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CLAIMS 

Wb 	is claimed is: 

A transistor device, comprising: 

a su 	trate having a channel region: 

-.i a gate 	Iectrode above the channel region, wherein a gate dielectric layer is 

4 pro 'Wed between the gate electrode and the channel region; 

5 p-type and n 	e source/drain regions in the substrate and adjacent to the channel 

6 region: 

7 a boron doped ge 	MUM layer on at least a portion of the p-type source/dram 

8 region, and co 	isiqi a germanium concentration in excess of 90 atomic 

9 % and a boron con 	:titration. in excess of 1E20 cm- 3, and 

10 a metal-germanide sourceldra 	contact on the boron doped germanium layer. 

The device of. claim I w 	rein the device is one of a planar or FinFET 

2 	transistor. 

..). 	The device of claims 1 or 2 when in. the boron doped. germanium layer is 

2 	only on p-type source drain regions of the device. 

t 4. 	The device of any of the preceding claim 	further comprising an interlayer 

2 	dielectric. 

l 5. 	The device of th.e preceding claims, further cornpr 'ing at least one of 

2 a graded. buffer between the substrate and at least one of 	le p-type and n-type 

3 source/drain. regions; and 

4 a graded buffer between at least one of the p-type and n-type sour -/drain regions 

5 and the boron doped germanium layer. 

i 6. 	The device of claim 5 wherein the graded buffer between at least o 	of the 

p-type and n-type source/drain regions and the boron doped germanium layer 	s a 

germanium concentration that is graded from a base level concentration compatible w 
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4 the at least one of the p-type and n-type source/drain regions to a high concentration in 

s' cess of 95 atomic %. 

i 7. 	The device of claim 6 wherein the high concentration reflects pure 

2 german! M. 

8. 	Tire device of claims 5, 6, or 7 wherein the graded buffer between the at 

2 least one of 	type and n-type sourceldrain regions and the boron doped germanium 

layer has a boron ..sncentration that is graded from a base level concentration compatible 

with the at least one 	the p-type and n-type source/drain regions to a high concentration 

- in excess of 1E20 cnr- . 

t 9. 	The device o 	any of the preceding claims wherein the boron doped 

germanium layer has a graded c 	centration of at least one of germanium and boron. 

i 10. 	The device of any o 	be preceding claims wherein the p-type and n-type 

2 source/drain regions comprise silicon 	rmanium having a germanium concentration that 

3 is graded from a base level eoncentrat 	a compatible with the substrate to a high 

4 concentration in excess of 50 atomic ?/,';:, a 	the boron doped germanium layer has a 

5 germanium concentration in excess of 95 atomic 

I 11. 	The device of any of the preceding 	ims wherein the p-type and. n-type 

2 source/drain 	regions 	comprise 	boron 	doped 	silico 	germanium 	having 	a 	boron 

3 concentration that is graded from a base level concentratio 1 compatible with the substrate 

to a high concentration in excess of 1E20 cm-3. 

12. 	The device of any of claims 1 through 4 wheret 	the p-type and n-type 

source/drain regions comprise silicon or silicon germanium, an 	the device further 

3 comprises a buffer between at least one of the p-type and n-type source, rain regions and 

4 the boron doped germanium layer. the buffer having a germanium conce tration that is 

5 graded from a base level concentration compatible with the at least one p-typ and n-type 

source/drain regions to a high concentration in excess of 50 atomic %, an 	a boron 

7 concentration that is graded from a base level concentration compatible with the 	least 
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8 ►ne of the p-type and n-type sourceidrain regions to a high concentration in excess of I E20 

9 . 

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

2 germani 	< layer comprises a germanium concentration in excess of 98 atomic %, and a 

boron come 	ation in excess of 2E20 cm-3. 

1 .14. 	An 	lectronic device comprising: 

2 a printed circ Et board having one or more integrated circuits, wherein at least one 

3 of the a 	or more integrated circuits comprises one or more transistor 

4 devices as 	i ied in any of the preceding claims. 

i 15. 	The electronic c. niice of claim 14 wherein the one or more integrated 

2 circuits includes at least one of a 	1nununication chip and/or a processor, and at least one 

3 of the communication Chip andior pr 	essor comprises the one or more transistor devices. 

1 16. 	The electronic device of E 1 ms 14 or .15 wherein the device is a computing 

2 device. 

1 17. 	A transistor device, comprising: 

a substrate having a channel region; 

a gate electrode above the channel region, 	erein a gate dielectric layer is 

4 provided between the gate electrode and the -hamlet region and spacers are 

provided on sides of the gate electrode; 

5 p-type and n-type source/drain regions in the substrate an 	adjacent to the channel 

region, each of the p-type and n-type source/drain r ',ions including a tip 

region that extends under the gate dielectric layer an. ,:, - a corresponding 

one of the spacers; 

i a boron doped. germanium layer on at least a portion. of die p-type 	ource/drain 

region, and comprising a germanium concentration in excess of 	5 atomic 

% and a boron concentration in excess of 2E20 cm-3; and 

3 a metal-germanide source/drain contact on the boron doped germanium layer; 
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14 wherein the device is one of a planar or FinFET transistor, 

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

a buffer between at least one of the p-type and n-type source/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 

le at least one of the p-type and n-type source/drain regions to a high 

6 CO - ntrati on in excess of 95 atomic %, and a boron concentration that is 

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

the p.typ and n.type source/drain regions to a high concentration in excess 

9 of 2E20 eny- 

1 19. 	The device of ci 	nis .17 Wherein the boron doped germanium layer has a 

2 	graded concentration of at least on of germanium and boron. 

t 20. 	The device of claim 17 	herein the p-type and n-type source/drain regions 

2 	comprise silicon germanium having a ger 	nium concentration that is graded from a base 

3 	level concentration compatible with the subs -ate to a. high concentration in excess of 50 

4 	atomic %, and the boron doped germanium Jaye 	las a germanium concentration in excess 

5 	of 98 atomic %. 

t 21. 	The device of claim 20 wherein the p-tyt. 	and n-type source/drain regions 

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

the substrate to a high concentration in excess of 2E20 cm-3, 

1 22. 	The device of claim 17 wherein the p-type and it-t4 e source/drain regions 

comprise silicon germanium having a fixed germanium concentra 	1, and the device 

further comprises a buffer between the p-type and n-type sourceidrain regions and the 

4 	boron doped germanium layer, the bufTer having a germanium concentratiol that is graded 

5 	from a base level concentration compatible with the p-type and n-type sourceld 	i.n regions 

(; 	to a high concentration in excess of 50 atomic %, and a boron concentration that i graded 

from a base level concentration compatible with the p-type and n-type source/drain re ions 
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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-3; 
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-3. 
[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 gettuanium 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

3  . 

[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 3. 
[Claim 12] 

The device of any of the preceding claims wherein the boron doped gen 	ianium layer 

comprises a germanium concentration in excess of 98 atomic %, and a boron concentration in 

excess of 2E20 cm-3. 
[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 

electrode; 
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-3; 
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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 3, 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 3. 

[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-3. 

[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 3,  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 gelinanium concentration in excess of 90 
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atomic % and a boron concentration in excess of 1E20 cm-3; 
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-3. 


