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(54) a-Particle shielding of 
semiconductor device 

(57) Soft errors in semiconductor de-
vices, e.g. random access memories, 
arising from the bombardment of the 
device by alpha particles produced by 
the disintegration of minute traces of 
uranium orthorium in the packaging 
materials are be prevented by coating 
the active surface 12 of the semiconduc-
tor chip with a thin layer 17, e.g. 20 to 
100 microns, of an organic polymeric 
material, this layer 17 being of sufficent 
thickness to absorb the particles. Typic-
ally, the polymer is a poly-imide formed 
by u.v. electron-beam orthermal curing 
of liquid monomer applied to the chip 
surface. 
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SPECIFICATION 

Integrated circuit manufacture 

5 This invention relates to semiconductor integrated 
circuits, and in particularto the minimisation, if not 
elimination ofthe effects of charged particle bom-
bardment on such circuits. 

Semiconductor integrated circuits, and in particu-
10 lar semiconductor memories, are becoming increas-

ingly compact in an attempt to fabricate the 
maximum number of discrete elements, e.g. mem-
ory cells, in a given chip area. A recently observed 
phenomenon with such highly integrated devices is 

15 that of soft errors which, in contrast to hard errors 
which arise from manufacturing defects, are tran-
sient and of a random nature. The incidence of these 
soft errors is very low, typically 10~6 or 10~7 errors 
per hour, and they are observable only in situations 

20 where a large number of devices are employed, e.g. 
in a computer. 

The source of soft errors has recently been shown 
to be the incidence of alpha particles (helium nuclei) 
on the semiconductor chip, each particle generating 

25 a large number of electron-hole pairs before coming 
to rest. As the number of pairs produced is compara-
ble to the charge stored in an individual element of 
the device each alpha particle can introduce a 
spurious signal. The alpha particles originate from 

30 the radioactive decay of minute traces of uranium 
and/orthorium present in the packaging material, 
and have an energy of about 5 MeV. When slowing 
down in silicon each particle travels about 25 
microns and loses about 3.6 eV for each electron-

35 hole pair generated. Thus each particle generates 
approximately 1.4 x 106 electron-hole pairs over a 
distance of 25 microns. The soft error phenomenon is 
more fully described in New Electronics, 6th March, 
1979 pages 30 to 40. 

40 Various techniques have been suggested for over-
coming alpha particle generated soft errors. In a large 
computer system it is possible to provide error 
detection and correction circuitry albeit with a 
consequent loss of speed. Another approach is very 

45 strict quality control ofthe packaging materials. 
However, the necessary purification ofthe materials 
involved leads to a high cost ofthe finished product. 

According to one aspect ofthe invention there is 
provided a method of protecting a semiconductor 

50 device fomed on a surface of a semiconductor body 
from alpha particle bombardment, including coating 
the surface with a layer of an organic polymer of a 
thickness greater than the expected path length in 
the polymer of alpha particles likely to impinge on 

55 the device. 
According to another aspect ofthe invention there 

is provided an unpackaged semiconductor device 
formed in a surface of a semiconductor body, said 
surface being coated with an organic polymer layer, 

60 said layer having a thickness greaterthan the 
expected path length in the polymer of alpha 
particles likely to impinge on the device. 

According to another aspect ofthe invention there 
is provided a packaged semiconductor device, in-

65 eluding a semiconductor body mounted in a hous-

ing, and an organic polymer layer interposed be-
tween an active surface ofthe body and the housing, 
said layer having a thickness greater than the 
expected path length in the polymer of alpha 

70 particles originating from the housing material. 
We have found that a coating of an organic film 

forming polymer applied to the active surface of a 
semiconductor device chip provides an effective 
shield against alpha particle bombardment. 

75 The energy of alpha particles emitted during the 
decay of uranium and thorium is in the range 4 to 8 
MeV. Such particles have a range of a few cen-
timetres in air, but only a few microns in a solid 
material. However, their absorption distance in 

80 silicon is comparable with the dimensions of an 
integrated circuit. 

It has been shown (Friedlander & Kennedy -
Nuclear & Radiochemistry Published 1962 by John 
Wiley & Sons Inc.) that the range of an alpha particle 

85 in a solid is given approximately by the empirical 
relationship 

Rz/Ra = 0.9 + 0.0275Z + (0.06 - 0.0086Z) log E/M 

90 where Z is the range in element Z expressed in 
milligrams per square centimetre, Ra is the range of 
the same particle in air, M is the particle mass 
number in this case 4 and E is the particle energy. 
From the expression the range of 5 to 8 MeV alpha 

95 particles in a polymeric material has been calculated 
to be 20 to 100 microns, the exact range depending 

. on the particle energy and the elemental content of 
the polymer. In general, polymers with a high 
carbon-hydrogen ratio are more effective as alpha 

100 particle absorbers. 
An embodiment ofthe invention will now be 

described with reference to the accompanying draw-
ings in which Figures 1 to 3 show various stages in 
the manufacture of a particle shielded semiconduc-

105 tor device. 
Referring to the drawings, a semiconductor device 

chip 11, for example a random access memory, is 
fabricated by standard semiconductor processing 
techniques, the active device area being formed in 

110 one surface 12 of the chip. Thechip11 isthen 
mounted on a package base consisting of a lead-
frame 13 attached to a ceramic and glass housing 
member 15. Wire bands 14 are provided between the 
leadframe and various terminal pads on the chip 11. 

115 To provide the active surface 12 ofthe chip 11 with 
an alpha particle shield a measured quantity of a 
liquid organic monomer is applied to the surface 12 
and allowed to flow into an even film 17. The film 17 
is then polymerised e.g. by heating, by the applica-

120 tion of ultraviolet or an electron beam, or by the 
action of a free radical catalyst added to the monom-
er prior to application. Various polymer systems 
may be employed for this purpose, but they must 
satisfy a number of conditions. 

125 1. The polymer must not interact chemically with 
the active surface ofthe device. 

2. The polymerisation reaction must not produce 
any harmful residues. The polymer should thus be of 
the olefinic type, which produces no residue, or of 

130 the condensation type which liberates water. This 
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waterthen evaporates during the subsequent pro-
cessing stages. 

3. The material should be film forming in nature 
so that the monomer spreads readily and uniformly 

5 over the surface of the device. 70 
4. The polymerised material should adhere to 

the device and should be sufficiently elastic to resist 
flaking and/or cracking during the subsequent pro-
cessing of the device. 

10 5. The polymer must be stable atthe high 75 
temperatures involved during subsequent proces-
sing of the device. 

We have found that a material that satisfies these 
requirements is the polyimide monomer material 

15 marketed by Hitachi under the trade name P1Q. This 80 
material was originally developed as a photoresist, 
but when applied to a semiconductor surface to a 
thickness of 20 to 100 microns it provides an 
effective alpha particle shield. The PIQ monomer is 

20 applied to each device chip by a hypodermic syringe, 85 
sufficient being applied to form a level surface, and 
is then cured by heating to 180 to 220°C and 
preferably to 20O°C. This provides the required 
thickness. 

25 Following curing of the polymer layer a housing 90 
lid 18 is placed overthe device and the housing is 
sealed in a furnace at a temperature of about 400°C, 
a solder glass film 19 sealing the joint between the 
two housing portions. PIQ polymer fil ms have been 

30 found to be stable under these conditions; the 95 
heating stage infact effects a final cure of the 
polymer. 

The embodiment just described refers to the 
packaging of a device in a ceramic housing, com-

35 monly known astheCERDIP package. In an alterna- 100 
tive embodiment (not shown) a plastics package 
may be employed. A similar technique can be used, 
but frr this case the package is moulded around the 
device in a single operation. Also, asthetempera-

40 tures involved in the plastics moulding process are 105 
lower than those required forthe ceramic package, 
the therm al stabil ity requ i rement of the polymer is 
less stringent. 

A number of polymer systems can be used as 
45 alpha particle shields. PIQ and other polyimide resins 110 

have already been mentioned, but other materials 
include silicone rubbers and isoprene polymers. In 
other applications copolymer systems, e.g. buta-
diene/styrene may be employed. 

50 
CLAIMS 

1. A method of protecting a semiconductor de-
vice formed on a surface of a semiconductor body 

55 from alpha particle bombardment, the method in-
cluding, coating the surface with a layer of an 
organic polymer of thickness greater than the ex-
pected path length in the polymer of alpha particles 
likely to impinge on the device. 

60 2. A method as claimed in claim 1, wherein the 
polymer is a poly-imide. 

3. A method as claimed in claim 1 or 2, wherein 
the polymer layer is formed by thermal curing of a 
liquid monomer applied to the major surface of the 

65 body. 

4. A method as claimed in claim 1 or 2, wherein 
the polymer layer is formed by ultraviolet or electron 
beam curing of a liquid monomer applied to the 
major surface of the body. 

5. A method as claimed in claim 1, wherein said 
polymer is a co-polymer. 

6. A method as claimed in any one of claims 1 to . 
5, wherein the device is a random access memory. 

7. A method of protecting a semiconductor de-
vice formed on a surface of a semiconductor body * 
from alpha particle bombardment, the method in-
cluding applying to the surface a suficient quantity of 
a poly-imide liquid monomerto provide a uniform 
coating 20 to 100 microns in thickness, and curing 
the monomer at a temperature of 180 to 220°Cto 
provide a uniform polymer coating. 

8. A method of protecting an unpackaged semi-
conductor device against alpha particle bombard-
ment substantially as described herein with refer-
ence to the accompanying drawings. 

9. A method as claimed in any one of claims 1 to 
8, and which further includes packaging the pro-
tected device in a housing. 

10. A method as claimed in any one of claims 1 
to 8, and comprising placing the coated device in a 
ceramic multipart housing and subsequently sealing 
the parts of the housing with a bonding material by 
the application of heat, the polymer being substan-
tially unaffected by the heat. 

11. An alpha particle protected semiconductor de-
vice manufactured by a method as claimed in any 
one of the preceding claims. 

12. An unpackaged semiconductor device 
formed in a surface of a semiconductor body, said 
surface being coated with an organic polymer layer 
having a thickness greater than the expected path 
length in the polymer of alpha particles likely to 
impinge on the device. 

13. A packaged semiconductor device, including 
a semiconductor body mounted in a housing, and an 
orgaic polymer layer interposed between an active 
surface of the body and the housing, said layer 
having a thickness greaterthan the expected path 
length in the polymer of alpha particles originating 
in the housing material. * 

14. A packaged or unpackaged alpha particle pro-
tected semiconductor device substantially as de- . 
scribed herein with reference to the accompanying i 

drawings. 
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