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Outline

e Project Background

e Current Progress Update

o VHDL Coding Implementations
o PCB design
o DDS Testing

e Future Work

o Soldering PCB
o Intermediate Testing
o Final Hardware Assembly
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Project Background
e Market

o Civilian
m 5G communications
m Satellite to Ground Communications

o Military
m Improving speed and range of Radar Systems

e Purpose of Project

o Beamsteering allows for high data transmission rates with less errors by
focusing the main lobe towards the intended receiver

o Efficient as the goals above do not need an increase in transmitting
power
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Project Overview

e The project operates at 2.4 GHz, which is within the
ISM band

e Project parts consist of Upconverters, antennas, an
FPGA, a DDS, the PCB, Voltage Controlled
Oscillators, and Amplifiers

e Through beamsteering, it will allow for the 2.4GHz
signal to be transmitted in any given direction
inputted by the FPGA.
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Components Overview

e ® Buttons on the Cyclone V
oltage Supply
Y { development board and will serve

| Upconverter | —»{>—» Antena ) as inputs for the FPGAs desired
ENRE, beam angle

o Upeonerter || o] o Taema ) @ The FPGA will t.hen communicate
- with the DDS via SPI

DDS e The DDS will convert the signal from

g e g ) Digital to Analog and then phase

L

l
[

FPGA

l
L

shifted
R g j" e Finally, the analog signal will be
o upconverted to 2.4 GHz and will be

transmitted via antenna.
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FPGA Interface

Push Buttons and 1 switch
HEX display
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Button Press component

HEX displays

Buttons
FPGA Reset Butt
Interface | ciock utton press

Degrees out

Adjuster
Theta ‘
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Left Scroll & Right Scroll

— Button_Press Simulation

— Inputs
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Fast left scroll and
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B0 E0SREEEEREEEEEREEEIEEREREREREEEEEES

73 I 6 6T LI 2 P "= /button_press/degree_out

. /button_press/HEX0

12
1.00... JO1... J00... J10..} J0O... J0O...
111

-
1000000 1100110100100 E3-"a /button_press/HEX1

1000000 £ . Jbutton_press/HEX2

124

0011001
0100100
1111001

Y g G o O e N o ol o o 1y D o D e N 0 R4

Y160 J156 1152 ) 148 ) 144 ) 140 ) 136 132 1128 |

0... J10... )00..] JOi... J0O... dO... J10... J0O..l JO1... J0O...

0000010 ) 0010010 ) 0011001 10110000 J 0100

1111001

Cursor 1 ‘

458.05ns _

) FAMU-FSU Engineering 11

ELECTRICAL ENGINEERING



Button_Press Simulation

Inputs
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Button Press Component Issues
continued

— Button_Press Simulation

Jbutton_press/fleft_scroll
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Adjuster component

j{Degrees out

Adjuster
Theta j{
Beamsteering
Equation
1
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Beamsteering Equation Component

Thetal

A

Beamsteering
Equation
o
B
Phi _ 1 N nn
values DDS Encoding T Q = i
o ® 20 20
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Beamsteering Equation Simulations
e

-15708

Nnput iInterpretauon

7 sin(1.5708) ~15708 -6458 =796 =46 =10 | 15705 -6458 796 46 -10
| “  jpean/taylor_output  |-10001 ~10001
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‘4 Joeanfphil_out
‘o /bean/phi2_out
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continued

Input interpretation

10472
msin(1.0472)
10472 1913104200
Result 8661
2.72070... i1_ 27208
' 54417
81625
Input
. 7854
nsin(0.7854)
785480724000
Result —
2.22145...
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Beamsteering implementation issues
EEEE P .ol - Thu Mar 10 10:27:38 2022

Quartus Prime Version 21.1.0 Build 842 10/21/2021 SJ Lite Edition
Revision Name bean

Top-level Entity Name bean

Family Cyclone V

Device S5CGXFC7C7F23C8
Timing Models Final

Logic utilization (in ALMs) 9,593 /56,480(17 %)
Total registers 0

Total pins 128 / 268 (48 %)
Total virtual pins 0

Total block memory bits 0/7,024640(0%)
Total DSP Blocks 46/156(29%)

Total HSSI RX PCSs 0/6(0%)

Total HSSI PMA RX Deserializers 0/6(09%)

Total HSSI TX PCSs 0/6(0%)

Total HSSI PMA TX Serializers 0/6(0%)

Total PLLs 0/13(0%)

Total DLLs 0/4(0%)
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DDS Encoder Block

Phi :
valles DDS Encoding

Encoded
SP| phi values

‘ Has a resolution of 0.02197 degrees

0=0, 1 =0.02197, 10 = 2 x 0.02197, 11 =3 x 0.02197
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SPI block

Reference
clock

| 4

Serialized phi
v values

Encoded
phi values
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HEX displays

Full Block Diagram | \

Buttons
R el Button press
Interface Clock | -
lDegrees out
Adjuster
lheta
W

Beamsteering
Equation

Phi .
va!uef’lDos Encoding

Encoded

SP| phi values
Reference Serialized phi
clock v v values
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PCB Design - Current Update

Included Components
e MAXIM2751EUA+

o Local Oscillator

e MAXIM2660EUT+

o Upconverter/Mixer

o GRF2201
o 20dB Amplifier

e ANT-2.4-CPA
o 2.4GHz Patch Antenna Tost Board T Viain Board

LCJLCILC

JLC)

V-Cut

€Cad

€ ¢ rAMU-FSU Engineering ELECTRICAL ENGINEERING



Presenter: William Snyder

PCB Design

RF Traces are 0.562mm thick for 50Q line impedance
Antennas placed /2 = 62.5mm apart

Vias in grid placed A/20 = 6.25mm apart

Vias along traces placed A/60 = 2.08mm apart

S se= ' ) :
LO — - B 00 oo EE 900000, 0 0000

€1 nZ ' e f7eeeceeceeas e::eees
© 0000000000 OCO 3

© 0000000000 00 Mixer ’ Ampllfler Antenna

{Q}

2 3.3V°

° ° o ° ° ° o ° ° ° Regulator "." : "'Fi*egulator

\_200MHz DAC INPUT 3 ovDC 3.3VDC
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PCB Test Cutout

e Qur PCB will have a test cut

o Within the test cut there will be:
m Antenna ground plane cut
m Other components cut
e Practice soldering tiny components

o Components are tinier than any team member has experience
with

Hand
Cut
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Intermediate Testing

e Antenna ground plane cut
allows us to test total return loss

and input impedance
o Can calculate power radiated and
gain from these values

e Components cut allows us to
test that the signal is
propagating through PCB and
signal is amplified
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DDS Testing: AD9959

® C(Changes For Final

| Y/ 4 Design
Gl L e S : Ty o Power supply
, = - /1 % ' o No USB
o Manual Mode
o FPGA Wired to Logic
Input and Output
agP s @ € S , o Crystal Oscillator
Bows \ém \':&\l\‘§ L o e To Do:
| i o 'y & A o o Test with FPGA
(Spring Break)
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DDS Test Results

Evaluation Software @Eﬁ

| Chamnel0 | Channel 1| Chanel 2| Channel 3

Single Tone Setup

Frequency 00: 10.00000001 MHz

Phase Offset [ =] oooo De
¥ Enable ASF: [t =] 1.00000 ‘ —_—
W Enable Auto ASF: 1 ! |

Amplitude Ramp Rate: ! 2.040 us i l

Amplitude Step Adiust: [+1 =l i
| T Load ARR @10 Update |

Channel 0 | Channel 1| Channel 2| Channel 3
| Single Tone Setup

Frequency 00 [ 20.00000002 MHz

Phase Dffset [ =] aooo Des
¥ Enable ASF: [ =] 1.00000

¥ Enable Auto ASF: 1
1>Amp|itude Ramp Rate: [ T 2040 us i |

| Ampltude Step Adjust [+1 %]
| ™ Load ARR @ I\O Update l

2
g /59 EVALUATION BOARD Z

g
W OE LSS GREENSBORO. NC

ooess/Pcoz O
‘pll”/’c'z

p:
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Final Hardware Assembly

GRF2201 R
Amplifier

2.4 GHz
Patch Antenna

MAX2660
Upconverter

AD9959 - o & CVCO33BE
4-Channel DDS | Local Oscillator

Development Board DE1-SoC

Cyclone V FGPA
Development Board

e Final Assembly
o PCB
o Soldering
m Impedance Matching
Networks: 50 Ohm
e Final testing
o Dr. Arigong’s Lab
m Spectrum Analyzer
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Presentation Recap

e Project Background

e Current Progress Update
o VHDL coding implementations
o PCB design
o Testing

e Future Work
o Soldering Components
o Intermediate Testing
o Final Design
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References

e Datasheets:

> https://www.mouser.com/datasheet/2/256/MAX2750-MAX2752-15124
50.pdf

> https://www.mouser.com/datasheet/2/256/MAX2660-MAX2673-15153
97.pdf

- https://www.mouser.com/datasheet/2/777/GRRF_S A0010122589 1-2
575831.pdf

> https://www.mouser.com/datasheet/2/238/LNNC S A0009494921 1-2
551007 .pdf
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Questions?
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