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1 System Description

Many automotive applications require small form factors with reduced circuit area that enable compact and
modular systems. As a result, most cameras along with electronic components must meet this minimal area
constraint when designing ADAS camera applications. This reference design addresses these needs by
including a 1-megapixel imager, 1.9 Gbps serializer, and a single Power Management IC, and all components
contained within an area of an 18-mm x 18-mm circuit board. The only connection required by the system is a
single 50-Q coaxial cable.

A combined signal containing the DC power, the FPD-Link front and back channels enter the board through the
FAKRA coax connector. The filter in [X] 1-1 blocks all of the high-speed content of the signal (without significant
attenuation) while allowing the DC (power) portion of the signal to pass through inductor L5.

, CN1
»DOUTP_F
- O_ 1 9V in from Coax
4 9V IN
= N R2 , = T
59510H-40 ML5-Y 1000 ohm 1.0k 1.0K l l 1000 ohm
= c1 c2

GND 4.7uF 0.1pF
25V

L4 L5 GND

1-1. FPD-Link Ill Signal Path

The DC portion is connected to the buck 1 input of the TPS650320-Q1 Power Management IC. This voltage
powers buck 2 and buck 3 of the device, which are responsible for creating the supply rails to the imager and
serializer. The LDO input pin is supplied 3.8 V, which is responsible for providing a low-noise, 3.3-V analog
supply to the imager. Buck 3 outputs the imager-dedicated 1.1-V and buck 2 generates a universal 1.8-V digital
supply that is shared by both the imager and serializer. The high-frequency portion of the signal is connected
directly to the serializer. This is the path that the video data and the control back channel takes between the
serializer and deserializer.

The output of the imager is connected through a parallel digital video port (DVP) interface to the serializer. The
serializer transmits this video data over a single LVDS pair to the deserializer located on the other end of the
coax cable.

Additionally, on the same coax cable, there is a separate low-latency, bidirectional control channel that provides
the additional function of transmitting control information from an 12C port. This control channel is independent of
the video blanking period. It is used by the system microprocessor to configure and control the imager.

1.1 Key System Specifications
% 1-1. Key System Specifications

PARAMETER COMMENTS MIN TYP MAX UNIT
VN Supply voltage Power over coax (POC) 4.5 9 18.3 \Y
ProTtaL Total power consumption Vpoc =12V — 0.6 1 W
Apcs PCB Area — — 18x 18 mm?2
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2 System Overview

2.1 Block Diagram

System Overview

Input coaxial 45V -183V L
SV-18. P3V8
connector | »fPOC filter 1 »| PVIN_B1 LX_B1 A~ + .
59510H-50ML5-Y I
— r> VSYS_S 1
T > vsys
P3V8 P3V3
T» VINLDO VLDO »| AVDD
Camera PMIC _T_
TPS650320-Q1 OMNIVISION
CMOS imager
P3V8 P1v8
T» PVIN_B2 LX_B2 Y 1 » pvDOo
P3V8 P1V1
T» PVIN_B3 LX_B3 Y _T_ » VDDIO
0X01F10
A
- - Video 12C
yvy A 4
DINx SDA/SCL
FPD-Link Il
P1V8 iali
» VIN Serializer
DS90UB933-Q1
DOUT
2-1. Camera Block Diagram
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2.2 Design Considerations

The following subsections discuss the considerations behind the design of each subsection of the system.
2.2.1 PCB and Form Factor

This reference design is not intended to fit any particular form factor; however, the goal of the design is to
showcase a solution with minimal PCB area and compact design. The area of the board roughly equates to a

dimension of 18 mm x 18 mm. The area near the board edge in [¥| 2-2 is reserved for attaching the optics
housing that holds the lens.

2-2. 3-D PCB Top Layer

2-3. 3-D PCB Bottom Layer
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2.2.2 Power Supply Design
2.2.2.1 POC Filter

One of the most critical portions of a design that uses POC is the filter circuitry. The goal is twofold:

1. Deliver a clean DC supply to the input of the switching regulators.
2. Protect the FPD-Link communication channels from noise-coupled backwards from the rest of the system.

The DS90UB933-Q1 and DS90UB954-Q1 SerDes devices used in this system communicate over two carrier
frequencies, 1 GHz at full speed ("forward channel") and a lower frequency of 2.5 MHz ("back channel")
determined by the deserializer device. The filter must attenuate this rather large band spanning both carriers,
hoping to pass only DC.

For the POC design, to enable the forward channel and back channel to pass uninterrupted over the coax, an
impedance of 1 kQ across the 1-MHz to 1-GHz bandwidth is required. Use two inductors: a 4.7-yH inductor for
high-frequency forward channel filtering, and a 100-yH inductor for low-frequency back-channel filtering. For
more details, see the Sending Power Over Coax in DS90UB913A Designs application report. In addition, a 1-kQ
resistor is placed in parallel with both of these inductors. A 1-kQ ferrite bead is also placed in series for extra
filtering at the forward channel data rate.

Lastly, in regards to filtering, ensuring that the FPD-Link signal is uninterrupted is just as important as providing a
clean, noise-free DC supply to the system. To achieve this, AC coupling capacitors shown by the 0.1 yF and
0.047 pF are chosen to ensure the high-speed AC data signals are passed through but that the DC is blocked

A

from getting on the data lines.

Power regulator Power source
L2 E L1 g —

Coaxial cable

100 nF

\ POWER / \\ ’\
U ———
/ FPD-Link Il \ / R)>

47 nF 50 Q Braided 500 47 nF
shield

100 nF

(
X

A

A
v

I

[ 2-4. Power Over Coax

2.2.2.2 Power Supply Considerations

Because this reference design is targeted at automotive applications, there are several considerations that limit

design choices. Additionally, the following list of system-level specifications helped shape the final overall design:

» The total solution size must be minimized to meet the size requirement of this design, which is equivalent to
18 mm x 18 mm. This means choosing parts that integrate FETs, diodes, compensation networks, and
feedback resistor dividers to eliminate the need for external circuitry.

» To avoid interference with the AM radio band, all switching frequencies must be greater than 1700 kHz or
lower than 540 kHz. Lower switching frequencies are less desirable in this case because they require large
inductors and can still produce harmonics in the AM band. For this reason, this reference design looks at
higher frequency switchers.

* All devices must be AEC Q100 (-Q1) rated.
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Before parts are chosen, the input voltage range, required voltage rails, and required current per rail must be
known. In this case, the input voltage is a pre-regulated 9-V supply coming in over the coaxial cable. This system
has only two main devices, the imager and serializer, which are responsible for power consumption during
operation. 3 2-1 shows the requirements of the supplies:

% 2-1. System Power Budget

PARAMETER \ VOLTAGE (V) \ CURRENT (mA) \ POWER (mW)
DS90UB933
VDD ‘ 1.8 ‘ 98 ‘ 176
OXO01F10
VDD-D 1.1 170 187
VDD-IO 1.8 21 38
VDD-A 3.3 33 109
Oscillator
VDD 1.8 3 5
Total
VDD-D 1.1 170 187
VDD-I0 1.8 122 220
VDD-A 3.3 33 109

The9-V supply over the coaxial cable is first stepped down to 3.8 V, which then supplies the rest of the system
on the camera module. In this design, the 1.8-V rail supplies both the DS90UB933 supply, and the interface
supply of the OX01F10 imager. The OX01F10 3.3-V analog rail requires 33 mA, the DS90UB933 serializer 1.8-V
rail requires 98 mA, and the OX01F10 digital 1.1-V rail requires 170 mA.

Assuming 85% efficiency to simplify calculations with the previous values, it is calculated that the 3.8-V supply
will require 160 mA to successfully power the 1.1-V, 1.8-V, and 3.3-V rails. Because the input and output
voltages, output current requirements, and total wattage consumption are known, calculate the input current
using = 1:

Pout2 |, Pout3 , PLbo

Pour n2 n3 1LDO
PN Vine % DN NSYSTEM n1 (1)
187 _mW 220 mW , 109 mW
I T 85% 85 % 87% _ _ 79 0 mA
11\ — 9V x 85% -

This information provides a strong foundation in the selection of power topologies and inductive passives that
are explained in later sections.

Due to the requirement of Q100, it is mandatory that the switching frequency is rated outside of the AM band
and must satisfy the voltage and current requirements derived previously. As the input voltage is a regulated
voltage that will always be greater than any of the power rails produced, the power topologies selected should
either be step-down converters (bucks) or LDOs. Bucks are generally included in supplies where switching noise
is not a significant concern, and power savings is the largest care about. Conversely, LDOs can be incorporated
in establishing low-noise analog supplies that reduce inherent noise and are more robust against EMI
interactions; however, this is at the expense of larger current consumption.

In this design, a single Power Management IC is responsible for powering the supply rails. This device, the
TPS650320-Q1, was chosen as it incorporates three step-down converters (BUCKS) and an LDO in a single
4.0-mm x 4.0-mm VQFN package. The current requirements of the design also played an important role in the
selection of the device, as the secondary BUCKS are capable of providing 600 mA, while the LDO is capable of
supplying a maximum current output of 300 mA. BUCK1 steps down the 9-V POC input to 3.8 V. The 3.8-V rail
then supplies power to BUCK2, BUCKS3, and the LDO input. BUCK 2 provides the interface and digital supply for
both the OX01F10 imager and DS90UB933 serializer, while the LDO output creates a clean, low-noise supply for
the 3.3-V analog supply for the OX01F10.
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2.2.2.2.1 Choosing External Components
For simplicity, the efficiency of the buck regulators is assumed to be 85% for these operating conditions, and the
efficiency of the LDO is given by =\ 2.

Vout
DO = VN (2)

System and Buck 1 currents calculated assuming 85% switching regulator efficiency are given in =\ 1.

% 2-2 shows the load capability of each regulator compared to the requirements of the camera module. The
TPS650320-Q1 device is capable of supplying the system power with plenty of margin to account for variations
between typical and maximum current variation.

% 2-2. Regulator Load Capability

REGULATOR | OUTPUT VOLTAGE (V) | MAX CURRENT (mA) | REQUIRED CURRENT (mA)
Buck 1 3.8 800 160
Buck 2 1.8 600 122
Buck 3 1.1 600 170
LDO 3.3 300 33

After determining that the TPS650320-Q1 device is suitable based on the power requirements, the external
components can be chosen quickly based on the data sheet recommendations, simplifying the design process.
These recommendations are shown in Figure 2-5 and = 1.

Vin=4Vto 183V I ll
— . »|  BUCK1 33V I mcu
(800 mA) NW\I 7 (Optional) |
I I I
— — — ]
_ BUCK?2 NP
(600 mA) Serializer
= Camera PMIC =
. BUCK3 g2V
(600 mA) Camera
Sensor
I I Module
? LDO 2.8.V =
(300 mA) I
X 2-5. TPS650320-Q1 Typical Application Circuit
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% 2-3. TPS650330-Q1 Recommended Components

COMPONENT DESCRIPTION VALUE UNIT
Cvsys,vsvys_s VSYS and VSYS_S decoupling 10 uF
CpviN_B1 Buck 1 input capacitor 10 uF
Lsw_g1 Buck 1 inductor 29 uH
Court B1 Buck 1 output capacitor 10 uF
CpviN_B2 Buck 2 input capacitor 10 uF
Lsw_g2 Buck 2 inductor 1.0 pH
Cout B2 Buck 2 output capacitor 10 uF
CpviN_B3 Buck 3 input capacitor 10 WF
Lsw B3 Buck 3 inductor 1.0 uH
Court B3 Buck 3 output capacitor 10 uF
CpviN_LDO LDO input capacitor 1.0 uF
Cout_Lpo LDO output capacitor 22 uF

The high, fixed PWM 2.3-MHz switching frequency enables the use of small inductors with a fast transient
response. A value of 2.2 uH is typically recommended for the BUCK1 channel output. This value helps to
minimize the inductor ripple current.

With the inductance value chosen, the design now needs an inductor with a proper saturation current. This is the
combination of the steady-state supply current as well as the inductor ripple current. The current rating needs to
be sufficiently high but minimized as much as possible to reduce the physical size of the inductor. Calculate
inductor ripple with = 3:

1_ Vour

VIN(max)
Al =V, _—
L(max) ouT * L(min)x fayy

(3)
where:

* I (max) is the maximum inductor current

* Al is the peak-to-peak inductor ripple current
*  L(min) is the minimum effective inductor value
« fsw is the actual PWM switching frequency

The parameters for this reference design using the TPS650330-Q1 are:

° VOUT =33V

M VIN(max) =183V
. L(min) =22 HH

° fSW =2.3MHz

These parameters yield an inductor current of Al_ = 535 mA. The maximum current draw of the system through
this regulator is 327 mA. The minimum saturation current is calculated as:

Al max 535 mA

4)

The TPS650330-Q1 device on this design uses a Murata® LQM2MPN2R2NGO, which has a rated current of 1.2
A and a DC resistance maximum of 138 mQ. Additionally, this device has an operating temperature from —55°C
to 125°C and comes in a very small 2-mm x 1.6-mm package.
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2.2.2.2.2 Choosing the Buck 1 Inductor

With an inductance value of 2.2 yH selected, the minimum inductor saturation current must be derived to choose
an appropriate inductor for the design. This is the combination of the steady-state supply current as well as the
inductor ripple current. To ensure flexibility of the power and serializer base board to higher power image
sensors, the inductor is chosen based on each maximum rated output current of the regulator. = 5 calculates
inductor ripple current:

__Vour
VIN(max)
L(min) X fsw

®)

AlL(max) = Vour X

where

* Al (may) is the maximum peak-to-peak inductor ripple current
*  L(min) is the minimum effective inductor value
» fg is the actual PWM switching frequency

The parameters for Buck 1 of this reference design are:

* VOUT =38V

. VIN(max) =18.3V
. I—(min) =22 HH

¢« fow=2.3MHz

These parameters yield an inductor ripple current of Al = 595 mA. Assuming a maximum load current of 800
mA, use =\ 6 to calculate a minimum saturation current of 1100 mA.

AlL(MAX)
—z

Lsat = lIout, (Max) + (6)
The TPS650330-Q1 device on this design uses a TDK® TFM201610ALMA2R2MTAA, which has a rated current

of 2 A and a DC resistance maximum of 152 mQ. Additionally, this inductor has an operating temperature from —
55°C to 150°C in a very small 2.0-mm % 1.6-mm package.

2.2.2.2.3 Choosing the Buck 2 and Buck 3 Inductors

Buck 2 and Buck 3 have a recommended inductor value of 1.0 yH. When selecting a component, it is important
to verify the DC resistance and saturation current. The DC resistance of the inductance influences the efficiency
of the converter directly — lower DC resistance is directly proportional to efficiency. The saturation requirement of
the inductor is determined by combining the steady-state supply current and the inductor ripple current. The
current rating needs to be sufficiently high but minimized as much as possible to reduce the physical size of the
inductor. Calculate the inductor ripple current using = 5.

The parameters for the Buck 2 1.8-V rail include:

* VOUT =18V

* ViNmax) =38V
* L(min) =1.0 |JH
. fy,=23MHz

These parameters yield an inductor ripple current of Al =412 mA. Assuming a maximum load current of 600
mA, =X 6 can be used to calculate a minimum saturation current of 810 mA.

The parameters for the Buck 3 1.2-V rail include:
° VOUT =12V

° VIN(max) =38V

* L(min) =1.0 HH

e fow=2.3MHz

These parameters yield an inductor ripple current of Al, = 357 mA. Assuming a maximum load current of 600
mA, =\ 6 can be used to calculate a minimum saturation current of 780 mA.
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Buck 2 and Buck 3 of this design use the TDK® TFM201610ALMA1ROMTAA, which has a current rating of 3.1 A
and a DC resistance of 60 mQ. Additionally, this inductor has an operating temperature of —-55°C to 150°C in a
very small 2.0-mm x 1.6-mm package.

2.2.2.3 Functional Safety

The TPS650320-Q1 device has integrated supervisors in addition to temperature and current monitoring. The
device is also pin-compatible with the TPS650331-Q1, TPS650332-Q1, and TPS650333-Q1, with only a single
component change of the Buck 1 inductor to 1.5 yH. Each of the TPS650331-Q1, TPS650332-Q1, and
TPS650333-Q1 devices provides additional safety features as an ASIL-B safety elements out of context
(SEooC), allowing the scalability of this design to camera applications with more stringent safety requirements.

2.3 Highlighted Products
This reference design uses the following Tl products:

+ DS90UB933-Q1: is the serializer portion of a chipset that offers an FPD-Link Il interface with a high-speed
forward channel and a bidirectional control channel for data transmission over a single coaxial cable or
differential pair. This chipset incorporates differential signaling on both the high-speed forward channel and
bidirectional control channel data paths. The serializer-deserializer pair is targeted for connections between
imagers and video processors in an electronic control unit (ECU).

* TPS650320-Q1: an automotive qualified, four-channel PMIC optimized for camera applications. The device
integrates three buck converters and one LDO, along with overvoltage protection and undervoltage
supervisors on each voltage rail. A high, fixed PWM 2.3-MHz switching frequency enables the use of small
inductors with a fast transient response. The low-noise, high-PSRR LDO provides an output voltage option
for sensitive analog circuits. A wide range of output voltage and sequencing settings, along with other
operational settings, are programmable for compatibility with a variety of imagers without the need for any
additional components.

2.3.1 OX01F10 Imager

The OmniVision® OX01F10 is a diagonal 6.67-mm, 1/3.55" color CMOS image sensor with 1.36 effective mega-
pixels. The sensor supports AD 10-bit, MIPI 2-lane, DVP, YUV422, RGB888, BT656, and RAW10 up to RAW24
HDR output. Other included features follow:

» Supports 1340 x 1020 resolution (1.3-MP) and any cropped size image sizes

* Integrated ISP with AEC, AGC, AWB, lens correction, defective pixel correction, HDR combination, tone
mapping, and black level correction

« 50- and 60-Hz flicker cancellation

* Requires three voltage rails (3.3 V, 1.8 V,and 1.1V)

+ Can be configured using an 12C-compatible two-wire serial interface

2.3.2 DS90UB933-Q1

Using a serializer to combine 10-bit video with a bidirectional control signal onto one coax or twisted pair greatly
simplifies system complexity, cost, and cabling requirements. The parallel video input of the DS90UB933-Q1
mates well with the 10-bit parallel video output of the OV10640 imager. Once combined with the filters for the
POC, video, 12C, diagnostics, and power can all be transmitted up to 15 m on a single, inexpensive coax cable.
For more information on the cable itself, see the Cable Requirements for the DS90UB913A and DS90UB914A
application report.

2.3.3 TPS650320-Q1

The TPS650320-Q1 device is a highly-integrated power management IC for automotive camera modules. This
device combines three step down converters and one low-dropout (LDO) regulator. The BUCK1 step-down
converter has an input voltage range up to 18.3 V for connections to Power over Coax (POC). All converters
operate in a forced fixed-frequency PWM mode. The LDO can supply 300 mA and operate with an input voltage
range from 3.0 V to 5.5 V. The step-down converters and the LDO have separate voltage inputs that enable
maximum design and sequencing flexibility. Additionally, an integrated advanced Spread-Spectrum Clock (SSC)
enables robust EMI performance. A small form-factor, added rail supervision features, and programmability
make this device a very attractive candidate for designs that need to be expedited or scaled for future
applications.
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2.4 System Design Theory

The main design challenges to consider for automotive cameras are size, ease of use, and thermal efficiency.
Automotive cameras are often placed in remote regions of the vehicle where area is limited, requiring an overall
compact solution. Because of this, the system is designed around having the lowest number of components with
a fully-integrated PMIC power solution. The ease of use and design flexibility offered by a PMIC solution is also
critical to enable a single platform design and reduce development time as ADAS applications continue to grow.
The DS90UB933-Q1 and TPS650320-Q1 additionally both provide compatibility with a wide range of imagers.
The choice of a two-board solution highlights this capability, as the power and serializer base board can be
reused with different imager boards depending on the camera application. Lastly, the small size and remote
placement of these cameras increases their susceptibility to heat. A power-efficient system is crucial to preserve
the image quality in these conditions. The TPS650320-Q1 device is optimized for efficiency with a three-buck
and one-LDO regulator topology, enabling the support of medium- and high-quality imagers without sacrificing
thermal performance. Due to the impact of thermals on the system performance, it is important to calculate total
system efficiency as part of the design process. From the Buck 1 output power in % 2-2, the TPS650320-Q1
efficiency is about 80%. Using this value, =\ 3 calculates a system input power of about 760 mW. = 7 can then
be used with the output power of Buck 2, Buck 3, and the LDO to calculate the overall system efficiency.

_P _ (P +P + P —
nsvsem = OUTfpyy = (Pour,2+Pour,3 OUT,LDO)/PIN’l =68% 7)
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3 Hardware, Testing Requirements, and Test Results
3.1 Hardware Requirements

This reference design needs only one connection to a system with a compatible deserializer over the FAKRA

connector as shown in [X 3-1.

3.1.1 Hardware Setup

3-1. Getting Started With the Board

3-2 shows the setup to test the camera module reference design. This design includes an OX01F10 image
sensor, which connects to the DS90UB933-Q1 serializer over CSI-2 and |12C interfaces. The DS90UB933-Q1
serializer then connects through POC to a DS90UB954-Q1 deserializer. Note that for test setup, only one
channel is used from the DS90UB954-Q1 device. The Analog LaunchPad™ GUI writes all the back channel 12C

setting configurations for the IMX390, DS90UB933-Q1, and DS90UB954-Q1 devices.

TIDA-050050

TPS650320-Q1

POC Filter

FPD-Link
1]}

y

A

OX01F10

DS90UB933-Q1

A

B 3-2. Block Diagram of Test Setup

POC Filter

DS90UB954-Q1

—_—_———— — =

PC
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3.1.2 FPD-Link Il I?C Initialization

With the setup in [%] 3-2 connected, the DS90UB954-Q1 EVM is supplied 12-V input power, which is regulated to
9-V with an onboard LDO and delivered through POC to power the TIDA-050050 camera module. Once all rails
are established, all devices (OX01F10, DS90UB933-Q1, and DS90UB954-Q1) receive power. Then, the 12C
writes for initialization can begin. Note that the following writes are only showing one channel camera and may
not be the mode wanted for specific multi-camera mode. The Analog LaunchPad compatible Python® script to
initialize the DS90UB954-Q1 deserializer and DS90UB933-Q1 serializer are as follows:

# Set up Portl
board.WriteI2C (UB954, 0x4C, 0x12)

# Set up Back Channel Config (0x58)
board.WriteI2C (UB954,0x58,0x58)

# Set up SER Alias ID
board.WriteI2C (UB954, 0x5C,UB933)

# Set up Slave/Camera ID
board.WriteI2C (UB954,0x5D, SensorID)

# Set up Slave/Camera Alias ID
board.WriteI2C (UB954,0x65, Sensor)

# Set GPIO2 output high, where GPIO2 = XSHUTDOWN
board.WriteI2C (UB933,0x0D,0x95)

3.1.3 OX01F10 Initialization

Once the FPD-Link Ill setup is done for the DS90UB933-Q1 and DS90UB954-Q1 devices, the I2C initialization
can now be done on the OX01F10. For these writes, see the OX01F10 data sheet for register settings. There
are many register settings listed to configure both the imager and ISP, but as long as the DS90UB933-Q1 and
DS90UB954-Q1 FPD-Link IlI parts are configured, the I2C back channel allows for the OX01F10 to be accessed
at address 0x6C. For this testing, the OX01F10 is configured for YUV422 DVP output at 1340 x 1020 resolution.

3.2 Test Setup

For the following tests to verify power supply and 12C communication, the camera is connected to the
DS90UB954-Q1 EVM.

TIDA-050050

FPD-Link
1]}
TPS650320-Q1 POC Filter

» POC Filter

4

' .

P
OX01F10 DS90UB933-Q1

usB

DS90UB954-Q1 PC

_
[

3-3. Block Diagram of Characterization Test Setup

3.2.1 Power Supplies Start Up

To verify the power supply sequencing and start-up behavior, each voltage rail output from the TPS650320-Q1
device is measured after applying power over coax to the system.

In this design, the PDB reset signal of the DS90UB933-Q1 device is connected directly to the nRSTOUT pin of
the TPS650320-Q1 device. With the integrated sequencing capabilities of the PMIC, this ensures that the PDB
reset line goes high after the 1.8-V supply is stable, eliminating the need for an external RC network.

3.2.2 Setup for Verifying 12C Communications

Back-channel 12C communications are verified with the DS90UB954-Q1 compatible GUI, Analog LaunchPad.
The GUI is available for download here.
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3.3 Test Results

The following sections show the test data from verifying the functionality of the camera design.
3.3.1 Power Supplies Start-Up

3-4 shows the start-up behavior for the 3.8-V, 1.8-V, 1.1-V, and 3.3-V rails.

™ Y T™TT"T l g R I ™7 T"T ‘ T™TT"T T T™T=T"T ‘ ™1 TT ‘ TTT"T [ T™T"T"T [ =TT ] W
1 cha Position
5 - L 302w

Chd Scale

PEPEREI IS ARSI S S PPN AP S |
Ch1 1.0 Q By Chz 10v Q Bw M 1.0ms 25.0MS4s
f 1.0V ¢ Chd 10V  Q Bw 4 Ch1 10V

saaalis
40.0ns/pt
(Channel 1): 3.3-V supply; (Channel 2): 2.9-V supply; (Channel 3): 1.2-V supply; (Channel 4): 1.8-V supply
3-4. Point-of-Load Power Supply Start-Up
3.3.2 Power Supply Start-Up—1.8-V Rail and PDB

To properly initialize, the PDB pin of the serializer remains low until all power supplies stabilize to their final
voltages. [X| 3-5 shows the power supply start up. Note that the PDB pin is directly connected to RSTOUT the of
TPS650320-Q1 device and allows proper PDB synchronization after all rails are established.

GREMRA (LA B B L B L B L B BB L Daons }

T
-
®
<
e

L L L L B

UL LA N

e SRR

chl  20v @ chz 10V @ M 1.0ms 25.0MS/s  40.0nsipt
y 2 Chd 10V Q Bw A Chl s 12¢

(Channel 1): PDB; (Channel 2): 2.9-V supply; (Channel 3): 1.2-V supply; (Channel 4): 1.8-V supply

X 3-5. Serializer Power-Up Sequence
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3.3.3 Power Supply Voltage Ripple

To achieve a quality output video stream, the output voltage ripple on the OX01F10 and DS90UB933-Q1
supplies must be low so that it does not affect the integrity of the high-speed data and internal PLL clocks.

Measurements for 3.8-V, 3.3-V, 1.8-V, and 1.1-V rails are shown in [¥] 3-6, [X] 3-7, and [X] 3-8, respectively. The
rails that impact imager performance are the 3.3-V and 1.1-V rails as they are responsible for providing a clean
analog rail and digital supply. The 3.8-V rail powers the entire system and also has excellent ripple performance
of 0.4%. As measured, the 3.3-V and 1.1-V rails have a ripple performance of 0.1% and 0.7%, respectively. The

1.8-V rail is significant to the serializer, because it supplies the VDD and VDD_PLL rails. The 1.8-V rail has great
voltage ripple performance at 0.5%. The voltage ripple on all rails is low enough for video output to be

successfully transmitted.
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3.3.4 Power Supply Load Currents

The last measurements to take in regard to the power supplies on the camera module are the load currents for
the system supply, and the load currents on the OX01F10 imager. These measurements verify total power
consumption of the camera module as well as the load current for each individual rail on the OX01F10 imager.
For the following test data, each rail is drawing the specific load current outlined for the serializer and imager. All
load current measurements are taken while a video output stream is present.

#& 3-1 displays the currents measured through each supply voltage in this reference design. The 9-V load
current is the total input load for the camera module and measures at 85 mA. The total power consumption
corresponds to an overall system efficiency of 67%, close to the 68% value derived in 732 2.4.

% 3-1. Measured Supply Currents

VOLTAGE RAIL MEASURED CURRENT
9.0V 85 mA
3.8V 153 mA
33V 31 mA
1.8V 130 mA
1.1V 151 mA

3.3.5 I2C Communications

[2C communication between the DS90UB954-Q1 EVM and OX01F10 imager over the FPD-Link 1l back channel
can be confirmed with the Analog LaunchPad GUI. [X] 3-10 and [X] 3-11 show the established link with the
serializer on RX port 1, and the corresponding register map.

[;] Texas Instruments - Analog LaunchPAD

Tasks (USB2ANY 96D05B5104001300/1) - DS90UB954
M Information GPIO Forwarding Registers Scripting CSI

Q USB2ANY 96D05B5104001300
< DSS0UB954

Device Information

Device: DSS0UB954 FPD-Link I1I Deserialzer
Revision: 2
12C Address: 0x60

Refck Freq: 25 MHz
rences

& 1<)l
T © =
<« <« <«

RX Port Configuration
PortEnable [RXpet@  [RXport1
Input Mode RAWI12/HF v  RAWI2/HF W

Cabling ™ v ™ v

Pass Threshold iable v |  |Disable v

Current RX Port Status

Port = 0 1
Linked: No 48 MHz
Pass Sts: No Pass
Horzontal: 0 bytes
Vertical: 0 lines
BC Rate: 2.50 Mbps 2.50 Mbps
EQ Hi/Lo: 6/7 0/2
S-Filter 3 ddly 0 ddly
Lock ChgCnt: 0 0
Parity Errs: 0 0
Encoder Errs: 0 0

B 3-10. Analog LaunchPad™ Link Confirmation
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m Texas Instruments - Analog LaunchPAD

Tasks (USB2ANY 96D05B85104001300/1) - DS90UB954
N~ | 1 dormation | G030 | Forwarding | Raghiers | Soving | Col aghiars | Remcis Regieters | Nergis Andivds

Q USB2ANY 96D05B5104001300

-g» DS90UBYI54 VM:@ Apply Refresh [¥] verbose Descriptions Select RX Port|1 v DS90L
| 000-RCOeeed(@®) A
Bals) Tvpe Defout Name  Description
_‘Q 7696051 RW ©xS8 DEVICEID 7-bk override address for Serializer; 0xSth

43200101 (1011_000X) default

coming from CAD
bits [7:1]

£2) 0x01 - Power and Reset (0x01)

{3 0x03 - General Configuration (0x02)

£ 0x04 - Reserved

3-11. Serializer Remote Registers

o] rw o SERID 0: Serialzer Device ID s set using address
1: Register 12C Device ID is overriden with

Read and writes to the imager, at slave alias address 0x6C (7-bit), are confirmed with the built-in Python
scripting window of the Analog LaunchPad. Register 0x3035 reads data 0x6C, which is the expected default

value for the register.

m Texas Instruments - Analog LaunchPAD

Tasks (USB2ANY 96D05B85104001300/1) - DS90UB954
IS 4 | 1rvcrmaton | GPIO | Forwerding | Rageters| Scroing | CSI Ragisiers | Remots Ragisters | Margin Ansiyss

Q USB2ANY 96D0585104001300

Texas Instruments - Analog LaunchPAD

(d) DS90UB9534 ® 2007-2019 Texas Instruments Inc. All Rights Reserved

>hex (board.ReadI2C(0x1A, 0x00))

'"Oxb0"*

>hex (board.ReadI2C (0x€C, 0x30, [0x358]) [0])
'Oxéc’

i[[

3-12. Back-Channel 12C Communication

4 Design and Documentation Support
4.1 Design Files
4.1.1 Schematics

To download the schematics, see the design files at TIDA-050050.
4.1.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-050050.

4.1.3 PCB Layout Recommendations
4.1.3.1 Layout Prints

To download the layer plots, see the design files at TIDA-050050.

The variable "board" contains the selected daughter board object. The
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4.1.3.2 PMIC Layout Recommendations

The PMIC portion of the layout requires careful consideration to minimize both PCB area and noise. As EMl is a
critical concern in automotive systems, the TPS650330-Q1 device includes a spread spectrum feature to reduce
conducted and radiated emissions, allowing more flexibility with placement and layout for space-constrained
applications. However, it is still recommended to follow as many best practices as possible. This includes
minimizing the area traveled by switching currents between buck regulator input capacitor, inductor, and output
capacitor with tight component placement and minimal return path to the PMIC thermal pad. ¥ 4-1 shows an
example of this for buck 2.

For the LDO, separation of input and output capacitor ground planes will reduce noise coupling from the
switching rails to the sensitive 3.3-V analog rail. To further reduce noise coupling, the dedicated AGND pin of the
PMIC is connected to the ground plane on an internal layer with a via, rather than directly to the noisier thermal
pad on the top layer.

®
i B,

Al
]

([
o

SVXAL
I E R R NN E

SINIWNMULSN]

U1

X 4-1. PCB Layout With POC Routing

4.1.3.3 Serializer Layout Recommendations

Decoupling capacitors must be located very close to the supply pin on the serializer. Again, this requires
consideration of the path of the supply current and the return current. Keeping the loop area of this connection
small reduces the parasitic inductance associated with the connection of the capacitor. Due to space constraints,
ideal placement is not always possible. For decoupling capacitors placed on the opposite layer of the serializer,
minimize the return path to the serializer thermal pad. Place smaller value capacitors that provide higher
frequency decoupling closest to the device.

For this application, a single-ended impedance of 50 Q is required for the coax interconnect. Anti-pads are
implemented in the ground plane under critical components such as the DOUT AC coupling capacitors to
minimize impedance mismatch. Keep the coax connection to the serializer short. [X] 4-1 shows the routing of the
high-speed serial line, highlighted by the yellow line. The total length of the yellow line is about ¥z inch.

Lastly, minimize crosstalk between high-speed data lines by ensuring the high-speed data routing on adjacent
layers do not overlap. If they must overlap due to space constraints, place a ground layer between the two
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routing layers as a buffer. Keep high speed trace vias to a minimum. The vias must ideally be two or fewer to
reduce stubs that cause reflections.

4.1.3.4 Imager Layout Recommendations

High-speed data routing must follow the same guidelines previously outlined for the serializer layout. Similarly,
place the decoupling capacitors as close as possible to the supply pins, with smaller capacitors taking priority in
terms of distance to the pin. Minimize the parasitic resistance and inductance to the ground plane with vias and
wide traces. For some imagers, a separate analog ground (AGND) plane is recommended to reduce image
noise. Connect imager AGND pins, AVDD decoupling capacitors, and the LDO output capacitor to this AGND
plane, and connect the plane back to the main ground at a single point.

4.1.3.5 PCB Layer Stackup Recommendations

4-2 shows the 8-layer stackup used for the PMIC and serializer board. Two signal layers are required due to
the complex routing requirements introduced by the small size requirements of the PCB that must include 12C,
logic 10s, clock, and control signals between the PMIC, serializer, and imager. The separation of the outer layers
is selected to ensure a characteristic impedance of 50 Q, +10%

In this design, high current components are placed on both the top layer and the bottom layer, so Layer 2 and
Layer 7 in the stackup are dedicated ground planes to minimize high current return paths. A separate AGND
plane is also included on Layer 7 for the imager.

Layer Stack Manager “
Save - toad... = Presets - Measurement Unit  [Imperial o o~ o U  Custom
Thickness Dielectric Dielectric Coverlay
Layer Name T Matenal Pullback (mil) Orientation
4 i (mil) Material Constant w ) Expansion

Top Overlay  Overlay

| TopSoder  SolderMaski. SufaceMat. 04 SoderResst 35 0
1 Copper 21 Top

Top Layer Signal
Dielectricl Dielectric Core 6 FR-4 HighTg 4.2

2 GND1 Signal Copper 14 Not Allowed
Dielectric 2 Dielectric Core 6 FR-4HighTg 4.2

3 Signal 1 Signal Copper 14 Not Allowed
Dielectric 3 Dielectric Prepreg 6 FR-4HighTg 4.2

4 Signal 2 Signal Copper 14 Not Allowed
Dielectric 4 Dielectric Core 126 FR-4HighTg 4.2

5 Power Signal Copper 14 Not Allowed
Dielectric 5 Dielectric Core 6 FR-4HighTg 42

6 Signal 3 Signal Copper 14 Not Allowed
Dielectric & Dielectric Core 6 FR-4 HighTg 4.2

7 GND2 Signal Copper 14 Not Alliowed
Dielectric 7 Dielectric Core 6 FR-4 HighTg 4.2

8 Bottom Layer Signal Copper 21 Bottom

Bottom Over.. Overlay

Total Thickness: 62mil

Add Layer - Drill Pairs. Impedance Calculation.

» Advanced oK Cancel

4-2. Layer Stackup

4.1.4 Altium Project

To download the Altium project files, see the design files at TIDA-050050.
4.1.5 Gerber Files

To download the Gerber files, see the design files at TIDA-050050.
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5 Tools and Software

Tools

Concise Description Description
Software

Concise Description Description

6 Documentation Support

1.
2.
3

4.
5.

Texas Instruments, TPS650320-Q1 EVM user's guide

Texas Instruments, DS90UB95x-Q1EVM Deserializer user's guide

Texas Instruments, DS90UB933-Q1 FPD-Link Il Serializer for 1-MP/60-fps Cameras 10/12 Bits, 100 MHz
data sheet

Texas Instruments, Sending Power Over Coax in DS90UB913A Designs application report

Texas Instruments, Camera PMIC Spin Selection Guide application report
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TI E2E™ and LaunchPad™, and are trademarks of Texas Instruments.
Murata® is a registered trademark of Murata Manufacturing Co., Ltd..
TDK® is a registered trademark of TDK Electronics AG.

OmniVision® is a registered trademark of Omnivision Technologies Inc..
Python® is a registered trademark of Python Software Foundation.

T RTORET, ENENDOFAEEICRBLET.

20

YUV422, PMIC, FPD-Link Ill, POC #5761 7=, Hk/H 1.3MP (f=X [+ A5 JAJUB29 — JANUARY 2022
FTa e DY T L R Submit Document Feedback

English Document: TIDUBFO
Copyright © 2022 Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com
https://www.ti.com/jp/lit/pdf/SLVUC06
https://www.ti.com/jp/lit/pdf/SNLU223
https://www.ti.com/jp/lit/pdf/SNLS546
https://www.ti.com/jp/lit/pdf/SNLA224
https://www.ti.com/jp/lit/pdf/SLVAEY0
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.tij.co.jp
https://www.tij.co.jp/jp/lit/pdf/JAJU829
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJU829&partnum=TIDA-050050
https://www.ti.com/lit/pdf/TIDUBF0

EEHAStERREE

T F, EfiTF—REEGEET—XF (F—RY—N2EXET), RFAVVY—A(VIT7LVA FHA U REXRET), P77V 5—23®
FRETICBETRRET RNA A, Web V=)L, Z£MBR, TOMOVY—R%, RBHFEEITITEEOHD "BROFFE, #BEHL TS
Y, BRESITBEENICHIZBEAMORRRE. F=ZE0XNNHEEOERERAEZEL VA RIRIE, ARNELIIERNIC
MADhLSFEELET,

ChoDUY—Rk, TIHREZERAITIRTOBREBALFEREANOREEZERLEEOTT, (1) BFEZEOF77UTr—>3a2ICBELE
TIRBORE, QBEHEOT7VI—3a>0RE. BRI, B8, Q) BEEOTIUVI—2aVICZYUTIEEREY. TOMOHS
WaReM, EF1UTFT 1, REl, FLEHOE4ANOHEEZERCHEIZIELE, BEBENAXNEMTESENDELET,
FROBEVY—AR, FEELKEEEND AN HYET, ChsOUY—REF, VDY—ATHATATVR TIEREFRTZTS
Dr—a>OREOENTOR, TIRTOFERAEZSERICHELET, ChoOVY—RICEALT, OBNTERTZ ZEXEHT
BDLERBEENTVET, TIXE=ZZOIANHEEOS A ANTEEATVWRRTREHYELA, BEKRE. ChsOoUY—R%&
BECHEALLERRETZHSWHIHLILT, BE. BF. B, EELCOVT. TISLUTZORBAZZLICHETSIEOEL, T
F—nEXEEERTLET,

TIORRBE, TIORFERME, £l ticom®Hr A2 TIRHRBOEEENZLEOVITNAZEBELU TREEIIBEATEREZEBEOT TREES 1
TVWET, TIFNChsODY—RERETZI LR, BRI TIORIEZTLBZMECORIEOHEOLEAPEEEZEKRIZDENOTREHY E
HhA,

BEERFVABIEMREFCRIRERBEZRELLEETE, TIRThSICRBERBA, EBLET,

HB3% £ {EFT : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated


https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	概要
	Resources
	特長
	アプリケーション
	1 System Description
	1.1 Key System Specifications

	2 System Overview
	2.1 Block Diagram
	2.2 Design Considerations
	2.2.1 PCB and Form Factor
	2.2.2 Power Supply Design
	2.2.2.1 POC Filter
	2.2.2.2 Power Supply Considerations
	2.2.2.2.1 Choosing External Components
	2.2.2.2.2 Choosing the Buck 1 Inductor
	2.2.2.2.3 Choosing the Buck 2 and Buck 3 Inductors

	2.2.2.3 Functional Safety


	2.3 Highlighted Products
	2.3.1 OX01F10 Imager
	2.3.2 DS90UB933-Q1
	2.3.3 TPS650320-Q1

	2.4 System Design Theory

	3 Hardware, Testing Requirements, and Test Results
	3.1 Hardware Requirements
	3.1.1 Hardware Setup
	3.1.2 FPD-Link III I2C Initialization
	3.1.3 OX01F10 Initialization

	3.2 Test Setup
	3.2.1 Power Supplies Start Up
	3.2.2 Setup for Verifying I2C Communications

	3.3 Test Results
	3.3.1 Power Supplies Start-Up
	3.3.2 Power Supply Start-Up—1.8-V Rail and PDB
	3.3.3 Power Supply Voltage Ripple
	3.3.4 Power Supply Load Currents
	3.3.5 I2C Communications


	4 Design and Documentation Support
	4.1 Design Files
	4.1.1 Schematics
	4.1.2 Bill of Materials
	4.1.3 PCB Layout Recommendations
	4.1.3.1 Layout Prints
	4.1.3.2 PMIC Layout Recommendations
	4.1.3.3 Serializer Layout Recommendations
	4.1.3.4 Imager Layout Recommendations
	4.1.3.5 PCB Layer Stackup Recommendations

	4.1.4 Altium Project
	4.1.5 Gerber Files


	5 Tools and Software
	6 Documentation Support
	7 サポート・リソース
	8 Trademarks

