BLUETECHNIX
Embedding Ideas

multi-tof
FrontEnd

Hardware User Manual

Version 1.1




BLUETECHNIX
y ’A\ Embedding Ideas

Contact

BECOM BLUETECHNIX GmbH
Gutheil Schoder Gasse 17
A-1230 Vienna
AUSTRIA
office@bluetechnix.com

http://www.bluetechnix.com

Template No.: 900-306 / A



Table of Contents

LI g1 (oY (VT 1 o] o PRSP SPPPPOTI 7
LS B @ V=T a1 PP PP STSTPP 7
1.2 KEY FRATUIES ...t e s e s e e e e s e e e e e e eas 7

1.2.1 CM-MXBX ...ttt Error! Bookmark not defined.
1.2.2  Active components on DEV-i.MXBX .....cccccoeriiiiiieeeeninnnnnne Error! Bookmark not defined.
1.3 Available extensions..........cccoviiiii i Error! Bookmark not defined.
LI Y o] o] [o7=1 1[0 o K= T 7

P2 € 1Y 1=t = T D= Tod o)1) o SRR 9

2.1 FUNCHIONAI DESCIIPIION ... e 9
211 COore MOAUIE ...t Error! Bookmark not defined.
2.1.2 POWET SUPPIY ..ceiiiiiiiiiiiiee et Error! Bookmark not defined.
213 JTAG o Error! Bookmark not defined.
2.1.4  TPIU (Trace POrt) .t Error! Bookmark not defined.
21.5 Extension Connector .......c..coiiiieeiiiieeee e Error! Bookmark not defined.
211 HDMI e Error! Bookmark not defined.
21.2 Debug UART ..o Error! Bookmark not defined.
213 USB-OTG ettt e e e e e Error! Bookmark not defined.
2.1.4  AUdiO COAEC .....uiiiiiiiiei et Error! Bookmark not defined.
21.5 CAN e Error! Bookmark not defined.
2.1.6 Ethernet... ... Error! Bookmark not defined.
21.7 USB ettt e e e Error! Bookmark not defined.
2.1.8  SD Card ....eeeiiiiiieee e e Error! Bookmark not defined.
21.9 ISM Camera Interface........ccoeveieeiiiiieee e Error! Bookmark not defined.
2100 SATAI e Error! Bookmark not defined.
21071 PCIE 2.0 .t Error! Bookmark not defined.
2.1.12  S/PDIF OULPUL....eiiiiiieee et Error! Bookmark not defined.
2.1.13  WIFI/ BIUBTOOtN ..o Error! Bookmark not defined.
2114 MIPHCSI ..ttt Error! Bookmark not defined.
2115 MIPIDSI ...t Error! Bookmark not defined.
2.1.16 RTC (Real time CIOCK)......c.ceviiiiiieeiiiiieee e Error! Bookmark not defined.
2107 LVDSO0 ...ttt Error! Bookmark not defined.
Reverse scan function, jumper JP3 ... Error! Bookmark not defined.
Data input selection, resistor R56 ..., Error! Bookmark not defined.
2118 LVDST et Error! Bookmark not defined.
Reverse scan function, jumper JP4 ... Error! Bookmark not defined.
Data input selection, resistor R58.........ccoovvveveviiiiieeieeeeeeeeeeeeeeeeeee Error! Bookmark not defined.

Template No.: 900-306 / A



PWM Dimmer, resistors R61 and RB3.........coceveeeiiiveieiiieeeeeeeeeeeee Error! Bookmark not defined.

2.1.19  Reset BUtton (S5).....ccccureiieiii e Error! Bookmark not defined.
2.1.20 Power On/Off BUtton (S6).......ccccurreeeeereiiciirieeeee e e e e e Error! Bookmark not defined.
2.1.21  RGB LED (V1) etiiiieieeeeeeee et ee e e Error! Bookmark not defined.
2.1.22 GPIO LEDS (V20, V21) .oeiiieeeee e e e eee e Error! Bookmark not defined.
2.1.23  BUZZEN .o Error! Bookmark not defined.
2.2  BOOt MOES.....cooi i Error! Bookmark not defined.
G T S o Y=Y o= 1) 1= 14
3.1 Electrical SpeCifiCatioNS ... e e e e e e 14
3.1.1 Operating ConAitiONS.........uuiiiiiee e e e e e e e e s ar e e e e s e e s e ereeeeeeeanas 14
3.1.2 Maximum RatingS ....ccoooeeeie e —————— 14
3.1.3 ESD SENSIHIVILY .eeeeiiiicccieiie e e ettt e e e e e e e e e s e e s r e e e e e e e e e anarreeeeeeeeeannnnns 14

4 Connector DeSCHPLION .......cceeeiiiieciiiieiee e e Error! Bookmark not defined.
41 X5 - PoOWEr SUPPIY .coeeeeeeeeeeeeeeeeeeeeeeeee e Error! Bookmark not defined.
D I I Y C PR Error! Bookmark not defined.
4.3 X27 —=Debug UART ..., Error! Bookmark not defined.
44 XB = PO e Error! Bookmark not defined.
4.5 XB5 = SPleiiee e Error! Bookmark not defined.
4.6 X24 = AUAIO .. Error! Bookmark not defined.
4.7 X2 —Ethernet ... Error! Bookmark not defined.
4.8  X28 = USB-OTG ...cciiieeiieeeiieesieeesieeessee e e sree e seesssneeesneeas Error! Bookmark not defined.
4.9 X7 —SD-Card Slot .....cevieiiiiee e Error! Bookmark not defined.
410 G1 — Backup battery holder ........cccoeeveeeiiiiiee e Error! Bookmark not defined.
4.11 X271 — ISM CamMEra....ceiceeeeeee e Error! Bookmark not defined.
412 X199 = MIPI CSL.ciieie e Error! Bookmark not defined.
413 X34 = MIPI DS Error! Bookmark not defined.
414 X12 and X16 — LVDS DisSplay ........cccceerrrmererrinereresneeeenseeeens Error! Bookmark not defined.
4.15 X10 and X14 — Display Backlight ..........cccccoeviiiiiniiieennieen, Error! Bookmark not defined.
4.16 X11 and X15 = TOUCh SCreen ........cceevvvceereriiieee e Error! Bookmark not defined.
417 X20 = HDMI...eeiiie e Error! Bookmark not defined.
4.18 X1 — Extension Connector........cccvceeeeiiiieeenneeee e Error! Bookmark not defined.
419 X7 — Mini PCl €XPIress ...ccocuueiiieeiieeeeieeeeee e Error! Bookmark not defined.
4.20 XI8 = SIM Card ....cceeeeeieeee e Error! Bookmark not defined.
4.21 X29 = SATA e Error! Bookmark not defined.
4.22 X25 and X26 —USBh.......cooiiiiiieee e Error! Bookmark not defined.
4.23 X22 and X23 — CAN ... Error! Bookmark not defined.
4.24 XBO = S/PDIF ..ot Error! Bookmark not defined.

Template No.: 900-306 / A



4.25 X31 = WIFI/ BT ANtENNA ceeueeiiiieeeeeeeee e Error! Bookmark not defined.

5 Application Information .........ccccooeeeoioriiiii s Error! Bookmark not defined.
5.1 Application Example SchematiCs ......ccccceeecvevreeeeeiisccieeeeee, Error! Bookmark not defined.

LI Y/ (=Tt F=TaTTor= T O 10 41T PSPPSR 16
B.1  TOP VI BW e —————— 16
6.2 BOMOM VIBW ... 16
8.3  SIde VIEW ..ot s Error! Bookmark not defined.

AR 18] o o Yo S 17
% T CT=Ta 11 =TI 10T o] o o ) o S Error! Bookmark not defined.
7.2  Board Support PaCKages........cccccureiieeereieccireree e e e e e eeenneeeeeee Error! Bookmark not defined.
7.3  i.MX Software SUPPOM......ccceeeieecciiiiieee e Error! Bookmark not defined.
7.3.1 1 PSPPSRI Error! Bookmark not defined.
7.3.2  ANAIOI.....ooii e Error! Bookmark not defined.
7.3.3  WINCE .ot e Error! Bookmark not defined.

7.4 .MX DESIQN SEIVICES ....uutiiieeeiiiiciiiiieeee e e esecreeee e e e e e enareee e e Error! Bookmark not defined.
7.41 Upcoming Products and Software Releases .................... Error! Bookmark not defined.

8  Ordering INformation ..........ceeeeeiiieciiiiee e Error! Bookmark not defined.
9 Dependability ......cccccccceiiii Error! Bookmark not defined.
9.1 MTBF ... e e e Error! Bookmark not defined.
10 (Yo [U o3l 15 (] Y2 18
10.1 Version INFOrMATION .....oeeeeee e 18
10.2 Y o 0 = = PSR 18
11 Document ReVISION HISTOIY ........uuueeiiiieiiii s s nnnnnsnnnnnnnnnnnnnn 19
12 List of Abbreviations ... Error! Bookmark not defined.
A List of FIQUres and TabIES .......coooi et e e e e e e e e e e s 20

Template No.: 900-306 / A



© BECOM BLUETECHNIX 2018

All Rights Reserved.

The information herein is given to describe certain components and shall not be considered as a guarantee
of characteristics.
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circuits, descriptions and charts stated herein.
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merchantability or fitness for a particular purpose.

BECOM BLUETECHNIX takes no liability for any damages and errors causing of the usage of this board. The
user of this board is responsible by himself for the functionality of his application. He is allowed to use the
board only if he has the qualification. More information is found in the General Terms and Conditions (AGB).

Information

For further information on technology, delivery terms and conditions and prices please contact BECOM
BLUETECHNIX (http://www.bluetechnix.com).

Warning

Due to technical requirements components may contain dangerous substances.
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The multi-tof FrontEnd is part of the multi-tof platform, which is designed to process the stream of up to
eight multi-tof FrontEnd time-of-flight sensors. The CamHub allows connecting four FrontEnds with high-
speed differential signal connectors (Rosenberger HSD), and four coaxial signal connectors (FAKRA). This

document describes the differential version with Phantom power option.

1.1 Overview

Illumination
Protection

(Interface Timing\

L Correction )
( )
LVDS-Serializer
\ J
( )
LVDS FPD Il
& J

( )
Laser Driver VCSEL Diodes
G J
( N\
ToF-
Companion ToF-Sensor
Chip
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Power Supplies

.

J/

( N
Temperature

Sensors

Figure 1-1 main components and interfaces

1.2 Key Features

o ToF-Sensor (Melexis MLX75023)

e ToF-CC (Melexis MLX75123)
e 2 FPD Link lll serializer (Texas Instruments DS90UB933)
e CPLD (Xilinx XC2C32A)
e FET-Driver (Michrochip MD1210K6-G)

e Cortex-M0O+ Controller (NXP MKL04Z16)
e VCSEL Diode (Princeton Optronics PCW-SMV-2-W0850-1-D110)
o Power Supplies (Texas Instruments LMR23615, LP873222, LM3671, LM27761, TPS40170,

LMR16006)

o Temperature Sensors (Texas Instruments TMP108)

1.3 Applications

e Automotive

Template No.: 900-306/ A
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o Driver surveillance

o Telematics
e Consumer

o People counting

o Human Machine Interface (HMI)
e Industrial

o Process monitoring

o Security and alarms systems

Template No.: 900-306/ A Page 8 | 21
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2 General Description

The multi-tof FrontEnds are capable to deliver raw data of a 3D scene captured by the incorporated ToF-
sensor and illumination. They are designed to stream the pixel data to the CamHub in 12bit raw mode via a
FPD Il serializer.

The illumination is based on two VCSEL laser diodes with a maximum optical output power of 2W each. The
VCSEL driver consist of two stages, a high speed FET drive and a N-MOSFET.

4 )

FrontEnd

———
} >‘ ToF-Sensor

3D Computation
(e.g. CamHub)
<
- -
J
—> Sync Signals —> RAW Data Analog Signals

Figure 2-1 Processing chain
2.1 Components

The multi-tof-FrontEnd consists of the following main components

21.1 ToF-Sensor

The incoming light is captured by the MLX75023 ToF sensor. He is only capable of delivering the anaog pixel
value at the currently addressed pixel.

2.1.2 ToF-CC (Companion Chip)

The MLX75123 ToF-CC has many functions. During the integration phase, he generates the modulation
signals for the sensor as well as for the illumination.

Afterwards he captures the analog values of the ToF-sensor with its integrated 12-bit ADC. The digital value
will be streamed via a 12-bit parallel interface.

2.1.3 VCSEL

There are two VCSEL laser diodes that are needed to illuminate the 3D scene.

Template No.: 900-306/ A Page 9| 21
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2.1.4 Laser Driver

The laser driver consists of two stages. The first stage is a high-speed FET-driver (MD1210K6-G). The
second stage are two M-channel MOSFETSs, which each driving a laser diode.

2.1.5 lllumination Surveillance

If for some reason the illumination should fail, e.g. permanent lighting, the illumination surveillance needs to
disable the driver to prevent the module from over-heating and more important for eye-safety reasons.

Therefore, the analog modulation signal on the VCSEL is monitored, as well as the PCB temperature next to
the lasers.

Following fail operation modes are detected:

e Permanent lllumination
e No lllumination
e Over-Temperature

o Wrong laser diode voltage

2.1.6 Serializer

A DS90UB933 serialize is used, to transform the parallel RAW-pixel-data into a LVDS FPD-III stream.

21.7 CPLD

The ToF-CC generates synchronization signals, that don’t meet the requirements specified by the serializer.

Therefore, a new Timing needs to be generated by the CPLD. By doing this, the last 20 pixels of each line in
the frame will get lost, the resulting resolution of the 3D-image is 300 x 240 pixel.

2.2 Functional Description

Figure 2-2 shows the interconnection and data flow between all components on the CamHub.

Template No.: 900-306/ A Page 10 | 21



BLUE

\ Embedding Ideas

A

Hardware User Manual - multi-tof FrontEnd

Last change: 11 June 2018
Version 2.1

~

P
Sensor Temperature
Monitoring

12C

J

FrontEnd

~

N

LVAL/FVAL |«

J

N
PIX-Val

ToF-Sensor

PIX-Add

A

-
Analog In

MOD-IN

PIX-Add

N
MOD-In

MOD_SENS

lllumination Enable

MOD-Out

-

(&

-
lllumination

12C

Temperature Monitoring

N\

MOD_ILL
\

ToF-CC

S|

I

Hsync/Vsync

12C

A

Vs

Serializer
> kc || csi e

|\ J
( \

— csl || ocsi

CPLD
| Hsync/Vsync | | LVAL/FVAL
|\ J
'a N\
GPIO lllumination
AnalogIn | Surveillance
12C_B

——» Sync Signals

2.3 Connectors

Analog Signals

Figure 2-2 Frontend interconnection diagram

— > Digital interfaces

The Frontend has three connectors, but for normal operation just the Rosenberger high speed differential
connector is needed. The other are for programming purposes and auxiliary power supply.

2.3.1 HSD Connector

The used connectors are D4S20L-40MA5-C from Rosenberger. The LVDS signals are routed to the
DS90UB933 serializer. the Power-over-Cable (PoC) feature can be used, if phantom powering is supported

by the host interface.

Table 2-1 HSD connector pin description

A ON =

LVDS_N / power supply
GND
LVDS_P / power supply
GND

Template No.: 900-306/ A
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2.3.2 AUX Power

If the host doesn’t provide power-over-cable the FrontEnd can be powered over an auxiliary power
connector. A Molex-PicoSPOX two pin header is used for this purpose. Pin number 1 is the positive supply
voltage, pin number two (in close proximity to the HSD connector) is power ground.

Figure 2-3 Auxiliary Power Connector

2.3.3 JTAG Connector

There are two programmable devices on the FrontEnd, the CPLD and the Kinetis MKL04Z16VFK4. Both
devices can be programmed over the same JTAG connector. The connector is a standard 10 pole 2 row
1.27 mm pitch socket.

1 CPLD TMC 2 CPLD TDO
3 Kinetis SDA 4 CPLD TDI
5 CPLD Vref 6 CPLD TCK
7 Kinetis SCL 8 Kinetis Vref
9 Kinetis RESET 10 GND

Table 2-2 JTAG connector Pin Description

Template No.: 900-306/ A Page 12 | 21
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Figure 2-4 JTAG Connector Position

Template No.: 900-306/ A Page 13| 21



BLUE

A

A

Hardware User Manual - multi-tof FrontEnd Last change: 11 June 2018
Version 2.1

3 Specifications
3.1 Electrical Specifications

3.1.1 Maximum Ratings

Stressing the device above the rating listed in the absolute maximum ratings table may cause permanent
damage to the device. These are stress ratings only. Operation of the device at these or any other conditions
greater than those indicated in the operating sections of this specification is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

Symbol Parameter Min Max Unit
Vio cpLp Input or output voltage (CPLD Interface) -0.3 21 Vv
V\0-MKLo4 Input or output voltage (Kinetis Interface)  -0.3 3.6 Vv
Vin Input supply voltage -0.3 28 Vv
Tame Ambient temperature -20 85 °C
Tsto Storage temperature -40 105 °C
@ave Relative ambient humidity 90 %

Table 3-1: Absolute maximum ratings

3.1.2  ESD Sensitivity

boards can discharge without detection. Although this product features patented
or proprietary protection circuitry, damage may occur on devices subjected to

\ high energy ESD. Therefore, proper ESD precautions should be taken to avoid
performance degradation or loss of functionality.

3.1.3 Operating Conditions

. ESD (electrostatic discharge) sensitive device. Charged devices and circuit

Symbol Parameter Min Typical Max Unit
Vin Input supply voltage” 16 24 28 Vv
P Average Board Power Consumption? TBD - TBD W
lpx Peak input Current during Integration - - 2 A

Table 3-2: Electrical characteristics

" If the input voltage sinks below the specified minimum value, the protection circuit immediately turns off all
voltage rails. The Board turns on again, when the supply voltage returns within specified parameters.

2 The Power consumption refers to a FrontEnd running with a modulation frequency of 40 MHz, a frame rate
of 20 fps and an integration time of 600 ps.

3.1.4 Power distribution

The board is designed to work with a regulated 24 V power supply. The input voltage range is 16 V to 28 V.

The following diagram shows the power distribution on the board. The power source for the serializer (1.8 V)
is always on, all other supplies, besides the illumination power, are enabled by the host via I2C.

Template No.: 900-306/ A Page 14 | 21
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Figure 3-1 power distribution
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4 Mechanical Qutline

This section shows the mechanical outline of the FrontEnd when it is unfolded. All dimensions are given in
mm.

41 Top View

@ oy,

17,50
17,50

£

Flex-Part |[= f—"-
. -l
. -m. -
“|= -..'" -
.-'“. -.".'..l
=:'..'.-_=5='

ll.ll.=:-
ils &

B50-5110 | vi.1 12u ]
* o =]
%ll .
-8 as
® o H

Figure 4-2 Mechanical outline bottom view
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5 Support

TBD
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6 Product History
6.1 Version Information

Version Component Type

1.1.0 Multi-tof-FrontEnd x-grade

Table 6-1: Overview CamHub product changes

6.2 Anomalies

Version Date Description

Table 6-2 — Product anomalies
Template No.: 900-306/ A Page 18| 21
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7 Document Revision History

Version Date Document Revision
1 2018 03 15 First Draft V1.0 of the Document

Table 7-1: Revision history
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