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System for generating an analogue signal 

The present invention concerns a system for generating an 
analog signal from various parameters. Without implying limitation, this 

5 invention can be used in the fields of telecommunications, radars, sonars 
and more generally of all electronic equipments, for example medical 
instrumentation, test benches or measurement benches. 

The prior art discloses systems for which the analog signals are 
10 predetermined at the time at which the system is designed (in this case, the 

parameters of the signals are fixed). There are also known systems for 
which the analog signals are generated on request (in this case, the 
parameters are sent to the system in real time). 

15 In the case of predetermined signals, the following systems are 
known: 

- systems for generating analog signals using basic functions 
of ramp or logarithm type. These basic functions are obtained, by way of 
example, by using the knee voltage of one or more diodes, 

20 - systems having surface acoustic wave filters (SAW), these 
filters being followed by frequency transposition, 

- systems made up of a set of switched oscillators. 

However, these solutions are not flexible and do not allow 
25 modification of the parameters of the signal that is generated. Moreover, 

when switched oscillators are used, the interferences between the 
oscillators damage the spectral purity of the generated signal. 

In order to generate signals that have a predetermined form but 
30 whose parameters can evolve, it is known practice to use the following 

systems: 
- a system having a voltage controlled oscillator (VCO). This 
oscillator can be followed by a phase locked loop (PLL), 
- a system having a counter, a memory and a digital/analog 

3 5 converter, all of which is followed by a frequency transposition. 

However, these systems are limited because the frequency 
spread band and the center frequency of the signal that is generated need 
to be in a limited range. 
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All of these devices can be integrated into a specialized 
programmable circuit, also known by the abbreviation "DDS" for direct 
digital synthesizer. 

5 
For signals that are not known in advance and need to be 

generated on request and in a very short time, the following systems are 
known: 

- digital radio frequency memory (DRFM) systems, which allow 
10 an analog signal to be stored in memory and this recorded 

signal to be reconstructed and retransmitted. These systems 
are particularly used in radars for generating signals that 
decoy other radars. However, these systems can only 
generate signals with a small dynamic range, the number of 

15 bits of dynamics actually being of the order of a few bits. This 
order of magnitude is of the order of 1 to 6 bits according to 
the frequency of the signal to be generated, 

- a sigma/delta converter, this type of converter being based on 
the principle of oversampling the input signal. This system 

20 then has a comparator using one bit to convert the difference 
between the input signal and the result of the conversion. The 
result of the comparison is used by a decimator filter, which 
sums the samples of the input signal. The sigma/delta 
converter is therefore a servosystem that uses input/output 

25 looping. This looping limits the bandwidth of the signal that 
can be generated. 

It is also known practice to use a diode shaper, as shown in 
figure 1. In this system, a voltage ramp is sent to the terminals Vi and will 

30 generate a sinusoidal wave that is reconstructed by summation of 
trapezoids. However, this solution is limited in terms of frequency because 
the voltage to be generated, which will depend on the derivative of the 

Ji r 

voltage Vj ( i/cit), is limited by the production technology used. 

3 5 One aim of this invention is to propose a system for generating 
signals that is totally reconfigurable, limits perturbations, is able to have a 
rapidly evolving center frequency, is able to generate large frequency 
spreadband signals and is able to be implemented on a hybrid 
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analog/digital integrated circuit. To this end, the subject of the invention is a 
system for generating an analog signal having: 

a set of at least two electric generators, 
at least one capacitor, 

5 - activation/deactivation means for said electric current generators; 
the electric current generating means being connected in parallel with one 
another and the capacitor being connected in series with the electric 
current generators, the activation/deactivation means controlling said 
generators by means of a digital stream allowing control of the intensity of 

10 the electric current entering said capacitor and generating a trapezoidal 
voltage signal at the terminals of said capacitor, said analog signal being 
reconstructed through interpolation of said trapezoidal signal. 

The system therefore provides the following advantages: 
15 • reconfiguration is total owing to digital generation of the signals and 

a very short response time, 
• the frequency generation is performed by a single generator and 

perturbations are reduced in relation to prior art systems. Thus, radio 
perturbations, known by the name "glitch", caused by switching are 

20 reduced, owing to the use of first-order blockers. This makes it 
possible to have a reduction in spurious radiations, 

• the speed of evolution of the center frequency of the generated 
signal is limited only by the clock speed of the activation/deactivation 
means. It is dependent on the technology used for implementing 

25 these means. This makes it possible to generate a signal whose 
center frequency evolves from DC to microwave frequency, 

• the useful dynamic is limited only by technological compromise, 
clock speed and bandwidth, 

• the system is in open-loop form, which allows a signal having a large 
3 o frequency spreadband to be generated, 

• this generation can be implemented totally in a single hybrid 
analog/digital integrated circuit, 

• the system of the invention has low consumption because the 
charges of the capacitor are cumulative, 

35 • moreover, the activation/deactivation device of the electric current 
generators is of serial type. This makes it possible to have a narrow 
data transfer bus. Finally, in order to limit the interchanged data, the 
system uses relative addressing, based on sending of the increase 



or decrease in the charge of the capacitor, and of the value of the 
charge of this capacitor. 

Advantageously, the activation/deactivation means are adapted 
to determine the current generating means to be activated/deactivated from 
a Riemann interpolation of the analog signal to be generated. 

Advantageously, the system moreover has: 
- at least one transistor connected in parallel with the capacitor 

and/or, 
- at least one other electric current generating means 

connected in series with the capacitor, 
- and means for comparing a value of a voltage at the terminals 

of said capacitor with a theoretical value. 
Moreover, the transistor and/or the other generating means is/are adapted 
to modify the value of the voltage at the terminals of said capacitor when it 
is different than the theoretical value. 

Advantageously, the system is moreover characterized in that it 
is integrated on one and the same chip or an integrated circuit or an 
application-specific integrated circuit. 

Advantageously, the system is moreover characterized in that 
the capacitor is made up of a capacitor of a transistor belonging to the input 
stage of a power amplifier. 

The invention will be better understood and other advantages 
will emerge upon reading the detailed description provided by way of 
nonlimiting example and with reference to the figures, among which: 

- figure 1 presents a system that is known in the prior art 
- figure 2 presents a first embodiment of the system presented 

in the invention 
- figure 3 presents an embodiment of the control of the slope of 

the analog signal 
- figure 4 presents an embodiment of a device for resetting the 

system. 

The system, which is described in figure 2, has four electric 
current generators 101. These electric current generators are connected to 
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one another, in parallel, and are connected to a capacitor 102, which is 
therefore charged by this capacitor. The voltage at the terminals of the 
capacitor varies in accordance with the law V = ~f Idt. In this equation, V 

is the voltage (in volts) at the terminals of the capacitor, I is the intensity (in 
5 amps) of the electric current flowing through the capacitor and C is the 

capacitance (in farads) of the capacitor. The system also has 
activation/deactivation devices 103 that allow the electric current 
generators 101 to be activated and deactivated. 

10 In this system, the intensity entering the capacitor is dependent 
on the number of electric current generators connected to the capacitor. 
Therefore, the slope of the increase in the voltage at the terminals of the 
capacitor is likewise dependent on this same number of generators. 

15 In practice, one can afford just to dynamically vary the electric 
current in order to avoid the charge transfer in the capacitance. By way of 
example, it is possible to discharge the capacitor(s) by passing a negative 
current through it. 

20 The activation/deactivation control 103 is provided by means of 
a digital stream allowing control of the intensity of the electric current 
entering the capacitor according to the signal to be generated. This control 
is effected by varying the number of intensity generators that are activated 
at a given instant. To this end, the digital stream controls, via suitable 

25 interfaces, the closing or opening of switches 21 that each connect a 
current generator 101 to the capacitor 102. The digital stream, for example 
of serial type, has a word defining a configuration for the switches. 

Figure 3 presents this embodiment of the activation/deactivation 
30 control for the electric current generators. More particularly, it illustrates the 

digital stream 31, which is of serial type in this example. The serial data are 
encompassed by a table of correspondence 32 that presents, at the output, 
a word encoded using i bits, which is dependent on the serial input data 
and a clock cycle, these i bits controlling the transfer of current in the 

35 capacitor 102 from the current generators, each bit activating a switch to 
close or open. In one embodiment, the number of electric current 
generators is minimal and is fixed at two. In this embodiment, two slopes 
with opposite signs, which slopes are obtained via the two electric current 
generators having a different intensity, allow the analog signals to be 
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generated. Moreover, rapid switching between the two intensity generators 
allows faithful generation of the analog signal. 

In another embodiment, the number of electric current 
generators is greater. In this embodiment, a plurality of slopes, obtained via 

5 the simultaneous activation of a plurality of electric current generators, via 
the digital stream, having a different intensity, allow the analog signals to 
be generated. In this embodiment, it is not necessary to effect rapid 
switching between the intensity generators in order to faithfully generate 
the analog signal. 

10 
For example, figure 3 presents different currents using power 2 

values as shown in the table of correspondence. 

The determination of the various slopes that the signal must 
15 successively follow (also called control law) is effected so as to minimize 

the gap between: 
• the analog signal that there is a wish to generate 
• the signal reconstructed from the use of these various slopes. 
In order to effect this determination, various methods of interpolation of the 

20 signal can be set up (Riemann, Romberg, least squares, polynomials, 
Kalmann, etc.). 

In one embodiment, it is possible to use an interpolation of 
Riemann type. In this case, the analog signal to be generated is modeled 

25 by a set of trapezoids representing the Riemann integral. The various 
slopes of the trapezoids are fixed by the value of the intensities that the 
combinations of the various electric current generators can deliver. This is 
because the voltage slopes that can be produced at the terminals of the 
capacitor are dependent on the intensity of the electric current lsiope flowing 

30 through it and on the capacitance C/oad of the capacitor. Thus, the 
succession of the slopes of the voltage at the terminals of the capacitor is 
chosen on the basis of two criteria: 
• these slopes can be produced by the system 
• these slopes minimize the gap between the signal generated in this 

3 5 manner and the signal that there is a wish to generate. 
The value of this electric current is chosen digitally from the possible values 
via a control word that controls the activation/deactivation of the electric 
current generators. A first-order blocker is obtained, which allows the value 
of the slope of the voltage at the terminals of the capacitor to be stored in 
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memory. The control words can be addressed by an addressing table, 
which is preprogrammed or computed dynamically. Moreover, as the high-
impedance control is native, this can be accomplished by disconnecting the 
current generators so that the charge of the capacitor remains constant, a 

5 control word allowing cancellation of the electric current flowing through the 
capacitor resulting in the voltage at the terminals of the latter being 
maintained. 

The system, which is made up of the plurality of electric current 
10 generators and the activation/deactivation device, forms a charge pump. 

This is because it allows the transfer of charges between the electric 
current generators 101 and the capacitor 102. The value of the charge in 
this capacitor is dependent on the value of the electric current passing 
through it and on the duration of this charge. Moreover, if the control law is 

15 based on the Riemann algorithm, this system is called a Riemann pump. 

In an embodiment that is presented in figure 4, the system 
likewise has a device for compensating for the leakage electric current and 
for resetting. This device makes it possible to prevent the accumulation of 

20 errors that can cause the value of the charge in the capacitor to diverge. 
This device is asynchronous and can be produced by a transistor 401 
connected in parallel with the capacitor or else an appended set of electric 
current generators. This system also has a device 402 for comparing a 
value of a voltage at the terminals of said capacitor with a theoretical value. 

25 Compensation for slow drifts is provided by detection of the 
transition of the signal through known and referenced levels. Transitions to 
these levels prompt the system to compare the voltage with a theoretical 
value and to make the corrections to return to the setpoint value through 
successive increments. Thus, every transition through zero prompts the 

3 o content of the capacitor to be reset in order to prevent any drift (offset). 

Equally, it is possible to correct slope errors by modifying the 
control law generated by the device for activating/deactivating the electric 
current generators. If the control law is optimized, the errors will be 

35 minimal. It is then possible to predetermine the corrections by means of 
control extrapolations. 

To prevent capacitor discharges and hence overheating, it is 
possible to take two capacitors and to interchange the capacitors on each 
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transition, the value of the charge of the capacitor off line being brought 
back to the reference value by a service circuit. 

In one embodiment, the capacitor 102 is made up by the 
5 capacitor of a transistor belonging to the input stage of a power amplifier. In 

this case, the signal generated by the system has, directly, a high power of 
a few hundred milliwatts. 

In one embodiment, the system is integrated on one and the 
10 same chip, an integrated circuit or an application-specific integrated circuit 

or "ASIC". The system is integrated in a chip with technology suited to the 
conditions of use. For example, it is possible to use: 

- SIGe or CMOS for low-cost production of a large number of 
units 

15 - GaN for quickness, robustness and the possibility of having a 
high-power output signal. 
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CLAIMS 

1. A system for generating an analog signal having at least: 
- a set of at least two electric current generators (101) 

5 - at least one capacitor (102) 
- activation/deactivation means (103) for said electric current generators 
(101); 
the electric current generating means being connected in parallel with one 
another and the capacitor being connected in series with the electric 

10 current generators, the activation/deactivation means controlling said 
generators (101) by means of a digital stream allowing control of the 
intensity of the electric current entering said capacitor (102) and generating 
a trapezoidal voltage signal at the terminals of said capacitor, said analog 
signal being reconstructed through interpolation of said trapezoidal signal. 

15 

2. The system as claimed in claim 1, in which said interpolation is of 
Riemann type. 

3. The system as claimed in claim 1 or 2, moreover having: 
20 - at least one transistor (401) connected in parallel with the capacitor 

and/or 
- at least one other electric current generating means (402) connected in 
series with the capacitor 
- and means for comparing a value of a voltage at the terminals of said 

2 5 capacitor with a theoretical value; 
said transistor and/or said other generating means being adapted to modify 
said value of the voltage at the terminals of said capacitor when it is 
different than said theoretical value. 

30 4. The system as claimed in one of claims 1 to 3, moreover characterized 
in that it is integrated on one and the same chip or an integrated circuit or 
an application-specific integrated circuit. 

5. The system as claimed in one of claims 1 to 4, moreover characterized 
35 in that said capacitor (102) is made up of a capacitor of a transistor 

belonging to the input stage of a power amplifier. 


