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Description and Features

1

Description and Features
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The Intel ® RealSense ™ Product Family D400 Series is a stereo vision depth camera
system. The subsystem assembly contains a stereo depth module and vision processor
with USB 2.0/USB 3.1 Gen 1 or MIPI 1 connection to host processor.

The small size and ease of integra tion of the camera subsystem provides system
integrators flexibility to design into a wide range of products.

The Intel ® RealSense ™ D400 series also offers complete depth cameras integrating

the vision processor, stereo depth module, RGB sensor with color image signal
processing , and an Inertial Measurement Unit 2 (IMU). The depth cameras are designed
for easy setup and portability making them ideal for makers, educators, hardware

prototypes and software development.

The Intel ® RealSense ™ D400 series is su pported with  the cross -platform and open
source Intel ® RealSense E SDK 2.0 .

Autonomous Mobile Robots (AMR)
Automated Guided Vehicles (AGV)
Drones

Usages/Markets

Collision avoidance
Home surveillance

3D scanning

Digital signage
Volumetric measurement

Minimum System Requirements USB 2.0/USB 3.1 Gen 1

Ubuntu*16.xx/Windows*10

General Features 2" Generation Stereo Depth Camera System

2™ Generation dedicated Intel  ® RealSense E Vision
Processor D4 with advanced algorithms

=a =4 |=a -4 (-4 -4 —a -—a -—a -—a -8 -4

Infrared (IR) Laser Projector System
Full HD resolution Image sensors
Active power management

== =4 =4 -4

Selection of Stereo Depth Module options to meet
your usage requirements
1. MIPIis not currently ~ supported. Please contact
your Intel representative on MIPI enablement
timelines.
2. Module and Camera SKU dependent

_ Intel ® RealSense E Vision Processor D4
Intel® RealSense E Depth Camera

D415 Features Up to 1280 x 720 stereo depth resolution

Up to 1920 x 108 0 RGB resolution
Depth diagonal field of view over 70°

Dual rolling shutter sensors for up to 90 FPS depth
streaming

= =4 =4 -4 -
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Range 0.3 mtoover 4 m ( varies with lighting
conditions)

Intel® RealSense E Depth Camera
D435/D435i D435f/D435if  Features

=A =4 -4 -8 -4

Intel ® RealSense E Vision Processor D4
Up to 1280 x 720 stereo depth resolution
Up to 1920 x 1080 RGB resolution
Depth diagonal field of view over 90°

Dual global shutter sensors for up to 90 FPS depth
streaming

Range 0.2 mtoover 3 m ( varies with lighting
conditions)

D435i /D435if includes Inertial Measurement Unit
(IMU) for 6 Degrees of Freedom (6DoF) data

D435f/D435if cameras have IR -pass filter.

f Intel® RealSense E Depth
Camera D455 /D455f Features

= =4 -4 -4 - | -a

Intel ® RealSense E Vision Processor D4
Up to 1280 x 720 stereo depth resolution
Up to 1280 x 800 RGB resolution
Diagonal field of view over 90°

Dual global shutter sensors for up to 90 FPS depth
streaming

RGB global shutter sensor for up to 90 FPS

Range 0.4 mtoover 6 m ( varies with lighting
conditions)

Inertial Measurement Unit (IMU) for 6 Degrees of
Freedom (6DoF) data

D455f camera has IR-pass filter.

1 Intel® RealSense E Depth
Camera D405 Features

= =4 =4 -4 -4 | -a

Intel ® RealSense E Vision Processor D4
Upto 1280 x 720 stereo depth resolution
Upto 1280 x 720 RGB resolution
Diagonal field of view over 90°

Dual global shutter sensors for up to 90 FPS depth
streaming

RGB global shutter sensor for up to 90 FPS
Range 7 cmto1l m ( varies with lighting conditions)

16




2 Introduction

2.1 Purpose and Scope of this Document

This document captures the specifications and the design T in details for the Intel ©
RealSense E D400 series family of products. This document provides  information
necess ary to understand and implement an Intel ® RealSense E D400 series -based
camera system.

Note: Intel ® RealSense E D400 series is alt ernately referred  to as fiD4 Camera
System 0 in this document . Intel ® RealSense E Vision Processor D4 is alternately

referred toas AD40 in this document
2.2 Terminology
Term Description
6DOF Six Degrees of Freedom (6DoF) refers to the freedom of movement of a

rigid body in three  -dimensional space. Forward/back, up/down, left/right,
pitch, yaw, roll

Stereo Depth The distance between the center of the left and right imagers in a stereo

Baseline camera

MIPI CSI-2 The Camera Serial Interface (CSlI) is a specification of the Mobile Industry
Processor Interface (MIPI) Alliance and CSI -2 isthe 2 " generation
specification defining  the interface between a camera and a host
processor

Depth Depth video streams are similar to  color video streams except that each

pixel has a value representing the distance away from the camera instead
of color informat ion

D4 If the term D4 is used al one, it refers to the entire D4 camera system
consisting of various modules and components.

If the term D4 is used with an a ppropriate qualifier (  i.e., D4 Vision
Processor, D4 Vision Processor  Board ), it refers to the speci  fic mo dule or
component within the D4 camera system.

FOV Field Of View (FOV) describes the angular extent of a given scene that is
imaged by a camera. A camera's FOV can be measured horizontally,
vertically, or diagonally

Host System Computer or SOC connected to D4 camera

12C 12C (Inter -Integrated Circuit), pronounced | -squared -C, isamulti -
master, multi -slave, single -ended, serial computer bus invented by
Philips Semiconductor (hnow NXP Semiconductors). It is typically used to
allow easy control and data communication between components
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2.3
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Term

Description

IR Projector This refers to the source of infrared (IR) light used for illuminating a
scene, object, or person to collect depth data.

Imagers Depth camera system uses a pair of cameras referred as imagers to
calculate depth. They are identical cameras configured with identical
settings.

Image Signal Ima ge processing functions to enhance color image quality

Processor

(ISP)

Left imager From the perspective o f the stereo camera  looking out at the world, the
left imager is on the left side of the camera module. Thus, when the user
is facing the front of the camera , the left imager is on the right side of
the camera module.

Lens This refers to the optical componen t of an imager in the D4 camera . Its
purpose is to focus the incoming light rays onto the CMOS chip in the
imager.

MIPI MIPI (Mobile Industry Processor Interface) is a global, open membership
organization that develops interface specifications for the mobile
ecosystem

Platform This refers to the two  -dimensional (2D) color camera on a platform

camera

System on I ntegrated circuit (IC) that integrates all components of a computer

Chip ( SoC)

Stereo Depth
Module

This refers to a stiffened module containing at least two imagers. The
distance between the imagers, which is referred to as the baseline or
intraocular spacing, is typically in the range of 18 mmto 95 mm.

Stereo camera

This refers to a pair of imagers | ooking at the same subject from slightly
different perspectives. The difference in the perspectives is used to
generate a depth map by calculating a numeric value for the distance

from the imagers to every point in the scene.

SKU Stock Keeping Unit (SKU) is a unique identifier for distinct products. It is
often used in the scope of naming different versions of a device
TBD To Be Determined. In the context of this document, information will be

available in a later revision.

Stereo Vision Depth

Technology Overview

The Intel ® RealSense E D400 s eries depth camera uses stereo vision to calculate
depth. The stereo vision implementation consists of a left imager, right imager,

and an optional infrared projector. The infrared projector projects

static IR pattern to improve depth accuracy in scenes with low texture. The left
and right imagers capture the scene and send imager data to the depth imaging
(vision) processor, which calculates depth values for each pixel in the image by

a non -visible



correlatin g points on the left image to the right image and via the shift between a
point on the Left image and the Right image. The depth pixel values are processed

to generate a depth frame. Subsequent depth frames create a depth video
stream.

Figure 2-1. Active Infrared (IR) Stereo Vision Technology

1) Capture 2) Search

@
@ !/

Image

IR Projector
Sensors

The depth pixel value is a measurement from the parallel plane of the imagers and
not the absolute range as illustrated.

Figure 2-2. Depth Measurement (Z) versus Range (R)
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2.4

Camera System Block Diagram

The camera system has two main components, Vision Processor D4 and Depth
modu le. The Vision Processor D4 is either onthe hostp rocessor motherboard or
on a discrete board with either a USB2.0/ USB 3.1 Gen 1 or a MIPI connection to
the host processor . The D epth module incorporates  left and right imagers for
stereo vision with the optional IR projector and RGB color sensor. The RGB color
sensor data is sentto  Vision Processor D4 viathe color Image Signal Proce ssor
(ISP) on the Host Processor motherboard or D4  Board .

Figure 2-3. Vision Processor D4 Camera System Block Diag ram
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|

|

| Color
: Sensor
|

|

Left IR Right
Imager Projector Imager

Depth Module

B e — — ———

Intel® RealSense
Vision Processor D4

Host USB2.0/USB 3.1 ]
Processor | Geni/Mi

8 S
Clock
* Optional color sensor on 24 MHz
depth or standalone module
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2.5 Intel ® RealSense E Depth Module D400 s

Product SKUs

The Table below describes the main components that make u p the different
module SKUs.

Table 2-1. Depth Module Product SKU

Descriptions

Component Subcomponent D410 D415 D430 D450 D401
Intel ® RealSense E i A A A A A
Vision Processor D4
Intel® RealSense E
Vision Processor D4 - vi® vi® fvi®pv3 @ | v3@ V4 ©

Board
Standard Stereo  Imagers a a X X X
Wide Stereo Imagers X X a a a
Intel ® RealSense E Standard Infrared x =
) a a X X X
Depth Module Projector
Wide Infrared Projector X X a a X
RGB Color Sensor X a X a a®
Definitions:
D410 = Intel ® RealSense ™ Depth Module D410
D415 = Intel ® RealSense ™ Depth Module D415
D430 = Intel ® RealSense ™ Depth Module D430
D450 = Intel ® RealSense ™ Depth Module D450
D401 = Intel ® RealSense ™ Depth Module D4 01
Notes:
(1) Intel® RealSense E Vision Processor D4 Board V1
(2) Intel® RealSense E Vision Processor D4 Board V3  (IMU Version of V1)
(3) Intel® RealSense E Vision Processor D4 Board V4
(4) Leftdepth sensor provides RGB data to color ISP

337029 -016
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2.6 Intel ® RealSense E Depth Camera D400 series
Product SKUs

The Table below describes  the main components that make up the dif ferent
camera SKUs.

Table 2-2.Depth Camera Product SKU Descriptions

Intel © Intel © Intel © Intel © Intel ©
Sub RealSense RealSense RealSense RealSense RealSense
Component u ™ Depth ™ Depth ™ Depth ™ Depth ™ Depth
P component Camera Camera Camera Camera Camera
D415 D435 / D435i / D455 / D405
D435f DA435if D455f
Intel ®
RealSense E ~ ~ N N N
- - a a a a a
Vision
Processor D4
Standard
Stereo a X X X X
Imagers
Wide Stereo ~ ~ ~ ~
X a a a a
Imagers
Intel ®
RealSense E Standard
Depth Infrared a X X X X
Module Projector
Wide I'nfrared X 5 5 5 X
Projector
RGB color ~ ~ ~ ~ x
a a a a a
sensor
Inertial
Measurement X X a a X
Unit (IMU)
Notes:
1. For information regarding USB interoperabilty, r ef er to whitepaper AUSB I nteroa

Testing for Intel® RealSense E Cameras 0 - https://www.intelrealsense.com/usb -
interoperability _-testing -for -intel -realsense -cameras

2. D435f = D435with CLAREX® NIR-75N near -infrared filter () applied to cover glass, with
holes over projector and RGB sensor openings. Filter transmits near  -infrared light and
absorbs visible light. Fi | t er 6s tHMWi5mines s

3. D435if = D435i with CLAREX® NIR-75N near -infrared filter ~ applied to cover glass, with
holes over projector and RGB sensor openings. Filter transmits near  -infrared light and
absorbs visible light. Fi | t er 6s tHMWi5mines s

4. DA455f = D455 with CLAREX® NIR-75N near -infrared filter applied to cover glass, with

holes over projector and RGB sensor openings. Filter transmits near -infrared light and
absorbs visible light. Filterds thickness = 0.5 mm.

337029 -016 22


https://www.intelrealsense.com/usb-interoperability-testing-for-intel-realsense-cameras
https://www.intelrealsense.com/usb-interoperability-testing-for-intel-realsense-cameras

337029 -016

23



3

Component Specification

3.1

Vision Processor

D4 Camera System

Components

Table 3-1. Component Descriptions

3.2

3.3

337029 -016

Component Description
Host Processor Host Processor that receives Depth and other data streams from Vision
Processor D4
Vision Depth Imaging Processor with USB 2.0/ USB 3.1 Gen1l or MIPI interface

Processor D4

connection to Host Processor

Clock 24 MHz clock source for  Vision Processor D4
Serial Flash SPI1 16 Mb Serial Flash memory  for firmware storage
Memory

Stereo Depth
Module

Camera module with left and rightimager , color sensor A ,IR projector A

enclosed in a stiffener

Power Delivery

Processor D4 Board to deli ver and mana ge
and Stereo Depth Module.

Circuitry on motherboard/Vision
power to Vision Processor D4

Stereo Depth
Connector and
Interposer

motherboard/ Vision Processor D4 Board and Stereo

for connection

50-pin connector on
Depth module  with interposer

Note:

( ASKU dependent

Host Processor

The h ost processor
1 or MIPI . To ensure the best of
be connected to a dedicated

system.

Intel

The primary functi
processing. The Vision Processor
Vision Processor
USB2.0/ USB 3.1 Gen1 or MIPI
module . The Vision Processor

interfac e to Vision Processor D4
quality of service, the Vision Processor D4
USB 3.1 Gen 1 root port within the host processor

must

® RealSense E Vision Processor D4

on of Vision Proces sor D4 is to perform  depth stereo vision

D4 Board communicates to the host processor through
and receives se nsor data from the stereo depth
D4 supports MIPI CSI-2 channels for

to the image sensors.

is either USB 2.0/ USB 3.1 Gen

D4 on the Host Proc essor motherboard or on the

the connection



3.3.1

Vision Processor D4 Features

= =

= =4 -4 —a —a -8 -9

28 nm CMOS process technology

5 MIPI camera ports with each MIPI lane capable of handling data transfers of
up to 750 Mb  ps

USB 2.0/ USB 3.1 Gen1 or MIPI interface to host system

Image rectification for camera optics and alignment compensation

IR Projector (laser) controls

Serial Peripheral Interface for fast data tran sfer with external SPI flash
Integrated |  2C ports

General purpose Input  /Output pins

Active power gating

3.3.2 Vision Processor D4 Signal Description
Table 3-2. Vision Processor D4 Signal Descriptions
RESERVED i Signal reserved for future usage
IO Type - Input /Output Buffer type
A T Analog
I 7 Input
O - Output
) _ 10 After
Signal Name Description Type RESET
Host MIPI
H_DATAPO ) ) .
Host MIPI Data Lane O Differential Pair A |
H_DATANO
H_DATAP1 ) . .
- Host MIPI Data Lane 1 Differential Pair A |
H_DATAN1
H_DATAP2 ) ) )
- Host MIPI Data Lane 2 Differential Pair A |
H_DATAN2
H_DATAP3 ) ) )
- Host MIPI Data Lane 3 Differential Pair A |
H_DATANS3
H_CLKP ) . o
- Host MIPI Clock Differential Transmit Pair A |
H_CLKN
H_SDA
- Host | 2C Bus Data and Clock 1’0 10
H_SCL
0 }
H_REXT Host MIPI External Reference 6.04K 1% resistor pull down A |
to ground)
Imager A MIPI
A_DATAPO Imager A MIPI Data Lane 0 Differential Receive Pair ‘ A ‘ |
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) o 10 After
Signal Name Description Type RESET
A_DATANO
A_DATAP1 . . . .
- Imager A MIPI Data Lane 1 Differential Receive Pair A |
A_DATAN1
A_CLKP . . . .
- Imager A MIPI Clock Differential Receive Pair A |
A_CKLN
A_SDA
- Imager Al 2C Bus Data and Clock 1’0 10
A_SCL
A_RCLK Imager A Reference Clock 110 (0]
A_PDOWN (RESERVED) Imager A Power Down Signal 110
A_VSYNC Imager A Vertical/Frame Sync 110 |
A_RESETN Imager A Reset 110 (0]
0 .
A REXT Imager A MIPI External Reference (6.04K 1% resistor pull A |
- down to ground)
Imager B MIPI
B_DATAPO (RESERVEP) Imager B MIPI Data Lane 0 Differential
Receive Pair A |
B_DATANO
B_DATAP1 (RESERVED) Imager B MIPI Data Lane 1 Differential A |
B_DATAN1 Receive Pair
B_CLKP . . . :
(RESERVED) Imager B MIPI Clock Differential Receive Pair A |
B_CKLN
B_SDA
(RESERVED) Imager B 1 2C Bus Data and Clock 110 10
B_SCL
B_RCLK (RESERVED) Imager B Reference Clock 110 O
B_PDOWN (RESERVED) Imager B Power Down 110
B_VSYNC (RESERVED) Imager B Vertical/Frame Sync I/0 |
B_RESETN (RESERVED) Imager B Reset 110 (e}
0 .
B_REXT Imager B MIPI External Reference (6.04K 1% resistor pull A |
down to ground)
Imager M MIPI
M_DATAPO ) ) ) )
Imager M MIPI Data Lane O Differential Receive Pair A |
M_DATANO
M_DATAP1 ) ) ) )
Imager M MIPI Data Lane 1 Differential Receive Pair A |
M_DATAN1
M_CLKP ) . ) )
Imager M MIPI Clock Differential Receive Pair A |
M_CKLN
M_SDA
- Imager M | 2C Bus Data and Clock 1/0 10
M_SCL
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) - 10 After
Signal Name Description Type RESET
M_RCLK Imager M Reference Clock 110 (0]
M_PDOWN (RESERVED) Imager M Power Down 110 O
M_VSYNC Imager M Vertical/Frame Sync 110 |
M_RESETN Imager M Reset 110 (0]
o
M REXT Imager M MIPI External Reference (6.04K 1% resistor pull A |
- down to ground)
Imager Y MIPI
Y_DATAPO ) ) ) )
. Imager Y MIPI Data Lane 0 Differential Receive Pair A |
Y_DATANO
Y_DATAP1 ) ) ) ]
- Imager Y MIPI Data Lane 1 Differential Receive Pair A |
Y_DATAN1
Y_CLKP ) ) ) )
- Imager Y MIPI Clock Differential Receive Pair A |
Y_CKLN
Y_SDA
- Imager Y | 2C Bus Data and Clock 110 10
Y_SCL
Y_RCLK Imager Y Reference Clock 110 O
Y_PDOWN (RESERVED) Imager Y Power Down 110
Y_VSYNC Imager Y Vertical/Frame Sync 110 |
Y_RESETN Imager Y Reset 110 O
o
Y REXT Imager Y MIPI External Reference (6.04K 1% resistor pull A |
- down to ground)
Imager Z MIPI
Z_DATAPO (RESERVED) Imager Z MIPI Data Lane 0 Differential A |
Z_DATANO Receive Pair
Z_DATAP1 (RESERVED) Imager Z MIPI Data Lane 1 Differential A |
Z_DATAN1 Receive Pair
Z_CLKP ) . ) )
(RESERVED) Imager Z MIPI Clock differential Receive Pair A |
Z_CKLN
Z_SDA
(RESERVED) Imager Z | 2C Bus Data and Clock I/0 10
Z_SCL
Z_RCLK (RESERVED) Imager Z Reference Clock I/0 O
Z_PDOWN (RESERVED) Imager Z Power Down I/0 O
Z_VSYNC Depth Vertical/Frame Sync I/0 O
Z_RESETN (RESERVED) Imager Z Reset 110 (e}
o ;
7 REXT Imager Z MIPI External Reference (6.04K 1% resistor pull A |
— down to ground)
Serial Peripheral Interconnect (SPI)
27
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Signal Name Description T;/(;e R,Aét;rz.r
SPI_DI SPI| Data Input 1/0 |
SPI_DO SPI Data Output 110 e}
SPI_CLK SPI Clock O
SPI_CS SPI Chip Select O
SPI_WP Flash Write Protect O

General Purpose Input Output (GPIO)
GPIO[0] (RESERVED) Not Defined 110 I
GPIO[1] (RESERVED) Not Defined 1/0 |
GPIO[2] Laser PWM i Controls Laser Power for IR projector on 1/0 O
Stereo Module
GPIO[3] (RESERVED) Not Defined 110 I
GPIO[4] (RESERVED) Not Defined 110 I
GPIO[5] (RESERVED) Not Defined 110 I
GPIO[6] (RESERVED) Not Defined 110 |
GPIO[7] (RESERVED) Not Defined 110 110
EGPIO[0] (RESERVED) Not Defined 110 110
EGPIO[1] (RESERVED) Not Defined 110 110
EGPIO[2] (RESERVED) Not Defined 110 110
EGPIOI[3] Laser_ PWRDN - IR projector Power Down Signal 110 O
EGPIO[4] (RESERVED) Not Defined 110 110
EGPIOI[5] FLAGB i IR Projector Fault Detect 110 |
EGPIO[6] (RESERVED) Not Defined 110 110
EGPIO[7] (RESERVED) Not Defined 110 110
EGPIO[8] ISP_FCS (Color ISP) I/0 o
EGPIO[9] (RESERVED) Not Defined I/0 I/0
EGPIO[10] (RESERVED) Not Defined I/0 I/0
EGPIO[11] (RESERVED) Not Defined I/0 I/0
EGPIO[12] (RESERVED) Not Defined 110 I/0
EGPIO[13] (RESERVED) - For Intel test purpose only I/0 /0
Miscellaneous
LD_ON_OUT_XX (RESERVED) Laser Enable O O
MODSTROB (RESERVED) Modulation current strobe (0] (0]
MODSIGN (RESERVED) Modulation current sign O O
LD_ERR Laser Error (Active High) | |
CLKXI 24 MHz XTAL | |
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Signal Name Description T;/(;e R,Aét;rz.r
CLKXO 24MHz XTAL | |
PRSTN D4 Reset | |
CW_CSR_PRSTn Hardware reset without debug port reset 1/0 |
PMU_PWR_EN Switchable domain (VDD_PG) power control signal 110 (0]
DFU Dynamic FW update, used for FW recovery 1/0 |
ISP_SCL
ISP:SDA 12C Bus Data and Clock I/0 10
VQPSQ (RESERVED) i For Intel test purpose only
VQPSM (RESERVED) i For Intel test purpose only O (6]
REFPADCLKP (RESERVED) i For Intel test purpose only | |
REFPADCLKM (RESERVED) i For Intel test purpose only | |

JTAG
TDI Test Data Input 110 |
TDO Test Data Output 110 O
TCLK Test Clock Input 110 |
T™MS Test Mode Select 110 |
TRSTN Test Reset 110 |
USB
USB_RXP USB 3.1 Gen 1 receive, positive side A |
USB_RXN USB 3.1 Gen 1 receive, negative side A |
USB_TXP USB 3.1 Gen 1 Transmit, positive side A
USB_TXN USB 3.1 Gen 1 Transmit, negative side A
USB_DP USB 2.0 D+ line A 10
USB_DN USB 2.0 D - line A 10
USB_ID Mini - receptacle identifier and test point
USB_RESREF Reference Resistor input. 200 Ohm 1% A |
Power and Ground
VDD 0.9 V (Core Voltage) Power
VDD_PG 0.9 V (Switched Core Voltage) Power
USB_DVDD 0.9 V (USB Core Voltage) Power
VPTX0 0.9 V (USB Core Voltage) Power
VP 0.9 V (USB Core Voltage) Power
*_ AVDD 1.8 V (MIPI Core and IO Voltage) Power
VDDPLL 0.9 V (PLL Voltage) Power
29




Signal Name Description T;/(ge RAEﬂ;r;T
VDDTS 1.8 V (Temperature Sensor Voltage) Power
VDDPST18 1.8 V (IO Voltage) Power
USB_VDD330 3.3 V (USB Core Voltage) Power
VBUSO 3.3 V (VBUS power monitor) Power
VSS Ground GND
* AGND Ground GND

Table 3-3.Hardware Straps
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. Boot o
Pin Load HW/FW Description

EPGPIOO No FW USB connection type:

0: Peripheral (default)

1: Integrated
EGPIO4 Yes HW SPI Interface:

0: SPI on AZzZo

1: SPI connected (default)
EPGPIO7 Yes FW Flash

00: 64 Mb

01: 8 Mb
EPGPIOS8 10: 16 Mb (default)

11: 32 Mb
EPGPIO9 No FW Host interface:

0: USB (default)

1: MIPI
EPGPIO10 No FW Board version [0] (default: 0)
EPGPIO11 No FW Board version [1] (default: 0)
EPGPIO12 No FW Board version [2] (default: 0)
DFU Yes HW Go to DFU

0: Disabled (default)

1: Go to DFU mode (Recovery)

Notes :

1. BootlLoad i Read during Boot

2. Hardware (HW) Strap

functionality

3. Firmware (FW) Strap
firmware configure

s D4 functionality

i External hardware pin state directly configures D4

i External hardware pin state is read by firmware and

30




3.3.3

Table 3-4. Vision Processor D4 Package

337029 -016

Vision Processor D4 Package Mechanical Attributes

The Table below provides an overview of the mechanical attributes of the package.

Mechanical Attributes

Parameter

Description

Value

Package Technology

Package Type

Flip Chip CSP (Chip Scale Package)

Interconnect Ball Grid Array (BGA) Ball
Lead Free Yes
Halogenated Flame Retardant Free Yes
Package Configuration Solder Ball Composition SAC125Ni

Ball/Pin Count

225 solder balls

Grid Array Pattern 15x 15
Package Dimensions Nominal Package Size (mm) 6.40 x 6.40
Min Ball/Pin pitch (mm) 0.42
Weight ~19
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Figure 3-1. Vision Processor D4 Package Drawing
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Figure 3-2. Vision Processor D4 Ball -out
Al B|C|D|E]| F|G H J K L|M|N Pl R
15 | vss |v.oaTAaND Y REXT Y_SCL| GPIO_0| GPIO_1| GPIO_5| GPIO_6| MODSTROB  TMS | TRSTN|SPI_WPRSPI_MISEw.eserspv VSS || 15
14 | Y_CLKN Y_CLKRY_DATAPD Y_RCLK Y_SDA|Y_RESETNGPIO_2| GPIO_3{MODSIGN TCLK | TDO | SPI_CLKSPI_MO$Z_RESETR_VSYNG 14
13 |Y_DATANLY DATAPL VSS | VSS |Y_PDOWNY_VSYNCGPIO 4| GPIO_7| LD_ERRwovorsk TDI | SPI_CY z SDA|z paTAPD z RCLH| 13
12 |eoATAND B SCL| B SDA|Y_AVDD VSS | VSS |voesmawstr VSS | VSS |veoesmeisft VSS | VSS | Z SCL| Z CLKRZ.DATANY ] 2
11 | B.CLKNBDATAPDB REXT VSS | VvsSs | vss | vbD | vDD | VDD | VvsS | VSs |z AvDOz Ppowhz DaTAPLZ CLKN| 17
10 |B_baTant B_CLKHB_RESET®_AVDQ VDD_PGVDD_PGVDD_PG VDD | VDD |VDD_PGVDD_PG ISP_SC| z REXTM_bATAPIZ DATANE 1 ()
O  |H_DATANBB_DATAPIB_PDOWN VSS |VDD_PGVDD_PGVDD_PG VSS | VSS [VDD_PGVDD_PG VSS |ISP_SDAM CLKAMDDATANY O
8 |H_DATANPH_DATAPBB_VSYNC VSS | VSS |VDD_PGVDD_PG VSS | VSS | VvSS | vss | vss | vsS [MDAataPpM CLKN| 8
7 | H.CLKNH_DATAPEB_RCLHH_AVDD VSS | VSS | VSS | VSS | VSS |VDD_PGVDD_PGM_AVDM_RESETM_PDOWNM_DATANY 7/
O |H_DATANL H_CLKRH H_AVDOREFPADCLI®EFPADCLM VSS | VDD | VDD | VSS |VDD_PGVDD_PGM REXTM_VSYNCM SDA| M_RCLK| 6
5 |H_DATANDH_DATAPLH_REXT VP | USBID| vDD | VDD | VDD | VvsSS | vss | vss | vss | vss |apatarl M scL|| 5
4 | H_SCL|H_DATAPpuUss voD3®h VPTXO|USB_RESREISB_DVDD VSS | VSS |veorsmarcir VSS | VSS | A_AVDD A_REXT A_CLKRA DATANY 4
3 |usB_RXNH_SDA| PRSTN| USB_DH EGPIO_[EGPIO_J1VDDTS| VSSTS|veersrarcs puu_pwr el VQPSQ VQPSMA_PDOWNA DATAPD A CLKN| 3
2 |usB_TXNUSB_RXP DFU |USB_DN EGPIO_{EGPIO_13VDDPLI VSSPLIEGPIO_fEGPIO_JEGPIO_BEGPIO_f#f A_SCL| A_RCLHA DATANY 2
1 VSS |USB_TXP VBUSO| EGPIO_BEGPIO_JEGPIO_BCLK_XINCLK_XOUEGPIO_1(EGPIO_PEGPIO_{A_VSYNCA_SDA|A_RESETN VSS 1
A|B|C|D|E|F|G|H|J|K|L|M|N|P|R

Table 3-5. Vision Processor D4 Ball -out by Signal Name
Ball Name Ball Name Ball Name
A0l H_AGND BO1 USB_TXP Cco1 VBUSO
A02 USB_TXN B02 USB_RXP C02 DFU
A03 USB_RXN BO3 H_SDA Cco3 PRSTN
A04 H_SCL B0O4 H_DATAPO Co4 USB_VDD330
A05 H_DATANO B05 H_DATAP1 C05 H_REXT
A06 H_DATAN1 B06 H_CLKP Co06 H_AVDD
A07 H_CLKN B0O7 H_DATAP2 Cco7 B_RCLK

337029 -016
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Ball Name Ball Name Ball Name
A08 H_DATAN2 B08 H_DATAP3 Cco8 B_VSYNC
A09 H_DATAN3 B09 B_DATAP1 C09 B_PDOWN
Al10 B_DATAN1 B10 B_CLKP C10 B_RESETN
All B_CLKN B11 B_DATAPO Cl1 B_REXT
Al12 B_DATANO B12 B_SCL c12 B_SDA
Al13 Y_DATAN1 B13 Y_DATAP1 C13 Y_AGND
Al4 Y_CLKN B14 Y_CLKP Cl4 Y_DATAPO
Al5 Y_AGND B15 Y_DATANO C15 Y_REXT
D01 EGPIO_6 EO1 EGPIO_7 FO1 EGPIO_8
D02 USB_DN E02 EGPIO_9 F02 EGPIO_13
D03 USB_DP EO3 EGPIO_1 FO3 EGPIO_11
D04 VPTX0 E04 USB_RESREF FO4 USB_DVDD
D05 VP EO05 USB_ID FO5 VDD
D06 REFPADCLKP E06 REFPADCLKM FO6 VSS
D07 H_AVDD EO7 H_AGND FO7 VSS
D08 B_AGND EO08 VSS FO8 VDD_PG
D09 B_AGND E09 VDD_PG FO09 VDD_PG
D10 B_AVDD E10 VDD_PG F10 VDD_PG
D11 VSS El1l VSS F11 VSS
D12 Y_AVDD E12 VSS F12 VSS
D13 VSS E13 Y_PDOWN F13 Y_VSYNC
D14 Y_RCLK El4 Y_SDA F14 Y_RESETN
D15 Y_SCL E15 GPIO 0 F15 GPIO 1
G01 CLK_XIN HO1 CLK_XOUT Jo1 EGPIO_10
G02 VDDPLL HO02 VSSPLL J02 EGPIO_5
GO03 VDDTS HO3 VSSTS JO3 VDDPST18_RIGHT
G04 VSS HO4 VSS Jo4 VDDPST18_RIGHT
GO05 VDD HO5 VDD JO5 VSS
G06 VDD HO6 VDD JO6 VSS
GO7 VSS HO7 VSS JO7 VSS
G08 VDD_PG HO8 VSS Jo8 VSS
G09 VDD_PG HO9 VSS J09 VSS
G10 VDD_PG H10 VDD J10 VDD
G11 VDD H11 VDD Ji1 VDD
G12 VDDPST18_LEFT H12 VSS J12 VSS
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Ball Name Ball Name Ball Name
G13 GPIO_4 H13 GPIO_7 J13 LD_ERR
G14 GPIO_2 H14 GPIO_3 J14 MODSIGN
G15 GPIO_5 H15 GPIO_6 Ji5 MODSTROB
K01 EGPIO_2 LO1 EGPIO_O MO1 A_VSYNC
K02 EGPIO_12 LO2 EGPIO_3 MO02 EGPIO_4
K03 PMU_PWR_EN L03 VQPSQ MO03 VQPSM
K04 VSS LO4 VSS MO04 A_AVDD
K05 VSS LO5 VSS MO5 VSS
K06 VDD_PG L06 VDD_PG MO06 M_REXT
K07 VDD_PG LO7 VDD_PG MO7 M_AVDD
K08 VSS LO8 VSS M08 M_AGND
K09 VDD_PG LO9 VDD_PG M09 M_AGND
K10 VDD_PG L10 VDD_PG M10 ISP_SCL
K11 VSS L11 VSS M11 Z_AVDD
K12 VDDPST18_LEFT L12 VSS M12 VSS
K13 LD_ON_OUT_XX L13 TDI M13 SPI_CS
K14 TCLK L14 TDO M14 SPI_CLK
K15 T™MS L15 TRSTN M15 SPI_WPN
NO1 A_SDA PO1 A_RESETN RO1 A_AGND
NO2 A_SCL P02 A_RCLK RO2 A_DATANO
NO3 A_PDOWN P03 A_DATAPO RO3 A_CLKN
NO4 A_REXT P04 A_CLKP RO4 A_DATAN1
NO5 A_AGND P05 A_DATAP1 RO5 M_SCL
NO6 M_VSYNC P06 M_SDA RO6 M_RCLK
NO7 M_RESETN PO7 M_PDOWN RO7 M_DATANO
NO8 VSS P08 M_DATAPO RO8 M_CLKN
NO9 ISP_SDA P09 M_CLKP RO9 M_DATAN1
N10 Z_REXT P10 M_DATAP1 R10 Z_DATAN1
N11 Z_PDOWN P11 Z_DATAP1 R11 Z_CLKN
N12 Z_SCL P12 Z_CLKP R12 Z_DATANO
N13 Z_SDA P13 Z_DATAPO R13 Z_RCLK
N14 SPI_MOSI P14 Z_RESETN R14 Z_VSYNC
N15 SPI_MISO P15 CW_CSR_RSTN R15 Z_AGND
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Table 3-6. Vision Processor D4 Power Requirements

3.35

Vision Processor D4 Power Requirements

The Vision Processor D4 requires the

following power supplies for operation.

Voltage Ball Name '\(/l\'/r; Nor(rs/i;]al '\?\a};( Peak(ﬁz;rent
VDD 0.85 0.9 0.95 04 A
VDD_PG 0.85 0.9 0.95 1.6 A
USB_DVDD 0.81 0.9 0.99 02 A
VPTX0 0.81 0.9 0.99 02 A
VP 0.81 0.9 0.99 02 A
*AVDD 1.71 1.8 1.89 02 A
VDDPLL 0.85 0.9 0.95 02 A
VDDTS 1.71 1.8 1.89 02 A
VDDPSTRlish(Se“ and 171 18 1.89 02 A
USB_VDD330 3.13 3.3 3.46 0.2 A
Vision Processor D4 Power Sequencing
The timing requirement for power sequencing is listed below and shown in the
following figure.
1. Hold Vision Processor D4 in reset
2. Ramp up power in the 3.3 V rail
3.  Ramp up power in the 0.9 V rail
4. Ramp up power in the 1.8 V rail
5. Release Vision Processor D4 Reset
Table 3-7. Vision Processor D4 Power Sequencing Timing Parameters
Parameter Value Units Label
0.9 Vstableto 3.3 V stable >= 50 us T1
PMU_PWR_EN to 0.9 V Stable >= 50 us T2
1.8 Vstableto 0.9 V Stable >= 50 us T3
PRSTN (D4 RESET) assertionto 1.8  V stable 15 us T4

337029 -016
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Figure 3-3. Vision Processor D4 Power Sequencing
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Note:  Vision Processor D4 has no  specific power down sequence requirement.

3.3.6 Vision Processor D4 Spec Code
The spec code is an identification mark printed on Vision Processor D4.

Table 3-8. Vision Processor D4 SPEC Code

Vision Processor D4 SPEC CODE

Production (Shipped in Tape and Reel) SLLY5

Production (Shipped in Tray) SLM6B

3.3.7 Vision Processor D4 Storage and Operating Conditions

Table 3-9. Vision Processor D4 Storage and Operating Conditions
Condition Description Min Max Unit
Storage (Still Air ), Not Temperature (Sustained 0 85 oc
Operating Controlled) @
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3.3.8

3.4

3.5

3.6

Table 3-10 . Stereo Depth Module

337029 -016

Temperaturg) (Short -40 85 oc
Exposure)
Humidity Temperature/ RH: 40  °C/90%
Operating, Component °
Case Temperature @ Temperature 0 85 c
Notes :
1. Controlled conditions should be used for long -term storage of product

2. Short exposure represents temporary max limits acceptable for transportation

conditions
3. Component case temperature limits must be met during operation
Vision Processor D4 Thermals
The thermal design should be such that Vision Processor D4 does not exceed
component case temperature limit. Care must also be taken to make sure that the
Vision Processor D4 heat is not transferred to other components of the imaging

system or stereo depth

module. It is best to thermally isolate Vision Processor D4

from the stereo  depth module.

Clock

Vision Processor D4 requires a single 24 ~ MHz clock oscillator. All  clocks required by
stereo depth  module are generated by Vision Processor D4.

Serial (SPI) Flash Memory

Vision Processor D4 requires 16 Mb Serial Flash Memory  for its firmware storage.
The recommended part number is IS25WP016 (www. issi.com) or equivalent

Stereo Depth Module

The stereo depth  module components are described in Table 3 -10. The st ereo
depth printed circuit board and components are encapsulated in a common metal

stiffener.

Component

Description

Left and Right Imagers

2 image sensors

Infrared (IR) Projector ~ ©@

Class 1 laser compliant (optional)

Color Sensor

RGB image sensor (optional)

Depth Module Connector

50 - pin connector plug
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Stiffener Reinforcement housing to keep imagers aligned

Label Manufacture and product identifier information

Other Components Laser driver , EEPROM, voltage regulators , etc.

Note:

(1) IR projector is considered Class 1 when integrated into Intel® RealSense E Depth
Cameras . Also considered Class 1~ when depth module  is paired with  Intel®
RealSense E Vision Processor D4 Board  and integration guidelines in this
datasheet are used.
Figure 3-4. Stereo Depth Module (Intel ® RealSense E Depth Module D410)

Inkel SROOC
o ©‘ XUOLOXA-XK
CWUS

Right Module IR Camera Left
Imager Label Projector Connector Imager

Figure 3-5. Stereo Depth Module (Intel ® RealSense E Depth Mo dule D430)

Module Label

Camera
Right Imager IR Projector Connector Left Imager

Figure 3-6. Stereo Depth Module (Intel ® RealSense E Depth Module D450)

Module Label ‘

gL ] ©g%E§SfEL iﬁ

Connector

Right Imager RGB Imager IR Projector _‘amera Left Imager ‘
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Figure 3-7. Stereo Depth Module (Intel ® RealSense E Depth Module D4 01)
Right Imager Left Imager
Camera
Connector
Table 3-11 . Stereo Depth Module SKU Properties
Intel © Intel © Intel © Intel © Intel ©
Stereo RealSense E |RealSense E [RealSense E |[RealSense E |RealSense E
Module Depth Depth Depth Depth Depth
Module Module Module Module Module
D410 D415 D430 D450 D401
Baseline 55 mm 55 mm 50 mm 95 mm 18 mm
LefURight Standard Standard Wide Wide Wide
Imagers Type
DHngt(qgg)v H:65/V:40/ H:65/V:40/ H:87 /V:58/ H:87 /V:58/ H:84 /V:58/
) D:72 D:72 D:95 D:95 D:92
(degrees)
I\D;g);h(zg;/ H:50/V:40/ H:50/V:40/ H:75/V:62/ H:75/V:62/ )
' D:61 D:61 D:89 D:89
(degrees)
IR Projector Standard Standard Wide Wide -
IR Projector H:67 /V:41/ H:67 /V:41/ H:90/V:63/ H:90/V:63/ )
FOV D:75 D:75 D:99 D:99
Color Sensor - OVv2740 - 0oVv9782 0oVv9782
Color Camera ) H:69/ V:42 | ) H:90/V:65/ H:84/V:58/
FOV D:77 D:98 D:92
Module X=74.7 mm X=83.7 mm X=70.7 mm X=119.5 mm X=36.5 mm
Dimensions Y=10 mm Y=10 mm Y=14 mm Y=17.4 mm Y=19.4 mm
(mm) Z=4.7 mm Z=4.7 mm Z=10.53 mm Z=10.53 mm Z=10.5 mm
Notes :
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H = Horizonal FOV, V = Vertical FOV, D = Diagonal FOV, X = Length, Y =
= Thickness

Depth FOV specified at 0.2 m for D401 and at 2 m for other modules



3. Due to mechanical tolerances of + 5%, Max and Min FOV values can vary from lens

to lens and module to module by

3.6.1 Left and Right Imagers

The stereo depth module has two camera

~ + 3 degrees

sensors referred  to here as imagers ;

they are identical parts and are configured with identical settings. The imagers are

|l abeled flefto and
outward. The stereo imager pa

imager field of view.

Table 3-12 . Standard Left and Right Imager Properties

irighto
irs are referred a

from
s Standard or

the perspective
Wide based on

I D410/D 415

Parameter

Camera Sensor Properties

Image Sensor

OmniVision Technologies OV2740

Active Pixels 1920 x 1080
Sensor Aspect Ratio 16:9

Format 10-bit RAW

F Number /2.0

Focal Length 1.88 mm
Filter Type None

Focus Fixed

Shutter Type Rolling Shutter

Signal Interface

MIPI CSI -2, 2X Lanes

Horizontal Field of ~ View 71°+1°
Vertical Field of View 44°+ 1 °
Diagonal Field of View 79°+1°
Distortion <= 1.5%

Table 3-13.Wide Left and Right Imager Properties i D430
Parameter Camera Sensor Properties
Image Sensor OmniVision Technologies 0OV9282
Active Pixels 1280 x 800
Sensor Aspect Ratio 8:5
Format 10-bit RAW
F Number /2.0
Focal Length 1.93 mm
Filter Type None
Focus Fixed
Shutter Type Global Shutter

337029 -016
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Parameter

Camera Sensor Properties

Signal Interface

MIPI CSI -2, 2X Lanes

Horizontal Field of View 90°+1°
Vertical Field of View 64°+1°
Diagonal Field of View 98+1 °
Distortion <= 1.5%
Table 3-14 . Wide Left and Right Imager Properties i D450

Parameter

Camera Sensor Properties

Image Sensor

OmniVision Technologies OV9782

Active Pixels 1280 x 800
Sensor Aspect Ratio 8:5

Format 10-bit RAW

F Number /2.0

Focal Length 1.93 mm
Filter Type None

Focus Fixed

Shutter Type Global Shutter

Signal Interface

MIPI CSI-2, 2X Lanes

Horizontal Field of View 90°+1°
Vertical Field of View 64°+1°
Diagonal Field of View 98+1 °
Distortion <= 1.5%
Table 3-15. Wide Left and Right Imager Properties i D401
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Parameter

Camera Sensor Properties

Image Sensor

OmniVision Technologies 0OV9782

Active Pixels 1280 x 800
Sensor Aspect Ratio 8:5

Format 10-bit RAW

F Number /2.0

Focal Length 1.93 mm
Filter Type IR Cut Filter
Focus Fixed

Shutter Type Global Shutter

Signal Interface

MIPI CSI -2, 2X Lanes
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Horizontal Field of View 90 + 1°

Vertical Field of View 64 + 1°

Diagonal Field of View 98 + 1°

Distortion <= 1.5%
Note :

1. D401 Depth FOV specified at 200 mm

3.6.2 Infrared Projector

The infrared projector improves the ability of the stereo camera system to
determine depth by projecting a static infrared pattern on the scene to increase

texture on low texture scenes.

The infrared projector meets

safety standard under normal operation. The power delivery and laser safety

circuits a re on the stereo depth

module. The infrared projector is referred as

Standard or Wide based on field of projection.

the Class 1 laser

Table 3-16.Standard (D41x) Infrared Projector Parameters
Parameter Properties
Projector Infrared
Pattern Type Static

Illuminating Component

Vertical -cavity surface -emitting laser (VCSEL) + Optics

Laser Controller

PWM

Optical Power

360 mW average

Laser Wavelength

850 nm = 10 nm nominal @ 20°C

Cameras. Also considered Class 1 when depth module is paired with
Vision Processor D4 Board and integration guidelines are used.

Laser Compliance © Class 1, IEC 60825 -1:2007 Edition 2, IEC 60825  -1:2014
Edition 3
Horizontal Field of Projection 64°+£3°
Vertical Field of Projection 41°£3°
Diagonal Field of Projection 72°+3°
Note:
(*) IR projector is considered Class 1 when integrated into Intel® RealSense E Depth

Intel® RealSense E

Table 3-17 .Wide (D43x, D45x)

Infrared Projector Parameters

Parameter

Properties

Projector

Infrared

Pattern Type

Static

llluminating Component

Vertical -cavity surface -emitting laser (VCSEL) + optics

Laser Controller

PWM

337029 -016
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Parameter

Properties

Optical Power

360mW average

Laser Wavelength

850nm * 10 nm nominal @ 20°C

Laser Compliance Class 1, [EC 60825 -1:2007 Edition 2, IEC 60825  -1:2014
Edition 3
Horizontal Field of Projection 90°+3°
Vertical Field of Projection 63°+3°
Diagonal Field of Projection 99°+3°
Note:
(*) IR projector is considered Class 1 when integrated into Intel® RealSense E Depth

Cameras. Also considered Class 1 when depth module is paired with Intel® RealSense E

Vision Processor D4 Board and integration gui delines are used.

3.6.3 Color Sensor
The c olor sensor on the stereo depth module , in additionto  generating a color
image , provides texture information. Usages for the texture information include
overlay on a depth image to create a color ized point cloud and ov erlayona 3D
model for reconstruction.
Table 3-18. Color Sensor Properties i D415

Parameter Camera Sensor Properties

Image Sensor OmniVision Technologies 0OV2740

Color Image Signal Processor Discrete

Active Pixels 1920 x 1080
Sensor Aspect Ratio 16:9

Format 10-bit RAW RGB
F Number /2.0

Focal Length 1.88 mm

Filter Type IR Cut Filter
Focus Fixed

Shutter Type Rolling Shutter

Signal Interface MIPI CSI -2, 1 Lane

Horizontal Field of  View 69.4°
Vertical Field of View 425°
Diagonal Field of View 77°
Distortion <= 1.5%
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Table 3-19 . Color Sensor Properties

D450

Parameter

Camera Sensor Properties

Image Sensor

OmniVision Technologies OV9782

Color Image Signal Processor Discrete
Active Pixels 1280 x 800
Sensor Aspect Ratio 16: 10

Format 10-bit RAW RGB
F Number /2.0

Focal Length 1.93 mm

Filter Type IR Cut Filter
Focus Fixed

Shutter Type Global Shutter

Signal Interface

MIPI CSI -2, 1 Lane

Horizontal Field of View 90°
Vertical Field of View 65°
Diagonal Field of View 98°
Distortion <= 1.5%
Table 3-20. Color Sensor Properties D401 *
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Parameter

Camera Sensor Properties

Image Sensor

OmniVision Technologies OV9782

Color Image Signal Processor Discrete
Active Pixels 1280 x 800
Sensor Aspect Ratio 8:5

Format 10-bit RAW

F Number /2.0

Focal Length 1.93 mm
Filter Type IR Cut Filter
Focus Fixed

Shutter Type Global Shutter

Signal Interface

MIPI CSI -2, 2X lanes

Horizontal Field of View 84 + 1°
Vertical Field of View 58 + 1°
Diagonal Field of View 92 + 1°
Distortion <=1.5%
Note :
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(*) D401 does not contain a dedicated RGB sensor. D 4 0 1 léfsdepth sensor provides RGB
data to the color ISP.

3.6.4 Depth Module Connector
The d epth module ¢ onnector provides the signal and power interfa  ce to the stereo
depth module. The connector  on the stereo depth module is a 50 -pin connector
plug.

Table 3-21. Depth Module 50 -pin Connector Plug Details

Parameter Description Diagram

Number of Contacts 50

NOVASTACK 35 -P

Product Name Plug Assembly

Part Number 20708 -050E

(THOUSING!

Manufacturer Website WWW.i -pex.com
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3.6.5

Table 3-22 . Stereo Depth Module Product Labeling

Table 3-23. Stereo Depth Module Product Labeling i D401, D450
odammeer F Dimension Value | Unit
A Label Width 17 mm
- B Label Height 6.9 mm
o C Scan Code Width mm
D ScanCode Height mm

Stereo Depth Module Label

T D410, D415, D430

QR CODE
BARCODE

For illustration purpose only, subject to

change

Dimension Value Unit
A Label Width 17 mm
B Label Height 6.9 mm
C Scan Code Width 5 mm
D Scan Code Height 5 mm

Scan Code Format

XXXXXXXXXXXXOOOO0O0O0XXXXXX - XXX

For illustration purpose only, subject to

change

Scan Code Format

XXXXXXXXXXXXOOOOOOXXXXXX - XXX

Table 3-24 . Stereo Depth Module Label Fields

337029 -016

Group Field Description Type
Company Intel Manufacturer Static
™
Model Number RealSense ™ Camera Module Model Number Static
D4XX
XXXXXX Product Identifier Code Static
Product Assembly XXX Manufacture Configuration Dynamic
Number Code
000000 Product Material Code Static
Serial Number HXXXXXXXXXXXX Manufacture Unit Code Dynamic
RRCPU ,
KCC ID Number KCC logo required format Static
-XXXX
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Note:

Product Material Code (MM code) within the QR code on the label of the device will read
Af000000O. The QR code MM code will be zero.

Table 3-25.Intel ©® RealSense E Depth Module D400 Series Product Identifier Code
and Product Material Code

Production Manuﬁ:;?:?uurgt(Iidoeangiuer;%gr? %ode ) Product Material Code
Depth Module D410 J32106 -100 951913
Depth Module D415 J32114 -100 952000
Depth Module D420 J51355 -100 956826
Depth Module D4 30 J42086 -100 954010
Depth Module D450 K83121 -100 999WCM
Depth Module D401 M31768 -100 99ACXA
3.6.6 Stiffener

The stiffener maintains the precise alignment of the camera sensors and assists in
subassembly rigidity. The stiffener consists of a bottom and a top plate. The
stiffener is of stainless steel grade AISI 304.

3.6.7 Temperature Sensor

The stereo depth  module is equipped with a thermal sensor that is use d for laser
safety control (IR Projector) . The Intel® RealSense E SDK 2.0 library provides
access to the thermal sensor readouts . Temp erature information does not reflect
the ambienttemp erature of the module .

3.6.8 Other Stereo Depth Module Components
Table 3-26. Other Stereo Depth Module Components
Component Description

Laser (IR The depth module implements a laser driver which controls the infrared

Projector) Driver laser within the infrared projector system.

Laser (IR The depth module implements a laser safety control circuit that adjusts

projector) laser drive output. When laser power and depth streaming is enabled and if

Thermal Control stereo depth module tempe rature is > 60° C, laser power is halved. If
temperature is not lowered below temperature limit within a certain
interval, the laser s shut off.

EEPROM The depth module implements flash memory for storing the calibration data
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3.6.9

Fork/Screw Mount

Secure placement and mounting to system/chassis

/heat sink

Voltage The stereo depth module implements  DC to DC voltage converter s
Regulator s
Mechanical Dimensions

Table 3-27.Intel ® RealSense E Depth Module D410 Mechanical Dimensions

Dimension Min Nominal Max Unit

Width 74.5 4.7 74.9 mm

Height 9.8 10 10.2 mm

Depth 4.5 4.7 4.9 mm

Flatness Tolerance 0 - 0.2 mm

Weight g W g

Table 3-28.Intel ® RealSense E Depth Module D415 Mechanical Dimensions

Dimension Min Nominal Max Unit

Width 89.5 89.7 89.9 mm

Height 9.8 10 10.2 mm

Depth 4.5 4.7 4.9 mm

Flatness Tolerance 0 - 0.2 mm

Weight 12 @ g

Table 3-29.Intel ® RealSense E Depth Module D430 Mechanical Dimensions

Dimension Min Nominal Max Unit

Width 70.5 70.7 70.9 mm

Height 13.8 14 14.2 mm

Depth 10.33 10.53 10.73 mm

Flatness Tolerance 0 - 0.2 mm

Weight 14 @ g

Table 3-30.Intel ® RealSense E Depth Module D4 50 Mechanical Dimensions

Dimension Min Nominal Max Unit

Width 119.3 119.5 119.7 mm

Height 17.2 174 17.6 mm

Depth 10.33 10.53 10.73 mm

Flatness Tolerance 0 - 0.25 mm
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3.6.10

3.6.11

Weight 30 @ g
Table 3-31. Intel ® RealSense E Depth Module D401 Mechanical Dimensions
Dimension Min Nominal Max Unit
Width 36.3 36.5 36.7 mm
Height 19.2 194 19.6 mm
Depth 10.3 10.5 10.7 mm
Flatness Tolerance - 0.15 - mm
Weight 12 @ g
Note:
(1) The weight can be +/ - 10% from the nominal.
Stereo Depth Module Power Sequence
Figure 3-8. Stereo Depth Module Power Sequence
I I
] ]
I
I I
I I
I I
3.3V : :
I |
I
I I
I I
I I
]
1.8V k—>=100us—x
I I
I I
Stereo Depth Module Storage and Powered Conditions
Table 3-32. Stereo Depth Module Storage and Powered Conditions
Condition Description Min Max Unit
Storage (Ambient), Not Temperature (Sustained, 0 50 oc
Powered © Controlled) @
Temperaturi (Short -40 70 oc
Exposure) @
Humidity Temperature / RH: 40 °C/90%
Case Temperature
Powered I(:)3)(4)(5)(6) Temperature 0 50 °c

337029 -016
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3.7

Notes :

(1) Controlled conditions should be used for long term storage of product

(2) Short exposure represents temporary max limits acceptable for transportation
conditions
(3) C ase temperature limits must be met for all temperatures when powered

(4) C ase temperature is specified for the overall depth module

(5) Case temperature 0° minimum and lower temperatures is non -condensin g

(6) Although all Key Performance Indicators (KPIs) are verified before
factory, KPIs may be negatively impacted by extended exposure to excessive
temperatures and humidity

Intel ® RealSense E Vision Pr ocessor D4 Board

The Vision Processor D4 Board enables an easy and quick option for system
integrators to integrate Vision Processor D4 into a system.

Table 3-33. Vision Processor D4 Board

Table

337029 -016

Type

Description

USB Peripheral
Type-C

Connects to Host USB 3.1 Gen 1 port through USB Type -C connector and
cable

Note : When connecting to host system, connect Type -C cable to camera
prior to connecting device to host system port.

3-34 . Vis ion Processor D4 Board Components

Components Description

Vision Processor D4

Stereo Depth Processing ASIC

16 Mb Serial Flash

Vision Processor D4 firmware storage

24 MHz Crystal

Clock source for Vision Processor D4

Realtek* ISP with external serial flash Color image signal processor

Depth Module Receptacle

50 - pin receptacle for connection to Stereo Depth
Module

USB Type -C

USB peripheral connector for connection to Host
USB 2.0/ USB3.1Gen1l port

External Sensor Sync Connector

Interface to external sensor interrupts/sync signals

Voltage Regulators

DC to DC converters powering Vision Processor D4
Board and stereo depth  modu le.

Mounting holes

Vision Processor D4 Board secure mounting
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Figure 3-9. Vision Processor D4 Board (V1 and V3) (USB Peripheral Type -C)

Vision Processor® sz:e'gltggfée
IEI===s] D H g I
5 [E;F Eﬂrggngg l‘r:wl D
=] OO0 S m s}
Sl C 000l = S0 ommy SH0A
En=ke I = A = i =
TS P
=
Bt et (1)
USB Typ€ External Sensor
Connector Sync Connector
Figure 3-10 . Vision Processor D4 Board (V4) (USB3 Peripheral Micro -B)
PIN #50 o

3.7.1 Mechanical Dimensions
Table 3-35. Vision Processor D4 USB Type -CV1/V3 Board Mechanical Dimensions
Dimension Min Nominal Max Unit
Width 72.2 72.4 72.6 mm
Height 15.8 16 16.2 mm
Depth 3.74 3.94 4.14 mm
Weight 3.56 3.96 4.36 g
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Table 3-36 . Vision Processor

3.7.2

D4 USB3 Micro -B V4 Board Mechanical Dimensions

Dimension Min Nominal Max Unit
Width 35.9 36 36.1 mm
Height 22.9 23 23.1 mm
Depth 2.48 2.63 2.78 mm
Weight 11 2.7 3.2 g

Depth Module Receptacle

The Vision Processor D4

Board interface to stereo depth module is through 50  -pin

receptacle on the board.

Table 3-37.Depth Module

3.7.3
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Receptacle Details

Parameter

Description Diagram

Number of Contacts

50

Product Name

NOVASTACK* 35 -P
Receptacle Assembly

Part Number

20709 -050E

Manufacturer Website

WWW.i -pex.com

Flex and Rigid Interposer Interconnect

The high -speed interposer a
-pin depth module
-pin depth module
receptacle on Vision Processor D4

connect into 50
end has the 50

-pin depth module  receptac le to

module , and at the other
-pin depth module

interposer is custom

t one end has the 50
plug on stereo depth

plug to connect into 50
Board . The high -speed flex

developed and procured by system integrator.
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Figure 3-11. Flex Interposer
(Mustration)

D415, D435, D435i,

D435f,

D435if,

D455 , D45 5f

Figure 3-12 . Rigid Interposer
(Mustration)

D415, D435, D435i,

D435,

D435if,

D455 , D455f
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Figure 3-13. Depth Module Receptacle and Plug Connector Pin Position i D415,
D435, D435i, D435f, D435if, D455 , D455f
[ 52 (VDD 3.3V) |
GND 2 1 RGB_RSTM
RGEB_MDPO 4 3 RGE_XCL
RGB_MDNO B 5 GND
GND 8 7 RGB_FSYMNC
RGB_MCP 10 g RGB_STROBE
RGEB_MCN 12 11 RGE_SDA
GND 14 13 RGB_SCL
MDPO_L 16 15 GMND
MDMNO_L 18 17 VDD18W
GMND 20 19 VDD18v
MCP_L 22 21 LED_PSY
MCM_L 24 23 DVSYNC
GND 26 25 MNC
MDP1_L 28 27 KVCLE_L
MDMN1_L 30 29 GND
GND 32 31 ST_RST_N
MDPO_R 34 33 FF_RS5Tn
MDMNO_R 36 35 GMND
GND 38 37 MVCOLK_R
MCP_FR 40 39 I2C_5CL
MCMN_R 42 41 I2C_SDA
GMND 44 43 LASER_PWM
MDP1_R 46 45 LASER_PWRDMN
MDM1_R 48 47 LASER_PWM1
GND 50 49 FLAGE
[ 51 (GND) |
Table 3-38. Interposer Interconnect Signal Description i D415, D435, D435i, D435f,
D435if, D455 , D455f
Position Qgiﬁergg:rrg / Depth Module Interconnect Description
1 RGB_RSTN_N RGB_RSTN_N |RGB Sensor Reset
2 GND GND Ground
3 RGB_XCL RGB_XCL RGB Sensor Clock
4 RGB_MDPO RGB_MDPO RGB Sensor MIPI Data Lane 0 differential pair positive
5 GND GND Ground
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Position Qilﬁert?(?:rrg ! Depth Module Interconnect Description

6 RGB_MDNO RGB_MDNO RGB _Sensor MIPI Data Lane 0 differential pair
negative

7 RGB_FSYNC RGB_FSYNC RGB Sensor Sync

8 GND GND Ground

9 RGB_STROBE RGB_STROBE |RGB Sensor Strobe

10 RGB_MCP RGB_MCP RGB Sensor MIPI Clock differential pair positive

11 RGB_SDA RGB_SDA RGB Sensor 12C Bus Data

12 RGB_MCN RGB_MCN RGB Sensor MIPI Clock differential pair negative

13 RGB_SCL RGB_SCL RGB Sensor 12C Bus Clock

14 GND GND Ground

15 GND GND Ground

16 MDPO_L MDPO_L Left Imager MIPI Data Lane 0 differential pair positive

17 VDD18V VDD18V 1.8 V Power

18 MDNO_L MDNO_L Left Imager MIPI Data Lane O differential pair
negative

19 VDD18V VDD18V 1.8 V Power

20 GND GND Ground

21 LED_PSY LED_PSY Privacy LED control signal

22 MCP_L MCP_L Left Imager MIPI Clock differential pair positive

23 DVSYNC DVSYNC VSYNC

24 MCN_L MCN_L Left Imager MIPI Clock differential pair negative

25 NC NC No Connect

26 GND GND Ground

27 XVCLK_L XVCLK_L Clock to Left Imager

28 MDP1_L MDP1_L Left Imager MIPI Data Lane 1 differential pair positive

29 GND GND Ground

30 MDN1_L MDN1_L Left Imager MIPI Data Lane 1 differential pair
negative

31 ST_RST_N ST_RST_N Reset signal to Left and Right Imager

32 GND GND Ground

33 FF_RSTn FF_RSTn Laser Error

34 MDPO_R MDPO_R E(i)gsriltivlénager MIPI Data Lane O differential pair

35 GND GND Ground

36 MDNO_R MDNO_R S;%r;ttil\:;ager MIPI Data Lane 0 differential pair
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Position Qiiﬁerl?(?:rrg ! Depth Module Interconnect Description
37 XVCLK_R XVCLK_R Clock to Right Imager
38 GND GND Ground
39 12C_SCL 12C_SCL 12C Bus Clock
40 MCP_R MCP_R Right Imager MIPI  Clock differential pair positive
41 12C_SDA 12C_SDA 12C Bus Data
42 MCN_R MCN_R Right Imager MIPI Clock differential pair negative
43 LASER_PWM LASER_PWM |[IR Projector Control Signal
44 GND GND Ground
45 LASER_PWRDN LASER_PWRDN [IR Projector Power Down
46 MDP1 R MDP1_R nght_ Imager MIPI Data Lane 1 differential pair
- positive
47 LASER_PWM1 LASER_PWM1 |IR Projector Control Signal
48 MDNL R MDN1_R Right .Imager MIPI Data Lane 1 differential pair
— negative
49 FLAGB FLAGB IR Projector Fault Detect
50 GND GND Ground
51 GND GND Ground
52 VDD33V VDD33V 3.3 V power
Figure 3-14. Depth Module Connector Orientation and Pin Position i D415, D435,
D435i, D435f, D435if, D455 , D455f
Stereo Depth Module Pin Positiort
P/N 2070805CE
Vision Processor4Xard Pin Positior
(T QIO P Te
m 1 d8 Lam g
= 0
SuzlE I E'E
[[;J] =
=0 g
+
T A (M) 18
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Figure 3-15 . Flex Interposer T

D4 01 (lllustration)

o

A
U

(o)

3]

Figure 3-16 . Depth Module Receptacle and Plug Connector Pin Position
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51, 52 (VDD 3.3V)

z i
4 3
6 5 GND
GND 8 7
10 9
12 11
GND 14 13
MDPO_L 16 15 GND
MDNO_L 18 17 VDD18V
GND 20 19 VDD18V
MCP_L 22 21
MCN_L 24 23 FSYNC
GND 26 25 FSTROBE
MDP1_L 28 27 XVCLK_L
MDN1_L 30 29 D
GND 32 31 RST_N
MDPO_R 34 33
MDNO_R 36 35 D
D 38 37 XVCLK_R
MCP_R 40 39 12C_SCL
MCN_R 42 41 12C_SDA

T D401
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MDP1 R 46 45
MDN1 R 48 47
50 49
53, 54 (GND)
Table 3-39. Interposer Interconnect Signal Description - D401
Position Qg{ﬁeﬁ%’l&:% Depth Module Position Interconnect Description
1 1
2 GND GND 2 Ground
3 3
4 4
5 GND GND 5 Ground
6 6
7 7
8 GND GND 8 Ground
9 9
10 10
11 11
12 12
13 13
14 GND GND 14 Ground
15 GND GND 15 Ground
16 MDPO_L MDPO_L 16 Lel_‘t Ima_g'er MIPI Data Lane 0 differential
pair positive
17 vVDD18V vDD18V 17 1.8 V Power
18 MDNO_L MDNO_L 18 I;;zﬁ Inrzggg\r/;vllPl Data Lane 0 differential
19 vVDD18V vDD18V 19 1.8 V Power
20 GND GND 20 Ground
21 21
22 MCP_L MCP_L 22 Left_ I'mager MIPI Clock differential pair
positive
23 DVSYNC DVSYNC 23 VSYNC
24 MCN_L MCN_L 24 Left Imager MIPI Clock differential pair
negative
25 FSTROBE FSTROBE 25 Depth Strobe signal
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Position Qilﬁe?t?(?;% Depth Module Position Interconnect Description
26 GND GND 26 Ground
27 XVCLK_L XVCLK_L 27 Clock to Left Imager
28 MDP1_L MDP1_L 28 Left Imager MIPI Data Lane 1 differential
pair positive
29 GND GND 29 Ground
30 MDN1_L MDN1_L 30 Left Imager MIPI Data Lane 1 differential
pair negative
31 ST _RST_N ST _RST_N 31 Reset signal to Left and Right Imager
32 GND GND 32 Ground
33 33
34 MDPO R MDPO R 34 nght Imf;l_ger MIPI Data Lane O differential
- - pair positive
35 GND GND 35 Ground
36 MDNO R MDNO R 36 nght Imager MIPI Data Lane O differential
- - pair negative
37 XVCLK_R XVCLK_R 37 Clock to Right Imager
38 GND GND 38 Ground
39 12C_SCL 12C_SCL 39 12C Bus Clock
40 MCP R MCP R 40 R|ght_ Imager MIPI Clock differential pair
positive
41 12C_SDA 12C_SDA 41 I2C Bus Data
42 MCN_R MCN_R 42 Right .Imager MIPI Clock differential pair
negative
43 43
44 GND GND 44 Ground
45 45
46 MDP1 R MDP1 R 16 nght Im_gger MIPI Data Lane 1 differential
- - pair positive
47 47
48 MDN1 R MDN1 R 48 nght Imager MIPI Data Lane 1 differential
- - pair negative
49 49
50 GND GND 50 Ground
51 VDD33V
VDD33V 52 3.3 V power
52 VDD33V
53 GND GND 51 Ground
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Figure 3-17 . Depth Module Connector Orientation and Pin Position T D401

Table 3-40. Custom Flex Interposer Ordering Logistics

337029 -016

Vendor

Sales Contact

COCOM CONSUMER
ELECTRONICS LTD.

Name: Janine Langdale

Email: Janine.Langdale@cc -e.co.uk
Office phone:  +44 (0) 1444 461620
Mobile phone:  +44 (0) 7905 692131
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