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Amplifiers (seen at a distance) @ @ @ @ @ @ R -state: ζ signal amplified K a e iω t a e iω t power (fixed)

State ζ contains many currents and tensions, possibly distributed (∞-dimensional)

ζ = F signal (ζ, t) , amplified = g (ζ) (*)
stable periodic solution of (*), yielding desired amplified signal.

In particular, if zero signal, ζ = F 0 (ζ) must have a stable equilibrium ζ 0 , with g (ζ 0 ) = 0. 

Computer-assisted design

Harmonic Balance (HB): a reliable design and simulation tool.

Simulations take place in the frequency domain.

• Transmission lines are described by their frequency response, sometimes experimental. • The nonlinear characteristic of the diods (and its linearization) are known numerically.
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Computer-assisted design Harmonic Balance (HB): a reliable design and simulation tool.

Simulations take place in the frequency domain.

• Transmission lines are described by their frequency response, sometimes experimental. • The nonlinear characteristic of the diods (and its linearization) are known numerically. 

CAD tool prototype
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Stability from computer-assisted design?

"small signal" = 0 :

ζ = F 0 (ζ) (1) "large signal" = a e iω t : ζ = F ω (ζ, t) (2π/ω -periodic) (2)
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Stability from computer-assisted design?

"small signal" = 0 :

ζ = F 0 (ζ) (1) "large signal" = a e iω t : ζ = F ω (ζ, t) (2π/ω -periodic) (2)
Harmonic Balance computes an equilibrium point ζ 0 of (1) or a periodic solution t → ζ per (t) of (2)

Linearized system:

ξ = ∂F 0 ∂ζ (ζ 0 ) ξ or ξ = ∂F 0 ∂ζ (ζ per (t), t) ξ .
Stability is given by the spectrum of ∂F 0 ∂ζ (ζ 0 ), or the time-var. counterpart (Floquet) of ∂F 0 ∂ζ (ζ per (•), •). These are out of reach, no "time-domain" modelisation.
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Stability from computer-assisted design However, Harmonic Balance may compute the frequency response of u → y as in

ξ = ∂F ω ∂ζ (ζ per (t), t) ξ + B u , u = C ζ or • • • (*)
for suitable linear operators B, C . Hence a possibility to reconstruct the singularities of the (harmonic) transfer function of this linear system.
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Stability from computer-assisted design However, Harmonic Balance may compute the frequency response of u → y as in

ξ = ∂F ω ∂ζ (ζ per (t), t) ξ + B u , u = C ζ or • • • (*)
for suitable linear operators B, C . Hence a possibility to reconstruct the singularities of the (harmonic) transfer function of this linear system.

System (*) is built artificially by adding a fictive source of current or tension u and a measure y in the circuit.

0

Clearly the integrand is positive for <(s) 0, hence <(V1 Ī1 + V2 Ī2) is positive when <(s) 0. This in turn implies that both Y (s) and Z(s) are positive real. 2

Transistors.

A transistor is typically modeled by a controlled current source, usually combined with some resistors and (nonlinear) capacitors. After linearization the latter become ordinary capacitors, so we are left to describe the current sources and their linearization. A controlled current source has 3 terminals. When the transistor if a Field E↵ect Transistor (FET), these terminals are called gate, source, and drain, denoted respectively by G, S and D (see Figure 5). Their behavior is described by a relation of the form iD = f (vGS, vDS) where f is a non-linear real-valued function and vGS = vG vS, vDS = vD vS.

As in the case of diodes, this simple model assumes no inductive nor capacitive e↵ect, as f only depends on vGS, vDS and not on their time derivatives, nor on the derivative of iD. Moreover the function f is increasing in both variables. Also, no current enters the gate: iG = 0. Around a operating point, we make use of the linear approximation:

3 Nodal analysis and partial transfer functions

Formally speaking, a circuit is a directed graph with labeled vertices (called junction nodes), and edges (called branches). Branches correspond to dipoles and nodes to terminals thereof. We restrict to circuits built from elements listed in Section 2.1. To form a graph representing a given electric device, we take these elements as branches and connect them according to the device. Coupled branches with a common node may occur if transmission lines or transistors are used. Of course many different circuits may represent to the same device.

To each junction node j is associated a potential Vj, and to each edge k an electric current Ik. One of the junction nodes, say Vn, is the ground (its potential is 0 by convention). We always assume that the graph associated with a circuit is connected.

In order to check stability of a circuit, the following simulation experiment is made. An ideal current source Iin is plugged in between the ground and some junction node k of the linearized circuit. A simple circuit [Fueyo & al.] Example due to [Hale & al 1993] ion le circuit très simple suivant, où une ligne relie un générateur de tension p(t), ation Ê0, de période T := 2fi Ê0 , et une résistance R en série avec avec un circuit allèle une diode modélisée par i = g(v) (un courant commandé par une tension) r de capacité C1 : édent peut être modéliser de deux façon. Tout d'abord nous allons l'étudier de ns le domaine fréquentiel, puis ensuite dans domaine temporelle. stique de l'approche par harmonic balance nt du livre de A. Suarez (voir[Sua09]) que l'on applique dans le cadre de notre et v0 (resp. i1 et v1) l'intensité et la tension à gauche (resp. droite) de la ligne. ttres capitales la transformée de Laplace (transformée que l'on note L) de ces amène l'étude du circuit dans le domaine fréquentiel. On a d'après les lois de

I V0 = ≠I0R + P I1 = L{g(L ≠1 {V1})} + sV1C1. ( 1 
)
nsmission sans perte est vue comme un composant électrique qui est régit par

u courant y Model " ζ = F ω (ζ, t)" with ζ ∞-dimension.
Assume a periodic solution.
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I V0 = ≠I0R + P I1 = L{g(L ≠1 {V1})} + sV1C1. ( 1 
• The spectrum of the monodromy operator along the periodic solution is made of: -a continuous component or eigenvalues with infinite multiplicity -plus a finite number of eigenvalues with finite multiplicity, • It does give local stability of the nonlinear circuit.

• Modulo a minor lack of observability when some rational ratio, and at least right of a vertical axis with negative real part, the set of singularities of the harmonic transfer function is the spectrum of the monodromy operator.
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  State ζ contains many currents and tensions, possibly distributed (∞-dimensional) ζ = F signal (ζ, t) , amplified = g (ζ)

Fig. 5 .

 5 Fig. 5. Simulation set-up and photograph of the balanced amplifier. In the simulations for the stability analysis, the amplifier is excited at the collector of one of its transistors. All transmission lines in the circuit are 50⌦ lines unless stated otherwise. The length of the transmission lines is given in millimetres. The TLINP model was used for the transmission lines with ✏r = 6.15, tan( ) = 0.003 and conductor losses A = 2.5 dB/m.

Fig. 5 .

 5 Fig. 5. Controlled current source.
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To express the e↵ect of Iin on Fig. 7. Partial transfer function at node k

the potential Vk, we use nodal analysis which is a classical method to derive voltages at the nodes of a circuit in terms of the branch currents [7, sect.2.9]. Specifically, we denote by V = (V1, . . . , Vn 1)

t the vector of all node
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Program

State of the art in electronics is to use the frequency response to perform rational approximation of the (harmonic) transfer function on frequency intervals (it is not rational!), check the location of poles and their stability [Jugo & al 2001, Suarez 2015].

Our program is to improve the estimation of the singularities and to further analyse stability to justify/understand its link with these.

• Our program is to improve the estimation of the singularities and to further analyse stability to justify/understand its link with these.

• [Baratchart & al 2017, Cooman & al]: singularities can be determined without rational approximation; in the "small signal" case, singularities are poles. • [Fueyo, PhD]: time-domain modelisation; link between: localstability / the spectrum of the generator / the singularities of (harmonic) transfer function; transfer function is not meromorphic for "large signals" in general, conjecture: meromorphic in the right-half plane for real life circuits?

• General circuits