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Project Description

This project is the development of the prototype
FPGA-Compatible MIPI CSI-2 (Camera Serial
Interface) D-PHY adapter board. The FPGA
used on the SpaceCube processor card does not
have 1/0 that natively supports the D-PHY
standard, and thus requires additional external
components to adapt the interface to the FPGAs
1/0. The goal of this project is to develop a
prototype board with this external circuitry. The
project tasks include 1) preliminary research and
analysis of the adapter circuit requirements
involving waveform comparisons, 2) signal
processing chain tests for voltage measurements, 3)
calculations from 1/O channel system simulations
in TI-TINA, 4) components’ values and circuit
configuration verifications, 5) protoboard
schematic entry, 6) both PCB footprint builds and
PCB layout in Altium Designer, and lastly, 7) PCB
manufacturing. This adapter board is useful in data
conversion and transmission from the MIPI camera
module to the FPGA, a D-PHY circuit arrangement
used in NASA’s SpaceCube Mini’s VADIR
(Versatile Analog/Digital Interface) between the
MIPI Camera module and the Backplane
Connector.

FPGA-Compatible MIPI CSI-2 D-PHY Adapter Board
Development Methodology

Conversion
Simulation
of MIPI (TI
TINA)

*Research MIPI D-
PHY and LVDS:
Expected Voltage
Levels and Rates

« Transmitter and
Receiver Circuit
Simulations

*Waveform Outputs
from signal
processing chain
tests for voltage
measurements

+Calculations from
I/0 channel system
simulations

*Components’ values
and circuit
configuration
verifications

Protoboard

Schematic Protoboard Protoboard
Entry PCB Layout Fabrication
(Altium)

Final gerber file

«Parts selection and +PCB footprint builds

symbol builds > Component output, assembly
«Schematic Entry: Add ~ placements drawings, BOM
and wire components, *Determination of PCB *Quotes

adjust I/0 pin
arrangements

Stack-Up and Rules
(length-matching for
differential pairs,
controlled impedance,
copper specifications:
trace measurements)
> Trace Routing

*Place Order
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Engineering Contextualization: SpaceCube Configurable Slices

Configurable Slices
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IMPS Concept Overview

Diverse set of payloads can be realized with same baseline infrastructure of key reused cards and
simple addition of one or two cards for mission-specific needs

SpaceCube provides high-performance computing designs to be combined with added features

from catalog of supporting cards

Designs are reusable and can be reconfigure
orbits/environments) and science objectives
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Engineering Contextualization: MIPI Adapter in SpaceCube’s
Versatile Analog-Digital Interface (VADIR) Card

Commercial

VADIR Prototype Board 5,;'.‘5‘,;
| MiPi C':::uu cf,::;:, f’/‘o"”‘ e 'A'[.WDS Pin Header
i Lﬁl lﬁd ["’“’ ’f
e} o—
:,----‘--------------_--------- ;:;:E;E:;' __________________________ I Zybo Dev Board =
i = o - _:/_ld«e ce Circit
i R - Zyng-7000 : - Overview:
| - - so€ i ; » Multiple configurable analog inputs in CubeSat form-factor
| L@ @J " F : [ D « Selective population enables SWAP-C savings depending on
| = o . ' mission needs
| e » On-board level shifter allows for multiple control voltages
: - + Conforms to CubeSat Card Standard (CS?)
| o MIPI Adapter [I:S]z
wo = = 1 external circuitry High-Level Specifications:
@ Ao @ %kw PinHeader system * 24-bit Science & Telemetry ADC
3 i 8 * 2 independent ADCs, up to 52ksps each
f e § « 16x 4-wire RTD up to 45kQ resistance
[soem ] ! = i « 15x Single-Ended or Differential Analog Inputs
* 12-bit Housekeeping ADC
= + 8x 0-5V Single-Ended Analog Inputs

* Bias Supplies

* 2x LDO supplies, <1.5A, 1.2-3.3V
* Requires £12V, +5V, and +3.3V
* Requires 16x 1/0 lines (1.8V or 3.3V)
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Preliminary Research and Analysis: Schematics of Resistor Networks
and System Integration Mapping of MIPI CSI-2 Transceiver Unit
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Figure 11:  FPGA Compatible D-PHY Receiver

MIPI
Connectorto <

Transmitter Resistor
Network

board

MIPI Cable
(“Ribbon”)
end

MIPI
camera
module

MIPI Cable
(“Ribbon”™)

The transmitter conversion
circuit is from the FPGA to
the Camera. The receiver
conversion circuit is from
the Camera to the FPGA.
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T1 TINA Simulations for Receiver Network:
Signal-Processing Chain Tests, Waveform Analyses, Voltage Measurements and Calculations

U7 (LVDS_25) + U8/10 (HSUL)

FPGA-Compatible D-PHY Receiver
Baseline Circuit Simulations and Waveform Analyses:

« The FPGA inputs do not need to be simulated in attempting to verify that given a MIPI D-PHY input.
» The resistor network will output a signal that is compatible with the LVDS (for HS) or HSUL (for LP) I/O standard.
» The baseline simulation will be an attempt to see what is present at the resistor network output.

* U8 and U10 are assumed to be high impedance inputs (effectively open) and U7 is assumed to have an internal 100Q differential termination.
* The HS (LVDS_25) and LP (HSUL _12) cases are analyzed separately.



U7; HS, (LVDS_25) Baseline Circuit Simulation

MIPI D-PHY
HS signal

R6 100

C
VR
)

M g

TEREES
Wy HSUL_12_S_HR

VF3

Probes for
f s - comparisons
1 E 525 HR_LP <— to expected
LVDS_25
levels

VF4

R7 100 U10.118:
A HSUL_12_S_HR
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U7; HS, (LVDS 25 HR_I P (Low-Voltage
Differential Signaling)) Specifications:

» LVDS is a dedicated differential buffer, which runs
at a higher speed compared to 2 single-ended
differential buffers.

« The HS receiver has a switchable parallel
termination (as differential signaling).



U7; HS, (LVDS_25) Waveform Analysis

Xilinx Specifications (Expected Values):

Veeo = 2.5V
2.375V < Vo (supply voltage) < 2.625V

R;=100Q

Vo max = 1.675V

VoL min = 0.700V

1V < Vv (output common-mode voltage) < 1.425V
3V<Viu<lsvVv

Waveform Values (VF3 and VF4):

VG1 =0V
Amplitude: 0.4V
VCM = 1.2V
Vo = 0.8V

Voy = 1.6V

VF3

VF4

2.00—

0.00—-
2.00—

0.00

A
X: ]29.86n :|1.6
X |418.04n :|800m
-A-B
x. -388.18n y. 800m
b
| \ ] | |
‘ | | Y l
' o = 1 = P = ' 7|
0.00 100.00n 200.00n 300.00n 400.00n
Time (s)
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U8/U10; LP, (HSUL_12) Baseline Circuit Simulation

MIPI D-PHY LP signal
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U8/U10; LP, (HSUL_12_S HR (High
Speed Unterminated Logic))
Specifications:

» FPGASs support the HSUL _12 standard for
single-ended signaling and differential
signaling.”

 The function as a low power
signaling mechanism.



U8/U10; LP, (HSUL _12) Waveform Analysis

Xilinx Specifications (Expected Values):

Vgee (Input) = 0.6V
Vo (Output) = 1.2V
Veeo (Input) = Any

Vier + 0.130V <V, < Ve + 0.300V

VoL, max = 20% (Vo)
Von, min = 80% (Vo)

Calculations:

VoL, max = 20% (Vo)
VoL max = 20% (1.2V)

Vou, min = 80% (Veeo)
Vou, min = 96V

Waveform Values (VF3 and VF4):

VG1 =0V
Amplitude = 0.5V
VCM = 0.6V

Vo = 0.1V

Vou = 1.1V

VF3

VF4

NASA Embedded Processing Internship, Summer 2021
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Circuit Schematic (.SchDoc):

Pin Configuration Requirements:

. . 1 Probes for
. Connect 3 copies of the receiver between the FMC connector and the MIPI connector. : - somps o
. For the MIPI connector side, follow the pinout in the camera module e

datasheet (Table 3).
. For the FMC Side: RSN
. Use pins labelled LA## l
. Keep differential pairs together. For example, if MIP1_D1_P goes
to LAO3_P, then MIP1_D1_N should go to LA0O3_N.
. Have the clock (MIPI_CLK) go to a clock-capable (_CC) LA pin.

L 1 D-PHY Receiver network
. Connect the CSI pins directly between the MIPI connector and FMC connector.

. For the MIPI connector side, follow the pinout in the camera module
datasheet (Table 3). AR e s
. For the FMC side:
. Use pins labelled LA##
. Use pins labelled _P

100Q RM* —— Rctact
seceeeeees |
= The MIPI IPEX . P
2 & Connector requires o
% spatial reconfiguration
Tefe R7 during iterative design ST o "
process. Its 1/0 pins are l e
100Q RM* rearranged to meet 4
trace routing e bis i
requirements. o
1 Receiver Network with verified resistor values

NASA Embedded Processing Internship, Summer 2021 11



Final Circuit Schematic in Altium
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FPGA-Compatible MIPI CSI-2 D-PHY Adapter Board Circuit Schematic
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Using the TI-TINA Simulation’s Receiver Voltage Probe Results
for verification of the 150 Q resistor package type

RE 100

1

VF3

ur:
LVDS_25_HR_| P

VFé

R7 100

A

IEREER
HSUL_12_S_HR

VF3

VF4

U10.119;
HSUL_12_S_HR
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I " 0402 " 40 40 25 50 25

Calculations of current and allowable dissipated power

for verification of the 150 Q resistor package type
(Using NEP: Power Dissipation Ratings for Resistors (after 2007)):

Old Ratings New Ratings
(Before Oct. 2007) (After Oct. 2007)
Power
MIL-PRF-55342 S Power (mW) Volt Volt
Slash Sheet Chip Size I (mW)

Thick || Thin Thin & TT';:.“;“
Film Film Thick Film F“';]

Il Il II Il Il |
| " 0302 “ 40 40 15 40 15

[ o502 J[20 J[ 10 [ 40 50 [0

l " 0505 " " " " 125 " 40 I
e |

[ 6 [oros  J[100 J[ 50 J[ 50 ][50 50
[ 3 005 [ 100 J[ 50 [ 40 200

- [010(FRe) || 400 || 20 _J[ . - e

[ I 1206 || 250 | 125 [ 100 J[ 250 [ 100 |

[ 505 150 ] || || 25
|| 2010 (FR4)_|[_600 [ 400 ] ™ -

|2010(Ceram:c)" 800 [ 400 |
2208 |[ 225 [ 200 20 | 225 |[ 175

I 2512 (FR4 I 750 500
9 (R l_l 200 1000 200
I 2512 (Ceramic) " 1000 " 500 I

On calculating for the appropriate power rating for the 150€ resistor:

From the circuit simulation, V = 1.4 V.
V=IR

1.4V = (1)(150 Q)
1.4 V/(150 Q) = 0.00933 A = |

Pd|55|pated IR

Paissipated = (0.0093333333 A)2(150 ©2)
Paissipatea = (0.00008711111111)(150) = 0.0130666667 W

or simply from P = V"2/R = (1.4)"2/(150) = 1.96/150 = 0.0130666667 W

If the calculated dissipated power does not exceed the power rating of the resistor for a
particular package type, then there is no resistor degradation. Since 0.0130666667 W does not
exceed the 0402 package type power rating of 50 mW (or 0.05 W), the 0402 package type
is sufficient to use.

The power rating specifies the maximum steady state power the package allows to dissipate
under given conditions (at the rated ambient temperature).

The voltage rating is typically for the resistor series and specifies the maximum peak
voltage that can be continuously applied to a resistor at a rated ambient temperature without
resistor degradation.

NASA Embedded Processing Internship, Summer 2021
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MIPI I-PEX Connector Receptacle

for high-speed signal transmission between the co-axial camera cable and a circuit board

Component Parts:

Connector parts

PLUG

Plug parts

PLUG HOUSING ASSEMBLY

PLUG SHELL-A

'\

PLUG LOCK BAR ASSEMBLY

RECEPTACLE

MIPI
Connector
Plug

MIPI
Connector
Receptacle

PCB Resistor Networks

— VCC_3P3
5 Pin Description = VCC_3P3
e-CAM222_CUMI2311_MOD has a I-PEX connector (CN1). The pin types are described <] vec_ies
from sensor perspective. The signal names and pin numbers are given below. . GND
CNI1 Pin ; GND
No Signal Name Pin Type Description ——={ uC_BOOT
1 VCC_3P3 POWER | 3.3V Power supply for camera and adaptor boards ——& CSII2C_SCL
2 VCC_3P3 POWER | 3.3V Power supply for camera and adaptor boards _§> CSI 12C SDA
3 VCC_1P8 POWER | 1.8V Power supply for camera and adaptor boards GNB
4 GND POWER | Ground signal for digital and analog 10 >
5 [GND POWER | Ground signal for digital and analog 1| NC
6 uC_BOOT INPUT | Camera Power down signal R NC
7 |esiic_scL Ty; [(EC Con Rl ESGUON St mal Pul oy ars —5ts CAM_TRIGGER
O Do SRRy e E e 3 RSVD
8 | cCsi_l2c_sDA w | : 2 4 | onD
9 GND POWER | Ground signal for digital and analog 2 MIPI DI N
10 [Ne —_[we 16 4 mrpip
i1 [NC NC " | axD
12 CAM_TRIGGER INPUT ;:arsera wigger signal 18V 1/O. Internal PD to 2 GND
13 RSVD - Reserved —9< MIPI_DO0_N
14| GND POWER | Ground signal for digital and analog 20 MIPI DO P
15 |MIPIDLN OUTPUT | MIPI Data Lane 1 Differential Pair - 21 CAM nRET
16 [MIPI DL P OUTPUT | MIPI Data Lane 1 Differential Pair + 22 L)
17 GND POWER | Ground signal for digital and analog 23 GND
18__[GND POWER | Ground signal for digital and analog | 31| NC
19 | MIPI_DON OUTPUT | MiPI Data Lane 0 Differential Pair - —J MIPI_CLKE N
20 MIPI_DO_P OUTPUT | MIPI Data Lane 0 Differential Pair + MIPI CLE P
21| CAM_nRST INPUT | Camera reset signal (Active low) 1.8V /O 261 oo
22 GND POWER | Ground signal for digital and analog 27
| 23 [NC - NC 33 NC
24| MIPLCLK N OUTPUT | MIPI Clock Lane Differential Pair - NC
25 | MIPI_CLK_P OUTPUT | MIPI Clock Lane Differential Pair + 29 CAM STROEE
26 GND POWER | Ground signal for digital and analog 30 -
27_|NC - [nc —s1 | NC
28| NC - NC 3 SHIELD
29 | CAM_STROBE __| OUTPUT | Camera Strobe signal 1.8V 1/O 33 SHIELD
2__Lke NG = SHIELD
S’- SHIELD
Table 3: CN1 Pin Descriptions 2| SHIELD
56 | sumELD
- SHIELD
52 | sumELD
MIPI I-PEX Connector Receptacle (CN1 on the e- Sg SHIELD
CAM222_CUMI2311_MOD module) 77| SHIELD
Specifications z 2 | suELD
2 | SHELD
» Description: CONN Micro 15 SHIELD
Coaxial CABLINE-CA II P- 517 | Sy
0.40mm 30Pos with Shield 318 | sHIELD
Cover Right Angle SMT B

* Manufacturer: I-PEX
* Part Number: 20682-030E-
02

» Part Name: Receptacle, 30

pins

CABLINE®-CA Il

Fully-shielded with mechanical lock, high-data-rate
transfer (20+ Gbps/lane), 0.4 mm pitch, horizontal
mating type micro-coaxial connector

NASA Embedded Processing Internship, Summer 2021

Schematic Symbol built to
represent the MIPI IPEX
Connector Receptacle (in
Altium)

15


https://www.i-pex.com/product/cabline-ca-II

Building the MIPI I-PEX Connector Receptacle

RECEPTACLE
Part Number: 20682-030E-02
Part Name: Receptacle, 30 pins
30+£0.2
O poio
O e ]
Ty
= o Lia = s
-l 2 . J. 'ot": 1 = ; R22 o
N .-'IL.- S ” ’-;}D 12 °
e I+
fg,D N A o
~1 700 D_ Lo N
[] 3
cn g=
Figure 2: Rear View of e-CAM222_CUMI2311_MOD Camera Module Figure 5: Bottom View of e-CAM222_CUMI2311_MOD

NASA Embedded Processing Internship, Summer 2021



Building a corresponding Altium PCB footprint for the MIPI I-PEX Top and Mechanical Layers
Connector Receptacle (CN1 on the e-CAM222_CUMI2311_MOD module) to

be added to NASA’s “SC-Connector-Mech.PcbLib” in Altium: Top Overlay:
silkscreen overlay

2Py %2 [ b .
005000000 vy
- Dv. Smwar= 1y Ey w Top Solder: exposed surface mount
o aDE™ RIGRID: ™ v pads; needs to be coated with solder
o ! paste before welding.
CHl gz
Top Paste:

Figure 5: Bottom View of e-CAM222_CUMI2311_MOD

Top Layer:

(Signal Layer); component layer, is
mainly used to place components
(electrical connections, aka the actual
copper layers)

Mechanical 1:

Mechanical 2:

PCB footprint of IPEX MIPI Connector Receptacle
built and linked to its schematic symbol (in Altium)

NASA Embedded Processing Internship, Summer 2021 17



Linking the schematic symbol to the PCB footprint and 3D model between
NASA’s “SC-Connector-Mech.SchLib” and “SC-Connector-Mech.PcbLib” in Altium:

File  Edit v 3 elp

SCH Library * & x i HomePage ® nnector-Mech.Sehlib

Design Item ID

nector-Mech.Schlib -

nector-Mech.Pecblib

B

Connected

onnector w
onnector w

\SP-134488-01
Thermal_Interface
Wedge Lock Mount
Mouting Hc

Mounting hole, h 7 , nonpla
Mounting hole, ho , plated |
Tmm_MH2 Mounting ho 0 , plated |
nm_MH1 Mounting hole, hole , plated |
le, hole , plated |
, non plz

. width Tmm, clearance 3mm
pin count connectol
C High-pin count connech
DR 26-pin connectar
.

[ 20682-030E-02 tprint
|-PEX Connector Receptacle, 0.4 mm pitch

Delete Edit

Location

N0
CAM_TRIGGER
RSV

GND

N
CAM_STROBE

SHIELD
SHIELD
SHIELD
SHIELD
SHIELD

Footprint Model

Name | R 20 0 | ’ Pin Map...

PCB Library
.
Library name
Library path

Use footprint fram component libra

Selected Footprint

Found in: C: iumLil i nnector-Mech.Pcblib

Cancel

Description

NASA Embedded Processing Internship, Summer 2021
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Building the FMC Connector Plug =

[GBTCLKO_M2C_N|

for high-speed signal transmission between the PCB and FPGA

FMC Connector Plug (LPC; Low-Pin Count) Variant

(Mezzanine Card; PCB Side)

MC-LPC-10, Part A, FMC Low-pin count connector, lead free, 160 1/O pins,
male, 10 mm mated stack height. ASP-134604-01.

The schematic symbol requires all 160 pins for proper representation.

LPC FMC Connector Plug (Mezzanine Card; PCB Side): LPC FMC Connector Receptacle (Carrier Card; FPGA Side):
Low-pin coun (LPC) connectar, Mezzanine card side Low-pin count (LPC) connector. Carrier card side
-t o BB o B o B2 P2 2B e D
@D PG CIM VEEF A M Lo Bl s cov it HL | vREF 4 MIC
g %’Eﬂ’% g gﬁ‘g g % FC'YRN%rTjEC,L g DE)_CIM_P g GD g CLE1_MIC_P % TRENT M2C L
| CIM | DPO_CIM N GND CLEIMICN @D
Hao 2 eeramiaoce | T I axooce =n HMemmance | HHa s P axosoce
T @D o7 GBICLEN MICN =1 | CLEIMCN = B3| GBICLEOMICN & @D T CLEIDMOCN
DBO_M2C_P GND GND DPO_MIC P GND LAN P CC @D
THomoecy| I ao il T ran» Hoeecy| I eo T Taponice Hlramp
T @0 o LA PCC ol | LARN | GO oo LADLP cC o BT | LARN
& @D 1o LANIN.CC & g D o @ o LA ce oo Lamp | &
S Lavsp 2 @ o o Laps» T Lams e o e ShH ransw H Lan®
Frr| LagsN BT LA P am HIT| LABN S LaneN B LA P & & Hi] LAnN
F1 GND BT LAGN arm T @D ‘5 @D B LAGN o Lamp i @D
Fo GND 5o @D arm | LA0T® o @D I @D S| rann Hi Lan®
Fr LA10P | LA P arm LAOTN i Lanp B Lamp ¢ @o HE LavTw
LALON D Lanex 2 HIT | enp 2 | Law LAN N - {ranp 2 &D
I @ DTS ] Gnp ™ GI5 8] panp I e O8] Gp - GIE Y Taryn HE | fan p
g am o] tane o ] tan d eo T tane S eo H fany
LAl4 P LABN GND LAlS P LABN La15? 2
1 fanw o an ot M rase < > ] e P et S raig ] taise
C"“l_ GND oo LAlZBR.CC G';l_ i LALN « » < 2 = | LAI7.P CC &D LAIS N
1 am LAITN OC Z GND a1 o DI pairvce G ranp HT ap
I oI | s GII HIT | gy B 03 | S G = mr] =
& Thiirce| ZE 00 orm £ fhiok The plug and & Hnr| 8 o g T B
N 3] K =] rasee| ZErane GND
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MCIPCTD MCIPCTO MCIPCT0 MCIPCTo s Schematic Symbol built to
represent the Mezzanine FMC

Connector Plug (in Altium)
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{ &‘ ,,Q888283328820333883833332333333233333392__1{ J oooooooooooooooooooooooooooooooooooooooo"a—f
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Ay I3 .250014.250]
@ oas(oss] T
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RECOMMENDED STEMCIL LAYOUT FOR ASP-134403-01
BECCMMENDED Poa LA CUT PR AoPoliestot) ‘ALL CIMERSI0HS 5 TMMETRC ABOUT THE CEHTERLINE
FPGA Mezzanine Card (FMC)
Plugs

FMC Part No. Samtec Part No. Molex Part No.

MC-HPC-8.5L | ASP-134601-01 45970-4117

MC-HPC-8.5 | ASP-134602-01 45970-4115

MC-HPC-10L | ASP-134487-01 45970-4317

MC-HPC-10 | ASP-134488-01 45970-4315

MC-LPC-8.5L | ASP-134605-01 45970-4107

MC-LPC-85 | ASP-134606-01 | 45970-4105 h M R d d PCB d EM P c R

MC-LPC-10L | ASP-127797-01

oo | demaina | e The Mezzanine Card side (PCB side) FMC Connector Plugs as LPC variant.

TS Selected for Adapter PCB: ASP-134604-01.

FMC Part No. | Samtec Part No. Molex Part No.

CC-HPC-10L | ASP-134485-01 45971-4317

CC-HPC-10 | ASP-134486-01 45971-4315

CC-LPC-10L | ASP-127796-01 45971-4307 - - - .
ccipcio | aspamsczor | ®asmass | The Carrier Card side (FPGA side) FMC Connector Receptacles as LPC variant.

CC = Socket (Carrier Side) MC = Terminal (Module Side)

Connectors - Mezzanine card side

PCB footprint of FMC Connector Plug built and linked to its schematic symbol (in Altium)
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Connectors’- Mezzanine card side®

Trace Routing Optimization from Default PCB Top Signal Layer

s - Mezzanine card

Connectors - Mezzanine card side=®

Receiver_1_to_LAO06_N line is
disrupted due to a trace
configuration blockage.

Receiver_1_to_LAQ06_P line is disrupted
due to a trace configuration blockage.

Receiver_2_to_LA10_P line is disrupted due
to a trace configuration blockage.

Receiver_

2_to_LA

10_N line

is .

disrupted Receiver_3to LA_17N_CC and

duetoa LA _17P_CC: blocked.

trace_

g VCC_3P3_of MIPI_Connector_to_3P3V_

blockage. of_FMC_Connector line is disrupted due to
problematic route crossing from other trace
routes.
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Optimization of Trace Routes and Via Placement
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After pin swapping within and between the pin columns of the
FMC Connector, the FMC Connector columns with pins routed
to components and MIPI IPEX Connector pins have an
alternative arrangement for the purpose of trace route
optimization. The configuration still requires differential pair
routing.
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Via count minimization helps to reduce the number of trace
routes on the board, ultimately reducing the amount of time
spent on the board’s signal connectivity.



Final PCB Configuration: FPGA-

Compatible MIPI CSI-2 (Camera Serial

Interface) D-PHY Adapter Board

4075 mil

Jrisfmu i

Final PCB Print (Assembly Drawing) of Adapter Board

2D View of Final PCB layout of FPGA-Compatible MIPI CSI-2 D-
PHY Adapter Board with both differential pairs and single routes
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Final PCB Configuration in Altium’s 3D View: FPGA-Compatible MIPI
CSI-2 (Camera Serial Interface) D-PHY Adapter Board
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FPGA-Compatible MIPI CSI-2 D-PHY Adapter Board

Final PCB in Rotated View (XYZ Plane) Final PCB in Top View

Once the adapter board PCB is fabricated and
assembled, it can be used to demonstrate the validity
of the circuit design prior to it being incorporated into
the VADIR flight board design.
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Acronyms
Acronym Definition
MIPI Mobile Industry Processor Interface
Csl Camera Serial Interface
D-PHY 500 Mbps Physical Layer
FPGA Field Programmable Gate Array Thank you to:
1/10 Input Output
EMC. LPC FPGA Mezzanine Card, Low Pin Count Embedded Processing Group, Science Data Processing Branch, Code 587, NASA

Mentors: Alessandro Geist and Cody Brewer
. . GSFC OSTEM Internship Program
PCB Printed Circuit Board North Dakota Space Grant Consortium

VADIR VADIR (Versatile Analog/Digital Interface) s (e TS
LVDS Low-voltage differential signaling Altium Designer
HS High Speed

HSUL High-Speed Unterminated Logic

LP Low Power

Cs? CubeSat Card Standard
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