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W DE DYNAM C RANGE ANALOG TO DI A TAL CONVERSI ON 1) Field of the
| nventi on The present invention relates to an

anal og-to-W”converter circuit in 5 which an inputpEh€idgnhoorrts as a
reference signal "on an anal og-to-digital converter whi ch adapts its
range to the | evel of the input signal wthout a variable anplifier.
2) Di scussion of Related Art When an anal og signal with a

| arge dynam c range is to be converted into a 10 digital signal, an
anal og-to-digital converter (ADC) with a tui_gh resol ution has been
conventionally required. Typically, the range in decibels (dB) divided by

six (6) gi vegmh mgm !&P@ oNe ADC.
In a radio receiver, ED or |nstance ere tRi ngel e |nput

signal could vary over a range of 100 dB, this forrml a woul d require
an ADC to have 17 bits or _ _,u””. arge dynam c
range, a high conversion rat® FORETIAAEY d wel | be

necessary, for1)examml arge bandW| dth of the input signal.
The present invention relates to an analog-to-digital converter circuit in
5§  which an input signal acts as a reference signal on an analog-to-digital converter
which adapts its range to the level of the input signal without a variable gain
amplifier.

2) Di ion of Related A
When an analog signal with a large dynamic range is to be converted into a

10  digital signal, an analog-to-digital converter (ADC) with a high resolution has been

conventionally required. Typically, the range in decibels (dB) divided by six (6)

gives the necessary number of bits to be output by the ADC. In a radio receiver,

for instance, where the level of the input signal could vary over a range of 100 dB,

this formula would require an ADC to have 17 bits or more. In addition to the .
15  large dynamic range, a high conversion rate (greater than 100 kHz) could well be

necessary, for example, due to a large bandwidth of the input signal.

To address these requirements, the most common solution to the dynamic
range problem is to incorporate a function referred to as automatic gain control
(AGC). In the typical AGC device such as shown in Figure 1, an input signal V,, is

20  rectified by a rectifier 12 and filtered through a low-pass filter 13 to extract the
envelope of the signal. This signal envelope is used as a control signal to control
the gain of a variable gain amplifier 11. The amplifier 11 will have a low gain if
the input signal, and thus the control signal, is large and a high gain if the control
signal is low. The amplifier will provide an output signal with a compressed

25  dynamic range after the amplifier. If the signal is then converted to a digital signal,
an ADC 14 with a fixed reference voltage is used. The reference voltage sets the
range of the ADC. To achieve a wide enough dynamic range with a conventional
AGC, it might be necessary to connect several varible gain amplifiers in series.



To address these requirenents, the nost common solution to the dynam c

range problemis to incorporate a function referred to as automatic gain
cont rol (AGD). In the typical AGC device such as shown in Figure 1,
an input signal V[err] is 20 rectified by a rectifier 12 and filtered

t hrough a Io%.gg?gﬂ; Iter 13 to extract the envel ope opctisEventognal .
This signal envel'ope is used as a control signal to control the gain

of a variable gain anplifier 11. The anplifier 11 will have a low gain if
the input signal, and thus the control signal, is large and a hi gain if
the control signal is low. The anplifier will provide an out put
signal wth a conpressed 25 dynam c rangg.after the anplifier. If the
signal is then converted to a di gital srgna an ADC 14 with a fixed

reference voltage is 801 Iwh@en@gbrgq jssued tof 2nge of

the ADC. To achieve a w e enou ynam c range w th™a conventronal
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ADC. One of a nunber of possi bl e reference vol ag\eigpr s selected for the ADC
as a voltages.

YetanothersoluhonlsoffetedeS Patent No. 5,194,865 issued to
Mason et al. on March 16, 1993. The Mason et al. patent discloses an ADC having
10  an automatic range control. The automatic range control is in the form of a peak
detector which generates a reference potential corresponding to the peak amplitude
of the input signal, a level shifting circuit for shifting the dc level of the input signal
in accordance with the reference potential, and a ADC for converting the shifted
input signal relative to the reference potential for high resolution digital output
15  signals.

Other solutions include logarithmic ADC’s and the NICAM (Near-
Instantaneous Companding Audio Multiplex) system for television sound where
blocks of samples are shifted with different shift factors for each block, the process
being referred to as biock floating point. However, the main purpose of these

20  solutions is to lower the bit rate on the digital transmission following the ADC.
These ADC’s could be implemented as a high resolution ADC followed by some
operation, for example, a ROM-table, to reduce the number of output bits. An
inverse operation is then performed in the other end of the transmission chain.
These solutions are not well suited if the goal is to simplify the ADC itself instead

25  of decreasing the bit rate following the ADC. |



function of conpari sons made between the sanpl ed i nput and predeterm ned

vol tages Yet another_solution is offered in U S Patent No.
5,194, 865 issued to Mason et al. on March 16, 1993. The Mason et al.
pat ent di scl oses an ADC havi ng 10 an automatic range control. The
automati c Jweyygese9ntrol is in the formof a peak detyaiseoendorz h

generates a reference potential corresponding to the peak anplitude
of the input signal, a level shifting circuit for shifting the dc |evel of
t he i nput signal in accordance with the reference potential, and a

. ADC for converting the shifted I nput signal relative to the reference

potential for hi gh resol ution-digital outyut 15 signal s.
QO her solutions include |ogarithmc ADC s and the NI CAM (Near -
| st ant aneous Conpandi ng AudiSUNMMARY OF THE INVENTION ¢! evi si on sound wher e

bl ocks of sanpl es e shifted with differ nt shift ctors, for each bl ock,

t he process 1&'& m‘tﬂ"gﬂ?“ pgSever, the

mai n pur pose WMQ%WMﬁ‘ ﬁﬁoﬁm@% Bentl L mt,maoﬁ he di gital
Wi ng the

transm ssi on foIIo These A s _coul d be i | emented as a
hi gh resol ut iy \nednm'}mﬂemdﬁlms inpu; signah &

ROM t abI %&c& W “’""ﬁgﬁ fnsteRg" at I on
is then perfor I'n" T he "ot her en t‘?ransms ron C But These

sol utions ar efinduding an amplifier with a ivariable gain sthe signaleivelope isusedBCai t sel f
52}522?8325 m&%lﬁ%%al t rate follow ng the ADC. WO
PCT/ SE96/ 00072 Several embodiments are disclosed. For instance, the analog-to-digital
| converter circuit can further include an adder for adding the reference signal to the
10  analog input signal as an offset and a multiplier for doubling the reference signal
wherein the doubled reference signal sets the range of an analog-to-digital converter
‘with two reference inputs. '
Also, the analog-to-digital converter circuit may include a multiplier for
generating a complement of the reference signal wherein the reference signal and its
1S  complement are used to set the range of an analog-to-digital converter with two
reference inputs. Another embodiment enables absolute measurement of the output
signal level.
Further, another embodiment is presented that keeps the gain in the signal
path constant over a period of time by scaling the digital output signal with a digital
20  reference signal, thus enabling processing which might have this feature as a
requirement. -
Yet another embodiment is presented which reduces the quantization error by
converting the digital reference signal into an analog reference signal that is used to
set the range of the wide range ADC.




-3- SUMVARY OF THE | NVENTI ON The present invention provides a
solution to the ADC dynam ¢ range————probl em while_avoi ding the use of
an automatic gain control. The invention i nvol ves rectifying an input
signal and filtering the rectified input signal through a 5 | ow pass
filter in the wobssés onal manner to extract a signal envel opecriSrsenemst cad
of including an anplifier with a variable gain, the signal envelope is used
as a ref erence signal on the ADC. Several enbodi nents
are disclosed. For instance, the analog-to-digital converter circuit
can further include an adder for adding the reference signal to the 10
anal og i nput signal as an offset and a nulti- ier for doubling the

ref erence si gnal mhereln the doubled reference S|gnal sets the range
of - an anal og-to-digital BR ! DRAWINGS put s.

Al so, the anal og-to-diaital. conve I‘CI ui, Iudearrultl for
generating a conpl emh’?’%%@fé\’m dh%@?‘g m%‘g{’e
signal and its 1&mwmmmﬁnoﬁﬁ§w&mwmmwu

anal og-to-digital converter wth twy ref erence inputs. Another

enmbodi ment enablmm ek of the out put signal | evel .

g;ﬁhggnsﬁgﬁ?hg\r/e?ng period o?W%gWut ut si gnal o
with a digital ZMOG'M!MWnaI t hus enabl i ng processing whi ch ni ght
Q%gdlt mersufsgtgigsgat e.éu{/ﬁm (':sh %@@%“qﬁffnﬁﬁs |onm§r?¢i3r y with
- converting the dthgipredenyinventisage si gnal into an anal og reference signal
that is used to set ihe Wf Vi‘ dseec&%ngneboﬁ%entmmwxﬂl
10  the present invention; |
Figure 3(a) is a schematic diagram of one type of multiplier suitable for use
in the embodiment of Figure 3;
Figure 3(b) is a schematic diagram of one type of summing amplifier
suitable for use in the embodiment of Figure 3;
15 Figure 4 is a schematic diagram of a third embodiment in accordance in the
present invention; '
Figure 4(a) is a schematic diagram of one type of multiplier suitable for use
in the embodiment of Figure 4;
Figure 5 is a schematic diagram of a fourth embodiment in accordance with
20 ﬂwpr&centinvention;and
Figures 6 and 7 are schematic diagrams of a fifth embodiment in accordance
with the present invention.

Figure 2 illustrates a first embodiment of the invention wherein an input
25  signal V,_ is rectified by a rectifier 22 and filtered by a low-pass filter 23 to provide
a reference voltage V,,, representative of the signal envelope of the input signal V.
The input signal V,, is also input to an input port of the ADC 25 for conversion to a
digital signal. Thus, the input signal V, is rectified and low-pass filtered as
conventionally done in automatic gain control, but instead of having an amplifier
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DESCRI PTI ON OF THE DRAW NGS Further features of the invention,
its nature and various advantages w |l be nore apparent fromthe
foll ow ng %Mg‘ description of the invention and the PCT/SROGIRANYI NQ
drawi ngs in I C Figure 1 is a schematic diagramof a
conventional automatic gain controlled anal og-to-digital converter;
Figure 2 is a schematic diagramof a first enbodinent in accordance wth
the present invention; Figure 3 is a schematic diagramof a

second enbodi nent in accordance with 10 .sthe present invention;
Figure 3(a) is a schematic diagramof one type of nultiplier suitable for
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schemati c di agram of one type_of sunming anplifie Qr use
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of a third enfpd hﬁe}?s t L Vg

Figure 4(a) is a schematic agr t?a‘gnlgﬁ%;fg‘eo Yl er sgilp?gbl e for
use in mhmwmmmvawmaﬁgammww
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of a fifth eni2ss biwnThisrembodimet wilk solve the sainelproblemas abeinclusiona@ftanon.
automatic gain control but without the need of an amplifier with a variable gain.

One other advantage of the present invention is that it is easier to get it to
work over a wider dynamic range compared to a variable gain amplifier because of

10 the problem of making an amplifier with a gain that is variable over a wide range.

Most commercially available ADCs have two reference inputs, one
corresponds to the input level which gives the maximum output code and one that
corresponds to the input level which gives the minimum output code. One example
of a commercially available ADC is the ADC0820 from National Semiconductor

15  Corporation.

In the first embodiment only the maximum reference input is used for
simplicity. However, for an ADC having two reference voltage inputs, the present
invention can be implemented as shown in Figures 3 and 4.

A second embodiment is shown in Figure 3 wherein the negative reference

20 input of the ADC 25 is set to 0 V (ground), the positive input of the ADC 25 is set
to two times the output of the low-pass filter 23 (2xV,) via a multiplier 38. An
offset of V_ (the output of the low-pass filter 23) is added via an adder 39 to the
input signal V. Thus, the full range is shifted up to the range of O Vo a
maximum value (i.e., 2xV,), along with an upward offset of the input signal V,.

25 Figure 3(a) illustrates one way to implement the multiplier 38. Here, the
multiplier 38 takes the form of an amplifier 38B the output of which is fed back
through a resistor R,,, to the negative input of the amplifier 38B. The node joining
the negative input of the amplifier 38B and the resistor R,,, is also connected to
ground through another resistor Ryc. The input V., to the amplifier 38B is thus



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fi gure 2
illustrates a first enmbhodi nent of_—the inventionwherein an input 25
signal V[err] is rectified by a rectifier 22 and filtered by a | ow pass

filter 23 to provide a reference voltage V[err] representative of the
si gnal envel opgo®dndidye | Nnput signal V.. The i nput si gnapcVéEEN§o72 S
al so input to an input port of the ADC 25 for conversion to a digital

signal . Thus, the input signal V[err] is rectified and |owpass filtered as
conventlonally done in automatic gain control, but instead of having an
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outputs of the resistors Ry, and Ry, are joined at a node with the feedback output
signal of a first amplifier 39C, which has passed through a feedback resistor Ryp.

10  The signal at this node is input to the negative input of the amplifier 39C. The
positive input of the amplifier 39C is grounded. The output of the amplifier 39C is
passed through another resistor Ry, to be combined with a feedback signal at the
negative input of a second amplifier 39F. The positive input of the amplifier 39F is
grounded. The feedback signal passes through a feedback resistor Ryyg. The

15 configuration of this portion of the circuit is specific to a given application and the
specific design to be implemented is within the skill level of any artisan.

A third embodiment is shown in Figure 4, wherein the output of the low-
pass filter serves both as a positive reference input and, after being converted to a
complementary negative number (by multiplying by negative 1 via a multiplier 48)

20  serves as a negative reference input.

Figure 4(a) illustrates one way to implement the multiplier 48. Here, the
multiplier 48 takes the form of an amplifier 48A the output of which is fed back
through a resistor Ry, to the negative input of the amplifier 48A. The node joining
the negative input of the amplifier 48A and the resistor Ry, is also connected to the

25  input signal V., which has passed through another resistor Ryc. The positive input
of the amplifier 48A is grounded. By this circuit structure, the input V. to the
amplifier 48A is thus subject to a gain of negative one. As with Figure 3(a), it
must be emphasized that there are many ways to implement such a multiplier 48,
Figure 4(a) showing just one.



Most commerci al ly avail abl e ADCs have two reference inputs, one
corresponds_to the input |evel which gives the maxi num. QuLpu.t__r:ade_a.nd_nne

t hat corresponds to the input |evel which gives the mini num out put
code. One exanple of a commercially available ADC is the ADC0820 from
Nat i onal S%?mbctor 15 Cor por ati on. | n poeskosiontr2

enbodi nent only the nmaxi numreference input is used for sinplicity.
However, for an ADC having two reference voltage inputs, the present

i nvention can be inplenented as shown in Figures 3 and 4. A

second enbodi nent is shown in Figure 3 wherein the negative reference 20
input of the ADC 25 is set O V (ground), ghe positive input of the ADC 25
is set to two tinmes the output of the lowpass filter 23 (2xV[err])

via a nmultiplier 3Aithdugh the circudfs’shéwn &i Fighfes'2) 3(dndat @ill fulve the grotieth@f- pass
fil'ter 23) is added via an, adder 39 to the . nput si | .V[err]. Thus,
the full rangaccommadating.an signal having, 8 avids ¢ mm M‘Pﬂm vaI ue

(i.e., 2xV[er W dwﬁ%
25 Fi gure ustrates one way to |rrp enent tﬁg Itrplrer
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amplifier BBBmﬁﬁeihﬁ gabiinsthe sighllgpatil to be constantaoven g perdod bbtime.  gr ound
tﬂrjgugh anot her mm err] ‘I;ﬂe'eruéput V\Lrﬁem]ﬂugo the a Irfm%r ﬁag i's
PCT/ SE96/ 0007 he circuit in Figure 2 will work satisfactory. One example could be a simple FM-
' demodulator. It should also be noted that these disadvantages also exists in the
10  prior art shown in Figure 1.
Figure 5 shows a fourth embodiment not subject to these disadvantages in
that it provides an absolute level measurement. In addition to the first ADC 55, a
second ADC 56 is included to measure the reference voltage V., output from the
low-pass filter 23. In accordance with the present invention, the time constant in
15  the low pass filter 23 is typically long compared to the variations in the input signal.
This means that the reference voltage V., will vary much slower than the input
signal V.. Because of this, a slower ADC could be used as the second ADC 56,
which would be simpler to implement and less expensive than the first ADC 55.
- The second ADC 56 will have a fixed reference level Vg,. The output V.,
20 - from the LP-filter 23 is a signal that follows the envelope of the input signal V,, and
 therefore the output D, of the second ADC 56 could be used as an absolute
measure of the input signal level. In some applications, it might be sufficient to be
able to measure the absolute level at a lower rate than the sampling rate of the first
ADC 55. For example, in a cellular phone system, absolute level measurements of
25  signal strength are used as an input to handover algorithms. |
If, however, the problem with the varying gain affecting the subsequent
signal processing should be solved, then each output sample D,,, would have to be
scaled with the reference voltage V,,,. The embodiment shown in Figure 6 provides
this capability. Just as in the fourth embodiment shown in Figure 5, an envelope
30 signal V, from the low pass filter 23 is converted from analog to digital in a second



subject to a gain of two Rlerr] = Rlerr]. It nust be enphasized that there

are many ways to_inplenment such a nmultiplier—38,_Figure 3(a) show ng
j ust one. Figure 3(b) illustrates a summ ng anplifier 39 with
a gain-of one when all resisters indicated in Figure 3 are of equal
val ue suitabl eqhQkpiiss$ i N the enmbodinent 5 shown i n Fi gur e PET/SE%00072

sui tabl e sunm ng anplifier maybe used, Figure 3(b) show ng just one
by way of exanple. In this exenplary enbodinment, the two i nputs
Vlerr] and V[err] are input through resistors Rerr] and Rerr],
respectively. The outputs of the resistors Rerr] and Rerr] are

joined at a node wth the feedback out put -8 signal of a first
anplifier 39C, which has passed through a feedback resistor Rerr]. 10
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48A. The node jorﬂgms the output feom eymfirsy ADQ\§51is: of the anplifier 48A and the

resistor Rlerr] is also connected to the 25 i nput signal V[err], which
has passed through another resistor R err].yThe positive input of the
anplifier 48A is grounded. By this circBdg= re, the input Vferr] to

t he anplifier 48A is thus subject to argain of negative one. As with
Figure 3(a), it nmust be enphasized that there are nmany ways to

i npl ement such a nmultiplier 48, Figure 4(a) show ng just one.
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If the digital output D, of the first ADC 55 would be scaled with D,,, (an output of
ADC 56) in a way similar to the embodiment of Figure 2 to make it independent of
the reference level then:

' | 4
D, outSealed = V"hz""'qaﬂ)b'f
r

' v
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Al t hough the circuits shown in Figures 2, 3 and 4 will solve the probl em of
accomodati ng an input signal having a wi de dynam c range, sonme limtations
could becowﬁduuégent. A di sadvantage of the circuits shovgrskeéboawy es 2, 3
and 4 I's that it does not make an absol ute neasurenent of the signal

| evel. One other 5 di sadvantage is that there could be signal processing
foll owi ng the ADC t hat assunes the gain in the signal path to be
constant over a period of tine. It should be noted that there
are cases where this is not a problem ang.where the circuit in Figure
2 wll work satisfactory. One exanple could be a sinple FM

denodul ator. It should also be noted that these disadvantages al so exists

inthe 10 prior art showy in Figure 1. V.  lF¥aure 5 shows a
fourth enbodi ment not sﬂ@t%&'ﬁi‘%\’m _%n}.;;%ﬂ that it
provi des an absolute |l evel neasurenment. In additio Ao’tfe first ADC 55, a
second ADC 56 is included to nmeasure the reference voltage V[err], output
fromthe | ow-pass filter 23. In accordance wth the present
invention, the tinme constant in 15 the low pass filter 23 is typically

| ong conpared to the variations in thg_ i nput sjgnal. Thi s nmeans t hat
the reference voltage V|er r‘h”yviﬂl % Mpch S _@y ar} the input
signal V[err]. Because of this, *sieds VIEr A@!!’ d {f sed as the second
ADC 56, whi ch woul d be sinpler to inpl t and less expensive than
the first ADC 55. The second ADC 56 will have a fixed

reference level V[err]. The output V[err] 20 fromthe LP-filter 23 is a
signal that follows the envel ope of the input signal Verr] and
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Unfortunately the second term that depends on the quantization error from the
second ADC 56, i.e. Gz, could not be eliminated. If the circuit shown in Figures
6 and 7 is used instead, then D becomes:

Y,
l%-hdu{ﬁi?wianqM'

With V, =D -2!_‘-:]



there the output Dlerr] of the second ADC 56 could be used as an absolute
nmeasure of the input signal |evel—-ln sone applicatienrs—it m ght be
sufficient to be able to neasure the absolute level at a |lower rate
than the sanpling rate of the first ADC 55. For exanple, in a

cel l ul ar phonggeéplisn absol ute | evel neasurenments of 25  siRGTSEIPENgt h
are used as an input to handover al gorithns. | f, however, the
problemw th the varying gain affecting the subsequent si gnal
~processing should be solved, then each output sanple Dlerr] would have to
be scaled with the reference voltage V[err]. The enbodi nent shown in
Fi-gure 6 provides this capability. Jugyp.as in the fourth enbodi ment
shown in Figure 5, an envel ope 30 signal V[err] fromthe |low pass filter
23 is converted fromanal og to di g| taI in a second WO 96/ 24193
PCT/ SE96/ 00072 - 8- ADC
66. Instead of using the anal og SI gn gg a r€f ™nce vol tage for
the first ADC 65, the reference voltag r] f the first ADC 65 is
provided by a Digital Si gnal Processor (DSP) 68 through a

Digital -to-Anal og Converter (DAC) 67. The yp DSP 68, shown in Figure 6,
could be inplenented as an Applicatpg 2(!"&0 Integrated Circuit
(ASI C). The advantage of providing the Ad’,ﬁ? S expl"eu ned bel ow.
Figure 7 shows on exanple of how out put sanples could be scaled. This

V
With D,,--';;—'z"qm; DD,

v, | 4
Then anusv—hzl m*ﬂaﬂ(‘—'zu‘*qm)
(s

= v,

This means that the second term that depended on the quantization error from the
second ADC 66 could be eliminated in the scaled output Dyg.us. In other words,
instead of using the unquantized voltage V, as a reference signal to the first ADC 65
and then scale D, with its quantized value D,,, it is better to use the quantized
5  voltage V,, which corresponds exactly to D, without quantization error.
No extra error will then be introduced even if the extracted signal envelope
V, varies in the time between each digital sample D,. This could also be important
if the sample rate of the second ADC 66 is lower than the sample rate of the first
ADC 65. The output D g i8 still scaled with exactly the same reference that is
10  used to set the range of the first ADC 65. If the digital sample D, is going to be
used as a measure of absolute signal strength, it would however have the
quantization error G-
In an implementation of the embodiment showed in Figures 6 and 7, the
second ADC 66 could be of a type that includes a DAC, for example a successive



sol ution has an advantage conpared to the enbodi mrent shown in Figure 5.
Specifically, the DSP 68 can include:a multiplier 69, inplenented in
software, for 10 scaling the digital output fromof the first ADC 65. In
the solution showed in Figure 5 the output fromthe first ADC 55 is:
[err] WO 96/24193 where N is the nunber of bits in therd/SES600IL 55 and
the quantization error [err] If the digital output Derr] of the
first ADC 55 would be scaled with Dierr] (an output of ADC 56) in a
way simlar to the enbodi nent of Figure 2 to make it independent of

the reference | evel then: [err] where Mis the nunber of
bists in the second ADC56 and V[err] is it_fl_reference and [err]

approximation converter. In this case it would be possible to get the quantized
voltage V. directly from the second ADC 66. It should be noted that a converter
implemented like the one in Figures 6 and 7 will have a dynamic range of N + M
bits. The quantization error however will be like that of N bit converter. It should
S  also be noted that, with a different algorithm in the DSP 68 shown in Figure 7 and
without a low pass filter, the results of the circuit described in Beauducel patent,
could be emulated. In this case the sample rate of the two ADCs would have to be
equal.
One skilled in the art will appreciate that the present invention can be
10  practiced by other than the above-described embodiments which are presented for
purposes of illustration and not of limitation. The scope of the invention should be
measured by the claims appended hereto.
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i9' | Wth the quantization errar_in ADC2 feis]
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CLAIMS: -

1.  An analog-to-digital converter circuit, comprising:
a rectifier for rectifying an analog input signal;
a filter operatively connected to said rectifier for filtering a rectified
5  analog signat output from said rectifier to provide a reference signal; and
a first analog-to-digital converter for converting said analog input
signal into a digital signal within a range, said range being dynamically set in
accordance with said reference signal provided by said filter.

2.  An analog-to-digital converter circuit in accordance with claim 1,
10  wherein said filter is a low-pass filter.

3. An analog-to-digital converter circuit in accordance with claim 1,
further comprising an adder for adding said reference signal to said analog input
signal as an offset and a muitiplier for doubling said reference signal, said doubled
reference signal being used for setting a range of said first analog-to-digital

15  converter.

4, An analog-to-digital converter circuit in accordance with claim 1,
further comprising a multiplier for generating a complement of said reference
signal, wherein said reference signal and said complement of said reference signal
are used for setting a range of said first analog-to-digital converter.

20 5. An analog-to-digital converter circuit in accordance with claim 1,
further comprising a second analog-to-digital converter for converting said reference
signal into a digital reference signal.

6. An analog-to-digital converter circuit in accordance with claim 1,
further comprising:

This Sheet Has Been Re

L i



Unfortunately the second termthat depends on the quantization error from

t he seco . qlerr]._could not. be elimnated. If the circuit
shown in Figures 6 and 7 is used instead, then Derr] becones:

Derr] =[err] WO 96/ 24193 THIS SHEET HAS BEE

PCT/ SE96/ 0 - Ni  pcrsEsenddz

Then O err]qm%fzglrgfa’] : REP_LAC_E_D - Wth Derr] =

[err]

WD

a second analog-to-digital converter for converting said reference signal into
a digital reference signal; and

means for multiplying said digital reference signal with said digital signal
output from said first analog-to-digital converter to scale said digital signal.

5 7. An analog-to-digital converter circuit in accordance with claim 1,
further comprising:
a second analog-to-digital converter for converting said reference signal into
a digital reference signal;
adxgmkm-analogoonvemrforeonvemngsmddxgulrefermceﬂgmlmto
10  a second analog reference signal, said second analog reference signal being used for
setting a range of said first analog-to-digital converter; and
means for multiplying said digital reference signal with said digital signal
output from said first analog-to-digital converter to scale said digital signal.

This Sheet Has Been Rei
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Then Derr] = [err] Thi s means ‘that the second term t hat

depended on the quantization errqrfromthé. . seconmd—ADCT 66 coul d be

el i m nated—in-the scated—output Derr]. In other words, i nst ead of

usi ng the unquantized voltage V[err] as a reference signal to first ADC
65 and then scale Dlerr] with its quantized val uePEFE I's better
to use tywoogyapdi zed S voltage V[errI]J whi ch corresponds exactly to Derr]
wi t hout quanti zation error. 1 No extra error will then be

i ntroduced even if the extracted signal envel ope V[err] varies in the

time between each digital safl’"égD[ rr]. This could al so be inportant
if the sanple rate of the seCohe Al 66isllf{4- an th anple rate of
Yof:

{he first ADC 65. The(PRIORART) err] i 4 exactly the
.sane reference that is 10 used to set the rd | f }hle
digital sanple err] is going to be Q&lIA

'signal strengthi#it ul d however have the
In an inplenentation jof the enbodi ment sho#g

second ADC 66 coul d OIYFEWW thiy"f.’l[#/f"es DAC,

successi ve

— - R | FIIED
] b
f2 i3
A0C
Vi = Vin ' ﬂouf
Vref
RECTIFIER LP-FILTER f
25 .
—D - R~ 7 F /g 2
ref
}) }
22 23
ADC
A
Vin + et Lot
‘;efi- yre - .
RECTIFIER . LP~FILTER i <
- R | Fi g. 3
3 nY 38
22 23
ADC
Vn

RECTIFIER  LP-FILTER




WD 96/ 24193 :
PCT/LSEQ6/ 00072 o - - 11-

approxi mati on converter. In this Qase it mould be possible to get the
guanti zed voltage V[err] dlrectly fromthe second ADC 66. It should
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w Il have a dynam c range of N + /3 bits. The quantization error
however will be like that of N bit converter. It should 5 al so be noted

that, with a different algorithmin the DSP 68 shown in Figure 7 and

wi thout a |l ow pass filter, the results of the circuit described in
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| claim _ 1. An anal og-to-digital converter circuit,
CoNPHi-s+hg- arectifier for rectifying an anal og i nput
si gnal ; a filter operatively connected to said
rectifier for filtering a rectified anal og 5 si gnal

sai d recti fwomsshgeprovi de a signal envel ope used as a refen 7
signal ; and a f|r anal og-to-digital converter for

converting said anal og i nput signal A? a digital

within a range, said rangﬁpg? dynanlcally set
said reference signal o said filter
An*anal og-to- digital converter circuit

10
i n accorda
whérein saiffy fFHytTer—TS—a rowpass 11rver.
anal og-to-digitll converter circuit, conprising:
rectifier for rectifying an anal og input signal; !
filter operatively connected to said rectifier for filt

Vref

95

anal og 15 signal output fromsaid re Ter to provide a
reference signg ; a first nalog t gital converter
for converting pai I4£1ﬁ1§f nal into l?ﬂ? i gital signal
within a range,} sgid rang balng dyﬂ ' dqe with said
reference sign Lnibﬁed_hu i —————ﬁﬂﬂ

for adding said rdfefhce si;ﬁng;g ( as an 20
offset and a nulti Iier fpr Houblind said referenge_s $ doubl ed
ref erence signal bgy ng used for setting a fgange o¥¥said first

anal og-to-digital coﬁmerter

si gnal
in ad@6rdance with
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: : : L : : rnecred ¢of 1
a filter operatively connected to said rectifier for filtering a rectified

anal og 25 QIrma__cm_t_p_ut_._romsard re tifier to provide a
reference SI amp' ' converter
for converti ng s lmlr"ﬂ w"ﬂm& ,Er gnal | nto —a-ll gijt al signal
within a range, u’ ’, ynani catidy det] i h€accordanc¢ With

-13- sai d referehce si‘gnal provi ded by s&BAIYL 1998 ; {ahd

a multiplier for generating a conplenent of sgiq reference si 1l , wherein
sai d referenceq glagiial and said conpl enment of qaid rererence sSigpal are used
for setting a range of said first anallg LGl erter. 5
5 An anal og-to-digital converter circuit, conprising: ' a

rectifier for jectifyi ' ' | oo a filter
operatively co nect‘éé a{ﬂglog- ?@é@ +€%&P§#‘g€a¢ﬁn@ﬂs‘ﬂ§ a rectified anal og
signal output from §Q¢(ﬁﬁeﬁmr|1§c@ylﬂgoaﬂaw¢gjﬁpatglgﬁﬂr ence signal;

a first anal og-to-di %lltal converter for converting said anal og input signal

into 10 a di gi & Ailtes ppgratively rtarsglé reefifien forfiljering-a meetified analogl | v

set in acgord eggﬂ

filter; a?rd %g&l\%u%t fmmasalsde%%%g ﬂ% grt qv@fo%\;%&?g.?% r%fergnce

convertr ng saigighatf aidence signal i nto a digital reference signal.

6. An anal og-t o- dlsgl tal converter circuit in accordance with claim 5,
analog-to-digital converter for converting said analog input signal into

a digital signal within a range, said range being dynanucally set in accordance with
W, said reference signal provided by said filter.

10 2. An analog-to-digital converter circuit in accordance with claim 1,

wherein said filter is a low-pass filter.

3. An analog-to-digital converter circuit, comprising:
a rectifier -for rectifying an analog input signal;
a filter operatively connected to said rectifier for filtering a rectified analog
15 signal output from said rectifier to provide a reference signal;
a first analog-to-digital converter for converting said analog input signal into
a digital signal within a range, said range being dynamically set in accordance with
"u said reference signal provided by said filter; and
an adder for adding said reference signal to said analog input signal as an
20 offset and a multiplier for doubling said reference signal, said doubled reference
signal being used for setting a range of said first analog-to-digital converter.

4, An analog-to-digital converter circuit, comprising:
a rectifier for rectifying an analog input signal;
a filter operatively connected to said rectifier for filtering a rectified analog
25 s1gnal output from said rectifier to provide a reference signal;
a first analog-to-digital converter for converting said analog input signal into
a digital signal within a range, said range being dynamically set in accordance with



15 further conprising: means for

digital' refergnce signal with said digital signal
siygnal .

first analogtod to scal e said digitfal

7. An anal og Iﬂlgﬂwmﬂ Iml ﬁmter CI rcuit in accdqr JUL 98 aifm] 5,
further conpris gi-l3d - t 0- anal dg {cdnverter for
converting sald dlgltal reference S|gnal into '

ref erence signal, said second anal og reference S|gnal belnq used for :

setting a ranggd%bretdicd sigriab broV RS daid Gltey; gl converter.
8. An anal og-to-digital Convertér ci rcui't, conprising: a

ful |l -wave rectifi e moltiplier forf genarating aamldgnemtmftsaxi meference2Signal, wherem a
filter operatiw connecte said rectifier f filteri.,ng .a rectifj

anal og S, EETPING, PR 0T PRDleaient (OF Spid, bl gt sy et
signal; and getting a range ofsﬁd&i‘rét%aﬁ@%%iaﬂ"c%@rfeﬁ' converter for

converting said analog I nput signal Into - 14-
a digital signal within a range, said range being dynamcally set in

accord_ancse with 5. Ananalgga- qdirgletaleéoenr\}gﬁersc'xﬁ:rﬁﬁ, c(g)rr(,)r\{sl ded by said filter.
 a rectifier for rectifying an analog input signal;
a filter operatively connected to said rectifier for filtering a rectified analog
signal output from said rectifier to provide a reference signal;
W, ~ afirst analog-to-digital converter for converting said analog input signal into

l._'il"l*lll \P'!—‘ea
Jee UL LT ¢

10 a digital signal within a range, said range being dynamically set in accordance with
said reference signal provided by said filter; and
a second analog-to-digital converter for converting said reference signal into
a digital reference signal.

6. An analog-to-digital converter circuit in accordance with claim 5,
15 further comprising: |
means for multiplying said digital reference signal with said digital signal
output from said first analog-to-digital converter to scale said digital signal.

W 7. An analog-to-digital converter circuit in accordance with claim 5,
further comprising:
20 a digital-to-analog converter for converting said digital reference signal into
a second analog reference signal, said second analog reference signal being used for
setting a range of said first analog-to-digital converter.

8. "An analog-to-digital converter circuit, comprising:
a full-wave rectifier for rectifying an analog input signal;
25 _ a ﬁlter. operatively connected to said rectifier for filtering a rectified analog
signal output from said rectifier to provide a reference signal; and

a first analog-to-digital converter for converting said analog input signal into



9. An anal og-to-digital converter circuit in accord nmm
further conprising an adder for adding said reference

ot ence i gl ADREImIRY ™ ° rererence'§

setting a range of sdi d°fi¥ st arfal og- t o- di4ji t al
10. An anal og-to-digital converter circuit in accordgnce vmth claim 8
further conprising a nultiplier for generating a conpl ‘
reference si gadigital signallWithin a 186, 3hid @AgcTbéing dyRisicalty $dn adsdeldame Mith
conpl enent of sal d reference signal are used for setting a
range of sai ds#id referense siggak providgd by saidofiliery t er . 11.
An anal og-to-digital converter circuit in accordance with claim 8,

further conprising a second anal og-to-digital converter for converting said

ref erence 9. #ing adlog-ti-digitald btiverter tizbuit @n@ccordgied! with claim 815
12. An anal gg-to-digital converter Ci rcwt I n accordance with claim 11,

further conpr fustheg camprsingan #dder fon gdding said geterepice aignabie sad amaloggisant vi t h
sai d di git al u mma fd I [ to
sal 0okt al . Sl Rt afd @ Bibter!rof BbustR'saRr fofbrbhcd' sl SR Bt

anal og-t o- di grdference0Bigaal deingi usadl fon setﬁﬁgor dapecofMshid firsti apaldgto-digital 20
further conprisin a digital -to-anal og converter for converting sai

di gital referee€ signal into a second anal og reference
signal, said second analog ref erence signal bei ng used for
setting a range of said first anal og-to-digital converter.

14. ;, An anal og-toldi gi m:l axmkrgﬁ&r-mgltalcbami'wr cmnpiﬂ accogdance with claim 8,

arectifier foQr rectif an t, n
' Iourther oorlnp sing a mult?ﬂ ?’gr gen %tmg Ia%omplement of said reference signal,
10 wherein said reference signal and said complement of said reference signal are used

for setting a range of said first analog-to-digital converter.

11.  An analog-to-digital converter circuit in accordance with claim 8,
further comprising a second analog-to-digital converter for converting said reference
signal into a digital reference signal.

15 12.  An analog-to-digital converter circuit in accordance with claim 11,

further comprising means for multiplying said digital reference signal with said

N digital signal output from said first analog-to-digital converter to scale said digital
signal.

13.  An analog-to-digital converter circuit in accordance with claim 12,
20 further comprising a digital-to-analog converter for converting said digital reference
signal into a second analog reference signal, said second analog reference signal

being used for setting a range of said first analog-to-digital converter.

14. An analog-to-digital converter circuit, comprising:
a rectifier for rectifying an analog input signal;
25 a filter operatively connected to said rectifier for filtering a rectified analog



25 a filter operatively connected to said

filtering.,a rectified analog si gnal d
rectifier to provid mm“ﬂmﬂmuarl abl e referenc | ; nd
a first anal og-to- dleunlnﬂ or convert| ng saifd arﬁﬂo@llm i gnal
into a digitat sigral "wifhih a cddtinuous rande,_said continugu
range being dynamcally 5 set in accordance wthsaid reference si ¢gnal

g fn-r‘liﬂif;’-l]

provi ded by said filter. 15. An  arked
converter ci Isighal outpubfemrsdiiectifierith peovidera cdrtinuously variable réfermce sigaal; si ng
an adder for adding said reference signal to said anal og input

signal as an 8ffset and a multiplier for doubling said reference signal,
sai d doubl ed c I St
anal og-to-digital ac%rﬁggﬁa?(;é%e& &g%l%ﬁlle&eq fms&)tn%{f%g%a{d ﬁq'f'%lﬁasg%%l gi t al

converter ci racdipitali sigrat ovithites centitiuolis finge,Saidldontinuous rangd wm@elynmiwnym ng
a nultiplier for generating a conPI enent of said reference signal,

wher ei n sai d Splelegcsprdanes |saidretezencs sigmabprovided byt saidfilter. of er ence si gnal
are used for setting a range of said first anal og-to-digital
converter. 17. An anal og-to-digital converter circuit
i n accordance wi tH5cl aiAn hdalog-to-digital converter circuit in accordance with claim 14,

-1

further comprising an adder for adding said reference signal to said analog input
signal as an offset and a multiplier for doubling said reference signal, said doubled
U/ reference signal for setting a range of said first analog-to-digital converter.
10 16.  An analog-to-digital converter circuit in accordance with claim 14,
further comprising a multiplier for generating a complement of said reference signal,
wherein said reference signal and said complement of said reference signal are used

for setting a range of said first analog-to-digital converter.

17.  An analog-to-digital converter circuit in accordance with claim 14,
15 further comprising a second analog-to-digital converter for converting said reference

signal into a digital reference signal.

‘\./ 18.  An analog-to-digital converter circuit in accordance with claim 17,
further comprising means for multiplying said digital reference signal with said
digital signal output from said first analog-to-digital converter to scale said digital

20 signal.

19.  An analog-to-digital converter circuit in accordance with claim 18,
_further comprising a digital-to-analog converter for converting said digital reference
signal into a second analog reference signal, said second analog reference signal

being used for setting a range of said first analog-to-digital converter.



15 further conprising a second anal og-to-digital converter 3305650 -
converting said reference - signal into a di gj_I_a.I_LefﬁLen.r.eTLﬂMa.l :

18. An anal og-t o-di gi tal converter circuit in accordance with claim 17,
further conprising neans for nmultiplying said digital refereg [ W th
sai d digital signal output fromsaid first anal og-t
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