2016 Analog IC: Midterm Examination (110%)

1. Explain the following process key steps and list down one corresponding
example layer manufactured by the procedure. (10%)
(a) Oxidation. (2%)

Oxidation

* Object
— Gate dielectric

— Protective coating in many steps of fabrication

SiO,
(b) Chemical vapor deposition. (2%)

Chemical Vapor Deposition

* A process of depositing films by reacting chemical
vapors to produce a film on a substrate

— May be activated by
* Heat
* RF energy (plasma enhanced, PECVD)

 Light (photon induced, PHCVD)

— CVD process is used to deposit e

* Poly and single crystal silicon ’9 £
* Dielectric films ® o o
L3
- Metal films k.’ ¢ e
N iee 0
° °
°ce G ¢°

AR AR RS
BERBR R R
TR o o o e

BB B R

Substrat



(c) Etching. (2%)

Etching

* [sotropic
— Etches in all directions at the same rate
* Anisotropic

— Achieve the faster etching in one direction than in other
directions

anisotropic

isotropic

Substrate

Substrate

Metal, poly.
(d) lon implementation. (2%)

lon Implementation

* Introduce Impurities (Dopants)
— To change the electrical properties of the silicon

— The most common method for introducing impurities into
silicon wafers

* Impurities with an electric charge are accelerated to high energy and shot
into the exposed area of the wafer surface

p+’ n*




(e) Annealing. (2%)
* Annealing

— Following the ion implementation

* A high temperature furnace process is used to anneal put the damage

p+, n+

2. Answer definitions of the following terms and explain the physical mechanisms.
(10%)

(a) Threshold voltage. (2%)
Minimum gate-to-source voltage differential that is needed to create a
conducting path between the source and drain

(b) Channel pinch off. (2%)
At Vps=Ves-VTH, the bias point where current stop increase and no inversion
layer at the drain end.

(c) Subthreshold conduction. (2%)

Subthreshold Conduction

* Weak Inversion: V.. ~V_. , aweak inversion layer exists, small /.
GS TH D

* Subthreshold Conduction : V <V, I, is finite, it exhibits an exponential
dependence on V. For Vs greater than roughly 200 mV,
s

I, =1,exp 5

<fr
— With typical values of {, at room temperature V;; must decrease ~80 mV
for I, to decrease by one decade.

— If V;,,= 0.3V, the drain current decreases by only a factor of 10°7> when
Vi, is reduced to zero.

. . Exponentisl SqUSII'Q Law
— Inrough calculations, we often view V,,; |og I
as the gate source voltage vielding . l \
Ip/ W=1uA /um § r o
1 |
— The transconductance of MOSFET s T - !
in subthreshold regionis g, = I e - v
'.:VT somvy Vo Gs

Which is inferior to that of bipolar transistors.



(d) Deep triode region. (2%)

Deep Triode Region|

I Y <2V Vi)

LWL s 1
ID.max x )a?f(" ox f (PGS - I)1‘1‘1')}';17!5 = ‘Ron =
t,Coe— Vos = V)

* |/V Characteristic «  MOSFET as a controlled linear resistor

(e) Punch through. (2%)

* Punch through : In short channel devices, an excessively large
drain source voltage widens the depletion region around the
drain so much that it touches around the source, creating a very
large drain current.
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5. Answer definitions of the following terms and explain the physical mechanisms.
(10%)
(a) Body effect. (2%)
More holes are attracted to the substrate connection, and the depletion region
becomes wider ( Qqep increases) when Vps<0, resulting in the increasing of V.
(b) Mobility degradation. (2%)
High vertical electrical field Ever between the gate and the channel confines the
charge carriers to a narrow region below the oxide-silicon interface, leading to
more
scattering and hence lower mobility.
(c) Velocity saturation. (2%)
In semiconductors, when a strong enough electric field is applied, the carrier
velocity in the semiconductor reaches a maximum value.
(d) Hot carrier effect. (2%)
While the average velocity of carrier saturates at high fields, the instantaneous
velocity and hence the kinetic energy of the carries continue to increase, especially
as they accelerate towards the drain. In the vicinity of the drain region, hot carrier
may “hit” the silicon atoms at high speeds, thereby creating impact ionization.
(e) Breakdown. (2%)
\oltage breakdown (MOS): At high gate-source voltages, the gate oxide breaks
down irreversibly, damaging the transistor.

P-N Junction - Breakdown

Zener breakdown

— Reverse bias VT, E of depletion
region ‘I, Covalent bond break

V> Vg

— Hole-electron pair generation in
depletion region, electrons swept
to n-type (holes swept to p-type)

Avalanche breakdown

— Reverse bias V;T", minority swept
by electric filed £, kinetic energy
break covalent bond

— lonizing collision , Hole-electron
pair generation in depletion region

Punch through

— Two neighboring junction depletion
regions meet.




6.  Sketch the transfer curve of ro with increasing Vps. List down and explain the 3
effects related to the modification of output impedance. (5%)

r, Variation with V
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* As Vg increases and the pinch off point moves
toward the source, the rate at which the depletion
region around the drain becomes wider decreases,
resulting in a higher incremental output impedance.

* The W, is a strong function of the voltage of small

V, overse and becomes weak with large Vo1

* Impact ionization limits the maximum gain that can
be obtained from cascode structures because it
introduces a small-signal resistance from the drain
to the substrate rather than to the source.

7. To implement an inverter with all MOS devices in a dimension of 5um/0.18um.

(5%)
(a) Sketch the layout and mark the dimensions. (2.5%)

Top View

0.8y —
S Metal 2 e
(b) Sketch the cross section of MOS devices. (2.5%)
Metal 2
/r’

Cross-section

n-well

p-substrate




8. Assume gmp = 0.2gm, sketch the small-signal equivalent circuit and derive the
equation of voltage gain Vou/Vin of the amplifier in Fig. 8 in terms of (W/L)<n>
and ro<n> with n=1~2. (5%)
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9.
(a) Find the output impedance Rou. (2.5%)
1
Rout = — = 416.67 oh
out = —— || lIorl 7o ohm

(b) Find the voltage gain Vout/Vin. (2.5%)
Av = gmy(Rout||RL) = 0.825 (V/V)
(c) By swapping Vin to M2 and Vb to M1, find the voltage gain without RL. (2.5%)

[17011702) = 0.833 (V/V)

Av = —
v=gmao sl

(d) With RL, find th voltage gain. (2.5%)

Av = gm,(Rout||RL) = 0.825 (V/V)
10.
(@) VDD — 4V, = 2.5V

2 2.2
(b) -2 = — "2 = —20000(V/V)

Vin



(a)
out |
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(b)
Vout _ . _
V. - _Gm(RD//gmroRs) = _GmRD - _0-83(V/V)
in
12.
1 w 2
E#ncox(T)Z(VgS_Vth) (1+AVps2) (1+0.1x1)
= X = —_—= X = .
(@) Toyue %#n@)x(%)l(vgs_vth)z(1+AVD51) REF (1+01x08) 10pA = 20.37pA

(b) 7, ~ z— = 490909.090.2
out
13. ~
(a) Find the differential gain Av.om. (2.5%)
|Avpm| = Gm(Rp||7,) = 100 (V/V)
(b) Find the common-mode gain Av.cm without consideration of ro and gmb. (2.5%)

Rp
1Ay cul = 1# =~ 0.498 (V/V)
/29m + Rss
(c) Find the maximum input differential range. (2.5%)
2Iss
AV = |—— = V2V, = 0.353 (V)
.uCox /L

(d) Find the highest and lowest input common mode level. (2.5%)
. 1
Ves1 + (Vs = Vru) < Vipen < min[Vpp, Vpp — Rp 55/2 + Vry |
V< Vipew < 1.7



14.

2X1Iye
(8) Gms = gma = == = 0.64m(A/V)

Im3 = Gma = 4gm1 = 8m(A/V)
(B) Rout = GmaToaToz = 6.4M ohm

Rout = GmaToaTos = 80M ohm
(C) Vb = 2Vov + Vth =1V

Vour = 2V, = 0.5V

15. TFTTF



