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Exercises - list 5

1. Consider an ¥OS—straeture that consists of a n”™-poly-Si gate, a 9 nm S10; insulator, on a
p-Si substrate with a doping level NA=3x10'7 em™~. At room temperature and for V, = -3,
0, 0.3 and 3 V, compute numerical values for:

a) the surface potential;

b) the total charge per unit area in the semiconductor and its breakdown into electron
charge and hole charge;

c¢) the electric field in the oxide;
d) the extension of the depletion region in the semiconductor;
e) the low-frequency capacitance;

f) the high-frequency capacitance.

2. Consider an MOS structure with a n"-Si gate on a p-type Si substrate characterized by the
following parameters: Wy = ysi = 4.04 eV, x,. = 9 nm, N, =1.2x10" cm™, T=300K.
For t < 0, a voltage V; = -2 V has been applied from the gate to the bulk of the
semiconductor for a long time. At t = 0, the applied voltage abruptly changes to V>=3 V.

a) Calculate the semiconductor charge and the electric field in the oxide at = 0". What
regime is the MOS structure in?

b) Calculate the semiconductor charge and the electric field in the oxide at 1 = 0".
Consider any RC delays negligible. What regime is the MOS structure in?

c¢) Calculate the semiconductor charge and the electric field in the oxide for t—oo.
What regime is the MOS structure in?

3. lonizing radiation has an adverse impact on MOSFETs: high energy particles (e.g. x-rays,
gamma-rays, electrons, protons, etc...) going through the device will create hole-electron

pairs (1onization effect). The situation is critical for the SiO; gate oxide: electrons in Si0;
are relatively mobile (20 cm?/Vs) and can be readily collected by the gate metal; on the
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other hand, holes in SiO; have an extremely small mobility (<10®* c¢cm?/Vs at room
temperature) and eventually a fraction of the radiation-induced holes will be trapped at the
oxide-semiconductor interface, acting as a sheet of fixed charges.

a) Consider a MOS (metal/S102/p-Si) structure, with an oxide thickness of 25 nm,
subjected to ionizing radiation. Assume that, during the exposure to radiation, 10"
electron—hole pairs/cm® are created in the oxide. Assume also that all electrons are
removed from the oxide without recombining with the radiation-induced holes, and
that 20% of the generated holes are trapped at the oxide—semiconductor interface.
Will the threshold voltage V;,, increase or decrease after irradiation? Provide an
estimation of the change in V.

b) Repeat point a) but considering oxide thicknesses of 12 nm and 8 nm. What can we
conclude about the radiation resistance of MOS device? Do you think a power
MOSFET (=a MOSFET for power electronics applications, with a thick gate oxide)
will be more or less resistant to radiation than a MOS device for logic applications
(with a thin gate oxide)?

4. An ideal MOSFET with p-Si substrate has the following parameters: Si02 gate oxide
thickness = 8 nm, inversion channel mobility p» = 450 cm?/Vs, and threshold voltage Vp,
= 0.4 V. The measured current in the saturation region is I, ., = 0.8 mA when biased at
Vs =2.0V.

a) Determine the width-to-length (W/L) ratio.

b) Consider now an ideal MOSFET with n-Si substrate, with the same oxide thickness
as above, with a mobility of p, = 210 cm?/Vs, and a threshold voltage of V,;, = 0.4
V. The measured current in the saturation region is also Ip ¢, = 0.8 mA when
biased at V;, = 2.0 V. Determine the W/L ratio in this case. Which of the two
devices (n-channel and p-channel MOSFET) you think enables a lower device size?

5. Consider a p-i-n structure, with an intrinsic (drift) region of thickness Wp and doping Np,
biased under reverse voltage V.

a) Calculate the expression of the maximum voltage (breakdown voltage) Vi that
can be applied to the structure, and the specific ON-Resistance Ron sy of the drift
layer, and describe the assumptions that were be made to simplify their
determination. Which material properties affect them?

b) Correlate the breakdown Voltage Vi, and the specific ON-resistance Ronsp of the
structure?

¢) How can you have both a high Vi and a low Ron? Why 1s this important for power
devices?

d) If instead of a power device, you wanted to make radio frequency (RF) devices?
What would be the main parameters for high performance devices?




