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Device Model Summary (Constants)

g=1.602x 10719 C

k=138 x10"2JK!

n; = 1.1 x 10 carriers/m* @ T = 300 K

n; doubles for every 11°C increase in temperature
nxp=n?
o = 8.854 x 10~ 12Fm1
Kox = 3.9

K, = 11.8
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Device Model Summary (Diode)

Diode equations (Forward-Biased):

Ip = Is exp (\\;—?) )
IS = Aan,' (%’CIA + LPIC/D>
Vi = %T =26 mV Q300K

Diode equations (Reverse-Biased):

Q = 2CjPoy/1 + %ﬁ

— _Go
j Ve
\ /1+®T>
[ qKseo _NaNp
CJO - 205 Na+Np

Gio = \/ e Np if Na > Np

®o = Vrln NA”D)

n?
1
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Device Model Summary (Diode)
Small-Signal Model of Forward-Biased Diode:

V
rd:I—DT
CT:Cd+Cj

/]
Cd:TtviD
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Device Model Summary (MOSFET)

Gate

b7

) i~

n channel




Device Model Summary (MOSFET)

The following equations are for n-channel MOST. For p-channel
MOST, put negative signs in front of all voltages. Also, the
short-channel effects are not taken into account (L < 2L,,,).

Triode region (Vgs > Vip, Vs < Vieg):

/D - NnCox (%)

2
(Vs — Vi) Vis — VZ}

Verr = Vs — Vim
Vin = Voo + 7 (V/Vse 1 205 — V20

N
®r = Vrin (—A)
/\/ o \/2qK5€0NA

o COX
__ Kexéeg
ox

tox



Device Model Summary (MOSFET)

Small-Signal Model, Triode region (for Vps < Veg):

T a I
ds
Vs o ‘\/\I o Vd
T I
ro. — 0Vps _ 1 ~ 1
ds dlp /LnCOX(%)(Veff—VDS) B /"nCOX(%)Veff

Coo = Cpo =2 LWLCr + Wiy Co
Cop = Cgp = 2ALWL/2)

Veb
V1
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Device Model Summary (MOSFET)

Active (or Pinch-Off) Region (Vis > Vi, Vps > Veg):

Ip = %:U’ncox <%) (Ves — th)2 [1+A(Vbs — Verr)]

A — kds
2L/ Vps—Ver+%o

_ 2Kseg
kds — \ gN,

_ . 2/
Veff — VGS - th — ;LnCOXEl)/V/L

Vin = Vino +7 (\/VSB +20F — \/2¢F)
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Device Model Summary (MOSFET)

Small-Signal Model, Active region (Vis > Vin, Vs > Ver):

Ves > Vin
Polysilicon Ve > Vi

Vsp =0

p* field
implant

p~ substrate

!
1
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Device Model Summary (MOSFET)

Small-Signal Model, Active region (Vs > Vi, Vs > Veg):

Cga

| . . ' O Vq

Vg O [
+ | Cgs
Vgs gm\"gs + gsVs lys Cdb _

—_— V,
Csb —_—r s
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Device Model Summary (MOSFET)

Small-Signal Model, Active region (Vs > Vi, Vs > Veg):

_ Olp __ _ 2l
Em = anS - ,unCX T eff - \/2Mn ox ID - Ve?f
g — 8/D — YEm
ST 9Vsp 2\/Vsp+2®F
foo — WVbs o~ 1
ds = "9lp — Ap
)\ — ks

30/ Vs~ Ver 15
o = 5
Cgs = 2WLCox + Wiy, Cox
ng - |/VLov Cox
C'sb — (As + WL) st + Pst—sW

_ _ G
qs B 1 Vb
N
Cab = AdCig + PyCi_sw
Cio
Ca = —F—=

V,
1-1-(1%7
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Device Model Summary (MOSFET)

2

\% _ u.C
[ p‘n ox [(VGS_th]VDS ;Si| b =

BaCa Wy v,y
2. L

/

Ip Vs constant
Active
Triode region
region !
/1' » Vps
Vpssat = Verr

Ip = upCox (VGS—th]VDs
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Device Model Summary (MOSFET)

Ip A

Vs = (Vas = Vi)

Triode .
region

Short-channel
! effects

Active '
region

T[ncreasing Vas

L Vas > Vi,

—>

VDS
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Device Model Summary (MOSFET)

MOSFET parameters representative of various CMOS technologies

0.8 um 0.35 um 0.18 um 45 nm

Technology NMOS PMOS NMOS PMOS NMOS PMOS NMOS PMOS
11Cox (,,A/v2> 92 30 190 55 270 70 280 70
Vio (V) 0.80 090 057 071 045 045 045 -0.45
AL (um/V) 0.12 0.08 0.16 0.16 0.08 0.08 0.10 0.15
Cox (fF//lmQ) 18 18 45 45 8.5 8.5 25 25
tox (nm) 18 18 8 8 5 5 1.2 1.2
n 15 15 18 17 16 17 1.85 1.85
0 (v 1) 0.06 013 15 1.0 17 1.0 23 2.0
m 1.0 1.0 18 1.8 16 2.4 3.0 3.0
Cox /W = Loy Vx (FF/um)  0.20 0.20 0.20 0.20 0.35 0.35 0.50 0.50
Cyp/W = Cop/W (FF/um) 050 0.80 0.75 1.10 0.50 0.55 0.45 0.50
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Device Model Summary (MOSFET)

Default parameters for n-channel MOS transistors:

T = 300K (Room temperature)

MnCox - 92MA/ V2

Vin = 0.8V

v =0.5V"

rgs (€2) = 8000L (pum) /Ip (mA) in active region
C; = 2.4 x 107*pF / (um)?

Ci—sw = 2.0 x 10~*pF /pum

Cox = 1.9 x 1073pF / (um)?

Cgs(overlap) - ng(overlap) =20x ].074[)/:/,[“77
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Device Model Summary (MOSFET)

Default parameters for p-channel MOS transistors:

T = 300K (Room temperature)

Hp Cox - 30/vLA/ V2

V,p = —0.9V

v = 0.8V

rgs (€2) = 12000L (um) /Ip (mA) in active region
C; = 4.5 x 10~*pF / (um)?

Ci—sw = 2.5 x 107*pF /pum

Cox = 1.9 x 1073pF / (um)?

Cgs(overlap) - ng(overlap) =20x ].074[)/:/,[“77
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Exercise 1 (1st/2nd, P1.1)

Estimate the hole and electron concentrations in silicon doped with
arsenic at a concentration of 10%° atoms/m?® at a temperature 22°C
above room temperature.! |s the resulting material n-type or p-type?

1n; = 4.410% carriers/m* @ T = 322 K, n-type material
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Exercise 2 (1st/2nd, E1.2, P1.2)

A PN junction has N, = 10?° atoms/m® and Np = 10°? atoms/m>.

What is the built-in junction potential ®;?7? Does the built-in
potential increase or decrease when the temperature is increased
11°C above room temperature??

209 — 0.8 V
3it decreases (®o = 0.88 V)

18/25



Exercise 3 (1st/2nd, P1.4)

A silicon diode has 7, = 12 ps and C;o = 15 fF. It is reverse-biased by
a 43 k) resistor connected between the cathode of the diode and the
input signal. Initially the input is 5 V/, and then at time O it changes
to 0 V. Estimate the time it takes for the output voltage to change
from 5V to 1.5 V.* Repeat for an input voltage change from 0 V/ to
5V and an output voltage change from 0 V/ to 3.5 V.°

Vin O I\/\/ O Vout

4tfa//,'ng =0.37ns
strising =0.48 ns
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Exercise 4 (1st, P1.7)

Find /p for an n-channel MOST having doping concentrations of
Na = 10% atoms/m® and Np = 10% atoms/m?, with W = 50 um,
L =15um, Vgs =1.1V, and Vps = V.¢.% Estimate the new value
of Ip if Vps is increased by 0.3 V' (we assume A remains constant).”

6/D =138 /I,A
TIp = 143 uA
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Exercise 5 (1st, P1.8)

A MOS transistor in the active region has a drain current of 20 /A
when Vps = Ver. When Vps is increased by 0.5 V/, Iy increases to

23 1A, Estimate the output impedance rys, and the output
impedance constant \.2

Br = 167 kQ, A =03V1
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Exercise 6 (1st, P1.9)

Derive the low-frequency model parameters (i.e. find g, g, and ry)
for an n-channel MOST having doping concentrations of

Na = 10?2 atoms/m® and Np = 10%° atoms/m?, with W = 10 um,
L=12 pnm, VGS =1.1 V, and VDS = Veff.g

Orgs = 182 kQ, gm =230 uA/V, gs = 44 uA/V
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Exercise 7 (1st, P1.10)

Find the capacitances C,., Coy, Csp, and Cyp, for a MOST having

W =50 pm and L = 1.2 um. Assume that the source and drain
junctions extend 4 ;1m beyond the gate, resulting in source and drain
areas being A, = A; = 200 um? and the perimeter of each being

Ps = Pd = 58um.10

0C,s =86 fF, Cou = 10fF, Cyp = 74 fF, and Cyp = 60 fF
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Exercise 8 (1st, P1.11)

Consider the circuit shown hereafter, where V,, =1V, Vo =5V,

W =10 um and L = 0.8 um. Taking into account only the channel
charge storage, determine the final value of V,,;, when the transistor

is turned off, assuming half the channel charge “goes” to C;.!

2

Vi O I I L g O Vout

N

—— C_=1pF

NVt = Vour(0) —0.024 = 1 — 0.024 = 0.976 V
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Exercise 9 (1st, P1.12, P1.13)

Consider the same circuit as before. The input voltage has a step
voltage change at time 0 from 1V to 1.2V (Vg =5 V).
@ Find its 99 % settling time.'2 You may ignore the body effect
and all capacitances except (.
@ Repeat the question for V;, changing from 3 V/ to 3.1 /.13
© Repeat the same problem, but now take into account the body

effect, and assume N, = 10?? atoms /m?>14

2

Vin O I I 9] Vout

== C, =1pF

lztsettlfng(]- — 1.2 V) =1.25ns
Bt oerting(3 — 3.1 V) =3.33ns
W4 ettling (1 — 1.2 V) = 1.35ns, tserrting(3 — 3.1 V) =6.1ns
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