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SURFACE MOUNT LED ALPANUM ERI C DI SPLAY Field of the Invention
This-invention rel ates generally to LED al phanuneric 5 displ ays.
Specifically, the invention is directed to a surface-nounted LED

al phanuneri c di spl ay. Background of the Invention A _
desirabl e encapsul ation for a surface nount devicgd;o S ?pox¥. FFoxy |sd
wel |l -suite roducti on nol di ng, providing a structurally soun
and hernet38§l : aPed encl osure for the encapsul at eSCESIPYHEM s. A
sur f ace- nount dEViQRnﬁﬁuﬁP%kﬁhbeiaBVAi@hﬂﬁﬁhﬁﬂé%}aﬁQp $Ce, requiring
t he application of heat perhaps as high as 200 I ch causes

Field of the Invention
This invention relates generally to LED alphanumeric
5 displays. Specifically, the invention is directed to a
surface-mounted LED alphanumeric display.

Background of the Invention
A desirable encapsulation for a surface moun:t device

10 is epoxy. Epoxy is well-suited to mass production molding,
providing a structurally sournd and hermetically-sealed
enclosure for the encapsulated components. A surface-mount
device is installed by soldering it in place, requiring the
application of heat perhaps as high as 200°C which causes

15 the components of the display to expand. .HOWever, if the
respective coefficients of thermal expansion (CTE) of the
encapsulation, the circuit board, and other components
differ markedly, they will expand at proportionately
different rates, leading to stress and strain, causing the

20 device to crack and probably fail..

' The heat problem for surface mount devices can be
dealt with in several ways. First, there is a generally~
accepted engineéring'practice of specifying printed circuit
board materials having a low CTE to match the CTE of the

25 copper traces on the circuit board within the device. This
will minimize expansion of the circuit board and avoid
cracking of the copper traces and other damage to the
device. Second, the expansion of the encapsulation can be
minimized by employing an opaque epoxy, which has a CTE

30 nearly equal to that of the encapsulated components. The
CTE of the epoxy can be further lowered by adding
impurities to the epoxy. Thus, when heat is applied, the
encapsulation and the components inside will expand at a
nearly-equal rate.

35 For some applications, it would be desirable to
provide an LED alphanumeric display in a surface-mount
configuration. The active display devices, related logic
Ccircuitry, and the interconnecting leads would be placed on
a substrate such as a printed circuit board or flex




15 "the conponents of the display to expand. However, if the

respective coefficients of thermal expansion (CTE) of the

encapsul ation, the circuit board, and other conponents differ

mar kedly, they will expand at proportionately different rates, |eading
to stress and strain, causing the 20 device to crack and probably fail.
The heat problemfor surface nount devices can be dealt with in several
ways. First, there is a generally- accepted engi neering practice of
speci fyi ngWEmdR478@l circuit board materials having a | BGI/CE/A1$80 mat ch
the CTE of the 25 copper traces on the ¢gjrcuit board within the device.
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i nterconnecting
circuit boardinkter¢epnecting 1eads of the typical display device.

provision is made for the high CTE of clear epoxy, the
10 device will likely fail as a result of the heat from
soldering.
To avoid failure due to uneven expansion of the
various components and the clear epoxy encapsulation of the
LED alphanumeric display, thé-composition of the components
15 and encapsulation should be selected such that the
coefficients of thermal expansion (CTE) of those components
re equivalent or nearly so.

Summary of the Invention

20 The present invention obviates the aforementioned
problem by matching or nearly matching the CTE of the
circuit board to that of the clear epoxy, contrary to the
generally accepted practice of matching the CTE of the
epoxy to that of the components within the encapsulation.

25 Advantageously, when heat is applied to the device, the
inner components will expand at approximately the same rate
as the clear epoxy encapsulation. The lead frame, although
having a much -lower CTE, makes minimal contact with the
encapsulation and therefore essentially floats within the

30 package'and should not impose significant stress or strain
on the device.

Brief Description of the Drawings
For a better understanding of the invention, reference
35 is made to the following description of an exemplary
embodiment thereof, and to the accompanying drawings,
wherein:
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2 ‘circuit, and the assenbly woul d be encapsul ated within a

transparent enclosure. Since it is inperative that the encapsul ati on
for a display device be transparent, opaque epoxies and inpurities
cannot - be enpl oyed. Nevertheless, 5 it would be desirable to encapsul ate
the device in epoxy However, the required clear epoxy has a CTE

consi der abl y her than that of the circuit boards, conponents, and
interconnectﬂﬁ&”ﬂ@@gs of the typical display device. If no TSP on i s
made for the high CTE of clear epoxy, the 1Q device will likely fail as a
result of the heat from sol deri ng. To avoid failure due to

uneven expansion of tﬂf@ure 1VaTd QS LUFBRER! $18RUoENE SLERICERM YRt LED

encapsulatlon of the
alphanumeric display having a flex circuit substrate;

Figure 2 is an sectional view of a surface-mount LED
alphanumeric display having a plastic PCB substrate;

5 Figure 3 is an sectional view of a vertically-mounted
LED alphanumeric display having a plastic PCB substrate;
and .

Figure 4 is a plan view of a surface-mount LED

alphanumeric displéy and leadframes prior to encapsulation.

10 ' ~

Detailed Description

' Figure 1 shows a surface-mount LED alphanumeric
display device 10 having a compliant, two-layer flex
circuit 20. The flex circuit 20 is bonded or otherwise

15 attached to an Ultem stiffener 30. Ultem is a trademark

for a General Electric material having a coefficient of

thermal expansion ({CTE) of approximately 60 x 10°° ppm,

selected because it has a CTE approximately equal to that

‘0of clear epoxy, although one could choose another material
2¢ having a nearly-equivalent CTE. '

The device 10 has leads 40 for providing power and
control to the device 10, two of which are visikle in
Figure 1. The leads 40 are provided with J-bends 42, which
afford tight vertical stacking and mounting. Display

25 elements 50 are located on the top surface 22 of the flex

circuit 20, while a CMOS logic device 60 is located on the
under surface 24. -

The flex circuit 20, the Ultem stiffener 30, the
display elements 50, and the CMOS logic device 60 are

30 enclosed in a clear epoxy encapsulation 70, while the

leads 40 are permitted to protrude out from the
encapsulation 70.

In lieu of a compliant flex circuit, a plastic printed
circuit board can be utilized as the substrate as

35 illustrated in Figure 2. As shown, a surface-mount LED

alphanumeric display device 100 has a plastic printed
circuit board (PCB) 120 having a CTE of approximately.60 X




LED al phanuneric di splay, the conposition of the conponents 15 and

encapsul ation should be selected such that the coefficients of
thermal expansi on (CTE) of those conponents are equi val ent or nearly
SoO. Summary of the Invention 20 The present invention obviates

t he aforenenti oned probl em by mat ching or nearly matching the CTE of
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approxi mately the sane rate as the cl®ar epoxy encapsul ation. The |ead

frane, altho avi S 1. 0L ol éQQ{ th t he
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wherein: 9 and display elements 150 and a CMOS logic device 160
mounted on opposite surfaces 122 and 124, respectively, of
the PCB 120. As with the device of Figure 1, the PCB 120
is encased in an epoxy'encapsulation 170 with protruding
leads 140.

10 The device 100 of Figure 2 can be mounted vertically
as shown in Figure 3. To maintain the device 100 in a '
vertical orientation, wertical stabilizers 180 can be
provided to create a relatively stable rest on one side of
the device. 8Similarly, the device 10 of Figure 1 could be

15 positioned vertically.

The device 10 is shown with leadframes 200 in Figure
4 prior to encapsulation. Visible to one side of the flex
circuit 20 are the vertical stabilizers 180.

The device can be encapshlated using the closed mold

20 described in co-pending U.S. patent appliéation serial mno.
08/xxx, xx%,- filed December x, 1995, for a Closed-Mold LED
alphanumeric display, assigned to the same assignee as the
present application and incorporated herein by reference.

The embodiments described  herein are merely

25 illustrative of the principles of the present invention.
Various modifications may be made thereto by persons
ordinarily skilled in the art, without departing from the
scope or spirit of the invention.
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3 Fi gure Illmum Emllﬂm view of a surface-nount LED .
al phanuneri c dISp|Lu circuit substrate; Figure 2 is

an sectional view of a‘suffdte-molnt LED al phanumeric di splay having a
pl astic PCB substrate; 5 Figure 3 is an sectional view of a
vertical |l y- nount ed LED al phanuneric display having a plastic PCB
substrat e; agﬁ Figure 4 is a plan view of a S%&@@&%ﬁ nt LED
alphanunerlc c? ay and | eadfranes prior to encapsul ation “Detai | ed
Description Figure 1 shows a surf?ce nount LED al phanuneric

di spl ay device 10 having a conpli ant, ayer flex

WHAT IS CLAIMED IS:

1 1. An LED alphanumerlc display device, comprising:
2 a clear epoxy encapsulation, the epoxy having a
3 coefficient of thermal expansion; and

4 a circuit board containing at least one display
5 element, the circuit board having a coefficient of thermal
6 expansion approximately equal to the coefficient of thermal
7 expansion of the clear epoxy.

2. The device as set forth in claim 1, wherein the

2 circuit board comprises a flexible circuit affixed to a
'3 stiffener.

1 3. The device as set forth in claim 2, wherein the
2  stiffener is fabricated from Ultem material.

1 4, The device as set forth in claim 1, wherein the
2 circuit board comprises a plastic circuit board.

1 5. The device as set forth in claim 4, wherein the
2 plastic circuit board is fabricated from Ultem material.

1 6. The device as set forth in claim 1, further
2 comprising leads connected to the circuit board, for
3 providing power and control to the device from at least one
4 external socurce.
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circuit 20. The frex—tfrtuft—?ﬁhfs—bonded or otherwise 15 attached to an
Utemstiffener enark_ for a General Electric
mat eri al havi ng a c m,mﬁﬂ um”l t hermal expansion (CTE) of
approximately 60 Xx sel ected because it has a CTE
appr.oxi mately equal to that of clear epoxy, although one coul d choose
another material 20 having a nearly-equival ent CTE The device 10
has | eads 40 for providi ng power and control to the device 10, two of
whi ch are WOS724B0i n Figure 1. The | eads 40 are provi Betiusserared- bends
42, which afford ti.ght vertical stacking and nounti ng. Di splay 25
el enents 50 are | ocated on the top surfacé 22 of the flex circuit 20,
while a,CMOS | ogi c _devi 60 is | ocated on the under. surface 24.
The fle# circuit 20 th PPEﬁP§‘t‘ 2% &&E%@lpthééumeneu gb?%a%l%ﬂea 50,
and t he2CMOS loogipeigdwnigce 60 are 30 enclosed in a clear epoxy
encapsulzati on 70, | e e er t

psuly whi beehp efo:q} %‘ilﬁ:af)guflﬁ'ﬁﬁonp d %goxPI _hs ﬁ%

from th en% sulatlo g I eu o

circuit,’ a pl &8 %p FHFeB thepmal eXPaR2IPican be utlllzed as the
substraBe as 35 ila] usiretkt ibodndjucentaindagshatn leassur dnee-displiay ED
al phanugeri c @1%%%&@#0%151%8&%[%1@ angﬂ&xip{fy“ the cifkhfl! Hdy d

(PCB) 120 haV|ng a
being a flexib e circuit afflxed to an Ultem stiffener and

8 the Ultem stiffener having a coefficient of therma:
9 expansion approximately equal to the coefficient of thermal
10 expansion of the clear epoxy; and

11 leads connected to the circuit board, for providing
12 power and control to the device from at least one external
13 source.

1 8. An encapsulated LED alphanumeric display device,
2 comprising:”

3 a clear epoxy 'encapsulation, the epoxy having a
4 coefficient of thermal expansion;

3 a plastic printed circuit board containing at least
6 one display element and related 1logic circuitry, the
7 plastic printed circuit board having a coefficient of
8 thermal expansicn approximately equal to the coefficient of
9 thermal expansion of the clear epoxy: and

10 leads connected to the circuit board, for providing
11 power and control to the device from at least one external
12 source.

This Sheet Has Been Replaced
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4 10[err] ppm The PCB 120 can be - fabricated from U tem
material, which has such a CTE, or any other nateri al havi ng a

nearl y-equi val ent CTE. The device 100 al so has | eads 140 with
J-bends 142, 5 and display elenents 150 and a CMOS | ogi ¢ device 160
mount ed on opposite surfaces 122 and 124, respectively, of . the PCB 120.
As with the device of Figure 1, the PCB 120 i s encased in an epoxy
encapsul at i 9P H¥28™i t h prot r udi ng | eads 140. 10 TR 100 of
Figure 2 can be nmounted vertically as shown in Figure 3. To nmaintain
the device 100 in a. vertical orientdf@on, vertical stabilizers 180 can
be provided to create a relatively stable rest on one side of

FI6. 1




the device. Simlarly, the device 10 of Figure 1 could be 15 positioned

vertically. The device 10 is shown with | eadfranes 200 in Figure
4 prior to encapsulation. Visible to one side of the flex circuit 20
are the vertical stabilizers 180. The devi ce can be encapsul at ed
using the closed nold 20 described in co-pending U S. patent application
seri*al no. 08/ xxx, xxx, - filed Decenber x, 1995, for a O osed-Mld LED
al phanuneri c di splay, assigned to the sane assignee as the pr esent
appl i cati on WRPM2ATBr por at ed herein by reference. PRE/US6/19750
enbodi nents, descri bed her ei n are nerely 25 illustrative of the
principles of the present invention. &Jarious nodifications nmay be made
thereto by persons ordinarily skilled in the art, w thout departing
fromthe scope or spirit of the i nfdi3i od WHAT | S
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‘1. A LED al phanumeric display device (10, ( | Shdg: ' a clear
epoxy encapsul ation (70; 170), the epox I“mm "1@8[[”'4@“] havi ng a
.coef fici BAT/GE96HAPATRI0 expansi on; and » ¢ CLamKCllsC board (20; 120)

cont ai ni sgcab2lveaq©sorre 7diespl ay el ement (50; 150), the circuit board
(20; 120) having a coefficient of thermal expansion, :
characterigferl Rst ke r#ecyig. board' s coefficient of 10 t her mal
expansion 1's approximately equal to the coefficient- of thermal

expansi on of the_cl ear epoxy encapsul.ati .70: . 170). . _._2. The
devi ce as %etAfg‘rEﬁhai ﬁhé‘%é'i“%rf,c pSPl-‘_f‘é’ %%a. ce, ¢4/ elq?o)i )CZO"QIBLSII}gzn t h
at the circ@i £1B8& §PoxXY encepsulerdPnedrfyii dédla fahsigeei i t2 War d
(70) Saf fi xedving a coeffistiehtepdr thggmal expansipn THndevi ce as set forth
in claim2, 28 cireulitabbaadc (R0e 12i0)zcentainimy att leastt ortehelisstplfafener
(30) el &mbabr i(Gat;ed sngmeist ereRtier bddardJ (2om 120 tHademprk for a
ggneral E'SSEEEEcE@BﬁrBQ!Eherm'l exﬁaﬁgq%nﬁevice as set forth in claiml,
C ar c.t Ll 42 - i . <t ' |t . hoar

(70;. 170) conﬁﬁ?régtgrlfggtﬁg cP?EuF??ESEFq§?T§ﬁ§.JKE&Eff%HleJEi§f?

10 thermal expansion 1s approximate equal to the coefficient
of thermal expansion of the clear epoxy encapsulation (70;

170) .

2. The device as set forth in claim 1,

15 characterized in t h a t the circuit board
(70; 170) comprises a flexible circuit board (70) affixed to
a stiffener (30).

3. The device as set forth in claim 2, _

20 characterized in t h at the stiffener (30)
is fabricated from Ultem material (Ultem is a trademark for a
General Electric material).

4. The device as set forth in claim 1,

25 - c haracterized in t h a t the circuit board
(70; 170) comprises a plastic circuit board (170).

5. The device as set forth in claim 4, _
characterized in t hat the plastic

30 circuit board .(170) is fabricated from Ultem material (Ultem
is a trademark for a General Electric material).

6. The device as set forth in one of the claims 1 to 5,

characterized in t hat leads (40; 140)
35 are connected to the circuit board (70; 170) for providing

power and control to the device (10ﬂ 100) from at least one

external source.

7. The device as set forth in one of the claims 1 to 6 ,

40 characterized in that a logic circuitry
(60; 160) is connected to the at least one display element:
(50; 150).
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5. The device as set forth in claim4, charact er.

n t hat the plastic 30 circuit board (170) is fabricated frofPA8 em
material (Utem is a trademark for a General Electric material).

6. The device as set forth in one of the clainms 1 to 5, charact
eri'zed I n t hat Ileads (40; 140) 35 are connected to the
circuit board (70; 170) for providing power and control . he devi ce

(10;- 100) fromﬁlegast one ext ernal source. 'ly"

devi ce as set f in one GPROMEELEGIUALIROPREY BONFEATING ) o 1 t e r |
| rmbofnahy el RAond PSSk upeg eEAkrelVodkm A APHAEAY goifre
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