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Abstract: In this paper, we investigated the dependence of device performance and hot carrier lifetime on
the channel direction of PMOSFET. Ipsa Vvs. losr characteristic of PMOSFET with <100> channel direction
is greater than that with <110> channel direction because carrier mobility of <100> channel direction is
greater than that of <110> channel direction. However, hot carrier lifetime for <110> channel direction is

much lower than that with <110> channel due to the greater impact ionization rate in the <100> channel

direction. Therefore, concurrent consideration of reliability characteristics and device performance is

necessary for channel strain engineering of MOSFETs.
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(110) 719 2271 4% FAdA ¢ g3
HEo] Ztz} <110> Ad3z <100> #do] &z} A
T F8A St BaHa o a2y 7|s
}3e o] &3 PMOS 2%k A% 44L& (110) 7]
we] F7AQA fo)H v§ g FHEHA FAE
482 3 9dS 23 3o wEA 2 (100) 7]
#E 14359 NMOS ¥ PMOS 429 2d W
< g27 39 PMOS 47 A% /ML #rE 4
TE°] RuHy g [78]. 2 o8 HuEL
HE 229 AF 75 58 AMd F2 A$HA
AAA Aze] AA SAHL FASE AHP7A £
A3 A vES AFold.

2 =Fo|AHE sub-micron PMOSFET®| ois] )
d FgE WA A8 22 dolH oA 0°
(<110> #4'd 3k 3 45° (<100> zj'd 43F) whske]
PMOS &Ag AFstden, 2z AF 7% 59
Bk olle}l A EAE Hrslog AE Ao
< " B4R

2. AlE 9

dutAE2Ql (.18 pum CMOS 7]€& o83t (100)
719 1ol PMOS A% & AZsged, 29 13 2
o] Zz} <110> % <100> W3 AdL FAs7] 9
3 olok AolA 0°9 45° tiltd AAE AF A
. ole & el ukst o] delH 9 flat zoned}
Aol whgke]l AxE <110> Ad wFL hA| v,
45° 229 AAE <100> AME HFL s A
& o] g% Aot} [7]. WA, DC 54 H/E A3 wt
A HEvg EA7E ol&dtdq FEHFHF vs. off
A5 (Ipsar vs. Iorr) S4E FAHIRL, A £
Mg 93] Yt o= AHLEE drain avalanche hot
carrier (DAHC) &4 Z79A hot carrier (HC) &
FA S B4,
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a9 2& <110>9 <100> Ad WIFE 7HA 2%
o] 2AEAHE Yehle F8% TevEQd Ipsar
vs. Iorr 54 YedTh <110> dj¥] <100> A4
Wkl A&7 Y3 lorr AF A HAA Ipsarel 7A
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Fig. 1. Layout design for <110> and <100> channel
direction device.
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Fig. 2. Comparison of the Insar vs. Iorr characteristics
of PMOSFETs with <110> and <100> channel direction.
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Fig. 3. Comparison of the Ipsat vs. lorr characteristics
of PMOSFETs with <110> and <100> channel direction.

OlFEE Ipsar vs. lorr 54T FY&A 22 73
FAS JeERE <100> Ade A&7 <110> Ad
aAtel] HE & 3% ¥ °|FEE HHL ¢ F I
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Fig. 4. Hot carrier reliability characteristics for <110>
and <100> channel direction PMOSFETSs, (a) drain
current degradation as a function of stress time and (b)
extraction of device lifetime.
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Fig. 5. Comparison of flicker noise characteristics.
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Fig. 6. Comparison of the dependence of the impact
ionization rate on the channel direction.
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