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(57) ABSTRACT 

The photosensitive device implements charge coupling and 
accumulation for analyzing a light signal A sensor has an 
image Zone M roWs and N columns of photosensitive sites 
for receiving a light signal during successive acquisition 
periods; a transfer Zone of P roWs and N columns of 
non-photosensitive sites for receiving; in each site of a ?rst 
roW; the sum of the charges in a respective column of the 
image Zone at the end of each successive sampling period. 
It also has a storage Zone of P roWs an N columns in Which 
each column is adjacent to a respective column of the 
transfer Zone and each site is arranged to receive charges 
contained in an adjacent site of the transfer Zone and to 
accumulate it. The sensor is clocked for a sequence. During 
each of R successive observation periods; there are P suc 
cessive time samplings each of duration T, each by simul 
taneously transferring charges into the sites of the storage 
Zone and subsequently transferring the charges from all sites 
into a single column into the ?rst roW of the transfer Zone 
after moving charges of each roW from the transfer Zone to 
the folloWing roW. After P samples have been taken; the 
charges of each roW of the transfer Zone are transferred to the 
adjacent site of the storage Zone. After R observation peri 
ods; the storage Zone is read out roW by row. 
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PHOTOSENSITIVE CHARGE-ACCUMULATING 
DEVICE AND A LIDAR INCORPORATING SUCH A 

DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a photosensitive 
device implementing electric charge coupling and accumu 
lation, and enabling light signals to be analyzed A major 
although non-exclusive application lies in so-called “lidar” 
apparatuses for measuring the range to obstacles or to media 
that re?ect or back-scatter short pulses of light. Such lidars 
are used in particular to determine the altitude and the 
position of clouds by measuring the travel time of laser 
pulses back-scattered by the surfaces of clouds. Aparticular 
type of lidar knoWn as a “Wind” lidar serves to measure 

average Wind speed in various altitude ranges by using the 
Wavelength shift that is caused by the Doppler effect. 

[0002] Proposals have already been made (document FR 
A-2,735,935) for a photosensitive device implementing 
charge coupling and storage for analyZing light signals and 
incorporating a photodetector matrix. The detector is con 
stituted by a charge-coupled device (CCD) and presents 
numerous advantages, particularly When high sensitivity is 
required. CCD detectors can be made so as to have high 
quantum ef?ciency from the ultraviolet to the near infrared; 
they make it possible on a single chip to combine functions 
of integrating charge and of performing analog storage. 
They enable charge to be transferred at high frequency. Their 
read noise is loW. 

[0003] For a Wind lidar, the device is associated With a 
spectrometer enabling each column of the image Zone to be 
associated With a different spectrum shift, and thus With a 
different speed. 

[0004] Improvements to the above device are described in 
French application FR-A-2,769,450 to Which reference can 
be made; they enable charge to be accumulated in analog 
manner in charge coupling means, thereby enabling the 
device to be read at intervals corresponding to a plurality of 
observation periods, i.e. only after several successive shots 
When implemented as a lidar. 

[0005] French patent FR-A-2,769,450 discloses a photo 
sensitive device implementing charge coupling and accu 
mulation for analyZing a light signal and comprising: 

[0006] an image Zone constituted by a matriX of M 
roWs by N columns of photosensitive sites for receiv 
ing the light signal during successive acquisition 
periods; 

[0007] a ?rst memory Zone constituted by a matrix of 
P roWs and N columns of non-photosensitive sites for 
receiving in each site of a ?rst roW constituting an 
integration roW, the total charge in a respective 
column of the image Zone, at the end of each 
successive acquisition period; 

[0008] a read register having a single roW of N sites 
for receiving in parallel the charge stored in the last 
roW of the ?rst memory Zone; 

[0009] a second memory Zone of P roWs and N 
columns for receiving in parallel the charge admitted 
to the N sites of the read register and for applying it 
to N sites of a single line in the image Zone or of the 
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?rst memory Zone, thereby accumulating in each roW 
of the ?rst memory Zone the charge as accumulated 
over an observation period and coming from a plu 
rality of successive summing operations; and 

[0010] 
[0011] at the end of each acquisition period and in 

a time that is short relative to the acquisition 
period, to transfer the charge stored in all of the 
sites in each column of the image Zone along the 
column to a respective site of an integration line in 
Which charge is summed; 

clocking means operating: 

[0012] during each observation period, to transfer 
the charge accumulated in each site of the inte 
gration line stepWise at the acquisition rate, along 
the columns of the memory Zone toWards the read 
register; and 

[0013] to read the read register after a plurality of 
observation periods. 

[0014] This makes it possible, in particular, to loop back 
to the image Zone or the ?rst memory Zone, so that each roW 
of the ?rst memory Zone accumulates charge coming from 
a plurality of successive summing operations. 

[0015] In a ?rst case, the read register has at least N 
additional sites to Which charge coming from the last roW of 
the ?rst memory Zone is transferred in order to be reintro 
duced into the second memory Zone, and the second memory 
Zone is designed to enable the accumulated charge it con 
tains to be transferred serially to an integration Zone. At the 
end of each acquisition period, the contents of the lines 
corresponding to the second memory Zone and the image 
Zone are accumulated in said integration Zone. The integra 
tion line is constituted by a shift register having at least 2N 
sites, With N sites receiving in parallel the content of the last 
line of the second memory Zone, and N sites capable of 
accumulating the charge they contain With charge trans 
ferred from the memory Zone. 

[0016] That solution has the advantage of avoiding high 
levels of charge on a given roW disturbing loWer levels of 
charge present in other roWs. HoWever, implementing it 
gives rise to difficulties in implanting sequencing clock 
electrodes for the N sites Which receive the charge trans 
ferred from the image Zone. 

[0017] In a second case disclosed in application FR-A-2, 
769,450, the second memory Zone is designed so that the 
charge contained in each roW of said second memory Zone 
and coming from corresponding roWs of the ?rst memory 
Zone can be transferred into the corresponding roWs of the 
image Zone prior to each observation period. 

[0018] That requires only the provision of clocking having 
additional outputs for controlling transfers to and from the 
auXiliary second memory. 

[0019] Implementation remains simple. HoWever charge 
is transferred back and forth through the image Zone. Imper 
fections in transfer betWeen roWs mean that in some appli 
cations time samples of loW ?uX are polluted by the roW that 
is the most illuminated, and consequently that charge 
becomes “smeared”. 
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SUMMARY OF THE INVENTION 

[0020] The invention seeks in particular to provide a 
device that avoids the above limitations to a large extent. 

[0021] To this end, the invention provides a device com 
prising: 

[0022] an image Zone constituted by a matrix of M 
roWs and N columns of photosensitive sites for 
receiving a light signal during successive acquisition 
periods; 

[0023] a transfer Zone constituted by a matrix of P 
roWs and N columns of non-photosensitive sites for 
receiving in each site of a ?rst roW constituting an 
integration roW the total charge in a respective col 
umn of the image Zone at the end of each successive 
sampling period; 

[0024] a storage Zone of P roWs and N columns in 
Which each column is adjacent to a respective col 
umn of the transfer Zone and each site is designed to 
receive the charge contained in an adjacent site of the 
transfer Zone and to accumulate it With the charge it 
contains already; and 

[0025] clocking means operating: 

[0026] (a) during each of R successive observation 
periods, to obtain P successive time samples of 
duration T, each by simultaneously transferring 
charge into the sites of the memory Zones and, in 
a period that is short relative to the duration T, 
subsequently transferring the charge from all of 
the sites in a single column into the ?rst roW of the 
transfer Zone after moving charge from each roW 
of the transfer Zone to the folloWing roW; and after 
said P samples have been taken, to transfer the 
charge of each roW of the transfer Zone to the 
adjacent site of the storage Zone; and 

[0027] (b) after R observation periods, to cause the 
storage Zone to be read roW by roW. 

[0028] It should also be observed that the device ?nds an 
additional application in constituting a fast loW-?ux radi 
ometer using the image and memory Zones of the device as 
a receiver of loW light levels. 

[0029] The above characteristics and others Will appear 
more clearly on reading the folloWing description of a 
particular embodiment given by Way of a non-limiting 
example. The description refers to the accompanying draW 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a block diagram of a Wind lidar consti 
tuting an embodiment of the invention; 

[0031] FIG. 2 is a diagrammatic plan vieW of a photo 
sensitive device constituting an embodiment of the inven 
tion; and 

[0032] FIG. 3 is a diagram summariZing successive steps 
in operation. 
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DETAILED DESCRIPTION 

[0033] The lidar is shoWn diagrammatically in FIG. 1. It 
comprises a source 10 of short light pulses (typically 20 ns 
to 30 ns), generally constituted by a garnet laser. The 
back-scattered light ?ux Which presents a Wavelength shift 
6)» proportional to the speed of the obstacle or the medium 
giving rise to back-scattering is picked up by a telescope 12 
Which supplies a parallel beam to an interference ?lter 16 
Which can be constituted, in particular, by a FiZeau inter 
ferometer. The function of the interferometer is to generate 
a linear fringe Whose position is offset relative to a midplane 
as a function of the spectrum shift 6)». An output optical 
system 18 forms an image of the fringe(s) output from the 
interferometer on the image Zone of a CCD detector 14. 

[0034] A clock 40 controls the laser 10 and a clock signal 
generator 42 for generating the clock signals required for 
transferring charge in the CCD detector. 

[0035] In general, the device has a shift register With N or 
2N parallel input positions and a serial output to a read 
ampli?er Which is placed so as to receive the contents of all 
P roWs of the storage Zone in succession. 

[0036] The photosensitive device 14 Whose structure is 
shoWn in FIG. 2 has an image Zone 20 comprising a matrix 
of M roWs and N columns of photosensitive sites 21. The 
image Zone is folloWed in the direction fO of parallel charge 
transfer by a memory 24 constituted by a matrix of P roWs 
of non-photosensitive sites (e.g. masked by a deposit of 
aluminum or by a mechanical mask) and then by a read 
register 26 having parallel inputs and a serial output in the 
direction indicated by arroW f1. 

[0037] The memory can be regarded as being constituted 
by a transfer Zone and a storage Zone. 

[0038] The transfer Zone is constituted by a matrix of P 
roWs and N columns of non-photosensitive sites. The ?rst 
roW of this transfer Zone constitutes a Zone in Which charge 

coming from the image Zone is integrated. 

[0039] The storage Zone is constituted by NxP sites or 
pixels 28 occupying P roWs and N columns. Each column is 
adjacent to a respective column of the transfer Zone. Each 
site of the storage Zone is designed to receive the charge 
contained in the adjacent site of the transfer Zone and to 
accumulate it With the charge it already contains. 

[0040] The read register 26 shoWn has N sites (or 2N sites) 
disposed so as to receive in parallel the charge transferred 
from the last roW of the storage Zone. 

[0041] The image Zone 20, the memory 24, and the 
register 26 are is implanted on a semiconductor substrate 
carrying the electrodes required for implementing the trans 
fers represented by arroWs in FIG. 2. These electrodes 
belong to the CCD matrix and they are connected to clock 
ing means comprising the clock 40 and the generator 42. 

[0042] The folloWing characteristics can be considered as 
representative for a Wind lidar having a laser operating With 
20 ns pulses and an acquisition period of 8 us: 

[0043] a monolithic detector on silicon, With masking 
by means of a deposit of aluminum or a separate 
mask, and square sites With a side of 20 pm; 
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[0044] M=N=16 pixels; 

[0045] P=25 pixels; 

[0046] registers having 2N+1=33 sites; and 

[0047] output stage 30 With gain of 10 pV/e'. 

[0048] The position of the interference fringe is offset 
from the axis by a distance 6x proportional to 6)», With 
energy distribution that can cause it to cover a plurality of 

columns. It can be located With accuracy better than one 
pixel (site Width) by computing a center of gravity. 

[0049] A measurement made using a device of the kind 
described above accumulates over time the results of a 

plurality of successive observations, typically 10 to 2000 
observations for a Wind lidar. The successive steps are then 
as folloWs: 

[0050] 1) Each of the R successive observations 
(Where each observation folloWs a laser shot in a 
lidar application), comprises in succession accumu 
lation and then transfer. 

[0051] (al) During a ?rst sampling time, charge is gener 
ated by the light received by the image Zone 20 in the sites 
of said Zone, reception being for a duration T Which is 
selected in a lidar as a function of the desired distance 
resolution. 

[0052] (b1) At the end of the duration T, the charge is 
shifted along each column so that the charge from all of the 
sites in a given column accumulates in the site constituting 
the ?rst roW of the transfer Zone belonging to that column, 
and this is done in a duration Which is short compared With 
T. 

[0053] (c) During each successive sampling time (corre 
sponding to analyZing a region that is further aWay in a lidar 
application), the folloWing occur: 

[0054] charge in the image Zone is accumulated 
again, as in step (a1); 

[0055] a roW of charge contained in the transfer Zone 
is shifted roW by roW doWnWards; and 

[0056] as in step (b1), charge is displaced so as to 
accumulate in the ?rst roW of the transfer Zone that 
has just been emptied by shifting. 

[0057] P time samples are thus taken, at the end of Which 
the sites of the P roWs of the transfer Zone contain charge 
corresponding to T successive periods. 

[0058] (d) The content of each site of the transfer Zone is 
transferred toWards the site 28 of the storage Zone that is 
adjacent thereto, as represented by curved arroWs in FIG. 2. 

[0059] 2) Each of the folloWing R-1 observations folloWs 
a neW laser shot in a lidar application. The time delays 
betWeen ?ring and the charge accumulation periods of 
duration T are the same as during the ?rst observation. 
HoWever during step (d) the transferred charge adds to the 
charge already present in each of the sites 28 of the storage 
Zone. 
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[0060] 3) Finally, reading is performed roW by roW via an 
outlet stage, and in the example shoWn using a shift register 
26 having parallel inputs and a serial output to the read 
ampli?er. 

[0061] The architecture described above has advantages 
including the fact that losses during transfers betWeen sites 
have little in?uence. An electron generated in the image 
Zone is subjected to no more than M+P+N+1 (or M+P+2N+ 
1) transfers, regardless of the number R of observations. 
Furthermore, the overall architecture of the component is 
simple, both in terms of number of different Zones and in 
terms of implanting charge-shifting electrodes. 

[0062] Operation can be summariZed as shoWn in FIG. 3. 
The commands applied to the electrodes are then as folloWs: 

[0063] PMT=block transfer, roW by roW in the trans 
fer Zone; 

[0064] P1=image Zone charge accumulation in the 
?rst roW of the transfer Zone; 

[0065] PMS=column by column transfer from the 
transfer Zone to the image Zone, together With inte 
gration; and 

[0066] PR=transfer to the read register. 

[0067] An additional advantage of the device described 
above is that the entire CCD portion can also be used as a 
detector for fast photometric applications at loW light levels. 
Thus, the same CCD part can equally Well be used With 
clocking means as de?ned above or With a Rayleigh receiver 
of the kind described in French patent application FR 
89/08462 in the name of CNRS to Which reference may be 
made. 

1. Aphotosensitive device implementing charge coupling 
and accumulation for analyZing a light signal, comprising: 

an image Zone constituted by a matrix of M roWs and N 
columns of photosensitive sites for receiving a light 
signal during successive acquisition periods M and N 
being integers; 

a transfer Zone constituted by a matrix of P roWs and N 
columns of non-photosensitive sites for receiving, in 
each site of a ?rst roW, constituting an integration roW, 
a sum of the charges in a respective column of the 
image Zone at the end of each one of the plurality of 
successive sampling periods; 

a storage Zone of P roWs an N columns, P being an integer 
greater than 1, in Which each column is adjacent to a 
respective column of the transfer Zone and each site is 
arranged to receive charges contained in an adjacent 
site of the transfer Zone and to accumulate it With the 
charge it contains already; and 

clocking means for: 

(a) during each of R successive observation periods, 
causing P successive time samplings each of a pre 
determined duration T, each by simultaneously trans 
ferring charges into the sites of the storage Zone and, 
in a period that is short relative to the duration T, 
subsequently transferring the charges from all of the 
sites into a single column into the ?rst roW of the 
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transfer Zone after moving charges of each roW from 
the transfer Zone to the following roW; and after said 
P samples have been taken, causing transfer of the 
charges of each roW of the transfer Zone to the 
adjacent site of the storage Zone, and 

(b) after R observation periods, causing the storage 
Zone to be read out roW by roW. 

2. Device according to claim 1, further comprising a shift 
register With N or 2N positions parallel inspect, and a serial 
output, a read ampli?er connected to said serial output and 
placed so as to receive contents of all P roWs of the storage 
Zone in succession. 

3. Lidar comprising: 

a source of short light pulses, 

Jun. 28, 2001 

a device according to claim 1, located to receive re?ected 
or backscatted light, Wherein the clocking means are 
arranged for causing accumulation of charges during a 
plurality of said successive acquisition periods of time 
corresponding to different time durations of a back and 
forth light travel and for causing successive observa 
tions at a rate of transmission of said light pulses. 

4. Wind lidar according to claim 3, further comprising an 
interferometer arranged to direct spectral components of 
different Wave length to different column on the image Zone. 

5. Application of a device according to claim 1 to a fast 
loW level radiometer, using the image and memory Zones of 
the device as a detector of loW levels of light. 


