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cireuit board fabricakion techniques involved connecti
surface of the circuit board directly to through holes.
hol es, when plated with a conductive material, serve tao v
and back surfaces of, thg circuit board. Unfortunately connecting wres
directly to the through:hol es produced con%ections t hat
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NON-ANNULAR LANDS

BACKGROUND OF THE INVENTION

Early circuit board fabrication techniques involved
connecting wires on the surface of the circuit board directly
‘to through holes. Through holes, whén plated with a
'conductive material; serve to connect the front and back

5 surfaces of the circuit board. Unfortunately connecting

wires directly to the through holes_prodnced connections that

" had a high faiiure rate. The difference between the thermal

expanSion of the metal wire and the substrate lead to

cracking, particularly at the juncture of the wire and the

10 through hole. As a result, the electrical connection between
the wire and the through hole was broken.

To overcome the failure rate of the connections, a
1and.wa§ created to connect the wire to a thfough hole. The
land which is made of electrically conductive material,.

15 typically copper, is a circular or more specifically annular
structure, that completely encircled the through hole. By

providing lands the surface area of the connection between the

. This Sheet Has Been Replaced

- (w0




*ad & high failure rate. The difference between the thermal expansion of
the metal wire and the substrate lead to cracking, par (H”§§AééﬁﬁA§§%EN
the REp

juncture of the wire and the through hole. As a result,
Gonnection between the wire and the t hrough hol e wwas b.
the failure rate of the connections, a | gnd was created to connect the wire
to a through hole. The | and which is madé of electrically conduct i ve

material, t(pt&agh Yn628P&hd 'tﬁeav&'xf Wl ﬁgﬂﬂfcaﬁ%fiﬁﬁéé(sé&m”{:ﬂ&s

resulted in fewer failed connections.

Lands have been historically annular, to maximize

the contact area between the edge of the plated through holes

5 and the land. In addition, lands were circular in

configuration to compensate for errors in drilling Qr

._photolithography that caused the lands to be offset from the

through hole during the printed circuit board fabrication
process.

10 In the éuest for miniaturization of circuit boards
and integrated circuit devices, designers have sought to place
more and more electronic structures on ;he surface of circuit
boards and devidqg, To accomplish- fhiS~ goal, designers
require an ever increasing amount of space, that is "real

15 estate,"” on the surface of a circuit board. In an at;empt to
increase the available "réal estate", ~ the diaﬁeter of
conventional lands relative to the diameter of through holes
was decreased. However, when the through holes were drilled,
fhe drill bit often stripped the:- lands from the substrate,

20 leavihg an irregularity in the through hole which creates an
unreliable plated thfough hole. :

Indeed, as circuit board technology has developed}
the land size has increased rather than decreased.

Projections-known as "flares" have been added to lands along

25 the axis of the wire to further improve the reliability of the
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that conpletely encircled the through hol e.~By—ptQ pg-—-l-an
e . . . THENSABEF HABGBHERS
gnificantly increased; this resulted in fe T famawiAceo

Lands have been historically annular,-to '
' 3

connectién between the wire and the land. The addition of the
flares to circular iands consumes even more real estate than
the conventional lands.

It would be desirable to increase the available real
estate on a substrate while preserving reliable connections

between wires and through holes afforded by lands.

SUMMARY OF THE INVENTION

The present invention increases real estate by
providing non-annular lands which do not completely encircle
the through holes;, that is they do not extend 360° around the
through hole.  Preferably the.non—annular lands contact no
more than one side of the through holes thereby providing real
estate not otherwise available using conventional lands. The
present invention also relates to a method for producing such

non-annular lands.

BRIEF DESCRIPTION OF THE DRAWINGS _

Figure 1 is a schematic diagram of a portion of a
circuit board showing land configurations and wiring between
holes of typical prior art configuration;

Figure 2 is a schematic diagram similar to Figure 1,
showing the non-annular land of the present invention and

Wiring;between holes;
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"t-he Contact area between the edge of the plated throUgJEﬁE
iflgt

Fes afrt—t e
land. . In addition, lands were circular in confifjghf BHEET JAS BEEN
conpensate for errors in drilling or photolithography tlhat cgggbﬁcﬁﬁe.lan S
to be offset fromthe through hole during the printed circurt board
fabr.ication process. In the quest for mnjaturization of circuit boards and
Integrated circuit devices, designers have sought to place nore and nore

el ectronic structures mpigdie 3546f 3C@1i Kyr&m 'sH¥¥ing the relationship of an

non-annular land to a plated through héle;
Figure 4 is a plated through hole showing
positioning of artwork in prodﬁcing the non-annular land;
5 Figures 5, 6 and 7 show various wiring

configurations with Non-annular lands of this invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention increases real estate by

broviding a new land shape while preserving reliable

10 connections between through holes and wires. Instead of a
360° annular landnybich contacts the ehtiﬁe circumference of

the plated through hole, the non-annular lands of the present
invention contact only a portion, that i;, less than 360° of

the through holes. An non-annular land is positioned on the

15 same side of the through hole as the wife that contacts the
through hole and is preferably oval in.shape. |

By employing the non-annular land increased real

estafe is obtained. For example, referring to Figqure 1, the
convehtional 360° annular lands 10 and the conventional 360°

20 annular lands 12 with flares 14 can be seen connected to

through holes 20 and 22. Where the through hole centers are

spaced 0.03:inches apart, only two 0.004 inch wires 16 and 18
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‘bvar ds and devi ces: To acconplish this goal, designgriis SHEET ¢ASBERN:
i ncr éasi ng amount of space, that is "real estate," onfjt he SRERLAGEDf a
circuit board. In an attenpt to increase the avail abFe==F estat e
the di aneter of conventional lands relative to the dianeter of through
hol es was decreased. However, when the thEough hol es were drilled, the
drill bit often stripped the lands fromthe substrate, |eaving an
lhr Ir egul ari t Yod Bdeaddummitiatid a nvitheh spaeet BetakedNtRkbaghensiakegdot HhQuah
ol e. : :
22,

With reference to Figure 2, non-annular land 40 can
be seen parﬁially surrounding 'through hole 42. 1In the 0.05
5 - inch space between the centers of through holes 42 and three
0.004 inch wires, wires 46, 48 and 50 may be accommodated.
When epoxy-glass is the dielectricl material used for the card,
the minimum space between the wires, necessary to prevent
shorts between the wires, is 2 mil. Thus the Non-annular
10 lands provide a significant increase in real estate when
compared to real estate available when usirig conventional
lands.
Referring now fo Figure 3, t-h'fe'-_--preferred length of
the non-annular land is preferably determined by calcu_lating.

i
15 the offset distance d,. The offset distance d, represents

(-]
the distance that the reticules, that is the preferred
artwork, are offset from the center of the through hole during
the photolithographic process.

The preferred offset distance d, is determined by

20 the following formula:

d

z + (x,-r;) +t, - s
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‘I'ndeéd, as circuit- board t echnol ogy has devel oped, thgp=tard—srze—h=

|ncreased

rather than decreased. Projections knownl aEHISISHEET HATBEEN

added to |l ands along the axis of the wire to further |nprovBERKACED

reliability of the -3 - connection between theswr€"

addition of the flares to circular lands g
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wherein:
t, is. the tolerance of conductor generation process,
that is the etching process (and t, equals 0 where
the tolerance is unknown);
8 is the minimum spacing .0of conductor lines, also
referfed ;o herein as wires, which varies depending
on the circuit board design;
Z, is the minimum desired space between the
nearest adjacent wire and the edge of the through
hole 60; '
r, is the radius of throughlhole 60 as drilléd;
r; is the radius of the reticule used to form the
non-annular land 62, preferably r; is the same as

i
rg.

For example, in a system where: z is 6.5 r, is 6.

mil, s is desired to be a minimum of 2 mil, the t, is 1.0 mil,
X, is 6 mil, then
d =6.5+ (6 -6) +1.0 - 2.0

(+]

do = 505
Thus the center of the reticule should be offset 5.5 mil from
the center of the through hole at the 1last exposure.

Preferably between the first exposure in which the reticule is

' positioned over the intended through hole position, and the
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* ¢onsumes even nore real estate than t he conventlona
desirable to increase the available real estate on a‘*

preserving reliable connections between wires and thr
| ands.

[ SHEETWAS BEEN

(D

| east one through hole which has an electrically conductive nmateri al

di sposed t kgipisurd it WHiGH theogedituiehes pOSPELIShEE 8.5aM81 PAGkI Bhey

ugh MRERIAGED or deg
SUMMARY COF THE | NVENTI ON According to one- aspe*-*r——~"-~"- ‘

there is disclosed a circuit board having di sposed thereon a wre,

and at

surroundi ng the through hole and in connection wiith the conductive materi al

and the wi rocentéarcoofi thet ctlarmidier has@gcithehareticult smhow&;a::lcﬁmﬁ at
included in such a circuit :
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halfway or 2.75 mil from the center of the through hole and

exposed.

As used herein, “"length"” refers to the dimension of
the non-annular land along the axis of the wire_connected to
the non-annular land, as measﬁred from the edge of the through
hole to the edge bf the wire. The non-annular land length is
preferably 0.1 to 2 times, more preferably 0.5 to 0.75 times
the value of z minus (s + t,). While the non-annular land
length could exceed 2 times the value of z minus (s + t)),
this defeats the objective of providing increased real estate.
Smaller lengﬁhs, that is smaller than 0.1 times the value of
z minus (s + t)) result in an increased r;te of failure for
connections, and are less preferred. Typically, when such
lengths smaller than 0.1 times the value of z minus (s + t,)
are employed, there is not enough dielectric mateiial between
the pon-annular land and the adjacent wire so that a short
occurs befween the non-annular land and the adjacent wire.

The width of the non-annular land is the dimension
of the land along the direcfibn perpendicular to the length
of the land. The width of the non-annular land is greater
than the width of the wire. While the width of ‘the Non-

annular land may exceed the width of the drilled through hole.
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‘boarH.-According to still another aspect of the invention fhﬂ*?:ts:r——‘?
di scl osed a nethod for forming a circuit board, said {mpipsHEENEAS SEEY fihe

steps of: a. provi ding a substrate having w res |sposa£PLheEBon b
provi di ng positions for through holes in the substratte=e= =—For T 1y
metal on the substrate over the positionsgfor the through holes; d.
drilling through the.netal at the deS|red t hrough hol e Iocatlons to provide

| L hlrough hol pxeferdbiy, thedwiﬂw 8¢ €RAUNGA-ARNABLLT 1 ahd | 1k SEesh KA By
o equal to the drllled through hole width.
The lands are made of the same material as the
wires, which are typically copper.

5 Producing the non-annular land

First the artwork is3formed employing conventional
photolithdgraphic techniques. The image of the desired non-
‘annular land.is exposed on a photo-sensitive emulsion carriexr
on giass or other transparent substrate. The prgferred method
10 for forming the non-annular land is éhown in Figufe 4, A
conventional circular reticule is centered, at the position
corresponding to (X, y), which is the center of where the
through hole is to be drilled. The emulsion is exposed to
light, preferably UV light. Then the reticule is dffset from
15 the through hole éenter b& the offset distance d, calculated
using the above Formulae. . Thus, the reticule is centered at
position corresponding to (x + d,/2, y) and exposed.
Preferably, to obtain an éven longer Non-annular land, the
retigulé is positioned at position corresponding to (x + d,,
20 Y) and exposed a second time. Thereafter thg eﬁulsion carrier
is developed. Typically, the non-annular land need only be
large enough to allow the actual through hole to be positioned
| at the minimum adjacent conductor spacing.
. Alternatively, the custom artwork, that is, the

25 exposure mask formed in the-desired shape of the non-annular
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‘{0 thereby provide a circuit board having | ands MhIC?H %ﬁﬁwsgﬂgﬂownd
sai d through hol es and which serve to connect the %,

material in the through hole. BRI EF DESCRI PTI ON OF AENSS—RFgaFe 1 is
a schematic diagramof a portion of a circuit board shomnng | and
configurations and wiring between holes @f typical prior art configuration;
Figure 2 is a schenmatic diagramsimlar to Figure 1, shown the non-annul ar

| and of thdgqrieseay bevadéd) aaahétrtmnbeﬁdﬁﬁh&%ﬁé artwork using a

conventional c1rcu1ar reticule.
The artwork is then used in a traditional printed
circuit photoimaging process, in which a photoimageable resist
5 is applied to a substrate, and exposed to actinic radiation
through the artwork. The photoresist is conventionally
developed using conventional processes to form.the desired
pattern. Preferably subtractive processes are used in which
the photpfesist when developed, forms the final non-annular
10 land shape. The unexposed photoresist is removed by
conventional solvents, leaving the exposed photoresist in the
- desired pattern. ‘An etchant is then used to remove metal
not protected by exposed photoresist. The~exposed_photoresist
is stripped leaving the final conductive pattern including the
15 desired non-annular lands. ‘

Alternatively, or additionallf, conventional
additive processes may be.used. In such additive processes,
the spaces between the photoresist, when de&eloped, define the
Circpitization pattern. The circuitization is then formed in-

20 such spaces by conventional methods such as by additive
plating. After the plating, the photoresist is stripped
leaving the finai conductive patfern including the desired.
non-annular lands.

_ Upon assembly of the '"core" substrate into a

25 composite structure, the cores are registered, that- is
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u Figure 3 is a diagram show ng the rel ationship of an
a plated through hol e; Figure 4 is a plated through hal
positioning of artwork in producing the non-annular |a
and 7 show various wring configurations wth *Non-3
I nventi on. '
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10
aligned, to make the proper connection to the required layers.
The assembly is then drilled to form the desired through holes
and through holes are conventionally plated typically using
electrolytic or electroless copper plating. Alternatively,
the through holes may be filled with conductive paste. As a
result, the plated through hole contacts the non-annular land

as shown in Figure 3.

Example 1

A thin light card having an minimum spacing between
lines of 2 mils and containing the non-annular land of the
present invention was prepared.as follows. A circular opaque
reticule having a dlameter of 0.011 lnches ‘was placed on a

photosensitive emu181on which was deposited on a transparent

‘substrate to create the artwork. The reticule was placed at

centers of desired through holes and exposed to ultraviolet
light. The reticules were offset by 3 mils from hole center,
exposed, offset a second time by 3 mils and exposed. The
retioules were removed and the emu151on_developed to produce'
artwork. A conventional negative photoresist available under
the name "Resiston" from DnPont Chemical Company was applied
to 0.0014 inches layer of copper disposed on a card having
grid dimensions of 0.050 x 0.025 inohes. The photoresist was
exposed to actinic radiation through the artwork and

conventionally developed. ‘The card was etched to define the

This Sheet Has Been Rerlaced

NI




*DETAI LED DESCRI PTI.ON OF THE | NVENTI ON The present i nvgatd ner g .
estate by providing a new | and shape whil e preservi ngliresEHeEToREBEEN ANS
bet ween t hrough hol es and.w res. I nstead of a [err] annuInEpiﬁwgbwhlc
contacts the entire circunference of the plated throughsre=%
non-.annul ar | ands of the present i nventi oy contact onIy a portlon that IS,
| ess than [err] of the through holes. An non-annular |land is positioned on

the same sidpeis ! hendmrene hpﬁ@ﬁ&ré@iéﬁew%r 8tifigbeQnt 2ctert Neompleting

several conventionai fabrication steps.including lamination,
pinning and registration, the through holes were drilled using
a 0.0}0' inc;h drill bit. The through hoies were conventionally
5 plated using electrolytic copper plating, to provide through
holes 'having a diameter of 0.008 inches and a Land h_aving a
width of 0.010 inches and a length of 0.006 inches. The

wiring pattern for a portion of the card is shown in Figure 5.

Example 2

10 _ A card having an s value of 2 mils and containing
the non-annular land of the present invention was prepared as
follows. A circular opaque retiéule-having a diameter of
0.009 inches was placed on a photosensitive emulsion which was
deposited 6n a transparent substrate to create artwork. The

15 - reticule was placed at centers of desired through holes and
exposed to ultraviolet light. The reticules were offset by 3
mils from the through hole center, exposed, offset a second
time by 3 mils and exposed. The reticules_were removed and
the emulsion develdped to produce artwork. A conventional

20 negative photoresist available under the name Resiston from
Dupont was applied to 0.0014 inch layer of copper disposed on
a card having grid dimensions of 0.050 x 0.025 inches. The
photo;g?isth was exposed to éctinic radiation through the

artwork, and conventionally developed. The card was etched to
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‘through hole and i-s preferably oval in shape. By enpl A _

| and i ncreased real estate is obtained. For exanple, * *g§2$ 1
the conventional [err] annular |ands 10 and the convefjtional=] 1 ] r
lands 12 with flares 14 can be seen connected tosthro hol'es 20 and 22.
Where the through hole centers are spacegy 0. 05 inches apart, only twoe 0.004
inch wires 16 and 18. '

define the Lands, then the photoresist was stripped. Next,

the through holes weie drilled using a 0.008 inch drill bit.
The through holes. were conventionally plated using
electrolytic copper plating, to. provide through holes having
5 a diameter of 0.006 inches and a Land having an width of 0.008
inches and an length of 0.006 inches. The wiring pattern is

shown in Figure 6.

Example 3
A card containing an non-annular land of the present
10 invention was prepared as follows. A circular opaque reticule

having a diameter of 0.011 inches was placed on a
photosensitive'emq;éidn which was'deposited.on a transparent
substrate to create- artwork. The reticule was placed at
"centers of desired thiough holes and exposed to ultraviolet
15 light. The reticules were offset by 3 mils from the through
hole center, exposed and offset a second time by 3 mils and
exposed. The reticules were removed and the emulsion
developed to produce artwork. A conventional negative
photofesist available under the name "Resiston" ffom Dupont
20 Chemical Company, was applied to 0.0014 inch layer of copper
disposed on card having grid dimensions of 0.050 x 0.025
inches.  The photoresist was exposed to actinic radiation
through;the.artwork, and conventionally developed. The card-

was etched to define the Lands, then the photoresist was
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can be accommobdated in the space between through hol'es
reference to Figure 2, non-annular |and 40 can be seen
surroundi ng through hole 42. In the 0.05 inch space bet
t hrough holes 42 and three 0.004 inch wires, wires 46, FreF= :
accommodat ed. When epoxy-glass is the dleigctrlc mat eri al used for t he.
~card, the m nimum space between the w res,  necessary to prevent

holes were drilled using a 0.010 inch drill bit. The through

holes were conventionally plated using electrolytic copper

plating, to provide through holes having a diameter of 0.008

Ainches and a Land having a width of 0.010 inches and a length
5 of 0.006 inéhes. The wiring diagram is shown in Figure 7.

Evaluation of the non-annular lands

As. shown in Figure 1, by using the non-annular lands
the real estate is increased between through holes . that are
spaced 50 mils apart. As a result, this permits room for a

10 third wire having a width of 0.004 inches to be adde&'in
addition to the other two wires thereby increasing the
wireability density by 50%. .In turn, this increased wiring
capability on one: surface, permits the number of wiring planes
required, to bé reduced in certain applications.

15 The reliability of the wire connections was
determined by subjecting the cards to a simulated card
assembly process. The cards were subjected to accelerated
thermal cycling and insulation resistance tests to simulate
the power.on hours and thermal cycles aséociated with the on

20 off éycling. There were no failures of the Non-annular lands.

Although certain embodlment of this invention have
been shown and described, - various adaptations - and
modifications can be made without departing from the scope of

the invention as defined in the appended claims.

-
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Short’s bet n res, is 2 mil. Thus the Non-ann

si gnificanrmlt&mﬁm“uul lm estate when conpared to ::IFZF‘S %ﬁﬂ%‘g#ﬁb o
when usi ng ds. Referri ng 40w to Fi gural3

| ength of the non-annular land is preferably determ ned by cal cul ati ng the
of fset di st@papvierr]. The offset distance [err] represents the distance

that. the reticules, that is the preferred artwrk, are offset fromthe
center of the thrp.ugh hl secigtuit Beaird having disposed thereon a wire, and at least one

through hole which has an electrically conductive material disposed therein, the
improvement comprising a land, partially surrounding the through hole and in

s connection with the conductive material and the wire. R

2. A land as claimed in Claim 1, wherein the width of the land ranges
from greater than the wire width to less than or equal to the through hole width.

10 3. A land as claimed in Claim 1, further comprising a second wire
adjacent to the through hole having a length of from 0.1 to 2 times z - (t, + s), wherein
z is the minimum desired space between the edge of the through hole and the adjacent
wire and s is the minimum desired spacing of the conductor lmes and t0 is the
tolerance of the etch process or 0. '
15
4, A land as claimed in Claim 2, having a length of from 0.1 to 2 times z
- t, + s, wherein z is the mlmmum desired space between fhe edge of the through hole
and the adjacent wire and s is the minimum desired spacing of the conductor lines, and
to is the tolerance of the etch proceés or 0. )
20
5. A land as claimed in any one of Claims 1-4, wherein the electrically

conductive material comprises plated metal.

6. A land as claimed in any one of Claims 1-4, wherein the electrically

25 conductive material comprises paste.

7. A land for a printed circuit board, said land being substantially as

herein described with reference to Figs 2-7 of the accompanying drawings.
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t he |dhot cess. The preferred of fset di Mtam(@S'QEETHASSBEEN
deternmn 'l m“m "ﬂllﬂiﬂng formula: [err] 6 whereirnf nEpLACED
15 : '

8. A circuit board including a land as clalmed in any one of Claims 1-7.
9. A circuit board having a portion thereof which is substantially as

herein described with reference to any one of Figs 5-7 of the accompanying drawings.
5 . : ._ A . . _7-_._.
10. A method for forming a land in a circuit board, said method

comprising the steps of,

a. providing a substrate having wires disposed thereon;
b. providing positions for through holes in the substrate;
10 c. forming metal on the substrate over the posii:ibns for the through
holes; B
d. drilling through the metal at the desired through hole locations to

provide through holes; and
e. disposing conductive material in said thrdugh holes;
15 : to thereby provide lands which partially surround said through holes and which

serve to connect the wire to the conductive material in the through hole.

11. The method as claimed in Claim 10, wherein the conductive material
comprises plated metal.

20

12. The method as claimed in Claim 10, wherein the conductive niaterial

comprises electrically conductive paste.

13. The method as claimed in any one of Claims 10;12, wherein the
25 length of the land is determined by the following formula d, = z + (rp-1p) + t5 - s,
wherein in z is the minimum desired ép'ace between the edge of the through hole and
the nearest adjacent wire, t, is the tolerance of the etch process or o., 1}, is the radius of

the through hole, ry is the radius of the reticule used to form the Non-annular land, and

d, is the offset distance of the reticule.
This Sheet Has Been Replaced
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the_tol erance: nf conduct or generation process, [fIhat—rs—rre=etehing
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process (and I er rr] where the tolerance is h‘l’{‘?ﬂ .
m ni rmmspa ul H lines, alsojgeferred to rein L%\CIEPS_. , Whijch
varies depe

uit board design; z, is the mnimum desired

space between the near est adj acent wire and the edge of the through hole

60;

10

15

The method as claimed in any one of Claims 10-12, wherein the land
has a length from 0.1 to 2 times z + t, - s, wherein z is the minimum desired space
between the edge of the through hole and the nearest adjacent wire and s is the

minimum desired spacing of the conductor lines, and t, is the tolerance of the etch

process or 0.

15. The method as claimed in any one of Claims 10-12, wherein the Width
of the land ranges from greater than the wire width to less than or equal to the through
hole width.

16. A method for forming a land in a circuit board, said method being
substantially as herein described with reference to Figs 2-7 of the accompanying |

drawings.
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drh i'ds the radius of through hole 60 as dr.iIIed;' [err] Hﬂipjm
reticule used to formthe non-annular |and 62, prefera ‘{% 'S E
as [err]. For exanple, in a systemwhere;_z is 6.5 rh

>

desired to be a minimimof 2 ml, the [elf] is 1.0 mil, [err] is 6 mI
then [err] Thus the center of the reticule should be offset 5.5 ml from

10

NON-ANNULAR LANDS
ABSTRACT:

The present invention discloses non-annular lands 40 which increase the
available real estate on printed circuit boards. The non-annular lands 40 do not
completely encircle the through holes 42. The non-annular lands 40 are ndn—annular,
that is they do not extend 360° around the through hole.42. Preferably the non-annular
lands contact no more than one side of the through holes 42 thereby providﬁg real
estate not otherwise available using conventional lands 10. The present invention also

relates to a method for producing such non-annular lands 42.

Fig. 2
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the center of the through hole at the | ast exposure. Preferably between the
first exposure in which the reticule is positioned over the intended

t hrough hol e position, and the

7 exposure at which the reticule is

positioned 5.5 ml| fromthe center of the through hole, the reticule is

positioned at

174
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N 20
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haIfMay or 2.75 ml1 fromthe center of the through hole and exposed. As
used herein, "length" refers to the di nension of the non-annular |and al ong
the axis of the wire connected to the non-annular | and, ‘as neasured from
the edge of the through hole to the ?ggf of the wire. The non-annul ar | and
length is preferably 0.1 to 2 tines, ﬂ'preferably 0.5to 0.75 tinmes the
value of z mnus [err]. Wile the non-annular |and | ength could exceed 2

times the value of z mnus [err]




t hi s* defeats the objective of providing increased real estate. Smaller

| engt hs,

that is smaller than 0.1 tines the value of z minus [err]

in an increased rate of failure for ‘connections,

Typi cal ly,
[err] are enpl oyed,
non- annul ar
non- annul ar
is the di mension

when such I engths small er
there is not enou

resul t
and are | ess preferred.

dtel ectric material between the
| and and the adjacent wire so that a short occurs between the

ég7n 0.1 tinmes the value of z m nus
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of t'he land atong the direction perpendicular to the length of the |and.
The width of the non-annular land is greater than the width of the wire.
While the width of the Non- annular |and nay exceed the width of the
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q.”iéto the.drilled through hole width. The Iands -a[TF e~
rfaterial as the wires, which are typically copper. Proﬂﬁ?LﬁgﬁMﬁﬂTSHEET
«qon-annul ar land First the artwork is formed enployl 9] con‘rg

phot ol i t hogr aphi ¢ techni ques. The inmage of the desir A aw-ian IS
exposed on a photo-sensitive enul sion cadrier on gl ass-or other transparent
substrate. The preferred nethod for forn1ng t he non-annul ar fFand is shown
in F|gure 4. A

NON-ANNULAR LANDS -

BACKGROUND OF THE INVENTION

Early circuit board fabrication technigues involved
connecting wires on the surface of the circuit board.'diréctly
to through holes. - Through holes, when plated with a
'donductive material, serve to connect the front énd back
surfaces of the circuit board. Unfortunately connecting
wires directly to the through holes produced connections that

" had a high failure rate. The difference between the thermal
expansion of the metal wire and the substrate lead to
cracking, particularlj at the juncture of the wire and the
through hole. BAs a result{ the electricél connection between
the wire and the through hole was broken;

To overcome the failure rate of the connections, a
land waé created to connect the wire to a thfough hole. The
land. which is made of electrically conductive material,
typically copper, is a circular or more specifically annular
structure, that completely encircled the through hole. By

providing lands the surface area of the connection between the



ro (x,
The enul sion is exposed to light, preferably UV |ight]
of fset fromthe through hole center by the offset dig| ; ]
using the above Formulae. Thus, the retidule is centered at position
correspondiﬂg to [3&@] and, exposed. Preferabli,,to obt ai.n an even | qnger

Forgh £1588ELVoANCTLASSHGNn FHG t

Non- annul aF

[err]

conventional circular reticule is centered, at the pgpl EpR
which is the center of where the through h)ﬁ@ Bgﬁﬁﬁé?
Then¥t
sy

& ANt ke | WipgspasoAdgn

resulted in fewer failed connections.

Lands'haVe been historically annular, to maximize

the contact area between the edge of the plated through holes

and the land. In addition, lands were c¢ircular in
configuration to compensate for errors in dr;lling or
photolithography that caused the lands to be offset from the
through hole during the printed circuit board fabrication
process. '.

In the quest for miniaturization of circuit boards
and integrated circuit devices, designers have sought to élace
more and more electronic structures on the surface of circuit
boards and devices. To accomplish 'tﬁis goal, designerxrs
require an ever iﬁcreasing amount of sbace, that is "real
estate," on the surface of a circuit board. 1In an attempt to
increase the available "réal estate", = the diameter of
conventional lands relative to the diameter of through holes
was decreased. However, when the through holes wére drilled,
the drill bit often stripped the.- lands from the substrate,
leaving an irregularity in the through hole which creates an
unreliable plated through hole.

Indeed, as circuit_board technology has developed,
the land size has increased rather than decreased.
Projections known as "flares" have béen added tb'lands along

the axis of the wire to further improve the reliability of the

(0]



~) and exposed a second tine. tag Lég =N i-0

Typi cal |y,

t he non-annul ar | an needrqg I=argg e oHERLA MENB\%HEE@
-actual through hole to be posi tl aL_éEe;n1n| m gdj acen qggﬁ
spacing. Alternatively, the customartwork, that is, |itH&® expﬂsure

forned in

the desired shape of the non- aAnul ar

connection between the wire and the land. The addition of the
flares to circular lands consumes even:moge real estate than
the conventional lands. T |

It would be desirable.to increQSe the availgble real
estate on a substrate while preserving reliable connections

between wires and through holes afforded by lands.

SUMMARY OF THE INVENTION

The present invention increases real estate by
providing non-annular lands which do not completely encircle
the through holes;, that is they do not extend 360° around the
through hole. Preferably the non-annular lands contact no
more than one side of the through holes thereby providing real
estate not otherwise available using conventional lands. The
present invention also relates to a method for producing such

non-annular lands.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic diagram of a portion of a
circuit board showing land configurations and wiring between
holes of typical prior art configuration;
| Figure 2 is a schematic diagram similar to Figure 1,
showing the non-annular land of the present invention and

wiring between holes;

Sheet Has Been Reiilaced

i



9 land may be used, rather than formng the artwork us
reticule. The artwork is then used in a tradi
*circuit photoi magi ng process, in which a photoi mageab
to a substrate, and exposed to actinic radiation throligfft
photoresist is conventionally devel oped tisi ng conventi ona

~Circul ar

form e desi red pat bgr. P ef e Al SUBY LRELL VG BHSRSRRS S A5 Sk uh

whi ch

non-annular land to a plated through hole;
Figure 4 is a plated through hole -showing
positioning of artwork in producing the non-annular land;
Figures 5, 6 and 7 show various wiring

configurations with Non-annular lands of this invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention increases real estate by

providing a new land shape while preserving reliable

connections between through holes and wires. Instead of a
360° annular land which contacts the entire circumference of
the plated through hole, the non-annular lands of the present
invention contact only a éortion, that is, less than 360° of
the through holes. An non-annular land is positioned on the
same side of the through hole as the wire that.contacts the
through hole and is preferably oval in'shape.

By employing the non-annular land increased real
estate is obtained. For example, referring to Figure 1, the
conventional 360° annular lands 10 and the conventional 360°
annular lands 12 with flares 14 can be seen connected to
through holes 20 and 22. Where the through hole centers are

spaced 0.05 inches apart, only two 0.004 inch wires 16 and 18




{ﬁe phot oresi st when devel oped, forns the final non-

The unexposed photoresist is renoved by conventijp
t-he exposed photoresist in the desired pattern. |, A etch

to renove netal not protected by exposed photoresist.

phot or esi st

desi red non-annul ar | ands.. Alternati vel

I's stripped |leaving the final2conductive
addi t.i onal |

convent i onaFa8dBe: pFEOPRBdatedsinafhg eséé%ﬁ . g?r?f"%’db PF*HEFCHQ}P \f@’lgﬁ%c?& and

22.

With reference to Figure 2, non-annular land 40 can -
be seen partially surroﬁﬁding through hole 42. In the 0.05
inch space between the centers of through holes 42 and three
0.004 inch wires, wires 46, 48 and 50 may be accommodated.
When epoxy-glass is the dielectric material used for the card,
the minimum space between the wires, necessary to prevent
shorts between the wires, is 2 mil. Thus the Non-annular
lands provide a significant increase in real estate when
compared to real estate available when using conventional
lands.

Referring now to Figure 3, théipreferred length of

the non-annular land is preferably determined by calculating

. the offset distance d,. The offset distance d, represents

the distance that the reticules, that is the preferred
artwork, are offset from the center of the through hole during
the photolithographic process. |

The preferred offset distance d, is determined by

the following formula:

d z + (r,-r;) + £, - s



t he-spaces between the photoresist, when devel oped, - d
Circuitization pattern. The circuitization is then fo
conventional nethods such as by additive plating,  Afit,
photoresist is stripped | eaving the final conductive patie
desi red non-annul ar | ands. Upon assenblyﬁof the "core" substrate into a

conposite structure,

wherein:

BFADEWENT oheeT

R
me

the cores are registered, that is

t, is the tolerance of.conductor generation process,
that is the etéhing process (and t, equals, 0 where
the tolerance is unknown);

s is the minimum spacing of conductor lines, also
referred ;o herein as wires, which varies depending
on the circuit board design;

Z, is the .minimnm. desired, space between the
nearest adjacent wire and the edge of the through
holé 60; |

r, is the radius of through hole 60 as drilled;

r; is the radius of the reticule used to form the
non-annular land 62, preferably r, is the same aé

rg.

For example, in a system where: z is 6.5 r, is 6 .

mil, s is desired to be a minimum of 2 mil, the t  is 1.0 mil,

I is 6 mil, then

d, = 6.5 + (6 - 6) + 1.0 - 2.0

d, = 5.5

o

Thus the center of the reticule should be offset 5.5 mil from

the center of the  through hole at the 1last exposure.

Preferably between the first exposure in which the reticule is

positioned over the intended through hole position, and the

et e b

by
e



10 -aki gned, to make the proper connection to the requll REPLAOEMENT SHEET
_assenbly is then drilled to formthe desired through ol es Sr@L“S&ggg@ S
“hol es are conventional ly plated typically using el ect||dati.&. .bs-e+-ectroliess

copper plating. Alternatively, the through hol es may B Tted Wt

conductive paste. As a result, the platgd t hrough hol e contacts the

non- annul ar_| and . . .
exposure at which the reticule is positioned 5.5 mil from the

center of the through hole, the retiéule is positioned at
halfway or 2.75 mil from the centef of the through hole and

- -

exposed. ‘
As used herein, "length" refers to the dimension of
the non-annular land along the axis of the wire connected to
the non-annular land, as measured from the edge of the through
hole to the edge of the wire. The non-anpular land length is
preferably 0.1 to 2 times, more preferably 0.5 to 0.75 times
the value of z minus (s + t,). While the non-annular land
length could exceed 2 times the value of z minus (s + t,),
this defeats the objective of providing inéreased real estate.
Smaller lengths, that is smaller than 0.1 times the value of
z minus (s + t)) result in an increased rate of failure for
connections, and are less preferred. Typically, when such
lengths smaller than 0.1 times the value of z minus (s + t,)
are employed, there is-not énough dielectric material between
the non-annular land and the adjacent wire so that a short
occurs between the non-annular land and the adjacent wire.
The width of the non-annular land is the dimension
of the land along the direction perpendicular to the length
of the land. The width of the non-annular land is greater
than the width of the wire. While the width of'thé Non-

annular land may exceed the width of the drilled through hole.



as -shown in Figure 3. Exanple 1 A thin light card havj REPAAGEMENRLSHER ) ng
_between lines of 2 mls and containing the non-annul Jancpo[ "mmese ht
-invention was prepared as follows. A circular opaque At it-e--havt-neg-a-

di aneter of 0.011 inches was placed on a photosensitiVve emurston WAt ch was

deposited on a transparent substrate to &reate the artwork. The reticul e

was pl aced at centers of desired through hol es and exposed_to ultraviol et
P Preferably, the width of thegkon~annular laﬂ% is less than or

equal to the drilled through hole width.
The lands are made of the same material—"as the

wires, which are typicaiiy copper. ’

Producing the non-annular land

First the artwork is3formed employing conventional
photolithographic techniques. The image of the desired non-
annular land is exposed on a photo-sensitive emulsion carrier
on giass or other transparent substrate. .The prgferred method
for forming the non-annular land is shown in Figure 4. A
conventional circular reticule is centered, at the position-
corresponding to (x, y), which is the‘center of where the
through hole is to be drilled. The emulsion is exposed to
light, preferably UV light. Then the réticule is offset from
the through hole center by the offset distance d, calculated
using the above Formulae. Thus, the reticule is centered at
position corresponding tp (x + d,/2, y) and exposed.
Preferably, to obtain an even longer Non—annul&r land, the
retigule is positioned at position corresponding to (x + d,,
y) and exposed a second time. Thereafter the emulsion carrier
is developed. Typically, the non-annular land need only be
large enough to allow the actual through hole to be positioned

~at the minimum adjacent conductor spacing.

Alternatively, the custom artwork, that is, the

exposure mask formed in the desired shape of the non-annular



]‘ighh. The reticules were offset by 3 mls from hol e, CRREPLACEMENESHEET

offset a s
-t he enul si
phot oresi s

econd tine by 3 mls and exposed. The retic}jles ggdf nﬁved 3
LX

on devel oped to produce artwork. A conyventi ofjcddaté
t avail abl e under the nane "ReS|ston" from

Conmpany was applled to 0.0014 |nches Iay r of copper dlsposed on a card
f I,mensi ons of 050't 3%3 hes. ﬁ?fhotqges t s ex osed
PR M4%n ?hPﬁ& t3HE ?ﬁ ﬂna 8r96ﬂ9e n&f FYeTe BF The
card was eESH@QnEQo%%&'@% cdiar reticule. )

havi ng gri
to actinic

The artwork is then used in a traditional -printed
circuit photoimaging proc'éss, in which a fjhotoimageabl_g resist
is applied to a substrate, and exposed to actinic radiation
through the artwork. The photoresist is conventionally
developed using conventional processes to form-the desired
pattern. Preferably subtractive processes are used in which
the photpresist when developed,'forms the final non-annular
land shape. The unexposed photoresist is removed by
conventional solvents, leaving the exposed photoresist in the
desired pattern. An etchant is then used to remove metal
not protected by exposed photoresist. The exposed photoresist
is stripped leaving the final conductive pattern including the
desired non-annular lands.

Alternatively, or additionally, conventional
additive processes may be used. In such additive processes,
the spaces between the phbteresist, when developed, define the
circuitization pattern. The circuitization is then formed in
such spaces by conventional methods such as by additive
plating. After the plating, the photoresist is stripped
leaving the final conductive pattefn including the desired
non-annular lands.

Upon assembly of the "core" substrate into a

composite structure, the cores are registered, that is

hd




11 Lands, then the photoresist was stripped. After cq uAQ£MENESHEET
conventional fabrication steps including |amnation, |nn|ng.€ﬂe
registration, the through holes were drilled using a fal AB.IW i
The t hrough hol es were conventional |y plated usi ng el

plating, to provide through 10

aligned, to make the proper connection to the required layefs.
The assembly is then drilled to form the desired through holes
and through holes are conventionally plated typically using -
electrolytic or electroi;ss copper plaéing. Alternativély,
the through holes may bé filled with conductive paste. As a
result, the plated through hole contacts the non-annular land

as shown in Figure 3.

Example 1

A thin light card having an minimum spacing between
lines of 2 mils and containing the non-annular land of the
present invention was prepared as follows. A circular opaque
reticule having a diametef of 0.011 inches was placed on a
photosensitive emulsion which was deposited on a transparent
substrate to.create the artwork. The reticule was placed at
centers of desired through holes and exposed to ultraviolet
light. The reticules were offset by 3 mils from hole center,
exposed, offset a second time by 3 mils and exposed. The
retipules were removed and the emulsion developed to produce
artwork. A conventional negative photoresist available underxr
the name "Resiston" from DuPont Chemical Company was applied
to 0.0014 inches layer of copper disposed on a card having
grid dimensions of 0.050 x 0.025 inqhes. The photoresist was
exposed to actinic radiation through the artwork and

conventionally develbped. The card was etched to define the



!hdLés having a di anmeter of 0.008 inches and a Land -hayi REPIACEMENT SHEET 0|10
.inches and a |l ength of 0.006 inches. The wiring pattjern B?r ﬁu@f .on of
-the card is shown in Figure 5. Exanple 2 A card havin mﬂa. S0

Date
and contai ning the non-annul ar |and of the present i nVeRs ;""*Hr"—r-"?r-JJ
as foll ows. A circul ar opaque reticuléjhaving a dianeter of 0.009 inches
was placed_on.a photosensitive enul sion which was deposited on a
t r anspar ent283Bst §ﬁ§fgﬁ%xﬁﬂﬁEPEE?ﬁﬁﬁkva%hﬁtrlppeg- After completing

several conventional fabrication steps.including lamination,
pinning and registration, the through holes were drilled using
a O.Q}O'inéh drill bit. The through.holeg were convenfionally
plated using electrolytic copper plating, to provide through
holes having a diameter of 0.008 inches and a Land having a
width of 0.010 inches and a length of 0.006 inches. The
wiring pattern for a portion of thg card is shown in Figure 5.

t ‘-

Example 2

A card having an s value of 2 mils and containing
‘the non-annular land of the present invention was prepared as
follows; A circular opaque retgcule having a diameter of
0.009 inches was placed on a photodensitive emulsion which was
deposited on a transparent substrate io create artwork. The
reticule was placed at centers of desired through holes and
exposed to ultraviolet light. The reticules were offset by 3
mils from the through hole’center, exposed, offset a second
time by 3 mils and exposed. The reticules were removed and
the emulsion developed to produce artwork. A conventional
negative photoresist available under the name Resiston from
Dupont was applied to 0.0014 inch layer of copper disposed on
a card having grid dimensions of 0.050 x 0.025 inches. The
photo;esist was exposed to actinic radiation through the

artwork, and conventionally developed. The card was etched to



’}eticUIe was placed at centers of desired t hr ough ‘hel e§ %ﬁﬁP@%ﬂ@?ﬁﬁsﬁﬁsT

.ultraviolet light. The reticules were offset by 3 mls fromtnnq w

- hol e center, exposed, offset a second tine by 3.mls a'dmﬁﬁnuged """"
reticules were renoved and the enulsionggeveloped to produce’ arfmork. A
conventional negative photoresist availdble under the name Resiston from

P S e G G o S S A - L o
actini ¢ ragicatdibddt Giied hﬁ‘ere drilled using a 0.008 inch drill bit :
The through holes - were conventionally plated-. using
electrolytic copper.platihg, to. provide through holeg having
a diameter of 0.006 inches and a Land ‘having an width of 0.008
inches and an length of 0.006 inches. The wiring pattern is

shown in Figure 6.

Example 3

A card containing an non-annular land of the present
invention was prepared as follows. A circular opaque reticule
having a diameter of 0.011 inches was placed on a
photosensitive'emuléion which was deposited on a trans?arent
substrate to create artwork. The reticule was placed at
centers of desired through holes and exposed to ultraviolet
light. The reticules were offset by 3 mils from the through
hole center, exposed and offset a second time by 3 mils and
exposed. The reticules Hwere rembved and the emulsion
developed to produce artwork. A conventional negative
photoresist available under the name "Resiston" from Dupont
Chemical Company, was applied to 0.0014 inch layer of copper
disposed on card having grid dimensions of 0.050 x 0.025
inches.- The photoresist was exposed to actinic radiation
through the artwork, and conventionally developed. The card

was etched to define the Lands, then the photoresist was
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artwork, and conventionally devel oped The card was: etdw@pi_gchgm-siﬁg'-m
the Lands, then the photoresist was stripped. Next, thdlthro
rilled using a 0.008 inch drill bit. The through holngat Eﬁﬁn_

conventionally plated using - electrolytlc copper : pl atl=pgr=to=—p
t hr ough hol es havi ng

holes were drilled using a 0.010 inch drill bit. The through
holes were conventionally plated usin§ electrolytié copper
plating, to provide through holesfhaving a diameter of 0.008
 .inches and a Land having'é width of 0.010 inches and a length
of 0.006 inches. The wiring diagram is shown in Figure 7.

Evaluation of the non-annular lands

As shown in Figure 1, by using the non-annular lands
the real estate is increased between through holes .that are
spaced 50 mils épart. As a result, this permits room for a
third wire having a width of 0.004 inches to be addediin
addition to the other two wires thereby increasing the
wireability density by 50%. .In turn, this increased wiring
capability on one sﬁrface, permits the number of wiring planes
required, to be reduced in certain applications.

The reliability "of the wire connections was
determined by subjecting the cards to a simulated card
assembly process. The cards were subjected to accelerated
thermal cycling and insula£ion resistance tests to simulate
the power'on hours and thermal cycles associated with the on
off cycling. There were no failures of the Non-annular lands.

Although certain embodiment of this invention have
been shown and described, various adaptations and
modifications can be made without departing from the scope of

the invention as defined in the appended claims. -
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prepar ed as follows:. A circular opaque retigul e having 0t
inches was ptpAggson @ photosensitive enmul sion which was dep05| ted on a
transparent substrate to create artwork. The reticule was pl aced at
1. In a circuit board having disposed thereon a wire, and at least one

through hole which has an electrically conductive material disposed therein, the
improvement comprising a land, partially surrounding the through hole and in

connection with the conductive material and the wire. 4

2. A land as claimed in Claim 1, wherein the width of the land ranges
from greater than the wire width to less than or equal to the through hole width.

3. A land as claimed in Claim 1, further comprising a second wire

adjacent to the through hole having a length of from 0.1 to 2 times z - (t, + s), wherein

~ 2 is the minimum desired space between the edge of the through hole and the adjacent

wire and s is the minimum desiregi spacing of the conductor lines, and t, is the
tolerance of the etch process or 0.

4, A land as claimed in Claim 2, having a length of from 0.1 to 2 times z
- to + s, wherein z is the minimum desired space between the edge of the through hole
and the adjacent wire and s is the minimum desired spacing of the conductor lines, and

t, is the tolerance of the etch process or 0.

5. A land as claimed in any one of Claims 1-4, wherein the 'clectrically

conductive material comprises plated metal.

6. A land as claimed in any one of Claims 1-4, wherein the electrically

conductive material comprises paste.

7. A land for a printed circuit board, said land being substantially as

herein described with reference to Figs 2-7 of the accompanying drawings.

T
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retimﬁ"ﬂluma mlmllgy 3 m s fjromt Epmgugh hol e de f m
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and the enul si on devel oped to produce arthorKk. - A conventional negative
phot or esi st avai | @bl e uRQeFcuitRdarP iRIudbfRSd Bin'as cldifsa B RSNbn BEOY AR 1-7.
Conpany, was applied to 0.0014 inch layer of copper disposed on card having
grid dimensions of 0.050 x O. 025 i nches. The phot oresi st was exposed to

actinic radiation
9. A circuit board haying a portion thereof which is substantially as

herein described with reference to any one of Figs 5-7 of the accompanying drawings.
10. A method for forming a land in a circuit board; said method

comprising the steps of,

a. providing a substrate having wires disposed thereon;

b. providing positions for through holes in the substrate;

c. forming metal on the substrate over the positions for the through
holes;

d. drilling through the metal at the desired through hole locations to
provide through holes; and |

e. disposing conductive material in said i:hrdugﬁ holes;

to thereby provide lands which partially surround said through holes and which

serve to connect the wire to the conductive material in the through hole.

11. The method as clalmed in Claim 10, wherein the conductlve material

comprises plated metal.

12. The method as claimed in Claim 10, wherein the conductive material

comprises electrically conductive paste.

13. The method as claimed in any one of Claims 10-12, wherein the
length of the land is determined by the following formula d, = z +: (rp-rp + t, - 8,
wherein in z is the minimum desired épace between the edge of the through hole and
the nearest adjacent wire, t, is the tolerance of the etch process or o, ry, is the radius of
the through hole, 1y is the fadius of the reticule used to form the Non-annular land, and

d, is the offset distance of the reticule.
I —
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. define the. ot g esi SRERRACED 13 hil esfiwere 01 Inwm ngl| a
0.010 inch drtl1°bi't. "The throud eswer e convent i of|aP®§ pi-ared sy
el ectrol ytic copper plating, to provide ¥trough hol es having a di aneter of
0. 008 ' -

14. The method as claimed in any one of Claims 10-12, wherein the land
has a length from 0.1 to 2 times z + ¢, - s, wherein z is the minimum desired space
b_eiween the edge of the through hole and the nearest adjacent wire and s is the
minimum desired spacing of the c{;nductor lines, and to ;s the tolerance of the etch

process or 0.

15. The method as claimed in any one of Claims 10-12, wherein the width
of the land ranges from greater than the wire width to less than or equal to the through
hole width.

16. A method for forming a land in a circuit board, said method being
substantially as herein described with reference to Figs 2-7 of the accompanying

drawings.
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inches and a Land having a width of 0.010 inches and a Iermm_mn‘emzmQHEET

I nches. The wiring diagramis shown in Figure 7. Eval uat{on of

“non-annul ar lands As shown in Figure 1, by using the non-amwi@.t‘ ﬁﬂﬂm
real estate is increased between through hgles . that ark
apart. As a result, this permts roomfor a third wire having a w dth of
0. 004 inches to be added in addition to the other two w res thereby

increasing the wireability density by 50% In turn, this increased wirin
) g NON-ANNULAR LANDS o

ABSTRACT: _ -

The present invention discloses non-annular lands 40 which increase the
available real estate on printed circuit boafds. The non-annular lands 40 do not
completely encircle the through holes 42. The non-annular lands 40 are non-annular,
that is they do not extend 3600 around the through hole 42. Preferably the non-annular
lands contact no more than one side of the through holes 42 thereby providing real
estate not otherwise available using conventional lands 10. - The present invention also

relates to a method for producing such non-annular lands 42.

Fig. 2
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capability on one surface, pernmits the nugber—ef=—wirilng planes re edjj to

be reduced in certain applicat '0ﬂ§l5 cHigTreds BBENI T Y ct{lons

------------------------

ﬁgcgﬁmmnmuﬁummgcghg?eztw Lgr mal cycl ing and -

i nsul afi o°n resi"st &ncé tests to simulate t Re qlrpomer on hours and thermal
cycl es assocj ated with the on off cycling.” There were no failures of the
Non- annul ar GIAIMS: « Al t hough certain enbodi nent of this invention have

_1. In a circuit board having disposed thereon a wire, and at least one
through hole which has an electrically conductive material disposed therein, the
improvement comprising a land, partially surrounding the through hole and in

connection with the conductive material and the wire.

2. A land as claimed in Claim 1, wherein the width of the land ranges
from greater than the wire width to less than or equal to the through hole width.

3. A land as claimed in Claim I, further comprising a second wire
. adjacent to the through hole having a length of from 0.1 to 2 tlmes (- (tp + s)), wherein
.z is the minimum desired space between the edge of the through hole and the adjacent
wn'e and s is the mmlmum desired spacing of the conductor lmes and ¢, is the
tolerance of the etch process or 0.
4 Aland as claimed in Claim 2, having a length of from 0.1 to 2 times
(Z-(ty + 9, Whe¥éi 7 is the minimum desired space between the edge of the through hole
arid (hé adjacent wire and s is the minimum desired spacing of the conductor lines, and

_ ty is the tolerance of the etch process or 0.

5. . Aland as claimed in any one of Claims 1-4, wherein the electrically

conductive material comprises plated metal.

6. A ]and as claimed in any one of Claims 1-4, wherein the electrically

conductive material comprises paste.

7. A land for a printed circuit board, said land being substantially as
herein described with reference to Figs 2-7 of the accompanying drawings.
. ~_’—'——————"’
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8. . A circuit board including a land as claimed in any one of Claims 1-7.
9, A circuit board having a portion thereof which is substantially as

herein described with reference to any one of Figs 5-7 of the accompanying drawings.

10. A method for forming a land in a circuit board, said method

comprising the steps of,

a. providing a substrate having wires disposed thereon;

b. providing positions for through holes in the substrate;

c. forming metal on the substrate over the positions for the through
holes; ' ) |

d. drilling through the metal at the desired through hole locations to

provide through holes; and
e. disposing eonductwe matenal in said through holes,
to thereby provide lands which partlally surround said through holes and which

serve to connect the wire to the conductive material in the through hole.

11. The method as claimed in Claim 10, wherein the conductive material

comprises plated metal.

12.  The method as claimed in Claim 10, wherein the conductive material

comprises electrically conductive paste.

13. The method as claimed in any .one of Claims 10-12, wherein the
length ot; the land is determined by the following formula d, = z + (rp-rp) + ¢, - s,
wherein in z is the minimum desired epace between the edge of the through hole and
the nearest adjacent wire, t, is the tolerance of the etch process or o, ry, is the radius of

the through hole, rj is the radius of the reticule used to form the N on_—anhular land, and

d, is the offset distance of the reticule.
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greatér thdn the®ife wdth to less than gg equal to the through hole
wi dth. 3. " Acircuit board as clained in claim1, further conprising a
second wire adjacent ‘to the through hole having a length of fromO0.1 to 2

times [err], Whersz” Z Tfie hfdéhdd ¥ (ki gﬁ:asftgﬁé%_@ﬁaiﬁﬁtﬂﬁfi‘,_%@%eﬁfiﬂx‘é.l&fxdthe

through hole and t e adj acent wre an e m ninum desir spaci ng of
the conductgis 4 lefigh. fréi®. 1 %o 2XirhéeZL Q)] £ HRMARrélh 7 8ehe minimum desired space

L

hol e which has an electrically conductive material di pﬁé@%&éﬁ%ﬁg' _
utjr oundi_n h Fi'

circuit board further conmprisingi|a Ila

between the edge of the through hole and the nearest adjacent wire and s is the
minimum desired spacing of the conductor lines, and to is the tolerance of the etch

process or 0.

15. The method as claimed in any one of Claims. 10-12, wherein the width
of the land ranges from greater than the wire width to less than or equal to the through
hole width.

16. A method for forming a land in a circuit board, said method being
substantially as herein described with reference to Figs 2-7 of the aocbmpanying

drawings.
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bet ween the edge of the through hole and the adjacent wir¢
m ni num desi red spaci ng of t-he conductor 3mes, and to is
the etch process or 0. 5. * Acircuit board as clained |
clainms 14,

etch priocess or 0. 4.7 A circuit board as clainmed in ci-aLm 2. having a -
|l ength of from0.1 to 2 tinmes [err], wherein z is the m ni
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It would be desirable to increase the available real estate on a substrate while

preserving reliable connections between wires and through holes afforded by lands.

SUMMARY OF THE INVENTION

According to one aspect of the invention there is disclosed a circuit board having

disposed thereon a wire, and at least one through hole which has an electrically conductive |

material disposed therein, the circuit board further comprising a land, partially

surrounding the through hole and in connection with the conductive material and the wire.
According to another aspect there is disclosed a land included in such a circuit

" board.

According to still another aspect of the invention there is disclosed a method for

forming a circuit board, said method comprising the steps of:

a. providing a substrate having wires disposed thereon;

b. pro"viding positions for through holes in the substrate;

C. forming metal on the substrate over the positions for the through holes;
d. drilling through the metal at the desired through hole locations to provide

through holes; and
€. disposing conductive material in said through holes;
to thereby provide a circuit board having lands which partially surround said

through holes and which serve to connect the wire to the conductive material in the

through hole.

Figure 1 is a schematic diagram of a portion of a circuit board showing land
configurations and wiring between holes of typical prior art configuration;
Figure 2 is a schematic diagram similar to Figure 1, shown the non-annular land

of the present invention and wiring between holes;

e o e e




7. _ A CL_LC.LLI_I‘._b.Qa.Ld_b_e_I_D_g__SUbStant iall.y as herein described with

ference to Fi 2-7 of the acconpanying draw ngs. -15 8. A _lan

—]>

o
i ncl uded |n II (ull !I ﬁt ﬂIEs clainmed in any one of cl

circuit boa ﬂl ﬂ R lH n thereof whidh is substant=|| gF?éAé%M NT SHEE
described with ref erence to any one of Figs. 5-7 of the llaBgt%n?ag)Navgma .

drawi ngs.. CL AIMS:
1. A circuit board having disposed thereon a wire, and at least one through
hole which has an electrically conductive material disposed therein, the circuit board |
further comprising a land, partially surrounding the through hole and in connection with

the conductive material and the wire,

2. A circuit board as claimed in claim 1, the width of the land ranges from

greater than the wire width to less than or equal to the through hole width.

3. A circuit board as claimed in claim 1, further comprising a second wire
adjacent to the through hole having a length of from 0.1 to 2 times (z - (t5 + s)), wherein
z is the minimum desired space between the edge of the through hole and the adjacent wire
and s is the minimum desired spacing of the conductor lines, and t is the tolerance of the

etch process or 0.

4. A circuit board as claimed in claim 2, having a length of from 0.1 to 2
times (z-(ty + s)), wherein z is the minimum desired space between the edge of the
through hole and the adjacent wire and s is the minimum desired spacing of the conductor

lines, and tg is the tolerance of the etch process or 0.

5. A circuit board as claimed in any one of claims 1-4, wherein the

electrically conductive material comprises plated metal.

6. A circuit board as claimed in any one of claims 1-4, wherein the

electrically conductive material comprises paste.

7. A circuit board being substantially as herein described with reference to

Figs. 2-7 of the accompanying drawings.
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steps of a substrate having w res di sposédg
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9. A circuit board having a portion thereof which is substantially as herein

described with reference to any one of Figs. 5-7 of the accompanying drawings.

10. A method for forming a circuit board, said method comprising the steps

of:
a. providing a substrate having wires disposed thereon;
b. providing positions for through holes in the substrate;
C. forming metal on the substrate over the positions for the through holes;
d. . drilling through the metal at the desired through hole locations to provide

through holes; and _
e. disposing conductive material in said through holes;
to thereby provide a circuit board having lands Which partially surround said
through holes and which serve to connect the wire to the conductive material in the

through hole.

11. The method as claimed in claim 10, wherein the conductive material

comprises plated metal.

12. The method as claimed m claim 10, wherein the conductive material

comprises electrically conductive paste.

13. The method as claimed in any one of claims 10-12, wherein the length of
the land is determined by the following formula dy = z + (rp-1p) + to -s, wherein z is the
minimum desired space between the edge of the through hole and the nearest adjacent
wire, t, is the tolerance of the etch process or o, 1y, is the.ra'dius of the through hole, 17 is
thé radius of the reticule used to form the Non-annular land, and d,, is the offset distance

of the reticule.



t hr ough hol es and which serve to connect the wire to the conductive -
material in the through hole..11. The met hod as cl aerMmmt&aﬁﬁ;z»
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as cl ai med ”mmmmﬁmmmel n the conduct i ve materialff conprj sii\wu)rlgﬂﬁnf

el ectricall y*cohducti®vespast e. The nethod as cl &i Patd:i.q...
clains 10-12, wherein the Iength of the land is determ

formul a [err], wherein z is the mnimumdesired space between the edge of
t he through hol eldand tTie methodas chithedt #rdny one of claims 10-12, wherein the land has

a length from 0.1 to 2 times (z-(t; + s)), wherein z is the minimum desired space between
the edge of the through hole and the nearest adjacent wire and s is the minimum desired

spacing of the conductor lines, and t, is the tolerance of the etch process or 0.

15. The method as claimed in any one of claims 10-12, wherein the width of
the land ranges from greater than the wire width to less than or equal to the through hole
width.

16. A method for forming a circuit board, said method being substantially as

herein described with reference to Figs. 2-7 of the accompanying drawings.



wie, [ferr] is the télerance of the etzs‘ cess or
the through hole, [err] is the radius m
Non-annul ar land, and [err] is the offset di s‘t ance if t he retlcu
14. The net hod as clained in any one o$-clains 1f , :
has a length fromO0.1 to 2'tinmes [err], wherein z i

space bet Wegthection between the wire and the land. The addition of the flares to circular lands

cOonsumes even more real estate than the conventional lands.
It would be desirable to increase the available real estate on a substrate while

preserving reliable connections between wires and through holes afforded by lands.

SUMMARY OF THE INVENTION

According to one aspect of the invention there is disclosed a circuit board having
disposed thereon a wire, and at least one through hole which has an electrically conductive
material disposed therein, the circuit board further comprising a land, partially
surrounding the through hole and in connection with the conductive material and the wire.

According to another aspect there is disclosed a land included in such a circuit
board.’

According to still another aspect of the invention there is disclosed a method for

forming a circuit board, said method comprising the steps of:

a. providing a substrate having wires disposed thereon;
b. providing positions for through holes in the substrate;
c. forming metal on the substrate over the positions for the through holes;

d. drilling through the metal at the desired through hole locations to provide
through holes; and '
e. disposing conductive material in said through holes;
to thereby provide a circuit board having lands which partially surround said
through holes and which serve to connect the wire to the conductive material in the

through hole.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic diagram of a portion of a circuit board showing land
configurations and wiring between holes of typical prior art configuration;
Figure 2 is a schematic diagram similar to Figure 1, shown the non-annular land

of the present invention and wiring between holes;



t he edge of the-through hole and t he nearest .adjacent wire and s is the

m ni mum desi red spaci ng of the conductor 2 51qu to 15 1 he tol erance of
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the etch process or 0. 15. The net hod as |n. s
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width to less than or equal’ to the through hole width. jlf H‘E fo
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1. A circuit board having disposed thereon a wire, and at least one through

bole which has an electrically conductive material disposed therein, the circuit board |
further comprising a land, partially surrounding the through hole and in connection with

the conductive material and the wire.

2. A circuit board as claimed in claim 1, the width of the land ranges from

greater than the wire width to less than or equal to the through hole width.

3. A circuit board as claimed in claim 1, further comprising a second wire
adjacent to the through hole having a length of from 0.1 to 2 times (z - (t, + s)), wherein
"z is"the minimum desired space between the edge of the through hole and thie adjacent wire
and s is the minimum desired spacing of the conductor lines, and t,, is the tolerance of the

etch process or 0.

4. A circuit board as claimed in claim 2, having a length of from 0.1 to 2
times (z-(ty + s)), wherein z is the minimum desired space between the edge of the
through hole and the adjacent wire and s is the minimum desired spacing of the conductor

lines, and tg is the tolerance of the etch process or 0.

5. A circuit board as claimed in any one of claims 1-4, wherein the

electrically conductive material comprises plated metal.

6. A circuit board as claimed in any one of claims 1-4, wherein the

electrically conductive material comprises paste.

7. A circuit board being substantially as herein described with reference to

Figs. 2-7 of the accompanying drawings.
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8. A land included m a circuit board as claimed in any one of claims 1-7.
9. A circuit board having a portion thereof which is substantially as herein

described with reference to any one of Figs. 5-7 of the éccompanying drawings.

10. A method for forming a circuit board, said method comprising the steps

of:
a. providing a substrate having wires disposed thereon;
b. providing positions for through holes in the substrate;
c. forming metal on the substrate over the positions for the through holes;
d. drilling through the metal at the desired through hole locations to provide

through holes; and
e. disposing conductive material in said through holes;
to thereby provide a circuit board having lands which partially surround said
through holes and which serve to connect the wire to the conductive material in the

through hole.

11. The method as claimed in claim 10, wherein the conductive material

comprises plated metal.

12. The method as claimed in claim 10, wherein the conductive material

comprises electrically conductive paste.

13. The method as claimed in any one of claims 10-12, wherein the length of
the land is determined by the following formula dy = z + (tp-1] + to -S, wherein z is the
minimum desired space between the edge of the through hole and the nearest adjacent
wire, tq is the tolerance of the etch process or o, ry, is the radius of the through hole, 1y is
the radius of the reticule used to form the Non-annular land, and d,, is the offset distance

of the reticule.
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14. The method as claimed in any one of claitns 10-12, wherein the land has

a length from 0.1 to 2 time_s (z-(ty + 5)), wherein z is the minimum desired space between
the edge of the through hole and the nearest adjacent wire and s is the minimum desired

spacing of the conductor lines, and t, is the tolerance of the etch process or 0.

15. The method as claimed in any one of claims 10-12, wherein the width of
the land ranges from greater than the wire width to less than or equal to the through hole
width.

16. A method for forming a circuit board, said method being substantially as

herein described with reference to Figs. 2-7 of the accompanying drawings. - -



