
UK Patent Application „„GB m. 2 070 328 A 

(21) App l i ca t ion N o 8 1 0 1 6 2 8 
(22) Da te of f i l ing 2 0 J a n 1981 
(30) Prior i ty d a t a 
(31) 8 0 0 2 2 0 5 
(32) 2 3 J a n 1980 
(33) U n i t e d K i n g d o m (GB) 
(43) App l i ca t ion p u b l i s h e d 

3 S e p 1981 
(51) INT CL3 

H10L 21/26 21 /263 21 /268 
(52) D o m e s t i c c l a s s i f i ca t ion 

H 1 K 1 1 B 2 3 E 1 M 3 E 1 T 
3 E 5 A 3 F 9 C 3 9 D 1 9 D 2 9 N 2 
9 N 3 M W 

(56) D o c u m e n t s c i t ed 
GB 2 0 2 1 3 1 6 A 
G B 1258657 
U S 4 1 5 5 7 7 9 A 
U S 4 1 5 1 0 0 8 A 

(58) Field of s e a r c h 
H1K 

(71) A p p l i c a n t s 
T h e S e c r e t a r y of S t a t e f o r 
D e f e n c e , 
W h i t e h a l l , 
L o n d o n S W 1 A 2 H B . 

(72) I n v e n t o r s 
Keith G o r d o n 
B a r r a c l o u g h , 
A n t h o n y G e o r g e Cull is , 
H u g h C h a r l e s W e b b e r . 

(74) A g e n t s 
F.R. R o b i n s o n , 
P r o c u r e m e n t E x e c u t i v e , 
Min i s t ry of D e f e n c e , 
P a t e n t s 1 A(4), 
R o o m 1932, 
19 th Floor , 
E m p r e s s S t a t e Bui ld ing , 
L i l l i eRoad , 
L o n d o n S W 6 1 T R . 

(54) Improvements in or relating to 
laser annealed electronic devices 

(57) Selected regions of a slice of neut-
ron transmuted semiconductor material 
are laser annealed to a submicron 
depth. Si or Ge starting material is 
irradiated with neutrons to produce 
compensating doping by transmutation. 
Selected regions of a slice are then laser 
annealed either by selective scanning 
with a small diameter spot, or by using 
a mask and a larger diameter spot. The 
surrounding unannealed matrix is 
semi-insulating. Further dopants may 
be implanted into parts of the slice 
before laser annealing. 
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SPECIFICATION 

Improvements in or relating to laser annealed 
electronic devices 

5 
The present invention relates to the production of 
laser annealed electronic devices and particularly, 

• though not exclusively, relates to the production of 
silicon integrated electronic devices by employing 

10 laser beam annealing. 
v. Some applications of laser beam annealing are 

described in Science, Vol 201,28 July 1978 and in the 
Boston Conference Proceedings, Academic Press 
1979, S D Ferris, H J Leamy and J N Poole. It is 

15 known to laser beam anneal ion-implanted semicon-
ductors to electrically activate the implanted dopant. 

In known silicon semiconductor manufacture, an 
ingot of raw silicon is irradiated by neutron bom-
bardment to produce neutron transmuted silicon 

20 containing P dopant having a resistivity of about 2 x 
10®Q cm which is then furnace annealed at 1000°C 
for an hour in an argon atmosphere to reduce the 
resistivity to about 28 Qcm. These irradiation and 
furnace annealing steps are necessary to reduce 

25 unacceptable variations in the resistivity of the 
silicon starting material. The ingot is then etched and 
sliced into wafers. 

The present invention provides a method for 
producing annealed electronic devices wherein the 

30 annealing is carried out to give conductivity regions 
in a semi-insulating matrix. The annealing may be 
spatially controlled. 

According to the present invention a method for 
producing laser annealed electronic devices includes 

35 the steps of irradiating semiconductor material to 
produce a neutron transmuted semiconductor mate-
rial, and laser annealing a selected region or regions 
in a slice of the transmuted material to a sub-micron 
depth. 

40 The semi-conductor may, for example, comprise 
silicon or germanium. 

Laser annealing is (may be) effected using a 
scanning laser beam having a spot diameter in the 
range 2-50 jim, or may be effected by masking part 

45 of the selected region and by directing a laser beam 
of large spot area at the selected region. 

The regions of the neutron transmuted semicon-
ductor material selected for laser annealing may be 
implanted with Group III or Group V elements, such 

90 as for example boron, prior to laser annealing, and 
p-n junctions formed by laser annealing the im-
planted regions. 

* Integrated circuits which include active devices 
such as diodes and related devices may be manufac-

55 tured by using the above-mentioned steps. In parti-
cular, devices may be spatially isolated from adja-
cent devices within a semi-insulating neutron trans-
muted matrix. 

The invention will now be described by way of 
60 example only. 

Float-zoned 1000Q cm n-type silicon was irradi-
ated with a flux of thermal neutrons at an intensity of 
9.65 x 1017 n/cm2 which raised the resistivity of the 
silicon to 2 x 10sQcm. Selected regions in the 

65 transmuted silicon were annealed by a Q-switched 

ruby laser using 30 nsec pulses of 694 nm radiation 
and a power level of about 1.5 - 2.0 J/cm2.4-point 
probe measurements and chemical step etching 
indicated that the annealed regions were typically 

70 3000 A deep and had a resistivity of about 50 Qcm, 
n-type, indicating a high level of activation of P 
dopant atoms. Furnace annealed control samples 
had resistivities of typically 28 Qcm, n-type. It was 
concluded that laser annealing produced relatively 

75 high levels of activation. 
In a further experiment boron was implanted in 1 

mm circular regions in irradiated transmutation 
doped silicon to give 1016 60 keV-B+/cm2. These 
regions were then laser annealed as described in the 

80 first experiment above. Electrical measurements 
confirmed that p-n junctions had been formed at the 
boundaries of the implanted regions. Reverse break-
down voltages for these regions was greater than 
130V with a leakage of about 200 jiAfor 100 V 

85 reverse bias. For a probe distance of 100 jim from the 
junction regions, the forward resistance was about 
2.5 kQ. 

CLAIMS 
90 

1. A method for producing laser annealed elec-
tronic devices including the steps of irradiating 
semiconductor material to produce a neutron trans-
muted semiconductor material, and laser annealing 

95 a selected region or regions in a slice of the 
transmuted material to a sub-micron depth. 

2. A method for producing laser annealed elec-
tronic devices as claimed in claim 1 wherein the 
semiconductor is silicon or germanium. 

100 3. A method for producing laser annealed elec-
tronic devices as claimed in claim 2 wherein the laser 
annealing is effected by a scanning laser beam 
having a spot diameter in the range 2-50 am. 

4. A method for producing laser annealed elec-
105 tronic devices as claimed in claim 2 wherein the laser 

annealing is effected by directing a laser beam of 
large area at a partially masked region in a slice of 
the material. 

5. A method for producing laser annealed elec-
110 tronic devices wherein the region or regions of the 

neutron transmuted semiconductor material 
selected for laser annealing may be implanted with 
Group III or Group V elements prior to laser anneal-
ing, whereby p-n junctions may be formed by laser 

115 annealing the implanted regions. 
6. A method for producing laser annealed elec-

tronic devices substantially as hereinbefore de-
scribed. 

7. A method for producing integrated circuits 
120 which include a plurality of laser annealed electronic 

devices produced by any of the methods claimed in 
claims 1 to 5, wherein the devices are spatially 
isolated from each other by semi-insulating neutron 
transmuted matrix. 
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8. A laser annealed electronic device produced 
by any ofthe methods claimed in claims 1 to 6. 

9. An integrated circuit produced by the method 
claimed in claim 7. 
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