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AISC110C 80x120 Pixel Ultra High-Speed Imager

General description

The AISC110C “Cheetah” is a 80x120 high-speed
imager. The total image read and digitize time is 24us.
For an exposure interval time of 25us, the frame rate
is 40k frames/sec. By reducing the active imager array
size, frame rates up to 260k frames/sec can be
reached. Each pixel is converted to an 8-bit digital
signal and send via proprietary parallel interfaces. The
exposure time can be controlled from outside or set
inside via SPI. For video exposure the imager can be
set to continues exposure where the interval can be
set by SPI. Integrated PLL is running at 100MHz and
is syncing the high-speed 1/0. For the high-speed
interface drivers there is a separate voltage regulator
implemented. The Integrated LED driver can support
up to 40mA LED’s using current and PWM control.
For higher LED drive requirements, the internal
generated PWM can be used to drive an external

driver.
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Features

e 80x120 ultra high-speed imager
o Power down mode
o High IR sensitivity (>70%QE@850nm)

e Charge-sensor pixel imager
o Direct pixel charge processing
o Charge to digital conversion

e OLGA 64 package with an optical window

e SPI Interface

e 4 High-Speed 8-bit parallel digital 1/Os for pixel
data output (32 1/Os total)

e On board power management

e Single 3.3V external power supply needed

e On board Oscillator and PLL

e LED driver supporting internal and external
PWM control

e PWM driver for generating external negative
bias voltage

e Four configurable GPIO’s

Applications

e Gamer mouse frontend
e High-speed tracking
e High-speed inspection

Package lllustration
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1 Pin Description

Table 1: Pin Description

nuFr>ri1rl]3er Pin name Vr(;lttii%e Type Description
1 SPI_NCS VDDIO IN SPI chip-select not
2 SPI_MOSI VDDIO IN SPI MOSI
3 SPI_CLK VDDIO IN SPI clock input
4 DATAVAL VDDHSIO ouT Synchronization data output
5 ouT1_1 VDDHSIO ouT High-speed 1/0 output
6 OuUT1 3 VDDHSIO ouT High-speed 1/O output
7 OouUT1_5 VDDHSIO ouT High-speed 1/0 output
8 ouT1_7 VDDHSIO ouT High-speed 1/0 output
9 OouT2_ 0 VDDHSIO ouT High-speed 1/O output
10 SPI_MISO VDDIO ouT SPI MISO
11 GND 0 GND GND
12 GND_IO ov GND High-speed I/O ground connection
13 OUT1_0 VDDHSIO ouT High-speed 1/0 output
14 OUT1_ 2 VDDHSIO ouT High-speed 1/0 output
15 ouT1_4 VDDHSIO ouT High-speed 1/0 output
16 OUT1_6 VDDHSIO ouT High-speed 1/0 output
17 ouT2_1 VDDHSIO ouT High-speed 1/0 output
18 ouT2_2 VDDHSIO ouT High-speed 1/0 output
19 ouT2_3 VDDHSIO ouT High-speed 1/0 output
20 ouT2_4 VDDHSIO ouT High-speed 1/0 output
21 OouUT2_6 VDDHSIO ouT High-speed 1/0 output
22 ouT2_7 VDDHSIO ouT High-speed 1/0 output
23 CLK_IO VDDHSIO ouT 100MHz sync clock for data output
24 OouT3_1 VDDHSIO ouT High-speed 1/0 output
25 OuUT3_3 VDDHSIO ouT High-speed 1/O output
26 OouT3_4 VDDHSIO ouT High-speed 1/O output
27 VDDHSIO 1.8V SUPPLY Regulated 1.8V supply
28 ouT2_5 VDDHSIO ouT High-speed 1/O output
29 VDDHSIO 1.8V SUPPLY Regulated 1.8V supply
30 GND_IO ov GND High-speed I/O ground connection
31 OuUT3_0 VDDHSIO ouT High-speed 1/0 output
32 OouUT3_2 VDDHSIO ouT High-speed 1/0 output
33 OuUT3_5 VDDHSIO ouT High-speed 1/O output
34 OouT3_7 VDDHSIO ouT High-speed 1/0 output
35 OouT4_1 VDDHSIO ouT High-speed 1/0 output
36 OuUT4_3 VDDHSIO ouT High-speed 1/0 output
37 OouT4_5 VDDHSIO ouT High-speed 1/0 output
38 ouT4_7 VDDHSIO ouT High-speed 1/0 output
39 VN1V5 -1.5v SL'}]FFF?LY IC main negative supply
40 CP_SW V1iv8 D ouT Clock for external Charge-Pump circuit
Subject to change without notice. Page 4
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41 LED_K 3.3V ANALOG 1/0 LED driver cathode input

42 OUT3_6 VDDHSIO ouT High-speed 1/0 output

43 OouT4_0 VDDHSIO ouT High-speed 1/O output

44 OuUT4_2 VDDHSIO ouT High-speed 1/0 output

45 OuUT4 4 VDDHSIO ouT High-speed 1/0 output

46 OuUT4_6 VDDHSIO ouT High-speed 1/O output

47 GND_IO ov GND High-speed I/O ground connection
48 GND 0 GND GND

49 LED_V3V3 3.3V SUPPLY LED driver power supply

50 LED_PGND ov GND Power ground for the LED driver
51 V3V3 3.3V SUPPLY Main power supply

52 V1iv8 M 1.8V-5vV SUPPLY EFUSE supply, connect to V3V3
53 Viv8_D 1.8v SUPPLY Digital supply, connect to V1V8
54 IMG_V1Vv8 1.8v SUPPLY Imager supply, connect to V1V8
55 GPIO3 VDDIO IN/OUT General purpose 1/0 3

56 FTM 1.8V-3.3V IN Connect to GND in application
57 ENABLE 1.8V-3.3V IN Global IC enable

58 VDDIO 1.8v-3.3v SUPPLY I/O voltage

59 V3V3 3.3v SUPPLY Main power supply

60 Viv8 1.8v SUPPLY Regulator output

61 GND 0 GND GND

62 GPIO4 VDDIO IN/OUT General purpose 1/0 4

63 GPIO2 VDDIO IN/OUT General purpose 1/0 2

64 GPIO1 VDDIO IN/OUT General purpose 1/0 1
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Package Pinout
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Figure 1: C110C Package Pinout (top view)
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2 Detailed Description

C110C is a high-speed imager with full external control. For external control, Exposure and Imager
functions can be mapped to GPIO pins. Exposure time and internal restart of exposure can be set via
SPI over a wide range. The readout of the imager takes 24us for 8-bit data of 9600 pixels. C110C
contains a LED driver for visual and UV light, two internal 1.8V LDO, and several configuration
settings. With an external exposure signal, the Pixel exposure time can be set and after the falling
edge of the exposure signal the data converted to 8-bit digital is muxed out via 32 1/O pins at a clock
speed of 100MHz. By internal PLL, internal CLK can be programmed to achieve different timings. The
external receiver can capture the pixel data on the rising edge of the CLK IO signal when the
DATA_VALID signal is high. To reduce the number of parallel /0O pins and the associated power
dissipation, a 4-bit data mode can also be programmed, where four 4-bit pixel data is read out via two
8-bit outputs using only 16 pins instead of 32. Using an internal PLL, the internal CLK can be
programmed to achieve different timings. There is a general ENABLE pin for power up the device.
During ENABLE low, the device is not consuming any power. The LED driver, current limit can be set
via SPI after power-up of the device.

2.1 Block Diagram

V3V3
V1V8
VDDHSIO
VDDIO
GND
GND_IO
VN1V5

ENABLE
GPIO 1-4

SPI_NCS
SPI_MOSI

SPI_MISO 10 10 10 10
SPI_CLK Driver Driver Driver  Driver

OouT1 OuUT2 OUT3 O0UT4

LED_V3V3
LED K
LED_PGND

CLK_I0——
DATAVAL ——

Figure 2: Block Diagram

2.2 Operation
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Once the Power-on-Reset (POR) is de-asserted, Cheetah loads the trim data from the eFuse
memory. After the data is loaded into the register bank, it signals back a ready towards the micro
controller indicating that it's ready for operation.

Once the startup is completed, the micro controller can start the operation by configuring the device
and enable the selected operation via SPI register access. When internal exposure is used, the
device supports single exposure and continuous exposure. The internal exposure length as well as
the continuous exposure periodicity are defined in the corresponding configuration registers. The
internal exposure can be started by register access or by an external trigger pulse through one of the
GPIOs. Alternatively, the exposure signal can be driven from an external source through the GPIOs,
in which case the whole operation is manual and the register settings for the internal exposure
generation are ignored.

Cheetah detects the start and the end of the exposure and controls the analog pixel array to capture
the image and perform the read-out sequence line by line. At the end of each line’s readout
sequence, it also starts the TDCs in the analog block, which then provide the digital pixel data for a
whole line every 200ns (80 pixels per line) or 100ns (40 pixels per line). The data received from the
TDCs are directly multiplexed out onto the synchronous parallel data interface. Depending on the
selected pixel accuracy, either the full pixel-data or only the four most significant bits are transmitted
for four consecutive pixels on the rising edge of the 100MHz IO clock. In this way, half of the parallel
interface data output pads can be saved by opting for a lower pixel accuracy. Once a pre-defined
number of images have been processed and transferred, an optional interrupt is generated through
the GPIOs.

Cheetah provides various timers and configurable frequency dividers to comply with the analog
requirements such as the ramp up time needed to turn on some analog modules before the actual
exposure is applied. It also generates a configurable clock for the charge pump and a PWM signal for
the LED with different frequency and duty cycle options.

Although Cheetah is mainly a high-speed imager with performance in mind, some power saving
options are available. The most significant power saving is achieved by disabling the analog blocks
and the 100MHz PLL between two exposures.

Subject to change without notice. Page 8
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2.3 High Speed Imager

To capture an image, the exposure signal is controlling the exposure time. During exposure low,
every photodiode is in reset mode and cannot capture any photo current. After exposure signal high,
reset is released line by line with 200ns delay/line. Every photodiode is capturing photocurrent. At the
end of the exposure time, the photo current is read out (spill and fill) to the charge-based readout
circuit and within 100ns translated to an 8-bit digital signal. The 80 pixels/line digitized to 8-bit data is
read out in 10ns slices (total 200ns/line) via the 32 I/O drivers. A constant stream of data is performed
until the whole imager data is send to the external device. The minimum time between exposure start
and next exposure start is 25 ps (for full image).

Because the maximal frame rate is dependent on the read-out time of the digital array data, several
array capture options are selectable for higher frame rates.

Image Size Minir_num exposure interval tim_e in case | Frame rate
of internal exposure generation (us) (frame/sec)
80x120 24.96 40064
80x60 12.96 77160
40x120 12.96 77160
40x60 6.96 143678
40x30 3.84 260416

Table 2: Frame rates for the supported image sizes
See configuration settings in the “Imager Control0” Register.

2.3.1 Exposure

For external exposure control a GPIO can be configured. For internal exposure control, a register can
be set. There is a continuous mode where the exposure can be set via registers also the repeat time.

2.3.2 Pixel Data Read Out

The exposure signal can come from an external source or it can be generated internally.

Each TDC converts the image data to 8 bits, thus 640-bit or 320-bit incoming data arrives every
200ns or 100ns, respectively. This data is then multiplexed out on the 32-bit or 16-bit output pads
every 10ns, on the rising edge of the 100MHz I/O clock.

Depending on the pixel accuracy, either 4 full pixels (4x8-bit) or 4 pixels with reduced accuracy (4x4-
bit) are transferred on each 1/O clock rising edge. In the latter case, only the 4 most significant bits of
a pixel are used to save a total of 16 pins at the expense of lower pixel accuracy.

e 4 x 8-bit pixel mapping with full accuracy (readout_mode 0x0):
mux0_data_0[7:0] = {pixelan+o[7:0]}
mux1_data_o[7:0] = {pixelsn+1[7:0]}
mux2_data_o[7:0] = {pixelsn+2[7:0]}
mux3_data_o[7:0] = {pixelsn+3[7:0]}

o 4 x 4-bit pixel mapping with reduced accuracy (readout_mode 0x1):
mux0_data_o[7:0] = {pixelzn+1[7:4], pixeln[7:4]}
mux1_data_o[7:0] = {pixelon+3[7:4], pixelan+2[7:4]}

Subject to change without notice. Page 9
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Throughout the data transfer, the datavalid signal is kept high, which can be used to sample the pixel
data by the digital receiver on the rising edge of the 10 clock. The length of the transfer depends on
the image size because only the valid pixels are selected and transmitted from the middle of the
image, yielding a higher frame rate for smaller images.

An optional framesync signal is also available through the GPIOs, which can be used for
measurement purposes: two preamble pulses without data are followed by additional framesync
pulses at the beginning of each transmitted line.

The timing diagrams below show the operation of the parallel interface for the biggest image (80x120)
and the smallest image (40x30), respectively. Note that for smaller images, only the valid pixels are
selected and transferred from the middle of the image, as indicated by the corresponding numbers in
the diagrams. Both waveforms show the 4 x 8-bit mode. In the 4 x 4-bit reduced accuracy mode, the
timing is identical except that only the two lower byte lanes are used with the pixel mapping described
above.

The first data coming from the readout mux are always from the left top corner of the imager (exact
coordinates are depending on the selected resolution — for all modes, the readout is centered to the
center of the imager).

WMMWWUWWM

e Line 0 {80 pixels| Line; 1 - Line 118 (B0 pixals per line) o Line 119 (BO: pixels)
Famasyne (gpio) _uguuum B i B i
ess TR LU UL LA AL AL AL LA L LU LU L LAL L L L L L LA AL L AL L L LA
I I HIHHE T
mux0_data_o if 1 0 3 7 0 73 3 3 7 3 P P o - I T D 72 55 55 1 5 1 1 - N |
muxt_data_o if if 0 8 50 50 0 3 5 5 ) - -2 A 53 5 5 5 55 5 5 5 5 51 I |
mux2_data_o | SRS ORI 5 5 1 7 7 23 ) 73 ) ) P ) 1 ) ) .2 P 5 5 5 5 1 - |

mux3_data_o

clk_100m_i

| 1T 0B 5 8 1 ] ) o el )l o -

Figure 3: Readout Mux output timing for an 80x120 image

&

mmmmmwwmmuww

Line 45 (40 pixels) Line 46 - Line 73:(40 pixels per line) ol Line 74 {40 pixels

100ns L, 100ns _ 100ns .4 38 x 100ns .: 100ns
famesyne (g5 Lux;ua_’h f f i
io_clk_o i e R R R R R i R il s i i (R i
o _data_vald_o i i o i i
mux0_data_o i if YU -1 -4 3 0 - o - - N I O P - ) ) 3 i
mux1_data_o 1) Il l_ SN I I N N A N -3 ] o o e 5| 1
mux2_data_o i if | el - [ [ [ [ Ty [ [ [ [ [ o[- o if
mux3_data_o 1 Il O 0 17 0 0 0 P I N A = 2 1 ) =23 1

Figure 4: Readout Mux output timing for a 40x30 image

Note that one line can be read and transferred in 200ns if the image size is set to 80 pixels per line,
whereas it only takes 100ns when an image size with 40 pixels per line is selected.
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2.4 Power management

The chip is supplied with a 3.3V supply and a negative 1.5V supply (relative to Ground). The negative
1.5V supply powers only the Imager array (PPD’s). The 3.3V main supply is feeding two 1.8V
regulators supplying all internal blocks. For isolating the internal sensitive blocks, the output of the
V1V8 regulator is external capacitive buffered and the filtered supply is feed back to the device using

separate pins.

For the 32 high speed I/O’s, a separate LDO is implemented to supply these drivers. For the
generation of the negative 1.5V supply, an internal PWM regulated pulse generator is implemented
(Pin CP_SW) to feed two external Schottky diodes and two capacitors. At the VIN5 PIN the negative
voltage is inserted again, measured and regulated to -1.5V via internal PWM drive. The Charge Pump
can be enabled via register set. The LED driver runs from his own supply and GND pins to minimize

the coupling to the remaining functions.

V3V3
V1v8_Io
V1VE:
EN
LDO LDO BG POR 0SsSC 12.5 PLL 1/0O Drivers
1.8V 1.8V Bias MHz 200MHz ouT-ouTa
I [ — l
Reset POR
GND, GND_I/O
Connect IMG_V1V8, V1V8_D, V1V8_M external to V1V8
V1V8D
IMG_V1Vv8
LED7V3V3—|
. Imager Negative
LED Driver Array CHP
LED_PGND —I a
VN1V5 5
CP_SwW

Figure 5: Power Management Diagram

External
Components
Ref
CP_sSW ||
N4
|
o I g
GND 1
L
VINS —
L

Figure 6: Negative Charge Pump V1N5V
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2.5 LED Driver

An on-chip LED Driver with forward current up to 40mA is implemented to cover both Infrared IR, and
Laser-diode light sources. The Forward-voltage of LED can be up to 2.4V. The Supply-Voltage for the
single-LED is 3.3V and the Constant-Current drive required for driving can be set as 1mA to 40mA in
steps of 2.5mA. Additionally, to the current setting, a PWM signal of up to 156 kHz can be used to dim

the light.

The PWM signal can be fed via a configurable GPIO pin or the internal PWM generation can be used.
Using a configurable GPIO pin the internal generated PWM signal can also be used to control an

external LED driver.
For enabling and configuration, see LED Driver Register section.

i
|
|
| h
|
|

PN B—————— LED} Drrivar

|
|
i
I
]
gt ————— !
i
|
|

HED!
]
]
I

Figure 7: Simplified LED Driver block diagram

Programming settings to program the output current:

IPROG[7:0] Driv?nS::)rrent IPROG[7:0] Drivzﬁ::)rrent
00000111 1.04 01100010 15
00001001 1.35 01110010 17.5
00001010 1.5 10000011 20
00001100 1.82 10010011 225
00001101 1.98 10100100 25
00001110 2.13 10110100 275
00001111 2.29 11000100 30
00010001 2.59 11010101 325
00100001 5 11100101 35
00110001 7.5 11110101 375
00110110 10 11111111 40
01010010 12.5

Table 3: IPROG settings to set the output current

The IPROG setting bits are located in the LED Driver register.

Subject to change without notice.
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3 Register Bank

The Register Bank implements all the configuration registers. The registers are accessible externally
via the SPI interface. The width of the address is 16 bits while the data is also 16 bits wide.

3.1 Register Map

Address Name Reset Description
0x0 Revision 0xB20 | Revision register.
0x2 Product ID 0x8020 | Product identifier register.
0Ox6 Status 0x0 Status register to show the state of Boot Done.
Ox8 GPIO Ctrl 0x0 Control register to select one of the GPIO functions

when an MSIO is set to GPIO mode.

Control register for starting/stopping the imager in the

0x10 Imager Control 0X0 | selected mode.

Configuration register for the imager (image size,

0x12 Imager Config0 0x79 .
exposure mode and power-on ramp-up time).

0x14 Imager Configl Ox1FA | Configuration register for the imager (exposure length).

Configuration register for the imager (continuous mode

0x16 Imager Config2 | Ox300F exposure time interval).

0x18 Imager Config3 0x0 Configuration register for the imager

0x20 LED Control 0x0 Led control register.

o2z | LEDPwM | ocacon | LS P ortaton gt o defne euency and
0x24 CP Config 0x0 ggigf}fz{ggkcf?ggggﬁt;n register to define the

0x30 Imager Configa Ox71 Configuration register for the imager (power control for

the analog array).

Image counter status register. Shows the number of

0x32 Image Count 0x0 ; .
received images.

Image Count 0x0 Image counter threshold register to generate an

Ox34 Threshold interrupt when Image Count reaches this value.

0x36 Interrupt Enable 0x0 Inter_rupt enable register to mask the sources for the
IRQ interrupt.

0x38 Raw Interrupt 0x0 Raw interrupt status. Shows the status of the interrupts
Status before masking by the Interrupt Enable Register

Table 4: Register Map

Subject to change without notice. Page 13
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3.1.1 Revision Register (0x0)

15 14 13 12 11 10 9 2 7 6 5 4 3 2 1 o]
| Major Revision | Minor Revision
RO RO
Figure 8: Revision Register

Bit | Type | Reset Field Description

15-8 | RO | Ox0B Major Revision Major revision.

7.0 RO | 0x00 Minor Revision Minor revision. Depending on the version, readout

can be 0x20, 0x10 or 0x00.
Table 5: Revision Register Field Descriptions

3.1.2 Product ID register (0x2)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

[ FiIIRléits | Pmductﬂl;emtifier Product Sub F:g\ilxldemtifier Product Family Identifier
Figure 9: Product ID Register
Bit | Type | Reset Field Description
15-12 | RO 0x8 Fill bits Reads 0x8.
11-8 | RO 0x0 Minor Revision Reads 0x0 for the C110C product
Product Sub-Family | Reads 0x2 for the Cheetah Sub-Family (C110C sub-
7-4 RO 0x2 . - )
identifier family)
30 | RO | oxo | FroductFamiy i poqds 0x for the CL10 family
Identifier

Table 6: Product ID Register Field Descriptions

3.1.3 Status Register (0x6)

15 14 13 12 11 10 9 B 7 & 5 4 3 2 1 0
| BootDone | Reserved
RO RO

Figure 10: Status Register

Bit | Type Field Description

Set to high when the boot sequence has been
15 RO Boot Done completed, all trim data is fetched from eFuse

14-0 RO Reserved Reserved, read returns 0

Table 7: Status Register Field Descriptions
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3.1.4 GPIO Ctrl Register (0x8)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[ GPIo4 |
RW RW RW RW

Figure 11: GPIO Ctrl Register

Bit Type Reset Field Description
15-12 RW 0x0 GPIO4 General purpose |0 setting for the MSIO4 pin
11-8 RW 0x0 GPIO3 General purpose |0 setting for the MSIO3 pin
7-4 RW 0x0 GPIO2 General purpose |10 setting for the MSIO2 pin
3-0 RW 0x0 GPIO1 General purpose |0 setting for the MSIO1 pin

Table 8: GPIO Ctrl Register Field Descriptions

This control register selects one of the GPIO functions.

The following table shows what GPIO functions can be selected for each port separately. Note that if
the same input function is selected for more than one port, then these ports are OR-ed before
reaching the internal digital logic.

GPI101<3:0> GP102<3:0> GPI103<3:0> GPl104<3:0>
GPIO1 GPIO2 GPIO3 GPIO4

0 - - - -
1 img_en_in img_en_in img_en_in img_en_in
2 img_exposure_in | img_exposure_in | img_exposure_in | img_exposure_in
3 led_pwm_in led_pwm_in led_pwm_in led_pwm_in
4 io_clk_out io_clk_out io_clk_out io_clk_out
5 framesync_out framesync_out framesync_out framesync_out
6 data_valid_out data_valid_out data_valid_out data_valid_out
7 led_pwm_out led_pwm_out led_pwm_out led_pwm_out
8 en_array_in en_array_in en_array_in en_array_in
9 irg_out irg_out irg_out irg_out

Table 9: GPIO configuration

NOTEL1: The GPIOS have priority over the registers: GPIO always overrides a conflicting register
setting. This is related to “img_en_in” and “img_exposure_in".

NOTE2: To enable the external exposure mode, select the signal “img_exposure_in” on any of the
GPIOs while also clearing the EXT_TRIG bit in the Imager Config0 Register. Alternatively, by setting
EXT_TRIG bit to 1, this GPIO signal can be used as an external trigger pulse to start the internal
exposure generation.

3.1.5 Imager Ctrl Register (0x10)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ Reserved [ starT |
RO RW

Figure 12: Imager Ctrl Register

Bit Type | Reset Field Description
15-1 RW 0x0 Reserved Reserved, read returns 0.
0 RW 0x0 START Start bit for the internal exposure.

Table 10: Imager Ctrl Register Field Descriptions
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If none of the GPIOs is set to “img_exposure_in”, then setting the Start bit from 0 to 1 will trigger the
internal exposure generation. Depending on the EXP_MODE bit in the Imager Config0 Register, the
internal exposure can run only once (single exposure mode) or continuously (continuous exposure
mode). In continuous mode, the software must clear the Start bit to disable the exposure generation,
which will cause the Cheetah hardware to stop after the ongoing exposure cycle has finished. The
exposure length and exposure periodicity must be configured properly via the Imager Configl
Register and the Imager Config2 Register, respectively.

NOTELZ: Irrespective of the exposure mode, the software must always finish the exposure sequence
by clearing the Start bit as the new sequence is strictly triggered by a 0 to 1 transition.

NOTE2: If any of the GPIOs is set to “img_exposure _in”, then the START bit cannot start the
exposure sequence. In this case, depending on the EXT_TRIG bit in the Imager Config0 Register,
either an external exposure signal is applied or an external trigger pulse is used to start the exposure
sequence. Even if started by an external trigger, the exposure can still be continuous if both the
EXP_MODE bit in the Imager Config0 Register and the START bit are set to 1 before the external
trigger pulse is generated.

NOTES: Continuous exposure generation stops if either the EXP_MODE in the Imager Config0
Register or the START bit is cleared to O.

3.1.6 Imager Config0 Register (0x12)

15 14 13 12 11 10 9 8 7 6 s 4 3 2 1 0
[ IMG_AON_| Reserved | EN_IMG_TH EXT_TRIG EXP_MODE EN_IMG
RW RO RW RW RW RW

Figure 13: Imager Config0 Register

Bit Type Reset Field Description

Imager Always On.

If set to one, the imager is Always On when enabled by
EN_IMG.

15 RW 0x0 IMG_AON If set to zero, the EN_IMG bit only enables the imager
temporarily during active exposure and pixel
processing.

Image Size.
The full image size (default) is 80x120. Smaller images
are created by capturing a rectangular area in the
center of the full image.
0x0: 80x120 (full image)
14-12 RW 0x0 IMG_SIZE Ox1: 80x60
0x2: 40x120
0x3: 40x60
0x4: 40x30

0x5-0x7: Reserved (defaults to full image).

Enable Imager Threshold. The imager is enabled this
number of prescaled cycles earlier than the start of the
exposure signal. The presale value is defined in the
EXP_CONT_PRESCALE bit-field in the Imager
Config2 Register. The timer's reference clock is
12.5MHz.

External Trigger.

If set to one, any GPIO configured as
“img_exposure_in” is used as an external trigger to
2 RW 0x0 EXT_TRIG | start the exposure sequence. The positive trigger pulse
must be wider than 80ns.

If set to =zero, any GPIO configured as
“img_exposure _in” is directly connected to the imager

Subject to change without notice. Page 16
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as the exposure source.

If none of the GPIOs s configured as
“img_exposure_in”, then this EXT_TRIG bit has no
effect.

Exposure Mode.
1 RW 0x0 EXP_MODE | If set to one, the continuous exposure mode is active.
If set to zero, the single exposure mode is active.

Enable Imager. This bit enables the imager support
modules (particularly the 100MHz oscillator) when
none of the GPIOs is configured as “img_en_in“. The
imager can be enabled permanently if IMG_AON is set
to 1 or it can only be enabled during the active
exposure phase if IMG_AON is set to 0. The automatic
enable operation assumes that all the timers are
configured properly.

EN_IMG has no effect when the imager is controlled
through the “img_en_in“ GPIOs.

Table 11: Imager Config0 Register Field Descriptions

0 RwW Ox1 EN_IMG

This configuration register defines the image size, selects the exposure mode and configures when
and how the imager support modules should be enabled.

If any of the GPIOs is configured as “img_exposure_in”, then this register defines if the external GPIO
signal is merely a trigger to start the internal exposure generation or it must be treated as an external
exposure signal, which is directly routed to the pixel controller bypassing the internal exposure
generator.

If any of the GPIOs is configured as “img_en_in”", then the imager support modules are directly
enabled by that external GPIO signal overriding any other register setting. If no GPIO is configured as
“img_en_in”, then this register can be used to enable the imager support modules permanently or
temporarily during active exposure and pixel processing. In the temporary case, this register also
defines how much time the imager support modules need for ramping up before the actual exposure
signal is generated.

3.1.7 Imager Configl Register (0x14)

ﬁ 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| EXPOSURE_OFFSET | EXPOSURE_PRESCALE | EXPOSURE_TIME ]
RW RW RW

Figure 14: Imager Configl Register

Bit Type Reset Field Description
Exposure offset. Used in the exposure
length timer and defines the number of

15-12 RW 0x0 EXPOSURE_OFFSET fine-tune cycles, where the fine-tune
cycle period is a quarter of the prescaled
cycle period.

Clock pre-scaler down from 25MHz.
Defines the division for the pre-scaled
clock used in the exposure length timer.

The pre-scaled clock frequency is
25MHz divided by
[EXPOSURE_PRESCALE+1].

Exposure time. Used in the exposure
7-0 RW OxFA EXPOSURE_TIME length timer and defines the number of
prescaled cycles.

11-8 RW O0x1 EXPOSURE_PRESCALE

Table 12: Imager Configl Register Field Descriptions
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This configuration register defines the length of the exposure and is used during internal exposure
generation. The exposure length is given by the flowing formula, where Tcik prescae + 1 means the
duration of one pre-scaled cycle.

Exposure time = EXPOSURE_OFFSET * [(Tcik_prescaLe+1) /4] + EXPOSURE_TIME * (TcLk_pRESCALE +1)

3.1.8 Imager Config2 Register (0x16)

15 1 13 12 11 10 £ g 7 3 5 4 3 2 1 0
] EXP_CONT_PRESCALE | EXP_CONT_INTERVAL
RW RW

Figure 15: Imager Config2 Register

Bit Type Reset Field Description

Continuous exposure clock pre-scaler
down from 4MHz. Defines the division for
the prescaled clock wused in the
continuous exposure interval timer.

The prescaled clock frequency is 4MHz
divided by [EXP_CONT_PRESCALE+1].
Continuous exposure interval. Used for
configuring the periodicity in continues
11-0 RW OxF EXP_CONT_INTERVAL | exposure mode by defining the minimum
number of prescaled cycles between two
exposure rising edges.

15-12 RwW 0x3 EXP_CONT_PRESCALE

Table 13: Imager Config2 Register Field Descriptions

This register configures the periodicity in continuous mode by defining the minimum time interval
between two consecutive exposure starts.

Exposure interval = EXP_CONT_|NTERVAL * (TEXP_CONT_PRESCALE+ 1)

3.1.9 Imager Config3 Register (0x16)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Reserved IMAGER_READ_OUT |
RO RW

Figure 16: Imager Config3 Register

Bit Type Reset Field Description

15-3 RW 0x0 Reserved. | Reserved, read returns O.

Pixel Accuracy.

Defines the number of pins for transferring pixel data
0 RW 0x0 PIXEL_ACC | through the parallel interface.

0x0: Full pixel accuracy with 4x8-bit pixel data.

0x1: Reduced pixel accuracy with 4x4-bit pixel data.

Table 14: Imager Config3 Register Field Descriptions
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3.1.10 Led Control Register (0x20)
Figure 17: Led Driver Register

15

14

13

12 11

Reserved

9 ] 7 ] 5 4
IPROGT I IPROGE IPROGS IPROGA IPROG3 I IPROG2

1 o
LeD_aoN | En_LED

RO

RW RW RW RW RW RW

RW RW

Bit Type Field Description
15-10 RO Reserved Reserved, read returns 0

9 RW IPROG7 IPROG7 — LED Driver output current.

8 RW IPROG6 IPROG6 — LED Driver output current.

7 RW IPROG5S IPROGS5 — LED Driver output current.

6 RW IPROG4 IPROG4 — LED Driver output current.

5 RW IPROG3 IPROG3 — LED Driver output current.

4 RW IPROG2 IPROG2 — LED Driver output current.

3 RW IPROG1 IPROG1 — LED Driver output current.

2 RW IPROGO IPROGO — LED Driver output current.
LED driver Always On.
If set to one, the LED driver is Always On when enabled by the

1 RW LED_AON | EN_LED bit. If set to zero, the EN_LED bit only enables the
LED driver temporarily during active exposure and pixel
processing.

0 RW EN LED Enables the Led Driver

Table 15: Led Driver Register Field Descriptions

This register sets the LED Driver output current and configures when the LED Driver is enabled. The
LED Driver can be enabled permanently or temporarily during active exposure and pixel processing.
In the temporary case, it is controlled in the same way as the imager, thus it is also enabled
EN_IMG_TH time before the actual exposure signal is generated.
Note: The LED Driver is turned on by the led_en_o output signal. When the internally generated LED
PWM signal is used, it is only active when led_en_o is also asserted.

3.1.11 LED PWM Register (0x22)

15

14

13

12 11

10 9 8 7 6 5 4

LED_CLK_PRESCALE

| Reserved

RW

Figure 18: LED PWM Register

RO

Bit

Type

Reset

Field

Description

15-10

RW

0x7 | LED_PWM_FREQ_DIV

625kHz.

LED PWM frequency divider down from

The LED PWM frequency is 625kHz
divided by [LED_PWM_FREQ_DIV+1].

RO

0x0

Reserved

Reserved, read returns 0.

RW

OxA

LED_PWM_DUTY

Sets the LED PWM duty cycle from 0%
(no signal) to 100% (always on) in 5%
steps. A value greater than 0x14 is also
interpreted as 100%.

Table 16: Imager Configl Register Field Descriptions

This register configures the frequency and duty cycle for the internally generated LED PWM signal.

Subject to change without notice.
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3.1.12 CP Config Register (0x24)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| Reserved DIV_CP_FREQ EN_CP

RO RW RW
Figure 19: LED PWM Register

Bit Type Reset Field Description

15-5 RO 0x0 Reserved Reserved, read returns O.

Charge pump frequency divider down from 1MHz.
Defines the division for the CP_CLK signal.

The charge pump frequency is 1MHz divided by
[DIV_CP_FREQ+1].

0 RW 0x0 EN_CP Enables the CP_CLK output.

Table 17: Imager Configl Register Field Descriptions

4-1 RW 0x0 CP_FREQ_DIV

This register activates the cp_clk_o output for the external charge pump and configures its frequency.

3.1.13 Imager Config4 Register (0x30)

15 14 13 12 1 10 3 8 7 6 5 4 3 2 1 o
[ Reserved EN_ARRAY_TH
RO RW

FigUre 20: Imager Config4 Register

Bit Type Reset Field Description

15-9 RO 0x0 Reserved Reserved, read returns 0.

Threshold time to enable the analog array. The

respective analog blocks must be enabled this

8-2 RW 0x1C | EN_ARRAY TH period of_ th_resh_old time be_fore the exposure
ends. This time is only applicable in automatic

mode, when ARRAY_AON is set to zero.

The time unit is us.

Analog Array Always On.

If set to one, the analog array is Always On when

enabled by the EN_ARRAY bit.

1 RW 0x0 ARRAY_AON | If set to zero, the EN_ARRAY bit enables the

automatic power control of the analog array,

which is then dynamically turned on when the

imager is active.

0 RW 0x1 EN_ARRAY Enables the analog array.
Table 18: Imager Config4 Register

This register configures when and how the analog array is enabled. The respective analog blocks can
be turned on permanently or only temporarily during active exposure and image processing.

If automatic power control is selected (ARRAY_AON=0, EN_ARRAY=1), the analog array is enabled
EN_ARRAY_TH time before the exposure ends. It is then disabled at the end of the image sequence
in single mode or stays on in continuous mode.

Note: The Analog array is turned on by the en_array_o output signal.

Subject to change without notice. Page 20
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3.1.14 Image Count Register (0x32)

Figure 21: Imager Count Register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 ]
| IMG_CNT
RW

Bit Type Reset Field Description

Image Count. Counts the number of images starting
from zero until it reaches the threshold value defined
in the Image Count Threshold Register. The counter
can be restarted by writing 0x0 to it.

15-0 RW 0x0 IMG_CNT

Table 19: Image Count Register Field Descriptions

This register implements an image counter, which is incremented at the end of each image sequence
until it reaches the threshold value defined in the Image Count Threshold Register. In order to re-
activate the counter, the software must reset it to 0x0. Upon reaching the threshold value, an interrupt
is also generated if the respective configuration bits are set properly.

3.1.15 Image Count Threshold Register (0x34)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ IMG_CNT_TH
RW

Figure 22: Image Count Threshold Register

Bit Type Reset Field Description

Image Count Threshold. If the image counter
reaches this threshold value, it stops and a raw
interrupt is also generated. The counter can be

restarted by writing 0x0 to it.
Table 20: Image Count Threshold Register Field Descriptions

15-0 RW 0x0 IMG_CNT_TH

This register defines the image count threshold, which is the maximum value the image counter can
reach before it stops. When the image counter reaches this threshold value, it sets the IMG_DONE
status bit in the Raw Interrupt Status Register and generates an interrupt if the corresponding
interrupt source is enabled and one of the GPIOs is configured as “irq_out”.

3.1.16 Interrupt Enable Register (0x36)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ Reserved IMG_DONE

Figure 23: Interrupt Enable Register
Bit Type Reset Field Description
15-1 RO 0x0 Reserved Reserved, read returns 0.
Enables the IMG_DONE interrupt source. If set to
0 RW 0x0 IMG_DONE one, the image counter generates an interrupt
upon reaching the IMG_CNT _TH threshold value.

Table 21: Interrupt Enable Register Field Descriptions

This register enables or masks interrupts from being triggered on the IRQ pin. The enable bit is
named after the respective interrupt source. In Cheetah, the only interrupt source is IMG_DONE,
which is generated when the image counter reaches the IMG_CNT_TH threshold value. Setting the
respective enable bit to one enables the interrupt triggering on the IRQ pin.

Note: IRQ is mapped onto the GPIO ports. Therefore, if interrupt is used, one of the GPIOs must be
configured as “irq_out”.
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3.1.17 Raw Interrupt Status Register (0x38)
Figure 24: Raw Interrupt Status Register

15 14 13 12 11 10 9 8

[ Reserved

Q
IMG_DONE

RO

RWI1C

Bit Type Reset Field Description

15-1 RO 0x0 Reserved Reserved, read returns O.
Interrupt status bit indicating that the hardware
has finished capturing and processing a
predefined number of images. The status bit is

0 Rw1C 0x0 IMG_DONE set to one when the image counter reaches the
IMG_CNT_TH threshold value.
Cleared by writing one to this bit field.

Table 22: Raw Interrupt Status Register Field Descriptions

This register shows the status of the interrupts before masking by the Interrupt Enable Register. In
Cheetah, the only interrupt status bit is IMG_DONE, which is set to one when the image counter
reaches the IMG_CNT_TH threshold value. If this interrupt is enabled, then the value of this status bit
also appears on the IRQ pin. Writing one to this bit-field clears this status bit.

Note: IRQ is mapped onto the GPIO ports. Therefore, if interrupt is used, one of the GPIOs must be

configured as “irq_out”.

Subject to change without notice.
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4 SPI Slave

The purpose of the SPI slave module is to implement register accesses according to the commands
sent by the external SPI master.

4.1 Overview

The module supports single access for the configuration registers.
A single access is implemented through the following sequence:
1. 8-bit command (single write or single read)
2. 16-bit address (configuration register address)
3. 16-bit data (configuration register data)

4.2 SPI Commands for accessing Registers

The Register access SPI commands are listed in the following sections and grouped according to the
operational speed it can support. Each register access SPI command has 1-byte header, followed by
2-bytes of address and 2-bytes of data.
Depending on the used command, the SPI can work in two speed modes, as described below.

1 byte

2 bytes 2 bytes

A

Y
. A
LY
~

COMAND I Address 0 | Address 1 DATA 0 DATA 1

io 1 2z 3 4 5 & 7tio 1 2 3 4 5 6 T & © 10 1M 12 13 14 150 1 2 3 4 5 & 7 & 9 10 1M 12 13 14 151

Figure 25: SPI Register Command

4.2.1 Slow SPI

The SPI Register access commands listed in Table 22 support SPI clock seed up to 3.125 MHz.

Command | Type Endianness
0x30 READ | Big Endian

0x20 READ | Little Endian
Table 23: Slow SPI Register Access Commands

F. 4 Data (2 byte) X

s\ : e : s I
AV AN AW AW AN AW AW AN AW AW AN AW AWA NN
R 2 (D I ¢ Y GXEE) ( ) C XX O

X X
rTIiSO_{ X } (: ::K X ) ( X X ) (: 15 X3-=> (:3);(::‘ :3) (:: )—

__?ﬁ_}é_

Figure 26: Slow SPI Register Read with Little Endian
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I I .
h r Data (2 byte)

CSH_\ v : ; FJ’r_
sei__ A\ MMMMH_
e G D DD | )y G EECXTD ( )g( A2

X
"X O OO O™ @ )Ef(:='5)(3'¢)(33)—

Figure 27: Slow SPI Register Read with Big Endian

4.2.2 Fast SPI
The SPI commands listed support SPI clock seed up to 15.625 MHz.

Command | Type Endianness
0x32 READ | Big Endian
0x40 READ | Little Endian
0x36 WRITE | Big Endian
0x24 WRITE | Little Endian

Table 24: Fast SPI Register Access Commands

Data (2 byte)

csn_“\ : ,"_
w MUNC MUAUNL AU mm mm A
") (K ) COEE g

1 1
N e
1 1
i T

)\ X o t X D7 X D6 ) {D0us)}—
mlso—( X ) ( X X ) ( X X ) ( )I( X ) ( X X ) ( )’_
Figure 28: Fast SPI Register Write with Little Endian |
-: .:_. Data (2 byte)
csn\ . , . | ]

sai__[\/"\ WMWMH
A CE CICS T e N ED €5 ERCS €5 CYRCD T= ERED o
”“S”—(X)(XX)()?(X)(}(X)(XX)()—

Figure 29: Fast SPI Register Write with Big Endian
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_\ . JI Dummy (1 byte) Datal(2 byte) /_

Figure 30: Fast SPI Register Read with Little Endian

S

- -

Dummy (1 byte) i Data (2 byte)
|

s\ 1 | 1
e\ MWMMMR_
X R OO OO OO OO O

m'SG—CX:)--.E-(:DD“----—

Figure 31: Fast SPI Reglster Read with Big Endlan

Note that when using the fast READ commands, the first byte of the return data is a dummy byte
which needs to be discarded.

4.3 Control Timing

DE— T2

SPI_CLK ;
B -
A Y
SPI_MOSI Don't Care >< Data>< Data >< Data >< Data >< Data >< Data ) Data >< Data >< Data Don't Care
T3 7 T4
> e v [y v Y v Y Y Y > e

Y 4 Y
SPI_MISO High Impedance>< Data >< DataX Data >< Data >< Data >< Data X Data >< Data >< Data >< High Impedance

Figure 32: SPI Control Timing (Only Mode O supported)

Note: Timing related specifications can be found in the Electrical Characteristics for the SPI.
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5 Absolute Maximum Ratings

Table 25: Absolute Maximum Ratings

ID Pin min max | Unit Condition
51 V3V3, LED_K, LED_V3V3 -0.5 4.3 \%
DATA_VAL, FRAMESYNC, CLK_IO, V1V8_10,
5.2 OUTx_x, IMG_V1V8, V1V8_D, V1V8, RES, ENABLE, 05 29 v
: SPI_CLK, SPI_MOSI, SPI_MISO, SPI_NCS, ' :
LED_PWM, V1V8_M
5.3 VN1V5 -2.2 0.5 \%
6 Range of functionality
6.1 ESD Robustness
Table 26: ESD Robustness
ID Parameter Symbol Typical min max | Unit Condition
6.1.1 All pins Vesd -2 2 kv | HBM
6.2 Temperature, Thermal and Power
Table 27: Temperature, Thermal and Power
ID Parameter Symbol Typical min max | Unit Condition
6.2.1 Storage temperature Tstorage -40 135 °C
6.2.2 Storage time tstorage 10 year
Maximum soldering o For 40s (required for lead
623 temperature Tsolder 260 € free soldering)
6.24 Operating ambient T. 0 80 oC
temperature
6.3 Active Supply Currents
Table 28: Active Supply Currents
ID Parameter Symbol Typical min max | Unit Condition
. . Device enabled, Imager
6.3.1 Active current at V3V3 pin lvava_on 550 HA turned off 9
6.3.2 Off current at V3V3 pin lvava_off 100 na | Device disabled, non-IR
version
. . Device enabled, Imager
6.3.3 Active current at V3V3 pin Ivava_exp_100 700 HA turned on, 100 fps
Device enabled, Imager
6.3.4 Active current at V3V3 pin Ivava_exp_a0k 30 mA | turned on, 40 kfps, full
resolution

Subject to change without notice.
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6.4 Digital I/O
Table 29: Digital 1/0
ID Parameter Symbol Typical min max Unit Condition
6.4.1 Digital I/O supply V1v8 1.8 1.71 1.89 \Y
. 0.3*
6.4.2 Logic input low Vi -0.3 VDDIO \Y,
L . 0.7* VDDIO
6.4.3 Logic input high ViH VDDIO +03 \%
6.4.4 Logic input hysteresis Vinyst 80 30 150 mV
Internal pull-down resistor PIN: RES, ENABLE,
6.4.5 for logic inputs Rep 30 10 50 kQ | SPI_CLK, SPI_MOSI,
gicinp LED PWM, GPIOx
Internal pull-up resistor for .
6.4.6 logic inputs Rpu 30 10 50 kQ | PIN: SPI_NCS
. 0.3*
6.4.7 Logic output low VoL 0 VDDIO V | OmA<I<1mA
. . 0.7* VDDIO
6.4.8 Logic output high Vo VDDIO +03 \% OmA<I<1mA

Subject to change without notice.
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7 Electrical Characteristics

7.1 Power Supply — Main 1.8V Regulator

Table 30: EC table V1V8

ID Parameter Symbol Typical min max | Unit Condition
7.1.1 V3V3 Power supply input V3V3 3.3 2.97 3.63 \%
7.1.2 Output voltage Vout 1.8 1.76 1.86 \Y
7.1.3 Output current lout 35 mA
7.14 External capacitor Cexr 2.2 1 10 uF
7.1.5 Start-up time tstart 195 Us
7.2 Power Supply — High Speed 1/0 1.8V Regulator
Table 31: EC table V1V8 IO
ID Parameter Symbol Typical min max | Unit Condition
721 V3V3 Power supply input V3V3 3.3 2.97 3.63 \%
7.2.2 Output voltage Vour 1.8 1.76 1.86 \Y
7.2.3 Output current lout 100 mA
7.2.4 External capacitor Cexr 2.2 1 10 uF
7.2.5 Start-up time tstart 41 us
7.3 V3V3 Monitor
Table 32: EC table V3V3 Monitor
ID Parameter Symbol Typical min max Unit Condition
7.7.1 V3V3 Power supply input V3V3 3.3 2.97 3.63 \Y
7.7.2 Threshold LO-HI VTHLH 2.29 1.90 2.62 \%
7.7.3 Threshold HI-LO VTHHL 2.22 1.84 2.49 \%
Subject to change without notice. Page 28
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7.4 LED Driver

Table 33: EC table LED Driver

ID Parameter Symbol Typical | min max Unit Condition
7.4.1 | Supply, Power-part of LED Driver | Vsup_Lep_pow 3.3 2.97 3.63 \%
7.4.2 | Supply, Bias-part of LED Driver Vsup_LED_BIAS 1.8 1.71 1.89 \Y
7.4.3 | Output current accuracy lace -15% | +15% mA
7.4.4 | Frequency Of Switching Freq 9.765 625 kHz
7.4.5 | Output Current Settling time Tsettle 15 ps Stand-by to Active
7.4.6 | Output Current from Start Tenable 5 ps Power-down to Active
7.5 High Speed I/O
Table 34: EC table HS I/O
ID Parameter Symbol Typical | min max Unit Condition
751 HS I/O supply V1Vv8 1.8 1.71 1.89 \%
7.5.2 | Clock input frequency fout 100 MHz
7.5.3 | Duty Cycle clock output Duty_cycle 50 %
. 0.3* OmA<I<1mA
7:54 | Logic output low Vou 0 V1ivs v No termination resistor
. . 0.7* V1iv8 OmA<I<1mA
7:5.5 | Logic output high Vor Vive | +0.3 v No termination resistor

Note: Pins OUTx_x
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7.6 PLL
Table 35: EC table PLL
ID Parameter Symbol Typical min max Unit Condition
7.6.1 V1V8 supply V1v8 1.8 1.71 1.89 \Y,
7.6.2 Frequency of output fout 100 98 102 MHz | CLK_IO pin frequency
7.7 POR
Table 36: EC table POR
ID Parameter Symbol Typical min max Unit Condition
7.7.1 VV3V3 Power supply input V3V3 3.3 2.97 3.63 \%
7.7.2 Threshold LO-HI Vi 1.35 11 1.63 \%
7.7.3 Threshold HI-LO Vini 1.32 1.05 1.6 \Y,
7.7.4 Hysteresis Vhyst 26 15 46 mV
7.8 SPI
Table 37: EC table SPI
ID Parameter Symbol Typical min max Unit Condition
7.8.1 V1V8 supply V1vs 1.8 1.71 1.89 \Y
SPI_CLK frequency for o . .
7.8.2 legacy (slow) commands Fspi 3.125 | MHz See t|m|ng_ diagram in SPI
Slave section
(Note 1)
SPI_CLK period for
7.8.3 legacy (slow) commands Tspi 320 ns
(Note 1)
SPI_CLK frequency for
784 | fast commands (Note 2) Fsel 16.62 | MHz
SPI_CLK period for fast
7.85 commands (Note 2) Tspi 64 ns
7.8.6 SPI_CLK duty cycle Duty Cycle 50 40 60 %
7.8.7 SPI_NCS Setup Time T1 10 ns
7.8.8 SPI_NCS Hold Time T2 1 TSPI
From SPI_NCS falling to
7.8.9 SPI_MISO enable T3 30 ns
(Note 3)
From SPI_NCS rising to
7.8.10 SPI_MISO disable T4 30 ns
(Note 3)
7.8.11 SPI_MOSI setup time T5 10 ns
7.8.12 SPI_MOSI hold time T6 10 ns
SPI_MISO delay time
7.8.13 (Note 3) T7 12 ns

Note 1: If legacy (slow) SPI commands are used, then there is no dummy read data byte.
Note 2: If fast SPI commands are used, then the first read data byte must be discarded.
Note 3: Assume 80pF loading at SPI_MISO pin.
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7.9 High Speed Imager

Table 38: EC table High Speed Imager

ID Parameter Symbol Typical min max Unit Condition
79.1 V3V3 Power supply input V3V3 3.3 2.97 3.63 \%
7.9.2 i\rﬂt\f—D Digital supply ViV8_D 18 | 171 | 189 v
7.9.3 i'r':/'pit—VlVS Imager supply |15 v1vg 1.8 171 | 1.89 Vv
7.9.4 ?;’;3?’5 Negative supply VN1V5 15 | -158 | -1.43 v
7.95 Pixel, Full Well Qsat 400 ke- Information only
7.9.6 TDC, Number of bits Btdc 8 4 8 bits
7.9.7 Effective number of bits ENOB 5 bits
7.9.8 Resolution Res 80 x 120 pixels | Information only
7.9.9 Imager size Isize 1600 x 2400 um Information only
7.8.10 Pixel size Psize 20x20 um Information only
7.9.11 Aspect ratio Res 15 # Information only

Information only,

7.9.12 Max frame rate FRmax 40 260 kfps | depending on the

selected resolution
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8 Typical Application
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9 Board Layout Considerations

For both integrated LDOs it is recommended to use 2.2 uF capacitors for stability, placing these
capacitors as close as possible to the LDO output pins.

The integrated charge pump for the negative supply requires a 220 nF pump capacitor, a 1 pF
storage capacitor, and a dual Schottky diode with a very low forward voltage. The diode forward
voltage reduces the efficiency of the charge pump, one recommended diode is the BAS40-04.

9.1 Power Supply
The power supply decoupling capacitors should be placed as close as possible to the power supply

pins. A good approach is to place the decoupling capacitors as a first step when starting with the
layout of the PCB and as a second step route the high-speed signals.

9.2 High-Speed output lines

The high-speed output lines should be routed above a solid ground layer as the reference plane. The
ground plane should be connected to the GND_IO pins, with multiple vias to reduce the inductance. A
high-speed signal line should be routed on a single layer, when possible, without any layer changes.
When a layer change is necessary add close to the signal vias ground transfer vias connecting the
adjacent ground planes together.
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10 Package Information
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Figure 33: Package Information OLGA64 Package

11 Tape and Reel Information

Table 39: Tape and Reel Information

CODE: 94—31-0000-0043,/11/01

Package @ # of Nominal Pocket Tape Pin 1 Reel Size | Reel Size Qantity
Type Leads @ Package Size Width Pitch(P1) @ Orientation (mm) (inch) per Reel
LGA 64 5.3x5.3x0.8mm 12mm 8mm Top-Left 330mm 13" TBD
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12 Ordering

Information

13 List of Abbreviations

Table 40: List of Abbreviations

Name Description

HBM Human Body Model

HS High Speed

I/0 Input-Output

MSIO Mixed Signal I/O

POR Power-on reset

SPI Serial Peripheral Interface
TBA To Be Added

TBD To Be Defined

TDC Time to Digital Converter

14 Revision History

Table 41: Revision History

Revision Date

Description Author

0.1 2023-07-11 | Initial revision

0.2 2025-03-19
1.0 2025-04-29

15 Errata List

Table 42: Errata List

Erik Sibrai

Format adjustments and minor corrections | Maximilian Heindel
Document release

Maximilian Heindel

Errata Number

Description

Using a horizontal resolution of 80 pixels, the first row does not work and

! should be dismissed.

5 The first captured picture is brighter than the following ones, if the time
between the exposure starts is greater than 400 us.

3 If a pixel is in overflow (>254 dec.) the pixel below (in the next row) will show

a value of 32 dec.
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18 Important Notice and Disclaimer

AlStorm provides technical and reliability data, design resources, application advice, web tools, safety
information, and other resources in their original state, with all faults. AlStorm explicitly disclaims all
warranties, both express and implied, including but not limited to warranties of merchantability, fithess
for a particular purpose, and non-infringement of third-party intellectual property rights.

These resources are intended for skilled developers who are designing applications using AlStorm
products. It is your sole responsibility to:

1. Select the appropriate AlStorm products for your application.

2. Design, validate, and test your application.

3. Ensure that your application complies with applicable standards and meets all safety, security,
regulatory, and other requirements.

Please note that these resources are subject to change without notice. AlStorm grants you permission
to use these resources solely for the development of an application that utilizes AlStorm products as
described in the resource. Reproduction and display of these resources for any other purposes are
strictly prohibited. No license is granted for any other AlStorm intellectual property right or any third-
party intellectual property right. AlStorm disclaims any responsibility, and you agree to indemnify
AlStorm and its representatives fully, for any claims, damages, costs, losses, and liabilities arising
from your use of these resources.

AlStorm’s products are provided under AlStorm's Terms of Sale or other applicable terms, available
on aistorm.ai or provided in conjunction with the respective AlStorm products. The provision of these
resources by AIStorm does not modify or expand AlStorm's applicable warranties or warranty
disclaimers for AlStorm products.

AlStorm explicitly rejects any additional or different terms proposed by you.
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