Electric Circuits Prof. Shayla Sawyer
ECSE 2010 CP27 solution

1) Bode plots/Transfer functions

a. Draw magnitude and phase bode plots for the transfer function

s + 100)

H(s) = 0.01
(s + 1E4)

In your magnitude plot, indicate corrections at the poles and zeros.

Step 1: Find poles, zeros

Zeros: 0, 100
Poles: 1E4

Step 2: Define regions and find either H(jw) or H(s)

10000.01 ~1x 10—4
$< 100 1010
0.01[s(100 — —
H(s) = ——— =100 45 +20db/dec slope 1000110 4- 0.01
110"
slope ends at 200og(0.01) = —40
100 <s< 10" OO _gva07®
0.01[s(s 1ﬂ04
_ 0. B -6 2
H(s) = 1 100 s +40 db/dec slope
110
|_ -6 4 2—|
20log 10 Lﬁlﬂo ) =40
s> 104
0.01(83 +20db/dec
H(s) = =0.01s slope

Step 3: Make corrections

Correction at 100 is +3db because it is a ZEROM!

Correction at 104 is -3db because it is a POLE/!

Spring 2015



Electric Circuits Prof. Shayla Sawyer Spring 2015

ECSE 2010 2 CP27 solution
H(s)=10
(s+100)(s+10000)
Phase plots
0.1wgq = 10
w=10
{10110 + 100 £ 0/90)(£0
ZH(j10) = 0,012101010 + 100) £00290(£0) /90
(10] + 1E4) 20
Z0+ £90+ £0 - £Z0
3
10[q = 10
w=10°
3 '103[6'103 + 100) / 00/90)(£90)
2Hj10%) = 001420 . £180
(103 + 1£4)
20+ 290 + 290 - 0 180 - 45 = 135
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w = 100 £ 135
0.1 = 103 already done
. UJCZ = y
5
10wep = 10

2Hj10%) = 001

w=10

2Hj10%) = 0014

d'105[611o5 + 100)
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£180

£ 0{£90)(£90) e

(105 + 164)

o*tj10” + 100)

Z£90

/Z0+ £90 + £90 - £90

£ 00{£90)(£90) -

(10 + 164)

SZ

H(s)=10

(s+100)(s+10000)

245

Z0+ £90 + £90 - £45 180 - 45 =135
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b. Determine the transfer function for the following magnitude and phase Bode plots (the plots are for the

same circuit).

Bode Diagram

(6ap) aseud

Frequency (rad/s)

1. We have a 20 db pass band so

20log(K) = 20db

K =10

1E6 rad/s, critically damped low pass filter, double

2. We have 40 db rolloff on the right where wo

pole there

S+ Wg

2
(s + 106)

3. 1st order high pass filter, 20db rolloff, wo

10" rad/s

S+ Wg

S+ 104
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Put all together

12
H(s) = 105—2 S

oo )

1010%%s

(s+ 1095+ 109

2

2) 2nd order Bandpass Bode plots

C1
, L1 1 .
NN 3
1E-6
1E-2 +
R1
Vin 20
@
VOUt

VR(9)
a. Determine the transfer function for the above circuil H(s) = R
Vin(s)
R n
2 L
H(s) = as _
2 2. R 1
S +2as+ wq S +—s+—
LC

- - -2 - -6
Ry:=20  Ly:= 100 C,:= 1010

b. Determine a, w,, and ¢ (damping ratio).

Spring 2015

Ro 3 .
—— =2x10 b) Band pass filter
Lo 1. Asymptotes take the form of an inverted V
2. Each has a 20 db rolloff
a:= 1000 3. At w0, 20 log abs (H(jw)) = 0db always
4. The point of the inverted V is 20 log abs (H(jw0)) away from
_ 1 0db
“o-= L,[C, 20 log (20) Narrow or wide?
wg=1x 10"
=2 C=01
“o
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c. Draw the Bode-magnitude plot. Indicate the magnitude (dB) of the transfer function at the resonant
frequency.

Remember peak must always be at 0db at wo, we have to figure out where the asymptotes will be +,-
20db/dec.
208

H(s) s goestoO H(s) = +20db/dec
1
Lc
H(s) s goes to H(s) = 208 -20db/dec
S2
ZOLj(.A)O
H{iwo) = > 5= dwaysi awo 20y}
—wp +20jwg + wy
@ 2
201ég(211F40643.979
(s+100)(s +10000)
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4) Design problems-Multiple Stages

Using only first order filters and opamp circuits for each stage, design afilter that meets
the specifications below. Y ou need to pick values for any resistors, capacitors or
inductors in your circuit. Y our circuit must consist of at least one inductor and at |east

one capacitor.

a. Lowpeassfilter with a cutoff frequency of 1 MHz (Note: thisvalueisgivenin
Hz).

b. Inthe passband, the gain must be >10dB

c. The asymptotic slope of the stopbands should be -60dB/decade

d. You circuit must contain at least one inductor and at |least one capacitor.

we = 27 AMHz
ad
W = 6.283x 10°H o
s Ry = 159k Cq:= 100
Gain  20logjK| > 10db
Slope indicates a triple pole R3 = 6.28k2
Ly:=100 °H
R for inductor/resistor across resistor
Remember We =— 3 61
L — =6.28x 10 —
Ll S

1 . . .
W~ = — for capacitor/resistor across capacitor

c
RC
1 =6.289 x 10(Si
R1[Cq Q
R4 := 90k Rg := 10k
Gan

Ry Note: Need to overcome the -9 dB loss at corner

Amplifier |1+ —|=10 frequency to get >10 dB to meet spec. So that is ~20dB
Rsg needed
20log(10) = 20
use buffer

Also need to isolate first order
filters
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Solution 1:

Lowpass filter

Cutoff frequency of 6.28E6 rad/s

Rolloff of 60dB/decade indicates atriple pole.

Three first order filters with amplifier stages for isolation.
-9dB point relative to the passband at 6.28E6 rad/s
Passhand gain of 20dB to meet spec, 20log|K|=20 >K=10

=K |

LPF stage, RL circuit: Choose an RL circuit, R = 6.28k, L = 1E-3
LPF stage, RC circuit: Choose an RC circuit, R = 1.59, C = 1E-10
Amplifier stage: Choose a non-inverting amplifier, R2=90k, R1=10k
Isolation amplifier stage: unity gain

R1 e
150k > B2 ‘
1.59k 1 A2
ac V1 g OPAMR 1E-3
o) L
1E-10 c2
R3
L l 1E-10 6.28k
0 =
<0
~o
50
0 \
-50 \-‘
-100
1. 0KHz 3. 0KHz 10KHz 30KHz 100KHz 300KHz 1. O0MHz 3. 0MHz 10MHz 30MHz 100MHz
o DB(V(L1:2))
Frequency
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If restriction of only first order filter was lifted....you could also do....

Solution 2:

Second order LPF cascaded with afirst order LPF

Use an underdamped circuit with a damping ratio of 0.5.

The gain term than needs to be 13dB to satisfy the passband requirements, giving
20l0g|K [=13dB, K=4.4\

R1 . L1, 1
MWV A0 -
628 1E-4 > 2
_ 150k |
a1 < o1 OPAVP c2
ovdc 5 53E-10 R4 1E-10
—~ AN
“o 44k
2 R3
10k =
=
1 6 rad
H(s) =———— wn = Ww.=6.283%x 10" —
© LC 0™~ s
R .
T 1
&2 S o = 1 need at Iegst a critically
L LC 0 LT, damped circuit, should use
underdamped
chose L1 first if you like 1 5
L= 110 4 =6.287x 10
1b: . 110" “zs310”
- - Cl
2
(wo Dll)
1 -
=2533x%x 10 10
(o2mx 109’
6.283x 10°) M4y,
C= & For better filter make (=0.5
“wo
6 0=
op = 0.5[66.283x 10 ) 1
Rqp = 628.3
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This gives -40 db roll off, with w0 at 6.23*10"6 and a very flat passband

Still need another -20 db roll off so you can use a first order filter (like previous) which has -3dB rolloff

Gain

For this circuit we need over only overcome -3dB so that means a total of 13 dB

20logdK| =13
13
=2 - 065
20
1009 = 4467

Can use a non inverting amplifer with a gain of 4.5

Ryp, = 35kQ2
Rgp, 1= 10kQ
R
4b
1+—— [ =45
Rap
40
0 \\
\\
N
~
~
N
\
\\
80 \\
AN
«
’ li?OKHZ 3. 0KHz 10KHz 30KHz 100KHz 300KHz 1. OMHz 3. 0MHz 10MHz 30MHz 100VHz

o DB(V(C2:2))
Frequency
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5) Design Problem

Design a bandpass filter with the following specifications. Show your work and justify your calculations.
Include a schematic of your circuit.

. The passband is 1E4<w<1E6

. The passhand gain should be 5dB

. The low frequency stopband rolloff should be 20db/decade

. The high frequency stopband rolloff shoudl be 60 db/decade

. The low frequency cutoff frequency, 1E4 [rad/s] should be -3dB relative to the passbnad.
The high frequency cutoff frequency, 1E6 [rad/s], should be -3dB relative to the passbnad.

. You cannot use any first order circuit stages

Q 0O Qo 0oL

Build the circuit using BPF LPF

4 _ .6 2nd order overdamped circuit
BPF  wep ow =10 WeHigh = 10 measured across the resistor
—3corrections —3corrections R must give > 1
db
— db
20 oo 2090

LPE  w, = 10°(double)

need 0dB correction at 106 2nd order underdamped ¢=0.5

40£ roll of f
dec

pass band gain

20log(K) = 5db

K=177
1+ 0.77k2 —177
) ) 1kQ
Non inverting amp choose R1 Ry =1k Ry =0.77k
R
142
Ry
BPF H(S) = 2as you know that 1 expandtand 2a k|)n
2 2 denominator must ( 4)( 6) numerator can be
S+ 2as+ wy s+ 10 /\s+ 10 given by doing so

be

32 + 1010000(s + 10000000000
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e = 1.01110%
(9 = 4 6 Now find R/L you can pick R or L
s+ 10 J/\s+ 10
-3 6 _ 2
3 R=10 3EL.01EL06 10 "1.0110 =1.01x 10
L =10
R = 1.01k
_ 1 1 _
c=110 ' wOZ:L—C — = -1x10’
10°°nm0 3
LPF 2
wo . !
Hs) =—— you know that denominator 2 o = W
S +2as+ woz must be (s+ 106) ¢~ ™0
6
UJO =10
o = 0.5l this is the underdamped condition where correction is 0dB
o« =510°
. -3
pick L =100
w2 L
0" c
1 1 -
C=——— — =1x10 9
10100 3 10100 3
c=110°
2a0 = B
L
2B0°A0 °=1x 10°
R = 1k
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