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Watt-Hour Meter using PIC16C923 and CS5460
OVERVIEW
This application note shows how to use a PIC16C923
microcontroller to control operation of the CS5460
power measurement integrated circuit from Cirrus
Logic®/Crystal Power Measurement, to drive a liquid
crystal panel (“glass”), and to store and retrieve data
using the 24C01 Serial EEPROM.

Energy transferred between the line and load is mea-
sured by the CS5460. The PIC16C923 initializes the
CS5460 with calibration data stored in the 24C01
Serial EEPROM, records the total energy measured in
the 24C01, and displays results on the LCD panel.

INTRODUCTION
Most forms of AC power measurement have already
been patented by various companies, so measuring
AC power in a product intended for sale often involves
paying licensing fees to another company. The
CS5460 offers an integrated solution that provides a
power and energy measurement sub-system, requir-
ing only voltage and current sense inputs. In addition,
calibration is accurate for any current waveform or
power factor that may be encountered.

By using the CS5460, a PIC16C923 microcontroller, a
24C01 Serial EEPROM, and an LCD panel, a simple
and compact device is constructed that displays RMS
voltage, RMS current, and the energy consumed by a
load. These features are extended by including com-
putation and display of apparent power, true power,
and power factor.

The PIC16C923 LCD controller can drive an LCD panel
with up to 4 common planes and up to 32 segments. 4K
words of program memory, and 176 bytes of RAM are
provided. A Synchronous Serial Peripheral (SSP) pro-
vides SPITM communications with the CS5460.
Inter-Integrated CircuitTM (I2C) communications with the
24C01 Serial EEPROM are provided by firmware.

The CS5460 power/energy measurement IC mea-
sures instantaneous voltage and current four thousand
times a second and uses these measurements to
compute VRMS, IRMS, instantaneous power, and accu-
mulated energy results for read out. In addition, a
pulse is generated whenever a user specified amount
of energy transfers between the line and the load.

FIGURE 1: WATT-HOUR METER

HARDWARE

On power-up, the PIC16C923 microcontroller reads
the calibration data, device serial number, and total
energy from the 24C01, writes the calibration data to
the CS5460, initializes the CS5460, and reads the
state of the control buttons. 

If the control button state matches one of three pat-
terns at RESET, a control mode is entered that allows
setting the real time clock (RTC), clearing the total
WHr and restoring default calibration values, or adjust-
ing calibration constants.

During normal operation, the PIC16C923 counts
pulses from the CS5460, reads CS5460 data regis-
ters, drives the LCD panel to display the requested
data, and monitors the control buttons. The pulses are
used to update the total energy count and are periodi-
cally written to the 24C01.

The CS5460 measures line voltage and line current to
compute power and energy transferred on the line.
When a unit of energy has transferred between the
line and the load, a pulse with direction indication is
generated.
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FIGURE 2: SYSTEM BLOCK DIAGRAM 

CS5460 Power/Energy Measurement Circuit

The CS5460 measures the instantaneous line voltage
and line current, four thousand times a second. These
measurements are used to compute instantaneous
power, energy transferred since the last measurement,
RMS voltage, RMS current, and accumulated energy
transferred. All measurements and results can be read
by an external controller, via the SPI interface. A trans-
fer of energy is also indicated by a pulse output at the
EOUT pin. The direction of transfer is indicated by the
EDIR pin.

Communication with the CS5460 takes place over a
4-wire SPI link with the PIC16C923. The CS5460 is
configured and controlled over this link. Calculation
results are also read by the controller over this link.

The line voltage may be sampled using a transformer
or resistor divider. The differential input is limited to
150mVRMS. In this application, line voltage is detected
from the secondary winding of the power supply trans-
former, T2 (see Figure 3B and Figure 5). When oper-
ating from 120V, there is about an 8V peak at VIN+ or
VIN-. When operating from 220V, there is about a
14.7V peak. This voltage is further reduced by a resis-
tor network before being applied to the CS5460 (see
Figure 4A).

The line current may be sampled using a current
transformer or shunt resistor. Depending on the gain of
the input channel, the differential input is limited to
either 30 mVRMS (gain = 50), or 150 mVRMS

(gain = 10). In this application, the current channel
gain is 10, for a maximum input voltage of 150 mVRMS.
This voltage is provided by the current sense trans-
former T1 and resistor R21, and is reduced by a resis-
tor network similar to the line voltage channel (see
Figure 3A and Figure 4B).

There is no switching provided, or required for opera-
tion from either 120V or 220V, 50Hz or 60Hz. How-
ever, accuracy will decrease when operating from a
line voltage different than the calibration conditions.

By using the instantaneous voltage and current, the
CS5460 computes the RMS voltage, RMS current,
and instantaneous power. The instantaneous power is
integrated at the sampling rate (4000Hz) to compute
the energy transferred. A new RMS value is available
every 4000 samples. Samples are taken 4000 times
per second, or about 67 times per 60Hz cycle.

When the integrated energy exceeds 10 WSec, a fixed
width pulse is generated at the EOUT pin and the inte-
grated energy is reduced by 10 WSec. These pulses
are counted to record energy consumption. The EDIR
pin indicates the direction that the energy flows (reac-
tive loads can return energy to the line). Depending on
the state of the EDIR pin, the pulse at the EOUT pin
causes the PIC16C923 to either increment, or decre-
ment the total energy count.

FIGURE 3: CIRCUITS THAT MONITOR 
LINE CURRENT (A) AND LINE 
VOLTAGE (B)
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FIGURE 4: CS5460 INPUT ATTENUATION 
CIRCUITS 

Power Supply

A transformer isolated power supply provides power
for the Watt-Hour Meter. The transformer primary is
connected to the line between the power source and
the current sense transformer. The AC voltage from
the transformer secondary is used to detect the line
voltage and is coupled to the CS5460 through a resis-
tor network (see Figure 4A).

The AC from the center tapped secondary is full wave
rectified, filtered, and provided to the 5V regulator. The
5V loads are the “power-on” LED, the CS5460, and
the PIC16C923. The majority of the current is drawn
by the LED, about 7.5mA. The rest of the circuit draws
less than 5mA.

FIGURE 5: POWER SUPPLY CIRCUIT

PIC16C923 Microcontroller

The PIC16C923 microcontroller provides a Liquid
Crystal Display (LCD) driver module that drives the
LCD panel directly. It also communicates with the
CS5460 using the 4-wire SPI link (SDI, SDO, SCL,
and CS) to issue commands, write calibration data,
and read measurement and calculation results. The
microcontroller also controls the CS5460 RESET line
(see Figure 6).

The controller system oscillator is driven by the
CPUCLK output of the CS5460 and operates at
4.096MHz. The system oscillator is configured for XT
mode, but any crystal mode will work. A 32.768kHz
crystal has been provided for use with the Timer1
oscillator. Since the CS5460 provides a 4.096MHz
clock source to the PIC16C923, either source can be
used for the real time clock source. The demonstration
units have been configured to use the CS5460 clock
source for the real time clock.

FIGURE 6: CONNECTIONS BETWEEN 
THE CS5460 AND THE 
PIC16C923
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Interface to 24C01 Serial EEPROM

The Serial EEPROM stores the calibration constants
required by the CS5460 for accurate measurements,
and the total accumulated energy transferred. The
controller communicates with the 24C01 via an I2C
interface. Since the SSP module is already in use sup-
porting SPI communications with the CS5460, the
PIC16C923 must perform I2C communications in firm-
ware, using RA0 (SCL) and RA1 (SDA) (see Figure 7).
Either the 24C01, or the PIC16C923, may pull the
SDA line low, depending on the direction of the data
flow. Since the PIC16C923 always drives the SCL line,
no pull-up resistor was included. A memory map of the
Serial EEPROM is included in Appendix A.

FIGURE 7: CONNECTION BETWEEN THE 
24C01 AND THE PIC16C923

User Interface

The user interface consists of the LCD display, four
control push buttons, one reset push button, and the
“power-on” LED.

The PIC16C923 LCD module directly drives the LCD
panel. The panel can display eight, 7-segment digits
(numbers only), seven decimal points and three colons.

When pushed, each of the four push buttons pull the
respective port pin low. The buttons are connected to
PORTB and are numbered from 1 to 4, left to right. 

FIRMWARE

The CS5460 transfers data in 4 byte groups (32-bits).
The first byte contains the register address and a bit
specifying a read or write operation. The remaining 3
bytes are transferred to or from one of the internal reg-
isters. The CS5460 also accepts single byte com-
mands. Such commands are followed by 3 SYNC
bytes that are treated as NOP bytes.

A write command is followed by 3 bytes of data to the
CS5460, to be written to the selected register. A read
command causes the 3 bytes of the selected register
to be output by the CS5460. 

If the command byte specifies an operation to be per-
formed, or a read operation, the remaining 3 bytes
transmitted by the PIC16C923 should be SYNC0
bytes (0xFE).

Power-up and RESET

A Power-on Reset initializes the CS5460 and clears
the real time clock. 

Initialize On-Chip Peripherals

Timer1, Timer2, the SSP, and Ports A, B, and C are
configured for operation. Interrupts are also enabled.
The LCD module is then configured.

Clear the LCD Display

All segment data registers are cleared to blank the dis-
play. This routine is called frequently during normal
operation.

Initialize Variables

If this was a cold start (power has just been applied),
the memory contents are cleared and the calibration
constants are copied from the 24C01 to the CS5460.
The device serial number and the current total WHr
are retrieved from the 24C01. If a warm start has
occurred, only the serial number is retrieved.

Initialize the CS5460

The CS5460 is configured to generate a pulse at the
EOUT pin for each 10 WSec measured (360 pulses
per WHr). For 100W loads, this causes 10 pulses per
second to be generated.

Check Button Status

The status of the four push buttons is checked. If all
four buttons are pressed, the total WHr value in the
24C01 is cleared and calibration values are copied
from the EEPROM to the CS5460. If the center two
buttons are pressed, the real time clock is set. If the
outer two buttons are pressed, the Watt-Hour meter
enters Calibration mode (see Table 1). If no buttons
are pressed, the CS5460 begins continuous measure-
ments. Execution proceeds to the scrolling start-up
message.

TABLE 1: BUTTON STATES CHECKED 
DURING RESET

Display the Start-up Message

A start-up message is displayed on the LCD. This
message scrolls across the display until any of the four
buttons is pressed. This message displays the device
name and serial number.
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Normal Operation

Results of the various calculations are displayed on
the LCD. Each result is displayed for two seconds with
an update after one second. If no buttons are pressed,
the next mode is displayed. Holding any button keeps
the display in the present mode, for as long as the but-
ton is held. New results will be displayed each second
(see Table 2). 

TABLE 2: DISPLAY MODES

Time

The first result displayed is the time of day in the form
HH:MM:SS. If the time of day was not set at RESET,
this indicates the time since power-up (days are not
recorded).

RMS Voltage

The RMS voltage is computed by reading the RMS
voltage value from the CS5460. This is a 24-bit value
with a range of 0.000 to 1.000, representing a fraction
of the full scale voltage. The 16 most significant bits
are multiplied by the full scale voltage (as 16-bits) to
produce the actual RMS voltage on the line, as a
16-bit binary number. This is converted to a 5 digit
packed BCD number. The LCD display is blanked and
“E” and the appropriate decimal point are displayed.
The packed BCD number is then displayed, after
determining which digits (leading zeros) should remain
blank.

After one second, the value is updated and displayed
again. After another second, execution proceeds to
the next mode if no buttons were pressed. If a button
was pressed, the two-second counter that controls
when the next subroutine should be executed is
cleared, extending the time that the value is displayed.
This code is repeated in all display subroutines.

RMS Current

The RMS current is computed and displayed similar to
the RMS voltage. The only differences are the full
scale current is used, a “C” is displayed and a different
decimal point is turned on. The button state is again
checked to see if execution should remain in this sub-
routine.

Apparent Power

The apparent power is computed in a subroutine
(CalcAP), called by both the apparent power loop
(APLoop) and the power factor loop (PFLoop). The
apparent power is computed by reading the RMS volt-
age and RMS current from the CS5460, as before.
The 16 most significant bits of each are multiplied
together, giving a 32-bit result. The 16 most significant
bits of the result are multiplied with the full scale
apparent power (16-bits) to get the actual apparent
power in volt • amps in binary. The 16 most significant
bits are returned for use by the calling subroutines.

APLoop then converts the apparent power in binary
(16-bits) to a 5-digit packed BCD number for display.
The LCD display is blanked, “AP” is displayed and
after determining which digits should remain blanked
(leading zeros), the apparent power is displayed. The
buttons are again checked, as before, to determine if
execution should remain in this subroutine.

True Power

The CS5460 was programmed to generate a pulse
whenever 10 WSec of energy has been transferred.
For a 250W load, 25 pulses each second will be gen-
erated. These pulses have been processed in an Inter-
rupt Service Routine. When 360 pulses have been
accumulated, 3600 WSec or 1 WHr has been trans-
ferred. The total WHr is then incremented. The pulse
count is also recorded for each second.

The apparent power is computed in a subroutine
(CalcTP), called by both the true power loop
(TPLoop) and the power factor loop (PFLoop). Cal-
cTP multiplies the number of pulses received during
the last second by 10 to compute the true power con-
sumed by the load. The result is returned as the true
power in watts as a 16-bit binary number.

TPLoop converts and displays the true power in the
same way as APLoop displays apparent power. The
only difference is that “TP” is displayed instead of
“AP”. The buttons are again checked as before to
determine if execution should remain in this subrou-
tine.

Power Factor (PF)

The power factor is computed by calling the CalcAP
subroutine to get apparent power in volt • amps and
the CalcTP subroutine to get true power in watts. The
true power is divided by the apparent power to get the
power factor as a binary result, in the range of 0.000 to
1.000. The binary power factor is multiplied by 1000
and converted to a BCD number for display. The
appropriate decimal point is turned on.

The buttons are checked as before to determine if
execution should remain in the power factor
subroutine.

Display Value Displayed

HH:MM:SS Time

E RMS Voltage

C RMS Current

AP Apparent Power

TP True Power

PF Power Factor

Hr Total WHr
 2000 Microchip Technology Inc. DS00220A-page 5
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If apparent power is equal to 0, there is no load
(IRMS = 0). This can result in a division by zero condi-
tion. If a division by zero is detected, a PF of 1.000 is
reported.

The calculated power factor can also greatly exceed
1.0. When this occurs, the power factor is reported as
being 1.000. This occurs when the load characteristics
are rapidly changing (as when a motor is starting). All
the measurements are not taken at exactly the same
time and the RMS values are calculated over a one
second period. When the load reaches a steady state
condition, the power factor will again be correct.

Energy (Watt-Hours)

The WHLoop simply displays the WHr counter value.
The binary count is converted to BCD. The BCD num-
ber is then displayed with leading zeros blanked, using
the same subroutine used by the apparent power and
true power displays. The WHr counter is 16-bits long,
allowing a maximum of 65,535 WHr to be displayed.
When this count is exceeded, the count rolls over to 0.

Control Modes

If any of the three control modes was selected during
RESET, execution branches to one of these modules
to control how the Watt-Hour meter functions.

When the control mode is terminated, a warm start
RESET is executed.

Calibrating the Watt-Hour Meter

The user is given the opportunity to adjust the calibra-
tion constants. These constants will not be stored to the
24C01. When reset, using the reset button, the calibra-
tion values entered in the Calibrate mode will be used
for making measurements and operation will resume as
normal, except that the new calibration values are used.
If reset by removing power, or reset while pressing all
four buttons (clear total WHr), the constants stored in
the 24C01 will be used for operation.

Enter Calibration mode by holding the two outer but-
tons while pressing the reset button. The first three
digits display “CAL”, and the remaining digits indicate
which constant is being adjusted. “CAL EOFF” will be
displayed first. This indicates that the value displayed
the next time button 2 is pressed, will be the calibration
constant for the voltage offset. Pressing button 2 again
displays the constant’s value.

The decimal point is next to the digit to be modified.
Pressing button 3 will move the decimal point to the
next digit to the right. Pressing button 4 will increment
that digit. Each digit will cycle from 0 to F, then back to
0. Only that digit will be affected. Pressing button 1 at
any time will cause the value for that constant to be
sent to the CS5460 and display the next constant
name. See Table 3 for button functions.

TABLE 3: CALIBRATION MODE 
BUTTON FUNCTIONS 

Table 4 shows the constant names and typical values.
It is essential that the offsets be minimized before set-
ting the gains.

To set the offsets, remove AC power from the
Watt-Hour meter and apply DC power of 8 to 12 VDC

to C13. Adjust the offset constants for minimum RMS
results (there is a null in both the current and voltage
channels). Record the offsets.

Apply AC power to the Watt-Hour meter and remove
the DC power from C13. Applying power in this order
prevents a loss of power to the CS5460. If power is
lost, reenter the offset values before adjusting the gain
values. Apply a known resistive load to the Watt-Hour
meter output. Adjust the voltage and current gain con-
stants so the indicated RMS voltage and current
match the actual load voltage and current. Adjust the
pulse rate gain so the indicated true power matches
the actual load power. Record the gain constants.

Resetting the device now uses the constants just
found. If the total Watt-Hours is cleared, the original
constants will be restored.

The software was designed for demonstration pur-
poses; therefore, the calibration constants cannot be
written to the serial EEPROM. If desired, the user can
modify the code to write the new calibration constants
to the EEPROM.

Button
Function

1 2 3 4

X Writes constant to 
CS5460 and displays next 
constant name

X Displays each constant 
name and its value in turn

X Selects next digit and 
moves decimal point

X Increments selected digit
DS00220A-page 6  2000 Microchip Technology Inc.
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TABLE 4: CALIBRATION MODE INDICATIONS, CONSTANT AND TYPICAL VALUES 

Clear Total Watt-Hours

This option causes the total WHr to be cleared from
the 24C01 and RAM, and copies calibration data
stored in the 24C01 back to the CS5460. The word
“CLEAR” is displayed until the buttons are released.

Setting the Real Time Clock

“CL” is displayed in the two digits at the left edge of the
display. The current time is displayed in the remaining
six digits.

If buttons 2 and 4 are pressed together, the hours are
incremented. If buttons 3 and 4 are pressed, the min-
utes are incremented. If the minutes roll over from 59
to 0, the hours will not be affected. If button 1 is
pressed, “CL” is cleared from the display and execu-
tion proceeds to the main loop. Pressing Button 2, 3,
or 4 alone has no effect (see Table 5).

TABLE 5: CLOCK SET MODE BUTTON 
FUNCTIONS

POSSIBLE ENHANCEMENTS

An idea to simplify the calibration process is pre-
sented, along with ideas for adding a battery backup
and event logging.

Power Factor

As reactive loads draw current out of phase with the
line voltage, there is an associated phase angle. The
cosine of this angle provides the power factor.

The power factor will never exceed 1.000. Resistive
loads will show a very high power factor, while reactive
loads, such as motors, will show lower power factors.
Loads with great harmonic content (such as most
power supplies) will also indicate a low power factor.
Power Factor Correcting (PFC) loads will indicate very
high power factors.

Calibration

The calibration process assumes the user has the time
and understanding to determine the calibration con-
stants. This process can be greatly simplified. The
CS5460 has the capability of determining offsets and
gains. By commanding the CS5460 to perform an off-
set calibration, the offset constants can be found very
quickly. The calibration program would indicate the
measured value being calibrated and allow the user to
adjust the constant, without actually having to know
what the constant was. When a satisfactory measure-
ment is achieved, the constant would then be written
to the 24C01.

The code presented in this application note almost
completely fills the first code page of the PIC16C923.
The second code page could be dedicated to a cali-
bration program.

Battery Backup

Some users may wish to have the real time clock con-
tinue to run, even during a loss of power. This
becomes possible by adding a backup battery to
power the PIC16C923 and allow the Timer1 oscillator
to operate. This would be the time base for the real
time clock. The code to use Timer1 and its oscillator
has been included. To extend the life of the battery, it
would power only the PIC16C923.

Event Logging

The 24C01 provides 128 bytes of non-volatile
EEPROM memory. Currently, only 17 bytes are used
for storing calibration data, total energy, and a device
serial number. The remaining memory could be used
to record power line events, such as black-outs,
brown-outs, surges and load peaks. With a real time
clock, the times of these events could also be
recorded. Recording black-outs and brown-outs would
require that the backup battery also power the 24C01.

Indication Constant
Calibration Value

(120V, 10A)
CS5460 Default

EOFF Voltage Offset 0x00CCBB = +0.00624 0x000000 = 0.00000

COFF Current Offset 0xFEB320 = -0.01015 0x000000 = 0.00000

E GA Voltage Gain 0x2C2F62 = 0.69039 0x400000 = 1.00000

C GA Current Gain 0x298610 = 0.64917 0x400000 = 1.00000

P GA Pulse Rate Gain 0x01FEF2 = 510.95 0x0FA000 = 4000.000

Button
Function

1 2 3 4

X Done setting clock

X X Increment hours

X X Increment minutes
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APPENDIX A: EEPROM DATA MAP APPENDIX B: SOURCES

The LCD routines came from PICDEM-3TM. Adjust-
ments may have been made to the segment and com-
mon definitions to account for the use of a different
LCD panel than was used in PICDEM-3.

The BIN2BCD routine is loosely based on the
B2_BCD_Looped routine in BCD.ASM of application
note AN544. This function was originally written for the
PIC17CXXX family, but it has been modified for the
PIC16CXXX family.

The multiply and divide math routines were copied
from application note AN617.

The data sheet for the PIC16C923 can be found at
http://www.microchip.com. Search for “DS30444E” or
“PIC16C923”.

The data sheet for the 24C01 can be found at
http://www.microchip.com. Search for “DS20071J” or
“24C01”.

The data sheet for the CS5460 can be found at
http://www.crystal.com. Search for “DS279PP3” or
“CS5460”.

Address Description

0x00 Device Serial Number

0x01 Voltage Offset MSB

0x02 Voltage Offset

0x03 Voltage Offset LSB

0x04 Current Offset MSB

0x05 Current Offset 

0x06 Current Offset LSB

0x07 Voltage Gain MSB

0x08 Voltage Gain

0x09 Voltage Gain LSB

0x0A Current Gain MSB

0x0B Current Gain 

0x0C Current Gain LSB

0x0D Watt-Hour MSB

0x0E Watt-Hour LSB

0x0F Pulse Rate Gain MSB

0x10 Pulse Rate Gain

0x11 Pulse Rate Gain LSB
DS00220A-page 8  2000 Microchip Technology Inc.
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APPENDIX C: SCHEMATICS

FIGURE C-1: PIC16C923 CONNECTIONS  
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FIGURE C-2: LCD, 24C01, PUSH BUTTONS  
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FIGURE C-3: POWER SUPPLY, VOLTAGE SENSE, CURRENT SENSE  
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FIGURE C-4: CS5460 CONNECTIONS  
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APPENDIX D: BILL OF MATERIALS 

Cnt Component Name RefDes Description Digikey

2 1N4001 D1-2 IN4001DICT-ND

1 16C923PLCC U1 PIC16C924 (Microchip)

1 SOCKET U1 A2144-ND

1 24C01_TSOP U3 24CO1-BC (Microchip)

2 CAP150 C1-2 33pF Capacitor P4843-ND

12 CAP0805 C4, C8-12, 
C16-21

.1µF Capacitor PCC1864CT-ND

2 CAP1206 C24-25 .01µF Capacitor PCC103BCT-ND

4 CAP1206 C3, C5-7 .47µF Capacitor PCC1891CT-ND

1 CAP1206 C15 4700pF Capacitor PCC472BCT-ND

1 CAP1206 C14 15000pF Capacitor PCC153BCT-ND

1 CAP-RAD400D C13 1000µF Capacitor P5142-ND

1 CRYSTAL Y2 4.096MHz Crystal X082-ND

1 CRYSTAL_32KHZ Y1 32kHz Crystal SE3201-ND

1 CS5460 U2 CS4560 (Crystal Semiconductor)

1 CSE187-L T1 Current Transformer 10515-ND

1 IEC_F J2 Socket 509-1271 (Allied)

1 IEC_M J1 Plug 509-1269 (Allied)

1 LCD_VIM-808-DP LCD1 VIM-808-DP-RC-S-HV 153-1057-ND

1 LED_SMT D4 LED, Green LT1120CT-ND

1 LM7805-TO92 U4 Voltage Regulator NJM78L05A-ND

1 MOV R8 MOV P7259-ND

1 RES600 R21 56Ω 1/2W Resistor 56H-ND

1 RES1206 R11 1kΩ Resistor P1.0KECT-ND

1 RES1206 R3 4.7kΩ Resistor P4.7KECT-ND

1 RES1206 R6 10Ω Resistor P10ECT-ND

9 RES1206 R2, R9, 
R14-17, R19, 
R24, R26

10kΩ Resistor P10KECT-ND

1 RES1206 R1 124kΩ Resistor P124KFCT-ND

1 RES1206 R20 121kΩ Resistor P121KFCT-ND

3 RES1206 R22-23, R25 301Ω Resistor P300ECT-ND

1 RES1206 R18 470Ω Resistor P470ECT-ND

2 RES1206 R10, R12 100kΩ Resistor P100KECT-ND

5 SW-B3F1000 S1, PB1-4 SW404-ND

5 KEY CAP S1, PB1-4 SW450-ND

1 TRANS-2102 T2 Transformer 12 VAC/0.09 A MT2113-ND

1 Plastic case 141840 (Jameco)

1 Printed Circuit Board

Misc:
4 4-40 X 3/8 machine screw for J1, J2
4 4-40 hex nut
2 ft 12 ga stranded copper wire
1 20-pin machined pin IC socket to cut up for pin extensions for S1-S5
 2000 Microchip Technology Inc. DS00220A-page 13
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I
N
C
I
D
E
N
T
A
L
 
O
R
 
C
O
N
S
E
Q
U
E
N
T
I
A
L
 
D
A
M
A
G
E
S
,
 
F
O
R
 
A
N
Y
 
R
E
A
S
O
N
 
W
H
A
T
S
O
E
V
E
R
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
3
4
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
3
5
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
3
6
 
;
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
3
7
 
;
 
A
u
t
h
o
r
:
 
S
t
e
p
h
e
n
 
H
u
m
b
e
r
d
,
 
B
r
e
t
t
 
D
u
a
n
e

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
3
8
 
;
 
C
o
m
p
a
n
y
:
 
M
i
c
r
o
c
h
i
p
 
T
e
c
h
n
o
l
o
g
y
 
I
n
c
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
3
9
 
;
 
R
e
v
i
s
i
o
n
:
 
1
.
1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
0
 
;
 
D
a
t
e
:
 
5
-
1
5
-
2
0
0
0

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
1
 
;
 
A
s
s
e
m
b
l
e
d
 
u
s
i
n
g
 
M
P
L
A
B
 
4
.
9
9
.
0
7
,
 
M
P
A
S
M
 
2
.
3
0
.
1
1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
2
 
;
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
3
 
;
 
I
n
c
l
u
d
e
 
F
i
l
e
s
:
 
C
A
L
.
I
N
C
 
 
 
 
 
 
c
a
l
i
b
r
a
t
i
o
n
 
c
o
n
s
t
a
n
t
s

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
4
 
;
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P
R
3
.
I
N
C
 
 
 
 
 
 
L
C
D
 
s
e
g
m
e
n
t
 
d
e
f
i
n
i
t
i
o
n
s

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
5
 
;
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P
1
6
C
9
2
4
.
I
N
C
 
 
S
t
a
n
d
a
r
d
 
M
i
c
r
o
c
h
i
p
 
i
n
c
l
u
d
e
 
f
i
l
e
 
f
o
r
 
P
I
C
1
6
C
9
2
3
/
9
2
4

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
6
 
;
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
7
 
;
 
T
h
i
s
 
p
r
o
g
r
a
m
 
c
o
n
t
r
o
l
s
 
a
n
d
 
r
e
a
d
s
 
d
a
t
a
 
f
r
o
m
 
T
h
e
 
C
r
y
s
t
a
l
 
C
S
4
5
6
0

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
8
 
;
 
S
i
n
g
l
e
 
P
h
a
s
e
 
B
i
-
D
i
r
e
c
t
i
o
n
a
l
 
P
o
w
e
r
/
E
n
e
r
g
y
 
I
C

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
4
9
 
;
 
a
n
d
 
d
i
s
p
l
a
y
s
 
i
t
 
o
n
 
a
 
e
i
g
h
t
 
d
i
g
i
t
 
L
C
D
 
u
s
i
n
g
 
t
h
e
 
L
C
D
 
d
r
i
v
e

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
0
 
;
 
f
u
n
c
t
i
o
n
 
o
f
 
a
 
P
I
C
1
6
C
9
2
3
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
1
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
2
 
;
 
T
h
e
 
C
S
5
4
6
0
 
m
e
a
s
u
r
e
s
 
l
i
n
e
 
v
o
l
t
a
g
e
 
a
n
d
 
c
u
r
r
e
n
t
 
t
r
a
n
s
f
e
r
e
d
 
b
e
t
w
e
e
n

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
3
 
;
 
t
h
e
 
l
i
n
e
 
(
s
o
u
r
c
e
)
 
a
n
d
 
t
h
e
 
l
o
a
d
.
 
T
h
e
 
i
n
s
t
a
n
t
a
n
i
o
u
s
 
v
o
l
t
a
g
e
 
a
n
d
 
c
u
r
r
e
n
t

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
4
 
;
 
m
e
a
s
u
r
e
m
e
n
t
s
 
a
r
e
 
u
s
e
d
 
t
o
 
c
o
m
p
u
t
e
 
(
w
i
t
h
i
n
 
t
h
e
 
C
S
5
4
6
0
)
 
i
n
s
t
a
n
t
a
n
i
o
u
s
 
p
o
w
e
r
,

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
5
 
;
 
R
M
S
 
v
o
l
t
a
g
e
,
 
R
M
S
 
c
u
r
r
e
n
t
,
 
a
n
d
 
a
c
c
u
m
u
l
a
t
e
d
 
e
n
e
r
g
y
.
 
A
l
l
 
o
f
 
t
h
e
s
e

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
6
 
;
 
m
e
a
s
u
r
e
m
e
n
t
s
 
a
n
d
 
c
a
l
c
u
l
a
t
i
o
n
 
r
e
s
u
l
t
s
 
a
r
e
 
a
v
a
l
i
b
l
e
 
t
o
 
t
h
e
 
P
I
C
1
6
C
9
2
3
 
v
i
a
 
S
P
I
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
7
 
;

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
8
 
;
 
T
h
e
 
R
M
S
 
v
o
l
t
a
g
e
 
a
n
d
 
R
M
S
 
c
u
r
r
e
n
t
 
a
r
e
 
d
i
s
p
l
a
y
e
d
 
a
n
d
 
u
s
e
d
 
t
o
 
c
a
l
c
u
l
a
t
e
 
a
p
a
r
e
n
t

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
5
9
 
;
 
p
o
w
e
r
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
6
0
 
;

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
6
1
 
;
 
A
 
p
u
l
s
e
 
o
u
t
p
u
t
 
(
E
O
U
T
)
 
o
n
 
t
h
e
 
C
S
5
4
6
0
 
i
n
d
i
c
a
t
e
s
 
w
h
e
n
 
a
 
p
r
o
g
r
a
m
a
b
l
e
 
a
m
o
u
t
 
o
f

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
6
2
 
;
 
e
n
e
r
g
y
 
h
a
s
 
b
e
e
n
 
t
r
a
n
s
f
e
r
r
e
d
 
b
e
t
w
e
e
n
 
t
h
e
 
l
i
n
e
 
a
n
d
 
t
h
e
 
l
o
a
d
.
 
A
n
o
t
h
e
r
 
o
u
t
p
u
t

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
6
3
 
;
 
(
E
D
I
R
)
 
i
n
d
i
c
a
t
e
s
 
t
h
e
 
d
i
r
e
c
t
i
o
n
 
o
f
 
t
h
a
t
 
t
r
a
n
s
f
e
r
 
(
i
f
 
a
 
l
o
a
d
 
i
s
 
h
i
g
h
l
y

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
6
4
 
;
 
r
e
a
c
t
i
v
e
,
 
e
n
e
g
r
y
 
f
l
o
w
s
 
f
r
o
m
 
t
h
e
 
l
o
a
d
 
t
o
 
t
h
e
 
l
i
n
e
)
.
 
T
h
e
s
e
 
p
u
l
s
e
s
 
a
r
e
 
c
o
u
n
t
e
d

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
6
5
 
;
 
b
y
 
t
h
e
 
P
I
C
1
6
C
9
2
3
 
t
o
 
m
e
a
s
u
r
e
 
a
n
d
 
d
i
s
p
l
a
y
 
t
o
t
a
l
 
e
n
e
r
g
y
 
t
r
a
n
s
f
e
r
r
e
d
 
i
n
 
W
a
t
t
H
o
u
r
s
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0
0
0
6
6
 
;

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
6
7
 
;
 
T
r
u
e
 
p
o
w
e
r
 
i
s
 
m
e
a
s
u
r
e
d
 
b
y
 
c
o
u
n
t
i
n
g
 
p
u
l
s
e
s
 
f
o
r
 
1
 
s
e
c
o
n
d
.
 
T
h
e
 
C
S
5
4
6
0
 
h
a
s
 
b
e
e
n

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
6
8
 
;
 
p
r
o
g
r
a
m
m
e
d
 
t
o
 
g
e
n
e
r
a
t
e
 
a
 
p
u
l
s
e
 
f
o
r
 
e
a
c
h
 
1
0
W
a
t
t
S
e
c
o
n
d
s
 
o
f
 
e
n
e
r
g
y
 
t
r
a
n
f
e
r
r
e
d
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
6
9
 
;
 
T
h
e
 
p
u
l
s
e
 
c
o
u
n
t
 
i
s
 
m
u
l
t
i
p
l
i
e
d
 
b
y
 
1
0
 
t
o
 
c
a
l
c
u
l
a
t
e
 
t
r
u
e
 
p
o
w
e
r
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
0
 
;

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
1
 
;
 
A
p
a
r
e
n
t
 
p
o
w
e
r
 
a
n
d
 
t
r
u
e
 
p
o
w
e
r
 
a
r
e
 
d
i
s
p
l
a
y
e
d
,
 
a
n
d
 
a
r
e
 
u
s
e
d
 
t
o
 
c
a
l
c
u
l
a
t
e
 
t
h
e

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
2
 
;
 
p
o
w
e
r
 
f
a
c
t
o
r
 
o
f
 
t
h
e
 
l
o
a
d
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
3
 
;

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
4
 
;
 
T
h
e
 
C
S
4
5
6
0
 
o
u
t
p
u
t
s
 
a
 
4
.
0
9
6
M
H
z
 
c
l
o
c
k
 
f
o
r
 
u
s
e
 
b
y
 
t
h
e
 
P
I
C
1
6
C
9
2
3
 
a
s
 
t
h
e
 
s
y
s
t
e
m

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
5
 
;
 
c
l
o
c
k
.
 
T
h
i
s
 
c
o
d
e
 
o
f
f
e
r
s
 
t
h
e
 
o
p
t
i
o
n
 
o
f
 
u
s
i
n
g
 
t
h
i
s
 
s
o
u
r
c
e
 
a
s
 
t
h
e
 
r
e
a
l
 
t
i
m
e
 
c
l
o
c
k

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
6
 
;
 
s
o
u
r
c
e
 
w
i
t
h
 
C
C
P
1
 
i
n
 
c
o
m
p
a
r
e
/
i
n
t
e
r
r
u
p
t
 
o
n
l
y
/
s
p
e
c
i
a
l
 
e
v
e
n
t
 
m
o
d
e
,
 
o
r
 
u
s
i
n
g
 
t
h
e
 
T
i
m
e
r
1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
7
 
;
 
o
s
c
i
l
l
a
t
o
r
 
w
i
t
h
 
a
 
3
2
.
7
6
8
K
H
z
 
c
r
y
s
t
a
l
.
 
T
h
e
 
h
a
r
d
w
a
r
e
 
p
r
o
v
i
d
e
d
 
o
n
 
t
h
e
 
d
e
m
o
 
u
n
i
t
s

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
8
 
;
 
s
u
p
p
o
r
t
s
 
b
o
t
h
 
o
p
t
i
o
n
s
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
7
9
 
;

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
0
 
;
 
E
v
e
r
y
 
8
 
m
i
n
u
t
e
s
,
 
t
h
e
 
c
u
r
r
e
n
t
 
a
c
c
u
m
u
l
a
t
e
d
 
e
n
e
r
g
y
 
(
W
H
r
)
 
i
s
 
w
r
i
t
t
e
n
 
t
o
 
t
h
e
 
2
4
C
0
1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
1
 
;
 
s
e
r
i
a
l
 
E
E
P
R
O
M
.
 
T
h
i
s
 
s
a
v
e
s
 
t
h
e
 
t
o
t
a
l
 
e
n
e
r
g
y
 
d
u
r
i
n
g
 
t
i
m
e
s
 
w
h
e
n
 
t
h
e
 
A
C
 
p
o
w
e
r
 
i
s
 
r
e
m
o
v
e
d
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
2
 
;

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
3
 
;
 
C
a
l
i
b
r
a
t
i
o
n
 
c
o
n
s
t
a
n
t
s
 
a
r
e
 
a
l
s
o
 
s
t
o
r
e
d
 
i
n
 
t
h
e
 
2
4
C
0
1
.
 
T
h
e
s
e
 
a
r
e
 
r
e
a
d
 
f
r
o
m
 
t
h
e
 
2
4
C
0
1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
4
 
;
 
a
n
d
 
w
r
i
t
t
e
n
 
b
a
c
k
 
t
o
 
t
h
e
 
C
S
5
4
6
0
 
w
h
e
n
 
p
o
w
e
r
 
i
s
 
r
e
a
p
p
l
i
e
d
,
 
a
n
d
 
w
h
e
n
 
t
h
e
 
t
o
t
a
l
 
e
n
e
g
y
 
i
s

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
5
 
;
 
c
l
e
a
r
e
d
 
f
r
o
m
 
t
h
e
 
2
4
C
0
1
.
 
T
h
e
 
c
o
d
e
 
t
o
 
r
e
a
d
 
t
h
e
 
c
o
n
s
t
a
n
t
s
 
f
r
o
m
 
c
a
l
.
i
n
c
 
a
n
d
 
w
r
i
t
e
 
t
h
e
m
 
t
o

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
6
 
;
 
t
h
e
 
2
4
C
0
1
 
h
a
s
 
b
e
e
n
 
i
n
c
l
u
d
e
d
,
 
b
u
t
 
h
a
s
 
b
e
e
n
 
c
o
m
m
e
n
t
e
d
 
o
u
t
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
7
 
;

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
8
 
;
 
O
n
 
r
e
s
e
t
,
 
t
h
e
 
P
I
C
1
6
C
9
2
3
 
c
h
e
c
k
s
 
t
h
e
 
4
 
c
o
n
t
r
o
l
 
b
u
t
t
o
n
s
 
f
o
r
 
3
 
s
p
e
c
i
f
i
c
 
s
t
a
t
e
s
.
 
O
n
e
 
s
t
a
t
e

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
8
9
 
;
 
a
l
l
o
w
s
 
t
h
e
 
u
s
e
r
 
t
o
 
s
e
t
 
t
h
e
 
t
i
m
e
 
o
f
 
t
h
e
 
r
e
a
l
 
t
i
m
e
 
c
l
o
c
k
.
 
A
n
o
t
h
e
r
 
s
t
a
t
e
 
c
l
e
a
r
s
 
t
h
e

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
0
 
;
 
t
o
t
a
l
 
W
H
r
 
f
o
r
 
t
h
e
 
2
4
C
0
1
 
a
n
d
 
r
e
w
r
i
t
e
s
 
t
h
e
 
c
a
l
i
b
r
a
t
i
o
n
 
c
o
n
s
t
a
n
t
s
 
t
o
 
t
h
e
 
C
S
5
4
6
0
.
 
A

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
1
 
;
 
t
h
i
r
d
 
s
t
a
t
e
 
a
l
l
o
w
s
 
t
h
e
 
u
s
e
r
 
t
o
 
a
d
j
u
s
t
 
t
h
e
 
c
a
l
i
b
r
a
t
i
o
n
 
c
o
n
s
t
a
n
t
s
 
i
n
 
t
h
e
 
C
S
5
4
6
0
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
2
 
;

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
3
 
;
 
W
r
i
t
t
e
n
 
b
y
 
S
t
e
p
h
e
n
 
H
u
m
b
e
r
d
,
 
M
i
c
r
o
c
h
i
p
 
T
e
c
h
n
o
l
o
g
y
 
1
0
/
0
8
/
1
9
9
9

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
4
 
;
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
5
 
;
 
O
p
t
i
o
n
a
l
 
R
e
a
l
 
T
i
m
e
 
C
l
o
c
k
 
s
o
u
r
c
e
s
 
(
T
1
O
S
C
 
o
r
 
C
S
5
4
6
0
 
C
P
U
C
L
K
 
o
u
t
p
u
t
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
6
 
;
 
M
o
n
i
t
o
r
 
C
S
5
4
6
0
 
!
E
D
I
R
 
o
u
t
p
u
t
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
7
 
;
 
C
h
a
n
g
e
 
P
u
l
s
e
 
R
a
t
e
 
f
r
o
m
 
1
2
8
 
p
u
l
s
e
s
/
K
W
H
r
 
(
1
 
p
u
l
s
e
/
2
8
,
1
2
5
W
s
e
c
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
8
 
;
 
 
 
 
t
o
 
1
 
p
u
l
s
e
/
1
0
W
s
e
c
 
(
1
0
0
W
 
l
o
a
d
 
g
e
n
e
r
a
t
e
s
 
1
0
 
p
u
l
s
e
s
 
p
e
r
 
s
e
c
o
n
d
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
0
9
9
 
;
 
U
s
e
 
1
6
-
b
i
t
s
 
o
f
 
C
S
5
4
6
0
 
d
a
t
a
 
r
a
t
h
e
r
 
t
h
a
n
 
2
4
-
b
i
t
s

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
1
0
0
 
;
 
 
 
 
(
C
S
5
4
6
0
 
s
e
t
t
i
n
g
s
 
a
r
e
 
s
t
i
l
l
 
2
4
-
b
i
t
s
 
l
o
n
g
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
1
0
1
 
;
 
A
d
d
e
d
 
A
p
p
a
r
e
n
t
 
P
o
w
e
r
,
 
T
r
u
e
 
P
o
w
e
r
,
 
a
n
d
 
P
o
w
e
r
 
F
a
c
t
o
r
 
F
u
n
c
t
i
o
n
s
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
1
0
2
 
;
 
M
o
v
e
d
 
P
u
l
s
e
 
R
a
t
e
 
r
e
g
i
s
t
e
r
 
v
a
l
u
e
 
t
o
 
E
E
P
R
O
M
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
1
0
3
 
;
 
M
o
d
i
f
i
e
d
 
C
a
l
i
b
r
a
t
e
 
r
o
u
t
i
n
e
 
t
o
 
i
n
c
l
u
d
e
 
P
u
l
s
e
 
R
a
t
e
 
"
G
a
i
n
"
 
f
u
n
c
t
i
o
n
.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0
0
1
0
4
 
;
 
G
e
n
e
r
a
l
 
c
o
d
e
 
s
i
z
e
 
r
e
d
u
c
t
i
o
n
.
 
(
F
i
t
s
 
i
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Information contained in this publication regarding device applications and the like is intended through suggestion only and may be superseded by updates.
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