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APPENDIXA: PROGRAMMING FOR THE PROJECT

REG
PORTA
PORTC
PORTB
DDRC
PORTE
OPTION
ADCTL
ADR1

START

LOOP

LED

ULANG

ADC

SCAN

EQU $1000
EQU 0
EQU 3
EQU 4
EQU 7
EQU 10
EQU $39
EQU $30
EQU $31

ORG $B600
LDS #3$FF
LDX #REG
LDAA #$FF
STAA DDRC, X

BSR LED
BSR ADC
BSR COMP
BRA LOOP

CLC

BCLR PORTC, X
LDAA #301
STAA PORTB, X
BSR DELAY

%11111111

ROLA

STAA PORTB, X
BSR DELAY
BCC ULANG
RTS

LDAA #%$80 ;

STAA OPTION, X ;on ADPU,clear CSEL( using E clock)
BSR DELAY1 ; delay for stabilizing adc, at least 100us
LDAA #0 ;

STAA ADCTL, X ; setadc control for single mode

BRCLR ADCTL, X $80 SCAN ; scan conversion flag=1

LDAA ADR1, X ; load data from adrl

ADDA #10  ;start process to convert value to
hexadecimal

TAB

CLRA

LDX #$A

IDIV

PSHB



DELAY1
AGAIN

DELAY
REPEAT

DELAY?2

REPEAT1
REPEAT2

COMP

ON

OFF

PSHX
LDAA #3$10
PULB
PULB

MUL
PULA
STAB $14
ADDA $14
RTS

LDAA #$26
DECA

BNE AGAIN
RTS

LDY #$FFFF
DEY

BNE REPEAT
RTS

PSHY

PSHX

LDY #$390
LDX #3$FFFF
DEX

BNE REPEAT2
DEY

BNE REPEAT1
PULX

PULY

RTS

LDX #REG
CMPA #$25

BLS OFF

BSR ON

RTS

LDAB #$01
STAB PORTC, X
LDAB #$FF
STAB PORTB, X
BSR DELAY?2
BRA OFF

RTS

LDAB #$00
STAB PORTC, X
LDAB #$00
STAB PORTB, X
RTS

END

; data convert to hexadecimal

; short delay

44



19-4323; Rev 11, 2/03

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where £12V is
not available.

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mode reduces
power dissipation to less than 5pW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

AKXV

Drivers/Receivers

Features

Superior to Bipolar

4 Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

¢ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

¢ Meet All EIA/TIA-232E and V.28 Specifications
4 Multiple Drivers and Receivers

4 3-State Driver and Receiver Outputs

4 Open-Line Detection (MAX243)

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHDN Rx
Part Supply RS-232 No. of Cap. Value & Three- Active in Data Rate
Number [\'))] Drivers/Rx_Ext. Caps (pF) State SHDN (kbps) Features
MAX220 +5 2/2 4 0.1 No — 120 Ultra-low-power, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 2/2 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;

+7.5t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 2/2 4 1.0(0.1) No — 120 (64) Industry standard
MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2/2 0 — No — 120 No external caps
MAX233A +5 2/2 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 1.0(0.1) No — 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps
MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 3/5 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;

+7.5t0 +13.2 single-package solution for IBM PC serial port
MAX240 +5 5/5 4 1.0 Yes — 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 2/2 4 0.1 Yes 200 Separate shutdown and enable
MAX243 +5 2/2 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 — Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 0 — Yes v 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 0 — Yes 4 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes v 120 Available in quad flatpack package
MAXI/ Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243

Supply Voltage (VCC) v vverveeerrieieiieaieaie e -0.3V to +6V
Input Voltages
TN e -0.3Vto (Vcc - 0.3V)
RIN (EXCept MAX220) .....oooviiiiiiiiiiic e +30V
RIN (MAX220).......ccciiiiiiins

TouT (Except MAX220) (NOte 1) oovviieeiiiiiiiiiiiieeiec +15V

TOUT (MAX220) ......coiiiiiiiiiee e +13.2V
Output Voltages

T OUT ettt et +15V

RouTt -0.3Vto (Ve + 0.3V)

Driver/Receiver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW

20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mW
16-Pin Narrow SO (derate 8.70mW/°C above +70°C) ...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW
Operating Temperature Ranges
MAX2_ _AC_ _, MAX2_ _C_ .o, 0°C to +70°C
MAX2_ _AE_ _,MAX2_ _E__ i -40°C to +85°C
MAX2_ _AM_ _, MAX2_ _M_ _ ...-55°C to +125°C
Storage Temperature Range ............... ...-65°C to +160°C
Lead Temperature (soldering, 10S) ........ccceoviviviiiiieann. +300°C

Note 1: Input voltage measured with TouT in high-impedance state, SHDN or Vcc = 0V.
Note 2: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243
(Vcc = 45V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = TmIN to TmAX, unless otherwise noted.)

PARAMETER \ CONDITIONS | MIN TYP  MAX | UNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +8 \
Input Logic Threshold Low 1.4 0.8 \
. } All devices except MAX220 2 1.4
Input Logic Threshold High \
MAX220: Vcc = 5.0V 2.4
) All except MAX220, normal operation 5 40
Logic Pull-Up/Input Current — PA
SHDN = 0V, MAX222/242, shutdown, MAX220 +0.01 +1
Vce = 5.5V, SHDN =0V, V = +15V, MAX222/242 +0.01 +10
Output Leakage Current ce —— ouT=* / = = pA
Vee = SHDN = 0V, Vourt = £15V +0.01 +10
Data Rate 200 116 kbps
Transmitter Output Resistance Vee = V+ =V-=0V, Vour = +2V 300 10M Q
Output Short-Circuit Current Vourt = 0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 \
All except MAX243 R2|N 0.8 1.3
RS-232 Input Threshold Low Vce =5V \
MAX243 R2|N (Note 2) -3
, All except MAX243 R2|N 1.8 2.4
RS-232 Input Threshold High Vce =5V \
MAX243 R2|N (Note 2) -0.5 -0.1
All except MAX243, Vcc = 5V, no hysteresis in shdn. 0.2 0.5 1
RS-232 Input Hysteresis b cc L \
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 0.4 Vv
TTL/CMOS Output Voltage High louT = -1.0mA 35 Vcg-0.2 V
Sourcing Vi = GND -2 -10
TTL/CMOS Output Short-Circuit Current | o9 YOUT mA
Shrinking VouT = Vcc 10 30
2 W AXIW




+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vee = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.0474F, C2-C4 = 0.33uF, Ta = TmiN to Tiax, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
SHDN = Ve or EN = Vee (SHDN = 0V for MAX222),
TTL/CMOS Output Leakage Current OV < VouT £ Vee +0.05 +10 pA
EN Input Threshold Low MAX242 1.4 0.8 %
EN Input Threshold High MAX242 2.0 1.4 %
Operating Supply Voltage 4.5 55 \
MAX220 0.5 2
No load
Vce Supply Current (SHDN = Vce), MAX222/232A/233A/242/243 4 10 mA
Figures 5, 6, 11, 19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta = +25°C 0.1 10
Shutdown Supply Current MAX222/242 TA=0C 1o +70°C 2 50 A
PPy Ta =-40°C to +85°C 2 50 H
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 LA
SHDN Threshold Low MAX222/242 1.4 0.8 V
SHDN Threshold High MAX222/242 2.0 1.4 V
CL = 50pF to 2500pF,
RL = 3kQ to 7kQ, MAX222/232A/233A/242/243 6 12 30
Transition Slew Rate Vce =5V, Ta = +25°C, V/us
measured from +3V MAX220 15 3 30
to -3V or -3V to +3V
MAX222/232A/233A/242/243 1.3 35
Transmitter Propagation Delay tPHLT MAX220 2 10
TLL to RS-232 (Normal Operation), ys
Figure 1 tPLT MAX222/232A/233A/242/243 1.5 3.5
MAX220 5 10
MAX222/232A/233A/242/243 0.5 1
Receiver Propagation Delay PHLR MAX220 06 3
RS-232 to TLL (Normal Operation), . Us
. MAX222/232A/233A/242/243 0.6 1
Figure 2 tPLHR
MAX220 0.8 3
Receiver Propagation Delay tPHLS MAX242 0.5 10 s
RS-232 to TLL (Shutdown), Figure 2 | tp Hg MAX242 2.5 10 H
Receiver-Output Enable Time, Figure 3 | ter MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpR MAX242 160 500 ns
Transmitter-Output Enable Time i MAX222/242, 0.1uF caps 250 s
(SHDN Goes High), Figure 4 ET (includes charge-pump start-up) H
Transmitter-Output Disable Time
(SHDN Goes Low), Figure 4 toT MAX222/242, 0.1uF caps 600 ns
Transmitter + to - Propagation MAX222/232A/233A/242/243 300
: . tPHLT - tPLHT ns
Delay Difference (Normal Operation) MAX220 2000
Receiver + to - Propagation ; ¢ MAX222/232A/233A/242/243 100 .
Delay Difference (Normal Operation) PHLR - tPLHR MAX220 295 S
Note 3: MAX243 R2poyT is guaranteed to be low when R2)n is > 0V or is floating.
AXIW 3
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MAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE OUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
10 - 11 ‘ ‘ ‘ N oV - o
b4 I [ b
; Tuf g ~ OUTPUT LOAD CURRENT |§ %——1uF CAPS I £
i e 10 FLOWS FROMV+TOV- = Lo =
6 | EITHER V- OR V- LOADED v AE@\\[ N Vi 01uF CAPS
= Voo =45V QWwF_| = ¢ | i ‘
S ' [wotowon £ Y = s & —
2 2 | TRANSMITTER OUTPUTS g Voo = 4525V 8 o
S g | (EXCEPTMAX220, MAX2334) £ e~ =
= V- LOADED, NO LOAD ON V. S 7 s — Z
2 2 Vv : + 5 0.10F a =
3 01uF 1uF S Vecz ey [~ = <L 10 caps
-4 Ip — 3 6 | ‘
6 IA/IX/ \i \ t t
. s — ] : - <\ 0.1uF CAPS
: V- .
Z V+ LOADED, NO LOAD ON V- WEV
-0 4 -0V
0 5 10 5 0 2 0 10 20 30 4 50 60 500ps/div
LOAD CURRENT (mA) DATA RATE (kbits/sec)

4 MAXI N



+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

........................................................................... -0.3V to +6V
(Vce - 0.3V) to +14V
............................................................................ +0.3V to -14V
Input Voltages
TIN e -0.3Vto (Vce + 0.3V)
RN e +30V
Output Voltages
TOUT cvee et (V+ + 0.3V) to (V--0.3V)
ROUT e -0.3Vto (Vcc + 0.3V)
Short-Circuit Duration, TOUT «vvvvvveeeeeeeeeieiciiiiiieieeee Continuous

Continuous Power Dissipation (Ta = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/°C above +70°C) .......... 1.07W
24-Pin Plastic DIP (derate 9.09mW/°C above +70°C)......500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mwW

20-Pin Wide SO (derate 10 00mW/°C above +70°C)....... 800mwW
24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 941mW

28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
44-Pin Plastic FP (derate 11.11mW/°C above +70°C) .....889mW
14-Pin CERDIP (derate 9.09mW/°C above +70°C).......... 727TmW

16-Pin CERDIP (derate 10.00mW/°C above +70°C)........ 800mWwW
20-Pin CERDIP (derate 11.11mW/°C above +70°C)........ 889mwW
24-Pin Narrow CERDIP

(derate 12.50mW/°C above +70°C).............. 1w
24-Pin Sidebraze (derate 20.0mW/°C above +70°C).......... 1.6W
28-Pin SSOP (derate 9.52mW/°C above +70°C)............. 762mW

Operating Temperature Ranges
MAX2 _ _C o i 0°C to +70°C
MAX2 _ B i -40°C to +85°C
MAX2 M _ _ i ...-55°C to +125°C
Storage Temperature Range ..............c....... ....-65°C to +160°C
Lead Temperature (soldering, 10S) .....cccoceevrariiirannne. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Vcc = +5V +10; MAX233/MAX235, Vo = 5V +5%, C1-C4 = 1.0uF; MAX231/MAX239,
Vce =5V £10%; V+ = 7.5V t0 13.2V; Ta = TmIN to Tmax; unless otherwise noted.)

MAXIMN

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voltage Swing All transmitter outputs loaded with 3kQ to ground +5.0 +7.3 \
MAX232/233 10
Vce Power-Supply Current ?‘: I—Oigém MAX223/230/234—238/240/241 7 15 mA
MAX231/239 0.4 1
MAX231 1.8 5
V+ Power-Supply Current mA
MAX239 5 15
MAX223 15 50
Shutdown Supply Current Ta = +25°C PA
MAX230/235/236/240/241 1 10
Input Logic Threshold Low | Tin; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 %
TIN 2.0
Input Logic Threshold High | EN, SHDN (MAX223); 4 \
EN, SHDN (MAX230/235/236/240/241) '
Logic Pull-Up Current TiIN=0V 1.5 200 HA
Recelvgr Input Voltage 30 30 Vv
Operating Range
5

6VCcXVIN-OccXVIN



MAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Vcc = +5V +10; MAX233/MAX235, Vo = 5V +5%, C1-C4 = 1.0pF; MAX231/MAX239,
Vce =5V £10%; V+ = 7.5V t0 13.2V; Ta = TmIN to TmaX; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223) 0.8 1.2
_ ° SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold Low $A +2f/ C, v
cc=5 Shutdown (MAX223)
SHDN = QV, 0.6 1.5
EN =5V (R4iN, R5IN)
Normal operation
SHDN = 5V (MAX223) 1.7 2.4
- ° SHDN = 0V (MAX235/236/240/241)
RS-232 Input Threshold High Ta = +25°C, Vv
Vee =5V Shutdown (MAX223)
SHDN = 0V, 1.5 2.4
EN = 5V (R4|N, R5IN)
RS-232 Input Hysteresis Vce = 5V, no hysteresis in shutdown 0.2 0.5 1.0 \
RS-232 Input Resistance Ta = +25°C, Ve = 5V 3 5 7 kQ
TTL/CMOS Output Voltage Low lout = 1.6mA (MAX231/232/233, louT = 3.2mA) 0.4 vV
TTL/CMOS Output Voltage High louT = -1mA 35 Vcc-04

0V < Rout £ Vce; EN = 0V (MAX223);

EN = Vce (MAX235-241) 005 =10 | pA

TTL/CMOS Output Leakage Current

. . Normal MAX223 600
Receiver Output Enable Time . ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Norma_l ns
operation MAX235/236/239/240/241 250
RS-232 IN to Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT,| SHDN = oV tPHLS 4 40 us
Cu = 150pF (MAX223) tPLHS 6 40
MAX223/MAX230/MAX234-241, Ta = +25°C, Ve = 5V,
RL = 3kQ to 7kQ, CL = 50pF to 2500pF, measured from 3 5.1 30
- ) +3V to -3V or -3V to +3V
Transition Region Slew Rate V/us
MAX231/MAX232/MAX233, Ta = +25°C, Ve = 5V,
RL = 3kQ to 7kQ, C| = 50pF to 2500pF, measured from 4 30
+3V to -3V or -3V to +3V
Transmitter Output Resistance Vece = V+ = V- =0V, VouT = 22V 300 Q
Transmitter Output Short-Circuit +10 mA

Current

6 MAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics
MAX223/MAX230-MAX241
TRANSMITTER OUTPUT VOLTAGE (Von)

TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Von) vs. Ve DIFFERENT DATA RATES vs. LOAD CAPACITANCE
85 = 74 o 12,0 o
! z g ‘ o g
2 TRANSMITTERS g g 1 TRANSMlTT/ER LOADED  Tp=+25°C g
LOADED E 72 z 110 Voo =45V —]z
| ' Pl LOADED, R = 3kQ2
8 70 I~ 100 N C1-C4 = juF—
: | \
1 TRANSMITTER 9.0 \ 2 TRANSMITTERS

LOADED / 68 | 16010 ‘Qi LOADED
75 . 3 TRANS- gg%ﬁ%gc /\\ 80
" aITTeRs 65

A
/ LOADED ' 20KDis/sec 70 I 8 k\
Ta=425°C | Tp=425°C / \
0 p . Crca - * T o= v 60 *3Lg?\ADAé%MmE\mk N
/ TRANSMITTER 62 |3 TRANSMITTERS LOADED TR ANSMHT?\&
4 TRANSMITTERS LOADS = “[R=3e 50 LOADED O
LOADED | 3ke 1 2500pF C1-C4=1uF | ‘

Vo (V)
Vor (V)

SLEW RATE (V/us)

65 6.0 40
45 50 55 0 50 1000 1500 2000 2500 0 50 1000 1500 2000 2500
Ve (V) LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF)
TRANSMITTER OUTPUT VOLTAGE (VoL)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-)
VOLTAGE (Vo) vs. Vec DIFFERENT DATA RATES vs. LOAD CURRENT
6.0 ‘ . -6.0 ‘ s 10 s
4TRANS-  Ta=+25°C 8 Tp=+25°C / ] N g
o MITTERS  C1-C4-1uF |2 62 |ag- a5y z 8 = 4
' LOADED ™ TRANSMITTER 3 TRANSMITTERS LOADED / 6 TA=+425°C <
\ LOADS = 64 |R -3k v . Vog = 45V )
70 PN \\ 3kQ 11 2500pF op |C1-o4=TuF /] Ci-Cd=1uF
= = \ s 2 V- LOADED
= 6 N \\ = eg | 160Kbits/sec ,/ o |rae¥ | oo ||vLOADED, |
= 1 ~ 80kbits/sec = COADED. | ONVe NO LOAD
1 TRANS- 20 | 20Kkbis/sec S 2} ON V-
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R T 74 " - —
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45 50 55 © 0 500 1000 1500 2000 2500 0 5 10 15 20 25 30 35 40 45 50
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V+, V- WHEN EXITING SHUTDOWN
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MAX220-13
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.
0
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*SHUTDOWN POLARITY IS REVERSED
FOR NON MAX241 PARTS
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ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Voltage (VCC) «voveeveerveeieaiiaieae

Input Voltages

RIN e,
Tout (Note 3)...

ROUT oo

Short Circuit (one output at a time)
Tout to GND
Rout to GND

-0.3Vto (Vcc + 0.3V)
...... +25V
................................. +15V
-0.3Vto (Vcc + 0.3V)

...Continuous
Continuous

-0.3V to +6V

Continuous Power Dissipation (Ta = +70°C)

28-Pin Wide SO (derate 12.50mW/°C above +70°C) ............. 1w
40-Pin Plastic DIP (derate 11.11mW/°C above +70°C) ...611mW
44-Pin PLCC (derate 13.383mW/°C above +70°C) ........... 1.07W

Operating Temperature Ranges
MAX225C_ _, MAX24_C_ _ oo 0°C to +70°C
MAX225E_ _, MAX24_E_ _ ..o, -40°C to +85°C
Storage Temperature Range ............... -65°C to +160°C
Lead Temperature (soldering,10S) ......ccccoovvvviiieiiinnenns. +300°C

Note 4: Input voltage measured with transmitter output in a high-impedance state, shutdown, or Vcc = 0OV.

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249

(MAX225, Vcc = 5.0V £5%; MAX244-MAX249, Vcc = +5.0V £10%, external capacitors C1-C4 = 1uF; Ta = TMmIN to TmAX; unless oth-

erwise noted.)

PARAMETER CONDITIONS | MIN TYP MAX | UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 0.8 \
Input Logic Threshold High 2 1.4 \
) Normal operation 10 50
Logic Pull-Up/Input Current Tables 1a-1d Shutdown 2001 " bA
Data Rate Tables 1a-1d, normal operation 120 64 kbps
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +7.5 \
ENA, ENB, ENT, ENTA, ENTB =
VCC,YVOUTY _ 11’5\/ ’ +0.01 +25
Output Leakage Current (Shutdown) Tables 1a-1d pA
Vee =0v, +001 =25
Vout = =15V
Transmitter Output Resistance Vce = V+ = V- =0V, Vourt = +2V (Note 4) 300 10M Q
Output Short-Circuit Current Vour = 0V +7 +30 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +25 \Y
RS-232 Input Threshold Low Vce =5V 0.8 1.3 \
RS-232 Input Threshold High Vce =5V 1.8 2.4 \
RS-232 Input Hysteresis Vce =5V 0.2 0.5 1.0 V
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 0.4 Vv
TTL/CMOS Output Voltage High louT = -1.0mA 35 Vcc-02 \
o Sourcing VouTt = GND -2 -10
TTL/CMOS Output Short-Circuit Current — mA
Shrinking VouT = Ve 10 30
TTL/CMOS Output Leakage Current | \ormal operation, outputs disabled, £005 +010| pA
Tables 1a-1d, OV < VouTt < Vce, ENR_ = Vce
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ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249 (continued)

(MAX225, Ve = 5.0V £5%; MAX244-MAX249, Ve = +5.0V £10%, external capacitors C1-C4 = 1uF; Ta = TMIN to Tmax; unless oth-

erwise noted.)

PARAMETER | CONDITIONS | MIN TYP MAX | UNITS
POWER SUPPLY AND CONTROL LOGIC
Operating Supply Voltage MAX225 475 525 v
perating supply Yotad MAX244-MAX249 45 55
MAX225 10 20
No load
Vce Supply Current MAX244-MAX249 11 30 mA
(Normal Operation) 3kQ loads on MAX225 40
all outputs MAX244-MAX249 57
Ta = +25°C 8 25
Shutdown Supply Current PA
TA = TMIN to TmAX 50
Leakage current +1 uA
Control Input Threshold low 1.4 0.8 y
Threshold high 2.4 1.4
AC CHARACTERISTICS
. CL = 50pF to 2500pF, RL = 3kQ to 7kQ, Vcc =5V,
Transition Slew Rate Ta = +25°C, measured from +3V to -3V or -3V to +3V 5 10 30 Vins
Transmitter Propagation Delay tPHLT 1.3 3.5
TLL to RS-232 (Normal Operation), ys
Figure 1 tPLHT 1.5 3.5
Receiver Propagation Delay tPHLR 0.6 1.5
TLL to RS-232 (Normal Operation), us
Figure 2 tPLHR 0.6 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (Low-Power Mode), ys
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation
Delay Difference (Normal Operation) {PHLT - tPLHT 350 ns
Receiver + to - Propagation
Delay Difference (Normal Operation) {PHLR - tPLHR 350 ns
Receiver-Output Enable Time, Figure 3 | ter 100 500 ns
Receiver-Output Disable Time, Figure 3 | tpR 100 500 ns
MAX246-MAX249 5 S
(excludes charge-pump startup) H
Transmitter Enable Time tET
MAX225/MAX245-MAX249
. 10 ms
(includes charge-pump startup)
Transmitter Disable Time, Figure 4 DT 100 ns

Note 5: The 300Q minimum specification complies with EIA/TIA-232E, but the actual resistance when in shutdown mode or Vg =
0V is 10MQ as is implied by the leakage specification.

MAXIMN
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Typical Operating Characteristics

MAX225/MAX244-MAX249

TRANSMITTER OUTPUT VOLTAGE (V+, V-)

TRANSMITTER SLEW RATE OUTPUT VOLTAGE vs. LOAD CAPACITANCE AT
vs. LOAD CAPACITANCE vs. LOAD CURRENT FOR V+ AND V- DIFFERENT DATA RATES
- 1 - .
18 N P = 0 z 80 Vice = 5V WITH ALL TRANSMITTERS DRIVEN |2
oc=9 |3 8 —= s LOADED WITH 5k {2
_ e V+ AND V- LOADED e 85 e e
= \ 6 i EITHER V+ OR ™| NSO 10kb/sec
P \\ EXTERNAL POWER SUPPLY S 4 fyggesy V-LOADED ' \\ N 2Okb‘/ S60 ]
E 1w 1uF CAPACITORS &, | EXTERNAL CHARGE PUMP 75 ™ S okisee
= \ = 1uF CAPACITORS = \ N |~
3 10 N S 0 |8TRANSMITTERS > 70 N B —
& N (OGSDATARATE | 5| DRVING 5KQAND 2 \ ~
E 3 8TRANSMITTERS { & "2 ["2000pF AT 20Kbits/sec 65 N
= Novowihse| 3 L V- LOADED \ NG
2 \\ T ] Y 6.0 \ 100kb/sec
= W B [VeANDY- LOADED oONsec R
4 ~ " 55 i AN
) 0 v+ LOADED 5o LALLCAPACITIORS tur
0 1 2 3 4 5 0 5 10 15 2 2 30 3 T 1 2 3 4 5
LOAD CAPACITANCE (1F) LOAD CURRENT (mA) LOAD CAPACITANCE (nF)
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+3V INPUT

INPUT ' ﬁ 5
‘ ov ' |

OUTPUT - X 50%

ouTPUT L/ : P
: tPHLR b
5 : : tPHLS A

tpLHT — > :4— — — tpyT
*EXCEPT FOR R2 ON THE MAX243
WHERE -3V IS USED.
Figure 1. Transmitter Propagation-Delay Timing Figure 2. Receiver Propagation-Delay Timing
EN

RxOUT  1kQ
ReIN » Vg -2
s —=.
a) TEST CIRCUIT o

a) TIMING DIAGRAM

150pF —
— 43V : — > a—— OUTPUT DISABLE TIME (tor)
mmeur —=2 . L

I, < RN

— i ia—— OUTPUT ENABLE TIME (tep) Do o

i P
RECEIVER : v /|
OUTPUTS : T

b) ENABLE TIMING

+3V =

ENINPUT v . 10R0
—~  r—— OUTPUT DISABLE TIME (tp) 3kQ 50pF

Vo
------- Von - 0.5V

RECEIVER i Vg - 2V
OUTPUTS !
T VoL +0.5V b) TEST CIRCUIT
Vou !
c) DISABLE TIMING '
Figure 3. Receiver-Output Enable and Disable Timing Figure 4. Transmitter-Output Disable Timing
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Table 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 1 Normal Operation All Active All 3-State
1 0 Shutdown All 3-State All Low-Power Receive Mode
1 1 Shutdown All 3-State All 3-State
Table 1b. MAX245 Control Pin Configurations
- N OPERATION TRANSMITTERS RECEIVERS
ENT ENR
STATUS TA1-TA4 TB1-TB4 RA1-RA5 RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
. . . RA1-RA4 3-State, | RB1-RB4 3-State,
0 1 Normal Operation All Active All Active RA5 Active RB5 Active
All Low-Power All Low-Power
1 0 Shutdown All 3-State All 3-State Receive Mode Receive Mode
RA1-RA4 3-State, | RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RA5 Low-Power RB5 Low-Power
Receive Mode Receive Mode

Table 1c. MAX246 Control Pin Configurations

- S OPERATION TRANSMITTERS RECEIVERS
ENA ENB
STATUS TA1-TA4 TB1-TB4 RA1-RA5 RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
) ) . RB1-RB4 3-State,
0 1 Normal Operation All Active All 3-State All Active RB5 Active
1 0 Shutdown All 3-State All Active | BAI-RA43-State, |\ e
RA5 Active
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RA5 Low-Power RA5 Low-Power
Receive Mode Receive Mode

12
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Table 1d. MAX247/MAX248/MAX249 Control Pin Configurations
TRANSMITTERS RECEIVERS
MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB5
ENTA | ENTB | ENRA | ENRB OPERATION
STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RA5 RB1-RB5
0 0 0 0 Normal Operation All Active | All Active | All Active All Active
All 3-State, except
0 0 0 1 Normal Operation All Active | All Active | All Active RB5 stays active on
MAX247
0 0 1 0 Normal Operation All Active | All Active | All 3-State All Active
All 3-State, except
0 0 1 1 Normal Operation All Active | All Active | All 3-State RB5 stays active on
MAX247
0 1 0 0 Normal Operation All Active | All 3-State | All Active All Active
All 3-State, except
0 1 0 1 Normal Operation All Active | All 3-State | All Active RB5 stays active on
MAX247
0 1 1 0 Normal Operation All Active | All 3-State | All 3-State All Active
All 3-State, except
0 1 1 1 Normal Operation All Active | All 3-State | All 3-State RBS5 stays active on
MAX247
1 0 0 0 Normal Operation All 3-State | All Active | All Active All Active
All 3-State, except
1 0 0 1 Normal Operation All 3-State | All Active | All Active RB5 stays active on
MAX247
1 0 1 0 Normal Operation All 3-State | All Active | All 3-State All Active
All 3-State, except
1 0 1 1 Normal Operation All 3-State | All Active | All 3-State RB5 stays active on
MAX247
Low-Power Low-Power
1 1 0 0 Shutdown All 3-State | All 3-State Receive Mode Receive Mode

All 3-State, except

1 1 0 1 Shutdown All 3-State | All 3-State Ié(;\g/(—elij)ew'\e/lro de RB5 stays active on
MAX247

1 1 1 0 Shutdown All 3-State | All 3-State | All 3-State Low-Power
Receive Mode
All 3-State, except

1 1 1 1 Shutdown All 3-State | All 3-State | All 3-State RB5 stays active on

MAX247
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Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to +10V (unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
(V+) and -10V (V-) outputs to power external circuitry
(see the Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not available. V+ and V- are not regulated,
so the output voltage drops with increasing load current.
Do not load V+ and V- to a point that violates the mini-
mum 5V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry. When these parts are shut
down, V- falls to OV, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin (instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must not be installed and
the SHDN pin must be tied to Vcc. This is because V+
is internally connected to Vcc in shutdown mode.

RS-232 Drivers
The typical driver output voltage swing is +8V when
loaded with a nominal 5kQ RS-232 receiver and Vcc =
+5V. Output swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for £5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3k load, Vcc = +4.5V, and
maximum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are both TTL and CMOS compatible.
The inputs of unused drivers can be left unconnected
since 400kQ input pull-up resistors to Vcc are built in
(except for the MAX220). The pull-up resistors force the
outputs of unused drivers low because all drivers invert.
The internal input pull-up resistors typically source 12uA,
except in shutdown mode where the pull-ups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes (maximum 25pA)—when in shutdown
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mode, in three-state mode, or when device power is
removed. Outputs can be driven to £15V. The power-
supply current typically drops to 8uA in shutdown mode.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or Vcc.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX240,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239-
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than 1A
with the driver output pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between OV and (Vcc + 6V). Below
-0.5V, the transmitter is diode clamped to ground with
1kQ series impedance. The transmitter is also zener
clamped to approximately Vcc + 6V, with a series
impedance of 1kQ.

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/us loaded with 3Q and 2500pF.

RS-232 Receivers
EIA/TIA-232E and V.28 specifications define a voltage
level greater than 3V as a logic 0, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond to TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to +25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART [SHDN|SHDN| EN | EN(R) RECEIVERS
Low [X High Impedance
MAX223 __ | High | Low __ | Active
High | High High Impedance
Low High Impedance
MAX225 | — | — | — |High |Active
MAX235 | Low Low High Impedance
MAX236 | Low _ __ | High | Active
MAX240 | High X High Impedance

MAXIMN
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nominal 5kQ values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIA/TIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V. This produces clear out-
put transitions with slow-moving input signals, even
with moderate amounts of noise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Different
cables are not needed to interface with different pieces of
equipment.

The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. Its output goes
positive only if the input is connected to a control line
that is actively driven negative. If not driven, it defaults
to the 0 or “OK to send” state. Normally, the MAX243’s
other receiver (+1.4V threshold) is used for the data line
(TD or RD), while the negative threshold receiver is con-
nected to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output tells the serial
communications IC to stop sending data. To avoid this,
the control lines must either be driven or connected
with jumpers to an appropriate positive voltage level.

MAXIMN
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Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, two receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5us for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output control independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The charge pumps
turn off and the devices shut down when a logic high is
applied to the ENT input. In this state, the supply cur-
rent drops to less than 25uA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode). On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RA5 and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmitter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit (normal active) and three-state (disabled). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when all
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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Tables 1a—1d define the control states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two control pins, each controlling one side of the
device. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers to go into
a three-state mode. Similarly, the B-side control input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RA5 and RB5) remain
active at all times. The entire device is put into shut-
down mode when both the A and B sides are disabled
(ENA = ENB = +5V).

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver

enable inputs each control four receiver outputs. The

ENTA and ENTB transmitter enable inputs each control
four drivers. The ninth receiver (RB5) is always active.
The device enters shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The

ENTA and ENTB transmitter enable inputs control four
drivers each. This part does not have an always-active
receiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with a logic high on
both ENTA and ENTB.

16

The MAX249 provides ten receivers and six drivers with
four control pins. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. In shutdown mode, active receivers operate in a
low-power receive mode at data rates up to
20kbits/sec.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.
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Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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Figure 15. MAX237 Pin Configuration and Typical Operating Circuit
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Figure 16. MAX238 Pin Configuration and Typical Operating Circuit
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Figure 21. MAX245 Pin Configuration and Typical Operating Circuit
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N

Figure 22. MAX246 Pin Configuration and Typical Operating Circuit
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MAX247 FUNCTIONAL DESCRIPTION
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Figure 23. MAX247 Pin Configuration and Typical Operating Circuit
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Drivers/Receivers
TOP VIEW 5V
—e Tuf
1uF | |+
= 2 '
= = = = = = = = .l - Cl+ Vee Vi 22
2=z33333333 = TuF 23]¢1- +5V 70 +10V VOLTAGE DOUBLER %
EEEET BB 2 vV
+—1 02+ uF
[6] [s][1[2] [2] [ 1] ] [eo] [] ] o] 1uF 25| co- +10V TO -10V VOLTAGE INVERTER I+
/ ° ~ 18|ENTA el
> +5V +BV -
 Afmwour TeiOUT[44
Ra2IN E E RB3|N i 400kQ =
RN 8| [ 38] ReoIN L L P oTmNjst
ENRA [0 ] 37] ReqN - YT h
Ra10UT [10] - [ 36 ] ENRB 2| Tp0UT Tg0UT|43
Ra20UT (1] AKXV [ 35] Rg10UT ) 400k X
RagOUT E MAX248 E Reo0UT - 15] Ta2lN ® o TgaIN |30 <
RasOUT [13] [ 33] Ra30UT 5V sy
TaN (4] [32] Res0UT < 2T TesOUT]42
TagIN [15 31 TaeIN 400k
— ] To 16| Tagn 9 P TgaN|29
TagIN (6] [30] TgoIN > . 2 3 -
+5V +5V
T (7] [20] TeslN ~ afour ToUT|41
- 400k o
18( (19 120| [21] |22| (23] |24] [25] |26{ |27] |28
SEHEERHEEE =y s
E2fe 5887F53
PLCC 8| Ra1IN Rg1IN |37
5kQ 5kQ
MAX248 FUNCTIONAL DESCRIPTION _ 10JRmOUT = — ReOUT|35
8 RECEIVERS 7| RaaIN p RpoIN | 38
4 A-SIDE RECEIVERS
4 B-SIDE RECEIVERS 5kQ 5kQ
8 TRANSMITTERS
4 A-SIDE TRANSMITTERS <« 0T = = FRea0UTf34
6| RasIN y < ReaIN |39
4 B-SIDE TRANSMITTERS 1 1> <«
4 CONTROL PINS
ENABLE RECEIVER A-SIDE (ENRA) SkQ Sk
ENABLE RECEIVER B-SIDE (ENRB)  lreosr = = Rt
ENABLE RECEIVER A-SIDE (ENTA) - >
— 5| RaaIN » ¢ ReaIN |40
ENABLE RECEIVER B-SIDE (ENTB) | —<
5kQ 5kQ
R LY — RpOUT|2
_ o|EnRA ENRBlss
> GND <
_[19

MAXIMN

Figure 24. MAX248 Pin Configuration and Typical Operating Circuit
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Figure 25. MAX249 Pin Configuration and Typical Operating Circuit
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

Ordering Information (continued)

PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE
MAX222CPN 0°C to +70°C 18 Plastic DIP MAX232AC/D 0°C to +70°C Dice*
MAX222CWN 0°C to +70°C 18 Wide SO MAX232AEPE -40°C to +85°C 16 Plastic DIP
MAX222C/D 0°C to +70°C Dice* MAX232AESE -40°C to +85°C 16 Narrow SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEWE -40°C to +85°C 16 Wide SO
MAX222EWN -40°C to +85°C 18 Wide SO MAX232AEJE -40°C to +85°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CERDIP MAX232AMJE -565°C to +125°C 16 CERDIP
MAX222MJN -55°C to +125°C 18 CERDIP MAX232AMLP -55°C to +125°C 20LCC
MAX223CAl 0°C to +70°C 28 SSOP MAX233CPP 0°C to +70°C 20 Plastic DIP
MAX223CWI 0°C to +70°C 28 Wide SO MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX223C/D 0°C to +70°C Dice* MAX233ACPP 0°C to +70°C 20 Plastic DIP
MAX223EAl -40°C to +85°C 28 SSOP MAX233ACWP 0°C to +70°C 20 Wide SO
MAX223EWI -40°C to +85°C 28 Wide SO MAX233AEPP -40°C to +85°C 20 Plastic DIP
MAX225CWI 0°C to +70°C 28 Wide SO MAX233AEWP -40°C to +85°C 20 Wide SO
MAX225EWI -40°C to +85°C 28 Wide SO MAX234CPE 0°C to +70°C 16 Plastic DIP
MAX230CPP 0°C to +70°C 20 Plastic DIP MAX234CWE 0°C to +70°C 16 Wide SO
MAX230CWP 0°C to +70°C 20 Wide SO MAX234C/D 0°C to +70°C Dice*
MAX230C/D 0°C to +70°C Dice* MAX234EPE -40°C to +85°C 16 Plastic DIP
MAX230EPP -40°C to +85°C 20 Plastic DIP MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EWP -40°C to +85°C 20 Wide SO MAX234EJE -40°C to +85°C 16 CERDIP
MAX230EJP -40°C to +85°C 20 CERDIP MAX234MJE -55°C to +125°C 16 CERDIP
MAX230MJP -55°C to +125°C 20 CERDIP MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX231CPD 0°C to +70°C 14 Plastic DIP MAX235EPG -40°C to +85°C 24 Wide Plastic DIP
MAX231CWE 0°C to +70°C 16 Wide SO MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CJD 0°C to +70°C 14 CERDIP MAX235MDG -55°C to +125°C 24 Ceramic SB
MAX231C/D 0°C to +70°C Dice* MAX236CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX231EPD -40°C to +85°C 14 Plastic DIP MAX236CWG 0°C to +70°C 24 Wide SO
MAX231EWE -40°C to +85°C 16 Wide SO MAX236C/D 0°C to +70°C Dice*
MAX231EJD -40°C to +85°C 14 CERDIP MAX236ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX231MJD -55°C to +125°C 14 CERDIP MAX236EWG -40°C to +85°C 24 Wide SO
MAX232CPE 0°C to +70°C 16 Plastic DIP MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX236MRG -565°C to +125°C 24 Narrow CERDIP
MAX232CWE 0°C to +70°C 16 Wide SO MAX237CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232C/D 0°C to +70°C Dice* MAX237CWG 0°C to +70°C 24 Wide SO
MAX232EPE -40°C to +85°C 16 Plastic DIP MAX237C/D 0°C to +70°C Dice*
MAX232ESE -40°C to +85°C 16 Narrow SO MAX237ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX232EWE -40°C to +85°C 16 Wide SO MAX237EWG -40°C to +85°C 24 Wide SO
MAX232EJE -40°C to +85°C 16 CERDIP MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232MJE -565°C to +125°C 16 CERDIP MAX237MRG -565°C to +125°C 24 Narrow CERDIP
MAX232MLP -55°C to +125°C 20LCC MAX238CNG 0°C to +70°C 24 Narrow Plastic DIP
MAX232ACPE 0°C to +70°C 16 Plastic DIP MAX238CWG 0°C to +70°C 24 Wide SO
MAX232ACSE 0°C to +70°C 16 Narrow SO MAX238C/D 0°C to +70°C Dice*
MAX232ACWE 0°C to +70°C 16 Wide SO MAX238ENG -40°C to +85°C 24 Narrow Plastic DIP

MAXIMN

* Contact factory for dice specifications.
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers
Ordering Information (continued)
PART TEMP RANGE PIN-PACKAGE PART TEMP RANGE PIN-PACKAGE

MAX238EWG -40°C to +85°C 24 Wide SO MAX243CPE 0°C to +70°C 16 Plastic DIP
MAX238ERG -40°C to +85°C 24 Narrow CERDIP MAX243CSE 0°C to +70°C 16 Narrow SO
MAX238MRG -55°C to +125°C 24 Narrow CERDIP MAX243CWE 0°C to +70°C 16 Wide SO
MAX239CNG 0°C to +70°C 24 Narrow Plastic DIP MAX243C/D 0°C to +70°C Dice*
MAX239CWG 0°C to +70°C 24 Wide SO MAX243EPE -40°C to +85°C 16 Plastic DIP
MAX239C/D 0°C to +70°C Dice* MAX243ESE -40°C to +85°C 16 Narrow SO
MAX239ENG -40°C to +85°C 24 Narrow Plastic DIP MAX243EWE -40°C to +85°C 16 Wide SO
MAX239EWG -40°C to +85°C 24 Wide SO MAX243EJE -40°C to +85°C 16 CERDIP
MAX239ERG -40°C to +85°C 24 Narrow CERDIP MAX243MJE -55°C to +125°C 16 CERDIP
MAX239MRG -55°C to +125°C 24 Narrow CERDIP MAX244CQH 0°C to +70°C 44 PLCC
MAX240CMH 0°C to +70°C 44 Plastic FP MAX244C/D 0°C to +70°C Dice*
MAX240C/D 0°C to +70°C Dice* MAX244EQH -40°C to +85°C 44 PLCC
MAX241CAI 0°C to +70°C 28 SSOP MAX245CPL 0°C to +70°C 40 Plastic DIP
MAX241CWI 0°C to +70°C 28 Wide SO MAX245C/D 0°C to +70°C Dice*
MAX241C/D 0°C to +70°C Dice* MAX245EPL -40°C to +85°C 40 Plastic DIP
MAX241EAI -40°C to +85°C 28 SSOP MAX246CPL 0°C to +70°C 40 Plastic DIP
MAX241EWI -40°C to +85°C 28 Wide SO MAX246C/D 0°C to +70°C Dice*
MAX242CAP 0°C to +70°C 20 SSOP MAX246EPL -40°C to +85°C 40 Plastic DIP
MAX242CPN 0°C to +70°C 18 Plastic DIP MAX247CPL 0°C to +70°C 40 Plastic DIP
MAX242CWN 0°C to +70°C 18 Wide SO MAX247C/D 0°C to +70°C Dice*
MAX242C/D 0°C to +70°C Dice* MAX247EPL -40°C to +85°C 40 Plastic DIP
MAX242EPN -40°C to +85°C 18 Plastic DIP MAX248CQH 0°C to +70°C 44 PLCC
MAX242EWN -40°C to +85°C 18 Wide SO MAX248C/D 0°C to +70°C Dice*
MAX242EJN -40°C to +85°C 18 CERDIP MAX248EQH -40°C to +85°C 44 PLCC
MAX242MJN -55°C to +125°C 18 CERDIP MAX249CQH 0°C to +70°C 44 PLCC

MAX249EQH -40°C to +85°C 44 PLCC

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.

Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086 (408) 737-7600
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National Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
° Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of +¥4°C
at room temperature and *%.°C over a full =55 to +150°C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35’s low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35 is
rated to operate over a —55° to +150°C temperature range,
while the LM35C is rated for a -40° to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

November 2000

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in ° Celsius (Centigrade)
Linear + 10.0 mV/°C scale factor

0.5°C accuracy guaranteeable (at +25°C)
Rated for full -55° to +150°C range
Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only £¥4°C typical

Low impedance output, 0.1 Q for 1 mA load

Typical Applications

+Vs
(4V TO 20V)

LM35

L

| _ ouTPUT
0 mV+10.0 mv/°C

DS005516-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

+Vs

LM35

_L R1

Vout

—Vs
DS005516-4
Choose R; = -Vg/50 pA
V out=+1,500 mV at +150°C
= +250 mV at +25°C
= -550 mV at -55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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LM35

Connection Diagrams

TO-46
Metal Can Package*

BOTTOM VIEW
DS005516-1

*Case is connected to negative pin (GND)
Order Number LM35H, LM35AH, LM35CH, LM35CAH or

LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

+Vs Vour GND

BOTTOM VIEW
DS005516-2
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

SO-8
Small Outline Molded Package

Vour ! ~ 8~ Vs
N.C.—2 7}=N.C.
N.C.—3 6 —N.C.
GND — 4 5—=N.C.

DS005516-21

N.C. = No Connection
Top View

Order Number LM35DM
See NS Package Number MOSA

TO-220
Plastic Package*

O

LM
3507

*+Vs Vout
GND
DS005516-24
*Tab is connected to the negative pin (GND).
Note: The LM35DT pinout is different than the discontinued LM35DP.
Order Number LM35DT
See NS Package Number TAO3F
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Absolute Maximum Ratings

(Note 10)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Supply Voltage
Output Voltage
Output Current
Storage Temp.;
TO-46 Package,
TO-92 Package,
SO-8 Package,
TO-220 Package,

Lead Temp.:
TO-46 Package,

+35V to -0.2V
+6V to -1.0V
10 mA

-60°C to +180°C
-60°C to +150°C

TO-92 and TO-220 Package,
(Soldering, 10 seconds)

SO Package (Note 12)

Vapor Phase (60 seconds)

Infrared (15 seconds)

ESD Susceptibility (Note 11)

Specified Operating Temperature Range: Ty 0 T yax

(Note 2)
LM35, LM35A
LM35C, LM35CA
LM35D

-65°C to +150°C
-65°C to +150°C

260°C

215°C
220°C
2500V

-55°C to +150°C
-40°C to +110°C
0°C to +100°C

(Soldering, 10 seconds) 300°C
Electrical Characteristics
(Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy T ,=+25°C +0.2 +0.5 +0.2 +0.5 °’C
(Note 7) T o=-10°C +0.3 +0.3 +1.0 °’C
T A=Tuax 0.4 0.4 +1.0 °’C
T A=Tyvin 0.4 +1 0.4 15 °’C
Nonlinearity T viNSTASTmax +0.18 +0.35 +0.15 +0.3 °’C
(Note 8)
Sensor Gain T MinSTA<Tuax +10.0 +9.9, +10.0 +9.9, mV/°C
(Average Slope) +10.1 +10.1
Load Regulation T o,=+25°C 04 +1.0 +04 +1.0 mV/mA
(Note 3) 0<l <1 mA T MinSTASTmax +0.5 +3.0 +0.5 +3.0 mV/mA
Line Regulation T A=+25°C +0.01 +0.05 +0.01 +0.05 mv/V
(Note 3) 4V<V <30V +0.02 +0.1 +0.02 +0.1 mv/V
Quiescent Current V ¢=+5V, +25°C 56 67 56 67 HA
(Note 9) V g=+5V 105 131 91 114 HA
V ¢=+30V, +25°C 56.2 68 56.2 68 HA
V g=+30V 105.5 133 915 116 HA
Change of 4V<Vg<30V, +25°C 0.2 1.0 0.2 1.0 HA
Quiescent Current 4V<V <30V 0.5 2.0 0.5 2.0 MA
(Note 3)
Temperature +0.39 +0.5 +0.39 +0.5 HA/°C
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 °C
for Rated Accuracy Figure 1,1,=0
Long Term Stability T ;=Tyax, for +0.08 +0.08 °’C
1000 hours

www.national.com
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LM35

Electrical Characteristics

(Notes 1, 6)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Wnits
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) (Note 5) (Note 4) (Note 5)
Accuracy, T A=+25°C 0.4 +1.0 0.4 +1.0 °’C
LM35, LM35C T o=-10°C +0.5 0.5 °’C
(Note 7) T A=Tuax +0.8 +15 +0.8 °’C
T a=Tuin +0.8 +15 +0.8 + °’C
Accuracy, LM35D T o=+25°C +0.6 +15 °’C
(Note 7) Ta=Tuax +0.9 2.0 °C
Ta=Tmin +0.9 °C
Nonlinearity T vinSTa<Tmax 0.3 *+0.5 0.2 0 °’C
(Note 8)
Sensor Gain T minSTa<Tmax +10.0 +9.8, +10.0 +9.8, mv/°C
(Average Slope) +10.2 +10.2
Load Regulation T A=+25°C 0.4 +2.0 +0.4 +2.0 mV/mA
(Note 3) 0<l, <1 mA T vinSTa<Tmax +0.5 +5.0 +0.5 +5.0 mV/mA
Line Regulation T A=+25°C +0.01 +0.1 +0.01 +0.1 mv/vV
(Note 3) 4V<V <30V +0.02 +0.2 +0.02 +0.2 mV/IV
Quiescent Current V g=+5V, +25°C 56 80 56 80 MA
(Note 9) V g=+5V 105 158 91 138 MA
V ¢=+30V, +25°C 56.2 82 56.2 82 HA
V g=+30V 105.5 161 91.5 141 UA
Change of 4V<Vg<30V, +25°C 0.2 2.0 0.2 2.0 HA
Quiescent Current 4V<V <30V 0.5 3.0 0.5 3.0 HA
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 UA/C
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 °’C
for Rated Accuracy Figure 1, 1,=0
Long Term Stability T 3=Tyuax. for +0.08 +0.08 °’C
1000 hours

Note 1: Unless otherwise noted, these specifications apply: =55°C<T;<+150°C for the LM35 and LM35A; -40°<T;<+110°C for the LM35C and LM35CA; and
0°<T;<+100°C for the LM35D. Vg=+5Vdc and I oap=50 HA, in the circuit of Figure 2. These specifications also apply from +2°C to Tyyax in the circuit of Figure 1.
Specifications in boldface apply over the full rated temperature range.

Note 2: Thermal resistance of the TO-46 package is 400°C/W, junction to ambient, and 24°C/W junction to case. Thermal resistance of the TO-92 package is
180°C/W junction to ambient. Thermal resistance of the small outline molded package is 220°C/W junction to ambient. Thermal resistance of the TO-220 package
is 90°C/W junction to ambient. For additional thermal resistance information see table in the Applications section.

Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be
computed by multiplying the internal dissipation by the thermal resistance.

Note 4: Tested Limits are guaranteed and 100% tested in production.

Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to
calculate outgoing quality levels.

Note 6: Specifications in boldface apply over the full rated temperature range.

Note 7: Accuracy is defined as the error between the output voltage and 10mv/°C times the device’s case temperature, at specified conditions of voltage, current,
and temperature (expressed in °C).

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature
range.

Note 9: Quiescent current is defined in the circuit of Figure 1.

Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions. See Note 1.

Note 11: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 12: See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in a current National
Semiconductor Linear Data Book for other methods of soldering surface mount devices.
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Typical Performance Characteristics
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400

300

200
\\ 10-46
N\

100

THERMAL RESISTANCE (°C/W)

10-92 [

o LI [

0 400 800 1200 1600 2000
AIR VELOCITY (FPM)
DS005516-25

Thermal Response in
Stirred Oil Bath

Thermal Time Constant
45
40
35
30
25

20

15 kX 70-46

10 t\\‘

5 ——
10-92

0 1
0 400 800 1200 1600 2000

AIR VELOCITY (FPM)
DS005516-26

TIME CONSTANT (SEC)

Minimum Supply
Voltage vs. Temperature

Thermal Response
in Still Air

120

100

80 /

60

40
20

0
-20

PERCENT OF FINAL VALUE (%)

0 2 4 6 8
TIME (MINUTES)
DS005516-27

Quiescent Current
vs. Temperature
(In Circuit of Figure 1.)
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LM35

Typical Performance Characteristics

Noise Voltage
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Applications

The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It can be glued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so its temperature might
be closer to the air temperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of interest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die’s temperature will
not be affected by the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,

(Continued)

Start-Up Response

4
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DS005516-35
The TO-46 metal package can also be soldered to a metal
surface or pipe without damage. Of course, in that case the
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and corrosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can occur. Printed-circuit coatings and varnishes such
as Humiseal and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

034)

TO-46, TO-46%, TO-92, TO-92%*, SO-8 SO-8** TO-220
no heat small heat fin no heat small heat fin no heat small heat fin no heat
sink sink sink sink
Still air 400°C/W 100°C/W 180°C/W 140°C/W 220°C/W 110°C/W 90°C/W
Moving air 100°C/W 40°C/W 90°C/W 70°C/W 105°C/W 90°C/W 26°CIW
Still oil 100°C/W 40°C/W 90°C/W 70°C/W
Stirred oil 50°C/W 30°C/W 45°CIW 40°C/wW
(Clamped to metal,
Infinite heat sink) (24°CIW) (55°C/IW)

*Wakefield type 201, or 1" disc of 0.020" sheet brass, soldered to case, or similar.
**T0O-92 and SO-8 packages glued and leads soldered to 1" square of 1/16" printed circuit board with 2 oz. foil or similar.

www.national.com




Typical Applications

+ HEAVY CAPACITIVE LOAD, WIRING, ETC.

2k
LM35 oUT TO A HIGH-IMPEDANCE LOAD

DS005516-19

FIGURE 3. LM35 with Decoupling from Capacitive Load

I + HEAVY CAPACITIVE LOAD, WIRING, ETC.
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DS005516-20

FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Like most micropower circuits, the LM35 has a limited ability
to drive heavy capacitive loads. The LM35 by itself is able to
drive 50 pf without special precautions. If heavier loads are
anticipated, it is easy to isolate or decouple the load with a
resistor; see Figure 3. Or you can improve the tolerance of
capacitance with a series R-C damper from output to
ground; see Figure 4.

When the LM35 is applied with a 200Q load resistor as
shown in Figure 5, Figure 6 or Figure 8 it is relatively immune
to wiring capacitance because the capacitance forms a by-
pass from ground to input, not on the output. However, as
with any linear circuit connected to wires in a hostile envi-
ronment, its performance can be affected adversely by in-
tense electromagnetic sources such as relays, radio trans-
mitters, motors with arcing brushes, SCR transients, etc, as
its wiring can act as a receiving antenna and its internal
junctions can act as rectifiers. For best results in such cases,
a bypass capacitor from V, to ground and a series R-C
damper such as 75Q in series with 0.2 or 1 pF from output to
ground are often useful. These are shown in Figure 13,
Figure 14, and Figure 16.

5V

Vour =10 mV/°G (TamsienT +1°C)
fgﬂﬂ FROM +2°C TO +40°C

|

HEAT
FINS LM35

200 TWISTED PAIR

DS005516-5

FIGURE 5. Two-Wire Remote Temperature Sensor
(Grounded Sensor)
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HEAT
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Vour =10 mV/°C (Tamgient +1°C)
FROM +2°C TO +40°C

6.8k

5%
OR 10k RHEOSTAT
FOR GAIN ADJUST

200
1%

DS005516-6

FIGURE 6. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)
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> 18k
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FIGURE 7. Temperature Sensor, Single Supply, -55° to

+150°C
r-——-—¢ 5V
|
|
01,
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Vout =10 mV/°C (TamsienT +10°C)
FROM —5°C to +40°C

200
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FIGURE 8. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)
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FIGURE 9. 4-To-20 mA Current Source (0°C to +100°C)
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Typical Applications

LM35

(Continued)
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(6V TO 20V)

LM35

,Vum =
+1.0 mV/°F

26.4k
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7~

LM385-1.2

1.0M

DS005516-10

FIGURE 10. Fahrenheit Thermometer

5V

LM35

DS005516-11

FIGURE 11. Centigrade Thermometer (Analog Meter)
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FIGURE 12. Fahrenheit ThermometerExpanded Scale
Thermometer
(50° to 80° Fahrenheit, for Example Shown)

5V
+ 3: 3.0k
M35 out IN
L ¢ SERIAL
REF | Aocosoat f— SN o
— 1.28V
75 ::muk +
P
B L———« CLOCK
LM385
z 3
14F /:AOK L« ENABLE
| 1)

FIGURE 13. Temperature To Digital
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Converter (Serial Output) (+128°C Full Scale)

5V
+ 1: 16k
oot 3 N 8 PARALLEL
LM35 g DATA
OUTPUT
—_ ADC0804
75 2 _
> —> INTR
1k p VREF
0.64V
+ _
1 uF 0_W'-I cs
| 2k — e———aFRD
T e <WR

FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE
Standard Data Bus to PP Interface) (128°C Full Scale)
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Typical Applications  (continued)
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*=1% or 2% film resistor

Trim Rg for Vg=3.075V

Trim R¢ for Vc=1.955V

Trim Rp for VA=0.075V + 100mV/°C X Tambient
Example, Vp=2.275V at 22°C

FIGURE 15. Bar-Graph Temperature Display (Dot Mode)
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FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Output
(2°C to +150°C; 20 Hz to 1500 Hz)
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LM35

Block Diagram
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Physical Dimensions inches (millimeters) unless otherwise noted

[ 0.209-0.219

(5.308-5.563)
0.178-0.195

(4.521-4.953)

SEATING

PLANE i | 0.080 - 0.105
0.025 I (2.032 - 2.667)
(0 635) 0.500

UNCONTRULLED ———— MIN
LEAD DIA (1270
0.016-0.019 ‘—J 0.030
(0.406—0.483) (0.762)
DIA TYP MAX
0.100

0.050

v (1.270)

0.028-0.048

2540 17"

45
(0.914—1.153)\// ymm-uw)
HO3H (REV C)

TO-46 Metal Can Package (H)
Order Number LM35H, LM35AH, LM35CH,
LM35CAH, or LM35DH
NS Package Number HO3H

_ 0.189-0.197 _

"~ (4.800—5.004)

LR A A g

0.228 —0.244
(5.791—-6.198)

0.010 pax
= | 0.253)
Leapno. 1/ 123 50°
IDENT b
0.150—0.157
{3.810-3.988) |
0.053 —0.069
125105 1.386-1.753)
(0.254-0.508) 8° MAX TYP 0.004-0.010
ALL LEADS {0.102—0.254)
L/mﬁ ! N, ¢ j—— SEATING
PLANE

=7+ TR

{0.102)

0.008 —0.010 . 0.050
—_— ALL LEAD TIPS _ P
{0.203—0.254) . 0.016 —0.050 (0.356) (—1 770) —
TYP ALL LEADS (0.406 —1.270) v

TYP ALL LEADS

SO-8 Molded Small Outline Package (M)
Order Number LM35DM
NS Package Number MO8A

0.008 1yp
(0.203)

<l 014 0.014-0.020 ryp
(n 356-0.508)

MOBA (REV H)

11
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LM35

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

] 0.240-0.260 |
[6.10-6.60] | 0.330-0.350
0.100-0.120 [8.38-8.89]
[2.54-3.05]
0.060-0.075 0.149-0.153
TYP —<>] o
[1.52-1.91] ‘ )/~ ° [3.78-3.89] 0.190-0.210 __
{ —_ 0.090-0.110 [4.83-5.33]
} [2.29-2.79]
- —\—
0.400 ;015 4°-5° - = = - -
-0.005
+0.38
[10.16 —o7s5] +0.015 - - i r — -
0.388 o005 ¢ ‘
+0.38
[9-86 o7y5] O_“' _ — —
v \ 0.048-0.055 1, K
_,I l__0.045—o.055 Tvp 0.130-0.160 1\ [1.22-1.40]
[1.14-1.40] [3.30-4.06] 0.027-0.037 1yp
BIN #1 10 [0.69-0.94]
0.001-0.007 1yp
[0.25-0.178] 1.005-1.035 |
[25.53-26.29]
> ~—
70 ~ 0.525-0.555
l ‘ / 70/\ ([13.34—14.101) +0.007

0.175-0.185
[4.45-4.70]

l— 0.015 5 001
+0.18
[0.38 700°

D e

}

b
0.048-0.052

[1.22-1.32]

TAPERED SIDES 1°

0°-6° \/

- XSEATING PLANE

0.105 T001e

_ +0.25
[2.67 -0.38 ]

TAO3F (REV A)

Power Package TO-220 (T)
Order Number LM35DT
NS Package Number TAO3F
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12




Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

S r—é:éﬁj

EJECB?NSMQ;;Q
T0.38 MAX N
5.2
—F 1.9
/sgmue PLANE
2.29 MAX
(UNCONTROLLED LEAD DIA)
{
T 14.2 L
nEnE 12.1
1
0.55 1yp | | w T ) —_ﬂ-—
TYP
0.40 1.27£0.05 932
—2.54+0.1
s
g.21 DIMENSIONS ARE IN MILLIMETERS
.

Z03A (Rev G)

TO-92 Plastic Package (Z)
Order Number LM35CZ, LM35CAZ or LM35DZ
NS Package Number Z03A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

slosuag alneladwa] apelbnua)d uoisinald SEINT

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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Features
* Low forward voltage drop.

* High surge current capability.

DO-41

COLOR BAND DENOTES CATHODE

General Purpose Rectifiers (Glass Passivated)

AbSOIUte MaX' mum Rat| ngS* T, =25°C unless otherwise noted

Symbol Parameter Value Units
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Virrm Peak Repetitive Reverse Voltage 50 100 200 400 600 | 800 | 1000 \
Iray) Average Rectified Forward Current, 10 A
.375 " lead length @ T, = 75°C )
lesm Non-repetitive Peak Forward Surge
Current 30 A
8.3 ms Single Half-Sine-Wave
Taig Storage Temperature Range -55to +175 °C
T, Operating Junction Temperature -55to +175 °C

*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.

Thermal Characteristics

Symbol Parameter Value Units
Py Power Dissipation 3.0 W
Resa Thermal Resistance, Junction to Ambient 50 °C/wW

Electrical CharacteristiCs  ,=2s:cunless othenise noted

Symbol Parameter Device Units
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007
Ve Forward Voltage @ 1.0 A 11 Vv
[ Maximum Full Load Reverse Current, Full 30 UA
Cycle T,=75°C

Ir Reverse Current @ rated Vg T, = 25°C 5.0 pA

T,=100°C 500 pA
C; Total Capacitance 15 pF

V=40V, f=1.0MHz

LOOYNT-TOOVNT
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General Purpose Rectifiers (Glass Passivated)

(continued)

Typical Characteristics
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Figure 1. Forward Current Derating Curve
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST & OPTOLOGIC™ SMART START™  VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench@ SuperSOT™-8
EcCoOSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET™ QsS™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER®  UltraFET?
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITYARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

Definition of Terms

Datasheet Identification Product Status Definition

Formative or
In Design

Advance Information This datasheet contains the design specifications for
product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve

design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at

any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.

The datasheet is printed for reference information only.

Rev. H4
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SEMICONDUCTOR®

BC546/547/548/549/550

Switching and Applications

* High Voltage: BC546, Vcgo=65V
* Low Noise: BC549, BC550
¢« Complement to BC556 ... BC560

NPN Epitaxial Silicon Transistor

Absolute Maximum Rati NQS T,=25°C unless otherwise noted

1

<9

TO-92

1. Collector 2. Base 3. Emitter

Symbol Parameter Value Units
Vceo Collector-Base Voltage : BC546 80 \
: BC547/550 50 \Y
: BC548/549 30 \
Vceo Collector-Emitter Voltage : BC546 65 \%
: BC547/550 45 \Y
: BC548/549 30 \Y
VEgO Emitter-Base Voltage : BC546/547 6 \%
: BC548/549/550 5 \
Ic Collector Current (DC) 100 mA
Pc Collector Power Dissipation 500 mwW
T; Junction Temperature 150 °C
Tste Storage Temperature -65 ~ 150 °C
Electrical Characteristics T,=25°C unless otherwise noted
Symbol Parameter Test Condition Min. Typ. Max. Units
lceo Collector Cut-off Current V=30V, Ig=0 15 nA
heg DC Current Gain Vcg=5Y, Ic=2mA 110 800
Vce (sat) | Collector-Emitter Saturation Voltage | Ic=10mA, Ig=0.5mA 90 250 mV
Ic=100mA, Ig=5mA 200 600 mV
Vge (sat) | Base-Emitter Saturation Voltage Ic=10mA, 1g=0.5mA 700 mV
1c=100mA, Ig=5mA 900 mV
Vge (on) | Base-Emitter On Voltage Vee=5V, Ic=2mA 580 660 700 mV
Vce=5Y, Ic=10mA 720 mV
fr Current Gain Bandwidth Product Vcg=5Y, Ic=10mA, f=100MHz 300 MHz
Cob Output Capacitance V=10V, Ig=0, f=1MHz 35 6 pF
Cip Input Capacitance Vgg=0.5V, Ic=0, f=1MHz 9 pF
NF Noise Figure : BC546/547/548 Vce=5Y, 1c=200pA 2 10 dB
: BC549/550 f=1KHz, Rg=2KQ 1.2 4 dB
: BC549 Vce=5Y, Ic=200pA 1.4 4 dB
: BC550 Rg=2KQ, f=30~15000MHz 14 3 dB
hee Classification
Classification A B c
hee 110 ~ 220 200 ~ 450 420 ~ 800
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Typical Characteristics
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Package Dimensions
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CHAPTER 1

INTRODUCTION

1.1 Background

A greenhouse is a structure with a glass or plastic roof and frequently glass or
plastic walls; it heats up because incoming solar radiation from the sun warms plants,
soil, and other things inside the building. In other word, a greenhouse is a structure
usually made of glass or clear plastic that provides protection and a controlled

environment for raising plants indoors.

Water is the most important element in our life. Without it, we cannot
survive. As we know, most of the gardener uses manual system to water their plant
in the garden and also in the greenhouse. This system is inefficient. When we water
manually, the possibility to over watering is high. Some plant can drown when we

supply too much water to them.



In order to overcome this problem, automatic greenhouse watering system is
used. Sensors such as temperature sensor and soil moisture detector are used to

control the watering system in a greenhouse.

The system also has the capability to control the water level. As we know,
some parts of Malaysia sometimes faces draught problem. So, there will be a tank
that will act as a reservoir tank in case of water problem. In this tank, there is a

sensor to ensure the water level is always at its maximum level.

1.2 Objectives

The main objective of this project is to automatically control the watering

system in greenhouse using temperature sensor.

1.3 Scope

This project involves the evolution of watering manually to watering
automatically. The controlling of the automatic watering system is use in a
greenhouse. Sensor used to control the watering system is temperature sensor. Other
than that, this system should also monitor the water level. Temperature of 26°C is

used as the indicator value of turning on and off the valve.



1.4 Problem Statement

Irrigation is the most important cultural practice and most labor intensive task
in daily greenhouse operation. Knowing when and how much to water is two
important aspects of irrigation. To do this automatically, sensors and methods are

available to determine when plants may need water.

1.5 Methodology

In this project, the two main parts that are evaluated are the 68HC11 and

temperature sensor. The testing includes:

e Testing the evaluation board before writing the software.

e Using a 3 pin integrated circuit (IC) temperature sensor unit (IC LM35D2Z)
that will convert the current temperature to an appropriate voltage level. The
three pins are ground (GND), voltage source (V) and output voltage (Vou).
The signal will be converting to digital value using the Analogue to Digital

Converter (ADC). This signal will be the input for the microcontroller.



Overall steps taken to achieve the objectives are:

i.  Testing the microcontroller functionality.
ii.  Downloading program into the microcontroller to test the MAX233.
iii.  Testing program in the THRSim11.
iv.  Testing the temperature sensor.
v.  Testing the relay.

vi.  Testing the valve.

1.6 Thesis Outline

Chapter 1 discuss on the background of the project, objectives, scope of the

project, problem statement, methodology and also the thesis outline.

Chapter 2 focuses on literature reviews of this project based on journals and

other references.

Chapter 3 mainly discuss on the system design of the project. Details on the

progress of the project are explained in this chapter.

Chapter 4 presents the results of the project. The discussion focused on the

result based on the experiment.



Chapter 5 concludes overall about the project. Obstacle faces and future

recommendation are also discussed in this chapter.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

“The development of models and strategies to control the environment of
greenhouse crops started with the shoot environment, that is, with the greenhouse
climate. One important reason was that influencing variables such as temperature,
humidity, irradiation or CO2 concentration are easier to measure and to control.”

[Hans Peter Klaring, 2000]

From this research, we can see that there are a few factors that need to be
control in a greenhouse. Those factors that need to be considered are temperature,
humidity, irradiation or carbon dioxide concentration. But, in this project, factors
that are going to be considered are only the temperature and humidity in a

greenhouse.



2.2 Microcontroller

A microcontroller is a highly integrated chip which performs controlling
functions. A microcontroller, or embedded controller, is similar to a microprocessor
as used in a personal computer, but with a great deal of additional functionality
combined onto the same monolithic semiconductor substrate. Microcontrollers,
sometimes referred to as one-chip microcomputers, are used to control a wide range
of electrical and mechanical appliances. Since they were first introduced,
microcontrollers have evolved to the point where they can use for increasing
complex applications. Some microcontrollers in use today are also programmable,

expanding the number of application in which they can be used.

2.3 Sensors

Temperature sensor is often sensing devices embedded within some sort of
insulation. The insulation may often be for electrical purposes - to isolate the sensor

electrically.

“Irrigation is the most important cultural practice and most labor intensive
task in daily greenhouse operation. Knowing when and how much to water is two
important aspects of irrigation. To do this automatically, sensors and methods are

available to determine when plants may need water.” [Dr. Peter Ling, 2005]



In this article, it suggested we use soil moisture detector to do irrigation.
Two suggested soil moisture detector are tensiometer and dielectric sensor.
Advantage of a tensiometer is that they are not affected by the temperature of the soil
water solution or the osmotic potential (the amount of salts dissolved in the soil
water), as the salts can move into and out of the ceramic cup freely. Therefore
tensiometer readings are not affected by electroconductivity (EC) or soil temperature.
But, this type of sensor will need maintenance. Water in the tensiometer cavity
needs frequent refilling when tensiometers are used in dry environments where the

tensiometer becomes a source of water that seeps out due to drier surrounding soil.

“A sensor is a device placed in the system that produces an electrical signal
directly related to the parameter that is to be measured. In general, there are two

types of sensors, continuous and discrete.” [Fedro S. Zazueta et al., 1993]

Continuous sensors produce a continuous electrical signal, such as a voltage,
current, conductivity, capacitance, or any other measurable electrical property. For
example, sensors of different kinds can be used to measure temperature, such as
thermistors and thermocouples. A thermocouple will produce a voltage difference
that increases as the temperature increases. Continuous sensors are used where
values taken by a state variable are required and an on/off state is not sufficient, for

example, to measure pressure drop across a sand filter.

Discrete sensors are basically switches, mechanical or electronic, that indicate
whether an on or off condition exists. Discrete sensors are useful for indicating
thresholds, such as the opening and closure of devices (vents, doors, alarms, valves,
etc.). They can also be used to determine if a threshold of an important state variable
has been reached. Some examples of discrete sensors are a float switch to detect if
the level in a storage tank is below a minimum desirable level, a switching
tensiometer to detect if soil moisture is above a desired threshold, and a thermostat to

indicate if a certain temperature has been reached.



Sensors are an extremely important component of the control loop because
they provide the basic data that drive an automatic control system. Understanding the
operating principle of a sensor is very important. Sensors many times do not react
directly to the variable being measured. For example, when a mercury thermometer
is used to measure temperature, temperature is not being measured; rather, a change
in volume due to a change in temperature is measured. Because there is a unique
relationship between the volume and the temperature the instrument can be directly
calibrated to provide temperature readings. The ideal sensor responds only to the

"sensed" variable, without responding to any other change in the environment.

“It is important to understand that sensors always have a degree of
inaccuracy associated with them and they may be affected by other parameters
besides the "sensed" variable. The classical example is that of soil moisture
measurement using electrical conductivity probes. The electrical signal produced by
this sensor is closely related to soil moisture, but is greatly affected by temperature
and dissolved salts (fertilizers, etc.) in the soil. Another important factor related to
the sensor is its time response. A sensor must deliver a signal that reflects the state
of the system within the frame of time required by the application. Using the soil
moisture measurement example, the sensor must be able to "keep up" with the
changes in soil moisture that are caused by evapotranspiration. Thus, proper
selection of the sensors and understanding the principle of operation is critical to the

success of a control system.” [Fedro S. Zazueta et al., 1993]

In this patent, it stated a few factors that need to be consider when we are
choosing our sensors. Factors that need to be considered are such as sensors
accuracy and time response. In certain project, if we will need a system that has high
accuracy and fast response so sensor with high accuracy and fast response are

needed. In certain cases, the factors are not essential.

“A controlled irrigation system can include a control device for determining

whether to irrigate soil and at least one irrigation structure having an actuator for
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controlling water flow. The actuator can be communicably coupled to the control
device for delivering water to irrigate a region. The controlled irrigation system
further can include at least one time domain reflectometry sensor ("TDRS") located
in the soil and communicably coupled to the control device for measuring soil
moisture where the control device determines whether to irrigate the soil based on
data from the at least one TDRS. Additionally, a method for controlling an
irrigation system can include providing multiple. TDRS's having probes, distributing
each TDRS at a different soil depth, measuring soil moisture content, and irrigating

soil based on the measuring step” [Dukes, Michael D. et al., 2005]

2.4 Valve

“Solenoid valves are electromechanical valves that are controlled by
stopping or running an electrical current through a solenoid, in order to change the
state of the valve. A solenoid is a coil of wire that is magnetized when electricity
runs through it. The solenoid valve makes use of this solenoid in order to activate a
valve, thus controlling water flow, airflow and other things with electricity.
Basically, there are three types of solenoid valves: the general-purpose type, low-

pressure steam type and the high pressure steam type.” [Jimmy Sturo, 2006]

In this article, it stated that there are three types of solenoid valve which are
general-purpose type, low pressure steam type and the high pressure steam type.
Valve is one the components that will need maintenance. The solenoid valve can get

damaged after a period of time. Thus, a replacement solenoid will be needed.
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2.5 Water Level Monitoring

“The model consists of a series of tanks arranged one below the other. The
volume of the tanks is in descending ovder (The highest tank being the largest).
Water flows from the top tank through outlets at the bottom. Three tanks or trophic
levels chosen for the model is the optimum number required to analyze the effect of
top down and bottom up controls. Each tank has two outlets, outlet a and outlet b.
Each outlet has the water flow through it regulated by means of valves. These valves
are controlled by floats in the tanks. Valve a of each tank is controlled by the level of
water in the tank above it (preceding) while valve b is controlled by the level of the
water in the given tank itself. The water from the last tank and outlets a flow into a
large basin from which the water is re-circulated to the Ist tank.” [Maurice S.
Devaraj, 2005]

In this journal, it discuss on the model of a flow control. This model can used
to control the flow control of the water in the tank. From this model, the idea for
monitoring water level is produced. This is to ensure that the plant will always get

water even though drought happens.

Trophic Level 1
Predator controlled

Resource
controlled

Figure 2.1: Three Tank Model



CHAPTER 3

SYSTEM DESIGN

3.1 Overall System Design

Basically, this project consists of an input and an output. The input is the

temperature sensor and the output is the irrigation valve. The block diagram is

shown in Figure 3.1.

Temperature

Input
P Sensor

* MICROCONTROLLER

Figure 3.1: Block Diagram



13

Temperature sensor gives input to the microcontroller and the output of the
microcontroller will drive the valve to activate. The output of the microcontroller is
driven by the temperature sensor itself. A relay is needed to drive the valve since the
valve uses the on/off switching. In this project, a relay of 6V is used. The value of
the relay is not important since it is only used to drive the valve. The connection of

the valve and the relay is isolated in the relay itself.

For this project, temperature of 26°C is the value indicated to turn on and off
the valve. If the temperature is higher than 26°C, the valve will turn on and vice
versa. At first, the microcontroller will scan the environment temperature. The LED
will display running light indicating that the program is running. Once the
microcontroller detected that the temperature is higher than 26°C, all of the LED at
Port B and the indicator light at the valve will turn on. Thus, the valve is turnon. As
long as the microcontroller does not detect the temperature is higher than 26°C, all of
the LED and indicator light at the valve will not turn on meaning the valve is in off

state. The overall schematic design is shown in Figure 3.2.

Figure 3.3 shows the overall system design of the project while Figure 3.4
shows the controller of the watering system. The lighting LED indicates there is

power supply supplied to the board.
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Figure 3.3: Overall System Design
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Figure 3.4: Controller of the Watering System

3.2 MC68HC11 Evaluation Board

The microcontroller that will be used in this project is MC68HC11A1 that
consists of 256 RAM. Port E is used for input port. While Port B and Port C are use

for output port

The main part that will need to be done is constructing the bootstrap mode
circuit. In this stage, the clock needs to be generated. Once the circuit has been
constructed, we will test the clock. By giving supply to the microcontroller, output is
tapped from pin 27 of the microcontroller to an oscilloscope. From there, we will see
that there is a waveform generated on the oscilloscope. This waveform is the

waveform of the pulse generated by the microcontroller.

Figure 3.5 shows the memory map of 68HC11 that we should know before the

software part is developed.
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$0000 | | 0000 | 256 BYTES RAM
A A (CAN BE REMAPPED TO ANY
EXT EXT 4K PAGE BY THE INIT REGISTER)
00FF
Y Y
$1000 | 1000 | 64 BYTE REGISTER BLOCK
(CAN BE REMAPPED TO ANY
4K PAGE BY THE INIT REGISTER)
103F
EXT EXT
B6O | 512 BYTES EEPROM
$B600
| | B7FF
T / BF40 | BOOT BFCO | SPECIAL
ROM MODE
BXT L ___ | | _EXT_] s INTERRUPT
______ BFFF BFFF | VECTORS
/ E000 | gk ROM
$E000
FFCO | nORMAL
MODE
INTERRUPT
$FFFF FFFF Frrr | VECTORS
SINGLE EXPANDED SPECIAL SPECIAL
CHIP MUX BOOTSTRAP TEST

Figure 3.5: Memory Map

The microcontroller is programmed by using software named WP11. Figure
3.6 shows WP11 software. Before programming the microcontroller, we will need to
perform communication test and initialize the board by clicking the communication

test and initialize device button.
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BT WP - BE B

File Edit Select Device Communications Options Help

Device = MCEBHC11A1/A8  Use Socket U14fU11 Config Register
Vpp should be Off Current Value = S0F
PC Buffer Operations Chip Operations

|E=D Load From File Initialize Device

| Load From Chip Communications Test

‘ - Verify Against Chip

| |
| |
\ S Blank Check \
| |
|

|
|
|
|
| Dé Save As |
|
|
|

|D£ Save Erase EEPROM and Config Reg
Program EEPROM $B600-$B7FF |

| o Clear

\ Fill

= Edit

Buffer Check Sum = $1FE00

Figure 3.6: Software WP11

When clicking on the initialize device button, a box saying “Press
Programmer Reset Button the click OK” will appear (Figure 3.7). If the device is

success to be initialized, then it may proceed to programming the microcontroller.

pe— BER
Device = MCEBHC11A1/48  Use Socket U14U11 Config Register

Vpp should be Off Current Yalue = SOF
PC Buffer Operations Chip Operations

|
| Load From Chi jations Test J
|

= = Press Programmer Rezet Button then click OK.
| Verify Against

|Dé Save M and Config Reg J
[CA  savess | . OM $B500-SB7FF |
| L Clear ‘
| Fill |
] Edit \

Buffer Check Sum = $1FE00 [

Figure 3.7: Clicking the Initialize Device Button
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After initializing the device, erase the program by clicking the erase
EEPROM and Config Reg button and perform blank check to ensure that there is no
other program inside the microcontroller. Finally, click on the load from file button

to download the program.

Figure 3.8 shows step to initialize the Analog-to-Digital Converter (ADC).
Firstly, we need to set the ADPU to 1 so that the ADC is turn on. ADPU stand for
analog to digital power unit. Then CSEL is set to 0 since we use the internal clock.
CSEL stand for clock select. Lastly, a 100us delay is required to stabilize the

system.

h 4
ADPU =1
b 4
CSEL=0

100 ps DELAY

Figure 3.8: Flowchart of Initializing ADC

3.3 THRSim11 Software

The Motorola 68HC11 microcontroller is a popular microcontroller used in
many applications. Before downloading program into the microcontroller, the

program needs to be assembled. With the THRSim11 program you can edit,



19

assemble, simulate and debug programs for the 68HC11 on your windows PC. You
can also use THRSim1l to debug the program on your target EVM or EVB
compatible board. The simulator simulates the CPU, ROM, RAM, and all memory

mapped 1/0 ports. It also simulates the on board peripherals such as:

o timer (including pulse accumulator),
« analog to digital converter,

« parallel ports (including handshake),
o serial port,

e /O pins (including analog and interrupt pins).

While debugging the graphical user interface makes it possible to view and
control every register (CPU registers and 1/O registers), memory location (data,
program, and stack), and pin of the simulated microcontroller even when the
program is running. It is possible to stop the simulation at any combination of
events. For example, stop when RxD becomes low and RAM location $003F
contains $BD or 1/O register TCNT is greater than $3456.

A number of (simulated) external components can be connected to the pins of

the simulated 68HC11 while debugging. For example:

e« LED',
e switches,
o analog sliders (variable voltage potential).

o serial transmitter and receiver.

There is also a 4 x 20 LCD character display mapped in the address space of
the 68HC11. THRSIm11l can communicate with the Motorola EVM and EVB
boards or with any other board running the BUFFALO monitor program. This
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monitor program can be downloaded (for free) from the Motorola website. When
your assembly program is loaded into the target board the graphical user interface
makes it possible to view and control every register (CPU registers and 1/O registers)
and memory location (data, program, and stack) of the real microcontroller. It is
possible to stop the execution at any address and inspect or change the registers and

memory.

3.3.1 THRSim11 User’s Manual for This Project

< TS = To

College of Enging
Florida A&M Universi|

e ToEe

6
cc %119010060

Florida State Univer:

PORTC,X %11111111
o

PORTB, X
DELAY

College or tngineering

Florida A&M URiversity - Florida State University

§=156-1 H-01-1 N-02-0V-0C-0 89
K i Chapier ST [Compat. | g THRSImI1 e wila tsoem

Figure 3.9: Opening a Program File

B
\ﬁ‘ Click this button to assemble the program. All the programs need to be

assembled before downloading it into the microcontroller.
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%o Fle Edt Search View Target Execute Label Breakpoint Corvect Window Help
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b606 86 FF
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b6oa 8d 06 Loop

booc 8d 16

bede 8d 5d

b610 20 £8

b612 0c LED

b613 1d 03 FF

b616 86 01

b618 a7 o4

bé1a 8d 33

belc 49 ULANG  ROLA

b61d a7 o4 STAR  PORTB,X

b61f 8d 2e BSR DELAY

b621 24 £9 BCC ULANG

b623 39 RTS

b624 86 80 ac Lbaa ;

b626 a7 39 STAR  OPTION,X ;on ADPU,clear GSEL( using E clock)
b628 8d 1F BSR DELAY1 ;delay for stabilizing adc, at least 108us
b62a 86 00 LbAa ;

bé2c a7 30 sTAA  ADCTL,X iset adc control for single mode
b62e 1¢ 30 80 Fc SCAN  BRCLR  ADCTL,X §88  SCAN sscan conversion Flag=1

b632 a6 31 LbAA  ADR1,X ;load data from adr1

634 b 0a AR HO istart process to convert value to hexadecimal
636 16 TAB

637 4F CLRA

b638 ce 00 Ba LDX #a

be3ab 02 101V

bé3c 37 PSHB

Figure 3.10: Program after Assembled

Once it is assembled, a window like this will appear (Figure 3.10). In this window,

the program is assembled into assembly language.

THRSim11

File Edit Search wiew Target Execute Label Breakpoint Connect window Help
= A

& Temperatured

Commands

Eﬁﬁ; Loan #5326 ;short delay
(nu) DECA

i) BHE AGAIN

(nv) RTS
{my)

(mu)

PSHY
b6Sa 3c PSHX
LDY #§390

LDX H$FFFF

BHE REPEAT2
b665 18 69 DEY
b667 26 f6 BHE REPEAT1
b669 38 PULX
bésa 18 38 PULY
b66c 39 RTS

m

b66d ce 18 88 COHP LDX #REG
b676 81 25 CHFR #25
b672 23 18 BLS OFF
BSR oN

#ol
PORTC,X

% 110 box

RE7 ABG ABS PB4 PB3 PB2 PB1 FEO

[ AL ELX XX ] . :
0 9606PEBO je of Engineering
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Figure 3.11: Output after Program Run
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ﬂ This button is used to run the program step by step. We can easily detect the
error by using this button and also we can see what is done by the microcontroller

step by step.

ﬂ This button is used to run the program.

.| This button is used to stop the running program.

In this software, we can directly assemble and test our program whether it
does function as we wanted it or not. As an example, we can see in Figure 3.11 that
when an input of 400mV is given at Port E, all the LED at Port B is turn on

indicating that the valve is turn on.

3.4 Temperature Sensor

The LM35 is an integrated circuit sensor that can be used to measure
temperature with an electrical output proportional to the temperature (in °C). With
an LM35, temperature can be measured more accurately than using a thermistor.
The sensor circuitry is sealed and not subject to oxidation. The LM35 generates a
higher output voltage than thermocouples and may not require that the output voltage

be amplified.
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+Vg
(+5V to +20V)

| OUTPUT
Vouyr = +10mV/°C

LM35

AL

Figure 3.12: Pin Configuration of LM35

For LM35, the scale factor is 0.01V/°C meaning the nominal output voltage
is 250mV at 25°C and 1.000V at 100°C. It does not require any external calibration
or trimming. The most important characteristic of the LM35 is that it draws only 60p
Amps from its supply and produces a low self heating capability.

The output of temperature sensor is sensed by using a voltmeter. The output
voltage is converted to temperature by a simple conversion method. The general

equation used to convert from the output temperature to temperature is:

Temperature (°C) = Vot * 100 °C/V

The right connection of LM35 is important to make sure that we can obtain
the result. Common mistake that student will do is connecting the V; and ground pin
in reverse meaning ground will be connected to V; and vice versa. This is due to the
way student views the ic from bottom view or upper view. As in the datasheet, the ic
is view based on the bottom view (Figure 3.13). In this circuit, parameter value that

commonly used is 5V.
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TO-92
Plastic Package

+Vs Vour GND

BOTTOM VIEW
DS005516-2

Figure 3.13: Connection Diagram for LM35DZ

3.5 Relay

In order to test the relay, it is connected to a LED. When there is input from
both the 5V and 6V, the LED will turn on. If one of the inputs is not given, the LED
will not turn on. Then, the LED is change to the irrigation valve (Figure 3.15). The

configuration for the relay circuit is as shown in Figure 3.14 below.
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Figure 3.14: Relay Connection to Test the Functionality of the Relay
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o)
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Figure 3.15: Relay Connection to the Valve
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3.6 Irrigation Valve

Irrigation valve is one of the solenoid valves. A solenoid valve has two main
parts: the solenoid and the valve. The solenoid converts electrical energy into
mechanical energy which, in turn, opens or closes the valve mechanically. In this
project, the irrigation valve works on 24V,. The valve is testing by simply
connecting the valve to a transformer that produce 24V,.. After making sure that the
valve is functioning, it is connected to the relay. A relay (normally open) is needed
to drive the valve. The normally open relay is used to connect the output Port C of
the microcontroller with the irrigation valve. When there is output at Port C it will
close the relay and turn on the valve. A diode is placed at Port CO to avoid reverse
current that can harm the microcontroller. Figure 3.17 shows the photograph of the

actual valve. The detail configuration is shown in Figure 3.16.

N LICe | Valve
240Vac - 24Vac

Figure 3.16: Testing Valve



Figure 3.17: The Actual Irrigation Valve
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CHAPTER 4

RESULTS

4.1 Microcontroller MC68HC11A1)

Figure 4.1 shows the pin configuration of microcontroller (MC68HC11A1).

—
PATIPAIOCT ] 1 48 [ Vop
PAB/OC2/0C1 ] 2 47 1 PD5RS
PAS/OC3/0C1 [] 3 46 [1 PD4/SCK
PA4/0C4/0C1 [ 4 45 1 PD3MOSI
PA3/0C5/0C1 ] § 44 1 PD2MISO
PA2/IC1 [] 6 43 [I PD1/TXD
PAIIC2 [] 7 42 I PDORXD
PADIC3 [] 8 41 | R
PB7/A15 [ 9 40 [1 XIRQ
PBB/AT4 [] 10 39 I RESET
PBSA13 [ 11 38 I PCTIATID7
PB4/AT2 [] 12 37 [1 PCB/A6DE
PB3/A11 [] 13 36 [] PCS/ASDS
PB2/A10 [] 14 35 [1 PC4/A4/D4
PB1/AQ ] 15 34 1 PC3/A3D3
PBO/A8 [] 16 33 [1 PC2/A21D2
PEO/ANO [ 17 32 [1 PC1/A1/D1
PE1/AN1 [ 18 31 [1 PCO/A0/DO
PE2AN2 [] 19 30 I XTAL
PEY/AN3 [] 20 29 [I EXTAL
VaL [ 21 28 [I STRB/RW
Ve [ 22 27 E
Vss [ 23 26 [1 STRAAS
MODBNggy [ 24 25 [I MODATIR

Figure 4.1: Pin Configuration of MC68HC11A1
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The main part that was tested is the MC68HC11A1. Figure 4.2 shows the circuit
configurations for a bootstrap mode. The system clock need to be tested to assure
the controller is fully functioning. An 8 MHz crystal is connected to the crystal pins
which are EXTAL (pin 29) and XTAL (pin30). The internal clock frequency is one
fourth of the supplied frequency. Hence, the internal clock frequency is 2 MHz as

shown in Figure 4.3. This frequency is generated at E (pin 27).

I}
1
]
a
I}
1T
Iz
1}
s

=1

BM Hs GEHCT1AT

I

I
Ty
B
11

Figure 4.2: Circuit for Bootstrap Mode
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Figure 4.3: Output Waveform at Pin 27

Scale: For x axis, 1cm: 1V
For yaxis, 1cm: 1V
The clock speed or frequency is:

1/4 x 8 MHz =2 MHz

Thus, the frequency is 2MHz.



31

4.2 MAX 233

DBY9 interface

Tx(2)05 Touf Tin TxD
MAX233
RX(3PD Rin Rout RxD
GND(SbE

Figure 4.4: EIA232 Interface

Figure 4.4 shows the interface of the EIA232. MAX 233 is used for
translating signals between a microcontroller and a standard computer serial port.
From Figure 4.5, we can see that the MAX 233 is connected to the PDO (pin 42) and
PD1 (pin 43). These two pins are for communications port in order to communicate
with a personal computer. Then, from the MAX233 it is connected to DB9 to
interface the board with the computer. DB9 interface uses pin 2, 3 and 5 of the
female connector where pin 2 is for the transmission, pin 3 for receiver and pin 5 will
be grounded. A flashing LED program is uploaded to test the MAX 233. The output
was displayed on the LED.
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Figure 4.5: MAX 233 Connections to Microcontroller

Below is the flashing LED program that was used to test MAX 233:

REGS EQU $1000 STAA PORTB, X
PORTB EQU $04 BSR DELAY
ORG $B600 BCC ULANG
LDX #REGS BRA AGAIN
DELAY LDY #$1010
AGAIN CLC REPEAT DEY
LDAA #301 BNE REPEAT
STAA PORTB, X RTS
BSR DELAY END
ULANG ROLA
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4.3 Temperature Sensor (LM35DZ)

The temperature sensor used in this project is the LM35DZ ic. The rated for
full temperature range is between -55° and +150°. But in this project, it only uses the
basic centigrade temperature sensor which is +2° and +150° (Figure 4.6). The

temperature sensor is shown as below

+Vs

TO-92 (4V 10 20v)
Plastic Package I
+Vs Voyr GND OUTPUT
M35 = 0 mv+10.0 mv/oc

N T

BOTTOM VIEW =

Figure 4.6: Temperature Sensor
Figure 4.7: Basic Centigrade

Temperature Sensor (+2°C to +150°C)

The output voltage is linear, which is:

Vout = 10mV x Temperature (°C)

Table 4.1 is the reading of the tested temperature sensor. The temperature
sensor is tested in the laboratory using the lab temperature. From the table, we can
see that the value of temperature for a range of given voltage from 4V to 20V is
almost the same. In this project, we use 5V as the sensor voltage input since the

input of the microcontroller is 5V.



Table 4.1: Data of Temperature Sensor

Vs(V) Vout (MV) Temperature (°C)
4 273 27.3
5 276 27.6
6 275 275
7 276 27.6
8 275 275
9 275 275
10 275 275
11 276 27.6
12 277 27.7
13 275 275
14 276 27.6
15 275 275
16 275 275
17 274 274
18 276 27.6
19 275 275
20 276 27.6
4.4 Final Result
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Table 4.2 shows the result of the project. Since the demonstration is done at

the lab, the predetermined temperature is set as 26°C. When the temperature is

higher than 26°C, the valve will turn on. When the temperature is lower or equal

than 26°C, the valve will turn off.



Table 4.2: Data for operation of Greenhouse Watering System

Input Output

(Temperature, °C) (Valve)
T>26°C ON
T<26°C OFF
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When the valve is turn on, it will be activated for 3 minutes. After 3 minutes,

it will automatically turn off and scan for the temperature once more. Below is the

operating system of the valve.

LED ON,
VALVE ON

DELAY

LED OFF,
VALVE OFF

=3 min?

Figure 4.8: Flow Chart of VValve Operation



CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Greenhouse is becoming popular planting habit nowadays especially in
countries that have many seasons in a year such as Europe. This is due to some
plants need specific environment control such as temperature and soil moisture

control for growing.

In this project, we can automatically control the watering system using the
temperature sensor. The temperature sensor which is LM35DZ is a precision
temperature sensor. The main advantage of this chosen sensor was it output voltage

is linearly proportional to the Celsius temperature.
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5.2 Obstacle Faces

Firstly, components such as the irrigation valve is difficult to find since most

of the source on the internet stated that the valve are from overseas.

Next, | have been having difficulties in initializing the microcontroller board.
This is due to two factors which are the stability of the board and the USB to RS232

cable itself.

Last but not least, obstacle faces is to predetermine the value of the
temperature. The temperature values are different for different places and area. As
an example, most of the testing is done in the hostel but for the day of presentation it
is in the laboratory. Thus, different temperature is sensed. To overcome this
problem, setting the predetermine temperature according to the temperature in the

laboratory is done which is 26 °C.

5.3 Recommendations

As an individual opinion, this project is fascinating to be continued. In the
future, this project can be further studied by adding the soil moisture sensor and the

monitoring of the water level.
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Other than that, student can also add some of the recommendations as stated

below:

i.  Adding LCD display so that we can easily read the temperature of the system.
ii.  Changing the 68HC11 to PIC since PIC has much more memory without
adding other ic’s such as EEPROM.
ili.  Further investigation on the effectiveness of the system by implementing
other sensors such as humidity sensor.
iv.  Adding heating and cooling system to the greenhouse.
v.  Develop the same system but using the wireless link to the sensors that can

prevent from using large lengths of wire.

5.2.1 Costing & Commercialization

a. Costing

Table 5.1 shows the overall costing for the project:



Table 5.1: Cost for Project

Component Price per Unit | Quantity Price
MC68HC11A1 RM 40.00 1 RM 40.00
MAX233 RM 8.00 1 RM 8.00
LM35DZ RM 6.00 1 RM 6.00
Voltage Regulator (7805) RM 1.00 1 RM 1.00
DB9 RM 0.50 1 RM 0.50
Connector 4 Way RM 0.17 1 RM 0.17
3 pin Plug Top Sirim RM 2.50 1 RM 250
Crystal (8 MHz) RM 1.20 1 RM 1.20
DC Jack RM 0.60 1 RM 0.60
Heat Sink RM 0.90 1 RM  0.90
LED RM 0.15 10 RM 1.50
PCB Header RM 0.50 6 RM  3.00
PCB Stand RM 1.00 4 RM 4.00
Relay RM 2.50 1 RM 250
Reset Button RM 1.00 2 RM 1.00
Strip Board RM 3.00 1 RM  3.00
Valve RM 60.00 1 RM 60.00
Wire Wrapping RM 15.00 1 RM 15.00
Capacitor (1pF) RM 0.08 2 RM 0.16
Capacitor (100pF) RM 0.15 1 RM 0.15
Capacitor (4.7uF) RM 0.07 2 RM 0.14
Capacitor (22pF) RM 0.08 2 RM 0.16
IC Base (48 pin) RM 0.65 1 RM  0.65
IC Base (20 pin) RM 0.23 1 RM 0.23
Resistor (220Q) RM 0.05 10 RM 0.50
Resistor (10kQ) RM 0.01 1 RM 0.01
Resistor (10MQ) RM 0.04 1 RM 0.04

Total: RM 152.91
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b. Commercialization

Communities nowadays usually search for products that are users friendly.
Since this project has only one sensor, it is not very suitable to commercialize. On
the other hand, if this project is improved as suggested above it is quite an interesting
product that can be commercialized. This product can save water, money and also

time since it is automatically control.



10.

11.
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