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|
Periodic Steady States (PSS)

@ Solve circuit equations

x(t),s(t),q(x),i(x) e R"
@ with periodic input
s(t)=s(t+T),
e.g. s(t) =csin (2—?)
@ under periodicity constrain

x(t)=x(t+T)
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-
Harmonic Balance (HB)

@ Approximate solution by truncated Fourier series

N
x()= Y X = o=%
k=—N
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Harmonic Balance (HB)

@ Approximate solution by truncated Fourier series

N
x()= Y X = o=%
k=—N

@ Galerkin discretization

T T
jme/q(x(t)) e ot dt+/f(x(t), t)e /Odt =0, (=-N..N
0 0
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-
Harmonic Balance (HB)

@ Approximate solution by truncated Fourier series

N
x()= Y X = o=%
k=—N

@ Galerkin discretization
T T
jme/q(x(t)) e ot dt+/f(x(t), t)e /Odt =0, (=-N..N
0 0

@ Numerical integration (Trapezoidal Rule) results in nonlinear system

QFq(F'X)+Ff(F7'X)=QQ(X)+F(X)=0
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-
Harmonic Balance (HB)

@ Approximate solution by truncated Fourier series

N
x()= Y X = o=%
k=—N

@ Galerkin discretization
T T
jme/q(x(t)) e*f“’“dt+/f(x(t),t) e /dt=0, (=-N...N
0 0

@ Numerical integration (Trapezoidal Rule) results in nonlinear system
QFq(FIX) +7F(FX) =QQ(X)+F(X) =0
@ Solved by Newton's method

K. Bittner (FH-00) 29. Juli 2021 3/10



-
2-Tone Signals

o x(t):=x(t,t), X(t1,t2)=X(t1+ T1,t2) =X(t1,t2+ T2)
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2-Tone Signals

o x(t):=x(t,t), X(t1,t2)=X(t1+ T1,t2) =X(t1,t2+ T2)
*]

X(t): Z kaej(ka)l-&-éwz)t
k(€7
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-
2-Tone Signals

o x(t):=x(t,t), X(t1,t2)=X(t1+ T1,t2) =X(t1,t2+ T2)

°
x(t) = L Xigelltio)t
kleZ
@ Sparse spectrum
IX(HI
‘ ] [ f"" ‘ t f 1 ‘ t f I !

Af=f —kfl, keZ
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N
Multi-rate PDE

Multi tone source term s(t) = 5(t,t)
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N
Multi-rate PDE

Multi tone source term s(t) = 5(t,t)
Solve
F-q(*(t,02)) + 7 a(k(t, 1)) +i(R(t1, ) +5(t1, £2) =0

with )?(l’l, t2) = )?(tl + Ty, tz) = )A<(t1, tr + Tz)
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N
Multi-rate PDE

Multi tone source term s(t) = 5(t,t)
Solve

F-q(*(t,02)) + 7 a(k(t, 1)) +i(R(t1, ) +5(t1, £2) =0
with X(t1, ) = K(t1 + T1, 2) = K(t1, 2+ T2)

x(t) = X(t,t) is the quasi-periodic steady state solution.
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]
2-tone HB

@ Approximate solution by truncated Fourier series

)?(tlat2) — Z Xk’gej(kwltl"'(ngn)
[(kOI<N
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]
2-tone HB

@ Approximate solution by truncated Fourier series

)?(tlat2) — Z Xk_’gej(kwltl"'ngtz)
[(kOI<N

o As before discretization leads to a nonlinear system

J(ork+@2l) Quo(X)+ Fie(X)=0,  [[(k,O <N
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Small signal perturbation technique

@ xp(t) PSS for source term sp(t)
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-
Small signal perturbation technique

@ xp(t) PSS for source term sp(t)

@ Small perturbation s(t) = sp(t) + As(t) of source leads to
perturbation x(t) = xp(t) + Ax(t) of solution.
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-
Small signal perturbation technique

@ xp(t) PSS for source term sp(t)

@ Small perturbation s(t) = sp(t) + As(t) of source leads to
perturbation x(t) = xp(t) + Ax(t) of solution.

o Linearization yields

(48 (xa(0) Ax(1)) + £ (r0(8)) Ax(2) + B(1) 0
< G(1)
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Small signal perturbation technique

@ xp(t) PSS for source term sp(t)

@ Small perturbation s(t) = sp(t) + As(t) of source leads to
perturbation x(t) = xp(t) + Ax(t) of solution.

o Linearization yields

(48 (xa(0) Ax(1)) + £ (r0(8)) Ax(2) + B(1) 0
< G(1)

@ Linear non-stationary ODE
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Small signal perturbation technique

o As— §ej(na)+Aw)t
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-
Small signal perturbation technique

o As— §ej(na)+Aw)t
@ Fourier Expansion:

C(t)= ¥ Ceek®t G(t)= ¥ Gek@t x(t) = ¥ X ellkotho)t
keZ keZ keZ
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Small signal perturbation technique

o As— §ej(na)+Aw)t
@ Fourier Expansion:

C(t)= ¥ Ceek®t G(t)= ¥ Gek@t x(t) = ¥ X ellkotho)t
keZ keZ keZ

j(co€+Aa)) Z Co_p X+ Z Gp_ i Xy = §0kn
keZ keZ
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Small signal perturbation technique

o As=3eilnothn)t
@ Fourier Expansion:

C(t)= ¥ Ceek®t G(t)= ¥ Gek@t x(t) = ¥ X ellkotho)t
keZ keZ keZ

j(co€+Aa)) Z Co_p X+ Z Gp_ i Xy = §0kn
keZ keZ

@ Truncation and Approximation of C, and G yields a finite linear
system
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-
Small signal perturbation technique

o As=ge/lnotio)t
@ Fourier Expansion:

C(t)= ¥ Ceek®t G(t)= ¥ Gek@t x(t) = ¥ X ellkotho)t
keZ keZ keZ

j(co€+Aa)) Z Co_p X+ Z Gp_ i Xy = §0kn
keZ keZ

@ Truncation and Approximation of C, and G yields a finite linear
system

@ X-Parameter computation for Aw = 0 possible.
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Test with Gilbert mixer

@ LO Input: 100MHz
@ RF Input: 99.9MHz ~» Af =0.1MHz

@ 2-tone Output:
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HB vs. Perturbation

Sweep over RF amplitude
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