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CMOS image sensor with a rolling shutter that uses two
separate clocks. One of the clocks is used during normal
operation. When timing is changed, the other clock is started
and used during an interim period to avoid distortion in the
image. After that interim period, the new clock timing is
coupled to the original clock circuit.

ABSTRACT

18 Claims, 2 Drawing Sheets
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VARIABLE PIXEL CLOCK ELECTRONIC
SHUTTER CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of application Ser. No.
11/318,512, filed Dec. 28, 2005 now U.S. Pat. No. 7,528,873,
which is a divisional of application Ser. No. 10/202,622, filed
Jul. 22, 2002, now U.S. Pat. No. 7,084,914, issued Aug. 1,
2006, which claims benefit of U.S. Provisional Application
No. 60/306,744, filed on Jul. 20, 2001, which are hereby
incorporated by reference in their entireties.

BACKGROUND

CMOS image sensors are described in U.S. Pat. No. 5,471,
515. Almost all commercial CMOS imagers rely on a rolling
shutter to establish the integration time for the captured
image. This contrasts with typical CCD systems, in which a
full frame shutter is used to capture the image. A rolling
shutter establishes staggered integration times for respective
rows of the image. Each row has the same integration time,
but each row starts integration and ends its integration at
different staggered time. Hence, the time of the row integra-
tion, or “shutter” is rolling.

FIG. 1 shows a block diagram of a typical CMOS image
sensor of this type. The sensor includes an array 150 of
photoreceptors which are arranged into rows such as 1, 2 and
3. Each of the photoreceptors include in-pixel switches such
as 152 which are controlled by a control circuitry 160. The
control circuitry provides control signals to the various pixels.
For example, an entire row of pixels such as row 1 may be
controlled all at the same time such that the entire row begins
integrating and the same time, and ends integrating and is read
out also at the same time.

FIG. 2A shows a diagram of the operation of such a rolling
shutter. The x axis in FIG. 2a represents time, while the y axis
represents different rows. It can be seen that row 1 starts at
time 100 and ends at time 102. Similarly, integration within
row 2 starts at time 104 which is some time interval t after time
100. Integration of row 2 ends at 106 which is after 102. The
integration time for each of these rows is the same, even
though the start and time for each of these rows may be
different.

In order to do this, the CMOS sensor logic 160 establishes
two row pointers called the readout pointer and the shutter
pointer. The start of each row readout time is established by
the shutter pointer. This causes the specified row to be reset,
and then to begin integration. The readout pointer is used to
determine which row of pixels will be sampled and output.
FIG. 2a shows the shutter pointers as the leftmost dots such as
100, and the readout pointers as the rightmost dots such as
102. For example, the dots that start and end the eighth ver-
tical dotted lines, labeled as 8 in FIG. 1 occur at the same time
that row 3 is being read out.

Various conditions may make it desirable to slow the out-
put frame rate of the CMOS image sensor. This may be caused
by limits in bandwidth, limits in the ability to compress the
video, or low light conditions requiring longer integration
times. For example, this scene may change to become more or
less complicated and thus take more or less time to compress.
Alternatively, battery conditions may necessitate a situation
where power needs to be conserved. This may make it desir-
able to change the system clock.

There are known ways of slowing the output using this
rolling shutter.
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A first way is to maintain the output data rate, but to add a
vertical blanking time to the output data stream. This pro-
duces a burst of data at the time of the active rows. During the
vertical blanking period, there is a long absence of data,
however. In many systems, this may be difficult because the
burst data rate will need to be buffered to match the slower
data rate at a later point in the system.

A more direct technique of slowing the output data rate is
to slow the master clock frequency of the CMOS image
sensor to thereby slow the output data rate and the frame rate.
This effectively outputs the data at that slower rate. However,
this can corrupt the output image frames during the time while
the clock change is occurring. The corruption of data occurs
because the sensor logic is operating on both the current
frame and the next frame simultaneously. Therefore, there is
no single instant when a master clock change will not result in
either the current frame or the next frame having rows with
different integration times. The system therefore compen-
sates, but doing so may require dropping corrupted frames.
This can effect the video output during those corrupted
frames.

Another method is to request the image sensor to change its
output data rate. This has similar problems to those described
above.

SUMMARY

The present application teaches a system that allows data
output rate changes with compensation for the data rate
change.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects will now be described in detail
with reference to the accompanying drawings, wherein:

FIG. 1 shows a block diagram of a CMOS image sensor;

FIGS. 2a and 25 show depictions of rolling shutters that
two different timing intervals;

FIG. 3 shows a switching system between the FIG. 2a and
25 systems;

FIG. 4 shows a block diagram of the special clocks.

DETAILED DESCRIPTION

FIG. 2B shows an example situation of a rolling shutter that
is slower than the shutter in FIG. 2A. The techniques dis-
closed herein enable switching between these two different
clock techniques. In FIG. 2B, the pixel clock, and thus the row
time and frame rate, is slower than that in FIG. 2A by a ratio
of 5:4. However, each row is integrated for the same amount
of time in FIGS. 2A and 2B. Therefore, the interval “t2” in
FIG. 2B is different than the interval “t” in FIG. 2A.

A camera system might have a goal of switching between
the settings in FIG. 2a and the settings in FIG. 25, in order to
match the sensor output data bandwidth to the system band-
width while maintaining the same exposure settings.

FIG. 3 shows a timing diagram of the technique that is used
according to the present system to seamlessly switch between
the settings in FIGS. 2a and 254. This is done without causing
corruption of the image stream. FIG. 3 shows there is a period
of'overlap during which both the old and new pixel clocks are
used to set the timing. FIG. 4 shows the two modules; the row
read module 400 and row read jump module 405, which are
used to create the corruption-free switching between the pixel
clocks. These two modules operate with individually control-
lable pixel clock speeds.
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The row read module 400 controls the row read and reset
functions for the current pixel clock speed of the image. The
row read jumping block, in contrast, controls the row reset for
anew pixel clock speed. When no pixel clock speed change is
required, the row read jumping block is disabled. However,
the two modules can operate at different pixel clock speeds
simultaneously, since each block includes its own pixel clock
generation circuit. The row read jumping block 405 is effec-
tively a replica of the row read block 400, with its row read
functionality removed.

In order to enable the row read jumping block, the readout
pointer is set at the top of its current frame plus an offset, as
described below the enable line 408 is activated at this time. In
operation, a setting change has been requested. The jump
shutter pointer 406, which is the dual of the shutter pointer
404 in the row read block, begins to output resets for rows
when it has wrapped to the next frame. When the shutter
pointer 404 reaches the end of the current frame, it is disabled.
Thereafter, when the readout pointer 403 reaches the start of
the new frame, the row read jumping module 405 is disabled,
and the row read block 400 is updated with the new settings
406,407. Thus, both clocks 403, 404, 406, 407 operate simul-
taneously, for the time of a single frame. Effectively, the new

4

clock is used during the transition time. 305 is used to set the
time for the next integration. For example, for line 310 shown
in FIG. 3, during a normal clock, the next integration would
start at the time 312. During the interim integration, however,
the second clock produces new ending times different than
starting time 314. Hence, the next integration 316 starts at the
same time as the ending clock 314.

When switching from a slower pixel clock frequency to a
faster pixel clock frequency, an offset must be added to the
start of the new pixel clock frame to avoid wrapping the new
frame on top of the old frame and thus corrupting the old
frame. This offset is labeled as D, and can be determined as

Pold — Pnew
Pold

where W is the number of rows in the frame including vertical
blanking rows, P, , is the current pixel clock speed, and P, ,,
is the new faster pixel clocks the given both in terms of master
clock cycles. This operation can be implemented in code as
shown in the code segment below. This can be done using this
code segment without a division operation.

-- DVB 3/31/00: This process calculates approximately how many lines to delay
-- before starting the jump integration module. When the readcount

-- is equal to the value of comparecnt, the jump module is started.

-- The actual equation should be

-- CompareCnt = AllWidth * (pclk — pelk__jump) / pelk

-- where pclk is the # of clocks per pixclk

-- The approximation implemented here is

-- CompareCnt = AlIWidth/ 2 A(logZ(pclk) - log?2 (pelk-pelk_jump))

-- where log?2 is really INT (log2( ))

process (pixclk__speed_ local, pixclk_speed_ jump__local)

begin

var_ pc <= To__StdLogicVector (pixclk__speed__local) + “00010”;
var_ pe_d <= To__StdLogicVector (pixclk_speed_ local) -
To__StdLogicVector (pixclk_speed_ jump__local);
end process;
process (var_pe, var_pc_d, var_log_ pe, var_log pc_d)

begin

if (sl2i (var_pc) >=16) then
var_log pc<=4;

elsif (sl2i (var__pc) >= 8) then
var_log pc <=3;

elsif (sl2i (var__pc) >=4) then
var_log pc <=2;

else

var_log pc<=1;

end if;

if (s12i (var__pc_d) >=16) then
var_log pc_d<=4;

elsif (s12i (var_pc_d) >= 8) then
var_log pc_d<=3;

elsif (s12i (var_pc_d) >=4) then
var_log pc_d<=2;

elsif (s12i (var_pc_d) >= 2) then
var_log pc_d<=1;

else

var_log pc_d<=0;

end if;

var_ st <=var_log pc - var_log pc_d;

end process;

process (AllWidth_out)

begin

AW(0) <= To__BitVector (To__StdLogicVector (AllWidth_ out) -2);
‘0’ & AllWidth_out (10 downto 1);

“00” & AllWidth__out (10 downto 2);

“000” & AllWidth__out (10 downto 3);

“0000” & AllWidth_out (10 downto 4);

AW(1) <=
AW(2) <=
AW(3) <=
AW(4) <=

end process

process (AW, var_sr, pixclk_speed__jump__local, pixclk_speed_ local)

IPR2025-00339
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-continued

begin

if ieee.std__logic_ unsigned. “>=" (To__StdLogicVector (pixclk_speed_ jump_ local),

To__StdLogicVector (pixclk_speed_local)) then
CompareCnt <= “00000000000”;
else
CompareCnt <= AW (var_ sr);
end if;
end process;

Since the row read and row read jumping modules can operate
asynchronously, they could potentially overlap reset func-
tions which could also result in image corruption. To avoid

a second module in communication with the first module,
said second module for producing a second clock signal
during a time when the rolling shutter is being changed

this, the row read and row read jumping modules include a L from a first characteristic to a second characteristic, and
handshaking mechanism. This avoids the modules simulta- outputting the second clock signal at a same time as the
neously issuing reset requests to the pixel array row driver first clock signals during an interim frame period,

logic. wherein the first module thereafter uses the second clock

This technique also works for the simpler situation ofexpo- 20 Signal to produce a new rolling shutter at a rate associ-
sure changes with no pixel clock change. In this case, both the ated with said second clock signal.
row read and row read jumping module operate with the same 8. The controller of claim 7, wherein the first module
pixel clock. o . activates the second module in response to a request to change
. II'lt ltlhe Ebo(;/e, mary 0?3;6 funFctlonahtleT canbe carried out  he rolling shutter from the first characteristic to the second
in either hardware or software. For example, a processor ma s
be used to carry out the functions of the tl\))vo clgck generating 2 charactlelznstlc. ller of clai herein the fi dul
elements, programmed according to the techniques disclosed 9. The contro or oF claim 7, wherein t. ° rst. module
above. prod.uces .the rolling shutter such that. an integration time

Other embodiments are also within the disclosed inven- starting signa ! for? currenit row i the. 1MAZE SCASOT 18 Syh-
tion. All such modifications are intended to be encompassed chromze.d Wlth. an integration time ending signal for a differ-

- . . . L 30 ent row in the image sensor.
within the following claims, in which: ) .

What is claimed is: 10. The gontroller pf claim 7, Wh.ereln th.e secpnd mod}lle

1. A controller for producing a rolling shutter to control an pr Odlici?s signals which .caulsle Fhe integration Uéne starthlrng
image sensor, the controller comprising: S{gnz qrha Cl(liltrf;:«m row in the image sens?ir. to be Syilcf o

a row read module, operating in accordance with a first 55 EIIZ“I? tht as ﬂi:re.nt infegration fime ending signal for a

clock speed, the row read module for producing first HLICrent oW IR the 1mhage .sensor. . .

signals to control an integration beginning of the image . 11. The controller pf claim 10, Wherelg the rol.hng shutter
sensor, second signals to control an integration ending of includes a readout pointer anq a shutter pointer, with a start of
the image sensor, and third signals when a pixel clock eagh row readout time being established by the shutter
speed change is required; and 40 pointer.

a row readjumping module, Operating in accordance with 12. The controller of claim 11, wherein the shutter pointer

a second different clock speed, the row read jumping resets values within a specified row of the image sensor.
module connected to receive the third signals and for 13. The controller of claim 7, wherein the first clock signals
outputting to the row read module fourth signals to con- and the second clock signals operate at different clock speeds.
trol the integration beginning of the image sensor in 45 4. An image sensor comprising:

accordance with the second clock speed. an array of image sensing elements; and

2. The controller of claim 1, wherein during normal opera- ’ .
tion the rolling shutter is produced such that integration end- a cont.roller connected to the array and .for producing a
ing for a current row is synchronized with integration begin- rolling shutter to contr ol the image sensing elements, the
ning of a next row. “ controller comprising:

3. The controller of claim 2, wherein during normal opera- a row read module, operating in accordance with a first
tion the row read module produces the second signal for a new clock speed, the row read module for producing first
row at a same time the row read module produces the first signals to control an integration beginning of the
signal for a current row. image sensor, second signals to control an integration

4. The controller of claim 1, wherein the row read and row 55 ending of the image sensor, and third signals when a
read jumping modules are implemented using a programmed pixel clock speed change is required; and
processor. a row read jumping module, operating in accordance

5. The controller of claim 1, wherein the third signal is with a second different clock speed, the row read
generated when a readout pointer reaches a top of a current jumping module connected to receive the third signals
frame plus an offset. 60 and for outputting to the row read module fourth

6. The controller of claim 1, wherein the row read jumping signals to control the integration beginning of the
module is disabled once integration beginning in accordance image sensor in accordance with the second clock
with the second clock speed begins. speed.

7. A controller for producing a rolling shutter to control an 15. The image sensor of claim 14, wherein during normal
image sensor, the controller comprising: 65 operation the rolling shutter is produced such that integration

a first module for producing the rolling shutter and output- ending for a current row is synchronized with integration

ting first clock signals to control the image sensor; and beginning of a next row.
IPR2025-00339 Exhibit 2007
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16. The image sensor of claim 15, wherein during normal 18. The image sensor of claim 14, wherein the row read
operation the row read module produces the second signal for jumping module is disabled once integration beginning of the
a new row at a same time the row read module produces the image sensor in accordance with the second clock speed
first signal for a current row. begins.

17. The image sensor of claim 14, wherein the third signal 5
is generated when a readout pointer reaches a top of a current
frame plus an offset. L
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