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Fig. 1 Structure of grooved-gate PMOSFET
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Fig.2 Gate characteristics of grooved—gate devices with different donor interface state densities and differ—

ent channel doping
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Fig. 3 Gate characteristics of planar devices with different donor interface state densities and different

channel doping
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Table 1 Gate characteristic parameters of high channel doped

grooved—gate devices with different donor interface state den-

sities
LIS LAl S _lin Vin S _sub
Egiv) Slem™ 2 2 eV N AA cpm™ eV rA' AmV +dec )
QF 1.0x 10" 2.7649X10°° | - 1.007 80. 24
N 8.0x10" 2.6780X10°° | - 1.107 87.09
N 1.6x10" 2.6923X10°° | - 1.266 95.79
N 8.0x10" 1.2160X 10" ° | - 2.333 162. 1
P 8.0x10" 2. 6684107 ° |- 0.9961 80. 62
P 1.6x10" 2.5647X10°° |- 0.9870 80. 61
P 8.0x10" 2.4369X10°° |- 0.9546 80. 86
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Table 2 Gate characteristic parameters of low chan-

nel doped grooved-gate devices with different donor in-

terface state densities

A &y S _lin Vin S _sub
il Slem™ 22 eV D AN cum™ P2V ) /v AmV o+ dee )
QF | 1.0X 10" 2.9966 X107 % |- 0.6670 74.07

N | 80X 10" 2. 8878 10°° |- 0.7385 78. 82
N | 16X 10" 3.0999:X 10" |- 0.8852 85. 80
N | 8.0X10° 12 1.5743 % 10" ° - 2.213 126. 6
P 8.0x10" 2.9450%10°° |- 0.6611| 72,40
P 1.6x10" 2.8971 X107 % |- 0.6562 70. 95
P 8. 0x 10" 2.8152x 107 % |- 0.6365 67. 51
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Table 3 Gate characteristic parameters of high chan-
nel doped planar devices with different donor interface

state densities

& &g S _lin Vin S _sub
HH | fem= 2 eV D AA cum P o) A AmV * dec 1)
QF 1.0x 10" 5.6976X 10" ° |- 0.8861 73. 61
N 8.0% 10" 5.8641 X107 ° |- 0.8969 72.97
N 1.6% 10" 5.4766 %107 ° |- 0.9228 74. 85

N 8.0% 10" 6.4990 %107 % | - 1.954 114.6
P 8.0x 10" 6.0809x10°° |- 0.8913 72.85
P 1.6x 10" 5.6666 X107 ° |- 0.8854 74. 03
P 8. 0x 10" 5.6566 %107 % |- 0.8846 74. 55
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Talbe 4 Gate characterisitc parameters of low chan-
nel doped planar devices with different donor interface

state densities

& &g S _lin Vin S _sub
FR | em= 2o eV ) AA s pm eV rA' /(mV = dec "
QF 1.0X 10" 4.4308%10°° |- 0.5583| 72.11

N 8.0x 10" 4.6391X10°° |- 0.6007| 73.44
N 1.6 10" 4.6271X10°° |- 0.6646, 77.02
N 8.0x10" 4.1491 %107 % | - 1.511 109. 4
P 8.0x10" 4.6800X10° % |- 0.5709| 72.49
P 1.6%10" 4.4185% 107 % |- 0.5567, 72.80
P 8.0x10" 4.3976 %107 % |- 0.5531 74. 11
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Fig.4 Drain characteristics of grooved-gate devices

with different donor interface state densities (a)No

channel doping: (b) High channel doping
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different donor interface state densities (a) No

channel doping: (b) High channel doping
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Degradation Induced by Donor Interface State for
Deep-Sub-Micron Grooved-Gate PMOSFET

Ren Hongxia, Zhang Xiaoju and Hao Yue

( Microelectronics Institute, Xidian University, Xian 710071, China)

Abstract: Based on the hydrodynamics energy transport model, the degradation induced by donor interface state is analyzed for
deep-submicron grooved-gate and conventional planar PMOSFET with different channel doping density, and the results are
compared with that induced by acceptor interface states. The simulation results indicate that the degradation induced by the
same interface state density in grooved-gate PM OSFET is larger than that in planar PMOSFET, and in both structure device,
the impact of N type donor interface state on device performance is far larger than that of P type. It also manifests that the

degradation is different for the device with different channel doping density.

Key words: grooved-gate PMOSFET : donor interface state density; gate characteristics; drain current driving capability: perfor-
mance degradation
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