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Abstract

In this paper, the dependence of MOSFET performance on the channel stress is characterized in depth. The tensile and
compressive stresses are applied to CMOSFET using a nitride film which is used for the contact etch stop layer (CESL).
Drain current of NMOS and PMOS is increased by inducing tensile and compressive stress, respectively, due to the
increased mobility as well known. In case of NMOS with tensile stress, both decrease of the back scattering ratio (ry)
and increase of the thermal injection velocity (Vi) contribute the increase of mobility. It is also shown that the decrease
of the re is due to the decrease of the mean free path (Ap). On the other hand, the mobility improvement of PMOS with
compressive stress is analyzed to be only due to the so increased V;,; because the back scattering ratio is increased by
the compressive stress. Therefore it was confirmed that the device performance has a strong dependency on the channel
back scattering of the inversion layer and thermal injection velocity at the source side and NMOS and PMOS have
different dependency on them.
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Comp. | 046 | 4135 [371x10"| 78 52 |140<10 | -1
Tensile| 041 | 200 |1.15x10°| 8 | 119 |3.30x10 | 0.94
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Table 22 CMOSFET A, [ dependence on the
temperature for the channel stress.
NMOS NMOS PMOS PMOS
Termperature | Parameter (Tensile) | (Compressive) | (Tensile) | (Compressive)
A (em) [157x10°|  1.49x10°  |849x1071 9.10x107
T=ogk | L (em) ]717x<107|  755x107 |3.08x107{ 3.77x107
re 0.31 0.33 0.26 0.29
A (cm) |151x10°1 1.39x10° |860x107| 898x107
T=3%K | L, (cm) [880x107{ 926x107 |[374x107| 461x107
Feat 0.36 0.39 0.30 0.33
A (em) |139x10°%| 1.25x10° | 827x107| 8.48x107
T=38K | L, (cm) |101x10°| 1.09x10° |[422x107| 531x107
| Fsat 0.42 0.46 0.33 0.38
e A (%) | -11.33 -15.88 257 -6.80
S L, (%) | 4157 43.95 36.94 40.60
' rae (%) | 3452 0.75 26.86 31.28
E 3 g AEgAo wE 2% CMOSFET £A}

2| mobility, SSe| S4

Table 3. CMOSFET mobility, SS dependence on the
temperature for the channel stress.
NMOS NMOS PMOS PMOS
Temperature | Parameter (Tensile) | {Compressive) | (Tensile) | (Compressive)
as 2.6 ~ 21 ~ 93 ~ 105 ~
2.8 % 2.4 % 95 % 108 %
RS Mohility 15 ~ 21 ~ 9 ~ 12 ~
% 9 % %
S— Ma-utz 21 % 24 % 13 % 18
Mobility | 44 — | 380 ~ | @1~ | 200 ~
(o.a@v[\%gn) $20% | 386% | W% | Bl%
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