I ntegration issues of polysilicon with high k dielectrics
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_The cnmp_atibili ty and integrati_on of high k diele_drics with polysilicon 650 C n poly/ZrO2IAI208/p-Si

in conventional CMOS processing, with appropriate thermal budgets 80 cy/15 cy

isone of the aiticd issuesto implement high kmaterialsinto sub 0.1 10° P

um front end VLS| devicefabricaions. The challenges arise from Fo=._ . ferminated
various interfadal readions between palysili con and as deposited high wE \\wﬁs Aemz
k materials during poly deposition at elevated temperature (>500°C). o b RTO \ E
In addition, interfacial readions can be further enhanced by subsequent Ssopm EoT ]
source/drain anned up to ~1000 °C in CMOS processng. In thiswork , 700 CNH3 postanneal /RTON 1\ & 1
asystematic gpproadh was adopted to study the various critica issues toomeor N\ i

of paly integration with highk materials deposited by Atomic Layer \\ ;
Chemicd Vapor Depasition (ALCVD). The dfects of poly deposition 0L Vi
conditi ons, starting growth surfacefor high k, high k materials and post L N
high k deposition anned were investigated and correl ation obtained U
between gate leakage and physica/chemica structure charaderization. O eeew

Effect of starting interfacelayer for pay- high kinteradionsis an Fig. 2, Leskage through H and OH-terminated interface wit
important fadtor as swown in fig. 1, where the starting surface modulate deposition annealed ZrO,/Al:0; with Poly-SI/TiN Gate, current de
the ALCVD growth of ZrO2/A1203 with a mechanism of high a-1+Vfb.

porosity in the high kfilms on H-terminated Si, leadingto epitaxial

overgrowth of Si, whereas potential densification of ZrO2/AI203 was 650 npoly/MOJAO/RTO

achieved on OH-terminated Si such as RTO (Rapid Thermal Oxide) or T
wet chemicd oxide, with apositiveimpad on interfacia readions 100 L m}f m
with poalysili con. The surfacemorphologies and interfadal readions of = 2m \\‘M 1
paly on ZrO2 generally improved with deaeasing paly deposition 1% £ 55 iy S 15A0m0M0
temperature and paost high k depasition anned. Issues of permeabili ty o™

to oxygen transport which lead to interfadal oxide built-up and \\\
porosity of high kdieledrics also would be required to be serioudly
addressed in all cases of paly-high kintegrations.
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Post high k deposition anned using various gaseous ambient were b e
studied to examine the effed of modificaion of high kdieledricsfor 10" b
poly integrations. The interfacial oxide built-up was monitored by XPS, ez VOM;‘:(V) e
interfacial reaction by TEM / MEIS and pdy surface morphologies by Fig. 3a Leakage and device scaling for mixed oxide with
top-down SEM and hazemeasurement . For instance, an NH3 anned Poly-Si/TiN Gate, current density measured at —1+V/fb .
at 700 C was found to give an improved pdy morphologies, much
reduced pdy readions and no interfadal oxide built up as compared to
unanneded high kgate stacks. (cf. Fig. 2)
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Eledricd measurement of leakage current of poly high kcapadtors 165 4 850 C 02 20 sec
confirmed these physicd charaderizations and effeds of starting
surfaces and paost high k deposition anned. High leakage was ohbserved
on ZrO2/AlI203/H-Si stacks as compared with post anneded stadks
with OH-terminated Si with alegage current reduction by >two orders 168
of magnitude. Mixture of Al203 and ZrO2, on the other hand, is shown 169 ]

to exhibit >fourth orders of magnitude lower lekage airrent and I .
scdableto ~1.2 nm EOT (fig. 3a-b). Thermal stability of such Zr 3 2 1 0
aluminatesis marginal with a 1000C RTP anned, other options such Voltage (V)
asvarying Al content, HfO2/aluminates and spike anned methods are

currently being investigated.
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Fig. 3b Leakage comparisonfor mixed oxide with Poly-
Si/TiN Gate as afunction of thermal anneal, current density

measured at —1+Vfb .



