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Design of a Data Collection and Transmission
System Based on AD9284
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antenna at increasingly higher frequencies and mwide

Abstract— this paper introduces a high speed duakohel bandwidths. An intermediate frequency (IF) sampling
data collection system based on AD9284 which can $rait data  receijver utilizes an ADC to sample the analog digefore it
to PC by USB interface chip CYUSB3014. USB is more USeth 5 converted to base band as shown in the Figtteviever,

some traditional inter-PC Bus such as PCI due to thig speed  ypor0 are many concerns that need to be addressed w
and agility and also provides properly conveniemnemunication i t hiah or f .
interface for A/D conversion. This paper not onlydosing on the Sampling at higher carrier frequencies.

characteristics of the AD9284, but also explains tirgerface
circuit. By controlling the variation of the signafrom analog to
digital, the system achieves the point of the higpeed
dual-channel data collection and real time monitog, It can be
primly used as a Spectrum analyzer or Oscilloscapdack-end
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An ADC is a critical component in a radio receidesign
[1]. It is used to convert a continuous-time inpaltage into
discrete output levels which are represented bgriginoded
words. Advances in the development of ADCs, and the
availability of increasingly faster and less expeagligital ) Dovnconversion and sub-band-ftering o
hardware are resulting in more of the traditionahlag Figure 1Block diagram of a high speed analog-to-digital
function of a radio receiver being replaced witlgitl converter in Receivers
hardware. This design chooses an ADC IC AD9284 from
Analog devices has been selected for the desigHigff
Speed ADC

Digitizer, which is a dual 8-bit, monolithic sammudi ADC
that supports simultaneous operation and is opgidifar low
cost, low power, and ease of use. Each ADC chapezhtes
at up to 250 MSPS Conversion rate with outstandimgamic

ADC || USB PORT

The important concepts are aperture width and agert
jitter. The aperture width is the effective timeration over
which the signal gets averaged to produce a givBiC A
output. The width of this window is inversely proponal to
the Maximum input bandwidth that the ADC can
accommodate. So, if a higher frequency carrienpsii, then

performance, capable of digitizing full-scale vgeaof 1V the ADC'’s averaging process will significantly dade the

p-p input into 8-bit digital words with a power digation of strength of the__sampled signal. ) .
about 314mW. In a small 48-lead LFCSP, it can ntieet Aperture  jitter or aperture uncertainty is the

requirement of the small dual-channel data cotiectiystem, Sample-to-sample variation in the encode process #DC
which can be caused externally by jitter in the glamg clock,

In this design, USB3.0 is chosen as the transomiss and internally by the sampling switch which doesamen at
mode, USB3.0 has the advantages include easylat&tal precise times. Aperture jitter causes the ADC tosa at a
high bandwidth, super speed (48@gabyte per second), low different phase of the carrier wave than assumeidhatan
cost, high Stability and easy expanded, etc. [Bjs Tesign lead to signal power loss and carrier phase meamumnie
picks up the CYUSB3014. errors.

A. Choosing an ADC for Digitization
Il.  LITERATURE SURVEY ) o
Some of the important specifications that need ¢ b

_ Thetrend in receiver design is evolving towardsgbal of - cqngigered while choosing an ADC for broadband
incorporating digitization closer and closer to tleeeiver applications have been described [3]. The integmatf ADC
functionality into consumer equipment has beerugriting
Tamkanath Sabeeha Electronics and Communication, VTU/ VTU t_he Conv_erte,r marke-t ,Wl,th ADCs in _many ways bemegted
Extension Center, UTL Technologies Ltd, Bangalordia. like application specific integrated CII’CUI'[S.. Apﬁmm cost of
Dr.Siva Yellampalli, Electronics and Communication, VTU/ VTU the converter, there are a few key specificationmterest
Extension Center, UTL Technologies Ltd, Bangaltrdia. like: number of ADC bits (resolution), the analogpit
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bandwidth, signal-to-noise
dynamic range (SFDR),

ratio (SNR), spuriowesefr

spread across the Nyquist spectrum resulting in the
degradation of SNR. Thus, SNR and SFDR must bedréat
one another. Usually, the input bandwidth spedificais

Signal-to-noise ratio and distortion (SINAD), powerrepresentative of the flathess of the ADC resporessus

consumption and sample rate that can be used ¢otgbke
right ADC for a given application [4].

These standards, ease of configuration, lookingpfots
showing the device performance as a function ofcgnaput
frequency, frequency of sampling clock, temperatanel
supply voltages, checking for specifications untther same
condition in which the device is likely to be uset;. Also,
the Radio Frequency Interference (RFI) scenariocamal
around the operating frequency band needs to lemn taito
account in order to assess the linearity that egorbvided by

input frequency and is not an indication that tleeice will
hold the performance up to those input frequencies.

Hence, it is important to note the manufacturer’s
specifications for SNR, SFDR and ENOB for differerut
RF frequencies and sampling clocks, as these dgnami
specifications of the ADC decreases at the higtegpuencies
because the effects of jitter get worse. The otbsre that
crops up with higher analog bandwidth is that eé¢iifacing
the analog input to the ADC. For higher Intermesliat
Frequencies (IFs) and direct RF sampling applicatiproper

the ADC and estimate the actual number of ADC bitsnpedance matching to the source becomes moreatrifit

available for representing the signal of interest.

» ADC Bit Resolution and Input Power

A converter has a physical number of bits that lisua

corresponds to pins on the device. These are soeti
referred to as “marketing bits” or “resolution”. Wever,
performance may or may not correspond to theseiqalys
bits. Typically, performance bits are fewer tham tlumber of
marketing bits. These bits are often called Effectiumber
of Bits (ENOB). To evaluate the number of bits resegy in
an ADC system, the dynamic range of the input digméhe
ADC has to be analyzed by carrying out a surveyhef
spectrum at the site where the radio telescojieely to come
up. Ideally, a radio telescope should receive trdysky noise
and an 8-bit representation of the sky signal colbéd
sufficient to describe it. But, due to the preseotstronger
man-made RF signals (called RFI if they fall inratpcted
frequency band) increase in the received powertbase
taken into consideration to avoid saturation ofdbeverter.

* Input Bandwidth

In order to accurately sample high frequency signigh
analog bandwidths are required. Typically, in AD@se
sampling mechanism is a capacitor and a switchvexber
bandwidth is largely determined by the value of $iétch
resister (R) and the sample capacitor (C). So, agimize
input bandwidth, both R and C should be minimizBdt,
wider input bandwidth allows more noise to pass AEC
input stages and be digitized, resulting in lowdRSthan
would be for a lower bandwidth ADC.

Therefore, for a given design, SNR is
proportional to bandwidth. This is one of the kegisons why
high bandwidth converters have fewer SNR bits thartotal
resolution of the ADC. Conversely, wider input basuth
allows for better slew-rate performance and mormeute
tracking of the fast slewing analog signals asgediavith
both transient events and high-frequency sine watvedso
allows wideband analog signals to be accuratelyptearby
the accompanying faster sampling rate.

While, for optimal spurious performance, a wide unp
bandwidth is desirable, the increased bandwidth smaller
C allows more noise to enter the front-end of tfECAand be
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high frequencies, optimal ADC performance is ackitv
when a proper match exists.

» Power Dissipation

Although usually not considered directly as a pennce
metric, power consumption does factor into most ADC
figure-of-merit calculations, indicating that thewler the
power, the better the figure-of-merit. While ADC vger
consumption is of serious concern in hand-held abesyi it
does affect the overall power budget of a recedystem. The
thermal management of the ADC needs to be takenafary
providing a suitable heat-sink, maintaining the csfed
air-flow (if forced cooling is required), and coastly
monitoring the converter's temperature so that iable
action can be taken if the device's temperatureeedc
specified limits.

» Sampling Rate

Typically, a converter’s best performance is liite the
first two Nyquist zones, confining the input freqag of the
ADC to being less than the maximum frequency of the
sampling clock specified by the manufacturer. Ag th
maximum frequency of the sampling clock for higkesp
analog-to-digital converter increases, so doesvitith of the
Nyquist zones. Additionally, for converters withhégher
maximum sampling rate, the analog anti-aliasingré have
more room for transition from pass-band to supjpoesthan
for a lower sampling-rate device, thereby, easihg t
requirements of the filter

This brings up the possibility of connecting a hipeed

inverselADC to a computer via USB Higher sampling ratesriongs

noise performance of the ADCs. While the overakgnated
noise does not improve, the distribution of theseoover
wider bandwidth does offer improvements in noisecsal
density (NSD). This process is often referred tpragessing
gain and is nothing more than distributing the sarmise
power over a wider band of frequencies.

Ill. GENERALDESCRIPTIONOFAD9284

A. Function
The AD9284 is a dual 8-bit, monolithic sampling,
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analog-to-digital converter (ADC) and requiresragyie 1.8V
supply and an encode clock for full performancerafen.
No external reference components are required. digial
outputs are Low voltage Differential Signaling (L&D
compatible. Figure 2 show the internal functionkdck of
AD9284 [5].
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Figure 2 Internal functional block

Each channel of the AD9284 consists of a diffesimiput
buffer followed by a sample-and-hold amplifier (SHAhe
SHA is followed by a pipeline switched-capacitor 8DThe
guantized output from each stage is combined infmal
8-bit result in the digital correction logic. Thepeplined
architecture permits the first stage to operate oiew input
sample, whereas the remaining stages operate ceding
samples.

Each stage of the pipeline, excluding the lastsisis of a
low resolution flash ADC connected to a switchegazitor
Digital to Analog Converter (DAC) and inter-stagesidue

amplifier (MDAC). The residue amplifier magnifies the

difference between the reconstructed DAC output toed
flash input for the next stage in the pipeline. (hie of
redundancy is used in each stage to facilitatealigbrrection
of flash errors. The last stage consists of a fRE3SE.

The input stage contains a differential SHA that t&
ac-or-dc-coupled in differential or single-endedd®oThe
output staging block aligns the data, carries oubre
correction and passes the data to the output Isuffene
output buffers are powered from a separate supfitywing
adjustment of the output voltage swing. During pedewn,
the output buffers enter a high impedance state [5]

B. Channel selection

ISSN: 2319-6378, Volume-1, Issue-9, August 2013
by setting the appropriate channel A (Bit 0) Or @&l B (Bit
1) bits in register 0X05.

If both bits are set, the subsequent write affdwgegisters
of both channels. In a read cycle, set only Charnelr
Channel B to read one of the two registers. We shoo
Channel A here.

C. Sarting the conversion and data reading

A typical AD9284's conversion timing sequence iswh
in Figure 3.

VINEA

VINEB

CLK+
CLK-

DCO+, DCO-
CHA,CHB

DATACHA,CHB

Figure 3 Timing Sequence

IV. DESIGNOFHARDWARE

Figure 4 shows the general frame of the system.ifng
and output of the ADC IC AD9284 is in Low Voltage
Differential Signaling (LVDS) form. Therefore thenalog
signal should be first given to the analog filtergside the
board and through right angled SMA connector thalam
signal is first given to the differential amplifietC
ADA4937-2 which converts the single-ended to Difatial
signal. These differential analog signals are thigan to the
ADC IC AD9284 which samples the signal at the samgpl
rate of 250MSPS. And gives the LVDS output whiclthisn
given to the USB3.0 chip CYUSB3014 for data acdjaisi
and interface to the PC or Laptop.

One of the important constraints in this desigthi, the
power supply required for the board is taken frive YSB
connector as shown in the Figure 3, here the 5\fadin the
VBUS pin of the USB3.0 connector is given to the-DC
converter ADP5034 which is a multi-output regulatord
converts the 5V to 3.3\2.5V, 1.8V and 1.2V dc voltages
required for different AD9284 IC and CYUSB3014 IC.

Some channel setup functions can be programmed

differently for each channel. In these cases, chlaaddress
locations are internally duplicated for each chanmhbese
registers and bits are designated in the memory newipter
table as local. These local registers and bitsheaaccessed
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B. Interface design of AD9284 and CYUSB3014

L) 1S 30 » General description of EZ-USB-FX3 (CYUSB3014)
A ‘I‘"\ RS I PC CYUSB3014 USB 3.0 is the next generation USB 3.0
—_} 250 MSPS AI( o i peripheral controller providing highly integrateadaflexible
Adion : | CYUSB3014 features. It has a fully configurable, parallel, ngel
- | programmable interface called GPIF II, which canreect to
Ygul o any processor, ASIC, or FPGA. It provides easyglnd less
——r = connectivity to popular interfaces such as asynubue
I F SRAM; asynchronous and synchronous Address Data
I — ‘ | ” multiplexed interface and so on [2]. The interfaesign of
‘ Vs AD9284 and CYUSB3014 is shown in Figure 6. The
PLLADOSI maximum input voltage on USB3.0 controller IC
e DC-DC CYUSB3014’s VBUS pinis 5V .in this case, it is Besary to
(‘wewlt have an external Over Voltage Protection (OVP) cievd
L protect CYUSB3014 USB3.0 controller IC from damage
VBUS.
Figure 4 System Frame HDEL
EDITLVDG INUTTOLS3 30
A. Interface hardware design of AD9284 and PLL circuit s — wal —f.ﬁ;“““ﬁ I
— T
Before entering into the ADC the signal has beecgssed ~ && | o i\gs L E @ -
by the active low-pass second order filter, it fandard WA - 1“ e Jﬂ'tsﬂww R
process. The design uses onboard PLL circuit fpplsing FBILACCHD .y T _‘: 4 % o
sampling clock to the ADC. To meet the PLL circuit v auc.:u-:sa\rspsm “E“ b} ¢k é'—
requirement to generate a Clock of frequency 250MM4 4| - L I ¢ MR
IC AD9510 from Analog devices has been selectealfork i (VIR
generation circuit. The AD9510 provides a multifuttclock N %‘é%* L8 .
distribution function along with an on-chip PLL eorThe 5] ' H
design emphasizes low jitter and phase noise toimis CE @

data converter performance.

) o o Figure 6 interface design of AD9284 and CYUSB3014
Figure 5 shows the typical link between PLL cirant the

AD9284. The PLL section consists of a programmable
reference divider (R); a low noise phase frequedetgctor
(PFD); a precision charge pump (CP); and a prograinhen
feedback divider (N). By connecting an external VeQhe

USB3.0 controller IC has built-in- ESD protection the
D+, D-, GND pins on the USB interface. The ESD patibn
levels provided on these ports are:

CLK2/CLK2B pins, frequencies up td.6 GHz can be 1. +/- 2.2 KV Human Body Model (HBM) based on
synchronized to the input reference. JESD22-A114 Specification.
Phiase Locied Lotp 2. +/- 6 KV Contact Discharge and +/- 8 KV Air Gap

Discharge based on IEC61000-4-2 level 3A.

This protection ensures the device will continututtction

B after ESD events up to the levels stated.
|| i AR
ERIE Y mm Y oAl
- (& * Interface hardware design
e The interface mode of EZ-USB FX3 includes modes as
Slave FIFO and GPIF Il (general programmable iatfll)
\.}\_ mode. This paper adopts GPIF |l mode.
The GPIF Il interface is configured by creating RIE II

state machine. 8 kB of memory space is allocatestdoe
GPIF Il state machine definition.

Figure 5 Interface circuit
d Each state is defined by 32 bytes in (SRAM) memory.

There are eight independent clock outputs. Foypuisitare  These 32 bytes define the properties of a staterenttigger
LVPECL (1.2 GHz) and four are selectable as eithédS  conditions that can cause state (or I/O) transsti&ach state
(800MHz) or CMOS (250MHz) levels. has two transitions out of it.
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State 1
(Assart Actions for

Stale1)

If {10 than transition b State 2 “ If (1] than ransibon ko Stata 3

Statg 2 Stata 3
(Assert Actions for

Sialed)

(Assarl Actions for
State2)

Figure 7 GPIF Il state transitions

The transition out of a state is determined basad
transition conditions. The transition is associatéth both
external and internal triggers. Each state is @nogned to
perform certain actions. The transition conditians checked
on each GPIF Il clock edge or after a programmablaber
of clock cycles. Figure 7 is a simple depictiontlo¢ basic
structure of a GPIF Il state

fO and f1 are logical functions of triggers.

fO is checked first. If fO=true, then GPIF Il traimns from
State 1 to State 2.If fO = false, then f1 isakesl.

If f1= true, then GPIF Il transitions from Stat¢éolState 3.

If both fO and f1 evaluate to false, then GPIFelains in

State 1. At the next clock, the conditions aneaked
again.

In Figure 8, the three GPIF Il states are IDLE, RE&nd
WRITE.

If ICERSIWE)

READ
|Actions: DR_DATA }

WRITE
[Acticng. IN_DATA |

Figure 8 GPIG Il State transitions with Actions

22

ISSN: 2319-6378, Volume-1, Issue-9, August 2013

V. SOFTWAREPROGRAMMINGOFDESIGN

The software programming design mainly consistshef
AD9284’s data collection block and the data trassion
block via CYUSB3014. The programming language i3 C+

A. Programming of data collection

On the basis of the AD9284's property and timing
sequence, the control program of the data colledbiock
decides to use the idea of “state machine”. Ashavs in
figure 6, there are 3 states in the program, IDREAD and
WRITE. No actions are asserted in the IDLE Statee TE
(chip enable), RE (read enable) and WE (write Eajabl
signals are the trigger signals. These are theraoimput
signals to GPIF Il and are driven by an AD9284 deviThe
transition conditions are formed with these signalse left
transition condition is (! CE&&RE) (a read operatj@and the
right transition condition is (! CE&&WE) (a writep@ration).
d¢f the left transition condition evaluates to traeen GPIF I
transitions from the IDLE state to the READ stateéhe left
transition condition evaluates to false, then tgbtrtransition
condition is checked. If the right transition caiwh
evaluates true, then GPIF Il transitions from IDIbBVRITE
state. If neither left nor right conditions evakié true, then
GPIF Il remains in IDLE.

B. Programming of data transmission
USB firmware

» USB firmware is a code which runs in the USB3.0
controller FX3 chip CYUSB3014, when the USB device
connects to the computer; we generally take thHevidhg two
methods to download the USB firmware to the RAM-X1.
Firstly, to make the firmware saved in the EEPRQNIaf the
chip and gets the electricity to make the firmwhrading
automatically.

» Secondly, to design a device driver program whigh c
finish the firmware loading automatically and realithe
function of multiple enumerations named firmwarevdtoad
driver program.

e In this part of design, data are unidirectional
transmission to PC, so we only need to program‘tinie
operation”. In the CYUSB3014, there are two “write
operation”, synchronous write operation and

Asynchronous write operation. We choose the lditze.
Same with the program of data collection block ik fEck
up the idea of “state machine”.

Cypress Corporation provides a complete structure o
firmware program and allows users to develop urtter
environment of KEILC51 in order to simplify and aterate
the process of USB peripherals developing by EZ-3B
chip for users.

So we just need to provide a USB descriptor’s tainid
add the communication code of receiving and sendkitg for
other endpoint as shown in Figure 9 and Figure 10.
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Descriptor Info _D ata Transfers | Device Class Selection

<B0S

Number0iDeviceCapabiity="02h"

DescriptorType="15"

DescriptorLength="5"

Totallength="22"

<JSB20 Device Estensiony
DescriptorLength="7"
DesciiptorType="16"
DeviceCapabiliyType="2"
bmAttrbute="00R"

¢/J5B20 Device Extension’

¢SUPERSPEED LISB>
Descriptorl ength="10"
DescriptorType="18"
DeviceCapahilityType="3"
FunctionalitySupparte="3"
bméttnbule="00k"
L1Device Exit Latency="0"
LJ2Device Ext Latency="00R"

¢/SUPERSPEED LSB:>

</BOS>

Figure 9 Snap shot of USB BOS Descriptor

Descriptor Info | Data Transfers | Device Class Selection
<CONFIGURATION>
Configuration=""0
Canfiguration'/ alus="1"
Attributes="00k"
Interfaces="1"
DescriptorType="2""
DescrptorLength="9"
Totallength=""44"
M axPower="50"
<INTERFACE>
Interface="0"
InterfaceNumber="0"
AltSetting="0"
Class="FFh"
Subclass="00hn"
Protocol="0"
Endpaints=""2"
DescriptorT ype="4'
DescriptorLength="9"
<ENDPOINT >
Type="BULK"
Direction="0UT""
Address="01h"
Attributes="02h"
MarPktSize="1024"
DescriptorType="5"
DescnptorLength="7"
Intereal="0"
<SUPER SPEED ENDPOINT COMPANION>
Type="SUPERSPEED_USB_ENDPOIN
MaxBurst="0"
Attributes="00k"
BytesPerlnterval="00h"
</ENDPOINT>|
<ENDPOINT>
Type="BULK"
Direction="IM"
Address="81h"
Attributes="02h"
MarPkiSize=""1024"

DescriptoiType="5
DescriptarlLength="7"
Interval="0"

<SUPER SPEED ENDPOINT COMPAMNION
Type="SUPERSPEED_LSE_ENDPOIN
MarBurst="0"
Attributes="00R"
ButesPerinterval="00n"

Figure 10 Snap shot of USB Configuration

Device action

Reconnect device button power-cycles the USB pmrt t
which a CYUSB3014 chip is attached. Power-cyclirgpat
causes the device to be removed and re-enumerated.

@ USH Control Center
File  Frogam  Hep

e =" ]| DR AbortPpe RestPoe X @ @ [#]
# Cypeess FdDevice Db Irdo | Dabs Transler: | Dupvace Chass Salechon
Test o perd Data o send e
Bytes 10 Trarvder
1024 [ Phivtode
| Traruber DaeaouiT | [ Tianahee Filg-UT | o Be

0240 00 00 00 00 00 00 OO0 OC 00 OO0 OO0 OO 00 00 =0 00 A
0250 00 00 00 OO0 00 00 OO OC OO0 OO0 OO0 OO 00 00 00 0O
0260 00 00 00 OO 00 Q0 OO O0 OO0 OO 0 OO 00 00 00 0O
Q270 00 00 00 Q0 Q0 Q0 OO0 O0 00 OO0 0 OO 00 0D 00 OO
0280 00 00 OO0 OO 00 OO OO0 Ok 00 0D G0 OO 00 00 00 0O
OI90 00 00 00 OO 00 00 OO0 0K 00 00 GO OO 00 00 0D OO
OLAD 00 00 OO0 00 00 00 OO OK 00 00 GO0 00 00 00 0O 0O
0280 00 00 OO0 OO OO OO0 OO OO OO0 OO0 GO OO 00 060 00 0O
stca 00 0 90 oF 08 OO GO X GO GO GO GG GO OO 0O O
02p0 00 00 00 OO Q0 Q0 OO OO OO OO 0 OO 00 00 00 OO
Q2E0 00 00 00 Q0 Q0 Q0 OO0 O0 00 OO0 0 OO 00 00 00 OO
0270 00 00 OO0 OO 00 OO OO0 Ok 00 00 G0 DO 00 00 00 0O
0300 00 00 00 OO 00 00 OO0 0K 00 00 G0 0D 00 00 0D OO
0310 00 00 OO0 00 00 00 OO 0K 00 00 GO0 00 00 00 00 0O
0320 00 00 OO0 OO OO OO0 OO OO OO OO0 OO OO 00 060 00 OO
0330 00 00 OO0 OO 0D OO0 OO OO OO OO0 OO0 OO OO0 00 00 OO
0340 00 00 OO0 OO 0D OO0 OO OO OO OO0 D0 OO 00 00 00 OO
Q350 00 00 OO0 OO0 0D OO0 OO Ol OO OO OO OO OO0 00 00 OO
0360 00 00 00 00 0O 00 GO OB 00 00 GO OO 00 00 00 0D
G370 00 00 00 0B DO 00 GO Ok 00 00 GO GO 00 00 00 0D
G380 00 00 OO OB DO GO GO D6 GO G0 GO GO 00 OO 00 04
0¥90 00 00 00 00 00 00 OO0 OC 00 OO0 OO0 OO 00 00 00 0O
Q3A0 00 00 00 OO 00 00 OO O( 00 OO0 OO0 OO 00 00 00 0O
0380 00 00 00 OO 00 Q0 OO O0 00 OO 0 OO OO0 00 00 OO
Q3C0 00 00 00 Q00 Q0 Q0 OO0 O0 00 OO0 0 OO 00 00 00 OO
Q30 00 00 00 OO 00 OO OO0 Ok 00 0D G0 DO 00 00 00 0O
OIE0 00 00 00 OO 00 00 OO0 0K 00 00 GO0 0D 0D 00 0D OO
SOF0 00 00 00 0% 00 00 OO0 00 00 00 &0 OO0 00 00 00 0D
BULE OUT eranafer completad

Figure 11Snap shot of Device Reset action

Reset button reset the USB upstream port thasiscéged
with the CYUSB3014.

After a successful reset as shown in Figure 11t b
driver re-selects the configuration and any altévea
interface settings that the device had before thsetr
occurred. All pipe handles, configuration handlesd a
interface handles remain valid.

Data transfer

Steps to Control Transfer

1. Select the control endpoint using the device tree

view.

2. Indicate whether the data is to be sent to thecaevi
OUT or read from the device IN using the direction
Combo box.

Indicate the type of request

Indicate the target.

5. If the direction is OUT fill the bytes to transfield
with the size of data expected from device and
initiate the transfer using Transfer data buttohe T
bulk out transfer data completed is shown in Figure
12.

pw
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&7 USB Control Center @E]
Fle  Program  Help
- e @npn URBStat AbortPios ResetPpe X & @ 7
= Cypress FX3 Device Desciptornfo | Data Transfers | Device Class Selection
= BOS
USB20 Device Extension Text to send Datato send (Hex]

SuperSpeed Device capability
= Configuration 1
Cantol endpoint (0x00)
= Interface 0
- Altemate Setting 1
Bulk out endpaint (0x01)
Bk in endpaint [0x81]

Bytes to Transfer

a0 M [] Pribdode

ETransferDataUUT ‘ [ Transfer File-OUT ] [ Clear Box

0240 00 00 00 00 00 00 0O 00 00 OO0 00 00 0O 00 00 00 A
0250 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0260 00 00 00 0O 00 OO 0O 0O OO OO0 OO 00 OO0 00 OO 0O
0270 00 00 00 00 0O 00 0O 00 OO OO0 OO 00 00 0O OO 0O
0280 00 00 00 00 00 00 OO 0D OO0 OO0 OO 00 0O 00 OO OO
0Z30 00 00 00 0O 00 OO 00 00 OO0 OO0 OO 00 00 00 00 00
0ZAD 00 00 00 0O OO0 OO0 0O 00 OO0 OO OD 00 OO 0O OO 0O
0ZB0 00 00 00 00 00 00 0O 00 OO 00 OO 00 0O 00 OO 0O
02C0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
0zD0D 00 00 00 0O 00 OO 00 0O OO OO0 OO 00 OO0 00 OO 00
0ZED 00 00 00 0O 00 OO 0O 0O 00 00 OO 00 00 00 0O 00
0ZF0 00 00 00 00 00 00 OO 0D OO0 OO0 OO 00 0O 00 OO OO
0300 00 00 00 0O 00 OO 0O 00 OO0 OO0 OO 00 OO0 00 00 00
0310 00 00 00 0O OO0 OO0 0O 00 OO0 OO OO 00 OO 0O OO 0O
0320 00 00 00 0O OO OO 00 00 OO OO 0D 00 OO 0O OO 0O
0330 00 00 00 00 QO 00 0O 00 OO OO0 0O 00 0O 0O OO 0O
0340 00 00 00 0O 00 OO 00 00 OO 00 OO 00 OO0 00 0O 0O
0350 00 00 00 0O 00 OO 0O 0O OO0 OO0 OO 00 00 00 0O 00
0380 00 00 00 00 0O 00 OO 00 OO0 00 0O 00 00 0O OO OO
0370 00 00 00 00 00 00 OO 0D OO0 OO0 OO 00 0O 00 OO OO
0380 00 00 00 0O OO0 OO 0O 00 OO0 OO OO 00 OO0 00 OO 0O
0330 00 00 00 0O OO OO 00 00 OO OO 0D 00 OO 0O OO 0O
03A0 00 00 00 00 0O 00 0O 00 OO 00 0O 00 0O 0O OO 0O
03B0 00 00 00 0O 00 OO 00 00 00 00 OO 00 OO0 00 0O 00
03CO 00 00 00 0O 00 OO 0O 00 OO0 OO0 OO 00 00 00 0O 00
03D0 00 00 00 00O 00 OO 00 00 OO0 OO0 OO 00 00 00 00 00
03E0 00 00 00 00 00 00 OO 0D OO0 OO0 OO 00 00 0O OO OO
03FD 00 00 00 0O 00 OO0 0O 00 OO0 OO OO 00 OO0 00 OO 00
BULE 0UT transfer completed
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3. Start Visual Analog,

Visualinalog - Mew Canvas
New lExisting] Hecent}
Categories: Templates:
1 ap%272 I~
1 AD%273
% igggzg Average FFT - Two-Tone Ayerage
Two-Tong
1 Apger?
{1 403278 PL] 2L 2
1 AD%279 z 4
1= AD3284 Samples Logic ADlsimADC ADlsimADC
] AD9286 FFT Average FFT
1 apgear 1l = o o o
1 AD9283 3 L
1 4D - - - -
] D340 ADlsimbDC  ADIsimdDC  ADIsimdDC  ADlsimbDC
(] a0%32 Two-Tone  Average... Samples Logic
1 ADM33
1 AD%34 ™
Open Cancel

Figure 14 Snap shot of Canvas template that supplost
ADC on the start-up form

Visual Analog attempts to detect ADC device aneédsl
the Canvas template that supports the ADC orstéue-up
form as shown in Figure 14.

ADC Model Settings
Figure 12 Snap shot shows BULK OUT transfer coneglet DTS simason |
Madel File: |E:4Pragram Fileshnalog Devices\WisualdnalogiModel\ADCAADA2E4_250. ad Dpen..
3 Settings Properties
&)ftware programml ng Spectral Center Property Value
* Frequency [MHz  [10000228891835 LS Ea't"‘la_me 209294_250
. egzolution
VI. PROGRAMSIMULATION AND TESTRESULTOF THE LAtbauezens MasimumEncode  250000000,000000
AD9284US|NGV|SUAL ANALOG TOOL Minimum Encode 30000000.000000
Eiendte sl [oos it Copontiots 14000
ey . Pipeline Latency 10
1. Connect and power the AD9284 digitizer board with Device Jiter 01060000
FX3- CYUSB3014 USB3.0 port interface for data tfans B Lot o pknen
Also supply sampling clock of 250 MHz and input reif
1Vp-p, 10MHz to the AD9284.
Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wezaed hedps you mstall sofiwate (o

Apalog Devices Fifo 4

* ) 11 your haidware came with an installation CD
i o Moppy disk. insen it now.

‘whhat do pou want the wizeed to do?

Cancel |

Figure 13 Snap shot of driver installation dialog

]

Figure 15 Snap shot of ADC model file

Cancel | ‘

4. Set the Sample Frequency (MHz) to 250. Alsongbka
the Samples text to 16384, by entering the textualiyn
Update the Use Composite Amplitude (dB) to -1 taleate
ADC performance.

5. In ADC model, click the Settings...button and klic
Open to browse for and select the AD9284 250.addeio
file as shown in Figure 15.

6. In Input Formatter click the settings... buttorenh
change the Number Format to two’'s Complement. Next,
change both the Resolution and Alignment to 8.l00K as
shown in Figure 16.

7. There are two wires connected to the graphuteraDC

2.Connect the FX3-CYUSB3014 USB3.0 interface port t%amples as well as the FFT results. To see the donein

the Laptop or Computer with a high speed USB cahle.

driver installation dialog appears as shown in FadlLB.
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representation of the data, click the Toggle Addidl Plot 1> Graph - DO2B_I50 el FFT TVTI013 5 23:13 M o
button view the second plot. o
eI R GE
Input Formatter Settings - ChAFFT r
| Va1 BMOWHEM BN EM T IEW 1IN

Date=T/7/203

NurberFomat— {Tos Complement.~~ » Tine= 5231244 ]g

Sample Frequency = 250 MHz

¥ Enable Conversin [V Enable Weighting bz = A
Settings -8 E L
— Bit Settings SHRFS - 937 a .
: 7
v I P e PRI 1

Riesolutian: E| OC Frequency = OMHz 4
8 i D P = 34050 cBFS :
Fund Frequency = 01504 Hz :

Algrment = Fed Pover= L S
FundBins =21

Ham 2 Power = 74158 dbie
Harm 3 Power = 54 646 dBc

Ham 4 Fower =-73031 dBic 9
UK Lancel ‘ ‘ o T o T A0 3000 4500 OO0 7AO0 U0 0K 1200 100 000
Ham & Power =-73031 dBc 1
Worst Other Fraquency = 108016 MHz I
: . Worst Other Power = 67 827 dBFS 4
Figure 16 Input Formatter Settings g u
. X . Bverage BinNoise = -BR.472 dBFS A AR AR AR TR AR ARAARE L FARRRAANA)
8. After making all required adjustments, update the THD= 53328 Iy
Canvas There are three ways to update the canvas, Seéect DR =B34 e gg
menu commandanvas and clickUpdate or Canvas and 18

selectContinuous Update. The Snap shots of the Outputs
obtained are shown in Figurel7 and Figure 18.

9. For analog input signal with frequency 0.5 MHz, the  Figure 17 Output Result for Input= 1V, 0.5MHz and
output obtained is shown Figure 17. And the valhfeSNR sample frequency= 250MHz
and SFDR are obtained as follows.

SNR= 48.348 dB. SFDR= 64.646 dBc and the harmonic [ Graph - ADY204_250 Nodel FFT 71772013 5:11:56 A ol
. , . |
powers obtained are E,‘e —=
Harm 2 Power= -74.158 dBc. ﬁ;’”E E|P|Fﬁ|ﬁ£§
Harm 3 Power= -64.646 dBc. 50w )
Harm 4 Power= -79.031 dBc. B:{fo;;‘?zgnﬁ"—25” BHOUM BN GM M WM TEH TN
Harm 5 Power= -72.301 dBc. Ting=5115. !
Harm 6 Power= -79.031 dBc S = v
) ) Sl = 15364 A
SNR= 4307 4
. . . SHRF5 =43.307 8 4 3
10. For analog input signal with frequency 15 Mlidze SNAD = 740 e AL ‘mi“ Lot f“‘ SN
output obtained are shown in Figurel8. And the emlof D Fiecuery = Db I T
SNR and SFDR are obtained as follows. EEP°WB“'3"”‘“BF9 '
und Frequency = 14 333 hHz
Fund Foper =11 FS
SNR= 48.307 dB, SFDR= 64.562 dBc and the harmonic |  fume

powers obtained are Han 2 Power =-70.043 dBc

Ham 3 Power = 64562 dBe

Harm 2 Power=-70.049 dBc. Hamé Pover = 7838 e J

Harm 3 Power= -64.562 dBc. Ham & Power =70 377 dBe 15003000 4500 000 7500 3000 10500 12000 13500 15000
Haim & Power = -78.99 dBc

Harm 4 Power=-78.99 dBc. Worst Other Frequency = 74575 MHz

Harm 5 Power=-70.377 dBc. it Dt P = 501035 4875

Harm 6 Power= -78.99 dBc. Naise /Hz =130 277 oBFS [ Hz

tyerage Bin Noise = 88 442 dBFS
TH = 2475 B
SFOR = 54562 dBe

Figure 18 Output Result for Input= 1V, 15MHz anchgte
frequency= 250MHz

11. For analog input signal with frequency 200 Mkgs
does not satisfy the Nyquist Criteria which sayat flor the

25




International Journal of Emeging Science and Engineering (IJESE)

proper sampling the sample frequency should belaquz
greater than input frequency. The output obtaigeshown in
Figure 19 and can observe the Aliasing effect & risult.
The values of SNR and SFDR are obtained as follows

SNR= 48.342 dB, SFDR= 0.001 dBc and the harmonie]

powers obtained are

Harm 2 Power=-70.216 dBc.
Harm 3 Power= -69.684 dBc.
Harm 4 Power=-0.001 dBc.
Harm 5 Power= -32.789 dBc.
Harm 6 Power=-0.001 dBc.

DGlaph - AD9284_250 Model FFT 7/7/2013 5:19:52 AM

Ele

Ad[E 7|0 el F|FHE

- ChAFFT 2
Dedce=ADSLBA 250 T L L
Date= 71712013 i
Tie= 519528 0
Sample Frequency = 250 MHz
Samples = 15304 A
SHR = 48342 B 4
SNRFS = 43603, 40 +
SIHAD = 3011 e g i
OC Fiequency= 0 WH 9 i, [ 4 s e o o
OC Prer =34 135 BFS A8
Fund Frequency = 50003 MHz 120
Fund Power = 1. 346 dBFS ik
Furd Bing = 21
Ham 2 Power =-70.216 e
Ham 3 Power =63 684 e
Harm 4 Power =-0.001 dBc J
Ham 5 Power =-32.789 e
Ham & Power =-0.001 dBc
Worst Other Frequency = 37, 395 MHz
Worst Other Power = 66,041 dBFS
Meise #Hz = 130655 dBFS / Hz
Average Bin Noise = -B8.823 dBFS
THD = 3011 B
SFOR=0.001 B

AE]

T06M 120M

Ay u‘.u....m.m...lumm.‘mumm

1500 3000 4500 G000 7500 3000 10500 12000 13500 15000
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VIl. CONCLUSION

In this work we have introduced the property of AB@
and the application in data collection. Describe tkesign
method of data collection system consisted of Ad92&d
CYUSB3014. Meanwhile, it gives the test results this
system which is well applied in the test of back-eadio
receiver to analyze the Spectrum of the Cosmic. rays

The scheme introduced by this passage breakstanies
of data collection and transfers of large data lsigth speed.
Compared with other schemes: this one owns manyrfea
such as small volume, low power dissipation, loe®at and
so on. It simplifies the design of external hardwand

improves stability and reliability of the systermhel' scheme

Communication and embedded Systems.
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has been implemented high and credible communitatio

between the embedded system and PC through USB.
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