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Abstract

Diabetes is a chronic disease that is associated chronic complications such as diabetic
neuropathy - leading cause of disability in diabetics.

Currently, corneal confocal microscopy is a technique used to acquire in vivo images of
the cornea nerves. As an expensive technology which is only available in central hospitals
and private clinics, the case of a slit lamp microscope is a starting point to improve this
solution since it is often used to observe the anterior segment of the eye. Thus, the
purpose of NeuroCdrnea is (but not only) the development of a confocal module for use in
a slit lamp microscope; a method for assessing the corneal nerves for diagnosis and
monitoring of diabetic neuropathy.

A part of the object of NeuroCérnea has to do light intensity measurement. In order to
achieve part of this goal, has been proposed an acquisition model based on a Hamamatsu
FFT-CCD C5809 Image Sensor and controlled by a PIC microcontroller. Due to a failure that
arose during the project, the FFT-CCD was replaced by a $3921-128Q MOS Linear Image
Sensor, which would be the only way to continue to get results.

During the course of the project we were given the opportunity to work with LIP-
Coimbra (Laboratory of Instrumentation and Experimental Physics of Particles) and
adapting our entire system (hardware, firmware and software) for a temperature
measurement system for a liquid xenon detector. This was not an objective proposed in the
beginning but served to consolidate knowledge and show the versatility of the
instrumentation.

In order to handle all these devices (PIC, FFT-CCD, MOS and LIP circuit) was created a
GUI (Graphical User Interface) using Microsoft Visual Studio C++ that has, among other
features, the ability to view real-time video outputs for each device.

In short, this project was handling a wide range of variables such as: electronic
components (regulators, references, ADC ...), PIC microcontroller, graphical interface (GUI),
C programming language (C and Visual C++), Assembler programming language, handling
various tools (an example is welding with tin). In the end, the knowledge gained was
successful and personally rewarding.

Keywords: Cornea, diabetic neuropathy, FFT-CCD, PIC microcontroller, MOS, LIP.
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Resumo

A diabetes é uma doenca crénica que tem associadas complicagcdes como por exemplo
a neuropatia diabética — maior causa de incapacidade em diabéticos.

Actualmente, a microscopia confocal da cdrnea é a técnica usada para adquirir imagens
dos nervos da cérnea in vivo. Sendo uma tecnologia onerosa e que s6 esta disponivel em
hospitais centrais e clinicas privadas, o caso do microscépio de lampada de fenda é um
ponto de partida para melhorar esta solugdo uma vez que é frequentemente usado para
observar o segmento anterior do olho humano. Assim, o propésito da NeuroCdrnea é (mas
ndo sé) o desenvolvimento de um méddulo confocal para aplicacdo num microscépio de
lampada de fenda. E um método para avaliagdo dos nervos da cérnea, para o diagndstico e
acompanhamento da neuropatia diabética.

Uma parte do objectivo da NeuroCdrnea tem que ver com a medicdo da intensidade.
De modo a cumprir uma parte deste objectivo foi proposto um modelo de aquisicao
baseado num sensor de imagem FFT-CCD C5809 da Hamamatsu e comandado por um
microcontrolador PIC. Devido a uma avaria que surgiu no decorrer do projecto, o sensor
FFT-CCD foi trocado por um sensor de imagem linear $3921-128Q MQOS, que seria o Unico
modo de prosseguir para obter resultados.

Durante o decorrer o projecto foi-nos dado a oportunidade de trabalhar com o LIP-
Coimbra (Laboratory of Instrumentation and Experimental Physics of Particles) num
sistema de medicdo de temperatura para uma camara de xénon liquido e, adaptando todo
o nosso sistema (hardware, firmware e software), conseguimos atingir o objectivo
proposto. Este ndo era um objectivo proposto no inicio mas serviu para consolidar
conhecimentos e mostrar a versatilidade da instrumentacao.

De modo a manipular todos estes dispositivos (PIC, FFT-CCD, MOS e circuito do LIP) foi
criada uma interface grafica usando o Microsoft Visual Studio C++ que tem, entre outras
funcionalidades, capacidade de visualizar em tempo real as saidas video de cada
dispositivo.

Em suma, neste projecto houve manipulacdo de uma pluralidade de varidveis tais
como: componentes electrénicos (reguladores, referéncias, ADC...), microcontroladores
PIC, linguagens de programacdo C (Visual C++ e C), interface gréfica, linguagem de
programacdo Assembler, manuseamento de varios instrumentos (um exemplo é a
soldadura com estanho)... No fim, a aprendizagem obtida foi pessoalmente gratificante.

Palavras-chave: Cdrnea, neuropatia diabética, FFT-CCD, microcontrolador PIC, MOS,
LIP.
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Chapter 1. Introduction

1.1 - Diabetic Neuropathy

Diabetic peripheral neuropathy (DPN) is nerve damage caused by diabetes, affects up
to 50% of older type 2 diabetic patients and is the major cause of chronic disability in
diabetic patients, being implicated in 50-75% of non-traumatic amputations. Patients with
peripheral neuropathy must be considered at risk of insensate foot ulceration and must
receive preventive education and care. [1]

The present approach to reduce diabetic neuropathy complications is based on its early
diagnosis and accurate assessment, a difficult task due to the non-availability of a simple
non-invasive method for early diagnosis. [2]

DPN is by far the most common of all the neuropathies and may be divided into the
following two main types:

= Acute sensory neuropathy
= Chronic sensorimotor neuropathy

Acute sensory neuropathy is a distinct variety of the symmetrical polyneuropathies®
with an acute or sub-acute onset characterized by severe sensory symptoms, usually with
few if any clinical signs.

Chronic sensorimotor neuropathy is by far the most common form of DPN. It’s usually
of insidious onset and may be present at the diagnosis of type 2 diabetics in up to 10% of
patients. Whereas up to 50% of patients with chronic DPN may be asymptomatic symptoms
sufficient to warrant specific therapy. [3]

Management of diabetic neuropathy includes two approaches: therapies for
symptomatic relief and those that may slow the progression of neuropathy. Of all
treatments, tight and stable glycemic control is probably the most important for slowing
the progression of neuropathy. [4]

The cornea is one of the most densely innervated tissues in the human body and is
accessible to inspection through optical methods. In the past 15 years, several researches
proposed the use of morphologic parameters extracted from images of the corneal sub-
basal nerve plexus, acquired in vivo, on conscious patients, using corneal confocal
microscopy (CCM). [5]

1.2 - NeuroCoOrnea

The NeuroCérnea has the purpose of early detection and monitoring of diabetic
peripheral neuropathy by automatic analysis of the in vivo morphology of corneal sub-basal
nerves. The technique will be based on dedicated instrumentation meant to be coupled to

! Poluneuropathy is a neurological disorder that occurs when many nerves throughout the body
malfunction simultaneously.
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a standard slip lamp, a feature that will ease its adaptation by ophthalmologists and
general practitioners. [5,6]

This thesis project has an application in respect of NeuroCdrnea. It is therefore
requested a construction of a system capable of measuring the density of light from a slit
lamp.

1.3 - Objective

This is a continuing project, initiated in 2010/2011, and aims to consolidate
conceptually a prototype system to acquire/scan based on a PIC microcontroller and a USB
interface. The goal is also the control with speed and resolution suitable for the acquisition
of confocal images of the cornea provided by a camera attached to a slip lamp.

The aims to embody the following tasks:

1. Study the existing system and its main components

2. Survey of possible operational problems and limitations

3. Digital oscilloscope. Acquisition in real time (continuously)

4. Submission of a comprehensive proposal for implementation of the final
prototype

5. Completing the hardware/firmware solution and implementation of graphical
user interface (GUI) for the acquisition and control

6. Image acquisition and parameterization of the performance in terms of
resolution, speed and sensitivity

7. Adaptation of firmware and software to other applications

1.4 - Microcontrollers

Microcontrollers are smart chips, which has a processor, pin for input/output (I/0) and
memory. By programming the microcontroller can control their output, with reference
inputs or an internal program.

What differentiates the various types of microcontrollers is the amount of memory
(program and data), processing speed, number of 1/0 pins, power, peripherals, architecture
and instruction set.

First to all we need to differentiate a microcontroller of a microprocessor, easy terms
to be confused but there is great difference between them.

www.cpu-worid.com

Figure 1-1. Zilog Z80 - 8-bit microprocessor designed and sold by Zilog from July 1976. [7]
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A microprocessor circuit is very complex, in the form of an integrated circuit, which can
contain from a few thousand (Figure 1-1) to 7 million transistors (Pentium Il). These
transistors are the most diverse internal logic circuits, such as counters, registers, decoders
and hundreds of others. These logic circuits are arranged in a complex manner, giving the
microprocessor the ability to perform logical, arithmetic and control operations.[7]

A microcontroller is na integrated circuit that has na internal microprocessor and all
peripherals essential to its operation, like:

*  Program Memory — usually an EPROM® type memory which stores the program
information, ie, the microprocessor should execute.

= Data Memory — usually a type memory RAM (Random Acess Memory), where
the information will be stored data that the program will use, is usually used to
store a value or a flag.

= |/O Device Selection — is the communication of memory locations with the
external pins of the microcontroller.

= Timers and Counters — used to tell time or count events.

= Clock — in some microcontrollers the clock signal generator is also coupled to
the microprocessor, it has the function to synchronize all the events of a digital
circuit.

= |nterrupt Controller Device — as the name implies, is the component that
controls the interrupt request to the CPU.

1.4.1 - PIC

PIC (Peripheral Interface Controller) is a family of microcontrollers manufactured by
Microchip Technology® which process data of 8-bits, 16-bits and more recently 32-bits (our
case). They have wide variety of models and internal peripherals, have high processing
speed due to its Harvard architecture and RISC? instruction set (35 sets of instructions and
76 instructions), with resources for programming flash memory and EEPROM3. (See
Chapter 2)

Note.: The PIC18F also process data of 32-bit, double type variables for example. What
distinguishes the architectures is the ALU”. In the PIC18 is 8bits, in the PIC24 16bit ALU and
have a PIC32 32-bit ALU

' EPROM (rarely EROM), or Erasable Programmable Read Only Memory is a type of memory chip
that retains its data when its power supply is switched off. In other words, it is non-volatile.

2 RISC or Reduced Instruction Set Computer simplifies the processor by only implementing
instructions that are frequently used in programs; unusual operations are implemented as
subroutines, where the extra processor execution time is offset by their rare use.

3 EEPROM (also written EZPROM) stands for Electrically Erasable Programmable Read-Only
Memory and is a type of non-volatile memory used in computers and other electronic devices.

* Arithmetic and Logic Unit (ALU) is a digital circuit that performs arithmetic and logical
operations.
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1.5 - Von Neumann Architecture

The Architecture of Von Neumann (Figure 1-2) is a computer architecture that is
characterized by the possibility of a digital machine to store your programs on the same
memory space as the data, thus being able to handle such programs. [8]

The Von Neumann architecture is used in microprocessor instructions which may have
different formats, ie, the number of bytes used for writing the instructions may vary for
instruction statement, and therefore, these microprocessors allows the use of a broad
range instruction. CPUs are CISC (Complex Instruction Set Computer), suitable for software
development highly structured and based on the use of repertoires of instructions that
allows great design flexibility. [9]

Data 8-bits

o
CPU Address 12-bits Progrum
and
Data
Memory

Figure 1-2. The Von Neumann architecture. [10]

1.6 - Harvard Architecture

The Harvard Architecture (Figure 1-3) based on a concept that the latest Von Neumann,
and has been the need for the microcontroller to work faster. It’s a computer architecture
that distinguishes itself from others by having two different and independent memories in
terms of bus and connection to the processor. It's based on the separation of bus and
connection which are memories of the program instructions and data memories, allowing a
processor can access both simultaneously, obtaining a better performance than the Von
Neumann architecture, it may seek a new instructions while executing another. [11]

The Harvard Architecture is particularly suited for microprocessors that, by using a
reduced number of instructions, are usually designated by RISC (Reduced Instruction Set
Computer). [9]

Our PIC microcontroller family, which will be further specified in more detail, displays
Harvard architecture and is designed in light of the RISC philosophy. For example,
processors PIC16Fxxxx use a repertoire of thirty-five instructions written with words of
fourteen bits, and operate on data words of eight bits.
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Figure 1-3. The Harvard architecture. [10]

1.7 - Modified Von Neumann Architecture and Harvard Architecture

Before closing this chapter, it should be noted that the distinction of slides based on
the concept of philosophies CISC and RISC, or classification of the architecture, such as
Harvard or Von Neumann, tends to blur as manufacturers of microprocessors increasingly
betting more on developing devices whose architecture does not fit precisely those
concepts. Often, these constructs are called "Modified Von Neumann Architecture" or
"Modified Harvard Architecture" and display a repertoire of these microprocessors,
instruction reinforced, ie a repertoire that, in addition to containing instructions, comprises
instructions to a large processing capacity. [9]

For example, in some microcontrollers and in many microprocessors - signal processors
of the type DSP (Digital Signal Processor) - often using a Modified Harvard Architecture, to
allow the transfer of operands through the bus, at the outset, is dedicated to the program
memory access, thus improving the performance of systems to perform operations on two
operands that are involved.
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Chapter 2. PIC32 USB Starter Kit II Microchip

The PIC32 USB Starter Kit Il (Figure 2-1) provides a method to experience the USB
functionality of the PIC32 microcontroller. We can develop CAN (Controller Area Network)
applications using PIC32 expansion board. With the board we can develop USB embedded
host/device/OTG (USB On-The-Go) applications because it’s possible combining this board
with Microchip’s free USB software. [12]

PIC32 USB Starter Kit Il includes the following items:

=  PIC32 USB Starter Kit || Development Board

= USB mini-B to full-sized A cable for debug.

= USB micro-B to full-sized A cable to communicate with the PIC32 USB port
= Three user-programmable LEDS

=  Three push button switches

Figure 2-1. PIC32 USB Starter Kit II. [13]

Note.: The content (Figures and Examples) which are presented below, was adapted
from “PIC32MX Family Reference Manual”, for this reason there will be no other reference
in this section (Chapter 2.1). This document is available on a CD-ROM that accompanies the
PIC32 USB Starter Kit Il and is available online on Microchip website. The intension of its
inclusion was to provide the reader overall information of this important content for work
project.



2.1 - PIC32MX (PIC32MX795F512L)

The PIC32MX795F512L manipulation involves a huge knowledge of its architecture, its
functional blocks and their components. There is no logic to explain everything about the
PIC in this thesis; however, | will make a brief reference to the functional blocks of most
interest.

2.1.1 - Interrupts

In response to interrupt events, PIC32MX795F512L generates interrupt request. The
interrupts module includes the following (but not only) features:

= 96 interrupt sources

= 64 interrupt vectors

= Single and Multi-Vector mode operations

= 7 user-selectable priority levels for each vector

= 4 user-selectable sub priority levels within each priority

!

Vector
Requests

Interrupt
Module Core

Priority

Vo

Figure 2-2. Interrupt Controller Module.

Note.: The Attachment | provide a brief summary of interrupt module registers.

2.1.1.1 - Interrupt Priorities and Sub Priorities

We can select priority levels in range from 1 (low) to 7 (high). If an interrupt priority is
“0”, the interrupt vector is disabled.
The following code example will set the priority to level 2.

IFCOCLR = O0x0000001C: £/ clear the priority lewvel
IPCOSET = 0x00000008; £/ set priority level to 2

Example 2-1. Code example will set group priority level.
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We can select a sub priority in range from 0 (low) to 3 (high). The following code
example will set the sub priority to level2.

IFCOCLE = 0x00000003; /f clear the subpriority level
IPCOSET = 0Ox00000002: ff set the subpriority to 2

Example 2-2. Code example will set group sub priority level.

2.1.2-1/0 Ports

I/0 pins are considered the simplest of peripherals because. /0 pins allow monitor and
control devices.

2.1.2.1 - Control Registers

The I/0 Ports module consists of the following Special Function Registers (SFRs):

=  TRISx: Data Direction register for the module “x”

=  PORTx: PORT register for the module “x”

= LATx: Latch register for the module “x”

=  ODCx: Open-Drain Control register for the module “x”

Notel.: “x” denotes any port module instances

Note2.: The Attachment Il provides a brief summary of all I/O ports-related registers.

2.1.2.2 - Modes of Operation

I/0 pins can be configured as:

= Digital Inputs (TRIS register bits = 1)

= Analog Inputs

= Digital Outputs (TRIS register bits = 0)

= Analog Outputs

=  Open-Drain Configuration (ODCx register = 1)

Example 2-3 illustrates configuring RBO, RB1 as analog (default) inputs, RB2 as a digital
input and RB4 as a digital output with open-drain enabled using SET, CLR atomic SFR
registers.



AED1PCESCLR = 0=0003; ff REO, EEl analog pins

TRISESET = 0=0003; ff REO, EEL inputs
AO1PCEGEET = 0=0002; ff REZ, BB3 = digital pins
TRISEEET = 0O=0004; ff RBZ = input

TRISECLE = 0O=0018; ff RB3, BB4 = cutputs
COCESET = O0=0010; ff RE4 cpen—drain enabled

Example 2-3. Code Example of Analog and digital inputs/outputs.

Note.: The Attachment Ill provides a summary of /0 pin mode settings configuration.

2.1.3 - Timers

We can configure PIC32MX795F512L with two different types of timers:

= Type A Timer
e 16-bittime
e Software selectable prescalers 1:1, 1:8, 1:64 and 1:256

= Type B Timer
e 16-bit or 32-bit timer
e Software selectable prescalers 1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64 and
1:256

Note.: 32-bit timer/counter configuration requires an even-numbered timer combined
with an adjacent odd-numbered timer, e.g., Timer2 and Timer3, or Timer4 and Timer 5.

2.1.3.1 - Control Registers

We configure a 16-bit timer with the following Special Function Registers (SFRs):

= TxCON: 16-Bit Control Register Associated with the Timer
=  TMRXx: 16-Bit Timer Count Register

=  PRx: 16-Bit Period Register Associated with the Timer

=  TxIE: Interrupt Enable Control Bit

=  TxIF: Interrupt Flag Status Bit

= TxIP: Interrupt Priority Control Bits

= TxIS: Interrupt Subpriority Control Bits

Note.: The Attachment IV summarizes all Timer-related registers.
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2.1.3.2 - Interrupt Configuration

PIC32MX795F512L timer module has an interrupt flag bit TxIF, an interrupt mask bit

TxIE and its priority level.
Example 2-4 will enable Timer2 interrupts, load the Timer2 Period register and starts
the Timer. When a Timer2 period match interrupts occurs, the ISR must clear the Timer2

interrupt status flag in software.

T2ZCOH = 0x0; rr S3top Timer and clear control regissex,
/{ prescalar at 1:1,internal clock =curcs

TMRZ = 0O=O; S Clear timer regisser

PFRZ = ODxFFFF; 4 Load period r=gisser

IPCZBET = C0x0000000C; [/ Set priority lew=l=3
IPCZ3ET = 0x00000001; J/ Set sub—-priority lewvel=l
f§ Could have alsc done thi= in singls

f{ op=ration by a==signing IPC23ET = 0x0000000D

IFS0CLE = 0w00000100; S/ Clear Timer interrupt status flag
IECD3ET = 0Ox0000D100; S Emable Timex intarrupts
T2CON3ET = D0=B000; /f Btars Timer

Example 2-4. 16-Bit Timer Interrupt Initialization Code Example.

Example 2-5 demonstrates a simple ISR for Timerl interrupts. The code at this ISR
handler should perform any application specific operations and must clear the
corresponding Timer1 interrupt status flag before exiting.

roid __ISR[_TimEr_l_?E:tnr,:plE]fime:LE:ndle:[vnid)
{
. perform application specific operations in respons== So the intezzupt

IFS0CLE = Ox00000010; JF Be sure to clear the Timer 2 inSerzupt status

Example 2-5. Timer ISR Code Example.

2.1.4 - Output Compare

PIC32MX795F512L output compare (OC) module is used to generate one single pulse or

set of pulses.
Example 2-6 will set the OC1 module for interrupts on the single pulse event and select
Timer2 as the clock source for the compare time base. Example 2-7 set the OC1 for

continuous pulse event.
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T2CCON = 0x0010; /¢ Configure TimerZ for a prescaler of 2

CCLCON = 0x0000: f# Turn off CC1 while doing setup.
CCLICON = 0x0004; /¢ Configure for single pulse mode

CCLR = 0x3000; S/ Initialize primary Conpare Register
CCIRS = 0x3003; f# Initialize secondary Compars Eegister
PRZ = 0x3003; f# Set period (PRZ is now 32-bits wide)

/# configure int

IFSOCLR = 0x00000040; f# Clear the OCl interrupt flag

IFS0SET = 0=00000040; /4 Enakle OC1 interrupt

IPC1SET = 0x001CO0000; f¢ Set QC1 interrupt priority to 7,
/¢ the highest lewel

IPC1SET = 0=00030000; /4 Set Subpricrity to 3, maximum

T2CCNEET = 0x3000; /¢ Enable TimerZ2

CCLCONSET = 0xB000; // Enakle OC1

// Example code for Output Compars 1 ISR:

void ISR(_OUTPUT_COMPARE 1 VECTOR, ipl7) OC1_IntHandler (void
{

ff inaert user cods here
IFSOCLR = 0x0040; ff Clear the OCl interrupt flag

}

Example 2-6. Example code for configuration of the single output pulse event and Interrupt Servicing
(16-Bit Mode).

T2C0H = 0x0010; #¢ Configure TimerZ for a prescaler of 2
QC1CON = 0O=0000; ff disable GC1 module

QOCZ1CON = 0=x0005; #4 Configure 0OC1 mcdule for Pulse output
OC1R = 0x3000; /4 Initialize Compars Register 1

QOCI1RS = 0x3003; ff Initialize Secondary Compare Register 1
PRZ = 0x5000; /i Set period

/¢ configure int

IFS0CLR = Ox00000040; /¢ Clear the 0C1 interrupt flag

IFS0SET = 0x00000040; /4 Enable 0C1 interrupt

IPC1S5ET = 0x001C0000; f4 Set OC1 interrupt pricrity to 7,
/¢ the highsst level

IPC15ET = 0x00030000; /4 Set Bubpriority to 3, maximum

T2COMSET = 0xB000; /4 Enable Timer2

OC1CONSET = 0xB8000; /4 Enable 0OC1

// Example code for Cutput Compare 1 ISR:
void_ ISR{_CUTPUT_COMPARE 1 WECTCR, ipl7) OCl_IntHandler {woid)
{

// insert user code here
IFS0CLE= 0x=0040; /4 Clear the 0C1 interrupt flag
}

Example 2-7. Example code for configuration of the continuous output pulse event and Interrupt
Servicing (16-Bit Mode).

2.1.4.1 - Output Compare Functions

This section contains a list of individual functions for Output Compare module and an
example of use of the functions.

CloseOC1 ... CloseOC5

This function disables the Output Compare interrupt and then turns off the module.
The Interrupt Flag bit is also cleared.
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Code Example: CloseOC1();

ConfigIntOC1 . . . ConfigIntOC5

This function clears the Interrupt Flag bit and then sets the interrupt priority and
enables/disables the interrupt.

Interrupt enable/disable:
OC_INT_ON
OC_INT_OFF

Interrupt Priority:
OC_INT_PRIOR_0O...OC_INT_PRIOR_7

Interrupt Sub-priority:
OC_INT_SUB_PRIOR_0...OC_INT_SUB_PRIOR_3

Code Example: ConfigintOC1(OC_INT_ON | OC_INT_PRIOR_2 | OC_INT_SUB_PRIOR_2);

OpenOC1 .. OpenOC5

This function configures the Output Compare Module Control register (OCxCON) with
the following parameters: Clock select, mode of operation, operation in Idle mode. It also
configures the OCxRS and OCxR registers.

Module on/off control:
OC_ON
OC_OFF

Clock select:
OC_TIMER2_SRC
OC_TIMER3_SRC

Output Compare modes of operation:
OC_PWM_FAULT_PIN_ENABLE
OC_PWM_FAULT_PIN_DISABLE
OC_CONTINUE_PULSE
OC_SINGLE_PULSE
OC_TOGGLE_PULSE

OC_HIGH_LOW

OC_LOW_HIGH

OC_MODE_OFF
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Code Example: OpenOC1(OC_ON | OC_TIMER2_SRC | OC_PWM_FAULT_PIN_ENABLE,
0x80, 0x60);

2.2 - 1/0 Expansion Board

The Starter Kit I/O Expansion Board provides full access to MCU signals, additional
debug headers and connections of PICtail™ Plus daughters boards. MCU signals are
available to attaching prototype circuits or monitoring signals with logic probes. [14]

Microchip

Tools
(2-wire)

Trace

JTAG MCU Signals

. I/O Dr}’AN’AON | BOARD
- - >

T vt Ry
;;ix::g.xsr):ﬂ

o= 4"5::'—;_—-“
¥ -1l S
W 5 5 ~ @

~‘nt. S

9v, Sy, 3.3v PiICtail™ Plus
Power Supply (optional) Daughter Cards

Figure 2-3. The Starter Kit 1/0 Expansion Board.[14]

To make the connections of external devices to the PIC we use a daughter board to
solder the wires and devices required. The advantage of having a daughter board is its
portability, ie, it is not necessary to remove the PIC development board for soldering wires,
another advantage is that perhaps if something goes wrong, we know that all connections
are being made to from the daughter board, so it is easier to discover the provenance of
the breakdown.

Figure 2-4. Microchip PICtail Plus Daughter Board.

Note.: The pin out equivalence of the development board for the daughter board is
shown in Attachment XI.
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Chapter 3. Power Supply Voltage Board

The power board in Figure 3-1 was built entirely by us. This board has the function to
supply all components of our system and has two power inputs (1 and 2).

This board also has an ADC and communication with PIC is made by SPI. (See
Attachment XIII)

Figure 3-1. Board with power supplies for the Hamamatsu FFT-CCD C5809 Image Sensor

Legend of Figure 3-1:

1 - XP Power, model AED100US19 that provides +19 V DC output of power (Input)
2 - ELECTRO DH, model 50.055 that provides +6.5V DC output of power (Input)
3-GND

4 - +5V (PIC supply)

5-GND, +5, +15, -15, +24 Volts (Output)

6 - 16-bit ADC AD7680

Note.: 6.5 V input is required for LD1085V50 regulator because dropout is guaranteed
at a maximum of 1.2 V at the maximum output current. Experimentally it was found that
when we supply the regulator with 19V, 15V or 12V it was very hot and damaged.
Moreover, we needed current of about 2A to the FFT-CCD and we could not maintain the
5V regulator.
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3.1 - PT78NR115S (-15V)

The PT78NR115S (Figure 3-2) creates a negative output voltage (-15V) from a 12V of
input voltage with maximum output power of 5 watts. [16]

Pin _ Function PT?SNR] XX
1 WV
2 .‘YDLI[
3 GND |Out1mt“)]mgc ‘ Package Suffix
Vin 1 -Vout VERTICAL MONT 03 =-3.0 Volts V = Vertcal Mount
PT78NR100 SRFact o 05 =-5.0 Volts S = Surface Mount

SURFACE

52 =-52 Vols
06 =-6.0 Volts
07 =-7.0 Volts
08 =-8.0 Volws

H = Horizontal
Mount

09 = -9.0 Volts

10 =-10.0 Vols
12 =-12.0 Volts
14 =-13.9 Volts
15 =-15.0 Vols

C1 = Required 100pF electralytic
C2 = Required 100pF electrolytic

Figure 3-2. Standart Application, Pin-Out Information and Ordering Information of PT78NR100 Series.
[16]

3.2 - L7812CV (+12V)

The L7812CV of three-terminal positive regulator (Figure 3-3) creates a positive output
voltage (+12V) from a +19V of input voltage and can deliver over 1A output current. [17]

I — V1V ) 1 2
| O [~——— GROUND L78XX
| INPUT
Vi Ci 3 Co Vo
0.33uF 0.1,uF|"

Figure 3-3. Connection Diagram (top view) and Standart Application Circuits of the L7800 series
regulators.[17]

3.3 - LM7815CV (+15V)

The LM7815CV is available in an aluminum TO-3" package (Figure 3-4) which will allow
over 1.0A load current if adequate heat sinking is provided and creates a positive output
voltage (+15V) from +12 of input voltage. [18]

1 T0-3 (“transistor outline”) is a designation for a standardized metal semiconductor package
used for transistors and some integrated circuits.
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Figure 3-4. Connection Diagram (top view) and Standart Application Circuits of the LM7800 series
regulators.[18]

3.4 - LM78MO5CT (+5V)

The LM78MO5CT of three-terminal positive voltage regulator (Figure 3-5) creates a
positive output voltage (+5V) from positive input voltage [19]

Unlass atherwise specified: V,, = 10V, Cy = 0.33 pF, Cq = 0.1 pF

Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 1L= 500 ma 4.8 50 52 v
SmA < |, = 500 mA 4.75 5.0 525
Po £ T.5W, 7.5V € Wy < 20V
Ve Loee Line Regulation TV =V, £ 25V I, = 100 mA 50 mv
Iy = 500 mA 100
Ve Laan Load Regulation 5mA = |, = 500 mA 100
Ia Quiescent Currant I = 500 mA 4 10.0 ma X
Alg Quiascent Currant Change S5mA £ | = 500 mA 05 I
TEV S Wy £ 25V, |, = 500 mA 10
v, Output Noise Vallage =10 Hz to 100 kHz 40 uy ’
AV Ripple Rejection =120 Hz, |, = 500 mA
o 78 dB
Vi Input Valtage Required I, = 500 mA 7.2 v s oo
o Mairtain Line Regulation =2 .
AV Long Term Stability Ip = 500 ma 20 m\/khrs — E

Figure 3-5. Connection Diagram of the LM78MO5CT regulator.[19]
Table 3-1. LM78MO5CT Specifications.[19]

3.5 - LD1085V50 (+5V)

The LD1085V50 is a low drop voltage regulator (Figure 3-6) able to provide up to 3 A of
output current. Dropout is guaranteed at a maximum of 1.2 V at the maximum output
current, decreasing at lower loads. Only a 10 uF minimum capacitor is need for stability and
creates a positive output voltage (+5V) from ELECTRO DH, model 50.055 that provides
+6.5V DC output. [20]
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LD1085 Vi OT
Vin ] out Vo

S
10uF
. GHD -
) ( Cam10uF -[ T Co=10pF =
= SE1a378

R
Vo = VREF'(1+FI_?

angfray —————
Nding ————— |
NdN C———— |

Figure 3-6. Pin Configuration (top view) and Application Circuit of the LD1085V50 regulator.[20]

Symbol Parameter Test condition Min. | Typ. | Max. | Unit
lo=0mA, T, =25°C 495 | 5 [505| V
Vo Output voltage (1)
lo=0t03A,V,=6.61030V 4.9 5 | 51 v
. ] lo=0mA,V,=6.6t020V, T,=25°C 05 | 10 | mV
AV | Line regulation
lo=0mA, V,=6.61020V 1 10 | mv
lo=01to3A,T;=25C 5 10 | mv
AV | Load regulation
lp=0to3A 10 35 mV
Vy Dropout voltage lg=3A 1.3 1.5 A
Iy Quiescent current Vi<3oV 5 10 mA
Vi-Vg=5V 32 | 45 A
lsg Short circuit current
V|-Vg=25V 02 | 05 A
Thermal regulation Ta=25°C, 30 ms pulse 0.008 | 0.04 | %W
. f=120Hz, Co=25F, Ig =3 A
SVR | Supply voltage rejection V,=1043V 60 72 dB
eN | RMS output noise voltage (% | . _ o5eg, §— 10 Hz to 10 kHz 0.003 %
of Vo)
Temperature stability 0.5 %
S Long term stability Ta=125°C, 1000 Hrs 0.5 %

Table 3-2. Electrical characteristics of LD1085V50.[20]

3.6 - IE1224S (+24V)

The IE1224S reference provides +24V DC output from +12V input voltage.

0.10 -
) 0.3
254> 7}a "
i L
. n o oo oo
] Vin +Vin -Viout +Viout 4
0.04 0.05
(0.25) (1.27)

Figure 3-7. Image and pinout of IE1224S DC/DC Converter.[21]

Input No Load Qutput Qutput
Voltage® |Input Gurrent|  Voltage Current ETlenoVR Mol NULe i

168 mA 33V 300 mA 72% IE12035
18 mA 5.0V 200 mA 7h% IE12065
18 mA a.0v 111 mA 7% 1E12085
12VDC 168 mA 12.0V 84 mA 78% IE12125
168 mA 150V 66 mA 78% IE121565
18 mA 24.0V 42 mA 78% IE12245

Table 3-3. Input and Output specifications of IE1224S DC/DC Converter.[21]
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3.8 - PTN78000A (-15V)

This component was used in place of the PT78NR115S (there is no longer for sale).

Operating from a wide-input voltage range, the PTN78000A provides high-efficiency,
positive-to-negative voltage conversion for loads of up to 1.5 A. The output voltage is set
using a single external resistor, and may be set to any value within the range, —-15V to -3V
(Table 3-4). [23]

GND
! = G 5 o
) PTN7B000A
o 21 (Top View)
+ C3°
3 4 =7~ 100 uF
o ul
o Electrolytic
- (Required)
# -
et cz v :?;w%
100 pF 2x47 pF —— o, 0.4
Electrolytic T ceramic (Required) v
(Required) (Required) o
GND
[}

Figure 3-8. Standard Application of PTN78000A regulator. Application Information in Attachment V.[23]

TERMINAL
=] DESCRIPTION
NAME NO.
Y 4 o The negative output voltage power node with respect to the GND node. It is also the reference for the
o Vg Adjust control inputs.
V| 2 I The positive input voltage power node to the madule, which is referenced to common GND.
NG 3 This pin is active and must be isolated from any electrical connection.
A 1% resistor must be connected between pin 1 and pin 4 to set the output voltage of the module lower
. Adiust 4 | than —3 V. If left open-circuit, the output voltage defaults to —3 V. The temperature stability of the resistor
o Adus should be 100 ppm/*C (or better). The set-point range is —15 V to —3 V. The standard resistor value for
a number of commen output voltages is provided in the application information.
GND 5 IfO | The common ground connection for the ¥ and Vj; power connections.
Table 3-4. Terminal functions of PTN78000A regulator.[23]

In fact, because the supply current required by the 16-bit AD7680 is so low, a precision
reference can be used as the supply source to the AD7680. REF195 (Figure 3-9) can be used
to supply the required voltage to the ADC AD7680. This configuration is especially useful if
the power supply available is quite noisy.

w  —— 5V
REF183 T T 9 SUPPLY

1U;|F$ ﬂ.‘thg

Vin

ADTEB0  SDATA

{ pChuP
[

SERIAL
INTERFACE

00 £ -0

Figure 3-9. Typical Connection Diagram of the REF195. [22]
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3.8 - 16-bit ADC AD7680

The AD7680 is a

16-bit, fast, low power, successive approximation ADC. The part

operates from a single 2.5 V to 5.5 V power supply and features throughput rates up to 100

kSPS. [22]
The conversion p
clock, allowing the de

rocess and data acquisition are controlled using CS' and the serial
vices to interface with microprocessors or DSPs®. The input signal is

sampled on the falling edge of CS and the conversion is also initiated at this point.

(Attachment XlII)

The reference for the part is taken internally from VDD, which allows the widest
dynamic input range to the ADC. Thus, the analog input range for this part is 0 V to VDD.

(22]
Voo
i?
16-BIT SUCCESSIVE WS —
Vin € APPROXIMATION Voo [ AD7680 B|CS
ADC GHD [2 TOP ViEW 7| SDATA
[ ] GHD [3 ] ot to Scale) o] NG
SCLK Vin[#* 5 | SCLK
ADTGB0 CORTOL  |——=() SDATA NC = NO CONNECT
[
P
Nt
GND
Figure 3-10. Functional Block Diagram and Pin Configuration of 16-Bit AD7680. [22]
Pin No.
Mnemonic | Function
1 Veo Power Supply Input. The Voo range for the AD7680 is from 2.5Vto SSV.
2,3 GND Analog Ground. Ground reference point for all circuitry on the AD7680. All analog input signals should
be referred 1o this GND voltage,
= Vi Analog Input. Single-ended analeg input channel. The input range is 0V to Ve
5 SCLK Serial Clock. Logic input. SCLK provides the serial clock for accessing data from this part. This clock
input is also used as the clock source for the AD7680's conversion process.
7 SDATA Data Out, Logic output, The conversion result from the AD76380 is provided on this output as a serial
data stream. The bits are clocked out on the falling edge of the SCLK input. The data stream from the
AD7680 consists of four leading zeros followed by 16 bits of conversion data that are provided MS8
first. This will be followed by four trailing zeroes if CS is held low for a total of 24 SCLK cycles. See the
Serial Interface section.
8 (€3 Chip Select. Active low logic input. This input provides the dual function of initiating conversions on
the AD7680 and framing the serial data transfer.
6 NC No Connect. This pin should be left unconnected,

Table 3-5. Pin Function Descriptions of AD7680. [22]

! Chip select (CS) or

slave select (SS) is the name of a control line in digital electronics used to

select one chip out of several connected to the same computer bus usually utilizing the three-state

logic.

> DSP or digital signal processor is a specialized microprocessor with an architecture optimized
for the fast operational needs of digital signal processing.
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Chapter 4. Hamamatsu Image Sensors

Datasheets Information

Note.: This chapter is an adaptation of information obtained in each equipment manual
(referenced in the bibliography) and introduces the equipment to the reader before
analyzing results.

4.1 - FFT-CCD C5809 Image sensor

The C5809 series multichannel detector head consists of a thermoelectrically-cooled
FFT-CCD image sensor, a low-noise driver/amplifier circuit and a temperature control
circuit. This combination enables stable operation of the image sensor by input of simple
external signals. [29]

The driver/amplifier circuit provides various timing signals necessary to operate the
image sensor and processes the analog video signal from the image sensor with a low
degree of noise. This circuit operates from two kinds of external control signals (Start, CLK)
and four different supply voltages (+5V, +15V, -15V, +24V). (See Chapter 3)

4.1.1 - Timing signal generator

Consisting of a counter and EPROM, the timing signal generator supplies various timing
signals. It also provides trigger signals (Trigger) for external A/D conversion (See
Attachment XIll). These signals are synchronized with external master clock pulse signals
(CLK) and initialized by start pulse signals (Start).

4.1.2 - Voltage regulators

The voltage regulator generates various voltages necessary to operate the image
sensor. Each voltage is generated by a low noise regulator with a high degree of accuracy
and stability. (See Chapter 3)

Notel.: For operating procedures see Attachment VIl

Note2.: If “Green” LED is ON, indicates that the cooling temperature is set to the
present level (TS = 0 2C).If “Red” LED is ON, warns that overheat is occurring due to
electrical open or short circuit of the thermistor in the image sensor, or failure of the
thermoelectric cooler. In this case we immediately turn the power off.



4.1.3 - Inputting the control signal from the PIC (Start and CLK)

Inputting two kinds of control signals (Start, CLK) from the PIC to the driver/amplifier
circuit. The pulse width of the “Start” signal must be longer than one cycle of the “CLK”
signal, and should be synchronized with the “CLK” signal as much as possible.

The “CLK” signal frequency determines the readout frequency of the “Data Video”
signal, and the pulse interval of the “Start” signal determines the storage time to the image
sensor.

Using the FFT-CCD image sensor operated at “CLK” signal frequency of 1MHz:

The readout frequency for the “Data Video” signal is 1/4™ the “CLK” signal frequency
(See Attachment VII). The readout time per one channel, tv, is 4us.

The binning operation frequency is 1/16" the “CLK” signal frequency. The binning
operation time per one channel, tb, is 16us.

Thus, the time required for one scan, tscan, including the binning operation time
becomes

tocan = ty X Np + tp X Ny, = 4us/ch X 532 + 16us/ch X 68 = 3.216ms

= 3216 periodos de CLK

Equation 4-1. Time required for one scan of the FFT-CCD image sensor.

Where:

Nv — Number of channels of the vertical register.
Nh — Number of channels of the horizontal register.

Note.: See Attachment VIII

4.2 - S3921-128Q MOS Linear Image Sensor

The S3921 MOS linear image sensor feature a signal processing circuit which integrates
a signal charge in the inner video line and performs impedance conversion to provide an
output signal with a boxcar waveform. This allows signal readout with a simple external
circuit. The $3921 also have a wide photosensitive area with a pixel height of 2.5mm and a
pixel pitch of 50um. [28]

4.2.1 - Driver Circuit

Driving the MOS shift register requires a start pulse (¢st) and two.phase clock pulses
(b1, d2). The polarities of ¢pst, p1 and 2 are positive. d1 and ¢2 can be either fully
separated or in the complementary relation. However, the overlap should not exist at the
rise or fall edge between ¢1 and ¢$2. In other words, ¢1 and $2 must not be at the high
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level at the same time. The pulsewidth of ¢1 and $2 must be longer than 200 ns. Since the
photodiode signal is obtained at the rise of every ¢2, the clock pulse frequency determines

the video data rate. [28]

The amplitude of ¢st should be equal to that of 1 and $2. The shift register starts to
read out the signal with the high level of ¢st, so the time interval of each ¢st determines
he signal accumulation time. The pulsewidth of ¢st must also no longer than 200 ns and
must be overlapped with ¢2 for at least 200 ns. Moreover, in order to start the shift
register normally, 2 must be changed only once from the high level to the low level during

the high level of ¢st.

Note.: The timing diagram for each pulse is shown in Figure 4-1 and the respective time

values are shown in Attachment XI.

i
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Ves(H) = |
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. ‘ | U_\J
Vgq(l)=
: i - o tpweb2
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I
Vg (Hj=
Reset ¢ ré (M~ 1 ’ \f l\f
Vigh— | Y ]
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I o
ACTIVE VIDEO OUT r U L U

' i
END OF SCAN | L/

T -
- -
bst
trept teq

S 4 £ SN | SO
Figure 4-1. Timing diagram for drive circuit of $3921-128Q MOS Linear Image Sensor [28].

4.2.1 - Signal Readout Circuit

The amplitude of the reset pulse (Reset ¢) should be equal to ¢1, $2 and ¢st. When
the Reset ¢ is at the high level, the video line is set at the reset voltage (Reset V). It is
recommended that the reset voltage be set at 2.5V when the amplitude of ¢1, $2, ¢pst and
Reset ¢ is 5V. However, the sensor is to be powered by PIC that has signal whose peak is
4.9 volts. So, here we have a problem that is discussed in Chapter 8.
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The fall of Reset ¢ must be prior to the rise of ¢$2 because the photodiode signal is
obtained at the rise of ¢2. To obtain a stable output, an overlap between the reset pulse
(Reset ®) and d2 must be settled, and furthermore, the fall edge of Reset ¢ should be
delayed from the fall edge of ¢2.

The linear image sensor provides an output signal with negative polarity boxcar
waveform which includes a DC offset of approximately 1V when the reset voltage is 2.5V.

When it is desired that the DC offset is null and the waveform is inverted to the
positive polarity, a signal readout circuit and pulse timing is shown in Figure 4-2.

#5Y +5V

B
- 10Kt}
bt — du ‘dd EOS EOS Ry

& p—r¢: E!gr:?» ——o Open

$z p—] Active

Video

Resat® >— Reset @ H‘r >_

Vseg .
svA—E
Veun

NG

READOUT CIRCUN

1 1
bz | I |_] I_l L—I
Rezat® I l___J— I_I I__

PULSE TIMING

Figure 4-2. Recommend readout circuit and pulse timing for $3921-128Q MOS Linear Image Sensor.[28]

Note.: In this circuit, Rs must be larger than 10 kQ. Also, the gain is determined by the
ratio of R¢to Rs, so, choose the value of R¢ that suits our application.

The communication of all the sensor signals to the PIC is made through a connecting
header. The header is shown in Figure 4-3 and PCB is shown in Attachment XIV.

JP3

—<FIST

FI2 >)>——

RESET F1 32/: —<KF11 | J7
EOS : |DVDD

9 10 — DGND

Header 5X2

~1 WA A e
oo Oy N

DGND

Figure 4-3. Header for communication between MOS and PIC.



Chapter 5. Temperature Monitor for a Liquid Xenon
Detector

Having learned the ongoing project and the potential of our instrumentation, the
Laboratory of Instrumentation and Experimental Physics of Particles (LIP-Coimbra)
requested our collaboration for routinely screened a system that will serve to control the
temperature of a liquid xenon detector.

5.1 - LIP - Laboratory of Instrumentation and Experimental Physics
of Particles

LIP is a technical and scientific association of public utility that aims to research in the
field of Experimental High Energy Physics and Associated Instrumentation.

Research fields of the LIP have grown to encompass the Experimental High Energy
Physics and Astroparticle, Radiation Detection Instrumentation, Data Acquisition and Data
Processing, Advanced Computing and applications in other fields, in particular the Medical
Physics.

The main research activities of the laboratory are developed within large collaborations
at CERN and other international organizations and major infrastructure inside and outside
Europe, such as ESA, SNOLAB, GSI, NASA and AUGER.

The LIP is an "associated laboratory"
evaluations by international panels.

assessed as "Excellent" in three successive

In its three laboratories in Coimbra, Lisbon and Minho, LIP has about 170 employees, of
which more than 70 PhDs, and many teachers in local universities.

The center of Coimbra has a long experience in R&D of radiation detection systems and
their applications in experiments. Its activity is supported by a well equipped machine shop
and expert staff.[24]

5.2 - 1N4148 diodes

The 1N4148 is a standard silicon switching diode. Its name follows the JEDEC
nomenclature. The 1N4148 has a DO-35" glass package and is very useful at high
frequencies with a reverse recovery time of no more than 4 ns. It was second sourced by
many manufacturers; Texas Instruments listed their version of the device in an October
1966 data sheet. [25, 26]

! The DO-35 is a semiconductor package type. It is often used to package small signal, low power
diodes (a 100V, 300mA silicon diode). Generally a diode will have a line painted near the cathode
end.
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5.2.1 - Specifications

VRRM = 100 V (Maximum Repetitive Reverse Voltage)

10 = 200 mA (Average Rectified Forward Current)

IF =300 mA (DC Forward Current)

IFSM = 1.0 A (pulse width = 1 sec), 4.0 A (pulse width = 1 psec) (non-repetitive peak
forward surge current)

PD = 500 mW (power Dissipation)

TRR < 4 ns (reverse recovery time)

5.3-PCB

The PCB will be used to measure the temperature at two points (at the bottom and
along the photomultiplier) of a detector which will be used to estimate the reflectivity of
PTFE (commonly referred to as Teflon) to light the Xenon scintillation fluid, and with PTFE
immersed in liquid xenon. [30]

D2

D1

Figure 5-1. PCB used to measure the temperature of the D1 and D2 diodes.

Legend of Figure 5-1:

1-"+12 V" and "-12" power supplies

2 —(J2) "+5 V" square wave

3 —(J3) signal to be measured by our ADC

D1 and D2 - 1N4148 standard silicon switching diodes



5.4 - LIP circuit

The aim is to view and save values of temperature variations in two 1N4148 diodes. To
do this you must create the necessary firmware to the acquisition of temperature and
adjust the graphical interface (the interface used for the ongoing project) for the said

purpose proposed.
The system in question is a printed circuit board, PCB, (See Attachment IX). This system

has power header with "+12 V" and "-12" for power supplies and produces a signal, J3,
which depends on the sign that attacks J2. J3 is the signal to be measured by our ADC and is
controlled by a trigger signal, J1, which is in phase with the signal J2.
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Figure 5-2. Schematic of the circuit that will monitor the temperature of a liquid xenon detector.

Therefore, if we use J2 in a "+5 V" square wave signal in J1, it is known that we have a

Bt

square wave with the same phase at J2 and J3. It is also known that, in J3, the lower part of
the waveform corresponding at one diode and the top correspond to the other diode. It is
from this assumption that we create our firmware (and software) to acquire the values of

the voltages to the terminals of the diodes D1 and D2.
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Chapter 6. Firmware

At the end of this section we should have developed an understanding of the core
features of the MPLAB C32 C compiler, including its libraries and the core features of the
programming language C.

6.1 - Introducing MPLAB

MPLAB is an IDE" hat can be downloaded free from Microchip’s web site. There is also a
copy on the book’s companion website and contains all the software tools necessary to
write a program in Assembler, assemble it, simulate it, and then download it to a
programmer. Further software tools can be bought and then integrated with MPLAB, both
from Microchip and from other suppliers. This includes alternatives to what MPLAB already
offers — e.g. assemblers or simulators, as well as tool which offer much greater
development power, like C compilers or emulator drivers. [15]

6.2 - The elements of MPLAB

MPLAB is made up of a number of distinct elements which work together to give the
overall development environment. These are:

= Project Manager — The preferred way of developing programs in MPLAB is by
creating a project. An MPLAB project groups all the files together that relate to
the project and ensures that they interact with each other in an appropriate
way and are updated as needed.

= Text Editor — This allows entry of the source code. It behaves to some extent
like a simple text editor such as Notepad, but it can recognize the main
elements of the programming language that is being used.

= Assembler and Linker — The function of the Assembler we have assumed that
there is a single source file. The role of the Linker is to put the code, may be
created from a number of different files, together; give each its correct location
in memory and ensure that blanches and calls from one file to the other are
correctly established.

=  Software Simulator and Debugger — A software simulator allows a program to
be tested by running it on a simulated CPU in the host computer. The debugger
contains the tools which allow program execution to be fully examined.

! Integrated Development Environment (IDE) is a software application that provides
comprehensive facilities to computer programmers for software development. An IDE, normally,
consists of a source code editor, build automation tools and a debugger.
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6.3 - MPLAB C32 C Compiler

6.3.1 - File Naming Conventions

The compilation driver recognizes the following file extensions, which are case

sensitive.
Extensions Definition
file.c A C source file that must be preprocessed
file.h A header file (not to be compiled or linked)
file.i A C source file that has already been pre-processed
file.o An object file
file.s An assembly language source file
file.S An assembly language source file that must be preprocessed
other A file to be passed to the linker

Table 6-1. File extensions names in compilation driver.

6.3.1.1 - Data Storage

Storage Endianness

MPLAB C32 C compiler stores multi-byte values in little-endian format. That is, the least
significant byte is stored at the lowest address.
For example, the 32-bit value 0x12345678 would be stored at address 0x100 as:

Address 0x100 0x101 0x102 0x103

Data 0x78 056 0x34 0x12

Table 6-2. Example of stored at address 0x100 of 32-bit value 0x12345678.

Integer Representation

Integer values in MPLAB C32 C compiler are represented in 2's complement and vary in
size from 8 to 64 bits. These values are available in compiled code via limits.h. The limits.h
header file defines the ranges of values which can be represented by the integer types.



Type Bits Min Max
char, signed char 8 -128 127
unsigned char 8 1] 255
short, signed short 16 -32768 32767
unsigned short 16 0 65535
int, signed int, leng, signed long 32 23 2319
unsigned int,unsigned long 32 1] 2921
long long, signed long long G4 063 2631
unsigned long long 64 0 2544

Table 6-3. Integer representation values in MPLAB C32 C Compiler.

Signed and Unsigned Character Types

By default, values of type plain char are signed values. This behavior is implementation-

defined by the C standard, and some environments define a plain char value to be

unsigned. The command line option -funsigned-char can be used to set the default type to

unsigned for a given translation unit.

Floating-Point Representation

MPLAB C32 C Compiler uses the IEEE-754" floating-point format. Detail regarding the
implementation limits is available to a translation unit in float.h.

Type Bits
float 32
double 64
long double 64

Table 6-4. MPLAB C32 C Compiler floating-point format.

6.3.2 - Pragmas (pragmatic information)

The “#pragma” directive is the method specified by the C standard for providing

additional information to the compiler, beyond what is conveyed in the language itself..

#pragma interrupt

Mark a function as an interrupt handler. The prologue and epilogue code for the

function will perform more extensive context preservation.

#pragma vector

Generate a branch instruction at the indicated exception vector which targets the

function.

' |EEE Standard for Floating-Point Arithmetic (IEEE 754) is a technical standard for floating-point
computation established in 1985 by the Institute of Electrical and Electronics Engineers (IEEE).
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#pragma config
The #pragma config directive specifies the processor-specific configuration settings
(i.e., configuration bits) to be used by the application.

6.3.3 - Interrupts

Interrupt processing is an important aspect of most microcontroller applications.
Interrupts may be used to synchronize software operations with events that occur in real
time. When interrupts occur, the normal flow of software execution is suspended and
special functions are invoked to process the event. At the completion of interrupt
processing, previous context information is restored and normal execution resumes.

PIC32MX devices support multiple interrupts, from both internal and external sources.
The devices allow high-priority interrupts to override any lower priority interrupts that may
be in progress.

The MPLAB C32 C Compiler provides full support for interrupt processing in C or inline
assembly code.
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Chapter 7. Software

7.1 - Visual C++/CLI

The .NET platform appears to be the future, especially now that is largely standardized.
Therefore, it is not surprising the huge amount of companies and developers interested in
.NET programming, using in particular the Visual Studio development environment. We also
know that there are many who program in C and C++ (the language most used in the
production of games).

The Visual C++ allows to program according to the open standard C++/CLI (Common
Language Infrastructure) ECMA'. When programming in accordance with this standard, the
programmer produces code for the standard .NET, which facilitates its portability and
interoperability between languages. On the other hand, the Visual Studio enables those
who want, ignoring the many peculiarities and proprietary technologies that were
inescapable in previous .NET versions. To build the graphical interface is used the 2008
version of Visual Studio C++, following the new standard C++/CLI, and all code is compatible
with the framework 3.5. [32]

7.1.1 - .NET

The .NET is a platform oriented for Internet and its main function is to provide software
as a service. The three main components are shown in the next figure. At the highest level
are the development tools, for example, Visual Studio .NET.

Our .Net Applications
(WinForms. Web Applications. Web Services)

Data (ADO.Net) and XML Library

Framework Class Library (FCL)
(0. Streams, Sockets, Secunty, Reflection, UI)

Common Language Runtime (CLR)
(Debugger, Type Checking, JIT. exceptions, GC)

Windows OS

Figure 7-1. Framework .NET architecture diagram.

LECmA (European Computer Manufacturers Association) is an association founded in 1961
dedicated to the standardization of information systems. Since 1994, became the Ecma International
to reflect its international activities. Membership is open to companies that manufacture, sell or
develop computer systems or communication in Europe.
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7.1.2 - Framework .NET

It is an infrastructure development and execution with its own class library (Base Class
Library - BCL) and its runtime (CLR).

The main objectives of the Framework .NET are:
® Infrastructure components - allowing a simple way to integrate libraries
complicated without changing the source code.

= |ntegration of language - a language class can inherit from other languages,
e.g. .NET all objects derived from a root class System::Object.

7.1.3 - Common Language Runtime

The CLR is the most important component Framework .NET, which provides a secure
execution environment and a high performance applications. In addition, it's designed to
be driven code execution for all languages and possibly multiple platforms.

The Visual C++ is the only language you can mix managed® code with non-managed
(native®). In .NET data types can be described as reference types (example: ARRAY, HANDLE
..) or value types?®. Reference types are considered managed. The CLR allows
interoperation between managed and native code. The terms managed and native refer to
how memory space is reserved for the types of instances and how it is carried out
management of the memory.

An instance of a managed type created with gcnew operator is always placed on the CLI
heap.

In C++/CLI, a variable of a native type can be created on the stack, but it is created on
the heap will be used to release native C++ operator new and types will be created on the
heap of the native C++. For these types will require the programmer to free the memory of
these objects using the delete operator of the native C++. In the case of managed types,
this is not necessary for this task rests with the CLR.[32]

! Managed code is code that has its execution managed by the .NET Framework Common
Language Runtime. It refers to a contract of cooperation between natively executing code and the
runtime. This contract specifies that at any point of execution, the runtime may stop an executing
CPU and retrieve information specific to the current CPU instruction address. Information that must
be query-able generally pertains to runtime state, such as register or stack memory contents.

2 Native code it's a code that is compiled to run with a particular processor and its set of
instructions. If the same program is run on a computer with a different processor, software can be
provided so that the computer emulates the original processor.

* Value types represent values allocated in the program stack and are the legacy (directly or
indirectly) from the System::ValueType class.
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7.2 - Windows Forms

Using the tools in the toolbox Visual Studio C++ was possible to construct a graphical
user interface that enables interactive graphical quite handling various external devices
that can be connected to the microcontroller.
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Figure 7. Image of the first Form of the graphical user interface (GUI).

The tool Windows Forms of the Microsoft Visual Studio C++ allows creating new Formes,
i.e., we are not restricted only one window may be (as is the case) multiple windows in
parallel which enables a more didactic with user.

In the Figure 7-2 you can see several buttons. Some of these buttons open new
windows (Forms) where we can selected parameters and devices that we want to control.

In the following chapter (Chapter 8. Results) will be given more information about
Windows Forms.
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Chapter 8. Results

8.1 - The graphical interface (GUI)

There were some problems when upgrading the graphical interface that already
existed. We chose to build a new graphical user interface, more robust and more didactic.
Due to the complexity of construction, I'll just present how is the communication between
various Forms.

8.1.1- Communication between Forms

When starting a new project (Windows Forms Application) is generated a Form with
Form1.h original name. This Form is a header file without a .cpp source file. Thus, all code is
inserted into the header. From here, any new Form created has to be included in an include
header file created at beginning of project, the name of this file is stdafx.h.

For communication between Forms we use functions of windows language.

NeuroCornea CCD - ADC Control
COMUNICAZED PIC:
Conectar LED's usB Parimetros ADC

DISPOSITIVOS
ADC CCD FIC Dispositiva: ADC
PARAMETROS & ENVIAR: Tempo de Amosiragem: 1 2

- Mamero de Amostras: 1] =
Diizpositivia:

Tempo de Amostragen:
Nomero de Amostras:

Lo Ervviar Pardmetros
Duragdo Pixel:

Vizualizar Imagem el

Adaquirit

ADC_teste CCD_teste

Sair

Figure 8-1. Communication between two Windows Forms

Figure 8-1 shows the communication between two Forms (Forml and ADCForm).
Example 8-1 shows the code entered on Form1 to have dialogue with ADCForm.

ADCForm "“adc = gcnew ADCForm() ;
adc->ShowDialog () ;

textBox1l->Text = "ADC";

textBox2->Text = Convert::ToString(Parametro.tempo amostragem);
textBox3->Text = Convert::ToString(Parametro.numero amostras);
textBox4->Text = "n. a."; B

Example 8-1. Code for communication between two Windows Forms
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8.2 - Data Visualization

An important part of this project was the visualization of the data received in
continuous mode. This was achieved by manipulating the object Chart of the toolbox of
Microsoft Visual Studio C++.

Chart object can paint values in an Arraylist. To re-paint a new set of values has
created an array and then inserted into an ArrayList. Before re-paint new data, is made a
Clear and it’s incorporate a new array values in ArrayList by an Add. Whenever the Chart
paints a data set and we use the Update function to force Chart to change their status.

Below is shown a partial code used to display data in continuous mode.

ArrayList ~ xvals = gcnew ArrayList();
ArrayList ~ yvals = gcnew ArrayList();

int scan[scan_length];

int s_index = 0;
scan[s_index++] = Data int;
for(int i = 0; i< scan_length ; i++)

{
yvals—>Add (scan[i]);
xvals->Add (1) ;

}

chartl->Series["Seriesl"]->Points->DataBindXY (xvals,yvals);
chartl->Update () ;

Example 8-2. Partial code to display data in continuous mode.

The Update function is used to update other objects of the Microsoft Visual Studio C++
toolbox. It is the case of labels used to count the number of acquisitions.

Note.: The Example 8-2 is not the full code for the visualization of data in continuous
mode, is just one example that demonstrates the use of some functions of Windows
language. In this example, the data received by USB communication are shown in Chart1.

8.2.1 - Save data in .txt format.

All acquisitions can be saved in .txt format. The partial code of Example 8-3 shows how
this storage is done
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using namespace System::I0;

FileStream ~ outFile = gcnew
FileStream("C:\\Users\\Asus\\Desktop\\UI\\Neurocornea\\SAVES\\Files
ASCII\\Temperatura\\" + textBox5->Text + ".txt", FileMode::Append,
FileAccess::Write);

StreamWriter “streamOut = gcnew StreamWriter (outFile);

streamOut->WriteLine (Data) ;

streamOut->WriteLine ("END OF ACQUISITION") ;
streamOut->Close () ;

Example 8-3. Partial code for storage in .txt format.

Note.: They can also be stored images that are to be printed on the screen. To do so,
use the following line of code:

chartl->Serializer->Save ("C:\\Users\\Asus\\Desktop\\UI\\Neurocornea\\SAVES\\ChartImage\\CCD\\" +
textBox5->Text + " scan n. " + (NumeroAquisicoesPIC+1));

8.3 - Communication between PC and PIC

Another very important part of this project is to develop the communication between
user and PIC by USB communication. Improve how data is sent and received is the first step
to get a better sampling in Chart of the GUI.

The development of a USB communication is highly complex. To program this PIC
microcontroller it’s used a library provided by Microchip called LibUSB. This is an open
source library that allows access to USB devices once recognized VID/PID of the device.

The library used has a USB output and a bulk endpoint and transfers is set to Full-
Speed. Thus, each bulk transfer has up to 64 bytes per data packet.

The USB communication had been established the previous year. However, was
created a variable able to send values to the PIC

8.3.1 - Sending Data to PIC Firmware

To be able to visualize the data in continuous mode is required, firstly, more than one
data packet (scans) to be sampled.
The Example 8-4 shows how values of parameters are sent to the PIC.
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char OutputPacketBuffer[64];//Allocate a memory buffer which will
contain data to send to the USB device

OutputPacketBuffer[0] = 0x82; //0x82 command in the firmware
OutputPacketBuffer[l] = Parametro.tempo amostragem;
OutputPacketBuffer[2] = Parametro.numero amostras;
OutputPacketBuffer[3] = Parametro.pix duration;

//Writes data to a bulk endpoint. The Function call will send out 64
bytes to the USB Device.

if (usb _bulk write (MyLibusbDeviceHandle, 0x01, &OutputPacketBuffer([0],
64, 5000) != 64)

return;

Example 8-4. Partial code that shows how values of parameters are sent to the PIC.

Obviously, firmware reads all of these values. The Example 8-5 shows partial code of
this interpretation and application of the one value.

case 0x82:
pix end = OUTPacket[1l];

scans_end = OUTPacket[2];
naq end = OUTPacket[3];

T3CON = 0; //Disable Timer 3. Write bits configurations
TMR3 0;
PR3 = pix end;

Example 8-5. Partial code of MPLAB Firmware.

8.3.2 - Sending Data to PC Software

As stated, the USB communication established does not support more than 64 bytes
(64 chars) per download package. Thus, 512 (or 128) conversions have to be separated by
data packets to be sent to get the PC.

The result of a conversion occupies 2 bytes. In automatic mode, packets are sent with
32 conversions. Thus, for conversions with 512 points, this will be sent 16 packets. [27]

In Example 8-6 is shown a partial code used to send conversions.
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//Data transfer throw usb

unsigned int b;
for (b=0;b<16;b++)
{
unsigned short int t;
for (t=0; t<32;t++)
{
DataToTransfer[t]=DataToTransfer[t+ (b*32)];
}
unsigned int j,i;
for (3=0, i=0;3<64;j++)
{
INPacket[j]=DataToTransfer[i];
J++;
INPacket[j]=DataToTransfer[i]>>8;
i++;
}
if (!USBHandleBusy (USBGenericInHandle))
{
USBGenericInHandle =
USBGenWrite(USBGEN_EP_NUM,(BYTE*)&INPacket,USBGEN_EP_SIZE);
}
DelayMs (1) ;

Example 8-6. Partial code used to send 512 conversions to PC.

9.3.2.1 - How conversions are made

Before data is sent to PC, PIC has to do conversions. In all cases (ADC at maximum rate,
FFT-CCD, MQS, LIP circuit), is used OC3 (Output Compare 3), an OC module of the PIC.
Below is the code used to make ADC conversions.

void  ISR( _OUTPUT COMPARE 3 VECTOR, ipl3) OC3Handler (void)
{

static unsigned int spidata;

SPI1BUF = 0x00000000;

while( !SPI1STATbits.SPIRBF);

spidata=SPI1BUF;

unsigned short int spidata2 = spidata >> 13;

DataToTransfer[mais2]=spidata?2;

mais2++;

IFSO0 &= OxFFFFBFFF;

SetTimer2 () ;

//0C3 interrupt enable (in the interrupt the acquisition will be made)

IFSO0 &= OxFFFEFBFFF; //Clear OC3 Flag
IECO |= 0x00004000; //Set OC3 Interrupt
IPC3 |= 0x000C0000; //Priority = 3

Open0OC3(0C_ON | OC TIMER2 SRC | OC_CONTINUE PULSE , 100 ,0 );
while (mais2<512); //Counter of 512 acquisitions

//Reset OC3 and Timer?2
CloseOC3 () ;

Timer2Reset () ;

Example 8-7. Partial code used to make ADC conversions
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8.4 - ADC Tests

From the GUI, user can visualize any signal that is connected to the ADC input. This case
does not take into account any particular temporization and ADC will convert at the
maximum rate (100 kSPS). In this case there may be some problem in visualization, since
there is no time been able to transfer a data packet before another package begins to be
send. Therefore, a brief interruption is used (which may be increased in GUI) to enable the
correct transmission of data before starting next acquisition.

all Parametros ADC =] B

@ testar

Dispositivo: ADC

Tempo de Exposigdo: 2 =

MNumero de Amostras: 10 =

| Enviar Pardmetros

o

b

Figure 8-2. ADC WindowsForm image where the ADC parameters are selected.

Note.: In the case of ADC, the exposure time and has no units because there is no need,
the intention is just a “groove” in any acquisition.

8.4.1 - Effective number of bits (ENOB) of the 16-bit ADC AD7680

All signals contain a certain amount of noise. If the drive is able to represent the signal
levels below the noise floor of the system, the lower bits of the digitized signal representing
only system noise and contain no useful information. ENOB specifies the number of bits in
the digitized signal above the background noise.

ENOB — SINAD — 1.76dB
B 6.02

Equation 8-1. An often used definition for ENOB.

Where all values are given in dB, and:

= SINAD is the ratio of the total signal including distortion and noise to the
wanted signal

= The 6.02 term in the divisor converts decibels (a logl0 representation) to bits (a
log2 representation)

= The 1.76 term comes from quantization error in an ideal ADC
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SINAD = SNR — Distortion
Equation 8-2. An often used definition for SINAD.

Where SNR is a Signal-to-Noise ratio.

From ADC AD7680 datasheet, we know that in our conditions SINAD = 87.82 dB.

87.82 —1.76dB
6.02

ENOB =

= 14.30 bits

Note.: We can see that this value corresponds to reality if we look Figure 8-3.

8.1.1.1 - 1.3 Volts battery test

In order to test the certainty of ADC conversion, a test was done with a 1.3 volt battery.

2560 points were acquired (5 acquisitions of 512 points) and obtained the results shown in
the Table 8-1:

Average 17755.27
Standard Deviation | 14.03055
Maximum 17820
minimum 17632

Table 8-1. Analysis of points converted by the ADC subjected to a potential of 1.3 volts.

However, if we do the same calculations but now for an acquisition of 512 points (each
acquisition will have a maximum of 512 points):

Average 17746.99
Standard Deviation 8.061647
Maximum 17802
minimum 17632
Table 8-2. Analysis of one acquisition with 512 points, converted by the ADC subjected to a potential of

1.3 volts.

From standard deviation, we have a better performance of the ADC in a single
acquisition.
This difference has to do with the values that the ADC converts each acquisition. It was

found that one acquisition to another exists or a rise or fall of converted values, as shown
in Figure 8-3.
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E Dia 2012.8.2 hora 16.39.59.775.txt - Bloco de notas

Ficheiro Editar Formatar Ver Ajuda

17776
17776
17776
17760
17777
17777
17776
17776
17776
17777
17776
17776
17776
17776

SCAM MUMBER: 3

17664
17749
17760
17760
17749
17749
17749
17748
17760
17749
17760
17728
17749
17749
17748
17756
17748
17756
17756
17749

Figure 8-3. .txt file that demonstrates a slight increase of values of SCAN NUMBER: 3 in relation to the
SCAN NUMBER: 2.

This should not happen since we are converting precisely the same value. One reason
for this difference in values is the stability of the ADC. In this case, the ADC destabilizes by
internal factors such as influences of processing the firmware code.

8.4.2 - ADC units to Volts conversion

ADC is supplied with 4.8 V (output value of Reference 195). Note that we don’t have 5
volts at the output of the reference because it needs a minimum of 5.10 volts of the input
(Vn) for returning 5 volts and PIC is only able to provide approximately 4.9 volts.

ADC aoon n — 0y
FFFF 65535 =Wdd =480V
ImyY ——————— 13653125 ADC units
100 ADC units 732433 mY

Bit Resalution =73 uy

Figure 8-4. Scheme of ADC units to Volt conversion.

Therefore, we know that our resolution per bit is about 73 uV. The graphical interface
has the option to select the display scale of the graph, which obviously includes the scale in
Volts (mV).
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8.4.3 - SPI communication

Communication between PIC and ADC is done via SPI communication [Attachment XIII].
Since this is a continuing project, this communication was already established. However,
everything that concerns the code used in firmware has not been substantially changed.
Moreover, electrical connections of the PIC pins to ADC pins have been changed, since the
ADC was placed on daughter board.

Figure 8-5. Microchip PICtail Plus Daughter Board with components.

Legend of Figure 8-5:

1 -16-bit ADC AD7680

2 - ADC Reference 195

3 - Start, Clock and Trigger
4 -ADC Input

5 -signals for MOS

6 - GND

The Figure 8-6 shows a schematic of the correspondence of the pins of the ADC and the
pins of the PIC.

Pl
ADC {daughter board)
_ 5P
vdd 1 e z = RD2 [/ OC3
GMD 2 7 SDATA RC4 /TSCE /5DIL
GHE 3 o NC
Yin 4 5 SCLE RD1O /SCKL JIC3

Figure 8-6. Schematic of the correspondence between ADC pins and PIC pins.
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Note.: For more information about the communication between PIC and ADC see
Attachment XlIl and Chapter 3.

8.5 - FFT-CCD image sensor

Results presented to the FFT-CCD image sensor are based only on simulations since this
device had a breakdown during the course of project. To continue the work we opted for a
sensor that was in stock, $3921-128Q MOS Linear Image Sensor, whose results were quite
satisfactory and will be presented later in this thesis.

8.5.1 - External control signals

The FFT-CCD image sensor circuit operates from two kinds of external control signals
(Start and Clock). The master clock pulse and start pulse signals are generated by PIC. Upon
receiving these signals, FFT-CCD image sensor is able to send a signal (Trigger) for external
A/D conversions, in this case, informs our firmware when you can do conversions.

1 RD3 /004 ——— Clock iwhite)
T g ? 2 RB2/AN2 ———  Trigger iblack)
- 3 RDL/OC2—— Start{orange)
(bop wiew)

Figure 8-7. Header (in PIC daughter board) for connecting the Start and Clock signals FFT-CCD image
sensor and for connection of Trigger signal to the PIC.

This circuit operates from four different supply voltages (+5V, +15V, -15V, +24V). These
supply voltages are provided by regulators that were described in Chapter 3. All signals and
power supplies are connected to the FFT-CCD image sensor by a 15-pin D-SUB Connector
can see that in view Attachment VI.
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Figure 8-8. FFT-CCD image sensor 15-pin D-SUB Connector.

Legend of Figure 8-8:

1 - Start, Clock and Trigger signals

2 - Video signal

3-GND, +5V, +15V, -15V and +24V supply voltages
4 -15-pin D-SUB Connector

8.5.2 - Acquisition parameters

Were defined and implemented control signals of the FFT-CCD image sensor (MCK,
Mstart and Trigger) so as to be available for A/D conversion a valid data video signal. From
these signals the firmware produces acquisitions/scans comprised of 512 pixels forming the
video signal.

Each acquisition parameters will be defined by the user:
=  Number of scans;
=  Exposure time (time interval between the beginning of two consecutive scans;

= Conversion A/D per pixel.

In the Figure 8-9 it is possible to view the Windows Form created to select parameters
will be defined by user that are sent to PIC.
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i N

o=l Pardmetros CCD = | = P
@ testar
Dispositivo: CCD
Tempo de Exposicdo (s): |1 = max =4s
Vammentos: |15 =
Conversdess Poel: 110 =
Ervviar Parametros

Figure 8-9. Picture of the selection window of FFT-CCD parameters.

Note 1.: In this case we have an exposure time limit (4s). The time defined by user is is
the time of each acquisition (512 points with a line of 3216 clocks). Thus, after an
acquisition the values are sent to PC and software processes these values. If exposure time
is more than 4 seconds, software does not respond because time of USB communication.it
exceeded.

Note 2.: This exposure time was not calculated, it was verified experimentally. Also
mean that the exposure times and conversions per pixel are not easy to calculate because
it does not depend only for interruptions but also data transmission and processing time
code. On the other hand, it is defined that the maximum time that a USB communication is
available is five seconds.

8.5.3 - Disk storage

The software is able to automatically store acquisitions in ASCIl format. The file names
are automatically set and contains the time of recording (so we avoid writing the name of
the file, which would waste time between two consecutive acquisitions). Are also stored
individual scans, parameters of acquisition and other descriptive information.

The graphical interface created is able to save the acquisitions in “.file” format. So,
these images can be viewed later using the same platform.
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8.5.4 - Processing of Data

It is possible the processing of files like: determination of mean and standard deviation,
peak values; loading several acquisitions (aquisl, aquis2, etc.) for comparison and
determination of differences.

8.6 - LIP — Temperature Monitor for Liquid Xenon Detector

The aim is to view and save values of temperature variations in two 1N4148 diodes.

To meet the challenge, our code of firmware is able to receive a square wave signal
(trigger) and convert various points in higher and lower level of the square wave.

From graphical interface user can select number of acquisitions (number of
measurements for each temperature of the diode). In each acquisition are made 256
conversions of the D1 and 256 conversions of D2 temperatures (total of 512 points), and
from this the software make an average for each 256 conversions. Was chosen this method
because we have enough time to do so, each data array sent to software had a length of
512 values and more than one point minimizes substantially the noise error.

256
conversions
| | I

| | ! Array [512]

trigger=1

256
onvarsion

0.25s

trigger=0
256 conversions

trigger=1
. o :___: 256 conversions

trigger=0

Figure 8-10. Scheme illustrating the 1 Hz square wave used as a trigger to synchronize conversions of
diode D1 and diode D2.

The wave serving as a trigger which is 1Hz, ie, each cycle has a second. Therefore, we
make the first conversion when trigger = 1 (high level) and use an interruption with 0.25
seconds, when trigger = 0 (low level) we use the same interruption for the second
acquisition.

The graphical user interface created calculates mean and standard deviation for each
conversion and saves the corresponding values in .txt file format. Are also stored some
additional information such as time (in milliseconds) of the first conversion and it is known
that second conversion is 0.5 seconds later, third is 0.5 seconds later, until last conversion.
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Eclitar
ACQUISITION MAME:

Figure 8-11. File in ASCIl format which are stored the mean values and standard deviation of each D1 and

D2 conversion.

At the end are displayed in a graph all points relating each conversion. This image can

also be saved. During the various conversions are shown in the graph the points that are

being converted as well as mean, standard deviation, maximum and minimum values of

each conversion. Thus, it is possible to monitor the temperature variations in real time.

Tempo de Bxposigio [ 1Hz
Varimertos: 100
Conversdes/Picel: .2

V| save nt save file

Visualizar_| [ imagem
Calbrar
[ADC_teste | [ cCD_teste |
ade PIC
Cancelar
Aquisico it 100 Estack: Néo pressionado

20000

1 2

Save Image Open Image

41

61

81

Sair

max_value : 53113
min_value - 51835

Range: 1284

ADC

max_value : 54463
min_value : 52671

Range: 1792

Average: 53683
STD: 136

a2 NeuroCornea CCD - ADC Cantrol || B |
COMUNICAGAD PIC:
(Comestar | [ D | [ 0SB | e 152528706
DISPOSITINOS
[ ac J[ co J[ Pc | 2000
Senser Temperatura

PARAMETROS A ENVIAR ==

Dispostivo.  Temperstura D1: 52378 D2: 23970

40000 STD: 141 STD; 187

max_value : 24448
min_valus - 23112
Range: 1336

Saturagdo ADC:
max: 65535
mn: 0

Figure 8-12. Picture of the GUI where we can view D1 and D2 variations.

Note.: In Figure 8-12, the range of values to the change in temperature of the diodes is

not very salient because we visualize the variation curves of the two diodes in the same

graph (chart). Using the values recorded on “.txt” file in excel page would have a results

from the Figure 8-13, where more easily visualize this variation.
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Figure 8-13. Graphs of temperature variation in diodes D1 and D2. These graphs were obtained using an
excel sheet.

Note.: There was no need interest by us to record the temperature variations of the
diodes. The temperature varies between 24 2 C and 70 2 C (approximately). We had not a
particular interest in diodes calibration because it was not proposed to us at time. We take

the time to work on the most important aspects that we considered, how to make sure we

were doing the right conversions, calculate means and standard deviations.

8.7 - MOS Linear Image Sensor

This sensor was used due to damage that occurred with the Hamamatsu FFT-CCD

C5809 Image Sensor.

8.7.1 - External control signals

The MOS sensor circuit operates from some kinds of external control signals. All these
signals come from the PIC daughter board signals and are sent to the MOS sensor in a

header that is shown in Figure 8-14.

1-phi_1
2 - phi_start
3- GND

4 - GND
5 - phi_reset
G- phi_2

7-EOQS

gy W~
“|o e
ve @
<o o

2-vdd
G- GND
10 - vdd

CMOS sensor

FIC
{daughter board)

phi_start REOD / ANO
phi 1L RE3 / AN3
phi_2 —— RB4, AN4
phi_reset REL / ANL

Figure 8-14. Header (in PIC daughter board) with all signals for MOS sensor.
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8.7.2 - A/D Conversion

Since there was used the circuit shown in Figure 4-1, as stated in Chapter 4, the linear
image sensor provides an output signal with negative polarity boxcar waveform. Taking this
into account, the video signal that must be converted is the descending part of the output
signal. Thus, there is a portion which should remain constant that includes a DC offset of
approximately 1V when the reset voltage is 2.5V.and the other will vary with the light
enters on photodiode.

It was thought to make an acquisition of base (that part does not change) and signal
(part that varies with the light) and then do the subtraction. However, for a better
visualization of data we decided acquiring a part which varies with the amount of light that
falls on the detector and make processing in software, descending (negative) part.

8.7.3 - Pixel duration time

Another issue that should be talked about has to do with the duration of each pixel.
Firstly, it is noted that this is the most important parameter and is controlled by user. It is
the duration of each pixel that defines the exposure time for an acquisition.

To program duration of each signal in "MOS shift register" times that were used are
indicated in Figure 4-1 and Attachment X. However, to make sure we were on the parts you
want to convert the output signal, use an oscilloscope to check whether there was any
delay imposed by the operating system that would influence conversions.
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o
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W1 S0 RS YT M 10008 17 Simv
Figure 8-15. Video output of $3921-128Q MOS linear image sensor in the oscilloscope and conversions to
be made.

Note.: In Figure 8-15 we can see the various conversions per pixel (20 conversions) that
are carried out on each "level" of the output signal. The output signal is a square wave
signal and the high level is the level of offset.
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Figure 8-16. An acquisition of MOS.

Average: 11369
STD: 4057

In Figure 8-16 you can see the variation of the amount of light that is entering in
detector. More than that, it is possible to know the amount of light that is inserted in each
pixel. That is, each point on the graph corresponds to the respective pixel on the sensor.
Point 1 — Pixel 128; Point 128 — Pixel 1.

The exposure time that user selects is the exposure time for each pixel. Thus, this time
is the time between two consecutive phi_start (Ppst).

8.8 - Final prototype

The Figure 8-17 shows the final instrumentation prototype created. You can see the
power board, I/O Expansion Board with USB Starter Kit Il and the connection to MOS. The
15-pin D-SUB Connector serves for connection to the FFT-CCD.

Figure 8-17. Final prototype with MOS.
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Legend of Figure 8-17:

1 - PIC32 USB Starter Kit Il

2 - 1/0 Expansion Board

3 - Microchip PICtail Plus Daughter Board.

4 - Power Supply Voltage Board

5 - FFT-CCD image sensor 15-pin D-SUB Connector
6 -53921-128Q MOS Linear Image Sensor

In the Figure 8-17 it is possible to see a blue box where are placed the Power Board, the
I/0 Expansion Board with USB Starter Kit Il and PICtail Plus daughter board. This box has a
lid that when placed would complete the final prototype. The lid has the outputs cables for
USB PIC and other connecting cables. As a final model can’t end, the lid is not shown on the
picture. This lid would also reduce noise signal since exposure to external agents would be
substantially lower.

8.9 - Unsolved problems

As stated, the FFT-CCD had a malfunction during the project however, mean that the
instrumentation is prepared to receive the FFT-CCD. The FFT-CCD fault can be solved or
obtained a new and immediately placed in the instrumentation.

The J2 slot of the 1/O Expansion Board is faulty. However this board has two slots for
PICtails and J4 is stable.

When sending data to the PC, sometimes the first data packet (32 points) arrives with
some errors. This happens when we have very small exposure times (milliseconds). This has
to do with shipping time USB communication, no time to send the packets correctly. To
improve this point we have to improve USB communication.

The maximum time for sending each data packet is 5 seconds, after which the USB
communication is broken, so each acquisition can’t last more than 5 seconds.

At the end, the S3921 MOS linear image sensor no longer has the desired sensitivity. By
this | mean that the image of the Figure 8-16 is no longer able to obtain due to a
malfunction. To rectify the fault are the following proposals:

=  Making an experience with another sensor
=  Placing the sensor on another signal board
= Create a button on the GUI only for the sensor

It was found that the minimum voltage of each signal (D) must be 4.5 volts (low level).
However, the PIC logic outputs only provide 3.3 volts (even with 12 volts external supply).
Therefore, check if the problem keeps with 4.5 volts is also a proposal to try to fix the
problem of sensor sensitivity.
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To be able to place all signals with 4.5 V can be used a state buffer/line driver (HCT244).
The Figure 8-18 shows the schematic which would be used for this purpose.

state bufferfline driver

3.3 4.5V
D1

D2
mst

D Reset

Y

Figure 8-18. Schematic with state buffer/line driver (ex.: HCT244).

For the GUI created, this serves the purpose perfectly for sampling data. However,
there was one thing that was not quite finished. When sampling data packets, it is not
possible to stop viewing without using commands in Microsoft Visual Studio C++. By this |
mean that as there is a button that initiates acquisitions, it would be great to program a
button to stop the acquisition. This goal is not easy conclusion once during the course of an
event (eg, reading the code of a button) do not have access to another event until the first
finish.

All connections between the components of the power board and PICtail have been
checked and are stable. However, to improve the quality of the signals a PCB would be the
ideal solution. It would also be very important to put all entries of the devices in the
housing lid and close the box in order to give greater security to the PIC and power board.

During the project, some of our PIC had a malfunction described in Example 8-8. The
Microchip Technical Support was contacted and the solution was the replacement of new
PIC.

Target Device ID (000FF000) does not match expected Device ID (00007000).

Device reset failed
Make sure Configuration Bits are correct.

P1C32 Starter Kit hardware initialization failure.
Error = -1, Detail = 0Ox00000000
(LID: 29)

Device reset failed
Make sure Configuration Bits are correct.

Example 8-8.Example of PIC problem description.
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Chapter 9. Conclusion and Future work

During the course of the project always occurring several problems that have been
solved. However, the connection to the FFT-CCD image sensor was not possible because
this sensor was damaged during the project. But, from simulations, the entire firmware and
software is ready to accept this sensor.

The great advantage of FFT-CCD image sensor is undoubtedly the sensitivity but also
the cooling. That is, both the light intensity being received by pixel to charge and discharge
the capacitor at each pixel influence the signal that is read. Once cooled know that there is
no influence of warming in the video signal. So, switching to a MOS Linear Image Sensor
was not an advantage, but it was the only way to continue to get results.

The results presented in Chapter 8 have been met with success, is to say that most of
these results were not foreseen at the beginning of the project. One such example is the
application for the LIP circuit, which was performed with success. In this application has
been used quite ingenuity to adapt both the GUI as the firmware once created for this new
application.

At the end of all this work it is possible to convert any signal in continuous mode.
Overcoming this goal was not a simple question because it implies knowing very well the
capabilities of the toolbox of Microsoft Visual Studio C++, in this case, | had to study very
well the features of "Chart" object and the way to go "updating" the values that is
receiving. This is not so easy because we will have to make sure that we keep getting values
in an array that also has features very own, an "ArraylList". After overcome this aim, the
step for the display of any entry of a pin of the PIC was very simple.

The programming of MOS Linear Image Sensor was not very difficult because we only
had to generate (in PIC) the signals that it needs. In this case, there were not used OC'’s
(output compares) as in the case of FFT-CCD image sensor. How times had with a very
precise synchronization between each signal, the work was done in order to go modifying
the state of each pin of the PIC to take the desired signals. As the video signal generated by
MOS sensor signal is not "real", this processing was done in software and the results are
visualized are very well understood.

A future work will adapt our firmware and software for different types of MOS Linear
image sensors (256, 512 and 1028 pixels). This work began to be done at the end of the
project but no time to finish. More future work will be able to send commands to the PIC.
Controlling interrupts, set timer values or choose if you want a 16 or 32 bit timer...

At LIP circuit work, was never made a rigorous calibration of diodes temperature
curves. The truth is that we have never been asked but would be a work that would make
viewing the varying temperatures of the diodes more easily understandable.

The graphical interface created can store all values acquired in ASCII format but also in
system image format. This image format is a system format and been able to be opened by
the GUI. Thus, future work would be able to do calculations from these images.

A point to be noted is that our system is prepared to convert any signal by a trigger.
That is, we have a digital input (pin AN2) of the PIC always active to use as a trigger.
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However, all code would have to be changed according to the characteristics of the signal
that we want to convert.

As stated, the damage that had happened in the PIC as a PIC replacement solution (by
Microchip Technical Support), since the fault was in a kind the code protect ON (a kind of
fuse is burned), the starter kit is broken and the arrangement was difficult. These faults
could have occurred by several factors but surely these factors have resulted in a short
circuit that burned the fuse. | want to mean that rapid support from Microchip was crucial
to proceed with work on the project.

Finally, | say that the work was made with the knowledge acquired during the course of
project. Departure for this project | had no knowledge in C language, so the process of
programming the PIC involved a lot of learning both the equipment with its programming.
The process of building the GUI also involved to study windows language very closely and
successfully to control an object minimally.

Therefore, | am pleased with the work accomplished and, more than that, on
knowledge that | now have about managed devices. It should be noted that this project
involved manipulation of electronic devices and is placed on integrated circuits, and the
whole panoply of processes that have to be made for their recognition by PIC and uptake of
results for a graphical interface.
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Attachment I

-

Name Bit Bit Bit Bit Bit Bit Bit Bit
JV23M57 | 30/2214/6 | 29/2113/5 | 28/20M12/4 | 27191173 | 26/18M10/2 | 25/M17/9M1 24/16/8/0
INTCON 3124 — — — — — — — —
2316 — — — — — — — 530
15:8 — FRZ — MWVEC — TPC=2:0=
70 — — — INT4EP INT3EP INT2EP INT1EP INTOEP
INTCONCLR | 31:0 Write clears the selected bits in INTCON, read yields undefined value
INTCONSET | 31:0 Write sefs the selected bits in INTCON, read yields undefined value
INTCONINY | 31:0 Write inverts the selected bits in INTCON, read yields undefined value
INTSTAT 31:24 — — — — — — — —
2316 — — — — — — — —
158 — — — — — RIPL=2:0=
70 — — VEC=5:0=
INTSTATCLR| 31:0 Write clears the selected hits in INTSTAT, read yields undefined value
INTSTATSET| 31:0 Write sets the selected bits in INTSTAT, read yields undefined value
INTSTATINY | 31:0 Write inverts the selected bits in INTSTAT, read yields undefined value
TPTMR 31:24
2316 TPTMR<31:0>
15:8
70
TPTMRCLR | 31:0 ‘Write clears the selected hits in TPTMR, read yields undefined value
TPTMRSET | 31:0 Write sefs the selected bits in TPTMR, read yields undefined value
TPTMRINY 30 Write inverts the selected hits in TPTMR, read yields undefined value
IFSx 3124 IFS31 IFS30 IFS29 IFS28 IFS27 IFS26 IFS25 IFS24
2316 IFS23 IF322 IFS21 IFS20 IFS19 IFS18 IFS17 IFS16
15:8 IFS15 IFS14 IFS13 IFS12 IFS11 IFS10 IFS09 IFS08
70 IFS07 IFS06 IFS05 IFS0d IFS03 IFS02 IFS01 IFS00
IFSxCLR 30 Write clears the selected bits in IFSx, read yields undefined valus
IFSxSET 30 Write sets the selected bits in IFSx, read yields undefined value
IFSxINW 30 Write inveris the selected bits in IFSx, read yields undefined value
IECx 3124 IEC31 IEC30 IEC29 IEC28 IEC2T IEC26 IEC25 IEC24
2316 IEC23 IEC22 IEC21 IEC20 IEC1S IEC18 IECAT IEC16
158 IEC15 IEC14 IEC13 IEC12 IEC11 IEC10 IECOS IECDS
70 IECOT IEC06 IECO5 IECD4 IECO3 IECO2 IECO1 IECDD
IECXCLR 30 ‘Write clears the selected hits in IECx, read yields undefined value
IECXSET 30 Write sets the selected bits in IECx, read yiglds undefined value
IECxINY 30 ‘Write inveris the selected bits in IECx read yields undefined value
IPCx 3124 — — — IPO3=2:0= I1S03=1:0=
2316 — — — IPO2<2:0> 1S02<1:0=
158 — — — IPO1=2:0=> IS01=1:0=
70 — — — IPO0=2:0= IS00=1:0=
IPCxCLR 30 ‘Write clears the selected hits in IPCx, read yields undefined value
IPCxSET 30 Write sets the selected bits in IPCx, read yields undefined value
IPCxINY 30 Wiite inverts the selected bits in IPCx, read yields undefined value




Attachment I1

Name Bit Bit Bit Bit Bit Bit Bit Bit
JV23MEIT | 30/22/1406 | 29/21/13/5 | 28/20/12/4 | 27M1911/3 | 26/M18M0/2 25M7TI9M 24/116/8/0
TRISx 310 — — — — — — — —
23:16 — — — — — — — —
15:8 TRISx=15:8=
T:0 TRISx<T:0=
TRIS=CLR 310 Write clears selected bits in TRISx, read yields undefined value
TRISxSET 310 Write sets selected bits in TRISx, read yields undefined value
TRISxINY 310 Write inverts selected bits in TRIS®, read yields undefined valus
PORTx 31:0 — — — — — — — —
23216 — — — — — — — —
158 PORTx=158=>
T:0 PORTx=7:0=
PORT=CLR 31:0 Write clears selected bits in LATx, read yields undefined value
PORT=SET 31:0 Write sets selected bits in LATx, read yields undefined value
PORTxINY 310 Write inverts selected bits in LATx, read yields undefined value
LAT= 31:24 — — — — — — — —
23:16 — — — — — — — —
158 LATx=15:8=
T:0 LAT®<T7:0=
LATxCLR 310 Write clears selected bits in LATx, read yields undefined value
LAT®SET 31:0 Write sets selected bits in LATx, read yields undefined valus
LATxIMY 310 Write inverts selected bits in LATx, read yields undefined value
QDCx 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 ODCx=5:8>
T:0 QDCx=T:0=
ODCxCLR 310 Write clears selected bits in ODCx, read yields undefined value
QDCxSET 310 Write sets selected bits in ODCx, read yields undefined value
QODCxINY 310 Write inverts selected bits in ODCx, read yields undefined value
CHCOMN 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 ON FRZ SIDL — —_ — — —
70 — — — - —_ — — —
CHNCONCLR 31:0 Write clears selected bits in CNCON, read yields undefined value
CMCONSET 31:0 Write sets selected bits in CHNCOM, read yields undefined value
CHCOMNINY 31:0 Write inverts selected bits in CNCON, read yields undefined value
CMEM 3124 — — — — — — — —
23216 — — CHEN=21:16>
158 CMNEN=15:8>
70 CMHEMN<T:0=
CHEHNCLR 31:0 Write clears selected bits in CNEMN, read yields undefined value
CHENSET 31:0 Write sets selected bits in CNEMN, read yields undefined value
CHNENINY 31:0 Write inverts selected bits in CHNEN, read yields undefined value
CHNPUE 31:24 — — — — — — — —
23216 — — CHPUE<=21:16>
15:8 CHNPUE<15:58>
70 CHMPUE<T:0>
CHPUECLR 31:0 Write clears selected bits in CNPUE read yields undefined value
CHPUESET 31:0 Write sets selected bits in CNPUE, read yields undefined value
CHPUEINY 31:0 Write inverts selected bits in CNPUE, read yields undefined value
IEC1 31:24 — — — — — — USBIE FCEIE
23:16 — —_ —_ — DMAZIE DMAZIE DMATIE DMADIE
15:8 RTCCIE FSCMIE 12C2MIE 12C2SIE I12C2BIE U2TXIE UZRXIE UZEIE
70 SPI2ZRXIE SPI2TXIE SPIZEIE CMP2IE CMP1IE PMPIE AD1IE CNIE
IFS1 3124 — — — — — — USBIF FCEIF
23:16 — — — — DMA3IF DMAZIF DMA1IF DMADIF
15:8 RTCCIF FSCMIF 12C2ZMIF 2C2SIF 1I2C2BIF U2TXIF LZRXIF LUZEIF
70 SPIZRXIF SPIZTXIF SPI2ZEIF CMP2IF CMP1IF PMPIF ADAIF CHMIF
IPCE 3124 — — — AD1IP=2:0= AD1IS=1:0=
23116 — — — CHIP<=2:0> CMIS<1:0=
15:8 — — — 12C1IP<2:0= 12C115<1:0=
70 — — — U1IP=2:0= U1IS<1:0=




Attachment III

Required Settings for Digital Pin Control

Mode or . TRIS . CNEN CNPUE | AD1PCFG
PinUsage | ' mType |BufferType) g | ODCBIt | “py Bi! Bit
Input IN ST 1 — — — 1
CN IN ST 1 - 1 1 1
Output ouT CMOS a — — 1
Open Drain ouT OPEN 1 — — 1
Required Settings for Analog Pin Control
Mode or . TRIS . CNEN CNPUE | AD1PCFG
PinUsage | ' 1ype |BufferType) —go | ODCBIt |\ “p Bitl!) Bit
ANx Input IN A 1 — — —
CV OQutput out A — - — -
Required Settings for JTAG Pin Control*?!
Mode or . TRIS . CNEN CNPUE | AD1PCFG
PinUsage | ' 1ype |BufferType) gy | ODCBIt |\ “pp Bi! Bit
TCK IN 1] — — — — —
Ol N 5T - - - - -
VS N ST - - - - -
T00 OUT | CMOS - - - - -
Required Settings for ICSP Pin Control®
Mode or . TRIS . CNEN CNPUE | AD1PCFG
PinUsage | | mivpe |Buferfypel gy | ODCBIt | gy Bit" Bit
PGC N ST - = - = =
out CMOS — - — - —
PGD IN ST — - — - —
out CMOS — — — — —




Attachment IV

Name Bit Bit Bit ELiF Bi; . Eti; _ Bi'g .Bit. .
31023M5/7 | 30022146 | 29/21/13/5 | 28/20/12/4 | 27M1911/3 | 26/18/10/2 | 25M17/91 24/16/8/0
TICON 31:24 — — — — — — — —
2316 — — — — — — — —
70 TGATE — TCKPS<1:0= — TSYNC TCS —
T1CONCLR 31:0 Write clears selected bits in TICON, read yields undefined value
T1CONSET 310 Write sets selected bits in T1ICON, read yields undefined value
T1CONINY 31:0 Write inverts selected bits in TICON, read yields undefined value
TxCON 31:24 — — — — — — — —
2316 — — — — — — — —
15:8 ON FRZ SI0L — — — — —
70 TGATE TCKPS=2:0=1 T32tM — TCS -
TuCONCLR 31:0 Write clears selected bits in TkCON, read yields undefined value
TxCONSET 310 Write sets selected bits in TxCON, read yields undefined value
TxCONINY 31:0 Write inverts selected bits in TxCON, read yields undefined value
TMRx 31:24 — — — — — — — —
2316 — — — — — — — —
158 TMRx=15:8=
70 TMRx=7 0=
TMRxCLR 10 \Write clears selected bits in TMRx, read yields undefined value
TMRxSET 31:0 Write sets selected bits in TMRx, read yields undefined value
TMRxINY 31:0 Write inverts selected bits in TMRx, read yields undefined value
PRx 31:24 — — — — — — — —
23:18 — — — — — — — —
15:8 PRx=15:8>
70 PRx<7T:0>
PR=CLR 21:0 Write clears selected bits im PRx, read yields undefined value
PRxSET 31:0 Write sets selected bits in PRx, read yields und=fined valus
PRI 31:0 Write inverts selected bits in PRx, read yields undefined value
IECD 31:24 | 2CIMIE 12C1SIE I2C1BIE U1TXIE UIRXIE U1EIE SPIHRXIE | SPHTXIE
23:168 | SFHEIE OCEIE ICSIE TSIE INTHIE OC4IE IC4IE T4IE
15:8 INT3IE QC3IE IC3IE T3IE INT2IE QC2IE IC2IE T2IE
70 INT1IE OC1IE IC1IE T1IE INTOIE CS1IE CSOIE CTIE
IFSD 31:24 | 12CIMIF I2C1SIF 12CABIF UITXIF U1RXIF U1EIF SPIRXIF | SPHTXIF
2316 | SPIEIF OCSIF ICSIF TSIF INTSIF OC4IF IC4IF T4IF
15:8 INT3IF OC3IF IC3IF TaIF INT2IF OC2IF ICZIF T2IF
70 INT1IF OC1IF IC1IF T1IF INTOIF CS1IF CS0IF CTIF
IPCA 31:24 —_ —_ —_ INT1IP<2:0> INT115<1:0>
231§ — — — OC1IP<2:0> OC1IS<1:0>
15:8 — — — IC1IP<2:0> IC11S<1:0>
70 — — — T1IP<2:0> T1IS<1:0>
IPC2 31:24 — — — INTZ2IF<2:0> INT215<1-0
23:18 —_ —_ —_ OC2IP<2:0> OC215<1:0>
15:8 —_ —_ —_ IC2IP<2:0> IC2IS<1:0=
70 — — — T2IF<2:0> T2I1S<1:0>
IPCa 31:24 — — — INT3IP<2:0> INT315<1:0>
23:18 — — — OCaIP<2-0> OC315<1:0>
15:8 —_ —_ —_ IC3IP=<2:0> IC3IS<1:0=
70 —_ —_ —_ T3IP<2:0> T3IS<1:0=
IPC4 31:24 — — — INT4IF<2:0> INT415<1-0
23:18 — — — OC4IP<2-0> OC415<1:0>
15:8 — — — IC4IP<2:0> IC41S<1:0>
70 —_ —_ —_ T4IP<2:0> T4IS<1:0>
IPCS 31:24 —_ —_ —_ SPHIP<2:0> SPI11S<1:0>
23:18 — — — OCEIP<2-0> OC5IS<1:0>
15:8 — — — ICEIP<2:0> ICEIS<1-0>
70 —_ —_ —_ TSIP<2:0> T5IS<1:0=




Attachment V

operating at 25°C free-air temperature, W, = 12V, ¥V, = -3V, |5 = |; (max), G, = 100 uF, G, = 2x 4.7 uF, G, = 100 yF {unless
otherwize noted)

Ta=40"C, ground benign

PARAMETER TEST CONDITIONS MIN TP MAX | LNIT
Vp=-13V a1 nem
_ ) Vp=-12V a1 Ly
Iy Cutput currest o = BI"C, ntural comveation sirflow v T e A
Wy=-33V a1 130
Vp=-13V T 17 =
Vp=-12V T 2@
V) Imput voltage range Crver | renge= Vo=V - Py Y
Wy=-33V T BT R
Set-point vokage tolerance (T, = 23°C RS
Temperature veriafian —40°C o 37 H).T%
Vo Lire resguistian Over V, mnge =10 m
Load requlation Crver | renge= =10 m
Total cutput vohtage Includes set p-Elirt. line, lcad 3
variaticn =4 T, «83°C
Vo Adi Ellru:l;:r voliage adjust TV s@2-Mg v -13 -3 v
V=12V, Ager = 100 2, VW =13V 3%
=12V, Rggr = 22, Vg =-12V M
1 Effciency -
V=12V, Rggr =287k, V=0V 2%
V=12V, Agr =221 ke, Vi =33V T
(Ouiput vokage ripple 20-MHz bandwidth 2%, Wi,
lgwy  Current limit threshold Ay =30 mV 3.2 &
1 Ajus load step from 0% to 100% |ymax
Transient response Rimooveny time 200 1.
Vo overundershoot 1 %V
Fi Switnhing frequenay Over V) and |y renges 40 0 680 | kHz
WLD  Und=reaktsge lookout V) inoremsing 33 Y
) Caramio g4 @ uF
c Evtemal input aapeaanae Nono=ramia 100 & uF
Caramio 200 uF
Lz mff” Nanosramia 100 7 1000 pF
Equivalent series resistance {nonceramic) 14 m ma
MTEF  Caloulased reliskity Per Teloordin SA-352, 0% strews, ae 10° Hrs

(1} The maximum output current is 1.5 A or the maximum output power is 3 W, whichever is less.
(2} The maximum input voliage is limited and defined 1o be (32 — [V} volts
(3} The set-point voltage tolerance is affected by the tolerance and stabifity of Rsgr. The stated limit is unconditionally met & Rezr has a
tolerance of 1% with 100 ppm/®C or betier temperature stability
(4 A 100-pF electrolytic capacior and two 4.7-uf ceramic capacitors are required across the input (V) and GND) for proper operation.
Locate the ceramic capacitance close fo the module.
(5} 100 uF of output capacitance is required for proper operation. See the application information for further guidance.
(8} Thig iz the typical ESR for all the electrolytic (nonceramic) capacitance. Lse 17 m2 as the minimum when using maximum E5A values
to calculate.




Attachment VI

-

(o000 0000
O OISOH Olﬂ 01201101009 O

e J
Pin No. Terminal Name Function

1 NG No connection

2 Data Video Analog video output. Positive polarity

3 + (+15Y) Analog power supply

4 =V (<15V) Analog power supply

5 +Vo (+5Y, P+) Digital power supply. For the thermoelectric
cooler in the CCD image sensor.

6 " Start Digital input signal for initializing the
circuit. H-CNOS compatible. Positive logic. The
interval of the Start pulses determines the
storage time of the image sensor

1 CLK Digital input signal for operating the circuit.
H-CHOS compatible. Rising edge operation.

8 EOS Digital output signal for indicating end-of-scan
of the image sensor. H-CMOS compatible. Negative
logic.

9 A. GND Analog ground

10 A. GND Analog ground

1 +p2 (+24V) Analog power supply

12 D. GND (P-) Digital ground. Power supply return of the
thermoelectric cooler mounted in the CCD image

: sensor,

13 0. GND Digital ground -

14 0. GND Digital ground

15 Trigger Digital output signal for A/D conversion. H-CMOS

compatibie. Positive logic.
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Attachment VIII
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Attachment IX
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Attachment X

ELECTRICAL EI"IAHAETEHJETIEE (Ta=25'C)

) sEae '_"_--' -"'-""M'.. ] el P I R R TR
1 m prel Jm ﬁmﬁhwh : m "'tw-"‘"l
gﬂr;ﬂmlﬁwFﬂhm Ve 45 Wa 10 45 WA 0 ¥
Rusal Voilage (Fasal V] & Ve Z0 VaiBw&2d | E0 Vo2bve2d m
Sauimion Gonli) Gais Yorage ey —— - 0 = v
anmlmll}un\;mﬁm - - v - - ¥ = v
Start Pulse Vel (@al| 0 ‘Hah Ve I 5 wa 1 45 a1 m
Lk Y L] 0 = 04 [ y
ChckPusa volaa [91, 821 Hgh | var, vaar) 5§ 0 if & 1 M
Low | Wi, VaaLl [ T | T v
[ Flemee Pise wallage (fmsel g 1 -Hgh WglH | 45 ¥a @ 45 ¥g v
Lo Vg iLY ¢ — 04 [ ¥ y
Eait Pk FaaeFal TiTaE (9 Tew Ligs : 520 520 =y
Tan Pukewian (@] s = - M = = P
Chack Puiso Aot al Tmes (g, 8] Tron. Lree _ T -
T L
Chack Pulsewicth |1, B Tt buds | M —  — m - - s
Az Pulse AasfFal T Ereo [irE - — Eq - —  Ea rs
iu;:ummumnm Pudsa (62 o - - .
| Clock Fubse (82} and Fosoi Fulse {Resel &) b o - — o - — ,
Crezrzp
[ Gk Putsn 27 b Pl Prutan (Rl |
Cridiep Timie Tz o= - 2= - =
Cleck Pulsa Space |91, 7 X1, K2 il — = ] — - r#
Chock Puta 5pace 92 Feset @) Tadr r = - T - - ™
Dara Fate f ol — w0 Bl — w0 kH
Wigden [alay Tirs |50% of walueation) - U0 - - 10 |2EEC - rs
1w —  iGOEEOH. | = 150 5iZ04- m
— MO EIEGH- | = 30D |0BGH- ”
Chock Puse Line Capacinnes (81, 02 Tk — O [l@m- | — o |- oF
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- 07 ARG | e 100 (0N Uk
Flecses Pigkse L Coguaatand [Flissl ¢ | o c _ P - _ B — :
5y s r p
Elaluration Canid (e Link Capactance Taeg — 12 [1280)- — 12 [2%0)- oF
gl a5 bias —  PpolEmON- | — 2 pmEOn- pF
— NN - | — oAb - gF
vl Fmpetorce o Vg =5V, Wy <2 5V 7 — - — @ — i
Pty CEMUM e o) Vg 15, ¥y K2 5% B = = 1 - = o T

TV s sUpRlY clock amaliucs

T Biesed W and saturahon contral drain uss pn 7 0 comrman.




Attachment XI

PINOUT AND RECOMMENDED OPERATING CONDITIONS

L Fil

Ll

LN

Wi

Vicg ]
Mausi 4
Fiiekid ¥ g1
g ]

ACTIVE A0 ]
ey 1
Wpual]

- s e M =

Voo, Wy and ME should be groungiad

Terminads ;- ! inpul or Dutpat | riitie - Dastription TR

s, B Irgei Puless lor opseaiivg (Fa MOS shill tpgistan. As (hewdes

CMOS kg companbla) Gulpul signal i= chlmned syrchronized with 1ho rise of
$2, tha wdeo dala raole & ecual 1o 1he cicck puks

- _ frequency.

L Irgin Pules 10 e operalion al e W3S shill egsier.

PCMOS kogic compealibla) Tha G inlerval bebwsen sl pulsss s eoual o the
signa accumulalian lma.

Wiy Passne nock Connaoied 10 g ANcais ol gach phakindicda, Thisaboud
b grounded

Waeg irpL Used for resinicling bioaming,

Triz shigiikd b 381 ar s bass litsodl aach inpul puolgs and
b5 rormally e groued lesel,

Rusal & Iy=F] Wi the high leval, B innar widea ing I5 resat ak

(SMOS lagic compalibia) Reset v vohaga.

Fagal ¥ Il A pditres wollages =houd be spoled 1 the ner sdeo
fne canneciing 1he pholodiode cathodes S0 Hhat @ach
photcdicds is revorsa-nixscd. B 15 recommssndad thal
Aeset ¥ ba 2.5V whian tha ampliuda ol 91, 92, @y and
Rasat & ks 5.

YWerd [[g=F] Used for resincling bloaming.

Rezpt W ard Vaey @ pin 7 in commaon. ]

HCTIVE VIDED Chitput L ovt-irvigebec @ 0 o g i) Bl allar e ndl durmeer}
VORS00 (rTersiin

L L | Megativs polanly oulput including a DG alsat.

DUMMY VIDES Clput This has e same FRuciung a5 Tha echve vk, lis nol
conngried 1o the phomciodies, g only DG ollasl &
fulgut Thik iFewid B et ooen when il 0 uee.

Wauk Paszsive noos Conractod wilh B flicn fctale Thip Evokd
grovanded, ]

Weld Input Supply wolkaga o #a infernal impadance corwersion
cincul.

This showld ba conneoied af 8 wolage ausl e 1ha
— Aot of gach clack (hrpicaly 5¥) ]
[ a7} Clulput This should ba puled up 1o 5% using a 10kL2 resstor.
(GMOS logc campalibkal Megatwn polanty. Tha and of scan signad i ohlained
gprchranizan ailh &2 righl atier the st philsdieds i
addrassad
Mo Mo conrectian. These should be qounded.
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Attachment XIII

Information by AD7680 datasheet

The CS signal initiates the data transfer and conversion process. The falling edge of CS puts the
track-and-hold into hold mode, takes the bus out of three-state, and samples the analog input. The
conversion is also initiated at this point and requires at least 20 SCLK cycles to complete. Once 17
SCLK falling edges have elapsed, the track-and-hold goes back into track mode on the next SCLK rising
edge. Figure M-1 shows a 24 SCLK transfer that allows a 100 kSPS throughput rate. On the 24th SCLK
falling edge, the SDATA line goes back into three-state. If the rising edge of CS occurs before 24 SCLKs
have elapsed, the conversion terminates and the SDATA line goes back into three-state; otherwise
SDATA returns to three-state on the 24th SCLK falling edge as shown in Figure M-2.

[
e LoonverT
—I--tg|-'|— ——] tg — )
SCLK L' __I 1 2 3 K 5
I
I
]
—- !--n—t3 _.'I |— Ty . I""—tm.llEi—""
sDATA — {0} ZERO_¥ ZERD ¥ ZERO k DB1s ¥ %, ¥ D81 Y _DB0 ¥ ZERD ) ZERO X ZERO ¥ _ZERO 44— 1
3STATE g - ' - 1 3STATE
4 LEADING ZEROS 4 TRAILING ZEROS

Figure M-1. AD7680 Serial Interface Timing Diagram - 24SCLK Transfer.

A minimum of 20 serial clock cycles are required to perform the conversion process and to access
data from the AD7680. CS going low provides the first leading zero to be read in by the
microcontroller or DSP. The remaining data is then clocked out by subsequent SCLK falling edges
beginning with the second leading zero; thus the first falling clock edge on the serial clock has the
first leading zero provided and also clocks out the second leading zero. If a 24 SCLK transfer is used as
in Figure M-2, the data transfer consists of four leading zeros followed by the 16 bits of data,
followed by four trailing zeros. The final bit (fourth trailing zero) in the data transfer is valid on the
24th falling edge, having been clocked out on the previous (23rd) falling edge.

If a 20 SCLK transfer is used as shown in Figure M-2, the data output stream consists of only four
leading zeros followed by 16 bits of data with the final bit valid on the 20th SCLK falling edge. A 20
SCLK transfer allows for a shorter cycle time and therefore a faster throughput rate is achieved.

-t —e
e (L)
- LeonvenT -
—- '[2 il — —- I'E -il—
SCLK | | A E 4 Iﬁl"jiﬂ] 19| |2 |
—-I —l--—t_hlrsr‘_ - |""— =t
-t 4 2 —=  tguer -
SDATA m’;‘( ZERO § ZERO X IERD-. DB15 ¥ 2 % D1 ¥ Dao @m—

o

4 LEADING ZEROS
Figure M-2. AD7680 Serial Interface Timing Diagram - 20 SCLK Transfer.
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