. Two MOS capacitors are made from different silicon substrates, A and B. All parameters are
identical except the substrate doping. Substrate A is doped with 10'® cm™ acceptors and

ECSE-2210 Microelectronics Technology
Class Activity 28 — Solution

substrate B is doped with 10" cm™ acceptors.

a.

. An ideal MOS-C is made from p-type Si with a dopant concentration of 2 x 10" cm™. The

Which one will have the higher Vy?

Vp =2 gp + 3o ,/4qNA O
KOX KSSOX

Substrate A will have higher V1. The higher the doping, the higher is ¢. So, we have to
apply more gate voltage to get the bands in the surface region to bend down below E;.

Hence the threshold voltage is larger for the MOS-C with higher substrate doping.

Qualitatively draw the high frequency Cg -V characteristics for both.

A

oxide thickness is 0.1 pm, and the junction area 4 = 1 cm”.

a.

b.

C.

Determine Vr for this device.

VT — 2¢F + KSxOX 4(]NA (I)F
Kox | Ks&ox

L — Ey
= nexp| ———
) = me(BE)
21015 = 1010 oxp| EiZLE
0.0259
2x101
(I)F = Ei_EF = 0.0259 IHT = 0316V
10
-19 15
VT=0.632+3><0.1><10_4\/4X1'6X10 1;‘2“0 0316 = 1235V
10~
Determine the oxide capacitance.
14
. = fox o 3DB8XN0 T g 078 o2

Xox 0.1x10~%
Determine the semiconductor capacitance when Vg = Vr.



d.

wp = | 2Ksox 94— 0,628 um
qgNa

—-12
c, =& o107 ;= 1.59x107 —F2
Wr  0.628x10” cm

Determine the total high frequency steady-state gate capacitance when Vg = V1 and
Vs> Vr. Plot the Cg-Vg characteristics.

C (Vo= V1) = Cox Cs/ (Cox+ Cs) = 1.07 x 10 F/em?

( i}
L 3

Lowr fr
ow frequency

High frequency

o
e

p-type

Suppose the gate voltage is zero at ¢ = 0, and rapidly changes from V=0 to Vg= 5V.
Determine the total gate capacitance at # = 0". (Hint: First find ¢, using equation 16.28.
Then find W using equation 16.15.)

If we substitute x for ¢sl/2 equation 16.28 becomes: 5=x+0.758 x

D> x=¢"*=19V)"” and ¢, =3.6V

= W=1.5um

> C,=6.66 x 10 Flem®

D C5=Cox Cs/ (Cox+ Cs) = 5.5 x 10” Flem?

For Vs > Vr, an inversion channel forms. The inversion channel will consist of (electrons,
holes: choose one). If the MOSFET is made using the above substrate, the device is
called (n-channel, p-channel: choose one) MOSFET.

Suppose a gate-voltage of 5V is applied to the MOSFET gate. Assume Jp is close to
zero. Determine the inversion layer charge Qi in C. (Hint: Qi is almost zero when
Vg = VT).

V1 =1.24 V. When V5= V7, the inversion layer just starts to form.

For V> Vr, there will be more inversion layer charges than dopant atoms in the interface
region. Hence, Cox (Vo— V1) = QOiny-

Oimv = (5—1.235) x 3.45 x 10 =1.29 x 107 C/em?

Note: Qi corresponds to 7.8 x 10" electrons/cm®,



h. Suppose a drain voltage of 4 V is applied while the gate voltage is 5 V. What will be the
inversion layer charge, Qi at the source end? What will be inversion layer charge, O,y at
the drain end?

At the source end, QOj,y will be the same as above.

At the drain end, the difference between the gate voltage and the drain side is less than
the threshold voltage, i.e., (Vo— Vp) =5V -4V =1V < Vy. Therefore, the inversion
layer charge is zero. (“Pinch-off” condition)
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