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Analog IC Design Homework 1 (2/9)

® ‘it # 1 (Device-1)
¢ Iy VS. Vgs and Vg
¢ NMOS W/L=6um/0.4um

1 \\
® Ips=3K(T)Vas X N= V)1 + AVps)
 N=09+00LX#f- i

Ips(A)

2.5 T T T T T . T T |
—_— =06V
— =10V
2r e V=14V |
Vigg=18V

0.5

1.2 1.4 1.6 1.8

Ves (V)
0.6xN 1.0xN 1.4xN 1.8xN
Vps(V)

0.1 4.28E-05|2.14E-04|3.70E-04|4.95E-04
0.2 5.86E-05(3.69E-04(6.67E-04(9.10E-04
0.3 6.53E-05(4.71E-04(8.99E-04(1.25E-03
0.4 6.96E-05(5.29E-04(1.07E-03(1.53E-03
0.5 7.29E-05(5.60E-04(1.20E-03(1.76E-03
0.6 7.55E-05|5.77E-04|1.28E-03(1.93E-03
0.7 7.78E-05(5.89E-04(1.33E-03(2.07E-03
0.8 7.99E-05(5.98E-04(1.36E-03(2.16E-03
0.9 8.18E-05(6.06E-04(1.38E-03(2.22E-03
1 8.36E-05(6.12E-04(1.40E-03(2.26E-03
1.1 8.54E-05(6.18E-04(1.41E-03(2.29E-03
1.2 8.71E-05(6.23E-04(1.42E-03(2.31E-03
1.3 8.87E-05(6.28E-04(1.43E-03(2.33E-03
1.4 9.03E-05(6.33E-04(1.44E-03(2.34E-03
1.5 9.19E-05|6.37E-04|1.44E-03|2.35E-03
1.6 9.35E-05|6.41E-04|1.45E-03|2.37E-03
1.7 9.50E-05(6.45E-04(1.46E-03(2.38E-03
1.8 9.65E-05(6.49E-04(1.47E-03(2.39E-03
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Analog IC Design Homework 1 (3/9)

® ‘i 2 (Device-2) s 0.6xN | 1.OXN | 1.4xN | 1.8xN
& Ips VSs. Vs and Vpg Ibs(A) | Vostv)
¢ NMOS W/L:6um/0.5um 0.1 4.04E-05|1.79E-04|3.04E-04|4.03E-04
LW 02  |5.61E-05|3.11E-04|5.53E-04|7.50E-04
® lps=3K (T) (Vas X N = Vi)*(1 + AVps) 0.3  |6.22E-05(4.01E-04|7.53E-04|1.04E-03
,N=09+001x 5~ = 0.4  |6.58E-05|4.54E-04|9.06E-04|1.29E-03
- N 05  |6.84E-05|4.81E-04|1.02E-03|1.49E-03
—0— V08V 0.6 7.06E-05(4.96E-04|1.10E-03|1.65E-03
_“_VGS:LDV

L ] 0.7  |7.23E-05|5.06E-04|1.14E-03(1.78E-03
V=18V 0.8  |7.39E-055.13E-04|1.17E-03|1.87E-03
o 0.9  |7.54E-05|5.19E-04|1.19E-03(1.93E-03
< \ 1 7.68E-05|5.23E-04|1.21E-03|1.97E-03
2 | 11 |7.81E-05|5.28E-04|1.22E-03(2.00E-03
12  |7.936-05(5.32E-04|1.23E-03(2.02E-03
13  |8.05E-055.35E-04|1.23E-03(2.04E-03
05 | //‘—"""_*-____—' X 1.4  |8.17E-05|5.39E-04|1.24E-03(2.05E-03
} 15  |8.28E-05|5.42E-04|1.25E-03(2.06E-03
0 — :2 ° :_4 . T 16  |8.39E-05|5.45E-04|1.25E-03(2.07E-03
Vo (V) 1.7  |8.50E-05|5.48E-04|1.26E-03(2.08E-03
18  |8.61E-05|5.51E-04|1.26E-03(2.09E-03
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Analog IC Design Homework 1 (4/9)

® i 2 3 (Device-3)
¢ lp VS. Vgs and Vgp
¢ PMOS W/L=4pm/0.4pum

1 w
® Isp=:K(T)Vse X N— [VeDU(L + AVsp)
,N=09+0.01lx#&7s- =

0.45

lsp(A)

—Q—VEG:D.EV

e\ =10V

—le— V=14V |
V=18V

047

0.351

Vsa (V)
0.6xN 1.0xN 1.4xN 1.8xN
Vsp(V)

0.1 4.22E-06(2.73E-05|4.61E-05|6.11E-05
0.2 5.78E-06(4.94E-05(8.73E-05(1.18E-04
0.3 6.69E-06(6.58E-05(1.23E-04(1.69E-04
0.4 7.32E-06(7.61E-05(1.53E-04(2.15E-04
0.5 7.77E-06(8.14E-05(1.76E-04(2.55E-04
0.6 8.11E-06|8.43E-05(1.94E-04(2.89E-04
0.7 8.39E-06(8.63E-05(2.06E-04(3.18E-04
0.8 8.62E-06(8.79E-05|2.13E-04|3.42E-04
0.9 8.83E-06(8.93E-05(2.18E-04(3.60E-04
1 9.02E-06(9.05E-05(2.22E-04(3.74E-04
1.1 9.19E-06(9.15E-05(2.25E-04(3.83E-04
1.2 9.35E-06(9.25E-05(2.28E-04(3.90E-04
1.3 9.50E-06(9.33E-05(2.30E-04(3.96E-04
1.4 9.64E-06|9.41E-05|2.32E-04|4.01E-04
1.5 9.77E-06|9.48E-05|2.34E-04|4.05E-04
1.6 9.89E-06(9.55E-05(2.36E-04(4.08E-04
1.7 1.00E-05|9.61E-05|2.37E-04|4.11E-04
1.8 1.01E-05|9.67E-05|2.38E-04|4.14E-04
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Analog IC Design Homework 1 (5/9)

® (EEFEHIFMP: AN - |y V.S, Vgg and Vpgdata % 17 = % 4 it iz
Flpt i R HE D B A M e FERFE RN - 2a~ A (Lambda, Channel
length modulation parameter) ~ V; (Threshold voltage) ~ k(= uC,,) & s IF I &+ &
i T i B |pg V.S, Vgg and Vpgidata o

® it -
& L1 fEHEP P EHBREGSITE W
¢ J I iEDevice 1~-31V-curve® ¥ 14
Vgp) e i 4414 o

-

FINMOS g V.S. Vps (PMOS Igp V.S.

—m|-

NMOS Vo PMOS VDD
+ Voo ¥ T [
Ve °_| Vbs ] —
+ P ] Vs °—| Vsp
VGS_ e — d B
GND Vg
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Analog IC Design Homework 1 (6/9)

® it =
® TRl ? a#2aRk F
> Mobility degradation
O Vps 12 R +4&%id 2 R FRFPIH & > TF THWMHE R &

o~ My
n,eff [1+ (6 Veff)m]llm
1 W 1 1 W
l,==n.C — V3 l,==pnC,, —V
D Zun 0X L eff([1+(eveff)m]1/m) I:> D Zun 0X |_ eff ,OL<2

This effect can also expressed as

where 6 and m are device parameters .
a-law model from curve-fitting

Ip (A) A Without mobility degradation

Source Gate Drain

LFFL A FFE VSV TS AT
t —— ..

<
n* Lateral Electric Field n*
p-substrate

With mobility degradation

>

Vs (V)
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Analog IC Design Homework 1 (7/9)

® it =
& AP ¥ Vg, Vps, IpsE B » %" In_curve.txt” I 3§ ;e MATLAB #curve fitting

An example of “In_curve.txt”

data=load('In_curve.txt); 1.3008e-01 6.6966-85  1.300e-01
vds=data(:,1); 1.40880e- 81 7 .0844e-05 1.4080e- 81
id=data(:,2); 1.5000e- 01 7.372e-85  1.500e-01
1.6008e-01 7.6826-85  1.600e-01
vgs=data(;,3); : : :

equation=polyfit(vds,id,1); An example of lambda

coeffl=equation(l); 0,158 ———— TeaSLfmd cfurrer;'t —
coeff0=equation(2); 9755 NS S U S N NS N SO SO
_ 0188 e b

for k=1:1:length(id) Lambda~0.18129 (1/V) e
id_fit(k)=coeffO+coeff1*vds(k); o R P i N
end i e e
lambda=coeffl/coeffO OBl [~ o e et
plot(vds,id_fit.*1e3,'-bx"); R ______________ |
1. (W o 014 g 1.i45 5 18 76 1.535 7 175 18 185

Note : los =5 K| T [Ves =Ve) {1+ Vo) Vds(V)
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Analog IC Design Homework 1 (8/9)

® Ko uw :fI* MATLABE 1knZ asd i iT 0 f%

[X,fval]=fminsearch(@find_min_err,[1e-6,1])
function sum_err=find_min_err(x)
data=load('In_curve.txt'); n
vds=data(;,1);id=data(:,2); ok
vgs=data(:,3); —
equation=polyfit(vds,id,1);
coeffl=equation(1);
coeffO=equation(2);
lamda=coeffl/coeffO; _
vth=0.564;

sum_err=0;

for k=1:1:length(id)
id_model(k)=1/2*x(1)*10/0.35*(vgs(k)-vth)*x(2)*(1+lamda*vds(k));
sum_err=sum_err+(id_model(k)-id(k))"2;

end

— A fitting

& FHixim A 7GR keamfiler T 3 74 & & find_min_err.m
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Analog IC Design Homework 1 (9/9)

® i
¢ MATLABZE J % 28 » #I-Vcurve3 1! » ¥2 * measurement data 3 ) -V
curveitt fiz o 4ot ) -

w107 NMOS |-V Curve
1.4 . .
19| Vgs=1.8V
1k A ]
08l 7 Vgs=1.4V |
T PP

s i - — =

Vgs=1.0V

Vgs=0.6V

- = = = =y

0 0.5 1 1.5 2
Vds (Volt)
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