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Abstract: - Frequency synthesizers play a crucial role in providing stable and precise frequency sources for various electronic systems,
contributing to the reliability and performance of communication and signal processing applications. A frequency synthesizer is an
electronic circuit or device that generates output signals with a specified frequency. It is commonly used in communication systems, radio
transmitters and receivers, radar systems, and various other electronic applications where precise and stable frequency sources are required.
In this work a frequency Synthesizer is designed and developed for the specifications of output Frequency Range of 20 MHz to 100 MHz,
Frequency Accuracy up to 10 Hz, High Switching Speed of 20 pSec, Low Phase Noise of 110 dBc/Hz at 10KHz from carrier, Frequency
Modulation with Selectable Deviation, Frequency Chirp with Selectable Step Size, TDM mode up to 4 Pre Selected Frequencies, Fixed
Frequency, FM and Chirp. The Synthesizer is digitally controllable with FTW, With the simulations Frequency Range achieved is O-
400MHz against 20 — 100 MHz, Resolution achieved is 2 Hz against 10 Hz, Phase Noise performance is 120 dBc @ 10kHz, against 110
dBc, Switching Time of 2uS against 20uS, and 4 Modes of Operations achieved successfully. Xilinx fpga 2v250fg256 is used for
implementation. Number of Slices used are 1264 out of 1536 with 82% , Number of Slice Flip Flops used are 536 out of 3072 with 17%
,Number of 4 input LUTs used are 2238 out of 3072 with 72%, Number of bonded 10Bs used are 52 out of 172 with 30%,
Number of GCLKs used are 3 out of 16 with 18%. Compared to other DDFS implementations, this work ensured implementation of 32-bit
FTW with various modes, better utilization, low power consumption, flexible coding.

Keywords: FTW, Low power-Frequency synthesizer, TDM, FF, FM, Chirp

. INTRODUCTION

All Frequency Synthesizers play a very important role in Radio Communications. Military Communication
Attack Applications require highly agile, very low phase noise and high resolution Synthesizers, which must be
digitally controllable through computer with a simple set of commands. For such applications, Direct Digital
Frequency Synthesis (DDFS) is proved to be the most viable solution since it provides many significant
advantages over PLL based designs of Frequency Synthesizers. Fast Settling Time, Sub-Hertz Frequency
Resolution, Continuous-phase Switching Response, and Low Phase Noise are the features easily obtainable in
DDFS systems. The switching rate specification of the Frequency Synthesizers used for Military
Communication Applications is of the order of microseconds, and is not possible to realize using Computer
based controllers using commercial / embedded operating systems. FPGA based embedded controller is
necessary in order to provide such high switching speeds. Also the FPGA based controller is designed to
provide a simple and highly effective set of control commands, encapsulating the internal implementation
details of the Synthesizer as a subsystem.

I.1 Specifications
The specifications of the frequency synthesizer are as follows:

1. Output Frequency Range : 20 MHz to 100 MHz

2. Frequency Accuracy 210 Hz

3. Switching Speed : < =20 uSec

4. Low Phase Noise :<=-110 dBc/Hz at 10KHz from carrier

5. Frequency Modulation : Deviations: 8kHz, 15kHz, 30kHz, 100 kHz,
Input for frequency modulation: 14bit data generated by an external ADC.

6. Frequency Chirp . Step Sizes: 12.5 kHz, 25 kHz, 50 kHz

7. TDM mode : up to 4 preselected frequencies

8. Digital Controllability : Frequency, FM deviation, TDM and Chirp

In order to develop a Frequency Synthesizer to meet the above specifications, the ASIC AD9858 of Analog
Devices Corporation is used as the DDFS core, with the Xilinx FPGA XC2V250 as the embedded controller.
The IC AD9858 is a direct digital synthesizer (DDFS) with a clock of 1 GSPS, and 32-bit frequency tuning
word. The FPGA based controller is developed for programming the AD9858 via parallel (8-bit) format, by
receiving the commands from a PC based external controller. Precise timings of the order of nanoseconds over
the command lines of the DDFS are implemented using the FPGA during the Frequency Modulation, Frequency
Chirp and Time Division Multiplexed modes of operation. In the Fixed Frequency mode of operation, the FPGA
receives frequency command from the PC based external controller in BCD format, computes the 32 bit
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frequency tuning word and programs it into the DDFS. In the Frequency Modulated mode of operation, the
FPGA receives the center frequency and deviation commands from the external controller. It computes the
frequency tuning word and programs it into the DDFS. It triggers the external ADC at a rate of 500 kHz and
reads the ADC output to recalculate the frequency tuning word and reprogram the DDFS instantaneously. In the
Frequency Chirp mode of operation, the FPGA receives the Start Frequency, Stop Frequency and Chirp Step
commands from the external controller. It computes the frequency tuning words and Ramp Rate word and
programs it into the DDFS. It retriggers the DDFS at regular intervals to return the DDFS to the Start
Frequency. In the Time Division Multiplexed mode of operation, the FPGA receives upto 4 frequencies from
the external controller. It computes the frequency tuning words and programs them into the DDFS. At regular
intervals the FPGA changes the profile selection of the DDFS in order to switch between the frequencies. Apart
from meeting the stringent programming timing cycle requirements, the complex computational requirements of
the frequency tuning words and ramp rate words of the DDFS are successfully achieved using this FPGA, with
huge savings in computation time and memory usage.

I.11 Development Cycle

The FPGA based controller is implemented in VHDL on Xilinx Integrated Synthesis Environment version 6.3,
with Modelsim Simulation Environment version 5.7 as the simulation tool. Software is developed on Microsoft
Visual C++ 6.0 environment for the preparation of arrays for use in the FPGA and also to evaluate the
Synthesizer for its specifications. Figure 1 shows the process of development of the FPGA based controller,
from conception through evaluation for the specifications.

Design Entry
(Xilinx ISE 6 3)

Behavioral Simulation
(Hilinx [3E673)

(Xilinx ISE 6.3)

Design Synthesis
(LilinxI1SE 6.3)

Back
Annotation

(Xilinx 1SE 6.3)

Device Programming
Geilinx iMPACT)

Fig 1 Process of development of the FPGA based controller.
The design process started with a set of drawings indicating the various functional blocks and state machines of
the controller, with modular approach. Each of these modules is coded in VHDL on the Xilinx ISE 6.3 in its text
editor. Simulations and corrections are carried out for every module using Modelsim SE 5.7 till the desired
design performance is obtained. This process is repeated until the top level module is successfully simulated.
Synthesis of the design is carried out using the Xilinx ISE 6.3 with the necessary constraints specified such as
pin assignments. Using iMPACT tool of Xilinx, the resulting binary file is loaded into the config PROM of the
FPGA through the JTAG port. The Synthesizer is then evaluated for its specifications though the controller
software. The process is iterated till the desired specifications are achieved.
I.1I1 Literature Survey
The following table represents the contributions of various authors on DDFS

Functional Simulation

Static Timing Analysis

Design
Implementation
(Rilinx ISE 6.3)

Timing Simulation

In-Circuit Verification
(Using Fralustion Setup)

Design
Verification
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SLNo |Authors Title Year |Finding

In this work, a novel phase frequency detector
(PFD) architecture using pass transistor logic is
proposed. The circuit does not have a reset path,
resulting in the elimination of blind zone and
dead zone. The §-V characteristics of the PFD
were found to have better linearity across the
range of — IT to IT due to the absence of blind and
dead zones. The Taguchi and ANOVA statistical
techniques were used to optimize the PFD. The
optimized PFD exhibited a phase noise of

2024 |(-142.24 dBc/Hz. consumed 5.64 pW of power
and had a maximum operating frequency of 5
GHz, and a delay of 10.65 ps. Using this PFD,
GHz-range synthesizer was designed, and its
performance characteristics were obtained from
circuit simulations using CADENCE Virtuoso.
The synthesizer had a power consumption of 4.25
mW at a supply of 1.8 V, achieved a lock time

of 2.95us, and could generate frequencies
ranging from 0.1 GHz to 4.75 GHz while
occupying a chip area of 0.013 mm?2.

Design and optimization of phase frequency
Jvoti Sharma a b, [|detector through Taguchi and ANOVA
Riyaz Ahmad statistical techniques for fast settling low
power frequency synthesizer

5
a

A mathematical model of the frequency
synthesis chain is established to estimate its
performance. The phase-settling time and system
stability are analyzed and studied in detail, and
the obtained results are verified by experiments.
Anmnalysis and Implementation of a Frequency An optimized realization of the frequency
Synthesizer Based on Dual Phase-Locked 2023 ([synthesizer shows that the phase-settling time
Loops in Cesium Atomic Clock can be adjusted within the range of 644.5 us to
1.5 ms. Additionally, we measure the absolute
phase noise values to be —63.7 dBc/Hz, —75.7
dBc/Hz, —107.1 dBc/Hz, and —122.5 dBc/Hz at 1
Hz, 10 Hz, 1 kHz, and 10 kHz offset frequencies,
respectively

An investigations has been made on the digital
Asima Adak synthesizer using PLL circuitry and the analog circuitry

Guangkun Guo .
Chao Li

(5]

Arunima Sarkar. Design and implementation of a frequency

(5]
Q
5]
(5]

The synthesizer has an output frequency from
3.59 GHz to 4.05 GHz. The integrated output
jitter is 182fs and the power consumption of

5.28 mW from 1.2 V power supply leads to a FoM
of —247.5 dB. This topology exploits a novel
locking technique that guarantee a locking time
of 5.6 s, for a frequency step of 364 MHz. despite
the use of a single bit phase detector.

Frequency Synthesizers Based on Fast-
4 Luca Bertulessi Locking Bang-Bang PLL for Cellular 2021
Applications

PLL is introduced which consists of proportional
path and integral path. Furthermore Phase and
Frequency Detector (PFD) is implemented using
Gate Diffusion input (GDI) method. The
Rituparna ] ] proposed design is implemented using 20nm
Bhowmick. Design of PLL based Frequency Synthesizer 2016 Cadence Virtuoso Analog Design Environment

. ” using Harmonic Extraction Techniques tool. Findings: As a result of using this
J. Manjula R A . R

technique, VCO achieves tuning range of

23.17% and phase noise of -85dBc/Hz @1MHz
and -93dBc/Hz@10MHz with a small power
dissipation of S0uW and Frequency Synthesizer
achieves power dissipation of 4.8mW.

T

Il. THE DESIGN APPROACH
Direct Digital Frequency Synthesizer (DDFS) provides many significant advantages over PLL approaches. Fast
Settling Time, Sub-Hertz Frequency Resolution, Continuous-phase Switching Response, and Low Phase Noise
are the features easily obtainable in DDFS systems. The schematic diagram of Direct Digital Frequency
Synthesizer (DDFS) is shown in the figure 2
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Fig 2. Direct Digital Frequency Synthesis

The DDFS has the following basic blocks: a Phase Accumulator, a Phase to Amplitude Converter (conventionally
a sine ROM), a Digital to Analog Converter and a Filter. The Phase Accumulator consists of an N-bit Frequency
Register which stores a Digital Phase Increment Word (alternately called Frequency Tuning Word (FTW))
followed by an N-bit full adder and a Phase Register. The Digital Phase Increment Word is entered in the
Frequency Register. At each clock pulse this data is added to the data previously held in the phase register. The
Digital Phase Increment Word represents a phase angle step that is added to the previous value at each 1/fclk
seconds to produce a linearly increasing digital value. The phase value @ is generated using the modulo 2N
overflowing property of an N-bit phase accumulator. The rate of the overflows is the output frequency
fout= A® x fclk /2N V fout < fclk/2 (1)

where N is the number of phase accumulator bits, fclk is the clock frequency and fout is the output frequency.
The constraint in above equation comes from the sampling theorem. The phase increment word in the equation is
an integer, therefore the frequency resolution is

Afout = fclk/2N 2
The Read Only Memory (ROM) is a sine look-up table, which converts the digital phase information into the
values of a sine wave. In the ideal case with no phase and amplitude quantization, the output sequence of the table
is given by

sin (2 ©(n) / 2N ) 3)

where ®(n) is the N-bit phase register value at the nth clock period. The numerical period of the phase
accumulator output sequence is defined as the minimum value of ®e for which ®(n) = ®(n+de) for all n. The
numerical period of the phase accumulator output sequence (in clock cycles) is

®e =2N/ GCD (®,2N) 4)
where GCD (®,2N) represents the greatest common divisor of ® and 2N. The numerical period of the sequence
samples recalled from the sine ROM will have the same value as the numerical period of the sequence generated
by the phase accumulator. Therefore, the spectrum of the output waveform of the DDFS prior to a digital-to-
analog conversion is characterized by a discrete spectrum consisting of ®e points. The ROM output is presented
to the D/A-converter, which develops a quantized analog sine wave. The D/A-converter output spectrum contains
frequencies nfclk  fout, where n =0, 1, ...etc. The amplitudes of these components are weighted by a function

sinc(f/fclk) (5).
This effect can be corrected by an inverse sinc(f/fclk) filter. The filter that is after the D/A converter removes the
high frequency sampling components and provides a pure sine wave output. As the DDFS generates frequencies
close to fclk/2, the first image (fclk - fout) becomes more difficult to filter. This results in a narrower transition
band for the filter. The complexity of the filter is determined by the width of the transition band. Therefore, in
order to keep the filter simple, the DDFS operation is limited to less than 40 percent of the clock frequency. The
Direct Digital Frequency Synthesis Technology keeping its relative merits in view is decided to be the most
suitable option for the Frequency Synthesizer developed under this work. According to the specifications of this
work, the range of frequencies that the Frequency Synthesizer is expected to generate is 20 — 100MHz at a step
size of 10Hz. The CMOS Integrated Circuit AD9858 of Analog Devices is a Direct Digital Frequency
Synthesizer having 32 bit Frequency Tuning Word operating on 1GHz clock is capable of meeting these
specifications. Also the AD9858 is capable of generating Chirp over a band of frequencies at the specified
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frequency steps.  Having four profiles for frequency selection, the AD9858 is ideally suitable for the
specification of upto four Time Division Multiplexed signals. AD9858 is controllable through a set of 20
command lines at a rate of 100MHz max. This meets the maximum data input rate required by the specifications
for TDM and Chirp Signal generation. But since no Personal Computer with a Commercial Operating System can
generate data at this high speed, a Field Programmable Gate Array (FPGA) capable of operating on 50MHz clock
is required to control the AD9858.

XC2V250-5FG2561 is chosen to control the DDFS. This FPGA is an Industrial Grade 250k gate FPGA of Xilinx
Corporation that meets the requirements mentioned above. The specifications of this IC are featured in the
reference along with the remaining components used in this work.

I1l. FUNCTIONAL SETUP
The image shown in figure3, represents the functional block diagram of Frequency Synthesizer.

Start Operation Strobe

Data

Rescriptar 32
8 Function .
Function
Data Data —
egisters
Decoder 9 Dtz
I—B%“ﬂ;» Logic Conversion
8 . i
Timers Logic
T ! 4%
ADC Clock ( 500 KHz)
ADC Data

Fig 3. Functional block Diagram of Frequency Synthesizer.

Control Lin Machine

s

't

s To & From Input State

; Data Next State
PRIy Descriptor me=eme  Generator
Buffer Logic

Data

FTW - AF

Function

Data Frequency |- BCD to FTW Func Reg
Buffer = 78d> Accumulator | 35 Conversion Logic

l

= Ramp Rate |- Ramp Rate Hrimea<Reg

Us Accumulator | 16 Computation Logic

Fig 4. Data Decoder Logic
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FPGA Blodks - ADC Data Conversion Logic

(0-3 ztep 1) * 20 % (Af/ 2H) # (PYCLE)
(4 Registersof 32 bitzeach)

(0 - 3 step 1) * 22 % (Af] 214) # (I2CLE)
(4 Registersof 31 bitz each)

(0 - 3 step 1) # 24 # (Af/ 214) % (ICLE)
(4 Registerzof 32 hitz each)

(0-3step 1) * 25 % (Afi 114)* (2¥/CLK)
(4 Registersof 31 bitz each)

(0 - 3 step 1) # 28 % (Af/ 214) % (ICLE)
(4 Registerzof 12 hitz each)

(0 - 3 step 1) * 200 % (47724 * (2%CLE)
(4 Registersof 32 bitz each)

(0 -3 ztap 1) * 202 % (44/ 204 # (2CLE)
(4 Registerzof 32 itz each)

Fig 5. ADC data conversion logic

FPGA Blocks : Timers

EN_TDM_TMR TDM Timer TRG_TDM

From FDDL
[—=— TDM Time Register

EN'CRP'—. Chirp Timer TRG_CRP
From FDDL
[——n Chirp Time Register
EN_ADC_TMR ADC Timer TRG_AM
From FDDL
[—— ADC Register CONV_ADC

All Registers 32 bit
it |
Fig 6. Functional Registers

FPGA Blocks : DDFS Data Generator Logic

DATA_GEN_CTRL_BUS DATA_GEN_ADDR_BUS

DATA_GEN_DATA_IN_BUS DATA_GEN_DATA OUT_EUS

Fig 7 DDFS data generator logic
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FPGA Blocks : DDFS Data Generator Logic - FF_GEN

DATA_GEN_

CTRL_BUS
—_—

FF_GEN_
DATA_IN_BUS

| FF_GEN_DATA_OUT_BUS

DATA_GEN_
DATA_IN_BUS

Fig 8 FF_GEN block

FF Mode Data Generation

Start Operation Strobe Received

'

Place Control Register Address
Place Control Register Data
Write-Bar
et Select Mext
Control Register

All 4 Control Registers
are programmed

Place FTW Register Address
Place FTW Register Data
Apply Write-Bar
Select Next
FTW Repister

All 4 FTW Registers
are programmed

l Yes

Apply FUD
|

Wait for Start Operation Strobe
Flg 9. Flow chart for Fixed Frequency logic

FM Mode Data Generation

Start Operation Strobe Received

4

Place Control Register Address
Place Control Register Data —

Apply Write-Bar
Select Next
Control Register

All 4 Control Registers
are programmed

Place FTW Register Address
Flace FTW Register Data
Apply Write-Bar

All 4 FTW Registers
are programmed

lyes

Apply FUD
|

Wait for FM Trigger / Start Operation Strobe

Fig 10. Flow chart for FM logic
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FPGA Blocks : DDFS Data Generator Logic - TDM_GEN
TDM_GEN_CTRL_BUS

DATA_GEN_
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TDM_GEN_
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DATA_GEN_
ADDR_BUS

™

]
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|

DATA_GEN_
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4
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]
w

|

"]
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Fig 11. TDM Data Generator logic

TDM Mede Data Generation

Start Operation Strobe Received
[}

Place Control Register Address
Place Control Register Data -—|
Apply Write-Bar
Select Mext
Control Register,

All 4 Control Registers
are programmed no
| yes

Place FTW Register Address
Place FTW Register Data
Apply Write-Bar

*
FTW Repister
are programmed no

| yes

TOM Trigger Received Apply FUD Selact Next
: “f

Select Next All 4 Profiles
Profile are programmed
\—j yes

Wait TOM Trigger / Start Operation Strobe

Fig 12. Flow Chart for TDM logic
FPGA Blocks - DDFS Data Generator Logic - CRP_GEN

CRP_GEN_CTRL_BUS
DATA_GEN_
CTRL_BUS
—_—
CRP_GEN_
DATA_IN_BUS

DATA_GEN_
DATA_OUT_BUS

RRW_ADDR

RRW_DATA

DATA_GEN_
DATA_IN_BUS

Fig 13 Chirp modulation generation logic
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Chirp Mode Data Generation

Start Operation Strobe Received
|

[

[ oo o

Wait for Chirp Trigger ! Start Operation Strobe

Fig 14 Flow chart for Chirp logic

IV. SIMULATION RESULTS

Before The results of evaluation as tabulated in table 1 indicate that the requirements of Frequency Accuracy,
Resolution and Phase noise are successfully met. Switching time is tested by successively switching the output of
the Synthesizer between two frequencies and the output is fed to the RF of a double balanced mixer. The LO of
the mixer is fed from a Signal Generator generating one of the two frequencies. The output of the mixer transits
between DC and RF, and the maximum value of this transit time is measured using the Storage Oscilloscope.
Approximately 2uS of switching period is achieved against the specification of 20uS. Fig 4 presents the fixed
frequency and phase noise performance of the synthesizer. The phase noise achieved is -120dBc/Hz at 10kHz
against the specification of —110dBc/Hz. Figure 5 and 6show the frequency deviations of 15 and 100kHz of
Frequency Modulated mode respectively. Fig 7 presents the TDM mode upto 4 frequencies and fig 8. presents the
Chirp Mode of operation over a frequency band 45MHz to 65MHz.

TABLE1
SNo Frequency Frequency Phase Noise Spurious
Set Measured dBc/Hz at 10KHz from the dBc at >5kHz from the

MHz MHz carrier carrier
1 20.00000 20.00000 <-120 <-120
2 25.11111 25.11111 <-120 <-120
3 42.12345 42.12345 <-120 <-120
4 52.88866 52.88866 <-120 <-120
5 61.00001 61.00001 <-120 <-120
6 76.33996 76.33996 <-120 <-120
7 82.00000 82.00000 <-120 <-120
8 19.000002 19.000002 <-120 <-120
9 16.000004 16.000004 <-120 <-120
10 100.000006 100.000006 <-120 <-120
11 124.001008 124.001008 <-120 <-120
12 320.50000 320.50000 <-120 <-120
13 0.000002 0.000002 Spectrum Analyzer Spectrum Analyzer

Cannot Measure Cannot Measure

14 400.00000 400.00000 <-120 <-120

Table 1 Results of Evaluation for Frequency Range, Accuracy and Phase Noise

IV.lI FIXED FREQUENCY MODE:

Frequency Accuracy is measured using a Frequency Counter with a measurement accuracy of 1Hz. The
Frequency Accuracy of the Synthesizer is measured upto 2Hz and is found to exceed the specified 10Hz. The
Phase Noise of the Synthesizer is measured in the Spectrum Analyzer whose output is displayed in figure 4. From
the Center frequency of 45MHz, the measured value of the Phase Noise at 10 kHz is -126dBc/Hz, which is much
superior to the specified -110dBc/Hz. Spurious signal levels within the close vicinity of the Center Frequency are
highly dependent on the DDFS Clock Source.
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& |

L i

Fixed Frequency Accuracy and Phase Noise performance
Fig 15. Fixed Frequency and Phase Noise performance of the Synthesizer
IV.Il FREQUENCY MODULATED MODE:
Figures 15 and 16 show the Frequency Synthesizer operating in Frequency Modulation mode with deviations of
15kHz and 100kHz respectively from the center frequency of 45MHz. The span of the Spectrum Analyzer is
accordingly set for each of the frequency deviations.

]
i
:‘:3
==
B —
B

G0

Fig 16. Frequency Modulation performance of the Synthesizer with 15kHz Deviation1kHz sine wave.

In figure 16 FM is applied as modulating signal to the external ADC. The ADC’s CONVERT signal is applied at
a rate of 500kHz by the FPGA. The digital output data of the ADC is read by the FPGA to compute the
instantaneous frequency using the Split and Add Technique algorithm . The instantaneous FTW thus computed is
loaded into the DDFS by the FPGA. During the evaluation, the Frequency Synthesizer is found to successfully
operate in FM mode for all the modulating signal frequencies of up to 100kHz.

Ref -10 dBm Atc 15 dB

10

AURIILSIRINT

50 kHz/ Span 500 kHz

Fig 17. Frequency Modulation performance of the Synthesizer with 100kHz Deviation
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V.11 TIME DIVISION MULTIPLEXED MODE OF OPERATION:

Figure 18. shows the TDM performance of the Synthesizer with 4 Frequencies switched at the minimum
switching time. The Resolution Bandwidth and the Video Bandwidth of the Spectrum Analyzer are appropriately
set in order to view clear pips of all the 4 frequencies. Due to the rapid switching, all the 4 frequencies of the
Synthesizer appear to exist simultaneously as displayed in the spectrum. The spurious generated by this
Synthesizer during TDM mode of operation is less than -50 dBc, which is far less than -30dBc generated by the
state-of-the-art Synthesizers.

Fig 18. TDM performance of the Synthesizer with 4 Frequencies

IV.IV CHIRP MODE OF OPERATION:

The Chirp performance of the Synthesizer is shown in figure 8. between 45MHz and 65MHz. The output
spectrum in the chirp mode of operation is very flat over the entire frequency range of operation. No spurious
above -50dBc out of the Chirp Frequency Band is reported in the output of the Synthesizer.

0 B —

t 40 MHz 3 MHz/

Fig 19. Chirp performance of the Synthesizer
The results achieved are thus beyond specifications, proving the selection of DDFS is appropriate for the
Frequency Synthesizer developed under this work. An extract of the results of synthesis of VHDL code is

presented as shown below.
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Fig 20.Simulation for FTW Generation

1474



J. Electrical Systems 20-9s (2024):1464-1476

File Edit View Tnsert Formst Took  SWindow
ES] 4 R LK (% T S G @ B EF ] EL ] 3
N | Jeriptasibaneh/henchelack

fehiptasibanch/ipgaciock
= Fohimptestbanch/datadesc
B | fchimptesibench/dotobyic

| #chimtestbench/datensadysiobs

~ fechiptestbanchiuu fresetin

" dchimptestbenchius tregace

| dehiptedberchAuut Ml
fehiptesibench/iu et stake
Jeriptesibanchiuutracs
fehiptestbenchiug Aimercourt

| dchiptestbenchiut

| dehiptesbenchiut Ml

§ /crupicatenchiachuon |
Jehiptesibanch/uut fehrpdite
dchiptestbanchiut fcomputer

-
B-
|-
|-
B
B
B
B
B

Fig 21 Simulation for Ramp Rate computation.
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Fig 22. Simulation for DDFS Programming during FF Mode of operation
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Fig 23. Chirp mode of operation
IV.V DEVICE UTILIZATION SUMMARY:
Selected Device : 2v250fg256-5
Number of Slices :1264 outof 1536 (82%)
Number of Slice Flip Flops: 536 outof 3072 (17%)
Number of 4 input Look Up Tables: 22380utof3072(72% )
Number of bonded IOBs : 52 outof 172 (30%)

Number of GCLKs :3 outof 16 (18%)
4.6 TIMING SUMMARY::

Speed Grade -5

Minimum period . 12.744ns
Maximum Frequency : 78.468MHz

Minimum input arrival time before clock : 30.907ns
Maximum output required time after clock: 6.127ns
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Maximum combinational path delay: 5.064ns

From the device utilization summary, 82% of the 250k Gate FPGA is occupied by the code developed under this
work. Maximum frequency of clock with which the FPGA can operate is 78.4 MHz as given in the timing
summary, which lead to a decision of using a 50 MHz clock to the FPGA due to its immediate availability as well
as computational simplicity while computing the timer counts for FM, TDM and Chirp modes of operation.

V. CONCLUSION

The requirements of fast switching time, high resolution and very low phase noise are successfully achieved

through the FPGA based controller developed under this project. This indicates that the selection of Direct Digital

Frequency Synthesis Topology is proper. Also, the range of frequencies that this DDFS can generate is 40% of its

clock (1GHz) i.e. 400MHz, which is far beyond the specification. The output frequency range achieved is O-

400MHz against the specification of 20-100MHz. The switching speed (2uS) achieved is far beyond the

specification (20uS). The resolution achieved is 2 Hz against the specification of 10 Hz. The phase noise

achieved is -120dBc/Hz at 10kHz against the specification of —110dBc/Hz.The requirements of Data Conversion

from BCD to Frequency Tuning Word (FTW) of the DDFS and its Command Rate of 50MHz during Chirp mode

of operation are successfully achieved using the Field Programmable Gate Array (FPGA) thus establishing the

correctness of the design approach.
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