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Chapter | Summary

Watt-hour meter is the measurement of electric energy
measurement tool, the relationship between the measurement of
fair use of electricity, with the development of science and
technology as well as the microprocessor in the power meter in the
application of high precision power meter is moving,
multi-functional, low-cost, long-range wireless intelligent meter
reading, such as direction.

This article describes the use of NEC ALL FLASH Products

developed Energy Meter uPD78F9224 control application example.

1.1 Single-phase energy meter working principle

Watt-hour meter working principle is: 7755 samples voltage
and current signals, the output power line and load power pulse CF;
single-chip high-frequency pulses of electrical energy of the CF
treatment, the output pulse signal for the pulse table lamps and
school use, Single-chip signal through the CF treatment, the
calculated consumption of electricity, to the LCD driver, in the LCD
display, at the same time, write EEPROM; EEPROM in addition to
electricity consumption information to preserve, there are a table,

such as information, which can be infrared and 485 Reading copied
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and settings can also be displayed in the LCD.
Schematic diagram is shown below :

Figure 1-1 Schematic energy meter work
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1.2 System Design

The Application Notes in the energy meter applications include
the following major functional modules: the measurement module,
I°C module, communication module, order processing module,
LCD display module, and so on .

The energy meter application program control flow is: power
system, the controller started to work, first of all, the first detection
of power supply voltage is greater than 4.3V, if more than on the
CPU is initialized from the EEPROM read data, read to the RAM
variable area, and then entered the main circle, in the main loop,

LCD in accordance with the procedures set by the state of display;



Singlechip once every 4ms inquiries P22, P23 |, for electric energy
metering system to determine the corresponding energy constant;
INTPO interruption of the mouth Detection of rising edge of the
energy pulse counting, in accordance with the system detects a
constant power for electric energy metering; RXD moment to
respond to external falling edge, the implementation of 485
communications; infrared INTP2 interrupted waiting for falling edge
detection, at any time to respond to infrared communication; and
INTP3 ordinary 1/O port mode, each query detection 4ms time, if
indeed there are external programming | shorted on the
open-enabled programming, hardware programming events permit;
P123 also query an external every 4ms formatting button, if press,
will implement the format command EEPROM; pulsed light,
communications, light, display symbols such as the corresponding
state of the corresponding instructions in accordance with the
procedure showed that pulsed light to eliminate Always 80ms
recovery, communications, light and liquid crystal display on the
Newsletter sign-liang 1s after the eradication, programming shorted
until programming symbols disappear after | disconnect, the system
in such a detection process cycle.

The chosen microcontroller is : NEC78F9224, the next chapter

of its detail .



Chapter Il microcontroller

The applications of microcontrollers from NEC ALL FLASH
products 78K0S/KB1 + series uPD78F9224. NEC's products are
ALL FLASH alternative MASK for NEC Products introduced a new
8bit general-purpose CPU products, is designed to overcome the
MASK Product manufacturers can only be carried out by the curing
process, and after the curing process should not carry out further
revision of shortcomings.

NEC's Product ALL FLASH using the world's leading 0.15um
SST Flash technology, performance is greatly improved, relative
previous MASK products have a wider range of voltage range and
speed, lower power consumption, higher reliability, more strong
adaptability, low-end product coverage areas and high-end
general-purpose CPU dedicated areas, such as automotive
electronics fields, according to different users and different
applications to provide different products ALL FLASH.

The following application-based program used by 78K0S/KA1
+ Products of a brief introduction, the detailed features of the

product please refer to the product user manual.



2.1 Functional overview

ltem uPD78F9222 uPD78F9224
Internal Flash 4 KB 8 KB
memory memory

High-speed 256 Bytes

RAM
Memory space 64 KB

X1 input clock (oscillator | Crystal / ceramic / external clock input:
frequency) 10 MHz (Vpp =2.0 ~ 5.5V)
Ring-OSC | High-speed Internal Ring-OSC: 8 MHz (typical value)
Clock (oscillator
frequency)
Low-speed Internal Ring-OSC: 240 kHz (typical value)
(TMH1 and
WDT)
General Register 8 Bit x 8 Register
Shortest instruction | 0.2 us/0.4 us/0.8 us/1.6 ps/3.2 ps (X1 input
execution time clock: fx = 10 MHz)
I/O Port Total : 17 Pin
CMOS I/O: 15 Pin
CMOS Input : 1 Pin
CMOS Output : 1 Pin
Timer ¢ 16-bit timer / event counter : 1Ch
e 8-bit timer (Timer H1) : 1Ch
e 8-bit timer (Timer 80) : 1Ch
e Watchdog Timer : 1 Ch
Timer 2-pin  (PWM: 1 pin)
output

A/D converter

10-bit resolution x 4 ch

Serial interface

Support the LIN Bus UART mode : 1 ch

Vector Interrupt | External 4

Sources internal 9

Reset ¢ Reset using RESET pin
¢ The use of an internal watchdog timer reset
e The use of POC to conduct an internal reset
¢ The use of low-voltage detector to conduct an
internal reset

Supply voltage Vpp=2.0 ~ 55V*

Working ambient | To =-40 ~ +85°C

temperature

Package

20-pin plastic SSOP




Note Because the power-Clear (POC) test voltage (Vpoc) at 2.1

V £ 0.1 V between, so this product is the voltage range 2.2 ~ 5.5 V.
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2.2 Structure diagram
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2.3 uPD78F9224 The CPU Storage Mapping Table
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2.4 The Main Functions Used To Introduce

2.4.1 Watchdog timer

2.4.1.1 Watchdog timer function
Watchdog timer for detecting non-expected program cycle. If
detected in such a program cycle, will generate an internal reset

signal. If you have a watchdog timer reset, then reset control

register mark (RESF) section 4 (WDTRF) buy one.

The following table for the watchdog timer detection time of the

cycle :

Cycle detection time
Low-speed Ring-OSC clock During system clock operation
operation

211/frL (4.27 ms) 213/fx (819.2 ps)
212/frL (8.53 ms) 214/fx (1.64 ms)
213/frL (17.07 ms) 215/fx (3.28 ms)
214/frL (34.13 ms) 216/fx (6.55 ms)
215/frL (68.27 ms) 217/fx (13.11 ms)
216/fr. (136.53 ms) 218/fx (26.21 ms)
217/frL (273.07 ms) 219/fx (562.43 ms)
218/frL (546.13 ms) 220/fx (104.86 ms)

Note

1. fre : Low-speed Ring-OSC clock oscillation frequency .

2. fx:

3. Figure in brackets correspond to the value of fg. = 480 kHz

(MAX.), fx = 10 MHz.

System clock oscillation frequency.
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Watchdog timer mode of operation under low-speed-chip

Ring-OSC clock switch option byte settings.

The following table is optional bytes of set-up and watchdog

timer mode of operation :

Optional b

yte setting

Low-speed Ring-OSC clock can
not be stopped

Low-speed Ring-OSC clock can be
stopped by software

clock source

\Watchdog timerfixed at fg.

Notel

e Can be select by software (fx,
frL Or stop)
o reset: fr

After the
operation

resetMaximum time interval to start the

operation (218/fr.)

Maximum time interval to start the
operation (218/frL)

Operation mode[Time interval can only be changed

Clock selection / interval can only|

selection one time be changed one time

Features Watchdog timer can not be stopped’Watchdog timer can be stopped
Note2

Note

1. Can not stop when the power supply low-speed Ring-OSC

oscillator (except during reset).

2. If the watchdog timer clock source is different, the watchdog

timer to stop the clock supply of the necessary conditions

are also different.

<1>

If the clock source is fy, then the following conditions are

met when the watchdog timer to stop the supply of the

clock.

When fyx been stopped.

In HALT/STOP mode.
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e [n the oscillator stable time.

<2> If the clock source is fg., then the following conditions

are met when the watchdog timer to stop the supply

of the clock.

e Ifthe CPU clock is fx and STOP in the implementation

of instructions by the software to stop fg,.

e |n HALT/STOP mode.

2.4.1.2 Watchdog

timer configuration

Watchdog timer from the following hardware components.

Iltem

Configuration

Control register

Watchdog timer mode register (WDTM)
Watchdog timer enable register (WDTE)

The next photo shows the block diagram of watchdog timer :
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2.4.1.3 Watchdog Timer control register
Watchdog timer control register by the following two:
e Watchdog timer mode register (WDTM)

e Watchdog timer enable register (WDTE)

(1) Watchdog timer mode register (WDTM)

The register set watchdog timer overflow time and operation of
the clock.

The register can be 8-bit memory operation instruction set, and
can be read many times, but the reduction can only be written after
the release of one meeting. Reset input of the register Purchase

67H.

The photo shows the next watchdog timer mode register

(WDTM) format:
Hohik: FF48H BiifG: 67TH 35
e 7 6 5 4 3 2 1 0
wotm [ 0 | 1 K WDCS4 | WDCS3 | wDCS2 | WDCS1 | WDCSO0
WDCS4WDCS3 Operation clock selection
Notel Notel
0 0 Low-speed Ring-OSC clock (fr.)
0 1 System clock (fx)
1 X Stop watchdog timer
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Overflow time setting
WDCS2 | WDCS1 | WDCSO0 During low-speed During system clock
Note2 Note2 Note2 Ring-OSC clock operation
operation

0 0 0 211/fz. (4.27 ms)  [213/fx (819.2 ps)

0 0 1 212/fz. (8.53 ms)  [214/fx (1.64 ms)

0 1 0 213/fr. (17.07 ms)  [215/fx (3.28 ms)

0 1 1 214/fr. (34.13 ms)  [216/fx (6.55 ms)

1 0 0 215/fz. (68.27 ms)  [217/fx (13.11 ms)

1 0 1 216/frL (136.53 ms) [218/fx (26.21 ms)

1 1 0 217/fr (273.07 ms) [219/fx (52.43 ms)

1 1 1 218/fr (546.13 ms) [220/fx (104.86 ms)

Note
1. If the optional byte designated as "low-speed Ring-OSC can
not be stopped", then should not the setting up of such.
Regardless of the value written into the DR, will choose
low-speed Ring-OSC clock.
2. With the greatest reduction and the release cycle (WDCS2,

1,0=1,1,1).
Cautions

1. The first bit 7,6,5 and 0,1, respectively, set to 1
(when the adoption of an optional byte select "Can
not stop the low-speed Ring-OSC clock oscillator,"”
ignore the other values).

2. Reset, only by the eight memory operation

instruction to write a WDTM. If you try to write the

17



second time, it will generate an internal reset signal.

3. Can not use a memory operation command to
operate WDTM.

4. When using self-written on the flash memory

operation, as the watchdog to provide sufficient time

for the overflow (for example, one byte write:

Minimum 200ms, delete a block: Minimum 10ms).

Remarks
1. fr.: Low-speed Ring-OSC clock oscillation frequency
2. fx: System clock oscillation frequency
3. x: Do not consider
4. The figure in brackets corresponds to the value fr. =

480 kHz (max), fx = 10 MHz.

(2) The watchdog timer enable register (WDTE)

ACH will write WDTE watchdog timer counter can be cleared
and re-start the counting operation.

8-bit memory operation by setting the command register..

Reset input of the register Purchase 9AH.

The showing is watchdog timer enable register (WDTE) format :

18



Hunk: FFAOH  EAfifE: 9AH /5
e 7 6 5 4 3 2 1 0
WDTE

Note
1. If one is not the value of ACH are written WDTE, will
generate an internal reset signal.
2. If you use a memory operation command WDTE operate on,
will produce an internal reset signal.
3. WDTE read from the value 9AH (with the written value (ACH)

different).
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2.4.1.4 Watchdog Timer operation

(A) When i choose from the optional byte as "low-speed
Ring-OSC can not be stopped" when the watchdog timer operation

Watchdog timer operation clock is fixed at low-speed Ring-OSC
clock.

Reset release, to the maximum cycle (watchdog timer mode
register (WDTM) the first bit 2,1,0 for 1 (WDCS2, WDCS1, WDCSO0)
=1,1,1) to start operation, the watchdog timer Operation should not
be stopped.

Following is reset after the release of the watchdog timer
operation.

1. The state after reset release is as follows.

e Clock operation: low-speed Ring-OSC clock

e Cycle: 218/fg. (546.13 ms: operating frequency fg. = 480
kHz (max))

e Start counting

2. By 8-bit memory operation mode command of the watchdog

timer register (WDTM) in the following settings.

e Cycle: using the first 0 to 2 (WDCS2 to WDCSO0) settings

3. In the implementation of the above process, will be ACH

write WDTE, this counter has been cleared to allow the

re-count.

20



In this mode, even if the implementation of STOP instruction,
but also should not stop the watchdog timer operation. For 8-bit
timer H1 (TMH1), optional low-speed internal clock frequency of a
sub-source as a count, so STOP instruction execution, the
watchdog timer overflow before TMH1 can be used for the
watchdog timer interrupt request Clear. If there is no
implementation of the process, then after STOP instruction
execution when the watchdog timer overflow will generate an

internal reset signal.

(B) When choosing from the optional byte as "low-speed
Ring-OSC can be stopped by software" at the time of watchdog
timer operation . Selectable watchdog timer operation clock for the
low-speed Ring-OSC clock or system clock.

Reset release, to low-speed Ring-OSC clock cycle of the largest
(watchdog timer mode register (WDTM) section 2, para 1 and 0

(WDCS2, WDCS1, WDCSO0) =1,1,1) ) to start operation.

Following is reset after the release of the watchdog timer operation :
1. The state after reset release is as follows.

e Clock operation: low-speed Ring-OSC clock

21



e Cycle: 218/fg. (546.13 ms: operating frequency fg. = 480
kHz (MAX.))
e Start counting
2. By 8-bit memory operation mode command of the watchdog
timer register (WDTM) to carry out the following settings.
e Operation clock: from the first three and four (WDCS3 and
WDCS4) select one of the following clock.
Low-speed Ring-OSC clock (fr.)
System clock (fx)
Watchdog timer operation stopped
e Cycle: from 2 to 0 bit (WDCS2 to WDCSO) settings
3. The implementation of the process, will be ACH write WDTE,

this counter has been cleared to allow the re-count.

This mode, the HALT/STOP instruction execution during the
watchdog timer operation has been suspended. In the release of
HALT/STOP mode, through the use of the HALT/STOP instruction
execution WDTM set before the watchdog timer operation clock
counter will start again. At this point, the counter has not been

cleared, but keep original value.

(C) STOP mode, watchdog timer operation (when the optional

22



byte select for the "software to stop the clock speed Ring-OSC")

Regardless of the system clock or low-speed Ring-OSC clock,
in the implementation of STOP instruction when the watchdog timer
to stop counting.

(1) When the watchdog timer operation clock is the peripheral
hardware clock (fx), and the implementation of STOP instruction.

When the implementation of STOP instruction, the watchdog
timer to stop the operation. In the release of STOP mode, the
operation stopped 34 ms (typical values) (the value is in the use of
crystal / ceramic oscillator when the oscillator stabilization time
select register (OSTS) set oscillator oscillation stability waiting time),
then operation to stop the clock before the operation began
counting again. At this point, the counters have not been cleared,

but keep original value.

The photo shows STOP mode under operation (WDT Operation
Clock: Peripheral hardware clock)

<1> CPU clock: Crystal/ceramic oscillator clock

CPU HifE  IEHiHAE sToP | sfrpnt R I 1 IE A
feru ‘ f\mlﬂmmﬂ
i 5 1 Bt e ]
CHLIOSTS % 1E AR #)
BIVHEIN & oy A (s

23



<2> CPU clock: High-speed Ring-OSC clock or external clock input

CPUHME  IEWHRE STOP | pfefa™ ERRAE
fepu ‘
O
BRI
* Hff Bl el

Note Operation stop time is 17 ms (minimum), 34 ms (typical

value) and 67 ms (max).

(2) when the watchdog timer operation clock is a low-speed
Ring-OSC clock (fRL), and the implementation of STOP instruction.
When the implementation of STOP instruction, the watchdog
timer to stop the operation. In the release of STOP mode, the
operation stopped 34 ms (typical value), then use the operation to
stop the operation before the clock to start counting. At this point,

the counters have not been cleared, but keep original value.

The photo shows STOP mode under operation (WDT Operation

Clock: low-speed Ring-OSC clock)

<1> CPU clock: Crystal/ceramic oscillator clock
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<2> CPU clock: High-speed Ring-OSC clock or external clock input
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Note Operation stop time is 17 ms (minimum), 34 ms (typical

value) and 67 ms

(max) .

(D) HALT mode operation (when the optional byte select for the

"software to stop the clock speed Ring-OSC")

Regardless of the system clock (fX) or low-speed Ring-OSC

clock (frL), in the implementation of HALT instruction when the

watchdog timer to stop counting. HALT mode release, use the

operation to stop the operation before the clock to start counting. At

this point, the counters have not been cleared, but keep original

value.
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HALT mode under the map operation.

CPU #:1E 1 BRAE HALT TR R

fCPU

A T IE I 2

S (B S (RESI 23 (B

2.4.2 Power-Clear Circuit

2.4.2.1 Power-Clear function circuit (POC) has the following
functions:

e Electricity generated in the internal reset signal

e Comparison of supply voltage (Vpp) and the detection voltage
(Vpoc =2.1V £0.1V), and Vpp < Vpoc generated when the internal
reset signal.

e Comparison of supply voltage (Vpp) and the detection voltage
(Vpoc = 2.1V £ 0.1V), and Vpp > Vpoc release the internal reset

signal.

If the POC circuit internal reset signal will reset register mark
(RESF) cleared.

POC circuit detection voltage (Vpoc) value range of 2.1V £ 0.1V,
it is the normal operating voltage range of 2.2 ~ 5.5V.

This product integrates a wide range of signals used to

generate internal hardware reset function. When the watchdog

26



timer (WDT) and low-voltage detection circuit (LVI) reset when
aroused, RESF in a sign of the reasons for the reset instructions.
When the WDT and the LVI reset signal when the internal, RESF

can not be cleared, and the flag was one home .

2.4.2.2 Power Reset circuit (POC) of the diagram shown below.

\))

é 225 W

T

2.4.2.3 Clear power circuit operation

POC circuit in comparison supply voltage (Vpp) and the
detection voltage (Vpoc = 2.1V £ 0.1V), when Vpp <Vpoc When an
internal reset signal, when the Vpp > Vpoc, the release of internal
reset signal. POC under the photo shows an internal reset circuit

timing signals.
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|

Note the internal reset signal is active-low

2.4.2.4 Power-Clear Circuit Caution

For a supply voltage at a certain time POC detection voltage
(Vpoc) fluctuations in the vicinity of the system, may be repeatedly
reset and release of reset. Under such circumstances, the following
methods can be reset any settings from being released into the

microcontroller experienced start-up time.

<Method>

In the release of reset signal through the software counter (use
a timer) to wait for the system supply voltage fluctuation period, and
then on the port initialization.

After the release of the next picture shows the reset software

process example:

e |f the supply voltage close to POC detection voltage, the

fluctuations in time less than or equal to 50ms

28
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Note

1. If during this period once again have a reset, the initialization

can not begin.

2. Flowchart shows the next page.

e Check the reset source
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Figure (b)
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2.4.3 8-bit timer 80 as the basic time interval timer
When 8-bit timer 80 as an interval timer, you can register in
accordance with the 8-bit comparison (CR80) in the pre-set values
for the interval of repeat interruption generated.
8-bit timer 80 will be used as a timer interval, follow these steps:
<1> Prohibit the operation of 8-bit timer counter 80 (the 8-bit
timer mode control register 80 (TMC80) of section 7 (TCES80) is
set to 0).

<2> Set the 8-bit timer 80 counts clock (see table 2-1 and
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2-2).
<3> Set the value of the CR80.

<4> Permit the operation of TM80 (TCES80 settings for 1).

When 8-bit timer counter 80 equal to the total numerical value of
CR80 settings, TM80 value was cleared and then continue to count,
at the same time generate an interrupt request signal INTTM80.

Table 2-1 and Table 2-2 lists the time interval, Figure 2-1

express timing interval timer operation.

Cautions
1. Timers work, can not change the value of CR8O0. If
the timer while working to change the value of CR80,
then immediately have the same interrupt request

signal.

2. When using 8-bit memory operation instruction
set TMC80 count TM80 clock and at the same time
permit, then the timer starts a cycle of error may be
one or more of the clock. Therefore, as interval timer
TM80 to use, must be set according to the above

sequence.
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Table 2-1. 8-bit timer 80 time interval (fxp = 8.0 MHz)

TCL801 [TCL80O0 [The smallest timeThe largest timeResolution
interval interval

0 0 26/fxp (8 us) 214/fxp (2.05 ms) [26/fxp (8 us)

0 1 28/fxp (32 us) 216/fxp (8.19 ms) 28/fxp (32 ps)

1 0 210/fxp (128 us) [218/fxp (32.7 ms) 210/fxp (128 us)

1 1 216/fxp (8.19 ms) 224/fxp (2.01s) [216/fxp (8.19 ms)

Remarks fxp: Peripheral hardware clock oscillation frequency.

Table 2-2. 8-bit timer 80 time interval (fxp = 10.0 MHz)

TCL801 [TCL800 [The smallest timeThe largest timeResolution
interval interval

0 0 26/fxp (6.4 us)  214/fxp (1.64 ms) 26/fxp (6.4 us)

0 1 28/fxp (25.6 us) [216/fxp (6.55 ms) 28/fxp (25.6 us)

1 0 210/fxp (102 pus) [218/fxp (26.2 ms) 210/fxp (102 ps)

1 1 216/fxp (6.55 ms) 224/fxp (1.68 s) [216/fxp (6.55 ms)

Remarks fxp : Peripheral hardware clock oscillation frequency.
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Figure 2-1. Interval timer operation timing diagram
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Remarks Time interval = (N + 1) xt: N=00H ~ FFH
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2.4.4 The Notes of 8-bit timer 80
(1) Timer start error

From the start the timer to generate an interrupt signal includes
a nearly 1.5 clock cycle error. This is because if the count when the
clock is high to start the timer, then the rising edge may be detected

immediately, and cumulative counters (see Figure 2-3).

Figure 2-3. 1.5 (maximum) clock cycle error situation

SERA
=T~k

TR I z 8V & I A5 T % 80
(TM80)
A -
-TCE80 ) WS
TRB
TEFEN I | | | | | | | | | |
TCE80 |
|
WEES 1
I
e o o S e O
1]
TM80 %ifi 00H IX 01H 02H X 03H X -
e GEEA
He— B

BNl Gl N
(2) 8-bit compare register 80 settings
8-bit compare register 80 (CR80) can be set to 00H.
(3) The Notes of setting to STOP mode
In the implementation of STOP command must first stop the

timer before the operation (TCES80 = 0).
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2.4.5 8-bit timer H1 as a square-wave output

When 8-bit timer counter H1 and compare register 01 (CMPO01)

are equal, generate an interrupt request signal INTTMH1, 8-bit

timer counter H1 has been cleared.

In interval timer mode, do not use compare register 11 (CMP11).

Because even if the CMP11 register setting, it will not 8-bit timer

counter H1 and the CMP11 register the same test, therefore, does

not affect the timer output.

When the set timer H mode register 1 (TMHMD1) the first 0

(TOEN1) to 1:00, from TOH1 output square wave of any frequency

(duty cycle 50%).

(1) Usage

Repeat the same time interval INTTMH1 generated signal.

<1> Various register settings

(i) Timer H mode register 1 (TMHMD1) settings

TMHE1 CKS12

CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

TMHMD1| 0 ‘ 0/1 ‘ 0/1 ‘ on ‘

0

‘ 0

‘ 0/ ‘ 0/1 |

]

B
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(i) CMPO1 register setting

o Comparison of values (N)

<2> When TMHE1 = 1 to start counting operation.

<3> When 8-bit timer counter H1 value of the CMPO1 register

value, the interrupt request signal generated INTTMH1, 8-bit timer

counter H1 has been cleared.

Time interval = (N +1)/fCNT

<4> Since then, the same time interval have INTTMH1

interruption. To stop the count operation, will be cleared to TMHE1.
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(2) Timing diagram
Interval timer/square-wave output operation timing diagram is as
follows:

(a) Basic Operation

e —— L L T TLITLT L

T ! '
I i l
| | |
SEEMIAAHI ooH X 01H X { X N X ooH X o1H X ) X N X oo 00H
I Tk T
| | |
| ( | |
cMPO1 | . N | :
| | |
| | |
| | |
TMHE! | ! ! |
l l l
| | |
! |
INTTMH1 I | _\—
| | PRI I I
l | |
|
TOH1 T T
<1> <2> <2> <3>
L LS fs
77 A AH R o 7 AR L Y e e
Bl H 1 % SRz LR HI &

<1> TMHE"1 bit set to 1 to allow the counting operation. After the
permit to operate in less than one clock cycle time to start counting
the clock count.

<2> When the 8-bit timer counter H1 and the CMPO01 register value
equal to, the 8-bit timer counter H1 value of zero, TOH1 output
switch and output INTTMH1 vindication of the signal.

<3> In the timer to operate during H1-bit cleared TMHE1 allows
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INTTMH1 output signal and TOH1 invalid. If there is no INTTMH1
signal and TOH1 output, the level remained unchanged.

Remarks N=01H ~ FEH

(b) When CMPO1 = FFH, when the operation

e [ W I O )

PR | |

| | |

| | . |
S5 I 4% H 4% HA 1ooH Y otH X ' EDE T ' X Fen X FrH X ooH X:

CMPO1 | = ‘

| |

i i |

| |

TMHE1 J i i

1 1

INTTMH1 | |

| |

1 1
TOH1 : ! !—

| |

177 BEg 1]
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(c) When CMPO01 = 00H when the operation

e ) [ I I O S O I I
brors
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o
2.4.6 Optional Bytes
78K0S/KB1+ there is a region known as optional byte in the

Flash memory address 0080H Department. When using the

product, it is necessary to set the following optional features bytes .

—_—

The system clock source selection
e High-speed Ring-OSC clock

e Crystal/ceramic oscillation clock

e External clock input

2. Low-speed Ring-OSC clock

e Can not be stopped
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OFFFH/
1FFFH

0080H

0000H

Can be stopped by software

RESET pin control

Used as a RESET pin

RESET pin can be used as input port pin (P34)

Power or reset after the release of oscillation stabilization time

210/fx
212/fx
215/fx

217k

Flash 17 2%
(4096/8192 X 8 bits)

The next photo shows optional configuration byte :

DEF
0STSO

1 RMCE |0SCSEL1/OSCSELORINGOSC

The next picture shows the optional byte format (1/2)

Hitk:  0080H

7 6 5 3 2 1 0

1 DEFOST |DEFOST RMCE |OSCSEL|OSCSEL |RINGOS
S1 SO 1 0 C




RINGO | Low-speed Ring-OSC clock

SC

1 Can not stop (even if LSRSTOP bit was written for
one, will not stop oscillating)

0 Through software to stop (when LSRSTOP bit was
written for one, the oscillation stopped)

Note

1. If you choose low-speed Ring-OSC clock oscillation can not be
stopped, watchdog timer (WDT) clock counters will be fixed at
low-speed Ring-OSC clock .

2. If you choose low-speed Ring-OSC clock can be stopped by
software, regardless of low-speed Ring-OSC mode register
(LSRCM) the first 0 (LSRSTOP) how to set up, WDT counter clock
in the HALT / STOP mode has been suspended. Similarly, when
you select in addition to low-speed Ring-OSC clock of any one
clock as the WDT counter clock, the clock to provide also been
stopped. However, if the choice of low-speed Ring-OSC clock as
8-bit timer H1 count clock, then in the low-speed Ring-OSC working
hours (LSRSTOP = 0), in the STOP mode the clock counts are

available to use 8-bit timer H1 .

OSCS | OSCSE | System clock source selection

EL1 LO
0 0 Crystal/ceramic oscillation clock
0 1 External clock input

1 X High-speed Ring-OSC clock
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Note Because the X1 and X2 pins as P121 and P122 pins to use,
X1 and X2 pins used in different conditions, depending on the
system clock source choices .

(1) Choose the crystal/ceramic oscillation clock

X1 and X2 pins can not be used as I/O port to use, because they
are as a clock input port .

(2) Choose the external clock input

Because X1 pin as an external clock input, P121 | can not be used
as 1/O port to use .

(3) Choose high-speed internal oscillator clock

Ports P121 and P122 can be used as /O port .

RMCE RESET pin control

1 RESET pin for the reset input

0* RESET pin for input pins (P34)

Note When RMCE cleared, the pull-up resistor to be connected .

Cleared through the power-on reset state after the release
function and again reference optional byte before a low-level input

to the RESET pin, 78K0S/KB1 + reset, and the state of maintaining
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a high level input to the RESET pin .

The next picture shows the optional byte format (2/2)

DEFO | DEFO | Power or reset after the release of
STS1 | STSO |oscillation stabilization time

0 0 210/fx (102.4 us)

0 1 212/ fx (409.6 ps)

1 0 215/ fx (3.27 ms)

217/ fx (13.1 ms)

Only elected crystal/ceramic oscillation clock as system clock
source, this setting is valid. If | choose to high-speed Ring-OSC
clock or external clock input as the system clock source, without

having to wait for time.

Note

1. (): fx=10 MHz

2. Need to be aware of the oscillator oscillation stabilization

time can be used in reference to the characteristics of the

oscillator.
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Chapter Il Hardware Design

3.1 System Block Diagram

I L CD
Hé B
A= 24104
2 @ 37973 s
120 M %
CFH AR A S
77355
RE\/ 7 o
e AN 8
vee o /8F 22e4 L HE W 20
SR .
# X a0
V485
485 M P 9 #8 X
l l CFL
ik i kT WO AT
PAN B N NE
P+ P-

As shown, the energy meter applications include the following
functions of the main circuit: power supply circuit, display circuit,
measurement acquisition circuit, infrared communications circuit,
communication circuit 485, port detection circuit, [2C

communications circuit .
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3.2 Pin mapping table

Pin Name I/O Signal Name

number

1 Vss - GND

2 P121/X1 - System clock

3 P122/X2 | - System clock

4 P123 110 Port input format EEPROM function

5 Vbb - Supply Voltage

6 P34/RES | - Vacant

ET

7 INTP2 - Infrared receiver

8 INTPO - High-frequency pulse input

9 P40 I/O0 Power directional detection input

10 P41 le; User programming input port
detection

11 P42 I/0O INFRARED 38KHz output

12 TXD6 I/0O 485 send

13 RXD6 I/0 485 receive

14 P45 I/0 Communication indicator

15 P130 I/0 Pulse output

16 P23 I/O0 Pulse constant choice fractograph
CON2

17 P22 110 Pulse constant choice fractograph
CON1

18 P21 I/0 I°C-bus data communication port

19 P20 110 I°C -bus communication port clock

20 AVref - Connect with V¢c
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3.3 Control Circuit Power-Meter

Following is the power-meter control circuit of the circuit

examples .

3.3.1 Power supply circuit

110 78L03
0l TRLEY ViC
LH4007 —-
N v g ouT —
By, =
I{mqum‘
+ ™ +
].N]:':BUU? ECIS —Cla 217 E |l L 7]
H 10000 Fsy-{ 104 TR 104
; I
I{lmum
Ic1l Ll
§ 8103 +
5 TRLLZ 455
= N 3y g iy —_—
L1407 =
+ +
ECH — 20 03l
o20UFRsy | 104 i —quumsv

EE i’jﬁ iHZ'E /5}\485GND

Power principle is very simple, not in detail .
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3.3.2 Display circuit
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In the circuit, SDA and SCL is the 12C bus with the CPU
communication, 9793 is a LCD driver chip, it sent the CPU data into
a paragraph code and code to the LCD, the realization of show. In
the circuit design, attention should be paid to the design of VLCD,

see data sheet 9793.
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3.3.3 Measurement Acquisition Circuit
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VIN graph is zero line N, V2N is sampling voltage signal into the

voltage channel 7755.
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The 7755 sample is the schematic diagram, RF is manganese
copper, for sampling current signal through the current sampling
circuit into VIP, VAN current channel sampling. Pulses is the high
frequency pulse signal for the CPU power sampling. REVP is the

direction of electric power signal for the CPU deal with.
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3.3.4 Infrared Communication Circuit

R o
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The communication circuit through the single-chip design
process to achieve infrared communication functions. When the
infrared emission tube to 38KHz frequency of firing, the infrared
receiver to the first low-level output; when the infrared emission did

not launch tube, the infrared receiver head high output.
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3.3.5 485 Communications Circuit
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In 485 communication circuit , CPU and communications
circuits to achieve electrical isolation by optocoupler circuit ,
prevent users from mistakenly 220V received A, B terminal, the

damage to the hardware circuit.

51



3.3.6 Port detection circuit
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The figure above, PROG button and the CLEAR and CPU

detection circuit composed of the port, did not press the button, the

port is on the drawing for the high; when the button is pressed, the

port and GND shorted, low.
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3.3.7 I°C and EEPROM communications circuit
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Under normal circumstances, SDA and SCL to be pull-high,

CPU access, it will pull down SCL to arouse the attention of

EEPROM, the establishment of communication.
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3.4 Machine Schematic
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Chapter IV Functional Design
4.1 Control Operation Display Interface

4.1.1 LCD display interface reference chart is as follows :

HEEESHHEH.
<1k R B8 ERS S =0mimpkWh| |

- L

Electricity above shows: 6 integers, 2 decimals. LCD display
that there are many icons, the icon used for the following functions :
< The icon used to indicate the reverse power, when power for
the reverse direction, the display; Otherwise, do not show .

BE The icon is used to indicate the current display shows the
contents of electricity .

B%  The icon is used to indicate the current display shows the
contents of the correspondence address energy meter.

& The icon is used to indicate successful communication,
when communication is successful, the icon shows that the
continuing disappearance of one seconds later .

5 The icon used to indicate the status of the mouth
programming, programming port shorted, the icon shows, and
continued until | disconnect disappear after programming .

=) The icon used to indicate the wrong password three times,
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and if the wrong password more than 3 times, the icon, users will
not be able to re-programming of the energy meter or cleared; to a
power blackout, the icon disappears, you can normal programming
or cleared .

mkWh  The icon used to indicate the current display shows the
contents of the unit, which shows the constant power units .

kWh The icon used to indicate the current display shows the

contents of the unit, which shows the power unit .

4.1.2 Can be set up display
Way 1 - shows the current power
Way 2 - Timing flip screen shows the following content (flip screen
cycle 1 ~ 9 seconds) :
Display Interface:
First screen - Displays the current power
second screen - Display Energy Meter No. Bureau (low 8bit)

Third Screen - Display Energy Meter constant
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4.2 Functional Requirements

4.2.1 Basic Functions

4.2.1.1 Meter using the internal power transformer.

4.2.1.2 Energy Measurement: positive, active energy metering
function RP, reverse active electric power by being cumulative.
When the power reverse, the screen icon <7 display .

4.2.1.3 Energy Meter constant power through the hardware
settings, you can set a constant value of power there:
800,1600,3200 imp / KWh.

4.2.1.4 Have capability for school, collecting electric energy, active
power pulse output for the Passive Optical Isolated OC output ports
doors, waveform for the square wave, pulse width: 80ms + 20ms.
Pulsed light in the power supply when there is no current, Always,
used to indicate power status; in to pulse when the anti-Semitic

80ms + 20ms, and then lit.

4.3 Extensions Function

4.3.1 Communication Functions
4.3.1.1 Infrared communication and RS485 communication at the
physical layer independence, a communications channel to another

shall not affect the damaged channel. Communication baud rate:
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2400bps, half duplex, in the light of DL/T645-2007 standards.
Command response time frames in the 20-500 ms.

4.3.1.2 Infrared communication interface: Communication distance:
= 5m, communications angle: = + 15° .

4.3.1.3 RS485 communication interface: In order to protect the
meter, RS485 communication interface and the internal meter
circuit implementation of the Electrical isolation and failure
protection circuit (to be capable of sustaining AC220V attacks, the
duration of 2 minutes is not damaged).

4.3.1.4 After the success of communications, communications
indicator lit, the screen icon indicates that one seconds after the

indicator light is off, the icon disappears.

4.3.2 Security

4.3.2.1 Meter with a hardware switch programming, and can be
sealed .

4.3.2.2 With the programming software password, the factory is
000000, table of the power enterprises, the re-replacement
password .

4.3.2.3 Must be programmed in hardware switch closed and the
correct password can be programmed .

4.3.2.4 \Verify that the password wrong three times, the icon
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& ,users will not be able to re-programming of the energy meter or
cleared; to a power blackout, the icon disappears, you can normal
programming or cleared .

4.3.2.5 Zero-power complex: programming in hardware switch
closure and password are correct, the permit for the restoration of

electricity meter zero .

4.3.3 Programming function

4.3.3.1 Programming Control: must refer to program security
requirements.

4.3.3.2 Programming Password: programming of the meter when
the meter in order to protect the reliability of data for
password-protected.

4.3.3.3 Programming Content: programming content including:
meter Address (Board No.) settings, programming modifications,
such as a password.

4.3.3.4 Programming inspection: the programming project can
check the function of meter reading and meter management master
station computers to achieve. Back copied all the settings and
display data for staff than for inspection.

4.3.3.5 Formatted EEPROM: Energy Meter | have to format (or

button), when | shorted when formatted, EEPROM data cleared,
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that is, electricity, password, table address, through a significant
number of screens, each screen display time, software, school

tables, etc. into the correct value of zero.

4.3.4 Meter Reading functions:
4.3.4.1 The Reading Machine can be copied code, the current
consumption data.

4.3.4.2 Flow of meter reading as follows:
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4.4.5 Automatic School Table Function
Through infrared, or 485 pairs of 7755 pulses of high

frequency numerical adjustments, software school table.

/795 MCU/8F 924
HHL KA
CFH CFH CFL -
W2 ik
R £ N
L KA

Software on the school map is schematic form, the figure was
7755 of the CFH output high-frequency pulse, CFL is a single-chip
microcomputer software school after the low-frequency pulses,
namely, School Table pulse, f is the correction factor, N is
equivalent to sub - frequency coefficient, the error in the test table
for 0:00, the figure above correction factor f = 1, when the school
for x when the error, f = 1 + X, x can be a positive number can also
be negative. Software School table is calculated through the error
correction coefficient, thereby changing the frequency coefficient,
the realization of the frequency of CFL and standard tables are
consistent.

School tables software error correction range: in the EEPROM
format after less than + 25.99% in error, software, schools can form

a good school; other cases, software can not guarantee the school

61



table.

Software School Table error adjustment fineness: EEPROM in
the format, the error of adjustment for fineness of 0.10%; other
cases, regulation of uncertain size, but should be close to 0.10

percent.
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Chapter V The Software Flow Chart

5.1 Procedures For The Total Process Module

Module Function Description: procedural power, the hardware
implementation of Power-Clear function, when the voltage> 2.2V,
the hardware reset signal release, procedures to enter the
initialization, configuration procedures, in the configuration process
to prohibit interruption, configuration is complete, permit
interruption, into the main circle, on the procedures to respond to

inquiries or interruption.
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The total flow chart :

FHEEFRAL

(ot

SR b ¥

I AR

I A B

oA &

JEVFH

LAHIA
Y
S B A BT SS

5.2 Cycle The Main Module

Module Function Description: power on initialization procedure
done after the main cycle, in the main loop, the program first-money
watchdog, followed by a second query, in accordance with each
display time and display the contents of display counter to

determine the content and the display content into the display
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buffer is displayed; in the detected data symbol received after the
data reception function call, receiving an order, according to the
received identification data to determine the order of
implementation of the corresponding treatment; when the
command after treatment, Return prepare data and send into the
buffer zone; when detected signs send data after the call Send
function, each time | send a byte, until 16H send completed; when
the program detects that EEPROM formatting marks, the Executive
formatted EEPROM key treatment procedures; When detected
after the power-down signs, procedures and so on need to
preserve the power to write data EEPROM, and start the cycle of
death, waiting for the hardware end of capacitor discharge; in the
above-mentioned process, if there is interruption occurs, the
program will be interrupted at any time embedded service
procedures, response-related events, then return to the
pre-interruption position to continue to implement; procedures in
the entire process, constantly judge signs and the implementation

of eligible events mark again and again.
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The main cycle diagram :
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5.3 Power-processing module

Module Function Description: In the deal with aspects of power,
mainly through the use of low-voltage detector to achieve the
function of LVI. Procedure after power-on detection of power supply
voltage Vpp is greater than the detection voltage V,,, each
detection time, delay of 50 milliseconds, if ten consecutive times
detected power, let down treatment program, otherwise, the
program reset, re-detection of the beginning of power.

Related register applications: low-voltage detector LVI here is

so used :

Low-voltage detection register LVIM:

7 6 5 4 3 2 1 0
LVION | O 0 0 0 0 LVIMD | LVIF
1 0 0 0 0 0 1 0

LVION: =0, the prohibition of operation;
=1, permit to operate.
LVIMD: =0, the supply voltage VDD <detection voltage VLVI,
the resulting interruption;
= 1, power supply voltage VDD <detection voltage
when VLVI, resulting in reset;

LVIF: = 0, the supply voltage VDD> = detection voltage VLVI,
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Low-voltage detection level select register LVIS:

or when the prohibition of operation;

= 1, power supply voltage VDD <detection voltage

when VLVI;

6 5 4 3 2 1 0
0 0 0 LVIS3 | LVIS2 | LVIS1 |LVISO
0 0 0 0 0 0 0

LVISO ~ LVIS3: = 0, set the detection voltage of 4.3V £ 0.2V.
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Deal with power-diagram:
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5.4 Display processing module

Module Function Description: LCD in the handle area, mainly
through the use of LCD Driver IC BU9793FS to achieve, the chip
data sheet can be downloaded from

http://www.gezhou.net/pro_more.asp?unid=866 . The main loop in

procedure, procedures query once per second, to determine
whether the implementation of display processing module, when
the per-screen display continued after the end of time, the program
shows the contents of the counter plus one, to determine the next
screen shows the content and display content delivery into the
display buffer, if this is the first time to the display buffer to send
data, first configuration register 9793 to 9793 the data into the
display buffer, and displayed; after the procedure to re-screen
display time for each delay length of time, cycle the contents of the
above, when the display shows the contents of counter is greater
than a few hours to show the contents of counter cleared, a fresh

start, to achieve round-screen display.

9793 related to register the application:

Chip set registers operate ICSET:

7 6

5

4

3

C 1

1

0

1

P1

PO
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1 1 1

0

1

C: command or data to determine bit:

= 0, the next BYTE data is written into the RAM;

=1, under the command of a BYTE.

P1:

= 0, not to implement the software reset;

= 1, the implementation of software reset;

P0O: OSC mode:

= 0, the internal shock circuit;

= 1, external clock input;

Display Control Register DISCTL.:

7 6 5 4 3 2 1 0
C 0 1 P4 P3 P2 P1 PO
1 0 1 1 1 1 1 1

C: command or data to determine bit:

= 0, the next BYTE data is written into the RAM;

= 1, under the command of a BYTE.

P3, P4: Power saving mode settings:

Power saving mode

P4

P3

RESET Initial status

Normal mode

0

0

(@)
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Power-saving mode 1

Power-saving mode 2

1

0

Power-saving mode 3

1

1

Current work is based on: normal mode> power-saving mode 1>

power-saving mode 2> power-saving mode to reduce the order of

3.

P2: Set LCD driver waveform:

Setting P2 Initial value

LINE flip 0 o

FRAME flip 1

Current work is LINE flip> FRAME's.

P1, PO: power-saving mode settings:

Power saving mode P1 PO Initial value
Power-saving mode 1 0 0

Power-saving mode 2 0 1

Normal mode 1 0 o

High-level consumption mode

1

1

Current work is based on power-saving mode 1> power-saving

mode 2> Normal mode> 5%t Hi, model order increased.




All show the paragraph control register APCTL:

7 6 5 4 3 2 1 0
C 1 1 1 1 1 P1 PO
1 1 1 1 1 1 0 0
C: command or data to determine bit:

= 0, the next BYTE data is written into the RAM;

= 1, under the command of a BYTE.
P1: setting full-screen display lit:
APON P1 Initial value
Normal Mode 0 o
Full Highlight 1
PO: the abolition of full-screen display lit:
APON PO Initial value
Normal Mode 0 e
Full Highlight 1
Model shows that register MODESET:
7 6 5 4 3 2 1 0
C 1 0 * P3 P2 * *
1 1 0 0 1 0 0 0
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C: command or data to determine bit:
= 0, the next BYTE data is written into the RAM;

=1, under the command of a BYTE.

P3: set display On, Off:

APON P3 Initial value
Display On 0 o

Display Off 1

P2: Setting Bias:

APON P2 Initial value
1/3Bias 0 o

1/2Bias 1

Address setting register ADSET:

7 6 5 4 3 2 1 0
C 0 0 P4 P3 P2 P1 PO
0 0 0 0 0 0 0 0

C: command or data to determine bit:
= 0, the next BYTE data is written into the RAM;
=1, under the command of a BYTE.

P4 ~ P0O: According to P4 ~ PO designated address data to set the
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address counter.

Diagram shows the procedure:
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5.5 I°C module deal

Module Function Description: [12C-bus using 2-wire bus
interface circuit to achieve the exchange of information between
devices, 2-wire serial interface circuit is the clock line SCL and the
serial data line SDA composed. Each device has a unique address,
and, in accordance with the details of function can be divided into
transmitter and receiver, in accordance with the role of different
sub-device-based devices and from devices, the main device is to
initiate, control, the end of the exchange of information devices,

from devices Addressing the main device to device; SDA and SCL

76



are bi-directional, and pull-through resistance was as high, which
constitute the circuit is idle. Their communications rate of 100 ~
400Kbps, in the SCL is high during the period, SDA line high to
low-level changes in the formation of START timing, and the SDA

line low to high changes in the formation of STOP timing.

See the figure below :

Figure 1: START and STOP circumstances

/_"E_

Start condition Stop condifion

Figure 2: I°C bus valid data

scL 4/ \ / \

: Data line stable : Change of
| Data ‘alid | data allowed

o [ R

Data on SDA in the SCL is high when effective, will be in the
low-level change, every time data transmission are high in the

former, low in the post, all the byte bus, there will be a response to
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treatment, response is the in the SCL the first nine cycles appears
low, it is generated by the receiver. Data transmission timing is as

follows:

Figure 3: I°C bus video tapes, non-response

4
/ X X ;:X / Mon-acknowledge
)

Diata output
by transmitter

MSE (High)

\.ﬁl::knnw:edge
SCL from | i f L / \ (Lovwr)
Master w i ’
|

|

I

|

(T |
Start condition

Diata output

|
|
|
|
l
}
: |
by receiver |
|
|

Clock pulse for
acknowledgment

If the receiver can not receive data or in the beginning and after
the transfer from the device, between master and slave devices in
accordance with the requirements of data exchange, once the last
byte and respond to the exchange after the end of the device

issued by the end of the main signal, the release of I°C bus.
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I°C program diagram
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EEPROM Description :

Here, we ROHM’s EEPROM to tell, ROHM’s EEPROM and
other generic manufacturers, are in strict conformity with the 12C
bus protocol, in single-phase watt-hour meter used on the capacity
of EEPROM is generally less than 64Kbit, we here used is the
capacity of 4Kbit the BR24L04-W, BR24L04-W data sheet

http://www.gezhou.net/down.asp?classid=172 can go to download;

EEPROM using 12C interface circuit of the device, the device A2-A0
is the device hardware address, the adoption of the address, can
be achieved in the 12C bus articulated on a number of EEPROM,

articulated the following table is the quantity and the types of

correspondence .
Setting R/W to 0 — write (setting 0 to word address setting of random read)
Setting R/W to 1 — read
Type Slave address I noRe w 1] o & ] vee

BR24LOTA-W |1 0 1 0 A2 Al AD RW 8 ) .
BR24L02-W I 0 1 0 A2 Al A0 RW 8 [z EReasew [Fw
BR24L04-W 1.0 1 0 A2 Al PS RW 4 =
BR24L0&-W 1.0 1 0 A2 P1 PO Rw 2 =l
BR24LTE-W T 0 1 _0 P2 Pl PO RW 1
BR24L32-W 0 1 0 A2 Al AD RW 8 we[7]
BR24L64-W I 0 1 0 A2 Al AD Riw 8

PS5, PO ~ P2 are page select bits.

Note) Up to 4 units of BR24L04-W, up to 2 units of BR24L08-W, and one unit of
BR24L16-W can be connected.
Device address is set by "H" and "L" of each pin of AD, A1, and A2.

EEPROM in the main device to find the address, we will in
accordance with the design requirements for data reading and

writing, for continuous time, continuous time can be 256 bytes; for
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consecutive write can only write one, if in excess of the page
quantity, it will cause a somersault, and then from the page address
of the location of the first began to write, each page number of

bytes to write as follows :

List of numbers of page write

N bes B Byte 16 Byte 32 Byie
oroquct | BRALOTAW | DRAALDAW o aw
number | BR24L02-W BRAALOSW oot eaw

BR24L16-W

The above numbers are maximum bytes for respective types. Any bhytes
below these can be written.

In the case of BR2Z4LOZ-W, 1 page = 8 bytes, but the page write cycle write ime is Sms at

mazimnum for Bhyte bulk write.
It does not stand Sms at maximum = 8 bytes = 40ms (Masx. ).

EEPROM timing is a standard 12C timing, in front of which has
been mentioned in this reference is not tired, if you need detailed

information, please go to the manual to find the data.
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5.6 Infrared communication module

Infrared communication module  Description: Infrared
communication infra-red as a communications carrier, through
infrared light spread in the air to transmit data, it is by infrared
transmitter and infrared receiver to complete. In the transmitter,
sending the digital signal through an appropriate modulation coding,
the transformation into the electro-optical circuit, the infrared
emission tube into infrared light pulses launched into the air; in the
receiver, infrared receiver infrared docking Receiving light pulses to
photovoltaic conversion, demodulation decoding recovery of the
original signal. Infrared communication as a means of data
transmission can be applied on many occasions, such as home
appliances, entertainment facilities, infrared remote control, water,
electricity and gas energy measurement, such as automatic meter
reading.

Infrared communication in order to realize a thought: The next
in the infrared receiver INTP2 mouth falling edge detection signal, if
convinced, consider the position on the start bit, then the prohibition
of INTP2 interrupted, started to do the ordinary 1/O port, receive
data, and its timing is achieved through the timer TMOO, sender and
recipient are in accordance with the timing TMOO agreed 833us

timing started at the same time, the latter in every 833us, the the
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data to send out one and receiver are received after the beginning
of the signal in each receive a 833us period, when a byte of
communications after the sender to send parity bit, the receiving
party according to the agreement agreed to receive to determine
parity bit to determine bytes received and sent from the same
sender, and finally, sending side to send stop bit to tell the recipient,
the end of the byte communication.

Infrared communication transmission byte format: one start bit,
8 data bits, 1 parity bit, 1 stop bit. Low the previous data, high in the
post.

Infrared communication baud rate: 1200bps.

Baud rate calculation :

Pre-register sub-frequency mode PRMOO :
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6 3 I 3 2 1

PRMOO [ ES110 ES100 ES010 ES000 I ] 0 PRMO01 PRMO00D
ES110 ES100 TI0N0 51 ik
0 F B
1 kA
0 2L
1 b PRI R R 2 AGe

E3S010 EZS000 TIOOO 5| B M ik
] P R
1 b
0 Bl
1 b i AT S B 2 A e

PRMO01 PRMO00 Pt S bk
0 fee (10 MHz)
1 fw/2° (2.5 MHz)
0 £/2" (39,06 kHz)
1 TIONO B ™™

B L for (AN MNP
2. (): fw =10 MHz

B AMEUB ISR A B o) ST OB

16-bit timer/capture compare register CR000 : CR00O is a 16-bit
register, used for comparison here Register, CR0O00 settings with
16-bit timer/counter value of the TMOO constantly compared, when
the value of equal generated interrupt request (INTTMO0O0O), at any
time to respond to infrared transceiver service program byte
frames.

PRMOO0 = 0X01; settings TMOO count clock counter for 8BMHz / 4
=2 MHz, the cycle is 1/ 2 = 0.5us;

CRO00 number will be able to let the baud rate to 1200bps it?
TMOO timing means that the number of time periods, the

communication of data 1, the baud rate for 1200 is 1 seconds to
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communications 1200, then used a communication 1/1200 seconds,
that is 833us, so, TMOO timing period of 833 us, therefore, CR000 =
833/0.5 = 1666 = 682H.

Infrared communication flow chart :
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5.7 485 Communication Module

485 Communication Module Description: asynchronous serial
communication widely applied to industry, the majority of RS-232
communications. 232 short communication distance, about ten
meters, for long-distance communications, 232 through 485
interface circuit 485 is converted to the TTL-level, this can be
achieved long-range communications (less than 1200 meters), so
the use of 485 watt-hour meter. Communications prior to the

relevant register in accordance with the communication byte

88



transmission format is configured so that data can begin to send
and receive work. Its communication rate can be adjusted through
programming. The entire communication process is through
receive buffer register 6 (RXB6) and send the buffer register 6
(TXB6) to achieve, and the asynchronous serial interface reception
error status register 6 (ASIS6) at all times to monitor the received
data accuracy, asynchronous string line interface to send status
register 6 (ASIF6) at all times to monitor the status of data
distribution.

485 communication bytes transmission format: one start bit, 8
data bits, 1 parity bit, 1 stop bit. Low the previous data, high in the
post. Here through the asynchronous serial interface operation
mode register 6 (ASIM6) configured to be realized.

Infrared communication baud rate: 2400bps .

Baud rate calculation: Here we have adopted on-chip baud rate
generator, it is necessary to register a choice of baud rate
configurations. External hardware clock frequency of the shocks
Fxp, through the clock selection register 6 (CKSR6) for
sub-frequency reference clock generated Fxclk6, through Fxclk6
reference clock baud rate generator control register 6 (BRGCO6) set
the UART serial port 8-bit counter sub - frequency value, to

generate a clock frequency, the frequency is 2 times the baud rate.
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Therefore, the formula for calculating the baud rate as follows :

fxp
21X K

R =

Fxp: external hardware clock frequency of concussion; clock
generator configuration: Here is the processor clock control register
PCC and pre-processor clock control register is configured to
become a full-PPCC after zero, Fxp = internal high-speed clock
concussion Fx (8MHZ) here Fxp = 8 MHZ, that is, the system
clock .

2™n: it is by the clock selection register 6 (CKSR6) configuration,
where CKSR6 = 0x05; determine the n value of 5 .

K: It is by the baud rate generator control register 6 (BRGC6)
configuration, where BRGC6 = 52 hours, through the above
formula and determine the relevance of the variable's value, you

can calculate the baud rate = 2400.
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485 communication flow chart:
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5.8 Frame communication module

Communication module frame Description: 645 in the new statute,

the definition of a data as follows :

Head | Contro | Length | DIO. DI1. DI2. DI3 | Checkout | The

end

er | code |L Data & CS of FU 16H

Header: 68 A0 A1 A2 A3 A4 A5 68
AO0-A5 for meter code .

To receive data in a process: in receiving pre-FEH byte, if
received by the first 68H, began to receive the Bureau meter
number (address), close enough after seven bytes to determine the
first 8 bytes whether it is the second 68H, if correct, we can
continue to receive control code, and data length, the length of the
data checksum CS can determine the location of CS in the
admission before the end after all the data on these data checksum
calculation, when the calculation of CS and CS received the same,
it can be identified in front of all the data received is correct, simply
click again to judge the end of the last address is 16H, if it is, this
frame to receive all correct.

Preparation of data: When the implementation of the command
after the completion of treatment, it is necessary to prepare relevant

data, and placed in the send buffer.
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Sending a data process: first send a preamble be FEH PC
wake-up call, and then prepare to send the buffer zone where good
data delayed by 20 milliseconds to send sent. When 16H sent after

the reset communication variables.

Frame communication diagram
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5.9 Order processing module

Order processing module: the receiving module to receive a
data Add to the receiving buffer, the program first to determine the
authenticity of the address table, and then to determine the correct
control code to determine the nature of the orders, if the order is
written order, but also to judge the correctness of the password and
hardware programming whether | shorted, only the password is
correct and programming | shorted only permit-related events
programming, event data is written into the use of first EEPROM,
then read the data in EEPROM out to the RAM area, the
completion of the correct programming operation; if the password is
incorrect or programming | have not shorted, the program of related
events will not be programmed, at the same time to return the
relevant error code, or no response. At this point the command to

complete a deal.
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Treatment order diagram
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5.10 4ms timer TM80 interrupt regular processing module

4dms timer TM80 interrupt
Description: The module is interrupted to realize once every 4ms
interval interrupt service routine, the need to regularly do the work,
such as keyboard scanning, power direction, energy constant, the

occurrence of such signals seconds. Here are the relevant timer

configuration :

regular

8-bit timer mode control register 80 TMC80 :
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(1) 8 fir 2 b B =0 R ¥ 7 2% 80 (TMCS80)
TMCS0 Fil 3 feifF ekl 8 £ 52 i 28 /1 3 88
i THI 1 fire% 8 {i FEifi bR fEd

+ 80 (TM80) AUER{E. Jal Hl k%% TMs0 B3t ELetib.

THIR®.

P 7—4 8 AR R AF 2% 80 (TMCB0) AU

Hhhk: FFCOCH FrfS - 00H S5
e <7 [} 5 1 3 2 1 (]
TMCEO TCEBO 0 (1] 0 0 TCLE01 TCLB00 0
TCEBO TMBO AY 450t 47
o HOEEE ( TMBO FEFEF).
1 VTR 1E.
TCL801 TCLEOO 8 4 sE B 80 BY M bt dE
fwr = 8.0 MHz f= = 10.0 MHz
o 0 fx=/2" 125 kHz 136. 3 kHz
o 1 fx=/2° 31. 25 kHz 39. 06 kHz
1 0 fre/2" T.81 kHz 9.77 kHz
1 1 fz2/2" Q.12 kH=z 0. 15 kHz

R 1 ER RS IEE SN TMCE0 EFTRE .
2 HEO{IFE 6 [ ITEE.

TMC80=0X84;//enable count,interval is 1/7.81KHz=128us, At &
JE 28 TN B 7.81KHzZ,
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8-bit compare register 80 CR80 :

(1) 8 {i k5% 774% 80 (CR80)
v H i GHAREE S 8 (i 48/ THEE so M(EUHTER R, = 8 (i 37 fE 4% 80 I1H S 8 g

5 (INTTMBO) .

W4k ® . TLEF Y 00H—FFH.

B 7—2 8 fikh#EE#4% 80 (CR80) &

Miufik : FECDH BirkE: AEE ng
s 7 B 5 4 3 2 1 0
creo | | | | | | | | |

FEREON et R ERF, e creo MYE. WA T BRI M B EE creo BO{E, DAL HIE A R
*E5.

CR80=0x20;//128us*32=4ms, TM80 configure the timing cycle for 4

ms.

4ms timer TM80 interrupt regular processing module flow chart:
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5.11 Port detection module

Port detection module Description: Detection of the substance
of the port is the keyboard scanning, from time to time in order to
achieve detection of a fracture state the purpose of the use of timer
timing the interval between the completion of a period of time, so
that might dispense with the software program code from time to
time, and so in response to more timely, so simple and clear
procedures.

Port detection diagram :
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5.12 Software School Table Module

Software School Table principle:

/ /20D MCU/8F 94
HEL KA
CFH CFH CFL ————
e 22 Rk
. £ %N
KA

Automatic table functions: through infrared or 485 pairs of 7755
pulses of high frequency numerical adjustments, software school
table.

Software on the school map is schematic form, the figure was
7755 of the CFH output high-frequency pulse, CFL is a single-chip
microcomputer software school after the low-frequency pulses,
namely, School Table pulse, f is the correction factor, N is
equivalent to sub - frequency coefficient, the error in the test table
for 0:00, the figure above correction factor f = 1, when the school
for x when the error, f = 1 + X, x can be a positive number can also
be negative. Software School table is calculated through the error
correction coefficient, thereby changing the frequency coefficient,
the realization of the frequency of CFL and standard tables are
consistent.

Software form the formula for calculating school :
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‘ 10000 + RZEMEH X100 + EZERI/ME \
div_CF_N =— = e = X dliv_CF _NO

For example: error of 12.25, div_.CF_NO = 1122,

11ees

div_CF_N =—
10000

X 1122 = 1259.4450

Another example is: error is -12.25, div_CF_NO = 1122,

8775
10000

div_CF_N = X 1122 = 984.5550

As the single-chip does not support the 11225 x 1122, so the
calculation can only be carried out to large numbers into a smaller
number, or the realization of multiplication into addition. See below
formula:

1200

11ee
10000 X + 10000
e 5

=112+ 00 X 1122 + mooxuaa

=llee4 134.64 (& 4 28050 (HD

o

div_CF _N :1188—|— X 11ee

— 1258

As the MCU in FFFFH variable value is greater than 10000 in
addition to computing an error, if error of the fractional part of a
larger number, such as 85, then 85 x 1122/10000 can not be
directly realized, therefore, divided by the operator, and than
computing dividend minus the divisor can only be used many times
to achieve.

The remainder will be discarded as a result of the loss of

accuracy, resulting in software school table errors, so to calculate
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the balance, to achieve a one-off to a good error correction. The

following formula shows this algorithm.

div_CF_N =1122 4 134.64(A&E X -+ 28050 (A&

=122 4134 + 2 +%4508500

=1258- 14900 (PYS AR, [H5/h15000, Fif bl 2o
= 1259

School tables software error correction range: in the EEPROM
format after less than £ 25.99% in error, software, schools can form
a good school; other cases, software can not guarantee the school
table.

Software School Table error adjustment fineness: EEPROM in
the format, the error of adjustment for fineness of 0.10%; other
cases, regulation of uncertain size, but should be close to 0.10

percent.
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School software program flow chart form:
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5.13 Constant power port detection module

Constant power port detection module Description: In order to
achieve a common procedure, the way hardware configuration of
the power energy meter constant, through the I/O port-level testing,
to determine the current state of the corresponding energy constant,
the measurement for the energy meter to provide standard scale.
The module also used the substance to achieve TM80 regular 4ms
interval scanning, real-time detection.

Constant power port detection diagram:

104



TMB0 sEI4m s HrkT A H:

o

N R
Y
12 G LTI ?
Y
HLAE T £3200

HHRE 2800

0 S, 2
Y
FHEE 20N 1600

AR )

5.14 High-frequency pulse processing module

High-frequency pulse processing module port Description: Due
to the high frequency of high-frequency pulse, pulse width of 18us,
the way through the query easy to lose count of high-frequency
pulse pulse, therefore, high-frequency sampling pulse interrupt

mode to be adopted. When the high-frequency pulse count to the
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frequency coefficient values, a low-frequency pulse will be
generated.

Ports handle high-frequency pulse diagram:
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5.15 Low-frequency pulse processing module

Low frequency pulse treatment modules Description: After the

arrival of low-frequency pulse, it is necessary to deal with it in real
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time, using TM80 regular 4ms way to let the instructions of the
pulse power lights flash out 80ms, to allow electricity to deal with
some of the accumulated treatment, when the measurement of the
binary, the to add the fractional part of 0.01 kWh, and then proceed
to BCD code adjustment, part of the entire electricity consumption
increased even moving, when the electricity to be binary integer, it
is necessary to save on electricity raphe integer, write EEPROM.

Low frequency pulse treatment diagram :
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5.16 Power + = 0.01 degrees of the processing module

Power + = 0.01 degrees of the processing module Description:
The measurement of power is always part of the beginning of a few
small, power-per-+ = 0.01 degrees, the decimal must be in
accordance with the treatment algorithm, when the 10 o'clock to
meet the seam on the hexadecimal A number of the system into

one to achieve a few hexadecimal decimal algorithm.
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Power + = 0.01 degrees handle diagram :

S

LR R B I 7 +=1

LT AD=0AH G ?

Y

21 +=06 ;

N

-~

EFD=A0H S ? >

i) FEL AL TR

XN T LR AR

L4 )

109



Chapter VI The list of programs

6.1 Variable naming rules

Software program naming a variety of variables, according to
inspection, there is no naming convention for all the programmers
agree that programming textbooks are generally not specified
naming convention. Naming rules for software Products are not
"the success or failure of death" thing, we do not spend too much
energy trying to invent the world's best naming rules, but should
develop a project to make the majority of members satisfied with
the naming rules, and in project implementation.

Software program like this, single-chip process variable naming
rules may even be impossible for the. But no matter how to rename
the final text will be designed to look to know the meaning of the
results, in order to ensure good readability of the procedure to
facilitate maintenance.

This procedure is intended to comply with hope to know the
principles of the text, in the procedures used English words or word
the first few letters or letter combinations of words to name
variables, and in proceedings related to the location of the Notes to

be in English to ensure the readability of the program.
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6.2 Variable list

Although the procedures are the explanatory notes in order to
allow readers to better and faster understanding of variables, read

the procedures to be here and then explaining the Chinese.

const unsigned char DIO_DI3 table [8] [5]; constant
two-dimensional array form, used to store identification data and
the corresponding data length.

const unsigned char address_table [8]; EEPROM data stored in the
address table.

sreg struct serial_address s; structure variables, used to array or
variable number of addresses to connect to together.

sreg unsigned char disp_buffer [10]; display buffer.

unsigned char received_data; used for temporary storage, or 485 to
receive infrared data.

unsigned char id_error_num; password error number.

sreg unsigned char comm_err_msg; communications error status

information word.

unsigned char clear_num; EEPROM cleared (that is formatted
EEPROM) to detect low-level detection of port number.

unsigned char prog num; programmed to detect low-level
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detection of port number.

unsigned char power_dir_num; power port to detect the direction of
detection of low frequency.

sreg unsigned char i_8bit; infrared transceiver needs a byte 11, 2 ~
9 is the data bit, i_8bit on the data bit count.

sreg unsigned char i_11bit; infrared transceiver needs a byte 11,

i_11bit this count to 11.

sreg unsigned char init_flags0; can be bit-addressable variables,
used to store flag.
sreg unsigned char init_flags1; can be bit-addressable variables,
used to store flag.
sreg unsigned char init_flags2; can be bit-addressable variables,
used to store flag.
sreg unsigned char init_flags3; can be bit-addressable variables,

used to store flag.

sreg unsigned char stage; to send and receive data in a count.
unsigned char datacounter; used to send and receive data in a CS
positioning, addition and other features.

unsigned char byteinterval; in the communication process of
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receiving, if the pause time between bytes is greater than 500ms, to
give up receiving data, byteinterval for time 500 ms.

unsigned char sendbyteinterval; in communications send process,
send interval is greater than 20 ms, sendbyteinterval for the 20 ms
time.

unsigned char gotframe; to receive communications procedures to
receive the return value, return value is 0, that receive an error for
the one that received the N-byte, 2 received an express data.
unsigned char * dataptr; data pointer.

unsigned char irbyte; infrared transceiver buffer register.

sreg unsigned char datastring [30]; communication buffer.
unsigned long residue; more than a few, in the procedure to do
summation using variables and then make dividend.

unsigned char energy consant [2]; power constant.

unsigned int CFH_counter; high-frequency pulse counter.

unsigned int div_CF_N; sub-frequency coefficients.

unsigned char pulse width_counter; low-frequency pulse width
80ms timer counters used.

unsigned char dispinterval; screen display interval of each variable.
unsigned char couter1pps; in seconds counter, for the time
period-second count.

unsigned char screen; multi-screen display when the round screen
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display counters, screen different values corresponding to different

display content.

Etc.

6.3 Code

See program files <slightly>
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