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DESCRIPTION
Paste Pattern Forming Method

Industrial Technical Field |

| The present invention relates to a method of uniformly applying a
liquid matenal such as a paste, on the surface of a metal pxece

The term “paste” used in the present invention means a liquid
material, e.g., an adhesive'ant.l paint, which has such a level of viscosity
as allowing the liquid material to be laid on the paste-applied surface in
the linear form. | One example of__the liq.uid. material is a thermosetting
eonductive resin. |
| The term. “paste-apj)lied body” used in the present invention means |

a body havmg the surface on which the paste is to be appl1ed One
--example of the paste apphed body 1s a lead frame.

- e

Prior Art - | e
A conductive pasf.e for use in the sen{lcenductet manﬁfactu'ring - \ p |

process is apﬁﬁéa' in the forin of 'doil:s: at predetermined pq:sitions_orl a strip -‘

of metal called a lead frame . | B -

| W1th an mcreasmg size of semxconductor dev1ces multl-dot nozzles

h'ave .bee_n em_plgyed to app_ly a large amount of pastes at a__ _tlme. ‘With

' such an 'apll)lyin-g' technlqixe, hOWev_er, a l)ubl)le ls apt'to l)e 'e.ntrapll)ecl '

between the back surface' ofa s_emicbndﬁc':tor chii) and a lead frame when

the s_emicendl_lctor chip is .mounted ina predete_rmined positien.

Although various improvementé in outer diamefer, layout, etc. of the
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nozzles have been devised, satisfactory solutions have not yet been

achieved.

Problems to be Solved by the Invention

The above prior-art. method has such a drawback that when the
applred pastes are subject to a drying step with a bubble left entrapped,
the bubble is so expanded as to destroy semiconductor devices. Another
drawback is that the multi-dot nozzles must be designed and
manufactured in match with the sizes of semiconductor devices and the
shapes of lead frames case by ease.
| An object of the present 1nvent10n is to provrde a paste pad formmg
method which can apply a liquid matenal such as a paste, with much less
variations in liquid amount than resulted by the prior-art method of
arrangmg a number of nozzles 1n a desired drawing pattern for multl-dot
’ coating, and which can completely prevent a bubble from being entrapped |

ina step of bonding a bonded member, e. g a sem1conductor chip, to a

. . paste- apphed body, e. g a lead frame, through the apphed 11qu1d

matenal / ' o . _ | "
Br1ef Descnptmn of the Drawmgs
Fig. T schemat1ca11y shows one embodlment of the present
inventlon in wh_1_ch a paste in the linear form is success1ve1y drawn on a
. lead frame.follovfr:ing a locus of mouement ofa nbzhle '_
- Fig. 2 shows alead frame on Wh1ch crossed patterns are drawn by a
method of the present 1nvent1on

Fig. 3(A) is-a representatlon for. explammg the sequence of

drawmg the crossed pattern.
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Fig. 3(B) is a representation for explaining the sequence of
drawing the crossed pattern with which a nozzle having a smaller
diameter than the width of a drawn line is eniployed and moved back at
each end of the drawn line while the paste is discharged.

Fig. 4(A) shows a step of placing a semiconductor device on the
paste formed by the method of the present invention.

Fig. 4(B) shows a step of closely honding the semiconductor device
un_der a unijform pressing force.

Fig. 5 shows the prior art; Fig. 5(A) shows a multi-dot coating

" process using a plurality of nozzles; Fig. 5(B) shows projection of pastes

beyond sides of a semiconductor chip after bonding, #nd Fig. 5(C) shows a
bubble entrapped near the center of the bonded semiconductor chip.
Fig.6is a representation for explaining the present invention; Fi_g..

6(A) shows linear coating using a nozzle, Fig. 6(B) shows uniform

‘projection of a paste beyond sides of a semiconductor chip after bondin'g,

and Fig. 6(C) shows that no bubble is entrapped near. the center of the

bonded sem1conductor ch1p ,
- . . |

- Fig. 7 shows a vanety of paste patterns wh1ch can be eas11y formed .- 4‘ -

by the method of the present mventmn

' Means for Solvmg the Problems '

The present mventlon prov1des a paste pattern formmg method

~ which can solve the above mentloned problems encountered in the prior

| art, and is featur_ed in that a d_rawmg pattern is formed on a paste-apphed

body with a linearly_draWn paste line. In the method of the present

" invention, the drawing pat.tern is linearly drawn with a paste on the

paste-applied body by using a nozzle, the paste, a paste reserving '



container, and paste supply means. Accordingly, the present invention
also resides in a paste pattern forming method wherein a drawing pattern
is formed on a paste-applied body w1th a linearly drawn paste line by

using a nozzle, the paste, a paste reserving container, and paste supply

~ means.

The paste is continuously discharged from the nozzle while the
paste line i_s__ being drawn. Accordingly, the present invention further
resides in a paste pattern forming method wherein a drawing pattern is
formed on a paste-applied body with a 1inearly drawn line of a paste
continuously discharged from a nozzle.

Specifically, the present invention also prbvides a paste pattern

forming method wherein a drawing pattern is formed on a paste- apphed

body w1th a linearly" drawn line of a paste continuously discharged from a
nozzle by using the nozzle,_- the paste, a paste reserving container, and
paste supply means. In this.met}_lled, t_he paste line is drawn while
movir_lg any of the paste:applied body; the nozzle and the paste. Thus,

the present invention further provides a paste pattern foi'ming method

- wherein a drawing pattern is formed on a paste-applied body with a

linearly drawn line of a paste continuously discharged from a nozzle by

.- using the nozzle, the paste, a"_paste reserving container, and paste supply

means' while any of the p_aete-aﬁplied body, the nozzle and the paste is

_ moved

In the above method the paste- apphed body is a lead frame, and |

the paste is an adhesive for die bondmg
" In this case, the present invention re81des in a die-bonding

adhesive pattern forming method Wherem a drawmg pattern is formed on

" a lead frame with a linearly drawn line of the adhesive for die bonding.



Also, the present invention resides in a die-bonding adhesive pattern
forming method wherein a drawing pattern is formed on a lead frame with
a linearly drawn line of an adhesive for die bonding by using a nozzle, the
adhesive for die bonding, a die-bonding adhesive reserving containe;', and
die-bonding adhesive supply means.

Further, the present invention resides in a die-bonding adhesive
pattern forming method wherein a drawing pattern is formed on é lead
frame with a linearly drawn line of a die-bonding adhesive confinuously
discharged from a nozzle.

Specifically, the present in_ve'ntion also provides a die-bonding
adhesive pattern forming method wherein a _drawing pattern is formed on
- a lead frame with a linearly drawn line of a die-bonding adhesive -
continuously discharged _frdm a nozzle by uéing the nozzle, the adhesive
for die bondihg, a die-bonding adhesive reserving container, and die-
bonding adhesive supply means. Furth_'er, the present invention provides
a dié-bonding adhesive pé.ttern forndiﬁg .m(-.:thod wherein a drawing
pattern is formed on a lead fr.a._me'y.v.'ith_a l_ine}a.rly. drawn line of 'a_die-

: bpnding adhesive c_ontinuously .discharged f;om'a nozzle by using the
| nozzle, the adhes;re. for die'-bondin'_g, a die-bonding adhesive _réserlving
container, and 'die-bOnding- adhe:siv'é sﬁpply.means while any of the 1ead.

‘frame, the nozzle and th_e'adhesive 'for_die bohding adhesive is moved.

Embbdim_enis of the Invention

| An embodi_mént of the-ﬁiei:hoi_i of the present invention for .forming
applying a pasté in a Véi‘iety of drawing patterns will be descriBed.

| Typical patterns draiivﬁ with an applied pafﬁern are figures made

up of a plurality of line segments. The term “line segment” used herein



- _ moving a nozzle, a paste apphed body, or.a paste in such a manner as to

s

means linear portions of the drawing patterns formed by drawn paste
lines. When the drawing pattern is a cross, for example, it is a figure
made up of four line segments. The drawing patterns are preferably in
the radial form. The method of the present invention is applied to, e.g., a
step of die-bonding a semicenductor chip to a ceramic package (PKG) in
manufacture of a semiconductor device. In such a case, by applying an
adhesive in the radial form, good bonding- is achieved between the |
semiconductor chip and the PKG when the semiconductor chip placed on
the adhesive is closely bonded_to the PKG under a uniform pressing force,.
because the adhesive satisfacterily spreads oﬁer the applied surface of the
PKG_even with the semiconductor chip having a large size.
The drai_ving pattern majr be '_a figure including the enclosed form.
In the .draWing pattern made up of a plnraiity of line segments, at least
~one of the line segments is. :prefera_bly formed ef tvfo drawn lines.. These
~ two drawn lines are pre—fe_rably fermed bjf drawing a line_to go and return

- over a certain stroke Specifically, at least one line segment is fermed by

go and return over a predetermmed d:stance By so formmg a plurahty - \ -
of line segments, one drawmg pattern i e one figure, can be obtalned .I
'In such a case, one line segment can be drawn to extend from one start |
point to one end pomt, or a plu_rahty of line segments can be drawn to
'e:-zt.end.from one start point _to one end point. In other werds, one

drawing pattern is formed sncn t_h'a-t-t.he total number of t_he start and end
points of the drawn lines is not larger tnan the number of the line
seg'ments Preferably, the drawmg pattern is formed while the start and
“end points of the drawn 11nes are kept from being pos1t10ned other than

the end points. By forming the drawrng pattern so that the start and end



points -of the drawn lines are positioned other than the end points of a
figure of the applied adhesive, the start. and end points of the drawn paste
lines are positioned near the center of the figure. Therefore, when a
uniform force is pressed against the semiconductor chip placed on the
applied adhesive, the adhesive is forced to very uniformly spread outward
and no bubble is entrapped on that occasion. Aiso, the drawing pattern
is preferably formed with a minimum number of folds of the drawn lines.
A means for forming a drawing pattern with drawn paste lines

comprises a nozzle, a paste, a contain_er for storing the paste, and a paste
supply means. The drawing pattern forming means is not particularly
limited so long as it serves as an apparatus for discharging the paste,
supplied from the container storing the paste therein, threugh the nozzle
in constant amount and can realize the .method of the present invention.
 Inview of the necessity of drawing a min'ute line figure en a lead frame or
the like at a hlgh speed W1th h1gh accuracy, however it is preferable to
: employ a liquid constant-amount d1scharg1ng apparatus which has been

1nvented by the inventor and filed for a patent prev1ously |

| The 11qu1d constant-amount d1scharg/:ng apparatus compnses, by R

.way of example, a hqu1d reservmg contamer a means for drrectly or
I1nd1rect1y pressurizing a hqu1d in the hqmd reserving contamer, a _

discharge Valve for mechamcally opemng and closmg a d1scharge port
"held in commumcatmn w1th the 11qu1d reservmg container, a pressure
| sensor for detectmg a 11qu1d pressure near the d1scharge port, and a
: control means for controlling the operatmn of the pressurlzmg means in h
accordance w1th a signal from the pressure sensor. With this apparatus,
upon receiving a pressure signalland a pressurizing time signal, the

pressurizing means pressurizes the liquid in the liquid reserving



container to a pressure corresponding to the pressure signal for a time
correspondihg to the pressurizing time signal. Further, at the timing in
match with the operation of the pressurizing means, the discharge valve
is opened to discharge the liquid through the discharge port, thus
enabling the discharge of the liquid to be started without a time lag.
When the time during which the liquid is pressurized by the
pressurization means reaches a predetermined time and the amount of
the liquid discharged reaches a predetermined amount, the discharge
valve is mechanically closed in timed relation to stop ot_ the operation of
the pressurizing means. Since l‘the discharge port is physically closed
. upon closing of the discharge valve, a good liquid wiping property can be
obtained. It is also possible' to com'pletely prevent an unexpected
leakage of the liquid after the discharge port is once closed.

After one discharge cycle is completed in this way, the liquid -
pressure near the drscharge port is detected by the pressure sensor and a

resultmg pressure s1gna1 is 1nputted to the control means. In accordance

- with the pressure s1gna1 the control means controls the pressurizing

/ 4
means to raise or lower the hqurd pressure 80 that the residual pressure ) \

near the 'd1scharge port 1s' held at a predetermined characteristic value

' _It 18 a matter of course that when the detected 11qu1d pressure is ahgned
with the predetermmed charactenstlc value, the pressurizing means is
‘not required to he opera_ted agam-. | |

- By thus al'w.ays.holding the -residual pressure near the discharge
and hence the inner pressure in a liquid flow passage at..a constant value
after the end of the d1scharge cycle port, and thereby removmg variations
of a flow passage cond1t10n the pressurlzmg force, the pressurizing time,-

etc. for the liquid can be determined with no ‘need of considering any



uncertain factors, when a constant amount of the liquid is discharged in
the next cyele. Also, the constant-amount discharge of the liquid can be
performed with high accuracy. In the case in which one ({ycle of the
liquid discharge is continued for a relatively long time as resulte.d, for
example, when the liquid is applied in the linear form, it is preferable
| th.at the liquid pressure be detected with the pressure sensor during the
discharge cycle and the liquid pressurizing force applied by the |
pressurizing':' means be controlled in a'ceordance.with a detected result.
In the above-described aﬁparatus, the discharge valve is preferably
a needle valve. Because a needle itself can be made sufficiently small in
size, the needle valve can Ee smoothly and rapidly displaced to open and
close with a reiatively small drit?ing force even under a high pressure on
the order of approximately 100 — 200 kgf/cm?®. It is therefore possible to
improve the liquid wiring propeitfat the end of the.disch'arge cycle, and
to more effectwely remove a tlme 1ag at the start of the dlscharge cycle
| A reduction of the dr1v1ng force also results in a smaller overall
size of the dlscharge valve In add1t1on, more preferably, a liquid
pressure compensatmg piston is provided on the needle valve. -~ ' ’* .
With the prov1s1on of t_he_.hquld pressure_ compensatmg pisii.on, |
pressure "rariations.ih th.e' liqﬁid flow péssa’ge,' especially at and near the
discha'rg-e'port', can "be.- preeisely co_n;p_ensated in an easy and x;apid' menner
by displacing the liquid pressure comﬁensafing pisﬁon to advance and
" retract. For exe.mpie, when the needle valve is operated to open; the
volume of the ~need1e'w-hich oceuﬁies e space f;ear the dischax_-g.e pori;, and
'_con.-versely when the -need_le valve is operated to close, the volume of the
needle whieh occupies thet space is increased. Aceordingly, in the former

case, a decrease of the liquid pressure near the discharge port can be -



prevented by displacing the 1iqui_d pressure compensating piston to
advance. Also, in the latter case, an increase of the liquid pressure near
the discharge port can be prevented by displacing the liquid pressure
compensating piston to contract.

Thus, the liquid pressure compensating piston can be employed
along with or in place of the pressurizing means to hold the pressure of
the liquid remammg after the end of the discharge cycle at the
predetermmed characteristic value.

Further, in the case in which the.discharge nozzle requires to be
moved with respect to a workpiece in the above-described apparatus, it is
more preferable that the_ discharge nozzle be moved by _eontrolling, for
example, a manipulator in the orthogonal conrdinate system or in the

three-dimensional directions in synch with control of the discharge valve.

| Operat10na1 Advantages
| Since a paste line is contmuously drawn by movmg the nozzle, the
‘paste-applied body, or the paste. 1tse1f var1at10ns of the applied paste are
o much less than resulted in the case of arran/glng a number of nozzles in a
'des1red drawing pattern for mult1 dot coatmg

Smce a drawing pattern can be formed on the paste apphed body

with l1near1y drawn paste lmes, i.e., since one flgure can be drawn by the _

‘so-called one stroke drawmg method a h1gh1y accurate ﬁgure can be
' drawn at a high speed |
~ By stormg the pattern to be drawn in the form of a program,. a
desired paste drawing pattern can be 'easiiy selected with no need of

nozzle exchange work.

-



Any drawing pattern having an arbitrary shape, i.e., any figure
having an a'rbitrary shape, can be drawn. In a step of bonding a bonded
member, e.g., a semiconductor chip, to a paste-applied body, e.g., a lead
frame, it is possible to draw such a figure as allowing the paste to evenly
spread over the entire paste-applied surface and enabling the bonded
member to be bonded to the paste-é.ppli_ed body in a satisfactory manner;
namely such a figure as preventing a bubble from being entrapped and
causing the";paste to project in even amount from side surfaces of the
bonded member after the bonding step. | |

In particular, each drawing péttern can be drawn in é.ny desired
form with one start point and one end point, the drawing pattern can be
~ formed such that the start and end points of the drawn paste line are
positioned other than the ends of the figizre, and the positions and
number of raised points of the paste can be controlled. In the operation
of bonding the bonded member sﬁch as a semicohductor chip, the paste
forming the figure is pﬁshed_t_o spread over .the entiré paéte-applied

surface toward an outer periphér_y'df the bonded member. - _ ' o
Examples | X ’ N _ | .
 Details of the preéent _ixiirez;fion will be described below in

connection with ex:ha.n'lples.-.. It shoﬁld be uﬁdérstﬁod _that the present_
- " invention is limited in nq. way bj 'i:hé folldwing_ examples.
Example 1 | | R | |

Iﬁ this Example; a péste-_éppli-ed mein.ber (lead fréme here) was
~ disposed below a nozzle as a manner of moiring_ the _noZzle in-the XYZ

directions. Alternatively, the nozzle may be moved by any of a manner of

moving the lead frame in the XYZ directions, a manner of moving the



nozzle only in the Z direction and moving the lead frame in the XY
directions, and a manner of externally applying stresses to the paste itself
discharged from the nozzle and drawing a paste line on the lead frame in
the XY directions.
~ The nozzle was connected to the tip of a container reserving the
paste therein. The past was discharged through the nozzle by a suppljr
means (not shown)
As shown i in Fig. 1, the lead frame was d1sposed below the nozzle
and fixed in place. _
After descending the nozzle, the paste was discharged and at the
~ same time the nozzle was moved in the XY directions.. As shown in Fig. 2,
linear paste lines were successively drawn on the lead frame following the
' locus of the nozzle.
A sequence. of moving the. nozzle is determined by a sequence
progr-am previously set in a. movement control unit '(not shown).
| Practical paste line drawmg procedures will be described below

w1th reference to Figs. 3 to 7 Y,

Flgs 3(A) and 3(B) show the case of drawmg a crossed pattern If | _ 1 L
'the start and end points of the paste drawn line are pos1t10ned at the end, :
| 1 e., at the extremlty, of the line, the d1scharge of the paste would be
'started or ended at such an end position. In th1s case,_ an extra paste
| ‘would be._so concentrated as not to mamtam the same line width.
B Figs. 3(A) and 3(B) show an example -in whieh the paste line drawn'
to return at the extremlty of the line, while the paste is contmuously
discharged, by a nozzle having a d1ameter smaller than the width of the
actually drawn paste- line. With this exampl_e, an extra paste is |

prevented from concentrating at the extremity of the line.



Looking the paste, which has been applied as described above,
from one side of _the lead frame, the paste appears as shown in Fig. 4(A).
In practice, a central portion of the applied paste is slightly than a
peripheral portion of the applied paste due to the presence of the extra
paste. |

As seen from Figs. 4(A) and 4(B) which show a step of bonding a
semlconductor chip to the lead frame, the start and end points of the
. drawn paste line are pos1t10ned near the center in this Example.
Although the extra paste gives rise to a problem if positioned at the
extremity of the line, no problem occurs when the paste is positioned near
the center. More specifically, in the'bonding step, the paste first adheres
at its raised portion to the center of a rear surface of the semiconductor
chip, and then gradually spreads toward an outer periphery of the
semiconductor chip under pressing. Asa resuit, the paste is brought into
a Very uniform shape after the bending of the _semiconductor chip.

On the other hand, Fig. 5(A) shows. the prior art, i.e., an eaample of
- multi-dot coating usmg a plurahty of nozzles If the bond1ng step is
carried out in the same manner as descnbed above there occur variations | . \ .
in spread of pastes toward an outer per1-pnery.of a sem1conductor ch1p.
I-n-addition _.there also produ'ces as a fatal ,p-roblem, a space up to which
the pastes cannot spread ie., a bubble | _ | B _ |

The bubble is thermally expanded in a step of flxmg the
semlconductor chip to the lead frame Wh1le heatlng and drying the paste
‘and may cause such a drawback as destroymg the semlconductor -chip due
to stresses generated upon the thermal expansmn of the bubble.

When the paste pattern is drawn in accordance with the sequence

of the present invention as shown in Fig. 6(A), the paste has a shape



shown in Fig. 6(B) after the bonding step of the semiconductor chip.
Further, as shown in Fig. 6(B), the paste evenly spréads toward sides of
the semiconductor chip and has a very uniform shape along the outer
periphery of the semiconductor .chip.

Moreoirer, wit_h the start and end points of the drawn paste line
positioned near the center of the semiconductor chip to be bonded, no
bubble is entrapped between the semiconductor chip and the lead frame.
As a result, ':the_ above problem experienced in the prior art can be
prevented. |

The shape of the semiconductor chip is not always square.

In the conventional multi-dot coating process using a piurality of
nozzles, the nozzles are arranged in match with the shape of the
semiconductor chip and must be manualiy exchanged by using a tool for
each shape of semiconductor ch’ipé. With fhe present invention, by

storing the pattern to be drawn in the form of a program, a desired paste

ar

drawing pattern can be very easily selected with 1_;6 need of nozzle
exchange work. | ,

Fig. 7 shows a variety of paste patterns which can be easily formed o \ .

by selection of the 'progra-m. :

| Advantages of the Invention_

A highly accurate paste pattern or figufe can be dréwn at a high
speed. ' When a éemiconductor chip_ is éressed -againsf a paste-apﬁlied
surface of a paste-applied body, the paste _forniing the f';gure is forced to
spread over the entire p'aste-applied_surface while being pushed toward
. an 6uter j)eriphery (ﬁ' the semiconductor chip. Thgrefore, no bubble is

-entrapped at the bonded boundary between the semiconductor chip and
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the paste-applied body, and the paste evenly coats the entire paste-
applied surface. Asa result, products having uniform quality can be
produced at a high yield, and the number of failed products due to the

presence of bubbles can be minimized.



B Sheet Has Been Replaced

LT

CLAIMS

1. A paste pattern forming method wherein .a drawing pattern is
formed on a paste-applied body with a linearly drawn paste line.

2. A paste pattern forming method according to Claim 1, wherein
said drawing pattern is linearly drawn with a paste on said paste-applied
body by using a nozzle, the paste, a paste reserving container, and paste
supply meatls. |

3. Apaste pattern forming method according to Claim 1 or 2,
_w_herein said paste is continuously discharged from said nozzle while the
paste line is being drawn.

4. .A paste pattern forming method aceording to'.Claim 2 or 3,
wherein the paste line is drawn while moving any of said paste-applied
body, said nozzle and said paste -

5. A paste pattern forming method according to any one of Cla1ms
1to 4, _wherein said paste-applied body __is alead frame, and said paste is

an adheswe for die bonding. o, |
| 6. Apaste pattern formmg method alccordmg to any one of Claims
3 to 5 wherem sa1d drawmg pattel;n isa ﬁgure made up of a plurahty of
segment lines. | |

7. A paste pattern forming method accordmg to Cla1m 6, wherem
sald drawmg pattern is a ﬁgure in the radial form |

8. ‘A paste pattern formmg method accordmg to any one s of Claims
1. to 6, wherein said drawing pattern is a f;gure including an enclosed
shape. o

9. Apaste pattern forming method:accbrc‘lir_xg to any one of Claims

6 to 8, wherein at least one segmént line is_formed of two drawn lines.

RN



10. A paste pattern forming method according to Claim 9,
wherein at least one segment line is formed while moving any of said
paste-applied body, said nozzle and said paste to go and return.

11. A paste pattern forming method according to any one of
Claims 1 to 10, wherein said drawing pattern is formed such that the total
number of start and end points of drawn lines is not larger than the
number of segment lines.

12. ‘{'A paste pattern forming' method according to any one of
Claims 1 to 11, wherein said drawing pattern is formed such that the
start and end points of drawn lines are positioned other than the ends of
said drawing pattern. |

13. A paste pattern forming method according to any one of
Claims 1 to 12, wherein said draWing'pattern is formed with a minimﬁm

_ number of points at which the drawn lines are returned in a drawing _

process.
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