SER model at device level

SER = F * CS

(1)
where F = 0.00565 * 1E-9 *cm-2 * s-1 (New York city, sea level) and  CS stands for cross section.

CS = A * PENV (Vdd, Qcrit)

(2)

Where A is the drain area, Vdd is the supply voltage, Qcrit is the critical charge and PENV is a dimension-less function.

PENV = K * exp(-Qcrit/Qs)

(3)

Where K = 2.2*1E-5 and is same across technologies, Qs is collection slope.

Qs depends on doping (may change in different technologies) and Vdd. Given Qs1 in one technology, Qs2 in another technology is as

Qs2 = (f(vdd2)/f(vdd1)) * (f(d2)/f(d1)) * Qs1
(4)
Where f(vdd) and f(d) are factors related to Vdd and doping in one technology, respectively. In one technology, we have

Qs(vdd2) =  (f(vdd2)/f(vdd1)) * (f(vth2)/(f(vth1)) Qs(vdd1)

(5)

These factors can be interpolated or extrapolated using curve fitting based on the data in literature.

Qcrit = C0 * ( Vdd + (Vdd – Vdd0) *T/T0)

(6)
Where C0 is the load capacitance, Vdd0 and T0 are constant parameters, T is the junction time constant and has an approximately linear relationship with internal delay, which depends on Vdd and Vth.

Based on the above formulae, analytical device level SEU model can be derived when tuning Vdd and Vth (and Leff and transistor Width).

Next step:

Perform curve fitting and projection for all necessary parameters in 65nm technology;

Perform SPICE simulation to obtain necessary parameters such as transistor internal delay;

Study impact of device tuning on SRAM SEU (one bit) or SER (an array).
