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This invention relates to electric impedance networks, 
for the generation of voltages the amplitude waveform of 
which is a predetermined function with respect to time. 
One method of producing a complex voltage waveform, 

applicable to those cases where it is not possible to use 
an oscillation generator of a simple recurrent type, is to 
establish a matrix of resistors or like impedance elements 
associated with a common output impedance. The resis 
tors are energized in rapid sequence from a potential 
source, as by gating circuits or the application of ener 
gizing pulses to resistors of the matrix, so as to produce a 
sequence of voltages across the common output imped 
ance. Each such voltage constitutes an elemental part of 
the desired waveform, so that the sequence of voltages can 
be made to approximate the desired voltage waveform, 
with an accuracy that depends upon the number of dis 
crete voltage steps that can be derived from the resistors 
of the matrix. 
The matrix may take various forms, including one in 

which a number of resistors are connected all in series, 
and in series with a load resistor, the desired instantaneous 
output voltage being obtained by applying a supply volt 
age to an appropriate junction of two resistors; in a sec 
ond form, the resistors are arranged individually in paral 
lel for connection in series with the common load resis 
tor; in this latter case the desired output is obtained by 
applying appropriate voltages in sequence to the free ends 
of the parallel resistors. . 
The desired output can be obtained from the voltage 

which is developed across the common load impedance, or 
it may be derived as the current through the impedance. 
It can be shown that the two forms of arrangement are 
approximately equivalent, and that similar considerations 
apply to them. 

In the design of circuits of this kind difficulty is encoun 
tered in the selection of an appropriate value for the com 
mon load resistor. In one respect, the use of a very high 
value of load resistor is desirable; the higher the value of 
the load resistance used, the closer becomes the approxi 
mation to a linear relationship between the value of the 
individual matrix resistors and the output voltage devel 
oped. For example, if a constant current device is con 
nected in series with the series or parallel resistors, and 
fed from a constant voltage source, the voltage across the 
load impedance will give a close approximation to the 
desired proportionality between the value of the resistors 
of the matrix and the voltage produced across the load 
impedance. Such an arrangement is of very useful ad 
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vantage when circuits are being designed, as it tends to 
avoid the need for the use of resistors of non-standard . 
values; this is especially the case where the parallel re 
sistance circuit is used. 

If this were the only consideration in the design of re 
sistance matrices of this kind the use of a constant current 
device as the load impedance would be satisfactory solu 
tion, but in most practical cases there are other considera 
tions which greatly detract from the value of this form of 
circuit. For example, it is very desirable that it should be 
possible to vary the amplitude of the resultant waveform 
without altering its shape, that is, without altering the rela 
tive values of its components. For example, if in a simple 
case the waveform were a sine wave, it might be required 
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to reduce its amplitude, while preserving its shape as a 

Where the load impedance has a very 
high value any such change of amplitude is difficult to 
effect by normal means, such as the use of a potential di 
viding potentiometer, since the connection of the poten 
tiometer to the load circuit, for example, the constant cur 
rent device will alter the effective total load impedance, 
and thereby affect the proportionality between the values 
of the matrix resistors and the voltages which they pro 
duce. 
Another requirement that may arise, especially where 

the output waveform is used as a deflection controlling 
voltage for a cathode ray oscillograph, is that it should 
be possible to superimpose the waveform upon a direct 
voltage, and that it should be possible to vary the alter 
nating and direct currents of this composite Waveform 
independently. 
The present invention is concerned with a very simple 

circuit by means of which a satisfactory compromise can 
be obtained between the various design requirements. 

In the circuit of the present invention, the load resist 
ance has a finite value, which means that some of the 
advantage of a very high load impedance is not obtained, 
but the output voltage is applied to a summing amplifier, 
which is charasterized by the fact that the input terminal 
of the amplifier is maintained at a substantially constant 
potential by means of voltage feedback from the output 
to the input of the amplifier. The degree of feedback is 
such that the forward gain of the amplifier is approxi 
mately unity, or less. Specifically, a transistor amplifier 
is used for this purpose, and the voltage feedback path 
is established over a direct current path, such as a resis 
tor, so that the circuit will operate both as an alternating 
current and a direct current amplifier. By this means, it is 
possible to vary the gain of the amplifier, and hence the 
amplitude of the alternating output signal, by means of 
the feedback path, and the fact that the amplifier is direct 
coupled makes it a simple matter to establish any desired 
direct current component in the composite alternating and 
direct current output. 

Other features and advantages of the invention will 
appear from the following description of one embodiment 
thereof, given by way of example, in conjunction with the 
accompanying drawings, in which: 
FEGURE 1 is a schematic diagram of a first form of a 

function generator; 
FIGURE 2 is a corresponding diagram of a further 

form of the function generator; . 
FIGURE 3 is a partly block diagram of a load im 

pedance for use in a function generator; 
FIGURES 4 and 5 are waveform diagrams of output 

voltages from a function generator; 
FIGURE 6 is a circuit diagram of a typical resistor 

matrix and summing amplifier, and 
FIGURE 7 is a waveform diagram. 
FEGURE 1 shows a form of function generator com 

prising a matrix of resistors R1, R2, R3 . . . R. The 
parallel combination of these resistors is connected in 
series with a load resistor RL. To the resistors R1, R, 
etc., there are applied a succession of pulses of equal 
voltage amplitude and equal time duration, the pulses be 
ing sequential in time as indicated diagrammatically by 
the waveform diagrams W1, W2, etc. The pulses are in 
dicated as being generated by a pulse generator PG, sup 
plied from a suitable source of potential, not shown. As 
a result of the pulse voltage applied to each resistor of 
the matrix, there will appear a corresponding voltage 
across the load resistor R, from the terminals of which 
the output voltage of the generator is obtained. The 
amplitude of the voltage appearing across the load resis 
tor will accordingly be a function of the relative resistances 
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of the resistors and in each pulse period can be adjusted 
by variation of the appropriate resistor of the matrix. 
Any desired waveform can therefore be synthesised to 
an accuracy determined only by the number of resistors 
included in the matrix. 
A second form of the function generator is indicated 

in FIGURE 2. This closely resembles that of FIGURE 
1, the major difference being that the resistors of the 
matrix are in series instead of being in parallel, and that 
additionally the connection to each resistor of the matrix 
is made through an isolating diode such as D1, D. . . . D. 
Pulses are applied in sequence to the diodes D1, D2, etc., 
though not necessarily in that order, from pulse generator 
PG, as before. 

In the practical case, the form of matrix shown in FIG 
URE 2, using serial resistors, is to be preferred to that of 
FIGURE 1, using the parallel resistors. The reason for 
this is that with the series arrangement the individual re 
sistors will represent not the absolute value of the desired 
Waveform at any particular instant, but incremental volt 
ages, representing the differences between voltages at con 
secutive instants of time. As a result of this, the values of 
the resistances used in the matrix of FIGURE 2 will be 
much smaller than those used with the matrix of FIG 
URE 1, and can therefore be chosen with greater absolute 
accuracy. Apart from this, the circuits are generally 
equivalent. 
With a function generator of either of the forms the 

voltage across the load will be given by the relationship 

res R. "R) V-V.(... 
where V is the output voltage developed across the load 
resistor R V is the input voltage applied to the matrix, 
Such as the pulse voltage, and Rx is the resistance of the 
individual matrix resistor. 

If the load resistance in this case is a constant current 
device, it will be seen that the output voltage V is given by 
the relationship 

o= (Vin-VI-iRx) 

where V is the voltage of the applied pulse or source, 
V is the voltage developed across the constant current 
device and i is the current, determined by the constant 
current device. By its nature, the constant current de 
vice will ensure that the voltage across it will be sensibly 
constant, so that in this case the output voltage will be 
directly proportional to RX. 
As mentioned above, the use of a constant current de 

vice for the load impedance is satisfactory, in that it en 
sures the desired direct proportionality between the value 
of the individual load resistor Rx and the output voltage 
V produced, but it is not suitable in those cases where 
it is desired to vary the amplitude of the output. 
With the arrangement of the invention, a compromise 

value is adopted for the load resistance RI, and the out 
put voltage is applied to a summing amplifier, the char 
acteristics of which make it suitable for controlling the 
amplitude of the output waveform and, if desired, the 
D.C. level. 
FIGURE 3 shows an arrangement of summing ampli 

fier and load resistor which can be used with advantage 
with either of the resistor matrices described. The load 
resistor RL, which is the load resistor of the impedance 
matrix, feeds an amplifier AMP, from which an output 
is supplied to the output terminals OUT. A feedback re 
sistor RF is connected between the output and input ter 
minals of the amplifier, so as to provide a form of Voltage 
feedback. The effect of voltage feedback is to reduce the 
input impedance of the amplifier and if the degree of feed 
back is sufficiently large it can be arranged that the input 
terminal of the amplifier will be maintained at Substan 
tially a constant potential despite the applied input signal. 
In this condition, the gain of the amplifier, including the 
feedback, is substantially unity, or less. The gain can be 
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4. 
controlled for design purposes, by giving to the feedback 
resistor RF, a suitable value. 

It will be seen that the feedback path is effective not 
only for alternating current but also for direct current, 
and when this is so it becomes a possible to vary the D.C. 
level of the output signal. A D.C. signal can be used to 
Supplement the waveform signal from the matrix, applied 
through a resistor Rpc and applied to the input terminal 
of the amplifier. It is feasible to apply the desired D.C. 
potential to the output of the amplifier. 
The feedfback circuit of amplifier AMP includes also 

a capacitor C2. This capacitor will increase the feedback 
ratio with increasing frequency and produce a frequency 
Selective response of the amplifier. This response can 
be used to smooth out those components of the input 
waveform which are at high frequency, so that the sys 
ten operates as a low pass filter, and Smoothing the output 
Waveform to that more nearly approaching the desired 
Waveform. 
The pulses generated by the pulse generator PG will 

have finite rise and fall times, and in consequence the out 
put Voltage appearing across the load resistor may in 
clude Spikes somewhat in the manner indicated in FIG 
URE 4. These spikes are generally undesirable, and if 
this is so, the filter Section shown in FIGURE 3 can be 
used in order substantially to reduce them. The effect 
of using this further section of the network for the load 
resistor is to provide a circuit that has different time con 
stants for falling and rising voltages. The section in 
cludes an input resistor R feeding a buffer amplifier 
B. AMP and a diode Ds output includes a shunt capaci 
tor C1. 
As a result of these provisions, a waveform of the 

kind shown in FIGURE 4 will be modified somewhat as 
shown in FIGURE 5. It will be seen that the corners of 
the pulses forming the composite wave are slightly 
rounded, and the spikes largely eliminated. 

In some circumstances, a similar removal of the spikes 
between the adjacent components of the composite wave 
form can be effected by another means: by providing that 
the pulses which are applied to the successive inputs of 
the resistor matrix overlap very slightly in time. An over 
lap of the order of 2% to 5% in a practical case, has 
been found suitable. This overlap in conjunction with 
the finite rise and fall times of a practical pulse, can be 
so arranged as substantially to eliminate the spikes, with 
out the other circuit provisions. 
FIGURE 6 shows a more detailed circuit arrangement 

of one specific resistor matrix, for producing a waveform 
Such as that shown in FIGURE 7b. It is assumed that 
the waveform can be sufficiently precisely represented 
from a total of 32 discrete voltage levels. The pulse 
generator accordingly has 32 outputs which are applied 
in turn to the terminals numbered 1-32 in FIGURE 6. 
A matrix composed of a series of 27 resistors R-Rs 
are connected to selected ones of the input terminals, 
through isolating diodes D1–D9. Only 26 resistors are 
used as not all of the discrete levels are required for the 
exemplary waveform. The last resistor is connected in 
series with the load resistor RL, and thence to the collector 
of an NPN transistor Tr. This transistor serves as a 
gate and there is accordingly applied to its base, from 
terminal 33, a low speed gating pulse having a waveform 
Such as is shown in FIGURE 7a. 
The output of transistor Tri, in parallel with the output 

of transistors Tr2 and Tr3, which are similar gating 
transistors of other resistance matrices, are applied to the 
base of a summing amplifier transistor TrA, also of the 
NPN type. The collector lead resistor Rc of the sum 
ming amplifier is connected to a positive supply and feed 
back from the collector to the base of the summing am 
plifier transistor is effected by means of a resistor Rfb in 
parallel with a by-pass capacitor Cfb. The base of the 
transistor is biased through resistor Rb. 
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This arrangement differs from that of FIGURES 1 and 
2, in that the output is derived as a function of the cur 
rent through, rather than the voltage across, the load 
resistance R. 

Consideration has been given above to the use of re 
sistance matrices where the load resistance is in series 
with the individual resistors of the matrix, and the voltage 
is derived from the voltage appearing across the common 
load resistor. Generally similar considerations apply to 
the case where, as in FIGURE 6, the current through the 
load resistor is used as the significant parameter. Conse 
quently, the same advantage obtains by the use of the 
summing amplifier having heavy degenerative feedback. 
As shown, the transistor amplifier, with the feedback ra 
tio determined largely by the proportion of the resistors 
RF and R, can be arranged so as to maintain a Sub 
stantially constant potential at the base of the transistor. 
The fact that this is so is highly suitable when the effect 
of the additional resistor matrices, gated through transis 
tors Tr2 and Tr3, and any others that may be used, is 
considered. 
We claim: 
1. A waveform generator comprising a pulse source 

including a plurality of outputs for generating a prede 
termined sequence of pulses having the same amplitude, 
a resistor matrix comprising a plurality of resistors joined 
in series, an output device connected in series with the re 
sistor matrix, a plurality of diodes connecting the outputs 
of said pulse source each to a junction between adjacent 
resistors of said matrix whereby each pulse of said Se 
quence is applied across respective preselected resistors of 
said matrix and said output device in series; said output 
device comprises an amplifier device including an input 
and an output, a load resistor connected in series between 
the resistor matrix and the input of said amplifier, and 
negative feedback means connected between the output 
and input of the amplifier device whereby the D.C. gain 
of the amplifier device is substantially unity. 

2. A waveform generator according to claim 1 further 
comprising an additional fedeback means from the output 
to the input of the amplifier device which is capacitive 
to decrease its transient response. 

3. A waveform generator comprising a plurality of 
pulse sources each having a plurality of outputs, for 
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same amplitude, a plurality of resistor matrices each 
comprising a plurality of resistors joined in series, an out 
put device connected in series with each resistor matrix, 
means connecting the pulse source output to a junction 
between adjacent resistors of the respective matrix where 
by each pulse of said sequence is applied across respective 
preselected resistors of the respective matrix and said 
output device in series; said output device comprises an 
amplifier device including an input and an output, a 
plurality of load resistors and gate means connected in 
series between respective resistor matrices and the input 
of said amplifier device, control means for selectively 
operating said gate means, and a negative feedback means 
connected between the output and input of said amplifier 
device whereby the D.C. gain of the amplifier device is 
Substantially unity. 

4. A waveform generator according to claim 3 further 
comprising a feedback capacitor in parallel with said 
negative feedback means to smooth out the resulting 
waveform, 
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