[F—MNA & Spice#

[E]— Space#
~ T vi .tran 0 1000u 700u 1u Vi 10 (V1 1 0 Vis
e ! _R1 -param freq=10000 RL 1 2 R1 1 2 327.1k
£ Pinaendy 3 . < Cl 20 Cl 2 0 200p
o v 1 va RT 2 3 RT 2 3 9MEG
E‘ T 5 Tastkopf 10x Kabel ~ Oszi CH2 cT 2 3 CT 2 3 12.78p
S T - RiTK2 Lk2 ~ RK2 VCH2 LK 3 4 LK 3 4 250n
e, \/\s 09— : RK 4 5 RK 4 5 1.5
z 200p EEE 280n 15 ek2 RIOSZIZ|ccH2 CK 5 0 CK 5 0 100p
7] CTK2 =
n 100p  “iMeg |150 RO 5 0 RO 5 0 1MEG
R / 12.78p . | ‘ (O 5 0] |CO 5 0 15p J
,,,,,, . L \\\T//’ Xs = "xS" Xvef = leverlv
CR :=num2str ( str2num ( concat ("\", "000D", "\" )]]
save :=" SAVE V(1) V(2) I(R1)"
mode :=" _TRAN 0 {10/freq} {8/freq} {0.01/freqg}"
M(¢):=|param:= strrep [ " PARAM freg=@", "@", num2str (eval (¢ s)]]
% "{CR}{circ}{CR}{mode} {CR} {param} {CR} {save}{CR}.END",
.tran 0 1000u 700u 1u .meas TRAN v1 PP V(V1) PP (V) = max ( V) —min ( V)
.param freq=10000 .meas TRAN v2 PP V(V2)
V1 .meas TRAN vv12 PP V(V1,V2) find ( T,V, fall ) i=(n:=2
g - .meas TRAN tv1 FIND time WHEN V(V1)=0 FALL=2 for count € [l L fall ]
g 327.1k -Meas TRAN tv2 FIND time WHEN V(V2)=0 FALL=2
= .meas TRAN tv12 FIND time WHEN V(V1,V2)=0 FALL=2 for k€ [(H +1)..length( V)]
S V2 meas TRAN delv2 PARAM tvi-tv2 if sign [ v ] #+sign [ 1% ]
g' Vi c1 .meas TRAN delvi2 PARAM tv1-tvi2 k n
= 200p .meas TRAN phav2 PARAM delv2*freq*360 break
E .meas TRAN phav12 PARAM delv12*freq*360 n: =k
T
n
£:=10000 Hz
circ:=strrep [description (xver), "vis", "SINE(0 0.7071 {freg} 0) "]
M:=M(f) [Tvl V2]=:[col(M, 1) s col(M, 2)V col(M, 3)\/] Vigi=Vv, =V, rows (M) =204
Vl::PP{Vl]:1_4]_35V tl::find[T,Vl,z]:900.5us
Vz;:PP{VZ]:0_3164V t2::f1nd[T,V2,2]:87l.5pS
Vl2::PP{V12]:1,3759\/ tlZ::flnd{T vlz,z]:896.5ps
AtZ::tl—t2:29ps AtlZ::tl—t2:4p,s
¢,:=0t,-2-m-£=104.4 Q=4 - 2m- £ =14.4
t (T MHz,
augment (T Mz, V, ) vi vz vi2
augment ( T MHz, V. ]
augment ( T MHz, V,, ) o
II:= s US
) augment(tl MHz, 0, "o", 10, "blue") 0 x
augment(t2 MHz, 0, "o", 10, "red"] \7
-0.5
augment(tl2 MHz, 0, "o", 10, "green"]




f£:=2314 Hz

circ:= strrep[description(xVer), "V1ls", "PULSE (-0.8 0.8 0 1lu lu

{1/freq/2-1u} {1/freq})")

M::M(f) [T Vl Vg]iz[col(M, 1)scol(M, Z)VCOI(M, 3)\/] Vl2::Vl—V2 n::rows(M):239
Vl;:PP[Vl]:1,6V tl::find[T,Vl,2]:3673.993us
V2::PP[V2]:1,4301V _flnd[T vz,z]_3719 008 us
le::PP[Vlz]:3.oos7v —flnd[ Vi, ]_3889.4519ps
At2 = tl - t2 =—45.015 us AtlZ = tl — tl2 =—215.4589 us
P, ’:AtZ'Z'n'f:—37.4993 ° ZP) 2:At12-2'n-f:—179.4858 °
T
sugnent (1 ¥z, V) Y1 vz viz
augment (T MHz, V ) &
augment(T MHz, V,, ) ><$\‘ >< s
I := s M
) augment(tl MHz, 0, "o", 10, "blue") .
augment(t2 MHz, 0, "o", 10, "red") : ;
augment(tl2 MHz, 0, "o", 10, "green"] -
[E]— Symbolic MNA
Simple RC v Vi 10 [A B XV I]::MNA(XRC)
< R1
\327.1k Rl 1 2
}vz Cl 20
ca o— 1 "
i) I XRC :="YRC
J
i1 0 v(1)] A-B=x
A= _ 1 14+s-:Cl1-RI1 0 Vi I(Vl)
R1 R1
1 0 0
Vi | s-Cl-V1
V= V1 | 1+s-Cl1-RI
14+s-Cl-R1
Versuch RC [AB X VI]::MNA(XS)

RT-[s-LK-[((RT-(1+S2-CT-LK)+S-LK)-(RT+R1 (1+s-RT-(CT+C1)))~(1+s-CT-RT) % RI .s.LK]-Ro+R1 (1+s-cr-RT)?(~(RO+RK -

(RT+R1 ‘(1+s~RT‘(CT+C1)))‘[—((RT~(1+S2~CT~LK)+S~LK)~(RT+R1 -(1+s~RT-(CT+C1)))—(1+S‘CT~RT

—((RT-(1+52-CT-LK)+S-LK)-(RT+R1 ~(1+s-RT-(CT+C1)))7(1+S»CT-RT)Z-RJ -s-LK]-RC

—((RT-(1+52~CT»LK)+S»LK)-(RTJrRl -(1+s»RT-(CT+C1)))—(1+S-CT-RT)2~R1 »S»LK]»RO

7 (2 =52 €7 ZK) 8 IK

]-(VRTjJrRl (14s-RT-(cT+C1)))=(1+s-CT-RT)?

“R1-s »LK]»RO



(—((—(RO+RK~(1+5~RO-(CO+CK)))»(RK+5-LK)+5<LK»RO)4((RT»(1+52»CT-LK)+5<LK)»(RT+R1 ~(1+5~RT-(CT+C1)))—(1+5<CT»RT)2<R1 »s»LK)+(
I = —

(RT+R1 »(1+5»RT-(CT+C1)))»(—((RT-(1+5 2-CT~LK)+5»LK)<(RT+R1 -(1+5-RT<(CT+C1)))—(1+5»CT-RT)2~R1 -s-LK)~RO-s-LK+(RO+RK

[E]— Impledance method

Clear (f)=1 s:=0+i-2-n-f 0:=0 V1:=VI(t, f)
LK:=5s-LK
ZC1 := L ZCK := L ZCT := L ZCO = L z s
s-C1 s -CK s-CT s -CO
2CH (£ RO 2C0 (RK + ZLK)-2ZCK  RT-ZCT
(£)= RO +2CO  RK+ ZLK + ZCK  RT + ZCT
ZCI - ZCH (f)
V2zV1 (f)::eval
R1-(2C1 4 2CH(f))+ 2C1 - ZCH ( £)
V2 (t, £):=V1-V2zV1 (f) Using MNA for comparing later
viz(t, £):=VI-V2(t, f) V2m(t,f)::V2
Clear(s)=1
[El—values
Values RI:=327.1 kQ C1:=200 pF Vo:=0.5/2 Vv
RT:=9 MQ CTr:=12.78 pF wo:=2-m-
RK:=1.5Q CK:=100 pF LK :=250 nH
RO:=1 MQ CO:=15 pF pv:i=—=90 °
[El—freq analysis
Re[f(lOXHz]]~uy
Im(f(lOXHz]]~uy
n(f(s), uy, ug):=
|f(10XHz] -uy
arg(f(lOXHz]]~ug
Unstetigkeit beix=7,5?
7
arg[ZCH[IO Hz]]:—1.5694
- 7.5
arg[ZCH[IO Hz]]2—0.112l
. 8
arg[ZCH[IO Hz]]2—1.5707
2 Bei welcher Frequenz ist ZCH =5 ?
Re (ZCH (1500 Hz))=5118.0751 kQ
X

[ [NRY



- ™

a t et 4 , : W akd)| 284 (1ddwHz ) ) = 4999. 6537 ko
\/ Re (ZCH (1600 Hz)) = 4828.7825 kQ
-4

-5 |0 2

i (ZCH((p), Mo 1, 8-11_1]

dZCH(f)::d_ZCH(f)
d f

’ y Nullstelle von Im(ZCH(f))

: Im(dZCH (1422 Hz))=-3.0036Q s

. Im(dZCH (1423 Hz))=-0.8387Q s
Im(dZCH (1424 Hz))=1.3214Qs

Wo ist die Phase -45° ?

arg(V2zV1 (2.4 kHz))=—44.9317 °
arg (V2zV1 (2.4058 kHz))=—44.9999 °
arg (V2zV1 (2.5 kHz))=—46.0845 °

Y

,
i (dZCH((p), kQ_l, 8-11_1]
Z

X
H(VZZVI (0), 1, 1.,-,_1]
[El—sine
Sine wave £:=2314 Hz i(2-m-f-t+ov)

Vi(t, f):==Vo-e

Discretizing for plots T'_[l..6o]—1 2.5
- 60-—1 £

Using spice# mode :="_TRAN 0 {4/freq} {0/freq} {0.01/freq}"
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CLrici—sirrep | GepEraiE on (K Eed) |

M:=M(£) rows (M) =430

Using MNA with

“\aLsi

Vo-2-nm-f

V1 =

numerical ILT
S

Usint MNA with phasors

Comparing V2 with the 4 methods

augment | T -

augment
,Re(V2 (
ol l

£, Vg,

[
(-
= augment [
(e
("1

t
augmen 20]

vz (t, f)

v, £)), "o,

2 2
+(2-m- 1)

from

6, ,.red,.]

£, col (M, 3))

"o, 8]

FEBLNY @FE.

LT of V1

above

Note: the phasors method returns only the stationary solution

1© INL 11I€C{J“U,"J
Vzg::fff[v , T ] Inverse LT of V2. Very
2" [1..20]) slow, use some few points
arg(Vl(O s,f)]:—90°
arg (V2 (0s, f))=-133.9004 °
arg (V2 (0s, f))—arg(V1(0s, £))=-43.9004°
arg (V12 (0s, £))=-46.0905°
arg (V12 (0s, f))—-arg(Vl1(0s, £))=43.9095°

Y
£ o
]
- o}
o
o
El—pulse
Pulse wave £:=2314 Hz Vl(t, f):=Vo-sign(sin(2 -m-£f-t))
Discretizing for plots [1..200]-1 2.5 4 [1..15]-1 1 | 4
T :— . + = ﬁf::: — . — + —
200—1 f f 15—-1 f f
Using spice# mode :="_TRAN 0 {8/freq} {4/freq} {0.01/freq}"

circ:= strrep(description(xVer), "V1ls", "PULSE (-0.8 0.8 0 1u lu

M:=M(f) rows (M) =477

Invertina the L T

5.7 12 G T

{1/freq/2-1u} {1/freq})")

Te i Verv slow and not verv acclrate.




TTrTre T T ¥ @@ @ UhSIHA-C 4 3 > 2 s M TToOI(UoelTY T T TTTTT T
s l4~fJ l J
_—
augment(T-f, vi(r, f)]
"to do"
II:=<"to do"

augment (col (M, 1)-f, col (M, 3))
augment(T£,~f, Ve, "0", 8)

9]

Alvaro appVersion (4)="1.73.9126.0"



