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2laciric fi21ld cauzes separaticon of iong i Zuil o ovs st ToRicivs {
I2as accumulate at ftiae newative sd-ce oFf fiell, and neratlve lous
/=) 2% thne voszitive edre (FTizure 1), £
Tt follows from Yhe methed ©f work ¢©f trangintior Tias , 1
w2lsrization notantial remainz ever wihen the lzvice Tecomss cold
] +
Teiween thne mericds of worl, nder fihesze coniiiionz, “he =aczumilated "3

smace charge remains at lzast vartly frozen 2nd tehraver ag 2 larsr
ver\ f ndenger: tne = néd laver is wroviied v a
{(cover) of condenser; tae sfecond layer is oviied T

. zccumilated in semiconductior in the wicinit

inmvoverizhed recion. e deal here wi

).
ct
[63
+
05
[\
[4}]
O

]
[@]
D
‘.
._l
m

9!
9]
[
D
31
Q
3
D
1
O
e

of zurface inversion or channelliing., m™he vresence 0f zuch a conilenser

can exert basic influence uron the work of transister,

characteristics of the Jjunction,

mhe largest change is shown in any

2auze the zurface inversion.

75 waz found /3/ that it suffizez o have onlt 2 10 -

imzurirtrr in one »l-ce to cause the descrited elechrical =lhenomann,




It means that the density of charge on the surface equal to 1 r©mm

may cause surface inversion. It 1s also vossivle to have the transfer

of electrons through the oxide layer. The presence of impurities

P

may cause also sometimes an increase of the barrlier current

(Table 1) of semiconductor devices (e.g., microdiodes), and after

exceeding a certain level of impurities there may occur an inversion

of semiconductor vphenomena /4/. Tt was also established that tze

[
n
™~

ratio of aliphatic to aromatic grouvs in encawsulating plastics

has an effect upon the character of semiconductor areas /u4/.

mhe presence in resin of a larger number of aromatic groups causes
attraction of electrons and formation of a2 surface close to v tyre,
and of a smaller number - to n type. The reverse is the case when
the resin contains a larger number of aliphatic grours, since

then we have a surface of n type /10/.

Negative effects of space charge caused by impurities
/5/ were found in investigation of transistors type Mos /10/

covered with epoxy resin as well as various types of silicon resins.
only transistors covered with silica gel, characterized by the
i smallest number of impurities, did not show damage after 1000 hours
of work.
Investigations carried out by Fairchild company
on transistor TRX-125HR, encapsulated with evoxy resins of
various compositions, have shown that the most sensitive narameter
suitable as a criterium for the level and effect of impurities
contained in the resin is the coefficient of amplification 8

(PO

M
at the temverature 12500 at 10,}A h.. and reverse polarization




| —
A ;
\ S |
} Xrzem n -————— Krem g \
T
:)‘
!

Kizem o ——— Km

Figure 1, Mechanism of the degradation of semiconductor caused by
the presence of impurities in encapsulating plastic,
a - formation of boundary field;
b - polarizing effect of impurities.
(grzem = silicon)

potential 4O VCB’ measured after a long work of the transistor.
mhe reason for change ofve s in addition to accumulation of srace
charge, would te here also penetration of small alkali ions

(Ma + ¥) through the 5102 layer.,
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Table 1. Impuricies occurring in components of epoxy resins.

Tomronent Asents anrearing in synthesis
tyve
—poxy resin Tmovichlorohydrin, dichlorohydrin, allvlo-

hydrin, prooylene, sodium hydroxide,
dian, acetone, benzene, vhenol,
catalyst, sodium orthosilicate

ardeners Tthylenediamine, dietnylenetriamine,
volyaminoamides, acid anhydrides

E’illers ;\1203) 8102, CaCOB
“igments TiOz, soot, Caco«
~
3olvents Xetones, esters, ethers, hydrocarbvons,

chlorinated nhydrocarvons, alcohols

icents increasing ~ompany formulations, urea, eic
fluidity

mire retardants sbao:, chlorinated and brominated resins

PN




rotential impurities
in resin

c1l”, mocl, ¥a*, ou~
‘C6HI+“OH! (CHB)£"O,
C6H6n H+’ Rr ; C6n50 ’
502, FZO, CO5 ’ 8104

o, 217, v, 3t
- o~ +
2C00 , RACOCT, T >
D o
Al, si, co3, ca™”’

i trace metal ions

Table 1. Continued.




Impurities having negative effect upon semicornductors
may originate, among others, from unreacted hardeners 2nc
accelerators or components used for synthesis of evoxy resirns
(e.g., epichlorohydrins), It was found that the effect cf amire

accelerators is considerably zreater than the eifect of organc-

W

ser eff

]
QO
<

metallic accelerators (rFigure 2)., )\ le ct of im—murities
was noted when using multifunctional anhydrides as zardeners,
€.3., quatrofinctional anhydride of benzconencne acid. —nis

1izhly reactive hardener does not require amine accelerstors

and causes dense cross=-linking which hampers motility of icns,
7he use of purified, densely crosslinking benzophenone anihydride
w»ractically eliminates totally the negative effec®t of Impurities
which are usually found in commercial epoxy resins (Figure 2).

mhe choice of plastic containing the minimal amcunt

of harmful impurities becomes easier when we ccnsider the source
of their origin:

- from accidental impurities in semiproducts used in
the synthesis, from the production equipment,

- from additives introduced in the course of production,
such as catalyvsts, emulsifiers, etc., which are later difficul:
to remove completely,

- from components added to modify certain properties

. . : . * |
of ready plastic, e.g., fillers, fire retardants, antioxidants, etc.

ror instance, high-nressure polvethylene nolymerized withoui *he -
use of catalystes contains less imrurities than the catalrticall:=-
Obtained lowe=»ressure r»olyetnhvlenc.




Tigure 2. rffect of accelerators on stability of transistors

encapsulated in »nlastic:

a=- curing agent » (5hell); b - RDMA; ¢ = organometallic salt
(czas, b = Time, hours )
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Tizure 3, ©ffect of the purity of hardener (benzophenone anuy

on stability of encavpsulated transistors.
a = technical; b = vurified,

dride)
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mable 1 lists imrurities whose occurrence coul
expected in various components of ervoxy formulations, { 5f55

Additional purification of resin and hnardenrers, e.-.,

through redistillation or molecular distillation, removes the
major part of imvurities which eliminates to a consideratle
degree the discussed harmful vhenomena. Tt was found that not only
is the absolute concentration of inorzanic imrpuritiez im=zor:ant
zut also is their way of combining with the resin and their
solubility in the composition. T.g., if the usually wvery rnarmful
caloride ion is combined with evoxy resin through covalent bvornd,
its negative effect is felt only at the temperature 15005 when

it serarates from the resin (Figure 4),

Figure 4. wffect of the presence of chlorides on stabilitr of

transistors encapsulated with epoxy resin. nrR 332 = ordinars

resin; nwm 3321C - resin with reduced contents of chlorides.
fzas, h = Tine, hours)

r3
L el m.‘,-\.d;u‘ahm-‘ﬂ‘.ﬁw - n
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when we have impurities difficultly soluble in resin

the concentration of "wandering ions' is in reality smaller than
the total concentration, and negative effects of their vresence
are smaller. A special choice of the components of formulation

is, therefore, necessary in order to carry out properly %the

encansulation of semiconductors. As was said tefore, esrcecially
purified resins and hardeners should be used (mable 2 and Figure 4).
Tt is also important that there should not remain mobile ions
after the hardening, and that the ratio of hardener to resin
should be close to the stoichiometric one (Table 3). willers
'and other additives possibly should bte difficultly solubtle and
1ifficultly disscciating compounds of high purity.
It was found, for instance, that the survrising negative
effect of sio2 filler = so inert with respect to silicon =
will not be seen if it is treated previously with boiling water
to leach out impurities from sio2 (Figure 5). On the other hand,
certain fillers such as some varieties of lewis acid type
(5102A1203) are even capable of adsorbing or immobilizing some
impurities contained in compositions, such as amine groups from
hardeners and accelerators, and thereby may prevent drov in the
value of the coefficient of amplification (Figure 6). 55#_
parmful effect of impurities on semiconductor devices L—-—-
may result (and in some cases may be the main reason) from the
corrosive electrochemical action of ionic impurities on thain

metallic layers, particularly al, on the surface of semicornductor

/6, 11/, uere tyvical are two effects: closing and ovening of




Table 2. Results of zrectrographic analysis of
plastics used for encapsulation [19].

Tpon 328

nistilled resin-cCu

102 — 10—t

plastic rorm netected metals (rder of conc,
of imp.,
»
i
Tpon 828 As delivered— cu, Al, Mg, Si, Casi 16=2 — 10~1
Toon 828 Residue after dist<Ca, Mg, Al Fe, Cu,Cr, (Si-0,5 10—2— 10— 1

3ylgard 132

Ggilicon coating
nC~b4b

gilicon casting
nc~205

gilica gel
phenolic casting
meflon

Teflon FEP
Teflon

Teflon FRpP

Kynar

Fardened Si, Ti, Mg

::gmhu.
rvardened
Pb, Ti, Ni, Cu, 3
Pressedé: . Ti, Ni, Cu, Mn, Al, Mg
Fe, Co

vardened vot
-Ca

As delivered Mg

. “Fe, Si, Na

raked emulsio Cu, Mn. Al

RBaked emulsion Cu, Mg '
Cu, Ti, M

pressed forms i LoNg

pressed fOrms m———Cu Ti Mg ]
Ti, Cu, Mg

naked emulsion

T RN OIS Lo R ke . ae u-‘ "

10=2 = 10—t

e

10=2 ~ 101
10—2 ~ 10—

> 5%, ]
10~ — 10~ j
0l — 90,5
found
> 5%
0.1 —05
10— — 10
10=2 — 10—

10=2 — 10— .




mable 3, 7ffect of temperature con barrier current

13

of diodes encapsulated wita various plastics.

value of barrier current in')"a"A

at 50 v
Type of
encapsulating After go nours jfter 20 hours
plastic Tnitial at 1507¢ of additional
= at reverse stay at 13097
rotential without
- 75 v potential
TPOXY,
ourified,
stoichiometric 10 S48 14
TPOoxXy,
purified, L L
nonstoichiometric 9 10 1C
EPOXY,
technical, L 4
stoichiometric 12 23,710 12.1.10
EPOXY 4
technical, , L
nonstoichiometric 12 3,1.10% 1.4410
meflon FFP 17 18 16
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the circuit., mhe first of them (vigure 7) arrears in
of anode in which, as a result of the action of ¢l1°, YHQ ’
cu’ and ?e'z+ ions, there is the deprassivation of aluminum
layer, its dissolution, and formation of an Alao3 insulating
layer, In the case of metallization with gzold, there can be
deposition on anode of gold ions originating from
lution of cathode (\u Au3+ + %e), causing the shorteninz of
the circuit (Figure 7).

nefects caused bty electrocorrosion are accompanied by

D)

ther negative vhenomena consisting of tize aprearance of snifted

(¢
o

break vath, mhis is caused by the occurrence of anigh-resistan
bridges in places where can be shorting and deposition of Ay,
resulting in moving (shifting) of side path.

vinding of the occurrence of impurities in evoxy comyo-
sitions has caused that, desvite their many advantages, there is
the tendency of some producers to abandon the avplication of
epoxy resins for encapsulation of professional semiconductor
devices and rather to use plastics with smaller contents of
impurities, vrimarily the silicon resins. ZTIncapsulation with
fluorine plastics (Teflon, Xynar) is not widely used because
of technological difficulties, despvite the fact that ther
contain little imourities and do not pose the associated
problems, A solution is the application of plastics with-small
contents of ions as an intermediate layer between the evoxy

resin and the junction, It applies, in particular, to silica =el
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-
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vizure 5. wffect of the vurity of 5102 on stability of transistor
encapsulated with epoxy resin:

2
a - sic2 not leached; b - leached; ¢ =,0f high purity; d - model.

rigure 6, ©ffect of concentration of ion=adsorbing filler (sio,Alzc,)
in encapsulating epoxy resin on stability of transistor. -

_ad

et imeata en e e Be i e

. }

——— -

O At ik, i 2

‘ﬁu

ARSI ITER I




T~ J zrom

A “llalelm2iI.Iiiie L ez oot 6#.,.-4 232 eTL. T3 - A

Tigure 7. Ccorrosive action of impurities contained in encawnsulatin
tlastic on integrated circuit;:
a = closing (shorting); ' - area of dissolved metal; 2 - shifted
current path; b -~ opening of circuit; 1 = circuit opening;
2 = insulating products of corrosion.

4 ~ double metallization = sgu on ot

B - single metallization - ju

(Krzem = silicon)

which, in addition to the fact that it contains the smallest number

of impurities, relieves pressures thanks to its elasticity.

vmany studies /7/ indicate that there are possibilities

of such a choice of components of epoxy formulations that their
action on semiconductor is no greater than the effect of silicon
resins, This vroblem is very important in view of many advantages
enjoyed by epoxy resins in comparison with silicon resins, such as
better adhesion, better chemical stability and larger mechanical
strength, In particular, we have here in mind strongly-crosslinked
resine, such as epoxy~novolaks (nvN=438, DTNM=43Q, now Chemical,

Tcw 1235, 1273, 1280, 1299-01RA).
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- In densely=-crosslinked epoxy=-novolak resins the ions
contained in resin remain entrapved in the space network, and
thelr mobility in electrical field is considerably reduced so that
the previously described negative effects are largely eliminated.
Moreover, epoxy-novolak resins exhibit also a number of other
advantages. One of the most important of them is an increase

of the glass temperature (Tg) to 15000, hence by 20-3C Oc higher
than in the majority of dian resins employed now for encapsulation

g of electronic subassemblies., An increase in T _ means an increase

-
(=3

of temperature at which the mobility of ions increases, and at
which we have a sudden increase of the coefficient of thermal
expansion ( o ) causing the appearance of strains and possibility
of damage to subassemblies, It was found, for instance, that
@ of epoxy resin, which below the glass temperature is

22.5 x 10'6/00, increases more than three times to the value of
75 x 10'6/°c after passing Tg’ Other advantages of epoxy=-novolak
resins include a smaller secondary contraction, high mechanical
strength, small absorption and permeability of moisture, and iarger
thermal conductivity. so far, epoxy=-novolak resins hnave found

. main application for castings and fluidizing powders. Their appli-
cation in pouring technology is limited by high viscosity.
In some cases they are stable at room temperature, Nevertheless
in cases where thermal resistance permits to apply hot vouring,
their use in encapsulation technology in cups or forms imvroves

considerably the work of subassemblies,

n . -2
AR S L § TR e e




In any case, the controversy whether to encarsulate

vrofessional semiconductor devices witn plastics has teen defini-
tely settled. The investigations are going on merely whether it is

more advantageous to use silicon resins or eroxy resins.

pouring in cuvns and forms

i3
)]

mechnologies of vpouring in cups and for: are of gereral
caaracter, and they can satisfy a broad range of requirements for
environmental protection and other additionral demands. In contrast
to moldings, here the absence of lubricating agents ensures a tetter
adhesion of resin to leads and subassemblies, mhese tecznologies
can be applied to small, medium and large-scale rroduction, although
in the last case they are seen less and less often., Yowever, in
encavsulation of large-~size assemblies these technologies continue
to dominate and are irreplaceable (Figure 8). * _
The same compositions are used for both technologies. légi?
If formulations are very elastic, such as for instance silica gel,
it is necessary to use cups as mechanical shields,
The most suitable technology for large=-scale production
is the use of cuvs. Moreover, this method ensures also the mechanical
reinforcement, placing of the flooded element in the middle of
protective layer the part of which is being formed by the wall of the cup
and also an esthetic appearance of the subassembly,
- An intermediate tnchrnology is the application of
multi-use cups of polyrropylene or moY, the materials for wnich

the resins show no adhesion (Figure 9), mhe pzrice of injected cun

S g S e T




"k

R R

7igure 8. Tacapsulation of a large electronic assembly wi<th
silicon resin of gSylgard type (the photograph obtained through
courtesy of the pow Corning company).

S
comes merely from several to several tens of grosj, s0 that even

at low=scale production it is more profitable than making a larger

number of metal forms, particularly that the cup may be used
hundred times or more. True, it is necessary to have injection
mold to produce cups; however, this mold may be of a zi-ple
snzx=n2st type, and its 1life is practically unlimited. Another
solution aiming at cost reduction is the use of multi-nest molds
from elastomers - mainly from silicon rubbers, and lately also

more and more often from elastic polyurethanes or types obtained

by vacuum forming from sheets, Metallic forms are now used less

- } ‘..;,,_**‘,hww;wtu'n«

"

L
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Figure 9. Tncapsulation of electronic subassemblies by the
method of pouring into multi-sectional polypropylene form.

a

O 2 o o

-
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nonencansulated condenser
segment of polyprovylene form

pouring on condenser placed in polypropylene form

form with flooded condensers

mold with flooded condensers

cutting off the top of mold and separation
of encapsulated condensers

stream of mass (resin)

circular saw
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and less often, mainly in pouring on large assermblies in small-
scale production, and less frequently in middle-scale vroduction.
As was mentioned before, the compositions for pouring are generally
nrepared by the user in his own way, which makes the process
quite flexible and enables to adopt compositions suitable for
individual requirements of subassemblies as well as for the
character of production, "¥owever, it is very tedious arnd labor-
consuming to weigh the components in defined preoportions, and to do
their mixing and degassing, zarticularly odutting small doses
into millions of miniature cups, as it happvens in large-scale
vroduction.
vany arrangements have been developed to reduce this
lator consumption. nevending on the production scale, these
arrangements range from simple ones such as manual control of
dosimeters, injectors, supply pumps, guns, etc., to vrogrammed
automatic machines (Figure 10). These machines simultaneously
mix the components, degas the composition, heat it, and pour ZEE;G
p into cups the required amounts with needed accuracy. Their outrput
reaches several thousand subassemblies per hour,
The basic technological requirements put before the

compositions for pouring are the smallest possibly viscosity,

‘i . small exothermicity, a low temperature (possibly room temverature),
a short time of hardening, and the long lifetime of the composition. i

mhe majority of these requirements are difficult to meet
while attempting to fulfill the requirements concerning the

nhyesical and chemical properties put before the comvositiorns.




Tigure 10. A system for semi-automatic encavpsulation of electronic
subassemblies by pouring.

1 = resin; 2 - harderer; 3 = manual dosing;

4 - automatic dosing; 5 - solvent; 6 = regulator of the
ratio of components; 7 - a system measuring the
components; 8 = dosing vress; 9 - switch for
continuous pouring; 10 = dose regulator,
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maus, for instance, a low viscosity entails generally a large

contraction nence large strains, worse electrical rroprerties,
fragility and poorer thermal conductivity. similarly, the very
desirable hardening at room temperature does not ensure obtaining
the optimal electrical properties.

The problem of the choice of comrponents ¢of formulation
for pouring has already been dealt in detail /&, /. vere we zrhall
discuss only the group of compositions characterized by larsge
transparency.

mogether with develorment of electronic odtics and
eroduction of such subassemblies as emission diodes, ghotodiodes,
vhototransistors, digital lamps, etc., there arose tne need to
develop compositions for encapsulation which would be characterized
by a small, and in some cases selective, absorption of visitle
lizht. Of course, if we have at our disposal a resin which
transmits well the visible light (minimum 90%), it is easy to
achieve selective absorption by introduction of soluble dyes into
the resin., Among thermosetting resins used for various purposes
the following resins show large transparency:

- stiff silicon resins,

- elastic silicorn resins (e.g., of gylgard tyve),

- acrylic resins,

- allylic resins,

-~ polyester resins,




ntnfortunately, none of these resins fulfills all the
requirements put for encavsulation of subassemblies, ctiff (hard)
silicon resins are too fragile, require a high temperature for
hardening and have a high contraction. Transvarent silicon resin
of Sylgard tyne are too soft and vulnerable to scratching.
volyester, allrlic and acrylic resins show excessive contracticn
and, on the whole, have insufficient electrical vrorerties.
111 these mentioned plastics exhibit voor adhesion o the majoriir
of materials,., pAlthough in some cases the aprlication of the above
mentionred resins cannot he excluded, the test resulis are ottained
using transparent epoxy resins esvecially developed foi this
Tur»ose, These resins are produced vy several sveclalizing
comvanies which supply materials for electronic industry
(mable 4), These are compositions of low viscosity L00=-30CC c¢cp,
hardened in the range 88-125% after 4=24 hours. They show larce
transparency (Figure 11) in the region from 30CO 2 to 7000 3,
and some even up to 26 000 2. Their transparency is not changed
after »drolonged work at 90-12500, and for a short time even at
the temverature 1?5°c. The pouring technology does not differ
from that with other epoxy resins except for some extra ~wrecauticas
to avoid the occurrence of scratching, blotting or other faults
wrich could deteriorate the transparency, It is necessary to uce
forms (molds) of silicun type n»Tv, Teflon, zolyrrorylene or mT7;
and if steel forms are used they should be covered with mellon

coating or covered with vaked lavar of silicon lacuer, ~res can te
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Table 4. Properties of epoxy resins with hAigh
transparency used in electronics.

| ' |
‘ Hysol Hysol Maraglass Maraglass | tveast
: ‘ property c std | CTasd 635 858 1269 A
}

Jiscosity, cbp 2500 200 500 3000

celling time, hours 24 —48 24—48 24 1

Zardering, hours/o’l = 16/100 16/100 2110 24/25

~ t y n ~’

;ontraction, e 002 . 002 -

Tardness, O3n D-84 D-a4

“ater abzorvtion, ° /“

D-82
et ha o Y \ _—
~eformation temverature, \\ \

“hermal conductivity, cal/cm.sec' Ob-om.,-, 0‘00035 _ 0,00085

“70-10—8 . 70-10-4 - 70-10—¢

~xransion /Og -~
“trength to vending, kG/Cm%-sgo : o N

3trengta to pulling, kg/cm=3% 400 -
: 14 ; -
Tlongation, % 1.8
tg 6
1 XHZ e
02 0,03
10 kHz~ —0,012 0,012 . o
100 Kpze———"""0,005 0,013 - -
€ :
1 kpz
10 kpz 35 3 4 4,18
B 3.4 3.3 - -
nesistivity, AL cre———-8108 2-101 - -
- 1,53 1,53

nefraction coefficient,” ~

6U

. #) frequency 10

ey
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mirure 11, 1ight absorvotion curves of evoxy resins usec in
nic

1 = nC 18 Zlear; 2 = ¥C Red; 3 = © 74 std, ¢ 7% sidj

L = 3tycast 1269 3.

introduced into the resins directly or in suitable solvents, |
such as dibutyl phthalate. The hardening should be carried out

vy convection in a dryer without the circulation of air, which

could bring small varticles of dust or cause surface faults in

tu1e form of circular lines. In addition to high=transparency

resins for pouring, highly transparent epoxy moldings are also 4
rroduced for ovtoelectronics. e ‘ i
An examvle of such a molding is uyflo »c 13 made by 7
Tysol nompany in colorless or red form. TbiS vroduct has tae
fluidity 75-112 mm (measured by the spirals method according to

I-1-638), is characterized by a small content of impurities |
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(21 0.45¢; and ¥, Ma, Mg and cu less than 0.C00%5¢ each), has glass
temverature 120°c, strength to pulling 560 kG/cmz, strength to
bending 1050 kG/cmZ, hardness 35° sh, contraction 2, and therral
expansion 65 x 10-6/00. mhe contraction and thermal exvansion
of this product are, of course, higher than those of the newest
filled epoxy=-novolak moldings (0.5% and 20 x 10-6/05 respectively)
which are used for encavsulation, However, these values are not
sO0 much higher as to cause damage to encapsulated subassemplies.
The pressing is carried out under the vressure =70
k@/cm2 at the temperature 145-171 Oc for 4 minutes, jdditional
hardening at 15000 takes 4 hours.
vhen the shapes are more complicated, the vressing is
carried out in the form ﬁests, to which vacuum is apdlied during
pressing., Actually, the pressing with nonfilled transvarent resins
.t

can, in orinciple, be already classified as belonging to the next

described technology, which will be discussed in part IT.
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