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Space-Based Missions Small Form Factor

Spectrum Dominance

High Performance
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Low SWaP SDR Platform Products

Scalable SWaP vs Capability

Z2
45MHz — 6GHz
RIT
50MHz BW
AMD Zynq 7010
~2.5W Pdiss

~—_

s

Capability
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Z3u
45MHz — 6GHz
2ROT or 1RIT
50MHz BW
AMD Zynq US+ ZU3
GPSDO
<6W Pdiss

V40 Concept
IMHz — 9GHz
1RIT or 2R2T

50MHz - 1GHz+ BW

70dB SFDR
<A0W Pdiss

28 @@@

Z4 Concept

10MHz — 6GHz

Four Rx Four Tx
50MHz BW
70dB SFDR
<15W Pdiss

NDR325
20MHz — 6GHz
Four Rx
500MHz BW
80dB SFDR
67W Pdiss

NV800
10MHz - 6GHz
Eight Rx
50MHz BW
70dB SFDR
<30W Pdiss
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Sidekiq NV800 SDR - Funded by US DoD 7=PIQ

Standalone SDR Platform
« Eight RF Receivers in a Single SDR Platform
¢« 10MHz — 6GHz Tuning Range
« Potential Extension to 18GHz on One Channel
« Phase Coherent or Independently Tuned Receivers
« BOMHz Bandwidth per Receive Channel, 16b ADCs
« 10GbE SFP+ Port for Streaming VITA 49
« 1GbE for Command & Control
« Integrated Support for WhiteRabbit (IEEE 1588-2019)
« Enables <Ins Sync Between Remote Sensors
« Integrated 1OMHz and PPS Inputs
« <30W Typical Power, Passively Cooled Housing
« Dimensions 9.92" x 7.24" x 2.0"
o 252x184x51cm
« 144 inches? 2,365 cm3
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Detailed NV80O Block Diagram 7=PIQ

External Interfaces - o WWEEN

o . RF Rx1
e  6-18GHz Extension: Currently Unpopulated " W% >EDE - <rr
(10 GbE)

o JI: Can Feed All RFICs or Just RFIC #1 Rx1 » %

r—WLyo’giz: (PL) SFPA
o J2-J8: RFIC Rx Inputs or Unused System-on-Chip -u Goe) | TIvING

- (Xilinx Zynq

o J9:Single Tx Output 3 &_@ Rt lilgzaagaég _-
« J10: Connected to % MiniPCle Connector &=

1 = f | % il o]
o POpu|ated With 1/2 Size GPS/GNSS RX ///[ TN I 5 Processor

e System (PS)
RFIC #3

° J12: PPS Input 15 % B‘@ RF R Linux on =
— P EgY Quad-Core
«  J13:10MHz Input ARM A3 CPU

RF Rx2
>0

8
i

L

pushbutton

\WV/
8-
Y
J
)

i

mPCle

I/ : Rl; Rx2 GbE MD
- SFPB:10GbE for IQ Data s L —={]/ '\l—
- RAM Flash Boot
o« SFPA: WhiteRabbit or Additional 1I0GbE for IQ Data 7 — | (S| [
. 7 ///[ L Q>0 POE++
« GPIO: 8 Externally Exposed GPIO Signals o) KEY Support
= |
. RJ45:1GbE for Command & Control E @—:&»@ S0 [_JSOR subsystem [0 .~
MPS b " Supplies l:r:.let
« Can Also Source POE++ for Power » G- RF Txt _ gRFFESU bsys :m p
~ subsystem
- DC Barrel: Power Input if POE++ Not Used ; = [] Power Supply subsystem
T //// ‘—El/z g I: External Interface

D Internal Interface

GPS
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NV800 RF Front End 7=PIQ

Two Input Modes

RF_SW_SPI

o Single Antenna Mode

ReFE_Sp1 | From FPGA

« J1Connects to Antenna | i

« Resistive Splitter Sends Signal to Every RFIC Rx Input [soue) i
«  RFICs Can Still be Tuned Independently or Coherently by ot |
«  Multiple Antenna Mode R sers ] [~ i
o J1to J8 Each Connect or Antennas | | ) L
«  Each Antenna Sends Signal to One RFIC Rx Input ; | Vo v ! ;
» RFICs Can Still be Tuned Independently or Coherently o
On Card Signal-Conditioning Future Eight Copies, One for Each
Extension RFIC Input

« Amplification, AMI090 and AM1084

o Filtering, Pre-Selection Bank

o  Future Option to Have 18GHz Input to One RFIC
e Block Conversion, Amplification, Filtering

Target RF Specs

o Gain =20dB, NF = 7dB, lIP3 = +5dBm
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NV800 FPGA Subsystem

Two FPGA Modes
« Epiqg Application — VITA 49 1Q Streaming

« User Application

Epiq Provides FPGA Binary to Configure System

to Clock Distro

Xilinx Zynq Ultrascale+
XCZU7EG-1FFVC1156E

7=PIQ

User Can Set Each RFIC IQ Streams (8x)

RFFE_SPI, ANT_SPI
to RFFE &

CLK_SPI, CLK_GPIOs

« Sample Rate

to Clock Distro -

RFIC_SPIs, CTRL, etc

« Packet Size (Up to 9kb Jumbo Frames)

to RFICs <&

from RFICs RX_DATA[0:7]

PPS In

~

o VITA 49 Stream IDs (V49)

e Source and Destination
o MAC (with Broadcast Ability)
« IP Addresses (IP)

RAM
(2GB LPDDR4) [

O Port (UDP) (16 Z?ESMC) -
Full Rate VITA 49 Data Streams on 10GbE up to Link Saturation —
(128 MB QSPI) ]

User Must Provide FPGA Binary

Epiq will Provide FPGA Source as Reference

User Registers in PL

User App Runs in PS to Configure PL

Reduced or Full Rate IQ Data Sta Streams on 10GbE
« Still Uses VITA 49 Packets
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(o]
PP ]
62.5MHz HATI IP SFP
(White Rabbit) Cage IE[?;EHLSs?S
(1 GbE)
SFP+
VITA49
> 10GbE Cage V49
(10 GbE) | to Host
Programmable
Logic (PL)
Processor
System (PS) ——{tens ]
ITAG/
Linux on UART
Quad-Core i
ARM A53 CPU RI4S | cMD
PHY GbE | CTRL




NV80O0 RFIC & Clocking Detail 7=PI1Q

Three Clocking Modes

o External IOMHz
e User Provides 10MHz Clock on J13

«  WhiteRabbit
«  WhiteRabbit (IEEE 1588-2019) Signals of SFPA
o FPGA will Product HATI 62.5MHz Clock

e« On Board 40MHz Oscillator | e

. Warpable Thru SPI Controlled DAC T

RFICs (q4)

RFIC_SPI/CTRL[0:3]

RX_DATA[0:7)

=

DEVCLK[0:3 100MHz 40MHz
::‘—]—MCS[O:M ) DAC_SPI
T 1

HATI 62.5MHz

from RFFE —2X10: 715, |

Zyng US+ PL

LI
@[z
9
)
]

FPGA_DEVCLK

All Three Clock Sources Input to HMC7044

« 100MHz Reference Clock Always Delivered to RFICs g \\\“ 10MHz

+ Potential Future Upgrade to 200MHz SMA

o RFIC can Generate Internal Clocks

o Arbitrary IQ Rates are Supported from Single Reference Clock
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Early WhiteRabbit Results: <Ins PPS Alignment 7ZPIQ

ﬁ%x«soleHT MB0-X 31047, MY57451523, 07.31.2020012842: Thu Apr 20 09:38:16 2023

Trigd G

Freq(’).

Freq(d)

Invert

L(EE%SJFHEI M50-% 3104T, MY57451523,

10m Fiber

NV800 #1 NV800 #2

Invert
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NV80O0 Power Distribution

Two Power Modes

o« POE++is Primary Mode

« Power Delivered on 1GbE

« Max Power Handling is 40W

« DC Barrel Input is Secondary Mode
e 12V Input

Total Power Estimated at <28W in VITA 49 Mode

Device Power Device Power
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CMD
CTRL

diff pairs .. to Eth PHY
PWR

MYBSPO1206AZFT | +12V_POE
PoE++ Module

V12P0

DC
Barrel
Input

FETs
+12V_JACK J

to Zynq PS 1€

LT4151
Voltage/Current
Monitor
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MPS Power
Supplies

SDR Power
Supplies

RFFE Power
Supplies




NV800 Software Control & Operating Modes 7=ZPIQ

RFIC Software Control

e ERFS: Embedded RF Server
« Abstracts RFIC Control
« Receivers are Numbers 1 Through 8

° Receivers can be TaSked With Stare or Sweep Frequency Frequency Frequency Frequency @ Frequency | Frequency Frequency @ Frequency

Sweep Sweep Sweep Sweep Sweep Sweep Sweep Sweep

RFIC 1 (61.44MSPS) RFIC 2 (61.44MSPS) RFIC 3 (61.44MSPS) RFIC 4 (61.44MSPS)
Antennal ‘ Antenna2 | Antenna3 | Antennad | Antenna5 | Antennab | Antenna? | Antenna 8
Channel1 | Channel2 | Channel3 | Channel4 | Channel5 | Channel6 | Channel 7 | Channel 8

« Gain Control Unique to Each Sweep Step
»  Multiple Operating Modes Available
. Sweep & Stare Modes on Each Rx .1 ./ .| . ] .| . [ .| . |

« Independent Sweep on Each Rx

Frequency & Phase Coherent Mode

o

« Coherent Sweep on Each Rx E

. .. .| . [ .| [ .. ' .| . |
« Independent Fixed Frequency on Each Rx
« Coherent Fixed Frequency on Each Rx
e Simultaneous Sweep & Stare Across the Rx Channels Frequency Frequency Frequency | Frequency | Frequency | Frequency | Frequency = Frequency

Sweep Sweep Sweep Sweep Sweep Sweep Sweep Sweep
e Rx1-4 as Coherent Block and Rx 5-8 as Coherent Block
v
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NV800 Frequency Hopping

LO Tune Time — Currently 70ps

Total Time Required to Change LO Frequency
IQ Data is Blanked During this Time

Dwell Time — Configuration Dependent

Total Time a Receiver will Stay on a Frequency
Must Be a Multiple of the VITA 49 Sample Count
Example, if VITA 49 Sample Count = 2048

e (@ 61.44MSPS IQ Rate, Minimum Dwell = 33pus

Fast Hopping Example

IQ Rate = 61.44MSPS, BW = 50MHz

VITA 49 Sample Count = 2048, Minimum Dwell is 33ps
Sweep from 30MHz—>6GHz

« Total of 120 Steps at 50MHz Step Size

Full 6GHz Sweep Takes 12.4ms

« Approximately ~481GHz/sec Coverage
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Time

Frequency A
2048 Samples

LC Tuning

Frequency B
2048 Samples

LO Tuning

Frequency C
2048 Samples

33us

70us

33us

70us

33us
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NV800 Demo & Evaluation 7z=PIQ

I Epiq Provided I Customer Provided

=]

I Sonnet Solo I On Laptop (Linux or Windows) .
1. Open Port for ERFS to Configure

NV800 via 1GbE

I SFP+ Adapter & RJ45 I 2. Through Sonnet Solo, Open Port to
Receive VITA 49 Data

3. If Using VITA 49
a) Connect Application Directly

: 4. If Not Using VITA 49

Signal Generator(s) a) Use Epiq Provided SW to
Translate VITA Packets into
SigMF

b) Plot SigMF Data Using
matplotlib or Other FFT Tool
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https://www.amazon.com/Sonnet-Thunderbolt-Gigabit-Ethernet-Included/dp/B07N327RJ2
https://github.com/sigmf/SigMF
https://matplotlib.org/
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Thank You

Wyatt Taylor

wyvatt.taylor@epigsolutions.com
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