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SHG/OPO Notch

Setup
In[1]:= Needs ["Controls™ LinearControl "]
In[2]:= $TextStyle = {FontFamily -» "Helvetica", FontSize - 13};

In[3]:= plotopt = PlotStyle » {{Thickness [0.007], RGBColor [1, O, O]},
{Thickness [0.007], RGBColor [0, 0, 1]},
{Thickness [0.007], RGBColor [0.1, 0.7, 0.2]},
{Thickness [0.007], RGBColor [0.5, 0.5, 0.2]}};

1
n4=  par[rl_, r2_] iz ———————
1/ri+1/r2
1
In[5]:= pole[f_, p_] :=
1+af/p
zero[f_, p_] :=1+if/p
1
pole[f_, P_» Q_] ¢= 1 f 2
1+d -~ (f
+ 1 5 ( /p)
1f
zero[f_, p_,Q_] :=1+1d a - - ('F/p)z
p
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Target

niise- BodePlotEx|[zero[f, 6, 10] pole[f, 6]%, {f, 1, 100},
plotopt, BaseStyle » $TextStyle, XAxisLabel - "kHz“]
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Notch Circuit
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Equations

C3 is at the output to ground.
Rdamp is in series with C2.
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vp-vin wvp

nf1el= eql = ————— + — =
1 R3
sCl
vm-vin vm-vo
eq2 = + ==
R1 R2

eq3 = vm = vp
eq4 = R3 == R4

eq5 = C1 == C2
vout - vo vout -vin vout
eq6 = + + ==
-1 4 Rdamp R4 e
s C2 sC3
Solve[{eql, eq2, eq3, eq4, eq5, eq6}, vout, {vp, vm, R4, C2, vo}]
. . vout
sol = Simplify| /. %[11]
vin

Limit[sol, s » Q]
Numerator[sol]

R1 1
/.Rdamp»0 /. R25R1- — /.Cl> —], 5]
R1 Q wR3

Numerator[sol]

Collect[Simplify|

R1 1
zsol = Solve| =0 /.Rdamp >@ /. R2>R1- — /. Cl- ——, s| // PowerExpand

R1 Q wR3
] . Denominator[sol]
Collect[Simplify| /. Rdamp - @], s]
R1
. 1
psol = Solve [Denominator[sol] =@ /. Rdamp » @ /. R3 » ——, s]
wCl

v
out[18]= vP +Cls (—vin + vp) ==

R3

-vin+vm vm-vo
Out[19]= + ==

R1 R2

out20= VM == Vp
out21= R3 = R4
outz= C1 = C2

-vin + vout -vo + vout
out23)= C3 s vout + + ==

R4 Rdamp + ——
C2s

out[24]= {{vout BN (Rl vin + CLR1R3 s vin - C1R2R3 svin +
C1R1Rdamp s vin + C1> R1R3% s? vin + C1* R1R3 Rdamp s® vin) /
(R1 (1+C1R3s) (1+C1R3s+C3R3s+ClRdamps+C1C3R3Rdamps?))}}

ous- (R1-C1R2R3's+C1R1 (R3+Rdamp) s +C1%R1R3 (R3+Rdamp) s?) /
(R1(1+C1R3s) (1+C3R3s+Cls (R3+Rdamp+C3R3Rdamps)))

outzel= 1

s? s
oupr: 1+ —+ —

w? Quw

out[28]= { {s -
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oupe= 1+ (2C1R3+C3R3) s+ (C12R3%+ C1C3R3?) s?

}}

Clw
C1+C3

Out[30]= {{S > -w}, {s - -

Parameters

ino71= prm = {C1 -» 10%~-9, R3 » 2.4%~3, R1 > 2.4x%"3, R2 » 2.32%"3, C3 » 1.0%~-9, Rdamp - 0}

1
oupaor= {C1 > ———————, R3 > 2400., R1 - 2400., R2 > 2320., C3 > 1. x10°, Rdamp - @}
100 000 000

in4os= S0l /. prm (% s polynominal =x)

—— /. prm (% frequency of zeroes and one of the poles x)
27 C1R3

/. prm (x Q of zeroes =x)
R1 - R2

/. prm (% shift of one of the poles x)
Cl1+C3

ouos- (0.000416667 (2400. +0.00192's +1.3824x10 °s?)) / ((1+0.0600024s) (1+0.0000264 ) )
ouaosl- 6631.46

ougatol= 30.

outai= ©.909091

n412;= {dB[#], Phase[#]} &[sol] /.prm /. s > 2xi1x"3f /. f> 2
out4t2)= {-1.65934, -34.5027}

| 5
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in415:- BodePlotEx[sol /. prm /. s » 24 1x"3f, {f, 1, 100},
plotopt, BaseStyle - $TextStyle, XAxisLabel -» "kHz"]

Magnitude
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Out[415]=
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in414:- BodePlotEx[sol /. prm /. s » 2xi1x"3f, {f, 5, 10},
plotopt, BaseStyle - $TextStyle, XAxisLabel -» "kHz"]

Magnitude
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Damping
n4i6r= prm = {C1 -» 10%x"-9, R3 » 2.4%"3, R1 » 2.4%x"3, R2 » 2.32%"3, C3 - 0.1x~-9, Rdamp - 2}

1
oupae: {C1 > ——————, R3 > 2400., R1 - 2400., R2 > 2320., C3 > 1. x 107, Rdamp - 2}
100 000 000
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in417:- BodePlotEx[sol /. prm /. s » 2xi1x"3f, {f, 1, 10},
plotopt, BaseStyle - $TextStyle, XAxisLabel -» "kHz"]

Magnitude
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Out[417]=
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n41s:= Solve [Numerator[sol] ==0 /. s > -2xf, f] /. prm (» zero frequencies =x)
A/ (F 7. %011) (/. %021) // Chop (x frequency «)
1

2Sin[Arg[if /. %%[2]]]
Solve [Denominator[sol] ==0 /. s » -2xf, f] /. prm (» pole frequencies x)

ouatg= {{f - 113.193 - 6627.73 i}, {f > 113.193 +6627.731}}

(* Q *)

out419= 6628.69
out420= 29.2805

ouzi= {{f - 6631.46}, {f > 6560.44}, {f > 8.04389x10%}}
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in239:- BodePlotEx[pole[f, ©.001] zero[f, 2] zero[f, ©.5] pole[f, 2] sol /. prm /. s » 274 1x"3 f,

{f, 0.5, 200}, plotopt, BaseStyle » $TextStyle, XAxisLabel - "kHz"]

Magnitude
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R6
1+ —— // Together

L L,R7
s CC

Solve [Numerator[% /. s » -2 xf] == 0, f]
Solve[Denominator[%% /. s » -2 f] == 0, f]

1+CCR6s+CCR7s
1+CCR7s

Out[150]=

1

st { {fo ——m ———
ounsi= {{F - 2CC7T(R64»R7)}}
1

out[152]= H'F - 7}}

2 CCtR7

Boost

in3371= prm2 = {R2 » 2.4%x"3, R1 » 806, C » 1x"-6}

1
oul3s7]= {R2—>2400.,R1—»806,C-+ 4444447}
1000000

| 9
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par [R2, i]

in33s)= boost =1 + // Together

R1
Solve [Numerator[boost] == 0, s] [1]
s
-—/.%/.prm2
27
Solve [Denominator [boost] == 0, s][1]
s
-—/.%/.prm2
27
R1+R2+CR1R2s

R1(1+CR2Q

out[338]=

-R1-R2
out[339]= {s - 7}
CR1R2

outz40= 263.777

1
out[341]= {s - - . }

out[342]= 66.3146

niiz2 - BodePlotEx[ (boost /. prm2) (sol /. prm) /. s - 27xi 1+"3f,
{f, .01, 100}, plotopt, BaseStyle - $TextStyle, XAxisLabel -» "kHz"]

Magnitude
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