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It means that the density of charge on the surface equal to 1 7?2ro

may cause surface inversion. It is also possible to have the tr-nsfer

of electrons through the oxide layer. The presence of impurities

may cause also sometimes an increase of the barrier current

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

exceeding a certain level of impurities there may occur an inversion

of semiconductor phenomena /4/. It was also established that the

ratio of aliphatic to aromatic groups in enca'.sulating plastics

has an effect upon the character of semiconductor areas /4/.

The presence in resin of a larger number of aromatic groups causes

attraction of electrons and formation of a surface close to p type,

and of a smaller number - to n type. The reverse is the case when

the resin contains a larger number of aliphatic groups, 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

smallest number of impurities, did not show damage after 1000 hours

of work.

Investigations carried out by Fairchild company

on transistor TBX-125TB, encapsulated with epoxy resins of

various compositions, have shown that the most sensitive _-arameter

suitable as a criterium for the level and effect of impurities

contained in the resin is the coefficient of amplification S

at the temperature 125%c at 10 A h.. and reverse polarization

I, _ _ _ _ _ _ _ _ _ _ _ _
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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.

(Krzem = silicon)

potential 40 V, measured after a long work of the transistor.

'-he reason for change of a , in addition to accumulation of space

charge, would be here also penetration of small alkali ions

(,ra + F) through the S0 2 a



Table 1. Impurli-es occuirrfrg fn comnponents of~ epoxy resins.J

,omroner~t Ac-entz aon~earin- in synthesisI

,7,oxy resin 'moichlorohydrin, dichiorohydrin, all'rlo-
hydrin, propylene, sodium hydroxide,
dian, acetone, benzene, phenol,
catalyst, sodium orthosilicat'.e

-4ardeners 7thiylenediamine, diethylenetriamine,
pol1yanainoamides, acid anhydrides

7i4llers AI: 3  i,,CC-

imen's -'02 1 soot, caco7

solvents :. etones, esters, ethers, hydrocarbons,
chlorinated hydrocarbons, alcohols

Aments increasing 'mompany formaulations, urea, etc
f lui di ty

,7ire retardants z~. chlorinated and brominated resins

7-", 1 -



notential imourities
in resin

C1-, FOC1, Ta , O-

-C(T4 -OH9 (CFI 3 )S=Ot
C6 , V

+ , r , C6750-,

C02 , 720, CC , SiS04

Ali , Ci. c-, H +

2C00 , T2(C00, H),

l,5, C0 , Ca +

trace metal ions

Ti ' , , C 0 3

P.C0 COO , H, CI

?OP, "CTT, "'o-o5, P

:' :4 ' : 'Q-H20' -3

Sb>, _-, Br

Table 1. Continued.
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impurities having negative effect upon ser~cond,ctorF

may originate, among, otlhers, from unreacted hardener-s 3n

accelerators or conmponents used for synthesis of e-ooxv resins

(e.g., epichlorohydrins). It was found that the effect of amine

accelerators is considerably g-reater than the e-ffect of or: ano-

metallic accelerators (,rgure 2). Ax lesser' effect of"iui 1

was noted when using multifunctiLonal anhydrides as hardeners,

e.,c., quatrof',.tnctional anhydride of benzophernone acid. 'w

hizhly reactive hardener does not require amine acceler~to,rs

and causes dense cross-linking which hampers mobility of ions.

T7he use of purified, densely crosslinking bCenzophenone anhyd;zride

'- ractically eliminates totally the negative effect of i4mn~urities

which are usually found in commercial epoxy resins (Fig-ure )

The choice of plastic containi&n,~ the minimal arrountl

of harmful impurities becomes easier when we consider the source

of their origin:

-from accidental impur-- ties in semiproducts used in

the synthesis, from the production equipment,

- from additives introduced in the course of production,

such as catalysts, emulsifiers, etc., which are later dif'Lficult

to remove completely,

- from components added to modify certain properties

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

Fmor instance, hi 'gh-pressure polyethylene Dolymerized .vithol-z -.,e
use of catalysts contains less impurities than the ctl'i~V
obtained lowr-nressure polyethylene.
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4 12 46 20 24

igure 2. rffect of accelerators on stability of transistors

encapsulated in plastic:

a- curing agent T) (shell); b - BDIVA; c - organometallic salt

(czas, h = ime, hours)

o 40

7.iure 3. Effect of the purity of hardener (benzophenone anhydride)

on stability of encapsulated transistors:

a - technical; b - purified.



Table I lists impurities whose occurrence couLI. 'e

expected in various components of epoxy formulations. 55

Additional purification of resin and hardeners, e.g.,

through redistillation or molecular distillation, removes the

major part of imrurities which eliminates to a considerable

degree the discussed harmful phenomena. It was found that not onlyl

is the absolute concentration of inorcaric imnuritie important

cut also is their way of combining with the resin and their

solubility in the composition. .: g., if the usually very harmful

chloride ion is combined with epoxy resin through covalent bond,

its negative effect is felt only at the temperature i00'; when

it separates from the resin (Figure 4).

2--, - 50,C

4b I M .. ga 20

I, S3LC
" •' 80 12 200 o o

Figure 4. Effect of the presence of chlorides on stability of

transistors encapsulated with epoxy resin. D- 332 - ordinary

resin; D? 7332 LC - resin with reduced contents of chlorides.

(,zas, h = Time, hours)



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 presence

are smaller. A special choice of the components of formulation

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

encapsulation of semiconductors. As was said before, especially

purified resins and hardeners should be used (Table 2 and agure 4).

It 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). tillers

and other additives possibly should be difficultly soluble and

iifficultly dissociating compounds of high purity.

It was found, for instance, that the surprising negative

effect of si0 2 filler - so inert with respect to silicon -

will not be seen if it is treated previously with boiling water

to leach out impurities from si02 (Figure 5). on the other hand,

certain fillers such as some varieties of Lewis acid type

(Si02 A12 03 ) are even capable of adsorbing or immobilizing some

impurities contained in compositions, such as amine groups from

hardeners and accelerators, and thereby may prevent drop in the

value of the coefficient of amplification (Figure 6).

Farmful effect of impurities on semiconductor devices

may result (and in some cases may be the main reason) from the

corrosive electrochemical action of ionic impurities on thin

metallic layers, particularly Al, on the surface of semiconductor

/6, 11/. Here typical are two effects: closing and opening of
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Table 2. -suits of :rectrographic analysis of
plastics used for encapsulation [19].

plastic Form Detected metals order of conc.
of imp.,

'Tpon 828 AS delivered- cu, ., Mg. Si,caSI 10-2-10-1

.2pon 823 Residue after dist-CaMgA1,Fe,Cu,Cr.(Si-0,5) 10-2-10o--

Epon 828 Distilled resin-Cu 10-2 - 10-

sylgard 182 F ardened - si, Ti, Mg 1o-2 - 1-

Silicon coating d 2 ' Mg. 10-2 - 10-1

-C-644 7ardened- 10-2- 10-4

silicon casting > 5%

mc-305 Pressed . Ti, Ni Cu, Vn A, mg 10-2 - 1-,
Pe C o 0,1 - 0,5

silica gel gardened r:ot found
.Ca > 5%

phenolic casting AS delivered -Mg 0,1 - 0,5

eflon Baked emulsiork Cu V -F J. a 10-2- 10-4

Teflon F'FP Baked emulsion cu, IS.g

Teflon pressed forms u.Ti , 0 -Mg

Teflon Frp pressed forms-Cu, Ti, Mg

rjnar Baked emulsion-- - ,, M

4I
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Table 3. 7ffect of temperature on barrier current

of diodes encapsulated with various plastics.

Value of barrier current in
at 50 Vj

nType 
of

encapsulating after ;0 hours After 20 hours
plastic Initial at 150 C of additional

at reverse stay at 1 50°-
potential i nothout
75= V potential

Tpoxy,
purified,
stoichiometric 10 548 14

Epoxy,
purified,

nonstoich-iometric 9 104 104

EPOXY,technical, 4
stoichiometric 12 23.7"104 12.1-1I04

Epoxy,
technical, 4 4nonstoichiometric 12 3.1-104 1.4.104

Teflon FFP 17 18 16

#4



the circuit. -he first of them (Figure 7) appears in the area

of anode in which, as a result of the action of C, T4 '

Cu* and ?e ions, there is the depassivation of aluminum

layer, its dissolution, and formation of an A12C 3 insulating

layer. In the case of metallization with gold, there can be

deposition on anode of gold ions originati ng from the disso-

lution of cathode (Au Au + 3e), causing the shortening of

the circuit (Figure 7).

Defects caused by electrocorrosion are accomranied b,

other negative phenomena consisting of the appearance of shifted

break path. This is caused by the occurrence of high-resistance

bridges in places where can be shorting and deposition of Au,

resulting in moving (shifting) of side path.

inding of the occurrence of impurities in e-oxy como-

sitions has caused that, despite their many advantages, there is

the tendency of some producers to abandon the application of

epoxy resins for encapsulation of professional semiconductor

devices and rather to use plastics with smaller contents of

impurities, primarily the silicon resins. Encapsulation with

fluorine plastics (Teflon, Kynar) is not widely used because

of technological difficulties, despite the fact that theI

contain little impurities 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 epoxy

resin and the junction. It applies, in narticular, to -ilicn 7el

),a
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I

7igure 5. effect of the purity of Sir" on stability of transistor

encapsulated with epoxy resin:

a- sic2 not leached; b - leached; c -^of high purity; d - model.

2 i

I t I ,

vgure 6. ffect of concenration of ion-adsorbing filler (SiCO,.l120)

in encapsulating epoxy resin on stability of transistor.

-
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Figure 7. Corrosive action of impurities contained in encansulating

plastic on integrated circuit:

a - closing (shorting); 1 - area of dissolved metal; 2 - shifted

current path; b - opening of circuit; 1 - circuit opening;

2 - insulating products of corrosion.

A - double metallization - AU on pt
B - single metallization - Au

(Krzem = silicon)

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

of impurities, relieves pressures thanks to its elasticity.

many 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 problem 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

resins, such as epoxy-novolaks (Dtr-438, D r-439, now Chemical,

1235, 1273, 1 1299-cIpl).

2cO, 29-CI.)
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In densely-crosslinked epoxy-novolak resins the ions

contained in resin remain entrapped in the space network, and

their mobility in electrical field is considerably reduced so that

the previously described negatiye effects are largely eliminated.

Iroreover, epoxy-novolak resins exhibit also a number of other

advantages. one of the most important of them is an increase

of the glass temperature (T,) to 150°C, hence by 20-30 C higher

than in the majority of dian resins employed now for encapsulation

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

of temperature at which the mobility of ions increases, and at

which we have a sudden increase of the coefficient of thermal

expansion ( a ) causing the appearance of strains and Possibility

of damage to subassemblies. It was found, for instance, that

O of epoxy resin, which below the glass temperature is

22.5 x 10- 6/oC, 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 larger

thermal conductivity. So far, epoxy-novolak resins have 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 pouring,

their use in encapsulation technology in cups or forms improves

considerably the work of subassemblies.

.--,.



In any case, the controversy whether to encapsulate

professional semiconductor devices with plastics has been defini-

tely settled. The investigations are going on merely whether it is

more advantageous to use silicon resins or epoxy resins.

pouring in cups and forms

Technologies of pouring in cups and forms are of general

character, and they can satisfy a broad range of requirements for

environmental 3rotection and other additional demands. In contrast

to moldings, here the absence of lubricating agents ensures a %etter

adhesion of resin to leads and subassemblies. These tec'noloLies

can be applied to small, medium and large-scale production, althourh

in the last case they are seen less and less often. =owever, in

encapsulation of large-size assemblies these technologies continue

to dominate and are irreplaceable (Figure 8). 55

The same compositions are used for both technologies.

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 cups. 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 te chnology is the application of

multi-use cups of polypropylene or rnX, the materials for which

the resins show no adhesion (F igure 9). -he price of injected z:
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Figure 8. 7-ncapsulation of a large electronic assembly wit'_

silicon resin of Sylgard type (the photograph obtained through
courtesy of the Dow Corning Company).

comes merely from several to several tens of grosothten

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

num~ber of metal forms, particularly that the cup may be used

hundred times or more. Truet it is necessary to have injection

mold to produce cups; however, this mold may, be of -~ i ~

~-\-~.st ype, and its life 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

.. - -. -. 1 ' . -
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C, 1, i

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

a - nonencapsulated condenser

b - segment of polypropylene form

c - pouring on condenser placed in polypropylene form

d - form with flooded condensers

e - mold with flooded condensers

f - 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 assemblies In small-

scale production, and less frequently in middle-scale production.

As was mentioned before, the compositions for pouring are generally

prepared 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. However, it is very tedious and labor-

consuming to weigh the components in defined proportions, and to do

their mixing and degassing, particularly putting small 
doses

into millions of miniature cups, as it happens in large-scale

production.

yany arrangements have been developed to reduce this

labor consumption. Depending on the production scale, these

arrangements range from simple ones such as manual control of

dosimeters, injectors, supply pumps, guns, etc., to programmed

automatic machines (Figure 10). These machines simultaneously

mix the components, degas the composition, heat it, and pour

into cups the required amounts with needed accuracy. Their output

reaches several thousand subassemblies per hour.

The basic technological requirements put before the

compositions for pouring are the smallest possibly viscosity,

small exothermicity, a low temperature (possibly room temperature),

a short time of hardening, and the long lifetime of the composition.

The majority of these requirements are difficult to meet

while attempting to fulfill the requirements concerning the

physical and chemical properties nut before the compositions.

WI
. .. ... " ll ~ ll II " ° . . . . " ... .... "' '
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Figure 10. A system for semi-automatic encapsulation of electronic

subassemblies by pouring:

1 - resin; 2 - hardener; 3 - manual dosing;

4 - automatic dosing; 5 - solvent; 6 - regulator of the

ratio of components; 7 - a system measuring the

components; 8 - dosing press; 9 - switch for

continuous pouring; 10 -dose regulator.
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-hus, for instance, a low viscosity entails generally a large

contraction hence large strains, worse electrical properties,

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 components of formulation

for pouring has already been dealt in detail /S, 9/. Here we shall

discuss only the group of compositions characterized by larre

transparency.

Together with development of electronic optics and

production of such subassemblies as emission diodes, photodiodes,

phototransistors, digital lamps, etc., there arose the need to

develop compositions for encapsulation which would be characterized

by a small, and in some cases selective, absorption of visible

light. of course, if we have at our disposal a resin which

transmits well the visible light (minimum 900 ), 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 silicon resins (e.g., of sylgard type),

- acrylic resins,

- allylic resins,

- polyester resins.

LI  ,

N --



UTnfortunately, none of these resins fulfills all the

requirements put for encapsulation of subassemblies. stiff (hard)

silicon resins are too fragile, require a high temperature for

hardening and have a high contraction. Transparent silicon resins

of Sylgard type are too soft and vulnerable to scratching.

polyester, al!':lic and acrylic resins show excessive conttrqction

and, on the whole, have insufficient electrical properties.

,1l these mentioned olastics exhibit poor adhesion to the majority

of materials. Although in some cases the application of the above

mentioned resins cannot be excluded, the best results are obtained

using transparent epoxy resins especially developed fo; this

purpose. These resins are produced by several specializing

companies which supply materials for electronic industry

(Table 4). These are compositions of low viscosity 400-3000 cp,

hardened in the range 88-1250 C after 4-24 hours. They show lar e

transparency (Frigure 11) in the region from 3000 a to 7000 ,

and some even up to 26 000 1. Their transparency is not changed

after prolonged work at 90-125°C, and for a short time even at
the temperature 1750C. The pouring technology does not differ

from that with other epoxy resins except for some extra orecauticns

to avoid the occurrence of scratching, blotting or other faults

which could deteriorate the transparency. It is necessar-; tc use

forms (molds) of silicon type ?TV, Teflon, poly~ropylene or -p:-;

and if steel forms are used they should be covered with -eflon

cos:ing or covered '.iith baked layar of silicon lacuer. -,.es can ce

* -4 --p!
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Table 4. Propertiesof epoxy resins with higfi
transparency used in electronics.

propetyc~td C7S0d Maraglass Maraglass Stycast

;Tisc osit:T, $ P 2-500 200 500 3000 4000
Gelling time, hourS'- 24-48 24-48 24 1

I-arderinf, hoas o .- 1/0 16,1100 8.1110 241j25 11

2ontraction, 11______ .00 ,
0'.; 0,02___0__

' ardness, - D-84 D-94 D-85 D-82 D-85
*ater a'zrt n ,

-eformation tein'erature 5 -

-Therrnal conductivity, cal/cm. sec. C-O,oc 4.r 0,00035 - - 0,00065
T.xransi on 01r700i 70-10-o
ctreng'th to bending, kC-/cm eg 0 31

-t.renc-th to oul"lin-9,-,C-/cm .350 400 - 21

71ornsation, ,16--

tr

1 krTz 0,01 0.01 0,02 0,03 0,0054*)
1 0 kz- 0,012 0,012 -

1 00 kfl'z-- 0,005 0,0-15 -

10 kITz- .... 1 3,4  4313 3,
1 00 k!:Fz 3,3 3,2

e st v XIC - Z-03 2-105 - -

-efraction coefftcient, 7 
- - 1,53 1,54

f) requency 106 TTz
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1.
.,A

Figure 11. Tight absorption curves of epoxy resins used in

o-toelect ron ics:-d

1 - C Ia clear; 2 - "C -ed; ._ 74 td 7 t d

4 - Stycast 1269 A.

Introduced into the resins directly or in suitable solvents,

such as dibutyl phthalate. The hardening should be carried out

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

could bring small particles of dust or cause surface faults in

the form of circular lines. In addition to high-transparency

resins for pouring, highly transparent epoxy moldings are also

rroduced for optoelectronics.
An example of such a molding is Hyflo ,c 13 made by

:'ysol Company in colorless or red form. This product has the

fluidity 75-112 mm (measured by the spirals method according to

,T-I-66), is characterized by a small content of impurities
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(7l 0.45; and , Ta, yg and cu less than 0.0005^ each), has class

0- 2temperature 120 C, strength to pulling 560 kG/cm 2 , strength to

bending 1050 kG/cm 2 , hardness 350 sh, contraction 2c , and thermal

expansion 65 x 10-6/oC. The contraction and thermal expansion

of this product are, of course, higher than those of the newest

filled epoxy-novolak moldings (0.5% and 30 x 10-/ 0C respectively)

which are used for encapsulation. However, these values are not

so much higher as to cause damage to encausulated subassemblies.

The pressing is carried out under the pressure 4-70

kr/cm- at the temperature 145-171 Oc for 4 minutes. Additional

hardening at 150°c takes 4 hours.

-hen the shapes are more complicated, the pressing is

carried out in the form nests, to which vacuum is applied during

pressing. ictually, the pressing with nonfilled transparent resins

can, in principl, be already classified as belonging to the ne:zt

described technology, which will be discussed in prt II.
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