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Towards Contact Resistance Modeling Importance of Contact Resistance Impact of Contact Resistance Specific Contact Resistvity 101
*Channel doping « Strained-Si channel *New device geometries
° i I o I I I ° . | |
S/D doping | New gate dlelectrlcs: New channel materials - 4 /OInGaAs le:)ET 1.V Transistor with 12nm channel length < To.p Vlzwt
/]\: \ ' Channel 8ooo; W/O Rgp =160 Q-um _ _ emiconductor
| 90nm Node > : > region € lon=5768 pA/um f ?. Sde vew
| 2003 gsnm Node | 2015-2019 Improve Contact 1 LR Sk Contact 2 3 0000 | Source orain Metal
S | 2005 45nm Node, Research ON'State m(_ Contact-to-channel 3. 4000 o o Cont_act Area
L A 2007 ?2’"“ Node R S Resistance region 0 ReS || Spacer HfO, spacer I SR, = A
) e tecoviy | 2009 22nm Node/ while m(__ 2000 ' j| intinsic | InGaAs [ intrinsic [}
| 2 8 downscalin Source Channel Drain
| eviopmeny ° 7 7 MOSFET 0 02 o 0 : : interest
' Ieam Length S Drain | ¢ Shorter channel length Vos VI b T LS Specific contact resistivity is originated
I (Developmant) L} n Length Sl ) 300 —  AARERERERRERKRERKRRRE Tt N, NN f Metal-Semi ductor (M-S) tact
: esea e . e . — _ rom Metal-Semiconductor (M-S) contac
o I:1Rtel 1o Longa - _ _ => Higher ballisticity in smaller chip :NI_RZSADg : 1 2(/) Q-u ON-current at Vps = V= 0.7 V Simulation w, | IRV semiconducor | | Ws
e ’ otoype R r Insulator I SR, - - L € 2000 N H 0=Vgs=0.7V Domain = Specific Contact Resistivit
Résgaren) o g i = Higher Integration with higher perfom. 5 g = SIPSEILE Vity
“(Research) : Channel < S FETL CHEL 1523 V13D, 20z Schottky barrier ‘; \ = interfacial Contact Resistivity
T”P|e gate FinFET g lll-V Devices [ : * Contact feg'on takes Ia.r It frellct|on of on- = 1000 * More than 50% of ON-current reduction height Y Ac = metal contact area
[ [ state resistance as device shrinks. o _ _ _
. REREREhdnn sobododbn sobododbn sobor~dSEEHEHE * The contact resistances will dominate the Re=pc/Ac->Ac=WxT
* Contact series resistance (Rgp) Is becoming 0 02 o024  oe overall device performance in the future. pc = Rox Ag [Q-cm?]
a limiting factor. Voe [V]
Simulation DS
Domain

Objective and Modeling Approach TB Fitting Model for Metal Wire Conductance Metal-Si Contact Modeling in EM Low field |-V Linearity of M-Si Contact Model
Objective | | | _ _ | Ballistic Metal C D lation Domain 1. Doping concentration in silicon: N;=2e20 /cm?
 Impact of interface area scaling as device shrinks is questionable. allistic Metal Conductance |, Tight-binding method is employed for an ©. = 0.5 oV 2. Schottky barrier height: 0.5 eV
. g : e el 250— . . : : =05e : - U,
« Significant increase of contact resistivity is observed when the metal- [100] metal (Cu) nanowire [ accurate full quantum mechanical B 10 eV - WMI Silicon sti ‘L A
. . . . . . v’ 1.
semiconductor junction area reaches to the certain limit (sub-10nm). = —_— IR description of the electronic structure of Er %+ 5 [001] ‘ Silicon . Tested with three diff t metal
. . : = 200¢ = u - Band Offset \ < LSi — 5 nm > 10nm Silicon 15nm ested wi Free dirrerent meta
[Simulation Domain] g O EM Re pure metal. —~— X[100] effective masses
— — ’ R : : \4
§ 150 T=0 K B8 ' Fit the metal wire conductance from e Pull down bands below E¢ in Metal 1. Doping concentration in silicon: < 5 nm > -> m= 0.9 m0, 0.8 m0, and 0.4 mO.
Metal . ' ' — _ ,
Metal £ 'Ef effective mass with TB results « Provide enough electrons (carriers) Np=1e20 - 292_0 /cm_3 3000 S tvooom | — 19 °* Applied bias (Vpg) =0.01 - 0.1V
Semiconducor -§ 1007 ng | [B1]|:\l- Kh_?rche et al, ‘I\Clh’ien’ta’tiOIH-gependen’tCI —s Metal-like-behavior 2. Schottky barrier height: 0eV 0.5 eV 25001 yw EM= O.8mz ®® { < Shows exactly same linearity in I-V
: ¢ isti rt i - S = .
Sermicondueel Region of interest S a Aﬁjr:i:]imr?/?/isrgz’ Lljnnpt?t;iosr?gg COPPE A « High dielectric constant R (D In e ENE e Qi el (152127 210, ol o (P 2000 EM=04m, | & ' characteristics.
50} ¢ | . | N » _ _ _ Ref. [2] Qun Gao et al., JAP 109, 104307 (2011) c & . _
5 10 15 20 o5 121G Hegdeetal, Effect of transport orientation — strong screening Ref. [3] Qun Gao et al., JAP 111, 104305 (2011) < 1500 &) | ° Thisis because: when two
INPUTS SIMULATION OUTPUT Cross-sectional Area [nm?] (e;(r)\d qura_ntum rc;onf!(nimner;t ?ndth,e conductance of i _ _ = - 1000 € ' materials are connected in series,
Contact 2IPEl = EHERIT LI LIREL UL Multi-Valley Dielectric _ & Wieras = 10 NM
ontact area, 2-D / 3-D NEGF Calculate the contact Effective Mass Model Constant 500 & Wg=15nm | the system conductance depends
Schottky barrier Poisson Solver: resistivity from quantum - | @ on the conductor which has lower
height, doping Effective Mass transport simulation As the conductance of metal wire decreases LINEARLY while Silicon SIEINEl EEEE TEes Uy 20 002 004 006 008 01 conductance (Si Contact Pad).
concentration Approximation downscaling, the resistivity becomes almost CONSTANT Metal TB fitted effective masses 1000 Ext_ratcted V . [V]
due to large size (M = 0.4m0, m, = 0.15-0.1m0) ::slfwagizes
Doping Effect in Si Contact Pad Schottky Barrier Height between M-Si Contact Metal Interconnect Scaling Effect Summary and Conclusion
5D R 3D 2D « Contact resistance is becoming a critical factor in on-state
2-D ) A 3-D v Y[oon[smcon 210011} Silicon 2 0011] Silicon performance of devices
ficon Z[001]] Silicon Sili W, N o ] .
siicon | [w, ‘ o | Heen — Silicon /X100 S X100 - Industry is in need of quantitative nano-scaled contact models
X100 Silicon [ L SV L Y e viner - Lower Schottky barrier indeed « Mode mismatch plays a role at the nano-scale
M _ Lsi=5nm L =5 5 D > : e ’ .
To=5nm =5 Metal o _oev so £ Lsi =5 nm SIEIEE [EhEr [l Back to the 80’s - but now in S| and metals and at room
' | 15+ | e ' ' ' ' - Contact resistivity is almost
« Highly doped Si contact pad is used, and [100] transport direction. * Transport resolves spatial E 1070 Np= 1x10%° cm constant while doywnscaling Cross _ temperatu.re. _ _
« Fixed Wg;=15 nm in 2-D and Ag=10x10 nm2 in 3-D (avoid non-parabolicity) = 10 | _ current spreading at contact = b — _ « Simple effective mass model calibrated against more complex DFT/
« Exclude Si region from scaling effect while downscaling contact region. .:__ o ”§ and in Si E =05 v sectional area of metal tight-binding DOS
. . =1 L B_ I . . " .
Potental profil 0.7 . Schottky barrier gets : - = . Increased Schottky barrier 3 459 Py =0 eV Interconnect - Modeled simple 2-D / 3-D M-Si junction structure
Sieng ina dotted line 0.6 - = 1x10" cm” . _ 0l 5 . _ = A - Metal conductance decreases : . . :
A 05 == 2100 e thinner as doping oo Ps=05eV 2 height reduces current density S A—h— I | iy I - Fit ballistic conductance of pure metal (Cu) wire in EM with TB
 — o = = 3x10% cm*”* ) _ == < : : . .
€ | Metallmmmmemap] | € > O3} : : : . £ - No scaling effect is found within the e e . .
g| n ¥ 02 In the simulation model g0 2 0.5eV) 8 Cross Sectional Area [nm?] >eaing T | - Contact resistivity is almost constant while downscaling cross
—_— 5 0.1 * Doping concentration in = . S | _ | ballistic transport regime in M-S;i _ .
: 0 . > gle - Barrier height can be varied sectional area of metal interconnect.
< > 0.1 SSs======== contact pad varied from 3 _ structure. _ , o
5 nm _0_20 ] 1620 to 5620 cm-2 ; 8 - through alloy magic - Surface roughness of metal wire and grain boundary distribution
X [nm] o2 [nm]“ 6 are expected to cause the conductivity degradation.
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