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APPLI CATI ONS Coassigned U. S. patent application Serial No. 08/ ; 543,

filed 02/16/93 discloses related subject matter. BACKGROUND OF THE

| NVENTI ON The invention relates to sem conductor devices and circuits, and,
nore particularly, to both sem conductorn devi ce packagi ng and system | eve
containers. Many digital sem conductor devices, such as DRAMs, SRAMs, A/D
converters, and so forth rely on electrical charge on a capacitive node for
storage of a digital signal, and thus such devices are sensitive to events
whi ch transport unintended charge to the node. For exanple, silicon devices
I n airplanes encounter cosm c rays which include high energy (1-10 Mev)
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bi pol ar SR@P‘I t |§¥§I cosm c rays include sonme high energy neutrons,
but general ?teﬁesll}&ggtns novi ng through the atnosphere thermalize (primarily

scatter fromnitrogen and oxygen nuclei) and their energies tend towards kT -
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| evel neutron energy. See Hess et al, Cosn c-Ray
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(1981); Many digital semiconductor devices, such as DRAMs, SRAMSs, A/D converters,
and so forth rely on electrical charge on a capacitive node for storage of a digital signal,
and thus such devices are sensitive to events which transport unintended charge to the
node. For example, silicon devices in airplanes encounter cosmic rays which include high
energy (1-10 Mev) neutrons; Figure 1 shows the high energy neutron flux as a function
of altitude. Such high energy neutrons may react with silicon nuclei in an integrated
circuit substrate to yield heavy recoil nuclei which generate bursts of electrical charge that
can migrate to a node in the substrate and upset a stored charge. Gossett et al, Single
Event Phenomena in Atmospheric Neutron Environments, 40 IEEE Tr.Nuc.Sci. 1845
(1993), analyze upset in a bipolar SRAM.

At sea level cosmic rays include some high energy neutrons, but generally neutrons
moving through the atmosphere thermalize (primarily scatter from nitrogen and oxygen
nuclei) and their energies tend towards kT (0.025 eV at room tempeature). Figure 2
heuristically illustrates the sea level neutron flux as a function of energy. See Hess et al,
Cosmic-Ray Neutron Energy Spectrum, 116 Phys.Rev. 445 (1959); Ziegler et al, The
Effect of Sea Level Cosmic Rays on Electronic Devices, 52 J.Appl.Phys. 4305 (1981);
and Nakamura et al, Altitude Variation of Cosmic-Ray Neutrons, 53 Health Phys. 509
(1987). As the neutrons with energies well above kT pass through matter, they continue
thermalizing and thus the source of thermal neutrons may be considered continuous.

One approach to compensate for such cosmic ray hazards simply increases node
capacitances to require a large unintended charge for upset. However, this increases the




and Nakanura et al, Altitude Variation of Cosm c-Ray Neutrons, 53 Health
Phys. 509 (1987). As the neutrons with energies well above kT pass through
matter, they continue thermalizing and thus the source of thermal neutrons
may be. consi dered conti nuous. One approach to conpensate for such cosmc
ray hazards sinply increases node capacdtances to require a |large

uni nt ended charge for upset. However, this increases the 2 substrate
area used by a circuit and thus increases costs. Sem conductor device
packages typically fall into one of two types: plastic encapsul ation and

ceram c packages. Plastic encapsul ation surrounds a sem conductor die plus
its bond wires and lead frane with a roughly 2 mmthick plastic coating.
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These likewise can migrate and upset stored signal charge on a node. Early approaches

to controlling such alpha particle generated upsets placed an alpha particle absorbing
barrier, such as a 30 um thick silicone rubber layer, between the die and the surrounding
plastic. An alpha particle loses energy as it passes through matter, and typical ranges are
5-100 pm for 1-10 MeV alphas in various density materials with higher density yielding
shorter ranges. Thus the 30 pm of silicone rubber barrier would dissipate most of a
typical alpha particle energy prior to the alpha entering the active device areas of an
integrated circuit.

Subsequently, fillers using quartz with low impurity levels brought the radiation
down to less than 0.001 alpha/cm*hour and thus effectively eliminated the problem and
the need for the barrier.

Ceramic packages typically have a body of 90% alumina plus 10% glass with lids
of gold-plated kovar, a glass sealer, and air within the package cavity. All of these
components may have alpha-emitting radioactive impurities, for example radon in cavity
air. These components, particularly the aluminum and gold, may be purified to lLimit
radioactive isotope levels and avoid excessive alpha generated upsets.

SUMMARY OF THE INVENTION .

The present invention provides a thermal neutron absorbing Iayer both within
integrated circuit packaging at the die level and also at the circuit board container level.
Preferred embodiment thermal neutron absorbing layers include compounds of isotopes



typi cal al pha particle energy prior to the al pha entering the active device
areas of an integrated circuit. Subsequently, fillers using quartz with | ow
impurity | evels brought the radiation down to | ess than 0.001 [err] and
thus effectively elimnated the problemand the need for the barrier.
Ceram ¢ packages typically have a body of 90% al um na plus 10% glass with
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board container level permts use of integrated circui-t packages w thout
any special precautions. BRI EF DESCRI PTI ON OF THE DRAW NGS The dr aw ngs
are schematic for clarity. Figures 1-2 show cosm c neutron flux. Figure 3
illustrates a thermal neutron interaction. Figures 4-6 show three preferred
enbodi nents approaches to reduction of #ncident thermal neutron fl ux. 5
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Preferred enbodi nent package
material Figure 2 illustrates the cosmc ray generated flux of thernmal
neutrons at sea level as on the order of 0.02 [err] with a predom nance of
| ow energy neutrons. Thermal neutrons may be easily absorbed by nost nucl ei
of famliar materials, and the absorption cross sections typically conpare
to the nucImHEst;EscmmgNr&EngmmeQrder of [err] cm Thus solid
material of thi 2}“ 100 cmW| Ib é?é) roughly 90% of incident thernal
neutrons. But. hi‘df 8 - i nmpi ngi ng on the same materi al
will initially Mgtmlpmmvahemptmmnoﬂﬁhﬁs and thernmalize to create further

thermal neutr Oni'igure 3 illustrates a thermal neutron interaction.

Figures 4-6 show three preferred embodiments approaches to reduction of incident
thermal neutron flux.



Nevert hel ess, nost thermal neutrons shoul d pass through a thin structure
such as an |ntegrated circuit without interacting. However, certain

i sot opes have anomal ously high thernmal neutron absorption cross sections,
for exanple: |sotope Absorption cross section [err] [err] - 260, 000
[err] 42,000 20,000 3,800 This hi%h absorption cross section by [err]
inplies even relatively thin layers of commpbn sem conductor materials using
boron, such as borophosphosilicate glass (BPSG which finds use as an
insulator, will absorb a significant portion of incident thermal neutrons.
And the absorption of a thermal neutron yields an excited [err] nucl eus
mhich decays: [err] The al pha particle has an energy of about 1.47 MeV, the

nucl eus ]\qﬁfqpa,?ﬁg IQ%‘ﬂRﬁ ge ray an energy of
about 0. 478E%§@iﬁgg ese decay %‘ro q)tﬂﬂg%lﬁilcr eate a burst of charge
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whi ch cause an upraf e Imateril pha partlcl e has a range of

roughly 10-20 [e ‘mlﬁrﬁE Hﬁﬂ ﬂ%%lc 6
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el ectri c chas gethe order of 0.02 n/cm*sec with a predominance of low energy neutrons, Thermal
neutrons may be easily absorbed by most nuclei of familiar materials, and the absorption

cross sections typically compare to the nuclear size: very roughly on the order of 10*
cm’. Thus solid material of thickness 100 cm will absorb roughly 90% of incident
thermal neutrons. But higher energy neutrons also impinging on the same material will
initially have lower absorption rates and thermalize to create further thermal neutrons.
Nevertheless, most thermal neutrons should pass through a thin structure such as an
integrated circuit without interacting.

However, certain isotopes have anomolously high thermal neutron absorption cross
sections, for example:

Isotope Absorption cross section (x10*/cm?)
mGd 260,000
¥Sm 42,000
BCd 20,000
o8 3,800

This- high absorption cross section by B implies even relatively thin layers of
common semiconductor materials using boron, such as borophosphosilicate glass (BPSG)
which finds use as an insulator, will absorb a significant portion of incident thermal
neutrons. And the absorption of a thermal neutron yields an excited 'B nucleus which
decays:

n+"“B+"B*>qa +Li +¥

The alpha particle has an energy of about 1.47 MeV, the Li nucleus an energy of about
0.84 MeV, and the gamma ray an energy of about 0.478 MeV. Each of these decay
products can create a burst of charge which cause an upset. Indeed, a 1.47 MeV alpha
particle has a range of roughly 10-20 um in materiat such as silicon and silicon dioxide,



creation. Simlarly, the [err] has a range of a few [err]. Note that the
efficiency of charge generation increases as the al pha or [err] slows down,
so the full range nust be away from sensitive nodes to avoid upsets. The
[err] ¢ould be a constituent of electrigcal insulation |ayers such as

bor ophosphosilicate glass (BPSG which Torma portion of devices on a
silicon die. Figure 3 heuristically illustrates in cross sectional

el evation view of such a thermal neutron absorption plus secondary eni ssion
| eading to an upset froma [err] in an insulation layer. In particular,
thermal neutron 302 is absorbed by [err] 304 which is part of BPSG | ayer
306, and the resultant [err] decays into [err] 308, alpha 310, and ganma
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preferred
silicon substrate 322. The electrons generated can migrate to source 324 and add to the

charge (possibly 1) already stored on polysilicon capacitor plate 326 and thereby change
altoad. ,

Similarly, absorption of thermal neutrons by other nuclei could lead to radiation
and electric charge generation to upset signal charge at a node. In fact, the following
clements commonly found in plastic packaged integrated circuits have sizable thermal
neutron cross sections: H (0.33), N (1.8), Al (0.23), Si (0.17), P (0.16), Cr (3.1), Fe
(2.56), As (4.3), W (18.), and Au (98.7) with the cross section as a muitiple of 10* cm®
in parenthesis. The H and N would be found in the plastic encapsulation, the Al and W
fqund in interconnections, the Au in bond wires, the Cr and Fe in lead frames, the P in
BPSG, PSG, and doped source/drains, the As in doped source/drains, and the Si in the
plastic filler, the insulations such as BPSG, PSG, and undoped glasses, in polysxhcon lines
and capacitor plates, and in the substrate.

Figure 4 shows in cutaway perspective view a first preferred embodiment plastic
packaged integrated circuit 400 with semiconductor die 402 on lead frame 404 and within
plastic encapsulant 406 which includes Gd as part of the filler. Indeed, thermal neutrons
must travel roughly 1 mm through plastic 406 to reach either die 402 or lead frame 404.
Thus the flux of thermal neutrons reaching die 402 or lead frame 404 can be reduced by
a factor of 100 if plastic 406 contains approximately 0.6% "Gd.




packaged integrated circuit 400 with sem conductor die 402 on | ead franme
404 and within plastic encapsul ant 406 which includes [err] as part of the
filler. Indeed, thermal neutrons nust travel roughly I mmthrough plastic
406 to reach elther die 402 or |ead frane 404. Thus the flux of therma
neutrons reachi ng die 402 or lead frame 404 can be reduced by a factor of
100 if plastic 406 contains approximately 0.6% [err]. 7 Simlarly,
alternative thernmal neutron absorbers could be used with a correspondi ng
fraction of the plastic 406. For exanple, about 5% [err] will also yield
the factor of 100 reduction. Further, |less thermal neutron absorber wll
decrease the reduction factor, and nore absorber will increase the

reduction factor
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Thus an alpha penetration range of only 10-20 zm would be a negligible portion of plastic
406, and 1 mm of plastic with roughly 40% "B or 2 mm of 20% “B would absorb 99%
of the incident thermal neutrons. Of course, 1 mm of 20% B would absorb 90% of the
incident thermal neutrons, and a 90% absorption may suffice for the particular circuitry
being shielded.
An analogous addition of thcrmal neutron absorbers to ceramic package material
(primarily alumina) will provide corresponding protection for a die within a ceramic
package. Both the ceramic package body and the lid would include thermal neutron absorbers.
Further, an analogous addition of thermal neutron absorbers to printed wiring
boards and attachment epoxies will provide thermal neutron shielding for bare die which
are epoxied directly to printed wiring boards. -

Preferred embodi .

Figure 5 illustrates a preferred embodiment container 500 surrounding printed
wiring boards 501-503 containing packaged integrated circuits 511-515. Container
inciudes thermal neutron absorbing layer 520 inside of container walls 522. Absorbing
layer 520 could simply be the same material as plastic 406 in the previous preferred
embodiment. Indeed, a 3 mm thick layer 520 of 13% "B could be used to stop 99% of
incident thermal neutrons from reaching any of integrated circuits 511-515. Further, the
secondary alpha and “Li emitted after absorption have insufficient energy to penetrate the
(plastic or ceramic) packaging of integrated circuits 511-515. Thus absorbing layer 520



(primarily alumna) will provide corresponding protection for a die within
a ceram c package. Both the ceram c package body and the lid would include
t hermal neutron absorbers. Further, an anal ogous addition of thernal
neutron .absorbers to printed wiring boards and attachnent epoxies wll
provi de thermal neutron shielding for baBe die which are epoxied directly
to printed wiring boards. Preferred enbodi nent container Figure 5
illusfrates a preferred enbodi nent contai ner 500 surrounding printed wiring
boards 501-503 cont ai ni ng packaged integrated circuits 511-515. Cont ai ner

I ncl udes thermal neutron absorbing | ayer 520 inside of container walls 522.
Absor bing | ayer 520 could sinply be the sane material as plastic 406 in the
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Thermal neutron absorbers in container walls may be useful even at low levels in

which the incident thermal neutrons are only reduced bya factor of 2; however, reduction
by a factor of 10 or more is not difficult to achieve. Furﬂxet, openings in the container
‘walls will diminish the reduction factor, but may be acceptable.

Preferred embodi bsorbine dic |

Figure 6 illustrates a preferred embodiment integrated circuit 600 with layer 602
of thermal neutron absorbing material in a coating over undérlying BPSG 604-606. Layer
602 absorbs thermal neutrons in a thin layer (a few pm at most sa as not to disrupt the
fabrication process) and thus preferably has a'high 'Gd content and reduces the thermal
neutron flux to BPSG 604-606 by a factor.of about 2 or more, or even higher factors such
as 10. Indeed, higher reduction factors may be obtained by higher Gd content and thicker
layers, but such may be difficult to incorporate into the fabrication process.

Of course, both layer 602 and thermal neutron absorbers in the integrated circuit
packaging may be used together.

Modificati 1 ad
The preferred embodiments may be varied in many ways while retaining one or
more of the features of thermal neutron absorbers to shield integrated circuit devices.
For example, the layer thicknesses and percentages of thermal neutron absorber
could be varied for convenience in construction or to absorb a larger or smaller percentage
of incident neutrons. Further, combinations of absorbers may be used, either as separate
stacked layers or mixed within the same layer.




could be formed by deposition onto walls 522. And the absorber |ayer(s)
could be on the inside the outside or both sides of container walls 522.
Ther mal neutron absorbers in container walls nmay be useful even at |ow

| evel s.in which the inci dent—thermal neutrons are only reduced by a factor
of 2; however, reduction by a factor of910 or nore is not difficult to

achi eve. Fu;ﬂ“ﬂl”“ !ﬂhl Hm the container walls will dininish the
reduction fadeee, " acceptabl e. Preferred enbodi ment absorbing die
| ayer Figure 6 illustrates a preferred enbodi ment integrated circuit 600
with layer 602 of thermal neutron absorbing material in a coating over
under |l yi ng BPSG 604- 606. Layer 602 absorbs thermal neutrons in a thin |ayer
(a few [err%Lg st so as not to disrupt the fabrication process) and thus
preferably has a high [err] content and reduces the thermal neutron flux to
BPSG 604- 60%? . a f.agéor, of about 2 or nore, or even higher factors such as
10. | ndeed, éﬁeﬁh‘?’ &%tion factors may be obtai ned by higher Gd content
and thicker_layers, but such may be difficult to incorporate into the
fabricati onlpgc?éﬁég.e‘?ﬂtemgé‘f‘}gﬁ&f’wppé?&‘r 602 and thermal neutron
absorbers in the [ntegrated circuit packagi ng may be used together.

Modi fi cations an® dUGFANIAIRIEE ARHCes; @l r ed enbodi ments may be varied in
many ways while retaining one or nore of the features of thermal neutron
absorbers to shi®) @ackage gateriatiadipgept;said digy isaid package matenigl|containing thegmal

t hi cknesses and percentages of thermal neutron absorber ‘could be varied for
conveni encenéutronabsorbers in amanwunt 1 rediwe thiermal wevgens cidsnedn said dieby & fcige of

i nci dent neutrons. Further, conbinations of absorbers may be used, either

as separ at eofsibouk ¢0l ot 8i0fd &s Cmpiretod sald Puckade BatHARNEWItiRo0e said thermal neutron

absorbers.

2. The packaged integrated circuit of claim 1, wherein:

. (3) said package material includes plastic plus filler and surrounds said die.

3. The packaged integrated circuit of claim 1, wherein:
(a) said thermal neutron absorbers are selected from the group consisting of *'Gd,

19Sm, "3Cd, B, and combinations thereof.

" 4. The packaged integrated circuit of claim 1, wherein:

() said package material is a ceramic.

5. An integrated circuit, comprising:

(@) a substrate containing devices at a surface;



9 CLAIMS What is clainmed is: 1. A packaged integrated circuit, conprising:
("a) a die containing devices; and (b) package materi al adjacent said die,
sai d package -material containing thermal neutron absorbers in an anount to
reduce thermal neutrons incident on said die by a factor of about 10 or

nmore as corrparﬁl e materi ad® wit hout said thermal neutron
absor bers mﬁmnﬁmu?m:mmgrat ed circuit of claiml1, wherein: (a) said
package material i hcliudes gl astic plus filler and surrounds said die. 3.
The packaged integrated circuit of claim.l, wherein: (a) said thernmal
“neutron absorbers are selected fromthe group consisting of [err], [err]

and conbi nations thereof. 4. The packaged integrated ci rcui t of claiml,

wherein: (a) said pa kage material is a cer 5. An rated cirg¢
conprising: (a) &’ﬁj Yer, coniaige, “H@Ulagé@g?fr”’ oyer; Sai é WE?"E}“S&’ ayer

contai ning thernmal neutron absorbers over said surface, wherein said
thermal neutron absorbers reduce incident thermal neutrons by a factor of about 2 or more

as compared to said layer without said thermal neutron absorbers.

6. The integrated circuit of claim 5, wherein:
(a) said thermal neutron absorbers are selected from the group consisting of **’Gd,

*“Sm, *Cd, "B, and combinations thereof.

. 7. The integrated circuit of claim 6, further comprising:
(a) package material adjacent said integrated circuit, wherein said package material
includes thermal neutron absorbers. |

8. An integrated circmt containex:, comprising:
(a) container walls which incfude thermal neutron absorbers that reduce the incident

thermal neutrons to integrated circuits in said container by a factor of about 2 or more as

compared to said container walls without said thermal neutron absorbers.

9. The integrated circuit container of claim 8, wherein:
() said thermal neutron absorbers are selected from the group consisting of *'Gd,

“Sm, '’Cd, B, and combinations thereof.



thermal neutron absorbers reduce incident thermal neutrons by a factor of
about 2 or nore as conpared to said |layer without said thermal neutron
absorbers. 6.- The-integrated Tircuit of claimb5, wherein: (a) said thernal
neutron absorbers are d fromthe group consisting of [err] [err] and
conblnatlonslum E ﬁ“ﬁﬁgﬁlntegrated Elrcuit of claim6, further

conpri si ng: i al adj acent said integrated circuit, wherein
sai d package naterlal i ncl udes thermal neutron absorbers. 8. An integrated
circuit container, .conprising: (a) container walls which include therna
neutron absorbers that reduce the incident thermal neutrons to integrated
circuits in said container by a factor of about 2 or nore as conpared to

sai d cont ai 10 Thedihte Wdtdh‘zuitc&ahﬂeibﬁéﬁﬁﬁ 8NGILfQ absorbers. 9. The

integrated circuit contalner of claim8, whereéin: (a) said thermal neutron

Combi nat 1 ons. tnarsars denti i Sheft 8 e spctedio & wil of Gl ai ms,

wherein: (a) said thermal neutron absorbers are in a |ayer attached to a
wal | .



