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(57) ABSTRACT 

An accurate, loW noise conditionally resetting integrator 
circuit in an analog to digital system samples, With an analog 
to digital converter, the output of an integrating circuit a 
number of times during a measuring period; isolates the 
input for the integrating circuit during sample event; gen 
erates a reset signal in response to the integrating circuit 
output reaching a predetermined level; and resets the feed 

(21) Appl, No.1 11/122,587 back capacitor of the integrating circuit by isolating it from 
the ampli?er circuit of the integrating circuit and connecting 

(22) Filed: May 5, 2005 it to a reference source during a sample event. 
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ACCURATE LOW NOISE ANALOG TO DIGITAL 
CONVERTER SYSTEM 

FIELD OF THE INVENTION 

[0001] This invention relates to an improved accurate, loW 
noise analog to digital converter system. 

BACKGROUND OF THE INVENTION 

[0002] Wide dynamic range and loW noise are desirable 
qualities of analog to digital converter systems eg those 
used in computed tomography (CT) scanners. In that envi 
ronment there is a particularly great demand for a Wide 
dynamic range, e.g., 120 dB to accommodate very bright 
radiation passing through loW density body areas. But at the 
loW end it is also desirable to have very loW noise to improve 
the quality and contrast of loW level radiation passing 
through bone, for example. One approach to this issue has 
been to apply a conditional reset Which can be done a 
number of times in a measuring period to accommodate 
larger signals and even less than one per measuring period 
to reduce noise at loWer signals. One such approach is 
disclosed in US. Pat. No. 6,660,991, Brombacher et al. 
HoWever, in that approach the input charge is dissipated 
during reset making the output less accurate and during reset 
the noise form the ampli?er is communicated to the feed 
back capacitor. Brombacher et al. for one, attempts to 
mitigate these problems by interpolation and ?ltering of 
delta values but this is inherently inexact and information 
Will be lost. 

BRIEF SUMMARY OF THE INVENTION 

[0003] It is therefore an object of this invention to provide 
an improved more accurate loW noise analog to digital 
converter system. 

[0004] It is a further object of this invention to provide 
such an improved more accurate loW noise analog to digital 
converter system Which isolates the input from the feedback 
capacitor and integrator circuit ampli?er to preserve charge 
and reduce reset noise. 

[0005] It is a further object of this invention to provide an 
improved more accurate loW noise analog to digital con 
verter system Which isolates the integrator circuit ampli?er 
from the feedback capacitor to reduce noise. 

[0006] It is a further object of this invention to provide an 
improved more accurate loW noise analog to digital con 
verter system Which decouples the resetting from the analog 
to digital converter (ADC) avoiding ADC latency in the 
reset path and providing faster reset response. 

[0007] It is a further object of this invention to provide an 
improved more accurate loW noise analog to digital con 
verter system Which With decoupling of the resetting enables 
the ADC to be multiplexed With many integrator channels. 

[0008] It is a further object of this invention to provide an 
improved more accurate loW noise analog to digital con 
verter system Which provides better estimation of the aver 
age input over the measuring period. 

[0009] The invention results from the realiZation that a 
more accurate, loWer noise conditional resetting integrator 
circuit in an analog to digital converter system can be 
achieved by sampling With an analog to digital converter the 
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output of an integrating circuit a number of times during a 
measuring period; isolating the input from the integrating 
circuit during a sample event; generating a reset signal in 
response to the integrating circuit output reaching a prede 
termined level; and resetting the feedback capacitor of the 
integrating circuit by isolating it from the ampli?er circuit of 
the integrating circuit and connecting it to a reference source 
during a sample event. 

[0010] The subject invention, hoWever, in other embodi 
ments, need not achieve all these objectives and the claims 
hereof should not be limited to structures or methods 
capable of achieving these objectives. 

[0011] This invention features an improved accurate, loW 
noise analog to digital converter system including an inte 
grator circuit having an ampli?er circuit and a feedback 
capacitor and an analog to digital converter With its input 
coupled to the integrator circuit output for sampling the 
integrator circuit output at least once each measuring period. 
A conditional reset circuit resets the feedback capacitor after 
a predetermined integrator circuit output voltage has been 
reached; and the sWitching system selectively isolates the 
feedback capacitor during sampling and reset. 

[0012] In a preferred embodiment there may be a sample 
reconstruction circuit responsive to the output of the analog 
to digital converter for reconstructing the output of the 
integrator circuit. The sample reconstruction circuit may 
include a digital computation circuit for determining the 
difference betWeen the values of each sample occurring 
during a measuring period and adding the value of any 
sample event at Which the feedback capacitor has been reset 
for reconstructing the output of the integrator circuit. The 
sample reconstruction circuit may include a reset event 
correction circuit and a slope estimation computation circuit. 
The sWitching system may include an input hold sWitching 
circuit for isolating the integrator circuit from the input 
during a sampling event. The conditional reset circuit may 
include a reset sWitching circuit for connecting the feedback 
capacitor to a reference voltage source during a conditional 
reset. The sWitching system may include an isolation sWitch 
ing circuit for isolating the ampli?er circuit from the feed 
back capacitor during a conditional reset. The digital com 
putation circuit may include a storage device for storing 
values of samples at sampling events and values of samples 
at Which the feedback capacitor has been reset. The digital 
computation circuit may include a summing circuit for 
differencing sample values at sampling events and adding 
values of samples at Which the feedback capacitor has been 
reset. The conditional reset circuit may include a reference 
voltage source. The conditional reset circuit may include a 
comparator for determining Whether the integrator circuit 
output has reached a predetermined integrator circuit output 
voltage. The conditional reset circuit may include a refer 
ence charge source and a reset sWitching circuit for con 
necting the reference charge source to the feedback capaci 
tor. Resetting may occur at the next sample event after a 
predetermined integrator circuit output voltage has been 
reached. The integrator circuit may receive its input from a 
photodiode. 

[0013] The invention also features an accurate loW noise 
method of conditionally resetting an integrator circuit in an 
analog to digital system including sampling, With an analog 
to digital converter, the output of an integrating circuit a 
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number of times during a measuring period and isolating the 
input from the integrating circuit during a sample event. A 
reset signal is generated in response to the integrating circuit 
output reaching a predetermined level, and the feedback 
capacitor of the integrating circuit is reset by isolating it 
from the ampli?er circuit of the integrating circuit and 
connecting it to a reference source during a sample event. 

[0014] In a preferred embodiment the difference betWeen 
the values of each sample occurring during a measuring 
period may be determined and the value of any sample at 
Which the feedback capacitor has been reset may be added 
for reconstructing the output of the integrator circuit. The 
values of samples at sampling events and the values of 
samples at Which the feedback capacitor has been reset may 
be stored. The reference source may include a voltage 
reference source or a charge reference source. The resetting 
may occur at the next sample event after a predetermined 
integrator circuit output voltage has been reached. The 
integrating circuit may receive an input from a photodiode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Other objects, features and advantages Will occur 
to those skilled in the art from the folloWing description of 
a preferred embodiment and the accompanying draWings, in 
Which: 

[0016] FIG. 1 is a schematic block diagram of an 
improved conditional resetting analog to digital converter 
system With isolation according to this invention; 

[0017] FIG. 2 shoWs Waveforms illustrating sampling and 
conditional resetting of the system of FIG. 1 With respect to 
three different strength signals; 

[0018] FIG. 3 is an enlarged detailed vieW ofa portion of 
a Waveform illustrating the sampling and resetting sWitch 
ing; 

[0019] FIG. 4 is a schematic block diagram of a sample 
reconstruction circuit for the system of FIG. 1; 

[0020] FIG. 5 is a schematic block diagram similar to that 
of FIG. 4 of a sample reconstruction circuit using a slope 
estimation computation circuit; 

[0021] FIG. 6 is a schematic block diagram of an 
improved conditional resetting analog to digital converter 
system With isolation similar to FIG. 1 using a reference 
charge source; and 

[0022] FIG. 7 is a schematic block diagram of a sample 
reconstruction circuit similar to FIG. 5 for the system of 
FIG. 6. 

DISCLOSURE OF THE PREFERRED 
EMBODIMENT 

[0023] Aside from the preferred embodiment or embodi 
ments disclosed beloW, this invention is capable of other 
embodiments and of being practiced or being carried out in 
various Ways. Thus, it is to be understood that the invention 
is not limited in its application to the details of construction 
and the arrangements of components set forth in the folloW 
ing description or illustrated in the draWings. If only one 
embodiment is described herein, the claims hereof are not to 
be limited to that embodiment. Moreover, the claims hereof 
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are not to be read restrictively unless there is clear and 
convincing evidence manifesting a certain exclusion, restric 
tion, or disclaimer. 

[0024] There is shoWn in FIG. 1 an improved accurate, 
loW noise analog to digital converter system 10 including an 
integrator circuit 12 having an ampli?er 14 and feedback 
capacitor 16. There is an analog to digital converter 18 
Which samples the output of integrator circuit 12 at least 
once each measuring period. There is a conditional reset 
circuit 20 for resetting feedback capacitor 16 after a prede 
termined integrator circuit 12 output voltage has been 
reached. Conditional reset circuit 20 includes comparator 
22, reference source 24, Which in this particular embodiment 
is shoWn as a reference voltage source, and a sWitching 
system 26 Which isolates feedback capacitor 16 during 
sampling and reset. SWitching system 26 includes input hold 
sWitching circuit, sWitch 28 for isolating the integrator 
circuit 12 from the input 30 during a sampling event. 
SWitching system 26 also includes an isolation sWitching 
circuit 32 for isolating the ampli?er circuit 14 from the 
feedback capacitor 16 during a conditional reset. Condi 
tional reset circuit 20 also includes reset sWitching circuit 34 
including sWitches 36 and 38 Which connects feedback 
capacitor 16 to reference source 24 during a conditional 
reset. There is a sample reconstruction circuit 40 such as a 
digital ?lter, for example, for reconstructing the output of the 
integrator circuit. Timing circuit 42 provides clock pulses at 
time tH and tC for sWitching system 26 and analog to digital 
converter 18, respectively. One typical input to this system 
is from a photodiode 50 having an intrinsic capacitance 52 
as is typical of photodiodes used in an array in a computed 
tomography scanner, for example. The input to the integrat 
ing circuit 12 is from the output of photodiode 50. 

[0025] In operation, integrating circuit 12 receives a 
charge from photodiode 50 With intrinsic capacitance 52, 
and it provides an output to analog to digital converter 18. 
An output of integrator circuit 12 is also provided to 
comparator 22. Analog to digital converter 18 may take any 
number of samples during a predetermined measuring 
period, for example, four samples per measuring period. A 
measuring period may be determined by a manufacturers 
speci?cations or other criteria. A typical measuring period 
for a photodiode may be 300 microseconds, for example. 
Each time analog to digital converter 18 samples the output 
of ampli?er 14 input hold sWitch 28 is enabled by timing 
signal tH to open and isolate photodiode 50 With capacitance 
52 from ampli?er 14 and feedback capacitor 16. This 
accomplishes tWo things, ?rst it prevents the normal capaci 
tor noise kT/C from being communicated to feedback 
capacitor 16 thereby reducing noise in the system. It also 
prevents the loss of charge from photodiode 50 to feedback 
capacitor 16 and ampli?er 14 during the sampling period. 
Instead the charge is stored on the intrinsic capacitance 52 
and is submitted to ampli?er 14 and feedback capacitor 16 
after the sample event is over, the timing signal tH has ended 
and input hold sWitch 28 is once again closed. Comparator 
22 monitors the output of ampli?er 14 of integrating circuit 
12. If that output voltage exceeds a predetermined voltage 
level indicating that the signal is large enough that it may 
soon exceed the limits of analog to digital converter 18, 
comparator 22 at the next sampling event represented by tC 
produces a reset signal at tR to open isolating sWitch 32 and 
close reset sWitches 36 and 38. This disconnects feedback 
capacitor 16 from ampli?er 14, thereby eliminating any 
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communication of noise from ampli?er 14 to feedback 
capacitor 16 and applies the reference voltage from refer 
ence source 24 to reset feedback capacitor 16 to Zero. This 
operation is explained in more detail Which respect to FIGS. 
2 and 3. The preferred position of input hold sWitch 28 as 
shoWn is at the input to ampli?er 14 Where it not only 
isolates feedback capacitor 16 but also preserves the charge 
on photodiode 50 during sampling events. 

[0026] Typically When photodiode 50 is one of a multi 
plicity of photodiodes in a computer tomography scanner, 
the components shoWn in dashed line in FIG. 1 constitutes 
but one channel associated With one photodiode 50. But 
there may be many such photodiodes 50a, 50b, 5011, in 
numerous channels l-N. In that case, if each channel is 
provided With a sample and hold circuit, such as sample and 
hold circuit 60, in channel 1 and a multiplexer 62 is provided 
at the input to analog to digital converter 18, then a large 
number of channels and their associated photodiodes may be 
served by the single analog to digital converter 18. One of 
the advantages of this invention is the use of comparator 22 
or a similar device Which operates to provide the resetting of 
the feedback capacitor. Previously the resetting is derived 
from the output of the analog to digital converter. In this 
invention the resetting is associated With comparator 22 or 
a similar device and is decoupled from the output of the 
analog to digital converter thereby avoiding the analog to 
digital converter latency in the reset path and providing 
faster reset response. And this advantage is all the more 
important When analog to digital converter 18 is multiplexed 
to serve a multiplicity of channels. 

[0027] The operation of the conditional resetting can be 
seen more clearly With reference to FIG. 2 Where the 
ordinate represents voltage and the abscissa, time. The 
predetermined threshold to Which comparator 22 is respon 
sive is shoWn at 70, eg ~1/z the saturation voltage and the 
overload or saturation voltage is indicated at 72, eg ~2.0V. 
The measuring period T1, for example 300, microseconds 
contains four sample events indicated at S1, S2, S3, and 
S4With sample event S4 being coincident With the end of 
measuring period T1. There are three signals of different 
strength or slope in FIG. 2, a steep one 74 and an interme 
diate one 76 and a shalloW one 78. Beginning With inter 
mediate slope 76 it can be seen that at sample time Sl 
indicated at 78, signal 76 has not exceeded threshold 70. It 
does so hoWever at 80 so that at the next sample time, S2, it 
Will be reset at 82 back to Zero at 84. The output of 
integrating circuit 12 continues along line 76' then and at 
sample event S3 it can be seen at 86 that the threshold 70 has 
not been reached. But it Will be reached at 88 so that at the 
next sample event, S4, it Will be reset at 90 back to Zero 92. 
The sample reconstruction performed by circuit 40 in FIG. 
1 can be seen then, With reference to FIG. 2, as easily 
obtainable by subtracting from the ?nal value at 90, the 
initial value at the origin 94 and then adding in any inter 
mediate reset sample value, Which Would be the value at 82 
represented by the distance betWeen 82 and the reset at 84 
to Zero. For the steeper slope or stronger signal 74 it can be 
seen that that signal exceeds threshold 70 Within each 
sample time at 96, 98, 100, and 102 and so at each sample 
time S1, S2, S3, S4 there Will be a reset from 104 to 106,108 
to 110, 112 to 114, and 116 to 118. Here again the total 
output is the ?nal value at 116 minus the initial (Zero) at 94 
plus the values at each of the sample events 104, 108 and 
112. Thus a very high signal, for example, a signal that has 
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gone through loW density ?esh in a CT scan can be accom 
modated by this oversampling of the input signal, even 
though the entire signal Would far exceed the saturation level 
72. With respect to the very shalloW or loW signal 78 it can 
be seen that in each ofthe sample events S1, S2, S3, S4 it does 
not exceed threshold 70 and therefore, there need be no 
resetting in this measuring period and perhaps for additional 
measuring periods in the future. By reducing the number of 
resets this Way noise is further reduced. 

[0028] The actual sWitching effected by tH, tC and tR can 
be seen in FIG. 3 With respect to a portion of the interme 
diate slope signal 76. There it can be seen that signal 76 has 
crossed the threshold at 70. Upon receiving clock signal tH 
indicated at 120, FIG. 3, sWitch 28, FIG. 1, is opened. This 
prevents charge from moving from photodiode 50 into 
integrating circuit 12 during sampling. A short time after, at 
tc, timing signal 122 causes analog to digital converter 18 to 
take a sample at 124. Since signal 76 has crossed threshold 
70 comparator 22 Will provide tR, pulse 126, to reset to Zero 
at 128. tH signal 120, then ends at 130. SWitch 28 is once 
again closed so that the charge on it, indicated at 132, is once 
again delivered to the integrating circuit 12. Had threshold 
70 not been crossed there Would be no reset to Zero at 128 

and instead at the end, 130, of tH pulse 120, the additional 
charge 132 Would be added as shoWn as 132', and the system 
Would continue along the dashed line 134. 

[0029] One implementation of a sample reconstruction 
circuit 40, FIG. 1, is shoWn in FIG. 4, Where a sample 
reconstruction circuit 4011 includes a number of storage 
devices SO through S4 representing the sample events shoWn 
in FIG. 2. There is also a digital computation circuit 140 
Which determines the difference or delta betWeen the values 
of each sample occurring during a measuring period, then 
adds the values of any sample events at Which the feedback 
capacitor has been reset in order to reconstruct the output of 
the integrator circuit. Here the digital computation circuit 
140 includes a plurality of summers 142, 144, 146, 148, and 
150. This simple calculation is expressed by the equation 

Result=Final—Initial+Intermediate reset samples. (1) 

Thus summing circuit 142 receives one input at 152 from 
storage SO and receives the second input from storage SO on 
line 154 if there has been a reset. Similarly summing circuit 
144, 146, and 148 Will receive an input from the previous 
summing circuit and, if there has been a reset it Will also 
receive an input 156, 158, 160 from the associated storage, 
S1, S2, S3. The ?nal summer 150 receives an input from the 
previous summer 148 and an input from storage S4. 

[0030] Instead of employing the difference or delta to 
reconstruct the output of the integrator circuit, the sample 
reconstruction circuit 40b, FIG. 5, may include a reset event 
correction circuit 170 and a slope estimation computation 
circuit 172, Which for example may be a least squares 
approximation circuit Well knoWn in the art. In this case the 
reset event correction circuit 170 also includes storage 
devices SO-S4 but the summing circuits 176 are arranged so 
that the outputs D0, D1, D2, D3, D4, are calculated as shoWn 
by equations (2), (3), (4), (5), and (6). 
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D0 = so (2) 

D1 : S1 +if reset at S0 add So (3) 

D2 : S2 +if reset at S0 add So + if reset at S1 add S1 (4) 

D3 : S3 +if reset at S0 add So +if reset at S1 add S1 + (5) 

if reset at S2 add S2 

D4 : S4 +if reset at S0 add So +if reset at S1 add S1 + (6) 

if reset at S2 add S2 +if reset at S3 add S3 

[0031] Although thus far the system has been shown using 
a reference source 24, FIG. 1, Which is voltage reference 
source, this is not a necessary limitation of the invention. For 
example, the reference source may be a reference charge 
source 24a, FIG. 6, instead of a reference voltage source as 

shoWn at 24 in FIG. 1. This may be accomplished as shoWn 
in FIG. 6 by creating a voltage charge source 2411 from a 
reference voltage source 200 coupled With sWitch 202 and 
charge source capacitor 204. The rest of the system operates 
as previously explained except that normally sWitch 202 is 
closed in order to charge charge capacitor 204. Upon the 
appearance of a reset signal from comparator 22, sWitch 202 
is opened disconnecting charge capacitor 204 from reference 
voltage source 200 and switch 36a is closed connecting 
charge capacitor 204 to feedback capacitor 16 adding a ?xed 
amount of charge to it instead of resetting it to Zero volts. In 
this con?guration isolating sWitch 32 is eliminated. Instead 
of reference charge source 24a the charge may be supplied 
by a current source 24b through sWitch 36a for a speci?c 
time period so that again a ?xed charge is introduced to 
feedback capacitor 16. Although throughout this explanation 
the charges have been positive rather than negative, e.g., 
charge is drained from rather than added to feedback capaci 
tor 16, this is simply one example. If the polarity of 
photodiode 50 Was reversed throughout then the voltage 
ramps out of the integrating circuit Would be negative-going 
rather than positive-going and the reference Would be adding 
charge rather than draining it. 

[0032] In the implementation of the system of FIG. 6 the 
sample reconstruction circuit 40 may be implemented using 
a slope estimation computation circuit 40b, FIG. 7. The 
reset event correction circuit 170!) also includes storage 
devices SO-S4. Here the reference charge source 24a, b 
drains charge during reset so that summing circuits 176a 
19411 add back that speci?c charge Whenever there has been 
a reset at that sample event. In this case the ?nal result or 

output DO-D4 is as shoWn by equations (7) through (11). 

D0 = so (7) 

D1 : S1 + (if reset at S0 add CR) (8) 

D2 : S2 + (if reset at S0 add CR) + (if reset at S1 add CR) (9) 

D3 : S3 + (if reset at S0 add CR) + (if reset at S1 add CR) + (10) 

(if reset at S2 add CR) 
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-continued 
D4 : S4 + (if reset at S0 add CR) + (if reset at S1 add CR) + (11) 

(if reset at S2 add CR) + (if reset at S3 add CR) 

[0033] Although speci?c features of the invention are 
shoWn in some draWings and not in others, this is for 
convenience only as each feature may be combined With any 
or all of the other features in accordance With the invention. 
The Words “including”, “comprising”, “having”, and “With” 
as used herein are to be interpreted broadly and comprehen 
sively and are not limited to any physical interconnection. 
Moreover, any embodiments disclosed in the subject appli 
cation are not to be taken as the only possible embodiments. 

[0034] In addition, any amendment presented during the 
prosecution of the patent application for this patent is not a 
disclaimer of any claim element presented in the application 
as ?led: those skilled in the art cannot reasonably be 
expected to draft a claim that Would literally encompass all 
possible equivalents, many equivalents Will be unforesee 
able at the time of the amendment and are beyond a fair 
interpretation of What is to be surrendered (if anything), the 
rationale underlying the amendment may bear no more than 
a tangential relation to many equivalents, and/or there are 
many other reasons the applicant can not be expected to 
describe certain insubstantial substitutes for any claim ele 
ment amended. 

[0035] Other embodiments Will occur to those skilled in 
the art and are Within the folloWing claims. 

What is claimed is: 
1. An improved, accurate, loW noise analog to digital 

converter system comprising: 

an integrator circuit including an ampli?er circuit and a 
feedback capacitor; 

an analog to digital converter With its input coupled to 
said integrator circuit output for sampling said integra 
tor circuit output at least once each measuring period; 

a conditional reset circuit for resetting said feedback 
capacitor after a predetermined integrator circuit output 
voltage has been reached; and 

a sWitching system for selectively isolating said feedback 
capacitor during sampling and reset. 

2. The improved, accurate, loW noise analog to digital 
converter system of claim 1 further including a sample 
reconstruction circuit responsive to the output of said analog 
to digital converter for reconstructing the output of said 
integrator circuit. 

3. The improved, accurate, loW noise analog to digital 
converter system of claim 2 in Which said sample recon 
struction circuit includes a digital computation circuit for 
determining the difference betWeen the values of each 
sample occurring during a measuring period and adding the 
value of any sample event at Which the feedback capacitor 
has been reset for reconstructing the output of said integrator 
circuit. 

4. The improved, accurate, loW noise analog to digital 
converter system of claim 2 in Which said sample recon 
struction circuit includes a reset event correction circuit and 
a slope estimation computation circuit. 



US 2006/0250291 A1 

5. The improved, accurate, loW noise analog to digital 
converter system of claim 1 in Which said switching system 
includes an input hold switching circuit for isolating said 
integrator circuit from the input during a sampling event. 

6. The improved, accurate, loW noise analog to digital 
converter system of claim 1 in Which said conditional reset 
circuit includes a reset sWitching circuit for connecting said 
feedback capacitor to a reference voltage source during a 
conditional reset. 

7. The improved, accurate, loW noise analog to digital 
converter system of claim 1 in Which said sWitching system 
includes an isolation sWitching circuit for isolating said 
ampli?er circuit from said feedback capacitor during a 
conditional reset. 

8. The improved, accurate, loW noise analog to digital 
converter system of claim 3 in Which said digital computa 
tion circuit includes a storage device for storing the values 
of samples at sampling events and values of samples at 
Which said feedback capacitor has been reset. 

9. The improved, accurate, loW noise analog to digital 
converter system of claim 3 in Which said digital computa 
tion circuit includes a summing circuit for differencing 
sample values at sampling events and adding values of 
samples at Which the feedback capacitor has been reset. 

10. The improved, accurate, loW noise analog to digital 
converter system of claim 1 in Which said conditional reset 
circuit includes a reference voltage source. 

11. The improved, accurate, loW noise analog to digital 
converter system of claim 1 in Which said conditional reset 
circuit includes a comparator for determining Whether the 
integrator circuit output has reached said predetermined 
integrator circuit output voltage. 

12. The improved, accurate, loW noise analog to digital 
converter system of claim 1 in Which said conditional reset 
circuit includes a reference charge source and a reset sWitch 
ing circuit for connecting said reference charge source to 
said feedback capacitor. 

13. The improved, accurate, loW noise analog to digital 
converter system of claim 1 in Which said resetting occurs at 
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the next sample event after a predetermined integrator 
circuit output voltage has been reached. 

14. The improved, accurate, loW noise analog to digital 
converter system of claim 1 in Which said integrating circuit 
receives an input from a photodiode. 

15. An accurate, loW noise method of conditionally reset 
ting an integrator circuit in an analog to digital system 
comprising: 

sampling With an analog to digital converter the output of 
an integrating circuit a number of times during a 
measuring period; 

isolating the input from the integrating circuit during a 
sample event; 

generating a reset signal in response to the integrating 
circuit output reaching a predetermined level; and 

resetting the feedback capacitor of the integrating circuit 
by isolating it from the ampli?er circuit of the integrat 
ing circuit and connecting it to a reference source 
during a sample event. 

16. The method of claim 15 further including determining 
the difference betWeen the values of each sample occurring 
during a measuring period and adding the value of any 
sample at Which the feedback capacitor has been reset for 
reconstructing the output of said integrator circuit. 

17. The method of claim 16 further including storing the 
values of samples at sampling events and values of samples 
at Which said feedback capacitor has been reset. 

18. The method of claim 15 in Which said reference source 
includes a voltage reference source. 

19. The method of claim 15 in Which said reference source 
includes a charge reference source. 

20. The method of claim 15 in Which resetting occurs at 
the next sample event after a predetermined integrator 
circuit output voltage has been reached. 

21. The method of claim 15 in Which said integrating 
circuit receives an input from a photodiode. 

* * * * * 


