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SCREW-IN ELECTRICAL TERMINAL CONNECTOR

TECHNICAL FIELD
The present invention relates to a screw-in electrical terminal connector
adapted in use to be mounted in an electrical device for connecting an

electrical cord to the electrical device.

BACKGROUND ART

Japanese Utility Model Unexamined Publication (KOKAI) No. 54-
22186 and Japanese Utility Model Examined Publication (KOKOKU) No. 1-
41166 disclose conventional screw-in electrical terminal connectors adapted
to be mounted in an electrical device.

The former pﬁblication discloses, as shown in FIG. 18, a terminal ring
210 and a terminal screw 220 extending through an upper wall 211 of the
terminal ring to form a cord gap G between the lower end of the screw and a
terminal plate supported on a bottom wall of the terminal ring for receiving
therein an electrical cord. The electrical cord is squeezed in said cord gap
and secured to the terminal plate as the screw is tightened.

The latter Publication discloses, as shown in FIG. 19, a terminal ring
310 which is shaped by bending a single metal sheet into a rectangular frame
and superimposing the opposite ends of the metal sheet. The opposite ends
are secured together with a terminal plate by means of a fixing screw 319. A
terminal screw 320 extends through an upper wall 311 of the terminal ring to
have its lower end opposed to the upper end of the fixing screw so as to form
therebetween a like cord gap G.  The electrical cord is inserted in the cord
gap and is held thereat as the terminal screw is tightened.

Either of the conventional terminal connector, however, the cord gap has

a gap distance which is substantially constant or wider towards opposite ends

as

g such



particularly when used in optical systens having magnifications different

fromunity. In fabricating sem conductor integrated
circuits, it is desirable to have as 10 nany devi ces, such as transistors,
per wafer. Hence it is desirable to have as small a transi stor or other
feature size as possible, such as the feaRure size of a netallization
stripe--i.e., its width W-or of an aperture in an insulating |ayer which
is to be filled with netal, in order to formelectrical connections,

for exanpl e, tween one | evel of LIizati and anot her. Thus, for
exanple, if 9$£F§°Ha§ape‘ﬁngc¥°§9€icﬁtt° PW@IE‘%%"?&%PB Bi W%L%ed feature
having a w I : ' I t o a
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feature havigydacrdrdidviggadplutdlity ofublanitaitsd fF HePRAIRA dohnebRIMERK
(reticle). According to geonetric optics, if this feature of wdth
equal to C iindividuabfilamentstane dikely to spraad syidglyeon thyeternfinaliplatenand evéren
the ratio WC = wher e m]iég gg wn as ttge 20 _Iaiteral_na ni fication of the
optical $ystSSrbePRYO the erds gapasytbgterminal screppis tighteped fagingta ne

Phe eages o Heursd B MElShiRFt B &1 4 SRR ece ™ hence the+

DISCLOSURE OF THE INVENTION

The present invention has been achieved in view of the above problem

-

10 to provide a screw-in electrical terminal connector which is capable of
holding the stranded wire securely at a sufficient strength. The terminal
connector in accordance with the present invention is adapted to be mounted
in an electrical accessory 50 such as a switch box, a receptacle, or the like,
and includes a terminal ring 10 having a top wall 11, a bottom wall 14, and a

15 pair of side walls li, 13 connecting the top and bottom walls. The side
walls are spaced in a width direction of the terminal ring to define a lead-in
opening 15 at one of longitudinal ends of the terminal ring for leading in an
electrical cord 60 into the ring. The top wall has a threaded hole 17. The
bottom wall is provided with a terminal plate 30 adapted in use to be

20 electrically connected to the electrical accessory. A terminal screw 20
extends through ._the threaded hole in the top wall to define a cord gap G
between a lower end of the screw and the terminal plate such that the
electrical cord inserted through the opening into the cord gap is held against
the terminal plate by tightening of the screw. The cord gap includes a

25  principal zone which is defined to have a width center coincident with an
upright axis of the screw and extends in opposite directions horizontally along
the width direction to have opposite width ends. - The characterizing feature
of the present invention resides in that the principal zone is configured to have
the opposite width ends which have a gap distance which is narrower than at

30 the width center. Thus, when wiring the electrical cord in the form of the



resolution of the mask features when focused on the photoresist |ayer
deteriorates. In a paper entitled "New Phase Shifting Mask
with Self-Aligned Phase 25 Shifters for a Quarter Mcron Lithography"
published in International Electron Devi ce Meeting (I EDM) Techni cal

Di gest, pp. 57-60 (3.3.1-3.3.4) (Decenber3- 1989), A. Nitayama et al.
taught the use of masks having transparent phase shifting portions in
an effort to achl eve inproved resolution--i.e., |rrproved shar pness of the

i mge of the features fogused on the oreS| er. Mor e
speci fical | ystr gled t‘ﬂg§§%ﬁ‘?§§ﬁé€rﬂ H“%ﬁ%’d’%ﬂf?%?ﬁtﬁa d’t‘f‘ﬁ%@d’ﬁ?’gﬁt
optical pha , e t at
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mask. Each %ﬁﬂ%ﬁeﬁﬁ&%‘foﬁ%ﬁ&bﬂ&d‘ ﬁ‘é(ﬁxrs'i)rgzi‘ﬁn% dutigFeBeSFdth ends of el tO
[err]/2/(n-1), where [err] i's the wavengl'ength of the optical radiation
fromthe zoreoof xealut86 gapldistadgand Wiith shishesulef thecttranded iwige cah behe
phase-shi fting Iayers Thus, 35 as known in the art, these |ayers

i ntroducdd presueclytheld @geu@t fysterpringlalate gt puiicient strength. 1 wiing

r adi i on. Vi 1 i ri ncipl h L f.th
pﬁgs 2 0 B{:\{lc eleétrui%a cor o a%?t ﬂavﬁ:ig on% r r%séi'e tcofrae: 1r%§%a%?ngo a l&g%%e

diameter than the filaments, the core wire or wires can be guided into the

width center of the principal zone as the screw is tightened. Thus, the

electrical cord having one or more rigid cores can be secured to the terminal
10  connector reliably and securely as well.

In a preferred embodiment, the principal zone is configured to have
the gap distance which is narrower towards the width ends than at the width
center. That is, the gap distance is successively narrowed towards the
opposite width ends of the zone for effectively retaining the strands of the

15 filaments around thé width center of the zone, which is therefore another
object of the present invention.

Preferably, the lower end of the terminal screw is shaped to have a
smoothly curved convex, while the terminal plate is profiled to have a
lowered surface at a portion corresponding to thé width center of the principal

20 zone and a pair of raised surfaces at portions corresponding to the width ends
of the zone. _

The terminal plate may be formed separately from or integrally with
the terminal ring. When the separately formed terminal plate is used, it is
advantageous to provide an integral seat on the bottom wall of the terminal

25 ring for stably holding the terminal plate on the bottom wall.

- Further, the terminal ring may be formed by bending a single metal
sheet into a rectangular shape and engaging opposite ends of the sheet at one
of the side wall of the terminal ring. That is, the opposite ends of the sheet
define upper and lower parts 40 and 45 of the side wall respectively extending

30 integrally from the top wall and the bottom wall. One of the upper and
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shifting | ayers shoul d produce the desired inproved resolution. Such masks
are cal l ed "phase-shifting" masks. The mask structure
described by A Nitayama et al., op. cit., was manuf actured by a

singl e-alignnent-1|evel process involving a step of wet etching an 5 opaque
chrom um | ayer | ocated underneath a phase-shifting | ayer of PMVA which

lower parts is shaped to have a coupling projection 41, while the other part is
shaped to have a coupling recess 42 for intimate engagement with the
coupling projection. The coupling projection is of an inverted T-shaped with
a vertical root 42 and a horizontal head 43. The root projects from one of

5 the upper and lower parts in parallel with the upright axis of the screw, while
the head extends horizontally in a perpendicular relation to the upright axis.
Since the T-shaped zigzag engagement of the coupling projection with the
coupling recess is made in the side wall, the engagement can well withstand a
vertical force which results from the tightening of the screw and would

10 otherwise act to separate the engagement.

The zigzag engagement gives a zigzag mating line Z between the
coupling projection and the coupling recess. Preferably, the zigzag mating
line includes at least one oblique segment Z1, Z2 which extends in an inclined
relation with respect to the horizontal direction of the ring in order to provide

15  aretaining force of retaining portions, i.e., gate members 49 defined at a
corresponding one of the upper and lower parts on opposite of the root of the
T-shaped coupling projection of the other part. The retaining force acts to
retain the gate members against being deformed in a direction of widening the
coupling recess when the coupling projection is caused to move away from

20 the coupling recess by a vertical force developed as a consequence of
tightening the screw. Therefore, the engagement can be well retained
against the vertical force so as to keep the terminal ring intact and therefore
assure reliable wiring connection of the electrical cord to the terminal
connector. The provision of the oblique segment in the zigzag mating line

25  gives the above advantage independently of the effect resulting from the
specific configuration of the cord slot.

These and still other objects and advantageous features of the present
invention will become more apparent from the following description of the
preferred embodiments when taken in conjunction with the attached drawings.

30



is resistant to the wet etching, whereby the etching of the chrom um | ayer

under cut the PMVA | ayer and forned a phase-shifting nask. However, the
| at eral etching of the chromumlayer is difficult to control, so that
t he positioning of the edges of the chromum |l ayer is |ikew se

difficult to control. Yet this positioning of the edges of 10 the opaque
chrom um nust be carefully controlled in order to yield the desired

i mproved resolution for the mask. Mor eover, the method
taught by A _N _E%ylsrra et_al. is not suffi versatile to make

masks havi Sg WF&Y@M%F mwﬁﬁ@éged | i ne- space features
I \ i st -

75 ' shots. cFIG b 88 RIOATLEGS Pl YieW GE R NeRhA B R T BT 5

phase-shi fti ggnfd@bSin accordafick hﬁh@ﬁf‘st'e}n@fd&g{a@wwﬁg}é&ehhﬁlmmk ngs in

a paper by M D. Levenson et al. entit I mproved Resolution’in
Phot ol i t hogr BpBy2is th expRhdekpéispédtivegviemsss dn electripaltdévibedquippediiith
Transactions on El ectron Devices, Vol. ED 29, pp. 1828-1836 (1982).

The t echrid quither hayre: termanal Gpnmecionse such rrask devi ces, however, required

I li rrent-l net hod and is therefore
und etS:A?ag| ;gff(rgmji i§ tae artlgfly\e%eguor?aq View of the above con}xécto I,

FIG. 4 is a perspective view of the above connector shown with electrical
cords of different types;
FIG. 5 is a front view of an electrical terminal connector in accordance with a
10 modification of the first embodiment;
FIG. 6 is a partial perspective view of a terminal ring of the connector of FIG.
55
FIG. 7 is an exploded perspective view of an electrical terminal connector in
accordance with a second embodiment of the present invention;
15 FIG.8i1sa perspective view of an electrical terminal connector in accordance
with a third embodiment of the present invention;
FIG. 9 is a front view of an electrical terminal connector in accordance with a
fourth embodiment of the present invention;
FIG. 10 is a perspective view of a terminal plate employed in the terminal
20 conneéfor of FIG. 9;
FIG. 11 is a perspective view of a terminal ring employed in the terminal
connector of FIG. 9;
FIGS. 12 to 15 are front views respectively illustrating operations of the
terminal connector for wiring connection of electrical cords of different types;
26 FIG. 16 is a plan view of a side wall of the above terminal ring;
FIG. 17 is a perspective view of the above terminal ring shown with particular
indentations made to a mating line in the one side wall of the above terminal
ring; and
FIGS. 18 and 19 are views illustrating conventional terminal connectors,

30 respectively.



the st andpoi nts of accurate alignnent and decreased throughput of the
mask- maki ng procedure (typically electron beamlithography).
Therefore, it would be desirable to have a nore versatile and nore
control | abl e single-alignnent-Ilevel nethod of manufacturing phase-shifting
masks. 25 More generally, it would be desigable to have a nore versatile
and nore controll abl e single-alignnment-1|evel |ithographic technique for
achi eving self-aligned features. - 3-
Summary of the Invention

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to FIGS. 1 to 3, there is shown a screw-in terminal

connector in accordance with a first embodiment of the present invention.

5 The terminal connector 1 includes a rectangular frame or ring 10, a screw 20,
and a terminal plate 30. For instance, the terminal connectors are mounted
in an electrical accessory 50 such as a switch box and a receptacle for wiring
connection of an electrical cord to the accessory, as shown in FIG. 2. In this
accessory which is the receptacle, three terminal connectors 1 are mounted on

10 the back of a receptacle housing 51 with the terminal plates 30 connected to
individual sockets in three slots 52. The electric cords are wired to the
individual connectors for electrical connection of the receptacle to an ac lines.
The illustrated receptacle 50 has a switch handle 53 for selective energization
of an electrical device plugged to the receptacle, and a cover plate 54.

15 The ring 10 is' formed by bending a metal sheet and engaging opposite
ends of the metal sheet into a rectangular shape having a top wall 11, a pair of
side walls 12, 13 and a bottom wall 14. The ring 10 has a width (W) along
which the side walls are spaced and a length (L) on opposite ends of which
the ring is opened. One of the openings at the longitudinal ends of the ring

20 defines a lead-in opening 15 for introducing the electric cord and the other
defines an opening through which the terminal plate 30 is assembled on the
bottom wall 14. The top wall 11 is formed with a countersink or raised rim
16 with an internal threaded hole 17 extending the full depth of the rim 16 and
the top wall 11 for threaded engagement with the screw 20. The screw 20

25 extends vertically through the top wall 11 at the center of the width of the ring
10 to have its lower end opposed to the terminal plate 30 on the bottom wall
14, defining a cord gap G between the lower end 21 of the screw 20 and the
terminal plate 30 for entrapping therein the electrical cord or a conductor
thereof.

30 As shown in FIG. 3, the lower end 21 of the screw 20 is shaped into a



The present invention is directed to a nmethod for nmaking self-aligned
features on a phase-shifting nask. The phase-shifting mask includes a
substrate with a first material |ayer and a second naterial |ayer forned
thereon. The substrate is a dielectric material which is transparent to
optical radiation. The first material layef-is an optically absorbing
(opaque) material. The second material layer is transparent wth respect to
optical radiation. On the phase-shifting nask feature edges forned in the

optically a sciﬂ&ﬁggrcféﬁ\ré%%egﬁ%& Bf’%ullysq ?fohl%qeaﬂ & & &iﬁ%ﬂ{ re! 2Aggk from

cor respondi ng or me ranspare second
material | ay@rminal platé1301§ amvwﬁlorﬁé tHé"ﬁldthQﬁfﬁ&loﬁ%ﬂIﬁé rin@10itpgl e

exposure step is used to self-align the tTeature edges forned in the first
mat eri al | ayfarnnadonkave eppedsurface 3 hiwithayebstantially uniform radius of
curvature which is shorter than that of the convex lower end of the screw 20.
5 Thus, the resulting cord gap G has a gap distance which is narrower towards
opposite width ends of the terminal plate 30 than at a width center thereof
which corresponds to an upright axis of the screw 20. Therefore, when
connecting the electrical cord 60 of a stranded wire having a plurality of
filaments 61, the filaments 61 are restrained from escaping out of the width
10  ends of the terminal plate 30 and constrained thereon as the screw 20 is
tightened. Thus, the filaments 61 can be secured held between the screw 20
and the terminal plate 30 at a sufficient strength. As shown in FIG. 4, when
connecting two types of electrical cords 60 one composed of the filaments 61
and the other composed of a core wire 62 having a larger diameter than the
15 filament, the core wire is held at the width center of the terminal plate while
the filaments are concentrated adjacent to the core and are prevented from
escaping beyond the width ends of the terminal plate 30. It should be noted
that, although the illustrated embodiment shows the cord gap which is
successively narrower towards the width ends of the gap than at the width
20  center, the present -invention is not limited precisely to this feature. That is,
the cord gap may be formed to have a gap distance which is narrower at the
width ends than -‘at the width center.
Turning back to FIG. 3, the ring 10 is configured to leave a small
clearance C between the side walls 12, 13 and the screw 20. The small
25 clearance C is dimensioned to be less than the diameter of the intended
filament 61 in order to provide a safeguard for pi'eventing the filaments from
accidentally going into the clearance.
- As shown in FIG. 1, the side wall 12 of the ring 10 is formed by
engaging the opposite ends of the metal sheet. In other words, the side wall

30 12 is composed of an upper part 40 integrally depending from the top wall 11



A resist layer on the first material layer is divided into three regions by
exposing each region to a different dose of radiation, thereby formng a
first region, a second region, and a third region. The first region of the
resist layer, but not the second region or the third region, is then
renmoved by dissolving such first region ig a devel oper solution. After the
first region of the resist layer is renoved, the corresponding portion of
the first material layer is etched. Thereafter, the second region of the
resist layer, but not the third region, is removed by dissolving the second
region i n aa@évdloper pari4d integrally upstanidéing condhe bgttom whallthe rFhest | ayer

I's renmoved, the portion qf .the second material |ayer, corresponding to the
first regi oﬁlﬂp§r5¥“’%‘g Ingipdes ay invexted Lrshapad goupHasg pretectipnddy with 2 ayer

corr espondi RE {iQall {3t AVA PR RYriS65RT ehd %@xt%dﬁ&%&??&nﬁlly along the
length of the ring 10 from the lower end of the root 42. The lower part

5 includes an inverted T-shaped coupling recess 46 for intimate engagement
with the coupling projection. The coupling recess 46 includes a vertical
entrance 47 corresponding to the root 42 and a horizontal cove 48
corresponding to the head 43.  These parts are intimately engaged to form a
zigzag mating line which provides a resistive force of retaining the

10 engagement against a vertical force applied thereto as a consequence of
tightening the screw 20. Conversely, the coupling projection 41 and the
coupling recess 46 may be formed on the sides of the lower part and the upper
part, respectively.

FIGS. 5 and 6 show a modified terminal connector which is identical to

15 the connector of the first embodiment except for provision of a seat 18 for
supporting thereon the terminal plate. The seat 18 is struck from a portion of
the bottom wall and shaped to have a concave upper surface in order to stably
support the terminal plate thereon.

FIG. 7 shows_a terminal connector in accordance with a second

20 embodiment of the present invention which is substantially identical to the
first embodiment, except that a ring 10A is formed from two halves 100 and
110 of U-shaped configuration. Like parts are designated by like numerals
with a suffix letter of ‘A’.  The upper half 100 includes a top wall 11A and a
pair of upper parts 40A, while the lower half includes a bottom wall 14A and

25  a pair of lower parts 45A. The upper parts 40A is formed respectively with a
coupling projection 41A and a coupling recess 46A, while the lower parts 45A
is formed with a coupling recess 46A and a coupling projections 41A. These
projections and recesses are engaged in a manner as in the first embodiment to
constitute the side walls with the like zigzag mating line. The bottom wall

30  14A is also provided with a like seat 18A for supporting thereon a like



| ayer is etched, followed by renoval of the third region of the resist

| ayer, thereby formng self-aligned features on the phase-shifting nask.
Brief Description of the Draw ngs This invention, together with its
various features and advantages, can be readily understood fromthe
following detailed description taken in gonjunction with the acconpanying
drawi ngs i n which: :

terminal plate.

FIG. 8 shows a terminal connector in accordance with a third
embodiment of the present invention which is similar to the first embodiment
except that a terminal plate 30B is integrally formed with a ring 10B and is

5 provided with a socket 70 for receiving a prong of an electrical plug. Like
parts are designated by like numerals with a suffix letter of ‘B>. The
terminal plate 30 has a portion common to the bottom wall 14B of the ring
and an extension 36 which extends from the bottom wall to form the socket 70
outside of the ring. The common portion or the bottom wall 14B are shaped

10 to have a concave surface 31B which forms a like cord gap with the lower end
of the screw as in the first embodiment.

FIGS. 9 to 16 show a terminal connector in accordance with a fourth
embodiment of the present invention which is substantially identical to the
first embodiment except that a terminal plate 30C is shaped to have a complex

15 profile. Like parts are designated by like numerals with a suffix letter of ‘C’.
As best shown in FIG. 10, the terminal plate 30C, which is formed separately
from a ring 10C, is of generally V-shape with a complex upper concave
surface 31C. The complex surface is composed of a first concave contour 32
at the width center of the plate 30C and a pair of second concave contours 33

20  at the opposite width ends of the plate 30C. The first concave contour 32
provides a lowered surface, while the second concave contour 33 provides a
raised surface at a vertical level higher than the lowered surface 32. The
first concave contour 32 has substantially uniform radius of curvature which
is smaller than that of the second concave contour 33 and forms ridges 34 at

25 the intersection with the second concave contours 33. The first and second
contours are selected to provide a cord gap G with the lower end 21C of a
screw 20C. The lower end of the screw 20C has a convex surface of
substantially uniform curvature and a beveled edge around the periphery of
the lower end 21. The convex surface defines a major zone of the cord gap

30 G with the opposed terminal plate 30C for holding the electrical cord therein.



- 4- In specific enbodi nents, a positive tone resist

| ayer (FIGS. 1-4) or a negative tone resist |layer (FIGS. 5-8) can be
used in conjunction with el ectrons as t he radiati on.

FIGS. 1-4 are side elevational views.in cross section show ng various 5
stages in the manufacture of a phase-shi-fX(} ng mask, in accordance with a
specific enbodi nent of the invention; and FIGS. 5-8
are side elevational views in cross section show ng various stages in

tsggc rr?lng f 2;3&5??41@;@%0 Q 13& Mé&%ﬁ,@&é cord g%‘%? %rgda%n iesﬁﬁvﬁic% q? gg&i"ﬁg&s ake of
clarity, nong ot fie SN AR drihb SoREhsn at the whtth¥enfd. Description
When connecting the electric cord having a single core wire 62, the core
wire 62 is retained on the first concave contour 32 of the terminal plate 30C,
5 as shown in FIG. 9. When connecting the electric cords 60 having the core
wire 62 and the filaments 61, the core 62 is held on the first contour 32 and
the filaments 61 are held on the second contour 33 adjacent to the core, as
shown in FIG. 12. When connecting the electric cord having the filaments
61, the filaments 61 are concentrated at and around the first contour 32 of the
10 terminal plate 30C, as shown in FIG. 13. When connecting the electric cord
having a pair of the core wires 62, the two core wires are retained respectively
on the second concave contours 33 as shown in FIG. 14A. It is noted in this
connection that even if the two core wires 62 are positioned as shown in FIG.
14B before fully tightening the screw 20C, the one core wire 62 is forced to
15 move out of the ﬁrs;t concave contour 32 to be held on the second concave
contour 33 as the screw 20C is tightened. Once the core wire 62 is moved
out of the first concave contour 32, the ridge 34 acts to retain the core wire 62
in place and to effectively prevent it from moving back onto the first concave
contour 32. Thus, the two-core wires 62 can be stably captured to the
20 terminal plate 30C. When connecting the electric cord having three core
wires 61, one of the core wires is retained on the first concave contour 32 and
the other two are retained on the second concave contours 33 as shown in FIG.
15. Thus, the three core wires can be connected stably as well. Also in this
embodiment, only a small clearance C is given between the screw 20C and the
25 side walls 12C, 13C. The small clearance C is dimensioned to be smaller
than the diameter of the filament 61 to prevent the accidental entry of the
filaments into the clearance.
. As shown in FIGS. 11 and 16, the ring 10C is formed from a single
metal sheet into a rectangular shape in a manner as described with reference

30  to the first embodiment. Thus, one of the side wall 12C is composed of an



Referring now to the drawings, FIG 1 shows an early device stage 200

in the making of an illustrative portion of a desired phase-shifting mask
500 (FIG 4). For the sake of definiteness, it will be assumed that

the desired feature in 15 this portion of the mask is a square aperture,
but it should be understood that other _j1. features can be nade in

accordance with the invention, such as a circular aperture or a
| i ne-space feature, by nodifying the contours of the various regions to be
f or med in the resist |layer described bel ow, whereby such features as

clustered | ppperspaé40C integeadlyudependang fomaattaprivall 126 and a lower part
Substrate 11.js. a dielectric,. typical i f t hi ck h tz.
" any eventSC intgeflyFindasune onandueordfi Jut | b ReLBAR AT < fe
i | i i . .
ohot ores; ot MfASs a soupHAlL HipISADHAT O a glfier TRHEpLA CHRARMAA yith

wavel engt h heferfigalniods d2€hhnd aoriznedl heady3C uniTheriokertpartc4SC is  spun-on
gl ass, located on a major surface of the quartz substrate 11 itself 25

Al t er nat b vefermedwithag eoupling aecdse 466 whach is shaped in exact registr#igon with
Phase- shi Tt 40 olptisg phojedtion 1o have a verical cntrance 47 aBd 3 cove 48C. "Fne
entrance 47C is defined between opposed guide members 49 of the lower part
45C. The coupling projection 41C is intimately engaged with the coupling
recess 46C to give a zigzag mating line Z. In this embodiment, the mating
10 line Z further includes first oblique segments Z1 and second oblique segments
Z2, and third vertical segments Z3, as shown in FIG. 16. The first oblique
segment Z1 is defined at the interface between the head 43C and the guide
member 49 to extend in an inclined relation with respect the horizontal, i.e.,
the length of the ring 10C in order to develop a retaining force of retaining the
15 guide member 49 against being deformed in a direction of widening the
entrance when the coupling projection 41C is subject to a vertical force which
results from the tightening of the screw 20 and acts to pull the coupling
projection 41C from the coupling recess 46C. The second segment Z2 is
defined between the guide member 49 and the upper part 40C to extend in an
20  inclined relation with respect to the horizontal for developing a like resistive
force of retaining the guide member 49 against being deformed in the
direction of widening of the entrance 43 under the effect of the vertical force.
The third vertical segment Z3 extends from the inner end of the second
segment to horizontal segment Z4 defined between the guide member 49 and
25  the upper part 40C for developing the like resistive force. With the inclusion
of the first, second, and third segments, the guide members 49 are made
reluctant to spread when the coupling projection is subject to the vertical force
resulting from the tightening the screw, thereby securely holding the
engagement of the coupling projection with the coupling recess and therefore

30  protecting the ring 10C from being torn apart at the side wall. As a matter of



| ayer 12 is everywhere equal to [err]/2(n-1), where [err] is the vacuum
wavel ength to be used in the optical systemand nis the refractive

i ndex of the material in the |ayer 12. In case this layer 12 is
omtted, then the depth of the trench 17 resulting in the 30 substrate 11,
instead of in the layer 12, is also equal to [err]/2(n-1) but where n is
refractive index in the substrate 11. Layer 13 is an
opaque | ayer, typically chrom um having aldniform t hi ckness of 0.1
[err] mwhich has been deposited on the top major surface of the phase-
shifting layer 12 or in the absence of this layer 12 directly on the top

maj or surfacgoweLht loast SHOSF B firstlsecond, and third segments is effective for
assuring rigid engagement between the upper part 40C and the lower part 45C.
In order to further enhance the engagement, indentations 19 are made at
several portion along the mating line Z as shown in FIG. 11 in order to deform
5 or collapse the corresponding portions of the material forming the side wall.
As shown in FIG. 17, relatively wide indentations are alternatively made to
zones 19A including the first, second, and the third segments, partially or

entirely.

10



- 5- Region 14 is a portion of a uniformy thick positive
tone resist |ayer, typically a polynmer such as pol ycresol f or nal dehyde
sensitized with substituted 1,2 napt hoqui none diazide, having a

uni formthickness of 0.5 [err]m Such a resist is : o sl 1 it

Shi pl ey Conpany under the trademark of MAB3400. The reﬂlmﬂmﬂ”fm“llm
bonmbarded with electrons in the anount of doses D2 and«DIc Of. elweCsrons in
regions 15 and 16, respectively. The dose D2 is greater than Dl1. For

exanple, D2 is . about 20 m cro-coul onbs per square centinmeter, and the
dose DL is ab&BMS i cro- coul onbs per square centineter, both doses
at 20 keV. Typically, the outer contours of the region 15 forma

square, and the contours of the region 16 forma square ring,
1. A screw-in electrical terminal connector for an electrical accessory, said

terminal connector (1) comprising:

5 a terminal ring (10) having a top wall (11), a bottom wall (14), and a pair
of side walls (12, 13) which are spaced in a width direction of said terminal ring
to connect said top and said bottom walls, said side walls forming therebetween
a lead-in opening (15) through which an electrical cord (60} is led into said ring,
said top wall having a threaded hole (17), said bottom wall being provided with

10 a terminal plate (30) adapted in use to be connected to said electrical accessory;
and
a terminal screw (20) extending through said threaded hole to define a
cord gap (G) between a lower end (21) of said screw and said terminal plate
such that said electrical cord inserted through said opening into said cord gap is
15 held against said términal plate by tightening of said screw, said cord gap
including a principal zone which has a width center coincident with an upright
axis of said screw and extends in opposite directions horizontally along said
width direction to have opposite width ends;
characterized in that said principal zone is configured to have said
20 opposite width ends which has a gap distance which is narrower than at said

width center.

.2. The terminal connector as set forth in claim 1, wherein
25 said principal zone is configured to have a gap distance which is narrower

towards said width ends than at said width center.

3. The terminal connector as set forth in claim 1 or 2, wherein

30 the lower end of said terminal screw is shaped into a smoothly curved convex



10 but other contours are feasible as noted above. ﬂ/_,/_—Ai—ter
the el ectron bonbardnent, the resist is developed in ui tabl e

devel oper which renoves the region 15 of the resist but_nai ' ﬂ‘gr
16. For exanpl e, AZ2401 devel oper (Shipley) dil ut Hiik t\“mﬂmm
dilution of 1 volunme of devel oper inl18 -vol unes of ,L can Be lsed
for about 8 mnutes. Then the portion 15 of the chrom um |l ayer 13
underlying the (renoved) original resist region 15 is et ched,

typically by S 0 et.chi with cerri N um ni j on or
dry etching wi ¥4 ?%ﬁ%‘%%lpg%é%ﬁ%“ “gg(#rgo. ﬁ%g)%ir?l Ser%%%t%r?ﬁ c%f(s'%?#e!ttfi
process, devic : I ' tdral inei i Next ,
the resist is %ﬁoﬁe%&}(éggﬁugggaé Ezi‘ma%‘. érfcgltﬁ&r? fihs i%nactl)?ael-z-o ?3%?%3 Ialfozfo
nmore concentr ai‘@ﬁbdﬁllﬁtﬁc@@m%\dﬂ péfions eorespdnding testhe twidthgénds of 8aidiprincipmdi n
not the resi st region 14. For exanple, AZ2401 devel oper supplied by
Shipley, in a dofaition of 1 volune of developer in 4 volunes of water,
can be used for about 5 m nutes. Then the spun-on glass layer 12 is
etched down to its interface with the quartz substrate 11; or, in the
absence of the layer 12, the quartz substrate is etched--for

4. The terminal connector as set forth in claim 3, wherein

said lowered surface has a first concave contour (32), and each of said raised

surface has a second concave contour (33), and opposite width ends of said first
10 concave contour define ridges (34) at the intersection respectively with said

second concave contours.

5. The terminal connector as set forth in any one of claims 1 to 4, wherein
15 said terminal platé (30) is formed separately form said terminal ring (10), said
bottom wall (14) having a seat (18) which is struck out from a portion of said

bottom wall to have a concave surface on which said terminal plate is placed.

20 6. The terminal connector as set forth in any one of claims 1 to 4, wherein
said terminal plate (30) is formed as an integral part of said terminal ring (10)

which is struck out from a portion of said bottom wall.

25 7. The terminal connector as set forth in any one of the preceding claims,
wherein
at least one of said side walls (12, 13) comprises an upper part (40)
integrally extending from said top end wall (11) and a lower part (45) integrally
extending from said bottom wall,

30 one of said upper and lower parts having a coupling projection (41) and



25 exanple, either with a wet etching solution of buffered hydrofl uori
acid in water or wth a dry CHF[err] pl asna. Atm
process, stage 400 (FIG 3) is attained. Nex osed
portion of the chroniumlayer-viz, the portion unc\“‘“@‘mgg‘m“\
(renoved) original resist region 16--is etijghed by neans ! sy *
etching. Finally, the remaining resist region 14 is rem)T/edC, typically by
nmeans of a 30 suitable wet etching with a wet organic solvent or an acid
solution, or a_dry, etchi . with an Jerr] .pl.asma, whereby the desired
phase-shifti ngﬁWééhensW g%‘@g agppuphing rece%(flé%) fidntimate engagement with saigt o
that the etchigﬁﬂ}a%é@%ﬁ{ J2 (or substrate 11) can be perfornmed just

prior to the r I esi st region 16 especially if the etching of
layer 12 (or 35 Subsgicahiflidd projection'e gréa{ﬂgwed)f 88 e?ﬂeﬂqeslﬁr%*\vﬁh
process usual ly does notﬂrlr%%ﬁdg/ o th esi’st rélgﬂ?on 1v6. To rermove a%y
unwant ed resi droes (42) amteeHedib(433 saftknope projecting from one of said parts in parallel

5 with said upright axis of the screw, and said head (43) extending horizontally in

a perpendicular relation to said upright axis of the screw from a free end of said

root.

10 8. The terminal connector as set forth in claim 7, wherein
said coupling recess (46C) is in the form of an inverted T-shape with an
entrance (47C) and a cove (48C),
said entrance being shaped for exact registration with said root and being
defined between opposite gate members (49) which extend horizontally towards
15 each other from oﬁe of said parts,
said coupling projection (41C) engaging with said coupling recess (46C) to
define a zigzag mating line (Z) therebetween,
said zigzag mating line including at least one oblique segment (Z1, Z2) which
extends in an inclined relation with respect to the horizontal direction of said
20 ring in order to develop a retaining force of retaining said gate members against
being deformed in a direction of widening said entrance when said coupling
projection is caused to move away from said coupling recess by a vertical force

developed as a consequence of tightening said screw.

25
9. A screw-in electrical terminal connector for an electrical accessory, said
terminal connector comprising: _
a terminal ring (10C) having a top wall (11C) , a bottom wall (14C), and a
pair of side walls (12C, 13C) which are spaced in a width direction of said

30 terminal ring to connect said top and said bottom walls, said side walls forming



- 6- pl asma treatnment can be added after any etching step or

devel opi ng step. Referring now to FLG/%’—a'ﬁ’é’é'r’I’)a}D—)sﬁt—;ge
600 in the maki ng of an illustrative portion of ade5| “
phase-shifting mask 900 (FIG 8) for use as the M\“m

af orenmentioned optical system in accordajge wth anot ’

enbodi nrent of the invention. Here in FIG 5, all el errents are the sane as

in FIG 1 and are given the sanme reference nunerals, except that the

resist material in the . .
therebetween a lead-in opening (15C) through which an electrical cord (60) is

led into said ring, said top wall having a threaded hole (17C), said bottom wall
being provided with a terminal plate (30C) adapted in use to be connected to

said electrical accessory; and

5 a terminal screw (20C) extending through said threaded hole to define a
cord gap (G) between a lower end (21C) of said screw and said terminal plate
such that said electrical cord inserted through said opening into said cord gap is
held against said terminal plate by tightening of said screw, said cord gap
including a principal zone which has a width center coincident with an upright

10 axis of said screw and extends in opposite directions horizontally along said
width direction to have opposite width ends;

at least one of said side walls comprising an upper part (40C) integrally
extending from said top end wall (11C) and a lower part integrally extending
from said bottom wall,

15 one of said upper and lower parts having a coupling projection (41C) and
the other part having a coupling recess (46C) for intimate engagement with said
coupling projection,

said coupling projection being configured into an inverted T-shape with a
root (42C) and a head (43C), said root projecting from one of said parts in

20 parallel with said upright axis of the screw, and said head extending horizontally
in a perpendicylar relation to said upright axis of the screw from a free end of
said root,

said coupling recess being in the form of an inverted T-shape with an
- entrance (47C) and a cove (48C), said entrance being shaped for exact

25 registration with said root and being defined between opposite gate members

(49) which extend horizontally towards each other from one of said parts,
said coupling projection engaging with said coupling recess to define a

zigzag mating line (Z) therebetween,

characterized in that:

30 aid zigzag mating line includes at least one oblique segment (Z1, Z2) which



stage 600 is negative tone. This resist material can be, for exanple, an
SAL601 resist, as supplied by Shipley, uniformy 0.5 [err]mthick,
baked on a hot plate at 70[err]C for 4 mnutes. The i ayer is
bonbarded in regions 15, 16, and 14 with electro doses D2 and
substantially zero, respectively. Typically, D2 is eguahtg ém m‘\
approximately 7 m cro-coul onbs per square centi net e\;ﬂm\\‘“ ; mat el y
equal to 4 mcro-coul onbs per square;gentinetery and tal I' the el ectrons
have been accel erated to appr oxi mat'e}@”ZO keV. Af ter
t he el ectron bonbardnment, the resist is developed, typically for 15 4
mnutes wth a wet devel oper such as an 0.27 N aqueous sol ution of

t et ramet hyl ammaxméends iR\oariaskintsl relafiohWith Yé&pectrto shehoriagitslndidétion of saidt
region 15 or 16, is renoved. To renove undesired residues if need be,
an oxygen pl asing in order taedevedon a cetainbeg fosesiof rekainingtseidogate membsrs {49

phrgn‘i um | ay?r@%gggg%fn t he &yqﬁ%&e(g?@gﬁi&%%%%ﬂngg}ﬁére ion 14
is dry or wet _ @&aﬂé&n@ . . i um
process, devi CRUBHEE PREIsHAGE s Hadd YoimBe BARE o sk DBl fectls bya  11°

5 vertical force developed as a consequence of tightening said screw.

10. A screw-in electrical terminal connector substantially as hereinbefore
described with the accompany drawings.

10



Next, the resist is further devel oped by neans of a nore concentrated
devel opi ng solution, typically by neans of an aqueous 0.54 N sol ution of
t et ramet hyl anmoni um hydroxi de for 4 m nutes. Again, as above, an oxygen

pl asma 25
| ayer 12,

exanple, (in the absence of the spun- on glass layer 12) the quartz
substrate 11 is dry etched for 9 mnutes, by means of a
at about 100 sccm 2.7 Pa, 200 Watt, in a Plasma Therm SL720 et chi ng
t he exposed portions of the quartz substrate 11 are
30 etched to a depth of 385 nm Unwanted resi dues can then be renoved by
plasma treatnent. At this point, the device stage 800 (FIG

chanber. In this way,

an oxygen

can be used to renove unwanted resi dues.

or

inits absence the quartz substrate 11, is etched. For

7) is attain _ ygim | ayer 12 is etched
gﬁl{fwb IN ELECTRICAL rRRMINAL ht?oxﬁ@.&t‘q]

again, typic

sol uti on,
t he resist

13 underlying the (by now renoved) original resist regions 14 and 16
have been renoved. Finally, the resist region 15 is renoved, as by neans of

10

15

20

y neans o treatnent w

Then the spun-on gl ass

CHF[ err] plasma

a cerric anmpbniumnitrate

wh the portions of the chrom um | ayer 13 underl yi ng
rgéiwg!fenai n, whereas the portions of 35 the chrom um | ayer

A screw-in electrical terminal connector particularly suitable for
securely holding a stranded wire. The terminal connector includes a
terminal ring having a top wall, a bottom wall, and a pair of side walls. The
side walls are spaced in a width direction of the ring. A terminal screw
extends through a threaded hole in the top wall to define a cord gap between a
lower end of the screw and a terminal plate on the bottom wall such that the
electrical cord inserted into the cord gap is held against the terminal plate by
tightening of the screw. The cord gap includes a principal zone which is
defined to have a width center coincident with an upright axis of the screw
and extends in opposite directions horizontally along the width direction to
have opposite width ends. The principal zone is configured to have said
opposite width ends which have a gap distance which is narrower than at the
width center. Thus, when connecting the stranded wire composed of a
plurality of filaments, the individual filaments can be concentrated around the
width center of the principal zone of the cord gap and be therefore prevented
from spreading outwardly of the width ends of the zone of reduced gap
distance. With this result, the stranded wire can be securely held against the

terminal plate at a sufficient strength.

(fig. 3)



7 a plasma treatnment. At this point, the desired phase-shifting mask

900 (FIG 8) is. attai ned, which can be used as the reticle in the
af orenenti oned optical system Not e that the
above-nenti oned oxygen plasna treatnents to renove
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unwanted residues (if any) are not mandatory but are optional. 5

Al t hough the invention has been described in terns of specific

enbodi nents, various nodifications can be nmade w thout departing fromthe
scope of the invention. Instead .of chromumfor the opaque |ayer 13,

ot her sufficiently opaque materials such as nol ybdenum silicide can be
used. The spun-on gl ass | ayer 12, as noted above, can be omtted or can
be replaced with other materials that 10 can be selectively etched with
respect to--ie, have higher etch rates than-the under |l yi ng (quartz)
substrate, such as silicon dioxide whi ch?f8s been chem cally vapor
deposited on the substrate. Moreover, thicknesses of the phase-shifting

| ayer correspondi ng to. phase-shifts other than [err] radian can al so be
used, in achTgaqge with diffraction principles. -
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1. Alithographic technique for making a phase-shifting mask conpri sing
introducing into first, second, and third regions (FIG 1: 15, 16, 14;

FIG 5. 14, 16, 15) of a resist layer nmutually differing first, second,
and third doses of resist-nodifying radiation per unit area (FIG 1: D2,
D1, O; FIG 5: 0. D1, D2), respectively, the resist |layer being |ocated
upon a first material layer (13) which hgalocated upon a second nmateri al

| ayer (12), the first region being contiguous with and having a second
common  bofRl@Bry/with the first region, the first material |ayer being
optically absorbing and the second materi al IQW?( bei ng transparent with
respect to prescribed optical{FfAadi-ati bj ecting the resist layer to a
first devel opment procedure, Q@HCi 2: 15; FIG 6
14 ), but not the . | ayer is

di ssol ved, charact A E (a) etching the
first material layer (13)\{ o3 teri al yer, solely in the
region thereof underlying tl i gi Bs 1 1. 15; FIG b5:

14) of the resist |ayer,

rst region1

SRS
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FIG. 8 18A
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(b) subjecting the resist layer to a second devel opnent procedure, whereby
the second region (FIG 3: 6; FIG 7:16) but not the third region (FIG 3:
14; FIG 7: 15) of the resist layer is dissolved, (c)
etching a thickness of the second material |ayer (12) solely in a region
underlying the original first region (FIG 1: 15; FIG 5: 14) of the resist
| ayer, whereby the thickness of the secg? material |ayer (12) is reduced

thereat; a (d) etching e first erj | ayer (13) in a
regi on the?e@ugderlyi ng the original second reg (F1@ 1: 16; FIG 65:

16) or the resist |layer, , wherein the order of sequence of
the steps is (a), (b._(c); (d)
20C,

: 10C  3pC

! ,( _31C
13C r '
\ ——| /120

C i
\_54210
G

Y

1INyl 33 33
_ 34 4, 34
\// A
62 \ :‘33\300
132

FIG. 11




-9- whereby there are created an edge in the first
material |ayer (13) and an edge in the second material layer (12) that arc
aligned with the second and first conmon boundaries respectively.

2. The technique of claiml in which the third dose is substantially zero,
the resist is a positive tone resist and the first dose (D2) of radiation

per unit area is greater than the secong dpse (D1). 3. The
technique of claim2 in which the radiation is essentially el ectrons.
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4. The technique of claim1 in which the first dose is substantially zero,
the resist is a negative tone resist, and the third dose of radiation per
unit arca (D2) is greater than the second dose (D1). 5. The
technique of claim4 in which the radiation is essentially electrons.

6. The technique of claim1 in which the second material layer (12) is

| ocated on a substrate conposed of a third material, and in which the
entire thickness of the second material I%B4%r (12) underlying, the original

first region (r‘_-IGk1e1rgsi st layer is renoved during step (c).
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