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(57) ABSTRACT 

Electrical circuit (300, 500, 800, 900) has an input (301, 501, 
801, 802, 901, 902) and an output (311, 502, OUT, I-OUT, 
Q-OUT). The circuit samples an input signal coupled to the 
input having a certain input frequency and converts the input 
signal into a certain output frequency at the output, the 
output frequency being loWer than the input frequency. It 
comprises 

a ?rst sampler circuit (302, 510, 803, 910) coupled to the 
input, 

a second sampler circuit (303, 520, 804, 920) coupled to 
the input, 

a buffering component (309, 509, 809, 903, 904) coupled 
to the output and 
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buffer sWitching means (305-307, 514, 515, 811-818, 914, 

(30) Foreign Application Priority Data 915, 924, 925, 934, 935, 944, 945, 954, 955, 964, 965, 
974, 975, 984, 985). 

May 29, 1998 (F1) ................................................ .. 981209 
The buffer sWitching means are arranged to respond to a 

Publication Classi?cation buffering command (fS/N, A, B) by coupling said ?rst 
sampler circuit and said second sampler circuit to said 

(51) Int. Cl.7 ..................................................... .. H04B 1/16 buffering component. 
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METHOD AND CIRCUIT FOR SAMPLING A 
SIGNAL AT HIGH SAMPLING FREQUENCY 

TECHNOLOGICAL FIELD 

[0001] The invention relates generally to the technique of 
taking discrete samples from a signal, like a received signal 
at a radio frequency or intermediate frequency in a receiver. 
Especially the invention relates to reducing the inherent 
aliasing of noise in the sampling process. 

BACKGROUND OF THE INVENTION 

[0002] A transmitted radio signal contains some informa 
tion modulated onto a radio frequency carrier. Amultitude of 
radio receiver architectures are knoWn for receiving the 
transmitted radio frequency signal and doWnconverting the 
received signal into baseband Where the information content 
of the signal may be reconstructed. It is common to use a 
superheterodyne receiver Which converts the received signal 
?rst into an intermediate frequency (IF), Where some ampli 
?cation and ?ltering is performed, and to apply a second 
doWnconversion from IF to baseband. Previously a direct 
conversion receiver has been proposed for reducing poWer 
consumption and decreasing the space taken by the compo 
nents of the radio receiver. 

[0003] FIG. 1 illustrates a knoWn direct conversion 
receiver 100, Where a radio frequency signal picked up by 
the antenna 101 is ?ltered in a band pass ?lter 102, Which is 
also called a preselection ?lter, and ampli?ed in a LoW Noise 
Ampli?er (LNA) or preampli?er 103 before mixing it into 
baseband simultaneously in tWo parallel mixers 104 and 
105. The mixers share a common local oscillator (LO) 106 
but the LO signal is phase shifted by 31/2 radians in a phase 
shifter 107 before feeding it into one of the mixers to 
produce a pair of mutually phase shifted mixing results 
called the I and Q signals. The mixing result from each 
mixer is ?ltered in a loW pass ?lter 108 or 109 before 
converting it into a stream of digital samples in an analogue 
to digital (A/D) converter 110 or 111. 

[0004] The draWbacks of the arrangement of FIG. 1 are its 
inferior sensitivity compared to that of a corresponding 
superheterodyne receiver and LO leakage oWing to the fact 
that the LO frequency is situated in the operational fre 
quency band of the LoW Noise Ampli?er 103 and the 
preselection ?lter 102. 

[0005] FIG. 2 illustrates an alternative approach 200 to 
doWnconversion into baseband, knoWn as subsampling. A 
radio frequency signal or an intermediate frequency signal is 
conducted along an input line 201 through a bandpass ?lter 
202 to the input of a sWitch 203. The output of the sWitch is 
coupled to the input of an ampli?er 204 and to a capacitor 
205, the other end of the latter being connected to a reference 
potential, Which is usually ground potential The control 
signal 206 that controls the state of the sWitch 203 is a square 
Wave coming from a local oscillator at a frequency Which is 
either an integral multiple or a subharmonic of the radio 
frequency being doWnconverted. The frequency of the con 
trol signal is called the clock frequency or sampling fre 
quency. The ampli?er 204 acts as an output buffer. The 
arrangement of sWitch 203 and capacitor 205 is generally 
called an “sWitched-capacitor sampler” and Will be denoted 
as an “SC sampler” from here on. The buffered output of an 
SC sampler on line 207 is a baseband signal. During the time 
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interval When sWitch 203 is closed the SC sampler is said to 
be in tracking mode and during the time interval When 
sWitch 203 is open the SC sampler is said to be in hold mode. 

[0006] One of the problems in an arrangement according 
to FIG. 2 is the limited speed of the ampli?er 204. It is 
commonplace to use a CMOS ampli?er because of the 
advantageous features inherent to CMOS technology. HoW 
ever, a knoWn CMOS ampli?er (When driven at a reasonable 
poWer level) is so sloW to react to the changes in its input 
that the clock frequency of the arrangement must remain 
beloW 100 MHZ. The SC sampler itself (the combination of 
a controllable sWitch and a capacitor) could operate at a 
much higher clock frequency. 

[0007] The consequences of a relatively loW sampling 
frequency are seen in the noise ?gure of the arrangement. 
The total noise ?gure NFTOT of a receiver front-end com 
prising an LNA and a subsampling arrangement according to 
FIG. 2 can be expressed as 

NFmzX — 1 (1) 

GLNA 

[0008] Where BB is the equivalent noise bandWidth at the 
LNA output, fn is the Nyquist frequency of the sampler, 
NFLNA is the noise ?gure of the LNA, NFrniX is the noise 
?gure of the subsampling arrangement (also knoWn as the 
subsampling mixer) and GLNA is the gain factor of the LNA. 
The ?rst term in (1) shoWs that to minimiZe the noise ?gure 
it is advantageous to limit the bandWidth before the sampler 
and maximiZe the sampling frequency. HoWever, in an 
integrated circuit it may often be impossible or expensive to 
reduce Bn suf?ciently to prevent noise aliasing. In the second 
term of (1) the factor NFrniX depends on the sampling 
frequency according to the formula 

(2) 
NFmzX = 1 + —, 

4ChRsf/v 

[0009] Where Ch is the capacitance of the sampling capaci 
tor and RS is the source resistance of the subsampling mixer. 
In the derivation of (2) the usual assumption Was made that 
the total noise poWer may be expressed as kT/Ch. Although 
NFrniX is typically high for subsampling mixers, it may be 
noted from equation (1) that it is divided by the preceding 
gain and therefore presents no fundamental limitation. 

[0010] When a very fast sleWing signal is sampled, the 
dynamic range of the subsampling mixer is degraded by 
timing uncertainty in the clock frequency. It can be shoWn 
that in the sampling-based conversion of a signal With 
frequency f, a jitter referenced to as tj limits the Signal-to 
Noise Ratio (SNR) to 

OSR (3) 
SNR : lO-logl0 , 

[0011] Where the oversampling ratio OSR is de?ned as the 
ratio betWeen the signal bandWidth and the sampler Nyquist 
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frequency. Oversampling data converters are insensitive to 
jitter because their OSR is high and the signal frequency f is 
respectively loW. On the contrary, a subsampling mixer 
alWays sees a relatively high input frequency f; increasing 
the sampling rate nevertheless reduces the effect of timing 
jitter because OSR is thus increased. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to bring 
forWard a method and a circuit for doWnconverting an 
oscillating signal, the noise characteristics of the circuit 
being better than those of prior art solutions. Afurther object 
of the invention is that the presented method Would be 
equally applicable to direct doWnconversion from radio 
frequency and to doWnconversion from intermediate fre 
quency. A still further object if the invention is that the 
resulting circuit is ef?cient in terms of pWer consumption. 

[0013] The objects of the invention are achieved by plac 
ing at least tWo SC samplers in parallel and using an 
ampli?er to simultaneously buffer the outputs of the parallel 
SC samplers. 

[0014] The electrical circuit according to the invention has 
an input and an output and is meant for 

[0015] sampling an input signal coupled to the input 
having a certain input frequency and 

[0016] converting the input signal into a certain output 
frequency at the output, the output frequency being 
loWer than the input frequency. 

[0017] 
[0018] 
[0019] 
[0020] 
[0021] buffer sWitching means arranged to respond to a 

buffering command by coupling said ?rst sampler 
circuit and said second sampler circuit to said buffering 
component. 

It is characterised in that it comprises 

a ?rst sampler circuit coupled to the input, 

a second sampler circuit coupled to the input, 

a buffering component coupled to the output and 

[0022] The invention also concerns a receiver Which is 
characterised in that it comprises in a sampling doWncon 
verter block 

[0023] a ?rst sampler circuit coupled to the input of the 
sampling doWnconverter block, 

[0024] a second sampler circuit coupled to the input of 
the sampling doWnconverter block, 

[0025] a buffering component coupled to the output of 
the sampling doWnconverter block and 

[0026] buffer sWitching means arranged to respond to a 
buffering command by coupling said ?rst sampler 
circuit and said second sampler circuit to said buffering 
component. 

[0027] Additionally the invention concerns a method for 
sampling and doWnconverting a signal. The method accord 
ing to the invention is characterised in that it comprises the 
steps of 

[0028] taking a ?rst sample from the input signal during 
a ?rst sampling time interval and holding said ?rst 
sample, 
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[0029] taking a second sample from the input signal 
during a second sampling time interval, Which is later 
in time than said ?rst sampling time interval, and 
holding said second sample, 

[0030] taking a combination of said held ?rst sample 
and said held second sample and 

[0031] buffering said combination in an output buffer. 

[0032] As mentioned earlier, an SC sampler is capable of 
operating at a much higher clock frequency than What a 
conventional buffering CMOS ampli?er tolerates. An obvi 
ous solution to this incongruity Would be to use a more 
elaborate ampli?er or some other trick to enhance the 
frquency tolerance of the ampli?er. HoWever, this Would 
easily result in large amounts of poWer being used in the 
ampli?er, giving rise to temperature problems and untoler 
ably high consumption of energy. The latter is a very serious 
draWback in battery-poWered modem mobile radio appara 
tuses like mobile telephones. 

[0033] The invention approaches the problem from a 
totally different vieWpoint. If several SC samplers are con 
nected in parallel, a relatively high ?rst clock frequency— 
for eXample in the order of several hundreds of MHZ—may 
be used to trigger the sampling event in each SC sampler at 
a different moment of time. A time period during Which 
eXactly one clock pulse Will be given to each one of the 
parallel SC samplers is called a sampling cycle. A second 
clock frequency is a fraction of the ?rst clock frequency and 
it is used to couple the parallel SC samplers to a common 
output buffer (advantageously a buffering ampli?er) simul 
taneously, once during each sampling cycle. The second 
clock frequency is not higher than What the buffering ampli 
?er can tolerate. 

[0034] The effect of the invention on the noise character 
istics of a subsampling receiver front-end is signi?cant, as 
can be seen from the formulae presented previously. The 
sampling frequency that appears in (1)-(3) through the 
Nyquist frequency fN is the ?rst clock frequency de?ned 
above, Which is several times higher than the second clock 
frequency that is limited by the capabilities of the ampli?er 
or by the poWer budget of the system. As the Nyquist 
frequency fN gets higher, the ?rst term in equation (1) (the 
term that dominates the noise ?gure) gets loWer and the 
maXimum Signal-to-Noise Ratio SNR limited by the jitter 
gets higher. 

[0035] A very advantageous further application of the 
invention may be presented, in Which the polarity of a 
number of samples is additionally inverted before coupling 
the samples from the parallel SC samplers to the common 
buffering ampli?er. At the time of ?ling this patent appli 
cation it is seen that in the most advantageous embodiment 
of this further application of the invention, every other 
sample is inverted. The inversion is especially simple to 
implement if the signal to be sampled is differential, Wherein 
an inversion corresponds to simply cross-connecting a pair 
of signal Wires. This further application of the invention is 
applicable eg to produce a quasi-direct conversion from 
radio frequency to baseband, in Which the received signal is 
?rst converted to IF by sampling and immediately moved to 
baseband by inverting every other sample. 

[0036] Abuffering ampli?er is used throughout this patent 
application as an eXample of an output component; hoWever, 
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the parallel SC sampler branches could as Well be connected 
to some other kind of output component, like an A/D 
converter or a ?lter or any other signal processing block 
accepting an SC input. An ampli?er is generally an advan 
tageous output component, because it buffers the signal as a 
voltage and not as a charge, Whereby mismatch betWeen the 
capacitances is not a problem. To avoid confusing multiple 
de?nitions for practically the same thing, the component to 
Which the parallel SC sampler branches are connected is 
generally called a buffering component. Similarly the opera 
tion of reading the outputs of the parallel SC sampler 
branches into the output component is called simply buff 
ermg. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] The novel features Which are considered as char 
acteristic of the invention are set forth in particular in the 
appended claims. The invention itself, hoWever, both as to 
its construction and its method of operation, together With 
additional objects and advantages thereof, Will be best 
understood from the folloWing description of speci?c 
embodiments When read in connection With the accompa 
nying draWings. 
[0038] FIG. 1 illustrates a knoWn direct conversion 
receiver, 
[0039] FIG. 2 shoWs the knoWn principle of subsampling, 

[0040] FIG. 3 illustrates an arrangement according to the 
principle of the invention, 

[0041] FIG. 4 is a Z-domain representation of the system 
of FIG. 3 after subsampling has been performed, 

[0042] FIG. 4a shoWs a typical frequency response of the 
arrangement of FIG. 4, 

[0043] FIG. 5 shoWs a schematic of a circuit according to 
the invention, 

[0044] FIG. 6 is a timing diagram concerning the signals 
in FIG. 5, 

[0045] FIG. 7 shoWs a clock signal generator used in 
connection With the invention, 

[0046] FIG. 8 illustrates the principle of an advantageous 
further application of the invention, 

[0047] FIG. 8a is a detail from FIG. 8, 

[0048] FIG. 9 is a schematic of a circuit according to the 
further application of the invention 

[0049] FIG. 10 is a timing diagram concerning the signals 
in FIG. 9 and 

[0050] FIG. 11 illustrates a receiver according to the 
invention. 

[0051] FIGS. 1 and 2 Were referred to in the discussion of 
prior art, so the folloWing explanation Will concentrate on 
FIGS. 3 to 11. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] The circuit arrangement 300 of FIG. 3 comprises 
an input line 301 and N parallel SC samplers, Where N is a 
positive integer; for graphical clarity only three parallel SC 
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samplers 302, 303 and 304 are shoWn. Consistently With the 
prior art SC samplers each SC sampler 302 to 304 comprises 
a controllable sWitch S and a capacitor C. In the model of an 
SC sampler used here as an eXample, the sWitch S is 
connected betWeen the input and output of the SC sampler 
and the capacitor C is connected betWeen the output of the 
SC sampler and a constant reference potential, Which is 
usually the local ground potential as shoWn in FIG. 3. 
“Controllable sWitch” is a general denomination to any 
circuit arrangement betWeen at least one input and at least 
one output, Which has a conductive state and a nonconduc 
tive state and Which can be selectively driven into one of the 
states by applying an electrical control signal. The input of 
each SC sampler is here connected directly to the input line 
301 of the Whole circuit arrangement. The circuit arrange 
ment further comprises N controllable sWitches of Which 
only the sWitches 305, 306 and 307 are shoWn. Of these N 
sWitches, each SC sampler has its oWn sWitch connected in 
series With the output of the SC sampler. Each of the N 
sWitches is further coupled to the input 308 of a buffering 
ampli?er 309. The other input 310 of the buffering ampli?er 
309 is connected to a constant reference potential, here the 
ground potential. The output 311 of the buffering ampli?er 
309 is the same as the output of the Whole circuit arrange 
ment 300. 

[0053] To distinguish betWeen the sWitches S in the SC 
samplers and the sWitches betWeen the SC samplers and the 
buffering ampli?er the former may be called sampling 
sWitches and the latter may be called buffering sWitches. A 
?rst clock signal fS is used to drive the sampling sWitches S. 
Ideally the ?rst clock signal fS is a square Wave signal 
containing regular consecutive pulses With Zero rise time 
and Zero decay time. A clock arrangement, Which is not 
shoWn in FIG. 3, Will arrange the conduction of the pulses 
of the ?rst clock signal fS to the sampling sWitches S so that 
a ?rst clock pulse Will close and open the sampling sWitch 
S of the ?rst SC sampler 302, the folloWing second clock 
pulse Will close and open the sampling sWitch S of the 
second SC sampler 303 and so on until the N:th clock pulse 
Will close and open the sampling sWitch of the N:th SC 
sampler. Thereafter the N+1:th clock pulse Will again close 
and open the sampling sWitch S of the ?rst SC sampler and 
so on; in other Words the closing and opening of the 
sampling sWitches S takes place in cyclical manner With a 
cycle of N pulses of the ?rst clock signal f5. 

[0054] A second clock signal fS/N is used to simulta 
neously close and open all the N buffering sWitches con 
nected in series With the outputs of the SC samplers, of 
Which only buffering sWitches 305, 306 and 307 are shoWn. 
As is evident from its designation, the frequency of the 
second clock signal fS/N is an integral fraction of the 
frequency of the ?rst clock signal f5. To put it more eXactly, 
the frequency of the second clock signal fS/N is obtained by 
dividing the frequency of the ?rst clock signal fS by the 
number of the parallel SC samplers. In other Words, as the 
second clock signal is also ideally a square Wave signal 
containing consecutive pulses, there is one pulse in the 
second clock signal during each cycle of N pulses in the ?rst 
clock signal f5. The mutual phasing of the ?rst and second 
clock signals Will be explained in more detail beloW. 

[0055] The circuit arrangement of FIG. 3 functions as 
folloWs. An oscillating input signal is applied to input line 
301 and consequently coupled to the input of each parallel 
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SC sampler. The sampling switch S of the ?rst SC sampler 
302 is closed for the duration of one clock pulse of the ?rst 
clock signal f5, resulting in a ?rst sample of the input signal 
being taken and stored in the ?rst SC sampler 302. During 
the next clock pulse of the ?rst clock signal fS a second 
sample is taken and stored by the second SC sampler 303 
and so on until in the end of the cycle of N pulses a total of 
N separate samples have been taken and stored in the 
parallel SC samplers. When all N samples are ready the 
buffering sWitches 305, 306, 307 (and all other N-3 buff 
ering sWitches) are closed simultaneously, causing all the 
separate samples to be summed together. The sum of all 
samples is thereby coupled to the ?rst input 308 of the 
buffering ampli?er 309. During the next cycle of N pulses in 
the ?rst clock signal fS the output of the ampli?er 309 Will 
remain essentially constant, consistently With the buffering 
role of the ampli?er. 

[0056] Abrief re-examination of the formulae (1) and (3) 
Will illustrate the value of the arrangement of FIG. 3 in 
enhancing the noise characteristics of a subsampling 
receiver front-end. The total noise ?gure NFTOT can noW be 
expressed as 

NF — B” NF + NF” _1 (4) 
TOT — NfN UVA GLNA 

[0057] Where the number N of parallel SC samplers noW 
appears in the denominator of the ?rst term (not to be 
confused With the N’s in NFTOT, NFLNA and NFmiX). The 
magnitude of the original term Bn/fN caused by noise alias 
ing is signi?cantly reduced even for relatively small N. 
Assuming that the timing jitter is correlated betWeen differ 
ent SC samplers the formula (3) of the maximum theoretical 
Signal-to-Noise Ratio may be reWritten as 

OSR (5) 
SNRmax : lO-logl0 N , 

[0058] shoWing also an improvement in the Signal-to 
Noise Ratio. Neither of the results (4) or (5) depends on the 
capacitance of the capacitors C in the parallel SC samplers. 
If We denote the capacitance of the prior art capacitor 205 in 
FIG. 2 as Ch, selecting the capacitance of the capacitors C 
to be Ch/N Will keep the total load capacitance unchanged in 
the arrangement of FIG. 3, Whereby the total poWer con 
sumption of the buffer ampli?er is not affected by the 
replacement of the prior art single SC sampler With the 
parallel arrangement according to the invention. 

[0059] The internal noise sources of the N sampling 
sWitches are not correlated and their noise contribution is not 
changed compared to the prior art arrangement. Assuming 
that the noise poWer n2 in one unit capacitor C is kT/C, We 
may Write the corresponding charge in N unit capacitors as 
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[0060] and the total noise poWer in the N capacitors C as 

2 _ Q%OT _ kT (7) 

"h _ (NC)2 _ 1v—c 

[0061] Which is the same as if the sampling Was carried out 
at once into one large hold capacitor With the capacitance 
Ch=NC as in FIG. 2. 

[0062] FIG. 4 is a Z-domain representation 400 of the 
arrangement of FIG. 3. Here input point 401 corresponds to 
input line 301 of FIG. 3 and the N multiplication elements 
Z_1, of Which only the tWo ?rst elements 402 and 403 are 
shoWn, correspond to the N parallel SC samplers. The 
outputs of the multiplication elements are combined in adder 
405 and the result of the addition is coupled to the decimator 
406 Which corresponds to the sample rate reduction in the 
buffer ampli?er 309 of FIG. 3. 

[0063] If the input signal to the system of FIG. 4 is 
denoted as x(k) and the result after addition in adder 405 is 
denoted as v(k), the summing operation may be represented 
as 

[0064] 
as 

and the corresponding Z-domain transfer function 

[0065] Which shoWs that the arrangement of FIGS. 3 and 
4 actually corresponds to a Finite Impulse Response (FIR) 
?lter With N taps, With the added feature of sample rate 
reduction (decimation) after the ?lter proper. The decima 
tion causes the original spectrum to fold inside the neW 
Nyquist frequency Which is N times loWer than that of the 
prior art arrangement of FIG. 2. Fortunately, from the 
vieWpoint of the operation of the system, it can be shoWn 
that the transmission Zeroes of the FIR ?lter are located in 
such a Way that no poWer is aliased to baseband, Which 
means that as long as the band of interest (the signal 
frequency band) is narroW compared to the Nyquist fre 
quency, the results shoWn above are valid. FIG. 4a illus 
trates the transfer function of one such ?lter With 4 taps; in 
FIG. 4a the vertical axis corresponds to gain in decibels and 
the transmission Zeroes are clearly visible. 

[0066] FIG. 5 illustrates a simpli?ed schematic of a prac 
tical circuit 500 that can be used to implement the novel and 
inventive idea presented above. In FIG. 5 input line 501 
corresponds to input line 301 of FIG. 3 and output line 502 
corresponds to output line 311 of FIG. 3. Ampli?er 509 is 
easily seen to correspond to ampli?er 309 of FIG. 3. For 
reasons explained beloW, the circuit of FIG. 5 operates as if 
it had N=4 even if there are actually 8 separate SC samplers 
510 to 580. To describe the structure of an SC sampler in 
FIG. 5, the ?rst SC sampler 510 is used as an example. The 
SC sampler 510 comprises tWo synchronously operating 
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?rst switches 511 and 512, Which together form the sampling 
sWitch. The signal that controls the operation of the sWitches 
511 and 512 is denoted as 51. The SC sampler further 
comprises a capacitor 513 and tWo synchronously operating 
second sWitches 514 and 515, Which together form the 
buffering sWitch. The signal that controls the operation of 
the sWitches 514 and 515 is denoted as A. The control inputs 
for the signals that open and close the sWitches are not 
physically shoWn. HoWever, it is obvious to the person 
skilled in the art hoW such inputs are built into sWitching 
arrangements handling high-frequency signals. 

[0067] SWitch 511 is located betWeen the input of the SC 
sampler 510 and the ?rst plate of the capacitor 513. SWitch 
512 is located betWeen the second plate of capacitor 513 and 
ground. SWitch 514 is located betWeen the second plate of 
capacitor 513 and the output of the SC sampler 510 and 
sWitch 515 is located betWeen the ?rst plate of capacitor 513 
and the output of ampli?er 509. 

[0068] All other SC samplers are similar to the SC sampler 
510 described above, With the exception that in SC samplers 
550 to 580 a signal B is used to control the buffering 
sWitches instead of signal A as in SC samplers 510 to 540. 
Also, each SC sampler 510 to 580 has its oWn signal 51 to 
58 respectively for controlling the sampling sWitch. 

[0069] FIG. 6 is a timing diagram that shoWs the mutual 
relations in time of signals 51 to 58 that control the operation 
of the sampling sWitches as Well as signals A and B that 
control the operation of the buffering sWitches. It is easily 
seen that the clock pulses that close and open the sampling 
sWitches are given consecutively to each SC sampler so that 
the duration in time of one clock pulse is one fourth of the 
sampling cycle. The sampling cycle may be understood as 
the period during Which one sample is produced at the output 
of the buffering component; according to FIG. 6 this hap 
pens alWays after the taking of four consecutive samples at 
the input. The clock generator goes through eight states 
during the sampling cycle. The leading edge of the clock 
pulse for the m:th SC sampler occurs simultaneously With 
the trailing edge of clock pulse for the (n—1):th sampler, 
Where m goes repeatedly from 1 to 8 and for m=1 it is 
de?ned that (m—1)=8. Well after the trailing edge of the 
clock pulse for SC sampler 540 but simultaneously Well 
before the leading edge of the next clock pulse for SC 
sampler 510 signal A gives a buffering pulse, causing the 
samples stored in SC samplers 510 to 540 to be summed and 
the summing result to be coupled to ampli?er 509. At the 
same time a sampling and storing cycle is on in SC samplers 
550 to 580. Again Well after the trailing edge of the clock 
pulse for SC sampler 580 but simultaneously Well before the 
leading edge of the next clock pulse for SC sampler 550 
signal B gives a buffering pulse, causing the samples stored 
in SC samplers 550 to 580 to be summed and the summing 
result to be coupled to ampli?er 509. Here is the reason for 
using 8 separate SC samplers to emulate N=4; the stored 
samples from the ?rst group of four SC samplers may be 
read during an ongoing sampling and storing cycle in the 
second group of four SC samplers. 

[0070] To be exact, the circuit of FIG. 5 does not take the 
sum of the samples at the buffering stage but their mean 
value. In this case it is conceptually more or less the same 
because the parallel SC sampler branches are equally 
Weighted in taking the mean value. This invention is not 
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limited in taking the sum or exact mean value of the samples, 
although the term “summing” is used for brevity. A more 
general description of the process Would be taking some 
previously determined combination of the samples. 

[0071] If the proportional lengths of the sampling pulses 
on one hand and the buffering pulses on the other hand and 
their mutual timing is such as in FIG. 6, the minimum 
number of separate SC samplers that Would be required to 
implement a circuit Where the sampling and buffering opera 
tions do not take place simultaneously Would actually be six; 
in general to implement the principle of FIG. 3 for any N the 
minimum number of SC samplers is considered to be 3N/2. 
The invention does not limit the number of separate SC 
samplers and their grouping. HoWever, the generation of 
clock signals is very straightforWard With an arrangement of 
2N SC samplers arranged in tWo groups like the tWo times 
four SC arrangement in FIG. 5. 

[0072] The invention does not restrict the exact timing of 
the buffering operation in relation to the sampling opera 
tions, as long as it can be assured that the buffering (the 
“reading” of the samples) does not interfere With the sam 
pling itself. 

[0073] The invention does not restrict the generation of 
clock signals for the SC samplers. FIG. 7 shoWs one 
exemplary Way of producing clock signals to eight SC 
samplers. The clock signal generator 700 comprises eight 
D-?ip?ops 701 to 708 in series and eight sWitch drivers 711 
to 718 connected so that each D-?ip?op provides the 
enabling signal EN to one sWitch driver from its output Q. 
The output Q of each D-?ip?op is also coupled to the input 
D of the next D-?ip?op and the output Q of the last 
D-?ip?op 708 is coupled to the input D of the ?rst D-?ip?op 
701. A clock signal CK is coupled to the signal input of the 
sWitch drivers 711 to 718 and the inverse CK of the clock 
signal is coupled to the clock input CLK of the D-?ip?ops 
701 to 708. At the output of each sWitch driver 711 to 718 
a clock signal for one SC sampler is obtained. The ?ip-?ops 
must be initialiZed during a reset period so that one of them 
is set to logical ‘1’ and the others are set to logical ‘0’. 

[0074] The input frequency that Will be sampled With a 
sampling mixer may be limited by other aspects than the 
achievable clock frequency that Was discussed previously. If 
a prior art sampling mixer according to FIG. 2 is used to 
doWnconvert a very high intermediate frequency, the non 
linear sWitch resistance or the nonlinear sWitch capacitances 
inherently associated With the high-frequency sWitch 203 
may give rise to unacceptable distortion in the sampler 
track-mode. Therefore it may be desirable to use the loWest 
possible IF determined by the system requirements and raise 
the sampling frequency above the IF. HoWever, in this case 
doWnconversion to baseband can no longer be performed by 
sampling With a conventional arrangement. 

[0075] As a solution, a further application of the basic 
inventive idea described above may be presented. This 
further application is based on the suitable multiplication 
(advantageously inversion) of selected samples before sum 
ming them together With the rest of the samples. FIG. 8 
illustrates this principle applied to a circuit arrangement 
Which has the additional feature that all signals are differ 
ential; the considerations of differential signals can as such 
be applied also to the arrangements according to FIGS. 3 
and 5. Inverting a number of selected samples is especially 
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easy When the signals are in differential form, but the general 
idea of inverting does not require the signals to be differ 
ential. 

[0076] The circuit arrangement 800 of FIG. 8 comprises 
a differential input consisting of a ?rst input line 801 and a 
second input line 802 for inputting a signal as an oscillating 
potential difference betWeen the tWo input lines. According 
to the basic inventive idea described above there are N 
parallel SC samplers connected to the input lines 801 and 
802, of Which only SC samplers 803 to 806 are shoWn. The 
internal structure of an SC sampler is illustrated more 
closely in FIG. 8a. The SC samplers have two inputs I1 and 
I2 and tWo outputs O1 and O2 for handling differential 
signals. In each SC sampler there are tWo sWitches S1 and 
S2, each one of them being located betWeen one input and 
the corresponding output. Each SC sampler also comprises 
tWo capacitors C1 and C2, each one of them being located 
betWeen one output and a constant reference potential, 
Which is most advantageously the ground potential. The tWo 
sWitches S1 and S2 function synchronously With each other 
as a response to a ?rst control signal. 

[0077] The circuit arrangement 800 additionally com 
prises 2N buffering sWitches of Which only buffering 
sWitches 811 to 818 are shoWn. All buffering sWitches 
operate synchronously With each other as a response to a 
second control signal. The buffering sWitches are arranged in 
pairs so that buffering sWitches 811 and 812 are coupled 
betWeen the outputs of SC sampler 803 and the inputs of 
buffering ampli?er 809, buffering sWitches 813 and 814 are 
coupled betWeen the outputs of SC sampler 804 and the 
inputs of buffering ampli?er 809 and so on. 

[0078] The currently discussed further application of the 
invention resides in the cross-connection of output Wires of 
every other SC sampler. In FIG. 8 the output Wires of SC 
samplers 804 and 806 are cross-connected, meaning that the 
second output of each of these SC samplers is coupled—via 
the respective buffering sWitch—to the ?rst input of ampli 
?er 809 and the ?rst output of the SC sampler is coupled— 
via the respective buffering sWitch—to the second input of 
ampli?er 809. It has no importance Whether the cross 
connection takes physically place before or after the buff 
ering sWitches. The inversion of the samples may be done 
even before sampling but this may introduce mismatch 
betWeen signal paths. 
[0079] The roles of the ?rst and second control signals in 
FIG. 8 are the same as those of the ?rst and second clock 
signals in FIG. 3. Namely, the ?rst control signal contains 
regular clock pulses at a relatively high frequency, and a 
clocking arrangement not shoWn in FIG. 8 Will arrange the 
conduction of said clock pulses cyclically so that during a 
sampling cycle of N consecutive clock pulses each SC 
sampler Will receive a clock pulse of its oWn. After the 
sampling cycle has been completed, a pulse in the second 
control signal Will close the buffering sWitches, Whereby the 
sum of the samples collected in the SC samplers is read into 
the buffering ampli?er. For enabling continuous sampling 
that does not interfere With the buffering, many kinds of 
groupings of the SC samplers is possible; reference is made 
here to the exemplary grouping of tWo times four in FIG. 5. 

[0080] The use of tWo capacitors in each SC sampler With 
differential input and output as in FIG. 8 is customary in SC 
circuit design because it doubles the dynamic range and 
improves greatly the PSRR and CMRR of the circuits. 
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[0081] Many modem telecommunication systems use 
some quadrature modulation schemes, Which make it nec 
essary to produce tWo Local Oscillator (LO) signals in the 
receiver at the same frequency but a mutual phase shift of 
eXactly 313/2 radians. Setting the sampling frequency (the 
frequency of the ?rst control signal) in FIG. 8 at exactly tWo 
times the frequency of the input signal is particularly con 
venient, because then a phase shift of at radians in the 
sampling frequency corresponds to a phase shift of 31/2 
radians in the input frequency. As a result, IQ-phasing may 
be generated simply by sampling at four times the input 
frequency and passing every even sample to the I-branch 
and every odd sample to the Q-branch of the receiver. 

[0082] The above-explained principle is illustrated in 
FIG. 9, Which depicts a practical circuit arrangement that 
can be used to implement the currently discussed further 
application of the invention. The circuit arrangement 900 
comprises tWo physical input lines 901 and 902 Which are, 
as in FIG. 8, actually only the tWo halves of a single logical 
input line for differential signals. In this embodiment there 
are eight SC samplers 910 to 980, but is has to be noted that 
the previous disclaimers about the invention not limiting the 
number of parallel SC samplers again apply. The SC sam 
plers 910, 930, 950 and 970 belong to the I-branch group and 
the SC samplers 920, 940, 960 and 980 belong to the 
Q-branch group; if the concept of FIG. 9 is generalised to 
include any number of parallel SC samplers, it is most 
advantageous that there are alWays as many SC samplers in 
the I-branch group as in the Q-branch group and that the 
number of SC samplers in each group is even, although this 
is not necessary. The internal structure of the SC samplers is 
identical to that described above in connection With FIGS. 
8 and 8a. Each SC sampler has tWo inputs (ie a differential 
input) Which are connected to input lines 901 and 902. Each 
SC sampler has also tWo outputs (i.e. a differential output). 

[0083] The outputs of the SC samplers in the I-branch 
group are coupled—via their respective buffering 
sWitches—to the inputs of the I-branch buffering ampli?er 
903 and the outputs of the SC samplers in the Q-branch 
group are coupled—via their respective buffering 
sWitches—to the inputs of the Q-branch buffering ampli?er 
904. The outputs of the SC samplers 930, 970, 940 and 980 
are cross-connected before coupling them to the inputs of 
the respective buffering ampli?ers. In FIG. 9 the cross 
connection takes place physically before the buffering 
sWitches; it could as Well take place betWeen the buffering 
sWitches and the buffering ampli?ers. 

[0084] A ?rst buffering signal A is used to control the 
operation of the buffering sWitches 914, 915, 934, 935, 924, 
925, 944 and 945. A second buffering signal B is used to 
control the operation of the buffering sWitches 954, 955, 
974, 975, 964, 965, 984 and 985. The ?rst control signals 
that control the operation of the sampling sWitches in SC 
samplers 910 to 980 are numbered from 91 to 98 respec 
tively. The timing diagram of FIG. 10 illustrates the mutual 
timing of the control signals. The sampling time base, from 
Which the control signals 91 to 98 are derived, has the 
frequency of four times the input frequency, and the buff 
ering frequency time base, from Which the control signals A 
and B are derived, has the same frequency as the input 
frequency. With “input frequency” it is meant the frequency 
of interest that is coupled to input lines 901 and 902 during 
the operation of the circuit. If the apparatus of FIG. 9 is used 
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for doWnconversion from intermediate frequency to base 
band, the input frequency is the same as the intermediate 
frequency. 

[0085] Let us assume that the input frequency is an 
intermediate frequency in a radio receiver. By inspecting the 
timing diagram of FIG. 10 it can be seen that in this 
advantageous embodiment of the invention the sampling 
frequency seen in each branch (I or Q branch) alone is tWo 
times the intermediate frequency, Which relaxes the anti 
alias ?ltering and sampling jitter requirements as discussed 
previously. The sampling clock or any of its harmonics do 
not operate on the LO frequency and it is located out of the 
antialias ?lter passband. The driving circuit sees similar 
disturbances from the I- and Q sampling clocks Which 
results in good IQ-balance. Additionally, any DC-compo 
nent passing the sampler (coming With the IF signal or 
generated by the sampler arrangement) is blocked by the 
transmission Zero at DC. 

[0086] The same technique can be used in a subsampling 
mixer converting a bandlimited RF signal to baseband. The 
RF signal Would be ?rst converted to IF by sampling and 
immediately moved to baseband by the subsequent decima 
tion operation. This kind of doWnconversion could be called 
quasi-direct, because there Would be no analogue signal 
processing (?ltering or ampli?cation) at the IF. The RF 
signal in the sampler input Would be converted directly to 
baseband in the cross-coupled sampling doWnconverter 
block, and the rest of the signal processing could be done at 
the baseband. Asimilar image problem should be accounted 
for as in a superheterodyne receiver. 

[0087] The further application discussed above With ref 
erence to FIGS. 8-10 is not limited to just inverting selected 
samples. The fundamental idea of the further application is 
to modify the coef?cients determining the FIR transfer 
function. This Way the transmission Zeroes can be chosen so 
that during decimation only a narroW frequency band folds 
doWn to DC. The coef?cients need thus not be exactly —1 
and 1 as in the inversion case, although that is an advanta 
geous selection of coef?cients because it maximises the 
conversion gain. Additionally the relation of the clock 
frequency to the intermediate frequency does not need to be 
an even number. DoWnconverting for example from a fre 
quency that is one third of the Nyquist frequency, taking the 
coef?cients to be 0.5, —1 and 0.5 and decimating by three 
Would be one Working solution. In practice this Would mean 
that there Would be three sampling capacitances, the middle 
one of them being tWice the siZe of the tWo others, and the 
sample taken by the middle capacitance Would be inveited. 
In such a case the maximum of the transfer function Would 
not be on the frequency that is doWnconverted. 

[0088] FIG. 11 illustrates a receiver 1100 Where the 
present invention is utiliZed. Aradio frequency signal picked 
up by the antenna 1101 is ?ltered in a band pass ?lter 1102 
and ampli?ed in a LoW Noise Ampli?er (LNA) 1103 before 
conducting it to a cross-coupled sampling doWnconverter 
block 1104 according to the invention. The output from 
block 1103 is a baseband signal on tWo branches 1105 and 
1106. It is conducted to a baseband signal processing block 
1107 Which can be a knoWn baseband block With any 
combination of the knoWn functions for reconstructing the 
information content of a received signal and possibly pre 
senting it to a user in the form of audible signal and/or on a 
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display. Oscillator block 1108 provides the cross-coupled 
sampling doWnconverter block 1104 With the necessary 
clock signals and it may operate under the control of a 
microprocessor included in the baseband signal processing 
block 1107. 

[0089] The inventive idea presented above, namely the 
sampling of a signal With a high sampling frequency and 
latching the samples into a buffering component With a 
loWer frequency, could in principle be realised With an 
alternative approach Where only a single SC sampler Would 
be used to sample the signal. A number of successive 
samples Would be then collected into an “intermediate 
storage” betWeen the SC sampler and a folloWing buffering 
ampli?er. When N samples had been collected, the accu 
mulated contents of the intermediate storage Would be 
latched to the buffering ampli?er, the intermediate storage 
Would be emptied and a neW sampling cycle Would be 
started. The problem of this approach Would be the summing 
of the signals in the intermediate storage. The only passive 
storage available is a capacitance, but a tank capacitance 
Would not store a sum of the samples but their average, and 
even then the relative Weights of the samples Would increase 
toWards the end of the sampling cycle. No transmission 
Zeroes Would be generated in the Z-domain transfer func 
tion; transmission Zeroes of this kind are important because 
they guarantee that there Will be no unWanted frequency 
folding during the decimation procedure. An active inter 
mediate storage (such as an integrator) Would consume 
poWer offsetting the bene?ts otherWise obtained. 

1. Electrical circuit for sampling an input signal having a 
certain input frequency and converting the input signal into 
a certain output frequency, the output frequency being loWer 
than the input frequency, comprising 

an input and an output, 

a ?rst sampler circuit coupled to the input, 

a second sampler circuit coupled to the input, 

a buffering component coupled to the output and 

buffer sWitching means betWeen said ?rst and second 
sampler circuits and said buffering component; 

Wherein said buffer sWitching means are arranged to 
respond to a buffering command by coupling said ?rst 
sampler circuit and said second sampler circuit to said 
buffering component. 

2. Electrical circuit according to claim 1, comprising N 
sampler circuits coupled to the input, N being a positive 
integer greater than 2, Whereby said buffer sWitching means 
are arranged to respond to said buffering command by 
coupling said N sampler circuits to said buffering compo 
nent. 

3. Electrical circuit according to claim 1 adapted for 
continuous sampling of the input signal by sampler circuits 
coupled to the input and comprising 

a ?rst sampling group consisting of a predetermined 
number of sampler circuits coupled to the input, 

a second sampling group consisting of a predetermined 
number of sampler circuits coupled to the input, 
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?rst buffer switching means arranged to respond to a ?rst 
buffering command by coupling the sampler circuits of 
said ?rst sampling group to said buffering component 
and 

second buffer sWitching means arranged to respond to a 
second buffering command by coupling the sampler 
circuits of said second sampling group to said buffering 
component. 

4. Electrical circuit according to claim 1, Wherein each 
sampler circuit comprises 

a sampler input, a sampler output, a sampling command 
input and a buffering command input, 

a sampling capacitance arranged to store a sample from a 
signal coupled to said sampler input and to provide a 
stored sample to the sampler output and 

sWitching means arranged to respond to sampling com 
mands brought into said sampling command input and 
buffering commands brought into said buffering com 
mand input and having a ?rst state, a second state and 
a third state, of Which 

said ?rst state corresponds to a tracking mode of the 
sampler Wherein a sample is taken from a signal 
coupled to said sampler input and 

said second state corresponds to a hold mode of the 
sampler Wherein a sample taken in said ?rst state is 
stored in the sampler and 

said third state corresponds to an output mode of the 
sampler Wherein a stored sample is provided to said 
sampler output. 

5. Electrical circuit according to claim 1, Wherein each 
sampler circuit comprises 

a differential sampler input consisting of a ?rst input line 
and a second input line, 

a differential sampler output consisting of a ?rst output 
line and a second output line, 

a sampling command input, 

a ?rst sampling capacitance and a second sampling 
capacitance arranged to store a differential sample from 
a signal coupled to said sampler input and to provide a 
stored differential sample to the sampler output and 

sampler sWitching means arranged to respond to sampling 
commands brought into said sampling command input 
and having a ?rst state and a second state, of Which 

said ?rst state corresponds to a tracking mode of the 
sampler Wherein a differential sample is taken from 
a signal coupled to said sampler input and 

said second state corresponds to a hold mode of the 
sampler Wherein a stored differential sample is pro 
vided to said sampler output. 

6. Electrical circuit according to claim 5, additionally 
comprising 

a differential circuit input consisting of a ?rst input line 
and a second input line, 

means for coupling the ?rst input line of each differential 
sampler input to the ?rst input line of said differential 
circuit input, 
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means for coupling the second input line of each differ 
ential sampler input to the second input line of said 
differential circuit input, 

a differential buffering component With a ?rst input line 
and a second input line, and 

Within said buffer sWitching means, means arranged to 
respond to a buffering command by 

coupling the ?rst output line of the differential sampler 
output of the ?rst sampler circuit to the ?rst input line 
of said differential buffering component and the 
second output line of the differential sampler output 
of the ?rst sampler circuit to the second input line of 
said differential buffering component and 

coupling the ?rst output line of the differential sampler 
output of the second sampler circuit to the second 
input line of said differential buffering component 
and the second output line of the differential sampler 
output of the second sampler circuit to the ?rst input 
line of said differential buffering component. 

7. Electrical circuit according to claim 5, additionally 
comprising 

a differential circuit input consisting of a ?rst input line 
and a second input line, 

in an I-branch sampler group, a ?rst sampler circuit and 
a second sampler circuit, 

in a Q-branch sampler group, a third sampler circuit and 
a fourth sampler circuit, 

means for coupling the ?rst input line of each differential 
sampler input to the ?rst input line of said differential 
circuit input, 

means for coupling the second input line of each differ 
ential sampler input to the second input line of said 
differential circuit input, an I-branch differential buff 
ering component With a ?rst input line and a second 
input line, 

a Q-branch differential buffering component With a ?rst 
input line and a second input line, and 

Within said buffer sWitching means, 

means arranged to respond to a ?rst buffering command 
by coupling the ?rst output line of the differential 
sampler output of the ?rst sampler circuit to the ?rst 
input line of said I-branch differential buffering 
component, coupling the second output line of the 
differential sampler output of the ?rst sampler circuit 
to the second input line of said I-branch differential 
buffering component, coupling the ?rst output line of 
the differential sampler output of the third sampler 
circuit to the ?rst input line of said Q-branch differ 
ential buffering component and coupling the second 
output line of the differential sampler output of the 
third sampler circuit to the second input line of said 
Q-branch differential buffering component and 

means arranged to respond to a second buffering com 
mand by coupling the ?rst output line of the differ 
ential sampler output of the second sampler circuit to 
the second input line of said I-branch differential 
buffering component, coupling the second output 
line of the differential sampler output of the second 
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sampler circuit to the ?rst input line of said I-branch 
differential buffering component, coupling the ?rst 
output line of the differential sampler output of the 
fourth sampler circuit to the second input line of said 
Q-branch differential buffering component and cou 
pling the second output line of the differential sam 
pler output of the fourth sampler circuit to the ?rst 
input line of said Q-branch differential buffering 
component. 

8. Receiver for receiving radio frequency signals, com 
prising 

a sampling doWnconverter block for implementing the 
doWnconversion of the received signals from a ?rst 
frequency to a second frequency Which is loWer than 
the ?rst frequency, 

Within the sampling doWnconverter block a ?rst sampler 
circuit coupled to the input of the sampling doWncon 
verter block, 

also Within the sampling doWnconverter block a second 
sampler circuit coupled to the input of the sampling 
doWnconverter block, 

also Within the sampling doWnconverter block a buffering 
component coupled to the output of the sampling 
doWnconverter block and 

also Within the sampling doWnconverter block buffer 
sWitching means arranged to respond to a buffering 
command by coupling said ?rst sampler circuit and said 
second sampler circuit to said buffering component. 

9. Receiver according to claim 8, comprising a radio 
frequency part and a baseband part, Wherein the sampling 
doWnconverter block is located betWeen the radio frequency 
part and the baseband part for converting the received 
signals from radio frequency to baseband frequency. 

10. Receiver according to claim 8, comprising a radio 
frequency part, an intermediate frequency part and a base 
band part, Wherein the sampling doWnconverter block is 
located betWeen the intermediate frequency part and the 
baseband part for converting the received signals from an 
intermediate frequency to baseband frequency. 

11. Method for sampling an input signal having a certain 
input frequency and converting the input signal into a certain 
output frequency, the output frequency being loWer than the 
input frequency, comprising the steps of 

taking a ?rst sample from the input signal during a ?rst 
sampling time interval and holding said ?rst sample, 

taking a second sample from the input signal during a 
second sampling time interval, Which is later in time 
than said ?rst sampling time interval, and holding said 
second sample, 

taking a predetermined combination of said held ?rst 
sample and said held second sample and 

buffering said predetermined combination in an output 
buffer. 

12. Method according to claim 11, comprising a repeat 
edly performed sampling cycle, Wherein 

during each sampling cycle N consecutive samples are 
taken from the input signal and held separately, Where 
N is a positive integer greater than 2, and further during 
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each sampling cycle a predetermined combination of 
said N consecutive samples is taken, and 

said predetermined combination is buffered in an output 
buffer for the duration of the neXt sampling cycle. 

13. Method according to claim 11, comprising a repeat 
edly performed sampling cycle consisting of a ?rst part and 
a second part, Wherein 

during the ?rst part of each sampling cycle N consecutive 
samples are taken from the input signal and held 
separately, Where N is a positive integer, 

during the second part of each sampling cycle M con 
secutive samples are taken from the input signal and 
held separately, Where M is a positive integer, 

during the ?rst part of each sampling cycle a predeter 
mined combination of the M consecutive samples taken 
during the second part of the previous sampling cycle 
is taken and buffered in an output buffer and 

during the second part of each sampling cycle a prede 
termined combination of the N consecutive samples 
taken during the ?rst part of the same sampling cycle is 
taken and buffered in an output buffer. 

14. Method according to claim 11, Wherein before taking 
said predetermined combination of said held ?rst sample and 
said held second sample, said second sample is inverted. 

15. Method according to claim 11, comprising a repeat 
edly performed sampling cycle consisting of a ?rst part and 
a second part, Wherein during said ?rst part it comprises said 
steps of taking a ?rst sample and a second sample and 
additionally the steps of 

taking a third sample from the input signal during a third 
sampling time interval, Which is later in time than said 
second sampling time interval, and inverting and hold 
ing said third sample, 

taking a fourth sample from the input signal during a 
fourth sampling time interval, Which is later in time 
than said third sampling time interval, and inverting 
and holding said fourth sample, 

and during said second part it comprises said steps of 

taking a ?fth sample from the input signal during a ?fth 
sampling time interval, Which is later in time than said 
fourth sampling time interval, and holding said ?fth 
sample, 

taking a siXth sample from the input signal during a siXth 
sampling time interval, Which is later in time than said 
?fth sampling time interval, and holding said siXth 
sample, 

taking a seventh sample from the input signal during a 
seventh sampling time interval, Which is later in time 
than said siXth sampling time interval, and inverting 
and holding said seventh sample, and 

taking an eighth sample from the input signal during an 
eighth sampling time interval, Which is later in time 
than said seventh sampling time interval, and inverting 
and holding said eighth sample, 

and during the ?rst part of each sampling cycle it addi 
tionally comprises the steps of 
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taking a predetermined combination of the ?fth sample 
and inverted seventh sample taken during the second 
part of the previous sampling cycle and buffering said 
predetermined combination in a ?rst output buffer and 

taking the a predetermined combination of the siXth 
sample and inverted eighth sample taken during the 
second part of the previous sampling cycle and buff 
ering said predetermined combination in a second 
output buffer, 

and during the second part of each sampling cycle it 
additionally comprises the steps of 

taking a predetermined combination of the ?rst sample 
and inverted third sample taken during the ?rst part of 
the same sampling cycle and buffering said predeter 
mined combination in a ?rst output buffer and 
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taking a predetermined combination of the second sample 
and inverted fourth sample taken during the ?rst part of 
the same sampling cycle and buffering said predeter 
mined combination in a second output buffer. 

16. Method according to claim 15, Wherein the input 
frequency is an intermediate frequency in a receiver, the 
sampling frequency corresponding to the taking of said ?rst, 
third, ?fth and seventh samples is the same as the sampling 
frequency corresponding to the taking of said second, fourth, 
siXth and eighth samples, Which is four times said interme 
diate frequency, and the frequency of buffering the prede 
termined combinations of said samples is the same as said 
intermediate frequency. 


