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CLAIMS
What%fskflaimed 1s:

L. \ A transistor device, comprising:

a subs}r,ate having a channel region;

a gate electrode above the channel region, wherein a gate dielectric layer is
prov‘i&g\d between the gate electrode and the channel region;

source and drai\;n\r\egions in the substrate and adjacent to the channel region;

a boron doped gel\**manium layer on at least a portion of the source and drain
regions, and cohlqising a germanium concentration in excess of 90 atomic

% and a boron congentration in excess of 1E20 cm=3; and

metal-germanide source and dr\gin contacts on the boron doped germanium layer.

2. The device of claim 1 \vhgggein the device is one of a planar or FinFET

%

transistor. N\

3. The device of claims 1 or 2 W\Qerein the device comprises a PMOS

transistor. \

4. The device of any of the preceding claims_further comprising an interlayer

dielectric.

5. The device of the preceding claims, further co\n\l\;)}i\sing at least one of’
A
a graded buffer between the substrate and the source and drain regions; and

a graded buffer between the source and drain regions and, the boron doped

AN

germanium layer.

N\

N
S
6. The device of claim 5 wherein the graded buffer between th&gource and

A"
drain regions and the boron doped germanium layer has a germanium concentrat}gg that is
uraded from a base level concentration compatible with the source and drain regio\(‘l% toa

high concentration in excess of 95 atomic %. '
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7. The device of claim 6 wherein the high concentration reflects pure
germanium.
8\ The device of claims 5, 6, or 7 wherein the graded buffer between the

N
source and\dg\ain regions and the boron doped germanium layer has a boron concentration

m a base level concentration compatible with the source and drain regions

that s graded

to a high concentration in excess of 1E20 cm™3,

9. The dewice of any of the preceding claims wherein the boron doped

germanium layer has a gr\aded concentration of at least one of germanium and boron.

10.  The device of any of the preceding claims wherein the source and drain
regions comprise silicon germamum having a germanium concentration that is graded from
a base level concentration compatible with the substrate to a high concentration in excess
of 50 atomic %, and the boron doped germanium layer has a germanium concentration in

excess of 95 atomic %.

11.  The device of any of the preceding claims wherein the source and drain
regions comprise boron doped silicon germanﬁxhaving a boron concentration that is

graded from a base level concentration compatible with the substrate to a high

concentration in excess of 1E20 cm-3.

12. The device of any of claims 1 through 4 wherein the source and drain
regions comprise silicon or silicon germanium, and the device\further comprises a buffer
between the source and drain regions and the boron doped germanium layer, the buffer
having a germanium concentration that is graded from a base\ level concentration
compatible with the source and drain regions to a high concentration in excess of 50
atomic %, and a boron concentration that is graded from a base level concentration

compatible with the source and drain regions to a high concentration in excess'of 1E20 cmr

3
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13. The device of any of the preceding claims wherein the boron doped

By . . . . .
germanium layer comprises a germanium concentration in excess of 98 atomic %, and a

boron cont:‘eptration in excess of 2E20 cm3

\\

AN

,
kY . . ..
14, An electronic device comprising:
N,
. . . . . . R
a printed cnrc\utt board having one or more integrated circuits, wherein at least one

of the\one or more integrated circuits comprises one or more transistor

devices \deﬁned in any of the preceding claims.
\
15. The electronic\device of claim 14 wherein the one or more integrated

. L. N . . .
circuits includes at least one of a\gommumcalwn chip and/or a processor, and at least one

of the communication chip and/or ;;}focessor comprises the one or more transistor devices.

16. The electronic device of ¢laims 14 or 15 wherein the device is a computing
device. N
%\\
17. A transistor device, comprising; \
N
\

a substrate having a channel region;

a gate electrode above the channel regxoxl\?}(llereln a gate dielectric layer is
provided between the gate electrode and thexchannel region and spacers are
provided on sides of the gate electrode; ;

source and drain regions in the substrate and adjacent to thg channel region, each of
the source and drain regions including a tip reg:on\t{jat extends under the
gate dielectric layer and/or a corresponding one of the s\pa\fers;

a boron doped germanium layer on at least a portion of the ‘Equrce and drain
regions, and comprising a germanium concentration in exceé\‘\\.gf 95 atomic
% and a boron concentration in excess of 2E20 cm™3; and \

%,

. . n
metal-germanide source and drain contacts on the boron doped germanium !‘a\xer;

wherein the device is one of a planar or FinFET transistor.
18. The device of claim |7, the device further comprising: \\
\
i\x
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a buffer between the source and drain regions and the boron doped germanium
layer, wherein the buffer has a germanium concentration that is graded from
a base level concentration compatible with the source and drain regions to a
high concentration in excess of 95 atomic %, and a boron concentration that
1s graded from a base level concentration compatible with the source and

drain regions to a high concentration in excess of 2E20 cm3.

19.  The dayice of claim 17 wherein the boron doped germanium layer has a

graded concentration of at least one of germanium and boron.

\

20. The device oﬂ\celaim 17 wherein the source and drain regions comprise
silicon germanium having a g Q’nanium concentration that is graded from a base level
concentration compatible with thg\§<bstrate to a high concentration in excess of 50 atomic
%, and the boron doped germanium layer has a germanium concentration in excess of 98

atomic %.

21 The device of claim 20 wher %the source and drain regions have a boron
concentration that is graded from a base level ¢oncentration compatible with the substrate

to a high concentration in excess of 2E20 cm™?.

22.  The device of claim 17 wherein the\"ource and drain regions comprise
silicon germanium having a fixed germanium concentration, and the device further
comprises a buffer between the source and drain regions and, the boron doped germanium
layer, the buffer having a germanium concentration that is ‘graded from a base level
concentration compatible with the source and drain regions to\a high concentration in
excess of 50 atomic %, and a boron concentration that is gradé from a base level
concentration compatible with the source and drain regions to a high concentration m

excess of 2E20 cm-3, the buffer having a thickness of less than 100 Angstroms.

23. A method for forming a transistor device, comprising:
providing a substrate having a channel region;

providing a gate electrode above the channel region, wherein a gate dielectric layer

is provided between the pate electrode and the channel region; and

Docket # P38507PCT 29




WO 2012/087403 PCT/US2011/054198

providing source and drain regions in the substrate and adjacent to the channel
region;
BN oy . .
demg a boron doped germanium layer on at least a portion of the source and

\\ drain regions, the boron doped germanium layer comprising a germanium

\goncentranon in excess of 90 atomic % and a boron concentration in excess
o}l E20 cm-3; and
providing ketal-germanide source and drain contacts on the boron doped

germani r\n\ layer.

AN
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CLAIMS

What is claimed is:

1. A transistor device, comprising:

a substrate having a channel region;

a gate electrode above the channel region, wherein a gate dielectric layer is provided
between the gate electrode and the channel region;

source and drain regions in the substrate and adjacent to the channel region;

a boron doped germanium layer on at least a portion of the source and drain regions, and
comprising a germanium concentration in excess of 90 atomic % and a boron concentration in
excess of 1E20 ¢cm™; and

metal-germanide source and drain contacts on the boron doped germanium layer.

2. The transistor device of claim 1 wherein the device is one of a planar or FinFET
transistor.

3. The transistor device of claims 1 or 2 wherein the device comprises a PMOS transistor.
4. The transistor device of any of the preceding claims further comprising an interlayer
dielectric.

5. The transistor device of the preceding claims, further comprising at least one of:

a graded buffer between the substrate and the source and drain regions; and

a graded buffer between the source and drain regions and the boron doped germanium
layer.
6. The transistor device of claim 5 wherein the graded buffer between the source and drain
regions and the boron doped germanium layer has a germanium concentration that is graded
from a base level concentration compatible with the source and drain regions to a high
concentration in excess of 95 atomic %.
7. The transistor device of claim 6 wherein the high concentration reflects pure germanium.
8. The transistor device of claims 5, 6, or 7 wherein the graded buffer between the source
and drain regions and the boron doped germanium layer has a boron concentration that is graded
from a base level concentration compatible with the source and drain regions to a high
concentration in excess of 1E20 cm™.
9. The transistor device of any of the preceding claims wherein the boron doped germanium
layer has a graded concentration of at least one of germanium and boron.

10.  The transistor device of any of the preceding claims wherein the source and drain regions
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comprise silicon germanium having a germanium concentration that is graded from a base level
concentration compatible with the substrate to a high concentration in excess of 50 atomic %,
and the boron doped germanium layer has a germanium concentration in excess of 95 atomic %.
11. The transistor device of any of the preceding claims wherein the source and drain regions
comprise boron doped silicon germanium having a boron concentration that is graded from a
base level concentration compatible with the substrate to a high concentration in excess of 1E20

cm™.

12. The transistor device of any of claims 1 through 4 wherein the source and drain regions
comprise silicon or silicon germanium, and the device further comprises a buffer between the
source and drain regions and the boron doped germanium layer, the buffer having a germanium
concentration that is graded from a base level concentration compatible with the source and drain
regions to a high concentration in excess of 50 atomic %, and a boron concentration that is
graded from a base level concentration compatible with the source and drain regions to a high
concentration in excess of 1E20 cm™.

13.  The transistor device of any of the preceding claims wherein the boron doped germanium
layer comprises a germanium concentration in excess of 98 atomic %, and a boron concentration
in excess of 2E20 cm™.

14.  An electronic device comprising:

a printed circuit board having one or more integrated circuits, wherein at least one of the
one or more integrated circuits comprises one or more transistor devices as defined in any of the
preceding claims.

15. The electronic device of claim 14 wherein the one or more integrated circuits includes at
least one of a communication chip and/or a processor, and at least one of the communication
chip and/or processor comprises the one or more transistor devices.

16. The electronic device of claims 14 or 15 wherein the device is a computing device.

17. A transistor device, comprising:

a substrate having a channel region;

a gate electrode above the channel region, wherein a gate dielectric layer is provided
between the gate electrode and the channel region and spacers are provided on sides of the gate
electrode;

source and drain regions in the substrate and adjacent to the channel region, each of the
source and drain regions including a tip region that extends under the gate dielectric layer and/or
a corresponding one of the spacers;

a boron doped germanium layer on at least a portion of the source and drain regions, and

27




comprising a germanium concentration in excess of 95 atomic % and a boron concentration in
excess of 2E20 cm'3; and

metal-germanide source and drain contacts on the boron doped germanium layer;
wherein the device is one of a planar or FinFET transistor.

18.  The transistor device of claim 17, the device further comprising:

a buffer between the source and drain regions and the boron doped germanium layer,
wherein the buffer has a germanium concentration that is graded from a base level concentration
compatible with the source and drain regions to a high concentration in excess of 95 atomic %,
and a boron concentration that is graded from a base level concentration compatible with the
source and drain regions to a high concentration in excess of 2E20 cm™.

19.  The transistor device of claim 17 wherein the boron doped germanium layer has a graded
concentration of at least one of germanium and boron.

20.  The transistor device of claim 17 wherein the source and drain regions comprise silicon
germanium having a germanium concentration that is graded from a base level concentration
compatible with the substrate to a high concentration in excess of 50 atomic %, and the boron
doped germanium layer has a germanium concentration in excess of 98 atomic %o.

21. The transistor device of claim 20 wherein the source and drain regions have a boron
concentration that is graded from a base level concentration compatible with the substrate to a
high concentration in excess of 2E20 cm™.

22. The transistor device of claim 17 wherein the source and drain regions comprise silicon
germanium having a fixed germanium concentration, and the device further comprises a buffer
between the source and drain regions and the boron doped germanium layer, the buffer having a
germanium concentration that is graded from a base level concentration compatible with the
source and drain regions to a high concentration in excess of 50 atomic %, and a boron
concentration that is graded from a base level concentration compatible with the source and drain
regions to a high concentration in excess of 2E20 cm™, the buffer having a thickness of less than
100 Angstroms.

23. A method for forming a transistor device, comprising:

providing a substrate having a channel region;

providing a gate electrode above the channel region, wherein a gate dielectric layer is
provided between the gate electrode and the channel region; and

providing source and drain regions in the substrate and adjacent to the channel region;

providing a boron doped germanium layer on at least a portion of the source and drain

regions, the boron doped germanium layer comprising a germanium concentration in excess of
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90 atomic % and a boron concentration in excess of 1E20 cm'3; and
providing metal-germanide source and drain contacts on the boron doped germanium

layer.
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