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The purpose of this project is to measure the insolation comparison between a
single axis sun follower in east-west direction and a fixed tilt collector. The solar
radiation was measured by two solar cells having the same short-circuit output
current.The amount of radiation during sun rise and sun set was measured by a dual
channel printing integrator. The carrying out experimens are 1) measurement of two
solar cells with the solar irradiance by pyranometer, 2) comparing the insolation

between fixed tilt and the follower in east-west direction from 6.00 t018.00. Result

Measuring East-West Daily Insolation
Mr.Burin Kanacharoen

Ms.Aree Mahamad

Asst.Prof. Wichit Sirichote

Assoc.Prof Surapol Rakvijai

Applied Physics

1997

Abstract

showed the follower gain the insolation higher than the fixed tilt by 20%.
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time Channei 1 Channel 2 Total 1 Total 2
8.10 34 34 34 34
8.20 44 44 78 78
8.30 44 45 122 123
8.40 44 44 166 167
8.50 45 45- 211 212
9.00 46 46 257 258
9.10 46 46 303 304
9.20 47 46 350 350
9.30 47 47 397 397
9.40 48 47 445 444
9.50 48 47 493 491
10.00 48 47 541 538
10.10 48 47 589 585
10.20 48 48 638 633
10.30 48 47 686 680
10.40 49 48 735 728
10.50 49 48 784 776

NN




11.00 49 48 833 824
' 11.10 49 21 882 845
11.20 49 48 931 893
11.30 49 48 980 941
11.40 49 48 1029 989
11.50 49 48 1078 1037
12.00 49 48 1127 1085
12.10 49 48 1176 1133
12.20 49 48 1225 1181
‘ 12.30 49 48 1274 1229
12.40 49 48 1323 1277
12.50 49 48 1372 1325
13.00 49 48 1421 1373
) 13.10 49 48 1470 1421
13,20 49 49 1519 1470
13.30 50 49 1569 1519
13.40 51 49 1620 1568
13.50 52 50 1672 1618
14.00 53 51 1725 1669
14.10 52 50 1777 1719
1420 51 49 1828 1768
14.30 51 49 1879 1817
14.40 50 49 1929 1866
14.50 50 49 1979 1915
15.00 50 49 2029 1964
15.10 50 49 2079 2013
15.20 50 49 2129 2062
15.30 50 49 2179 2111
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15.40 50 49 2229 2160
15.50 50 49 2279 2209
16.00 49 48 2328 2257
16.10 49 48 2377 2305
16.20 48 47 2425 2352
16.30 48 47 2473 2399
16.40 48 47 2521 2446
16.50 48 47 2569 2493
17.00 47 46 2616 2539
17.10 46 45 2662 2584
17.20 46 45 2708 2629
17.30 45 45 2763 2674
17.40 44 43 2797 2717
17.50 40 40 2837 2781,
18.00 39 39 2876 2796
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Results of 10-hour integration with constant current source
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Short circuit current vs pyranometer
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D/M/Y time channel 1 channel 2 total 1 total 2
13-Mar-98 6.00 0 0 0 0
13-Mar-98 6.10 2 2 2 2
13-Mar-98 6.20 7 T 9 9
13-Mar-98 6.30 22 22 313 31
13-Mar-98 6.40 31 31 62 62
13-Mar-98 6.50 34 34 96 96
13-Mar-98 7.00 36 36 132 132
13-Mar-98 7.10 &r 37 169 169
13-Mar-98 7.20 38 38 207 207
13-Mar-98 7.30 89 39 246 246
13-Mar-98 7.40 45 39 291 285
13-Mar-98 7.50 53 40 344 325
13-Mar-98 8.00 60 41 404 366
13-Mar-98 8.10 fits: 42 479 408
13-Mar-98 8.20 76 43 5565 451
13-Mar-98 8.30 ) 43 630 494
13-Mar-98 8.40 76 43 706 581
13-Mar-98 8.50 76 43 782 580
13-Mar-98 9.00 T 43 859 623
13-Mar-98 9.10 77 44 936 667
13-Mar-98 9.20 77 44 1013 il
13-Mar-98 9.30 Lr 45 1090 756
13-Mar-98 9.40 76 b 1166 800
13-Mar-98 9.50 78 46 1244 846
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D/M/Y time channel 1 channel 2 total 1 total 2
13-Mar-98 10.00 79 46 1323 892
13-Mar-98 10.10 79 46 1402 938
13-Mar-98 10.20 79 46 1481 984
13-Mar-98 10.30 79 46 1560 1030
13-Mar-98 10.40 79 46 1639 1076
13-Mar-98 10.50 79 46 1718 1122
13-Mar-98 11.00 7 46 1797 1168
13-Mar-98 11.10 79 46 1876 1214
13-Mar-98 11.20 80 46 1956 1260
13-Mar-98 11.30 79 47 2035 1307
13-Mar-98 11.40 80 47 2115 1354
13-Mar-98 11.50 80 47 2195 1401
13-Mar-98 12.00 80 47 2275 1448
13-Mar-98 12.10 80 47 2355 1495
13-Mar-98 12.20 81 47 2436 1542
13-Mar-98 12.30 81 47 2517 1589
13-Mar-98 12.40 81 47 2598 1636
13-Mar-98 12°8Q 81 47 2679 1683
13-Mar-98 13.00 81 47 2760 1730
13-Mar-98 1840 81 47 2841 1777
13-Mar-98 13.20 81 48 2922 1825
13-Mar-98 13.30 81 47 3003 1872
13-Mar-98 13.40 82 48 3085 1920
13-Mar-98 13.50 83 49 3168 1969
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D/M/Y time channel 1 channel 2 total 1 total 2
13-Mar-98 14.00 83 49 3251 2018
13-Mar-98 14.10 82 49 3333 2067
13-Mar-98 14.20 81 48 3414 2115
13-Mar-98 14.30 81 47 3495 2162
13-Mar-98 14.40 81 47 3576 2209
13-Mar-98 14.50 80 47 3656 2256
13-Mar-98 15.00 81 47 3737 2303
13-Mar-98 156.10 81 47 3818 2350
13-Mar-98 15.20 81 47 3899 2397
13-Mar-98 15.30 81 47 3980 2444
13-Mar-98 15.40 80 46 4060 2490
13-Mar-98 15.50 81 47 4141 2587
13-Mar-98 16.00 80 46 4221 2583
13-Mar-98 16.10 80 46 4301 2629
13-Mar-98 16.20 80 45 4381 2674
13-Mar-98 16.30 79 45 4460 2719
13-Mar-98 16.40 79 45 4539 2764
13-Mar-98 16.50 79 44 4618 2808
13-Mar-98 17.00 79 44 4697 2852
13-Mar-98 17.10 79 44 4776 2896
13-Mar-98 17.20 78 43 4854 2939
13-Mar-98 17.30 78 42 4932 2981
13-Mar-98 17.40 T 41 5009 3022
13-Mar-98 17.50 73 40 5082 3062
13-Mar-98 18.00 72 39 5154 3101
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Exemplary of insolation measurement
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e AT89C2051

Features

® Compatible with MCS-51™ Products

o 2 Kbytes of Reprogrammable Flash Memory
Endurance: 1,000 Write/Erase Cycles

2.7V to 6 V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-lLevel Program Memory Lock

128 x 8-Bit Internal RAM

15 Programmable (/O Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-Chip Analog Comparator

Low Power Idle and Power Down Modes

0006060606 O06OOGS

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2 Kbytes of Flash programmable and erasable read only memory (PEROM). The
deyice is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout.
By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
AT89C2051 is a powerful microcomputer which provides a highly flexible and cost
effective solution to many embedded control applications.

The AT89C2051 provides the following standard features: 2 Kbytes of Flash, 128

bytes of RAM, 15 /O lines, two 16-bit timer/counters, a five veclor two-level interrupt .

architecture, a full duplex serial port, a precision analog comparator, on-chip oscilla-
tor and clock circuitry. In addition, the AT89C2051 is designed with static logic for
operation down to zero frequency and supports two software selectable power sav-
ing modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The Power Down Mode
saves the RAM contents but freezes the oscillator disabling all other chip functions
until the next hardware reset.

Pin Configuration

PDIP/SOIC
U
RST O 1 20 [0 vce
(RXC) P3.0 O} 2 1y P P17
(rxo) P3.1]3 18D P16
XTAL2 (] 4 170 Pis
XTAL1 ] S 16 |0 P14
(INTO) P3.2 3 6 15 P13
(NTi)pPs.s Q7 14 Pe12
(To) PS4 (] 8 13 [3 P1.1 (AINT)
orueP3sdoe 12 |3 P1.0 (AINO)
GND (4 10 11 2 P37

AlmEL

8-Bit
Microcontroller
with 2 Kbytes
Flash

0368C

317
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e e A T89C 2051

Pin Description

Veer

Supply voltage.

GND

Ground.

Port 1

Port 1 is an 8-bit bidirectional I/O port. Port pins P1.2 to
P1.7 provide intemal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
buffers can sink 20 mA and can drive LED displays di-
rectly. When 1s are written to Port 1 pins, they can be
used as inputs. When pins P1.2 to P1.7 are used as inputs
and are extemally pulled low, they will source current (liL)
because of the intemal pullups. g :

Port 1 also receives code data during Flash programming
and program verification.

Port3 <

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional l/O
pins with intemal pullups. P3.6 is hard-wired as an inputto
the output of the on-chip comparator and is not accessible
as a general purpose /O pin. The Port 3 output buffers
can sink 20 mA. When 1s are wiitten to Port 3 pins they
are pulled high by the intemal pullups and can be used as
inputs. As inputs, Port 3 pins that are extemally being
pulied low will source current (liL) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C2051 as listed below:
Port Pin | Alternate Functions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)
P3.3 INT1 (external interrupt 1)
P3.4 TO (timer 0 externai input)
P3.5 T1 (timer 1 extemnal input)

Port 3 also receives some control signals for Flash pro-
gramming and programming verification.

RST

Reset input. All VO pins are reset to 1s as soon as RST
goes high. Holding the RST pin high for two machine cy-
cles while the oscillator is running resets the device.
Each machine cycle takes 12 oscillator or clock cycles.
XTAL1

input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

AmEL

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use
as an on-chip oscillator, as shown in Figure 1. Either a
quartz crystal or ceramic resonator may be used. To drive
the device from an extemal clock source, XTAL2 should
be left unconnected while XTAL1 is driven as shown in
Figure 2. There are no requirements on the duty cycle of
the external clock signal, since the input to the interal
clocking circuitry is through a divide-by-two flip-flop, but
minimum and maximum voltage high and low time specifi-
cations must be observed.

Figure 1. Oscillator Connections

c2
————e— XTAL2
L
]
ct T
o—)|——e— XTAL1
® GND
L

Notes: C1, C2 =30 pF + 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Figure 2. Extemal Clock Drive Configuratioh

NC —————— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

GND

|
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Special Function Registers

A map of the on-chip memory area called the Special
Function Register (SFR) space is shown in the table be-
fow.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general retum

random data, and write accesses will have an indetermi-
nate effect. .

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

Table 1. AT89C2051 SFR Map and Reset Values -

0F8H OFFH
OFOH 8 OF7H
00000000
OESH OEFH
ACC
0EOH | oohsa300 0E7H
0D8H O0DFH
PSW
0DOH | 40000000 0D7H
0C8H OCFH
0COH 0C7H
0B8H P 0BFH
XXX00000
P3
0BOH | 44111111 0B7H
0A8H iE OAFH
0XX00000
0AQH 0ATH
SCON SBUF
98H | 60000000 : 9FH
P1
90H | 14111111 _ 97H
gt | TCON TMOD TLO TL1 THO TH1 oFH
88H | 00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000
SP DPL DPH ‘ PCON
80H 00000441 | 00000000 | 00000000 oxocxoooo | 87H

3-20
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Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel's growing family of microcontrollers. [t
contains 2 Kbytes of flash program memory. it is fully com-
patible with the MCS-51 architecture, and can be pro-
grammed using the MCS-51 instruction set. However,
there are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
be restricted such that the destination address falls within
the physical program memory space of the device, which
is 2K forthe AT89C2051. This should be the responsibil-
ity of the software programmer. Forexample, LIMP 7E0H
would be a valid instruction for the AT89C2051 (with 2K of
memory), whereas LJMP 900H would not.

1. Branching instructions:
LCALL, LUIMP, ACALL, AJMP, SIMP, JMP @A+DPTR

These unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that
the destination branching address must fall within the
physical boundaries of the program memory size (loca-
tions O0H to 7FFH for the 89C2051). Violating the physi-
cal space limits may cause unknown program behavior.
CJNE [...], DINZ [...], JB, INB, JC, JNC, JBC, JZ, JNZ
Vith these conditional branching instructions the same
rule above applies. Again, violating the memory bounda-
ries may cause erratic execution.

For applications involving interrupts the nomal interrupt
service routine address locations of the 80C51 family ar-
chitecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of intemal data mem-
ory. Thus, in the AT83C2051 the stack depth is limited to.
128 bytes, the amount of available RAM. External DATA

‘memory access is not supported in this device, nor is ex-

ternal PROGRAM memory execution. Therefore, no
MOVX [..] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. [t is the responsibility of the controller user
to know the physical features and limitations of the device
being used and adjust the instructions used correspond-

ingly.

ATWEL 0



ATMEL

Program Memory Lock Bits

On the chip are two lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the ad-
ditional features listed in the table below:

Lock Bit Protection Modes'"

Program Lock Bits
1Bt LB2 | Protection Type
1 u U No program lock features.
2 P U Further programming of the
Flash is disabled.
Same as mode 2, aiso verify
3. PP | disabled.
Note: 1. The Lock Bits can only be erased with the Chip Erase
operation
Idle Mode

in idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0 and P1.1 should be set to ‘0’ if no extemal pullups are
used, or set to '1' if external pullups are used.

It should be noted that when idle is terminated by a hard-
ware reset, the device nommally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hard-
ware inhibits access to intemal RAM in this event, but ac-
cess to the port pins is not inhibited. To eliminate the pos-
sibility of an unexpected write to a port pin when idle is
terminated by reset, the instruction following the one that
invokes Idle should not be one that writes to a port pin or
to extemal memory.

Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-
chip RAM. The reset should not be activated before Veo
is restored to its normal operating leve! and must be held
active long enough to allow the osciliator to restart and
stabilize.

P1.0 and P1.1 should be set to '0' if no extemal pullups are
used, or set to *1' if external pullups are used.

3-22

Programming The Flash

The AT89C2051 is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the érased state (i.e., con-
tents = FFH) and ready to be programmed. The code
memory array is programmed one byte at a time. Once the
amay is programmed, to re-program any non-blank byte,
the entire memory array needs fo be erased electrically.
internal Address Counter: The AT89C2051 contains
an intemal PEROM address counter which is always reset
to 000H on the rising edge of RST and is advanced by
applying a positive going pulse to pin XTAL1.

_Programming Algorithm: To program the AT89C2051,

the following sequence is recommended.

1. Power-up sequence:
Apply power between Vcc and GND pins
Set RST and XTAL1 to GND
With all other pins floating, wait for greater than 10
milliseconds

2. SetpinRSTto 'H'
Set pin P3.2to 'H'

3. Apply the appropriate combination of 'H' or 'L’ logic
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of
the programming operations shown in the PEROM
Programming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM ar-
ray or the lock bits. The byte-write cycle is self-timed
and typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V
to logic 'H' level and set pins £3.3 to P3.7 to the ap-
propiate levels. Output data can be read at the port
P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the internal address
counter. Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advanc-
ing the address counter for the entire 2 Kbytes array
or until the end of the object file is reached.

10.Power-off sequence:
set XTAL1 to 'L’
setRSTto L'
Float all other /O pins
Tum Vcc power off

AT89C2051 _—
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Data Polling: The AT89C2051 features Data Polling to

indicate the end of a write cycle. During a write cycle, an

attempted read of the last byle written will result in the

complement of the written data on P1.7. Once the write

cycle has been completed, true data is valid on all outputs,

and the next cycle may begin. Data Polling may begin any

time after a write cycle has been initiated.

Ready/Busy: The Progress of byte programming can

also be monitored by the RDY/BSY output signal. Pin

P3.1 is pulled low after P3.2 goes High during program-

ming to indicate BUSY. P3.1 is pulled High again when

programming is done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been

programmed code data can be read back via the data

lines for verification:

1. Reset the intemal address counter to G00H by bring-
ing RST from ‘L' to 'H'. g

2. Apply the appropriate control signals for Read Code
data and read the output data at the port P1 pins.

3. Pulse pin XTAL1 once to advance the intemal address
counter.

4. Read the next code data byte at the port P1 pins.

5. Repeat steps 3 and 4 until the entire array is read.

The tock bits cannot be verified directly. Verification of the

fock bits is achieved by observing that their features are

enabled.

Flash Programming Modes

Chip Erase: The entire PEROM array (2 Kbytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all *1"s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading.the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values retumed
are as follows. T

(OOOH) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate com-
bination of control signals. The write operation cycle is
selftimed and once initiated, will automatically time itself
to completion. .

All major programming vendors offer worldwide support
for the Atmel microcontroller series. Please contact your
local programming vendor for the appropriate software re-
vision.

P3.2/

Made RST PROG P3.3 P3.4 P3.5 P3.7
Wiite Code Data(!) 12v <& L H H H
Read Code Datat H H L L H
Write Lock Bit - 1 12V e H H H

Bit - 2 12V S H H L L
Chip Erase 12v @ H L L L
Read Signature Byte H H L L L

Notes: 1. The intemal PEROM address counter is reset to 000H

on the rising edge of RST and is advanced by a posi-
tive pulse at XTAL1 pin.

2. Chip Erase requires a 10 ms PROG pulse.
3. P3.1is pulled Low during programming to indicate
RDY/BSY\
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Figure 3. Programming the Flash Memory Figure 4. Verifying the Flash Memory v
sV
ATB9IC2051 AT89C2051 ‘j
o v Vee
ROY/BSY <—— P3.1 cc
PGM Vg —M P1 PGM
PROG ~ ——» P32 Pt Je— [ L P32 > DATA
——» P33 | —»{ P33
—» P34 SEE FLASH ——» P34
SEE FLASH . PROGRAMMING
PROGRAMMING ———» P3.5 MODES TABLE —¥ P35
MODES TABLE
P37 —» P37
L xmLt  RST e Vu/Vep [ML—* XTAL1 RST [« Vet
TO INCREMENT GND GND
ADDRESS COUNTER ' {—
Flash Programming and Verification Characteristics
Ta=21°C 10 27°C, Vcc = 5.0+ 10%
Symbol Parameter Min Max Units
Vep Programming Enable Voltage 11.5 12.5 Vv
Ipp Programming Enable Current 250 HA
{DVGL Data Setup to PROG Low 1.0 us
teHoxX Data Hold After PROG 1.0 us__
{EHSH P3.4 (ENABLE) High to Vpp 1.0 us
tsHGL Vpp Setup to PROG Low 10 ps
tGHSL Vpp Hold After PROG . 10 s
{GLGH PROG Width 1 110 s
teLaQv ENABLE Low to Data Valid 1.0 us
teHQz .Data Float After ENABLE 0 1.0 ps
teHBL PROG High to.BUSY Low 50 ns
twe Byte Write Cycle Time ‘ 2.0 ms
taHIH RDY/BSY\ to Increment Clock Delay 1.0 us
tiHiL increment Clock High' 200 ns

Note: 1. Only used in 12-vott programming mode.
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Flash Programming and Verification Waveforms

PORT 1

l—DATAIN )

«—*! tovaL

P3.2
(PROG)

J: DATAOUT p——m

tarox

>

tausL

RST
(Vpp)

LOGIC 1

P3.4
(ENABLE)

P31 __

(ROY/BSY)

XTAL1

(INCREMENT
ADDRESS)
1

Absolute Maximum Ratings®

Operating Temperature........c.cooueeees -55°C to +125°C

Storage Temperature.........ccceeeeeeee -65°C to +150°C

Voltage on Any Pin

with Respect to Ground .......ccccececuees -1.0Vto+7.0V
¢ Maximum Operating Voltage .......cceccveesemssmsnacees 66V

DC Output CUMENE....cevienrnseenrananmnacmeeiess 25.0 mA

*NOTICE: Stresses beyond those listed under "Absolute Maxi-

mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions beyond those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.
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D.C. Characteristics
Ta =-40°C to 85°C, Vcc = 2.7 V10 6.0 V (unless otherwise noted)

Symbol Parameter Condition Min Max Units
ViL Input Low Voltage -0.5 0.2 Vec-0.1 \Y
ViH Input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vcct+0.5 \'
ViH1 Input High Voltage (XTAL1, RST) 0.7 Vcc Vce+0.5 \')
Output Low Voltage(” loL=20mA, Vec=5V
Vou | (Ports 1, 3) loL =10 mA, Vce=27V , 0.5 v
Outout Hich Vol loH =-80 pA, Vec =5 V £ 10% 2.4 \
utput High Voltage -
VOH (Ports 1' 3) {OH =.30 [J.A 0.75 VCC A"
loH=-12 pA 0.9 Vce \'
- Logical O Input Current _
i (Ports 1, 2, 3) ViN=045V =50 gA
Logical 1 to 0 Transition - )
1L Current (Ports 1,2,3)  YW=2V -750 A
input Leakage Current
1 (Port P1.0, P1.1) 0<Vin<Vce +10 pA
Comparator Input Offset s
Vos Voltage Vcc=5V 20 mV
Comparator Input :
Veum Common Mode Voltage 0 Vee v
RRST | Reset Pulidown Resistor 50 300 KQ
Cio Pin Capacitance . TestFreq.= 1 MHz, Ta=25°C 10 pF
Active Mode, 12 MHz, Vcc=6 VB V 15/5.5 mA
Power Supply Current  (dle Mode, 12 MHz, Vcc =6 VI3V » " A
Icc P1.0&P1.1=0VorVcc
Vec=6VP1.0 &P1.1=0Vor Vi 00
Power Down Mode®@ ce 147345 1 A
Vee=3VP1.0&P1.1=0VorVcc 20 HA
Notes: 1. Under steady state (non-transient) conditions, lot If IOL exceeds the test condition, VOL may exceed the
must be externally limited as follows: related specification. Pins are not guaranteed to sink
Maximum loL per port pin:20 mA cumrent greater than the listed test conditions.
Maximum total IOL for all output pins:80 mA 2. Minimum Vcc for Power Down is 2 V.
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External Clock Drive Waveforms

N
I tewoL >
External Clock Drive
Symbol Parameter Veo= 2.7V106.0V Vec= 40Vto60V Units
’ Min Max Min Max

ificLcL | Oscillator Frequency 0 12 0 24 MHz
tcLcL Clock Period 833 ‘ 416 ns
tcHeX High Time 30 15 ns
tciex Low Time 30 15 ns.
tcLcH Rise Time 20 20 ns
touel Fall Time 20 20 ns

S — AImEL . 3-27
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Serial Port Timing: Shift Register Mode Test Conditions
(\/cc = 5.0 V + 20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
fxxL Serial Port Clock Cycle Time 1.0 12tcLecL us
tavxH Output Data Setup to Clock Rising Edge 700 10tcLeL-133 ns
{xHQX Output Data Hold After Clock Rising Edge 50 2tcLeL-33 as
{XHDX Input Data Hold After Clock Rising Edge 0 0 ns
txHOV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
Shift Register Mode Timing Waveforms
2 3 4 5 6 7 8

INSTRUCTION | A gt AT I I | | | | |
e LUuorLno Loy e
cLocK RO DC NI Ee ™y T\ L [

WRITE TO SBUF, W VAT I BR8] Se<ils X _7
v — r——- taox ‘l‘
OUTPUT DATA taiov [ SETTI
_CLEARRI S i G X e X @ O
v A
INPUT DATA SETRII

AC Testing Input/Output Waveforms®  Float Waveforms

Veg- 08V—— 02 Voo + 0.8V — oL O
TEST POINTS VLOAD Timing Réference
’ 02 Vo = 0.1V
0.45V _/ cC OL+ 0.1V

Note: 1. AC Inputs during testing are driven at Vec-0.5V fora  Note: 1. For timing purposes, a port pin is no longer floating
logic 1 and 0.45 V for a logic 0. Timing measure- - when a 100 mV change from load voltage occurs.
ments are made at Vi min. for a logic 1 and ViL A port pin begins to fioat when a 100 mV change
max. for a logic 0. from the loaded Von/VoL tevel occurs.
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AT89C2

051

TYPICAL ICC - ACTIVE (85°C)

Vcc=6.0V

s

-

/

/
\V/o! c% /

——

/
Vce=3.0V

L

2

——

6 1

2 18 24

FREQUENCY (MHz)

AT89C2

051

TYPICAL ICC - IDLE (85°C)

<A

Vce=6.0V

—

I

IR

VCC-: 5.0V /

—

/
Vee=3.0V

/
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AT89C2051
' TYPICAL ICC vs.VOLTAGE- POWER DOWN (85°C)

115 : //
. _—
' /

3.0V 4.0V
f Vce VOLTAGE

5.0V 6.0V

Note: 1. XTAL1 tied to GND for Icc (power down).
2. P.1.0 and P1.1 = Ve or GND.
3. Lock bits programmed.

AT89C2051 ”
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 27Vto60V AT89C2051-12PC 20P3 Commercial
- AT89C2051-125C 20S (0°C to 70°C)
* ATo9C2051-12PI 20P3 industrial
AT89C2051-128! 20S (-40°C to 85°C)
24 40Vto6.0V AT89C2051-24PC 20P3 Commercial
AT89C2051-24SC 20S (0°C to 70°C)
AT89C2051-24PI 20P3 Industrial
AT89C2051-24SI 208 (-40°C to 85°C)
Package Type
20P3 20 Lead, 0.300" Wide, Plastic Dual In-line Package (POIP)
20S 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)
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DUAL CHANNEL PRINTING INTEGRATOR
FOR INTEGRATING DC CURRENT GENERATED BY A
PHOTOVOTAIC PANEL

SOH EQU 01H : START OF HEADER
LF EQU OAH ; LINE FEED
FF EQU 0CH ; FORM FEED
CR EQU 0Dh : CARRIAGE RETURN
EOS EQU 10H : END OF STRING
BYTE_LOW EQU 21H
BYTE_HIGH EQU 22H
NUMBER_BIN EQU 30H : NUMBER OF RECORDS IN BINARY
NEW 30H,31H MAX 65536 RECORDS
NUMBER_BCD EQU 32H : NUMBER OF RECORDS IN BCD

32H,33H,34H MAX 99999 RECORDS

SAVE_DATALl EQU 35H ; SAVE DATA IN BCD 35H 36H 37H

MAX 999999 RECORDS

READ DATAIl EQU 38H ; READ DATA IN BCD 38H 39H 3AH

MAX 999999 RECORDS

READ_PULSEI] EQU 3BH ; READING PULSE FOR RETEIVING
RECORDED DATA 3BH,3CH

SAVE_DATA2 EQU 45H ; SAVE DATA IN BCD 35H 36H 37H

MAX 999999 RECORDS

READ_DATA2 EQU 48H ; READ DATA IN BCD 38H 39H 3AH

MAX 999999 RECORDS

READ_PULSE2 EQU 4BH ; READING PULSE FOR RETEIVING

RECORDED DATA 3BH,3CH

SEC EQU 51H



HOUR
DAY
MONTH

IO
SCLK
RST

EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

52H
53H
54H
55H
56H

P3.0
P3.1
P3.7

Lo e ot st ook sk sk st skl kol ok s ok sk s sk ok st ekt ok sk sk ok skl ok ok stk kool ok sk kol sk sk ok ok sk ok ok kb
’

ORG
LIMP

ORG
LIMP

ORG
LIMP
ORG

000H
MAIN

00BH
CHANNEL _1

01BH
CHANNEL 2
100H

s ofe ok o s o o s o o s s o sfe oo sfe e e st ok ok ok ok e ke ok skeake ok ok ok e ook sfe sk sk e st sk sk sk sk st sk sk sl ok skokok ok slolok dkok sk ek ko
b

; INIT_COUNTER : INITIAL COUNTER INTERRUPT SERVICE ROUTINES

INIT_COUNTER:
MOV
SETB
SETB

INTERRUPT
MOV
MOV

SETB EA

TMOD,#55H
ETO
ET1

TLO#0EFH
THO,#0D8H

; ENABLE ALL INTERRUPT
; SET COUNTER 0 AND 1 TO MODE 1

; ENABLE COUNTER 0



MOV

MOV
SETB
SETB

TL1,40EFH

TH1,#0D8H
TRO
TRI1

; COUNT 10000D (OFFFFH-
10000D=0D8EFH)

; START TIMER/COUNTER 0

sk e ook ook oot e sk kst skl st sk o skeoke sk o ket sk sl e stk ke sk sl okt ok sk skl sk sk ok atok sk ok ook kool ok
H

: BYTE_ASCII : CONVERT A TO ASCII CODE IN LOW AND HIGH BYTE

; INPUT tA

; OUTPUT

BYTE_ASCIL:
SWAP
ACALL
MOV
POP
ACALL
MOV
RET

ASCIL_09:
ANL
MOV
CLR
SUBB
INC
MOV
ORL

: BYTE_HIGH, BYTE_LOW

PUSH ACC

A
ASCII_09
BYTE_HIGH,A
ACC

ASCII 09
BYTE_LOW,A

A#OFH
RO,A

c
AHOAH
ASCII_AF
ARO
A#30H



ASCIIL_AF:

MOV ARO

ADD A#3TH
f

RET

sk oo e o ook et ok st st ok ot s ok sk st sk skeslesie st stk ek sk ok sk kil stk ot ek ok okt ok sk ok kb sk ok ok ok kol ok ok
H

; BCD_BIN : CONVERT 0-12 BCD NUMBER TO BINARY NUMBER

; INPUT
; OUTPUT :
BCD_BIN:
. CINE A #10H,BIN2
MOV A#OAH
RET
BIN2:
CINE A#11H,BIN3
MOV A#0BH
RET
BIN3:
b CINE A#12H,BIN4
: MOV A#0CH
* RET
BIN4: RET

s sfeste s ofe o e st sk sk ste sk sk ok ok sk ok sk ok et st st sk e st ok ok kst sk st sk ok o o sk sk sl sk sl st st ks ok e stk sk e st sk sk st el ke sk ek
H

; SEND_ASCII : SEND ASCII IN BYTE HIGH AND BYTE LOW TO PRINTER PORT
; INPUT
; OUTPUT

SEND_ASCIL:
: LCALL BYTE_ASCII
MOV A,BYTE_HIGH



ACALL  PRINT STR
MOV ABYTE_LOW
ACALL  PRINT STR

sk s e ofe s o s e ke s s ok sk o ok sk sk s sk skl sl skok skl sk ook ok stk sk ok ok ol ksl ik sk ksl b ok skok ok sk ke ok ok
>

: SEND_STRING : SEND STRING IN DATA TABLE TO PRINTER PORT

SEND_STRING:
CLR A
MOVC A,@A+DPTR
CINE A#EOS,SEND_STR1
RET
SEND_STRI:
ACALL PRINT_STR
INC DPTR
SIMP SEND_STRING

sk s e ek o s o ook ok sk o s s ook ol sk o sk ok s e st sl sk skl skestolok sk stk ke skskok stk stk ok otk sekotolokok kol okokok
’

; PRINT_STR : PRINT STRING BY SEND ASCII CODE TO PRINTER PORT
P1.0 - P1.6 = ASCII CODE DATA (D0-D6)

P1.7 = STROBE SIGNAL

>

; P3.3 =BUSY SIGNAL

PRINT STR:
JB P3.3,PRINT_STR ; WAIT PRINTER ON-LINE
MOV PLA ; SEND STRING TO PRINTER PORT
CLR P3.2
SETB P32



.***************************************************************
H

: PRINT_COLLON : SEND COLLON SYMBOL TO PRINTER PORT

; INPUT tA
; OUTPUT :NONE

PRINT_COLLON:

MOV  A#Y
ACALL
RET

. .*****************************************************************
’

' ;NEW_LINE :
; INPUT A

PRINT STR

; OUTPUT :PRINTER PORT

NEW_LINE:
MOV
ACALL
MOV
ACALL
RET

A#OEH
PRINT STR
AHOAH
PRINT_STR

;*************************************************************

-

; INPUT
¢ 3 OUTPUT :

BIN_BCD:
MOV
MOV
MOV
MOV

; BIN BCD : CONVERT 16 BIT BINARY NUMBER TO BCD NUMBER

NUMBER_BCD #00H
NUMBER_BCD+1,#00H.
NUMBER_BCD+2#00H
R1,#00H



MOV R2,#16D

_ SHIFT_BIT:
E CLR C
: MOV ANUMBER_BIN
RLC A
MOV NUMBER_BIN,A
MOV ANUMBER_BIN+1
RLC A
MOV NUMBER_BIN+1,A
INC NEXT BIT
BCD_1:
CLR C
MOV RO#32H
MOV R3 #03H
MOV DPTR#BCD TABLE
BCD_2:
MOV ARI
MOVC A,@A+DPTR
ADDC A,@RO
DA A
MOV @RO,A
INC DPTR
INC RO
DINZ R3,BCD 2
NEXT BIT:
INC R1
INC R1
INC R1

DINZ R2,SHIFT_BIT



T v o

RET

BCD_TABLE:
DB 68H,27H,03H
DB 84H,63H,01H
DB 92H,81H,00H
DB 96H,40H,00H
DB 48H,20H,00H
DB 24H,10H,00H
DB 12H,05H,00H
DB 56H,02H,00H
DB 28H,01H,00H
DB 64H,00H,00H
DB 32H,00H,00H
DB 16H,00H,00H
DB 08H,00H,00H
DB 04H,00H,00H
DB 02H,00H,00H
DB 01H,00H,00H

e st ook e ok e o e o e ok skl ok st skade ok e ool s sk e et ok ot skt skt ok st s stk sk e sk sk sk ok kol sk stk sk ok ok ok ok
>

; BCD_SUM : ADD TWO'S SIX DIGIT BCD CONTAIN IN THREE BYTE
;  POINTED BY RO ANDRI

; FIRST = {FIRST + SECOND}

;  ENTRY : RO POINT TO LSD FIRST BCD NUMBER

; R1 POINT TO LSD SECOND BCD NUMBER

;  EXIT : RESULTS PLACE TO FIRST BCD NUMBER

; C =1 {OVERFLOW,eg.GREATER THAN 999999}
BCD_SUMI:
CLR C

MOV R7,#03H



MOV
MOV
SUM1:
MOV
ADDC
DA
MOV

INC
DINZ

4

BCD_SUM2:
, CLR
' MOV
MOV
MOV
SUM2:
MOV
ADDC
DA
MOV
INC
INC
DINZ

RO#SAVE_DATAl
RI#READ DATAIl

A@RO
A,@RI1
A
@RO,A
RO
R1
R7,SUMI1

oot ook e ok sk ok ot s st o ok sk sk sk st skt ok sk st sttt ekl e skstok skl ok skt kb sk atok ko okl ok ok skokokok
>

C

R7H#03H
RO#SAVE_DATA2
RI#READ DATA2

A,@RO
A,@RI1
A
@RO,A
RO
R1
R7,SUM2

.« shefe s ke ok s s o oe ke e sk s sk s ok e e sbe s o s s e e sk s ok ke st sk sk sk ke stk sk skeok sk sk ke skl ke ok ek sk sk skskok sk sk sk ok kol sk ok ok ok
’



BYTEWR:
CLR
CLR
SETB
ACALL
MOV
CLR
BYTEWR 1:
MOV
RRC
MOV
MOV
ACALL
Z DINZ

MOV
= CLR
BYTEWR_2:
MOV
RRC
MOV
MOV
ACALL
DINZ
CLR
ACALL

-

BYTERD:
CLR
CLR

RST
SCLK
RST
DELAY

B,#08H ; SEND COMMAND

AR6

R6,A

10,C

SCLKW
B,BYTEWR 1

B,#08H ; SEND DATA BYTE

AR7

A

R7,A

10,C

SCLKW
B,BYTEWR 2
RST

DELAY

kol 3 st ok s o ok ook sheof ol ok ok st e skl ste sl sk ol sk ok sk ok ok sk st ok stk sl sk ok st stk sk ok sk okokok sk kol ok ok skokok
H

RST
SCLK



SETB RST

ACALL DELAY

MOV B,#08H

CLR C
BYTERD 1:

MOV AR6

RRC A

MOV R6,A

MOV 10,C

ACALL SCLKW

DINZ B,BYTERD 1

MOV B,#08H

MOV R7,400H
BYTERD 2:

ACALL SCLKR

MOV AR7

MOV clo

RRC A

MOV R7,A

DINZ B,BYTERD 2

CLR RST

ACALL DELAY

RET
;********************************************************************
SCLKW:

CLR SCLK

ACALL DELAY

SETB SCLK

ACALL DELAY



m

.****************************************************************
’

SCLKR:
SETB SCLK
ACALL . DELAY
CLR SCLK
ACALL DELAY
RET

.****************************************************************
’

:DELAY :TIME DELAY 15US ROUTINE
:INPUT :B
: OUTPUT : NONE

DELAY:
PUSH B
MOV B,#22D
DINZ B,$ TN
POP B
RET

+ s ke o o o s ok o ot s st ok o e st st kb ksl skeatoke eokateok skl s st ik ok ook sl kol ko skl ok ok ok ook ko
H

SETTIME:
MOV R6#8EH ; WRITE PROTECTION
COMMAND
MOV R7,#00H

ACALL BYTEWR

MOV R6,#80H : WRITE SECOND AND CLR
CHFLAG

MOV R7,400H ; SEC =55



ACALL

MOV
MOV
ACALL
MOV
MOV
ACALL
MOV
MOV
ACALL
MOV
MoV
ACALL
MOV
MOV
ACALL
MOV
MOV
ACALL
MOV
"ACTIVE"

MOV
RET

BYTEWR

R6,#82H
R7#00H
BYTEWR
R6,#84H
R7,#06H
BYTEWR
R6,#86H
R7#26H
BYTEWR
R6,#38H
R7#02H
BYTEWR
R6,#8AH
R7,#03H
BYTEWR
R6,#8CH
R7,#98H
BYTEWR
R6#SEH

R7,#80H

; WRITE MINUTE
; MIN =59

. WRITE HOUR
: HOUR = 05

: WRITE DATE
: DATE =26

: WRITE MONTH
: MONTH = 02

; WRITE DAY

; DAY = WEDNESDAY

; WRITE YEAR
; WRITE = 98

; WRITE PROTECTION

ook o e e st o o ok ok ke ok sk st sk s s slesfeste st sl ok seale sk ol s e st ke stk ok ke sk sk ok sk stk sk st skolok s sk skl kol kol sk ok ok ok
»

; GET_MONTH :
; INPUT
; OUTPUT

GET_MONTH:
MOV

R4,#00H



R Bt e g

MOV R6,#89H
ACALL BYTERD
MOV AR7
ACALL BCD BIN
MOV R5,A
GETM_1:
MOV R2,409H
DEC R5
MOV ARS
CINE A#00H,GETM 3
MOV R3,#09H
GETM_2:
MOV DPTR #MONTH_TABLE
MOV AR4
MOVC A,@A+DPTR
ACALL  PRINT_STR
INC R4
DINZ R3,GETM_ 2
RET
GETM_3:
INC R4
DINZ R2,GETM_ 3
SIMP GETM_1
MONTH_TABLE:
DB ‘'/JAN/'
DB '/FEB/'
DB '/MAR/'
DB '/APR/'
DB '/MAY/'
DB '/JUN/'

: READ MONTH



-

DB ‘'/JUL/'

DB '/AUG/'
DB ‘'/SEP/'
DB '/OCT/'
DB '/NOV/'
DB '/DEC/'
RET

sk sfe ok o o s ok e o o st ok o s ot s e st ok ok ok s ekl steoesk stk sk sksteskst kol ok stol sk ok ook sk ok ok sk ok sk ok sk okl
’

; CHECK 10MIN :
; INPUT
; OUTPUT
CHECK_10MIN:
ACALL DELAY
MOV R6,#83H ; READ MINUTE

ACALL BYTERD

MOV AR7
ADD A#10H
DA A
ANL A#OFOH
CINE A#60H,MIN10_1
MOV A#00H
MIN10 I:
MOV MIN,A
MIN10_2:
ACALL DELAY
MOV R6#83H ; READ MINUTE
ACALL BYTERD

MOV AR7



CINE AMIN,MIN10 2

.*****************************************************************
>

¢ s CHECK_IMIN :

; INPUT
§ : OUTPUT
k
' CHECK_IMIN:
ACALL DELAY
MOV R6#83H : READ MINUTE

ACALL BYTERD

MOV AR7
ADDC A#01H
DA A
CINE A#60H,MIN1_1
MOV A#00H
MINI_1:
MOV MIN,A
MIN1_2:
ACALL DELAY
MOV R6.#83H ; READ MINUTE

ACALL BYTERD

MOV AR7

CJNE AMIN,MIN1_2

RET
F—————————ee e T PR R P LR AR SR S SRS
2

;¥ COUNTER 0 INTERRUPT SERVICE ROUTINE *
*  INCREMENT SOLAR RADIATION VALUE AT CHANNEL1 *

ook ook skl s ool o st ko o e st e sk skl sk ksl e sk sk sk sl okl sk sk sk kstokakkok ok ok ok ok ok ok
?



b

CHANNEL 1:

PUSH PSW

PUSH ACC

PUSH DPL

PUSH DPH

MOV PSW #01H : SELECT REGISTER BANK 1

CLR C

MOV A#01H

ADDC A,READ PULSEIl

MOV READ PULSELA

MOV ACC.0,C

ANL A#01H

ADD A,READ PULSEI+1

MOV READ_PULSE1+1,A

MOV TLO#0EFH

MOV THO,#0D8H

POP DPH

POP DPL

POP ACC

POP PSW

RETI
;*********************************************************************
¥ COUNTER 1 INTERRUPT SERVICE ROUTINE
* INCREMENT SOLAR RADIATION VALUE AT CHANNEL 2 *
e
CHANNEL_2:

PUSH PSW

PUSH ACC



PUSH
PUSH
MOV
CLR
MOV
ADDC
MOV
MOV
ANL

MOV
MOV
MOV

POP
POP
POP
POP
RETI

DPL

DPH

PSW #10H

C

AH#01H

A,READ PULSE2
READ PULSE2A
ACC.0,C

AH#OIH

AREAD PULSE2+1
READ PULSE2+1,A
TL1,#0EFH
THI#0D8H

DPH
DPL
ACC
PSW

; SELECT REGISTER BANK 2

s s e e o o s o ool sk o ofe o sk sk e e sl sk sk sl e ek sk ket st sk stk ke st ol ok sk sk sk sk ok sk sk sk stk sk sk kst ok ook skeskok ok ok ok ok
H

: PRINT_DATE : SEND DAY/MONTH/YEAR VALUE TO PRINTER PORT

; INPUT

; OUTPUT :PRINTER PORT

PRINT DATE:
ACALL
MOV
ACALL
MOV
ACALL

NEW_LINE
A#SOH
PRINT STR
A
PRINT_STR



MOV
ACALL
MOV
ACALL
ACALL
MOV
ACALL
MOV
ACALL
ACALL
ACALL
MOV
ACALL
MOV
ACALL

AH
PRINT_STR
AH
PRINT_STR
DELAY
R6#87H
BYTERD
AR7
SEND_ASCII
GET_MONTH
DELAY
R6,#8DH
BYTERD
AR7
SEND_ASCII

5w

: READ DAY

; READ YEAR

st s ke s e o ok ok e o e o oo st ok st okobe sk skeske skl sk e sk stk st sk ek ok b ok e skt sk sk sk ke kb sk ke ok ok skoleske sk ok ok
s

; PRINT TIME:
; INPUT
; OUTPUT

PRINT TIME:
MOV
ACALL
MOV
ACALL
MOV
ACALL
ACALL
MOV
ACALL

DPTR#TIME_TABLE
SEND_STRING

R6,#85H
BYTERD
AR7
SEND_ASCII

PRINT_COLLON

R6,#83H
BYTERD



e

MOV
ACALL
RET

.******************************************************************
H

: PRINT_VALUE : SEND ASCII CODE IN $35, $36, $37 TO PRINTER PORT

: INPUT
: OUTPUT

PRINT VALUE:
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL

AR7
SEND_ASCII

DPTR#VALUE_TABLE

SEND STRING

A,READ DATAI1+2

SEND_ASCII

A,READ DATA1+1

SEND_ASCII

A,READ DATAI

SEND_ASCII
AH
PRINT_STR
AF
PRINT_STR
A
PRINT_STR
AH
PRINT_STR
A
PRINT_STR
A
PRINT_STR
AH
PRINT_STR



4

MOV
ACALL
MOV
ACALL
MOV
ACALL

AREAD DATA2+2
SEND_ASCII
AREAD DATA2+1
SEND_ASCII
A,READ DATA2
SEND_ASCII

+stesfeste st st sk sk st o st ok ok ok st e ok stk e ol sk st skt ok ke sk skt ok kst sk stk stk skesteok ootk stk aokokstekololok stk dokok
s

; PRINT_TOTAL :

; INPUT
; OUTPUT

PRINT TOTAL:
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV

DPTR,#TOTAL_TABLE
SEND STRING
A,SAVE_DATAI+2
SEND_ASCII
A,SAVE _DATAI+1
SEND_ASCII
A,SAVE_DATAL1
SEND_ASCII

A

PRINT_STR

A

PRINT STR

AF

PRINT_STR

AH

PRINT_STR

AF



ACALL PRINT STR
MOV A,SAVE_DATA2+2
ACALL SEND_ASCII

MOV A,SAVE _DATA2+1
ACALL SEND_ASCII
MOV’ A,SAVE DATA2

ACALL SEND_ASCII

RET
;********************************************************************
* MAIN PROGRAM *
;********************************************************************
MAIN:
ACALL DELAY
MOV SP,#60H
MOV READ_PULSE1#00H
MOV READ PULSEI+1#00H
MOV SAVE DATA1,#00H
MOV SAVE DATAI1+1,#00H
MOV SAVE DATA1+2#00H
MOV READ_PULSE2,#00H
MOV READ PULSE2+1,#00H
MOV SAVE_DATA2,#00H
MOV SAVE_DATA2+1 #00H
MOV SAVE_DATA2+2,#00H
MOV P1,#00H ; CLEAR DATA DO TO D6
SETB P3.2 ; SET STROBE SIGNAL "1"
SETB SCLK ; SCLK = "1"
CLR RST ; RST\="Q"

ACALL SETTIME ; CALL TIMER SETTING



CHECK_START:
ACALL

MOV
ACALL
MOV
CINE
SIMP

CHECK_00:

ACALL DELAY
MOV
ACALL
MOV
CINE
SIMP

CHECK_10:
ACALL
MOV
ACALL
MOV
CINE
SIMP

CHECK_20:
ACALL
MOV
ACALL
MOV
CINE
SIMP

DELAY

R6#81H

BYTERD

AR7
A#00H,CHECK_START
TITLE

R6,#83H

BYTERD

AR7
A#00H,CHECK_10
TITLE

DELAY
R6#83H

BYTERD

AR7
A#10H,CHECK_20
TITLE

DELAY
R6,#83H

BYTERD

AR7
A#20H,CHECK_30
TITLE

. CHECK TIME START AT
06:00 AM '



CHECK_30:
ACALL DELAY
MOV R6,#83H
ACALL BYTERD

MOV AR7
CINE A#30H,CHECK_40
SIMP TITLE
CHECK_40:
ACALL DELAY
MOV R6,#83H
ACALL BYTERD
MOV AR7
CINE A#40H,CHECK_50
SIMP TITLE
CHECK_50:
ACALL DELAY
MOV R64#83H

ACALL BYTERD

MOV AR7
CINE A #50H,CHECK_START
TITLE:
MOV DPTR#TITLE TABLE
ACALL SEND_STRING
LOOP1:

ACALL INIT_COUNTER

; ACALL CHECK_IMIN ;<=========== CHANGE TIME PRINT 1 MIN
ACALL CHECK_10MIN ;<=========== CHANGE TIME PRINT 10 MIN



by

MOV
MOV
MOV
MOV
ACALL
MOV
MOV
MOV
ACALL

MOV
MOV
MOV
MOV
ACALL

MOV
MOV
MOV
ACALL

ACALL
ACALL
ACALL
ACALL

MOV
MOV
MOV
MOV
SIMP

RO,READ PULSE1

R1,READ PULSEI1+1
NUMBER_BIN,R0
NUMBER_BIN+1,R1

BIN_BCD

READ DATAI,NUMBER_BCD
READ DATA1+1,NUMBER_BCD+1
READ DATA1+2NUMBER_BCD+2

BCD_SUMI

RO,READ PULSE2
RI,READ PULSE2+1
NUMBER_BIN,RO
NUMBER_BIN+1,R1
BIN_BCD

READ DATA2NUMBER_BCD
READ DATA2+1,NUMBER_BCD+1
READ DATA2+2NUMBER_BCD+2
BCD_SUM2

PRINT DATE
PRINT TIME

PRINT VALUE
PRINT_TOTAL

READ_PULSE]#00H
READ PULSEI1+1#00H
READ_PULSE2,#00H
READ PULSE2+1#00H
LOOPI1



CHECK_STOP:

ACALL DELAY : CHECK TIME STOP AT 18:00 AM
MOV R6#85H
ACALL BYTERD
MOV AR7
CINE A#00H,LOOP1
LIMP MAIN
TITLE TABLE:
DB SOH,CR,LF
DB
' ' CR,LF
DB '  DUAL CHANNEL PRINTING INTEGRATOR'CR,LF
DB '  FORINTEGRATING DC CURRENT GENERATED BY A

PHOTOVOTAIC PANEL',CR,LF

DB

' CR,LF

DB ' DATE/MONTH/YEAR * TIME * CHANNEL1 * CHANNEL2 *

TOTAL1 * TOTAL2,CR,LF

DB
TIME TABLE: DB ' 4EOS
VALUE_TABLE: DB ' 4EOS
TOTAL_TABLE: DB ' LEOS

END

,EOS



PROGRAM FOR SETTING STEPPING MOTOR CONTROL

PROJECT : E-W MEASURING DAILY INSOLATIONS

SET

: 4 MINUTE FOR DRIVE MOTOR 1 DEGREE

X -TAL : 3.579545

CONTROLLER : 89C2051

CPU
HOF

“8051.TBL”
“IN‘T8”

;MCS-51 INTERNAL REGISTERS

ACC:
PSW:
IPC:
P3:
IEC:
P2:
SBUF:
SCON:
P1:
THI:
THO:
TLO:

TMOD:
TCON:

PCON:
DPH:
DPL:
SP:
PO:

EQU OFOH ;B REGISTER

EQU OEOH ;ACCUMULATOR

EQU 0DOH ;PROGRAM STATUS WORD
EQU 0BSH ;INTERRUPT PRIORITY
EQU OBOH ;PORT 3

EQU 0ASH ;INTERRUPT ENABLE

EQU 0AOH ;PORT 2

EQU 99H  ;SEND BUFFER

EQU 98H  ;SERIAL CONTROL

EQU 90H ;PORT1

EQU 8DH ;TIMER 1 HIGH

EQU 8BH ;TIMER 1LOW

EQU 8AH ;TIMER 0 LOW

EQU 89H ;TIMER MODE

EQU 88H ;TIMER CONTROL

EQU 87H ;POWER CONTROL REGISTER
EQU 83H ;DATA POINTER HIGH
EQU 82H ;DATA POINTER LOW

EQU 81H ;STACK POINTER

EQU 80H ;;PORTO




;MCS-51 INTERNAL BIT ADDRESSES

CY:
AC:
FO:
RSI:
RS0:
ov:

PS:

PT1:
PX1:
PTO:
PXO0:

TF1:
TRI1:
TFO:
TRO:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

OD7H
O0D6H
OD5H
0D4H
O0D3H
O0D2H
O0DOH
0BCH
0BBH
0BAH
0B9H
0B8H
0AFH
0ACH
0ABH
0AAH
0A9H
0A8H
09FH
09EH
09DH
09CH
09BH
09AH
099H
098H
08FH
08EH
08DH
08CH

:CARRY FLAG
:AUXILIARY-CARRY FLAG
sUSER FLAG 0

;REGISTER SELECT MSB
:REGISTER SELECT LSB
;OVERFLOW FLAG

;PARITY FLAG

:PRIORITY SERIAL PORT
:PRIORITY TIMER 1
:PRIORITY EXTERNAL 1
:PRIORITY TIMER 0

;PRIORITY EXTERNAL 0
:ENABLE ALL INTERRUPT
‘ENABLE SERIAL INTERRUPT
‘ENABLE TIMER 1 INTERRUPT
;ENABLE

‘ENABLE TIMER 0 INTERRUPT
:ENABLE EXTERNAL 0 INTERRUPT
:SERIAL MODE 0

:SERTAL MODE 1

:SERIAL MODE 2

:SERIAL RECEPTION ENABLE
;TRANSMITT BIT 8

:RECEIVE BIT 8

TRANSMIT INTERRUPT FLAG
:RECEIVE INTERRUPT FLAG
:TIMER 1 OVERFLOW FLAG
;TIMER 1 RUN CONTROL BIT
;TIMER 0 OVERFLOW FLAG
:TIMER 0 RUN CONTROL BIT



IE1:
IT1:
IEO:
ITO:

; PORT 1 BIT ADDRESS

P1.0:
P1.1:
P1.2:
P1,3:
P1.4:
P1.5:
P1.6:
P1.7:
P2.0:
P2.1:
P2.2:
P3.0:
P3.1:
P3.2:
P3.3:
P3.4:
P3.5:
P3.6:
P3.7:

SAVE L:
SERVICE
SAVE_H:
STATE:

EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

EQU
EQU

PROGRAM

08BH
08AH
089H
088H

090H
091H
092H
093H
94H

095H
096H
097H
0AOh
0Alh
0A2h
0BOh
0B1h
0B2h
0B3h
0B4h
0B5h
0B6h
0B7h

048H

049H
038H

;EXT INTERR. 1 EDGE FLAG
;EXT INTERR. 1 TYPE FLAG
;EXT INTERR. 0 EDGE FLAG
;EXT INTERR. 0 TYPE FLAG

; START COMMAND
; select A-B only or A-B-C-D

; output solenoid#4 option

; output solenoid#3 option

; output solenoid#2 —> A-C

output solenoid#1 - A-B

; time base indicator

; clock out 50.000 Hz for calibration !

; tone output

; SAVE POINTER USE IN INTERRUPT

>

; ROUTINE
; STATE BYTE 1 = TIME

: RAM BIT ADDRESS



SERIAL: EQU 18h  ; on/off send data

SIM: EQU 19h  ; simulate mode (speed-up test)
BLINK: EQU 1ah

OUTPUT: EQU 21h  ; 16 bit output control 21h 22h
KEY: EQU 0BH

LED: EQU 08H ; INTERRUPT BLINK
XOFF_FLAG: EQU 0AH

ZEROING: EQU ODH

VALVE: EQU OEH

CYCLE _COUNT: EQU 0FH

; current time storage

SEC100: EQU 25h

SEC: + EQU 26h

MIN: EQU 27h
HOUR: EQU 28h
DAY: EQU 29h
MONTH: EQU = 2AH
YEAR: EQU JBH
WARM_CODE:  EQU 2Eh
LIGHT: EQU 2Dh
ECONO: EQU 2Ch
TLOADJ: EQU 2Fh
MOTORD: EQU 1)
MIN41: EQU 31h
RECEIVE_BUFFER:EQU 4AH
TOP_FIFO: EQU 1000H ; TOP OF FIFO BUFFER
CR: EQU ODH

LF: EQU 0AH



EOS: EQU 104
BELL: EQU 07H

.**************************************************************************
b

ORG 000H
LIMP MAIN_TIMER

ORG 003H

LIMP SREVICE_INTO ; for airconditioner start manually
ORG 00BH

LIMP SERVICE _TO ; TIMER COUNTER 0 INTERRUPT
ORG 0100H

sk stk sk e sk kool s okt sk st sk s kst st b skok skt ok i skl ok ok st skstokok sk kil ok ok kol ook okl ok ok ek ok b kok
s ’

TIMER 0 INTERRUPT SERVICE ROUTINE
; enter to this routine every 1/10 Hz
; update current time and date
; check current day and time every 1 sec
; if current time = set time the activates 8 output bit

sk o skt e ok o ek e e e skl s stk sk sk ok sk ke kst ok kol sk okl ok sk ok ok sk kool doltokskokok oksiolotokok kool bk ok &
’

SERVICE_TO: PUSH PSW
PUSH ACC
PUSH B
PUSH DPL
PUSH DPH
MOV PSW,#00001000B ; SELECT REGISTER BANK 1

; TIMER 0 SERVICE BODY

; CPL P35 ; check time base should be 10/2 Hz
MOV THO#COUNT_H

MOV TLO,t10ad; ; get low byte adjustable

Icall light on



secl00

; update second every 10 counts

; turn on light every 5 second

; since inc sec 100 as binary

inc
mov a,sec100
cjne a,#0AH,CHECK_SEC
inc econo
mov a,econo
cjne a,#05h,skip_econo
mov econo,#00h
setb blink
clr p3.7
skip_econo:
no send: mov  secl00,#00h
mov  a,sec
add a#01d
daa
mov  sec,a
CHECK_SEC:
mov  a,sec
¢jne  a,#60h,CHECK MIN
jnb  sim,min_send
min_send:

mov  sec,#00d
mov  a,min
add  a#01d
daa

mov  mina



.*************************************************************************;
’

*SET TIMER FOR SOLAR CELLS CONTRON DIRECTIONS E-W FOLLOWER

THE SUN*;

.*************************************************************************-
’ ’
ook o stk ook ok ke ok ok ok kel ok sk sk ok ok ok ok
’ ’

ofckekckokdk seokokckokk.
; 5 MINUTE :

ook ok sk sk sk ok ke deokskok sk skokokok ok ok
H H

CHECK_MIN:
mov a,min
cjne a,#4d,CHECK_HOUR ; < ======MINUTE
;mov a,sec
;cjne a,#30d,CHECK_HOUR ; < =====8ET SECOND

MOV MIN,#00D
MOV SEC,#00H
MOV SEC100,#00H
MOV AMOTORD
RR A

MOV PLA

MOV MOTORD,A

cpl p3.1

s s e ook s ok o o o ke ke st sk s s o e ok ok s sk s sk sl sk sk s e st sl ofeole sk sk sk ok skl ot sk ko ok sk ko st sk ok ksl sk sk koo stk kolok sk ok ok sk ko ok
s ’

s steste s o ol sk e o ok sk ok sk ok sk o sk skeok sk sk ske st koot kst sk ok sk kol skt ok skokokakokskokokakokok s skosdekokololok skl stk ok ok
’ >

CHECK_HOUR:
POP DPH
POP DPL
POP B
POP ACC

POP PSW



RETI

;light_on blink led shows time base is run

light on:  jnb
mov
inc
mov
cjne
mov
setb
clr

led_on: ret

blink,led_on ; if blink not set do not count down
a,light

a

light,a

a,#01h,led on

light #00h

p3.7  ;off light

blink ; finished blink

; service int0 activates three output port manually

service_int0:

push acc

setb  0Ofh
mov a,output
cpl a

mov pl,a
pop  acc

reti

B L s
SHHHHHHHHHHHHHHEHHHHHHAHMAIN. PROGRAMHHHHHHHHHAHHHHHHHEHIRHRRT,
R

CURRENT _TIME L: EQU 40H
CURRENT _TIME_H: EQU 41H
CURRENT PROG L: EQU 42H

CURRENT PROG H:  EQU 43H



COUNT_L: EQU 92H ;7AH ;<===find adjust in case of
oscillation frequency is not a 3.579545 MHz
COUNT_H: EQU 8BH ; interrupt every 3.579545 MHz/12
;=10Hz
MAIN_TIMER:
MOV MOTORD,#10001000B

MOV SP#60H ; stack area start $ 60-$ 7f

mov light #00h

mov pl#11111111b ; off output

clr serial

clr blink

mov sec100,#00h

mov econo,#00h

mov tl0ad),#92h ; for adjustment later via user
calibrate

mov a,warm_code

cjne a,# %", cold_boot

sjmp warm_boot
cold_boot:

mov warm_code,#°%”

MOV SEC#00D
MOV MIN,#00H
MOV HOUR #00H
MOV DAY #00H
MOV MONTH,#00H

MOV YEAR#00H
mov output#00h

warm_boot:
SETB EA ; ENABLE ALL INTERRUPT
SETB ETO ; ENABLE TIMERO INTERRUPT
MOV TMOD,#OOOOOOOIB ; SET MODE 1 TO (16 BIT DRIVE)

SETB PTO ; TIMERO HIGHEST PIORITY



mov thO,#count h ; start timer
mov t10,#count _1
setb tr0 ; start timer

MOV MIN41,#00H

SETB P1.1
test10:
MOV AMIN
MIN NC:
CINE AMINMIN _CH
NOP
NOP
SIMP MIN_NC
MIN_CH:

INC MIN41
MOV A,MIN41
CINE A#04D,TEST10
CPL P11
MOV MIN41#00H
LIMP TEST10
END

B R R

2
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