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'll'lltlliC'l‘: The invention provides a band-stop ?lter in 
cluding a plurality n of switchably selectable capacitive paral 
lel paths. Switch means are provided for sequentially and 
selectively selecting the paths, the switch means being con 
trolled to select each path for a period.‘ of time which is less 
than l/nth (usually 1/411) of the period of a complete 
switching sequence of all of the paths. 
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IliIlP’lU'll‘ IWBIGNAIL Milli) IiAilt/IIPILIEID 
This invention relates to filter networks and more particu 

larly to N-path band-stop filter networks. 
The invention is explained by reference to the accompany 

ing drawings in which: 
FIG. I is a schematic diagram of a typical known N-path 

band-stop ?lter network; and 
FIGS. 2 to 6 are explanatory diagrams relating thereto; 
FIGS. 7 to 112 are explanatory diagrams relating to N-path 

band stop ?lters in accordance with the present invention; 
FIG. I3 is a schematic diagram of a modi?cation of an N 

path band stop ?lter in accordance with the present invention; 
and 

FIGS. Ill, 15 and I6 are explanatory diagrams relating 
thereto; 

FIG. ‘I7 illustrates a further modi?cation; 
FIG. lid is a schematic diagram of another modi?cation of 

an N-path band stop ?lter in accordance with the present in~ 
vention; and 

FIG. I9 is an explanatory diagram relating thereto. 
Referring to FIG. II, the known N-path band-stop ?lter net 

work therein represented consists of a number n of capacitors 
ll, 2, 3, 4i each in series with a switch 5, s, 7 or d to form n 
switchably selectable capacitive paths connected in parallel in 
one arm of the network between input terminals 9, l0 and out 
put terminals 11, 12. Each capacitor 1, 2, 3 or It» may be as 
sociated, by closing the respective switch 5, s, 7 or 8 with a 
common shunt resistor I3 to form a CR ?lter. Between the CR 
filter so formed and the output terminal III is connected a low 
pass ?lter M» having no appreciable loading effect on the 
previous circuit. 
The switches S, 6, 7 and 8 are closed sequentially and in 

turn by means not shown, the switch 6 closing as the switch 5 
opens, the switch 7 closing as the switch 6 opens and so on. 
In other words each switch is closed for a period equal to l/nth 
of the period of a complete switching sequence, where n is the 
number of switchable capacitive paths. This is illustrated in 
FIG. 2 in which the excursions from the base line S5 represent 
times during which switch 5 of FIG. I is closed; the excursions 
from the base line S6 represent time during which switch s of 
FIG. I is closed; the excursions from the base line S7 represent 
times during which switch '7 of FIG. I is closed; and the excur‘ 
sions from the base line S8 represent times during which 
switch II of FIG. I is closed. Ifa sinusoidal input as represented 
in FIG. SI having a period IIT, where dT (see FIG. 2) is the 
period of a complete switch sequence of the switches 5, a, 7 
and ii, is applied to the input terminals 9, III) of FIG. ll, switch 
5 will sample the portions of the sinusoidal waveform shown 
shaded in FIG. 3 and of duration T; switch a will sample the 
following waveform portions of duration T; and so on. It will 
be seen that no charge accumulates in the capacitors and the 
whole of the sinusoidal wave appears as output across resistor 
I3. 

If, as shown in FIG. (I, a sinusoidal input having a period itlT 
is applied to the input each capacitor has applied to it a volt 
age similar in magnitude and sign at each sampling and thus 
charges up to the average of the sinusoidal input during the 
time its switch is closed. The output across resistor I3 is thus 
reduced. FIG. 5 shows the output across resistor 113 under 
these conditions when switch 5 is closed. The overall response 
is a series of notches, as shown in FIG. 6, occurring at zero 
frequency and harmonics of frequency 1/41‘. The shape of the 
CR ?lter provided by each of the Iii-paths is reproduced on 
either side of the center rejection frequencies. The effect of 
the low pass ?lter M is shown in dashed line. The notch band 
width at 3 db. attenuation is l/ NrrrCR. 

Except at zero frequency, where the notch depth is in?nite, 
the notch depth is limited since there is still a considerable 
output at the synchronous frequency 1/41‘. 
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The object of the present invention is to provide improved 

N-path band stop ?lter arrangements of increased notch 
depth. 

According to this invention a band-stop filter including a 
plurality n of switchably selectable capacitive parallel paths 
and means for sequentially and repeatedly selecting said paths 
comprises means for selecting each path for a period of time 
which is less than l/nth of the period of a complete switching 
sequence of all of said paths. 
The important result achieved by the invention is that there 

are during the switching sequence period, periods during 
which none of the paths are selected to be in circuit. 

In a preferred embodiment of the invention, each path is 
selected for a period of time which is equal to l/4n of the 
period ofa complete switching sequence of all of said paths. 

Preferably the band-stop ?lter is provided with sampling 
and holding means connected and arranged to hold the output 
signal of a selected path substantially level during the period 
which follows the switching off of that path and during which 
none of the paths are selected. 

Preferably the sampling and holding means is included 
between a common shunt resistor at the output ends of said 
paths and a low pass further ?lter through which output from 
the band-stop ?lter is taken. 

Preferably the sampling and holding means consists of a se 
ries connected switch which, when closed, applies output 
signals from said paths to charge a shunt connected capacitor, 
said series connected switch being so controlled as to be 
closed during periods in which any of the paths is selected and 
open during periods in which none of said paths is selected. 

Preferably again the control of the series connected switch 
is such that it is closed after a short delay following the selec 
tion of each path. This short delay may conveniently be one 
quarter ofthe time period during which the path is selected. 

Preferably again the control of the series connected switch 
is such that it is opened at approximately the middle of the 
time period during which a path is selected. Preferably means 
are provided for adjusting the time of opening of the said se 
ries connected switch. 

In another way of carrying out the invention the band stop 
?lter is provided with sampling and holding means which 
precede the plurality of switching selectable capacitive paral 
lel paths, and are adapted and arranged to sample an input 
waveform prior to a path being selected and to hold the sam 
ples value thereof substantially level during the period in 
which said path is selected. 

Preferably the said last mentioned sampling and holding 
means is arranged to sample the input waveform during each 
period in which none of the paths are selected and to hold the 
samples value substantially level between consecutive sam 
ples. 

Preferably also said last mentioned sampling and holding 
means comprises a series connected switch which, when 
closed, applies the input waveform to charge a shunt con 
nected capacitor which is connected to apply voltage 
thereacross to said paths. 

Referring to FIGS. 7 to I7 illustrating the present invention, 
theory shows that the operation of an Npath band'stop ?lter 
is only as described with reference to FIGS. I to t» for input 
frequencies of up to l/2T. For ease of explanation of the em 
bodiments of the invention now to be described, a 4i path 
band-stop ?lter network will be assumed and the explanation 
will be concerned only with the notches at zero frequency and 
1 /4T. As mentioned hereinbefore the notch at zero frequency 
is in?nitely deep. The purpose of embodiments of the present 
invention now to be described is, in all cases, to increase the 
depth of the notch at I MT. 

In accordance with this invention the switches 5, s, 7 and II 
of a band stop ?lter which, regarded purely as a circuit, is like 
that of FIG. I, are each closed (i.e. rendered conductive) for a 
period which is less than l/nth of the total switching sequence 
period (‘FIT in FIG. 2) where n is the number of paths, in this 
case (I. In other words the switches 5, s, ‘7 and h of FIG. I are 
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now so controlled by means (not shown) that, in con 
tradistinction to a known band-stop ?lter as above-described 
with reference to FIGS. 1 to 6, all the switches are open (i.e. 
nonconductive) together for parts of the period following the 
closing of one of the switches. In the speci?c example being 
described, each switch is closed for a period equal to l/l6th 
(i.e. l/4n) of the total switching sequence period. This is illus 
trated in FIG. 7 which, like FIG. 2, shows base lines S5, S6, S7 
and S8, the excursions from which represent times during 
which the switches 5, 6, 7 and 8 are closed. The corresponding 
sampling of an input sinusoidal wave of period 4T by all the 
switches is shown in FIG. 8, whilst the output due to the wave 
of period 4T developed across resistor 13 is shown in FIG. 9. 
This corresponds to a stop band. The corresponding sampling 
of an input sinusoidal wave of period 8T by all the switches is 
shown in FIG. 10, whilst the output which is due to a wave of 
period ST and is developed across resistor 13 is shown in FIG. 
11. This corresponds to the pass band. FIG. 12 shows the 
overall response. Again the dashed line represents the effect 
of the low pass ?lter 14. 

It is obviously unnecessary to illustrate or describe in detail 
the means for controlling the switches since such means may 
take any of a number of suitable forms which will suggest 
themselves to those skilled in the art. 
The output (at the input of the low pass ?lter) of the band 

stop ?lter above described with reference to FIGS. 7 to 12 will 
be a series of narrow pulses within the pass band. These nar 
row pulses give, when ?ltered, an attenuated value of the input 
signal. 

In the further embodiment of the invention illustrated in 
FIG. 13 a larger proportion of the value of the input signal 
may be obtained at the output. The arrangement shown in 
FIG. 13 is generally similar to that above described with 
reference to FIGS. 7 to 12 but with the addition of a sampling 
and level holding circuit which precedes the input to the low 
pass ?lter 14 and which consists of a switch 15, a capacitor 16, 
and a buffer stage 17. This sampling and holding circuit is 
operated to hold substantially constant the level of a pulse ap 
plied to resistor 13 whilst the switches 5, 6, 7 and 8 are open. 
FIG. 14 illustrates the operation of 15. As with FIG. 7, excur 
sions from the base lines S5, S6, S7, S8 and S15 of FIG. 14 
represent the periods of closing of the switches 5, 6, 7, 8 and 
15 respectively. 
When switch 15 is closed capacitor 16 quickly charges up to 

the level of the signal pulse, and this level is held during the 
period in which switch 15 is open. 

FIG. 15 shows a typical waveform for a signal in the pass 
band for one period T following the closing of switch 15. 
Period T1 is the period during which the switch 15 is closed 
and capacitor 16 is charging up. Period T2 is the period during 
which switch 15 is open and the signal level is held by capaci 
tor 16. 

FIG. 16 shows a typical waveform for a signal in the stop 
band for one period T following the closing of switch 15. 
Again period TI is the period during which switch 15 is closed 
and period T2 is the period during which switch 15 is open. T 
For a sample having a width Tl much less than T, the line AB 
in FIG. 16 tends towards the linear and P, the point of zero 
output, becomes the center point. If, as illustrated in FIG. 17, 
switch 15 is controlled to be closed for a short period at or 
about the point P the stop band attenuation is improved whilst 
the pass band characteristic is maintained substantially 
unchanged. 
The use of the sampling and holding circuit 15, 16 as 

described also simpli?es the task of the low pass ?lter 14 of 
smoothing the output since, as will be appreciated, the output 
thus provided is much closer to the ?nally desired output than 
is an output consisting of a series of relatively short pulses. 

Again the means (not shown ) for controlling the switching 
of switch 15 may take any number of suitable forms, known 
per se. 
The means controlling the opening and closing of the switch 

15 may be such that the point P, i.e. the time at which switch 
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15 opens, is adjustable so as to permit the maximum attenua 
tion at the notch center, or at a nearby frequency, to be ob 

tained. 
Providing an adjustable delay before switch 15 is closed and 

providing means for adjusting the duration of the signal which 
controls switch 15 are two ways of achieving this. Again the 
practical implementation of this feature of the present inven 
tion is within the competence of the skilled man and detailed 
description or illustration is unnecessary. 
The ?lter arrangement in FIG. 18 generally similar to that 

described with reference to FIGS. 7 to 12 but with the addi 
tion in front of the band-stop filter of a sampling and level 
holding circuit consisting ofa switch 18 and a capacitor 19. As 
will be seen a buffer stage 20 is interposed between the sam 
pling and holding circuit 18, I9 and the N-path band stop 
filter. The operation of the arrangement of FIG. 18 is ex 
plained with reference to FIG. 19 in which: 

a. shows a sinusoidal input wave of frequcncyf=( l/4T) 
b. shows the times of closing of switch 18 as excursions from 

a base line S18; 
0. shows the charge upon capacitor 19 as a result of sam 

pling the input wave (a) by switch 18; and 
d. shows the times of closing of switches 5, 6, 7 and 8 as ex 

cursions from base lines S5, S6, S7 and S8 respectively. 
As will be seen switch 18 samples the input wave for short 

periods and the voltage present is held by capacitor 19, result 
ing in a substantially flat topped voltage waveform being 
present for sampling by the switches 5, 6, 7 and 8. The 
switches 5, 6, 7 and 8 are synchronized to sample in the 
periods when switch 18 is open, i.e. on flat portions of the volt 
age waveform (c). Thus there can be no appreciable change of 
input voltage whilst any of the switches 5, 6, 7 or 8 are 
sampling. At or near the frequencyf=( l/4T) the average value 
of the input during sampling by switches 5, 6, 7 and 8 is 
removed and the portion of the input wave e the low pass ?lter 
14 is reduced, thus tending further increasing the notch depth 
at l/4T. 
We claim: 
1. A band-stop ?lter including a plurality n of switchably 

selectable capacitive parallel paths, means for sequentially 
and repeatedly selecting said paths wherein each path is 
selected for a period of time which is less than l/nth of the 
period of a complete switching sequence of all of said paths, a 
common shunt impedance at the output end of said paths, and 
a low pass ?lter through which output from the band-stop 
?lter is taken. 

2. A ?lter as claimed in claim 1 wherein each path is 
selected for a period of time which is equal to l/4n of the 
period of a complete switching sequence of all of said paths. 

3. A band-stop ?lter as claimed in claim 2 wherein there is 
provided sampling and holding means connected and ar 
ranged to hold the output signal of a selected path substan 
tially level during the period which follows the switching off of 
that path and during which none of the paths are selected. 

4. A band-stop ?lter as claimed in claim 3 wherein the sam 
pling and holding means is included between said common 
shunt impedance at the output ends of said paths and said low 
pass ?lter through which output from the band-stop ?lter is 
taken, said shunt impedance being a resistor. 

5. A band-stop ?lter as claimed in claim 3 wherein the sam 
pling and holding means consists of a series connected switch 
which, when closed, applies output signals from said paths to 
charge a shunt connected capacitor, said series connected 
switch being so controlled as to be closed during periods in 
which any of the paths is selected and open during periods in 
which none of said paths is selected. 

6. A band-stop ?lter as claimed in claim 5 wherein the con 
trol of the series connected switch is such that it is closed after 
a short delay following the selection of each path. 

7. A band-stop ?lter as claimed in claim 6 wherein the delay 
is substantially one quarter of the time period during which 
the path is selected. 
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ll. A band-stop filter as claimed in claim 5 wherein the con 
trol of the series connected switch is such that it is opened at 
approximately the middle of the time period during which a 
path is selected. 

9. A band~stop ?lter as claimed in claim 5 wherein means 
are provided for adjusting the time of opening of the said se 
ries connected switch. 

110. A band-stop ?lter as claimed in claim ll wherein the 
band-stop ?lter is provided with sampling and holding means 
which precede the plurality of switehably selectable capacitive 
parallel paths, and are adapted and arranged to sample an 
input waveform prior to a path being selected and to hold the 
sampled value thereof substantially level during the period in 
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which said path is selected. 

11. A band-stop ?lter as claimed in claim 10 wherein the 
sampling and holding means is arranged to sample the input 
waveform during each period in which none of the paths are 
selected and to hold the samples value substantially level 
between consecutive samples. 

112. A band-stop ?lter as claimed in claim 110 wherein the 
sampling and holding means comprises a series connected 
switch which when closed. applies ‘the input waveform to 
charge a shunt connected capacitor which is connected to 
apply voltage thereacross to said paths. 


