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1 System Description
This reference design demonstrates a versatile 18-mmx18-mm solution capable of isolating data from
analog (AVDD), digital (DVDD), and 10 (IOVDD) power domains typically used in a power-over-coax
(POC) camera application. The design uses only automotive qualified capacitors, inductors, and
semiconductors and includes useful test points, external feedback resistors, and configuration jumpers for
versatility and experimentation. The system uses a FAKRA coaxial connector, a high-frequency filter
network, a mid-V, buck pre-regulator, and a low-V,, camera power management IC (PMIC) to efficiently
supply voltages typically used for imagers and their accompanying serializers. This module is made
flexible enough to support various low-power digital and analog applications that could benefit from POC
installations.

1.1 Key System Specifications

% 1. Key System Specifications
PARAMETER SPECIFICATIONS DETAILS

Input voltage range 45Vto 17V 2.2.1
Input connector type FAKRA Coaxial HF (DIN 72594-1) 4.2
Pre-regulator output voltage 3.3V 2.4.2
PMIC buck input voltage range 25Vto55V 2.4.3
PMIC buck output voltage 1.8V 2.4.3
PMIC buck output current 600 mA 2.2.2
PMIC LDOL1 output voltage 28V 243
PMIC LDOL1 output current 300 mA 222
PMIC LDO2 output voltage 1.2V 243
PMIC LDO2 output current 300 mA 222
Regulator power sequence g%'@fﬂag&fg'fg)o;(i'\zm\% LDO1 (2.8 V), PMIC Buck 2.4.3
Form factor 18 mm x 18 mm 43.1
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2 System Overview

POC allows a single cable to transmit both data and power to remote communication modules, providing
installation benefits for applications such as camera imagers. Imagers are often installed in remote
locations and require separate power rails for analog, digital, and 10 domains and typically bidirectional
communication. Camera imagers only consume moderate amounts of power while operating. This
reference design demonstrates a two-chip solution capable of supporting various camera imagers as well
as accompanying serializers or other sensor modules that can benefit from robust remote installations.

To increase the versatility of this platform, a small footprint is targeted for space constrained installations.
A pre-regulator allows DC cable voltages up to 17 V, capable of supporting typical 12-V or 9-V systems.
For 5-V systems, the pre-regulator can be bypassed to demonstrate a single-chip power solution. All
output voltages are adjustable for versatility using external feedback resistors, and both regulators offer
fixed voltage alternatives for further component reduction.

2.1 Block Diagram

Data
>i:|<—> Serializer

TPS65000-Q1 |
]

1.8V I—'—l
DCDC P P

Mid Voltage 33V

Buck ) 28V
LP Filter TPS62160- > LDO1 » AVDD Imager

Q1

y

RF and DC
Connector

12V I |
45Vtol7V [ LDO2 [
DVDD

-

Copyright © 2018, Texas Instruments Incorporated

1. TIDA-01491 Block Diagram

This reference design incorporates an automotive grade coaxial connector, low-pass filter, mid-V  step-
down converter, and low-V,y, PMIC for distributing power and data to the imager and serializer of a
camera.

2.2 Highlighted Products

This reference design uses the following Tl products:
* TPS62160-Q1: Automotive Qualified Wide-V,, Synchronous Step-Down Converter
» TPS65000-Q1: Automotive Qualified PMIC

For more information on each of these devices, see their respective product folders at Tl.com.
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221 TPS62160-Q1
The TPS62160-Q1 is a Texas Instruments automotive-qualified, step-down DC/DC converter with a wide
operating input voltage range of 3 V to 17 V. The converter supports up to 1 A of continuous output
current. The device has a high switching frequency of typically 2.25 MHz that uses a DCS-Control™
topology for high output voltage accuracy. The device is offered in small 8-pin, WSON, 2x2-mm package
(DSG).
PG VIN
Soft Thermal J
start Shitdwn UVLO PG control —{
HS lim
comp
M
}_.
e
}_
. : power gate
EN control logic control drive SW
—
e
—
M
comp
LS lim
|_ ____________ |- 1
VOS i direct control 111 I
&
I compensation :
|
. | '
F B comparator — timer ton I
amplifier :
DCS - Control™ !
" This pin is connected to a pull down resistor internally AGND PGND
(see Detailed Description section).
Copyright © 2016, Texas Instruments Incorporated
& 2. TPS62160-Q1 Functional Block Diagram
Key features of this device include:
» Switching frequency: 2.25 MHz
e WideV,:3Vtol7V
» Adjustable output voltage range: 0.9 Vto 6 V
» 1-A continuous output current
» Power sequencing, enable, and open-drain Power Good pins
4 Power Over Coax~”-t/L 4 (& DHEHH I ATPMICEIRDY 7 7L Ko T WA JAJU483-January 2018

TIDUD97 FHARIK — #c D SeiB il & K} http://www-s.ti.com/sc/techlit/ TIDUD97

Copyright © 2018, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD97.pdf

13 TEXAS
INSTRUMENTS

www.tij.co.jp System Overview

» Short circuit protection

* Undervoltage lockout (UVLO)

¢ Overtemperature Protection

*  WSON package, 2x2-mm (DSG)

2.2.2 TPS65000-Q1

The TPS65000-Q1 is a Texas Instruments automotive qualified PMIC. The device combines a single step-
down converter and two low-dropout regulators. This PMIC has a maximum input voltage of 6 V for all
regulators, a minimum input of 2.3 V for the DC/DC, and a minimum input of 1.6 V for the LDOs. The
TPS65000-Q1 supports either a 2.25-MHz forced PWM operation with spread-spectrum or an automatic
transition to PFM mode for maximum light load efficiency. The device is available in a small 16-pin,
leadless, 3x3-mm QFN package.

3mmx3-mmQFN  TPS65000-Q1
Oscillator
SSCG
VINDCDC [ ] [] swW
Buck Converter
EN_DCDC 600 MA FB_DCDC
MODE [ ] (1 PG
VINLDO1 E ’E% VLDO1
LDO1
*—
[ ] PGND
VINLDO2 E VLDO2
LDO2
EN_LDO2 [ ] 300 mA FB_LDO2
AGND
Band-Gap Reference
& 3. TPS65000-Q1 Functional Block Diagram
Key features of this device include:
e Vy=23Vto6V
e Spread-spectrum clock (SSC) generation for reduced EMI
» 2.25-MHz fixed-frequency operation
» Step-down converter: V,y, = 2.3 V to 6 V, 600-mA output current
e LDOs:V,y=1.6Vto6V, 300-mA output current
» Separate power inputs and enables
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* Power Good
o 3-mmx3-mm, 16-pin QFN

» Step-down converter and LDOs: Adjustable output voltage

2.3 Design Considerations

This reference design implements automotive qualified components in a flexible platform for experimenting
with various loads and conditions. For configurability, all output voltages are adjustable through the use of
external feedback resistors at the expense of overall component count and solution size. Both regulator
devices are capable of fixed voltage variants, and the total solution size can further be reduced through
the use of non-automotive qualified passives, which are often available in smaller package footprints.

2.4 System Design Theory

This reference design targets a solution size less than 20 mm x 20 mm, capable of delivering power from
a POC transmission line to a generic remote camera application. Typical cameras sensors operate with
separate analog and digital domains, which can require sequencing for reliable behavior, and often have
strict input requirements for analog domains to reduce imaging noise. For this reason, many cameras
implement LDOs to separate supply rails for simplicity and reduce the power supply ripple at the expense
of system efficiency. The power lost in an LDO is dependent on the current through the device multiplied
by the difference between input and output voltage; therefore, larger differences decrease efficiency and
increase heat generated in the regulator.

In contrast, POC installations benefit from larger bus voltages because less current is required to deliver
equivalent power to the loads, reducing DC voltage drop across the intrinsic resistance of the transmission
line.

A solution for remote camera power must therefore efficiently distribute a moderately large input voltage
into separate and sequenced low voltage domains while maintaining the integrity of the transmitted data.
For this purpose, a wide-band filter is leveraged from the TIDA-01130 reference design, a mid-V,, buck
generates an intermediate rail, and a flexible PMIC regulates the individual power domains for a typical
imaging application.

24.1 POC Filter

DATA

HF PORT

C11
0.033uF

+VCC_POC

() =
. YVYY\__g
1500 ohm 1500 ohm 1500 ohm 10uH 600 ohm
g RL c3 ca cs c6
T P 4.7yF 0.1pF 4.7pF 0.1F
L

N
GND GND GND
Copyright © 2018, Texas Instruments Incorporated
& 4. Schematic of Power-Over-Coax (POC) Filter
6 Power Over Coax > /L& &DHHLH I AFPMICEIR DY 7 7L R TP A2 JAJU483—January 2018

TIDUD97 FHARAN — HcHrOIEREREE} hitp://www-s.ti.com/sc/techlit/ TIDUD97
Copyright © 2018, Texas Instruments Incorporated



http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD97.pdf

13 TEXAS
INSTRUMENTS

www.tij.co.jp System Overview

The input filter leverages the TIDA-01130 reference design, which mostly relies on series inductive
elements to isolate frequencies above 10 MHz from the low-frequency DC current. For more details on
input filter designs, see Automotive 2-MP Camera Module Reference Design With MIPI CSI-2 Video
Interface, FPD-Link Ill and POC and Sending Power Over Coax in DS90UB913A Designs.

2.4.2 Pre-Regulator

PRE REGULATOR 3.3V P2
+VCC_PMIC_3V3
TP1 When 5V from Coax
o 3 [
& e
12 4 When 12V from Coax
& e
U1 u TP10
When 12V from Coax ° 2 {un sw —ZSW Y'Y Y g PMIC
2.2uH
Ll e Lo i 33V@ 1A
i 07
b |8 PRE PG R2 LR4 224F
11K 470k 6.3V
gl 5 FB p
—_—C12 —_—cC1 4
50V 25v :gsg 1
0.01uF 10uF v RS
150k
TP12 TPS62160QDSGRQ1

GND
Copyright © 2018, Texas Instruments Incorporated

5. Schematic of Pre-Regulator

The TPS62160 regulates a target voltage of 3.3 V through the use of an external resistor divider using =
1.
R1=R2 (VOUTVREF-1) (1)

For this device, Ve is defined as 800 mV and R, designates the resistor connecting feedback to ground.
This output voltage is a common configuration for the TPS62160, where a 2.2-pH inductor and 22-pF
output filter capacitor are typically recommended. The total load of the PMIC is not expected to exceed 1.5
W, resulting in a maximum load current of 450 mA. Using the following equations from the TPS62160 data
sheet, the maximum expected inductor current must be less than 730 mA; however, a larger inductor has
been selected allowing additional loads up to 500 mA on the 3.3-V rail.

IL(max)=10UT(max)+AlL(max)2AlL(max)=VOUTx1-VOUTVIN(max)L(min)xf
sSwW

* | may IS the maximum inductor current

e Al is the peak-to-peak inductor ripple current

* L is the minimum effective inductor value, and

» f, is the actual PWM switching frequency 2

A 25-V, 10-pF input capacitor adequately supplements transient currents without excessive derating, and
a 10-nF capacitor is included to reduce potential high-frequency noise. Once the regulator is within 95% of
the targeted output voltage, the active high power-good signal asserts the subsequent supplies in the
PMIC. For flexibility, a jumper network allows bypassing the pre-regulator for testing 5-V POC systems
directly into the PMIC.
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U2 L5 TP3
+VCC_PMIC_3V3 ? +1V8
= = 1.8V @ 600mA
Y & vinoeoe sw |5 DCDC SW Y T ,
oRE 2 £6 DCOC 2.2uH R6 FPDLink and I/O
8 9
e LI TP7 ? +VCC_PMIC_3V3 300K
g EEE R7 T
——c13 ——cs P4Q +2V8 c14
470k
sov 10uF 13 viNwpo1 vipo1 |12 oo ‘ 68pF 2.8V @ 300mA
0.01uF 6.3V R8 T - ::% . Analog Sensor
+1v8 1o en_uoor L TP5Q +1V2 150k 6 3L\l/
r T 698k " 1.2V @ 300mA
161 vinwboz vio2 |15 ? °
R10 R0 TP11 Digital Core
2 o en_LDO2 £B_LDO2 14 FB_LDO2 150k
210k
7 4
MODE PGND c9 p
1 ——=C10 TP13 10pF
ASHD R11 10pF 63V
e |17 150k 6.3V
TPS65000TRTERQ1

GND
Copyright © 2018, Texas Instruments Incorporated

6. Schematic of Power Management IC (PMIC)

The PMIC accepts 3.3 V from the pre-regulator or 5 V directly from the POC filter network to supply the
2.8-V LDO and the 1.8-V DC/DC. The 1.8-V 10 domain can then supply the input voltage to the 1.2-V
LDO, assuming that both domains do not require more than 300 mA concurrently.

The resistor divider equation used for the TPS62160 also applies to the regulators within the TPS65000,
where both LDOs have a reference voltage of 500 mV, while the DC/DC has a reference voltage of 600
mV. The DC/DC also recommends a feedforward capacitor in the feedback loop for optimum load
transient response, recommending a 22-pF to 33-pF capacitor when the parallel equivalent of the
feedback resistors approximates to 300 kQ. In this reference design, the parallel equivalent resistance of
R, and R, approximates to 100 kQ, resulting in a feedforward capacitor of 68 pF to maintain a similar RC
constant.

Each LDO requires a 10-uF output capacitor for stability, and dedicated input capacitors are omitted due
to the close proximity of the supplying regulator output capacitors. The DC/DC uses the typically
recommended 10-pF input capacitor, 2.2-pH inductor, and 10-pF output capacitor.

The 2.8-V analog domain and the 1.8-V IO domain are gated by either the power-good signal from the
pre-regulator or directly by the 5-V POC bus. The PMIC features soft-start and an enable delay for the
DC/DC, allowing the analog rail to regulate first with the same enable source. The DC/DC subsequently
enables the 1.2-V LDO, allowing the analog rail to regulate first in the sequence, followed by the 10
domain, which is then followed by the 1.2-V digital core.
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3 Hardware, Testing Requirements, and Test Results

3.1 Required Hardware

This reference design accepts 12 V or 5 V into an onboard FAKRA connector. For the purposes of this
design guide, a modified TIDA-01005 camera hub board supplied with a 12-V and 5-V bench supply is
connected to the reference design by using a 6-meter 50-Q coaxial cable to evaluate performance.

3.2 Testing and Results

The following test results demonstrate the start-up behavior, DC/DC voltage ripple, load transient
response, typical current consumption, thermal performance, and shutdown behavior of the camera supply
reference design. For the purposes of these tests, the analog rail is supplying 70 mA, the 10 rail is
supplying 225 mA, and the digital rail is supplying 150 mA to dedicated load resistors. Start-up and
shutdown events are initiated through enabling or disabling of the camera hub bench supply.

3.2.1 Start-up Behavior

PRE-REG DCDC 3.3V

|
! -

2.0V/div 1MQ By:500M | T X 2.26v || 200psidiv 50.0MS/s  20.0nsipt

1.0Vidiv 1MQ Bye20.0M Run Sample

D 1.0Vidiv R 1] q,.czu.uu 2 acgs RL:100k

& 1.0Vidiv MO R,:zu‘uu Auto November 30, 2017  14:13:51

7. Power-Up Sequence With Pre-Regulator
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1 1 T i
- .
« -
m— |
PMIC DCOC 18V
1MQ By20.0M |2 Lo il 200psidiv 50.0MS/s 20.0ns/pt
AT 1.0Vidiv MO §y:20.0M Run Sample
@D 1.0Vidiv 1MQ By20.0M 2acgs RL:100k
T 1.0vidiv 1MQ By:20.0M Auto December 08,2017 13:08:37

8. Power-Up Sequence Without Pre-Regulator

3.2.2 DC/DC Voltage Ripple
™V T ™ T T ™ T T 1 T _
PRE-REG 3.3V ]
1l | (I |
1”” (" I - | 1 (i i ‘
i : 1
PMIC DCOC 18V + :
: I = ]
: . | L 1
A oy ™
4
i PR PR PR | PR T T (T T - ek . i R - i
[ﬂ 10.0mVidiv 0 By:200M J BeE® X 100mv 50psidiv 50.0MS/s  20.0ns/pt
@B 10.0mVidiv 1, By20.0Mm Preview
value Mean Min Max StDev  Count Info :““n bor 05, zn?:ﬂf::zms
@D PePk  [18.4mV_ [18.400001m [18.4m  [18.4m 0.0 10 ] W Decwmbc i
Pk-Pk'  [17.6mV_ [17.600001m [17.6m  [17.6m  [o.0 [1.0 [
& 9. Pre-Regulator and PMIC DC/DC Voltage Ripple
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3.2.3 Transient Stability

LOAD CURRENT i

T Y l.J'llll‘ll'JTl | - | S | -

T 30.0mV Offset:3. 26 1MO By:400M [T / 156mA 100ps/div 1.0MS/s 1.0ps/pt
T 200mA/div 500 By:20.0M ] 1
25 acqs RL:1.0k
Value Mean Min Max StDev  Count Info Rt DRCSREOTTONT A
@D Rise*  [916.3ns  [916.30366n [916.3n  [916.3n  [0.0 o |
Fall [931.4ns  [031.39178n [931.4n  [931.4n o0 J1.0

X 10. Pre-Regulator 3.3-V Load Transient

95.0%) 1
P
0AD CURRENT .
J . [ L " L ]
ETH 50.0mV Offset:1.8V M0 §y:500M E T/ 162mA 100ps/div 1.0MS/s 1.0ps/pt
AT 100mA/div 500 8y:20.0M Run Average:10000 1
25 acqs RL:1.0k
value Mean Min Max StDev  Count Info o DGR e
@D Rise'  [347.6ns  [947.64434n [947.6n  [9476n  [0.0 .o |
P Fail [1538us  [1.5379876p [1.5384  [1.538p (0.0 [1.0 |

X 11. PMIC DC/DC 1.8-V Load Transient

JAJU483-January 2018

TIDUD97 FHARIK — #c D SeiB il & K} http://www-s.ti.com/sc/techlit/ TIDUD97
Copyright © 2018, Texas Instruments Incorporated

Power Over Coax 7 r/L & & D HH A AFZPMICEIRDY 7 7L X e T A


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUD97.pdf

Hardware, Testing Requirements, and Test Results

13 TEXAS
INSTRUMENTS

www.tij.co.jp

@B 50.0mV Offset:2.82V  1MQ By:500M

ATH 100mA/div 500 8y:20.0M

Value Mean Min Max St Dev Count  Info
@ Rise*  [1.7ps [1.7000446p [1.7p [1.70 [o.0 1.0 [
Fall  [1.653ys  [1.6526952p 1653y  |1.653p 0.0 [io [

- {{
T .‘.IUT““-M.\.. TS T T W 0 T 0 W T O 0

[

Run Average:10000 1
25 acqs RL:A.0K
Aute December 01,2017 15:36:23

12. LDO1 2.8-V Load Transient

LOAD CURRENT
___ =
MR RN TS TN TN WO Y YN W N SO N N N 1 & | - ro R | P
W 50.0mV Offset: 12V 1M0 By:500M [ e ./ 80.0maA 100ps/div 1.0MS/s 1.0ps/pt
TR 50.0mA/div 500 Hy:20.0M Run Average:10000 1
25 acqs RL:1.0k
Value Mean Min Max StDev  Count Info Kt DRCSRREOTTNNT AL
@D Rise*  [949.6ns  [940.55488n [940.6n  [349.6n (0.0 o |
Fall [1.385us  [1.3554555 [1.3550  [1.3550  [0.0 [1.0 |

[ 13. LDO2 1.2-V Load Transient

12
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324 Typical Current Consumption
T — v T - - T o T g am
3 - - MmO
" PMIC DCOC 1.8V (225mA + 150mé) ]
1
e L v:‘
- LDOT 204 (Tl E
3 1
- R v U S PPN S N P T .
T ]
: 1
- 12V CURRENT - k. a
el TR T TR " | T PR . PR TR S | PR YRR, SRR T Bk
B 1.0vidiv MO By:20.0M Ba\1.24v [ 20.0us/div 5.0ms/s 200ns/pt
B 1.0Vidiv 1MQ By:20.0M Run Sample
AT 1.0Vidiv MO By:20.0M 589 acqs RL:A.0k
7B 100mA/div 500 By:500M Auto December 05, 2017 10:37:27
Value Mean Min Max StDev Count  Info
@B mean 1777V [1.775906  [1.769 1782 1678m  [588.0
Mean  [2.827v  [2.824091  [2.319 2.827 1.67m 588.0
@7 Mean 1193V [1.1965533 [1.192 1.199 1.21m 588.0
@7 Mean* [98.95mA  [99.151537m [98.71m  [99.76m  [147.8p  |588.0

14. Typical Current Consumption With Pre-Regulator (12 V)

™ —— r— T T - T T - P T v T
= FRENRIS SV s :
~ PMIC DCOC 18V (225mA + 150mA) ]
- » - A e
LDO1 28V (T0ma) _
+ — ——t — - - + 4 + & 4 1
i
R st g SRt
SVIN CURRENT *?j
. L P T ] L f e . . T o T L P T ]
& 1.0Vidiv MO By:20.0M BT/ 160mA 20.0ps/div 5.0MS/s 200ns/pt
AT 1.0vidiv 1MQ 8y:20.0M Run Sample
AT 1.0Vidiv 1MQ By:20.0M 923 acqs RL:1.0k
@D 200mA/div Autc December 05,2017 08:39:31
Value Mean Min Max St Dev Count  Info
@B mean  [1.768V 17672431 [1.76 1771 1.735m  [302.0
@ Mean  [2824v (2823083  [2.819 2.826 1.513m  |265.0
T Mean 1195V [1.1944654 [1.19 [1.188 1.61m 231.0
Mean®  [253.7mA  |254.08663m [253.im  [254.7m  [2726p 2000

[¥ 15. Typical Current Consumption Without Pre-Regulator (5 V)
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3.2.5 Thermal Performance

¥ 16. Thermal Capture With Pre-Regulator (12 V)

. [ =

[ 17. Thermal Capture Without Pre-Regulator (5 V)
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3.2.6 Shutdown Behavior

PV PSR TSP SR S S, E
PMIC DCDC 18V

T 400mVidiv 1MQ B,:20.0M
WTH 400mVidiv MO §y:20.0M
T 400mVidiv 1MQ By20.0M
AT 400mVidiv 1MQ By:20.0M

500psidiv 20.0MS/s
Run Sample
1acgs RL:100k

Auto December 08, 2017 12:50:38

50.0ns/pt

18. Shutdown With Pre-Regulator (12 V)

PMIC DCDC 18V

WTH 500mVidiv 1MQ 8,:20.0M
WTH 400mVidiv MO By:20.0M
AT 400mV/div MO By:20.0M
T 400mV/div 1MQ By:20.0M

e X 1.6v 200psidiv 50.0MS/s
Run Sample
2 acgs RL:100K

Auto  December 08,2017 13.03:20

20.0ns/pt

& 19. Shutdown Without Pre-Regulator (5 V)
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4.1

4.2

4.3

43.1

4.4

4.5

4.6

5.1

Design Files

Schematics

To download the schematics, see the design files at TIDA-01491.

Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-01491.

PCB Layout Recommendations

Place input capacitors as close as possible to the device. Minimize the area of the switching currents by
reducing all trace lengths, and minimizing distance from ground pins of output filter capacitors to the
ground pads of their associated input capacitors. Use star connections to bridge ground domains to a
common ground plane, and connect thermal pads to this ground plane with multiple vias.

Layout Prints

To download the layer plots, see the design files at TIDA-01491.

Altium Project

To download the Altium project files, see the design files at TIDA-01491.

Gerber Files

To download the Gerber files, see the design files at TIDA-01491.

Assembly Drawings

To download the assembly drawings, see the design files at TIDA-01491.

Related Documentation

1. Texas Instruments, TPS6216x-Q1 3-V to 17-V 1-A Step-Down Converter with DCS-Control™ Data
Sheet

2. Texas Instruments, TPS65000-Q1 2.25-MHz Step-Down Converter With Dual LDOs Data Sheet

3. Texas Instruments, TIDA-01130 Automotive 2-MP Camera Module Reference Design With MIPI CSI-2
Video Interface, FPD-Link 11l and POC

4. Texas Instruments, Sending Power Over Coax in DS90UB913A Designs Application Report

B
E2E, DCS-Control are trademarks of Texas Instruments.
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