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General Description

The epc901 IC is a high-performance CCD line sensor capable of
storing a total of 4 frames in the frame store elements for ultra
high-speed image acquisition. The acquisition of the image is con-
trolled by the external control signal SHUTTER. The epc901 flags
when a frame is ready for read-out by asserting the DATA_RDY
signal.

The transmission of the frame over the video amplifier is controlled
by the external control signal READ. When a read-out is initiated
by a pulse on the READ signal, it is sampled by a CDS stage. After
a fixed delay the frame can be shifted out through the video amplifi-
er by applying the appropriate amount of read clock edges.

The device offers various configuration options:

m Gain of the read-out stage selectable of 1, 2 or 4

m Transmission direction selectable

m Region of interest (ROI) centre region (pixel 256 to 767)

m Lateral binning of 2 or 4 pixels in order to reduce transmission
time and noise

m Single- or multi-frame acquisition

m Clearing of frames stored and periodic flushing of pixel array to
avoid blooming.

Block diagram
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Datasheet — epc901
CCD line sensor 1024x1 pixel

Features

m Photosensitive CCD array backside illuminated with 1024x1 pixel
m Very high frame rate of up to 50 kfps, in burst mode 500 kfps for
4 images (store up to 4 acquired images on-chip in charge do-

main)

m Very high sensitivity due to 100% fill factor and epc's unique
OHC15L process technology

m Pixel size 7.5 x 120pm

m Correlated-double sampling (CDS) per pixel

m Single-ended or differential analog video output

m Simple 5-pin control interface for acquisition and read-out

m 12C bus interface

m Internal clock source, trimmable

m Two on-chip temperature sensors with 12 bit resolution

m Single supply voltage

m 32 Pin space saving CSP package

m Chipsize Lx W x T:8.0x 1.3 x0.23 mm

Applications

m Linear and rotary encoder

m Triangulation light barrier / distance measurement
m Line sensor / camera

m Business card readers & portable scanners

m Multi-touch displays / electronic whiteboards

m Finger print readers

m Spectrometers

m Check & ticket readers

m Speed measurement

m Barcode readers

CCD 1024x1

Frame store 1
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Frame store 4
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Figure 1: Top-level block diagram of the epc901 IC

Figure 2: Picture of the epc901
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1. Block diagram

Neumdiller Elektronik GmbH

info@neumueller.com

e < CCD |
FS4\\<HHHHHHHHHH TR
FS3 | CCD frame store buffer FS1..4
FSZ INNENENENEENNENEENEN] INNNENENENEENENENENEN)
FS1 <}
Floating diffusion / source follower / CDS Shift
Control
I 1024:4 multiplexer |
I 4:1 multiplexer |
VDD_OA
VIDEO_P analog in
VIDEO_CM AMP
VIDEO_N digital control
GND_OA
Control
VDD N
Charge pump
VDD_7V0 -
VDD_5V0 5V regulator I
VDD_1V8 1.8V regulator I
AGND A, A 4 ¥ Y
AGND Tempe-
AMP Test rature y
DGND Power supply / Control Control Sensor Oscillator 12C Interface
Power on 1&2
|_BIAS Reset
o toe—ooh

© 2017 ESPROS Photonics Corporation

Characteristics subject to change without notice

PWR_DOWN

ANA_TEST_1

GAIN

BWO

BW1
TEST_MODE

ANA_TEST_O

Figure 3: Block diagram
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2. Pin-out

2.1. Pin assignment
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Figure 4: Pin-out of epc901 with view to the photo-sensitive side (top-view)

2.2, Pin table
Pin no. ‘Pin name Pin type ‘ Default [V] ‘Description
Digital pins
2 PWR_DOWN DI 0 Power-down mode enable
3 CLR_DATA DI 0 Clear internal data memory controller
5 CLR_PIX DI 0 Rising edge resets pixels and its controller
6 SHUTTER DI 0 Exposure active when SHUTTER set
12 READ DI 0 Read-out control and read clock
4 DATA_RDY DO E:g(;hw:rzr; ?)it;;n video interface is ready. Used as a strap pin to turn on/off
13 SDA DIOD VDD 12C serial data (open drain)
14 SCL DIOD VDD 12C serial clock (open drain)
15 ROI_SEL DI 0 Region of interest selection
17 Cs1 TER VDD/2 12C chip select 1
19 CS0 TER VDD/2 12C chip select 0
21 GAIN TER VDD/2 Select gain of read-out path
22 BWO TER VDD/2 LSB of bandwidth of video amplifier
23 BW1 TER VDD/2 MSB of bandwidth of video amplifier
24 RD_DIR DI 0 Read-out direction
25 HOR_BIN TER VDD/2 Horizontal binning selection
30 TEST_MODE DI 0 Chip test
Analog pins
8 VIDEO_N AO Negative terminal of video output
9 VIDEO_P AO Positive terminal of video output
11 VIDEO_CM Al VDD/2 or 0 |Voltage to set video output common-mode
27 |_BIAS Al Bias current
28 ANA_TEST_1 AlO 0 Analog test in-/output 1
29 ANA_TEST_O AlIO 0 Analog test in-/output 0
Supply pins
26 VDD Supply Positive chip supply voltage
10 VDD_OA Supply Positive supply of video amplifier
32 VDD_1V8 AO / Supply Decoupling of digital partition
18 VDD_5V0 AO / Supply Decoupling of CCD bias voltage, input is supplied externally (refer to 12.2.)
20 VDD_7V0 AO / Supply Decoupling of charge pump
16 AGND Supply Analog ground
AGND Supply Analog ground
7 GND_OA Supply Video amplifier ground
31 DGND Supply Digital ground
Definitions:
mu DI: Digital input pin, with an internal pull-down resistor of approx. 100-250kQ
m DO: Digital output pin
m DIOD: General purpose bidirectional digital pin with open-drain output, requires external pull-up resistor
m AO: Analog output
m Al: Analog input
m AlO: Analog input and output
n TER: Ternary input pin, with a pull-down and an equal pull-up resistor of approx. 100-250kQ which tie the pin to the VDD/2 state.
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2.3. Power domain separation and ESD protection

The epc901 chip has internally 5 different power domains and 3 ground references which are interconnected with ESD protection diodes.
All pins are also equipped with ESD protection diodes. Figure 5 shows this functional circuit. The diodes have a breakthrough voltage of
0.3V. The designer has to take care that none of these diodes become conductive either at power-up, power-down or normal operation.
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Figure 5: ESD protection diode circuit
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3. Electrical, optical and timing characteristics
(Ta =25°C, Vop = 3.0V unless otherwise noted)

3.1. Recommended operating conditions

Parameter Description Min Typ Max Unit
Vbb Nominal Nominal supply voltage on VDD and VDD_OA 2.70 3.00 3.45 \
Supply voltage on VDD and VDD_OA 2.45
with Read Clock of max. 1 MHz.
PSRR Power supply rejection ratio VDD and VDD_OA. | Differential 13 dB
Single ended 9 dB
T, Junction temperature range -40 85 °C
Rin s-a Thermal resistance junction - ambient 65 KW

3.2. System characteristics

Parameter Description Min Typ Max Unit
Rvioeo Frame rate on video output 1 50k fps

Bagg.vioeo 3dB-bandwidth of video output @ Cvvipeo = 40pF 10 11 MHz
Bizc I2C transmission rate 400 kbit/s

3.3. Electrical characteristics

Parameter Description Min Typ Max Unit
ot OA1 Total current consumption on pins VDD and VDD_OA
- (refer to section 12.)
Differential mode, Idle mode (READ = L) 26 39 mA
. - )
full video baan'dth' 50kips %, Peak, during read-out 48 72 mA
Charge pump: ON
Temperature sensors: ON
Differential mode, Idle mode (READ = L) 10 15 mA
full video bandwidth, 50kfps 2, .
external VDD5VO supply ° Peak, during read-out 16 24 mA
Charge pump: OFF
Temperature sensors: OFF
Differential mode, Idle mode (READ = L) 6.0 9.0 mA
low video bandwidth, 1kfps *, -
external VDD5VO supply ° Peak, during read-out 6.0 9.0 mA
Charge pump: OFF
Temperature sensors: OFF
Single-ended mode, Idle mode (READ =1L) 21 30 mA
low video bandwidth, 1kfps * -
Charge pump: ON Peak, during read-out 40 60 mA
Temperature sensors: ON
Single-ended mode, Idle mode (READ = L) 5.0 10.0 mA
low video bandwidth, 1kfps *, -
external VDD5VO supply ° Peak during read-out 5.0 10.0 mA
Charge pump: OFF
Temperature sensors: OFF
Power-Save mode (POWR_DOWN = H, shutter still working), 1.3 2 mA
external VDD5VO0 supply 3
Charge pump: OFF
Temperature sensors: OFF
In-rush current at power-up during approximately 5ms 60 90 mA
Charge pump: ON
In-rush current at power-up during approximately 2ms, 50 75 mA
external VDD5VO0 supply 3
Charge pump: OFF
loo sy Current consumption on pin VDD_5V0 3, 1.2 2.5 mA
- Differential/single-ended mode, full video bandwidth, 50kfps 2
external VDD5VO0 supply *)
Charge pump: OFF
Vou Low voltage level on binary digital inputs ° (Level L) 0.2*Vpp \%
Vo High voltage level on binary digital inputs ° (Level H) 0.5*Vop \Y
Voo, VreriL Low voltage level on binary and ternary digital outputs (Level L) 0.2*Vpp \%
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Parameter Description Min Typ Max Unit
Voon, VrerH High voltage level on binary and ternary digital outputs (Level H) 0.8*Vpp \%
V1erim Centre voltage level on ternary digital inputs (Level M) 0.4*Vpp 0.6*Vop \%
loi Sink current at digital inputs 10 MA
R, Internal pull-down resistor 100 250 kQ
Rier Internal voltage dividing resistors which force the input to VDD/2 100 250 kQ
lbo Sink / source current at digital outputs 3 mA
Vvopive Internally generated voltage on pin VDD1V8 1.62 1.8 1.98 \%
Vvopsvo Internally generated voltage on pin VDD5VO 4.5 5.0 5.5 \%
Vporvo Internally generated voltage on pin VDD7V0 6.0 6.5 7.0 \%
Vvioeo PN Voltage range at output of video amplifier (@ gain 1) 0.25 Vpp-0.25 \%
Ve se Voltage at VIDEO_CM to select single-ended mode 0.4 \%
Vem p Common-mode voltage in differential mode, set on pin 0.5 V2 V,/2+0.1 \%
VIDEO_CM. Note: For Vcu p>1V, differential mode is detected au-
tomatically by default. For Vew p<1V, differential mode has to be
enabled by setting bit AMP_OVR in register
FORCE_ANA_CTRL_SIGS (see section 10.3.)
Rinem Input resistance of VIDEO_CM 100 kQ
CMRRcu Common-mode rejection ratio on 100kHz ... 50MHz 17 dB
VIDEO_CM (f = 100 kHz) 100kHz ... 10Mhz 24 dB
VorF.viDEO.CM Common-mode offset of video amplifier output +50 mV
Vorr vibEo siG Signal offset of video amplifier output +100 mV
single ended 5 100 pF
Crvipeo Load capacitance on video output
differential 5 25 pF
single ended 32 100 Q
Rintvioeo Output resistance of the video amplifier
differential 11 100 Q
Rivioeo Load resistance on video output 3 kQ
Notes:
' The current values change after the first Read Pulse after boot-up. The values here are after this first Read Pulse.
2 Video amplifier BW = HIGH_BW, VIDEO_GBW_SEL_REG = 0x3.
# VDD5VO0 has only to be supplied externally in case the charge pump is configured to be off. See section 12.2.
4 Video amplifier BW = LOW_BW, VIDEO_GBW_SEL_REG = 0x0.
®12C pins SCL and SDA are according to 12C standards
3.4. Temperature sensor characteristics
Parameter Description Min Typ Max Unit
Treme Temperature measurement range -40 +85 °C
OFFSETremr Temperature sensor offset -10.1-10° LSB
Temperature sensor gain.
The typical measured temperature value of e.g. the left tempera-
ture sensor can be calculated from the value of the sensor output
registers TEMP_SENS_L_MSB and TEMP_SENS_L_LSB as fol-
lows:
GAIN+ewp TEMP_L[12:0] — OFFSET 24 48 96 LSB/°K
T _ — : TEMP [°K]
TEMP_L GAINTEMP
Note: Values for OFFSET+emer and GAINtewe are rough. For abso-
lute measurements or precise relative measurements, calibration
is required.
Prs Resolution of the temperature sensors 13 bits
Niewp Noise 2 4 LSB
LIN e Linearity of temperature sensors over the full temperature range 2 4 °K
T rewp Update rate of the temperature sensors (configurable) 0.1 10 Hz
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Parameter Description Min Typ Max Unit
TstarTup Start-up time after applying external supply/supplies 10 ms
(includes ramp-up of charge pump)
Ter_up Charge pump power-up time: time from changing the bit CP_PD 5 ms
from 1 to O until chip is operational (internal VDD5V)
Twake_up Wake-up time from Power-Save mode 7 12 us
fosc Oscillator clock frequency at nominal trim | room temperature 224 36 48 MHz
| TRIM_RE fault val
value (OSC_ _REG at default value) 20°C <Tn<65°C 18 36 58 MHz
fosc max TR Fr.equency of oscillator clock that can be achieved through trim- 32 MHz
ming *at room temperature.
Tsu,conr Setup time of configuration pins with respect to rising edge of 50 ns
read pulse
Th.cone Hold time of configuration pins with respect to rising edge of read 3 Oscillator
pulse clock cycles
TsnutTer Pulse width of SHUTTER signal 5 Oscillator
clock cycles
TrLusH Flush period ! 30 32 Oscillator
clock cycles
Tsnirr Shift period ’ 24 26 Oscillator
clock cycles
Tro_puLse Pulse width of Read Pulse 3 Oscillator
clock cycles
Teos CDS operation 37 Oscillator
clock cycles
Tstore Duration how long a frame may be stored in the frame-store 10 ms
Tro_cik Period of the read clock 18.5 10'000 ns
freap READ clock rate (the inverse of Trp cik) 2 0.1 54 MHz
D READ clock duty cycle @ f_,, max 45 50 55 %
Thvioeo Period during which the output of the video amplifier is held sta- 50 us
ble after the last read clock edge
Treriop,FLUSH Periodicity of the periodic flush operation * 100 ms
TPULSE,CLR_DATA Pulse width on CLR_DATA 3 Oscillator
clock cycles
Biac 12C transmission rate 400 kbit/s
Notes:

' By measuring the frequency of the internal clock oscillator (see section 9.), the duration of the internal flush and shift periods can be cal-

culated exactly.

2 To achieve the maximum clock frequency, the duty cycle of the read clock has to be 50% with a maximal tolerance of +5%.
% The internal oscillator must not be trimmed to a frequency higher than 50MHz.
* Refer to section 5.6. for more details.

3.6. Absolute maximum ratings

Description

Conditions

Power supply voltage (VDD)

-0.3V to +5V

Voltage to any Pin

-0.3 to VDD +0.3V

Storage Temperature Range (Ts)

-40°C to +85°C

Relative humidity

0 to 95% non-condensing

ESD rating

© 2017 ESPROS Photonics Corporation
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all pins except VDD7VO0 vs. VDD1V8:

HBM class 2

( 2kV to <4kV, JEDEC)
HBM class 1B (500V to <1kV, JEDEC)

Note: Pin VDD7VO is in the final circuit loaded with 2.2uF low ESR capacitor.
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Parameter Description Min Typ Max Unit
Weix Width of pixels 7.5 um
Heix Height of pixels 120 um
Npix Number of pixels 1024
Nes Number of frames stored on-chip (including the pixel array) 4
FF Optical fill factor in pixel array 100 %
CG Conversion gain (standard version) 3 5 8 pV/e-
Optical sensitivity (A = 630 nm, gain = 1) 71 V/(Lux*s)
QE Quantum efficiency (A = 630 nm) 90 %
Fw+ Full-well capacity per frame 400 ke-
Nreab o Read noise, differential mode, optimal settings * 700 1000 uVrms
Nreap_se Read noise, single ended mode, optimal settings 500 700 uVrms
LIN Linearity? Differential mode 1.0 2.0 %
Single-ended mode 2.0 4.0 %
ILac Image lag Single-frame acquisition (see section 5.2) 0.2 %
% Toagk-e\{pp and Multi-frame acquisition (see section 5.3) 0.3 0.5 %
OVonark pix Output voltage drift due to dark current in pixel area 1.0 10.0 V/s
OVonark Fs Output voltage drift due to dark current in frame store area 0.3 0.6 V/s
Opark Thermal drift of dark current Doubles approx. every 8°K
PRNU? Photo response non-uniformity (@ 0.5*FW*) 2 6 %
DSNU? Dark pixel non-uniformity @ Texe = 100 ps 0.3 % FW
Mew Irradiance to generate FW electrons per pixel in 1 ns 155 mW/mm?
(A =630 nm)
Surface reflectivity (@ 550 to 860 nm, 90° incident angle) %
Surface reflectivity (@ 550 to 860 nm, 60° incident angle) %
Pixel cross-talk (@ 630nm, 90° incident angle) 20 %
Cross-talk width @ 10 4 um
Table 1: Optical specification
Notes:

' Charge pump off, temp sensor off, video amplifier BW=LOW_BW, VIDEO_GBW_SEL_REG=0x0 (minimum video amplifier bias current,
Read Clock 1MHz).

2 The linearity is defined as the maximum deviation of the pixel responses between 10% and 80% FW* from the straight line between 10%
and 80% FW?*. Pixels with high dark current excluded.

% Valid for Pixel 3 .. 1020.
4 FW corresponds to 2V swing at the output in differential mode.

© 2017 ESPROS Photonics Corporation

9/36

Characteristics subject to change without notice

Datasheet_epc901-V6.1
WWW.espros.com

Neumiiller Elektronik GmbH | Gewerbegebiet Ost 7 | 91085 Weisendorf | +49 9135 73666-0 | www.neumueller.com | info@neumueller.com


http://www.espros.com/

Ihr autorisierter Distributor Neumidiller Elektronik GmbH info@neumueller.com

3.7.1. Typical spectral range and quantum efficiency (QE)

The following diagrams show the quantum efficiency as a function of wavelength. The curve is a measurement where the chip has a wide-
range anti-reflection coating which is optimized at 650 nm.
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Figure 6: Quantum efficiency as a function of wavelength

3.8. Frequency response

The signal amplitude at the output of the video amplifier is a function of the optical modulation and the read-out clock frequency. The
optical modulation is defined as follows:

Test setup
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The amplitude at the video amplifier output as a function of the Read Clock frequency is as follows (temperature sensor off, differential
mode):

Read Clock Mode BW (video am-| VIDEO_ GAIN | Min. useful SNR typ. SNR typ. Useful

frequency plifier band- | GBW_SEL _ signal swing | (charge pump off) | (charge pump on) pixel
width setting) REG . . range '

min typ min typ

1MHz Differential LOW_BW 0x0 1 2.0Vpp 66dB 70dB 65dB 67dB 3..1020
10MHz Differential HIGH_BW 0x3 1 1.5Vpp 55dB 58dB 53dB 55dB 3..1020
54MHz Differential HIGH_BW 0x3 1 0.5Vpp 46dB 49dB 44dB 46dB 3..1020
54MHz Differential HIGH_BW 0x3 2 0.75Vpp 46dB 49dB 42dB 46dB 3..1020
54MHz Differential HIGH_BW 0x3 4 1.25Vpp 46dB 49dB 42dB 46dB 3..1020
1MHz Single-ended LOW_BW 0x0 1 1.6Vpp 67dB 70dB N/A N/A 3..1020

Table 2: Useful video amplifier signal swing and SNR for different settings

Note:
' For the ROI_SEL=H, the read-out region as defined in Table 5 is the useful pixel range
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4. Chip configuration

The epc901 IC can be configured either by the configuration pins or through 12C commands. At power-up or software reset, the status of
the configuration pins are read and used to operate the chip. The configuration can later on be changed with I2C commands (refer to Table
9). Make sure that the bit RD_CONF_CTRL is set properly.

4.1. Configuration pin description

Pin Name ‘ Low (GND) High-Z High (VDD) Comments

RD_DIR Pixel 0 .. 1023 Pixel 1023 .. 0

ROI_SEL ‘ Pixel 0 .. 1023 Pixel 256 .. 767 | Readout region of the pixel array
Gain 2 1 4 Multiplier for the conversion gain

Defines horizontal binning. Binning here means averaging over 2 or 4 pix-
els in the voltage domain (not charge domain!) e.g. for HOR_BIN=H, pix-
els 0..3, 4..7, 8..11 etc. are averaged as follows

VI[i]+V[i+1]+V[i+ 2]+ V[i+3]

HOR_BIN 2 pixel 1 pixel 4 pixel VBINNING_BY_4[”: ) ,i=0,3,7,..,1020
Binning can be used to reduce the read-out time by the binning factor.
Note: Binning 2 (HOR_BIN = 0) is not applicable for single-ended mode.
VIDEO_CM | Single ended Differential n/a Refer also to section 11.1. Circuit for differential mode
DATA_RDY Charg:np“mp N/A Chargfﬁp“mp Refer to section 4.3.
BWO X Max. video bandwidth
BWA1 X (referred to as 16MHz, see section 4.4. Frequency response setting)
BWO X High video bandwidth
BWA1 X (referred to as 8MHz)
BWO X Low video bandwidth
BWA1 X (referred to as 4MHz)
BWO X Min. video bandwidth
BWA1 X (referred to as 1MHz, see section 4.4. Frequency response setting)
Table 3: Configuration pin description
Notes:

. The shaded values are recommended for typical and easy to use applications.

. The bandwidth of the video amplifier (configured through BW and VIDEO_GBW_SEL_REGQG) affects the current consumption of
the chip and the noise at the output. The lower the bandwidth the lower the noise and the lower the current consumption. Thus, it
is a good concept to keep the bandwidth as low as possible.

. The configuration pins are read into the registers ACQ_TX_CONF_EFF and BW_VIDEO_CONF_EFF (and become effective)
upon reset (i.e. power-up or software reset). In case RD_CONF_CTRL is left at default setting O (see Table 9), the configuration
pins except VIDEO_CM and DATA_RDY are also read upon the rising edge of READ (refer to section 5.4.).

. The re-sampled values of the configuration pins take effect immediately if the configuration is controlled by the configuration
pins.

. The configuration set by the configuration pins can be overwritten by writing to the registers ACQ_TX_CONF and/or
BW_VIDEO_CONF through I2C (see section 10.). The overwrite functionality has to be enabled by setting RD_CONF_CTRL=1
(see Table 9).

. The CS0 and CS1 pin configuration are described in section 10.1.1. Device addressing.
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4.2. Dynamic change of the configuration pins

If the configuration pins shall dynamically be changed in the application, the setup and hold time as shown in the diagram below have to be
used for a safe operation of the IC.

READ ||||||||

configuration pins :>

[
-

-} - —

T T

SU,CONF H,CONF

4.3. Charge pump on/off through DATA_RDY strap pin

The DATA_RDY pin is used as a strap pin to enable/disable the charge pump. At power-up, the voltage level on DATA_RDY is checked.
In case of a logic-low level, which is set by the internal pull-down resistor, the charge pump is on by default. In case of a logic-high level,
which can be set by an external 10k pull-up resistor, the charge pump is off by default (see figure below).

VDD

RF’U
10k
L DATA_RDY DATA_RDY

DGND DGND

Charge pump on Charge pump off

4.4. Frequency response setting

The following Bode plot shows the typical frequency response of the readout chain, according to the settings of the configuration pins BWO
and BW1, refer to section 4.1. Configuration pin description and Table 7.
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5. Imager operation

5.1. General remarks

The epc901 line imager chip is based on a backside illumination technology (BSI). The image is taken from the backside of the chip,
whereas the electrical circuits and the pins are on the frontside. Thus, the chip must be flip-chip mounted to the PCB in order to expose the
backside to the incoming light.

It is not possible with BSI to shield the photosensitive area with an integrated, electrically controlled shutter when there no light shall be
detected. In other words, the pixel CCD is continuously photo-sensitive and collects charge generated by the detected photons (unwanted
exposure). Thus, the CCD must be flushed or erased by the unwanted charge before an image can be acquired.

READ Pulse - The pulse applied to pin READ_CLK to initiate the read-out of a frame.

READ Clock - The clock applied to pin READ_CLK to read out the frame (after the Read Pulse).

5.2. Image acquisition

After the exposure time defined by the user, the charge collected in the CCD has to be shifted into an area which is not photo-sensitive.
This area is called frame store. The shift process samples the charge collected by the CCD in the frame store. The following diagram
shows this operation.

exposure to automatic
acquire an | shift to frame
image store (FIFO)

(unwanted)

(unwanted) automatic
el e exposure

CCD operation exposure CCD flush

exposure time
- >
- >

- TFLUSH - - TFLUSH - TSHIFT o
- > - > L

CLR_PIX

TPULSE CLR_PIX
T
>

SHUTTER f

A

DATA_RDY

Figure 7: Image acquisition timing

The acquisition of a frame is controlled by a pulse on pin SHUTTER (see Figure 7). The rising edge of a pulse on SHUTTER triggers the
internal flush operation to erase the CCD from any unwanted electrons prior to the exposure. The exposure starts automatically after the
flush operation is completed. The CCD collects electrons thereafter as long as the SHUTTER pin is high. Upon the falling edge of
SHUTTER, the charge collected in the CCD pixel field is automatically shifted to the CCD frame store which is a photo-insensitive area
(see (1) in Figure 8). As soon as the frame is ready for read-out, the signal DATA_RDY goes high. The image is ready to be readout as
described in section 5.4..

SHUTTER Toos

DATA_RDY K. I d
READ_CLK TSHIFT

CCD pixel field
frame

FS1

FS2

CCD frame store
FS3

FS4

@)

done

read-out| CDS

Figure 8: Illustrative example of single-frame acquisition and read-out
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Itis to note that the CCD continues to be photo-sensitive during the shift operation i.e. for a time T, _ after the falling edge of SHUTTER.

5.3. Multi frame acquisition

Up to 4 images can be acquired and stored in the CCD frame store in a fast sequence without intermediate read-out. The CCD frame store
is organized in 4 CCD frame store elements (FS1-FS4), thereby each CCD frame store element can store one frame/image. The first
captured image initially occupies 3 frame store elements as for a single-frame acquisition (see section 5.2 and Figure 8). epc901 automati-
cally detects a multi-frame acquisition when detecting the second SHUTTER signal without prior read-out. Upon the second shutter the
first image is shifted to a single frame store element (see (2) in Figure 9). The frames are shifted from the CCD pixel field to and through
the CCD frame store in a FIFO-manner i.e. the first captured image is the first one read out. The read-out is described in more detail in
section 5.4. As soon as 4 frames have been captured without prior read-out, at least one read-out has to be issued prior the next shutter in
order to make FS1 available again. Excessive shutter pulses are ignored.

SHUTTER
DATA_RDY \\. [ E—— -
" Toner Touer (
READ_CLK TSHIFT J_L UL4‘ \—H—H—H—H—H—H— \—H—4‘ \—H—H—H—H—H—H‘ UL
TCDS TCDS TCDS

el

[3)

&= o Q 2

a & = &

o = & E

3 & &

o

»

w

Fs2

FS3

CCD frame store

Fs4

3" frame

done
2" frame
3" frame

read-out| CDS

Figure 9: Illustrative example of multi-frame acquisition and read-out

5.4. Image readout

After one or more images have been captured, the first image (FIFO) can be read out through the video interface on the pins VIDEO_P
and VIDEO_N. The read-out is controlled by the READ pin. The following timing diagram shows its usage:

Pre-loading of

Teps i.'timal pipe'me TRDJ:I}_K TH,VIDE&
‘ Pl [ [P] [P P |
READ T 1 2] |3 0 s 3 eoe0e m [N
RD_PULSE ! ' !
~ > [ /
; ; ; ( coe (

VIDEO_P/N k

DATA_RDY READY goes low when the readout of \‘ oo eeoo
the last stored frame begins === i— — — — — — — —_ —_ — — . —_ =\ = =

X
ANA_TESTO (rising edge indicates readout of the last pixel in a frame)

N T

RD_CLK ' RD_CLK

Figure 10: Image readout timing of one frame

The first pulse of a read sequence applied to pin READ is a Read Pulse and must have a duration of Trp puse. Upon a Read Pulse, the last
frame in the CCD frame store is sampled pixel-wise onto a capacitor array thereby the pixel charges are converted into pixel voltages
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according to the specified conversion gain (CG). This operation is called correlated double-sampling (CDS) and lasts for the time T cps
(refer also to the block diagram in Figure 3 or Table 10). Following the Read Pulse, respecting a delay of at least Tcps, Read Clock pulses
are applied to the READ pin in order to transfer the pixel voltages to the VIDEO_P/N pins. The first 3 Read Clock pulses, designated with
1, 2 and 3 in Figure 10, are used to pre-load the pipeline. Thus the first 3 pixel voltage values on VIDEO_P/N can be ignored. The subse-
quent Read Clock pulses, designated with PO ... PN in Figure 10, transfer the pixel voltage values through the video amplifier to the
VIDEO_P/N pins.

After all pixels are read out, the output of the video amplifier is held stable for a time T vipeo Or until the next Read Pulse, whatever occurs
first. The transmission of the last pixel is indicated by a high state of the pin ANA_TESTO upon the last Read Clock pulse rising edge.
ANA_TESTO goes low again upon the following rising edge at READ.

Any subsequent pulse of duration Trp puise is interpreted as a Read Pulse and thus a new read-out sequence is initiated.
The signal DATA_RDY remains high as long as there is at least one frame stored in the CCD frame store. If no more frames are stored ex-

cept the one that is currently read out, the signal DATA_RDY goes to low state on the first positive Read Clock edge (see Figure 10). If no
frame is stored, the chip does nothing upon a Read Pulse.

IMPORTANT
— Differential mode only: The last pixel of the ROI, e.g. pixel 1'023, is a dummy pixel and must be read for correct imager opera-
tion. Refer also to Table 1, note 3.
- ltis important to sample the analog output signal of the vide amplifier just before the rising edge of the next read pulse. This time
point allows the readout circuits and the video amplifier to be fully settled. Also at this time point, the lowest possible readout
noise can be achieved.

—  The following time periods shall never overlap in any multi frame acquisition or by parallel reading during exposure:
Triusn With Teps and Tsier with Teps. Refer for these signal to Figure 7 and Figure 10.

5.5. Readout configuration

Read-out can be configured through the configuration pins (see section 4.1). Depending on binning and ROI selection, different numbers
of pixels are available for read-out. E.g. if binning of 2 is selected, only 512 values can be read out because always two pixels are binned.
Thus, only 512 + 3 Read Clock pulses must be applied in this example. The following table shows the number of Read Clock pulses ac-
cording to the configuration:

ROI_SEL pin | HOR_BIN pin Number of Read Clock pulses Ngp cLk
L L 512+3
L M 1024+3
L H 256+3
H L 256+3
H M 512+3
H H 128+3

Table 4: ROI_SEL/HOR_BIN settings

5.6. Periodic flushing

As explained in section 5.2., the imager is photosensitive all the time. So it constantly converts incoming light into charge. If the pixel field
(the CCD) is not flushed periodically, excessive charge can be generated which may spill over from the pixel field to neighboring circuits,
e.g. the frame store buffers. Thus, periodic flushing by applying a CLR_PIX pulse during the time no images are acquired is highly recom-
mended, at least with a periodicity of Teerionrust (refer to section 3.5.). However, the need to do so depends on how much light is
received and how long is the time between two SHUTTER pulses.

For a given application, it is a good idea to evaluate the setup first before the system software is implemented. During evaluation, one
measure of the charge generated in the pixel by applying a SHUTTER signal with the length of the time between the intended acquisition
of two images shall be executed. If the maximal pixel value exceeds 90% of full well (= 90% of output swing), it is highly recommended to
place additional CLR_PIX pulses during the time where no image acquisition takes place.

A pulse on SHUTTER is ignored if it is issued within Trusn after the rising edge of CLR_PIX. If a rising edge on CLR_PIX occurs while
SHUTTER is high or during the subsequent internal shift period Tsuier, the pulse on CLR_PIX is ignored.

In power-down mode, the CCD is not photo-sensitive and therefore no charge is collected. However, the transition from power-down mode
to operation flushes the CDD and the frame store automatically.

5.7. Clearing the CCD pixel field and the CCD frame store with CLR_DATA

The frames stored in the CCD pixel field and the CCD frame store can be erased simultaneously by a pulse on CLR_DATA with a minim-
um pulse width of Teusecir pata- The clear operation is triggered by the rising edge of CLR_DATA. After the CCD frame store and the CCD
pixel field are cleared, the chip is ready to acquire new images.

A rising edge on CLR_DATA also aborts an on-going read-out and a new image acquisition can be initiated immediately. As long as
DATA_RDY is not asserted (upon the new image acquisition), the read-out of the frame in the CDS can be continued without any impact
on the frame (for multi-frame operation see section 5.3)

A rising edge of CLR_DATA during a shift operation might be ignored and is therefore to avoid. It is allowed to assert SHUTTER and
CLR_DATA at the same time.

Please note that the frame store buffers also collect charge even if there is no operation with the CCD. This is due to dark current which
can also flow into the frame store buffer elements. Thus, the frame store buffer should also be cleared (erased) regularly if there is no ac-
quisition and readout within 100ms.
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6. Temperature sensor

There are two temperature sensors on the IC, one on each side of the pixel array. They are turned off by default and can be turned on
through 12C (see Table 18). The temperature sensors just provide raw values which are off by an offset (OFFSETewe) and a gain (GAIN.
temp) from the measured absolute temperature value. Thus calibration is mandatory to enable absolute temperature measurements. Calib-
ration can take place during manufacturing of the system by applying one or two reference temperature/s and storing the calibration value
in a non-volatile memory e.g. in the pC.

The digitized output of the temperature sensors can be read through the 12C interface registers TEMP_SENSE* (refer to Table 15 ... Table
18). As soon as one of these addresses is read, the update of these registers with new temperature values is blocked until all four registers
are read. The sequence in which these registers are read, is not important.

7. Power-down mode
The chip can be forced into power-down mode to reduce the power consumption.

PWR_DOWN | Description
L Operation

H Power-down mode activated

If the chip is forced to power-down while frames are still stored on the IC, these frames are lost with power-down. When PWR_DOWN is
asserted during an acquisition or transmission, the current operation is finished before the chip goes to power-down. When the power-
down mode is de-activated, the IC typically needs Tewr up to be back in functional mode. When PWR_DOWN goes to low state, the pixel
array is it automatically flushed. In the power-down mode, no charge is collected by the CCD.

8. Chip reset
The digital control unit of the epc901 IC can be reset by the following mechanisms:
m Disconnecting and reconnecting the power supply

m Reset command through 12C (software reset)

9. Measuring the internal oscillator clock frequency

The epc901 chip has an internal oscillator which controls the operation of the chip. The typical frequency is approx. 35MHz but it has a
significant tolerance (refer to chapter 3.5, Timing parameters), as well as a temperature drift. To measure this frequency in order to apply
an optimized timing, the following procedure can be used:

1.  Apply CLR_DATA
2. Apply SHUTTER for longer than Trusk, €.9. 1us
3.  Measure the time from the falling edge of SHUTTER until the rising edge of DATA_RDY (Tsirr)

CLR_DATA
PULSECLR DATA | -
SHUTTER
DATA_RDY
P SHUTTER P Toeas

Figure 11: Sequence to measure internal clock frequency

Since Tswer Needs 24 to 26 clock cycles (n * ClockCycles), the frequency of the internal oscillator can be calculated according to the
following formula:

n * ClockCycles
Fosc = 7-'.
MEAS

E.g. if the measured time is 600ns, the oscillator frequency is between 40 and 43.3MHz. If the clock frequency shall be acquired more
accurate, multiple measurements of Tweas shall be acquired and the average of these samples shall be used in the above formula. The
clock frequency can be trimmed by setting a configuration register according to the description in Table 11 and 12.
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10. 12C interface

The epc901 supports the following functions by using the 12C interface:
m Fast [2C (400 kBit/s)

m 7-bit addressing

m Slave (epc901 is always the slave)

m Supported functions are software reset, read, write, read the device address

Clock stretching and other uses of 12C bus are not supported. The register list which can be accessed by the 12C interface are listed in
section 10.3. All registers can be accessed directly except the test mode registers.

10.1. 12C communication

10.1.1. Device addressing
The MSBs of the device address are fixed to '001" internally, the LSBs A; to A, can be set by the two ternary input pins CS0 and CS1.

CS0
L M H
L 0000 0001 0011
Cs1 0100 0101 0111
H 1100 1101 1111
The LSB of the device addressing is used to select the communication direction:
00| 1 |A|AA[A]O

The bus protocol in the following sections uses the following notation:

Write accessJ

Symbol Function
S START
P STOP
A ACK
N NACK
Shaded Master
Unshaded Slave (epc901
10.1.2. Single-byte write
Device address
T T T T T T T T T T T T T T T
S 0‘0‘ 1‘ L ‘Re‘gis‘ter‘ad‘dr?ss‘ A o ‘De‘ata‘ . AP

10.1.3. Multi-byte write
During a multi-byte write operation the master transmits the device address and the address of the first register to be written. All subse -

quent bytes until STOP are interpreted as write data packets.

Device address

Regi
|

ster address
[

A

Write data 0
T I I

A Write data 1
T I R I

Ale

T T T
Write data n

AP

Registers reside in a non-consecutive address space. Writing to a unused address will fail silently (no error feedback).
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10.1.4. Single-byte read

During a single-byte read, only one register is read. After the device address is transmitted, the master has to transmit the register ad-
dress. After addressing the epc901 IC with a read-command, it transmits the read data. The access is terminated with a NACK and a
STOP by the master.

Device address Device address

T T T T T T T T T T T T T T T T T T T T T
S(00 1 0|A| Registeraddress |A|S|0 0 1 1A Read data NP

T B R T B Y B T T B I S R

10.1.5. Multi-byte read

During a multi-byte read operation the master transmits the device address and the address of the first register to be read. Afterwards, the
epc901 is addressed with a read command. It then transmits data bytes until the master applies NACK and a STOP.

Device address Device address
T T 1T T T 7T T T 17 T T T T T 1T T T 7T T T T T T 7T T T 1T 17 T T T T T T T 7T
S0, OARegsterasaress|alsi00,1, | | 1A Readdata0 A Readdatat [Aess| Readdaan NP

Registers reside in a non-consecutive address space. Reading to a unused address will return no useful data.

10.1.6. Software reset

sddo@@@MOA@Qo@@HHbAP

A software reset has the same effect like a power-up reset. E.g. the chip uses the configuration as given by the configuration pins. Also, all
trimming parameters are reset to the initial values.

10.1.7. Re-sampling the device address

sddo@@@MOA@QQQOHMOAP

By applying this command, the pins CS0 and CS1 are read and updated in the internal address register.

10.2. Setup latency

The new register value becomes active with the falling edge of the last bit transmitted.
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10.3. 12C register description
Address ‘Register name Ref. |Description
Configuration
0x00 |ACQ_TX_CONF_I2C Table 6 |Acquisition and transmission configuration
Use this register to overwrite the values set by the corresponding configuration
pins (see Table 2 or Table 3). Make sure RD_CONF_CTRL is set to 1. In this case
ACQ_TX_CONF_I2C is copied to ACQ_TX_CONF_EFF at the rising edge of
Read Pulse.
0x01 |BW_VIDEO_CONF_IC2 Table 7 |Bandwidth control of the video amplifier
Use this register address to overwrite the values set by the corresponding configu-
ration pins (see Table 2 or Table 3). Make sure RD_CONF_CTRL is setto 1. In
this case BW_VIDEO_CONF_IC2 is copied to BW_VIDEO_CONF_EFF at the ris-
ing edge of Read Pulse.
0x02 |MISC_CONF Table 8 |Miscellaneous configuration
0x03 |ACQ_TX_CONF_EFF Table 6 |Acquisition and transmission configuration (effective register)
The values for this register are read in from the configuration pins as long as
RD_CONF_CTRL is setto 0
Do not write to this register through 12C, use ACQ_TX_CONF_I2C instead.
0x04 |BW_VIDEO_CONF_EFF Table 7 |Bandwidth control of the video amplifier (effective register)
The values for this register are read in from the configuration pins as long as
RD_CONF_CTRL is setto 0
Do not write to this register through 12C, use BW_VIDEO_CONF_IC2 instead.
Trimming
0x90 |OSC_TRIM_REG Table 11 |Oscillator trimming
0x91 ... |reserved n/a
0x93
0x94 |VIDEO_GBW_SEL_REG Table 13 | Tuning of the gain-bandwidth product of video amp
Temperature sensors
0xAO0 |TEMP_SENS_L_LSB Table 15 |Least-significant byte of left sensor's raw temperature value
0xA1 |TEMP_SENS_L_MSB Table 16 |Most-significant byte of left sensor's raw temperature value
0xA2 |TEMP_SENS_R_LSB Table 17 |Least-significant byte of right sensor's raw temperature value
0xA3 |TEMP_SENS_R_MSB Table 18 |Most-significant byte of right sensor's raw temperature value
0xA4 |TEMP_SENS_CONF Table 19 |Configure behavior of temperature sensor
Error indicators (read-only)
0xBO |12C_ERROR_IND | Table 22 |Error indicator of the 12C interface

Analog test mode registers (see also section 15.)

0xDO |ANA _TEST_MODE_EN_O n/a Enable register for analog test mode
0xD1 |ANA_TEST_MODE_EN_1 n/a Enable register for analog test mode
0xD2 |ANA_TEST_CTRL n/a Test mode control register
0xD3 |ANA_TEST_CONF n/a Configuration for the analog test modes
0xD4 |ANA_TEST_MUX_0_SEL n/a Selection register for MUX on pin ANA_TEST_0
0xD5 |ANA_TEST_MUX_1_SEL n/a Selection register for MUX on pin ANA_TEST_1
0xD6 |FORCE_ANA_CTRL_SIGS Table 23 |Force power-down of charge pump and pixel bias voltage regulator
0xD7 |OSC_TRIM_RANGE_REG Table 10 |Oscillator trimming - set oscillator trim range (available from chip revision number
0x14 i.e. epc901_020)
Debug read-only registers
0xFO ... |reserved n/a
OxFE

OxFF |CHIP_REV_NO_REG Table 25 |Identifier register for chip revision number

Table 5: Register map accessible by the 12C interface

In the tables below, the operations defined are:

R Read
W Write
WP Writeable with protection

C Automatic synchronous clear operation after read access

© 2017 ESPROS Photonics Corporation
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ACQ_TX_CONF_I2C / ACQ_TX_CONF_EFF
Bit no. 7 6 5 4 3 2 1 0
Bit name n/a n/a HOR_BIN GAIN ROI_SEL RD_DIR
Operation n/a n/a R/W R/W R/W R/W
Default n/a n/a 0x1 0x1 0 0
Table 6: Description of register ACQ_TX_CONF_I2C, ACQ_TX_CONF_EFF

HOR_BIN: Horizontal binning of the pixels:

00: Binning 2 pixels (in differential mode only, not applicable in single ended mode)

01: No binning

10 or 11: Binning 4 pixels
GAIN: Video amplifier voltage gain

00: 2

01: 1

10 or 11: 4
ROI_SEL: Region of interest

0: All pixels (0 to 1023)

1: Inner half of the pixels (256 to 767)
RD_DIR: Read direction

0: From 0 to 1023

1: From 1023 to 0

BW_VIDEO_CONF_I|2C / BW_VIDEO_CONF_EFF

Bit no. 7 6 5 4 3 2 1 0
Bit name n/a n/a n/a n/a BW_VIDEO_1 BW_VIDEO_0O
Operation n/a n/a n/a n/a R/W R/W
Default n/a n/a n/a n/a 0x1 0x1

Table 7: Description of register BW_VIDEO_CONF_I|2C, BW_VIDEO_CONF_EFF

BW_VIDEO_1, BW_VIDEO_0:

1000 or 1100:
1010 or 1111:
0101 or others:
0010 or 0011:

© 2017 ESPROS Photonics Corporation
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Low video bandwidth (referred to as 4 MHz, see section 4.4.)
Min. video bandwidth (referred to as 1 MHz, see section 4.4.)
Max. video bandwidth (referred to as 16 MHz, see section 4.4.)
High video bandwidth (referred to as 8 MHz, see section 4.4.)
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Table 10: Description of register OSC_TRIM_RANGE_REG (available from revision number 0x14)

OSC_TRIM_RANGE_UP

Defines oscillator trim range:

0: default oscillator trim range (as on chip revisions epc901_018 and epc901_019)

1: oscillator frequency increased by 25%

MISC_CONF
Bit no. 7 6 5 4 3 2 1 0
VIDEO_AMP
. SC_CMFB_ N VIDEO_AMP| RD_CONF_
Bit name EN n/a n/a n/a n/a _PDEﬁVR_ "PD_OVR CTRL
Operation R/W R/W R/W R/W R/W R/W R/W R/W
Default 1 0 0 1 1 0 0 0
Table 8: Description of register MISC_CONF
Register Name Description 1 0
Disabled: Video amplifier to use continuous-time common-mode
feedback
Enabled: Video amplifier to use switched-capacitor common-mode
SC_CMFB_EN feedback enabled disabled
Note: This bit has to be enabled in conjunction with enabling bit
AMP_PHY_IDLE_EN in register FORCE_ANA_CTRL_SIGS (see Ta-
ble 23)
n/a n/a; do not change n/a default
n/a n/a; do not change n/a default
n/a n/a; do not change enabled disabled
n/a n/a; do not change enabled disabled
VIDEO_AMP_PD_OVR_EN Eréztai?/f/disable whether the register bit VIDEO_AMP_PD_OVR is ef- enabled disabled
Video amplifier power down. This bit is only effective if register bit ) .
VIDEO_AMP_PD_OVR VIDEO_AMP_PD_OVR_EN is set Video amp off | Video amp on
RD_CONF_CTRL Selects the control of the configuration U_se com_‘igura- Use_conf_igura-
tion registers tion pins
Table 9: Description of register setting MISC_CONF
OSC_TRIM_RANGE_REG
Bit no. 7 6 5 4 3 2 1 0
Bit name n/a n/a n/a n/a n/a n/a n/a OSC_TRIM_RANGE_UP
Operation n/a n/a n/a n/a n/a n/a n/a R/W
Default n/a n/a n/a n/a n/a n/a n/a 0

The bit OSC_TRIM_RANGE_UP can be regarded as an additional oscillator trim bit providing a course frequency trim step of +25%. For
fine trimming use the bits OSC_TRIM as described hereafter.
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OSC_TRIM_REG
Bit no. 7 6 5 4 3 2 1 0
Bit name n/a n/a n/a n/a OSC_TRIM
Operation n/a n/a n/a n/a R/W
Default n/a n/a n/a n/a 0x0
Table 11: Description of register OSC_TRIM_REG
The trim range of OSC_TRIM is approx. 1.2MHz per step:
Bit no. Trim Value (MHz)
3 2 1 0
1 0 0 0 -9.6
1 0 0 1 -8.4
1 0 1 0 -7.2
1 0 1 1 -6.0
1 1 0 0 -4.8
1 1 0 1 -3.6
1 1 1 0 2.4
1 1 1 1 -1.2
0 0 0 0 0 (center frequency)
0 0 0 1 +1.2
0 0 1 0 +2.4
0 0 1 1 +3.6
0 1 0 0 +4.8
0 1 0 1 +6.0
0 1 1 0 +7.2
0 1 1 1 +8.4
Table 12: Oscillator trimming
VIDEO_GBW_SEL_REG
Bit no. 7 6 5 4 3 2 1 0
Bit name n/a n/a n/a n/a n/a n/a GBW_SEL_DI
Operation n/a n/a n/a n/a n/a n/a R/W
Default n/a n/a n/a n/a n/a n/a 0x3

Table 13: Description of register VIDEO_GBW_SEL_REG

The bandwidth of the video amplifier is tunable in four steps. The goal of a reduction in bandwidth is a lower current consumption. Tuning
of the bandwidth can be achieved through the bandwidth selection register in Table 13. The value map of the bandwidth tuning is listed in

Table 14.

© 2017 ESPROS Photonics Corporation

VIDEO_GBW_SEL | Approximate relative video Video amplifier
amplifier bandwidth bias current [uA]

00 25% 1.25

01 50% 2.50

10 75% 3.75

11 100% 5.00
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Table 14: Bandwidth selection and bias current trimming
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TEMP_SENSE_L_LSB
Bit no. 7 6 5 4 \ 3 \ 2 0
Bit name TEMP_L[7:0]
Operation R
Default 0x0
Table 15: Description of register TEMP_SENSE_L_LSB
TEMP_L: Temperature of the left temperature sensor (LSB), located near pixel 0.
TEMP_SENSE_L_MSB
Bit no. 7 6 5 4 3 \ 2 \ 0
Bit name n/a n/a n/a TEMP_L[12:8]
Operation n/a n/a n/a R
Default n/a n/a n/a 0x0
Table 16: Description of register TEMP_SENSE_L_MSB
TEMP_L: Temperature of the left temperature sensor (MSB), located near pixel 0.
TEMP_SENSE_R_LSB
Bit no. 7 6 \ 5 \ 4 \ 3 \ 2 0
Bit name TEMP_RJ[7:0]
Operation R
Default 0x0
Table 17: Description of register TEMP_SENSE_R_LSB
TEMP_R: Temperature of the right temperature sensor (LSB), located near pixel 1023.
TEMP_SENSE_R_MSB
Bit no. 7 6 5 4 3 \ 2 \ 0
Bit name n/a n/a n/a TEMP_R[12:8]
Operation n/a n/a n/a R
Default n/a n/a n/a 0x0

TEMP_R: Temperature of the right temperature sensor (MSB), located near pixel 1023.
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Table 18: Description of register TEMP_SENSE_R_MSB
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TEMP_SENS_CONF
Bit no. 7 6 5 4 3 2 1 0
Bit name n/a n/a MEAS_RATE_CONF ENABLE_R | ENABLE_L |PD_CONF_R | PD_CONF_L
Operation n/a n/a R/W R/W R/W R/W R/W
Default for versions < -031 n/a n/a 0x0 1 1 0 0
Default from version -031 ° n/a n/a 0x0 0’ 0’ 17 17
Table 19: Description of register TEMP_SENS_CONF
Note:
" The temperature sensors are turned off by default
Register Name Description 1 0
Configure the measurement rate of the temperature sensors:
00: 10 measurements per second
01: 1 measurement per second
MEAS_RATE_CONF 10: 1 measurement every 10 seconds
Note: A change of the measurement rate becomes effective only af-
ter the temperature sensor has been disabled and enabled again.
ENABLE_R
ENABLE_L
See Table 21
PD_CONF_R
PD_CONF_L
Table 20: Description of register setting TEMP_SENS_CONF
ENABLE_R | ENABLE_L [PD_CONF_R|PD_CONF_L Description Comment
0 0 1 1 Both sensors off Defa_ult setting from
version 031
1 1 0 0 Both sensors on Default. setting up
to version 023
1 0 0 1 Only right sensor on
0 1 1 0 Only left sensor on
Table 21: Enable/disable temperature sensors
12C_ERROR_IND
Bit no. 7 6 5 4 3 2 1 0
Bit name n/a n/a n/a n/a n/a n/a n/a 12C_ERR
Operation n/a n/a n/a n/a n/a n/a n/a R/C
Default n/a n/a n/a n/a n/a n/a n/a 0
Table 22: Description of register I2C_ERROR_IND
12C_ERR Read/clear bit is set when the configuration controller fails to service a register read (or write) operation in due time.

When this happens, the affected read operation may return wrong data, and the affected write operation may be

ignored.
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FORCE_ANA_CTRL_SIGS '

Bit no. 7 6 5 4 3 2 1 0
Bit name n/a n/a AMP_PHY _ n/a AMP_OVR_| AMP_OVR | VDD5V0_P CP_PD
IDLE_EN EN D
Operation R/WP R/WP R/WP R/WP R/WP R/WP R/WP R/WP
Default 0 0 0 0 0 0 0 0
Default from version 032 0 0 1 0 0 0 0 0
Table 23: Description of register FORCE_ANA_CTRL_SIGS
Bit Name Description 1 0
This bit has to be enabled in conjunction with enabling bit .
AMP_PHY_IDLE_EN" | 5c CMFB_EN in register MISC_CONF (see Table 8) enabled disabled
n/a n/a, do not change enabled disabled
Control the override of the mode selection in the video amplifier by .
AMP_OVR_EN 1 the register bit AMP_OVR enabled disabled
; Override of the mode selection in the video amplifier. Takes only ef- Differential Single-ended
AMP_OVR fect if register bit AMP_OVR_EN is is high. mode mode
VDD5VO_PD' Force powering down the 5V regulator Power down | Regulator running
CP PD' Force powering down the charge pump Power down Charge pump
- running
Table 24: Description of register setting FORCE_ANA_CTRL_SIGS

Notes:
"In order to gain write access to the register FORCE_ANA_CTRL_SIGS, write the following sequence into the chip first:

. Address 0xDO:ANA_TEST_MODE_EN_0 = 0x4a

*  Address 0xD1:ANA_TEST_MODE_EN_1 = 0x66
2 By default, FORCE_ANA_CTRL_SIGS is write-protected.

CHIP_REV_NO_REG

Bit no. 7 6 5 4 3 2 1 0
Bit name CHIP_REV_NO
Operation R
Default see Table 26

Reading this address returns a hard-coded value which is individual for each variant starting from X1023. For X1021, the value is hard-
coded to 0x1 for all variants. The value in the config block is automatically read after the reset is released. The read can be forced by

Table 25: Description of register CHIP_REV_NO_REG

writing any data to the register CHIP_REV_NO_REG.

The values assigned are listed in Table 26.

Chip release CHIP_REV_NO (HEX) | Reticle identifier Tape-out date
-001 0x1 X1021 04.12.12

-007, -014, -015, -018 | 0x07, OxOE, 0xOF, 0x12 X1023 15.02.2013

-018, -019 0x12, 0x13 X1024_000 23.12.2013

-020, -021 0x14, 0x15 X1024_001 06.06.2014

-022, -023 0x16, 0x17 X1024_002 24.09.2014

-021, -031 0x15, Ox1F epc901_000 20.03.2015

-032 0x20 epc901_002 12.08.2015/09.10.2015
-033 0x21 epc901_003 21.06.2017

Table 26: List of chip identifiers for major revisions of IC
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10.4. 12C bus timing

START condition STOP condition
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Figure 12: IPC bus timing, top: Basic communication sequence, bottom: Timing parameters

Symbol Parameter Min. Max. Units
fscL I>)C data rate 400 kbit/s
tseLL SCL clock low time 1.3 us
tsoLn SCL clock high time 0.6 us
tsu SDA setup time 100 ns
th SDA hold time 0 ns
tsoar SDA and SCL rise time 300 ns
tscir

tspar SDA and SCL fall time 300 ns
tscir

tsTa Start condition hold time 0.6 us
tsto Stop condition setup time 0.6 us
tsTosTa Stop to start condition time (bus free) 1.3 us
Co Capacitive load for each bus line 400 pF
tsp Pulse width of the spikes that are suppressed by the analog filter 50 ns

Table 27: I°C bus timing: Timing parameters (FM+)
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11. Application information

Referring to Figure 13 and Figure 14, please note the following:

m The different GND pins can be connected together, preferably to a plane / star connection. Refer also to section 13.3.1.

m The video amplifier has separate supply pins VDD_OA and GND_OA due to its fast switching currents. It is important to block this power
supply pins with low ESR capacitors as close as possible at the chip in order to avoid noise at the video output due to supply voltage
bouncing.

m The voltage level applied to VDD_OA must be the same as on pin VDD. Otherwise the IC can be damaged due to latch-up.

m If the pin VIDEO_CM is left open (not connected), the video amplifier operates in differential mode. If this pin is tied to ground, together
with the pin VIDEO_N, the video amplifier operates in single ended mode.

Video amplifier operation mode VIDEO_P VIDEO_N VIDEO_CM
Differential Positive output Negative output (not connected)
Single ended Qutput GND GND

11.1. Circuit for differential mode

VDD
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Figure 13: Differential mode application diagram

Please note that pin 11 can be left open in this operating mode. The IC sets this pin to VDD/2 which is the offset voltage of the VIDEO_P
and VIDEO_N signal. However, it is possible to apply a voltage source at VIDEO_CM to control the common mode voltage of the output
signal. Make sure that this is a low noise/low ripple source and add a 1uF low ESR blocking capacitor as close as possible to pin 11. In ad -
dition to that, the voltage at VIDEO_CM must be as defined in the table under section 3.3.Electrical characteristics V, .

lllumination VIDEO N VIDEO_P VIDEO_P — VIDEO_N (typ.)
Dark VOItage VV\DEO_CM + 0.4V VVIDEO_CM -0.4V -0.8V
Maximum video Output VVIDEOfCM - 0.6V VVIDEOfCM + 0.6V 1.2

Table 28: Video amplifier output in differential mode
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11.2. Circuit for single ended mode
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Figure 14: Single ended mode application diagram

If VIDEO_N and VIDEO_CM are tied to GND at power-up or RESET, single-ended mode is selected. The output signal is available at
VIDEO_P.

Note:
Are the pins VIDEO_N and VIDEO_CM not connected, the epc901 is after power-up or RESET in differential mode. In this case, single-en-
ded mode can be selected via 12C register setting FORCE_ANA_CTRL_SIGS, bit AMP_OVR (see Table 23 and Table 24).

lllumination VIDEO_P (typ.)
Dark voltage 0.4V
Maximum video output 2.0V

Table 29: Video amplifier output in single-ended mode

11.3. External components
The external components in Figure 13 and Figure 14 shall be as follows:

Parameter Description Value | Units | Tolerance | Comments

Raias External resistor defining the bias current 56k kQ +1% Temperature coefficient max. +100ppm/K
Cvopive Decoupling capacitor for VDD1V8 1.0 uF +20% low ESR

Cuopsvo, Cvoorvo | Decoupling capacitors for VDD5V0, VDD7V0 22 uF +20% low ESR

Cvop, Cvop oa Decoupling capacitors for VDD, VDD_OA 1.0 uF +20% low ESR

L Decoupling inductor 600 Q e.g. Taiyo Yuden BK1005HR601-T

11.4. Low noise operation

11.4.1. Charge pump noise
The internal charge pump generates considerable noise, especially in single-ended mode. The noise performance can be optimized by
turning off the charge pump and supplying the chip with an external 5V supply. Refer to section 12.2..

11.4.2. Video amplifier noise
Another noise source is the video amplifier which can be used in two different modes. Single ended mode is the lower noise operation
mode. Thus, use the chip in single ended mode for low noise applications.
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12. Power consumption considerations

12.1. General considerations

There are several options to control the power consumption. However, a tradeoff between performance and power consumption has to be
considered. The following section describes the various options. The most power-consuming blocks are

. Temperature sensors (approx. 3mA)
. Video amplifier (approx. 3.5mA)
. Charge pump and 5V regulator (approx. 13.5mA)

The wake-up time of the video amp is typ. 3us only. Thus, in most applications it can be turned off during illumination in order to reduce the
average power consumption.

12.2. Low power operation with external 3V and 5V supply

The lowest possible power consumption of the epc901 can be achieved if it is supplied with 3V and 5V since the highest power consump-
tion is the internal charge pump which generates the 5V from VDD. In this case, the chip-internal charge pump and the internal 5V regu-
lator shall be turned off. The power consumption in this configuration is less than 20mW compared to 80mW in the standard mode. The
following application information shows how this can be achieved. Follow carefully the instructions in order to avoid damage of the chip.

Use protection diodes according to circuit diagram below. The diodes have to be low voltage Schottky devices with a forward current of at
least 100mA (i.e. BAT74).

Ext. supply
IN_+3.0V —
- +3.0V
26

[=}

[a)

>

I 4 epc 901
& VDD_OA|——4
10
VDD_1V8
Ext. supply %
- r
IN_+5.0V VDD_5V0
- +5.0V D-; 18| -
- VDD_7V0
20
g I <
— — — [a] [=] o O\ —
=== g 2 2 o =
[=] < < [©]

GND

Common GND Common AGN
connection connection

Make sure that external 5V supply (VDD_5V0) is delayed by at least 100us to the VDD.

1. Power up VDD (3V)
VDD /

2. Wait for at least 100us
3. Powerup VDD_5V0
VDD_5V0

>100us

Write the following sequence into the chip:
. Address 0xDO: ANA_TEST_MODE_EN_0 = Ox4a /Irelease register write protection
. Address 0xD1: ANA_TEST_MODE_EN_1 = 0x66 /Irelease register write protection
. Address 0xD6: FORCE_ANA_CTRL_SIGS = 0x03 /ldisable charge pump and 5V regulator

Important Note: The write access — as described above - has to occur as a sequence, no other read or write access is allowed in between
(no auto read)!
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13. Layout and packaging information

13.1. Mechanical dimensions
The packaging technology is a CSP with a uBGA. All measures which do not have an explicit tolerance are meant +/-0.001mm.
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Weight: 4.57 mg G @

- measures in mm
- not specified tolerances +0.001

The following picture shows the epc901 chip from the bottom side with view to the solder balls. Please note the location of pin 1 and
pin 32.
Pin 32

Pin 1

13.2. Location of the photosensitive area

The photosensitive area is not marked neither on the front nor on the backside of the IC. As a visible reference, a metal ring of the IC can
be used. From the back side (solder ball side) it is visible. Also from the front side (photosensitive area) it can be seen with a camera which
is sensitive in the near infrared wavelength domain (950 .. 1150nm).
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13.3. Layout recommendations

13.3.1. Electrical

The epc901 line imager is a very high sensitivity analog/digital chip. Due to its high conversion gain, just a few electrons collected by
coupling to signal lines close to the chip generate a significant voltage at the output. Thus, do not place any signal lines underneath the
chip without shielding. It is highly recommended to place a stable AGND plane underneath the epc901 chip (on the top layer of the PCB)
and not to place any signal tracks close to the chip.

Also very important is a clean noise-free power supply. Especially decouple the VDD from VDD_OA with capacitor so the output modula -
tion of the video amplifier does not modulate the VDD of the chip. Make sure all the capacitors used for decoupling are low ESR types.

The READ signal line can also be a major source of noise or coupling to the output signal. Figure 15 shows a scope screenshot of such a
coupling problem.

0 soovs B soovs W zoovs @ 100v

output noise

VIDEO P i"w A\ *'"'W ,-"w—»---n-ﬁwf\f
V ¥ V

P e e
READ
P T r F-“

Figure 15: Bad READ signal coupling to the output by a ground loop

The source of such problems is usually a ground loop. Especially if there is a significant distance 'd' as shown in Figure 16 (starting from a
few cm only) between the video output of the epc901 chip and the input of the ADC. Care has to be taken that the layout of the GND lines
is exactly like shown in Figure 16. Make sure that the digital GND has a separate track as shown by the blue ground line!

VDD
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o < [a]
o o <
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z z Z z
[9) o O [
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\ \ GND
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connection . connection
Digital
control
READ
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|
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Figure 16: Recommended ground and power supply connections
Make also sure that the thick lines in Figure 16 are as short and as thick as possible.
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13.3.2. PCB design and SMD manufacturing process considerations

Since the epc901 chip comes in a very small 32 pin chip scale package, the PCB layout should be made with special care. Since the
silicon chip is small and light weight compared to the solder balls, it is highly recommended that all tracks to the chip should come straight
from the side. A consequent symmetrical design is therefore highly recommended to achieve high production yield.

The pads and the tracks should also have exactly the same width and shall be covered by a solder resist mask in order to avoid drain of
the solder tin alloy to the track.
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(straight only for 0.25mm!) solder resist mask opening 3
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- landing pad solder resist mask -
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max. 0.15 . chip perimeter

all measures in mm
Figure 17: Recommended PCB layout

Underfill of the components reduces stress to the solder pads caused by e.g. temperature cycling or mechanical bending.The thermal and
mechanical fatigue will be reduced and the longterm reliability will be increased. Underfill and underfill selection is application specific. It
shall follow JEDEC-STD JEP150: Stress-Test-Driven Qualification of and Failure Mechanisms Associated with Assembled Solid State
Surface- Mount Components.

Please refer to the application note ANO8_Process-Rules_CSP_Assembly - which can be downloaded from the ESPROS website at
www.espros.com/application-notes. Obeying the recommendations in this application note, a high manufacturing yield can be achieved.
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14. Tape & Reel Information

The devices are mounted on embossed tape for automatic placement systems. The tape is wound on 178 mm (7 inch) or 330 mm (13
inch) reels and individually packaged for shipment. General tape-and-reel specification data are available in a separate data sheet and in-

dicate the tape sizes for various package types. Further tape-and-reel specifications can be found in the Electronic Industries Association
(EIA) standard 481-1, 481-2, 481-3.

CSP32 Tape / Pin 1

o O ‘

Y
A

epc does not guarantee that there are no empty cavities. Thus, the pick-and-place machine should check the presence of a chip during
picking.

14.1. Soldering and IC handling

Since the chip is only 50um thick and has a high aspect ratio (length to width), a careful handling during the surface mount assembly
process shall be taken in order to avoid mechanical damage. In addition to that, careful PCB layout is needed in order to achieve reliable
assembly results with a high yield. Please refer to the application note ANO8_Process-Rules_CSP_Assembly which contains most up to
date and comprehensive information to these topics. This application note can be downloaded at www.espros.com/application-notes.
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15. Self-test mode by fill-and-spill

The CCD and the readout chain functionality of the epc901 chip can be tested without optical stimulation. This function is useful in a facto-
ry test of the final product or in safety applications. The concept is to inject electrically stimulated charge into the pixel instead of photon
generated charge by the as-called fill-and-spill circuitry.

The basic behavior of the IC by the fill-and-spill circuitry is exactly the same as when the IC is illuminated. l.e. also when fill-and-spill is
used, the acquisition is controlled by SHUTTER, the internal flush and shift operation are similar and the signal DATA_RDY is asserted at
the end of the internal shift operation.

If the CCD is stimulated by the fill-and-spill, the on-chip test controller coordinates the operation of the fill-and-spill and the CCD.

15.1. Fill-and-spill procedure
1. Put the chip in differential readout mode.
2. Force the chip into test mode by applying the following voltages:

TEST_MODE = VDD
ROI_SEL =0V or VDD
RD_DIR =0V or VDD

3. Access the test mode configuration registers by the following two write operations. The two accesses must occur as a sequence, no
other read or write access is allowed in between them in order to enable writing to the test registers. Once enabled, the write access
remains available until the next time the IC is reset.

ANA_TEST_MODE_EN_0 (Addr 0xDO0): 0x4A
ANA_TEST_MODE_EN_1 (Addr 0xD1): 0x66

4. Configure IC into fill-and-spill test mode by the following write access
ANA_TEST_CTRL (Addr 0xD2): 0x02
5. Setup test pins ANA_TEST _*

ANA_TEST_MUX_0_SEL (Addr 0xD4): 0x20
ANA_TEST_MUX_1_SEL (Addr 0xD5): 0x21

6. Select the pattern of pixels to be stimulated by writing to register ANA_TEST_CONF (see Table 30):

Bit select | Stimulation
7 not used
6 all odd pixels
5 pixels 2, 6, 10 etc.
4 pixels 4, 12, 20 etc.
3 pixels 0, 8, 16 etc.
2:0 Set these bits to 0x1

Table 30: Bit select description of register ANA_TEST_CONF (Addr 0xD3) in fill-and-spill test mode

7. Apply to the test pins ANA_TEST_* the following voltages (typical values)
ANA_TEST_0=1VDC
ANA_TEST_1 (VIDEO_P - VIDEO_N):

- 3.0 VDC for Vout of approx. -0.3V
- 3.6 VDC for Vout of approx. +0.5V
The Vout values may deviate from production lot to lot. Therefore, it could be necessary to adjust the input voltages ANA_TEST_* ac-
cordingly.
8. Wait for 10 ps
9. Acquire a frame by using a 20us SHUTTER signal.
10. Read-out the frame as described in section 5.4. See item 7 above for Vout values.
11. Disconnect external voltage sources from pads ANA_TEST_*.

12. Configure test mode registers to their initial values
ANA_TEST_MUX_0_SEL (Addr 0xD4): 0x00
ANA_TEST_MUX_1_SEL (Addr 0xD5): 0x01
ANA_TEST_CTRL (Addr 0xD2): 0x0
ANA_TEST_CONF (Addr 0xD3): 0x0

13. Leave test mode by applying the following voltages:
TEST_MODE = 0V
ROI_SEL — application dependent
RD_DIR — application dependent

15.2. Important notes to fill-and-spill
m In test mode the IC can behave in an unexpected way if the procedure described above is not strictly followed.

m The pins ANA_TEST* are bi-directional. By default, they are outputs, i.e. the two voltages Vv and Vpc may only be forced externally
when the IC is in fill-and-spill test mode. Otherwise, the chip can get damaged!
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16. Ordering Information

Part Number | Part Name Package RoHS Packaging
compliance Method
P100 360 |epc901-CSP32-032" CSP32 Yes Reel
P100 401 | epc901-CSP32-033" CSP32 Yes Reel
P100 208 | epc901 Evaluation Board V2 PCB 70.00 x 65.00 mm Yes Anti static bag
P100 209 | epc901 Chip Carrier Board V2 PCB 36.00 x 42.75 mm Yes Anti static bag

Table 31: Ordering information
Note:

' P100 360 will be / is replaced by P100 401. There is no difference in specification nor in design. Devices are exchangeable. The differ-
ent versions represent different manufacturing lines.

17. Note to various chip releases
No open pending items. Use former versions of the Datasheet epc901 for older releases.

© 2017 ESPROS Photonics Corporation 35/36 Datasheet_epc901-V6.1
Characteristics subject to change without notice WWW.espros.com

Neumiiller Elektronik GmbH | Gewerbegebiet Ost 7 | 91085 Weisendorf | +49 9135 73666-0 | www.neumueller.com | info@neumueller.com


http://www.espros.com/

Ihr autorisierter Distributor Neumidiller Elektronik GmbH info@neumueller.com

18. IMPORTANT NOTICE

ESPROS Photonics AG and its subsidiaries (epc) reserve the right to make corrections, modifications, enhancements, improvements, and
other changes to its products and services at any time and to discontinue any product or service without notice. Customers should obtain
the latest relevant information before placing orders and should verify that such information is current and complete. All products are sold
subject to epc’s terms and conditions of sale supplied at the time of order acknowledgment.

epc warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with epc’s standard
warranty. Testing and other quality control techniques are used to the extent epc deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

epc assumes no liability for applications assistance or customer product design. Customers are responsible for their products and applica-
tions using epc components. To minimize the risks associated with customer products and applications, customers should provide ade-
quate design and operating safeguards.

epc does not warrant or represent that any license, either express or implied, is granted under any epc patent right, copyright, mask work
right, or other epc intellectual property right relating to any combination, machine, or process in which epc products or services are used.
Information published by epc regarding third-party products or services does not constitute a license from epc to use such products or ser-
vices or a warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other in-
tellectual property of the third party, or a license from epc under the patents or other intellectual property of epc.

Resale of epc products or services with statements different from or beyond the parameters stated by epc for that product or service voids
all express and any implied warranties for the associated epc product or service. epc is not responsible or liable for any such statements.

epc products are not authorized for use in safety-critical applications (such as life support) where a failure of the epc product would reason-
ably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically gov ern-
ing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of epc products in such safety-critical applications, notwithstanding any applications-related information or support that may
be provided by epc. Further, Buyers must fully indemnify epc and its representatives against any damages arising out of the use of epc
products in such safety-critical applications.

epc products are neither designed nor intended for use in military/aerospace applications or environments unless the epc products are
specifically designated by epc as military-grade. Only products designated by epc as military-grade meet military specifications. Buyers ac-
knowledge and agree that any such use of epc products which epc has not designated as military-grade is solely at the Buyer's risk, and
that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

epc products are neither designed nor intended for use in automotive applications or environments unless the specific epc products are
designated by epc as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, epc will not be responsible for any failure to meet such requirements.
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