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It was unexpected that, by providing a stress
conpensating |ayer in accordance with the present
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the graded Si Ge |ayer were produced in a single wafer




The density of TD was neasured by m croscopic

i nspection after Secco etching. RMSroughness was
neasured with an atomic fogge mcroscope (40 x 40
pin). Warp anal ytics was made by using an AFS type
device from ADE Corp. USA. 4 Table: conp. exanple 1
conp. exanple 2 exanple 1 exanple 2 exanple 3 exanple
4 exanple 5 grade rate 20% pm 20% pm 20% pm 20%

pm 20% pm : . ,
Fig.1 represents a wafer comprising a substrate 1 and a heteroepitaxial layer 2 deposited

thereof, '

Fig.2 represents a wafer according to the present invention. The wafer comprises a substrate
10 and a heteroepitaxial layer 20 deposited on the front side of the substrate. The wafer further
comprises a stress compensating layer 30 deposited on the back side of the substrate. The
stress compensating layer preferably comprises a constarnt composition SiGe layer having an
appropriate thickness and composition for compensating the stress which is caused by the het-
eroepitaxial layer during cooling from the deposition temperature.

Fig.3 represents a prefaerred wafer according to the present invention. The wafer comprises a
substrate 10 and a heteroepitaxial layer deposited on the front side of the substrate, whersin the
- heteroepitaxial layer comprises a graded SiGe layer 40 deposited on the front side of the sub-
strate and a constant composition SiGe layer 50 deposited 6n the graded SiGe layer. The wafer
further comprises a stress compensating layer deposited on the back side of the substrate,
wherein the stress compensating layer comprises a graded SiGe layer 80 deposited on the



209 pm 209% pm deposition tenperature before cooling
1000C 1050C 1000C 1000C 1000C 1000C 1000C t hi ckness
of the stress conpensating | ayer 2,01 pm 2,51 pm
3,01 pm5,6 pm 4,82 pm _
3

back side of the substrate and a constant composition SiGe layer 70 deposited on the graded
SiGe layer. ' :

Inthe _'preferred embodiment of the iriventidn the stress compensating layer has the same or a
similar composition as the heteroepitaxial layer and the same or a similar thickness as the het-

eroepitaxial layer.

The positive'effect of the invention is demonsirated hereinafter by means of examples.

Wafers with a heteroepitaxial layer consisting of a graded SiGe layer and a constant composi-
tion SiGe layer on top of the graded SiGe layer were produced in a single wafer CVD reacior by
" depositing the heteroepitaxial layer on the front side of a silican substrate wafer. The maximum
concentration of germanium in the graded SiGe layer was 70%. The thickness of the graded
8iGe layer was 4.6 um. The concentration of Ge in the constant composition SiGe layer was
70%. The thickness of the constant composition SiGe layer was 1 pm. Before deposiiing the
heteroepitaxial layer on the front side of the substrate, a stress compensating layer has been
deposited on the back side of the substrate.

Several experiments were made with a constant composition Siy ;Geq 7 layer as stress compen-
sating layer, wheréin the thickness of the layer was varied in order to reveal the stress relieving
gffect on the heteroepitaxial layer. One experiment (example 4) was made with a siress com-

pensating layer consisting of a graded SiGe layer on the substrate having a maximum concen-
tration of germanium of 70 % and a constant composition SiGe layer on top of the graded SiGe

layer,

For the purpose of comparison, two experiments were performed without providing a stress
compensating layer before coaling the wafer from the deposition temperature. According to the
first comparative example, a graded SiGe layer and a constant composition layer identical to the
- front side fayer of the examples was deposited on a silicon substrate wafer. The maximum con-
- gentration of germanium in the graded layer was 70 %. The second comparative example was
performed in accordance with the first comparative example, differing only in that 11 strained
transitional layers of silicon as taught in US2008/0017852 A1 were provided within the graded
SiGe layer for reducing the bow of the resulting wafer. The thickness of each transitional layer

was 7 nm, -

* Further details of the experiments énd the results in regard of the reduction of bow, Warp, TDD
and RMS-roughness are displayed in the following table. The deposition gas for depostting the
the stress compensating layer and the heteroepitaxial layer was a mixture of SiCl.H; a_nd GeCly

in hydrogen as a carrier gas. :

The density of TD was measured by microscopic inspection after Secco etching. RMSQ _
roughness was measured with an atomic force microscope (40 x 40 um). Warp analytics was
made by using an AFS type device from ADE Corp. USA.



TOD (center) 8'105 1cnR 5,0*106 1cn? 4, 8106 /cn®
4,0*106 1lcn? 4,3*106 1cnR 5,4*106 1cnR 6, 2*106 lcn?
TOD'(edge) 8,7*106 lcnR > 1907 1cnR 6, 1*106 /cn®
'6,3*106 /cnR 6,4*106 lcnR 6,3*105 /cnR 6,9*106 /crn2
RMB- r oughness (center) 36,4 nm

Table:
comp. comp. example | example | example | example | example
example | exampie [ 1 b4 3 4 5
1 2
grade 20%/ 20%/ 20%/ 20% / 20% ¢ 20%/ 20%/
raie um um Hm um Hm um um
deposition 1000 °C | 1050°C [1000°C | 1000 °C | 1000°C | 1000°C | 1000 °C
temperature ' '
hefore cooling : : '
thickness of the 200 um [251um  301um [56pum | 4,82 um
stress compen- : '
sating layer
TDD (center) §*10° 5,010° [4,8*10° [4.0%10° |4,3*10° |54%10° |8,2*10°
fem® | fom® fem? fom” jom® lom? lom?
TDD (edge) 8710° | =14*0" |6,1%10° |6,310° |8,4%10° |6,310° |8,9*10°
' jom® fom? fom® fcm? fem? lom? fem?
| RMS-roughness | 38,4 nm | 81,6 nm | 30 nm 27 nm 23 Tmm | 251 nm | 27,7 nm
(center) - o
RMS-roughness | 150,4 186,1 379nmm |335mm |{57,3m$m |43, 7nm | 41,5nm
(edge) nm nm , '
Bow <157 um | B85um - [ -27um | 2 um 37 Um 54 pm 121 um
Warp 200 pum | i32 ym_ | 56 ym 32 ym 96 um 125 um | 274 um




81,6 nm30 nm 27 nm 23,1 nm 25,1 nm 27,7 nm
RMS- r oughness (edge) 150,4 nm 186,1 nm 37,9 nm 33,5
nm 57,3 nm43,7 nm4l,5 nm4Bow -157 pm-65 pm -27 pm

CLATIMS

1. A semiconductor wafer comprising

a silicon substrate wafer having a first side and =a
- second sids;

a fuily or pattially relaxed graded 5iGe hetercgepitaxial
layer deposited on the first side of the substrate Wafer and a
constant composition SiGe layer on top of the graded B3iGe
heteroepitaxial layer; and
' a .constant coﬁpdsition 3iGe layer deposited on the seéqnd

side of the substrate wafer acting as stress compensating

layer

2. The wafer as claimed in c¢laim 1, wherein  the

concentration of Ge in the constant composition SiGe layer is

from 10 to BO %;

3. A method for producing a semiconductor wafer compriéing
. depositing at a depositioﬁ temperature con a first side of

a silicon substrate wafer a fully or partially relaxed graded
5iGe Netercepitaxial layer and a constant composition SiGe
layer on top of the graded SiGe hetercepitaxial layer; and

before cooling the wafer from the deposition temperature,
providing a stress Compensating layer on a second side of the
substrate wafer,

wherein the stress compensating layer is provided before
or during depositing the fully or partially relaxed graded
SiGe-heteroepitaxial layer on the first side of the substrate
wafer by depositing a constant composition SiGe layer on the

second side of the substrate wafer.



2 pm 37 pm 54 pm 121 pm Warp 290 pm 132 pm 56 pm 32
pm 96 pm 125 pm 274 pm CLAI M5 A seni conductor wafer
conpri si ng a sili cond§ubst rate wafer having a
first side and a second Si de; - a fully or
partially relaxed graded Si Ge hetencepitexial |ayer
deposited on the first side of the substrate wafer
4nd a constant conposition SiGe |ayer on top 'of the
graded Si Ge heteroepitaxial |ayer; and i
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from 10 to 80 %.



2. The wafer as clainmed in claim 1, Wierein the
concentration of Ge in the constant conposition SiGe
layer is from10 to 80 % 3. A method for producing
-a sem conduct or wafer conprising depositing at
a deposition tenperature on a first side of a silicon
substrate wafer a fully or 7partially rel axed graded
Si Ge -heteroepitaxial |ayer and a constant .
conposition 'Si Ge |ayer on tog of the raded Si Ce
A semmmmarhwvaaemvw@m HEREROEPITAXAd Ly éRd%Nﬁ’ AN TeP
- FOR RRDBUCINGORHE MéAF#EDosi ti on tenperature, providing a
‘'stress conpensating | ayer on a second side of the
Abstradtibst rat e wafer, wherein the stress conpensating
| ayer is prOV|ded bef ore or dur| eposi ti ngd Q
A senfiephtiycteswafei compiising g 4bsiralg b g @ nd'a seca f‘; oo
fully onmr@alwaxemsroqp 1aaﬁr si Pgéh 'd8f°f figgubstrate:

and aggg@tqogpgnsgﬁmgelpyq; ea%@ prfl b e The wafer
is pro@joeg in wsﬁho‘bﬁpfﬁmslf@é’@ gx SF ; 0
partially relaxerbhatereenigialdayer g e p ) %’% S cond

wafer dromdemgepesifighiegpeeaing, r?f?Wf’é“% setsﬁc? corrpo | ion
side of RESHDSIRE r om 10 to 80 % 7 A SEM CONDUCTOR V\AFER
W TH A HETERCEPI TAXI AL LAYER AND A METHOD FOR
. PRODUCI NG THE WAFER Abstract: A .sem conductor wafer
Fﬁﬁzconprising a substrate having a first side and a
second side; a fully or partially rel axed
‘heteroepitaxial |ayer deposited on the first side of. -
the substrate; and a stress conpensating |ayer
deposited on the second side of the substrate. The
~wafer is produced in a nmethod conprising depositing
on a first side of a substrate a fully or partially
rel axed heteroepitaxial |ayer at a deposition
tenperature; and before cooling the wafer fromthe
deposition tenperature, providing a stress
‘conpensating | ayer on a second side of the substrate.
Fig. 2 _



