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Abstract

In this project we design a single channel 50 MHz -10 V to +10 V digital oscilloscope,
with liquid crystal display displaying using Video Graphics Array, the oscilloscope is
built on a board holding a System on Chip ,the board is zedboard and the chip is
Zync7000 System on Chip. The System on Chip is a an Fpga connected to a anARM
Microprocessor.

The Fpga is responsible for the sampling and data acquisition and it is programmed using
Verilog language using special design platform called Vivado. The ARM microprocessor is
programmed to display the signal and control the overall project using C language , the
software development kit used to program the Microprocessor is SDK VIVADO.
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General Introduction

An ocean wave, earthquake, sonic boom, explosion, sound through air, or the natural
frequency of a moving body all move in the shape of a sine wave. Our physical cosmos is

filled with energy, vibrating particles, and other unseen forces. Part of the light.

The fundamental Frequency of a particle, part wave, can be seen as color. Sensors are
useful in a variety of situations. Turn these pressures into electrical signals that may be
observed and studied with an electrical signal analyzer

Scientists, engineers, technicians, educators, and others can use oscilloscopes to "see"

events that change over time.

Oscilloscopes are essential instruments for anyone involved in the design,
manufacture, or maintenance of electronic equipment. Engineers need the greatest tools
available to handle their measuring difficulties quickly and correctly in today's fast-paced
world. Oscilloscopes, as the engineer's eyes, are essential for tackling today's demanding
measuring requirements. An oscilloscope's utility is not confined to the field of electronics.
An oscilloscope can measure a wide range of events with the right sensor. A sensor is a
device that responds to physical stimuli such as sound, mechanical tension, pressure, light, or
heat by generating an electrical signal. A microphone is a device that detects sound and turns
it into an electrical signal. Everyone from scientists to television repair specialists uses

oscilloscopes.

An oscilloscope is used by an automobile engineer to compare analog data from
sensors to serial data from the engine control unit. An oscilloscope is used by a medical

researcher to measure brain waves.

The options are limitless. The principles provided in this primer will give you an
excellent foundation for learning oscilloscope basics, and the glossary at the end of the book

will help you grasp them better.

Unfamiliar terminology will be defined in this primer. This primer is excellent because
of the vocabulary and multiple-choice written exercises on oscilloscope theory and controls.

help in the classroom No prior understanding of mathematics or electronics is required.

XI
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1.1 Introduction

Electric engineers and technicians must observe and study the evolution of electric signals
over time in order to come up with the best solutions and designs for their technical problems,
and they must have the best tools at their disposal to solve their measurement challenges
quickly and accurately. The oscilloscope is a critical tool for solving today's demanding
measurement difficulties and is a must-have for anybody designing, as well as designing and
repairing electronic equipment. An oscilloscope can measure a wide range of phenomena with

the right sensor.
1.2 The Oscilloscope

An oscilloscope is a device that displays a graph of an electrical signal. The graph depicts
how signals change over time in most applications, with the vertical (YY) axis representing
voltage and the horizontal (X) axis representing time. The display's intensity or brightness is
commonly referred to as the Z axis.

This basic graph can reveal a lot about a signal, including:

e Asignal's timing and voltage values an oscillating signal's frequency

e The signal represents the “moving parts” of a circuit.

e The frequency with which a specific portion of the signal occurs in comparison to
other parts of the signal

e Whether or not a faulty component is causing the signal to be distorted

e How much of a signal is direct current (DC) or alternating current (AC).

e How much of the signal is noise and whether the noise is changing with time? [1]
1.3 Types of Oscilloscopes

Analog and digital oscilloscopes are the two main categories of oscilloscopes. Digital
oscilloscopes work with discrete binary numbers that represent voltage samples, whereas
analogue oscilloscopes work with continuous voltages. each type has unique properties that
may make it more or less suitable for various uses

a digital oscilloscope converts the measured voltage into a digital value using an
analogue-to-digital converter (ADC). It obtains the waveform as a series of samples and
stores them until it has a sufficient number of samples to describe the waveform. The digital
oscilloscope then re-assembles the waveform for display on the screen. (Refer to Figure 5)

Digital oscilloscopes are divided into two types: digital storage oscilloscopes and digital



storage oscilloscopes. Digital phosphor oscilloscopes and digital sampling oscilloscopes are

two types of digital oscilloscopes. [1]

1010
[aleley]
[alalyle]
[ [

Analog Oscilloscopes Digital Oscilloscopes Samples
Trace Signals Signals and Construct Displays

Figure 1. 1: Analog oscilloscopes VS digital oscilloscopes [1]
1.3.1 Digital Storage Oscilloscopes

A digital storage oscilloscope is a type of traditional digital oscilloscope (DSO). Instead of
glowing phosphor, it usually uses a raster-type screen for display. DSOs (digital storage
oscilloscopes) allow you to catch and view transients, which are events that happen just once.
Because the waveform data is saved as a series of binary values in digital form, it may be
analyzed, archived, printed, and otherwise processed within the oscilloscope or by an external
computer The waveform does not have to be continuous; it can be presented even if the signal
is no longer present. Digital storage oscilloscopes, unlike analogue oscilloscopes, offer
permanent signal storage as well as sophisticated waveform processing. DSOs, on the other
hand, often lack real-time intensity grading and so are unable to communicate various levels
of intensity in a live signal. DSO subsystems are similar to analogue oscilloscope subsystems
in certain ways. DSOs, on the other hand, include extra data-processing subsystems that
collect and display data for the complete waveform. DSO uses a serial-processing architecture
to record and display a signal on its screen. Following is a description of this serial-processing
architecture. Architecture for Serial Processing The initial (input) stage of a DSO, like that of
an analogue oscilloscope, is a vertical amplifier. At this step, you can modify the amplitude
and position range using the vertical controller. Following that, the horizontal system's

analogue to digital converter (ADC) samples the signal at discrete points in time and converts



the voltage at these times into digital values known as sample points. Digitizing a signal [1]

Acquisition
Memory

Figure 1. 2: The serial-processing architecture of a digital storage oscilloscope (DSO). [1]
1.3.2 Digital Phosphor Oscilloscopes

The digital phosphor oscilloscope (DPO) takes a fresh look at oscilloscope design. A DPO
can use this architecture to provide unique acquisition and display capabilities for precisely
reconstructing a signal. While a DSO captures, displays, and analyzes signals using a serial-
processing architecture, a DPO does same using a parallel-processing architecture, as shown
in figure7. The DPO design uses dedicated ASIC hardware to gather waveform images,
resulting in faster waveform capture rates and better signal visualization. This performance
raises the chances of seeing transient occurrences like runt pulses, glitches, and transition
mistakes that occur in digital systems. Following is a description of this parallel-processing

architecture.

>—@—

,— — —= Waveform math, measurements, and front panal _h'

control are executed by the microprocessor parallel
to the integrated acquisition/display system.

Ir-- Snapshots of the Digital Phosphor contents are pericdically
v sent directly to the display without stopping the acquisition.

Digital
Phosphor

_____________________________________________________________________

Figure 1. 3: The parallel-processing architecture of a digital phosphor oscilloscope (DPO)

[1]
1.3.3 Digital Sampling Oscilloscopes

The oscilloscope may not be able to acquire enough samples in one sweep while
measuring high-frequency signals. A digital sampling oscilloscope is useful for recording
signals with frequency components that are substantially higher than the sample rate of the
oscilloscope. This oscilloscope is capable of measuring signals of up to an order of magnitude

4



faster than any other oscilloscope. It can achieve bandwidth and high-speed timing ten times
higher than conventional oscilloscopes for repeating signals. With bandwidths up to 80 GHz,

sequential equivalent-time sampling oscilloscopes are available.
1.4 Oscilloscope Triggering

Continuous capture is the oscilloscope's preferred operational mode since it allows for the
immediate display of signal changes. Triggering becomes more crucial with continuous
capture. Without proper triggering, a stable signal display cannot happen.

Each frame's triggering is performed by "pinning down" one point on the curve. The
trigger point is the location where the pinning occurs. The triggering requirements are defined
by three parameters [2]:

1. the pre-triggering percentage,

2. the trigger level

3. the slope.

The pre-triggering percentage identifies the imaginary vertical line on which the trigger
point lies. The default value is a pre-triggering percentage of 50%. This default value
corresponds to a vertical line that is exactly half way from the left edge of the display area to
the right edge of the display area. With a pre-triggering of 50%, exactly one-half of the
displayed curve lies to the left of the trigger point. This default value is appropriate for most
situations, so you won’t need to change it often. The trigger level is the voltage of the trigger
point. If the signal display is to be stable, the trigger level must remain within the excursion
range of the signal. Otherwise we are asking for the impossible: to trigger at a level never
reached by the signal. The pre-triggering percentage and the trigger level together identify the
trigger point. The pre-triggering percentage is essentially the x coordinate, and the trigger
level is the y coordinate of the trigger point. The third parameter, the slope, is a descriptor, not
a number. This descriptor has one of two values: positive slope or negative slope. If a positive
slope is specified, it means that the curve must have a positive slope while passing through
the trigger point. Otherwise, the curve must have a negative slope while passing through the
trigger point [2].

Following Figure shows you how the trigger slope and level settings determine how a

waveform is displayed.
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Figure 1. 4: Positive and negative slope triggering [3]

1.5 Sampling theorem:

The sampling theorem specifies the minimum-sampling rate at which a continuous-time
signal needs to be uniformly sampled so that the original signal can be completely recovered
or reconstructed by these samples alone [4].

If a continuous time signal contains no frequency components higher than W Hz, then it
can be completely determined by uniform samples taken at a rate fs samples per second where

Fs >2W

The minimum sampling rate allowed by the sampling theorem (fs = 2W) is called the

Nyquist rate [4].

1.6 Conclusion:

Hopefully, after going through the entire chapter, we now know what is the importance of
the oscilloscope. That being said, we wish to conclude here by hoping that we were able to
provide you enough information regarding the device and what each of the functions of the

device is.



Chapter Il

Materials and Software




2.1 Introduction

The oscilloscope used in this project is a simple digital oscilloscope with a VGA connector
for LCD display. It consists of an FPGA coupled to a chip-based ARM CPU. The data from

an ADC will be received by this chip, which will then show the waveform on an LCD.
2.2 Hardwar materials:

2.2.1 ZedBoard:

The Xilinx Zyng-7000 Extensible Processing Platform is the basis for the ZedBoard, an
evaluation and development board. The Zyng-7000 EPP combines a twin Corex-A9
Processing System (PS) with 85,000 Series-7 Programmable Logic (PL) cells, making it
suitable for a wide range of applications. The ZedBoard's extensive set of on-board

peripherals and extension options make it a suitable platform for new designers [5].

Copersaps

|

UL R
JB0T131

LS E
T e ;
o ~~ ZedBoard
W, zedboard.org
») .A = 2 - | —

Figure 2. 1: Zed board [5]
Features [5]:

The features provided by the ZedBoard consist of:
e Xilinx® XC72020-1CSG484CES EPP



= Primary configuration = QSPI Flash
= Auxiliary configuration options
o Cascaded JTAG
o SD Card
e Memory
= 512 MB DDR3 (128M x 32)
= 256 Mb QSPI Flash
e Interfaces
= USB-JTAG Programming using Digilent SMT1-equivalent circuit
Accesses PL JTAG
PS JTAG pins connected through PS Pmod
10/100/1G Ethernet
USB OTG 2.0 0 SD Card
USB 2.0 FS USB-UART bridge
Five Digilent Pmod compatible headers (2x6) (1 PS, 4 PL)
One LPC FMC
One AMS Header
Two Reset Buttons (1 PS, 1 PL)
Seven Push Buttons (2 PS, 5 PL)
Eight dip/slide switches (PL)
Nine User LEDs (1 PS, 8 PL)
o DONE LED (PL)
e On-board Oscillators
= 33.333 MHz (PS)
= 100 MHz (PL)
e Display/Audio
= HDMI Output
= VGA (12-bit Color)
= 128x32 OLED Display
= Audio Line-in, Line-out, headphone, microphone
e Power
= On/Off Switch
= 12V 5A AC/DC regulator

0O O 0O 0O O 0 0O O O o o o
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Flash md—f—b asPl

8
Prmod <User

Gbit M ENET/
Enet MDIO
UsB 5 USBOTG ®)
o1G e

=

sD sD
2
uss <> USBUART
2 e
[ 3
1LED,
2 buttons ﬁ —/—{PS_GFIO
ral
512Mbyte DDR
IR3 (x32)

Reset a—;’—> PS_RST

33Mhz ﬁ—;‘—» PS_CLK

PMOD
Pmods
82
FMC FMC-LPC
N = . GPIO (BLEDs
&PIo <2 B8 s side switches,
gg 5 pushbuttons)

HdPhn Out
Line Out
Line In

MIC In

Type A
HDMI Out

VGA (12-
bit color)

Display

DONE LED
PROG

XADC

Primary JTAG

Figure 2. 2: Zed board Block diagram [5]
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2.2.2 AD 9288:

It is dual 8-bit monolithic sampling analogue to digital converter, it can operate at 100

07,-00,

SELECT ¥

SRLECT 2

AD9288

TOP VIEW

DATA FORMAT
(Not 1o Scale) T

SELEC

07400y

BEE
FEf

GND [3]
MsB) D7, ]

FEEEEE]
& &2
(=} (-3~

D%y
Ddg
D3y [¥

NC » NO CONNEC

Figure 2. 3: AD9288 Circuit and Block Diagram|[6]

e The ADCs are clocked by ENCA ENCB pins for each ADC,

e D7 DO parallel digital output for each channel A, B.

e the analogue input signal is received threw the pair of pins Ain, the nominal input
range is 1.024 V p-p centered at VD % 0.3,

e A stable and accurate 1.25 V voltage reference is built into the AD9288 (REFOUT),
In normal operation, the internal reference is used by strapping Pins 5 (REFINA) and
7 (REFINB) to Pin 6 (REFOUT),

e Data Format Select: Offset binary output available if set low. Twos complement
output available if set high, for the adc output it is calculated according to this formula

Digital output=1.25/255x Digital Input

e 2 pins S1 and S2 can be used in a variety of operational modes. These choices allow
the user to put both channels in standby mode, excluding the reference, or simply the
B channel. The output buffers and clock inputs are placed in high impedance states in
both modes. The user can also skew the B channel output data by 1/2 of a clock cycle
using the opposite option. Enabling the data align permits Channel B output data to be
available at the rising edge of Clock A if two clocks are fed to the AD9288 that are
180° out of phase. If both channels have the same Encode clock and the data align pin
is enabled, the output data from Channel B will be 180 degrees out of phase with
Channel A. If the same Encode clock is provided to both channels and the data align
pin is disabled, both outputs are delivered on the same rising edge of the clock.

11



Table 2. 1: AD9288 Operational Modes|[6]

0 0 Standby Both Channels A and B

0 1 Standby channel B only

1 0 Normal operation(Data Align Disabled )
1 1 Data Align Enabled

SAMPLE N + 5

A, AyB

SAMPLEN+2 SAMPLEMN+3 SAM He+d

W\/\j\j\/

DT =Dl XXDATAH 4 XXDATAH :)Xmuu z)cxmmu 1 DATA N XXDATANH
DTg-Dig XXDAT-MI--I XXDATAN-:XXDATAN-: ):Xmmnnxx DATA M XXDATAN"IXX %

Figure 2. 4: Normal Operation, Same Clock Channel Timing[6]

As figure 2.4 shows both outputs are delivered on the same rising edge of the clock when
the data align is disabled. Every rising edge + tpd a new data sample is ready to be read, but
reading data after every falling edge is more suitable.

12



2.3 Video Graphics Array

Video Graphics Array is the abbreviation for Video Graphics Array. It originally referred to the
display hardware that was initially introduced with the IBM computer in 1987. It now mainly refers to
the analog computer display standards the DE-15 Connector (often known as VGA connector) or the
640x480 resolution itself, due to widespread use.

00020

O 6 )7 M s NORIO) Q

W®@® O’

@ red Qoreen @ sue @ocno
@ Hsyne QO Vsyne (O other

Figure 2. 5: DE-15 Connector

A DE-15 connector, often known as a VGA connector, is a 15-pin D-subminiature connector
with three rows (named after their D-shaped metal shield). Figure 2.5 depicts each pin. Red,
Grn, Blue, HS, and VS are the five signals out of 15 pins. The RGB signals indicate the color
of a point on the screen, while HS and VS offer a positional reference for where the point

should be displayed on the screen.
2.3.1 VGA timing specification:

A VGA controller circuit must generate the HS and VS timings signals and coordinate the
delivery of video data based on the pixel clock. The pixel clock defines the time available to

display one pixel of information [7]

13



Vertical Timing

(v_sync signal)

Table 2. 2: Horizontal timing (line)[7]

|Visib|e area ‘640

25.422045680238

|Front porch ‘16

0.63555114200596

|Sync pulse

3.8133068520357

|Back porch ‘48

1.9066534260179

|Who|e line

31.777557100298

Table 2. 3: Vertical timing (frame)[7]

Visible area 480 | 15.253227408143
[Front porch 10 0.31777557100298
'Sync pulse 2 | 0.063555114200596
Back porch 33 | 1.0486593843098
‘Whole frame 521 | 16.683217477656

Horizontal Timing
(h_sync signal)

LI

—_—

Display rFrontr Sync r Back '|
Porch' Pulse Porch

Display

Display Time

Sync | Front

Porch ~ Pulse Porch

Back

Blanking Time

Figure 2. 6: VGA timing specification map[11]
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2.3.2 VGA pin functions:

The illustration (figure 2. 5) shows the 15-pin VGA connector, its pin assignments, and
size dimensions. As shown, the VGA connector has 15 holes, and each hole (pin) has its own

function, as explained in the below (table 2. 4)

Table 2. 4: ZedBoard DE-15 pins description [5]

VGA Pin | Signal Description
1 RED Red vedio
2 GREEN Green vedio
3 BLUE Blue vedio
4 ID2/RES Formerly Monitor ID bit 2
5 GRN Ground (HSync)
6 RED RTN Red return
7 GREEN RTN | Green return
8 BLUE RTN Blue return
9 KEY/PWR Formerly key
10 GND Ground (VSync)
11 IDO/RES Formerly Monitor ID bit 0
12 ID1/SDA Formerly Monitor ID bit 1
13 Hsync Horizontal sync
14 Vsync Vertical sync
15 ID3/SCL Formerly Monitor ID bit 3

24 Software materials

2.4.1. Vivado

2.4.1.1 Overview:

A Xilinx software suite for HDL synthesis and analysis, which replaces Xilinx ISE and
adds tools for system on a chip development and high-level synthesis. Vivado is a complete
rewriting and rethinking of the entire design process (compared to ISE). Vivado includes the
in-built logic simulator ISIM, just like subsequent versions of ISE. Vivado also introduces

high-level synthesis, with a toolchain that converts C code into programmable logic.
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Figure 2. 7: Vivado Graphical User Interface

2.4.1.2 Features:

Vivado is an integrated design environment (IDE) featuring system-to-IC level
capabilities built on a shared scalable data model and a common debug environment that was
released in April 2012. Vivado offers ESL design tools for synthesizing and testing C-based
algorithmic IP; standards-based packaging of both algorithmic and RTL IP for reuse;
standards-based IP stitching and systems integration of all types of system building blocks;

and block and system verification.
2.4.1.3 Components:

The Vivado High-Level Synthesis compiler enables C, C++ and SystemC programs to be

directly targeted into Xilinx devices without the need to manually create RTL. Vivado HLS is
widely reviewed to increase developer productivity, and is confirmed to support C++ classes,
templates, functions and operator overloading. Vivado 2014.1 introduced support for
automatically converting OpenCL kernels to IP for Xilinx devices. OpenCL kernels are

programs that execute across various CPU, GPU and FPGA platforms.
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2.4.1.4 Vivado Simulator:

It is a component of the Vivado Design Suite. It is a compiled-language simulator that

supports mixed-language, Tcl scripts, encrypted IP and enhanced verification.

File Edit Flow Tools Window Layout View Run Help
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Figure 2. 8: Vivado simulator [10]

2.4.1.5 Vivado IP Integrator:

Allows engineers to quickly integrate and configure IP from the large Xilinx IP library.

The Integrator is also tuned for MathWorks Simulink designs built with Xilinx's System

Generator and Vivado High-Level Synthesis. [8]
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Figure 2. 9: Vivado IP integrator[8]
2.4.1.6 Vivado Tcl Store:

It is a scripting system for creating Vivado add-ons that may be used to extend and change
the software's capabilities. Tcl is the scripting language that Vivado is built on. Tcl scripts can

be used to call and control all of Vivado's underlying functionalities.

L. Manage 1 - [FVivado\nans S p VR NS T

File Edit | Tools | Window Layout Wiew Help
’_ﬂ- | off Report * | Lapout
| & Create and Package IP...
SEENEES Run Tcl Script... S-S
QA = [ Property Editor Ctrl+J
B IF | Associate ELF Files...
E‘El Tcl App Store...
B2 Customize Commands 3
i3 Project Settings...
& Options..

Figure 2. 10: Vivado TCL Store
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2.4.2 Intellectual Property

The term “intellectual property” stands for "intellectual property.” Intellectual property
can refer to a variety of things, but when 1 refer to it, I'm referring to the libraries of HDL
(hardware design language) modules that are available to us. IPs are created by users and
businesses to make it easier and faster to create designs.

It’s like painting vs. doing a puzzle. Rather than building every individual part of our
design our self, we can just take the pieces that we need and focus on the bigger picture. As
long as we respect that it’s someone else’s intellectual property, of course. After all, we
wouldn’t put together a puzzle and then say we painted it. For example, say we needed to use
an Ethernet port but didn’t want to write an Ethernet controller yourself. we could find an
existing Ethernet controller and use it in our design. Xilinx has a huge library of IPs to use
with Digilent boards, as well as an IP library built into Vivado Design Suite.

We may not only use IPs from the large libraries available, but we can also design our
own IPs using Xilinx Vivado's IP packager. One advantage of building an IP rather than using
files and instantiating a top module is that we may create graphically with a schematic using
the Vivado Design tools. We can physically connect the pins on each of your IPs. which can

be much easier than typing in inputs and outputs for each module instantiation
2.4.3 Verilog:

Verilog is a textual format for describing electronic circuits and systems that is based on
the Hardware Description Language. Verilog is a programming language for electronic design
that can be used for verification through simulation, timing analysis, test analysis (testability
analysis and fault grading), and logic synthesis.

The Verilog HDL is an IEEE standard - number 1364. The first version of the IEEE
standard for Verilog was published in 1995. A revised version was published in 2001; this is
the version used by most Verilog users. The IEEE Verilog standard document is known as the
Language Reference Manual, or LRM. This is the complete authoritative definition of the
Verilog HDL.

2.4.4VHDL Vs Verilog:

VHDL is more verbose than Verilog and features a syntax that is not similar to C. You
have a better probability of producing more lines of code with VHDL. VHDL can also appear
to be more intuitive to work with at times. It may appear that developing a program in VHDL

flows more smoothly. Verilog generate statement is a powerful construct for writing
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configurable, synthesizable RTL. It can be used to create multiple instantiations of modules
and code, or conditionally instantiate blocks of code. Because Verilog is more of a hardware
modeling language, the vocabulary is more succinct in Verilog. You'll just have to type a few
lines of code, and it'll remind you of the C programming language. Verilog is stronger at
hardware modeling than C, although it provides fewer programming tools. Because Verilog is
less verbose than VHDL, it is more compact. Overall, Verilog differs significantly from
VHDL. There are certain similarities, but their variances outweigh them.

VHDL: Verilog
process ({50,51),A,8,C,D)
begin
case (50,81}, is always 8({S0,51), A, B, C, D)
when "00" = Y <= A; case ({50,31))
when "01" => Y <= B; 2'b0 = A’
when "10" = Y <= C; 2'b0 = B;
when "11" => Y <= D; 2'bl -C;
when others => Y <= A 2'bll = D;
end case endcase
end process |
Figure 2. 11: Verilog Vs VHDL
2.4.5 SDK Vivado:

The Xilinx Software Development Kit (XSDK) is the Integrated Design Environment for
creating embedded applications on any of Xilinx's award winning microprocessors
like Zynq7000 SoCs.

The Software Development Kit (SDK) will then be used to create a simple software
application which will run on the Zynq’s ARM Processing System (PS) to control the

hardware that is implemented in the Programmable Logic (PL).
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Figure 2. 12: SDK Vivado GUI

2.5 Conclusion:

In this section of our project, we concentrated on the materials and software that our

supervisor selected from the open source, and we provided specifics and information about
those materials.
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3.1 Introduction:

The oscilloscope built in this project is a simple oscilloscope with the following
specification:
- Input voltage range of -10V to +10V

- Bandwidth = 50MHz limited by ADC sample rate = 100MHz to avoid aliasing.
- VGA monitor display, resolution ~512 x 480

This oscilloscope is made up of several key blocks. Shown in the Figure3.1

Input
signal

ADC

Digitizing
the signal

Processing
Triggering system Vga driver LCD
— Memory
Block Mapping the Generatingthe |
data values i 2 Displaying
vga signals

Figure 3. 1: digital storage oscilloscope system key blocks diagram

3.2 Input signal

The voltage level of the signal should be in the range of 0.478 Volt to 1.49 centered at
0.99 Volt (VD =3.3), so the input voltage should be amplified by gain of 0.051 and biased by

+0.989 Volt, low pass filter is used to ovoid aliasing with cutoff frequency W0 = 50 Mhz. the
proposed circuit is shown in the figur3.2.

1h _I"II
A .F \ ,f\ conditioning [ A A
| H . | f \ i .
'.\ !.' 1| III,' —| Circuit ! S Y ADC F
II v Il III .Il |I "
| | \ \ H
. _'lun \/ \‘-'J 1.-"' D478

Figure 3. 2: proposed front end circuit
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3.3 ADC

the AD 9288 is operating in the mode of Stand by Channel B so that only Channel A
input signal will be sampled the complement output format is selected, the ENC A is clocked
by 100 Mhz. the channel output pins are connected to 8 I/0O pins of JB1 Pmod of the
Zedboard, the ENC A is connected to the pinl of the JA1 Pmod, the low and high signal from
the VCC and GROUND pins of the JC1, JB1, JA1 Pmods. The table3.1 shows connection
between ADC chip and Zedboard. and the figure 3.3 shows our Zedboard connected to the
ADC chip.

Table 3. 1: ADC and Zedboard interfacing

ENC A Pin 1 of JA1
D0,4-D74 Pin 1 to Pin 8 of JB1
DFS VCC of JAL
S1 GND of JB1
S2 VCC of JC1
VD VCC of JAl
VDD VCC of JC1

e

™~
Y
.
o«
o
=)
¢
c.
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3.4 Trigger Block:

The trigger block is responsible of reading the data from the ADC and save it in memory,

in this oscilloscope the positive slope triggering is used to display the signal, so the trigger is
providing with algorithm to make sure the trigger point is displayed in the center of the screen

which the sample data where the trigger occur is saved at the center of the memory.

axi_gpio_0

apo = ||
gpie_io_o[11:0] P

GPI02 = ||
gpi2_io_19:0) 4

14 g AX
s axi adk
s axi_aresetn

|—G input_adc[7:0]

blk_mem_gen_0

[I|~ Bram_ParTA
P addra[10:0]

AXIGPIO

¥ dka

P dina[7:0]

P weal0:0]
(||~ Bra_PorTB
> adin00]

b dib

4 doutn]7:0]

slslice 0
% Din[11:0]  Dout0:] }
I- Slice ’
reader_0
¥slice_1
( ‘ dk wr_add10:0] |
% Din[11:0] ~ Dout[10:0] ‘ data[70] RTL wi_en
\ ) st dong pm—-»
Slice
reader vi_0
Xlooncat_0
—
In0[7:0]
n[100]  dout19:0]
n2[0:0]
Concat

Figure 3. 4: Trigger Block

b\wk Memory General'::\

[ clock_ade

The figure 3.4 shows part of our block design created using Vivado, this part is the

Trigger which is formed of:

e Blk_mem_gen 0: dual port the memory that will save the sampled data it is generated

using tool called bram memory generator, our memory is 2 K =2048 of size with 8-bit
data width the address width will be 11-bit, port A for writing and B port for reading,

memory is in the write or read state according to input WE.

e Input_ADC [7:0]: a port to receive the ADC outputs.
e Axi_gpio_0: an IP created by Vivado used as an interface between processing system

and the trigger block ,it has 2 channel , first channel to send a the reading addresses and
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a RST signal to clear the done signal when the processing system is reading. the other
channel the data from memory and last address written to and the done signal that
indicate that the memory is full.
For the Slice and Xconcate are just tools to get sclicing an data bus or concatenating
many data buses in one data bus.
reader_0: RTL file created by us shown in the figure3.6, this module will control

memory writing and reading as described using the diagram in figure 3.5.

4 )

e 1K or more of the memory is full

e No triggering occurs

e Comparing every 2 fist and last data stored
with trigger level to find a positive slope
trigger

- J

RST=1 Trigger occur

4 )

o Start filling the next 1K of the memory

e When memory is full generate signal Done to

indicate that memory is ready to read

- J

Figure3.5 : RTL reading & writting process
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P
—_ wir_addr[10:0]
mm atal /0] W en
=0 rst done

.

Figure3.6 : reader_0 RTL

3.4.1 Reader Module simulation

The block is tested using Vivado simulator, the Reader module was modified and a 8 bit
variable register called value is added as an ADC input. the voltage level of triggering is 5, the

clock period is 100 ns and the result of the simulation is shown in the figure 3.7.
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Name Value 1. |ppo.non ms - Jznn,zon ms o jzon, snn ns zn0, E00 ns enn, ann 201,400 ns Zn1.80m ms 201,
i o 1 I o N B e B B I
wll rst z
» W wr_addr{10:0] 996 =] EETL age 297 EEE] EEE] 1000 1001 1002 1003 1004
l owr_en 1 _|
il done 0
> B data[7:0] ] 4 5 € 7 ] 3 10 11 1z 1z 14 15 1g 17 ig 19 zo zL 2z 23 24
> W trigger_treshold[7:0] 05 0s
g [ | =1 | | | | | | |
> W value[7:0] 8 5 sl 7 El 1‘0 11 1‘2 13 1‘4 15 1‘5 17 1‘3 15 zln Z1 zlz z3 2‘4 ‘
> W counter_0[10:0] 97 995 * EELS 597 * EEL:] * 999 * 1000 * 1001 * 1002 * 1003 * 1004
> W counter_1[10:0] 0 0
~ W trig_buffer(3:0](7:0] 8,642 4,z,0,0 6,4,2,0 8,6,4,2 10,8,6,4 1z,10,8,6 14,17,10,8 16,14,12,10 18,16,14,12 Z0,18,16,14 Zz,z0,18,16 20
> W [3)[7:0] 8 4 3 2 10 1z 14 15 13 z0 zz 24
> W [2)[7:0] ] 2 4 3 2 10 12 14 15 lg z0 zz
> W [][7:0] 4 o z 4 & El 10 12 14 18 1B z0
> W [O)[7-0] 2 1zz 1] z 4 & S 10 1z 14 16 1z
: s ol .. |MEpoons | |ue-z00ns || |816.400 ms | [alesogms | |46 son s |417.000 me, | |U7.200 s |u7oa0q ne || |017.500ms | |4l
w clk 1
wl rst z
» B wr_addr{10:0] 34 {3 z7 zg 23 30 31 3z 33 34
0 [
R
> W data[7:0] 73 55 57 ) £9 =0 51 &z &3 &4 &5 &5 57 &8 53 70 7L w2 73 74 (D =]
» W trigger_treshold[7:0] 05 ag
d trigger 0 |
> W value[7:0] 73 57 sls 53 slo £l slz &3 slq [ sls 57 sls 1) 70 71 7|z T ?Iq 75
> W counter_0{10:0] 0 I I I I I o I I I
> W counter_1[10:0] 0 1016 1017 101s 1013 10z0 1021 10zz 1023 1024 I a I
~ W trig_buffer]3:0][7:0] 72,70,68,66 56, 54,520 58,56,54,52 60,58, 56, 54 62,60,58,56 64,62,60,58 66,64,62,60 68,66,64,62 70,68,66,64 72,7;,53,55 '
> W [3)[7:0] 72 56 58 60 62 64 65 68 70 I?z I
> W [2)[7:0] 70 54 3 58 &0 62 64 66 68 I'?EI I
> W [)(7:0] 68 52 c4 56 B &0 6z 64 56 IGEH :
> W [0)[7:0] B6 50 = 54 =53 s &0 62 54 Iss '
: - PPN PPN TP PP ot et SRR P PRI IR ot oo PP SRR APRPRPRIN i i SRR AR BRI it
i ak 1 CEL L LT LT
H rst 1 ]
> B wr_addr{10:0] 34 34 as as a7 a8 a9 m
wlowr_en 0
> B data[7:0] 29 21} zE 23 z4 25 z5 27 EE) 23 20 31 3z 33 24 35 ED 37 38 33 ]
» W trigger_treshold[7:0] 05 ' ' ' ' ' s I I I I I
ld trigger 0
> W value[7:0] 29 Tzz f em z4 z5 z6 z7 zg E ) 20 =1 3z EE) 24 35 36 27 EE) 33 40 41
> W counter_0[10:0] ] 0 1 z 3 4 5 g
> W counter_1[10:0] ] I I I I I 0 I I I I I
~ W trig_buffer(3:01[7:0] 72,70,68,66 I I 7‘2,7‘0,68,66‘ I z0,72,70,68 3z,30,72,70 3q|,3z,30,?2 36, 34,32,30 39,36,34,32 4 40,38,360
> W [3)[7:0] 72 ' ' 7z ' ' ' =0 I 3z I G I 36 I 38 I 40
> W [2)[7:0] 70 ' ' 70 ' ' ' 7z I 30 I 3z I 34 I 3B I a8
> W [[7:0] 68 ' ' 58 ' ' ' 70 I 7z I 30 I 3z I a4 I 36
> W [0)[7:0] 66 ' ' 56 ' ' ' 58 I 70 I e I an I a2 I 34

Figure 3.7: Reader Module Simulation




3.4.2 Comments:

e Every negative edge a new sample is generated To make sure we get the value
from the ADC we made the write signal hold for two clock signal in order to
make the clock falling in the middle of writing, besides the memory is active
high clock so we write to memory every rising edge and get the value at the
falling edge, we lose a sample at every writing but since the sampling rate is
100 mega sample per second the difference is negligible.

e address of the memory is changed after the write finished, so the address
changes every falling edge of wr_en signal to make sure that no address
change before a write is done.

e Two counters are used to count the first and second halves of the memory.

e In order to get the trigger point in the center of the 2-k memory the address is
vector data type making the memory as circular memory, when the done is
high the writing address is fixed in order to send it later to the processing

e system as the last address written to. Shown in figure 21

e as it is shown in the figure 21 the done signal is generated after the memory is
full. And the trigger point has been detected successfully.

e the RST signal will reset the counters and done, no need to reset the address
since the last address written to is saved every done signal.

3.5 Display Block:

This part of the design is responsible for drawing the background image and signal
waveform. The figure 3.8 shows a part of the block design which is the display block which is

formed of:
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Figure 3.8: Display Block Diagram
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Blk_mem_gen_1: dual port memory generated using tool called bram memory
generator, this memory will hold the signal wave form data, the resolution used
here is 512x480 pixels
should of 245760 as size, port A for writing and B port for reading, the color of

so the screen holds 245760 pixels then the memory

the signal is blue so just 1 bit to indicate that the pixel is blue or not that’s why
the data width of the memory is. Since there are 245760 cells so the address
width is 18 bits. The address of this memory is the pixels’ location which is the

row and the column index, this memory will be read later by the a vga driver to

Blk_mem_gen_2: memory generated using tool called bram memory generator,
this memory will hold the Background image named (Grid) which is shown in

the figure3.12, this memory has the same size as the blk_mem_gen_1 and also



the addressing. The color used for background is black and white so only 1 bit to
describe the color.

e AXxi_gpio_1: an IP created by Vivado used as an interface between processing
system and the displaying block, it has 2 channel, first channel sends the pixel
signal and location and enable signal to write to the memory other channel will
hold an acknowledgement signal to know that a data is written, this is used to
ovoid overwriting.

e Screen_0: RTL file created by us shown in the figure 3.9, this module will
control blk_mem_gen_1 writing and reading.

= [5_EN bram_en =
m= s addr17:0] bram_addr[17:0]
— ps_data WtE ack =
— clk bram_datz =

Figure3.9: screen_0 RTL

the role of this module is as follow:

o write to the memory blk_mem_gen_1 according to the pixel location
ps_addr[17:0] and pixel signal ps_data that hold the signal of the pixel
that construct our signal wave form in the screen.

o bram_en: to enable and disable writing .

o Write_ack: 1 means write in progress, 0 write is finished.to avoid

overwriting.

e Color_0: RTL file created by us shown in the figure ??, this module will decide which
color will be sent to the vga driver ,or in other meaning which image will be displayed .
this module makes sure that the signal is displayed above the grid and not the opposite.
this module will send to the vga driver the background signals only if the wave form
signal is absent (SIGNAL_PIXELS=0).
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GRID_FIXELS

RGE out[2:0]
SIGHNAL PLIKELS

Figure3.10 : Color_0 RTL

e Vga_0: RTL file created by us shown in the figure3.11, this is an VGA driver that will
generate the vga signal according to the vga protocol of 512x480, it was created from
the vga protocol of 640x 480 and modified in the timing specification. the
modifications to get the following timing specification are:

o The Vertical display duration is 480 lines
o The Horizontal display duration is 512 frame
o Vertical back porch time is 29 lines

o Horizontal back porch is 48+64=112, 64 frames shouldn't be displayed on each

column[E:0] \t
ronw[ S0

—

side.

red oyt -
= red in
_ (o [=T=Ta e 1] o ]
_—reer_in
blus oyt -
— blue i
WSYMT -

b syne

Figure 3.11 : Vga_0 RTL block

3.5.2 GRID Image:

GRID image is stored as COE file in a generated memory blk_mem_gen_2, the GRID is
shown in figure3.12 the pixel’s values representing the signal are stored in another memory
blk_mem_gen_1, each memory address holding a pixel's value and the addresses are the pixel
location in the screen (column and row indexes), writing to blk_mem_gen_1 is controlled by
a created module named SCREEN, this module received from the processor the pixel
locations
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The grid image is drawn using an image editor PAINT, the voltage and the time division was
calculated as follow:
o For the time division :100 mega samples per seconds and since we are ignoring a
sample on each reading from ADC that’s make us getting 50 mega simple per second
,which means a sample is captured every 20 x 10~° second =20 Nano seconds. And
every pixel location is a sample .50 pixels takes 50 x 20 ns which is 1000 ns = 1 us,
and every square is a 50 pixel length
o For voltage division: the signal is a 10 V peak and we choose the signal to be drawn
vertically in the range of 400 pixels leaving 40 pixels on each side ,so 10 Volt on each
200 pixels that make 50 pixels as 50x10volt /200pixel= 2.5 volt each 50 pixels which
the length per square .
o The voltage and the time division are drawn in the free space of the GRID.
o The file compatible by the memory is COE file type, the GRID file was converted to.
COE file.

kaltage div: 2.5 V/square I I IGEE UMBB I

oV

I Time Div:1 uS/square I

Figure 3.12: the background image of our oscilloscope
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3.5.3 VGA Driver simulation:

After simulating the VGA driver, we will get the results shown on figure 3.13

i cik T LR PLPLPLFLPLPLRLRLRLRLELALE (UL LUUUUUUUULLLL
§ ci_piel 1N R )

H green_in

w blue_in

W red_in
B column[g:0]
B row(8:0]

w red_out

i green_out

- blue_out

M V_sync
W' H_counter(9:0] 700 70z j 703 f 704 f 705 707 710 712 715 717 720 72z
| | I I I I I

W' V_counter[9:0] 475
ok LSS AL ST LA LRSS LS ST LA LS LSS LA SRS AL LS LRSS LSS LRSS

Wl green_in

# blue_in

W red_in

% column[8:0] [ a00 40z 410 41z 418 417 413 faz0

B row(3:0]

w red_out

wl green_out

wl blue_out

¥ H_counters(] 757 (73 (793 ) 0 2 (3 s {5 (&7 e s m 1z Is Iy N
il h_sync | | | |
> W' V_counter[9:0]

Name 16,613, 40 16,613,600 ns 16,612,800 ns

=
PRI I i A v b Pt e e L b I TS L L

4 i UL U UUUUUUU LAY
# Cclk_pixel _ﬂ_ﬂ_ﬂ_ﬂ_l—

W green_in

16,614,000 ns
I Y I '

& blue_in

wred_in

B column[8:0]

B row(8:0]

wk red_out

wl green_out

. blue_out

Wt V_sync
[ H_counter3.0] 106107 (108 (109 Y110 Y au1 Yure 118 117 120 122 128 127 129 {130
¢ nosme | | | | | | | | | |

W' V_counter{9:0]

Figure 3.13: VGA Driver Simulation
Comments:

e v _sync is low between 480+29+10=519 and 521
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e h_sync is low between 480+64+512= 704 and 704+96=800

e column is incremented after H_counter is 112 and reset at 704

e row isincremented each time H_couter is 800, which defined that the scan is from
the left to right and from the top to bottom. The time specifications desired are
accomplished by this module.

3.6 Processing system Block:

The block design created in Vivado will be implemented in Pregaming Logic of the chip
which is the FPGA, so now the processing need to control and calculate the pixels location
and signals, we create an C application using the SDK of Vivado, and the flowchart shown

on Figure3.14 describe the operation of our application

Intilize the GPIO IP=

Calculate location of present and
next sample in pixels

Drawr a vertical line from present sample
location's row to next sample location's

ToWw

Erase all pixels in present column

Reset the Done signal

o)

Figure 3. 14: The main program flowchart
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The SDK provided us with libraries and header files to build our application our project from
these libraries we used:

o Xparameter.h: define the GPIO’s addresses refered by the Processing system.

e Xgpio.h, xgpio.c: contain the functions deals with gpios operation, like initializing the
gpios, write and read from the Gpios

We create functions needed in our application; these functions are:

e Read_gpio_ trigger():read the data from memory of data blk_mem_gen_0.

e Read_gpio_trigger_addr(): read the beginning of the memory , by adding 1 to the last
address written to the memory.

e Check_done_signal(): to check if the memory is full.

e RST_trigger(): sending a rst signal to the reader module

o Write_pixel(): uses as parameters pixel signal ,pixel_enable, pixel location or address
in the signal wave memory blk_mem_gen_1.this function for storing the signal wave form

pixels. The pixel calculated as follow:

pixel location =the vertical_center —sample_value*screen_ratio.

= The screen ratio is found as follow: we defined the signal to be displayed in 400 pixels
vertically, so 200 pixels for each 10 volts, and the 10 volts enter the ADC as 0.5 volts,
using the previous formula of calculating the ADC output of 0.5 gives 102 in decimal, so
the ratio will be 102/200

3.7 Displaying testing:

We test the overall design without connecting the ADC outputs to the Zedboard, and we
modified the module file reader to add a variable called that increment in triangular manner.
this value will be stored in blk_mem_gen_0, this mean a signal is generated internally in the
FPGA. Then we loaded the program to the Zedboard and the result in the screen is shown on
the figure figure 3. 15.
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oltage div: 2.5 V/square IGEE UMIBB

LS IRE 7 .

ov

r—

Time Div:l uS/square

Figure 3. 5: Displaying of generated triangular signal

Comments:

o Signal is displayed perfectly which the software part of the project is correct.
3.8 Conclusion:

This chapter represent the software development of our Digital oscilloscope, where we
used the Vivado software to design the different blocks such as the trigger block and the
Video driver block, each block contains IPs that are customized IPs developed using Verilog.
The processing system block is responsible for data mapping and displaying the electrical

signal.
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Chapter IV
Final results
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4.1 Introduction

The project is finally implemented and the program is loaded to the ZedBoard via JTAG
USB. We tested our ADC using a generated signal divided by 10 using voltage divider. We
tried several levels of voltage. The signal source is the mini-function generator shown in

figure 4.1. And the final results are shown in figure 4.2 and figure 4.3.

Figure 4. 1: Mini function generator

Figure4.2 : Oscilloscope final implementation
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Figure 4. 2: Testing with low frequency

Figure 4. 3: Testing with high frequency

Comments:

e The oscilloscope shows a noticeable improvement in performance with high frequency
signal comparing to the low frequency signal.
e When the frequency is too low, the display is meaningless.
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4.2 Conclusion:

This oscilloscope did not meet the desired results. However, the software simulation did
perform as we have anticipated. We can conclude from this that our oscilloscope has clocking

and timing issues to get the desired signal from the ADC.
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eConclusion

The oscilloscope can measure a wide range of phenomena with the right sensor. it is a
critical tool for solving today’s demanding measurement difficulties and it is must-have
for anybody designing and repairing electronics equipment.

In this project we have developed a prototype of a single channel digital oscilloscope
using SOC which combines an FPGA with ARM microprocessor.

In our oscilloscope, the input signal is sampled using an external ADC. The sampled data
is then stored in programmable memory when positive edge triggering occurs using a
block that is implemented on the PL of the FPGA. This data will be sent to the processor
where an application is written to map it to pixel locations that are read by a PL block to
generate the VGA signal.

We have simulated our design implemented in the PL and it was very satisfying. And we
also test an internally generated signal and it was displayed perfectly. However, when
assembled our oscilloscope, we found a poor performance supposedly the clocking of the
ADC is not well understood due to our poor experience with this kind of ADC and time
constraints.

Futur work :

e the clocking of the RTL module "reader " need some modification to respect the
clocking of the adc

e add some user input interface to adjust some parameter like voltage division and time
division

o we will use LVDS cable to replace VGA in order to accelerate the display .

e add functions to calculate some voltage parameter as mean square value .

e we use another channel to display the frequency domain of the signal and create a
RTL module for it .
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