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Abstract

The objective of this project is to control temperature and humidity in a greenhouse
to be suitable for kinds of plants. Appropriate temperature and humidity are the control
variables that are measured and sent to microcontroller in order to control condition of this
greenhouse. Heater and Exhaust fun are used to increase and decrease temperature
respectively. Fogger is utilized to increase relative humidity in the greenhouse. In addition
LCD module is programmed to display temperature and humidity values in the greenhouse

continually.
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E.J. Kenedy, Operational Amplifier Circuits Theory and Application, Holt,
Rinehart and Winston Inc,

Remakant A. Garakwad, Op-Amps and Linear Integrated Circuits, Prentice
Hall;2000

Thomas L Floyd, Basic Operational Amplifier and Linear Integrated Circuits,
Macmillan Publishing Company;1994

Carlos A.Smith , Armando B.Corripio , Principles and Practice of Automatic

Process Control
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Philips Components

Humidity sensor

APPLICATIONS

e Humidity measurements in
electronic hygrometers far
domestic use

s Self-requlating air humidifiers, etc.

DESCRIPTION

This capacitive atmospheric humidity
sensor consists of a non-conductive
foil, which is covered on both sides
with a layer of gold. The dielectric
constant of the foil changes as a
function of the relalive humidity of the
ambient atmosphere and,
accordingly, the capacitance value of
the sensor is a measure for relative
humidity. The foil is clamped between
contact springs and assembled in a
plastic housing. It is provided with two
connecting pins which fit
printed-circuit boards with a grid pitch
of 2.54 mm, provision is also made for
fastening with 3 mm balts. The
characteristics are not affected by
incidental water condensation on the
sensor foil. It should not be expased

to either acetone or chlorine vapours.

1996 Nov 12

Product specification
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QUICK REFERENCE DATA
PARAMETER YALUE UNIT
‘Humidity range (RH) 10 to 90 %
Capacitance at +25 °C; 43% RH; 100 kHz 122 +15% pF
Sensitivity between 12 and 75% RH 0.4 10.05 pE/%RH
Frequency 1to 1000 kHz
Maximum AC or DC voltage 15 \'4
Storage humidity range (RH) Oto 100 %
Ambient temperature range:
operating 0 to +85 °C
storage —25 to +85 °C
Drap test:
height of free fall 1 m
Mass =1.3 g
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Product specification

Humidity sensor

2322 691 90001

MECHANICAL DATA
Marking
PHILIPS H1.

Mounting

The device can be sotdered directly
on to a printed-circuit board or
fastened with 3 mm bolts.
Soldeting

Solderability: <240 °C; <4 s.
Resistance to heat: €240 °C; <4 s.

Robustness of terminations

Tensile strength: 10 N.

1936 Nov 12

re—155105

Dimensians in mm.

Fig.1 Component outline.
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Product specification

Humidity sensor

2322 691 90001

ELECTRICAL CHARACTERISTICS

Unless otherwise stated, measurements are in accordance with JEC pubication 539" Stability is in accordance with

“CECC 430007 and “IEC 68-2"

B

Fig.2 Typical capacitance as a function of relative humidity.

PARAMETER YALUE UNIT
Humidity range (RH) 10to 80 %
Capacitance at +25 °C; 43% RH; 100 kHz 122 £15% pF
Tan § at +25 °C; 100 kHz; 43% RH <0.035
Sensitivity between 12 and 756% RH 0.4 £0.05 pF/%RH
Frequency range {110 1000 kHz
Temperature dependence 0.1 %RHK
Response time in minules
(to 90% of indicated RH change at +25 °C, in circulating air):
between 10 and 43% RH <3
between 43 and 90% RH <5
Hysteresis (for RH excursion of 10 to S0 to 10%) =3 %
Maximum AC or DC voltage 15 \Y
Storage humidity range (RH) 0 to 160 %
Ambient temperature range:
operating Oto +85 °C
storage —25 10 +85 °C
Mass =1.3 g
150 § =
c i
(°5) 7
140 g
130
it ; / ]
to0 [ A
o
110 L
0 100
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loisture control with Philips’ capacitive humidity sensor

ilips’ capacitive humidity sensor has already proven itself
er many years as one of the most effective and economi-
| means of measuring and controiling humidity.

e sensor operates by sensing changes in capacitance of
hin-film polymer membrane as it absorbs moisture from

surroundings. Compared with many alternatives, it's
nple to operate, highly reliable and fast. What's more, its
ng-term charactecistics are unaffected by condensation-of
ater on the membrane surface and other aggressive
llutants in the air.

sed in, for example, home hygrometers, weather stations,
--conditioners, climate controlless and tumble dryers, it's
pable of providing long, frouble-free service with
inimum maintenance.

esigned for a measuring range between 10% and 90%
lative humidity the sensoc’s relatively linear characteristic
lows it to be easily incorporated into simple, inexpensive
easuring circuitry.

eatures and benefits

long-term reliébility

high sensitivity

fast response

high immunity against contaminants

operates with simple measuring ciccuitry

'roven in a host of applications
nportant application areas where Philips’ sensor has
ready proven itself include:
Heating, ventilating and air-conditioning systems
I[ndustrial-control installations

Climate-control systerus in, for example, industrial clean
rooms, operating theatres, computer rooms and green-
houses

Climatic chambers
Drying processes

Printing industry

3

Humidity control the Philips way

Accurate measurement and control of humidity is an
important requirement of today's world. The humidity of
the air, i.e. the amount of water vapour it contains,
influences nat only our comfort but alsa the effectiveness
of many professional and industrial processes. Though
several types of electronic humidity sensor exist, Philips’
capacitive sensar has long proven ta be ane of the most
reliable, durable and easiest to use.

The sensor is made up of a polymer film coated on both
sides with a very thin air-permeable gold layer to form a
capacitive element. The film is clamped between spring
contacts inside a perforated plastic housing. Changes in
relative humidity (RH) of the surrounding air cause a
change in dielectric constant of the polymer film leading
to a change of sensor capacitance. The relationship
between sensor capacitance and relative humidity is a
rather simple one which means that the sensor can easily
be incorporated into an electrical measuring circuit.

)
AMEABS?
150
c
(pF) V.
140
y
130
1
f“/
120 %
/,
=t
110
a 50 T 100

Fig.1 A simple relationship between capacitance and RH means the
sensor aan easily be incorporated inta an electrical measuring circuit
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sor specifications

trical
idity range: 10 to 90%ch
citance @ +25 °C, 43%rh, 100 kHz 122 £ 15% pF

pation factor @ +25 °C, 43%rh, 100 kHz: < 0.035

tivity between 12 and T5%ct: 0.4 £ 0.05 pFf%érh
uency range: ; 1 to 1000 kHz
perature dependerce: 0.1% /K

onse time”:

ween 10 and 43%ch: < 3 min

ween 43 and 90%ch: < 5 min
cresls®™: = 3%

imum voltage: 15 Vp-p

rating and storage temperature range: -25to + 85 °C
hanical

he: 200 mm

th: 155 mm
kness: 5.0 mm

{ distance: 5.08 mm

 90% of indicated %rh change at + 25 °C, in circudating aic
or excursion from 10%ch to 90%ch and back to 10%ch

‘orking with Philips” humidity
nsor

asucing clecultry

2suring relative humidity using Philips’ sensor invalves
detection of relatively small capacltance changes.

pending on the level of precision required, several

ssuring circuits are possible. The circuit of Fig.2, using

metastable flip-flop IC offers simple measurement

hout linearization.

precision capechence senadt
Ve 3 2 N
(2] SIEEN hy LV IBY
Q81 pF Rt 0k . l :
2y s
iy 9 13 .
oo & ° s Q> Cut=Cx
22 oF 2115% 2)
4% RH " ks Ca»Cod
| i
a 'Lv
80 i {nat oticed
dock
gererer
38 40608
Ccaoy

.2 Measuring clrcuit without linearization based on metastable llip-
o. (Circuit courtesy of W. Stephen Woodward of University of Nocth

rolina)

A0 QpF s

At
a7 pE
2
 pf
44
NS
= pF
gt

TS5

4

Fig.3 Measuring circuit with lincarization. In the dreult, Rg ks chasen
o that Rg= (Vg - Vsp/2 mA) Q

For higher precision, the measuring circuit of Fig.3
{ncorporating a linearizing network can be wsed. This
circuit Is suitable for connecting to an external power

supply.

Measuring-circuit calibratian

The measuring circuit may be calibrated using a saturated
salt solution in a small airtight container to create a
standard relative humidity environment (ASTM Designa-
tion E 104). The saturated salt solution should be
prepared from reagent grade chemicals and reagent water
produced by distillation or by ion exchange.

Recommended salts (ASTM E 104)

RH
@ 25 °C
Lithium chlodde LiCl 11.3%
Potassium acetate KC,H;0, 22.5%
Magnesium chloride MgCl, 32.8%
Potassium carbonate K,CO4 43.2%
Magnesium nitrate Mg(NQ,), 52.9%
Sodium chloride NaCi "75.3%
Potassium chloride KCi 84.3%
Potassium nitrate KNO4 33.6%
Potassium sulpate K,SQ, 97.3%

Phitips Passive Componeats



Potassium carbonate is usually chosen as a reference since
s RH (43.2%) falls approximately in the middle of the
neasuring range of the sensor and because its temperature
tability is high (from 43.1%rh at 0 °C to 43.2%th at
30 °C)- :

Response time and hysteresis

The response time is defined as the time it takes for the
sensor’s reading to change by 90% of the total change
following an immediate change of relative humidity. The
response time obviously varies according to the relative
humidity level, being shorter for low humidity levels than
for higher levels.

The sensor’s response also shows hysteresis due to the
difference between the speed of moisture absorption and
the speed of evaporation. The hysteresis value in the
specification is given for steps of 10%rh allowing a
stabilization time of 30 minutes between steps.

Maximum applied voltage
The sensor Is a tough component with high dielectric
strength able to withstand both DC and AC voltages up

to 15 V. What's more, a low dissipation factor means it
can accept high-amplitude measuring voltages without over
heating. And in contrast to many competing technologies
it meets the most stringent static-discharge specifications.

Operating frequency

The sensor’s dissipation factor increases with humidity. It
also falls with measuring frequency to a minimum value at
around 1 kHz after which it increases again. When
working at low levels of humidity (< 50%rh), it's therefore
possible to use relatively low (< 1 iz} measuring
frequencies. But for the most reliable results over the total
operating range of "the sensor, measuring frequencies
should be between 1 kHz and 1000 kHz.

‘Working in aggressive atmospheres

Although the sensar is virtually unaffected by most air
pollutants including ammonia, the vapour of some solvents
such as acetone will attack the foil and should be avoided
when building the sensor into an assernbly. Dusty
environments should also be avoided since the hygroscopic
properties of some dust particles can affect sensor reading
if they're allowed to build up on the surface of the foll.

The humidity of the air is a measure of the amount of water
vapour it contains. At any given temperature, water will continue
to be absorbed by the air either until all available water has
evaporated or the sir has become saturated. Once the air is
saturated, ft contains its full capacity of water and no further
evaporation will take place uniess the temperature increases.

Defining refative humidity

Relative humidity (RH) s a convenient way of expressing the
amount of water vapour contained in & volume of air. It's defined
as the ratio (in percent) of the mass of water vapour in the air
to the mass required to produce saturation at the same
temmperature. When the air is saturated, therefore, its RH &
100%.

RELATIVE HUMIDITY

The presence (or absence) of water vapour in air influences many
physical, chemical and biological processes. Our comfort, for
example, depends a lot on humidity since a wvery humid
atmosphere (i.e. at or close to saturation) limits our bodies’
abllity to perspire and cool us. Usually, the most comfortsble
climatic conditions are between 45 and 65%h and for us (o
remain comfortable, the humidity must decresse as the tempera- |
ture rises. For example, at 30 °C, 70%rh is considered uncom-
fortable while 30%rh s quite tolerable.

By introducing humidity monitoring instrumentation, the energy
management systems of office and industrial buildings couid be
better optimized and a lot of energy saved without loss of
comfort by adapting the efficiency of energy management
according to the season and the external climatic conditions.

Ptutips Pessive Components



Mechanical data and ordering

Dimensions in mm

50205
t

MRO 125

S

Fig.4 Component outline

Marking
PHILIPS H1.

Mounting

The device can be soldered direcdy on o a printed-ciccuit
board or fastened with 3 mm boles.

Soldering
Solderability: <240 “C; <4 s.
Resistance to hcat: <240 °C; <4 s.

Robustness of terminations

Tensile strength: 10 N.

Ordering cade
2322 691 90001.

6
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General Description

The LM135 series are precision, easily-calibrated, integrated
circuit temperature sensors. Operating as a 2-terminal zener,
the LM135 has a breakdown voltage directly proportional to
absolute temperature at +10 mV/’K. With less than 1Q dy-
namic impedance the device operates over a current range
of 400 pA to 5 mA with virtually no change in performance.
When calibrated at 25°C the LM135 has typically less than
1°C error over a 100°C temperature range. Unlike other
sensors the LM135 has a linear output.

Applications for the LM135 include almost any type of tem-
perature sensing over a -55°C to +150°C temperature
range. The low impedance and linear output make interfac-
ing to readout or control circuitry especially easy.

The LM135 operates over a =55°C to +150°C temperature
range while the LM235 operates over a —40°C to +125°C

NNational Semiconductor

November 2000

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

temperature range. The LM335 operates from -40°C to
+100°C. The LM135/LM235/LM335 are available packaged
in hermetic TO-46 transistor packages while the LM335 is
also available in plastic TO-92 packages.

Features

® Directly calibrated in "Kelvin

® 1°C initial accuracy available

® Operates from 400 pA to 5 mA

B Less than 1Q dynamic impedance
m Easily calibrated

® Wide operating temperature range
m 200°C overrange

= |ow cost

Schematic Diagram

<
/2 s

a3 lns <t RG ': R7
2 S S

AAA— ADJUSTMENT

Snn
138

DS005698-1

© 2000 National Semiconductor Corporation DS005698

www.national.com
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Connection Diagrams

T0-92
Plastic Package

Bottom View
Order Number LM335Z
or LM335AZ
See NS Package
Number Z03A

SO-8
Surface Mount Package

1 _/ |s
NC — =4
2 7
NC — — NC
3 &
NC — — NC
4 5
= ADJ
)S005698-25

Order Number LM335M
See NS Package
Number MOSA

TO-46
Metal Can Package*

*Case is connected to negative pin

Bottom View
Order Number LM135H,
LM135H-MIL, LM235H,
LM335H, LM135AH,
LM235AH or LM335AH
See NS Package
Number HO3H

www.national.com




Absolute Maximum Ratings (ote 4) Specified Operating Temp. Range
Continuous Intermittent
(Note 2)

LM135, LM135A -55°C to +150°C 150°C to 200°C
LM235, LM235A -40°C to +125°C 125°C to 150°C

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Reyars Conent 1SmA | M335,LM335A  -40°Cto +100°C  100°C to 125°C

Fanward Edmont 0 Lead Temp. (Soldering, 10 seconds)

Storage Temperature TO-92 Package: 260°C
TO-46 Package —60°C to +180°C TO-46 Package: 300°C
TO-92 Package —60°C to +150°C SO-8 Package: 300°C
S0 fackaon 50to t150IC Vapor Phase (60 seconds): 215°C

Infrared (15 seconds): 220°C

Temperature Accuracy (Note 1)

LM135/LM235, LM135A/LM235A

Parameter Conditions LM135A/LM235A LM135/LM235 Units
Min Typ Max Min Typ Max

Operating Output Voltage Tc=25C, Ig=1mA 2.97 2.98 2.99 2.95 2.98 3.01 Y
Uncalibrated Temperature Error Tc=25°C, Ig =1 mA 0.5 1 1 3 ‘C
Uncalibrated Temperature Error Tun < Te £ Tpaxs Ir= 1T mA 1.3 2:7 2 5 ‘C
Temperature Error with 25°C Tan < Te € Tyax Ir = 1 MmA 0.3 1 0.5 1.5 °C
Calibration
Calibrated Error at Extended Te = Tuax (Intermittent) 2 2 ‘C
Temperatures
Non-Linearity lr = 1mA 0.3 0.5 0.3 1 °C

Temperature Accuracy (Note 1)

LM335, LM335A

Parameter Conditions LM335A LM335 Units
Min Typ Max Min Typ Max

Operating Output Voltage Tc=25C, Ig=1mA 2.95 2.98 3.01 2.92 2.98 3.04 Vv
Uncalibrated Temperature Error Tc=25C, Ig=1mA 1 8 2 6 ‘C
Uncalibrated Temperature Error Tun € Te € Tpax I = 1 mA 2 5 4 9 °'C
Temperature Error with 25°C T € Te £ Tpax I = 1 MA 0.5 1 1 2 ‘C
Calibration
Calibrated Error at Extended Te = Tpax (Intermittent) 2 2 e
Temperatures :
Non-Linearity lr =1mA 0.3 1.5 0.3 1.5 ‘C

Electrical Characteristics (Note 1)

LM135/LM235 LM335
Parameter Conditions LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA<Ig<5 mA 25 10 3 14 mV
Change with Current At Constant Temperature
Dynamic Impedance Ig=1 mA 0.5 0.6 Q
Output Voltage Temperature +10 +10 mVv/°C
Coefficient
Time Constant Still Air 80 80 sec
100 ft/Min Air 10 10 sec
Stirred Oil 1 1 sec
Time Stability Tc=125°C 0.2 0.2 °Clkhr

3 www.national.com
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LM135/LM235/LM335, LM135A/LM235A/LM335A

Electrical Characteristics (Note 1) (Continued)

Note 1: Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered.
Note 2: Continuous operation at these temperatures for 10,000 hours for H package and 5,000 hours for Z package may decrease life expectancy of the device.

Note 3:
Thermal Resistance TO-92 TO-46 SO-8
6,4 (junction to ambient) 202°C/W  400°C/W  165°C/W

0,c (junction to case) 170°C/W N/A N/A
Note 4: Refer to RETS135H for military specifications.

Typical Performance Characteristics

Reverse Voltage Change Calibrated Error
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Reverse Characteristics
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Noise Voltage
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Thermal Response in Still Air
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- Progrom : Tempreature and Humidity control by Pl Controller

L okkkkkkk Rk kdkkk kR Kk kK * % Kokkkkkkkxkkhhkkkkkkhkkhkkkkkhkkkkkkkkkkkk
'

: Define Port&Pin Name

KPAD_ROWO BIT P1.0 : Keypad Input Row 0
KPAD_ROW1 BIT P14 : Keypad Input Row 1
KPAD_ROW?2 BIT P12 : Keypad Input Row 2
KPAD_ROW3 BIT RS ; Keypad Input Row 3
KPAD_COL2 BIT P1.4 - : Keypad Output Column 2
KPAD_COL1 BIT B! : Keypad Output Column 1
KPAD_COLO BIT P1.6 - Keypad Output Column 0
FAN BIT P2.1

FOG BIT P22

SEL BIT R2 8 ; SCL 12C Bus

SDA BIT P2.4 : SDA 12C Bus

ONEWIRE BIT P25 - (LM 335 Temp. Sensor)
SCL_1 BIT P2.6 ; SCL 12C Bus

SDA_1 BIT B2 ; SDA 12C Bus

LCD_EN BIT P3.6 - LCD Module Enable
LCD_RS BIT ‘P3.7 - LCD Module Register Select

: Define User Register

FLAG EQU 02FH : User FLAG

BUSY BIT FLAG.0 : Define BUSY as bit
KPAD_DATA EQU 030H : For keep Keypad Data
BUFFER EQU 031H ; Buffer

LCD_ADDR EQU 032H : For keep LCD Address
LCD_DATA EQU N33H : For keep LCD Data

ONEWIRE_DATA EQU 034H ; For keep ONEWIRE Data



TEM_SET EQU 035H
TEMP EQU 036H
CONTROL EQU 037H
DA_DATA EQU 038H
[2C_ACK BIT FLAG.
12C_ADDR EQU 03BH
|2C_DATA EQU 03CH
IO_DATA EQU 03DH
HUM_SET EQU 03EH
HUM EQU 03FH
; Define User Register for Controller

UN1 EQU 040H
UN2 EQU 041H
UN3 EQU 042H
UN4 EQU 043H
KP EQU 0444
Kl EQU 045H
D EQU 046H
TIME EQU 047H
EN EQU 048H
ENS EQU - 049H
ENN EQU 04AH
ENNS EQU 04BH
CON EQU 04CH
CONN EQU 04DH
EM EQU 04EH
EMS EQU 04FH
EMM EQU 050H
EMMS EQU 051H
COM EQU 052H
COMM EQU 053H

: For keep Temperature Data

: For keep Temp. Data (Temp L only)
; For keep 12C PCF8591 Control Byte
; For keep 12C D/A Data

: Define 12C Acknowledge as bit

: For keep 12C Address

; For keep 12C Data

; For keep 12C 8 bit I/0 Data

; For keep Humidity Data

: For keep Hum. Data (Hum L only)

: Errorat time N

: Error at time N-1

: Errorattime N

; Error at time N-1



" Define 12C Slave Address

PCF8591_ID

EQU

100100008 ; PCF8591:000 Slave Address

; Main Program.

)

MAIN:

LOOP:

ORG
MOV
MOV
CLR
CLR
SETB
SETB
CLR
CLR

MOV
MOV
MOV
ACALL

MOV
MOV
MOV
MOV
MOV

ACALL

MOV
ACALL
MOV
ACALL

ACALL
ACALL
ACALL
ACALL
AJMP

0000H
P0,#00000000B
P1#11111111B
LCD_EN
LCD_RS

SDA

SCle

FAN

FOG

DA_DATA#OFFH
A#01000000B
CONTROL,A
PCF8591_WR

KP,#011H
K. #00H
TD,#026H
TIME #01H
EN1#00H

INIT_LCD

LCD_ADDR #000H
SET_ADDR_LCD
DPTR#SCR
WRLINE_LCD

TEM_SCR
HUM_SCR
TEM_PI
HUM_PI
LOOP

; Temperature Score

)

TEM_SCR:

PRES_CHK_LOOP:

ACALL
ACALL
MOV
ACALL
MOV
ACALL

SETB
ACALL

ACALL
JB

LM335_RST
LM335_PRES
ONEWIRE_DATA#0CCH
LM335_WR
ONEWIRE_DATA #044H
LM335_WR

BUSY
LM335_RST

LM335_PRES
BUSY,PRES_CHK_LOOP

- Reset Vector
: Clear Databus

: Clear LCD Enable
: Clear LCD RS
: CLear 12C bus

. Clear Heater

: Set Address 0O0H

: LM335 Reset
. LM335 Presence
: Write Skip ROM

; Set bit BUSY

: LM335 Reset
: LM335 Presence
; Wait for Busy



NOP
ACALL
MOV

ACALL
MOV
ACALL
ACALL
MOV

ACALL
ACALL
MOV

ACALL

MOV
CLR
RRC
MOV
ACALL
RET

LM335_PRES
ONEWIRE_DATA #0CCH

LM335_WR
ONEWIRE_DATA #0BEH
LM335_WR

LM335_RD
TEM,ONEWIRE_DATA

LM335_RST
LM335_PRES
LCD_ADDR #004H
SET_ADDR_LCD

A TEM

€

A
LCD_DATA,A
HEX2LCD

Humidity Score

HUM_SCR:

MOV
MOV
MOV
ACALL
MOV
MOV
ACALL
ACALL
RET

A,P1

HUM,A

LCD_ADDR #044H
SET_ADDR_LCD
AHUM
LCD_DATAA
HEX2LCD
DELAY_1s

Temperature Pl Control

TEM_PI:

MOV
CLR
SUBB
MOV
JC
CLR

MOV
MUL
MOV
MOV
CLR

ADD
JC

MOV
MUL
MOV
MOV
CJNE

A TEMS

c

A TEM
EN,A
TEM_OVER

FAN s Tset>Tm

B,KP

AB

U1,A
AEN

c

AEN1
EN_OVER

B,KI

AB

U2,A

AB
A#00H,EN_OVER

: LM335 Reset
: LM335 Presence
; Write Skip ROM

: Read LM335

: LM335 Reset
:LM335 Presence

1

; Get Temp. Data
: Clear Carry Flag



- Wait keypad pressed 0-9 Only

WAIT_KEYPRESSED: ACALL GET_KPAD

MOV A KPAD_DATA
CJNE A #0,CHK_KEY_NEXT
AJMP  WAIT_KEYPRESSED
CHK_KEY_NEXT: CJINE A, #10,CHK_KEY_O
AJMP  WAIT_KEYPRESSED
CHK_KEY_0: CINE  A,#11,CHK_VALID_KEY
MOV KPAD_DATA #0
RET
CHK_VALID_KEY: JNC  WAIT_KEYPRESSED
RET
- KEYPAD to show LCD
/P: KPAD_DATA
KPAD2LCD: MOV  A,KPAD_DATA
ADD  A#030H
MOV~ LCD_DATAA

ACALL WRCHAR_LCD

RET

: Wait keypad depressed

WAIT_KEY: MOV  AP1
ANL AH#OOFH

CJNE  AH#OOFHWAIT_KEY

RET

: Keypad Scan key Subroutine

: Check keypad Data

- Check keypa pressed?
: Loop until keypad pressed
: Check key *
: If key * then loop wait
: Check key O
- Replace KPAD_DATA =0
; Return
“|f KPAD_DATA > 11 then loop wait

. Return

. Get Keypad Data
: Convert to ASCII
- Write to ICD

: Move P1 to ACC.
: Get only Lower 4 bit

. All bit are high ?



GET_KPAD:

CHK_COLO:

COLO_DETECT:

CHK_COL1:

COL1_DETECT:

CHK_COL2:

COL2_DETECT:

GET_ROW:

MOV
MOV

CLR
MOV
ANL
CJNE
AIMP
MOV
AJIMP
SETB
CLR
MOV
ANL
CJINE
AJMP
MOV
AIMP

SETB
CLR
MOV
ANL
CJINE
RET

MOV

CLR

CLR

CLR

JB
RET

P1,#0FFH
KPAD_DATA #0

KPAD_COLO

AP

A H#OOFH

A #00FH,COLO_DETECT
CHK_COL1
KPAD_DATA#01
GET_ROW

KPAD_COLO
KPAD_COL1

AP

A #OOFH
A#00FH,COL1_DETECT
CHK_COL2 '
KPAD_DATA #02
GET_ROW

KPAD_COL1
KPAD_COL2
AP1

A #OOFH

A#00FH,COL2_DETECT

Pull P1 to High

: Clear Keypad Data

; BeginScanColumn 0

: Get Port1 Value

: Get only lower 4 bit
: Check All rows '1'?

: Stop Scan Column 0
: Begin Scan Column 1
; Get Port2 Value

: Get only lower 4 bit

: Check All rows '1'?

; Initial KPAD_DATA = 2

»Jump to get row value

; Stop Scan Column 1

; Begin Scan Column 2
; Get Port2 Value

: Get only lower 4 bit

; Check All rows '1'?

: All rows '1' => return

KPAD_DATA #03; Initial KPAD_DATA = 2

KPAD_COLO
KPAD_COL1 ;
KPAD_COL2 ;

KPAD_ROWO0,CHK_ROW1



CHK_ROWT1: JB KPAD_ROW1,CHK_ROW?2 : Check Row 2
Detect?
MOV A KPAD_DATA
ADD A#3
MOV  KPAD_DATAA ;
RET ; Return
CHK_ROW?2: JB KPAD_ROW2,CHK_ROW3 ; Check Row 2
Detect?
MOV A, KPAD_DATA : Add 6 with KPAD_DATA
ADD  A#6
MQV - KPAD_DATAA
RET ; Return
CHK_ROWa: MOV A KPAD_DATA : Add 9 with KPAD_DATA
ADD  A#9
MOV  KPAD_DATAA ;
RET
; Temperature Score
TEM_1: ACALL LM335_RST ; LM335 Reset
ACALL LM335_PRES ; LM335 Presence
MOV~ ONEWIRE_DATA #0CCH : Write Skip ROM
ACALL LM335_WR
MOV ONEWIRE_DATA #044H ; Write Convert Command
ACALL LM335_WR
SETB  BUSY ; Set bit BUSY
PRES_CHK_LOOP: ACALL LM335_RST ; LM335 Reset
ACALL LM335_PRES : LM335 Presence
JB BUSY,PRES_CHK_LOOP ; Wait for Busy
NOP ; Delay

NOP



NOP g

NOP
ACALL LM335_RST ; LM335 Reset
ACALL LM335_PRES ; LM335 Presence

MOV~ ONEWIRE_DATA,#0CCH ; Write Skip ROM
ACALL LM335_WR
MOV ~ ONEWIRE_DATA #0BEH ; Write Read Scratchpad

Command

ACALL LM335_WR

ACALL LM335_RD ; Read LM335

MOV  TEMP,ONEWIRE_DATA ; Get First Byte as TEMP (L)

ACALL LM335_RST ; LM335 Reset

ACALL LM335_PRES :LM335 Presence

MOV LCD_ADDR,#007H

ACALL SET_ADDR_LCD

MOV A, TEMP ; Get Temp. Data

CLR C ; Clear Carry Flag

RRC . A ; Rotate ACC. to Right with
Carry

MOV  LCD_DATAA ; Write Temp. in 3 Decimal
Digits

ACALL HEX2LCD

RET
; Humidity Score
HUM_1: ACALL PCF8574_RD

MOV  HUM,IO_DATA
MOV  LCD_ADDR,#047H
ACALL SET_ADDR_LCD



MOV  AHUM
MOV  LCD_DATAA
ACALL HEX2LCD
ACALL DELAY_1s

: Push ACC.

: Get Data

: Divide by 100

: Convert to ASCII

CJNE A#030H,HEX2_LCD_NX ;Checkx100=07

RET
- HEX Code to show LCD
1P LCD_DATA
HEX2LCD: PUSH ACC
MOV ALCD_DATA
MOV B,#100
DIV AB
ADD A #030H
MOV - A#'!
HEX2_LCD_NX: MOV LCD_DATAA
ACALL WRCHAR_LCD
MOV AB
MOV B#10
DIV AB
ADD A #030H
MOV~ LCD_DATAA
ACALL WRCHAR_LCD
MOV “AB
ADD A#030H
MOV  LCD_DATAA
ACALL WRCHAR_LCD
POP  ACC
RET
: LM335 Data Read
LM335_RD: MOV  R4,#8

ELRE A

: 0 => Write Space

: Write x100

: Divide by 10

- Convert to ASCII

- Write Lower HEX Code
: Get Remainder x1

: Convert to ASCII

- Write Lower HEX Code
: Pop ACC.

: Return

: Set loop 8 times

: Clear ACC.



LM335_RD_LOOFP: CLR  ONEWIRE
NOP
NOP
SETB  ONEWIRE
NOP
NOP
NOP
NOP
MOV  C,ONEWIRE
ACALL ONEWIRE_DELAY
RRC A
DJINZ - R4,LM335_RD_LOOP
MQV  ONEWIRE_DATAA
RET
; LM335 Data Write
LM335_WR: MOV~ R4,#8
MOV A, ONEWIRE_DATA
ONEWIRE_DATA
LM335_WR_LOOP: RRC A
JNC  LM335_WR_L
CLR ~ ONEWIRE
NOP
NOP
NOP
NOP
SETB  ONEWIRE
ACALL ONEWIRE_DELAY
AJMP  LM335_WR_NX
LM335_WR_L: CLR  ONEWIRE
ACALL ONEWIRE_DELAY
SETB  ONEWIRE

NOP

; Clear ONEWIRE

; Set ONEWIRE

; Get ONEWIRE to Carry Flag

; Delay 75 us

: Do until 8 times

. Set loop 8 times

: Get

; Rotate ACC. with Carry Flag
; Carry Flag was set ?

; Set =>TX high

; Set ONEWIRE

; Delay 75 us

; Jump to next write
; Clear => TX Low

; Delay 75 us

; Set ONEWIRE



NOP

NOP ;
NOP ;
LM335_WR_NX: DJNZ R4,LM335_WR_LOOP ;Do until 8 times
RET ; Return
; LM335 Reset
LM335_RST: CLR  ONEWIRE ; Clear ONEWIRE
ACALL DELAY_1ms : Delay
SETB  ONEWIRE ; Set ONEWIRE
MOV R4,#8 ; Delay
DINZ R4,$ ;
RET ; Return
; LM335 Receive Presence Pulse
LM335_PRES: MOV  R4,#8 ; Set Loop wait 1
LM335_PRES_1: MOV  R3,#0 ; Set Loop wait 2
LM335_PRES_2: JNB  ONEWIRE,LM335_PRES_3 ; Check ONEWIRE
was clear?
DJNZ 'RS,LM335_PRES_2 : Wait loop check 2
DJNZ  R4,LM335_PRES_1 ; Wait loop check 1
RET ; Return
LM335_PRES_3: JNB ONEWIRE,$ ; Wait until ONEWIRE set
MOV  R4,#8 ; Delay
DINZ R4,% ;
CLR:. BUSY ; Clear BUSY Flag
RET ; Return

; 12C PCF8574 Read

1



PCF8574_RD: MOV [2C_ADDR,#PCF8574_ID+1 ; Set PCF8574 as 12C

Read Slave
ACALL 12C_SLAVE_3 ; Connect Slave
ACALL I12C_DATA_RD ; Read Data from
Slave
MOV  |O_DATA,I12C_DATA ; Read Data to
I0_DATA
ACALL 12C_NACK_BIT_2 ; Send Not
Acknowledge
ACALL 12C_STOP_2 ; Send Stop Condition
RET ; Return
; 12C PCF8591 Write
PCF8591_WR: MOV 12C_ADDR#PCF8591_ID ; Set PCF8591 as I12C Write
Slave
ACALL [2C_SLAVE ; Connect Slave

MOV 12C_DATA,CONTROL ; Write CONTROL to Slave
ACALL [2C_DATA_WR ; Write Data to Slave

MOV  12C_DATA,DA_DATA ; Write D/A Data to Slave
ACALL [12C_DATA_WR ; Write Data to Slave

ACALL 12C_STOP ; Send Stop Condition

; 12C Data Write
A/B; 12C_DATA

; Reserve: R5

[2C_DATA_WR: PUSH ACC ; Push ACC.



SETB  12C_ACK ; Set ACK. bit

MOV A12C_DATA ; Get Data

MOV R5,#008 ; Set loop 8 times
I2C_DATA_WR_1: RLC A ; Rotate ACC. to Left with
Carry

MOV  SDA,C ; Move Carry Flag to SDA

ACALL [2C_CLK ; Pulse 12C Clock

DJINZ R5,12C_DATA_WR_1 ; Do until 8 times

SETB  SDA ; Set SDA

ACALL [2C_DELAY ; Delay

SEB*™ SCL ; Set SCL

ACALL [2C_DELAY ; Delay

JB SDA,I2C_DATA_WR_2 ; Check Acknowledge from
Slave

CL 2C_ACK ; Clear ACK. bit
[2C_DATA_WR_2: CUR\ £SCU ; Clear SCL

ROR/ N ACG ; Pop ACC.

RET ; Return
; 12C Data Read
; O/P: [2C_DATA
; Reserve: R5
12C_DATA_RD: PUSH ACC ; Push ACC.

CLR "=A ; Clear ACC.

MOV  R5,#008 ; Set loop 8 times
[2C_DATA_RD_1: ACALL [2C_DELAY ; Delay

SETB-  SCL.1 ; Set SCL

ACALL I2C_DELAY ; Delay

MOV  C,SDA_1

REG < A

CLRI = SE ; Clear SCL
DJNZ  R5,12C_DATA_RD_1 ; Do until 8 times



MOV  [2C_DATAA : Move Data to

[2C_DATA
POP  ACC ; Pop ACC.
RET ; Return
; 12C Slave Connect
; 1P [2C_ADDR
; O/P Flag: [2C_ACK
; Reserve: R5
; PCF 8591
[2C_SLAVE: PUSH ACC ; Push ACC.
SETB 12C_ACK ; Set ACK. bit
MOV A,I12C_ADDR ; Get Slave Address
ACALL [2C_START ; Send Start Condition
MOV R5,#008 ; Set loop 8 times
12C_SLAVE_1: RLC A . Rotate ACC. to Left with
Carry
MQV  SDA,C ; Move Carry Flag to SDA
ACALL 12C_CLK ; Pulse 12C Clock
DJINZ = R5,I12C_SLAVE_1 ; Do until 8 times
SETB. SDA ; Set SDA
ACALL 12C_DELAY ; Delay
SETB:  SCL ; Set SCL
ACALL 12C_DELAY ; Delay
JB SDA,I2C_SLAVE_2
CLR  I12C_ACK ; Clear ACK.
I2C_SLAVE_2: CLR SCL ; Clear SCL
POP ACC ; Pop ACC.

RET ; Return



I2C_SLAVE_3: PUSH ACC ; Push ACC.

SETB  I12C_ACK ; Set ACK. bit

MOV AI12C_ADDR ; Get Slave Address

ACALL [2C_START ; Send Start Condition

MOV R5,#008 ; Set loop 8 times
[2C_SLAVE_4: RLC A ; Rotate ACC. to Left with
Carry

MOV SDA_1,C ; Move Carry Flag to SDA

ACALL [2C_CLK ; Pulse 12C Clock

DJINZ  R5,12C_SLAVE_4 ; Do until 8 times

SETB  SDA_1 ; Set SDA

ACALL 12C_DELAY ; Delay

SEIB .« SCL:1 ;-Set SCL

ACALL [2C_DELAY ; Delay

JB SDA_1,2C_SLAVE 5 ; Check Acknowledge from

Slave
CLR 12C_ACK : Clear ACK.
I2C_SLAVE_5: CLR S ; Clear SCL
POP ACC ; Pop ACC.
RER = T Return
; 12C Start Condition
I2C_START: JNB SCL,I2C_START_1 ; Check current SCL set?
CLR SCL: ; Clear SCL
[2C_START_1: SETB SDA ; Set SDA

SETB SCL ; Set SCL



ACALL 12C_DELAY
CLR SDA
ACALL [2C_DELAY
CLR SCL
RET

; 12C Stop Condition

; PCF 8591

[2C_STOP: JNB SCL,12C_STOP_1
CLR SCL

12C_STOP_1: CLR SDA
ACALL [2C_DELAY
S BB 58 SCL
ACALL I[2C_DELAY
SETB SDA
RET

; PCF 8574

12C_STOP_2: JNB SGL: 1.2C.STQR. 3
CLR ST |

12C_STOP_3: CLR SDA_1
ACALL I2C_DELAY
SETB:  -SGL
ACALL [2C_DELAY
SETB SDA_1

RET

; Delay

; Clear SDA during SCL set
; Delay

; Clear SCL

; Return

; Check currerNBCL set?
; Clear SCL

; Clear SDA

; Delay

i Set. SCL

; Delay

; Set SDA during SCL set

: Return

; Check current SCL set?
; Clear SCL

; Clear SDA

; Delay

; Set SCL

; Delay

; Set SDA during SCL set

; Return



; 12C Clock

[2C_CLK: ACALL [2C_DELAY ; Pulse SCL
SETB  SCL :
ACALL [2C_DELAY :

CLR SCL :
RET : Return
; 122 Acknowledge
12C_ACK_BIT: CLR SDA ; Clear SDA
ACALL 12C_DELAY ; Delay
ACALL 12C_CLK ; Pulse 12C Clock
SETB  SDA
RET ; Return
; 12C Not Acknowledge
12C_NACK_BIT: SETB  SDA ; Set SDA
ACALL [2C_DELAY ; Delay
ACALL [12C_CLK ; Pulse 12C Clock
SBTB) «SCL
RET ; Return
12C_NACK_BIT_2: SETB  SDA_1 ; Set SDA
ACALL [2C_DELAY ; Delay
ACALL [2C_CLK ; Pulse 12C Clock
SEIBE 1 SCLE
RET ; Return

; LCD Initialize




INIT_LCD: ACALL DELAY_100ms ; Delay

CLR LCD_RS ; Clear LCD_RS Pin
MOV P0,#00111000B ; 8bit Mode

ACALL LCD_CLK ; Pulse LCD Clock
ACALL DELAY_10ms ; Delay

MOV PO,#00111000B ; 8bit Mode

ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_OFF ; Display Off
ACALL LCD_CLR ; Clear Display
MOV P0,#00000110B ; Entry Mode
ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_HOME ; Return Home Display

; LCD Clear Display

LCD_CLR: CLR LCD_RS ; Clear LCD_RS Pin
MOV P0,#00000001B ; Display Clear
ACALL LCD_CLK ; Pulse LCD Clock
RET

; LCD Return Home

LCD_HOME: CLR LCD_RS ; Clear LCD_RS Pin
MOV  P0,#00000010B ; Return Home
ACALL LCD_CLK ; Pulse LCD Clock

RET



; LCD Display Off

LCD_OFF: CLR LCD_RS
MOV P0,#00001000B
ACALL LCD_CLK
RET

; LCD Clk

LCD_CLK: SETB LCD_EN

ACALL LCD_DELAY
CLR LCD_EN
ACALL LCD_DELAY

RET
; LCD Display On
LCD_ON: CLR LCD_RS
MOV  P0,#00001100B
ACALL LCD_CLK
RET
; LCD Cursor On
LCD_BLINK: CLR LCD_RS

MOV P0,#00001111B
ACALL LCD_CLK
RET

; Set LCD Address
/P LCD_ADDR

; Clear LCD_RS Pin
; Display Off
; Pulse LCD Clock

; Pulse Clock to LCD_EN

; Clear LCD_RS Pin

; Display On

; Clear LCD_RS Pin
; Display Cursor and Blink
; Pulse LCD Clock



SET_ADDR_LCD:CLR LCD_RS ; Clear LCD_RS Pin

MOV  A,LCD_ADDR ; Move LCD_ADDR to ACC.
SETB  ACC.7 ; Set bit ACC.7
MQV PO,A ; Move to DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
RET

; Write Character to show LCD

2B LCD_DATA

WRCHAR_LCD: SEIBN\MECO\RS ; Set LCD_RS Pin
MOV PO,LCD_DATA » Move LCD_DATA to

DATABUS
ACALL LCD_CLK ; Pulse LCD Clock
ACALL LCD_ON ; Display On
RET

; Write Line of 16 Character from ROM

L 1/P: DPTR : Locate ROM Address
WRLINE_LCD: MOV RO,#0 ; Clear loop counter
WRLINE_LCD_2: SETB  LCD_RS ; Set LCD_RS Pin

CLR ™A ; Clear ACC.

MOVC A @A+DPTR ; Move data from @DPTR to
ACC.

MOV PO,A ; Move ACC. to DATABUS

ACALL LCD_CLK ; Pulse LCD Clock

INC DPTR ; Increase Pointer

INC RO ; Increase loop counter

CIJNE RO,#16,WRLINE_LCD_2 : Do until 8+8 times
ACALL LCD_ON ; Display On
RET



; Dummy Delay time ONEWIRE_DELAY, LCD_DELAY, 50u, 100u, 1m, 10m, 100m, 1s

ONEWIRE_DELAY:
ONEWIRE_DELAY_1:

I2C_DELAY:
[2C_DELAY_1:

LCD_DELAY:
LCD_DELAY_1:
LCD_DELAY_2:

DELAY_50us:
DELAY_50us_1:

DELAY_100us:
DELAY_100us_1:

MOV
NOP
NOP
DJUNZ
RET

MOV
NOP
NOP
DJNZ
RET

MOV
MOV
NOP
NOP
DJUNZ
DJNZ
RET

MOV
NOP
NOP
DJNZ
RET

MOV
NOP
NOP
DJINZ
RET

R6,#012H ; Each loop =75 us

R6,ONEWIRE_DELAY_1

R6,#00CH ; Each loop = 50 us

R6,12C_DELAY_1

R7,#002 ; Do 2 times
R6,#0E6H i Each loop =1 ms

R6,LCD_DELAY_2
R7,LCD_DELAY_1

R6,#00CH ; Each loop = 50 us

R6,DELAY_50us_1

R6,#017H ; Each loop = 100 us

R6,DELAY_100us_1



DELAY_1ms: MOV R6,#0E6H ; Each loop = 1 ms
DELAY_1ms_1: NOP

NOP

DINZ R6,DELAY_1ms_1

RET
DELAY_10ms: MOV  R7,#010 ; Do 10 times
DELAY_10ms_1: MOV R6,#0E6H ; Each loop = 1 ms
DELAY_10ms_2: NOP

NOP

DJINZ  R6,DELAY_10ms_2
DJINZ - R7,DELAY_10ms_1

RET
DELAY_100ms: MOV  R7,#100 ; Do 100 times
DELAY_100ms_1: MOV  R6,#0E6H ; Each loop =1 ms
DELAY_100ms_2: NOP

NOP

DJINZ  R6,DELAY_100ms_2
DJNZ  R7,DELAY_100ms_1

RET
DELAY_1s: MOV " R5,#100 ; Do 100 times
DELAY 1s:1; ACALL DELAY_10ms

DJNZ  R5,DELAY_1s_1
RET

:Define Constant < Store in Flash EEPROM Program Memory >

1

0123456789ABCDEF
TITEES: DB ' TEMPERATURE '
TITLE_2: DB CTEMBEL HODEH G

TITLE_3: DB " HUMIDITY '



TITLE_4: DB " HUM: %RH °

SCR_TEMP: DB 'TEMP: '.0DFH,'C'
SCR_HUM: DB "HUM : %RH '
END
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