SOFTWARE FOR POWER/SWR METER
Bill Kaune, W7IEQ

Microcontroller Overview

The purpose of this document is to provide a description of the software used in the power meter
that | developed during the past few years and which is described in a QST article in the January,
2011 issue. To understand this document, you will need some basic familiarity with the PIC line
of micro-controllers marketed by Microchip Inc and some familiarity with assembly language
programming. If you have not aready done so, | recommend that you download from
Microchip’s web site (www.microchip.com) and print a copy of the data sheet for the
PIC16F87XA microcontroller. (The “data sheet” is actually 228 pages long). Reading this
document can be tough going at times. I’ll try to help by describing some of the tricks I learned
to help me in understanding and remembering the contents of the data sheet.

| found it useful to make a second copy of pages 15-17, 19-21, and 160-165. Most of the
guestions that come up during the writing of a program are answered in these few pages.

| used the PIC16F876A for this project. This controller contains a 8-bit processor that is ableto
do addition, subtraction, and various logical, test, and data movement operations. The instruction
set isfairly simple compared to most other processorsthat | am familiar with. There are only 35
instructions. By comparison the 8080 series of processors used in Windows (and now
Macintosh) computers has many more instructions.

An interesting feature of this processor isthat it contains separate memories for instructions and
data. The PIC16F876A contains 8,192 flash memory locations for instructions. (Once aflash
memory location is programmed, it retains its contents even when power is removed from the
processor.) Each instruction is 14 bits wide. This processor also contains a set of 8-bit-widefile
registers, described on page 17 of the manual. Some of these file registers are “special-purpose”
registers used by the processor for various internal functions. Many of the special-purpose
registers can be read and, in most cases, altered by the user. The remaining file registers are
called general-purpose registers and are available to the user. In the PIC16F876A, there are 368
genera-purpose file registers. The file registers are made from so-called dynamic access
memory: They lose their contents whenever power is removed from the processor.



The PIC16F876A also contains 256 bytes (i.e., 8 bitswide) of electrically erasable
programmable memory (EEPROM). These registers, which can be used to retain data even when
the processor is turned off, are not used in my power/SWR meter program, but | have used them
in other projects.

Each of the 8,192 instructions in the PIC16F876A instruction memory is given an address,
starting at 0 and ending at 8,191. Since 8192 = 23, the processor will need atotal of 13 bitsto
encode all possible instruction addresses. The address of the next instruction to be executed is
kept in an internal 13-bit register called the program counter register. Normally, instructions are
executed in ascending order. However, two instructions (GOTO, CALL) contain address
information that is used to determine the next instruction to be executed. Unfortunately, the
instruction length of 14 bitsistoo short to contain both an operation code and afull 13-bit
instruction address. Instead, these two instructions only contain the 11 least significant bits of an
address. To compl ete the address, the instruction memory is divided into four pages. Page O
extends from instruction address 0 to 2047, page 1 from 2048 to 4095, and so on. To fully
specify an instruction location, an 11 bit instruction address has to be specified as well as the 2-
bit page number. The page number is encoded using bits 3 and 4 of the PCLATH special purpose
dataregister. Thus, if aprogram is executing in one page and you wish to go to an instruction in
another page, or call a subroutine in another page, you must first set the appropriate bitsin the
PCLATH register before executing a GOTO or CALL instruction. Table 1 liststhe PCLATH bit
settings required to access various pages of instruction memory. For example, if it isdesired to
go to aninstruction in page 3 from alocation in page 0, it will be necessary to first set both bits 3
and 4 of PCLATH to 1 before executing the GOTO instruction.

The Power/SWR meter program being described here usesinstruction located in all four pages of
instruction memory.

A similar situation exists for the datafile registers. Instructions that refer to the file registers have
only room for 7 bits of an address, but in the 16F876A, 9 bits are required to fully specify afile
register location. Thus, the file register memory is divided into four banks, numbered O through
3. The bank number is encoded by two bits (symbolically named RPO and RP1) contained within
the specia-purpose STATUS register. The programmer has to make sure that these bits are set
appropriately before executing any instruction that involves data stored in the file registers.

The Power/SWR meter program being described here uses data registers located both in banks O
and 1. Table 2 shows how rp0 and rpl must be set to access datain any of the four banks.



Table 1. Addressing for GOTO and CALL Instructions

PCLATH Portion of address
Page Range of addresses  Bit4  Bit 3 included in instruction
Page 0 0 to 2047' 0 0 0 to 2047'
Page 1 2048 to 4095* 0 1 0 to 2047
Page 2 4096 to 6143° 1 0 0 to 2047
Page 3 6144 to 8191* 1 1 0 to 2047'
'"Tn hexadecimal, O to 7FF ’Hexadecimal 800 to FFF

3Hexadecimal 1000 to 17FF “Hexadecimal 1800 to 1FFF

Table 2. File Register Addressing

Address
contained in
Register Bank  AddressRange rpl  rp0 instruction
0 0to 127 0 0 0-127*
1 128 to 255° 0 1 0-127*
2 256 to 383° 1 0 0-127*
3 384 - 511° 1 1 0—127*
'In hexadecimal, 0 to 7F %In hexadecimal, 80 to FF
®In hexadecimal, 100 to 17F *In hexadecimal, 180 to 1FF

What makes the PIC a micro-controller rather than just a microprocessor is that in incorporates
various peripheral unitsin addition to its core numeric processor. The application being
described here utilizes two of these peripheral units: A 10-bit analog-to-digital converter (ADC)
and a pulse-width-modulated (PWM) output module. These will be described in more detail
later.



Power/SWR Meter Har dwar e Overview

The hardware of the Power/SWR Meter is described in a QST article (January, 2011). In
summary, RF power being generated by a transmitter is routed through a directional coupler on
its way to an antennatuner and an antenna (the load). The directional coupler contains passive
circuits that sample the power flowing from the transmitter to the load (the so-called forward
power) and, separately, the power flowing, after reflection, back from the load to the transmitter.
Thus, the directional coupler has two outputs, one for the forward power sample and the other for
the reflected power sample. Normally, the antenna and/or antenna tuner will be adjusted to
minimize the reflected power flowing towards the transmitter.

The forward and reflected power samples are routed to two integrated circuits in the power meter
whose outputs are voltages proportional to the logarithms of the rf input power. That is, the
outputs are proportional to dBm (decibels relative to 1 milliwatt). The time constants in these
two circuits are adjusted so that the outputs will follow the modulation envelopes of the input
signas.

The dBm outputs are routed to two sample-and-hold integrated circuits that operate under the
control of the 16F876A controller. The controller can send asignal to the two sample-and-hold
units that will cause them to freeze (hold) their outputs at the input level present when the signal
from the controller was received. In this way the forward and reflected power signals present at
any particular time in the transmission line from the transmitter to the load can be held. The
processor then reads in the forward signal and convertsit (i.e., digitizesit) from an analog
voltage to a corresponding 10-bit binary number. It requires 19.2 microseconds (us) to perform
this conversion. It then reads the reflected power signal and convertsit to a 10-bit number.

The analog-to-digital conversions are always done with respect to some voltage reference. An
input voltage equal in amplitude to the reference voltage will yield a converted binary value of
the maximum possible, in the case of a 10-bit converter 1023. The reference voltage used in my
unit comes from a special integrated circuit that produces a very stable 2.50-volt output.

Once the forward and reflected powers are converted into internal 10-bit numbers, the processor
computes the peak and average vaues of alarge number of such samples and calculates the



standing-wave-ratio (SWR). The averaging time can be either short (about 1.6 seconds) or long
(about 4.8 seconds) and is determined by the setting of the front panel “Averaging” switch
shown in Figure 1. Depending on the setting of a second front-panel “Power” switch, the
processor then calcul ates the peak and average forward powers, or the peak and average |oad
(i.e., forward minus reflected) powers, present on the transmission line and displays these values
using atwo-line, 20 characters per line, liquid crystal display. In addition, every 0.1 second, the
processor calculates the SWR and updates afront-panel analog meter, thus showing on an
effectively continuous basis SWR. Thisis very useful for tuning purposes.

The remainder of this document will describe in more detail the software and how it
accomplishes the tasks summarized above.

Power/SWR Meter Processor Circuit Connections

My article in QST (January, 2011) describesin detail the overall operation of the circuit in the
Power/SWR Meter. Here, | will describe in more detail those parts of the circuit that directly
connect to the PIC16F876A processor.

Figure 2 isthe schematic of the meter. U5 is the PIC16F876A processor. Power (+5V) is
supplied to the processor through pin 20 and ground connection is through pins 8 and 19. Pin 1 is
the so-called master clear input (MCLR). When power isfirst supplied to the processor, it will
not start executing instructions until the signal on pin 1 goes high. It isimportant that pin 1 not
go high until the source voltage to the processor has stabilized. R3 and C17 form a network
whose effect is to prevent the signal on pin 1 going high for severa tenths of second.

Pin 2 isthe analog input for the forward channel power signal and pin 3 is the corresponding
input for the reflected power channel signal. Pin 4 is configured isadigital output and provides
the control signal for U3 and U4, the sample-and-hold chips for the forward and reflected power
channels, respectively. Pin 5 isthe input for the very stable +2.50 volts generated by U7 that is
used as the reference against which analog-to-digital conversions are performed.

Pins 9 and 10 connect to a 20-MHz crystal that determines the clock frequency for the processor.
The period of the clock is 50 ns (nanoseconds). In PIC 16-bit processors, four clock cycles are
required for the execution of each instruction. Thus, each instruction requires 200 nsto execute.



Pins 11 and 12 are not used. Pin 13 provides arectangular wave output (pulse height = 5.0 V)
whose frequency is fixed at about 4.9 kHz. The pulse width, however, can be varied in software
from 0% (i.e., output is always 0 V) to 100% (output is aways5 V) in 256 steps. The signd
from pin 13 is directed to the network R7 and C21 which act as alow-pass filter to extract the dc
component, that is, the average of the pulse signal. This signal is buffered by U6 and drives the
front panel analog meter M1 shown in Figure 1. R8 should be adjusted so that asignal with a
100% duty factor will result is afull-scale deflection of M 1.

Pins 14 and 18 are configured as digital inputs and are used to sense the position of the two front
panel switches (Figure 1). One switch (SW1) sets the averaging time as either short (about 1.6 )
or long (about 4.8 s). The other switch (SW2) determines whether the power meter displays the
peak and average forward power, or the peak and average load power (i.e., forward — reflected
power), using its LCD display.

Pins 15-17 are digital outputs that send control signalsto the LCD display and pins 21-28 send
datato the LCD display. The display | used features two lines of 20 characters each.

Softwar e Overview

A complete listing of the processor program for my Power/SWR meter isincluded in the
Appendix. Don’t worry about the length. One half of the program is a series of lookup tables that
will be described shortly, another quarter is a floating-point package that | obtained from the
Microchip website, and the last quarter is the actual operating software.

When the power meter isturned on, the software starts at instruction address 0. Some
initialization is performed, and the software then moves into its normal operation. The software
proceeds to repetitively hold and acquire samples of the forward and reflected powers. With the
parameters I currently use, it takes 1,111 samples during one “cycle”. Each sample requires 90
us (microseconds) to acquire, so al 1,111 samples require 0.1 seconds. Asthey are acquired the
software keeps track of the peak (i.e., maximum) forward power and the corresponding reflected
power. As described earlier, the power signals that the processor directly measures are actually
proportional to dBm. During each sample, the software converts the forward power from dBm to
watts. In order to speed this process, the conversion is done using alookup table. The lookup
table for the forward power is held in page 2 of program memory. The software also sums all
1,111 values of the forward power, in watts, in preparation for calcul ating the average power



At the end of one cycle, the software checks to see if the new peak value exceeds the previous
peak value then being displayed on the LCD display. If it does exceed the currently displayed
value, the LCD display is updated to reflect the new peak forward (or load, depending on the
setting of the front panel “Forward/Load” switch) power, and the SWR value being displayed is
also updated, using the new peak forward power and corresponding reflected power for the SWR
calculation. The new peak value will be held in the display until either alarger peak valueis
encountered in a subsequent cycle or a given number of cycles are executed without alarger
peak value being encountered. In this latter event, after the given number of cyclesis executed,
the display is updated using the new peak value measured during the next cycle.

The SWR is calculated at the completion of each cycle, using the peak forward and
corresponding reflected powers measured during that cycle. As noted above, this new value will
be written to the display if the new peak forward power is larger than the forward power being
displayed. However, it is dways used to update the analog front panel meter display. Thus, this
meter display is updated approximately every 0.1 seconds (actually the time to complete one
cycle plus to overhead to calculate the SWR). The SWR is not displayed directly on the meter.
Rather, the quantity 1-1/ SAR isdisplayed, where avalue of 1 corresponds to the full-scale
position of the meter needle. Doing this makes the front panel meter a more effective tuning aid.
If the SWR is 1, indicating a perfect match, the meter will read 0. If the SWR is 2, the meter will
read 0.5, that is at half scale. If the SWR is 5, the meter reading will be 0.8, and so forth.

The procedure | use to update the peak forward (or load) power displayed on the LCD display
may seem alittle strange. | adopted this approach because | was concerned that updating the
display after every cycle would result in aflickering and, thus, unreadable, displayed value of the
peak power. Theway | have it now programmed, the display will hold a peak power value for a
maximum of 30 cycles (about 3 s) unless an even larger peak value is encountered before this
period has expired. Once alarger peak value is measured, the display is updated and the 30-cycle
waiting period is started again.

The average forward (or load) power is not updated after every cycle. Instead, it is updated after
a specified number of cycles have been completed, a period which I call a “series”. The number
of cyclesin aseriesis controlled by the front-panel averaging switch. In the “Short” position, the
average will be updated every 16 cycles (a little more than 1.6 s), whereas in the “Long”
position, the average will be updated every 48 cycles. I generally operate with the “Short”
setting.



Softwar e Details

Development System

In this section, | will get into the details of the software. It will help if you refer to the program
listing in the Appendix. The software was written in assembly language and was assembl ed

using the free assembler available from Microchip (www.microchip.com). The program was
debugged using Microchip’s IDE development system, which is also free. Once the program was

debugged, a 16F876A controller was programmed using Microchip’s PicStart Plus Development
Programmer. This programmer is not cheap. There are other |ess expensive programmers that
might be used for this purpose.

When | use the Microchip assembler, | always set software flags so that numbers are interpreted
as decimal, unless they are explicitly preceded by “0x” in which case they are interpreted as
hexadecimal. Thus, the number 71 will be interpreted as decimal 71, whereas Ox71is
hexadecimal (= 113 decimal).

The assembler program understands a substantial number of so-called assembler directives. For
example, if one wishes to set the bank number to some value (between 0 and 3), one can write
the code directly to do this (see Table 1) or one can, instead, use the assembler directive

bank Address

where Address is an address located in the desired bank. When the program is actually
assembled, the assembler will replace this directive with the required machine instructions.

Similarly, if one wants to set the page number to a desired value before executing a GOTO or
CALL instruction, one can directly manipulate bits 3 and 4 (see Table 2) or one can instead
include the directive

page Address
where Address is an address located in the desired page. For various reasons (which might not

make much sense), | have mostly chosen not to use these directives but to, instead, write code
that directly sets/clears bits 3 and 4 of PCLATH and bits rp0 and rpl of the status register.



| will mention other assembler directives as they are used.

Simulator and Simulate Mode

Microchip’s IDE development system includes a simulator that I used to develop and test most
parts of the program. This simulator, however, is not very effective at testing the anal og-to-
digital converter, the pulse-width-modulated unit, the front-panel analog meter, and the liquid
crystal display. (In fact, the program will hang if you attempt to run it in the ssmulator.) To deal
with this problem, | wrote the program to enable the user to select a simulate mode, where
several of the components of the program are bypassed. At the very beginning of the program
(Appendix 1, page 1), the user can set a variable, “Simulate” to 0 or 1. Setting it 1, by replacing
theline

Simulateequ O

with

Simulate equ 1

enables simulate mode. (The assembler directive equ simply defines a symbolic variable—
Simulate in this example—and set its value to the indicated number. Whenever the assembler
encounters this symbolic variable, it will replace it with its defined numerical value.)

Following this are two constants, ForwardOrL oadWatts and LongOrShortAvgTime, that are used
only in simulate mode.

Note that, in any line, text following a semicolon character istreated as a comment and is
ignored by the assembler.

Next in the listing is the definition of the variable LowPowerThreshold. When the peak forward
power measured during acycle of 1,111 measurements results in adigitized 10-bit value less
than LowPowerThreshold, the processor writes the word “Low” to the LCD display. This
variableis currently set to avalue corresponding to an input forward power of about 1 mwW
(milliwatt).



Cdlibrate Mode

A little later on the first page, a new constant, “Calibrate” is defined. If Calibrate = 0, the normal
mode of the program is enabled. However, if Calibrate = 1, adifferent program is assembled.
The calibrate program is used for calibrating my power/SWR meter. This program continually
reads the forward and reflected power channels 1024 times, then computes the average of the
string of digitized 10-bit values, and displays the resulting 10-bit averages on the front panel
display. Asdiscussed in my QST article(January, 2011), the response of the power meter to an
input RF signal can be written

dBm=ax ADC+ 3,

where dBm s the measured known power input to the power meter and ADC is the recorded
digitized value of the power. By inputting known powers and recording the resulting ADC
values, one can experimentally determine the slope, a and intercept, S, for the above equation
and, thus, calibrate the channel.

In addition, the calibrate routine outputs a maximum signal to the front panel meter (i.e., the
pulse train on pin 13 of U5 has a 100% duty cycle). The variable resistor R8 should be adjusted
so that the meter reads full scale.

Constant Definitions

Next in the program listing is a series of constants. The first constant is MaxNumPeakWaits. As
noted above, the program will display a peak value measured during its first cycle and then either
display a new peak value measured during a subsequent cycle or, if alarger peak valueis not
encountered, continue to display the first peak value for a specified number of cycles before
updating the display with the next measured peak value. The specified maximum number of
cycles during which apeak valueis held is defined by the value of MaxNumPeakWaits. | use 30
for this, which corresponds approximately to a maximum wait of about 3 s.

The next constant is MaxNumSWRMeterWaits. Assume that avalid forward and reflected
power measurement is followed by a series of measurements with peak forward powers less than
1 mW, that is, too low to display and trust. The power meter will continue to display on its front-
panel analog meter the SWR measured during the last valid cycle until a specified number of
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cycles of low power readings is taken, at which point the SWR meter will be set to display 0.
MaxNumSWRM eterWaits specifies the number of cycles.

The next constant is NumSamples. This sets the number of samples taken in one cycle. Currently
itissetto 1,111 so that one cycle takes 0.1 sto complete. (Actualy, NumSamplesis set equal to
100,000/SamplePeriod. SamplePeriod is the time in microseconds to make one measurement,
currently set to 90. 0.1 sexpressed in usis 100,000. Dividing the latter by the former yields
1,111.111111211..., which roundsto 1,111.)

The following two constants, NumCyclesShort and NumCyclesL ong, define the number of
cycles in a “Short” or “Long” series. Remember that a front panel switch selects between Short

and Long (Figure 1).

The next section of the listing in Appendix 1 describes the 16-bit floating point format that | use
in part of the program. | will discuss thisformat alittle latter in this document.

Memory Allocations

Go to page 2 of Appendix 1. Part way down the page begins a section labeled “Constant and
Memory Allocations”. The section provides the assignment of data memory addresses. The first
Statement is

cblock 0x20

This informs the assembler that this block of data memory starts with the address 0x20 (a hex
number = 32 decimal). If you look at page 17 in the data sheet for the PIC16F876A, you will see
that Ox20 isthe first address of the general-purpose data registers located in bank 0. The
following lines define the symbolic names for the registersin this block. Thus, 0x20 is given
three names “exp”, “aexp”, and “aarg”. These registers, as well as all the registers through
“bargb2” are used by the 24-bit floating point package supplied by Microchip. | will describe
most of the following registers as | describe the routines that use them. Note that a symbolic
name without any modifier causes the allocation of one 8-bit data register. However, if the name
isfollowed immediately by a colon and number, the number of registers allocated to the name
will be determined by the number. Thus, the appearance of a name like FP:2 will cause the
allocation of two consecutive data registers. On the other hand, aexp:0 will not alocate any data

registers to the name.
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Definitions of the data registers in bank 0 continue until the “endc” statement that can be found
on page 3 of thelisting. Later on this page are the definitions of data registers that the program
uses at the very top of bank O (starting with the address 0x7D), and data registers located in bank
1, starting with the address OxAO.

The materia following defines alarge number of symbolic names used by the Microchip floating
point library routines and by my program.

Macro Definitions

We next come to a series of macros. Macros define sections of code that are used at multiple
points in the program. Rather than having to type out these instructions repeatedly, we define a
macro. Anytime this macro appears in the stream of instructions, the assembler replacesit with
the block of code specified by the macro definition.

The first macro is MoveBytes. This macro name is defined by the statement

MoveBytes macro AA, BB, nbytes

The code that defines this macro follows until the “endm” assembler directive is encountered.
This macro moves a number of bytes, given by the argument “nbytes”, from the data registers
starting at the address “AA” to the data registers starting at the address “BB”. This macro will
properly move bytes from bank 0 to bank 0, bank 0 to bank 1, bank 1 to bank O, or bank 1 to
bank 1. For example, suppose that one wishes to move three contiguous bytes of data, with the
starting address aexp, to alocation with starting address t1. To accomplish this, one need only
write the macro

MoveBytes  aexp,tl,3
and the appropriate machine instructions will automatically be generated by the assembler.
The next macro, StoreFPL.iteral, stores a 24-bit literal floating point value into a given data

register located in the current bank. (Details about 24-bit floating point values will be given
shortly.) For example, suppose it is desired to store the number 1.0 into the registers beginning at
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“aarg”. (The 24-bit floating point literal for 1.0 is Ox7F0000.) This can be done by writing the
macro

StoreFPLiteral  0x7F0000, aarg

The next macro is named LCDDisplayText. The purpose of this macro isto writeto the LCD

display text and/or numbers that do not change during the course of the program’s operation. I
am going to spend some time describing this macro because it is the first use of lookup tables,
which are implemented in PIC processors in what was for me, at least, unique and interesting.

Suppose we want to be able to look up the various characters within atext string, for example,
the string “abcd”. The way to do this using PIC processors is to first construct a series of four
instructions as follows:

retlw “a”
retlw “b”
retlw “c”
retlw “d”

The instruction “retlw” means to return from a subroutine with a 8-bit literal value in thew
register. (The w, or “working” register, is a special register in the PIC that is involved in most
operations.) In this case, the first “retlw” will have encoded into it the ASCII code for the letter

a, the second the code for “b”, and so on.

The second thing we need is a pointer to the letter we wish to retrieve. In this case, the pointer
will have the values 0 (for “a”), 1 (“b”), 2 (“c”), and 3 (“d”).

Finally, we need a subroutine that is called with a value of the pointer and which, somehow,
arranges to execute the “retlw” instruction that corresponds to the pointer value. The PIC 16-bit
series of processors has what, in my experience, is a unique way to accomplish this. The PIC has
an internal 13-bit register that keeps track of the next instruction that it is to be executed, the so-
called program counter register. The lower 8 bits of thisregister are located in a specia purpose
file register named the PCL register. The upper 5 bits are held internally and are not directly
accessible to the programmer. The interesting thing about the PIC 16-bit seriesis that a program
can write directly to the PCL, in which case the next address to be executed is constructed from
the 5 least significant bitsin the PCLATH register and the new 8 bitsin the PCL. An example of
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thisusage is my macro LCD_DisplayText that starts on page 5 of Appendix 1. To usethis
macro, the program must contain a statement with the following format:

LCD_DisplayText  TextString, UniqueAddress

TextString is the text to be printed (surrounded by quotation marks) and UniqueAddressis
unique symbol that has the general format of an address. During the assembly of the program,
the macro is replaced with the code following the macro definition starting on page 5. The code
starts with 20 PIC instructions and then is followed by the assembler directive

dt TextString,0

Suppose that TextString = “abc”. The assembler directive, dt, above results in the inclusion of
four “retlw” instructions. The first includes the ASCII code for “a”, the second code for “b”, the
third code for “c”, and the fourth the literal value 0. This last value is used to signal the end of
the lookup table.

Now take the instructions that precede the “dt” directive. The first instruction sets the file register
bank to 0 and the next two instructions set the instruction memory page to 0. The next instruction
sets the text pointer, named LCDTextPtr, to 0 so that it points to the first character in TextString.
We then move into a section of code that loops through all charactersin TextString. We first call
the subroutine that immediately follows this section of code. For this call, we use arelative
address, $+7. The symbol $ means the current address. Thus, we are called a subroutine that
begins 7 instructions further on in the code.

Upon entry, the subroutine temporarily stores the pointer and then loads the top 5 bits of the
address of the lookup table (at $+7) into PCLATH. It then adds the pointer value to the bottom 8
bits of the address of the lookup table and increment PCLATH by 1 if thereisacarry resulting
from this addition. Then the bottom 8 bits are loaded into PCL, which causes the top 5 bits of the
address counter to be taken from PCLATH. The next instruction executed is thus the appropriate
entry in the lookup table. Since this instruction is “retlw”, control is returned to the instruction
following the original subroutine call, but now with the appropriate ASCII code in the w register.
The program then checks to see if the w register contains 0, which would signify that all
charactersin the lookup table have been retrieved. If w is not O, the character in w iswritten to
the LCD display, viaacall to the subroutine LCD_SendChar, the pointer is incremented by 1,
and control is sent to the beginning of the loop to process the next character.
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The next macro we encounter is ADC_Initialize. As it name suggests, this macro simply
initializes the anal og-to-digital converter internal to the PIC16F876A processor. This processor
contains two special purpose file registers (ADCONO and ADCONL) that control the ADC. In
my application, the ADC is configured to use two input channels, channels O (denoted ANO in
PIC literature) and 1 (AN1). In addition, the ADC is configured to utilize an external reference
voltage. Externally, channel O is connected to pin 2 of the processor chip, channel 1 to pin 3, and
the reference voltage to pin 5. The ADC module requires its own clock signal, which is normally
obtained from the main processor clock through a division process. The period of the ADC clock
must be at least 1.6 ps, which means that since the period of the processor clock is 50 ns, the
processor clock must be divided by (at least) 32. | use 32.

Toinitiate an ADC conversion, bit 2 of ADCONO must be set. Bit 2 will remain set until the
conversion is complete, at which point the ADC module will clear point bit 2. The 10-bit result
of the conversion isreturned in two specia purpose registers, ADRESH in bank 0 and ADRESL
in bank 1. The ADC can be configured to return the 10-bit result either right-justified or left-
justified in these registers. | choseto have it left-justified (i.e., most significant 8 bitsin
ADRESH, least significant 2 bitsin bit positions 7 and 6 of ADRESL). | no longer remember
why | made this choice, but were | writing this program again, | might select right justification.

The next macro, ADC_StartRead, initiates an ADC conversion. The following macro,
ADC_ReadFinished, simply monitors bit 2 of ADCONO until it returns to O thereby indicating
that the ADC conversion isfinished. The following two macros, ADC_SetCh0 and
ADC_SetChl, configure the ADC to read either channel O or 1, respectively.

Initialization Code

We now come to the actual instruction code for the processor. When power isfirst applied to the
processor, and the Master Clear signal on pin 1 goes high, the processor starts by executing the
instruction at location 0 in itsinstruction memory. The processor incorporates afairly elaborate
interrupt system (more details later), and any interrupt causes control to transfer to the instruction
located at address 4. My program uses one type of interrupt, so thereis an interrupt service
routine located at address 4. Thus, when the processor initially starts, the first instruction isa
GOTO instruction that simply jumps around the interrupt service routine to the address StartUp.
This addressislocated on page 7 of the program listing in Appendix 1.
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In StartUp, the first thing the processor does iswait for 1 second (actually 10 tenth-of-one-
second waits). It then sets the appropriate states of the various input-output pins of the processor.
These states are controlled by three special purpose registers, TRISA (i.e., Tri-State Port A),
TRISB, and TRISC. A bit set to 1 in one of these registers configures the respective pin in the
respective port as an input whereas 0 makes an output.

My program includes three subroutines that can be used to wait for various lengths of time. We
have already mentioned WaitTenthSeconds. The number of periods that one desiresto wait is
entered in the w register. Any value from 1 (0.1 swait) to 255 (25.5 swait) can be entered into
w. The next routine is WaitMilliSeconds, which will wait from 1 ms (w = 1) to 255 ms (w =
255). Finally, WaitMicroSeconds will wait from 3 us (w = 3) to 255 us (w = 255). Thisroutine
will not act properly if w =1 or w = 2. (These subroutines will only wait for these times on
processors clocked at 20 MHz.)

Next the LCD display isinitialized by calling the suboutine LCD _Init. I won’t discuss the
initialization procedure here. Suffice it to say that the procedure is rather complicated and, in
some respects, mysterious. The display | used is documented in a manual?. This manual,
however, is of little use because it does not provide any information on programming the display.
The display uses a Hitachi controller/driver integrated circuit, and the programming of this
device iswell documented in a Hitachi user manual®. | also purchased a book* on programming
PIC processorsthat | found helpful for programming this kind of display.

After the display is initialized, the text “W7IEQ Power Meter” is written to the first line of the
display. (After the display is initialized, the “cursor” is set to character 1 of line 1.) The program
next moves the cursor to character 1 of line 2 and writes out the text “Version 2”. The program
then waits for 3 seconds, enough time for the user to read the display.

The next step isto initialize the analog-to-digital converter module. This is done with the macro
“ADC _Initialize” which has already been discussed. We next place the two sample-and-hold
chipsinto sample mode by setting bit 2 of 10 port A to 1. The pulse-width module (PWM) is
next initialized by calling the subroutine “PWM _Initialize”. The module is set to produce a
steady train of pulses at afrequency of about 4.9 kHz. Initially, the pulse width is set to 0%, but
it can be changed in software with 256 steps between 0 and 100%.

The next three steps in the program set up the interrupt system. (I will give details later.) These
three instructions are:

16



bsf status,rp0
bsf Ox7F & PIEL, TMR1IE
bsf INTCON,PEIE

The two special-purpose registers, PIEL (Peripheral Interrupt #1) and INTCON (Interrupt
Control) that we wish to manipulate are located in bank 1 of the file registers. To reach bank 1,
we must set the rp0 bit in status to 1, which the first instruction listed above does. The next
instruction sets the bit TMR1IE (timer 1 interrupt enable) to 1.

Notice the odd construction Ox7F & PIEL in the second instruction listed above. PIEL is an
address of aregister located in bank 1 of the file registers. The Microchip assembler seemsto
aways issue awarning whenever an address in a bank other than bank O isreferenced in an
instruction. Since, in my program, there are many such references, the list of warning messages
the assembler producesis very lengthy. To avoid this, | precede all such addresses referenced in
an instruction with the construction “0x7F & *“. The symbol means logical bit-by-bit AND and
has the effect of eliminating all but the least significant 7 bits of the address. But, all such 7 bit
addresses are located in bank 0, so doing this avoids the warning message.

(I suspect there must be another way to avoid this problem. Perhaps the assembler has a switch
that disables this particular warning message. However, | have looked and have never been able

to find such aswitch.)

24-Bit Floating Point Routines

This power meter is designed to respond to power levels from 1 mW to over 1,000 W. To handle
such arange of powers, | early-on decided to use floating point arithmetic in most of the
program. | searched the Microchip web site (specifically Application Notes) and found both 24-
bit and 32-hbit floating-point libraries. | chose to use the 24-bit floating-point library. The
Microchip floating-point library islocated in page 1 of instruction memory.

It is common to express decimal numbers (particularly very large and very small numbers) in

power-of-ten format. For example, the speed of light, in meters per second, is 299,790,000 m/s.
This would, most commonly, be written 2.9979 x 10° m/s.
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A similar situation exists with binary arithmetic. Two formats are typically used, fixed point and
floating point. In floating point, al binary numbers are written in the format

1h b, x2",

where mis the number of significant digits and n is an integer exponent. Note that this number
starts with the digit 1. Because binary has only two bit values, 0 and 1, all numbers start with the
digit 1 except for 0. For the 24-bit format used by the Microchip library, m= 15. Thus, for
example the numbers 1.0, 3.14159, and -0.1 would be written in this binary floating-point format
as

1.0 = 1.000 0000 0000 0000 x 2°
3.14159 = 1.100 1001 0001 0000 x 2"
~0.1=-1.100110011001101x 2"*

The binary valueis called the mantissa.

A 24-hit floating-point value consists of 24 bits (3 bytes) that encode this value. The first 8 bits
contain the value n + 127, were n is the exponent (by adding 127 to the exponent, we avoid
negative values) and n is restricted to the values —126 < n < 128. With thisrestriction, 1 < n+
127 < 255. The value of O for the exponent byte is then reserved to signify that the overall
number is 0. Since the leading bit of al nonzero mantissasis 1, we only include the 15 bitsto the
right of the decimal point. The 16™ it is used to indicate whether the number is positive or
negative, with the value 1 indicating the number is negative. Thus the above three numbers,
written in Microchip format, are

1.0 =0111 1111 0000 0000 0000 0000 = 0x7FO000
3.14159 =1000 0000 01001001 0001 0000 = 0x804910
-0.1=01111011 1100 1100 1100 1101=0x7BCCCD

The Microchip floating-point library contains subroutines to add (FPA24), subtract (FPS24),
multiply (FPM24), and divide (FPD24) values. In al cases, the first argument must be placed in
the dataregister aarg, aarg+1, aarg+2 and the second in barg, barg+1, barg+2. The result of the
operation isreturned in aarg, aarg+1, and aarg+2. The library also includes routines that convert
16-hit binary integers into 24-bit floating-point values (FLO1624), 24-bit integers into 24-bit
floating point values (FLO2424), and 24-bit floating point values into 16- or 24-bit integers
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(INT2416 and INT2424, respectively). Finally, the library includes subroutines that determine
whether the number in aarg is < the number in barg (TALTB24), aarg < barg (TALEB24), aarg >
barg (TAGTB24), aarg > barg (TAGEB24), aarg = barg (TAEQB24), and aarg = barg
(TANEB24). The entire Microchip library occupies page 1 of instruction memory. In addition to
the Microchip routines, | included one additional routine that | wrote named AargTimes10 that
multiplies the value in aarg by 10. This routine uses the fact that 10*aarg = 2*aarg + 2*aarg to
more quickly do this multiplication.

There were many times during the development and testing of this program where | needed to
convert decimal numbers into the Microchip 24-bit floating-point format, or visaversa. To
simplify this, | wrote a program for my programmable hand calculator ( a HP 48GX calculator).
Since this calculator has built-in capability to convert decimal integer numbers to binary integer
numbers, or the inverse, it was relatively simple to write this program. The program consisted of
the following steps.

1. If x=0, set thefloating point value to 0x000000 and quit.
2. If x< 0, makeit positive and continue with the following steps.

3. Let x be the number to be converted. If xis< 1, multiply repetitively by 2 until xis> 1.
Keep track of the number of required multiplications. The negative of this value becomes
the exponent.

4. If x> 2, divide repetitively by 2 until x < 2. Keep track of the number of required
divisions. This value becomes the exponent.

5. Add 127 to the exponent deduced in Step 3 or Step 4 to obtain the offset exponent.
Convert the resulting value to an 8-bit binary value. Thisisthefirst byte of the floating-
point value.

6. Multiply the remaining value of x by 2*°, round it to the near integer value, and convert
the resulting integer to a 16-bit binary value. (When the fractional valueis exactly 0.5,
round to the nearest even value. For example, if multiplying x by 2" yields 32768.5,
round to 32768. But if the resulting value is 32769.5, round to 32770.)

7. If theoriginal value of x was positive, change the 16" (i.e., most significant hit) to 0. If x
was negative, leave the 16" bit = 1. The resulting 16-bit value comprises the second and
third bytes of the floating-point value.
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More Initialization

Beginning on page 8 of the program listing in Appendix 1, the Microchip floating-point package
isinitialized by setting certain flags. Following this, the program proceeds to calculate two
normalization constants, FPInvT otal SamplesShort and FPInvTotal SamplesLong. Earlier, |
explained that the power meter program computes the average forward power during a series of
samples. A series consists of a specified number of cycles, NumCyclesShort for the short
averaging time (selected from the front panel “Averaging” switch) and NumCyclesLong for the
long averaging time. Furthermore, each cycle consists of NumSamples measurements of the
forward power. Thus, to compute the average, we must sum all the forward power samples and
then divide by NumSamples multiplied by NumCyclesShort for short averaging or NumSamples
times NumCyclesLong for long averaging. Thisinitiaization simply calculates the quantities
1/(NumSamples* NumCyclesShort) and 1/(NumSamples* NumCyclesLong) for later use by the
averaging routine.

Following along in the listing, the routine first |oads the 16-bit integer value of NumSamplesinto
aarg and aarg+1 and convertsit to afloating-point value. Note that when | call asubroutinein
page 1, | mask the address to keep only the least significant 11 bits. (This masking is done by
performing a bit-wise logical and between the subroutine address and the number Ox7FF.) | do
thisto prevent the assembl er issuing messages warning that the page number has to be set
correctly. | do set the page number to page 1 viathe following instruction:

bsf  PCLATH,psel0

The resulting floating-point value of NumSamplesis saved intl and is aso placed in barg. Next,
the NumCyclesShort isloaded into aarg+1 and aarg is cleared. (NumCyclesShort must be less
than 256.) This vaue isthen converted to floating point, and then multiplied by barg, that is, by
NumSamples. The result is transferred to barg, and aarg is then loaded with the floating point
value for 1.0, namely 0x7F0000. Aarg is then divided by barg, yielding finally

1/(NumSamples* NumCyclesShort). This result is saved in the 24-bit register

FPInvTotal SamplesShort.

The next segment of code calculates and saves 1/(NumSamples* NumCyclesL ong).
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The next step in theinitidization isto clear (i.e., set to 0) a data register named
ModeStatusFl ags. The various bitsin this 8-bit register are used to keep track of certain
conditions, as defined on page 2 of the listing. The conditions are covered are:

Bit 0 = 0 (or 1) means the peak forward power (in watts) measured during acycle is greater
than or equal to (or is less than) the low power threshold, defined by the constant
LowPowerThreshold.

Bit 2 =0 (or 1) means that the LCD display is showing the peak and average load (or
forward) powers.

Bit 4 = 0 (or 1) means the average time switch in the in short (or long) position.

Bit 5 =0 (or 1) means peak and average powers are being displayed with units of watts (or
milliwatts)

The program next initializes the 16-bit register bForwardPeak to 0, the 8-bit register
PeakWaitCounter to the value of the constant MaxNumPeakWaits, and the 8-bit register
SWRMeterWaitCounter to the constant MaxNumSWRM eterWaits. The functions of these
registers will be discussed later. Finally, the two-line LCD display is cleared and the text “SWR”
iswritten near the right edge of thefirst line.

We now come to the line with the address StartSeries. (Any symbol that startsin column O of the
listing isinterpreted as an address by the assembler.) This point in the program will be entered
whenever anew series of cyclesis started. At this point, the program first sets bits to insure that
page 0 of program memory and bank 0 of data memory are set. It then determines the setting of
the front-panel Forward/Load Power switch (Figure 1). This switch iswired to bit 3 of
input/output port C. Placing the switch in the “Forward” position will cause the level on this
input to be high (i.e., 5 V) as shown in Figure 2.

The program then continues by further initializing the display by writing additional text that does
not change during a measurement series. The program then determines the setting of the front-
panel averaging time switch (Figure 1). This switch, wired to bit 7 of input/output port C,
determines whether the averaging timeis short or long. It sets or clears the appropriate bit in

M odeStatusH ags and places the appropriate number of cycles per series into the 8-bit register
CycleCounter. It then clears the 32-bit accumulator Fpaccum that is used to accumul ate the
running sum of measured forward powers. At the end of a cycle, the value in this accumulator
will be divided by the total number of measurements in the cycle to determine the average The
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program loads the 16-bit register SampleCounter with the number of measurements to be taken
in the cycle and sets/clears one bit in the 8-bit register Flags. It then clears the 16-bit register
bForward and calls the subroutine ISR to start the cycle.

During a cycle, asubstantial number of measurements are taken. With the current settingsin the
program, 1,111 measurements are taken during one cycle, and measurements are repeated at 90
usintervals. Thistiming is set using the interrupt system and an internal timer in the processor.
Thus, let me digress briefly to discuss the interrupt system.

Interrupt System

Together with many types of processors, PIC processors have the capability of responding
immediately to certain external and/or internal conditions. When such a condition occurs, the
processor is interrupted, the instruction being executed is finished, the location of the next
instruction to be executed is saved, and the processor’s execution stream is diverted to an
“interrupt service routine (ISR)” that starts at address 4 in program memory. Normally, this
routine will perform actions to “service” the interrupt condition and will then return execution to
the normal instruction stream using the memory location saved earlier. Let me now explain how
this capability is used in my program.

The most basic activity of the program isto repetitively sample the forward and reflected powers
between atransmitter and aload. As noted earlier, a sampleistaken every 90 us. Thistiming is
implemented by having a clock (timer) internal to the processor generate interrupt signals every
90 us to initiate a sample. To do this, I used the processor’s internal 16-bit timer (called TIMER1
in the PIC16F876A data sheet). The contents of thistimer are incremented by 1 every instruction
cycle. When it reaches its maximum value (OxFFFF) and the next increment arrives, the
counter’s contents overflow to 0 and an interrupt is generated. The processor will then stop
whatever it isdoing, save its current location in instruction memory (by placing the address of
the next instruction to be executed at the top of an internal stack), and then transfer to location 4
in instruction memory. The program has an interrupt service routine (ISR) starting at location 4
that saves the contents of the w and status registers, initializes TIMER1, takes samples of the
forward and reflected power, and processes them.

Now to details of the ISR, whose listing starts on page 6 of Appendix 1. Thefirst task isto save
the w and status registers. This must be done in such away that none of the status bits are

changed. | followed a method described in the PIC16F876 data sheet. After that, bit 2 of Port A
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is cleared, which causes the two sample-and-hold chips to go into hold mode. A bit in the
register Flagsisthen cleared. (Note that Flagsislocated in bank 1 of the datafile registers, so bit
rp0 of status must be set beforeit is accessed.)

The next step isto turn the TIMER1 counter off. We then initialize this counter and turn it back
on. The 16-bit counter will overflow when it reaches the count 2'° = 65,536. The counter is
incremented 4 times every microsecond, so to set it to overflow every SamplePeriod (in ps,
currently set to 90), we must place the following count in the register: 65,536 —4* SamplePeriod
+ Deadtime, where Deadtime is the dead time in TIMER1 counts between the time the ISR was
initially entered and the time that TIMERL is turned back on after being initialized. In this case,
Deadtime = 16 counts.

Next, the BusyFlag bit is set in Flags, indicating that the routine is currently processing a
measurement. We then wait 16 additional microseconds to allow time for the Sample-and-Hold
chipsto stabilize their held data. We then read in the contents of channel 0 of the ADC. Channel
0 is connected to the forward power channel. The ADC isimmediately switched to read channel
1, but the actual read is delayed until the channel 1 electronics stabilize around the reflected
power channel data. The forward power ADC data are transferred to the 16-bit register
bForwardNew, and the new value is compared to the previous peak value, held in the 16-bit
register bForward. If the new value is greater, it will replace the value in bForward.

Comparison of bForwardNew and bForward is done using the subtract operation. | found this
procedure quite confusing at first, particularly the function of the carry bit, until | discovered a
way of thinking about it that made the interpretation easy. To illustrate this, suppose we have two
8-hit quantities, A and B, in memory that we wish to compare. We can do this by subtracting B
from A. Subtraction in the PIC processors is performed using 2’s complement arithmetic. To
subtract B from A, the 2’s complement of B is first formed. I will denote the 2’s complement as
-B. To do this, every bit in B is interchanged, that is, 1’s become 0’s and 0’s become 1°s. It is
easy to seethat thisis exactly equivalent to subtracting B from 255, that is, 255 - B. Then, 1is
added to the result. Thus,

-B=256-B

Once the 2’s complement is formed, subtraction of B from A is accomplished by simple
addition, that is
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A-B=A+(-B)= A+(256—B)=256+(A-B)

If the result of the addition is greater than 255, the carry bit will be set. On the other hand, if the
result isless than or equal to 255, the carry bit will be cleared. Thus, we arrive at the rule:

If A>B,thecarry bit=1

If A <B,thecarry bit=0

Now go back to the program listing (p. 7). Remember that the 10-bit result of an ADC
conversion isleft justified. Thus, the most significant 8 bits of the result are in bForwardNew and
the least significant 2-bits are the left-most bitsin bForwardNew+1. The first step isto compare
the most significant 8 bits of the bForward and bForwardNew. If bForwardNew > bForward, the
program jumps to the address ISR_012 where bForward is replaced by bForwardNew. If on the
other hand, if bForward = bForwardNew, the bottom two bits are compared.

The program next reaches the instruction location ISR_019, where the subroutine
GetForwardwWatts is called. Remember that the signal from the forward channel is a voltage
proportional to logarithmic power in units of dBm. The purpose of GetForwardWattsisto
convert from dBm to watts. | use lookup tables to accomplish this conversion as rapidly as
possible.

The program occupies much of page 0 of instruction memory and the Microchip floating-point
package occupies much of page 1. Thus, pages 2 and 3 were available for the lookup tables, a
total of 4096 values. A 10-bit ADC can output 1024 values. Thus, the forward and reflected
power channels have 2048 possible inputs, which means that, at most, there are two instruction
locations available to table an ADC value. Unfortunately, a 24-bit floating-point value requires
three locations to encode avalue. Thus, | developed a 16-bit floating point format that | used for
this purpose. The next section describes this format.

16-bit Floating-Point Format

Since this format will be used to convert 10-bit binary integers, representing forward and
reflected power in units of dBm, to 16-bit floating point values equal to the corresponding power
in watts, we only need 10 bits of mantissa to retain accuracy. Furthermore, all of these values
will be positive, so there is no need to have asign bit. Finally, the range of valuesis limited,
from about 1 uW (microwatt) to several thousand watts. Thus, this format consists of a 6-bit
exponent, occupying the most significant 6 bits of the first byte, and a 10-bit “reduced”
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mantissa. The mantissa is reduced by not including the leading 1 bit, which is present in all
values except for 0. The exponent is offset by adding 27 to avoid negative values. Finally, an
exponent of 0 is used to indicate that the number is 0.

For example, consider the number 1, which can be written in binary as 1.0000000000 x 2°.
The offset exponent is 27 + 0 = 27 = 011011. The mantissa is just 0000000000 since the
leading 1 is suppressed. Thus, the 16-bit floating-point value is 0110 1100 0000 0000 =
0x6C00.

As another example, take 439. In binary, this is 1.1011 0111 00 x 28, Thus, the exponent is 27
+ 8 =35=100011 and the mantissais 10 1101 1100, so the floating-point valuesis
1000 1110 1101 1100 = Ox8EDC.

Thelargest and smallest numbers that be encoded in this format are approximately 1.37 x 10™
and 1.49 x 10°®, respectively.

Interrupt Service Routine (Continued)

The program continues at location ISR_019 by calling the subroutine GetForwardwWatts to obtain
the forward power in watts. This subroutine uses the Microchip standard method to implement
lookup tables (see the discussion of lookup tables in the Macro section earlier in this report). The
lookup tables for the forward power conversion occupy all of page 2 of memory and are
organized into eight 256-word subtables. The first four subtables contain the right-hand bytes
(low bytes) of the forward floating point power, and the next four subtables contain the left-hand
bytes (high bytes). The least-significant 2 bits of the ADC result are used as an index into the
four low-byte and the four high-byte subtables, and the most significant 8 bits are used as an
index into the selected 256-word subtables. The result of this conversion is returned in the 16-bit
dataregister FP.

After the lookup is complete, the processor initiates the actual ADC conversion of the reflected
power signal. While this conversion is underway, the processor calls the subroutine SumP16,
located in page 1 of instruction memory. This subroutine adds the forward power, in watts, to a
running sum located in FPaccum. The program then checks to seeif the ADC read of the
reflected power isfinished. (If it is not finished, the macro will wait until it is finished.) Once the
read is finished, the processor sets the ADC to channel O, checksto see if anew peak forward
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power was measured and, if so, places the corresponding reflected power in the 16-bit data
register bReflected.

Next, starting at the instruction following the address ISR_021, the 16-bit register,
SampleCounter, is decremented by 1 and tested to seeif itisO. If itis 0, abit named
SampleDoneFlag is set in the bank 1 data register Flags. Then, at ISR_040, the status and w
registers are restored to their state before the interrupt occured and program control is returned to
the program location just prior to the interrupt. This return is accomplished using the retfie
instruction, which returns to the appropriate location and also arms the interrupt system so that it
will respond to future interrupts.

Routine at the End of a Cycle

The code immediately following the “call ISR” instruction on page 10 of Appendix 1 simply
repetitively clears the bit BusyFlag in Flags and checks the SampleDoneFlag in Flags. When it
finds this flag set, indicating that all samples for the current cycle have been taken, the

program disarms the interrupt system with the instruction

bcf  INTCON,GIE

and proceeds to process the results obtained during the last cycle.

The first step in the process is to determine whether the peak forward power measured during
the last cycle, and held in the 16-bit register bForward, is larger than the current peak power
being displayed on the front panel LCD display, and held in the 16-bit register bForwardPeak.
If the latest peak is not larger, control passes to location hh003 in the program. The register
PeakWaitCounter is decremented by 1 and checked to see if it is 0. If it is not yet O, nothing
more is done, i.e., the previous peak power will continue to be displayed on the front panel
LCD display. If, however, PeakWaitCounter has been decremented to the point that it is O, or
the forward peak measurement during the latest cycle is larger, the program will jump to the
location hh001 where the value bForwardPeak will be replaced by the new peak value in
bForward. This value is then converted to watts, using the subroutine GetForwardWatts, the
resulting value is converted to a 24-bit floating-point value via the subroutine P16ToFP24, and
saved in PeakFowardWatts. (It is necessary to convert to a 24-bit value so that the Microchip
24-bit floating-point library can be used for subsequent analyses.) Then, the corresponding
reflected power will be converted to 16-bit floating-point format and then to 24-bit floating-
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point format. Then, the subroutine CalculateSWRandSetMeter is called to determine the SWR
from the 24-bit floating-point values of forward and reflected power and set the front panel
meter to reflect this new value. Next, the new SWR and peak power values are written to the
LCD display using the routine DisplayPeakPowerAndSWR. Finally, the 8-bit counter
PeakWaitCounter is initialized to the value MaxNumPeakWaits.

If a new peak forward power was not found during the last cycle, the peak forward and
corresponding reflected powers that were measured during this cycle are used to update the
front-panel analog SWR meter. This code starts at location hh002.

The program next arrives at the location c002 (p. 12) where the CycleCounter is decremented
and checked to see if it is 0. If it is not O, control is passed to the location NextCycle where
processing for a new cycle begins. If, on the other hand, CycleCounter = 0, the series of
cycles is complete and the program moves to the processing that follows the completion of a

series.

Routine Following Completion of a Series

The only processing that occurs at the end of a series involves the calculation and displaying of
the average forward (or load) power. First, the three most significant bytes of the 32-bit
floating point accumulator are moved to the register FP, converted to 24-bit floating-point
Microchip format, and are multiplied by the inverse of the total number of measurements,
contained in the data registers FPInvTotalSamplesShort and FPInvTotalSamplesLong for short
and long averaging times, respectively. The resulting average forward (or load) power is
written to the LCD display using the subroutine DisplayAvgPower. Then, the program
transfers control to the instruction location StartSeries, which starts the next measurement

series.

Calibrate Program

The next part of the program, starting at the bottom of page 12 of the Appendix, is assembled
only if the constant Calibrate is given the value 1 at the beginning of the program. This
function of this program is to write to the LCD display the average of 1024 ADC
measurements of the signals entering the forward and reflected power input pins of the
processor
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In the remainder of this document, I will give notes about some of the subroutines used by my
SWR/Power Meter program.

Subroutine CalculateSWRandSetMeter

Standing wave ratio (SWR) is defined as
SVVR = Vmax /V min

where Vmax and Vimin are maximum and minimum voltages, respectively, present on the
transmission line connecting the transmitter to load. Let Pr and Pr be the forward and reflected
powers on the transmission line, respectively. The voltages, Vr and Vz, of the forward and
reflected waves, respectively, are related to Pr and Pr as follows:

VF =,/ PFZO
VR = PRZO

where Zo is the characteristic impedance of the transmission line. The maximum voltage, Vmax,
will occur where the two waves are in phase, in which case Vimax = VrF + Vk. Similarly, the
minimum voltages on the line will occur where the forward and reflected waves are out of
phase, sO Vmin = VF - Vr. Thus,

Ve +Ve  PeZy +4[PeZ,
Ve = Vg \/PFZO _\/PRZO

R 1R
Ry

The subroutine, however, uses a different form of this formula to reduce the number of

calculations. This modification is

B -2

R=— <
JP/P. -1
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To calculate the square root, I use a subroutine sqrt that I wrote. This subroutine was written
to emphasize speed over accuracy. The accuracy (0.2% or better) is sufficient for our
purposes. The routine begins by using a linear approximation to estimate the square root of a
number between 1 and 4. (All other numbers can be scaled to values between 1 and 4 by
multiplying or dividing by 2" or where N is an even integer.) This linear approximation is
further improved as follows. Let x be the number whose square root we wish to obtain, and let
s1 be the estimate obtained from the linear approximation. Our goal is to obtain a better
estimate, s2. [ use the following formula to accomplish this:

S +X's
2

Once the SWR is calculated, it is displayed on the front panel analog meter. As discussed
earlier, this display is facilitated using a pulse-width-modulated output signal from the
processor. The pulse width can be varied from O (i.e., the output signal is always 0 V) to 255
(the output signal is always high, at about 5 V). The circuitry driving the meter must be
adjusted so that an output of 255 will cause a full scale deflection of the front panel analog
meter.

Actually, the SWR is not directly displayed. Rather, the quantity 255 x (1 - 1/SWR) is
displayed. I have found that this provides a superior meter indication to use when adjusting an
antenna tuner for lowest SWR.

Subroutine DisplayPeakPowerAndSWR

This routine writes the peak forward or load power (depending on the setting of the front panel
power switch shown in Figure 1) to the LCD display. First, the routine determines if the
power is large enough to write to the screen. If not, it writes the word “low”. It next
determines if the forward or load power is to be written. If needed, load power, Pr, is
calculated from the formula

R =[-|o )R

where |p| is the reflection coefficient and Pr is the measured peak forward power. |p| =
\Psz/P- is calculated during the SWR calculation and its square is stored in the data register

LoadFactor. Once the peak power is calculated, the subroutine FormatWatts is called. This
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routine decides whether the power is to be displayed in units of watts (W) or milliwatts (mW).
The power is next displayed with the appropriate units.

Finally, this subroutine formats the SWR for LCD display, by calling the subroutine
FormatSWR, and then displays the formatted SWR.

Subroutine DisplayAvgPower

This subroutine first checks to make sure the peak power was large enough to display. If so, it
then calculates the load power if needed, calls FormatWatts to format the power for display,
and then writes the average forward (or load) power to the front panel LCD display.

Subroutine LCD DisplayASCII Num

This subroutine writes a number to the LCD display. The decimal digits (in ASCII format) of
the number to be written must already be in the data registers ASCII_Num through

ASCII Num+4. The sign of the number (i.e., positive or negative) must be indicated by the
presence of O (for positive) or 1 in the register ASCII Sign. The location of the decimal point
is contained in ASCII_Decimal: The number in this register gives the number of digits to the
right of the decimal point. Finally, ASCII MinField gives the minimum number of spaces to
allocate to the number.

Subroutine Int16ToASCII Num

This subroutine converts a 16-bit integer, initially located in aargb0 and aargbl, to ASCII
form. The result is placed in the registers ASCII Num through ASCII Num+4.

The largest number that can be contained in 16 binary bits is 2'° —= 1 = 65,535. The routine
thus first repetitively subtracts 1000 from the integer to be converted until the result goes
negative. The total number of subtractions before the remainder went negative is the first
decimal digit. It is converted to ASCII form by adding 0x30. Next, 100 is repetitively
subtracted from the remainder, thus determining the second digit. This process continues until
all five decimal digits are converted.

Subroutine GetForwardWatts
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As discussed previously, this subroutine is called with a 10-bit value from the forward power
ADC and returns with the corresponding forward power in watts. A system of lookup tables is
used to accomplish this task.

The listing for this program starts on page 27 of Appendix 1. The first instruction sets rp0 in
status so that bank 1 of data memory can be accessed. The program then calls
_GetForwardLowByte. The purpose of this program is to obtain the low (least significant) byte
of the forward power. The subroutine is also on page 27. It first sets bits in PCLATH to access
page 2 of program memory, where the forward power lookup tables are located. It then checks
bits 6 and 7 of bForwardNew + 1. bForwardNew holds the 10-bit digitized value of forward
power. The most significant 8 bits are located in bForwardNew and the least significant 2 bits
are bits 7 and 6 of bForwardNew + 1. Depending on the contents of these latter two bits, bits in
PCLATH are set appropriately so one of four 256-word-long lookup tables can be accessed.
Finally, the contents of bForwardNew (i.e., the most significant 8 bits) are loaded into PCL,
the lower byte of the program counter. As discussed earlier, the effect of this final operation is
to cause the processor to next execute the instruction pointed to by PCLATH and PCL. The
lookup tables begin on page 51 of Appendix 1 and consist of nothing more than a whole string
of retlw instructions. The value of PCLATH determines which of four tables will be accessed,
and the value of PCL will determine which retlw instruction within the table will be executed.
Whichever retlw is executed will cause the processor to return to the instruction following the
last subroutine call with the value of the low byte of the 16-bit floating-point power in watts
loaded in the w register.

Finally, let me describe how I construct these tables. As mentioned earlier, the response of the
forward (or reflected) power channel can be characterized by the linear relation

dBm=ax ADC+f3

where dBm is the power input to the forward channel, measured in units of dBm and ADC is
the resulting digitized value of this power. The constants, o and £, must be determined
experimentally. The power in units of dBm can be converted to power, P, in units of watts
using the following formula:

P = (0.001W )x10%®™*

Combining these formulae:
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P = (0.001W )x10/@*AoC+#)10

The lookup tables included in Appendix 1 are the ones I used for my power meter based on the
calibration data acquired with it. Unfortunately, they are not terribly accurate because I do not
have a good way to accurately measure rf power in watts. I estimate their uncertainty to be
about +10%. One of my goals is to acquire the equipment to more accurately measure rf
power. Consequently, it would be good if anyone who duplicates my power meter would do
their own calibration. This will, of course, require that the lookup tables in Appendix 1 be
changed to match the new calibration data.

The best way to do the calibration would be feed known powers through the directional coupler
and record the resulting ADC readings. (Doing this way calibrates the directional coupler, the
20-dB attenuators, and the AD8307 chips.) Then, the powers in watts should be converted to
units of dBm. Next a straight line should be fit to the dBm data as a function of the ADC data.
If more than two power points are obtained, this line could be fit using the least-squares
method. The slope and intercept of the resulting line are the constants ¢ and S, respectively,
defined above.

The new forward-power and reflected-power lookup tables can then be constructed by hand
using these formulae. This would, however, be very tedious. As an alternative, I wrote a
computer program to do this. This program, written in Microsoft Visual Basic 6.0, enables the
user to enter values for o and S (named the “slope” and “intercept” in the program), tell the
program whether the forward or reflected power channel lookup tables are being constructed,
and then construct them. The tables are shown in a box. These tables can then be saved to a
file. The file can be later opened using a text editor such as Notepad, the contents copied to the
clipboard, and then pasted into the assembly language listing.

The lookup table program is a Windows program and is installed in the same way normal
windows programs are installed. There are three files involved in this process: Power
Tables.Cab, setup.exe, and SETUP.LST. They are included on the ARRL website. Follow this
procedure to install this program on your computer:

1. Download the three files listed in the preceding paragraph from the ARRL website into
a convenient temporary file.
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. Using Windows Explorer (or equivalent) create a subdirectory to the Program Files
directory on your main hard drive named “PowerMeterLookup Tables”.

. Start (double click) setup.exe

. Follow the onscreen prompts. At one point, the installation program will ask where you
want to place the program files. Using the Browse button, select \Program
Files\PowerMeterLookupTables.

. Finish the installation process.

. To run the program, hit the Start button, select programs, then select the “Power Meter
Lookup Tables” folder, and double click on the program “Power Meter Lookup
Tables”. On my computer, the first time you do this, the system will ask you to help
find the program. Hit the “Browse” button, and select the program directory where you
placed the files. Apparently, you only have to do this once.

33



Appendix 1. List of Power/SWR Meter Software

;**PONER METER, Hardware Version 2, SOoftWare VEer Si On 2% % %% k& ks ks ko s ko ok ko ok ok ok ok ko ok ok ok ok o ok o ko ok ko

include <pl6f876a.inc>

skkkkkkkkkkkkkkkkkkkk CONGE QL SEF KKK KKk kK k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kK

; To facilitate sinulation, use the Sinulate variable. It has the follow ng

; val ues:

; Val ue Function

; 0 No sinul ation
; 1 Si nul ate

Si nul ate equ O
ADRES_STEP equ 0

; Switch to determ ne whether software runs in calibrate (Calibrate = 1) or normal (Calibrate = 0) node.
; In calibrate node, the processor will read the forward and reflected power channels

Calibrate equ 0

; The following constants are only used if Sinulate = 1

Forwar dOr LoadWat t s equ 1 ; Set 1 for Forward, O for Load Watts
LongOr Short AvgTi ne equ 1 ; Set 1 for long averaging tine

; This constant defines the binary | ow power threshold, where the display shows
; "Low power".
LowPower Thr eshol d equ 404/ 4 ; Corresponds to forward powers < about 1 nmW

; Tinme (mcroseconds) between consecutive sanples
Sanpl ePeri od equ 90
TMRL_Init equ 65536 - 5*Sanpl ePeriod + 16

if Calibrate == 1

NunBSanpl es equ 1024 ; This val ue nust not be changed.
el se

if Simulate >0
MaxNunPeakWai t s equ 30 ; Nunber of waits in peak node
MaxNunSVIRMet er Waits equ 16 ; Nunber of consecutive | ow power readings to set SWR neter to O
NunBSanpl es equ 100000/ Sanpl ePeriod ; Nunber of average-node sanples in one cycle
NuntCycl esShort equ 16 ; Nunber of cycles in a series for "short" averaging
NuntCycl esLong equ 48 ; Nunber of cycles in a series for "long" averaging

el se
MaxNunPeakWai t s equ 30 ; Nunber of waits in peak npde
MaxNunBWRMet er Waits equ 16 ; Number of consecutive | ow power readings to set SWR neter to O
NunSanpl es equ 100000/ Sanpl ePeri od ; Nunber of average-npde sanples in one cycle
NunCycl esShort equ 16 ; Nunber of cycles in a series for "short" averaging
NunCycl esLong equ 48 ; Nunber of cycles in a series for "long" averaging

endi f
endi f

skxkkxkkxxxPgcked 16 bit floating pOI Nt VAl UeS*****kkkkkkkkkkkkkkkkkkkkkkkkkkkkk

; This routine uses a packed 16-bit floating point value that | devel oped to reduce
; menory usage in a look-up table relating power in watts to neasured adc val ues for
; forward and refl ected powers.

; The packed val ues contain a 10-bit "reduced" nantissa (m and a 6 bit shifted exponent (s).
; Al values are assuned positive so there is no need for a sign bit. Also, the first bit

; in the mantissa, which is always 1 except when the nunber id O, is suppressed.

; The offset value for the exponent is 27. A shifted exponent of O neans the nunber is O.

; For exanple, the nunber 0 has a packed 16 bit val ue of 0x0000.
; Next, consider the nunber 1. This can be witten as 1.0 * 2"0. The reduced nantissa

; is 0 and the shifted exponent is 27 + 0 = 27 = Ox2B = 0b011011. Thus, the packed 16-bit
; value is 0b0110110000000000 = 0x6C00
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Next take the nunber 1107 = 0x453. In binary, this can be witten

10001010011 = 1.0001010011 * 2710. The reduced nmantissa is 00 0101 0011 and the exponent
is 27 + 10 = 37 = 0x25 = 100101. Thus the packed value is 1001 0100 0101 0011

= 0x9453

The | argest value that can be represented is in binary 1.11 1111 1111 & 2~(63 - 27)
= 111 1111 1111 * 2726 = Ox7FF * 2726 = 137,371, 844,608 = 1.37371844608E+11
and the snmallest value is 1.00 0000 0000 * 27(1 - 27) =1 * 27-26 = 1.49011611938E-8.

This 16-bit format is used only in the interrupt service routine and for |ooking up
powers give a particular ADC reading. Al other arithmetic is done using a 24-bit format
devel oped by M crochip.

JREEF Kk x ok x kK xx ko x % OCONSTANTS & MEMORY ALLOCATI ONSH * % % % 5 o sk sk sk ok ok ok ok ok o ok o ko ok ok

; First nake general register assignnents

cbl ock 0x20
; Next group of variables used by McroChip floating point routines.
exp: 0, aexp:0
aar g, aar gb0, aargbl, aargbh2
aargb3, aargb4, aargb7
sign
f pfl ags
bexp: 0, barg, bar gb0, bargb1l, bargb2

Fol | owi ng vari abl es used by ny floating point routines and by
Watts | ookup table routines

isign, intPart
tenp: 0, tenpbO, tenpbl
t1:3, t2:3, t3:3

Variabl es for construction of and display of ASCI| nunbers
ASCI | _num 5, ASCI|_Sign, ASCI|_Decinmal, ASCI|_M nField

; More tenporaray vari abl es
Timer, Tinmer2, Tiner3
LCDTenp, LCDChar, LCDTextPtr

Fl oating point variables for power neter data
SWR: 3, PeakForwardWatts:3

Thi s variabl e denotes various statuses associated with power |evels
Bit Value Means

0 0 PeakForwar dWatts >= LowPower Thr eshol d
0 1 Peak ForwardwWatts < LowPower Threshol d
2 0 Di spl ay Mode = Forward - Reflected Power (Watts)
; 2 1 Di spl ay Mbde = Forward Power (Watts)
; 4 0 Short averaging tinme
; 4 1 Long averaging tinme
: 5 0 Di spl ays power in units of W
; 5 1 Di spl ays power in units of nmW

MbdeSt at usFl ags

Regi ster to count # of cycles.
Cycl eCount er

This variable holds the total nunber of sanples used to cal cul ate average power
FPI nvTot al Sanpl esShort: 3
FPI nvTot al Sanpl esLong: 3

Counter for nunber of waits, after peak is found
PeakWai t Count er

Counter for nunber of waits, while power is low, before SWR neter set to O

35



SWRMet er Wai t Count er

; More tenporary vari abl es
tenpl, tenp2, tenp3, tenp4, TableTenp

; Reflection Coefficient squared
LoadFact or: 3

Debug Registers
Debugl, Debug2

endc

The definitions used to access bits in MdeStatusFl ags

LowPeakWat t s equ O
Forwar dWat t s equ 2
LongAvgTi me equ 4

M11iWattsFl ag equ 5

; Tenporary storage for critical variables during interrupt service
cbl ock 0x7D
w_tenp, status_tenp, PCLATH tenp

endc

Variabl es located in Block 1
chl ock 0xA0

Accunul ator for forward power running sum and FP packed val ue.
ChOAvg: 0, FPaccum 4, ChlAvg:0, FP: 4
BlTenpl, BlTenp2, BlTenp3

; Variables used to hold digital valuesl produced by ADC
ChOMax: 0, bForward: 2
ChOM n: 0, bForwar dPeak: 2
ChiMax: 0, bForwar dNew: 2
ChiM n: 0, bReflected:2

Status flags
Fl ags

Loop counter for average and peak nodes
Sanpl eCount er: 2

Tenporary hol ders for ADC val ues
Choval ue: 2, ChilVval ue: 2

Tenp registers used only in sinmulate node
S_ADRESL, S_ADRESH

Bankl debug registers
B1_Debugl, B1_Debug2

endc

; Definition of bits of Flags

NewPeak equ 0
Sanpl eDoneFl ag equ 1
LZflag equ 2
BusyFl ag equ 3

Constants used for selecting pages

psel 0 equ 3
psel 1 equ 4

bi t 0 equ 0x0
bi t 1equ 0x1
bi t 2 equ 0x2
bi t 3equ 0x3
bi t 4equ 0x4
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bi t 5equ 0x5

bi t 6 equ 0x6

bi t 7equ 0x7

BO equ0

Bl equl

B2 equ?2

B3 equ3

B4 equ4

B5 equb

B6 equ6

B7 equ7

MSB equ 7

LSB equ 0
#defi ne _C STATUS, 0
#defi ne Z STATUS, 2

FLOATI NG PO NT SPECI FI C DEFI NI TI ONS
literal constants
equ D 127

; floating point library exception flags

| OV equ 0 bit0 = integer overflow flag

FoOv equ 1 ; bitl = floating point overflow flag
FUN equ 2 bit2 = floating point underflow flag
FDZ equ 3 bit3 = floating point divide by zero
NAN equ 4 ; bit4 = not-a-nunber exception flag

DOM equ 5 bit5 = domain error exception flag

RND equ 6 ; bité = floating point rounding flag,
SAT equ 7 bit7 = floating point saturate flag,

exception without saturation,
; exception with saturation to

MoveBytes macro AA, BB, nbytes ; Macro that
if (0x80 & AA) == (0x80 & BB)
if (0x80 & AA) 1= 0
bsf status, rp0
el se
bcf status, rp0
endi f
endi f
local i =0 a through a + nbytes - 1 to
while i < nbytes b through b + nbytes - 1

if (0x80 & AA) != (0x80 & BB)
if (0x80 & AA) = 0

bsf status, rp0
el se
bcf status, rp0
endi f
endi f
novf OX7F & (AA +i)),w
if (0x80 & AA) != (0x80 & BB)
if (0x80 & BB) != 0
bsf st atus, rp0
el se
bcf status, rp0
endi f
endi f
novw (Ox7f & (BB +i))
i set i+ 1
endw
endm

This macro stores a 24-bit floating point literal
nenory |ocations starting at Address in Bank O.

flag

0 = truncation

0 = termnate on
1 = termnate on
appropriate val ue

sk ok ok ok ok kkokk ok kkx NACRO DEF] NI T1 QNSH * % % * % % % % % ko % o % % % % &k % % k% % k %k k% k% % k%%

noves nbytes bytes from

in three consecutive
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StoreFPLiteral macro Literal, Address

nmovl w (Oxff0000 & Literal) >> 16 ; CGet top 8 bits
novwf Addr ess

nmovl w (Oxff00 & Literal) >> 8 ; Get nmiddle 8 bits
novwf Address + 1

nov| w (Oxff & Literal) ; Get lower 8 bits

novw Address + 2

endm

————————— LCD DisplayTexXt-------c-mmmmme oo

This macro sends text to the LCD display, starting at the current

cursor position. The first argunment of the macro is the text to be displayed. The
second is a unique address which is used internally within the routine.

For exanpl e, suppose one wishes to output the string "Test output" to the
LCD di splay, starting at the current cursor position.
The followi ng code would do this:

LCD Di spl ayText "Test output", Adr 8898

if Simulate >0
LCD Di splayText macro TextString, Uni queAddress

endm
el se
LCD _DisplayText macro TextString, UniqueAddress
bcf status, rp0 ; Sel ect bank 0
bcf PCLATH, psel 0 ; Sel ect page 0
bcf PCLATH, psel 1
clrf LCDText Pt r ; Start with first character in string, i.e., with 0 offset
novf LCDText Ptr, w ; Load of fset
call ($+7) ; CGet next character fromtable
andl w oxf f ; Test if character is 0O
bt fsc status, z ; Skip if not zero
goto Uni queAddr ess ; Finished-go to end
cal | LCD_SendChar
i ncf LCDText Ptr, f ; Increnent to point to next character
goto $-7 ; Do next character

; The next 8 instruction and the | ookup table that follows it conprise a subroutine.

novwf Tabl eTenp ;Store of fset tenporarily
novl w HI GH ($+7) ; High part of address of table
novw PCLATH ;stored in PCLATH
novf Tabl eTenp, w ; Load of fset back into w
addl w LOW ( $+4) ;OfFfset into table
bt fsc status, c ;Carry on add?
i ncf PCLATH, f ; Yes
novw PCL ; Enter address of table entry
dt TextString, 0 ; Defines table

Uni queAddr ess
endm
endi f

; Macros for ADC use

; Initialize the ADC unit.
ADC Initialize macr o

bsf st atus, rp0

movl w 0x05 ; Select ANO, ANl1, Vref as analog inputs, left justified result
novwf 0x7f & ADCONL

bcf st atus, rp0

nov| w 0x81 ; Set up for ANO and turn ADC on
nmovwf ADCONO

bcf PCLATH, psel 0 ; Sel ect Page 0

bcf PCLATH, psel 1

nov| w 7 ; Wait 7 microseconds for system
call Wai t M croSeconds ; to stabilize

endm
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ADC_St art Read macr o

bsf ADCONO, 2

if Simulate==1
movl w LOW ADRES_STEP) ; Subtract ADRES STEP from S_ADRES-
bsf st atus, rp0
subwf Ox7F & S_ADRESL, f
btfss status, c
decf Ox7F & S_ADRESH, f
movl w HI GH( ADRES_STEP)
subwf Ox7F & S_ADRESH, f
bcf status, rp0

endi f
endm

ADC_ReadFi ni shed macro
if Simlate==0
bt fsc ADCONO, 2

goto $-1
el se
bsf st atus, rp0
nmov f OX7F & S_ADRESL, w
nmovwf Ox7F & ADRESL
nmov f OX7F & S_ADRESH, w
bcf st atus, rp0
nmovwf ADRESH
endi f
endm
ADC_Set ChO macr o
bcf ADCONO, 3
endm
ADC_Set Chl macr o
bsf ADCONO, 3
endm
if Calibrate ==

Skkkk KKk KKk Kk R
; CODE FOR NORMAL MODE

org 0x0
goto Start Up

; This interrupt driven routine is the inner sanpling |oop.

org 0x04
I SR
nmovwf w_t enp
swapf status, w
nmovwf status_tenp
bcf status, rp0
bcf PORTA, 2 ; SIH converters -> hold
bsf status, rp0
bcf Ox7F & Fl ags, NewPeak
bcf status, rp0
bcf T1CON, TVR1ION ; Turn Timerl off and initialize it
movl w LOW TMRL I nit)
novwf TMRLIL
movl w H GH(TMRL_Init)
novwf TVMR1IH
bsf T1CON, TMR1ION ; Turn Tinmer 1 on
bcf PIR1, TMR1I F ; Turn off Tinmerl interrupt flag
bsf status, rp0
bt fsc 0x7F & Fl ags, BusyFl ag ; Are we already processing a neasurenment? If so, do not start another one
goto | SR_040
bsf 0x7F & Fl ags, BusyFl ag ; Set busy flag, indicating a new neasurenent is being processed.
bcf status, rp0
movl w 16
call Wai t M cr oSeconds ; Wait a total of 12 microseconds for S/Hto settle of held val ue

ADC St art Read
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ADC_ReadFi ni shed

ADC_Set Ch1

nmovf
bsf
novwf
nmovf
nmovwf

; Set ADC to Channel 1 to read reflected power.

ADRESH, w ; Transfer result of ADC to bForwar dNew
status, rp0

0x7F & bForwar dNew

Ox7F & ADRESL, w

Ox7F & bForwardNew + 1

I's the newy neasured val ue of Forward power greater than the previous maxi nun?

nmovf
subwf
btfss
goto
btfss
goto

novf
subwf
btfsc
goto

I SR 012
novf
novwf
nmovf
nmovwf
bsf

I SR 019
call
bcf

ADC St art Read

bcf
bsf

cal |
bcf

bcf

0x7F & bForwar dNew, w

Ox7F & bForward, w ; 256 + (bForward - bForwardNew): c¢ = 0 neans bForwardNew > bForward
status, c

I SR 012 ; bForwar dNew < bForward, so new maxi mum f ound

status, z

| SR 019 ;. bForward < bForwardNew so no new maxi num

Ox7F & bForwar dNew+1, w ; MBB's equal so check LSB's

Ox7F & bForward+1, w ; 256 + ((bForward+1) - (bForwardNew+l))

status, c

| SR 019 ; (bForwar dNew+1) > (bForward+1)

; New nmaxi mum found so replace bForward wi th bForwar dNew
Ox7F & bFor war dNew, w
0x7F & bForward
O0x7F & bForwar dNew+1, w
Ox7F & bForward+1
0x7F & Fl ags, NewPeak ; Set flag for latter use

Get For war dWat t s
status, rp0
Start Read of reflected power

PCLATH, psel 1 ; Sel ect Page 1
PCLATH, psel 0

Ox7FF & SunP16 ; Update accun ated val ue
PCLATH, psel 0

st atus, rp0

ADC_ReadFi ni shed

bsf
ADC_Set ChO
bsf
btfss
goto
bcf
nmovf
bsf
nmovwf
nmovf
nmovwf

I SR 021
decfsz
goto
bsf
novf
btfsc
bsf
goto

I SR 031
bt fss
goto
decf
bcf

| SR_040
swapf
novw
swapf
swapf
retfie

PORTA, 2 ; S/IH to sanpl e node
; ADC to Channel O (Forward power)
status, rpO

(Ox7F & Fl ags), NewPeak ; Was a new maxi num forward power neasured?
I SR 021

status, rp0

ADRESH, w ; Yes, so update bReflected with new val ue

status, rp0

Ox7F & bRefl ected
Ox7F & ADRESL, w
Ox7F & bRefl ected+1

; Decrement two-byte sanple counter
Ox7F & Sanpl eCounter+1,f ; Decrenent LSByte
I SR_031 ; Byte not zero
Ox7F & Fl ags, LZfl ag
Ox7F & Sanpl eCounter, f
status, z
0x7F & Fl ags, Sanpl eDoneFl ag
I SR_040

Ox7F & Fl ags, LZfl ag

I SR_040

0x7F & Sanpl eCounter, f
Ox7F & Fl ags, LZf| ag

status_tenmp, w
st at us
w_tenp, f
w_tenp, w

40



Start Up

; Initialize 1/0 ports

bsf status, rp0
nov| w O0xFB ; PORTA: all 5 bits inputs except for bit 2
novw Ox7F & TRI SA
nov| w 0x00 ; PORTB: all 8 bits inputs normally
novw Ox7F & TRI SB
nov| w 0x8B ; PORTC: Bits 0, 1 unused. Bit 2 CCPl1 output. Bit 3 Sl input. Bits 4-6 LCD control pins (outputs)
novw 0x7F & TRI SC ; Bit 7 S2 input
Initialize LCD npbdul e and display introductory screen
cal | LCD Init
LCD Di splayText " WIEQ Power Meter", uAdrl10
nmovl w Line2 + 1
call LCD_SetLi neAndCol um
LCD Di spl ayText " Version 2", uAdr237
nmovl w 30

call Wit TenthSeconds

; Initialize the ADC unit.
ADC Initialize

bcf status, rp0
bsf PORTA, 2 ; Put S/H chips into sanpl e node
call PW Initialize ; Initialize pulse width nodul ated out put

Setup Tiner 1 interrupts for sanple control

bsf status, rp0
bsf Ox7F & PI E1, TMRLI E ; A’bm Timer 1 interrupt
bsf I NTCON, PEI E

; Initialize floating point routines by selecting "rounding" and "saturation"

bcf st atus, rp0
nmovl w 0xCo
novwf fpfl ags

; Convert NunBanpl es*NunCycl esShort to floating point, and invert

nmovl w LOW Nunfanpl es)
novw aar gb1l

nov| w HI GH( NunSanpl es)
novw aar gb0

bsf PCLATH, psel 0
call Ox7ff & FLOL624

MoveByt es aarg,t1,3
MoveByt es aarg, barg, 3

nov| w NunCycl esShort
novw aar gb1l

clrf aar gb0

call Ox7ff & FLOL624
cal | ox7ff & FPM24
MoveByt es aar g, barg, 3

nmovl w ox7f

novwf aarg

clrf aar g+1

clrf aar g+2

cal | ox7ff & FPD24

MoveByt es aar g, FPI nvTot al Sanpl esShort, 3

; Convert NunBanpl es*NunCycl esLong to floating point, and invert

nov| w NunCycl esLong
novw aar gb1l

clrf aar gb0

call Ox7ff & FLOL624
MoveByt es t1,barg, 3

call ox7ff & FPMR4
MoveByt es aarg, barg, 3

movl w 0x7f

nmovwf aarg

clrf aarg+1
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clrf aar g+2
call ox7ff & FPD24

MoveByt es aar g, FPI nvTot al Sanpl esLong, 3

bcf PCLATH, psel 0

Initialize for normal operation

clrf MbdeSt at usFl ags

if Simlate==1

Initialize the sinulated ADCRES registers

bsf status, rp0
nov| w 0x40
novw Ox7F & S_ADRESL
nov| w 0x97
nmovwf OX7F & S_ADRESH
bcf status, rp0

endi f

;lnitialize for Peak Hold node

bsf st atus, rp0

clrf 0x7F & bForwar dPeak
clrf 0x7F & bForwar dPeak+1
bcf st atus, rp0

nov| w MaxNunPeakWai t s

novw PeakWai t Count er
Initialize Meter wait counter

Max NunSWRMet er Wai t s
SVIRMet er Wai t Count er

nov| w
nmovwf

;Initialize the display.

bcf PCLATH, psel 0
call LCD_Cl ear Di spl ay
LCD Di spl ayText

StartSeries
bcf PCLATH, psel 0
bcf st atus, rp0

; Start with 0 watts

SWR', uAdr397

Det ermi ne di splay node: Forward or Load Power.

if Simulate ==

bcf MbdeSt at usFl ags, For war dWatts

btfsc

bsf MbdeSt at usFl ags, For war dWatts
el se

if ForwardOrLoadWatts ==

PORTC, 3 ; Test setting of npde switch

bcf MbdeSt at usFl ags, For war dWat t s
el se

bsf MbdeSt at usFl ags, For war dWat t s
endi f

endi f

Finish Initializing the Display

btfss
goto
nmovl w
cal |

LCD Di spl ayText

nmovl w
cal |

LCD Di spl ayText

goto
Mai n_401

nmovl w

cal |

LCD_Di spl ayText

nov| w
call

LCD_Di spl ayText

Mai n_402

if Simlate==0
btfss
goto
nov| w

MbdeSt at usFl ags, For war dWat t s
Mai n_401

Li nel+1

LCD_Set Li neAndCol um

" PEP- F=", uadr 8133

Li ne2+1

LCD_Set Li neAndCol um

" AEP- F=", uadr 8134

Mai n_402

Li nel+1
LCD_Set Li neAndCol um
" PEP- L=", uadr 8135
Li ne2+1
LCD_Set Li neAndCol umm
" AEP- L=", uadr 8136

PORTC, 7
$+4
NunCycl esLong

I's Averaging time switch set?
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bsf MbdeSt at usFl ags, LongAvgTi e

goto $+3
nmovl w NuntCycl esShort
bcf MbdeSt at usFl ags, LongAvgTi e
el se
if LongOrShortAvgTime == 1
nov| w NunCycl esLong
bsf MbdeSt at usFl ags, LongAvgTi nme
el se
nov| w NunCycl esShort
bcf MbdeSt at usFl ags, LongAvgTi nme
endi f
endi f
novw Cycl eCount er

Clear the forward power accunul ator

bsf st atus, rp0
clrf Ox7F & FPaccum
clrf Ox7F & FPaccum + 1
clrf Ox7F & FPaccum + 2
clrf Ox7F & FPaccum + 3
Next Cycl e
bsf status, rp0
nov| w HI GH( NunSanpl es) ; Initialize inner |oop counter
novw 0x7F & Sanpl eCount er
nov| w LOW NunBanpl es)
novw 0x7F & Sanpl eCount er +1
clrf Ox7F & Fl ags
if LON NunSanples) == 0
bsf Ox7F & Fl ags, LZf| ag
endi f
clrf Ox7F & bForward
clrf Ox7F & bForward+1

; Start a sanpling cycle
cal | I SR ; Call interrupt routine to start sanpling | oop

; Now [ oop until Sanpl eCounter has been decrenented to O

bsf st atus, rp0
Zer oCheck
bcf 0x7F & Fl ags, BusyFl ag
bt fss 0x7F & Fl ags, Sanpl eDoneFl ag
goto $-2

Sanpl e counter is 0. Disable interrupt and continue with
processing at end of one cycle.

bef I NTCON, G E

; I's this peak greater than the previous peak?

nmovf Ox7F & bForward, w

subwf Ox7F & bForwar dPeak, w; 256 + (bForwardPeak - bForward): ¢ = 0 neans new peak

btfss status,c

goto hh001 ; New peak val ue found

btfss status, z ; Are MBB's equal. If so, check | ower bytes

goto hh003 ; Not a new peak

novf O0x7F & bForward+1, w

subwf Ox7F & bForwardPeak+1,w ; 256 + ((bForwardPeak+1) - (bForward+1)): ¢ = O nmeans new peak
btfss status, c

goto hh0o01 ; New peak val ue found

There is no new peak val ue. Keep the previous peak for a maxi num
of MaxNunPeakWaits sanpling cycles.

hh003
bcf status, rp0
decfsz PeakWai t Counter, f
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goto hh002 ; Keep previous peak but update SWR neter

; Cone here if a new peak has been found, or the old peak value has existed for
; MaxNunPeakWii ts sanpling cycles.

hh001
MoveByt es bFor war d, bFor war dPeak, 2
MoveByt es bFor war d, bFor war dNew, 2

call Get For war dWat t s

bcf PCLATH, psel 1 ; Set to page 1

bsf PCLATH, psel 0

clrf OX7F & FP+2

call Ox7FF & P16ToFP24 ; Convert P16 forward power to FP24 format in aarg

MoveByt es aar g, PeakForwar dWatts, 3

bcf PCLATH, psel 0

cal | Cet Ref | ect edWatts

clrf Ox7F & FP+2

bcf PCLATH, psel 1

cal | OX7FF & P16ToFP24
MoveByt es PeakFor war dWat t s, barg, 3
bcf PCLATH, psel 0

call Cal cul at eSWRandSet Met er
bcf PCLATH, psel 0

call Di spl ayPeakPower AndSWR
nov| w MaxNunPeakWai t s

novw PeakWai t Count er

goto c002

Cone here if not a new peak.

hh002
MoveByt es bForwar d, bFor war dNew, 2
cal | Get Forwar dWat t s
clrf Ox7F & FP+2
bcf PCLATH, psel 1 ; Set to page 1
bsf PCLATH, psel 0
cal | Ox7FF & P16ToFP24 ; Convert P16 forward power to FP24 fornat in aarg

MoveByt es aar g, PeakFor war dWatts, 3

bcf PCLATH, psel 0

call Get Ref | ect edVat ts

clrf OX7F & FP+2

bcf PCLATH, psel 1

call Ox7FF & P16ToFP24

MoveByt es PeakForwar dWat t s, barg, 3

bcf PCLATH, psel 0

call Cal cul at eSWRandSet Met er
c002

decfsz Cycl eCounter, f

goto Next Cycl e

MoveByt es FPaccum FP, 3

bsf PCLATH, psel 0

cal | OX7FF & P16ToFP24

bcf PCLATH, psel 0

btfss MbdeSt at usFl ags, LongAvgTi nme ; I's averaging tinme |ong?

goto cc031 ; No

MoveByt es FPI nvTot al Sanpl esLong, bar g, 3

goto cc032
cc031

MoveByt es FPI nvTot al Sanpl esShort, barg, 3
cc032

bsf PCLATH, psel 0

call ox7ff & FPMR4
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bcf PCLATH, psel 0

cal | Di spl ayAvgPower
goto StartSeries
endi f
if Calibrate ==

skxkkxkxkxkxkkkx CODE for CALI BRATE MODE ** ¥k hkkak ok kkkkk kkh kk kA kKKK kKK KKK KKK KKK KKK KKK KKK KKK KKK XK KKK KKK KKk *

or g 0x0
goto StartUp
org 0x5
Cal Mode
Start Up
bsf st atus, rp0
bcf OX7F & TRI SA, 2
bcf st atus, rp0
nmovl w 10
call Wit Tent hSeconds

; General initialization

; Initialize I/O ports

bsf status, rp0
nov| w O0xFB ; PORTA: all 5 bits inputs except for bit 2
novw Ox7F & TRI SA
nov| w 0x00 ; PORTB: all 8 bits outputs normally
novw Ox7F & TRI SB
movl w 0x8B ; PORTC: Bits O, 1 unused. Bit 2 CCPl output.
novwf Ox7F & TRI SC ; Bit 7 S2 input
bcf st atus, rp0
; Initialize LCD nodul e and display introductory screen
cal | LCD Init
LCD DisplayText " WIEQ Power Meter", uAdrl10
novl w Line2 + 1
call LCD_SetLi neAndCol um
LCD Di splayText " Calibrate Mde", uAdr237
novl w 50
call Wit Tent hSeconds

; Initialize the ADC unit.
ADC Initialize

bcf status, rp0
bsf PORTA, 2 ; Put S/H chips into sanpl e node
; Initialize for normal operation

bsf status, rp0

clrf Ox7F & Fl ags

;Initialize the display.
cal | LCD O ear Di spl ay
LCD Di spl ayText "CHO=", uAdr397
nmovl w Line2 + 1
call LCD_SetLi neAndCol um

LCD Di spl ayText "CH1=", uAdr137

; Initialize the simulated ADRES registers
bsf status, rp0
clrf 0x7F & S_ADRESL
clrf Ox7F & S_ADRESH

; Initialize the PAM unit and set duty cycle to 100%

bcf status, rp0
cal | PWM Initialize
nov| w 255
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cal | PWM _Set Dut yCycl e

StartSeries

bcf PCLATH, psel 0

bsf status, rp0

nov| w HI GH( NunSanpl es)

novw 0x7F & Sanpl eCount er
nov| w LOW NunBanpl es)

novw 0x7F & Sanpl eCount er +1

Clear the accunul ators for Channel

clrf 0x7F & ChOAvg

clrf Ox7F & ChOAvg + 1

clrf Ox7F & ChOAvg + 2

clrf Ox7F & ChOAvg + 3

clrf 0x7F & ChlAvg

clrf Ox7F & ChlAvg + 1

clrf O0x7F & ChlAvg + 2

clrf Ox7F & ChlAvg + 2

clrf Ox7F & ChlAvg + 3

clrf 0x7F & ChOMax

clrf 0x7F & ChOMax+1

clrf 0x7F & ChlMax

clrf 0x7F & ChlMax+1

nov| w OxFF

novw 0x7F & ChOM n

novw 0x7F & ChlM n

nov| w 0xC0

novw 0x7F & ChOM n+1

novw 0x7F & ChlM n+1
Next Sanpl e

bcf st atus, rp0

bcf PORTA, 2

ADC_Set ChO

nmovl w 30

cal | Wi t M cr oSeconds

ADC_St art Read

ADC_ReadFi ni shed

nmovf ADRESH, w

bsf status, rp0

novw 0x7F & ChOVal ue

nmovf Ox7F & ADRESL, w

novw 0x7F & ChOVal ue+1l

bcf status, rp0

ADC_Set Chl

nov| w 30

call Wai t M cr oSeconds

ADC St art Read

ADC_ReadFi ni shed

nmovf ADRESH, w

bsf status, rp0

novwf 0x7F & ChilVal ue

novf Ox7F & ADRESL, w

novwf 0x7F & ChilVal ue+l

bcf st atus, rp0

bsf PORTA, 2

bsf status, rp0

novf 0x7F & ChOVal ue+l, w

addwf 0x7F & ChOAvg+3, f

btfss status, c

goto Cal Mbde_101

i ncf 0x7F & ChOAvg+2, f

btfss status, z

goto Cal Mbde_101

i ncf 0x7F & ChOAvg+1, f

bt fsc status, z

1 and Channel 2

; Set S/Hto hold

Sel ect ADC channel

Start AD conversion Channel
Wait for conversion to finish

Sel ect ADC channel

Start AD conversion Channel
Wait for conversion to finish

; SIH to sanple

Add new val ue to ChOAvg

0

0
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i ncf 0x7F & ChOAvg, f
Cal Mbde_101

nmovf Ox7F & ChOVval ue, w

addwf Ox7F & ChOAvg+2, f

btfss status, c

goto Cal Mode_102

i ncf 0x7F & ChOAvg+1, f

bt fsc status, z

i ncf 0x7F & ChOAvg, f
Cal Mbde_102

novf 0x7F & ChlVal ue+l, w

addwf O0x7F & ChlAvg+3, f

btfss status, c

goto Cal Mbde_103

i ncf Ox7F & ChlAvg+2, f

btfss status, z

goto Cal Mode_103

i ncf Ox7F & ChlAvg+l, f

bt fsc status, z

i ncf 0x7F & ChlAvg, f
Cal Mode_103

nmovf Ox7F & ChlVval ue, w

addwf Ox7F & ChlAvg+2, f

btfss status, c

goto Cal Mode_104

i ncf 0x7F & ChlAvg+1, f

bt fsc status, z

i ncf 0x7F & ChlAvg, f
Cal Mode_104

Now see if new maxi mum val ues found

novf 0x7F & ChOVal ue, w
subwf 0x7F & ChOMax, w
btfss status, c
goto Cal Mbde_111
btfss status, z
goto Cal Mode_120
novf Ox7F & ChOVal ue+1, w
subwf Ox7F & ChOMax+1, w
bt fsc status, c
goto Cal Mode_120

Cal Mode 111
novf Ox7F & ChOVal ue, w
novwf 0x7F & ChOMax
novf Ox7F & ChOVal ue+1, w
nmovwf 0x7F & ChOMax+1

Cal Mbde_120
novf 0x7F & ChlVal ue, w
subwf 0x7F & ChlMax, w
btfss status, c
goto Cal Mbde_121
btfss status, z
goto Cal Mbde_130
novf Ox7F & ChlVal ue+l, w
subwf O0x7F & ChlMax+1, w
bt fsc status, c
goto Cal Mode_130

Cal Mode_121
nmovf Ox7F & ChlVval ue, w
novwf 0x7F & ChlMax
nmovf Ox7F & ChilVval ue+1, w
nmovwf 0x7F & ChlMax+1

Cal Mode_130

; Now see if new mini mum val ues found
novf 0x7F & ChOM n, w
subwf 0x7F & ChOVal ue, w
btfss status, c
goto Cal Mbde_131
btfss status, z
goto Cal Mbde_140
novf 0x7F & ChOM n+1, w
subwf 0x7F & ChOVal ue+l, w
bt fsc status, c
goto Cal Mbde_140

Cal Mode_131

Add

256

256

new val ue to ChlAvg

256 + (ChOMax - ChOValue); c = 0 nmeans new maxi mum f ound
New maxi mum f ound

Not a new maxi mum

MSB are equal so check LSB

+ ((ChOMax+1) - (ChOValue+l)); c = 0 means new maxi mum f ound

Not a new maxi mum
New maxi mum f ound

256 + (ChlMax - ChilValue); c = 0 nmeans new nmaxi mum f ound
New maxi mum f ound

Not a new maxi mum

MSB are equal so check LSB

+ ((ChiMax+1) - (ChlVvalue+l)); c¢ = 0 nmeans new maxi mum f ound

Not a new maxi mum
New maxi mum f ound

256 + (ChOValue - ChOMn); c = 0 nmeans new M ni mum f ound
New M ni mum f ound

Not a new M ni mum

NSB are equal so check LSB

256 + ((ChOval ue+l) - (ChOM n+1)); ¢ = 0 nmeans new M ni mum f ound

Not a new M ni mum
New M ni mum f ound
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novf Ox7F & ChOVval ue, w

novwf 0x7F & ChOM n
nmovf Ox7F & ChOVal ue+1, w
novwf 0x7F & ChOM n+1

Cal Mbde_140

Now see if new m ni num val ues found

novf 0x7F & ChlM n, w
subwf 0x7F & ChlVal ue, w
bt fss status, c
goto Cal Mbde_141
btfss status, z
goto Cal Mbde_150
novf 0x7F & ChlM n+1, w
subwf Ox7F & ChlVal ue+l, w
bt fsc status, c
goto Cal Mode_150
Cal Mode_141
nmovf Ox7F & ChlVval ue, w
novwf O0x7F & ChlM n
nmovf Ox7F & ChilVval ue+1, w
novwf 0x7F & ChlM n+1
Cal Mode_150
; Have we taken enough sanpl es?
nov| w 1
subwf 0x7F & Sanpl eCount er +1, f
btfss status, c
decf 0x7F & Sanpl eCounter, f
novf 0x7F & Sanpl eCount er +1, f
btfss status, z
goto Next Sanpl e
novf 0x7F & Sanpl eCounter, f
bt fss status, z
goto Next Sanpl e
Al'l sanples taken. Prepare data for display
; Divide ChOAvg and ChlAvg by 1024
; First ChOAvg
nmovl w 0x80
subwf Ox7F & ChOAvg+2, w ;
btfss status, c ;
goto Cal Mode_210
bt fsc status, c ;
goto Cal Mode_203
Cal Mbde_201
i ncf 0x7F & ChOAvg+1, f
bt fsc status, z
i ncf 0x7F & ChOAvg, f
goto Cal Mbde_210
Cal Mbde_203
bt fsc 0x7F & ChOAvg, 0
goto Cal Mbde_201
Cal Mbde_210
; Next ChlAvg
nmovl w 0x80
subwf Ox7F & ChlAvg+2, w ;
btfss status,c ;
goto Cal Mode_220
bt fsc status, c ;
goto Cal Mode_213
Cal Mode_211
i ncf O0x7F & ChlAvg+1, f
bt fsc status, z
i ncf 0x7F & ChlAvg, f
goto Cal Mbde_220
Cal Mbde_213
bt fsc 0x7F & ChlAvg, 0
goto Cal Mbde_211
Cal Mbde_220

256 + ((ChOAVg+2) -

256 + (ChlValue - ChiMn);
New M ni mum f ound

Not a new M ni mum

are equal so check LSB
256 + ((Chlval ue+l) -

; Not a new M ni num
; New M ni num f ound

0x80)

Skip if ChOAvg+2 >= 0x80

Round down

I's difference 0.
Yes--Round so as to nmake result even nunber

256 + ((ChOAVg+2) -

Round up

(ChiM n+1));

ChOAvg + 2 first 8 bits of

¢ = 0 nmeans new M ni num f ound

remai nder

Cone here to determ ne whether result odd or even

Result is odd so round up

0x80)

Skip if ChOAvVg+2 >= 0x80

Round down

I's difference 0.
Yes--Round so as to nmake result even nunber

Round up

ChOAvg + 2 first 8 bits of

remai nder

Cone here to determ ne whether result odd or even

Result is odd so round up
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; Now display result on LCD. First Channel O
bcf st atus, rp0
nmovl w Li nel+5
call LCD_SetLi neAndCol um
MoveByt es ChOAvg, aar g+1, 2

bcf status, rp0
cal | I nt 16TOASCI | _Num
clrf ASCI | _Deci mal
clrf ASCI | _Sign
nov| w 4
novwf ASCI | _M nField
call LCD_Di spl ayASCl | _Num
LCD_Di spl ayText " (", uadr8771
bsf status, rp0
nov| w 6
novwf OX7F & BlTenpl
bcf status, c

Cal Mode_230
rrf Ox7F & ChOM n, f
rrf Ox7F & ChOM n+1, f
decfsz Ox7F & BlTenpl, f
goto Cal Mode_230
MoveByt es ChOM n, aar g+1, 2
bcf st atus, rp0
cal | I nt 16TOASCI | _Num
call LCD_Di spl ayASCl | _Num
LCD_Di spl ayText “,", uadr8772
bsf status, rp0
nov| w 6
nmovwf Ox7F & BlTenpl
bcf status, c

Cal Mbde_231
rrf 0x7F & ChOMax, f
rrf Ox7F & ChOMax+1, f
decfsz Ox7F & BlTenpl, f
goto Cal Mode_231
MoveByt es ChOMax, aar g+1, 2
bcf st atus, rp0
cal | I nt 16TOASCI | _Num
cal | LCD Di spl ayASCl | _Num

LCD Di splayText ")", uadr8773
; Then Channel 1

nmovl w Li ne2+5

cal|l LCD_SetLi neAndCol um

MoveByt es ChlAvg, aarg+1, 2

bcf status, rp0
cal | I nt 16TOASCI | _Num
clrf ASCI | _Deci mal
clrf ASCI | _Sign
nov| w 4
novwf ASCI | _M nField
call LCD_Di spl ayASCl | _Num
LCD_Di spl ayText " (", uadr8774
bsf status, rp0
nmovl w 6
novwf OX7F & BlTenpl
bcf status, c

Cal Mode 232
rrf Ox7F & ChiMn, f
rrf Ox7F & ChiM n+1, f
decfsz Ox7F & BlTenpl, f
goto Cal Mode_232
MoveByt es ChiM n, aarg+1, 2
bcf status, rp0
cal | I nt 16TOASCI | _Num
call LCD_Di spl ayASCl | _Num
LCD_Di spl ayText “,", uadr8775
bsf status, rp0
nov| w 6
nmovwf Ox7F & BlTenpl

bcf status, c



Cal Mbde_233

rrf 0x7F & ChilMax, f
rrf Ox7F & ChiMax+1, f
decfsz Ox7F & BlTenpl, f
goto Cal Mode_233
MoveByt es ChlMax, aarg+1, 2
bcf status, rp0
cal | I nt 16TOASCI | _Num
call LCD_Di spl ayASCl | _Num
LCD_Di spl ayText ")", uadr8776
goto StartSeries

endi f

if Calibrate == 0

R R R L]

This subroutine calculates the SWR fromforward and refl ected powers
(or these powers multiplied by a constant) according to the formla

SWR = (1 + sqrt(Pr/Pf))/(1 - sqrt(Pr/Pf)).
This will actually be calculated as follows:
SWR = (-2/(sqrt(Pr/Pf) - 1) -1
The subroutine is entered with Pr in aarg and Pf in barg.

The SWR is returned in aarg

Cal cul at eSWRandSet Met er
; I's SWR based on val ues of peak power too low to display?
; First check forward power

bsf st atus, rp0
nmovl w LowPower Thr eshol d
subwf Ox7F & bForward, w ; bForward - LowPower Threshol d
bcf st atus, rp0
bt fsc status, c i Is <0?
goto m03
bsf MbdeSt at usFl ags, LowPeakWatts ; Power too | ow
decfsz SVRMet er Wai t Counter, f ; Have we wai ted enough tines when power is |ow?
return ; No
clrw ; We have waited enough. Set SWR neter to O
call PWM_Set Dut yCycl e
return
m03
bcf MbdeSt at usFl ags, LowPeakWat t s ; Power not too |ow
nov| w MaxNunBWRMet erWaits ; Initialize nmeter wait counter
novw SV\RMet er Wai t Count er
bsf PCLATH, psel 0
cal | ox7ff & FPD24 ; Yes, calculate sqrt(Pr/Pf) = rho
MoveByt es aar g, LoadFactor, 3 ; LoadFactor = rho”2
cal l Ox7ff & sqrt ; Calculate rho
St or eFPLi t er al 0x7f 0000, barg ; Load 1.0
cal l ox7ff & FPS24 ; rho - 1

MoveByt es aarg, barg, 3
StoreFPLi teral 0x808000,aarg ; Store -2

cal | ox7ff & FPD24 ; Calculate -2/(rho - 1)
St oreFPLi t er al 0x7F8000, barg ; Load -1
call Ox7FF & FPA24 ; This is the SWR
bcf PCLATH, psel 0
andl w Ooxf f ; isw=07?
btfss status, z
goto m01 ; w!=0: Divide by 0 so SWR | arge
btfss aarg+1, 7 ; I's SWR negative? If so, SWR |arge
goto mD2
mD1
StoreFPLi teral 0x887A00,aarg ; Set SWR to 1000
mD2
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MoveByt es aar g, SR, 3

; This next section takes a 24-bit floating point SWR value, in aarg,
; and displays it on the panel neter.
; The neter reading will be 256*(1 - 1/SWR), where
; 0is at the bottomof the scale and 256 is full scale
MoveByt es aarg, barg, 3
movl w 0x7f Load 1.0
nmovwf aarg
clrf aarg+1
clrf aar g+2
bsf PCLATH, psel 0
call ox7ff & FPD24 Resul t =1/ SWR
nmovl w 0x7f Load 1.0
novw barg
clrf bar g+1
clrf bar g+2
cal | ox7ff & FPS24 ; This is 1/SWR - 1. It should al ways be negati ve.
bcf PCLATH, psel 0
btfsc aarg+1, 7 ; Skip if value positive.
got o ml0
clrw ; Set neter to O, indicating 1:1 SWR
cal | PWM _Set Dut yCycl e
return
mmL0
bcf aarg+1, 7 Result =1 - 1/SWR
nov| w 8 Ml tiply by 256
addwf aarg, f
bsf PCLATH, psel 0
call Ox7ff & I NT2416
bcf PCLATH, psel 0
nmovl w Ooxf f
andwf aar gbo, f Test to see if result > 255
bt fsc status, z Skip if too large
novf aargbl, w O herwi se | oad actual val ue
call PWM_Set Dut yCycl e
return

B R S R

; This subroutine wites the peak forward power and SWR to the LCD

Di spl ayPeakPower AndSV\R

; First determine if power is |arge enough to display

btfss MbdeSt at usFl ags, LowPeakWat t s
goto t 001
. Power too |ow
nmovl w Linel + 8
cal | LCD_Set Li neAndCol um
LCD_Di spl ayText Low ", UuAdr5
nov| w Line2 + 16
cal | LCD_Set Li neAndCol um
LCD_Di spl ayText ", UuAdr5a
return

Power | arge enough to display

t001
MoveByt es PeakForwar dWatts, aarg, 3
bt fsc MbdeSt at usFl ags, Forwar dWatts
goto t 002
; Calculate watts delivered to | oad
St oreFPLi t er al 0x7F0000, aarg

MoveByt es LoadFact or, barg, 3
bsf PCLATH, psel 0
cal | ox7ff & FPS24
MoveByt es PeakFor war dWat t s, barg, 3
cal | ox7ff & FPM24
bcf PCLATH, psel 0
Di spl ay power in watts

t 002
call For mat Wat t s
nov| w 4
novwf ASCI | _M nField
nov| w Linel + 8
cal | LCD_Set Li neAndCol umm
call LCD_Di spl ayASCl | _Num
bt fsc MbdeSt at usFl ags, M | | i Watt sFl ag
goto t 003

; |I's power too |ow?

; Display Forward or Load Watts
; Load 1.0
Load rho”2
;=1 - rho”2

; Load power = Pf*(1 - rho”2)

Units are mlliwatts
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LCD Di splayText " W", uAdr57 ; Or units are watts

goto t 004
t 003
nop
LCD Di spl ayText " mA, uAdr 7891
t 004
; Display SWR
call For mat SWR
nov| w 5
novwf ASCI | _M nField
nov| w Line2 + 16
cal | LCD_Set Li neAndCol um
call LCD_Di spl ayASCl | _Num
return

B R
’

; This subroutine wites the average forward or |oad power to the LCD. Enter with
; the forward power in aarg.

Di spl ayAvgPower
; First determine if power is |arge enough to display

bcf st atus, rp0
btfss MbdeSt at usFl ags, LowPeakWat t s
goto t101
. Power too | ow
nov| w Line2 + 8
cal | LCD_Set Li neAndCol um
LCD_Di spl ayText " Low ", UuAdr67
return

; Power |arge enough to display

t101
bt fsc MbdeSt at usFl ags, For war dWat t s ;Display forward or |oad power
goto t 102
; Calcul ate | oad power
MoveByt es aarg,t1,3 ; Tenporary storage of average power
St oreFPLi t er al 0x7F0000, aarg ; Load 1.0
MoveByt es LoadFact or, barg, 3; Load rho”2
bsf PCLATH, psel 0
cal | ox7ff & FPS24 ; =1 - rho*2
MoveByt es t1, barg, 3
cal | ox7ff & FPM24 ; Load power = Pf*(1 - rho”2)
bcf PCLATH, psel 0
t102
call Format Wat t s
nov| w 4
novwf ASCI | _M nField
nov| w Line2 + 8
cal | LCD_Set Li neAndCol umm
call LCD_Di spl ayASCl | _Num
bt fsc MbdeSt at usFl ags, M | | i Watt sFl ag ; Units are Wor mp
goto t 103
LCD_Di spl ayText " W", uAdr76
return
t103
LCD Di splayText " mWN, uAdr761145
return

B L]
’

; This subroutine sets up Watts data for output

For mat Watts
; Determ ne scale of power.
clrf ASCI | _Deci mal
movl w 5
nmovwf tenp2
bcf MbdeSt at usFl ags, M | | i Watt sFl ag
St oreFPLi teral 0x844800, bar g ; Load val ue 20
FW 02
bsf PCLATH, psel 0
call ox7ff & TACGEB24 ; I's 107(4 - count)*watts >= 207
bcf PCLATH, psel 0
andl w Ooxf f
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btfss status, z

goto FW 01
bsf PCLATH, psel 0 : No, < 20
cal | Ox7ff & AargTi mes10
bcf PCLATH, psel 0
i ncf ASCl | _Deci nal , f
nov| w 3
subwf ASCI | _Deci mal , w
btfss status, z
goto FW 03
clrf ASCI | _Deci mal
bsf MbdeSt at usFl ags, M | | i Watt sFl ag

FW 03
decfsz temp2, f
goto FW 02

FW 01
clrf ASCl | _Sign
bsf PCLATH, psel 0
St or eFPLi t er al 0x7EO0000, Barg
cal | ox7ff & FPA24
cal l Ox7ff & I NT2416 ; Integer floor
pagesel I nt 16TOASCI | _Num
cal | I nt 16TOASCI | _Num
return

R R R R TR x]

This routine formats SWR data for out put

For mat SR
MoveBytes SWR, aarg, 3
clrf ASCI | _Sign
St oreFPLi teral 0x832000, bar g ; Load 20
pagesel TAGEB24
cal | ox7ff & TAGEB24
pagesel SWRge20
andl w oxf f ; Determine if w=20
btfss status, z ; Skipif w!=0, i.e., SWR <20
goto SWRge20 ; Cones here if SWR >= 20
St or eFPLi t er al 0x822000, barg ; Load 10
pagesel TACGEB24
cal | ox7ff & TAGEB24
pagesel SWRgel0
andl w oxf f ; Determine if w=20
btfss status, z ; Skipif w!=0, i.e., SWR <20
goto SWRgel0 ; Cones here if SWR >= 20
SWRI t 10
pagesel Aar gTi mes10
call Ox7ff & AargTi nes10
call Ox7ff & AargTi nes10
nov| w 2
novwf ASCI | _Deci mal
pagesel ss001
goto ss001
SWRgel0
pagesel Aar gTi mes10
cal | Ox7ff & AargTi mes10
nmovl w 1
novwf ASCI | _Deci nal
ss001
St or eFPLi t er al 0x7e0000, barg ; Load 0.5
pagesel FPA24
cal | ox7ff & FPA24
cal | Ox7ff & I NT2416
pagesel I nt 16TOASCI | _Num
cal | I nt 16TOASCI | _Num
return
SWRge20
nov| w 0x30
novwf ASCI | _Num
nmovwf ASCI | _Num + 1
nmovwf ASCI | _Num + 4
nov| w 0x3e
nmovwf ASCI | _Num + 2
nov| w 0x32
nmovwf ASCI | _Num + 3
clrf ASCI | _Deci mal
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return

endi f

R R R R R 2
’

This routine Displays an ASCI| Nunber, in ASCII_Num through ASCH | _Num+5
on the LCD.

ASCIlI _Sign = 1 if nunmber negative, O if positive

ASCI| _Digits gives the location of the decimal point (i.e., #

of digits to right of decinal point)

ASCII _MnField gives the mninumfield width in which the number will
be di spl ayed. The nunmber will always be right justified in this field.

LCD_Di spl ayASCl | _Num
bcf status, rp0

clrf Tenpl ; Flag for |eading decinal point
movl w 5 ; 5 characters in ASCI | _Num
novwf Tenp2
movl w ASCl | _Num ; Pointer to first character
novwf FSR
s001 novf Tenp2, w ; I's next character decinmal ?
subwf ASCl | _Deci nal , w
bt fsc status,z; Skip if it is decinmal point
got o s002
movl w 0x30 ; Otherw se check to see if leading O
subwf I NDF, w
bt fss status,z; Skip if it is leading O
goto s002+2
i ncf FSR, f
decfsz Tenp2, f ; Tenp2 shoul d never be 0. |If so
goto s001 ; nothing to print so sinply print out a 0
decf ASCI | _MnField,w
nmovwf Tenpl
s007
nov| w 0x20 ; Print out |eading blanks
cal | LCD_SendChar
decfsz Tenpl, f
got o s007
movl w 0x30 ; Print out single O
cal | LCD_SendChar
return
s002 bsf Tenpl, 1 ; Yes, decinmal point is |eading
i ncf Tenp2, f
movl w oxf f ; Is there a decinal point at all?
andwf ASCl | _Deci nal , w
btfss status,z; Skip if there is no decinal point
i ncf Tenp2, f ; Provide space for decinmal
nov| w Ooxf f ; I's there a mnus sign?
andwf ASCI| _Sign,w
btfss status,z; Skip if no mnus sign
i ncf Tenp2, f ; Provide space for mnus sign

Now out put actual characters

First output spaces, if any, needed to fill up field
novf Tenp2, w ; Load total actual field size
subwf ASCI I _MnField,w ; Subtract frommnimnumfield size
btfss status,c
got o s006
bt fsc status, z
got o s006
novwf Tenp2 ; Qutput spaces to fill field
nmovl w 0x20
cal | LCD_SendChar
decfsz Tenp2, f
goto $-3

Determne # of characters excluding sign and deci mal point
s006 novf FSR, w

subl w ASCI | _Num+5

novw Tenp2

btfss ASCI'| _Sign,0 ; Skip if nunber negative

goto $+3

nov| w 0x2d ; Display mnus sign

cal | LCD_SendChar

btfss Tenpl, 1 ; Place 0 in front of |eading decinal?
goto $+3

movl w 0x30
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cal | LCD_SendChar

s05 novf ASCl | _Decinal ,w ; Display decinal point?
subwf Tenp2, w
bt fss status,z; Skip if place for decinal point
got o s03 ;
movl w 0Ox2e ; Load deci mal point
cal | LCD_SendChar

s03 novf | NDF, w ; Load character
call LCD_SendChar ; Display character

s04 incf FSR, f ; Increment pointer to next character
decfsz temp2, f ; Decrenent character counter
goto s05
return

R ]

R R L]

; These routines control the PWML nodul e.
; PWMLInitialize initializes the PWML nodul e for this purpose
; PWM_Set DutyCycle sets the duty cycle for the PWML nodul e.

; Setup PWMto have a pul se frequency of 4.88 kHz and a duty cycle resolution of 1 part in 256

PWM Initialize

nov| w 0x3f ; WIIl count up to 64

bsf status, rp0

novw PR2 & Ox7f

bcf status, rp0

clrf CCPR1L ; Start with duty cycle = 0

bsf status, rp0
bcf (TRISC & Ox7f),2 ; Set RC2 as output
bcf status, rp0

nov| w 0x06 ; 1:16 prescale, 1:1 postscale, turn counter on
novwf T2CON

movl w 0x0C . Set PWM node.

novwf CCP1CON

return

R ]
’

; This subroutine sets the 8-bit duty cycle of PWWL.
; Enter with the 8-bit duty cycle in the wregister

PWM Set Dut yCycl e

bcf status, rp0
novw temp ; Store duty cycle in tenp
riil
novf TMR2, w ; Determne how close to the end of the
bsf status, rp0
subwf PR2 & Ox7f,w; FormPR2 - TMR2
bcf status, rp0
andl w oxf O ; This will be nonzero if PR2 - TMR2 > 15
bt fsc status,z; |If zero, too close, wait for overflow
goto ri11
bcf CCP1CON, ccplx ; Update LSB's in CCP1CON. First O them
bcf CCP1CON, ccply
rrf tenp, f ; Rotate LSB of duty cycle into C
bt fsc status,c; If 1, set the ccply bit
bsf CCP1CON, ccply
rrf tenp, f ; Rotate next LSB into C
bt fsc status,c; If 1, set the ccplx bit
bsf CCP1CON, ccplx
nmovf tenp, w
andl w 0ox3f
novwf ccpril ; Place in ccprll register
return

R R R T Ex]

R R T EE]

; These routines inplement an 8 bit interface to a Hitachi
; LCD nodul e, busy flag used when valid. The data |ines

; are on port B, Eis on port_c bité,

; R'Wis on port_c bit 5, RSis on port_c bit 4.

LCDDat aPORT EQU PORTB ; LCD data port
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LCDDat aTRI S EQU TRI SB
LCDCont r ol PORT EQU PORTC
LCDControl TRIS EQU TRI SC

E EQU 6
RW EQU 5
RS EQU 4 ; LCD regi

;* LCD_SendChar - Sends character contained in register Wto LCD

LCD_SendChar
bcf status, rp0
novw LCDChar
call LCD_BusyCheck
novf LCDChar , w
nmovwf LCDDat aPORT
bcf LCDCont r ol PORT, RW
bsf LCDCont r ol PORT, RS
nop
bsf LCDCont r ol PORT, E
nop
bcf LCDCont r ol PORT, E
return

; LCD data TRI S register
; LCD control port
; LCD Control

; LCD enabl e signal
; LCD R/ W si gnal

ster sel ect

; Character to be sent

Wit for

; Send data to LCD
; Set
; Set

;toggle E for LCD

TRI' S register

*

isinWw
LCD to be ready

LCD in read node
LCD i n data node

R T Y

;* LCD_SendCrmd - Sends command contained in register Wto LCD

LCD_SendCnd
bcf status, rp0
novw LCDChar
call LCD_BusyCheck
novf LCDChar , w
nmovwf LCDDat aPORT
bcf LCDCont r ol PORT, RW
bcf LCDCont r ol PORT, RS
nop
bsf LCDCont r ol PORT, E
nop
bcf LCDCont r ol PORT, E
return

*

; Command to be sent

*

isinW

;Wait for LCD to be ready

; Send data to LCD

;Set LCD in read node
; Set LCD in command node

;toggle E for LCD

hkkkhkkhkkhkkkkkkkkkkkkkkkkkkkkkhkkkkkkkhkhkkkkkkkkkhkkkkkkkkkkkk kk k%

; This routine sets the DDRAM address to the line and colum # contained in w.

; Suppose it is desired to place the "cursor" at
; code will do this:

; nmovl w Line2 + 7

; cal | LCD_Set Li neAndCol umm

Linel equ ox7f

Line2 equ 0xbf

LCD_Set Li neAndCol umm
call LCD SendCnmd
return

Li ne 2,

colum 7. The follow ng

R ]

; This routine clears display,

LCD d ear Di spl ay

nmovl w 0x01
cal | LCD_SendCnd
return

noves cursor to beginning of

line 1

R R EE]

;* This routine checks the busy flag,

;¥ Affects:

*

LCD_BusyCheck
if Sinmulate==0

; Set Data for input
bsf STATUS, RPO
movlw  OxFF

returns when not

; LCDTenp - Returned with busy/address

*

busy

*
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novw 0x7f &.CDDat aTRI S

bcf STATUS, RPO

bcf LCDCont r ol PORT, RS ;Set LCD for comand node

bsf LCDCont r ol PORT, RW ;Setup to read busy flag
LCDBS001

bsf LCDCont r ol PORT, E ; Set E high

nop

novf LCDDat aPORT, W ; Read busy flag, DDram address

bcf LCDCont r ol PORT, E ;Set E | ow

andl w 0x80 ; Test Bit 7, the busy flag

btfss status, z

goto LCDBS001

bcf LCDCont r ol PORT, RW

bsf STATUS, RPO ; Set Data for output

clrf 0x7f & LCDDataTRI S

bcf STATUS, RPO

return
el se

return
endi f
chkkkkhkhkhkhkhkhkhkhkhkhhkhhkhhkhhkhhkhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhkhkhkkxk
;* This routine initializes the LCD nodul e *
;% Affects: *
0 * LCDTenp - Returned with busy/address *
LCD Init

bcf status, rp0

nov| w 20

call WaitM I |i Seconds ; Wait for 20 ns

bsf STATUS, RPO ;---Bank 1

clrf 0x7f &.CDDat aTRI S ; Set all 8 data pins as outputs

bcf 0x7f &.CDCont rol TRI' S, E ; Set three pins as outputs--Qthers inputs

bcf 0x7f &L.CDCont r ol TRI' S, RW

bcf 0x7f &.CDCont r ol TRI' S, RS

bcf STATUS, RPO ;---Bank 0

clrf LCDDat aPORT

bcf LCDCont r ol PORT, E

bcf LCDCont r ol PORT, RW

bcf LCDCont r ol PORT, RS

nmovliw  0x38 ;Set LCDto 8 bit interface

novwf LCDDat aPORT

bsf LCDCont r ol PORT, E ;toggle E for LCD

nop

bcf LCDCont r ol PORT, E

moviw 6

call WaitM I |i Seconds ; Wait for 6 s

novlw  0x38 ; Function set to 2 lines

novw LCDDat aPORT ;of 5x7 bit chars

bsf LCDCont r ol PORT, E ;toggle E for LCD

nop

bcf LCDCont r ol PORT, E

moviw 1

call VaitM | |iSeconds ; Wait for 1 nsec
;Busy flag should be valid after this point

nmovl w 0x38

cal | LCD_SendCnd

nmovlw  0x06 ;lncrement cursor, no shift

cal | LCD_SendCnd

movliw  0x0C ; Turn display, cursor off

cal | LCD_SendCnd

novlw  0x01 ; O ear display, cursor to begin

cal | LCD_SendCnd ; of line 1

return

R R T EE]

R T x]
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; This routine takes a 16 bit integer (always positive) located in

; aargb0 (nost significant 8 bits) and aargbl and produces a six character

; ASCIl string that expresses the nunber in decinmal characters. The result is placed
; in ASCII_Num ASCI I _Num+l, ... , ASCII|_Num+4.

I nt 16TOASCI | _Num

bcf status, rp0 ; Data in bank 0

nov| w 0x27 ; Load integer 10000 into bargbO, 1

novw bar gb0

nov| w 0x10

novw bar gb1

call Di vi deDown ; Subtract 10,000 repeatedly until

novwf ASCI | _Num ; total less than 10,000. # of subtractions
; is 10000's digit. STore in ASCI|_num

nov| w 0x03 ; load 1000

novwf bar gh0

nmovl w Oxe8

novwf bar gbl

cal | Di vi deDown

movwe ASCI | _Num + 1

movl w 0x00 ; load 100

novwf bar gh0

nmovl w 0x64

novwf bar gbl

call Di vi deDown

nmovwf ASCI | _Num + 2

nov| w 0x00 ; load 10

novw bar gb0

nov| w 0x0a

novw bar gb1

call Di vi deDown

nmovwf ASCI | _Num + 3

novf aargbl, w ; Remminder in aargbl is units digit

addl w 0x30 ; Add 0x30 to convert to ASClI

movwe ASCI | _Num + 4

return

R R R L]
’

; This routine repeatedly subtracts bargbO: bl from aargbO: bl until result is no |onger positive

Di vi deDown
clrf tenpl ; Counts # of succesful subtractions
ri1l call I nt 16Sub ; subtract bargbO: bl from aargb0O: bl
andl w oxf f ; Check is result <0
bt fss status, z
goto di ; Yes, result was negative
i ncf templ, f ; No, result still positive
goto ri1 ; Subtract again
dl  novf templ, w ; Last subtraction resulted in - result
; aargbO: bl restored to | ast + value
addl w 0x30 ; Add 0x30 to count to convert to ASCI|
return

R R R T E]

; This routine does a 16 bit integer subtraction if the result is positive

I nt 16Sub
MoveByt es aargh0,t1,2; Save aargbO:bl in case result of subtractionis -
nmovf bargbl, w ; Subtract least significant 8 bits
subwf aar gbi, f ; Result goes in aargbl
bt fsc status,c ; Was a borrow necessary?
goto rl ; No, junp torl
movl w 1 ; Yes. Subtract 1 from aargbO
subwf aar gbo, f ; Place result back in aargbh0
bt fsc status, c ; I'f borrow necessary, overall result negative.
goto ril ; No borrow
MoveBytes t1, aargh0,2; Borrow necessary-result negative-restore aarghO: bl
retlw Oxf f ; Return with w=0xff: result was negative
rl novf bar gb0, w ; Subtract nost significant 8 bits
subwf aar gbo, f ; Place result back in aargbh0
bt fsc status, c ; Was borrow necessary?
retlw 0x00 ; No: result was positive, return
MoveBytes t1,aargh0,2; Yes, restore aargbO:bl to previous val ue
retlw Oxf f ; REturn with w=0xff; result was negative
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R R

This routine sets a time delay in units of mcroseconds.
Enter with the nunber of units to wait in the wregister.
The minumumwait is 3 mcroseconds.

Wai t M cr oSeconds
if Simlate>0

return

endi f
banksel 0
novw Ti ner
decf Tiner, f
decf Tiner, f
nop
nop
nop
nop
decfsz Ti mer, f
goto $-3
return

R T Y

; This routine waits for units of milliseconds.
; Enter with the nunmber of units to wait in wregister.
; The mininumwait is 1 mllisecond

WaitM I |i Seconds
if Simlate>0

return
endi f

banksel 0
novw Tiner2
decfsz Tinmer2, f
goto VWB1
goto VWE2

WVB1
nmovl w 250
Cal | Wi t M cr oSeconds
nmovl w 250
Cal | Wi t M cr oSeconds
nmovl w 250
Cal | Wi t M cr oSeconds
nmovl w 248
Cal | Wai t M cr oSeconds
nop
nop
nop
decfsz Tiner2, f
goto WvB1
nop
nop

WVS2
nov| w 250
Cal | Wai t M cr oSeconds
nmovl w 250
Cal | Wi t M cr oSeconds
nmovl w 250
Cal | Wi t M cr oSeconds
nmovl w 247
Cal | Wi t M cr oSeconds
return

R R EE]

; This routine waits for units of tenths of seconds.
; Enter with the nunber of units to wait in wregister.
; The mininumwait is 0.1 second.

Wai t Tent hSeconds
if Simlate>0
return

endi f
banksel 0
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nmovwf
decfsz
goto
goto
WI'S1
nmov| w
cal
nov| w
cal
nov| w
call
nov| w
call
nov| w
call
nop
nop
decfsz
goto
nop
nop
WI'S2

nmov| w
cal |
nmov| w
cal |
nmov| w
call
nov| w
call
nov| w
call
nop
nop
nop
nop
return

Skkkk Rk Rk Rk KKk Kk

Get Forwar dWat t s

bsf

cal |

novwf

bcf

call

nmovwf
return

Ti mer 3
Tinmer3, f
WI'S1
WI'S2

99

WaitM I |i Seconds
250

Wai t M cr oSeconds
250

Wai t M cr oSeconds
250

Wai t M cr oSeconds
248

Wai t M cr oSeconds

Tinmer3, f
WI'S1

99

Wai tM I i Seconds
250

Wi t M cr oSeconds
250

Wai t M cr oSeconds
250

Wai t M cr oSeconds
246

Wai t M cr oSeconds

The result

st at us, rp0

Get For war dLowByt e

(OX7F & FP)+1
PCLATH, psel 1

bi nary ADC val ues,

| ocated i n bForwar dNew,

is returned in FP and FP+1

of page 2 of menory.

Get For war dHi ghByt e

(OX7F & FP)

_Get For war dLowByt e

nov| w
nmovwf
bt fsc
bsf

bt fsc
bsf
novf
novwf

0x10
PCLATH

Lookup tabl e begins at

0x7F & bForwar dNew+1, 6

PCLATH, 0

0x7F & bForwar dNew+1, 7

PCLATH, 1

Ox7F & bFor war dNew, w

PCL

_Get Forwar dHi ghByt e

nmovl w
novwf
btfsc
bsf

bt fsc
bsf
nmovf
novw

Sk k kKK KKK KKK KK

; This routine uses a |lookup table to translate 10-bit
| ookup table takes all

; The actual

0x14
PCLATH

Lookup tabl e begins at

Ox7F & bForwar dNew+1, 6

PCLATH, 0

0x7F & bForwar dNew+1, 7

PCLATH, 1

0x7F & bForwar dNew, w

PCL

of page 3 of menory.

begi nni ng of page 2.

begi nni ng of page 2.
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; This routine uses a | ookup table to translate 10-bit
; of the forward power.
; The actually | ookup table takes all

into packed-16 val ues

Cet Ref | @Ct @AWAL TS ****ddkk ki ki ok k ki ok ok Ak kA k kA kKKK A K KA KK KK KK KA K KK KA KKK KR K KA KKK KKK IR KK XK KKK A KK A KK * K

bi nary ADC val ues into packed-16 val ues of the reflected power.



Cet Ref | ect edWatts

bsf st atus, rp0

cal | _Get Ref | ect edLowByt e
movwe (OX7F & FP) +1

bcf PCLATH, psel 0

bcf PCLATH, psel 1

call _Get Refl ect edHi ghByt e
novw (OX7F & FP)

return

_Get Refl ect edLowByt e

nov| w 0x18 ; Lookup table for reflected power begins at beginning of page 3.
novw PCLATH

btfsc Ox7F & bRefl ected+l, 6

bsf PCLATH, 0

btfsc Ox7F & bRefl ected+1,7

bsf PCLATH, 1

novf Ox7F & bRefl ected, w

novw PCL

_Get Ref | ect edHi ghByt e

nmovl w 0x1C ; Lookup table for reflected power begins at beginning of page 3.
movwf PCLATH

bt fsc Ox7F & bRefl ected+l1, 6

bsf PCLATH, 0

bt fsc Ox7F & bRefl ected+1,7

bsf PCLATH, 1

novf Ox7F & bReflected, w

novw PCL

if Calibrate =1

R R e R
’

; Locate floating point routines in page 1

org  0x0800

CKKKKKKKKKKKKAK GUITPLE KR KKK K kKKK A K Ak KAk Kk Ak Ak kKK A KKK KKK A K A KKK KR KKK AR KR KKK A K IR K R KA KA KKK KR KA K AR KKK KKK K kK
’

This routine adds the packed 16-bit value in FP (Bank 1) to the packed 32-bit running sumin FPaccum (Bank 1). The result is
returned

in FPaccum

My packed format works as follows: Al nunbers are positive. The first six bits are the exponent, which is offset by

27. An exponent of 0 nmeans the value is zero. The nmantissa is the remaining 10 bits, where the leading 1 is suppressed.

SunP16
bsf status, rp0
novf (Ox7F & FPaccum), w ; Calculate difference of exponents and
andl w OxFC ; determ ne which exponent is |arger
novwf OX7F & BlTenpl
nmovf Ox7F & FP, w
andl w OxFC
subwf Ox7F & BlTenpl, w ; 4*(Exp(FPaccum) - Exp(FP))
bt fsc status,c
goto SunP16_001 ; FPaccum has | arger exponent.

; Cone here if Exp(FP) > Exp(FPaccum). We always want the opposite, so switch the two val ues.

subl w 0 ; Calculate negative of exponent difference
novw Ox7F & BlTenp3 ; BlTenpl = 4*(Exp(FPaccum) - Exp(FP))
novf Ox7F & FP,w ; Now i nterchange FP and FPaccum
novw Ox7F & BlTenpl

novf Ox7F & FP+1,w

nmovwf Ox7F & BlTenp2

novf 0x7F & FPaccum w

novw Ox7F & FP

novf Ox7F & FPaccumtl, w

novw Ox7F & FP+1

novf Ox7F & FPaccumt2, w
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novw Ox7F & FP+2
novf Ox7F & FPaccum+3, w
novw Ox7F & FP+3
nmovf OX7F & BlTenpl, w
novw 0x7F & FPaccum
novf OX7F & BlTenp2, w
novw Ox7F & FPaccumtl
clrf 0x7F & FPaccumt2
clrf 0x7F & FPaccumt3
nmovf Ox7F & FPaccum w ; Now put |arger exponent * 4 into BlTenpl
andl w OxFC
nmovwf Ox7F & BlTenpl
goto SunmP16_001A
SunP16_001
novw (Ox7F & B1Tenp3) ; Store exponent difference.
clrf (OX7F & FP)+2
clrf (Ox7F & FP)+3
SunP16_001A
nmovf Ox7F & FP, w ; Is FP 0? If so return with FPaccum unchanged
andl w OxFC
bt fsc status, z
return
bcf status, c ; BlTenp3 = 4(Exp(FPaccum) - Exp(FP)). Divide by 4
rrf (Ox7F & BlTenp3), f
rrf (Ox7F & B1Tenp3), f ; Two right shifts and BlTenp3 = Exp(FPaccum) - Exp(FP)
nov| w 28 ; If ashift of 28 or nore bits required, FP is too small to affect FPaccum
subwf (Ox7F & Bl1Tenp3),w
bt fsc status, c
return
nov| w 0x3 ; Extract 10-bit mantissa and add leading inplied 1's to FPaccum and FP
andwf (OX7F & FP), f
bsf (OX7F & FP), 2
andwf (Ox7F & FPaccum), f
bsf (0x7F & FPaccunm), 2
nmovl w 24 ; If a shift of 24 or nore bits required, shift bytes three places to right
subwf (OX7F & BlTenp3),w
btfss status,c
goto SunP16_002
novwf OX7F & BlTenp3
rlf (Ox7F & FP) +1, f ; This bit beconmes the round-off bit
novf (Ox7F & FP),w ; Shift three bytes over
movwe (OX7F & FP)+3
clrf (OX7F & FP)+2
clrf (OX7F & FP)+1
clrf (OX7F & FP)
goto SunP16_005
SunP16_002
btfss (Ox7F & BlTenp3), 4 ; If ashift of 16-23 bits required, just nove bytes
goto SunP16_003
rlf OX7F & FP+2, f ; This bit beconmes round-off bit
novf (OX7F & FP)+1, w ; Shift two bytes over
novw (OX7F & FP)+3
novf (Ox7F & FP),w
movwe (OX7F & FP) +2
clrf (Ox7F & FP)+1
clrf (OX7F & FP)
bcf (OX7F & BlTenp3), 4
goto SunP16_005
SunP16_003
bt fss (0Ox7F & BlTenp3), 3 ; If ashift of 8-15 bits required, just npve bytes
goto SunP16_005
rlf Ox7F & FP+3, f
novf Ox7F & FP+2, w
novw Ox7F & FP+3
novf (OX7F & FP)+1, w
novw (OX7F & FP)+2
novf (OX7F & FP), w
novw (OX7F & FP)+1
clrf (OX7F & FP)
bcf (Ox7F & B1Tenp3), 3
SunP16_005
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nmovf
btfsc
goto
SunP16_006
bcf
rrf
rrf
rrf
rrf
decfsz
goto

SunP16_007
btfss
goto
i ncf
btfss
goto
i ncf
bt fss
goto
i ncf
btfsc
i ncf

SunP16_100
nmovf
addwf
btfss
goto
i ncf
bt fss
goto
i ncf
bt fsc
i ncf

SunP16_101
novf
addwf
bt fss
goto
i ncf
btfsc
i ncf

SunP16_102
nmovf
addwf
bt fsc
i ncf

nmovf
addwf

btfss
goto

SunP16_105
nmovl w
addwf
bcf
rrf
rrf
rrf
rrf
bt fss
goto
i ncf
btfss
goto
i ncf
btfss
goto
i ncf
bt fsc
i ncf
bt fsc
goto

(Ox7F & BlTenp3), w
status, z
SunP16_007

status, c

(OX7F & FP), f
(OX7F & FP)+1, f
(OX7F & FP)+2, f
(OX7F & FP)+3, f
(Ox7F & B1Tenp3), f
SunP16_006

status, c
SunP16_100
(OX7F & FP)+3, f
status, z
SunP16_100
(Ox7F & FP)+2, f
status, z
SunP16_100
(Ox7F & FP)+1, f
status, z

(OXx7F & FP), f

(OX7F & FP)+3, w
(Ox7F & FPaccum) +3, f
status, c

SunP16_101

(Ox7F & FPaccum +2, f
status, z

SunP16_101

(Ox7F & FPaccum) +1, f
status, z

(Ox7F & FPaccum), f

(OX7F & FP)+2, w
(0x7F & FPaccunm) +2, f
status, c

SunP16_102

(O0x7F & FPaccum) +1, f
status, z

(O0x7F & FPaccunm), f

(OX7F & FP)+1, w
(Ox7F & FPaccum) +1, f
status, c

(Ox7F & FPaccum, f

(OX7F & FP), w
(Ox7F & FPaccum, f

(Ox7F & FPaccum), 3
SunP16_200

0x4

(OX7F & BlTenpl), f
status, c

(O0x7F & FPaccunm), f
(0x7F & FPaccunm) +1, f
(0x7F & FPaccunm) +2, f
(0x7F & FPaccun) +3, f
status, c

SunP16_200

(Ox7F & FPaccum) +3, f
status, z

SunP16_200

(Ox7F & FPaccum +2, f
status, z

SunP16_200

(Ox7F & FPaccum) +1, f
status, z

(Ox7F & FPaccum, f
(Ox7F & FPaccum), 3
SunP16_105

;' no

; Any nore bits to shift?

Shift FP to right

Do we round up or down?
Round down

Two val ues now have same exponent so can be directly added.

Add

I's there a carry? If so,

. Add

Add

Add

i Yes
. and

If carry,

Has there been a carry to the fourth bit of the npbst significant

Yes,

fourth bytes

Third bytes, and handle carry if necessary.

second bytes,

first (nost significant) bytes

there been a carry to the fourth bit of the nost significant

there has been a carry. Renornalize result

ripple carry through remaining bytes.

and handl e carry if necessary.

byt e?

by shifting to right

incrementing the exponent by 1. First do exponent.

must round result up.

so normalize again.
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SunP16_200

bcf (0x7F & FPaccunm), 2 ; Cear the leading bit which is always 1.
nmovf (Ox7F & BlTenpl), w ; Add exponent to |eading byte

addwf (0x7F & FPaccunm), f

return

ThKKK KKK KKK KKKk DIEGTOFPL K *r Ak kk ok ok ok kA Kk kA kA kA kK Ak KRk A A K KKK R K KA KKK KKK KKK A KKK I K KA KKK KA KK IR KKKk Kk x

; This routine converts a packed-16 floating point value in FP (Bankl) to a FP24 value in AARG

P16ToFP24
bsf status, rp0
novf Ox7F & FP,w ; Get exponent of packed val ue
andl w 0xFC
btfss status, z ; |'s exponent, and val ue, 07?
goto $+6
bcf st atus, rp0
clrf AARG ; Set FP24 value to O
clrf AARGH1
clrf AARGH2
return
bcf st atus, rp0
novwf AARG
bcf status, c
rrf AARG, f ; Shift value two bits to right to occupy all of AARG
rrf AARG, f
nov| w 100 ; Now change of fset from27 to 127
addwf AARG, f
bsf status, rp0 ; Shift packed mantissa 3 bits to right and place in AARG
rrf Ox7F & FP, f
rrf Ox7F & FP+1, f
rrf OX7F & FP+2, f
rrf Ox7F & FP, f
rrf Ox7F & FP+1, f
rrf Ox7F & FP+2,f
bcf status, c
rrf Ox7F & FP+1,w
bcf st atus, rp0
novwf AARGH+1
bsf status, rp0
rrf Ox7F & FP+2,w
bcf st atus, rp0
novwf AARGH+2
btfss status, c ; Round up or down?
return
i ncf AARGH2, f ; Round up
btfss status, z
return
i ncf AARGH1, f
btfss AARGH1, 7
return
i ncf AARG, f
clrf AARG+1
return

B R R R

; This routine estimates the square root of the argunent x. The argunent

; is placed in aarg, and the result is returned in the same register. If the
; result is valid, wwll be returned with O init. Oherwise (i.e., argunent
is negative), wis returned containing Oxff.

; The accuracy of the routine is better than 0.2%

sqrt
bt fsc aarg+1,7; |s argunent positive?
retlw Ooxf f ; No--return with Oxff in w
nov| w ox7f ; Subtract offset from exponent
subwf aarg, w
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nmovwf tenpl
bcf status,c ; Prepare to do arithmetic right shift of tenpl

btfsc tenpl, 7 ; tenp 1 positive?

bsf status,c ; No--right shift in 1

rrf tenpl, f ; Divide exponent by 2

bcf status, c

rlf tenpl, w ; Miltiply by 2--Result always even

subwf aarg, f ; Normalize argunent to be >=1 and <4
MoveBytes aarg,t1,3 ; Tenporary save of normalized argunent

Next estimate square root using |inear approximation
StoreFPLi teral 0x7d37f6,barg ; Load 0.35930, slope of line

call FPMVR4 ; Multiplay by normalized x
StoreFPLi teral 0x7e2405,barg ; Load 0.64070, intercept
call FPA24
Now i nprove estimate as 0.5*(sqrt + x/sqrt)
MoveBytes aarg,t2,3 ; Save estimate
MoveByt es aarg, barg, 3
MoveBytes t1,aarg,3 ; Load normalized x
call FPD24
MoveBytes t 2, barg, 3
call FPA24
decf aarg, f ; Divide by 2.
novf tenpl, w ; Now nultiply by power of 2
addwf aarg, f
retlw 0

B R R R E]

R R R R R R X

PIC16 24 BI' T FLOATING PO NT LI BRARY

Pl ace library at beginning of Page 1 of nenory

B R E]

Integer to float conversion

Input: 16 bit 2's conplenent integer right justified in AARGBO, AARGBl
Use: CALL FLO1624 or CALL FLO24

Qutput: 24 bit floating point nunber in AEXP, AARGBO, AARGB1l

Result: AARG <-- FLOAT( AARG)

; Max Ti m ng: 11+72 = 83 cl ks SAT =0
; 11+77 = 88 cl ks SAT = 1
; Mn Tim ng: 7+14 = 21 cl ks AARG = 0
; 7+18 = 25 cl ks
; PM 11+26 = 37 DM 6
FLO1624
FLO24 MOVLW D 15' +EXPBI AS ; initialize exponent and add bias
MOVWF EXP
MOVF AARGBO, W
MOVWF SI GN
BTFSS AARGBO0, VSB ; test sign
GOoTO NRWR424
COWF AARGB1, F ; if <0, negate and set MSB in SIGN
COVF AARGBO, F
I NCF AARGBL, F
BTFSC Z
I NCF AARGBO, F

hkkkhkkkkkkkkkk kK kkkkkkkkkkkkhkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk Kk kk k kK * %

Nor mal i zati on routine

Input: 24 bit unnormalized floating point nunber in AEXP, AARGB0, AARGBI1,
with sign in SIGN,MSB and other bits zero.

Use: CALL NRMR2424 or CALL NRM24
Qutput: 24 bit normalized floating point nunmber in AEXP, AARGBO, AARGBl

Result: AARG <-- NORMALI ZE( AARG )
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; Max Ti m ng 10+6+7*7+7 = 72 cl ks SAT =0
; 10+6+7*7+1+11 = 77 clks SAT = 1
; Mn Timng 14 cl ks AARG = 0
; 5+9+4 = 18 cl ks
; PM 26 DM 6
NRM2424
NRM24
CLRF TEMP ; clear exponent decrenent
MOVF AARGBO, W ; test if highbyte=0
BTFSS Zz
GOTO NORMR424
MOVF AARGB1, W ; if so, shift 8 bits by nove
MOVWF AARGBO
BTFSC A ; i f highbyte=0, result=0
GOoTO RES024
CLRF AARGB1
BSF TEWP, 3
NORM2424 MOVF TEMP, W
SUBWF EXP, F
BTFSS Z
BTFSS e
GOoTO SETFUN24
BCF _C ; clear carry bit
NORMR2424A BTFSC AARGBO, MSB ; if MSB=1, normalization done
GOoTO FI XSI G\N24
RLF AARGBL, F ; otherwi se, shift left and
RLF AARGBO, F ; decrement EXP
DECFSZ EXP, F
GOoTO NORMR2424A
GOoTO SETFUN24 ; underflow if EXP=0
FI XSI G\24 BTFSS SI GN, MSB
BCF AARGBO0, VSB ; clear explicit MSB if positive
RETLW 0
RES024 CLRF AARGBO ; result equals zero
CLRF AARGB1
CLRF AARGB2 ; clear extended byte
CLRF EXP
RETLW 0

B R R R

B R R R R R R R R

; Integer to float

conver si on

; Input: 24 bit 2's conplenment integer right justified in AARGBO, AARGB1, AARGB2
; Use: CALL FLO2424

; Qutput: 24 bit floating point nunber in AEXP, AARGBO, AARGB1l

; Result: AARG <-- FLOAT( AARG )

; Max Ti m ng: 14+94 = 108 cl ks RND = 0

; 14+103 = 117 cl ks RND = 1, SAT =0

; 14+109 = 123 cl ks RND = 1, SAT =1

; Mn Tim ng: 6+28 = 34 cl ks AARG = 0

; 6+22 = 28 cl ks

; PM 14451 = 65 DM 7

FLO2424 MOVLW
CLRF
BTFSS
GoTo

D 23' +EXPBI AS
EXP

SI GN

AARGBO, M5B
NRMB224
AARGB2, F

; initialize exponent and add bias

; test sign

; if <0, negate and set MSB in SIGN
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COVF AARGBL, F

COVF AARGBO, F
I NCF AARGB2, F
BTFSC z

I NCF AARGBL, F
BTFSC z

I NCF AARGBO, F
BSF Sl GN, V5B

B R R R R R R R

Nor mal i zati on routine

Input: 32 bit unnormalized floating point nunber in AEXP, AARGB0, AARGBL,
AARGB2, with sign in SIG\ MSB

Use: CALL NRMB224
; Qutput: 24 bit normalized floating point nunber in AEXP, AARGBO, AARGB1

; Result: AARG <-- NORMALIZE( AARG )

; Max Ti m ng: 21+6+7*8+7+4 = 94 clks RND = 0
; 21+6+7*8+20+4 = 103 cl ks RND = 1, SAT =0
; 21+6+7*8+19+11 = 109 cl ks RND = 1, SAT =1
; Mn Tim ng: 22+6 = 28 cl ks AARG = 0
; 5+9+4+4 = 22 cl ks
PM 51 DM 7
NRMB224 CLRF TEMP ; clear exponent decrenent
MOVF AARGBO, W ; test if highbyte=0
BTFSS 4
GOoTO NORMB224
MOVF AARGB1, W ; if so, shift 8 bits by nove
MOVWF AARGBO
MOVF AARGB2, W
MOVWF AARGB1
CLRF AARGB2
BSF TEMP, 3 ; increase decrenent by 8
MOVF AARGBO, W ; test if highbyte=0
BTFSS Z
GOoTO NORMB224
MOVF AARGB1, W ; if so, shift 8 bits by nove
MOVWF AARGBO
CLRF AARGB1
BCF TEMWP, 3 ; increase decrenment by 8
BSF TEMP, 4
MOVF AARGBO, W ; if highbyte=0, result=0
BTFSC 4
GOoTO RES024
NORMB224 MOVF TEMP, W
SUBWF EXP, F
BTFSS 4
BTFSS C
GOoTO SETFUN24
BCF _C ; clear carry bit
NORMB224A BTFSC AARGBO0, VSB ; if MBB=1, normalization done
GOoTO NRVRND3224
RLF AARGB2, F ; otherwise, shift left and
RLF AARGB1, F ; decrement EXP
RLF AARGBO, F
DECFSZ EXP, F
GOoTO NORMB224A
GOoTO SETFUN24 ; underflow if EXP=0
NRVRND3224 BTFSC FPFLAGS, RND
BTFSS AARGBL, LSB
GOoTO FI XSI G\24
BTFSS AARGB2, MSB ; round if next bit is set
GOoTO FI XSI G\N24
| NCF AARGBL, F
BTFSC z
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I NCF AARGBO, F

BTFSS A ; has roundi ng caused carryout?
GOoTO Fl XSI G\24

RRF AARGRO, F ; if so, right shift

RRF AARGBL, F

| NCF EXP, F

BTFSC z ; check for overflow

GOoTO SETFOV24

GOoTO FI XSI G\24

B R R R R R R R R

B R R R

Fl oat to integer conversion
Input: 24 bit floating point nunmber in AEXP, AARGBO, AARGB1
; Use: CALL I NT2416 or CALL | NT24

Qutput: 16 bit 2's conplenment integer right justified in AARGBO, AARGB1

; Result: AARG <-- INT( AARG)
; Max Ti m ng: 29+6*6+5+13 = 83 cl ks RND = 0
; 29+6*6+5+19 = 89 cl ks RND = 1, SAT =0
; 29+6*6+5+22 = 92 cl ks RND = 1, SAT =1
M n Timng: 18+5+7 = 30 cl ks
PM 63 DM 6
I NT2416
| NT24
MOVF EXP, W ; test for zero argunent
BTFSC 4
RETLW 0x00
MOVF AARGBO, W ; save sign in SIGN
MOVWF SIGN
BSF AARGBO0, VSB ; make MSB explicit
MOVLW EXPBI AS+D' 15' ; renove bias from EXP
SUBWF EXP, F
BTFSS EXP, M5B
GOoTO SETI OV16
COVF EXP, F
| NCF EXP, F
MOVLW 8 ; do byte shift if EXP >= 8
SUBWF EXP, W
BTFSS _C
Goro TSHI FT2416
MOVWF EXP
RLF AARGBL, F ; rotate next bit for rounding
MOVF AARGB0O, W
MOVWF AARGB1
CLRF AARGBO
MOVLW 8 ; do byte shift if EXP >= 8
SUBWF EXP, W
BTFSS C
GOoTO TSHI FT2416
MOVWF EXP
RLF AARGB1, F ; rotate next bit for rounding
CLRF AARGB1
MOVF EXP, W
BTFSS Z
BCF _C
GOTO SHI FT24160K
TSHI FT2416 MOVF EXP, W ; shift conmpleted if EXP =0
BTFSC 4
GOTO SHI FT24160K
SHI FT2416 BCF _C
RRF AARGBO, F ; right shift by EXP
RRF AARGBL, F
DECFSZ EXP, F

68



GOoro SHI FT2416

SHI FT24160K BTFSC FPFLAGS, RND
BTFSS AARGBL1, LSB
GOoTO I NT24160K

BTFSS _C ; round if next bit is set
GOoTO I NT24160K
| NCF AARGBL, F

BTFSC 4
I NCF AARGBO, F
BTFSC AARGBO, MSB ; test for overflow
GOoTO SETI OV16

I NT24160K BTFSS S| G\, MSB ; if sign bit set, negate
RETLW 0
COVF AARGBL, F
COVF AARGBO, F
I NCF AARGBL, F
BTFSC Z
I NCF AARGBO, F
RETLW 0

SETI OV16 BSF FPFLAGS, | OV ; set integer overflow flag
BTFSS FPFLAGS, SAT ; test for saturation
RETLW OxFF ; return error code in WREG
CLRF AARGBO ; saturate to largest two's
BTFSS S| GN, MSB ; conplenment 16 bit integer
MOVLW OxFF
MOVWF AARGBO ; SIGN = 0, Ox 7F FF
MOVWF AARGB1 ; SIGN =1, Ox 80 00
RLF SIGN, F
RRF AARGBO, F
RETLW OxFF ; return error code in WREG

B R R TR R
’

B R R
’

; Float to integer conversion
; Input: 24 bit floating point nunber in AEXP, AARGBO, AARGB1
; Use: CALL I NT2424

; Qutput: 24 bit 2's conplenment integer right justified in AARGBO, AARGB1, AARGB2

Result: AARG <-- INT( AARG)

Max Ti m ng: 41+6*7+6+16 = 105 cl ks RND = 0
41+6*7+6+24 = 113 cl ks RND = 1, SAT =0
41+6*7+6+26 = 115 cl ks RND = 1, SAT =1

M n Timng: 5 cl ks

PM 82 DM 6

I NT2424
CLRF AARGB2

MOVF EXP, W ; test for zero argunent

BTFSC Z

RETLW 0x00

MOVF AARGBO, W ; save sign in SIGN

MOVWF SIGN
BSF AARGBO0, VSB ; make MSB explicit
MOVLW EXPBI AS+D' 23" ; renpve bias from EXP
SUBWF EXP, F
BTFSS EXP, M5B
GOoTO SETI Ov24
COVF EXP, F
I NCF EXP, F
MOVLW 8 ; do byte shift if EXP >= 8
SUBWF EXP, W
BTFSS C
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MOVF
BTFSS
BCF
GoTo

TSHI FT2424

SHI FT2424

SHI FT24240K

I NT24240K

| RES024

SETI Ov24

GOoTO TSHI FT2424
MOVWE EXP
RLF AARGB2, F
MOVF AARGB1, W
MOVVE AARGB2
MOVF AARGBO, W
MOVVE AARGB1
CLRF AARGBO
MOVLW 8
SUBWE EXP, W
BTFSS C
GoTO TSHI FT2424
MOVVE EXP
RLF AARGB2, F
MOVF AARGB1, W
MOVVE AARGB2
CLRF AARGB1
MOVLW 8
SUBVE EXP, W
BTFSS C
GOTO TSHI FT2424
MOVWE EXP
RLF AARGB2, F
CLRF AARGB2

EXP, W

z

c

SHI FT24240K
MOVF EXP, W
BTFSC z
GoTO SHI FT24240K
BCF C
RRF AARGBO, F
RRF AARGBL, F
RRF AARGB2, F
DECFSZ EXP, F
GOTO SHI FT2424
BTFSC FPFLAGS, RND
BTFSS AARGB2, LSB
GOTO | NT24240K
BTFSS C
GOTO I NT24240K
I NCF AARGB2, F
BTFSC z
I NCF AARGBL, F
BTFSC z
I NCF AARGBO, F
BTFSC AARGBO, MSB
GoTO SETI OV24
BTFSS SI GN, VB
RETLW 0
COVF AARGBO, F
COWF AARGBL, F
COWF AARGB2, F
I NCF AARGB2, F
BTFSC z
I NCF AARGBL, F
BTFSC z
I NCF AARGBO, F
RETLW 0
CLRF AARGBO
CLRF AARGB1
CLRF AARGB2
RETLW 0
BSF FPFLAGS, | OV
BTFSS FPFLAGS, SAT
RETLW OXFF
CLRF AARGBO
BTFSS SI GN, VB
MOVLW OXFF
MOVVE AARGBO
MOVVE AARGB1

; rotate next

do

rotate next

; rotate next

bit for

anot her

bit for

anot her

bit for

roundi ng

byte shift

roundi ng

byte shift

roundi ng

if EXP >= 8

if EXP >= 8

shift conpleted if EXP = 0

right shift

by EXP

test for overflow

if sign bit set,

; integer result

set

equal s zero

negat e

integer overflow flag
test for saturation
return error code in WREG

saturate to largest two's
conpl ement
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MOVWF AARGB2

RLF SIGN, F
RRF AARGBO, F
RETLW OxFF ; return error code in WREG

B R R R

Ml tiply by 10

This routine multiplies the 24-bit floating point nunmber in

aarg by 10.
Aar gTi mes10
movl w 3
bcf status, rp0
addwf aexp, f ; Miltiply aarg by 3
clrf Tenpl ; Set 1 if aarg is negative
bt fsc aarg+1, 7
i ncf Tenpl, f
bsf aarg+1, 7 ; Make nunber positive & insert
; inplied MSB

MoveBytes aarg+1, barg+1, 2 ; Copy fraction to barg
rrf barg+l, f ; Shift barg+l, barg+2 right 2 tines
rrf barg+2, f
bcf barg+1, 7
rrf barg+l, f
rrf barg+2, w
bcf barg+1, 7
addwf aarg+2, f ; add aarg+l,2 to barg+l,2
bt fsc status, c
i ncf bar g+1, f
novf bar g+1, w
addwf aarg+1, f
btfss status, c ; Skip if carry
goto $+4 ; No carry
rrf aarg+1, f ; Shift right 1 place
rrf aarg+2, f ; and add 1 to exponent
i ncf aexp, f
bcf aarg+1, 7
bt fsc Tenpl, O ; |'s nunber negative?
bsf aarg+1, 7 ; Yes, set sign bit
return

R R R
’
B R R R R T R
’

; Floating Point Miltiply

Input: 24 bit floating point nunmber in AEXP, AARGBO, AARGB1
24 bit floating point nunmber in BEXP, BARGBO, BARGBl

Use: CALL FPM24
Qutput: 24 bit floating point product in AEXP, AARGBO, AARGB1l

Result: AARG <-- AARG * BARG

; Max Ti mi ng: 25+15*16+15+18 = 298 cl ks RND = 0
; 25+15*16+15+29 = 309 cl ks RND = 1, SAT =0
; 25+15*16+15+33 = 313 cl ks RND = 1, SAT =1
; Mn Tim ng: 6+5 = 11 cl ks AARG * BARG = 0
; 24+15*11+14+15 = 218 cl ks
; PM 80 DM 11
FPM24 MOVF AEXP, W ; test for zero argunents
BTFSS 4
MOVF BEXP, W
BTFSC Z
GOTO RES024
M24BNEO MOVF AARGBO, W
XORWF BARGBO, W
MOVWF SI GN ; save sign in SIGN
MOVF BEXP, W
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MTUN24

MOK24

BSF

M.OOP24

MADD24

MNOADD24

MROUND24

BTFSS

I NCF

MIL24OK

SETFOV24

ADDWF
MOVLW
BTFSS
GOoro

SUBWF
BTFSC
GOTO
GOTO
SUBWF
BTFSS
GOTO
MOVF

MOVF

BSF

RETLW
BSF
BTFSS
RETLW

MOVLW

EXP, F
EXPBI AS- 1
C

MTUN24

EXP, F
_C

SETFOV24 ; set nultiply overflow flag
MOK24

EXP, F
_C
SETFUN24

AARGBO, W

AARGB2 ; move result to AARG
AARGB1, W

AARGB3

AARGB2, V5B ; make argunent MSB's explicit

BARGBO, M5B

AARGBO ; clear initial partial product

TEMP ; initialize counter

AARGB3, LSB ; test next bit

AARGBO0, V5B ; check for postnornalization

FPFLAGS, RND
AARGBL, LSB
MJL240OK
round if next bit is set
MJL240OK

oz
AARGBO, F

A ; has rounding caused carryout ?
MJL24OK

AARGRO, F ; if so, right shift

AARGBL, F

EXP, F

A ; check for overflow

SETFOV24

SI G\, MSB
AARGBO, MSB ; clear explicit MSB if positive

0

FPFLAGS, FOV ; set floating point underflag
FPFLAGS, SAT ; test for saturation

OxFF ; return error code in WREG
OxFF

AEXP ; saturate to largest floating
AARGBO ; point nunber = Ox FF 7F FF
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MOVWF AARGB1 ; nodul o the appropriate sign bit

RLF SIGN, F
RRF AARGBO, F
RETLW OxFF ; return error code in WREG

B R ]

B R R R EY

; Fl oating Point Divide

; Input: 24 bit floating point dividend in AEXP, AARGB0O, AARGB1
; 24 bit floating point divisor in BEXP, BARGBO, BARGBl

; Use: CALL FPD24
; Qutput: 24 bit floating point quotient in AEXP, AARGBO, AARGB1

; Result: AARG <-- AARG/ BARG

; Max Ti mi ng: 32+13+15*26+25+12 = 472 cl ks RND = 0
; 32+13+15*26+25+34 = 494 cl ks RND = 1, SAT =0
; 32+13+15*26+25+38 = 498 cl ks RND = 1, SAT =1
; Mn Tim ng: 7+5 = 12 clks
; PM 120 DM 11
FPD24 MOVF BEXP, W ; test for divide by zero
BTFSC A
GOTO SETFDZ24
MOVF AEXP, W
BTFSC A
GOTO RES024
D24BNEO MOVF AARGBO, W
XORWF BARGBO, W
MOVWF SI GN ; save sign in SIGN
BSF AARGBO0, VSB ; make argunent MSB's explicit
BSF BARGBO, MSB
TALI GN24 CLRF TEMP ; clear align increnent
MOVF AARGBO, W
MOVWF AARGB2 ; test for alignnent
MOVF AARGB1, W
MOVWF AARGB3
MOVF BARGB1, W
SUBWF AARGB3, f
MOVF BARGBO, W
BTFSS _C
I NCFSZ BARGBO, W
SUBWF AARGB2, f
CLRF AARGB2
CLRF AARGB3
BTFSS _C
GOTO DALI GN24OK
BCF _C ; align if necessary
RRF AARGBO, F
RRF AARGBL, F
RRF AARGB2, F
MOVLW 0x01
MOVWF TEMP ; save align increnent
DALI GN24OK MOVF BEXP, W ; conpare AEXP and BEXP
SUBWF EXP, F
BTFSS _C
GOoTO ALTB24
AGEB24 MOVLW EXPBI AS- 1
ADDWF TEMP, W
ADDWF EXP, F
BTFSC _C
GOoTO SETFOV24
GOoTO DARGOK24 ; set overflow flag
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ALTB24

DARGOK24

DLOOP24

DREST24

DOK24

DROUND24

DI V240K

RLF
RLF
RLF
RLF
RLF

MOVF
SUBWF

BTFSS
I NCFSz
SUBWF

RLF
| ORWF

BTFSS
GOT0

EXPBI AS- 1
TEMP, W
EXP, F

C
SETFUN24

D 16'
TEMPB1

AARGB3, F
AARGB2, F
AARGBL, F
AARGBO, F
TEMWP, F

BARGB1, W
AARGBL, F
BARGBO, W
C
BARGBO, W
AARGBO, F

BARGBO, W
TEMP, F

TEMP, LSB
DREST24

AARGB3, LSB
DOK24

BARGB1, W
AARGBL, F
BARGBO, W
e

BARGBO, W
AARGRO, F
AARGB3, LSB

TEMPBL, F
DLOOP24

FPFLAGS, RND

BARGB1, W
AARGBL, F
BARGBO, W
e
BARGBO, W
AARGRO, F

BARGBO, W
TEMP, W
0x01

AARGB3, F
_C
AARGB2, F

z
DI V240K
AARGB2, F
AARGB3, F
EXP, F

z
SETFOV24

SI G\, M5B
AARGB2, M5B

AARGB2, W
AARGB0
AARGB3, W
AARGB1

; set underflow flag

initialize counter

left shift

subtract

; test for restore

restore if necessary

conput e next significant bit
for rounding

subtract

; test if rounding caused carryout

test for overflow

clear explicit MSB if positive

nove result to AARG
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RETLW 0

SETFUN24 BSF FPFLAGS, FUN ; set floating point underflag
BTFSS FPFLAGS, SAT ; test for saturation
RETLW OxFF ; return error code in WREG
MOVLW 0x01 ; saturate to smallest floating
MOVWF AEXP poi nt number = Ox 01 00 00
CLRF AARGBO ; nmodul o the appropriate sign bit
CLRF AARGB1
RLF SIGN, F
RRF AARGBO, F
RETLW OxFF ; return error code in WREG
SETFDZ24 BSF FPFLAGS, FDZ ; set divide by zero flag
RETLW OxFF

B R R
’
R R R R
’

; Fl oati ng Point Subtract

; Input: 24 bit floating point nunber in AEXP, AARGBO, AARGB1
; 24 bit floating point nunber in BEXP, BARGBO, BARGB1

; Use: CALL FPS24
Qutput: 24 bit floating point sumin AEXP, AARGBO, AARGB1

Result: AARG <-- AARG - BARG

Max Ti mi ng: 2+197 = 199 cl ks RND = 0
2+208 = 210 cl ks RND = 1, SAT =0
2+213 = 215 cl ks RND = 1, SAT =1
M n Timng: 2+12 = 14 cl ks
PM 2+112 = 114 DM 11
FPS24 MOVLW 0x80
XORWF BARGBO, F

B R

; Fl oati ng Point Add

; Input: 24 bit floating point nunber in AEXP, AARGBO, AARGB1
; 24 bit floating point number in BEXP, BARGBO, BARGB1

Use: CALL FPA24
Qutput: 24 bit floating point sumin AEXP, AARGBO, AARGB1

Result: AARG <-- AARG - BARG

Max Ti mi ng: 25+28+6*6+5+31+72 = 197 cl ks RND = 0
25+28+6*6+5+42+72 = 208 cl ks RND = 1, SAT =0
25+28+6* 6+5+42+77 = 213 cl ks RND = 1, SAT =1

; Mn Tim ng: 8+4 = 12 clks
; PM 112 DM 11
FPA24 MOVF AARGBO, W ; exclusive or of signs in TEMP
XORWF BARGBO, W
MOVWF TEMP
CLRF AARGB2 ; clear extended byte
CLRF BARGB2
MOVF AEXP, W ; use AARG if AEXP >= BEXP
SUBWF BEXP, W
BTFSS _C
GOTO USEA24
MOVF BEXP, W ; use BARG if AEXP < BEXP
MOVWF AARGB4 ; therefore, swap AARG and BARG
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MOVF AEXP, W

MOVWF BEXP
MOVF AARGB4, W
MOVWF AEXP
MOVF BARGBO, W
MOVWF AARGB4
MOVF AARGB0O, W
MOVWF BARGBO
MOVF AARGB4, W
MOVWF AARGBO
MOVF BARGB1, W
MOVWF AARGB4
MOVF AARGB1, W
MOVWF BARGB1
MOVF AARGB4, W
MOVWF AARGB1
USEA24 MOVF BEXP, W ; return AARG if BARG = 0
BTFSC Z
RETLW 0x00
MOVF AARGBO, W
MOVWF SI GN ; save sign in SIGN
BSF AARGBO0, VSB ; make MSB's explicit
BSF BARGBO, MSB
MOVF BEXP, W ; conmpute shift count in BEXP
SUBWF AEXP, W
MOVWF BEXP
BTFSC 4
GOTO ALl GNED24
MOVLW 8
SUBWF BEXP, W
BTFSS _C ; if BEXP >= 8, do byte shift
GOTO ALl G\B24
MOVWF BEXP
MOVF BARGB1, W ; keep for postnornalization
MOVWF BARGB2
MOVF BARGBO, W
MOVWF BARGB1
CLRF BARGBO
MOVLW 8
SUBWF BEXP, W
BTFSS _C ; if BEXP >= 8, BARG = 0 relative to AARG
GOoTO AL| GNB24
MOVF SI GN, W
MOVWF AARGBO
RETLW 0x00
ALI G\B24 MOVF BEXP, W ; already aligned if BEXP = 0
BTFSC 4
GOTO ALl GNED24
ALOOPB24 BCF _C ; right shift by BEXP
RRF BARGBO, F
RRF BARGB1, F
RRF BARGB2, F
DECFSZ BEXP, F
GOoTO ALOOPB24
ALl GNED24 BTFSS TEMP, MSB ; negate if signs opposite
GOoTO AOK24
COVF BARGB2, F
COVF BARGB1, F
COVF BARGBO, F
I NCF BARGB2, F
BTFSC 4
| NCF BARGB1, F
BTFSC 4
I NCF BARGBO, F
ACK24
MOVF BARGB2, W
ADDWF AARGB2, F
MOVF BARGB1, W
BTFSC _C
I NCFSz BARGB1, W
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ADDWF AARGBL, F

MOVF BARGBO, W
BTFSC _C
| NCFSZ BARGBO, W
ADDWF AARGBO, F
BTFSC TEMP, M5B
GOTO ACOVP24
BTFSS _C
GOTO NRVRND3224
RRF AARGBO, F ; shift right and increnment EXP
RRF AARGBL, F
RRF AARGB2, F

| NCFSZ AEXP, F
GOTO NRVRND3224
GOTO SETFOV24

ACOVP24 BTFSC _C
GOTO NRMB224 ; normalize and fix sign

COWF AARGB2, F

COVF AARGBL, F ; negate, toggle sign bit and
COWF AARGRO, F ; then nornmalize
I NCF AARGB2, F
BTFSC Z
I NCF AARGBL, F
BTFSC Z
I NCF AARGBO, F
MOVLW 0x80
XORWF SIGN, F
GOTO NRVR4

B R R R R R R R R R R R

B R R R R R R R R

Eval uate fl oor(x)

; | nput : 24 bit floating point nunber in AEXP, AARGBO, AARGB1
; Use: CALL FLOOR24

; Qut put : 24 bit floating point nunber in AEXP, AARGBO, AARGB1l
; Resul t: AARG <-- FLOOR( AARG)

; Testing on [-MAXNUM MAXNUM from 100000 trial s:

mn meax nean

Ti m ng: 37 55 42.7clks
mn mex neanrns

Error: 0x000x000.0 0.0 nsb

floor(x) evaluates the largest integer, as a float, not greater than x.

FLOOR24
CLRF AARGB2 ; test for zero argunent
MOVF AEXP, W
BTFSC Z
RETLW 0x00
MOVF AARGBO, W
MOVWF AARGB3 ; save mantissa
MOVF AARGB1, W
MOVWF AARGB4
MOVLW EXPBI AS ; conputed unbi ased exponent
SUBWF AEXP, W
MOVWF TEMPB1
BTFSC TEMPB1, MSB
GOoTO FLOOR24ZERO
SuUBLW 0x10-1
MOVWF TEMPBO ; save nunber of zero bits in TEMPBO
MOVWF TEMPB1
BTFSC TEMPBL1, LSB+3 ; divide by eight
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GOoro FLOOR24NVASKH

FLOOR24 VASKL
MOVLW 0x07 ; get renminder for nmask pointer
ANDWF TEMPBO, F
MOVLW LOW FLOOR24MASKTABLE
ADDWF TEMPBO, F
MOVLW H GH FLOOR24NMASKTABLE
BTFSC _C
ADDLW 0x01
MOVWF PCLATH
I NCF TEMPBO, W
CALL FLOOR24MASKTABLE ; access table for nask
ANDWF AARGBL, F
BTFSS AARGBO, MSB ; if negative, round down
RETLW 0x00
MOVWF AARGB7
MOVF AARGB4, W
SUBWF AARGB1, W
BTFSS Z
GOoTO FLOOR24RNDL
RETLW 0x00
FLOOR24RNDL
COMF AARGB7, W
MOVWF TEMPB1
| NCF TEMPB1, W
ADDWF AARGBL, F
BTFSC 4
I NCF AARGBO, F
BTFSS Z ; has roundi ng caused carryout?
RETLW 0x00
RRF AARGBO, F
RRF AARGBL, F
| NCFSZ AEXP, F ; check for overflow
RETLW 0x00
GOoTO SETFOv24
FLOOR24 VASKH
MOVLW 0x07 ; get renminder for nmask pointer
ANDWF TEMPBO, F
MOVLW LOW FLOOR24MASKTABLE
ADDWF TEMPBO, F
MOVLW H GH FLOOR24NMASKTABLE
BTFSC C
ADDLW 0x01
MOVWF PCLATH
| NCF TEMPBO, W
CALL FLOOR24MASKTABLE ; access table for nask
ANDWF AARGBO, F
CLRF AARGB1
BTFSS AARGBO, MSB ; if negative, round down
RETLW 0x00
MOVWF AARGB7
MOVF AARGB4, W
SUBWF AARGB1, W
BTFSS Z
GOoTO FLOOR24 RNDH
MOVF AARGB3, W
SUBWF AARGBO, W
BTFSS Z
GOoTO FLOOR24 RNDH
RETLW 0x00
FLOOR24RNDH
COMF AARGB7, W
MOVWF TEMPB1
I NCF TEMPB1, W
ADDWF AARGBO, F
BTFSS _C ; has roundi ng caused carryout?
RETLW 0x00
RRF AARGBO, F
RRF AARGBL, F
I NCFSz AEXP, F
RETLW 0x00
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GOTO SETFOV24 ; check for overflow

FLOOR24ZERO
BTFSC AARGBO, VSB
GOoro FLOOR24M NUSONE
CLRF AEXP
CLRF AARGBO
CLRF AARGB1
RETLW 0x00
FLOOR24M NUSONE
MOVLW Ox7F
MOVWF AEXP
MOVLW 0x80
MOVWF AARGBO
CLRF AARGB1
RETLW 0x00

; table for least significant byte requiring masking, using pointer from
; the renumi nder of the nunber of zero bits divided by eight.

FLOOR24NMASKTABLE

MOVWF PCL

RETLW OxFF
RETLW OxFE
RETLW OxFC
RETLW OxF8
RETLW 0xFO
RETLW OxEO0
RETLW 0xC0
RETLW 0x80
RETLW 0x00

B R R R R R R R R

B R R R R R R R

; Floating Point Relation A<B

; I nput : 24 bit floating point nunber in AEXP, AARGBO, AARGB1l
; 24 bit floating point nunber in BEXP, BARGBO, BARGB1

; Use: CALL TALTB24

; Qut put : logical result in W

; Resul t: if A< B TRUE, W= 0x01

; if A< B FALSE, W= 0x00

Testing on [-MAXNUM MAXNUM from 100000 trial s:

mn mex mean
Ti m ng: 9 28 14.6¢l ks

TALTB24 MOVF AARGBO, W ; test if signs opposite

XORWF BARGBO, W

MOVWF TEMPBO

BTFSC TEMPBO, MSB

Goro TALTB240

BTFSC AARGBO, MsSB

GOoTO TALTB24N
TALTB24P MOVF AEXP, W ; conpare positive argunents

SUBWF BEXP, W

BTFSS C

RETLW 0x00

BTFSS Z

RETLW 0x01

MOVF AARGB0O, W

SUBWF BARGBO, W

BTFSS _C

RETLW 0x00

BTFSS 4

RETLW 0x01

MOVF AARGB1, W

SUBWF BARGB1, W

BTFSS C

79



RETLW 0x00

BTFSS z
RETLW 0x01
RETLW 0x00

TALTB24N MOVF BEXP, W ; compare negative arguments
SUBWE AEXP, W
BTFSS e
RETLW 0x00
BTFSS Z
RETLW 0x01
MOVF BARGBO, W
SUBWE AARGBO, W
BTFSS C
RETLW 0x00
BTFSS Z
RETLW 0x01
MOVF BARGB1, W
SUBVE AARGB1, W
BTFSS C
RETLW 0x00
BTFSS z
RETLW 0x01
RETLW 0x00

TALTB240 BTFSS BARGBO, M5B
RETLW 0x01
RETLW 0x00

B R R R EY

B R R R R R

; Floating Point Relation A <= B

; I nput : 24 bit floating point number in AEXP, AARGBO, AARGBl
; 24 bit floating point number in BEXP, BARGBO, BARGBl

; Use: CALL TALEB24

; Qut put : logical result in W

; Resul t: if A <= B TRUE, W= 0x01

; if A<= B FALSE, W= 0x00

; Testing on [-MAXNUM MAXNUM from 100000 trial s:

; mn max nmean
; Ti m ng: 9 26 14.4clks
TALEB24 MOVF AARGBO, W ; test if signs opposite
XORWF BARGBO, W
MOVWF TEMPBO
BTFSC TEMPBO, MSB
Goro TALEB240
BTFSC AARGBO, MSB
Goro TALEB24N
TALEB24P MOVF AEXP, W ; conpare positive argunents
SUBWF BEXP, W
BTFSS C
RETLW 0x00
BTFSS 4
RETLW 0x01
MOVF AARGBO, W
SUBWF BARGBO, W
BTFSS C
RETLW 0x00
BTFSS Z
RETLW 0x01
MOVF AARGB1, W
SUBWF BARGB1, W
BTFSS _C
RETLW 0x00
RETLW 0x01
TALEB24N MOVF BEXP, W ; conpare negative argunents
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SUBWF AEXP, W

BTFSS e
RETLW 0x00
BTFSS oz
RETLW 0x01
MOVF BARGBO, W
SUBWE AARGBO, W
BTFSS C
RETLW 0x00
BTFSS Z
RETLW 0x01
MOVF BARGB1, W
SUBWE AARGB1, W
BTFSS C
RETLW 0x00
RETLW 0x01
TALEB240 BTFSS BARGBO, V5B
RETLW 0x01
RETLW 0x00

hkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk k%

B R ]

; Fl oating Point Relation A>B

; I nput : 24 bit floating point number in AEXP, AARGBO, AARGB1
; 24 bit floating point nunmber in BEXP, BARGBO, BARGB1

; Use: CALL TAGTB24

; Qut put : logical result in W

; Resul t: if A> B TRUE, W= 0x01

; if A > B FALSE, W= 0x00

; Testing on [-MAXNUM MAXNUM from 100000 trial s:

; mn max nmean
; Ti m ng: 9 28 14.6¢l ks
TAGTB24 MOVF BARGBO, W ; test if signs opposite
XORWF AARGBO, W
MOVWF TEMPBO
BTFSC TEMPBO, M5B
GOoTO TAGTB240
BTFSC BARGBO, MSB
GOTO TAGTB24N
TAGTB24P MOVF BEXP, W ; conpare positive argunents
SUBWF AEXP, W
BTFSS _C
RETLW 0x00
BTFSS Z
RETLW 0x01
MOVF BARGBO, W
SUBWF AARGBO, W
BTFSS C
RETLW 0x00
BTFSS 4
RETLW 0x01
MOVF BARGB1, W
SUBWF AARGB1, W
BTFSS C
RETLW 0x00
BTFSS Z
RETLW 0x01
RETLW 0x00
TAGTB24N MOVF AEXP, W ; conpare negative argunents
SUBWF BEXP, W
BTFSS _C
RETLW 0x00
BTFSS Z
RETLW 0x01
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MOVF AARGBO, W

SUBVE BARGBO, W
BTFSS C
RETLW 0x00
BTFSS z
RETLW 0x01
MOVF AARGB1, W
SUBWE BARGB1, W
BTFSS e
RETLW 0x00
BTFSS Z
RETLW 0x01
RETLW 0x00
TAGTB240 BTFSS AARGBO, MSB
RETLW 0x01
RETLW 0x00

B R ]
’

B R R R
’

; Floating Point Relation A >= B

; I nput : 24 bit floating point nunber in AEXP, AARGBO, AARGB1l
; 24 bit floating point number in BEXP, BARGBO, BARGB1

Use: CALL TAGEB24

Qut put : logical result in W

Resul t: if A>= B TRUE, W= 0x01

if A>= B FALSE, W= 0x00

Testing on [-MAXNUM MAXNUM from 100000 trial s:

mn mex mean
Ti m ng: 9 26 14.4clks

TACGEB24 MOVF BARGBO, W ; test if signs opposite

XORWF AARGBO, W

MOVWF TEMPBO

BTFSC TEMPBO, MSB

GOTO TAGEB240

BTFSC BARGBO, MSB

GOTO TAGEB24N
TAGEB24P MOVF BEXP, W ; conpare positive argunents

SUBWF AEXP, W

BTFSS _C

RETLW 0x00

BTFSS 4

RETLW 0x01

MOVF BARGBO, W

SUBWF AARGB0O, W

BTFSS _C

RETLW 0x00

BTFSS 4

RETLW 0x01

MOVF BARGB1, W

SUBWF AARGB1, W

BTFSS _C

RETLW 0x00

RETLW 0x01
TAGEB24N MOVF AEXP, W ; conpare negative argunents

SUBWF BEXP, W

BTFSS _C

RETLW 0x00

BTFSS 4

RETLW 0x01

MOVF AARGB0O, W

SUBWF BARGBO, W

BTFSS _C

RETLW 0x00

BTFSS 4

RETLW 0x01
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MOVF AARGBL, W

SUBVE BARGB1, W
BTFSS C
RETLW 0x00
RETLW 0x01

TAGEB240 BTFSS AARGBO, MSB
RETLW 0x01
RETLW 0x00

B R R R R R R R R

B R R R R R R R

; Floating Point Relation A ==

; I nput : 24 bit floating point number in AEXP, AARGBO, AARGBl
; 24 bit floating point nunber in BEXP, BARGBO, BARGB1

; Use: CALL TAEQB24

; Qut put : logical result in W

; Resul t: if A== B TRUE, W= 0x01

; if A== B FALSE, W= 0x00

; Testing on [-MAXNUM MAXNUM from 100000 trial s:

; mn max nean
; Ti m ng: 5 14 6.9 clks
TAEQB24 MOVF BEXP, W
SUBWF AEXP, W
BTFSS 4
RETLW 0x00
MOVF BARGBO, W
SUBWF AARGBO, W
BTFSS Z
RETLW 0x00
MOVF BARGB1, W
SUBWF AARGB1, W
BTFSS Z
RETLW 0x00
RETLW 0x01

B R R R

IEEEEEEEEEEEEE R R EEEEEEE R R R R R EREREEREEEEEEEEEEEREREREREREEEEREEREEREEERESREREEEEEEEEEEEEEEEEEEEEEEEE RS
; Floating Point Relation A =! B
; I nput : 24 bit floating point number in AEXP, AARGBO, AARGBl

; 24 bit floating point nunmber in BEXP, BARGB0O, BARGBl

; Use: CALL TANEB24
; Qut put : logical result in W
; Resul t: if A=l B TRUE, W= 0x01

; if A=l B FALSE, W= 0x00

; Testing on [- MAXNUM MAXNUM from 100000 trial s:

; mn max nmean
; Ti m ng: 5 14 6.9 clks
TANEB24 MOVF BEXP, W
SUBWF AEXP, W
BTFSS Z
RETLW 0x01
MOVF BARGBO, W
SUBWF AARGBO, W
BTFSS Z
RETLW 0x01
MOVF BARGB1, W
SUBWF AARGBL, W
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BTFSS
RETLW
RETLW

org

0x01
0x00

0x1000

R ]

; Lookup Table for Forward (Channel

0) Power

; Cal i bration dBm = .10063*ADC + -40. 83

FLowByt eTabl e0
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x8B
0x15
0xAC
0x52
0x04
0x68
0xD5
Ox4E
0xD1
0x62
0x01
OxXAF
0x37
OxA0
0x13
0x91
0x1B
0xB3
0x59
0x08
0x6C
OxDA
0x53
0xD7
0x69
0x08
0xB7
0x3B
OxA4
0x18
0x96
0x21
OxBA
0x61
0x0C
0x71
OxDF
0x58
0xDbD
Ox6F
OxO0F
OxBE
0x40
0xA9
0x1D
0x9C
0x28
0xCl
0x68
0x10
0x75
OxE4
Ox5E
OxE3
0x76
0x16
0xC6
Ox44
OXAE
0x22
OxA2
Ox2E
oxC7
0x70

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
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72,
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Forward Power
Forward Power
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Forward Power
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90. 63 nW
99. 43 nW
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158.
173.
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229.
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x66
OxO0F
0x74
OxE2
0x5C
OxE1
0x73
Ox14
oxC4
0x42
OxAC
0x20
O0xA0
0x2C
0xC5
0x6D
0x13
0x78
OxE7
0x61
OxE7
Ox7A
0x1B
0xCB
0x47
0xB1
0x26
0xA6
0x32
0xCC
0x75
0x17
0x7D
OxEC
0x67
OxED
0x80
0x22
0xD3
0x4B
0xB6
0x2B
0xAB
0x38
0xD3
0x7C
0x1B
0x81
OxF1
0x6C
OxF3
0x87
0x29
0xDB
Ox4F
OxBA
0x30
0xB1
Ox3F
OxDA
0x84
Ox1F
0x86
0xF6
0x72
0xF9
Ox8E
0x31
OxE3
0x54
OxBF
0x35
0xB7
0x45
OxE1
0x8C
0x24
0x8B
OxFB
ox77
OxFF

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byt e,
Byte,
Byt e,

521,
525,
529,
533,
537,
541,
545,
549,
553,
557,
561,
565,
569,
573,
577,
581,
585,

797,
801,
805,
809,
813,
817,
821,
825,
829,
833,
837,
841,

For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d

89

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

FLowByt eTabl e2
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x94
0x38
OxEB
0x58
oxc4
0x3B
0xBD
0x4B
OxE8
0x93
0x28
Ox8F
0x01
0x7D
0x05
0x9B
Ox3F
0xF3
0x5D
0xC9
0x40
oxC2
0x52
OxEF
0x9B
0x2C
0x94
0x06
0x82
0x0B
OxA2
0x47
OxFB
0x61
OxCE
0x45
0xC8
0x58
0xF6
0xA3
0x30
0x98
0x0B
0x88
0x12

OxCE
Ox5F
OxFD
0xAB
0x35
0x9D
0x10
Ox8E
0x18
0xBO
0x56
0x06
Ox6A
0xD8
0x50
oxD4
0x65
0x04
0xB3
0x39
0xA2
0x15
0x94
Ox1E
0xB6
0x5D
Ox0A
Ox6F
0xDbD
0x56
OxDA
0x6C
0x0B
0xBB

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

ADRES

845,
849,
853,
857,
861,
865,
869,
873,
877,
881,
885,
889,
893,
897,
901,
905,
909,
913,
917,
921,
925,
929,
933,
937,
941,
945,
949,
953,
957,
961,
965,
969,
973,
977,
981,
985,
989,
993,
997,
1001
1005
1009
1013
1017
1021

2, Forward Power
6, Forward Power

10,
14,
18,
22,
26,
30,
34,
38,
42,

Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forwar d Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
, Forward Power
, Forward Power
, Forward Power
, Forward Power
, Forward Power
, Forward Power

Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power

90

8
9

26.32 W
28.87 W
31.68 W
34.75 W
38.13 W
41.83 W
45.89 W
50.35 W
55.24 W
60.60 W
66.49 W
72.95 W
80.03 W
87.80 W
96.33 W
105.7 W
115.9 W
127.2 W
139.6 W
153.1 W
168.0 W
184.3 W
202.2 W
221.8 W
243.4 W
267.0 W
292.9 W
321.4 W
352.6 W
386.9 W
424.4 W
465.6 W
510.9 W
560.5 W
614.9 W
674.6 W
740.1 W
812.0 W
890.9 W
=977.4 W
=1,072.3
=1,176.4
=1,290.7
= 1,416.0
= 1,553.5
6.52 nW
4.92 nW
104.1 nW
114.3 nW
125.4 nW
137.5 nW
150.9 nW
165.5 nW
181.6 nW
199.2 nW
218.6 nW
239.8 nW
263.1 nW
288.7 nW
316.7 nW
347.5 nW
381.2 nW
418.2 nW
458.8 nW
503.4 nW
552.3 nW
605. 9 nW
664.8 nW
729.3 nW
800.2 nW
877.9 nW
963.1 nW
1.057 uw
1.159 uw
1.272 uw
1.395 uw
1.531 uw
1.680 uw
1.843 uw

s8¢



retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x3D
OxA7
Ox1A
0x99
0x24
0xBD
0x65
OxO0E
0x73
OxE2
0x5B
OxEO
0x72
0x13
oxC2
0x42
0xAB
0x20
Ox9F
0x2B
oxc4
0x6C
0x12
0x78
OxE7
0x61
OxE6
0x79
Ox1A
OxCA
0x46
0xBO
0x25
OxA5
0x31
0xCB
Ox74
0x17
0x7C
OxEC
0x66
OxEC
Ox7F
0x21
0xD2
O0x4A
0xB5
0x2A
OxXAA
0x37
oxD2
0x7B
0x1B
0x81
OxF1
0x6B
OxF2
0x86
0x28
OxDA
Ox4F
0xBA
0x2F
0xBO
0x3E
0xD9
0x83
Ox1F
0x85
0xF6
0x71
OxF8
0x8D
Ox2F
OxE2
0x53
OxBF
0x35
0xB6
Ox44
OxEO

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

138,

For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
Forwar d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d

91

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x8B
0x23
Ox8A
0xFB
0x76
OxFE
0x93
0x37
OxEA
0x57
0xC3
Ox3A
0xBC
Ox4A
OxE7
0x92
0x27
Ox8E
0x00
0x7C
0x04
0x9A
0x3E
0xF2
0x5C
0xC8
0x3F
oxC2
0x51
OxEE
Ox9A
0x2B
0x93
0x05
0x82
0x0B
OxAl
0x45
OxFA
0x60
0xCD
0x44
0xC7
0x57
0xF5
0xA2
0x30
0x98
0x0A
0x87
Ox11
OxA7
0x4D
0x01
0x65
oxD2
Ox4A
0xCD
Ox5E
OxFC
0xA9
0x34
0x9C
OxO0F
0x8D
0x17
OxAE
0x54
0x05
0x69
0oxD7
Ox4F
0xD3
0x64
0x03
0xB1
0x38
OxAl
Ox14
0x92
0x1D

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byte,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,

ADRES

462,

For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d

92

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

FLowByt eTabl e3
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0xB5
0x5C
0x09
Ox6E
0xDC
0x55
0oxD9
Ox6A
Ox0A
0xB9
0x3C
OxA6
0x19
0x98
0x23
0xBC
0x63
0x0D
0x72
OxE1
Ox5A
OxDF
0x71
0x11
0xCl
0x41
0xAB
Ox1F
Ox9E
0x29
0xC3
0x6B
0x12
ox77
OxE6
Ox5F
OxE5
0x78
0x18
0xC9
0x45
OxAF
0x24
OxA4
0x30
0xC9
0x72
0x16
0x7B
OxEB
0x65
OxEB
Ox7E
0x20
0xD1
0x49
0xB4
0x29
OxA9
0x36

OxF1
0x85
0x27
0xD9
Ox4E
0xB9
0x2E
OxAF
0x3D
0xD8
0x82
Ox1E
0x85
OxF5
0x70
OxF7
0x8C
Ox2E
OxE1

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
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1000, Forward Power
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8
9

1,047.7
1,149.5
1,261.1
1,383.6
1,518.0

4.54 nW
2.75 nW
101.8 nW

111.
122.
134.
147.
161.
177.
194.
213.
234.
257.
282.
309.
339.
372.
408.
448.
491.
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Forward Power
Forward Power
Forward Power
Forwar d Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
, Forward Power
, Forward Power
, Forward Power
, Forward Power
, Forward Power
, Forward Power

orwar d Power
orwar d Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forwar d Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forwar d Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
Forward Power
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x23
0x24
0x24
0x24
0x25
0x26
0x26
0x27
0x27
0x28
0x28
0x29
0x29
Ox2A
0x2A
0x2B
0x2C
0x2C
0x2D
0x2D
0x2E
0x2E
0x2F
0x2F
0x30
0x30
0x31
0x31
0x32
0x32
0x33
0x34
0x34
0x35
0x35
0x36
0x36
0x37
0x38
0x38
0x38
0x39
0x39
0x3A
0x3A
0x3B
0x3C
0x3C
0x3D
0x3D
Ox3E
Ox3E
Ox3F
0x40
0x40
0x40
0x41
0x41
0x42
0x43
0x43
0x44
0x44
0x45
0x45
0x46
0x46
0x47
0x48
0x48
0x48
0x49
0x49
Ox4A
0x4B
0x4B
0x4C
0x4C
0x4D
0x4D
Ox4E

Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte
Byt e,
Byt e,
Byte
Byt e,
Byt e,
Byt e
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

163,
167,
171,
175,
179,
183,
187,
191,
195,
199,
203,
207,
211,
215,
219,
223,
227,

443,
447,

455,
459,
463,
467,
471,
475,
479,
483,

For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
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Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

Ox4E
Ox4F
0x50
0x50
0x50
0x51
0x51
0x52
0x53
0x53
0x54
0x54
0x55
0x55
0x56
0x56
0x57
0x58
0x58
0x58
0x59
0x59
O0x5A
0x5B
0x5B
0x5C
0x5C
0x5D
0x5D
Ox5E
Ox5E
Ox5F
0x60
0x60
0x60
0x61
0x61
0x62
0x63
0x63
0x64
0x64
0x65
0x65
0x66
0x66
0x67
0x68
0x68
0x68
0x69
0x69
Ox6A
0x6B
0x6B
0x6C
0x6C
0x6D
0x6D
Ox6E
OX6E
Ox6F
0x70
0x70
0x70
0x71
0x71
0x72
0x73
0x73
Ox74
Ox74
0x75
0x75
0x76
0x76
ox77
0x78
0x78
0x78
0x79

Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh

Byt e,
Byt e,
Byte
Byt e,
Byt e,
Byte
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte
Byt e,
Byt e,
Byte
Byt e,
Byt e,
Byt e
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byte,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,

487,
491,
495,
499,
503,
507,
511,
515,
519,
523,
527,
531,
535,
539,
543,
547,
551,

For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
For war d
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Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x79
Ox7A
0x7B
0x7B
0x7C
0x7C
0x7D
0x7D
Ox7E
Ox7E
Ox7F
0x80
0x80
0x80
0x81
0x82
0x82
0x83
0x83
0x84
0x84
0x85
0x85
0x86
0x86
0x87
0x88
0x88
0x89
0x89
Ox8A
Ox8A
0x8B
0x8B
0x8C
0x8C
0x8D
0x8D
Ox8E
O0x8E
0x8F
0x90
0x90
0x91
0x91
0x92
0x92
0x93
0x93
0x94
0x94
0x95
0x95
0x96

Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte
Byt e,
Byt e,
Byt e
Byt e,
Byt e,
Byt e
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

811, Forward
815, Forward
819, Forward
823, Forward
827, Forward
831, Forward
835, Forward
839, Forward
843, Forward
847, Forward
851, Forward
855, Forward
859, Forward
863, Forward
867, Forward
871, Forward
875, Forward
879, Forward
883, Forward
887, Forward
891, Forward
895, Forward
899, Forward
903, Forward
907, Forward
911, Forward
915, Forward
919, Forward
923, Forward
927, Forward
931, Forward
935, Forward
939, Forward
943, Forward
947, Forward
951, Forward
955, Forward
959, Forward
963, Forward
967, Forward
971, Forward
975, Forward
979, Forward
983, Forward
987, Forward
991, Forward
995, Forward
999, Forward
1003, Forward
1007, Forward
1011, Forward
1015, Forward
1019, Forward
1023, Forward

R ]

Lookup Table for Reflected (Channe

Cal i brati on dBm = . 09965*ADC + -41.50

RLowByt eTabl e0
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0xC0
0x35
0xB5
0x42
0xDC
0x85
Ox1F
0x84
OxF3
0x6D
OxF3
0x85
0x25
0xD5
0x4B
0xB5
0x28
OxA7

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

1) Power

0, Reflected Power
4, Refl ected Power
8, Reflected Power

12, Reflected
16, Reflected
20, Reflected
24, Reflected
28, Reflected
32, Reflected
36, Reflected
40, Reflected
44, Reflected
48, Reflected
52, Reflected
56, Reflected
60, Reflected
64, Reflected
68, Reflected
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Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

s - -
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x33
0xCB
0x72
0x15
0x79
OxE7
0x60
OxE4
0x75
Ox14
oxC2
0x41
OxA9
0x1C
Ox9A
0x23
OxBA
0x60
0x0B
Ox6E
0xDB
0x53
0xD6
0x65
0x03
OxAF
0x36
Ox9E
OxO0F
0x8C
Ox14
OxAA
Ox4E
0x01
0x63
OxCF
0x46
oxC7
0x56
0xF2
0x9C
0x2C
0x93
0x03
Ox7E
0x06
0x9A
0x3C
OxEE
0x59
oxC4
0x39
0xB9
0x46
OxE1
Ox8A
0x22
0x87
OxF7
0x71
OxF7
Ox8A
0x2B
0xDB
Ox4E
0xB8
0x2C
0xAB
0x37
0xD0
ox77
0x18
0x7C
OxEB
0x64
OxE8
Ox7A
0x19
0xC8
Ox44
OxAD

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

Refl ect ed
Refl ected
Refl ect ed
Refl ect ed
Refl ected
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref |l ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref |l ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref |l ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
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Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x20
0x9E
0x28
0xBF
0x65
0x0E
0x71
OxDF
0x57
OxDA
Ox6A
0x08
0xB5
0x39
OxAl
0x13
0x90
0x19
OxAF
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0xD3
O0x4A
0xCC
Ox5A
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OxA2
Ox2F
0x96
0x07
0x82
Ox0A
Ox9E
0x41
OxF4
0x5C
oxC7
0x3D
0xBD
0x4B
OxE6
Ox8F
0x25
0x8B
OxFA
0x75
0xFB
Ox8E
0x30
OxEO
0x51
0xBB
0x30
OxXAF
0x3B
0xD5
0x7D
0x1B
0x80
OxEE
0x68
OxED
Ox7E
Ox1E
0xCD
0x47
0xBO
0x23
0xA2
0x2C
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0x6B
0x11
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OxDE
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Byt e,
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Byt e,
Byt e,
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Ref | ect ed
Ref | ect ed
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Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
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Ref | ect ed
Ref | ect ed
Ref | ect ed
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Refl ect ed
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Refl ect ed
Refl ect ed
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Refl ect ed
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Ref | ect ed
Ref | ect ed
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retlw
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retlw
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RLowByt eTabl el
retlw
retlw
retlw
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OxA4
0x17
0x94
0x1D
0xB4
0x58
0x07
Ox6A
0xD6
0x4D
0xDO
Ox5F
OxFC
OxA7
0x32
0x99
0x0A
0x86
0x0E
0xA3
0x47
OxFA
Ox5F
OxCA
0x40
oxC2
Ox4F
OxEA
0x95
0x28
Ox8E
OxFE
0x79
OxFF
0x93
0x35
OxE6
0x54
0xBF
0x34
0xB4
0x40
OxDA
0x82
0x1D
0x83
0xF2
0x6B
OxF1
0x83
0x23
0xD3
Ox4A
0xB3
0x27
OxA6
0x31
0xC9
0x70
0x13
0x78
OxE6
Ox5E
OxE2
0x73
0x12
0xC0
0x3F
0xA8
Ox1A
0x98
0x21
0xB8
Ox5E
0x09

0xDbC
0x54
0oxD7

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
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retlw
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
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retlw

0x67
0x05
0xB1
0x37
Ox9F
0x11
0x8D
0x16
OxAC
0x50
0x02
0x65
0xD1
0x47
0xC9
0x57
OxF3
0x9E
0x2D
0x94
0x04
0x80
0x07
0x9B
0x3E
0xFO0
Ox5A
0xC5
Ox3A
0xBB
0x48
OxE2
0x8C
0x23
0x89
OxF8
0x72
OxF8
0x8B
0x2C
0xDD
Ox4F
0xB9
0x2D
0xAD
0x39
0xD2
0x79
0x19
0x7D
OxEC
0x65
OxEA
0x7B
0x1B
OxCA
0x45
OXAE
0x21
Ox9F
0x29
0xCl
0x67
OxO0F
0x73
O0xEO
0x58
0xDB
0x6C
0x0A
0xB7
Ox3A
OxA2
Ox14
0x91
Ox1A
0xBO
0x55
0x05
0x68
0oxD4
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Low
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Low
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Low
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Low
Low
Low
Low
Low
Low
Low
Low
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Low
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Byt e,
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Byt e,
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Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

Refl ected
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ected
Refl ect ed
Refl ect ed
Refl ected
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Ref |l ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
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Refl ect ed
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Refl ect ed
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retlw
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
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retlw
retlw
retlw
retlw
retlw
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retlw
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retlw
retlw
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retlw
retlw
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retlw
retlw
retlw
retlw
retlw
retlw

0x4B
0xCD
0x5C
0xF8
OxA4
0x30
0x97
0x08
0x84
0x0B
O0xA0
0x43
OxF6
0x5D
0xC8
Ox3E
OxBF
0x4C
OxE7
0x91
0x26
0x8C
OxFC
0x76
0xFD
0x90
0x31
OxE2
0x52
0xBD
0x31
0xB1
0x3D
0xD6
Ox7F
0x1C
0x81
OxEF
0x69
OxEE
0x80
0x20
OxCF
0x48
0xB1
0x24
0xA3
0x2E
0xC6
0x6C
0x12
0x76
OxE3
0x5C
OxEO
0x70
OxO0F
0xBC
0x3D
0xA6
0x18
0x95
Ox1F
0xB5
Ox5A
0x08
0x6B
0xD8
Ox4F
0xD1
0x60
OxFD
OxA9
0x33
Ox9A
0x0C
0x88
0x10
OxA5
0x48
OxFC

Low
Low
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Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
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Low
Low
Low
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Low
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Low
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Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
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Ref | ect ed
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Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
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0x51
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0x97
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OxFF
Ox7A
0x01
0x95
0x37
OxE8
0x55
0xCo
0x35
0xB5
0x41
0xDB
0x84
Ox1F
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0xF3
0x6D
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0x85
0x25
0xD5
0x4B
0xB4
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0x75
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0x1C
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0x60
0x0B
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0x52
0xD5
0x65
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0x36
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OxO0F
0x8C
0x14
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1002, Reflected
1006, Reflected
1010, Reflected
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1018, Reflected
1022, Reflected

3, Reflected Power
7, Reflected Power
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Refl ect ed Power
Refl ect ed Power
Refl ect ed Power
Refl ect ed Power
Refl ect ed Power
Refl ect ed Power
Ref | ect ed Power
Ref | ect ed Power
Ref | ect ed Power

11,
15,
19,
23,
27,
31,
35,

Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ected
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ected
Refl ect ed
Refl ect ed
Ref |l ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
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Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0xA6
0x31
0xC9
0x70
0x14
0x78
OxE6
Ox5E
OxE3
0x73
0x12
0xCo
Ox3F
OxA8
0x1B
0x98
0x22
0xB9
Ox5E
0x0A
0x6D
OxDA
0x51
oxD4
0x64
0x01
0xAD
0x35
0x9D
OxO0E
0x8B
0x13
OxA8
0x4C
0x00
0x62
OxCE
Ox44
0xC6
0x54
0xFO0
0x9B
0x2B
0x91
0x02
0x7D
0x04
0x98
0x3A
OxEC
0x58
oxC2
0x38
0xB8
0x45
OxDF
0x88
0x21
0x86
OxF6
0x70
0xF5
0x88
0x29
0xD9
0x4D
0xB7
0x2B
OxXAA
0x35
OxCE
0x76
0x17
0x7B
OxE9
0x62
OxE7
0x78
0x17
0xC6
0x42

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

219,
223,
227,
231,
235,
239,
243,
247,
251,
255,
259,
263,
267,
271,
275,
279,
283,

Refl ect ed
Refl ect ed
Refl ect ed
Refl ected
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref |l ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref |l ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref |l ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
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Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power



retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0xAB
Ox1E
0x9C
0x26
0xBE
0x63
0x0D
0x70
0xDbD
0x55
0xD8
0x68
0x06
0xB3
0x38
0xA0
0x12
Ox8E
0x17
0xAD
0x51
0x03
0x65
0xD2
0x48
OxCA
0x59
OxF5
OxA0
Ox2E
0x95
0x05
0x81
0x08
0x9D
Ox3F
OxF2
0x5B
0xC6
0x3B
0xBC
0x49
OxE4
0x8D
0x24
0x89
0xF9
0x73
OxFA
0x8D
Ox2E
OxDE
0x50
OxBA
Ox2F
OxAE
Ox3A
0xD3
0x7B
0x19
Ox7E
OxED
0x66
OxEB
0x7D
0x1C
0xCB
0x46
OxAF
0x22
O0xA0
0x2B
oxC2
0x69
OxO0F
0x73
OxE1
0x59
0xDbD
0x6D
0x0B

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byt e,
Byte,
Byt e,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byt e,
Byte,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,

543,
547,
551,
555,
559,
563,
567,
571,
575,
579,
583,
587,
591,
595,
599,
603,
607,

Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ected
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
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Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

RHi ghByt eTabl e0
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0xB8
0x3B
0xA3
0x15
0x92
0x1C
0xB2
0x57
0x06
0x69
0xD5
0x4C
OxCE
0x5D
OxFA
OxA5
0x31
0x98
0x09
0x85
0x0D
OxAl
0x45
0xF8
Ox5E
0xC9
0x3F
0xCo
Ox4E
OxE9
0x93
0x27
0x8D
OxFD
ox77
OxFE
0x91
0x33
OxE4
0x53

0x0C
0x0D
0x0D
0x0E
0x0E
O0xO0F
0x10
0x10
0x10
0x11
Ox11
0x12
0x13
0x13
Ox14
Ox14
0x15
0x15
0x16
0x16
0x17
0x18
0x18
0x18
0x19
0x19
Ox1A
0x1B
0x1B
0x1C
0x1C
0x1D
0x1D
Ox1E
Ox1E
Ox1F
0x20
0x20
0x20

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byte,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,

ADRES

867,
871,
875,
879,
883,
887,
891,
895,
899,
903,
907,
911,
915,
919,
923,
927,
931,
935,
939,
943,
947,
951,
955,
959,
963,
967,
971,
975,
979,
983,
987,
991,
995,
999,
1003,
1007,
1011,
1015,
1019,
1023,

0, Reflected Power
4, Reflected Power
8, Reflected Power

Refl ect ed
Ref |l ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed

Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed

122

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

30.88 W
33.85 W
37.10 W
40. 67 W
44.58 W
48. 86 W
53.56 W
58.70 W
64.35 W
70.53 W
77.31 W
84.75 W
92.89 W
101.8 W
111.6 W
122.3 W
134.1 W
147.0 W
161.1 W
176.6 W
193.6 W
212.2 W
232.6 W
254.9 W
279.4 W
306.3 W
335.7 W
368.0 W
403.4 W
442.2 W
484.7 W
531.3 W
582.3 W
638.3 W
=699.7 W
= 766.9 W
= 840.6 W
=921.5 W
=1,010.0 W
=1,107.1 W
70.79 nW
77.60 nW
85.06 nW
93. 24 nW
102. 2 nW
112.0 nW
122.8 nW
134.6 nW
147.5 nW
161.7 nW
177.3 nW
194.3 nW
213.0 nW
233.4 nW
255.9 nW
280.5 nW
307.4 nW
337.0 nW
369.4 nW
404.9 nW
443.8 nW
486.5 nW
533.2 nW
584.5 nW
640.7 nW
= 702.3 nW
= 769.8 nW
= 843.8 nW
= 924.9 nW
= 1.014 uw
= 1.111 uW
= 1.218 uw
= 1.335 uw
= 1.463 uw
= 1.604 uw
= 1.758 uw
= 1.927 uw
= 2.113 uw
= 2.316 uw



retlw
retlw
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retlw
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retlw
retlw
retlw
retlw
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retlw
retlw
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retlw
retlw
retlw
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retlw
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retlw
retlw
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retlw
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retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

0x21
0x21
0x22
0x23
0x23
0x24
0x24
0x25
0x25
0x26
0x26
0x27
0x28
0x28
0x28
0x29
0x29
0x2A
0x2A
0x2B
0x2C
0x2C
0x2D
0x2D
0x2E
0x2E
0x2F
Ox2F
0x30
0x30
0x31
0x31
0x32
0x32
0x33
0x34
0x34
0x34
0x35
0x35
0x36
0x37
0x37
0x38
0x38
0x39
0x39
0x3A
0x3A
0x3B
0x3C
0x3C
0x3C
0x3D
0x3D
Ox3E
Ox3F
Ox3F
0x40
0x40
0x41
0x41
0x42
0x42
0x43
0x44
0x44
0x44
0x45
0x45
0x46
0x47
0x47
0x48
0x48
0x49
0x49
Ox4A
Ox4A
0x4B
0x4C

Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh
Hi gh

Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byt e,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e,
Byt e
Byt e,
Byt e,
Byt e
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byt e
Byt e,
Byt e,
Byte
Byt e,
Byt e,
Byte
Byt e,
Byt e,
Byte
Byte,
Byte,
Byte,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,

156,

Refl ected
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
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Ref | ect ed
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Refl ect ed
Refl ect ed
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Refl ect ed
Refl ect ed
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Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
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Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Refl ect ed
Refl ect ed
Refl ect ed
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Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Refl ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
Ref | ect ed
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retlw 0x19 ; High Byte, ADRES 97, Reflected Power = 655.5 nW

retlw Ox1A ; High Byte, ADRES = 101, Reflected Power = 718.6 nW
retlw Ox1A ; High Byte, ADRES = 105, Reflected Power = 787.6 nW
retlw 0x1B ; High Byte, ADRES = 109, Reflected Power = 863.3 nW
retlw 0x1B ; High Byte, ADRES = 113, Reflected Power = 946.3 nW
retlw 0x1C ; High Byte, ADRES = 117, Reflected Power = 1.037 uwW
retlw 0x1C ; High Byte, ADRES = 121, Reflected Power = 1.137 uW
retlw 0x1D ; High Byte, ADRES = 125, Reflected Power = 1.246 uW
retlw 0x1D ; High Byte, ADRES = 129, Reflected Power = 1.366 uW
retlw Ox1E ; High Byte, ADRES = 133, Reflected Power = 1.497 uW
retlw Ox1E ; High Byte, ADRES = 137, Reflected Power = 1.641 uW
retlw Ox1F ; High Byte, ADRES = 141, Reflected Power = 1.799 uW
retlw 0x20 ; High Byte, ADRES = 145, Reflected Power = 1.972 uW
retlw 0x20 ; High Byte, ADRES = 149, Reflected Power = 2.162 uW
retlw 0x20 ; High Byte, ADRES = 153, Reflected Power = 2.369 uW
retlw 0x21 ; High Byte, ADRES = 157, Reflected Power = 2.597 uW
retlw 0x21 ; High Byte, ADRES = 161, Reflected Power = 2.847 uW
retlw 0x22 ; High Byte, ADRES = 165, Reflected Power = 3.121 uwW
retlw 0x23 ; High Byte, ADRES = 169, Reflected Power = 3.420 uW
retlw 0x23 ; High Byte, ADRES = 173, Reflected Power = 3.749 uwW
retlw 0x24 ; High Byte, ADRES = 177, Reflected Power = 4.110 uW
retlw 0x24 ; High Byte, ADRES = 181, Reflected Power = 4.505 uwW
retlw 0x25 ; High Byte, ADRES = 185, Reflected Power = 4.938 uwW
retlw 0x25 ; High Byte, ADRES = 189, Reflected Power = 5.412 uW
retlw 0x26 ; High Byte, ADRES = 193, Reflected Power = 5.933 uwW
retlw 0x26 ; High Byte, ADRES = 197, Reflected Power = 6.503 uwW
retlw 0x27 ; High Byte, ADRES = 201, Reflected Power = 7.128 uwW
retlw 0x28 ; High Byte, ADRES = 205, Reflected Power = 7.813 uW
retlw 0x28 ; High Byte, ADRES = 209, Reflected Power = 8.564 uW
retlw 0x28 ; High Byte, ADRES = 213, Reflected Power = 9.387 uW
retlw 0x29 ; High Byte, ADRES = 217, Reflected Power = 10.29 uW
retlw 0x29 ; High Byte, ADRES = 221, Reflected Power = 11.28 uW
retlw 0x2A ; High Byte, ADRES = 225, Reflected Power = 12.36 uW
retlw 0x2B ; High Byte, ADRES = 229, Reflected Power = 13.55 uW
retlw 0x2B ; High Byte, ADRES = 233, Reflected Power = 14.85 uW
retlw 0x2C ; High Byte, ADRES = 237, Reflected Power = 16.28 uW
retlw 0x2C ; High Byte, ADRES = 241, Reflected Power = 17.85 uW
retlw 0x2D ; High Byte, ADRES = 245, Reflected Power = 19.56 uW
retlw 0x2D ; High Byte, ADRES = 249, Reflected Power = 21.44 uW
retlw Ox2E ; High Byte, ADRES = 253, Reflected Power = 23.50 uwW
retlw Ox2E ; High Byte, ADRES = 257, Reflected Power = 25.76 uW
retlw Ox2F ; High Byte, ADRES = 261, Reflected Power = 28.24 uwW
retlw 0x30 ; High Byte, ADRES = 265, Reflected Power = 30.95 uwW
retlw 0x30 ; High Byte, ADRES = 269, Reflected Power = 33.93 uwW
retlw 0x30 ; High Byte, ADRES = 273, Reflected Power = 37.19 uwW
retlw 0x31 ; High Byte, ADRES = 277, Reflected Power = 40.77 uW
retlw 0x31 ; High Byte, ADRES = 281, Reflected Power = 44.69 uW
retlw 0x32 ; High Byte, ADRES = 285, Reflected Power = 48.98 uwW
retlw 0x33 ; High Byte, ADRES = 289, Reflected Power = 53.69 uwW
retlw 0x33 ; High Byte, ADRES = 293, Reflected Power = 58.85 uW
retlw 0x34 ; High Byte, ADRES = 297, Reflected Power = 64.51 uW
retlw 0x34 ; High Byte, ADRES = 301, Reflected Power = 70.71 uW
retlw 0x35 ; High Byte, ADRES = 305, Reflected Power = 77.50 uW
retlw 0x35 ; High Byte, ADRES = 309, Reflected Power = 84.95 uW
retlw 0x36 ; High Byte, ADRES = 313, Reflected Power = 93.12 uW
retlw 0x36 ; High Byte, ADRES = 317, Reflected Power = 102.1 uW
retlw 0x37 ; High Byte, ADRES = 321, Reflected Power = 111.9 uW
retlw 0x38 ; High Byte, ADRES = 325, Reflected Power = 122.6 uW
retlw 0x38 ; High Byte, ADRES = 329, Reflected Power = 134.4 uW
retlw 0x38 ; High Byte, ADRES = 333, Reflected Power = 147.3 uW
retlw 0x39 ; High Byte, ADRES = 337, Reflected Power = 161.5 uW
retlw 0x39 ; High Byte, ADRES = 341, Reflected Power = 177.0 uW
retlw 0Ox3A ; High Byte, ADRES = 345, Reflected Power = 194.1 uW
retlw 0Ox3A ; High Byte, ADRES = 349, Reflected Power = 212.7 uW
retlw 0x3B ; High Byte, ADRES = 353, Reflected Power = 233.2 uW
retlw 0x3C ; High Byte, ADRES = 357, Reflected Power = 255.6 uwW
retlw 0x3C ; High Byte, ADRES = 361, Reflected Power = 280.1 uW
retlw 0x3D ; High Byte, ADRES = 365, Reflected Power = 307.1 uW
retlw 0x3D ; High Byte, ADRES = 369, Reflected Power = 336.6 uwW
retlw Ox3E ; High Byte, ADRES = 373, Reflected Power = 368.9 uwW
retlw 0x3E ; High Byte, ADRES = 377, Reflected Power = 404.4 uW
retlw 0x3F ; High Byte, ADRES = 381, Reflected Power = 443.3 uW
retlw 0x3F ; High Byte, ADRES = 385, Reflected Power = 485.9 uW
retlw 0x40 ; High Byte, ADRES = 389, Reflected Power = 532.6 uW
retlw 0x40 ; High Byte, ADRES = 393, Reflected Power = 583.8 uW
retlw 0x41 ; High Byte, ADRES = 397, Reflected Power = 639.9 uW
retlw 0x41 ; High Byte, ADRES = 401, Reflected Power = 701.4 uW
retlw 0x42 ; High Byte, ADRES = 405, Reflected Power = 768.8 uW
retlw 0x42 ; High Byte, ADRES = 409, Reflected Power = 842.7 uW
retlw 0x43 ; High Byte, ADRES = 413, Reflected Power = 923.7 uW
retlw 0x44 ; High Byte, ADRES = 417, Reflected Power = 1.013 nW
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Byte,
Byt e,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,
Byte,

745,

981,
985,
989,
993,
997,
1001
1005
1009
1013
1017
1021

2, Reflected Power
6, Reflected Power
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1002, Reflected Power
1006, Reflected Power
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retlw 0x92 ; High Byte, ADRES = 1010, Reflected Power = 821.6 W
retlw 0x93 ; High Byte, ADRES = 1014, Reflected Power = 900.6 W
retlw 0x93 ; High Byte, ADRES = 1018, Reflected Power = 987.1 W
retlw 0x94 ; High Byte, ADRES = 1022, Reflected Power = 1,082.0 W
RHi ghByt eTabl e3

retlw 0x0D ; High Byte, ADRES = 3, Reflected Power = 75.84 nW
retlw 0x0D ; High Byte, ADRES = 7, Reflected Power = 83.13 nW
retlw 0x0E ; High Byte, ADRES = 11, Reflected Power = 91.12 nW
retlw 0x0E ; High Byte, ADRES = 15, Reflected Power = 99.88 nW
retlw O0xO0F ; High Byte, ADRES = 19, Reflected Power = 109.5 nW
retlw 0x10 ; High Byte, ADRES = 23, Reflected Power = 120.0 nW
retlw 0x10 ; High Byte, ADRES = 27, Reflected Power = 131.5 nW
retlw 0x10 ; High Byte, ADRES = 31, Reflected Power = 144.2 nW
retlw 0x11 ; High Byte, ADRES = 35, Reflected Power = 158.0 nW
retlw 0x11 ; High Byte, ADRES = 39, Reflected Power = 173.2 nW
retlw 0x12 ; High Byte, ADRES = 43, Reflected Power = 189.9 nW
retlw 0x12 ; High Byte, ADRES = 47, Reflected Power = 208.1 nW
retlw 0x13 ; High Byte, ADRES = 51, Reflected Power = 228.1 nW
retlw 0x14 ; High Byte, ADRES = 55, Reflected Power = 250.1 nW
retlw 0x14 ; High Byte, ADRES = 59, Reflected Power = 274.1 nW
retlw 0x15 ; High Byte, ADRES = 63, Reflected Power = 300.5 nW
retlw 0x15 ; High Byte, ADRES = 67, Reflected Power = 329.3 nW
retlw 0x16 ; High Byte, ADRES = 71, Reflected Power = 361.0 nW
retlw 0x16 ; High Byte, ADRES = 75, Reflected Power = 395.7 nW
retlw 0x17 ; High Byte, ADRES = 79, Reflected Power = 433.7 nW
retlw 0x17 ; High Byte, ADRES = 83, Reflected Power = 475.4 nW
retlw 0x18 ; High Byte, ADRES = 87, Reflected Power = 521.1 nW
retlw 0x18 ; High Byte, ADRES = 91, Reflected Power = 571.2 nW
retlw 0x19 ; High Byte, ADRES = 95, Reflected Power = 626.1 nW
retlw 0x19 ; High Byte, ADRES = 99, Reflected Power = 686.3 nW
retlw Ox1A ; High Byte, ADRES = 103, Reflected Power = 752.3 nW
retlw Ox1A ; High Byte, ADRES = 107, Reflected Power = 824.6 nW
retlw 0x1B ; High Byte, ADRES = 111, Reflected Power = 903.9 nW
retlw 0x1C ; High Byte, ADRES = 115, Reflected Power = 990.8 nW
retlw 0x1C ; High Byte, ADRES = 119, Reflected Power = 1.086 uW
retlw 0x1C ; High Byte, ADRES = 123, Reflected Power = 1.190 uW
retlw 0x1D ; High Byte, ADRES = 127, Reflected Power = 1.305 uW
retlw Ox1E ; High Byte, ADRES = 131, Reflected Power = 1.430 uW
retlw Ox1E ; High Byte, ADRES = 135, Reflected Power = 1.568 uwW
retlw Ox1F ; High Byte, ADRES = 139, Reflected Power = 1.718 uwW
retlw Ox1F ; High Byte, ADRES = 143, Reflected Power = 1.884 uwW
retlw 0x20 ; High Byte, ADRES = 147, Reflected Power = 2.065 uwW
retlw 0x20 ; High Byte, ADRES = 151, Reflected Power = 2.263 uW
retlw 0x21 ; High Byte, ADRES = 155, Reflected Power = 2.481 uW
retlw 0x21 ; High Byte, ADRES = 159, Reflected Power = 2.719 uW
retlw 0x22 ; High Byte, ADRES = 163, Reflected Power = 2.981 uwW
retlw 0x22 ; High Byte, ADRES = 167, Reflected Power = 3.267 uwW
retlw 0x23 ; High Byte, ADRES = 171, Reflected Power = 3.581 uwW
retlw 0x24 ; High Byte, ADRES = 175, Reflected Power = 3.925 uW
retlw 0x24 ; High Byte, ADRES = 179, Reflected Power = 4.303 uW
retlw 0x24 ; High Byte, ADRES = 183, Reflected Power = 4.716 uW
retlw 0x25 ; High Byte, ADRES = 187, Reflected Power = 5.170 uW
retlw 0x25 ; High Byte, ADRES = 191, Reflected Power = 5.667 uW
retlw 0x26 ; High Byte, ADRES = 195, Reflected Power = 6.211 uW
retlw 0x27 ; High Byte, ADRES = 199, Reflected Power = 6.808 uW
retlw 0x27 ; High Byte, ADRES = 203, Reflected Power = 7.463 uW
retlw 0x28 ; High Byte, ADRES = 207, Reflected Power = 8.180 uW
retlw 0x28 ; High Byte, ADRES = 211, Reflected Power = 8.966 uW
retlw 0x29 ; High Byte, ADRES = 215, Reflected Power = 9.828 uW
retlw 0x29 ; High Byte, ADRES = 219, Reflected Power = 10.77 uW
retlw 0Ox2A ; High Byte, ADRES = 223, Reflected Power = 11.81 uW
retlw 0Ox2A ; High Byte, ADRES = 227, Reflected Power = 12.94 uwW
retlw 0x2B ; High Byte, ADRES = 231, Reflected Power = 14.19 uW
retlw 0x2C ; High Byte, ADRES = 235, Reflected Power = 15.55 uwW
retlw 0x2C ; High Byte, ADRES = 239, Reflected Power = 17.05 uwW
retlw 0x2C ; High Byte, ADRES = 243, Reflected Power = 18.69 uwW
retlw 0x2D ; High Byte, ADRES = 247, Reflected Power = 20.48 uwW
retlw 0x2D ; High Byte, ADRES = 251, Reflected Power = 22.45 uW
retlw Ox2E ; High Byte, ADRES = 255, Reflected Power = 24.61 uW
retlw 0x2F ; High Byte, ADRES = 259, Reflected Power = 26.97 uW
retlw 0x2F ; High Byte, ADRES = 263, Reflected Power = 29.57 uW
retlw 0x30 ; High Byte, ADRES = 267, Reflected Power = 32.41 uW
retlw 0x30 ; High Byte, ADRES = 271, Reflected Power = 35.52 uW
retlw 0x31 ; High Byte, ADRES = 275, Reflected Power = 38.94 uW
retlw 0x31 ; High Byte, ADRES = 279, Reflected Power = 42.68 uW
retlw 0x32 ; High Byte, ADRES = 283, Reflected Power = 46.78 uW
retlw 0x32 ; High Byte, ADRES = 287, Reflected Power = 51.28 uW
retlw 0x33 ; High Byte, ADRES = 291, Reflected Power = 56.21 uW
retlw 0x34 ; High Byte, ADRES = 295, Reflected Power = 61.61 uW
retlw 0x34 ; High Byte, ADRES = 299, Reflected Power = 67.54 uW
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