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Modified nodal analysis

Generalized nodal analysis with extra variables for systematically writing
down nodal equations
@ Accommodates all components
e RLCM
o Independent current and voltage sources
e Controlled sources (VCVS, VCCS, CCVS, CCCS)

@ More variables than in nodal analysis

Node voltages

Currents through voltage sources (independent and controlled)
Currents through inductors

Controlling currents of current controlled sources
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Modified nodal analysis—Form of equations

[G]V =l

@ [G]: Conductance matrix
o Not all entries necessarily conductances

@ v: Variable vector

@ Node voltages

e Currents through voltage sources

o Currents through inductors

@ Controlling currents of current controlled sources
@ Is: Vector of independent sources

e Current and voltage sources

Every circuit element contributes to [G] or Is; Independent voltage source
contributes to both.
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Modified nodal analysis—variable vector

r vi 7 Node voltages
VN
iv,1| Voltage source currents

iv,p
i,y | Controlling currents

Liz o

@ First label the elements and form the variable vector
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Modified nodal analysis—conductance matrix

i W v e v e
node1 r

node N
Voltage source 1

Voltage source P
Contr. current 1

Contr. current Q

@ First label the elements and form the variable vector
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Element contributions: "Stamps"

@ Each element contributes to certain rows and columns of [G] or certain
rows of v

@ Element stamp indicates the rows and columns and corresponding
contributions

@ For each element, add the stamp to the appropriate entry of [G] or v
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MNA stamp: Resistor

Vi
le
Vi
Vi Vv
Vk Vi node k |--- Gui o —Gu
nodek [ Gy —Gu
node / —Gk/ Gk/ o : :
node/ |-+ -Gy -+ Gu

@ Contributes to [G]
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MNA stamp: Current source

0:0

ki

OF

node k I
node k In
node !/ |[—Iy .
node !/ |—Iy

@ Contributes to Is
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MNA stamp: Voltage source

@

. Vi
Iyl l
Vi
\4

@

Vi Vi vk
node k 0 0 +1
[G]: node!/ | O 0 -1
fiy ki +1 -1 0
nodek 10
I : node / {0]
Ikl Vs

@ Contributes to [G] and Is
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MNA stamp: VCCS

ONO)
Vm Vi
an éemvmn
:Vn V|
@ O

Vm Vn
Gl node k Gm —Gn
[G] node/ |—Gn Gm

@ Contributes to [G]
@ Note the asymmetry (rows k, /, columns m, n)
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MNA stamp: VCVS

Vi Vi Vm Vn i v, ki

node k 0 0 0 0 +1
[G]: node!/ |0 0 0 0 -1
v L1 -1 A +A 0

@ Contributes to [G]
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MNA stamp: CCCS

@ ©
Vi Vi Vi Vi Vk
imnl['%l ¢Alimn _lm: AIimn
v, \ \Y Vi
@ O

Vik v Vm Vmi imn
node k 0 O 0 0 +A
node / 0 O 0 0 —A
[G]: nodem |0 0 O 0 +1
nodem; [0 O 0 0 -1
imn o 0 +1 -1 0

@ Add a 0V source in series with the current-sensing branch
@ Extra node my

@ Row im, corresponds to the 0V voltage source equation
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MNA stamp: CCCS (current through a voltage source)

Vi Vi Vm Vn imn
nodek 10 O 0 0 +A
node / 0 O 0 0 —A
[G]: nodem |0 0 O 0 41
noden [0 O 0 0 —1
imn 0 o +1 -1 0

@ No need for extra voltage source
@ Rows for im, and nodes m, n: 0V voltage source stamp
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MNA stamp: CCVS

@O O ©

Vim Vin Vim Vi
imn l i l Rmimn imn i l Rmimn
oNo MO

Vk Vi Vm  Vm fmn lia

node k 0 0 0 0 0 +1

node / 0 0 0 0 0 -1

[G] : node m 0 0 0 0 +1 0
node my 0 0 0 0 -1 0

imn 0 0o +1 -1 0 0

it +1 -1 0 0 —Rm 0
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MNA stamp: CCVS

Vm Vi Vi Vm Vk
. —
Imn l g l Rimimn imn I l Rmimn
Vi v Vi v
Vk v Vm Vit imn Ikt
node k 0 0 0 0 0 +1
node / 0 0 0 0 0 —1
node m 0 0 0 0 +1 0
[Gl: nodem; | o0 0 0 0 —1 0
imn 0 0 +1 —1 0 0
i 1 -1 0 0 —Rm O

@ Add a 0V source in series with the current-sensing branch
@ Extra node my

@ Row im, corresponds to the 0V voltage source equation

@ Row iy corresponds to the CCVS equation
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MNA stamp: CCVS (current through a voltage source)

Vi Vi Vm Vi imn ki

node k 0 0 0 0 0 +1

node / 0 0 0 0 0 -1

[G] nodem | O 0 0 0 +1 0
node n 0 0 0 0 —1 0

Imn 0 0o +1 -1 0 0

ikt +1 -1 0 0 —Bn 0

@ No need for extra voltage source
@ Rows for imn and nodes m, n: 0V voltage source stamp
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MNA: Additional remarks

OO

K G
0

d‘ =

Vi V) Vi
nodek [ Gy —Gul| —
node / [— Gk/ Gk/ :| = node k [Gkk]

@ If one of the nodes k, I/, m, nis the reference node, the corresponding
row/column will not be present
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MNA: Additional remarks

OO @ ©®
F/m v i l é\/k i Iy l %Vk
Vin AVmn Vinn AVmn
vV, - - Vi
@ O ®
Vk v Vm Vn iv,kl
0 0 +1

node k 0 0
[G]: node!/ |0 0 0 0 -1
I ki +1 -1 -A +A O
Vi Vm Vn Iy ki
node k 0 0 0 +1
node n 0 0 0 —1
iv,kl +1 —A +A—-1 0

@ [f two or more nodes are the same, the corresponding terms add up

Modified nodal analysis
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MNA: procedure

Add 0V voltage sources for controlling-current branches if necessary
Assign variables for voltage source currents

Form the variable vector v

Place each element’s stamp appropriately in [G] and |s

For each element of [G] and Is, add all the stamp contributions

Solve v =[G] " Is
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MNA example 1: Variable vector

Vi

Vo |
G|, | =t

lys1

@ 4 node circuit; 3 node voltages

@ Variable vector: [vi Va Vs iys1]”

@ One extra variable: iys

@ [G]: 4 x 4 matrix; ls: 4 element vector
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MNA example 1: Elements

Nagendra Krishnapura https://www.ee.iitm.ac.in/~nagendra/ Modified nodal analysis



MNA example 1: Elements

[eNeNeNe]
[cNeNeNe]
[oNeNeNe)
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MNA example 1: Elements

Go -G 0 0
|-Gz G2 0 O
[G] - 0 0 0 0
0 0 0 0
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MNA example 1: Elements

[G] :

cooo
co®o
n
cocoo
cooo
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MNA example 1: Elements

o0 0 0 0
0o 0 0 -1 0
G0 0 o 41" o0
0 -1 +1 0 Ver
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MNA example 1: Elements

o

[G] : Gas

[eNeNoNe)
[eoNeNoNe]
oo oo
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MNA example 1: Elements

Gm — Gm 0 O

) 0 0 0 0

[G] ' — Gm Gm 0 O
0 0 0 0
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MNA example 1: Elements
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MNA example 1: Complete set of equations

GV

ls1
Gi1+Gi2+Gn —Gi2—Gmn O 0 Vi Is1
—Giz Gi2 + Ga» o -1 2| _| 0
—Gm Gm Gz +1| | va —Is2
0 -1 +1 0 vst V1

@ Solve to get [vy vo v3 ivs1]T
@ Find all branch v, i from KCL, KVL, and element relationships
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MNA example 2: Current-controlled source

@ 0V voltage source has to be added to the controlling branch
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MNA example 2: Variable vector

Vi
7]
V3
G| | . =1
[ ] lys1 s
le13
ix
@ 4 node circuit; 3 node voltages
@ Variable vector: [vi Va Vs iystie1aix]”
@ One extra variable: iys
@ [G]: 4 x 4 matrix; Is: 4 element vector
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MNA example 2: Variable vector

@

Gl | vs| =1

@ Originally a 4 node circuit; 3 node voltages; 4 extra variables

Modified nodal analysis

Nagendra Krishnapura https://www.ee.iitm.ac.in/~nagendra/



MNA example 2: CCVS

@

lsy

Gn%

e
[0 0 0 0 0 +1 07[w] [o]
0 0 0 0 0 0 +1]|w 0
0 0 0 0 0 0 —1] v 0
0 0 0 0 0 -1 0 |[|wu|=]|0
0 0 0 0 0 0 0 | |is 0
41 0 0 —1 0 0 —Rn| | 0
0 +1 -1 0 0 0 0 | |i]| |[O]

@ [G] due to the CCVS
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MNA example 2: Remaining elements

@

I
sl Gll%
=

[Gi1+G2 0 -Gz 0 0 0 0][w It
0 Gzz 0 0 -1 0 0 Vo 0
—G12 0 G12 0 -1 0 O Vogq 0

0 0 0 0 +1 0 O V3 | = —/52

0 —1 0 +1 0 0 0 lyst Visi

0 0 0 0 0 0 O [ies 0
0 o 0 0 0 00| [ik] |o0]

@ Same as the earlier example, without G,

Nagendra Krishnapura https://www.ee.iitm.ac.in/~nagendra/ Modified nodal analysis



MNA example 2: Complete equation setup

@

Isl |52
Gn% %‘333
nE
[Gi1+ Gz 0 -Gz O 0 +1 0 7 [w] [ st ]
0 Goo 0 0 —1 0 +1 Vo 0
—G12 0 G12 0 0 0 -1 Voa 0
0 0 0 0 +1 41 0 vl =|-Ip
0 —1 0 +1 0 0 0 iys1 V1
+1 0 0 —1 0 0 —Rn| |3 0
L 0 +1 -1 0 0 0 0 | | i | 0 ]
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