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ABSTRACT

This thesis concerns about CMOS image sensor controller with FPGA. The devices used in
this construction consist of three main components which are CMOS image sensor, FPGA and
RAM. CMOS image sensor produces a digital output representing each pixel which digital data
can be pulled straight from the sensor. By using 2 FPGA and RAM, we can program the FPGA to
dump the pixel data straight into RAM. The CMOS image sensor is controlled by the master
control signal generator component which the pixel data is buffered in RAM to be uploaded

through the USB port to be display on a PC.
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ENTITY component_name IS
Input and output ports
Physical and other parameters

END [component_name] :

ARCHITECTURE identifier OF component_name IS
[declartion]

BESIN
specification of the functionality of the component
in terms of its irput lines and as influenced
by physical and other parameters

END [identifier]:
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QU

CLOCK,
gn ——a A Packoged |—m clk
Component

ENTITY clock_component I8
PORT (en : IM BIT:ck : OUT BIT)

END clock_nare;

311 2.7 uden laezuns utazmIUs 00N FOUADYEA clock  component
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BEGIN
PEQOCESS
YARIABLE periodic : BIT :='0%
BEGIN
IFen="1' THEM
periodic := Mot periodic;
END IF;
ck <= periodic;
WAIT FOR L US,
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END
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TYPE byte IS ARRAY {7 DOWNTO 0) OF BIT:

PROCEDURE byte_to_integer (ib: IN byte: oi : OUT INTESER) IS
VARIAEBLE result: INTEGER =0;
BES&SIMN
FORIIND TO 7 LOOP
IFib(i}= 'l' THEN
result 1= result + 2%

END IF:
END LOOM
oi = result:

EMND byte_to_integer
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FUNCTION f (o b. ¢:BIT) RETURN BIT IS
VARIABLE »:BIT:

BEGIN
x 1= ((NOT a} AND (NOT b) AND &;
RETURN x;

END ¥:
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PROCESS

declarative part

BEGIN

statement part

END PROCESS:
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PROCESS
FILE flush : TEXT IS IN “filename.dat®
VARIABLE var : BIT:
CONSTANT n: INTEGER =0;

BESGIN

END PROLESS;
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1 Introduction

Overview

The IBIS5-A-1300 is a solid state CMOS image sensor that integrates the functionality of
complete analog image acquisition, digitizer and digital signal processing system on a
single chip. This 1.3-mega pixel {1280 x 1024) CMOS active pixel sensor dedicated to
industrial vision features both rolling and snapshot shutter. Full frame readout time is 36
ms (max. 27.5 fps), and readout speed can be boosted by windowed region of interest
(ROT) readout. High dynamic range scenes can be captured using the double and
multiples slope functionality. The sensor is available in a Monochrome version or Bayer
(RGB) patterned color filter array.

User programmable row and column start/stop positions allow windowing down to 2x1
pixel window for digital zoom. Sub sampling reduces resolution while maintaining the
constant field of view and an increased frame rate. The analog video output of the pixel
array is processed by an on-chip analog signal pipeline. Double Sampling (DS) eliminates
the fixed pattern noise. The programmable gain and offset amplifier maps the signal
swing to the ADC input range. A 10-bit ADC converts the analog data to a 10-bit digital
word stream. The sensor uses a 3-wire Serial-Parallel (SPI) interface or a 16-bit parallel
interface. It operates with a 3.3V power supply and requires only one master clock for
operation up to 40 MHz. It is housed in an 84-pin ceramic LCC package.

The IBIS5-A-1300 is designed taking into consideration interfacing requirements to
standard video encoders. In addition to the 10-bit pixel data stream, the sensor outputs the
valid frame, line and pixel sync signals needed for encoding.

This datasheet allows the user to develop a camera system based on the described timing
and interfacing.

Cypress Semiconductor Corporation 3901 North First Street San Jose, CA 95134 408-943-2600
Contact infoq@Fillfactory.com  Document #: 38-05710 Rev.**(Revision 1.3) Page 4 of 67
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Key features

The main features of the image sensor are identified as:

SXGA resolution: 1280 by 1024 pixels.

6.7 um high fill factor square pixels (based on the high-fill factor active pixel
sensor technology of FillFactory (US patent No. 6,225,670 and others)).

Peak QE x FF of 30%.

Optical format: 2/3” (8.6mm x 6.9mm).

Pixel rate of 40 MHz using a 40 MHz system clock.

Optical dynamic range: 64dB (1600:1) in single slope operation and 80...100dB in
multiple slope operation.

On-chip 10 bit, 40Msamples/s ADC.

Programmable gain and offset output amplifier.

Both rolling curtain shutter and synchronous shutter.

Random programmable windowing and sub-sampling modes.

Low fixed pattern noise (<0.5% RMS).

On-chip timing and control logic sequencer.

Processing is done in a CMOS 0.35 um triple metal process.

Part number

CYIISSMI1300AA-HBC |84 pins JLCC package* | Monochrome | Monochrome**
{(Preliminary)

IBIS5-A-1300-M-2

CYTI5SMI1300AA-QBC |84 pins LCC package Monochrome
(Preliminary)

Monochrome

IBIS5-A-1300-C-1

CYII5SCI300AA-HAC 184 pins JLCC package | Color Color***
(Preliminary)

IBIS5-A-1300-C-2

CYIISSCI1300AA-QAC |84 pins LCC package Color Color
(Preliminary)

* JLCC package for use in evaluation kits only.

** D263 is used as monochrome glass lid (see Figure 36 for spectral transmittance).
*** S8612 is used as color glass lid (see Figure 37 for spectral transmittance).
Other packaging combinations are available upon special request.

Cypress Semiconductor Corporation 3901 North First Street San Jose, CA 95134  408-943-2600

Contact info@Fillfactory.com  Document #: 38-05710 Rev.**(Revision 1.3} Page 5 of 67
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2 Specifications

2.1 Pixel characteristics

Table I: Pixel characteristics

4-transistor active

architecture

Allows for both rolling and synchronous

i | pixel sensor (snapshot) shutter.

-Pixel size { 6.7 im x 6.7 um The resolution and pixel size resuits ina
' Resolution | 1280 x 1024 2/3” optical format.

Pixel rate - Using a 40 MHz system clock.

- Continuous imaging.

| - Snapshot - Triggered synchronous shutter with
integration and readout separate in time.
1275 s Depending on shutter type and integration

time.

2.2 Electro-optical specifications

2.2.1 Overview

Table 2: Electro-optical specifications

Synchronous (snapshot) shutter.
N o'l P Rolling curtain shutter.
<10% p-p 2% RMS.
| 17,6 uVielectron {@ output.
oL Unity gain.
| L8V Maximum output signal amplitude.
-Saturation charge 62.500 e-
o . 392 V.m2/W.s Average white light.
.Sensitivity 3.29 Vilux.s Visible band only (180 Ix =1 W/m2).
SRS 8.46 V/lux.s Visible + NIR (70 Ix = 1 W/m2).
N Average QE*FF = 25-30%.
Peak QF * FF >30% Average SR*FF = 0.12 A/W.
0.16 A/W
E , : See spectral response curve.
Dark current (@ RT) Z’r‘?f ZZ/Z_ ;3 Auto saturation time in the order of 150s.
:lei'se electrons < 40 e- Synchronous shutter.
S Rolling curtain shutter.
e Synchronous shutter.
SfN ratio 1600:1 (64 ab) Ri]ling curtain shutter.

San Jose, CA95134  408-943-2600
Page 6 of 67
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400 — 1000 nm

sensitivity range

Parasitic sens.itivity.' e L.e. sensitivity of the storage node during
R NG s ’ read out (after integration).

-Optical cros":s_ talk - | 8% Cross talk to the nearest neighbor.
Power dissipation =] {75 mWatt Typical.

2.2.2 Spectral response curve
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Figure I: Spectral response curve

Figure 1 shows the spectral response characteristic. The curve is measured directly on the
pixels. It includes effects of non-sensitive areas in the pixel, e.g. interconnection lines.
The sensor is light sensitive between 400 and 1000 nm. The peak QE * FF is
approximately 30% between 500 and 700 nm. In view of a fill factor of 50%, the QE is
thus larger than 60% between 500 and 700 nm.

Cypress Semiconductor Corporation 3901 North First Street San Jose, CA 95134  408-943-2600
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2.2.3 Photo-voltaic response curve
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Figure 2: photo-voltaic response curve

Figure 2 shows the pixel response curve in linear response mode. This curve is the
relation between the electrons detected in the pixel and the output signal. The voltage to
electrons conversion gain of the pixel is 17.6 pV/electron.

2.3 Features and general specifications

Table 3. Features and general specifications

: L I. Rolling curtain shutter.
Electronic shutter typeg 2. Synchrgonous {snapshot) shutter.
Win dowing (ROT) ' _ Implemented.a.s scanning of lines/columns from an
. o uploaded position.
-Sub-sampling modes: - | 1:2 sub-sampling.
e Xadirection - - | Sub-sampling patterns:
' ' - a. XXOOXXOO (for Bayer pattern color filter)
b. OOXXOOXX (for Bayer pattern color filter)
c. XOXOXO0XO
: d. OXOXOXO0X
e Y.-direction - | Identical sub-sample patterns as X-direction.

Cypress Semiconductor Corporation 3901 North First Street San Jose, CA 95134 408-243-2600
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In rolling shutter: Normal (1) or double (2} slope.

E_xtendgd dyn AMICTANES | In Synchronous shutter: 1, 2, 3 or 4 slopes.

Digital output 10 bit ADC @ 40 MSamples/s.

?roglﬁaﬁ{mﬁbf'é_'g;aiﬂ range giotgor :ILZ]Z]; ilrlllg%ﬁ steps of approx. 1.5 dB using 4-bits
Programmable offset: 128 steps (7 bit).

N TS Image core supply: Rangefrom3.3Vto4d5V
Supply voltage VDD Analog supply: Nominal 3.3V
R T Digital: Nominal 3.3 V
‘Logiclevels =~ - 3.3 V (Digital supply).

Operational temperature

0°C to 60°C, with degradation of dark current.

10.1 mm by 9.3 mm (x by y).
84 pins LCC.

2.4 Electrical specifications

2.4.1 Absolute maximum ratings

Table 4. Absolute maximum ratings

0.5 10 4.

"V ] DC input voltage -0.5103.8 A
Vour | DC output voltage -0.5103.8 \'s
To DC current drain per pin; any single input + 50 mA
or gutput.

Ty, Lead temperature (5 seconds soldering). 350 °C

= Absolute Ratings are those values beyond which damage to the device may occur.
* VDD = VDDD = VDDA (VDDD is supply to digital circuit, VDDA to analog circuit).

2.4.2 Recommended operating conditions

Table 5. Recommended operation conditions

VDDH -] Voltage on HOLD switches. +45 \Y
VDDR LEFT | Highest reset voliage. +4.5 A%
VDDC | Pixel core voltage. +3.0 +3.3 v
VDDA : ff\nalog supply voltage of the 13.0 113 116 v
. image core.

vDDD E}gi:tal supply voltage of the image +3.0 13 116 v

Cypress Semiconductor Corporation 3901 North First Street San Jose, CA 95134  408-943-2600
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GNDA - - Analog ground -0.5 0 +0.5 v
:GNDD: .+ - - | Digital ground 0.5 0 +0.5 \Y
‘GND AB . Anti-blooming ground. -0.5 0 +0.5 v
Ta - " | Commereial operating temperature. | 0 30 60 °C

All parameters are characterized for DC conditiens after thermal equilibrium has been established.
= Unused inputs must always be tied to an appropriate logic level, e.g. either VDD or GND.
=  This device contains circuitry to protect the inputs against damage due 1o high static voltages or
electric fields; however it is recommended that normal precautions be taken to avoid application of
any voltages higher than the maximum rated voltages to this high impedance circuit.

2.4.3 DC electrical characteristics

Table 6: DC electrical characteristics

Input high voltage
" | Input low voltage 0.6 AY
%] Input leakage current Vv = VDD or GND -10 +10 HA
‘| ODutput high voltage VDD=min; Igy= -100mA | 2.2 A
: ‘| Output low voltage VDD=min; Ioy= 100mA 0.5 v
Iob Maximum operating | g iem clock <~ 40MHz |40 |60 |mA
] current

Cypress Semiconductor Corporation 3901 North First Street San Jose, CA 95134  408-943-2600
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stop the synchronous shutter.

3.10 Sequencer

Figure 7 showed a number of control signals that are needed to operate the sensor in a
particular sub-sampling mode, with a certain integration time, output amplifier gain, etc.
Most of these signals are generated on chip by the sequencer that uses only a few control
signals. These control signals should be generated by the external system:

e Sy$ CLOCK (X-clock), which will define the pixel rate,

e Y_START pulse, which will indicate the start of a new frame,

¢ Y_CLOCK, which will select a new row and will start the row blanking sequence,
including the synchronization and loading of the X-register.

e Ss START and Ss_STOP to control the integration period in snapshot shutter mode.

The relative position of the puises will be determined by a number of data bits that are
uploaded in internal registers through the serial or parallel interface.
3.10.1 internal registers

Table 18 shows a list of the internal registers with a short description. In the next section,
the registers are explained in more detail.

Table 18: Internal registers

EQUENCER. register - Default value <11:0>.700001 1000100
0 SHUTTER TYPE = rolling shutter
~ = synchronous shutter
I FRAME_CAL MODE 7 e
a i = slow
2 LINE CAL MODE 2y
= slow

3 CONT CHARGE = “Continuous” precharge enabled.
4 SRAT M IEQ 15D Granularity of the X sequencer clock

3 GRAN X SEQ MSB

6 GR Mg 3NGEQ_LSB Granularity of the §8 sequencer clock

7 GRAN S8 SEQ MSB

8 KNEEPOINT LSB Sets reset voltage for multiple slope

9 KNEEPOINT MSB operation.

10 KNEEPOINT ENABLE 1= Enables multiple slope operation in

— synchronous shutter mode
1= Disables circuit that generates
11 VDDR_RIGHT _EXT VDDR_RIGHT voltage so external
voltage can be applied.
o] _ Number of pixels to count
' 110 NROF_PIXELS {maximum 1280/2).
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Default value < 11:0>: 7081001 L1111}

o NROF LINES

Number.of lines to count;::

Default vaiue <11:0>: "oouuuuu” -

| Integration time.
- Default value <H 0> ”IIHHHHH"

X start posmon (maximum 1280/2}

Default vahie <10:0>: ”oooaoaoooao o

YL REG

Y-left start posmon

9 190 | yr REG

|- Diefanit vatie <.10:0>2" 000000000

Default value <10:0>: ""'ooaooaoaooo "
Y-right start position, : :

7:0 IMAGE CORE reglster

Default value <7:0>: "D0000000™""

0 TEST EVEN Test even columns.

1 TEST ODD Test odd columns.

2 X SUBSAMPLE Enable sub-sampling in X-direction.
3 X SWAPI2 Swap columns 1-2, 5-6, ...

4 X SWAP30 Swap columns 3-4, 7-8, ...

5 Y SUBSAMPLE Enable sub-sampling in Y-direction.
6 Y SWAPI2 Swap rows 1-2, 5-6, ...

7 Y SWAP30 Swap rows 3-4, 7-8, ...

6:0 | AMPLIFIER register -

"Defaull value <6:02>:7 10100007+

GAIN<(>

ool Output amplifier gain setting.

GAIN<Z>

GAIN<3>

UNITY 1= Amplifier in unity gain mode.

DUAL OUT 1= Activates second output,

STANDBY 0= Amplifier in standb}' mode

0“1 DACRAW REG Amplifier DAC raw. offset. - :
P ST Default value <6;0>;7 1000900"
" | DACFINE_REG Amplifier DAC fine offset: -~ -
AN T 0 N Default value <6:0>:"1000000" -
~ADC register Default value <2:0>:"011"

TRISTATE OUT 0= output bus in tri-state.

GAMMA 0= Gamma-cotrection on.

BIT _INV 1 = Bit inversion on output bus.
Reserved. ' ' L
Reserved.

Reserved. -~ | e
Reserved.
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3.10.2 Detailed description of the internal registers

3.10.2.1 Sequencer register (7:0)

3.10.2.1.1 Shutter type (bit 0)

The IBIS5-A-1300 image sensor has 2 shutter types:
0= synchronous shutter,
1= rolling shutter.

3.10.2.1.2 Qutput amplifier calibration (bits 1 and 2)

Bits FRAME_CAL_MODE and LINE CAL_MODE define the calibration mode of the output
amplifier.

During every row-blanking period, a calibration is done of the output amplifier. There are
2 calibration modes. The FAST mode (= 0) can force a calibration in one cycle but is not
so accurate and suffers from KTC noise, while the SLOW mode (= 1) can only make
incremental adjustments and is noise free.

Approximately 200 or more “slow” calibrations will have the same effect as 1 “fast”
calibration.

Different calibration modes can be set at the beginning of the frame (FRAME_CAL_MODE
bit) and for every subsequent line that is read (LINE_CAL_MODE bit). The beginning of a
frame is defined by the Y _START input (see lower), Y_CLOCK defines the beginning of a
new row.

3.10.2.1.3 Continuous charge (bit 3)

For some applications it might be necessary to use continuous charging of the pixel
columns instead of a pre-charge on every line sample operation.

Setting bit CONT_CHARGE 1o “1” will activate this function. The resistor connected to pin
PC_CMD is used to control the current level on every pixel column.

3.10.2.1.4 Internal clock granularities (bits 4, 5, 6 and 7)
The system clock is divided several times on chip.

The X-shift-register that controls the column/pixel readout, is clocked by half the system
clock rate. Odd and even pixel columns are switched to 2 separate buses. In the output
amplifier the pixel signals on the 2 buses are combined into one pixel stream at the same
frequency as SYS_CLOCK.

The clock, that drives the “snapshot” or synchronous shutter sequencer, can be
programmed using the bits GRAN_SS_SEQ_MSB (bit 7) and GRAN_SS_SEQ_LSB (bit 6).

This way the integration time in synchronous shutter mode can be a multiple of 32, 64,
128 or 256 times the system clock period. To overcome global reset issues it is advised
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that the longest 8S granularity is used (bits 6&7 set to “1°).

Table 19: 8S sequencer clock granularities

32 x S¥YS CLOCK

64 x SYS CLOCK L6us
128 x SYS CLOCK 3.2us
256 x SYS CLOCK 6.4 us

* usmg a SYS CLOCK of 40 MHz (25 ns period)

The clock that drives the X-sequencer can be a multiple of 4, 8, 16 or 32 times the system
clock. Clocking the X-sequencer at a slower rate (longer row blanking time; pixel read
out speed is always equal to the SYSTEM_CLOCK) can result in more signal swing for the
same light conditions.

Table 20: X sequencer clock granularities

4x 85YS CLOCK
8x SYS CLOCK 7 us
16x 8YS CLOCK 14 us
e 32x 8YS CLOCK 28 us

* usmg a SYS CLOCK of 40 MHz (25 ns period)

3.10.2.1.5 Pixel reset knee-point for multiple slope operation (bits 8, 9 and 10}

In normal (single slope) mode the pixel reset is controlled from the left side of the image
core using the voltage applied on pin VDDR_LEFT as pixel reset voltage.

In multiple slope operation one or more variable pixel reset voltages have to be applied.
Bits KNEE_POINT MSB and KNEE_POINT _LSB select the on chip-generated pixel reset
voltage.

Bit KNEE_POINT ENABLE set to “1” switches contro! to the right side of the image core so
the pixel reset voltage (VDDR_RIGHT), selected by bits KNEE_POINT_MSB/LSB, is used.

Bit KNEE_POINT ENABLE should only be used for multiple slope operation in
synchronous shutter mode. In rolling shutter mode, only the bits KNEE_POINT MSB/LSB
must be used to select the second knee-point in dual slope operation.

Table 21: Mulliple slope register settings

ENABLE (1) \
00 Qorl 0
01 1 VDDR LEFT—0.76 + 0.76
10 ! VDDR LEFT — 1.52 + 132
11 b VDDR LEFT— 228 + 2.28

The actual knee-point depends on VDDH, VDDR_LEFT and VDDC applied to the sensor.
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3.10.2.1.6 External pixel reset voltage for muitiple slope (bit 11)

When bit VDDR_RIGHT EXT is set to “17, the circuit that generates the variable pixel reset
voltage is disabled and the voltage externally applied to pin VDDR_RIGHT is used as the
double/multiple slope reset voltage.

When bit VDDR RIGHT_EXT is set to “0” the variable pixel reset voltage {used for
multiple slope operation) can be monitored on pin VDDR_RIGHT.

3.10.2.2 NROF PIXELS register (11:0)

After the internal X_sync is generated (start of the pixel readout of a particular row), the
PIXEL_VALID signal goes high. The PIXEL VALID signal goes low when the pixel counter
reaches the value loaded in the NROF_PIXEL register. Due to the fact that 2 pixels are read
at the same clock cycle this number have to be divided by 2 (NROF_PIXELS = (width of
ROI/2) - 1).

3.10.2.3 NROF _LINES register (11:0)

After the internal yl_sync is generated (start of the frame readout with Y START), the line
counter increases with each Y_CLOCK pulse until it reaches the value loaded in the
NROF_LINES register and an LAST_LINE pulse is generated.

3.10.2.4 INT TIME register (11:0)

The INT_TIME register is used to set the integration time of the electronic shutter. The
interpretation of the INT_TIME depends on the chosen shutter type (rolling or
synchronous).

Synchronous shutter
After the SS START pulse is applied an internal counter counts the number of SS
granulated clock cycles until it reaches the value loaded in the INT_TIME register and a
TIME_OUT pulse is generated. This TIME_OUT pulse can be used to generate the SS_STOP
pulse to stop the integration. When the INT_TIME register is used the maximum
integration time is:

Ting max = 2'7* 256 (maximum granularity) * (40 MHZ)' = 26.2 ms.
This maximum time can be increased if an external counter is used to trigger SS_STOP.
The minimal value that should be loaded into the INT_TIME register is 10 (see also
3.10.2.1.4).

Rolling shutter

When the Y _START pulse is applied (start of the frame readout), the sequencer will
generate the yl_sync pulse for the left Y-shift register (read out Y-shift register). This
loads the left Y-shift register with the pointer loaded in YL_REG register. At each
Y CLOCK pulse, the pointer shifts to the next row and the integration time counter
increases unlil it reaches the value loaded in the INT TIME register. At that moment, the
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yr_sync pulse for the right Y-shift register is generated which loads the right Y-shift
register (reset Y-shift register) with the pointer loaded in YR_REG register (Figure 7).
The integration time counter is reset when the sync for the left Y-shift register is asserted.
Both shift registers keep moving until the next sync is asserted (Y_START for the left Y-
shift register and the sync for the right Y-shift register is generated when the integration
time counter reaches the INT TIME value).

Sync of left Sync of right Last line, followed by sync
shift-register shift-register of left shifi-register
- "
X Sync Tint
" Tﬁgfint

.
>

Figure 17: Synchronization of the shift registers in rolling shutter mode.

Ty im Difference between left and right pointer = value set in the INT_TIME register
(number of lines).

The actual integration time is given by:
T« Integration time [# lines] = NROF_LINES register - INT_TIME register

3.10.2.5 X_REG register (10:0)

The X _REG register determines the start position of the window in the X-direction. In this
direction, there are 640 possible starting positions (2 pixels are addressed at the same time
in one clock cycle). If sub sampling is enabled only the even pixels can be set as starting
position (for instance: 0, 2, 4, 6, 8... 638).

3.10.2.6 YL _REG (10:0) and YR_REG (10:0)

The YL_REG and YR_REG registers determine the start position of the window in the Y-
direction. In this direction, there are 10624 possible starting positions. In rolling shutter
mode the YL REG register sets the start position of the read (left) pointer and the YR_REG
sets the start position of the reset (right) pointer. For both shutter types YL_REG should
always be equal to YR_REG.

3.10.2.7 Image core register (7:0)

Bits 1:0 of the IMAGE_CORE register define the test mode of the image core. Setting 00 is
the default and normal operation mode. In case the bit is set to 1, the odd (bit 1) or even
(bit 0) columns are tight to the reset level. If the internal ADC is used bits ¢ and 1 can be
used to create test pattern to test the sample moment of the ADC. If the ADC sample
moment is not chosen correctly the created test pattern will not be black-white-black-etc.
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(JIMAGE_CORE register set at 1 or 2) or black-black-white-white-black-black (IMAGE_CORE
register set at 9) but grey shadings if the sensor is saturated. See also paragraph 3.8.10 for
detailed ADC timing.

Bits 7:2 of the IMAGE_CORE register define the sub-sampling mode in the X-direction (bits
4:2) and in the Y-direction (bits 7:5). The sub-sampling modes and corresponding bit
setting are given in Table 12 (section 3.5) and Table 13 (section 3.6).

3.10.2.8 Amplifier register (6:0)

3.10.2.8.1 GAIN (bits 3:0)

The gain bits determine the gain setting of the output amplifier. They are only effective if
UNITY = 0. The gains and corresponding bit setting are given in Table 14 section 3.7.2).

3.10.2.8.2 UNITY (bit 4)

In case UNITY = 1, the gain setting of GAIN is bypassed and the gain amplifier is put in
unity feedback.

3.10.2.8.3 DUAL OUT (bit 5)

If DUAL_OUT = 1, the two output amplifiers are active. If DUAL_OUT = 0, the signals
from the two busses are multiplexed to output PXL_0UT1 which should be connected to
ADC_IN. The gain amplifier and output driver of the second path are put in standby.

3.10.2.8.4 STANDBY

If STANDBY = 0, the complete output amplifier is put in standby. For normal use
STANDBY should be set to 1.

3.10.2.9 DAC RAW register (6:0) and DAC FINE (6:0) register

These registers determine the black reference level at the output of the output amplifier.
Bit setting 1111111 for DAC_RAW register gives the highest offset voltage, bit setting
0000000 for DAC_RAW register gives the lowest offset voltage. Ideally, if the two output
paths have no offset mismatch, the DAC_FINE register must be set to 1000000. Deviation
from this value can be used to compensate the internal mismatch (see 3.7).

3.10.2.10 ADC register (2:0)

3.10.2.10.1 TRISTATE_OUT (bit 0)

In case TRISTATE = 0, the ADC_D<9:0> outputs are in tri-state mode. TRISTATE = 1 for
normal operation mode.

3,10.2.10.2GAMMA (bit 1)
If GAMMA is set to 1, the ADC input to output conversion is linear; otherwise the
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conversion follows a ‘gamma’ law (more contrast in dark parts of the window, lower
contrast in the bright parts). See section 3.8.3 for more details.

3.10.2.10.3BIT_INV (bit 2)

If BIT INV = 1, 0000000000 is the conversion of the lowest possible input voltage,
otherwise the bits are inverted.
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3.10.3 Data interfaces

2 different data interfaces are implemented. They can be selected using pins IF_MODE (pin
12) and SER_MODE (pin 6).

Table 22: Serial and paralle! interface selection

1 _ X Parailel
0 1 Serial 3 Wire
0 0 No mode selected.

3.10.3.1 Parallel interface
The parallel interface uses a 16-bit parallel input (P_DATA <15:0>) to upload new register

values. Asserting P. WRITE will load the parallel data into the internal register of the
IBIS5-A-1300 where it is decoded.

P_DATA X DATA <15.0>

L—:» 150 ns—*e————— > 150 As———r——bf— > 100 NS——H

P_WRITE d ]

Figure 18: Parallel interface timing

P DATA (15:12) Address bits  REG_ADDR (3:0)
P_parta (11:0) Data bits REG_DATA (11:0)

3.10.3.2 Serial-3-wire interface

The serial-3-wire interface (or Serial-to-Parallel Interface) uses a serial input to shift the
data in the register buffer. When the complete data word is shifted into the register buffer
the data word is loaded into the internal register where it is decoded.
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1400 ns | |
S_CLK
| |
L| 100 ns |
SDOATA[ X15 X 14 (13X 12X 1M X10X 9 X 8 X7 X8 XA X3 K2 X1

|
| 150 ns
S _EN ] | ]

____________________________________ "_f
------------------------- !{‘

— f

| |

| {'= > 400 ns i

| > 100 s |

S_CLK | | L | |

I

S_DATA word1 <0> X word2 <15> X word2 <14>

: l— > 150 ns—fe— > 150 ns—* !

S EN| !

Figure 19: Serial-3 —wire interface timing
S_DATA (15:12) Address bits REG_ADDR (3:0)

S DATA (11:0) Data bits REG _DATA (11:0)

When S_EN is asserted the parallel data is loaded into the internal registers of the IBISS-
A-1300. The maximum tested frequency of S DATA is 2.5 MHz.

3.10.3.3 Pins involved in the interface circuitry

Table 23: Pins involved in the interface circuitry

P_DA'TA<0>...<7> -1 38-45 | Data parallel interface. <0> : LSB
P_DATA<15>...<9> 78-84 | Data parallel interface. <15> : MSB

‘P_DATA<8> i Date parallel interface.

R : 2 wire serial address bits (7 bits).
SI2_ADDR<0>...<4> 46-50 | <0>:L8B  <4>:MSB

' Bits 4,5 and 6 are tied together.

P;WR 2 Parallel write.

S-_CLK S 3 Clock serial interface.

S_'IiATA 4 Data serial interface.

S_EN 5 Enable serial interface.

SER_MODE' 6 Serial mode: 0 = Disable; 1 = Serial-3-wire enabled.
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4 Timing diagrams

4.1 Timing requirements

There are 6 control signals that operate the image sensor:

¢ SS_START
s SS STOP
s Y _CLOCK
s Y START
¢ X LOAD

* SYS CLOCK

These control signals should be generated by the external system with following time
constraints to SYS_CLOCK (rising edge = active edge):

L4 TSETUP >7.5 ns.

o Tuowp > 7.5 ns.

It is important that these signals are free of any glitches.

~Thold

SYS_CLOCK ? = —1a WEX)

+ Tsetuple
Exlernal control signal i |

Figure 20: Relative timing of the 5 sequencer control signals

Figure 22 shows a recommended schematic for generating the basic signals and to avoid
any timing problems.

SS START
SS_STOP
Y CLOCK
Y START
4 X_LOAD

SYS CLOCK N >

Dc SYS CLOCK

Figure 21: Recommended schematic for generating basic signals
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4.2 Synchronous shutter: single slope integration

T4+l Tint Ha—T5—
SYS_CLOCK ALy LS

SS_START

Ss_sToP i 9

“ T1 P T2 bl T 3-

TIME_OUT

T
f S (G e B
f

Y_CLOCK

Figure 22: Synchronous shutter: single slope integration

SS_START and S$_STOP should change on the falling edge of the SYS CLOCK (Tsetup and
Thold > 7.5 ns). The pulse width of both signals should be minimum 1 SYS_CLOCK cycle.
As long as SS_START or $5_STOP are asserted, the sequencer stays in a suspended state.

T, Time counted by the integration timer until the value of INT_TIME register is
reached. The integration timer is clocked by the granulated SS-sequencer clock.

T, TIME OUT signal stays high for 1 granulated SS-sequencer clock period.

T: There are no constraints for this time. The user can use the TIME_OUT signal to
trigger the SS_STOP pin (or use an external counter to trigger SS_STOP) although that
both signal can’t be tied together.

T:+ During this time, the SS-sequencer applies the control signals to reset the image
core and start integration. This takes 4 granulated SS-sequencer clock periods. The
integration time counter starts counting at the first rising edge after the falling edge
of S§_START.

Ts The SS-sequencer puts the image core in a readable state. It takes 2 granulated SS-
sequencer clock periods.

Tiw The “real” integration or exposure time.
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4.3 Synchronous shutter: pixel readout

4.3.1 Basic operation

Start of frame Line 1 Linen Line n+1

SYS_CLOCK wmmmmmwmw
vstart [ L§LSS f§f i S

Y_CLOCK _“_ﬂ__!_\_s $_SLK_I_L_SS_S‘_\_!~L

PIXEL _VALID (4 mmm {1

T3 o

LAST_LINE f.4§ i1 I

Figure 23: Synchronous shutter: pixel read out

Y START and Y_CLOCK should change on the falling edge of the SYS_CLOCK (Tsetup and
Thold > 7.5 ns). The pulse width should be minimum 1 clock cycle for Y_CLOCK and 3
clock cycles for Y_START. As long as Y_CLOCK is applied, the sequencer stays in a
suspended state.

T,

T,

T;

Row blanking time: During this period, the X-sequencer generates the control
signals to sample the pixel signal and pixel reset levels (double sampling fpn-
correction), and start the readout of one line. The row blanking time depends on
the granularity of the X-sequencer clock (see below).

Table 24: Row blanking time as function of X-sequencer granularity

140 x TSYS CLOCK = 35
280 x TSYS CLOCK ™ 7.0
560 x Tsy_g CLOCK = 14.0
1120 x TSyS CLOCK = 28.0

Pixels counted by pixel counter until the value of NROF_PIXELS register is
reached. PIXEL VALID goes high when the internal X_SYNC signal is generated, in
other words when the readout of the pixels is started. PIXEL_VALID goes low when
the pixel counter reaches the value loaded in the NROF_PIXELS register (after a
complete row read out).

LAST LINE goes high when the line counter reaches the value loaded in the
NROF_LINES register and stays high for | line period (until the next falling edge of
Y-CLOCK).

On Y _START the left Y-shift-register of the image core is loaded with the YL-pointer that
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is loaded in to register YL_REG.
4.3.2 Pixel output

Sync of X-shift register 15t pixel Sync of X-shifi register N-th pixel

SYS_CLOCK gigh

Y_CLOCK BN %( : : {{ I
X_LOAD I : : S I
X_SYNC 4 m ffIT I
~—T1—r<—"¥”3t——7‘~w¢ |
PIXEL_VALID Pat’dll | s N,
{ P PP— PR a—

PXL_OUT e S EeBEOMNBeE

Figure 24 Pixel output

The pixel signal at the PXL_OUT1 output becomes valid after 5 SYS_CLOCK cycles when
the internal X_SYNC (= start of PIXEL. VALID output or external X_LOAD pulse) pulse is
asserted.

T, Row blanking time (see Table 24).

T, 5 SYS_CLOCK cycles.

T, Time for new X-pointer position upload in X REG register (see 4.6 for more
details).
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4.4 Synchronous shutter: multiple slope integration

2nd register upload 4th register upload
15 register upload 3rd register upload
| S T T | S
SN | 1| SR | S
TIME_OUT i 1 I ;iﬂ__J_} : . §f m
Y_START {1 g 11 3 L
f g f n

|
i
|
i
| » *Tstable
Tupload
“Tstable  ;

Figure 25: Multiple siope integration

Up to 4 different pixel reset voltages can be used during multiple slope operation in
synchronous shutter mode. This is done by uploading new values to register bits
KNEEPOINT MSB/LSB/ENABLE before a new SS_START pulse is applied.

Bit KNEEPOINT_ENABLE should be set high to do a pixel reset with a lower voltage.

Bits KNEEPOINT_MSB/LSB/ENABLE should be set back to “0” before the SS_STOP pulse
is applied. Every time an SS_START pulse is applied, the integration time counter is reset.

Table 25: Multiple slope register settings

LR
MSB/LSB ENABLE
o0 4
01 !

10 7
117 I
00 0

The register upload should be uploaded after time T, Otherwise the change will affect
the SS-sequencer resulting in a bad pixel reset. Tsape depends on the granularity of the
S8-sequencer clock (see Table 26).

Table 26: Tou. for different granularity settings

..X 32 160 x T5y5 CLOCK = =4 00
X_64_ 320x Tg}«'_g CLOCK =8 . 01
x 128 640 x Tgys CLOCK — 16 ; 10
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]2801 TSYS CLOCK = 32 + :
Tupload depends on the interface mode used to upload the reglsters

Table 27: Typpaq for different interface modes

Parallel ,

Serial 3 Wire & (2.5 MHz clock rate)

4.5 Rolling shutter operation

Sync of read {left) shifl register Sync of reset (right) shift register

Line 1 Line 2 Llne 3 Line 4

(2
Y_CLOCK ﬂ__rﬂ \i VL

PIXEL_VALID % “_I__J_ﬁ—l_l-““‘l___l_”_\_
TIME_OUT {f {1 T gl “

Figure 26: Rolling shutter gperation

_ﬂ\

Y_START

The integration of the light in the image sensor is done during readout of the other lines.
The only difference with synchronous shutter is that the TIME_OUT pin is used to indicate
when the Y_SYNC pulse for the right Y-shift-register (reset Y-shift register) is generated.
This loads the right Y-shift-register with the pointer loaded in register YR REG. The
Y SYNC pulse for the left Y-shift register (read Y-shift register) is generated with
Y _START.

The INT_TIME register defines how many lines have to be counted before the Y_SYNC of
the right Y-shift-register is generated, hence defining the integration time. See also
chapter’s 3.10.2 and 3.10.2.4 for a detailed description of the rolling shutter operation.

T Integration time [ # lines] = register(NROF_LINES) - register(INT TIME)

Note: For normal operation the values of the YL_REG and YR_REG registers are equal.
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4.6 Windowing in X-direction

sys_ctoek [ LML L LUy i Su o Suru L

vearr L {flff ff ff

v_cLocK 1 ff S

PIXEL_VALID (i {f 1
* Tioad » - Tload—»

X LOAD S| Wy PR S N

1st pointer upload 2nd pointer upload

Figure 27: Windowing in the X-direction

An X LOAD pulse overrides the internal X_SYNC signal, loading a new X-pointer (stored
in the X_REG register) into the X-shift-register.

The X_LOAD pulse has to appear on the falling edge of SYS_CLOCK and has to remain 2
SYS_CLOCK cycles high overlapping 2 rising edges of SYS_CLOCK. On one of the 2 rising
edges of SYS_CLOCK the new X-pointer is loaded.

Tioad is the available time to upload the register and is defined from the previous register
load to the rising edge of X LOAD. It depends on the settling time of the register and the
X-decoder.

The actual time to load the register is self depends on the interface mode that is used.
The parallel interface is the fastest.

Table 28: Tiyuq for different interfaces

Parallel interface 1 (about 40 8YS CLOCK cycles)
Serial 3 Wire 16 (at 2.5 MHz data rate)
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4.7 Windowing in Y-direction

Start of frame Line Line m Line n Line n+1

&YLN% REG regnsler upload-]
SYS_CLOCK Fl__l‘%_l‘l_l‘l_l‘“l‘[ i iigigl) W
vemart T LAf S i—ﬁ__S

Y_CLOCK 7 (L_S S O S
PIXEL_VALID “l_“ l S S ) S S § (I S_\____J_-
LAST_LINE (s S S S I § S §

Figure 28: Windowing in the Y-direction

A new Y-pointer can be loaded into the Y-shift-register, by reapplying the Y START pulse
after loading a new Y-pointer value into the YL _REG and YR_REG registers.

Every time a Y START pulse appears, a frame calibration of the output amplifier is done.

4.8 Initialization (start up behaviour)

To avoid any high current consumption at start up it is recommended to apply the
SYS CLOCK signal as soon as possible after or even before power on of the image
SEnsor.

After power on of the image sensor it is recommended to apply SYS_RESET for minimal
5 SYS_CLOCK periods to assure a proper reset of the on-chip sequencer and timing
circuitry. All internal register will be set to 0 after SYS_RESET is applied.

As all the IBIS5-A-1300 control signal are active high it is also recommended to apply a
low level (before SYS RESET occurs) to these pins at start up to avoid latch up.
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5 Pin list

The IBIS5-A-1300 image sensor is packaged in a leadless ceramic carrier (LCC package).
Table 29 is a list of all the pins and their function. In total, there are 84 pins.

Table 29: Pin list

Input Digital input. Data parallel interface.
Input Digital input (active high). Parallet write.
Input Digital input. Clock signal of serial interface.
| Input Digital input/output. Data of serial interface.
Digital input (active low), Enable of Serial-3-wire
Input .
interface.

Digital input. Serial mode enable (1=Enable serial-3-
wire, O=disable).

Analog supply voltage. Supply voltage of the pixel
Supply core [3%3\51.) A dyd ¢

| Supply Anglog supply voltage. Analog supply voltage of the
: image sensor [3.3V]

Ground Analog ground. Analog ground of the image sensor.
Ground Digital ground. Digital ground of the image sensor.
Digital supply voltage. Digital supply voltage of the

Input

Supply image sensor [3.3V].
Input Digital input. Interface mode (1=parallel; O=serial}.
Analog input. Biasing of decoder stage. Connect to
Input VDDA with R = 50 k2 and decouple with C=100nF to
e N E GNDA.
14 5L YCSTART 6 ~+-| Input Digital input (active high). Start frame read out.
15 A'Y-CLOCK =~ " Input Digital input (active high). Line clock.

Digital output. Generates a high level when the last line
is read out.
Digital input (active high). Loads new X-position

16 LAST_"LINE o] /| Output

1777 {X_LOAD 5 Input .

R A : during read out.

18- 1.SYS-CLOCK - - ! Input Digital input. System (pixel) clock (40 MHz).

9 PXL__VALID ; | output ODl;tg:tal output. Generates high level during pixel read

20 SS START Input Dtglta% input (active high). Start synchronous shuster
- operation.

" sS STOPT:}‘_ : T Dngnta? input {active high). Stop synchronous shutter
- operation.

Drigital output.
Synchronous shutter: pulse when time-out reached. Can
Output be used to trigger S§_STOP although both signals can’t
be tied together.
‘ s : Rolling shutter; pulse when second Y-sync appears.
23- ] SYS RESET - ! Input Digital input (active high). Global system reset.
04 . ..EL_BLACK:. Input Digital inpu? (active high). Enables elecirical black in
: : output amplifier.
25 | EOSX v Quiput Digital output. Diagnostic end-of-scan of X-register.
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Analog reference input. Biasing of DAC for output

Input dark level. Can be used to set output range of DAC.
Default: Connect to VDDA with R=0 Q.
Analog reference input. Biasing of DAC for output
Input dark level. Can be used to set output range of DAC.
Default: Connect to GND A withR =0 €.
Output Analog output. Analog pixel output i.
Output Analog out.put. Analog pixel output 2. Leave not
connected if not used.
Analog input. Biasing of the output amplifier. Connect
Input to VDDA with R = 50 k2 and decouple with C=100nF
to GNDA.
Analog input. Biasing of the column amplifiers.
Input Connect to VDDA with R = 530 k) and decouple with
C=100nF to GNDA.
Input Analog input. Pre-charge bias. Connect to VDDA with
R = 25 k) and decouple with C=100nF to GNDA.
Supply Digital supply. Digital supply voltage of the image
sensor [3.3V].
Ground Digital ground. Digital ground of the image sensor.
Ground Analog ground. Analog ground of the image sensor.
ool Analog supply voltage. Analog supply voltage of the
image sensor [3.3V].
Analog supply voltage, Supply voltage of the pixel
My Sy core [3g.3VIiI.> A = kL { {
P.DATA<O> Input Diigital input. Data paraile! interface (LSB).
P-DATA<I> Input Digital input. Data parallel interface.
- DAT Input Digital input. Data parallel interface.
Input Digital input. Data parallel interface.
Input Digital input. Data parallel interface.
Input Digital input. Data parailel interface.
Input Digital input. Data parallel interface.
Input Digital input. Data parallel interface.
: Input
SI2 ‘ADDR<1> Input
‘I S12°ADDR<2> Input Unused interface inputs. Tie to GNDD.
1 S12. ADDR<3> Input
. S12 ‘ADDR<4> Input
GNDAB Supply Analog supply voltage. Anti-blooming ground.
Sy " Analog supply volitage. Variable reset voltage (multiple
VDDR_RIGHT Supply slope fperzggn). Defouple with 1uF to GNgDA(. P
T ' Analog reference input. ADC low reference voltage.
53 . LADC:VLOW Input Default: Connect to GNDA with R = 360 Q and
L decouple with C=100nF to GNDA.
54 T ADC GNDA Ground Analog ground. ADC analog ground.
5-5 : Aiié_VDDA Supply gn;i;,]g supply voltage. ADC analog supply voltage
56 .. ADG GNDD Ground Digital ground. ADC digital ground.
57 3 ADC_VDDD Supply Digital supply voltage. ADC digital supply voltage

[3.3V].
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Input Digital input. ADC clock (40 MHz).
Qutput Digital output. ADC data cutput (MSB).
Outpat Digital output. ADC data output.
Qutput Digital output. ADC data output.
ADC OUT<6> Cutpul Digital output. ADC data output,
630 FADC OUT<5> . Output Digital output. ADC data output.
264 - FADC. QU T<4> 4 Output Digital cutput. ADC data output.
65 T PADC OUT<3> . Qutput Digital output. ADC data output.
66 'ADC OUT<2> | Output Digital output. ADC data output.
67 | ADC OUT<I>: - | Output Digital output. ADC data output.
68 ADC OUT<0> " { Output Digital output. ADC data output {LSB).
' Input Analog input. ADC analog input.
P Analog input. Biasing of the input stage of the ADC.,
- Input Connect to ADC_VDDA with R = 50 k(2 and decouple

with C=100nF to ADC _GNDA,

' Digital supply voliage. ADC digital supply voltage
Supply [3.§V]. pply voliag gital supply voltag

] Ground Analog ground. ADC analog ground.
| Ground Digital ground. ADC digital ground,
k I Eer gr.);l‘?]g. supply voltage. ADC analog supply voltage
Analog reference input. ADC high reference voltage.
Input Default: Connect to VDDA with R = 90 O and
decouple with C=100nF to GNDA..
Supply Analog supply voltage. High reset level [4.5V].

Analog supply voltage. High supply voltage for HOLD

it Supply switches in the irﬂgc core [4.5V]
P DATA<IS> Input Digital input. Data parallel interface (MSB).
P.DATA<14>. Input Digital input. Data parailel interface.
| P DATA<13> Input Digital input. Data parallel interface.
P DATA<IZ> 1 Input Digital input. Data parallel interface.
P DATA<1I>" Input Digital input. Data parallel interface,
1P DATA<10> Input Digital input. Data parallel interface,
84 | P DATA<9> - Input Digital input. Data parailel interface.

REMARKS:
1. All pins with the same name can be connected together.
2. All digital input are active high (unless mentioned otherwise).
3. Digital inputs that are not used should be tied to GND.
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