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A convenient freeware: Scilab
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Sclab Download

Download Scilab
Scilab 5.5.1 - 32-bit Windows = 127.92 MB
Other Systems

Open source software for numerical computation

News :

Professional Solutions

Resources

10/16/2014 - Windows users, reinstall Scilab 5.5.1

Community  Projects
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Development

scilab
enterprises

Open Source

Scilab Enterprises, official publisher of
Scilab software, also offers dedicated
services for all its users: support,
consulting, migration, training,
development and implementation of
specific applications...

Education

Scilab is open source software
distributed under CeCILL license.
Many other third-party projects are
also available.

To donate

Scilab is widely used in secondary
and higher education institutions for
teaching mathematics, engineering
sciences and automatic control
engineering.

Starctup execution:
loading initial environment

-->a=rand (4,4)

10/6/2014 - Scilab at C.
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Scilab

Overview
New in Scilab
Mew in Scilab
Xcos
Features
Gallery
System requirements
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Transfer function analysis with Scilab
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Simple application
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Transient response: Use of Scilab

--»z=polvw(0, g7 );

. Graphic window number 0 |Z||§|g| - }G: ‘I ll." |: ‘I += :| .

File Tools Edit ?

D LEL O

Graphic window number 0 ¢ - = } = '_'." = = = '_'." = | i M I: ) c ) 2 G :I ;

--»t=linzpace(0,10,100):

--sy=cziml step’.t,sva);

—-rplot{t,w)

--rxzrid()




Transient response: Use of Scilab
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Linear amplifier

e > gain=1
' gain >1 — amplifier
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Controlled power source models

e —O O0—i —O0 O—i —O O—t
:]ml @ Ajin J inl @ "mJin vinT @gmvin Uin T AVin
o—— ' 00— ' 6 o _ g0 |




Gain, and “Unit” for gain

VoutJout

Vinlin

j out
j in

Vout

\oltage galin: Current gain: Power gain:

Vin
When we say “the gain of the amplifier ...”, the gain means power gain.

Q
Qo
fareca- 10 dB (d@Clbel) Alexander Graham Bell [ g

1/10 — From: G. Bell 167122 o

quantity @, unit Q, : Q inlog scale: L = log,, (B, bel)

Vin Vin

2
G = 10 X loglo (vOUt> = 20 loglo UOUt

dB units: dBm (ImwW: 0dBm), dBv (1V: 0dBv), etc.



Feedback circuit

Feedforward
Feedback
Uﬂ@ ORISR ST
W(s) =E()[U(s) — h(s)W(s)]
O E)
h(s) W) = T emne U™

L G(s)U(s)
|1+ Z(s)h(s)| > 1: Negative feedback, < 1: Positive feedback

Z(s)|>1— G(s) = %



Condition for negative feedback

|1+ Z(s)h(s)| > 1: Negative feedback, < 1: Positive feedback

Im[E(s)h(s)] A E(s)h(s)
1+ Z(s)h(s) € D(s)

Re[Z(s)h(s)]
>

Negative feedback
~___ Oscillation point

Positive feedback /

If Z(s)h(s) = —1 has solutions, the circuit may be unstable.

How can we judge? ——> Criteria (Routh-Hurwitz[Nyqust,]
Liapunoy, ...)




Zeros and poles of D(s)

Assumption 1: E(s), ZE(s)h(s) are stable
— Poles are on the left half plane of s.

Assumption 2: E(iw), E(iw)h(iw) = 0 for |w| — oo

2(s) = %, h(s) = % : P(s),Q(s),p(s), q(s) polynomials

deg(P) > deg(Q),deg(p) = deg(q)

P(s)p(s)
P(s)p(s) + Q(s)q(s)

D(s) =1+ Z(s)h(s) =

o (8=B1) (s —Bn)
D(s) = D, G—a) - G-a) > The same order




Zeros and poles of D(s)

(s =P1) (s = bn)

(s—ag) - (s—ap)
{B;} 1Zeros of D(s)|—| Poles of G(s)

| 34; € right half plane of s — The circuit is unstable.

n

arg(D) = ) arg(s —f) — ) arg(s — ;)

i=1 =1

D(s) = D,

s = iw (0ONn Imaginary axis)

Left half plane Right half plane W —00 — 400
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Nyquist Plot and Criterion

Harry Nyquist
(1889-1976)
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Aarg(D) =0 Aarg(D) = —4m
Stable Unstable



Feedback In terminal-pair circuits with resistors

o—— ——o0
In out

+ + ® out + + ®

AN\
‘ _ _ in ‘
AA\\\N =\
AN\

AN\\\N =\

(1) Input: parallel, output: parallel (i) input: series, output: parallel

In out out
+ + + +

‘ s I
A\ AN\
AN\ ‘ )

(i) input: parallel, output: series (Iv) Input: series, output: series




Operational amplifier (OP amp.)

Differential amplifier
Input impedance ~oo

1+  OpenloopgainA4, > 1
Output resistance = 0
Case (iv) Ao >1 Vo=V, =0
R : .
/ Virtual short circuit
, J _ _Uout _ VUin
o Rf Rin
Ry
Uout — _R_invin

Inverting amplifier



Opamp packages

ANALOG |
DEVICES

FastFET™
OPERATIONAL
AMPLIFIER

(a) (b) (c)
No Offset
connection +V Output null
8 7 6 R
1 2 3 4

(d) null (e)



Various applications of OP amps

1 [tV
V;)ut(t) — —% — _6/0 f(;-)dT

1 t
_ CR /0 Vi(T)dr

Integration circuit

Vout = —VBE = —kB—T In (é + 1)
€ Jo

Logarithmic amplifier



Logarithmic Amplifier

ANALOG Low Cost, DC to 500 MHz, 92 dB
DEVICES Logarithmic Amplifier
AD8307
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Instrumentation amplifier




Instrumentation amplifier

BURR -BROWN® 4:33?-
=_= INA114

Precision
INSTRUMENTATION AMPLIFIER

W+
TT[m

= 2| |OwerVaoltage INA114
Vi O ) Protection Feedback
1 {12}
1 | DIF Connectsd
I
I

Intemalty

3 Ower-Voltage
I (5) Protection




OP-amp data sheet

ANALOG Ultralow Offset Voltage
DEVICES Operational Amplifier

0PO7

FEATURES PIN CONFIGURATION

Low Vos: 75 pV maximum

Low Vs drift: 1.3 pV/°C maximum

Ultrastable vs. time: 1.5 pV per month maximum
Low noise: 0.6 pV p-p maximum

Wide input voltage range: +14 V typical

Wide supply voltage range: +3Vto +18V

125°C temperature-tested dice

NC = NO CONNECT

00316001

Figure 1.

1st 2nd differential
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Figure 2. Simplified Schematic



OP-amp data sheet

Parameters
Parameter Symbol | Conditions Min Typ Max | Unit
INPUT CHARACTERISTICS
Ta=25°C
Input Offset Voltage' Vos 60 150 | uv
Long-Term Vos Stability* Vos/Time 04 20 pvV/Month
Input Offset Current los 0.8 6.0 nA
Input Bias Current le +1.8 +7.0 | nA
Input Noise Voltage en p-p 0.1 Hz to 10 HZ® 0.38 065 | uwWp-p
Input Noise Voltage Density en fo=10Hz 10.5 200 | nV/A/Hz
fo= 100 Hz? 10.2 13.5 | nV//Hz
fo=1kHz 9.8 11.5 | nV/yHz
Input Noise Current Inh p-p 15 35 pA p-p
Input Noise Current Density In fo=10Hz 0.35 0.90 | pA/vHz
fo =100 Hz? 0.15 027 | pAiHz
fo=1kHz 0.13 0.18 | pA/yHz
Input Resistance, Differential Mode* Rm 8 33 MQ
Input Resistance, Common Mode Ricm 120 G0




OP-amp data sheet

Common mode rejection ratio (CMRR)

130
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FREQUENCY (Hz)



OP-amp data sheet

OPEN-LOOP GAIN (dB)

120 100
Vg = 215V Vg = £15V
! TA = 25°C Ta =25°C
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Frequency Dependent Characteristics of OP-Amps

oof——— e— i Cut-off frequency
il | | wr = 2T fr
S| w0} :
Sl Phase rotates by m /2
< -
0.1k . . . L . .
10° 102 10t  10° 10 10° 10°
w = 2nf _>_‘>—
106_— T T T T T ™
4 ] Multiple cut-off frequency:
= 1 Phase rotates more than 1
q0)
?:-D:/ o T If gain is larger than 1 at
phase shift «t :
10°
i ] Dangerous!

1 1 1 1 1 1 1 1 1 1 1
103 1072 10! 10° 10! 102 103



Phase compensation

Why dangerous?

n phase shift: negative feedback — positive feedback

In Nyquist plot . E(s)h(s)

m phase shift




Phase compensation
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Phase compensation

10X Buffer Amplifier

CUTPUT

Q7

GND
O

H(;4= 1002

Vout



Inverting amplifier and cut-off freque

90«

60«

30«

0«

-30¢

- -60¢

N 90«

T — T T ..-..? = R | T T T T T =120k
Hz 1KHz 1KHz 10KHz  100KHz 1MHz 10MHz  100MHz 1GHz
A =50 f- =90KHz

VnlL)

90«
60«
30¢

0c 7
-30¢ -30¢
B0¢ 80«

80 NG 900

e - 20
! ! ! ! T e - 1 20
Hz Hz Hz Hz Hz Hz T T T T T T

10K 100K i 10U 1000 G 1KHz 10KHz  100KHz 1MHz 10MHz  100MHz = 1GHz

A =10 f; =300kHz A =2 f.=2MHz




Oscillation of OPamp
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