Extended Abstracts of the 2004 International Conference on Solid State Devices and Materias, Tokyo, 2004, pp. 222-223
C-4-2 . . . o
Analysis and modeling of size dependent mobility enhancement
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Abstract We applied a BSIM3v3-like compact model in orThe pair has the merit that the sensitivity®f.¢ and©; is in-
der to analyze size dependent low field mobility in MOSFETdependent and that 6f, is the same each other (Eg. 8). Since
By using new extraction procedure, we have successfully éxese six reference curves “6¢” derived fraip-V, (Fig. 2)
tracted gate length dependence of mobility degradation dvale different sensitivity (Tab. 1), we have referred all “6¢” at
enhancement due to halo and mechanical stress. The tremwsame time in the parameter extraction.
method is applicable to wide variation of device sizes, struc-The parameter extraction has done by the five steps: (1)
tures and materials. we extractedy, O1er, ©2, Vin in eachL.g (Fig. 2) self-
1 |Introduction Recent studies clarified that mechanic&lonsistently between a set dl{, e, ©2) and V4. The
stress can modulate the current in scaled MOSFETS [1]. LewtractedV;;,, was slightly ¢ 55 mV) larger than linearly-
field mobility 1 will continuously vary with the device sizeextrapolated/i, from g,, max. (2) we extracted?sq by plot-
because of the mechanical stress. To correctly evalyaten- ting ©1.4—Uy among allL.g's [3]. Note that errors ofLeq
sideration of external series resistarit:g and mobility mod- andL.g-dependent, never affect on th&sq extraction. The
ulation due to perpendicular electric fieltl , channel dopant result (Fig. 3(a)) shows the assumption of consi&nt and
(e.g. halo or pocket) is required (Fig. 1). However, most cof for all different L.g is valid. (3) we re-extracted, with
ventional methods of?,q or u extraction [2—4] have limited the extracted, R.q. (4) we extracted..x by C-V, SEM,
validity since they assumed constant mobility between diffdfEM measurement (Fig. 3(b)) and by the inverse modeling
ent gate lengths [5, 6]. An approach &%/dL method [7]is method [9]. (5) we calculatedys, po using the extracted
difficult to detect continuous size dependency. Rsd, Lo, Up. An error of Log (and W, Cox) may affect on

In this paper, we applied a BSIM3v3-like compact modgk only at this step.
to analyzeR,q and size dependent low field mobility. We8 Result and discussion Figure 5 shows the result ¢f;—
propose a novel extraction method (named “6¢-5p” methodl), and its derivatives comparing measurement and model for
which realizes highly accurate parameter extraction and shaWL ¢ range. We have found that the model is very accurate
it can measure mobility degradation or enhancement as a fumd the extracted parameter set is highly reliable in all range
tion of the gate length. of Leg from 2 pm toS 20 nm. The calculated current and
2 Mobility extraction method Our current model at themobility by our method is found to be equivalent to the well
triode region (Eq. 1-4) is a simplified and modified BSIM3v@alibrated device simulation (Fig. 2, 4).
[8] compact model and a modified Ref. 3 dn. . The as-  We calculated,,, max Of intrinsic MOSFET using 450 with
sumption is: measuref;; is series of intrinsic FET witlizso Rsa correction. It is found that correcteg,, max iS much
and constant resistand®,; first- and second-order mobilitylarger and not saturated with decreasibg: in contrast to
reduction facto®, ©,; simplifiedV, . valid at strong inver- raw g,, max Without R4 correction (Fig. 6(a)). The corrected

sion region. Jm max Was found to be proportional @, (Fig. 6(b)), show-
Vas/Tas = Vas/Laso + Rsa (1) ing the corrected,, max and the extracted are consistent.
The extracted., decreases with decreasidgg (Fig. 7,
Laso = (pet W Cox/ Lett) Vg ot Vs @) filled symbols). It is expected to mobility reduction due to
feft = po/(1+ 01V, e + OV, off?) (3) heayy halp (or pockgt) dose. By comparipg among the
various SiN cover thickness (Fig. 7, open symbols), the en-
Voett = Vg = Vin — AbuicVas /2 (4) hancement ofi, due to mechanical stress has found to reach

Up = oW Cox/Let, ©Orot = ©1 + UpReg  (5) @ PeAKaLew ~200nM.
Since our method relies only on the model accuracy, the

{ + Ot + 02V, eﬂ} (6) application is not limited in this case and it can treat other

Iis  UoVas | Vyest structures (e.g. SOI, double gate) and materials (e.qg. kjgh-
4 Conclusion By the newly developed “6¢-5p” method,
G = %, Y = Las - UoVas Veer [3] (7) We have successfully extracted the gate length dependence of
Vg VGm 1-02V, ot mobility degradation/enhancement due to halo and mechani-
V2 UV 7 UV cal stress without disturbance of series resistance for the first
5 = 0¥ds - ds 0%ds 5 time. The new method is widely applicable to analysis and
Voerrm  1=02Vgen™ Vgt 14 OreaVyer + @2Vg€§) modeling of future advanced MOSFETS.
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Figure 1: Schematic illustration of MOSFET with mechanical stress.

To correctly extract mobility, consideration &4 and mobility mod-
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ulation due to several effects is required.
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Figure 2: 14—V, and five plots derived from th&;,—V, curve. We 87 Y T Cotat ]
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Figure 3: (a)Rsa, ©1, and (b)L.s extraction. Note that errors of Legs [nm]

Leg and Leg-dependentio never affect onRsq extraction. Figure 7: L.z dependence of low field mobility,g at V, = Vi

(filled) relative to e = 2 um, thin SiN cover), and (open) relative

T IR, ] T to (eachL.g, thin SiN cover), comparing nMOSFETSs with various
gate : | metallurgical . . .
'S 400  edge! |junction ! A SiN cover thickness.
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<\E r ‘E%nk;yact Table 1: Sensitivity of parameters to six function®)’; ‘O, ‘ 2\,
2 2001 gevice | [ | model X, and ‘—’ denotes quite high, high, middle, low, and no sensitiv-
% sim. \ : larger V,, : ity, respectively©i.6 = ©1 + RsaUo.
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Figure 4: Electron mobility averaged along with the vertical direc- conventiona Gm X O O X
tion, where well calibrated device simulation and the compact model Y [3,4] X 10 — O
are compared. It is found that the compact model is equivalent to the Y2V, e Al © — ©
device simulation and the outside of the metallurgical junctions can new T /Vf’e : NEG o %
treat as a constant series resistance. 4/ “geff
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