a g
sem conduct or in s£c /J 5
capabl e of controlli "Bt form of
sol i d. 15 ¢

article according to [ h Haid solidis "k .-"-z"'" 3t Jerr].
16. A method of manu . . ng to

cl ai m.-8, wherein sai , 2,2 \ducti on
type i.s supplled 15 <

substrate. - c Hr\ldnn a se}rbnccon ucyy
article according to clarm 1o er e o Sartsot--e S i£ sel ected
fromCvD film BSG and spin- Jé{d\"gd 20 film /4{/~ . "Ajnmet hod of
manuf act uri ng a seni conduct or -article according to pcl ai Thg, wherein
the goncentration of said el enent capable of contrgl{ling

S

conduction -25 type and contained in said diffusion region
contfolled within a range between 5. x10[err]/cnferr] and
5.0x10[err]/cnferr]. - -103-

Fug. 8.

X %Jj
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19. A nethod of manufacturing a sen1conductor é rarl A CRRIENTC GHEERY t o8G

claim18, Vherein the . concentration of Sahdﬁéh@ﬂﬁﬁhﬂ@ap%biﬁlot,pégﬂx

Controlllng t he conduction type and contalned~snﬁ§g Cgiddausl on pagdd g.

region is controlled within a range beameen | . Ox30 er¢g{@§i§rgged _____ K}ﬂ@ﬂ@

2.0x10[err]/cmerr]. A" et hod of n@ﬂULaQ&yrln @@ug.ﬁ,pveq,ﬂ

sem conduct or article accordlng to.claim %9, wherein t

- concentration of said el enent capable of controllling $§%ﬁ i on
type and contained in said dif{nesirRik reg|0ﬂ;fs ot FoPYEd et e

range between 5.0x10[err]7/cnferr] and Oxlo%err]/cn{err] 15

21. A nethod of manufacturing a seni conduct or PhAEEWqugﬂgpfding to

claim4, wherein the thickness of said diffusion layer is controlled

wi thin a range bet ween 100[err] and 100[err]m 20 22. A

met hod of manufacturing a sem conduct or article according to claim

21, wherein the thickness of said diffusion layer is controlled

Wi thin a range bet ween 500[err] and 50[err]m 25 23. A

met hod of manufacturing a sem conduct or article according to claim

22t h\f\herel n the thi ckpesgrefent. invehdidndifdlatiay &@yzerdbﬁ geakiel | ed

within a rang

bet ween 5, OOO[EF%T“5ﬁdh§EFeFanFlth°ugh it %b?°9\§ﬂn¥ﬁﬂt5FcﬁﬁﬁuféEtur|ng
a sem conduct ofelates mﬁtélﬁéftﬁeﬁmaﬁlygtbOaCM&ﬁﬁfﬁowwmzfrﬁxtbezhberkness

of 5 said poro silicaon_l ayer ntr.Qll ed i

"between 1[er¥] ggi%ﬁT%rVTﬁ?s Stpplied 1%§ (ék%ﬁ %ﬁ?ac%urlng a
sem conduct or and movable cagainstrai sheet ofapmiddt ndms£|ﬁorhe thlckness
of 10 sald S o |l aversy s I %ﬁg
bet ween 2[err] %gé?E%HiA$ fihe €8 £hé 538Q5635 %% of nanu acturlng a
sen conduct or record ar@haxichgtoralﬂgguvecl&lsrz&hmnu%mﬁgﬁtﬂé the ckness

of 15 sai d af@yer is controlled within a range
bet ween 5[err]'€ﬂgn3§%se[errfﬁE / 27. A nethod of manufacturing a
sem conduct or RAnyrink | SRRtV sysigeRoleFapnWirendateiRR BT HN (REARE 20

region and a DOf QoY wHECH R EEnRNr€8EBNOk st hot L.SEO. apposiriel ¥s
di sposed surfaces of said silicon substrate aﬂ subseqye tly a

nonpor ous Semqﬁgﬂﬁngq”&qqﬂwﬁn,%pk tank to the distal ends ol the wire
nd transferred from the wires directly to 2 sheet of

&=

L

paper. One known ink guide mechanism for such an

)]

rin

ink supply system is disclosed in US A—4,194,846 and
comérises 2 porous member capable of absorbing ink from
an ink tank, the ink guide mechanism having wires
contacting the porous member. The porous member -
contains fine holes whose sizes or diameters vary in a,
certain range, with the result that the ink absorbing
capability varies from porous member to porous member,

P d

and both excessive and insufficient gquantities of ink :
are liable to be supplied to the distal ends of the
wires. The guantities of ink retained in the vicinity of
the distal ends of the wires differ widely, and the
porous member is liable to vary in dimensions or to be
deformed due to coaction with the sides of the wires. .
Conseguently, the ink densities of thé so-formed dots

THis is the replacement sheet
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forrred on each'of said porous Iayers 25 : 28. A nethod of

manuf act uri‘ng a seni conduct or - -article according to claim1, wherein
$aid step of splitting said. nultllayer structure is perforned by

- 105- - externally applying force to said porous | ayer.

29. A nmethod of manufacturing a seniconductor article according to
claim 28, wherein said application - of force is perforned by applying
pressure, tensile =~ : force in a dlregﬁlon perpendlcular to the substrate
surface or shearing force. A net hod of manufacturing a

sem conductor 10 article according to claim1, wherein said step of
splitting said nmultilayer structure is perforneqﬁm&AGEMENTsﬁﬁnging t he
por ous SI|IC§E at an end of the structure - - and subsequently oxidizing
t he bonded s&b3tMSat es. 15 31. A nethod of manufacturing a '
sem conduct or article according to claim1l, wherein said step of
splitting said nultilayer structure is perfornmed by heating said

nul tilayer gtruct@gne. ink 2fank fordZsup ?lif&h OdaOff agindunty 8f ink
senm conduct or article accgor d| n cl ai.m 3

hen el sal d S
perforrred by enti P&e;‘/iqqea Pnf F‘E EFU?% ¥

33. A mbeing Qin rmmégamyrmmi;t ade'eachahiliyclumuntable t&rta chead
accordl ng to clai r%(e redn i‘ih‘éel}eaﬁéﬁ ahd comprESE.BQ”HsdtBiS pvﬁéiiy

heating said nulti riet 8
106 - (30) A raet ms:tcarnmﬁ;f adxaftiony avalehi coiRRLt and  walls

article accordingé%}éﬁdi :¥%tﬂiéﬂ€%ﬁéﬁa'ﬂnh&ﬁk'@%dd%bln mé&ﬁé(ﬂﬁmﬁhby
nmeans of | aser irradiatiqQn. 35,

of nmanuf act uri
seni conduct or he ératchlaé‘da@c’br’&lﬁ'@“tﬂl’]tﬂ £9ﬁt3>4(4d)v\)ne‘1’lé+ sHY oaﬁ:ﬁ%‘g?e‘?s
carbon di oxi de Iasﬂr the bottom ®611A suthodasf tanuézténdi ndownwardly

ser conduct or | 10 oy e fldlchl CBACUT LA E! SHE T NERE e oA iAg | o

performed by fl ow c curren r ough.“sai ous sl
| ayer. - nedhs A 6@t hoflef Gﬂénumnﬁlmg‘thesmmmg means

has pores which progressively reduce in size toward
the ink supply port (41), and the ink tank has a guide
projection (49) on each of two opposite walls thereof,
which guide projections are poSit‘ioned to guide the
~ink tank during mounting with respect to the head
frame (30) such that the ink supply port (41) is
positioned correctly above an ink supply guide (12) of
the head frame (30).

2.  An ink tank as claimed in claim 1, characterized in that
the ink absorbing means (60”) is compressed in the
vicinity of the ink supply port (41).

3. An ink tank as claimed in claim 2, characterized in that
the ink absorbing means (60”) is compressed by wall
means (50) of the ink supply tank (27).

4. An ink tank as claimed in any one of the preced:.ng
claJ.ms, characterized in that the ink absorbing means
(60”) has a tapered portion (607).
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15 article according to claim11, wherein said porous silicon

| ayer is obtained by anodi zing said silicon substrate.

38. A nmethod of manufacturing a sem conductor 20 article according to
claim1l1, wherein said nonporous sem conductor | ayer conprises a
single crystal silicon | ayer. = ~-22- @ A et hod of

manuf acturing a sem conductor 25 article accor $ ME‘MT@ E?fs wher ei n
said single crystal silicon layer is forned by nmeans of epi t axi al

gr owt h. 40. A nethod of manufacturing a sem conductor
article according to claim38, wherein said first substrate is
prepared by formng a silicon oxide |ayer on said SI n le crystal,
silicon | &er. AR ink tanlﬂ,l asA gdanrpedof innmmhcone ngfa Soei RFRRRGS

article according fatﬁ% chtéi?Eééan ﬁﬁ' d.natl Iﬂﬁ@ ink assbﬁslh?yqreaxfs
formed by nmeans erma oxl atlon hod_o

t
manuf act uri ng a(§@m)cd?fﬁﬁ1c§oi"- icker Bﬁﬂk‘l’% %LECBP& ﬁ’g"‘i’&‘”%r%lﬂFlth\ﬁhe]rIH?n
sai d porous suppg_?npai-ltdqamqr | ayer conprises a conpound seni conduct or
| ayer. 15 A met hod of manufacturing a sem conduct or
article according to claim42, wherein said conpound - sem conduct or
| ayer has 6 ngl @rcr yskakankr um:cmndlng to any of4the npreceding claims,
manuf act uri ng a e LAMGI bgg an, B1E BELOYNohe, i ThaLeVers) 1

sai d second e cofmprises a single cryétal silicon substrate.
45. A nethod of cemmprsicaking wi ’énﬁé—é‘no&ktér SPace (30k) cFermed, REMHPSH

claim1, wherei Q:hg;u ﬂngeg%q,rbg}i nEARS t rsloe i sy epanecariy har rexigermdalde

filmon the ) ace, i le.c stal ilic
46. A nethod of "ﬁé‘r:n'uf t$Ridg ﬁ gﬁf‘i‘o the +Pf%cﬁz’%§ﬁ‘dﬁ’<ﬂe T3
clai m 1, wher ei issaitd §enmnce from e ae:ete:mqa‘r iwaekla |ight transmtting

subst rate 5 47. A nmethod of manufacturing a sem conduct or
article according to claim46, wherein said |ight
7. An ' ink tank according to any one of the preceding

claims, characterized in that the guide pro;ect:.ons (49)
- are cylindrical. '

U 0 I o st episcament shest
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transmtting substrate conprises a glass substrate. | 48. A

met hod of tanufacturing a sem conductor- 10 = article according to claim
‘1, wherein said bonding step is performed by bringing the two
substrate into cl ose contact with each other. 49. A

met hod of manufacturing a sem conductor - 3% - artlﬁle according to claim
1, wherein said bonding step I s perfornmed by MFN#%&E?

bondi ng, pressurization and heat treatnent. T A met hod
of .manufacturing a sem conductor QA@sTRAETLI cl e according to claiml1,
wherein said step of renoving said porous silicon |layer is perforned
by means of poli shing. 51. A nethod of manufacturing a.
sem conductor 25 article accorglng to claim1, wherein said step of .
removi ng said porous silicon |ayer is performed by means of etching.
52. A nethod of manufacturing a sem conductor article according to

claim 51, mﬂheepnesehd éhovkntdons relatespeof annmdakbyank fpxh\shpplving a
2010, i ng  BIRET S AngiheS St CERRUGadd 146" § MAPULLLY BB nead,
the 1nk tank being an 1ntegra1 unit detachably mountable to
a head frame of a printer head and comprising a'top wall
(50), a rectangular bottom wall (40a) and walls extending
between them, an ink abSorbing means within the tank and an
ink supply port (41) which is arranged in the bottom wall
such as to extend downwardly therefrom and to receive ink
from the ink absorbing means (60", 61, 62). The ink
absorbing means has pores which progressively reduce in size
toward the ink supply port (41), and the ink tank has a
guide projection (49) on each of two opposite walls thereof,
- which guide projections are positioned to guide the ink tank -
~ during mounting with respect to the head frame (30) such
that the ink supply port (41) is positioned correctly above
- an ink supply guide (12) of the head frame (30).

- - This is the replacement sheet
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