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N\ CLAIMS
AN T
What is claimed is:
\\
\.x\ A transistor device, comprising:

a ;\Sb,gn‘a.te having a channel region:

\
A gate eiemode above the chanpel region, wherein a gate dielectric laver is

prm-'xded between the gate electrode and the channel region;
N\
prtype and n:\ﬁype source/drain regions in the substrate and adjacent to the channel
: N
region; N\

,

\
a boron doped Ocmwmum fayver on at least a portion of the p-type source/dram

regton, and uox%pnsmv 4 gErmaniun concentration i excess of 90 atomic

%% and a boron umcwtmnon i excess of TRE20 e and

a metal-germanide source/dr am contact on the boron doped germamum laver.

\x‘&
2. The device of claim ! wheremn the device is one of a planar ovr FinFET
transistor. Y
\
3. The device of claims 1 or 2 wher"’e\x@ the boron doped germaniwm faver is
'3 - . o - A“'&V
only on p-type source/drain regions of the device.
\
\&
. - . SN . .
4, The device of any of the preceding claims forther comprising an interlayer
. . "\X\
diefectric. N
N
\XX
S, The device of the preceding clatms, further comprising at least oue of;

\.
a graded baffer between the substrate and at least one of the p-tvpe and n-type

souree/dram regions; and ‘1\
EN
. N .
a graded buffer between at least one of the p-type and n-type sc;mrc\g/dram regians
M,
and the boron daped germamum taver, N
\\
& The device of claim 3 wherein the graded buffer between at least ﬁﬁe of the

p-type and n-tvpe source/drain regions and the boron doped germanium laver Bgs a

germanium concentration that is graded from a base level concentration compatible with
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. the at least one of the p-type and n-type sourcesdrain regions (o a high conceniration tn

@ag\cess ot 93 atonie %.
N

N T The device of claim © wherein the high concentration reflects pure
|
germantin.
N,
\%
8. \ The device of claims 5. 6, or 7 wherem the graded buffer between the at
AN
least one of t‘l‘fé\»x;)»»'ty}t)e and n-type source/drain regions and the boron doped germanium
faver has a boron Egincenzmtion that 1s graded from a base level concentration compatible
. N, _ ta . - .
with the at least one of the p~ivpe and n-type source/drain regions to a high concentration

in excess of 1R20 covd.

9. The device ok\;ny of the preceding claims wherein the boron doped

germanium layer has a graded ¢ Qifntratinn of at least one of germaniam and boron.

10, The device of any O}R\Qze preceding claims wherein the p-type and n-type
source/deain regions comprise silicon %a\tmanium having a germantumn concentration that
is graded from a base level conceniration compatible with the substrate o a high
concentration in excess of 50 atomic %. a‘k Q\ the boron doped germaniom layer has a
germaniam concentration in excess of 93 atomic \‘{{\

Ay
X . " & g , = .
b1 The device of any of the preceding claims wherein the p-type and n-type

source/drain  regions  comyprise boron  doped sﬁic\éﬁ% germantum  having a  boron
: . Y A : o
concentration that is graded from a base level concentration compatible with the substrate

to a high concentration in excess of 1E20 om™?,
AN
12, The device of any of clasms 1 through 4 x\-'berei\r}\me ptype and n-type
source/drain regions comprise silicon or silicon germanium, and the device further
comprises a buffer between at least one of the p-type and n-type source’dram regions and
the boron doped germargum layer. the buffer having a germannum ca’mcé‘xg{raﬂon that 1s

. N A
eraded from a base level concenmation conmpatible with the at least one p-t}-))ﬁ\ind n-type
source/dram reglons to a high concentration in excess of 30 atomic %, and\a boron
\

. . " - - . . 5
concentration that 1s graded from a base level concentration compatible with the at least
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“one of the p-iype and n-type source/drain regions 1o a high concentration in excess of 1E20

CIﬁ;B .

15, The elecome device of cluam 14 wheremn the ove or more miegrated

circuits includes at least one of a \éqinmmica:ticm chip andfor a processor, and at least one

of the communication chip and/or pr

device.

@ssor comprises the one or more transistor devices.

16, The electronmic device of elams 14 or 15 wherein the device 1s a computing
N\
7. A mansistor device, compusing:

a substrate having a channel region:
a gate electrode above the channel vegion, wherem a gate diclecirie layer is

provided between the gate electrode and theXchannel region and spacers are

provided on sides of the gate electrode;
p-type and n-type source/drain regions m the subsirate and adjacent 1o the chammel
region, each of the p-type and n-type sowce/dran ragions mncluding a tip
region that extends under the gate dielectric layer andfor a corresponding

one of the spacers;

a boron doped germanium layer on at least a portion of the p-type source/drain

region, and comprising a germaniam concentration m excess of 835 atomic

4% and a boron concentration o excess of 2E20 am? and

a metal-germamde source/dram contact on the boron doped germanium layer;
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wherein the device is one of a planar or FinFET transistor,

18, The device of clama 17, the device further comprising:

a buffer between at least one of the p-type and n-type sovrce/dratn regions and the
boron doped germanium laver, wherein the buffer has a germanium
conceniration that is graded from a base level concentration compatible with
1e at least one of the p-type and n-type source/drain regions to a high
concantration i excess of 95 gtomic %, and a boren concentration that 1s

gradedh from a base level concentration compatible with the at least one of

the p-type and n~type source/drain regions to a high concentration in excess

of 2E20 Lnx

19, The device of chyms |

~
¥
7

wherein the horon doped germantum layer has a

graded concentration of at least one\of germanium and boron.

20, The device of claim 17 wherem the p-iype and n-lype source/drain regions
comprise silicon germanium having a germanium concentration that is graded from a base
fevel concentration compatible with the subs}yiie o a high concentration in excess of 30

atomic %, and the boron doped germanium layenjias a germanivm concentration in excess

of 98 atomic Y.

21, The device of claim 20 wherein the p-tyvpe and n-tvpe source/drain regions

have a boron concentration that is graded from a base levehconcentration compatible with

the substrate to a high concentration in excess of 2E20 cm3,

22. The device of claum 17 wheremn the p-type and n-type source/drain regions

comprise stlicon germanium having a fixed germanmum Cencemrz}\ﬁ’ n, and the device

further comprises a buffer between the p-tvpe and n-type source/draim\regtons and the
boron doped germanium layer, the buffer having a germaniam concentration\that s graded
from a base level concentration compatible with the p-type and n-type source/digin regions
to a high concentration m excess of 30 atomie %, and a boron concentration that 1s_graded

from a base level concentration compatible with the p-type and n-type source/drain i\QL_Z’iC!I]S
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CLAIMS
What is claimed is:

[Claim 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;

p-type and n-type source/drain regions in the substrate and adjacent to the channel
region;

a boron doped germanium layer on at least a portion of the p-type source/drain region,
and comprising a germanium concentration in excess of 90 atomic % and a boron concentration
in excess of 1E20 cm™ ;

a metal-germanide source/drain contact on the boron doped germanium layer; and

a graded buffer between the p-type source/drain region and the boron doped germanium
layer, wherein the graded buffer has a boron concentration that is graded from a base level
concentration compatible with the p-type source/drain region to a high concentration in excess of
1E20 cm™.

[Claim 2]

The device of claim 1 wherein the device is one of a planar or FinFET transistor.
[Claim 3]

The device of claims 1 or 2 wherein the boron doped germanium layer is only on p-type
source/drain regions of the device.
[Claim 4]

The device of any of the preceding claims further comprising an interlayer dielectric.
[Claim 5]

The device of the preceding claims, comprising

a graded buffer between the substrate and the p-type source/drain region
[Claim 6]

The device of any of the preceding claims wherein the graded buffer between the p-type
source/drain region and the boron doped germanium layer has a germanium concentration that is
graded from a base level concentration compatible with the p-typesource/drain region to a high
concentration in excess of 95 atomic %.

[Claim 7]

The device of claim 6 wherein the high concentration reflects pure germanium.
[Claim 8]

The 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.

[Claim 9]

The device of any of the preceding claims wherein the p-type and n-type source/drain
regions comprise silicon germanium having a germanium concentration that is graded from a
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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 %.

[Claim 10]

The device of any of the preceding claims wherein the p-type source/drain region
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™.

[Claim 11}

The device of any of claims 1 through 4 wherein the p-type and n-type source/drain
regions comprise silicon or silicon germanium, the buffer having a germanium concentration that
is graded from a base level concentration compatible with the p-type source/drain region to a
high concentration in excess of 50 atomic %, and a boron concentration that is graded from a
base level concentration compatible with the p-type source/drain region to a high concentration
in excess of 1E20 cm™.

[Claim 12]
The 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™.
[Claim 13]

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.

[Claim 14]
The electronic device of claim 13 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.
[Claim 15]

The electronic device of claim 13 or 14 wherein the device is a computing device.
[Claim 16]

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

clectrode;
p-type and n-type source/drain regions in the substrate and adjacent to the channel region,

each of the p-type and n-type source/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 p-type source/drain region,
and comprising a germanium concentration in excess of 95 atomic % and a boron concentration
in excess of 2E20 cm™ ;
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a metal-germanide source/drain contact on the boron doped germanium layer; and

a graded buffer between the p-type source/drain region and the boron doped germanium
layer,

wherein the graded buffer has a boron concentration that is graded from a base level
concentration compatible with the p-type source/drain region to a high concentration in excess of
1E20 cm™ , and

wherein the device is one of a planar or FInFET transistor.

[Claim 17]

The device of claim 16, wherein the buffer has a germanium concentration that is graded
from a base level concentration compatible with the p-type source/drain region to a high
concentration in excess of 95 atomic %, and a boron concentration that is graded from a base
level concentration compatible with the p-type source/drain region to a high concentration in
excess of 2E20 cm™.

[Claim 18]

The device of claims 16, wherein the boron doped germanium layer has a graded
concentration of at least one of germanium and boron.
[Claim 19]

The device of claim 16wherein the p-type and n-type source/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 %.
[Claim 20]

The device of claim 19 wherein the p-type source/drain region 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”™.

[Claim 21]

The device of claim 16 wherein the p-type and n-type source/drain regions comprise
silicon germanium having a fixed germanium concentration, and , the buffer having a
germanium concentration that is graded from a base level concentration compatible with the p-
type source/drain region to a high concentration in excess of 50 atomic %, and a boron
concentration that is graded from a base level concentration compatible with the p-
typesource/drain region to a high concentration in excess of 2E20 cm, the buffer having a
thickness of less than 100 Angstroms.

[Claim 22]

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 p-type and n-type source/drain regions in the substrate and adjacent to the
channel region;

providing a boron doped germanium layer on at least a portion of the p-type source/drain
region, the boron doped germanium layer comprising a germanium concentration in excess of 90
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atomic % and a boron concentration in excess of 1E20 cm™ :

providing metal-germanide source/drain contacts on the boron doped germanium layer;
and

providing a graded buffer between the p-type source/drain region and the boron doped
germanium layer, wherein the graded buffer has a boron concentration that is graded from a base
level concentration compatible with the p-type source/drain region to a high concentration in
excess of 1E20 cm™.




