Short Channel Effects

Figure: NMOS Transistor with Short Channel Effects

» Drain is very close to the source (L is very small)

» The depletion regions in the drain and source are
comparable to the channel length
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Channel Length Modulation

Figure: NMOS Transistor with Short Channel Effects
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Velocity Saturation

Vn = HUn ELat

» Not entirely correct - Velocity does not linearly increase
with lateral field for ever

» |t saturates beyond a critical field Ec;;

» Electrons encounter more collisions and hence don't pick
up speed

» Maximum velocity of electrons/ holes = 10°m/s
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Velocity Saturation
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Velocity Saturation- Simplified

Velocity:
L wE if E<Ec
| Vear = pEc i E > Ec
VDS Saturation :
Vps—sat = Lx Ec = LVZAT

Velocity Saturated Drain Current:

Ips—sat = Ips(Vps = Vips_sar)

_ w Vis_sar
Ips_saT = n CoxT (Vs — Virn) Vbs—sar — —
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Unified Current Model

» Useful to combine all effects into one equation

» Voltage values determine the governing equations

0 |\Ves| < |V
Ips =19, w V2
k'3 ((VGS — V711) Vinin — —22)(1 + )\VDS) |Vis| > |Vrn|

Where

Vinin = min(Vps, (Ves — Vrr), Vbs—sar) ... NMOS
Vinin = max(Vps, (Ves — Vru), Vbs—sar) ... PMOS

Vrn = Vo +7(V | Vsg + Vs| — v/ Vs)

(V7Ho, k', Vpsar, 7, A) - Technology parameters
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Sub-threshold Leakag
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Figure: NMOQOS Transistor Sub-Threshold Leakage

» In a short channel transistor, the thin channel acts like a
thin base of a BJT.

» Diffusion current flows even when Vgs = 0.

» Exponential dependence on Vs

Vs —VTH

%
/OFF = /56 nkT/q <1 — e_TD/Sq) (1 + )\VDS)
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Sub-threshold Slope

Ips
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Log
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S = n%/n(lO)

» ldeal transistor n =1, S,,;, = 60mV /decade
» Actual transistors n =~ 1.5 and hence S = 90mV/ /decade
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Gate Induced Drain Leakage (GIDL)
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Figure: NMOS Transistor with Halo Implant

» Negative Vs exponentially reduces sub-threshold leakage
» But beyond a point GIDL kicks in

» Surface is in deep accumulation causing a deeper
depletion in the diffusion

» Tunneling current from drain to substrate
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Drain Induced Barrier Lowering (DIBL)

B Vps

Figure: NMOS Transistor DIBL

» Drain controls amount of depletion in the channel
» Easier for the gate to invert with higher Vps
» Gate effectively has lesser control
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Drain Induced Barrier Lowering (DIBL)
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Figure: NMOS Transistor with Halo Implant

P+ halo added near diffusion

Depletion layer now goes deeper into the diffusion rather
than channel

v

v

» Gate has better control now
DIBL —= Vru(Vos=Vh) = Vru(Vos=V}p)
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