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Figure D.2 Picture of the glove box fashioned from the lab sink.

samples in pure dodecane before placing them in the vapor cell.

Regardless of our efforts, no strontium vapor was witnessed in the vapor cell. At our wits end,
we began contacting many of our colleagues in the field known to work with strontium. However,
in each case their lab simply purchased the Sr in argon ampoules. An in-depth literature search
eventually turned up work with strontium where a strontium rod was stored and prepared under
argon for use in vacuum. The researchers explicitly stated that no matter the precautions taken in
transferring strontium to a vacuum chamber under good argon, the strontium was reactive enough
to develop an oxide layer that had to be evaporated off in vacuum at 600° C or greater [100].

This was an issue for the current cell as the maximum rated temperature for copper gasket
sealed CF flanges is 450° C . To overcome this problem others have used designs that function as a
jet or thermal stream of atoms [128]. This type of cell has the downside of needing to be serviced
every time the source runs out. True vapor cell designs for these species have been designed where
metal, glass, and ceramic parts are joined together using a high temperature glass fritz [100]. These

designs can be frustrating to assemble and are fragile. We, ourselves, have previously presented a
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high temperature vapor cell for spectroscopy on the calcium intercombination line which was bulky

and required the use of fragile calcium fluoride windows and custom made copper gaskets [1].

D.S Third Sr Vapor Cell

In order to evaporate off the oxide layer we modified the existing stainless steel tee with the cup
described in Chapter 6. A new problem was now encountered: whether or not the viewports were
kept at room or bake-out temperatures when the cup was brought up above 600° C the evaporating
oxide would increase the cell pressure several decades, and it had a clear line of sight from the cup

to the windows. As such the viewports quickly coated with a fine dark powder.

D.5.1 The Lead Solution

Inspiration for protecting the windows was drawn from a strontium jet design found in [128]. In
this apparatus, strontium sealed in a stainless steel tube with an indium cap is placed in vacuum.
After the bulk of the chamber is evacuated and baked out, heat is applied to the ampoule to melt
the indium cap. The small amount of argon inside is pumped away and the ampoule can then be
heated to produce the strontium vapor desired. We imagined that we might employ a similar design
by placing indium foil covers in front of the windows while the the oxide layer was evaporated,
after which the viewports could be heated to melt the foil and uncover the windows.

Indium foil in large enough sheets was available for ~ $100 per viewport with a significant
lead time for packaging and shipping. However, lead was available on campus immediately. Lead
looked like a promising substitute given that its vapor pressure is significantly lower than stron-
tium’s, it has a low melting point, and nothing in the phase diagram of possible Pb-Sr compounds
indicated undesirable effects from the presence of lead at temperatures the cell would be exposed

to [129].
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Purified lead in short .25 in. rods was purchased from the chemical stock room on campus and
rolled into foil .1 mm thick. The foil was then cleaned with acetone and alcohol and inspected
for grit that may have been pressed into the foil during its production. The foil was placed in the
chamber roughly inset .25 in. from the viewport’s glass surface and a small opening near the edge
of the foil was made to make sure the foil would not be dislodged by during evacuation by pressure
trapped between it and the glass. The cup was then heated to evaporate the oxide layer until the
pressure in the cell returned to pre-heating levels. Each viewport was then heated one at a time
above the melting point of the lead with the cell tilted in the appropriate way for gravity to pull the

foil away from the glass as it melted.

D.6 Motivation for the End Cell Design

D.6.1 Temperature Gradients

To produce the desired strontium vapor at this point, the cell was heated from four points: the two
viewports, the valve, and the cup. The viewports were set at 380° C to be the hottest point in the
cell in order to drive strontium off the glass before it could chemisorb into the surface. The cup
and valve port were then heated to maintain the necessary vapor pressure produced by temperatures
closer to ~ 300° C. However, the strontium quickly condensed on the viewports.

Even though the cell was insulated well with layers of ceramic tape and aluminum foil, we
found that heat loss by convection through the surface of the viewport was enough to cause a
gradient of ~ 200° C radially from the edge of the viewport to the center of the glass when the
band heaters were brought to 380 °C. Gradients from the tee’s flanges to the cup were found to be
typically less than 100° C and depended on how well insulated the cell was. Clearly, the center
of the glass was the coldest point in the cell even though the band heaters maintained the hottest

temperature of the cell at the viewport’s edge.
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To reduce the temperature gradient across the face of the viewports aluminum blanks were
machined to match the outer diameter of the viewports and provide a small .25 in. hole in the
center for accessing the cell optically with a laser. The blank sat up against the flange bolts for
each viewport and was held in place by a mica band heater for the flange, which is wide enough to
enclose both the blank and the viewport. A .25 in. tube was then used to mark the position of the
holes in the blanks while the entire end was insulated to ensure that most the material facing the
glass would be near the outer flange temperature. After installing the aluminum blanks we found
temperature gradients to the center of the viewports to be less than 50° C when the band heaters
were at 380° C.

While this prevented strontium from visibly condensing on the glass, each viewport darkened
beyond use quickly when a decent strontium vapor was formed in the cell. Despite our efforts
to drive strontium off of the glass before it could react, the chemical bond with the glass was
strong enough to capture strontium from the constant vapor. In light of this we replaced the glass
viewports with sapphire ones. While strontium can also react with sapphire it does not chemisorb
into the sapphire at temperatures below 600° C where it can also be driven off if it manages to
condense there [100]. However, sapphire has a much lower transmittance at our wavelength than
the glass and its birefringent properties slightly scramble the polarizations used in our saturated

absorption setup.

D.6.2 Saturated Absorption Signal

With the sapphire viewports on the cell spectroscopy could finally be performed using the cell.
Analysis of the saturated absorption signal provided in this configuration was not positive. The
width of the Lamb dip was significantly broadened from the natural linewidth to ~ 190 MHz and
the depth was significantly less than expected. This was undesirable since the drift of the laser

frequency while locked can be directly related to the width of the Lamb dip. The optimal detuning
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of the cooling laser is I'/2 and as seen in Figure 2.1 the cooling force can turn off with a change
in the detuning on the order of I'/2. Since 190 MHz is ~ 6I"/2x, this Lamp dip was deemed too
broad to provide a tight enough lock for the laser. We initially suspected this signal was a result of
the presence of lead or perhaps the minute impurities introduced with it.

Before breaking down the cell to clean out the lead, we decided to run it as a true vapor cell. In
this configuration the lamb dip depth was still small but the width had narrowed to ~ 3" FWHM.
This was still a very different signal than was calculated. While there was no reason to believe that
the lead itself was the cause, it still contained trace amounts of impurities including zinc, cadmium,
antimony, and arsenic, a few of which have vapor pressures significantly larger than strontium.

Additionally, we noticed that as temperature gradients in the cell were changed and tested,
strontium could condense on and be driven off of the sapphire viewports, but a separate dark
gray coating would degrade the transmission and could not be driven off by temperature. This
contamination was frustrating, and prevented running the apparatus as a true vapor cell.

In an attempt to improve the laser lock and the absorption signal the cell was thoroughly
cleaned. Lead and other contaminants were removed with nitric acid, baked out, and then the
cell was reloaded with strontium. Surprisingly, this did not improve the broadening or size of the
Lamb dip or the presence of dark gray contamination that could be deposited on the sapphire. The
pressure broadening appeared to be related to the strontium itself. We speculate that the dendritic
structure of the strontium has absorbed some amount of mineral oil, like a sponge. No amount of
simple preparation will rid a sample of such microscopic veins of oil that might run through the
metal. Oil trapped in this manner would then be released along with sublimated strontium rather
than in a single bake-out, so that it is continually present in the cell.

In light of this, a second tee was added to the one with the cup for the final design presented
in Chapter 6. The tees are mounted together at their central ports and the viewports were placed

on the unmodified tee so that they do not have a direct line of sight to the strontium source. In this
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configuration the windows can be kept cold regardless of the cup temperature to run as a thermal

atom beam, or the entire cell can be heated to produce the required vapor density.



Appendix E

Vacuum Preparation

In order to achieve vacuum levels in the very high (~ 107® — 10~ Torr) and ultra-high (< 10~ Torr)
range in a reasonable amount of time it is often necessary to clean and bake-out a chamber prior

to use. At these vacuum pressures the main source of gas load in the chamber is usually water

desorption from the walls of the chamber. In vacuum chambers with pressures of < 10~!° Torr the

main gas load is typically hydrogen gas diffusing from the metal chamber walls.

Lower pressures become increasingly difficult to achieve in elastomer sealed systems as the
permeation of atmosphere through the seal becomes the main gas load. For this reason, in systems
with high vacuum requirements where elastomer seals must be used often a second low vacuum
environment is maintained around the seal to limit the permeation of gas through the gasket. How-
ever, because of the number of flanges and size of the interferometer chamber, providing a low
pressure environment on the outside of the flanges was not feasible.

The vacuum systems in this experiment required very high to ultra high vacuum environments
in spite of the use of Viton sealed flanges. For this reason, good preparation of the vacuum envi-

ronment was essential.
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E.1 Cleaning with Solvents

In preparing the components for vacuum they were first washed with several solvents to rid them
of dirt and oils as well as to chemically desorb as much water as possible. Most of the vacuum
parts used in the experiment were cleaned thoroughly in reagent grade acetone followed by either
reagent grade methanol and/or propanol.

While acetone is a stronger solvent than alcohol, the last rinse of a vacuum fitting should never
been done with even very pure grades. This is because acetone will leave its own residue on the
surface of vacuum parts.

Rinsing with alcohol after cleaning with acetone will remove the acetone’s residue. Both
methanol and propanol are also hydrophylic and lipophilic. The lipophilic property allows them to
bond with oils and residue left by the acetone. The hydrophilic property causes them to bond with
water molecules on the chamber surfaces and carry them away.

Almost all of the fittings and pieces that comprise our vacuum chambers were purchased from
a company that specializes in vacuum technology. Typically, these parts have already been pre-
cleaned and come sealed in plastic. Some pieces, such as the 8 ft. long 6 in. diameter pipe that
makes up the bulk of the interferometer chamber, were purchased from a local steel manufacturer
with no previous treatment. These parts were assembled and welded together in house. Prior to
cleaning these parts with acetone and alcohols, they were washed with Alconox, a strong basic
soap.

The turbo pumps were also cleaned in preparation for creating the best initial vacuum environ-
ment. According to the process specified by the manufacturer the pumps were cleaned first with
acetone, then methanol, and finally with propanol.

Before sealing each flange on the chamber, the viton gasket used was wiped down with propanol.
Only alcohols are suitable for elastomers because they are quickly attacked acids and many other

solvents.
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In the case of stainless steel parts that have been severely contaminated, or that have deposits
of another metal, nitric acid can be used. Only stainless steel and a few other specific alloys are
impervious to attack from nitric acid, and the acid should be used with care. Strong concentrations
of the acid react violently with metals and organics alike and the fumes are often poisonous. If

necessary, the use of nitric acid should only occur under a fume hood.

E.2 Baking Out Vacuum Parts

All of the fittings and pieces that were used on the vacuum systems were baked-out at least twice.
First, in a high temperature bake-out without elastomer seals and windows, and then again after

the chambers were completely assembled in a lower temperature bake-out.

E.2.1 Initial Bake-out Procedures

The majority of the parts and fittings on the experiment were initially baked out in a vacuum
environment without elastomer seals. A good rule of thumb for baking out vacuum parts is to
bakeout at ~ 250° C for a week, where each increase in temperature of 50° C can decrease the re-
quired bakeout time by a factor of ~ 10. Before assembling the vacuum apparatus, each individual
small form stainless steel, alumina, and copper part and fitting was baked out at a temperature of
~ 350 —450° C for ~ 24 hours.

While baking out vacuum chambers is typically done under vacuum, it can also be done in air
for stainless steel parts. Typically, the bakeout in air is only done as a time saving alternative for
ultra-high vacuum applications where temperatures of ~ 400° C in air produce a comparable result
to bakeout temperatures of ~ 950° C in vacuum [130]. Baking out in air also has the benefit of
creating a nitride layer on the surface of stainless steel that is less absorptive of water than the raw

material.
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Figure E.1 Picture of the setup for baking out the interferometer chamber in air. After
the chamber was wired with heat taped and wrapped in foil, crumpled aluminum foil was
used to fill the remaining space in the cavity, and long sheets of foil were laid across the
top. The chamber was baked at ~ 350° C for 4 days.

The only part to not initially baked out under vacuum was the interferometer chamber. In
order to to achieve the same bakeout temperatures as the smaller fittings, this part was necessarily
baked-out first outside of the lab with no elastomer seals or windows. An enclosure of solid cinder
bricks was made around the chamber which was wrapped in high-density heat tapes capable of
temperatures up to ~ 400° C. The enclosure was then filled with crumpled aluminum foil and
sheets of aluminum foil were laid across top. The chamber is shown being prepared for the bakeout
in Figure E.1. Dry nitrogen was flowed through the chamber during the bakeout to limit the
humidity of the environment. The chamber was baked out in this configuration at an average
temperature of ~ 350° C for 4 days.

All of the viton gaskets used were first baked out in vacuum at temperatures of 200 — 250° C
for 4 — 5 hours. The benefits of baking out Viton gaskets are well detailed in [131]. The gaskets
were baked out en-masse, uncompressed in a 6 in. CF nipple where un-reacted monomer and other

contaminants could be cold trapped and easily cleaned from the vacuum fittings after the bakeout.
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E.2.2 In Situ Bake-out

Once the individual parts of all the chambers had been baked out at high temperature, they were
assembled and baked out again in situ along with the ion pumps and gauges. At this point the MOT
chamber was completely assembled with all of the windows mounted. The viton sealed flanges
were brought up to 100 — 130° C, the ion pump was brought up to ~ 280° C (below the Curie
temperature for the magnet), and the rest of the chamber was heated to temperatures < 350° C.
The magnet on the ion pump could not be removed to reach higher temperatures because of how
the chamber was mounted. While the rule of thumb is not to bake Viton gaskets above 100° C,
these gaskets can be baked out to 150° C if they are not compressed by more than 20% [132].

The interferometer chamber was also assembled completely for a second bakeout with viton
sealed windows, the ion pump, RGA, titanium sublimation pump, and ion gauge installed. Band
heaters were used to bring all of the 2.75 in. flanges up to 100 — 130° C. Heat tapes were placed on
the main chamber body and were able to achieve temperatures of ~ 300° C despite significant heat
loss through the chamber’s support structure. The magnet was removed from the ion pump and
plate heaters were used to bring it to > 400° C, and the current was run through the sublimation
pump according to the manufacturer’s bakeout instructions.

As a final step the pneumatic gate valve on the MOT chamber was opened, connecting the
chambers through the differential pumping section described in section 7.3. The magnet was then
replaced on the large ion pump, and both chambers were baked out together.

During the bakeout, the voltage of the 2.75 in. band heaters was controlled by a bank of
standard light dimmer switches to adjust the temperature. The plate heaters and heat tapes were
plugged into high current variacs to control their temperature.

Figures E.2 and E.3 show pictures taken during the bakeout process.
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Figure E.2 Picture of the interferometer chamber wrapped and wired for heating.

Figure E.3 Picture showing the location of the plate heaters on the ion pump. The magnet
was remove from the pump in order reach temperatures above its Curie temperature.



Appendix F

PIC18F4550 Micro-controller

Programming

The PIC18F4550 controller used to manage the current, temperature, and lock of the laser systems
in this experiment has three types of memory: 2 kB of random access memory (RAM), 32 kB of
Flash memory, and 256 B of electrically-erasable-programmable-read-only-memory (EEPROM).
The chip’s central processing unit (CPU) reads a short program known as a bootloader upon start
up. The bootloader is stored in a protected section known as the boot block at the top of program
memory. Its main purpose is to setup the chip’s oscillator frequency and it contains code that
allows programming the remainder of the Flash memory via USB.

After the bootloader program configures the microcontroller the chip runs whichever program
is stored in the remainder of the Flash memory. The software can write to and read from the
EEPROM memory, which is used to store important values and settings. The information stored
in the EEPROM is preserved even when the chip is turned off or reset.

The software program was developed in MPLAB, a free programming environment from the

manufacturer Microchip Technologies. The chip and development software use Microchip’s ver-
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sion of the C programming language, and it is necessary to have the MPLAB linker file for this
particular chip (rm18f4550.1kr) in the directory when compiling the software. The main program
and the functions it calls are given in the remainder of this appendix. Each section of the appendix

represents a section of code with subsections for each .c and .h file for that piece of code.

F.1 Main

F.1.1 Main.c

/****************************************************************
*

* Durfee Lab Microcontroller Board Software
* Used to control Current, Temp, and PID board from one microchip
*

>k >k 3k 3k 5k 3k 3k 5k 5k >k >k >k >k 3k 3k 5k 5k 5k 5k 5k >k >k >k >k 3k 3k 3k 5k 5k 3k 5k >k >k >k 3k 3k 3k 3k 5k 5k 3k >k %k >k >k 5k 3k 3k 3k 5k 5k 5k >k %k %k >k %k %k >k %k >k >k >k k %

* FileName: main.c

* Dependencies: See INCLUDES section below

* Processor: PIC18F4550

* Compiler: C18 V3

* Lab: Durfee Group

* Software License Agreement

* Whoever uses this software assumes responsibility for all possible
* defects and consequences that may or may not arise from its intended
* or unintentional use including but not limited to:

* experimental failure including the destruction of expensive optical
*x components and/or the release of smoke from electronics,

* the wrath of Durfee, loss of job, loss of self-respect, onset of

* clinical depression, increased desire for violent or unproductive,
* activities, global warming, the advent of the heat death of the

* universe, and civil liability for the breach of the terms and

* conditions of this license.

*

THIS SOFTWARE IS PROVIDED IN AN AS IS CONDITION. NO WARRANTIES,
* WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, BUT NOT LIMITED
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* ¥ X% x

*

Author

*

Chris Erickson
Dallin Durfee

Chris Erickson
Chris Erickson
Chris Erickson

Dallin S. Durfee

Dallin S. Durfee

Chris Erickson

* K X X X K X X X ¥ X X * ¥

05/21/08
06/27/08
10/27/09
10/28/09
11/04/09

02/07/11

04/07/11

07/05/11

TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. THE LAB SHALL NOT,
IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

Comment

Original

Got analog read to work
Added PID controller
Organized funcs, added TOC
Autolatch funtion works,
fixed LCD temp screen bug
Added code for chu lock,
fixed warnings, messages,
cut out dead code, etc.
Specified whether int resist
shorts during scan, lock/in,
lock/out

modified 04/07/11 code to
short int resistor

****************************************************************/

/****************************************************************

TABLE OF CONTENTS

3k 3k 5k >k 5k 5k >k 3k 5k >k 3k 5k >k 3k 5k >k >k 5k >k >k >k 5k >k >k 5k >k 3k 5k >k 3k 5k >k >k 5k >k >k >k >k >k >k >k >k 3k >k >k >k >k >k %k >k >k >k >k >k >k >k >k >k >k >k *k %k >k %

INCLUDES

VARIABLES

DECLARATIONS

* K X X X ¥ X X *

INITIATE INTERRUPTS

LOAD PARAMETER FUNCTIONS

Load_Params_I, Load_Params_T, Load_Params_P,

Load_Params_main

* %

CHANGE PARAMETER FUNCTIONS

Change_Parameter_boolean, Change_Parameter,
Change_Params_I, Change_Params_T, Change_Params_P,
Change_Params_main
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* CHECK PARAMETER FUNCTIONS
Check_Params_I, Check_Params_T, Check_Params_main,
Check_all_params

* ¥

OTHER FUNCTIONS
Make_Default

MAIN()

* ¥ ¥ x

MODE FUNCTIONS
Mode_Cleanup, Mode_SAD, Mode_PID, Mode_Temp,
Mode_Current

* INITIALIZATION FUNCTIONS
InitializeProcessor

* ADC FUNCTIONS
Read_ADC, Run_ADC

* CHANGE VALUE RELATED FUNCTIONS
Multi_change, Update_val, Clear_char_buffers, RtoK

* SCREEN UPDATE FUNCTIONS
Clear_screen, PID_screen_update, Temp_screen_update,
Current_screen_update

* ¥

TOGGLE FUNCTIONS
Toggle, Toggle_lock
skok sk sk sk sk ok ok o o okok sk sk sk sk sk sk sk sk o ok ok ok sksksk sk sk sk sk ok ok ok sk sksksk sk sk ok sk ok ok ok sk sk sk sk sk sk sk sk ko ok sk sk sk ok /

/%% T N C L U D E S skkkskskskskokokokskokkskokokokok sk sk ok ok ok sk sk ok ok ok sk sk ok ok ok sk ko k ok ok /

#include "common.h"
#include "LCD.h"
#include "DAC.h"
#include "EERW.h"
#include <adc.h>
#include "main.h"
#include <math.h>

/¥ V AR I A B L E S skkkskskskokokokokokokskskokokoksksk sk okok ok ok k3 ok ok ok kK H ok ok ok ok k k% ok /
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//See "common.h"

k% GLobals skokskskokskskoskokskskok ok sk sk ok sk s ok ok sk 3 ok ok s 3k ok ok 3 ok ok sk ook ok s sk ok sk ok ok ok ok sk kok ko /

int currentfunct = O;

/// the mode that we are in (current, temp, pid, sad)

#define IRES_F (double)ires_val*MIN_RES_STEP

#define MIN_CURRENT_STEP
((double)RS_MAX_VOLTS*MILLI)/((double)UINT_MAX)/((double)IRES_F)

#define ICALIB_F  ((double)icalib_val*MIN_CALIB_STEP)
#define TCALIB_F  ((double)tcalib_val*MIN_CALIB_STEP)
#define REF_VOLT_F (double)ref_volt*(double)MIN_REFVOLT_STEP

int encoder_turns = 0; // Stores number of dial turns on encoder
// since the last time the software got around to processing
//them

int i, check_e = 0, units = 1, m_space = 13, tog = 0, avg = 0;

double adc_val 0;

unsigned char check_r = 0, check_s = 0;

char charbuf [40], buf[40]; //Buffers for writing to LCD
unsigned int check_d = 0, multiplier = 1000;

// Determine which functions to run
char functionI, functionT, functionP;

// Digital Board Reference Voltage
unsigned int ref_volt = 50000;

// Parameters for current driver

unsigned int ires_val = 5000, imax_val = UINT_MAX,
idac_val = 0, icalib_val = 10000, ipossup_val = 1,
ichulockStepSize=10, ichulockNumAvg=10;

char ichulock = 0, ichulockdir=1;

unsigned long ichulockavg=0, ichulocklast=0;
unsigned int ichulockN=0;

// Parameters for temperature controller
unsigned int tcalib_val = 10000, tdac_val = 40355,
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tthermistor_val = 10000, tscale_val = 0, tratiomin_val=26894,
tratiomax_val=42180, tdisp_val=0;

//Parameters for PID

unsigned int pdac_val, p_int = 1, p_mode = O;

char lock_flag = 0, auto_flag = 0;

/¥ DECLARAT I O N S skskokkskokskokokskokskokskskokskokskskokskokskokk sk ok kokkkkkokk /

#pragma code

/****************************************************************

* Function: void main(void)
*

* PreCondition: None

*

* Input: None

*

* Qutput: None

*

* Side Effects: None

*

* Overview: Main program entry point.
*

* Note: None

3K 3K 3K oK oK oK oK oK o K KK oK oK oK oK ok oK o o K KK oK oK oK ok ok ok ok o K K K K KoK ok ok oK ok o o K K koK ok ok ok ok ok ok kK kK ok ok /
/¥ ITNITIATE PORTS /P INS skkkkkokkkkokkkkkkkskkkkkkk

**x TRIS registers determine whether a pin is an input or output,
** while LAT registers allow one to write a value to an output
** pin. A TRIS bit will set a pin to output if cleared and input
**% 1f high. A LAT bit will clear a pin set to 0 and raise a pin
*x if high.

*ok

x* TRISC &= 0xF8 = 1111 1000 means that CO, C1, and C2 (pin 17)
** will be outputs and the rest of C will be inputs.

*ok

** LATC &= OxF8 sets the output value of CO, Cl and C2 to be O.
*ok

**x TRISD &= 0x78 sets DO, D1, D2, D7 to be outputs and the rest
** to be inputs.
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*%
** LATD &= 0x78 sets the output value of D0,1,2,7 to be O.

** D4,5,6 are the pins that control the DAC.

**% DO,1 are LED's.

*%

** TRISA &= OxCF sets A4,5 to be outputs, the rest are

** inputs.

*%

** LATA &= OxCF sets A outputs to O.

*%

** TRISE &= OxF8 sets EO0,1,2 to outputs.

*%

** LATE &= OxF8 makes E output values O.

*%

**x TRISB &= 0x10 sets B0,1,2,3,5,6,7 to be outputs.

*%

*x LATB &= 0x10 sets value of B0,1,2,3,5,6,7 to O.

*%

*x ALL Pins NOT SPECIFICALLY MENTIONED are now INPUTS.

ok ok sk 3 ok ok K ok ok ok K ok ok K 3 ok ok K ok ok sk ok ok K 3k ok ok K ok ok K ok ok 3k ok sk K ok ok K ok ok sk K ok kK ok ok ok ok Rk ok /

#define PORTINIT() LATC &= O0xF8; TRISC &= 0xF8; LATD &= 0x78;
TRISD &= 0x78; LATA &= OxCF; TRISA &= O0xCF; LATE &= OxF8;
TRISE &= 0xF8; LATB &= 0x10; TRISB &= 0x10;

/33K sk ok sk sk sk ok sk sk ok ok sk 3 ok sk ok ok sk ok ok K 3 ok sk ok ok sk 3 ok sk K 3 ok sk ok ok K 3 ok ok sk 3k ok sk ok ok 3 ok ok kK ok ks k /
/*x INITIATE I NTER RTRBRTUP T S skskkskokskokskokskokkskkskokskokkk/

#define INTERRUPT_FLAG_CLEARQ);
INTCONbits.TMROIF=0; // Clear timer overflow flag bit
// (gets cleared at end of interrupt)

/¥ VECTOR REDMAPP I N G skkkkskskokokskokskkskskokokskkkskokokkkkkkokk/

void timer_isr (void); // Declaration of timer interrupt function

extern void _startup (void); // See c018i.c in C18 compiler dir

#pragma code _RESET_INTERRUPT_VECTOR = 0x000800

//Redirects the reset interrupt address to be after

//the bootloader.

void _reset (void) //Directs processor to the code we want to run
//when the interrupt occurs.

{
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_asm goto _startup _endasm

}

#pragma code _HIGH_INTERRUPT_VECTOR = 0x000808

void _high ISR (void) //Interrupt code that runs when encoder
//dial is turned

{

_asm

goto timer_isr

_endasm

b

#pragma code _LOW_INTERRUPT_VECTOR = 0x000818
//Low priority interrupt not used.

void _low_ISR (void)

{

}

#pragma code

//Go back to normal compiling.

//Pragmas are assembly intsructions that
//the compiler takes into account first.

#pragma interrupt timer_isr

void timer_isr (void)

//Function that gets run when timer interrupt occurs.

{

//This particular encoder puts out 2 pulses delayed by 90
//deg. to go through a full gray code cycle with each click
//(detent). If the timer interrupt occurs we check to see if
//there is a pulse, wait until that pulse ends, and then
//check to see if the second pulse is still occuring or not.
//Depending on the last condition we increment or decrement
//"encoder_turns", then reset the timer flag bit so the
//interrupt can occur again. "encoder_turns" gets reset
//in the main code after it's change is processed.

if (ENCODE2 == 1u)

{

while (ENCODE2 == 1uw){;}
if (ENCODE1 == 1u)
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encoder_turns ++;

else

encoder_turns --;

} INTERRUPT_FLAG_CLEARQ) ;
}

/3K 3k ok sk ok sk ok sk ok ok ok ok ok ok ok K ok ok 3 ok K ok ok 3 ok K ok ok 3 ok K ok ok 3 ok K ok ok 3k ok K ok ok sk ok K ok K ok ok ok K ok ok ok ok ok

LOAD PARAMETER FUNCTIONS
stk ok ok sk sk ok ok ok ok ok sk ok sk sk ok sk sk sk ok sk ok sk ok sk sk skk ok sk sk sk sk sk ko sk sk sk sk sk ok sk sk sk sk ok sk sk ok ko ook sk sk skokok sk ok /

void Load_Params_I(void)

{
/////////////////// Current Driver Params ///////////////////////

ires_val = EE_readUSInt (EEADDR_IR);

//Load stored integer representation of resistor value
idac_val = EE_readUSInt(EEADDR_IINIT);

//Load saved current setpoint

imax_val = EE_readUSInt (EEADDR_IMAX) ;

//Load value of saved current maximum
if(idac_val > imax_val)

{

idac_val = imax_val;

+

icalib_val = EE_readUSInt(EEADDR_ICALIB);
ipossup_val = EE_readUSInt (EEADDR_IPOSSUP) ;
ichulockStepSize = EE_readUSInt (EEADDR_ICHUSTEP) ;
ichulockNumAvg = EE_readUSInt (EEADDR_ICHUNAVG) ;

+

void Load_Params_T()

{
///////////////// Temperature Controller Params /////////////////

tscale_val = EE_readUSInt (EEADDR_TSCALE) ;
tdisp_val = EE_readUSInt (EEADDR_TDISP);
tthermistor_val = EE_readUSInt (EEADDR_TR) ;
tratiomin_val = EE_readUSInt (EEADDR_TRATIOMIN) ;
tratiomax_val = EE_readUSInt (EEADDR_TRATIOMAX) ;
tdac_val = EE_readUSInt (EEADDR_TINIT);
tcalib_val = EE_readUSInt (EEADDR_TCALIB);

}
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void Load_Params_P()

{

//1//1//7//////////// PID Controller Params /////////////////////
pdac_val = EE_readUSInt(EEADDR_PINIT);

}

void Load_Params_main()

{

///////////////////// Determine which functions to run
functionl = EE_readUSInt (EEADDR_FUNCTIONI);

functionT EE_readUSInt (EEADDR_FUNCTIONT) ;

functionP = EE_readUSInt (EEADDR_FUNCTIONPID) ;

ref_volt = EE_readUSInt (EEADDR_REFVOLT) ;

}

/****************************************************************

CHANGE PARAMETER FUNCTIONS
stk ok ok ok sk ok ok ok ok ok sk ok sk ok ok sk sk sk ok ko kosk sk sk skok ok sk sk sk sk sk ok sk sk sk ok ko k sk sk sk sk ok sk sk sk okt ok sk sk sk okokok ok ok /

unsigned int Change_Parameter_boolean(const rom char* sTheString,
int EEProm_Addr, unsigned int oldval, const rom char* strYes,
const rom char* strNo)

{

LCDClear();

LCDWriteConstString("*",1,1);
LCDWriteConstString(sTheString,1,2);

tog = oldval;

if (oldval)

LCDWriteConstString(strYes,2,1);

else

LCDWriteConstString(strNo,2,1);

while (FUNCTIONSW != Ou)

{

Toggle(strYes, strNo);

//Read encoder and toggle between "yes" and "no" for the answer
}

while (FUNCTIONSW == Ou); // Wait for button to be released
EE_writeUSInt (EEProm_Addr, (unsigned int)tog);

return(tog) ;

b
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unsigned int Change_Parameter(const rom char* sTheString, int
EEProm_Addr,unsigned int oldval, unsigned int minint, unsigned
int maxint, float scalefactor)

{

unsigned int check, val;

LCDClear();

LCDWriteConstString ("*",1,1);
LCDWriteConstString(sTheString,1,2);
LCDWriteConstString("",2,m_space);

val = oldval;
check = val+i;

while (FUNCTIONSW != Ou)

{

if (encoder_turns != 0)

//Check to see if the encoder has been turned

{

val = Update_val(val, (long)minint, (long)maxint) ;
}

if (MULTISW == Ou)

{

Multi_change(Q);

//times when the multi button is hit on the front panel. The loop
//runs faster than the typical time it takes to press the button.
LCDWriteConstString("",2,m_space);

}

while (MULTISW == Ou);
if (check != val)
{
check = val;
FastftoStr((double)val*(double)scalefactor,charbuf,4,
4);
LCDWriteVarString(charbuf,2,1);
sprintf (buf, (const rom far char *)"%5u", val);
LCDWriteVarString(buf,2,12);
LCDWriteConstString("",2,m_space);

+
}
while (FUNCTIONSW == Ou);
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EE_writeUSInt (EEProm_Addr, val);
return(val);

}

void Change_Params_I(void)

{

ires_val = Change_Parameter(" Rs Value (Ohm)", EEADDR_IR,
ires_val, (UINT_MIN+1), UINT_MAX, MIN_RES_STEP);

imax_val = Change_Parameter (" Max I (mA)", EEADDR_IMAX,
imax_val, UINT_MIN, UINT_MAX, MIN_CURRENT_STEP);
Change_Parameter (" I Init (mA)", EEADDR_IINIT,

EE_readUSInt (EEADDR_IINIT), UINT_MIN, imax_val,
MIN_CURRENT_STEP) ;

icalib_val = Change_Parameter (" I Cal",
EEADDR_ICALIB, icalib_val, UINT_MIN, UINT_MAX,
MIN_CALIB_STEP);

ipossup_val = Change_Parameter_boolean(" Type of Supply",
EEADDR_IPOSSUP, ipossup_val, " Positive",

" Negative");

ichulockStepSize = Change_Parameter("Chu Lck Step Sz",
EEADDR_ICHUSTEP, ichulockStepSize, UINT_MIN, UINT_MAX,
MIN_CURRENT_STEP) ;

ichulockNumAvg = Change_Parameter("  Chu Num Avgs",
EEADDR_ICHUNAVG, ichulockNumAvg, UINT_MIN, 9999, 1);

EE_writeUSInt (EEADDR_NOTSET_I,EE_SETFLAG) ;

+

void Change_Params_T(void)

{

tscale_val = Change_Parameter_boolean(" Temp Scale",
EEADDR_TSCALE, tscale_val, " Kelvin", " Celsius");
tdisp_val = Change_Parameter_boolean(" Display Units",
EEADDR_TDISP, tdisp_val, " Temperature",

" Resistance");

tthermistor_val = Change_Parameter ("Thermistr(kOhm)",
EEADDR_TR, tthermistor_val, (UINT_MIN+1), UINT_MAX,
MIN_THERMISTOR_STEP) ;

tratiomin_val = Change_Parameter (" Min DAC Ratio",
EEADDR_TRATIOMIN, tratiomin_val, (UINT_MIN+1), UINT_MAX,
1.0/ (double)UINT_MAX) ;

tratiomax_val = Change_Parameter(" Max DAC Ratio",
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EEADDR_TRATIOMAX, tratiomax_val, (UINT_MIN+1), UINT_MAX,
1.0/ (double)UINT_MAX);

tcalib_val = Change_Parameter (" Meas Cal",
EEADDR_TCALIB, tcalib_val, UINT_MIN, UINT_MAX,
MIN_CALIB_STEP);

EE_writeUSInt (EEADDR_NOTSET_T,EE_SETFLAG) ;

}

void Change_Params_P(void)

{

//unsigned int old_int;

//0ld_int = p_int;

//p_int = Change_Parameter_boolean("Intg. Fbk.
// Loop" ,EEADDR_PINT ,p_int,"Open","Closed");
//if (p_int != old_int)

// Toggle_lock(PID_INT);

Run_Autolatch();
EE_writeUSInt (EEADDR_NOTSET_T,EE_SETFLAG) ;
}

void Change_Params_main()

{

functionI = Change_Parameter_boolean(" Current Driver",
EEADDR_FUNCTIONI, functionI, "Enabled", "Disabled");
functionT = Change_Parameter_boolean("Temp Controller",
EEADDR_FUNCTIONT, functionT, "Enabled", "Disabled");
functionP = Change_Parameter_boolean(" PID Controller",
EEADDR_FUNCTIONPID, functionP, "Enabled", "Disabled");
ref_volt = Change_Parameter("Ref Voltage (V)",
EEADDR_REFVOLT, ref_volt, (UINT_MIN+1), UINT_MAX,
MIN_REFVOLT_STEP) ;

EE_writeUSInt (EEADDR_NOTSET_MAIN,EE_SETFLAG) ;

+

/KoK sk ok ok sk ok ok sk ok ok sk ok ok sk ok ok K 3 ok ok K ok ok K ok ok K ok ok ok K ok ok sk ok ok K ok ok K ok ok sk ok ok K ok ok ok ok ok ok K

CHECK PARAMETER FUNCTIONS

****************************************************************/

void Check_Params_I()
{

unsigned int val;
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val = EE_readUSInt (EEADDR_NOTSET_I);
if(val !'= EE_SETFLAG)

{

Display_Msg("I Funct not set ");
Change_Params_I();

}

}

void Check_Params_T()

{

unsigned int val;

val = EE_readUSInt (EEADDR_NOTSET_T);
if (val !'= EE_SETFLAG)

{

Display_Msg("T Funct not set ");
Change_Params_TQ);

}

}

void Check_Params_main()

{

unsigned int val;

val = EE_readUSInt (EEADDR_NOTSET_MAIN) ;
if (val !'= EE_SETFLAG)

{

Display_Msg("No funct enabled");
Change_Params_main() ;

}

}

void Check_all_params()
{

if (functionI)

{
Check_Params_I();
Load_Params_I();
}

if (functionT)

{
Check_Params_T();
Load_Params_T() ;
}
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if (functionP)
{

Load_Params_P();
}
}

/3K 3k ok sk ok sk ok sk ok ok ok ok ok ok ok K ok ok 3 ok K ok ok 3 ok K ok ok 3 ok K ok ok 3 ok K ok ok 3k ok K ok ok sk ok K ok K ok ok ok K ok ok ok ok ok

OTHER FUNCTIONS
sfoksk ot ok sk ok skook ok ok ok sk ok ok sk ok skok sk sk k sk ok ok skokokok sk sk ok sk ok ok skokoksk skokok sk ok ok skokoksk sk okok sk ok skok kokok /

char Make_Default(unsigned int addr)

{

LCDClear();

LCDWriteConstString("*  Set Default?",1,1);
tog = 0;

LCDWriteConstString (" No",2,1);

while (FUNCTIONSW != Ou)

{

Toggle(" Yes"," No");

//Read encoder and toggle between "yes" and "no" for the answer
}

while (FUNCTIONSW == Ou);

// Wait for button to be released

if (tog)

{

switch(addr)

{

case EEADDR_IINIT : EE_writeUSInt (EEADDR_IINIT,
idac_val); break;

case EEADDR_TINIT : EE_writeUSInt (EEADDR_TINIT,
tdac_val); break;

case EEADDR_PINIT : EE_writeUSInt (EEADDR_PINIT,
pdac_val); break;

}

return(1l);

b

return(0) ;

}

/] 3Kk sk ok sk ok sk ok sk ok sk sk sk sk ok K ok ok 3 ok sk sk sk sk ok 3 ok ok 3 ok sk sk sk sk ok K ok ok 3 ok sk sk sk sk ok K ok ok ok sk ok ok sk ok sk ok sk ok /
/*x MAIN
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****************************************************************/

void Write_Default_Vals(void)

{

if (functionI)
DAC_write(idac_val,DAC_IDEV,ipossup_val);

//Write current to the DAC on the current controller
if (functionT)

DAC_write(tdac_val,DAC_TDEV,1);

//Write value to the DAC

if (functionP)

DAC_write(pdac_val,DAC_PDEV,1);

p_mode = 0; PID_MODESW = O; p_int = 0; PID_INTSW=1;
}

void main(void)

{

unsigned char check_max;

//Used to check for a saved current setpoint
int tempint;

InitializeProcessor();

DAC_Init();

LCDinit () ;

// Clears LCD memory

Clear_char_buffers();

LCDWriteBinary (LCD_CURS_QON) ;
Check_Params_main() ;

Load_Params_main() ;

Check_all_params();

Write_Default_Vals();
LCDWriteConstString("-BYU Durfee Lab-",1,1);
LCDWriteConstString("uCont 2011_07_05",2,1);
// write them again every 100ms for a second in case DACs
//are slow powering up

for(tempint=0; tempint<10; tempint++)

{

DELAY_100ms () ;

Write_Default_Vals();

+

while(1)
{
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if (MULTISW == Ou)

{

Display_Msg("Changing Functs ");
Change_Params_main() ;

Check_all_params() ;

}

else

{

while (MODESW == Ou);

switch(currentfunct)

{

case MODE_I: if(functionI) Mode_Current(); break;
case MODE_T: if (functionT) Mode_Temp(); break;
case MODE_PID: if(functionP) Mode_PID(); break;
default: Mode_SAD(Q);

+

currentfunct++;

if (currentfunct > 3)

currentfunct = O;

}

}

}

/****************************************************************

MODE FUNCTIONS
stk ok ok sk sk sk sk ok ok sk ok sk sk ok sk sk sk sk ok ok sk sk sk sk ok sk sk sk sk ok ok sk sk sk sk ok sk sk sk sk sk ok sk sk sk sk sk okok sk sk sk sk kok ok /

void Mode_Cleanup(void)
{

avg = 0;

adc_val = 0;
encoder_turns = O;

}

void Mode_SAD(void)

// Situational Awareness Mode - displays all current values for
//all devices controlled

{

double current;
int sadloc;

Delay10TCYx(5) ;
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clear_screen();

sadloc = 12;
while (MODESW != Ou)
{

LCDWriteConstString("",1,sadloc);
//Move Cursor

sadloc = sadloc + 1;

if (sadloc > 16)

{

sadloc = 12;

}

LCDWriteConstString("SAD",1,13);
LCDWriteConstString("",1,sadloc);
//Move Cursor

DoChuLock() ;

if (functionI)
{
OpenADC (ADC_F0SC_32 & ADC_RIGHT_JUST & ADC_20_TAD,
ANALOG_CURRENT & ADC_INT_OFF & ADC_VREFPLUS_VDD
& ADC_VREFMINUS_VSS, 11);

while (Run_ADC (ANALOG_CURRENT, ICALIB_Fx
REF_VOLT_F*((double) I_RES_RATIO) *
((double)MILLI)/ (((double)AD_MAX) *
IRES_F),0,"mA ",1)<1)
{
if (MODESW == Ou)
break;

b

if (ichulock)

{

if (ichulockdir > 0)
LCDWriteConstString(">",1,11);
else
LCDWriteConstString("<",1,11);
+

else
LCDWriteConstString("-",1,11);
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}

else

{

LCDWriteConstString("I disabled",1,1);
}

LCDWriteConstString("",1,sadloc);
//Move Cursor

if (functionT)

{

OpenADC (ADC_FOSC_32 & ADC_RIGHT_JUST & ADC_20_TAD,

ANALOG_TEMP & ADC_INT_OFF & ADC_VREFPLUS_VDD

& ADC_VREFMINUS_VSS, 11);

if (tscale_val == Ou)

while (Run_ADC(ANALOG_TEMP,TCALIB_Fx*(REF_VOLT_F/

(double)AD_MAX)*AD590VTOK,-273.15,"C ",2)<1)

//Update AD converter readout to main LCD screen

{

if (MODESW == Ou)

break;

+

else

while (Run_ADC(ANALOG_TEMP,TCALIB_F*(REF_VOLT_F/

(double)AD_MAX)*AD590VTOK, 0, "K ",2)<1)

//Update AD converter readout to main LCD screen
{

if (MODESW == Ou)

break;

b

+

else

{

LCDWriteConstString("T disabled",2,1);

b

LCDWriteConstString("",1,sadloc);

//Move Cursor

if (functionP)

{

OpenADC(ADC_FOSC_32 & ADC_RIGHT_JUST & ADC_20_TAD,
ANALOG_PID & ADC_INT_OFF & ADC_VREFPLUS_VDD &
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ADC_VREFMINUS_VSS, 11);

if (!p_mode)
LCDWriteConstString("~SCN™",2,12);
else

{

if(p_int == Ou)
LCDWriteConstString ("LOCK ",2,12);
else

LCDWriteConstString ("LOCK+",2,12);
}

}

else

{

LCDWriteConstString ("NOPID",2,12);
}

LCDWriteConstString("",1,sadloc);
//Move Cursor

}

}

void Mode_PID(void)
{

clear_screen();
Delay10TCYx(5) ;
Mode_Cleanup() ;
check_d = pdac_val;
PID_screen_update();

while (MODESW !'= Ou)

{

OpenADC(ADC_FOSC_32 & ADC_RIGHT_JUST & ADC_20_TAD,
ANALOG_PID & ADC_INT_OFF & ADC_VREFPLUS_VDD &
ADC_VREFMINUS_VSS, 11);

if (auto_flag)

Autolatch();

if (encoder_turns != 0)

//Check to see if the encoder has been turned

pdac_val = Update_val(pdac_val, (long)UINT_MIN,

(long) UINT_MAX) ;

//Update pdac_val with the appropriate change from the encoder
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if (check_d != pdac_val)

//Check for change in "pdac_val"
{

check_d = pdac_val;

//Reset "check_d" to look for future change in
//"pdac_val"
DAC_write(pdac_val,DAC_PDEV,1);
//Write value to the DAC
PID_screen_update();

//Update the main LCD screen

}

Check_err_sig();

if (MULTISW == Ou)

{ Multi_change();

// runs faster than the typical time it takes to press the
//button.

while (MULTISW == Ou)

if (MODESW == Ou)

break;

}

DoChuLock() ;
LCDWriteConstString("",1,m_space);

if (EXTSW == Ou)

{

while (EXTSW == Ou){}
Toggle_lock(PID_MODE) ;
PID_screen_update();

}

if (FUNCTIONSW == Ou)

{

while (FUNCTIONSW == Ouw){}

//wait until button is released before doing anything

if (!Make_Default (EEADDR_PINIT))
Change_Params_P() ;
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PID_screen_update();
//Update the main LCD screen
while (FUNCTIONSW == Ou);

}

}

}

void Mode_Temp(void)
{

clear_screen();
Delay10TCYx(5);
Mode_Cleanup() ;
check_d = tdac_val;
Temp_screen_update();

while (MODESW != Ou)

{

if (encoder_turns != 0)

//Check to see if the encoder has been turned

tdac_val = Update_val(tdac_val, (long)UINT_MIN,

(long) UINT_MAX) ;

//Update idac_val with the appropriate change from the encoder

if (check_d !'= tdac_val)

//Check for change in "idac_val"

{

check_d = tdac_val;

//Reset "check_d" to look for future change in "idac_val"
DAC_write(tdac_val,DAC_TDEV,1);

//Write value to the DAC

Temp_screen_update() ;

//Update the main LCD screen

}

OpenADC(ADC_FOSC_32 & ADC_RIGHT_JUST & ADC_20_TAD,
ANALOG_TEMP & ADC_INT_OFF & ADC_VREFPLUS_VDD &
ADC_VREFMINUS_VSS, 11);

if (tscale_val == Ou)

Run_ADC (ANALOG_TEMP, TCALIB_F* (REF_VOLT_F/(double)
AD_MAX) *AD590VTOK,-273.15,"C ",2);

//Update AD converter readout to main LCD screen
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else

Run_ADC (ANALOG_TEMP, TCALIB_F* (REF_VOLT_F/(double)
AD_MAX) *AD590OVTOK,0,"K ",2);

//Update AD converter readout to main LCD screen

if (MULTISW == Ou)
{
Multi_change(Q);
// runs faster than the typical time it takes to press the
//button.
while (MULTISW == Ou)
if (MODESW == Ou)
break;
}
DoChuLock() ;
LCDWriteConstString("",1,m_space);

if (FUNCTIONSW == Ou)

{

//Hitting the function button enters the first menu item, which
//asks if the user wants to change the temperature scale.
while (FUNCTIONSW == Ou){}

//wait until button is released before doing anything

if (!Make_Default (EEADDR_TINIT))

Change_Params_T() ;

Temp_screen_update(); //Update the main LCD screen

while (FUNCTIONSW == Ou);

}

+

b

void Mode_Current (void)
{

clear_screen();
Delay10TCYx(5);
Mode_Cleanup() ;

check_d = idac_val;
Current_screen_update() ;

while (MODESW != Ou)
{

if (encoder_turns !'= 0)
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//Check to see if the encoder has been turned

{

idac_val = Update_val(idac_val, (long)UINT_MIN,

(long) imax_val);

//Update idac_val with the appropriate change from the encoder
}

if ((check_d '= idac_val)&&('ichulock))

//Check for change in "idac_val"

{

check_d = idac_val;

//Reset "check_d" to look for future change in
//"idac_val"

DAC_write(idac_val,DAC_IDEV,ipossup_val);

//Write value to the DAC

Current_screen_update();

//Update the main LCD screen

}

OpenADC(ADC_F0SC_32 & ADC_RIGHT_JUST & ADC_20_TAD,
ANALOG_CURRENT & ADC_INT_OFF & ADC_VREFPLUS_VDD &
ADC_VREFMINUS_VSS, 11);

Run_ADC (ANALOG_CURRENT, ICALIB_F*REF_VOLT_F*((double)I_RES
_RATI0)*((double)MILLI)/(((double)AD_MAX)*IRES_F), O,
"mA ",2);

//Run_ADC (ANALOG_CURRENT, 10000.0*ICALIB_F*(REF_VOLT_F/
// double)AD_MAX)*((double)I_RES_RATIO)*((double)

// MILLI/IRES_F),0);

//Update AD converter readout to main LCD screen
//Run_ADC (ANALOG_CURRENT, TCALIB_F* (REF_VOLT_F/ (double)
// AD_MAX)*AD590VTOK,0) ;

//Run_ADC (ANALOG_CURRENT, (double) (REF_VOLT_F/ (double)
// AD_MAX)*(double) I_RES_RATIO*((double)

// MILLI/IRES_F)*(icalib_val*(double)MIN_CALIB_STEP),
// 0);

//Update AD converter readout to main LCD screen

if (MULTISW == Ou)
{
Multi_change();
// runs faster than the typical time it takes to press the
//button.
while (MULTISW == Ou)
if (MODESW == Ou)



E1 Main 219

break;

}
LCDWriteConstString("",1,m_space);
if (EXTSW == Ou)

// engage / disengage chu lock
{

//this is where the code got that one time we had problems with
//bad connections on the board

while (EXTSW == Ou){}

Toggle_lock(I_CHU);

ichulockavg = 0;

ichulocklast = 0;

ichulockN = 0;

Current_screen_update() ;

b

DoChuLock() ;

if (FUNCTIONSW == Ou)

{

//Hitting the function button enters the first menu item, which
//asks if the user wants to change the resistor value.
while (FUNCTIONSW == Ou){}

//wait until button is released before doing anything
if (!Make_Default (EEADDR_IINIT))

Change_Params_I();

Current_screen_update();

//Update the main LCD screen

while (FUNCTIONSW == Ou);

+

b

+

[I17777777777777777777717777777777777777777
////////////// Chu Lock ////////////1/////
[1177777777777777777777777777777777777777

void DoChuLock(void)

{

long ichulockchange = 0;

if (ichulock)

{

OpenADC(ADC_FOSC_32 & ADC_RIGHT_JUST & ADC_20_TAD,
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ANALOG_CHU & ADC_INT_OFF & ADC_VREFPLUS_VDD &
ADC_VREFMINUS_VSS, 11);

ichulockavg += Read_ADC(ANALOG_CHU) ;
ichulockN++;

if (ichulockN >= ichulockNumAvg)

{

if (ichulockavg > ichulocklast)

{

ichulockdir=ichulockdir*(-1);

}

ichulockchange = (long)ichulockdir*
(long)ichulockStepSize;

if ((long) idac_val+(long) ichulockchange >
(long) imax_val)

idac_val = imax_val;
else if((long)idac_val+(long)ichulockchange
< (long)UINT_MIN)

idac_val = UINT_MIN;

else

idac_val += ichulockchange;
DAC_write(idac_val,DAC_IDEV,ipossup_val);
//Write value to the DAC

if (currentfunct == MODE_I)
Current_screen_update();
//Update the main LCD screen
ichulockN=0;

ichulocklast = ichulockavg;
ichulockavg = 0;

}

}

}

/***************************************************************/

/** INITIALIZATION FUNCTIONS
stk ok ok sk sk sk sk ook ok sk ok sk sk ook sk sk ok sk ok ok sk sk sk sk sk ok sk sk sk sk ok ok sk sk sk sk ok ok sk sk sk sk ok sk sk sk sk ook sk sk sk sk ok ok /

void InitializeProcessor(void)

{

INTCON = 0x20;

//Disable Global and enable TMRO interrupts
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INTCON2 = 0x84;

TMROH = 0;
//Clear timer high bit
TMROL = O;

//TMRO high priority
RCONbits.IPEN=1;
//Enables priority levels on interrupts

//Clear timer low bit
TOCON = 0xC8;

//set up timerO - bypass prescaler. 256 instructions or 10.67 us.
INTCONbits.GIEH=1;
//Enables high priority interrupts

PORTINIT();

//
//

//
//

//
//

//
//
/%

Initializes all ports
Set up ADC ports.

// OpenADC(ADC_FOSC_32 & ADC_RIGHT_JUST & ADC_20_TAD,
ADC_CH3 & ADC_INT_OFF & ADC_VREFPLUS_VDD &
ADC_VREFMINUS_VSS, 11);

// OpenADC(ADC_F0SC_32 & ADC_RIGHT_JUST & ADC_20_TAD,
ADC_CH2 & ADC_INT_OFF & ADC_VREFPLUS_VDD &
ADC_VREFMINUS_VSS, 11);

// OpenADC(ADC_FOSC_32 & ADC_RIGHT_JUST & ADC_20_TAD,
ADC_CH3 & ADC_INT_OFF & ADC_VREFPLUS_VDD &
ADC_VREFMINUS_VSS, 11);

The 11 indicates that ports A0-A3 will be used as analog
inputs. The chart below shows what value to use
depending on how many analog ports you want to use.

For

example, if you want to use ports AO-A5, you would use

the value 9, if you want to use all of the ports as

analog input, you would use O, and if you wanted to use

no ports as
argument to

0=0000
1=0001
2=0010
3=0011
4=0100
5=0101
6=0110
7=0111
8=1000
9=1001

O 0OuUououogouJgur= ==
OO0 UogououogorE>=r= >
vBlvivilvilwll S S
OoOouogrE>=r>=>=>

analog input, you would enter 15 as the last

this function.

A

OoQouUoreE>==rF= == >
wllwl i -
O == == == > >
i i

A

A

A

=l
i A
i A
=
=
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10=1010 DDDDDDDDAAAAA
11=1011 DDDDDDDDDAAAA
12=1100 DD DDDDDDDDAAA
13=1101 DDDDDDDDDDDAA
14=1110 DDDDDDDDDDDDA
156=1111 DDDDDDDDDDDDD
*/

}

/KoK sk ook ok sk ok ok sk ok ok sk sk ok ok ok ok sk ok ok sk sk ok ok ok ok K ok ok sk s ok sk K ok ok K ok ok sk sk ok ok K ok ok K ok ok sk ok ok kok /

/*x ADC FUNCTIONS
****************************************************************/

int Read_ADC(unsigned int channel)
{

SetChanADC(channel) ;

ConvertADC() ;

while( BusyADC() );
return(ReadADC()) ;

}

int Run_ADC(unsigned int channel, float scalefactor, float
offset, const rom char* units, int row)

{

avg++;

adc_val += (double)Read_ADC(channel);// /(double)ANALOG_AVG;
//adc_val = Read_ADC(channel);

if (avg > ANALOG_AVG)

{

adc_val = (adc_val/(double)ANALOG_AVG) *
(double)scalefactor+offset;

// adc_val = adc_val*scalefactor;
FastftoStr((double)adc_val,buf,4,3);

// FastftoStr((double)adc_val,buf,5,1);//638
LCDWriteConstString (" " row,1l);
LCDWriteVarString(buf,row,1);
LCDWriteConstString(units,row,9);
Clear_char_buffers();
LCDWriteConstString("",1,m_space);
//Reset the cursor the right position
avg = 0;
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adc_val = 0.0;
return(l);
}

return(0);

b

/3K 3k ok sk ok sk ok sk ok ok ok ok ok ok ok K ok ok 3 ok K ok ok 3 ok K ok ok 3 ok K ok ok 3 ok K ok ok 3k ok K ok ok sk ok K ok K ok ok ok K ok ok ok ok ok

CHANGE VALUE RELATED FUNCTIONS
stk ok ok sk sk ok ok ok ok ok sk ok sk sk ok sk sk sk ok sk ok sk ok sk sk skk ok sk sk sk sk sk ko sk sk sk sk sk ok sk sk sk sk ok sk sk ok ko ook sk sk skokok sk ok /

void Multi_change(void)

{

multiplier /= 10;

//Change the digit of "idac_val" that will be inc/dec when the
//encoder is turned

m_space ++;

//Change the cursor position to indicate that digit on the LCD
if (multiplier < 1u)

//Cycle through the digits by wrapping back to the "ones" place
//after the "thousands" place. This prevents changing of the
//"ten-thousands" place

multiplier = 1000;

if (m_space > 16)
//Cycle through corresponding cursor position, and wrap-around
m_space = 13;

}

unsigned int Update_val(unsigned int val, long min, long max)
{

if ((max - (long)encoder_turns*multiplier) < (long)val)

//I1f the dial turn would write a value above

val = max;

// max, then set the value to be the max.

else if ((min - (long)encoder_turns*multiplier) > (long)val)
//1f the dial turn would write below min

val = min;
// then set it to be the min.
else

//0therwise, update appropriately
val += encoder_turns*multiplier;
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encoder_turns = 0;
//Reset "encoder_turns" for accurate counting
return(val);

b

void Clear_char_buffers(void)

{
for(i=0; i < 40; i++)
//Clear buffers for writing and reading EEPROM memory

{

charbuf [i] = 0;
buf[i] = 0;

+

}

double RtoK(double R, double Ro)
// converts thermistor resistance to Kelvin

{

double temp;

temp = log(R/Ro);

temp = (3.3540170E-3)+(2.5617244E-4) *temp+(2.1400943E-6) *

temp*temp- (7.2405219E-8) xtemp*temp*temp;

//return(l/temp) ;
return(1/temp) ;

b

/***************************************************************

SCREEN UPDATE FUNCTIONS
stk ok ok sk sk ok sk ok ok sk ok sk sk ok sk sk sk ok sk ok sk ok sk sk stk ok sk sk sk sk sk ok sk sk sk sk sk ok sk sk sk sk sk kok sk sk sk sk ook sk sk okskok ok ok /

void clear_screen(void)

{
LCDWriteConstString (" ",1,1);
LCDWriteConstString (" ",2,1);
}

void PID_screen_update(void)

{

double voltage;

voltage = ((double)pdac_val/((double)UINT_MAX))*
((double)DAC_MAX) ;
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FastftoStr(voltage,charbuf,1,2);
LCDWriteConstString("Set ",1,2);
LCDWriteVarString(charbuf,1,6);
LCDWriteConstString("V ",1,10);
sprintf (charbuf, (const rom far char *)")5u",pdac_val);
LCDWriteVarString(charbuf,1,12);
LCDWriteConstString("Mode:",2,1);
LCDWriteConstString("Ri:",2,11);
if (p_int == Ou)
LCDWriteConstString ("IN ",2,14);
else

LCDWriteConstString ("0UT",2,14);
if (p_mode == Ou)
LCDWriteConstString("SCAN ",2,6);
else

LCDWriteConstString("LOCK ",2,6);
Clear_char_buffers();

}

void Current_screen_update(void)

{

double current;

current = ((double)idac_val/((double)UINT_MAX))=*((double)
RS_MAX_VOLTS#MILLI)/((double)IRES_F) ;
FastftoStr(current,charbuf,4,3);
LCDWriteVarString(charbuf,1,1);
LCDWriteConstString("mA ",1,9);
sprintf (charbuf, (const rom far char *)")5u",idac_val);
LCDWriteVarString(charbuf,1,12);
LCDWriteConstString("meas",2,12);

if (ichulock)

{

if (ichulockdir > 0)
LCDWriteConstString(">",2,16);

else

LCDWriteConstString("<",2,16);

}

else

LCDWriteConstString("-",2,16);
Clear_char_buffers();

b
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void Temp_screen_update(void)

{

double val;

double A;

A = ((double) (tratiomax_val-tratiomin_val)*((double)
(UINT_MAX-tdac_val)/((double)UINT_MAX))+(double)
tratiomin_val)/((double)UINT_MAX);

val = (A/(1-A))*(double) (R_TEMP) ;

if (tdisp_val==0u)

{

LCDWriteConstString ("k0h",1,9);

}

else

{

val = RtoK(val, (double)tthermistor_val*(double)
MIN_THERMISTOR_STEP) ;

if (tscale_val==0u)

{

val = val - ZEROC;

LCDWriteConstString("C ",1,9);

}

else

LCDWriteConstString("K ",1,9);

+

FastftoStr(val,charbuf,3,3);

LCDWriteConstString (" ",1,1);
LCDWriteVarString(charbuf,1,2);

sprintf (charbuf, (const rom far char *)"%5u",tdac_val);
LCDWriteVarString(charbuf,1,12);
LCDWriteConstString("meas ",2,12);
Clear_char_buffers();

}

/*****************>|<**********************************************

TOGGLE FUNCTIONS
st ke ok ok sk sk sk sk ook ok sk ok sk sk ook sk sk sk sk ok ok sk sk sk sk sk ok sk sk sk sk ok ok sk sk sk sk ok sk sk sk sk sk ok sk sk ok sk ook sk sk sk sk kok ok /

void Toggle(const rom char* strYes, const rom char* strNo)

{

if (check_e !'= encoder_turns)

{
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tog = !tog;

encoder_turns = 0;

LCDWriteConstString (" "2,1);
if (tog)

LCDWriteConstString(strYes,2,1);

else

LCDWriteConstString(strNo,2,1);

+

}

void Toggle_lock (const unsigned int sw)

{

switch(sw)

{

case PID_MODE : switch(p_mode)

// O=scan, 1=lock w/ resistor in, 2=lock w/out resistor
case 0 : p_mode = 1; PID_MODESW = 1; p_int = O;
PID_INTSW=1; break;

case 1 : p_mode = 2; PID_MODESW
PID_INTSW=0; break;

default : p_mode = O; PID_MODESW = O; p_int = O;

PID_INTSW=1; break;

// 1 had the logic reversed for PID_INTSW - I though that

// a zero meant that the resistor was out (switch open), but,
//in fact, sending a zero closes the switch. I didn't want
//to change all of the places p_int shows up, so I just
//reversed the value sent to PID_INTSW

// here and where it is initialized - DSD July 5, 2011

+

break;

/* case PID_INT : if(PID_INTSW)

PID_INTSW = O;

else

PID_INTSW = 1;

break;

*/

case I_CHU : if(ichulock)

ichulock = 0;

else

ichulock = 1;

break;

b

1; p_int = 1;
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void Check_err_sig(void)

{

if (Read_ADC(ANALOG_PID) !'= 0)
{

if (lock_flag){}

else

{
LCDWriteConstString("!",1,1);
lock_flag = 1;

}

}

else

{

if (1lock_flag){}

else

{

LCDWriteConstString(" ",1,1);
lock_flag = O;

}

}

}

void Run_Autolatch(void)

{

LCDClear();

LCDWriteConstString("* Run Autolatch?",1,1);
tog = 0;

auto_flag = 0;

LCDWriteConstString (" No",2,1);

while (FUNCTIONSW != Ou)

{

Toggle (" Yes"," No");

//Read encoder and toggle between "yes" and "no" for the
//answer

}

while (FUNCTIONSW == Ou);

// Wait for button to be released

if (tog)

{

auto_flag = 1;
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LCDClear();

LCDWriteConstString("Engaged Scan Now",1,1);
LCDWriteConstString(" Press Funct ",2,1);
while (FUNCTIONSW !'= Ou){}

}

}

void Autolatch(void)
{

LCDWriteConstString(" ",1,1);

if (p_mode)

Toggle_lock(PID_MODE) ;

PID_screen_update();

while(auto_flag)

{

if (encoder_turns != 0)

//Check to see if the encoder has been turned
pdac_val = Update_val(pdac_val, (long)UINT_MIN,
(long) UINT_MAX) ;

//Update pdac_val with the appropriate change from the
//encoder

if (check_d != pdac_val)

//Check for change in "pdac_val"

{

check_d = pdac_val;

//Reset "check_d" to look for future change in "pdac_val"
DAC_write(pdac_val,DAC_PDEV,1);

//Write value to the DAC

PID_screen_update();

//Update the main LCD screen

}

if (Read_ADC(ANALOG_PID) != 0)
{

auto_flag = 0;
Toggle_lock(PID_MODE) ;

}

if (MULTISW == Ou)
{
Multi_change();
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// runs faster than the typical time it takes to press the
//button.

while (MULTISW == Ou)

if (MODESW == Qu)

break;

}

LCDWriteConstString("",1,m_space);

if (FUNCTIONSW == OQu)

{

while (FUNCTIONSW = 0){};

auto_flag = 0;

LCDWriteConstString("  Autolatch "1,1);
LCDWriteConstString (" CANCELED!! ",2,1);
DELAY_100ms () ;

DELAY_100ms () ;

DELAY_100ms () ;

DELAY_100ms () ;

DELAY_100ms () ;

LCDWriteConstString(" ",1,1);
PID_screen_update();

}

}

}

F.1.2 Main.h

void InitializeProcessor(void);

// This function takes care of all of the initialization for the
// 18F4550 microcontroller

void Mode_SAD(void);

void Mode_Current(void);

void Mode_Temp(void);

void Mode_PID(void);

void DoChulLock(void) ;

void Toggle_lock(const unsigned int sw);

void Check_err_sig(void); void Run_Autolatch(void);

void Autolatch(void);

int Run_ADC(unsigned int channel, float scalefactor, float
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offset, const rom char* units, int row);

int Read_ADC(unsigned int channel);

// Reads and returns a value from the requested analog channel
double Convert_mA(unsigned int setpoint);

// Returns the digital setpoint converted to actual milliamps
void Multi_change(void);

unsigned int Update(unsigned int val, long max, long min);
void Clear_char_buffers(void);

void Current_screen_update(void);

void Temp_screen_update(void);

void PID_screen_update(void);

void Toggle(const rom char* strYes, const rom char* strNo);
unsigned int Flip_Uint(unsigned int val);

void Set_saved_value(unsigned int val_select, unsigned int max,
unsigned int min);

void clear_screen(void);

unsigned int Update_val(unsigned int val, long min, long max);
void Change_Params_I(void);

void Change_Params_T(void);

void Change_Params_P(void);

void Change_Params_main();

void Check_Params_I();

void Check_Params_T();

void Check_Params_main();

void Check_all_params();

void Load_Params_I(void);

void Load_Params_T(void);

void Load_Params_P(void);

void Load_Params_main(void);

F2 LCD

These programs are used to write to and update the LCD display.

F.2.1 LCD.c
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#include "LCD.h"
#include "common.h"
#include <math.h>

void LCDinit(void)

{

// this is the sequence recommended by the LCD data sheet
RS = 0;

RW = 0;

DELAY_LCDINITQ);
DELAY_LCDINITQ);
DELAY_LCDINITQ);

E=0;

DELAY_LCDINITQ);
DELAY_LCDINITQ);
DELAY_LCDINITQ);

LCDWriteBinary (LCD_WAKEUP) ;
DELAY_LCDINIT();

LCDWriteBinary (LCD_WAKEUP) ;
DELAY_LCDINITQ);

LCDWriteBinary (LCD_WAKEUP) ;

// these first three numbers appear to get the device started
// and set up

LCDWriteBinary (LCD_PARAM) ;

// Sets parameters for the actual display (8-bit, 2 row, 5x8 dot
// characters)

LCDWriteBinary (LCD_OFF);

// Turn off display and cursor
LCDWriteBinary (LCD_CLEAR) ;

// Clear the display
LCDWriteBinary (LCD_CURSOR_DIR);
// Set cursor dir
LCDWriteSlow(LCD_ON) ;

// Turn on display

}

void LCDPutDataOnLines(long iValue)
{

RS = ((0xFFFF&iValue)>>9);

RW = ((OxFFFF&iValue)>>8);

DB7 = ((OxFFFF&iValue)>>7);

DB6 = ((OxFFFF&iValue)>>6);
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DB5 = ((OxFFFF&iValue)>>5);
DB4 = ((0xFFFF&iValue)>>4);
DB3 = ((0xFFFF&iValue)>>3);
DB2 = ((OxFFFF&iValue)>>2);
DB1 = ((OxFFFF&iValue)>>1);
DBO = (OxFFFF&iValue);

}

void LCDWriteSlow(long iValue)
{

LCDPutDataOnLines(iValue) ;
DELAY_LCDONQ) ;

E=1;

DELAY_LCDONQ) ;

E = 0;

DELAY_LCDINSTRUCT() ;

}

void LCDWriteBinary(long iValue)
{

LCDPutDataOnLines(iValue) ;
DELAY_LCDEQ) ;

E=1;

DELAY_LCDE() ;

E = 0;

DELAY_LCDINSTRUCT() ;

}

void LCDWriteConstString(const rom char* sTheString, int row,
int col)

{

int charpos;

int ioffset = 0;

if (row == 1)

charpos = col-1 + LCD_ROW1START;

else

charpos = col-1 + LCD_ROW2START;
LCDWriteBinary(charpos+LCD_SETPOS_OFFSET) ;
LCDWriteBinary (LCD_CURSOR_FWD) ;

while (*(sTheString+ioffset) > 0)

{

//LCDWriteBinary (*sTheString) ;
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LCDWriteBinary (LCD_WRITECHAR_OFFSET+* (sTheString+
ioffset));

ioffset++;

}

}

void LCDWriteVarString(char sTheString[], int row, int col)
{

int charpos;

int ioffset = 0;

if (row == 1)

charpos = col-1 + LCD_ROW1START;

else

charpos = col-1 + LCD_ROW2START;
LCDWriteBinary(charpos+LCD_SETPOS_OFFSET) ;
LCDWriteBinary(LCD_CURSOR_FWD) ;

while (x(sTheString+ioffset) > 0)

{

//LCDWriteBinary(*sTheString) ;

LCDWriteBinary (LCD_WRITECHAR_OFFSET+* (sTheString+
ioffset));

ioffset++;

}

// LCDWriteBinary(LCD_WRITECHAR_OFFSET+sTheString[0]);
}

#define SPACESFORINT 3

#define SPACESFORFRAC 4

#define ROUNDHALF 0.00005 // = 0.5 / 10"SPACESFORFRAC
#define FRACMULTIPLIER 10000 // = 10~SPACESFORFRAC

int findleadingspaces(unsigned int thevalue, int spaces)
{

unsigned int spacemult = 1;

int i,extraspaces;

for(i=0; i < spaces-1; i++)

{

spacemult *= 10;

+

extraspaces = 0;

for(i = 0; i < spaces-1; i++)
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{

//1f ( ((float)thevalue/(float)spacemult) < 1.0)
if ( thevalue/spacemult < 1.0)
{

extraspaces++;

spacemult /= 10;

}

else

{

return(extraspaces) ;

}

}

return(extraspaces) ;

}

char * FastftoStr(double f, char * str, int spacesbefore, int

spacesafter)

{

unsigned int intpart;

unsigned int fracpart;

int negative = 0;

//float roundhalf = 0.5;

float fracmult = 1;

unsigned int spacemult=1;

int i,extraspaces, stringlocation;
char formatstring[10];

if (£<0)

{

f=-f;

negative = 1;

}

for(i=0; i < spacesafter; i++)
{

fracmult *= 10;

}

f = £f+0.5/fracmult;

// required for rounding

intpart = (unsigned int)floor(f);

fracpart = (unsigned int)floor((f - intpart)*fracmult);
extraspaces = findleadingspaces(intpart, spacesbefore-
negative) ;
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for(stringlocation=0; stringlocation < extraspaces;
stringlocation++)

str[stringlocation] ;

if (negative)

{

str[stringlocation] -

stringlocation++;

}

itoa(intpart, &str([stringlocation]);

str[spacesbefore] = '.';

stringlocation = spacesbefore + 1;

extraspaces = findleadingspaces(fracpart, spacesafter);
for(i = 0; i < extraspaces; i++)

str[stringlocation+i] = '0';

itoa(fracpart, &str[stringlocation+i]);

//str[spacesbefore+l+spacesafter] = 0;

return(str);

b

char * EEftoStr(double f, char * str)

{

// 3 digits, a decimal, and then 4 more
unsigned int intpart;

unsigned int fracpart;

unsigned int negative = 1;

if (£<0)

{

f=-1,;

negative = -1;

}

f = f+ROUNDHALF;

// required for rounding

intpart = (unsigned int)floor(f);
fracpart = (unsigned int)floor((f - intpart)*FRACMULTIPLIER);

if ((negative<Ou)&(intpart==0u))

sprintf(str, (const rom far char *)" -0.%04u",
fracpart) ;
// " -0.%0SPACESFORFRACA"

else
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sprintf(str, (const rom far char *)"%3u.%04u",
(intpart#*negative), fracpart);

//

// "%SPACESFORINTA.%0SPACESFORFRACA4"
return(str);

b

void LCDClear()

{

LCDWriteConstString (" "1,1);
LCDWriteConstString (" "n2,1);
}

void Display_Msg(const rom char* sTheString)
{

LCDClear();
LCDWriteConstString(sTheString,1,1);
LCDWriteConstString(" Press Funct ",2,1);
while (FUNCTIONSW != Ou);

while (FUNCTIONSW == Ou);

}

F.2.2 LCD.h

void LCDinit(void);

// Initiallizes LCD (see datasheet)

void LCDPutDataOnLines(long iValue);

void LCDWriteBinary(long iValue);

// Write one binary word to the LCD

void LCDWriteConstString(const rom char* sTheString, int row,
int col);

void LCDWriteVarString(char sTheString[], int row, int col);
void LCDWriteSlow(long iValue); void LCDClear(void);

void Display_Msg(const rom char* sTheString);

char * FastftoStr(double f, char * str, int spacesbefore, int
spacesafter);

#define LCD_CLEAR 0x001

// word to send to clear the display

#define LCD_WRITECHAR_OFFSET 0x200
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// add this to ASCII char code and send to LCD to write char at
// cursor position

#define LCD_SETPOS_OFFSET 0x80

// add this to position to get word to set cursor position
#define LCD_CURSOR_FWD 0x006

// set cursor to move forwards

#define LCD_CURSOR_BAK 0x004

// set cursor to move backwards

#define LCD_WAKEUP 0x030

// call 3 times to "wake up" unit

#define LCD_PARAM 0x038

// word to set parameters for the actual display (8-bit, 2 row,
// 5x8 dot characters)

#define LCD_OFF 0x008

// word to turn off cursor and display

#define LCD_CURSOR_DIR 0x006

// word to set cursor dir

#define LCD_ON 0x00C

// word to turn on display

#define LCD_CURS_ON 0xOOE

// word to turn on cursor

#define LCD_CURS_OFF 0x00C

// word to turn cursor back off

#define LCD_CHARSINROW 16

#define LCD_ROW1START 0x00

// first char position on row 1

#define LCD_ROW2START 0x40

// first char position on row 2

#define DB7 LATAbits.LATA4

// db7 to db0 are the data bits for the LCD display
#define DB6 LATAbits.LATAS5

#define DB5 LATEbits.LATEO

#define DB4 LATEbits.LATE1

#define DB3 LATEbits.LATE2

#define DB2 LATCbits.LATCO

#define DB1 LATCbits.LATC1

#define DBO LATCbits.LATC2

#define E LATDbits.LATDO

// e is clock to send data to LCD (after setting db7-db0 and rw
// and rs, set this to 1 for at least 230 ns, and then set back
// to 0

#define RW LATDbits.LATD1
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// Read/write bit for LCD
#tdefine RS LATDbits.LATD2
// rs bit for LCD

F.3 DAC

These files are called for programming the AD5541 DAC on each circuit.

F.3.1 DAC.c

#include "common.h"
#include "DAC.h"

void DAC_Init()
{

DAC_CS_I = 1;

}

void DAC_clock()

// clock cycle on DAC

{

Delay10TCYx(10);
DAC_SCLK = 0;

Delay10TCYx(10);
DAC_SCLK = 1;

Delay10TCYx(10);

}

void DAC_write(unsigned int value, char device, char invert)

{

int x = 0;

// long value = val;

if (invert)

value = UINT_MAX - value;
DAC_SCLK = 1;
Delay10TCYx(5) ;
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switch(device)

{

case DAC_IDEV : DAC_CS_I = 0; break;
case DAC_TDEV : DAC_CS_T = 0; break;
case DAC_PDEV : DAC_CS_P = 0; break;

}

for(x=15; x>-1; x--)

// reads serially values into DAC

{

DAC_DIN = ((value>>x) & 0x01);
DAC_clock();

}

switch(device)

{

case DAC_IDEV : DAC_CS_I

case DAC_TDEV : DAC_CS_T =

case DAC_PDEV : DAC_CS_P 1; break;

+

DAC_clock();

DAC_SCLK = 0;

}

!
N = =
o
R
®
o)
D,

F.3.2 DAC.h

void DAC_Init(void);

void DAC_clock(void); // clock cycle on DAC
void DAC_write(unsigned int value, char device, char invert);
// write value to DAC

#define DAC_CS_I LATBbits.LATB1
#define DAC_CS_T LATBbits.LATBO

#define DAC_CS_P LATBbits.LATB2

#define DAC_SCLK LATBbits.LATB3
#define DAC_DIN LATBbits.LATB6
#define DAC_IDEV O

#define DAC_TDEV 1

#define DAC_PDEV 2

//#define DAC_MID 32767

//NOTE: DAC_CS_T used to be B2, but is now BO
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F4 EERW

The code in this section is called for reading and writing to the PIC’s EEPROM.

F4.1 EERW.c

#include "common.h"
#include "EERW.h"
#include "LCD.h"

/3K sksk sk sk ok o ok ok ok sk sk sk sk ok ok sk o o ok ok sk sk sk sk ok sk sk o ok sk sk sk sk sk sk sk ok o ok sk sk sk sk sk ok ok sk o o ok ok sk sk sk sk ok ok ok
The functions WriteEEPROM and ReadEEPROM are set up write and read
character strings from the EEPROM memory. They are not completely
debugged and checked out, but should work with minimal tampering.

They are not called in the demo.
sk sk sk sk ok ok ok ok o ok ok ok sk sk sk sk ok sk ok o ok ok sk sk sk sk sk sk sk sk o ok sk sk sk sk sk sk sk sk o o ke ok ok sk sk sk sk sk sk sk ok ok ok sk sk sk ok /

void WriteEEPROM(unsigned int addr, unsigned char length,
unsigned char *source)
{
unsigned char *ptr;
unsigned char loop;
ptr = source;
INTCONbits.GIEL = O;
EEADR = (unsigned char) (addr & OxOOFF);
loop = length - 1;
EECON1bits.EEPGD =
EECON1bits.CFGS
EECON1bits.WREN
do
{
INTCONbits.GIEL = O;
EEDATA = *ptr;
EECON2 = 0x55;
EECON2 = OxAA;
EECON1bits.WR = 1;
INTCONbits.GIEL = 1;
while (EECON1bits.WR == 1u);
ptr++;

0;
0;
1;
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EEADR++;
}
while (loop--);
EECON1bits.WREN = 0;
}

void ReadEEPROM(unsigned int addr, unsigned char length,
unsigned char *dest)
{
unsigned char *ptr;
unsigned char loop;
ptr = dest;
INTCONbits.GIEL = O;
EEADR = (unsigned char) (addr & OxOOFF);
loop = length - 1;
EECON1bits.EEPGD = O;
EECON1bits.CFGS
do
{
EECON1bits.RD
*ptr = EEDATA;
ptr++;
EEADR++;
b
while (loop--);
INTCONbits.GIEL

I
o

Il
[EY
..

0;

/KK sk sk ok s ok ok ok sk sk sksk sk sk ok o ke ok ok sk sksksk sk sk ok sk ok ok ok sk sk sk sk sk sk ok sk ke ok ok sk sk sk sk sk sk ok s ok ok ok sk sk sk sk ok ok
The functions EE_write and EE_read write and read a single
character to the EEPROM memory. They take a pointer to the
character and an address.

sk sk sk sk ok ok ok ok o o ok ok ok sk sk sk sk ok sk ok o ok sk sk sk sk sk ok sk sk ok o ok ok sk sk sk sk sk sk sk o o ksk sk sk sk sk sk sk sk sk ok ok ok sk sk ok ok /

void EE_write(unsigned char address, unsigned char *_data)
{
EEDATA = x_data;
//Store value at "data" into the EEPROM register that will be
//written
EEADR = address;
//Start write sequence as described in datasheet, page 91
EECON1bits.EEPGD = O;
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//Select access to data EEPROM memory
EECON1bits.CFGS = 0;
//Access data EEPROM memory
EECON1bits.WREN = 1;
//Enable writes to data EEPROM
INTCONbits.GIE = O;
//Disable interrupts
EECON2 = 0xbb5;
//1 have no idea what we are doing with the EECON2
EECON2 = 0x0AA;
// register. There is no description of it available
EECON1bits.WR = 1;
//Start writing
while (EECON1bits.WR)
{
//Make sure nothing interrupts the chip while saving to the mem
_asm nop _endasm;

+
if (EECON1bits.WRERR)

{

//Send a message if the write faile for any reason
LCDWriteConstString(" WRITE FAILED!! ",2,1);

b

EECON1bits.WREN = 0;
//Disable writes to data EEPROM

INTCONbits.GIE = 1;
//Enable interrupts

}

unsigned char * EE_read(unsigned char address, unsigned char
x_data)
{
EEADR = address;
//Start read sequence as described in datasheet
EECON1bits.CFGS = O;
//Access data EEPROM memory
EECON1bits.EEPGD = 0;
//Select access to the data EEPROM memory
EECON1bits.RD = 1;
//Start read process
*_data = EEDATA;
//Store value at the address "_data"
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return(_data);
//Return a pointer to the character read

}

/3K sksk sk ok ok ok ok sk sk sk sk sk sk sk o o ok sk sk sk sk sk sk sk sk ok ke ok ok sk sk sk sk sk ok sk ok ok sk sk sk sk sk sk sk sk o sk ok sk sk sk sk sk sk ok
EE_writeUSInt and EE_readUSInt write and read 16 bit unsigned
integers to the EEPROM memory using the functions EE_write and

EE_read.
ok ok K 3 ok ok K ok ok ok K K ok K 3 ok ok K ok ok K ok ok K 3 ok ok K ok ok K 3 ok ok K 3 ok sk K ok ok K ok ok kK ok sk Kk ok 3 ok ok Kok sk ok /

void EE_writeUSInt (unsigned char address, unsigned int data)
{

int 1i;

int size;

unsigned char ch;

size = sizeof(int);

//No magic #'s, make sure the size is right
for(i=0; i < size; i++)

//Take an integer one byte at a time and store it
// in the data EEPROM memory

{

ch = (data >> i*8)&0xOO0FF;

EE_write(address+i, &ch);

}

+

unsigned int EE_readUSInt(unsigned char address)
{

int 1i;

int size;

unsigned char ch;

unsigned int result;

size = sizeof(int);

result = 0;

for(i=0; i < size; i++)

//Starting at the specified address where a

// known integer was stored, read back the

// integer one byte at a time and reassemble it
{

EE_read(address+i, &ch);

result += ((int)ch) << 8%i;

b
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return(result);
//Return the integer
+

F4.2 EERW.h

void EE_write(unsigned char address, unsigned char *_data);
unsigned char * EE_read(unsigned char address, unsigned char
*_data) ;

void EE_write_hex(unsigned char address, unsigned char data);
unsigned char * EE_read_true(unsigned char address, unsigned
char data);

void WriteEEPROM(unsigned int addr, unsigned char length,
unsigned char *source);

unsigned int EE_readUSInt(unsigned char address);

void EE_writeUSInt(unsigned char address, unsigned int data);
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