598 IEEE ELECTRON DEVICE LETTERS, VOL. 21, NO. 12, DECEMBER 2000

Hot Carrier Reliability Improvement by Utilizing
Phosphorus Transient Enhanced Diffusion for
Input/Output Devices of Deep Submicron CMOS

Technology

Howard Chih-Hao Wang, Carlos H. Diaz, Boon-Khim Liew, Jack Yuan-Chen Belfow, IEEE and Tahui Wang

Abstract—This letter presents a deep submicron CMOS process TABLE |
that takes advantage of phosphorus transient enhanced diffusion MAJOR STEPS INTWO CMOS FROCESSFLOWS
(TED) to improve the hot carrier reliability of 3.3 V input/output
transistors. Arsenic/phosphorus LDD nMOSFETs with and Process A Process B
without TED are fabricated. The TED effects on a LDD junction Pol definiti Poly gate definii
profile, device substrate current and transconductance degrada- oly gate detinition 0y gate definthion
tion are evaluated. Substantial substrate current reduction and S/D extension and halo  |S/D extension and halo
hot carrier lifetime improvement for the input/output devices are implants for core device  {implants for core device
attained due to a more graded m LDD doping profile by taking and /O PMOS and /O PMOS
advantage of phosphorus TED. As/P nLDD implants RTA
Index Terms—Hot carriers, MOS devices, transient enhanced for I/0 NMOS
diffusion. RTA As/P nLDD implants
Jor I/'O NMOS
. INTRODUCTION Nitride spacer deposition |Nitride spacer deposition
N THE development of deep submicron CMOS tech- Source/Drain Formation |Source/Drain Formation

nologies, the use of a super-steep retrograde channel,
highly doped shallow source/drain extensions and pocket

halo implants are necessitated to maintain good short channetq achieve better performance and hot carrier reliability, a
characteristics and high current drive [1]. Rapid thermal annggpyig arsenic/phosphorus (As/P) LDD junction is used in high
(RTA) prior to side-wall spacer formation is adopted to SURy|tage 1/O transistors [4]. The phosphorus in hybrid implant
press detrimental transient enhanced diffusion (TED) effects gg,, help grading thenLDD doping profile, thus reducing the
shallow junction formation [2], [3]. Hot carrier effects in thesgeak electric field in the channel. To further increase the hot
devices are relieved by using reduced supply voltageqV).  carrier resistance of 1/0 devices, we propose to take advantage
In some applications, CMOS technologies are required to offgf TEp of phosphorus [5], [6] to yield a more graded hDD
input/output (1/0) interface compatible wi'th highgr operatingoping profile. In this work, As/P LDDT MOSFET’s with and
voltages, for example, 3.3 V. To meet this requirement, dugfthout TED phosphorus are fabricated. Hot carrier effects in
gate-oxide process is employed, i.e., a thinner gate oxide {fbse devices are compared. The influence of phosphorus TED

core devices and a thicker gate oxide for I/O devices. Since Iff the - junction profile, substrate current and device perfor-
devices usually share the same substrate architecture as in Ge46ce degradation is investigated.

devices to minimize processing cost, hot carrier effects become
a major concern in the design of 1/0O devices. Il EXPERIMENT
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Fig. 3. Substrate current plotted against drain saturation current. The drain

Fig. 1. Phosphorus doping profiles measured by SIMS .ithgis denotesthe 1 ration current is measurediads = 3.3 V andV gs = 3.3 V.

depth in substrate.
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Fig. 2. Ratio of maximum substrate current to source current plotted against g Stress Time (s)

gate lengthVds = 3.6 V.

Fig. 4. Maximum transconductance degradation versus stress time. A
as device A except that the phosphorus dosage is increase®@®{¢'-aw degradation rate is shown.
20%. All the sample devices have a gate oxide thickness of 70 A.

The gate length is from 0.26m to 0.5.m. The supply voltage cuyrrent (Idsat) of device B is slightly improved over device A
for the I/0 devices is 3.3 V. and the series resistance in LDD region is not significantly af-
fected since the doping concentration of hybrid LDD is domi-
nant by arsenic implant. The maximum Isub versus the drain sat-
uration current (Idsat) is plotted in Fig. 3 for different channel
The SIMS results for the phosphorus doping profile in thiengths. The Idsat is measuredatls = 3.3 V andVgs =
three sample devices are drawn in Fig. 1. Frexis inthe figure 3.3 V. At the same driving current, device B always exhibits
denotes the depth in substrate. Device B apparently has a memmnallest Isub. It should be mentioned that phosphorus TED
graded phosphorus doping profile due to TED. Adding phobkas a minimal adverse effect on off-state drain leakage current.
phorus dose in the hybrid implant (device C) simply increas€®r example, for 0.3%:m gate length, the drain leakage cur-
the doping level, but does not change the slope of the doping prent atV gs =0V andVds = 3.3 Vis 0.22 pA/sm in device A,
file. The phosphorus TED effect on maximum subtrate curre@t25 pAj:m in device B and 0.30 pA/m in device C. Threshold
(Isub) is examined in Fig. 2. The substrate current in the figuweltage roll-off degradation due to phosphorus TED is insignif-
in normalized to the source current. The measurement drain hbigent down to gate length of 0,8m. The result is not shown
is 3.6 V (10% above the supply voltage for over-stress) and there.
gate bias is about one half of the drain bias. Devices A and CThe stress-time dependence of hot carrier induced maximum
(without TED) have nearly the same substrate current while deansconductance (Gm, max) degradation is shown in Fig. 4.
vice B (with TED) has a much smaller substrate current. THene devices have a gate length of 03%. A maximum Isub
subtrate current reduction is about 30%gt= 0.35 um. The stress alVds = 4.5V andVgs = 2.1 V is used for acceler-
remarkable reduction in device B results from a more gradated degradation. All the devices follow a power-law degrada-
LDD junction, as shown in Fig. 1 and indicates that phosphortisn rate. The power factor is about 0.4, which is in agreement
TED can be utilized as a more effective way to improve hot cawith published result [7]. From Fig. 4, we conclude that a sig-
rier resistance as compared to other methods such as a straigfitant improvement in the 10% Gm, max degradation lifetime
phosphorus dose change. We also investigate the current driviaygthree times can be achieved owing to the phosphorus TED
capability of the three devices. It is found that drain saturatiaffect.

I1l. RESULTS AND DISCUSSIONS
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IV. CONCLUSION

A CMOS process flow to take advantage of phosphorus TED
in forming a more graded LDD junction in I/O devices is pro-

(1]

[2]

posed. By using this approach, substantial improvement in hot

carrier effects has been demonstrated. This process can effe
tively widen the performance-reliability window for 1/0O device
design while maintaining suitability for core device develop-
ment.
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