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/*****************************************************

This program was produced by the

CodeWizardAVR V2.05.0 Evaluation

Automatic Program Generator

© Copyright 1998-2010 Pavel Haiduc, HP InfoTech s.r.l.
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Project : Realisasi Alat Ukur pH dan Tds Air Berbasis Mikrokontroler ATMega 16
Version :

Date :3/12/2013

Author : Freeware, for evaluation and non-commercial use only

Company : Jurusan Teknik Elektro Universitas Kristen Maranatha

Comments:
Chip type : ATmegal6
Program type : Application

AVR Core Clock frequency: 16.000000 MHz
Memory model : Small
External RAM size 0

Data Stack size 1 256

*****************************************************/
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// Header Program

#include <megal6.h>

#include <delay.h>

#include <stdlib.h>

/I Alphanumeric LCD Module functions

#include <alcd.h>

#define ADC_VREF_TYPE 0x40

/lnisisalisasi Variabel-variabel yang digunakan
char PH[8];

char TDS[8];

char suhu[8];

float ppm,kadar_ph,celcius, Totall,Total2, Total3,Ratal,Rata2,Rata3,suhu_tds;
unsigned int Baca0,Baca6,Baca7;

int i

/I Read the AD conversion result

unsigned int read_adc(unsigned char adc_input)

{

ADMUX=adc_input | (ADC_VREF_TYPE & 0xff);
/Il Delay needed for the stabilization of the ADC input voltage
delay_us(10);

/1 Start the AD conversion

ADCSRA|=0x40;
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/I Wait for the AD conversion to complete

while ((ADCSRA & 0x10)==0);

ADCSRA|=0x10;

return ADCW;

¥

I/ Declare your global variables here

void main(void)

{

I/ Declare your local variables here

// Input/Output Ports initialization

// Port A initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
/I State7=T State6=T State5=T State4=T State3=T State2=T State1=T StateO=T
PORTA=0x00;

DDRA=0x00;

// Port B initialization

I/ Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
/I State7=T State6=T State5=T State4=T State3=T State2=T State1=T StateO=T
PORTB=0x00;

DDRB=0x00;

/1 Port C initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
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/I State7=T State6=T State5=T State4=T State3=T State2=T State1=T StateO=T
PORTC=0x00;

DDRC=0x00;

// Port D initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In
I State7=T State6=T State5=T State4=T State3=T State2=T State1l=T StateO=T
PORTD=0x00;

DDRD=0x00;

/I Timer/Counter 0 initialization

/I Clock source: System Clock

I/ Clock value: Timer 0 Stopped

// Mode: Normal top=0xFF

// OCO output: Disconnected

TCCRO0=0x00;

TCNTO0=0x00;

OCRO0=0x00;

// Timer/Counter 1 initialization

/I Clock source: System Clock

Il Clock value: Timerl Stopped

// Mode: Normal top=0xFFFF

// OC1A output: Discon.

// OC1B output: Discon.
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/I Noise Canceler: Off

I/ Input Capture on Falling Edge
/l Timerl Overflow Interrupt: Off
/I Input Capture Interrupt: Off

// Compare A Match Interrupt: Off
/l Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x00;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

// Timer/Counter 2 initialization
/I Clock source: System Clock

Il Clock value: Timer2 Stopped

// Mode: Normal top=0xFF

// OC2 output: Disconnected

ASSR=0x00;
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TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

Il External Interrupt(s) initialization

/I INTO: Off

I INT1: Off

Il INT2: Off

MCUCR=0x00;

MCUCSR=0x00;

Il Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x00;

/I USART initialization

/I USART disabled

UCSRB=0x00;

/I Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

/I ADC initialization

/I ADC Clock frequency: 125.000 kHz

/I ADC Voltage Reference: AVCC pin
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// ADC Auto Trigger Source: ADC Stopped
ADMUX=ADC_VREF_TYPE & 0xff;
ADCSRA=0x87;

/I SP1 initialization

/I SP1 disabled

SPCR=0x00;

/I TWI initialization

/I TWI disabled

TWCR=0x00;

/I Alphanumeric LCD initialization

/I Connections specified in the

I Project|Configure|C Compiler|Libraries|Alphanumeric LCD menu:
I/ RS - PORTC Bit 0

I/ RD - PORTC Bit 1

I EN - PORTC Bit 2

// D4 - PORTC Bit 4

// D5 - PORTC Bit 5

// D6 - PORTC Bit 6

// D7 - PORTC Bit 7

Il Characters/line: 16

Icd_init(16);

Icd_clear();
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Icd_gotoxy(0,0);

Icd_putsf("++PH dan TDS++");

Icd_gotoxy(0,1);

led_putsf("BY SANDI™);

delay_ms(1000);

lnisialisasi Awal untuk program rata-rata

iI=0;

Total1=0;

Total2=0;

Total3=0;

while (1)
{i++;
BacaO=read_adc(0);//Baca Adc (0)
ppm=((float)Baca0*500/1024) ;//Rumus untuk Menghitung Nilai Tds
Totall=Total1l+ppm;//Menjumlahkan nilai ppm dan dimasukan ke variabel Totall
Baca7=read_adc(7); //Baca Adc(7)
kadar_ph=(-3.811*(float)Baca7*5/1024)+13.63;//Rumus Untuk Menghitung Nilai

pH
Total2=Total2+kadar_ph ; //Menjumlahkan kadar_pH dan dimasukan ke variabel
Total2

Baca6=read_adc(6); //Baca Adc(6)

celcius=((float)Baca6*500/1024) ; //Rumus Untuk Menghitung Nilai Suhu
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Total3=Total3+celcius; //Menjumlahkan celcius dan dimasukan ke variabel
Total3

delay_ms(200);

if(i==20)

{

Ratal=Total1/20;//rata-rata nilai Tds

Rata2=Total2/20; //rata-rata nilai pH

Rata3=Total3/20; //rata-rata nilai suhu

suhu_tds=((Ratal*((1+(0.0214*(Rata3-25)))))) ; //Rumus Menghitung koreksi

suhu terhadap tds

delay_ms(100);

Icd_clear();

Icd_gotoxy(0,0);

Icd_putsf("TDS=");//menampilkan tulisan TDS pada baris 0 kolom 0

Icd_gotoxy(7,0);

Icd_putsf("ppm/*);//menampilkan tulisan ppm/ pada baris 7 kolom 0

Icd_gotoxy(0,1);

Icd_putsf("PH=");//menampilkan tulisan PH pada baris 0 kolom 1

Icd_gotoxy(13,0);

Icd_putchar(Oxdf);//menampilkan karakter derajat

lcd_putsf("C™); //menampilkan tulisan C

ftoa(suhu_tds,0,TDS);//mengubah tipe data float ke data array
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ftoa(Rata2,2,PH);//mengubah tipe data float ke data array dengan nilai ph 2 angka
dibelakang koma

ftoa(Rata3,0,suhu);//mengubah tipe data float ke data array
Icd_gotoxy(4,0);

Icd_puts(TDS); //menampilkan nilai TDS pada baris 4 kolom 0
Icd_gotoxy(3,1);

Icd_puts(PH); //menampilkan nilai pH pada baris 3 kolom 1
Icd_gotoxy(11,0);

Icd_puts(suhu);//menampilkan nilai suhu pada pada baris 11 kolom 0
//[Kembali ke inisialisasi awal untuk program rata-rata

i=0;

Total1=0;
Total2=0 ;
Total3=0;

delay_ms(1000);

},

I/ Place your code here
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TAMPILAN REALISASI ALAT UKUR PH DAN TDS
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SENSOR TDS

SENSOR TEMPERATURE ALAT UKUR DIST3 HANNA
INSTRUMENT

SENSOR PH VERNIER-BTA PENGUKURAN PH AIR SAMPEL
C
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LAMPIRAN C
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LAMPIRAN D
DATASHEET SENSOR LM35,SENSOR PH VERNIER
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General Description

The LM35 senes are precision integrated-circut tempera-
ture sensors, whose output volt age is lingady proportional to
the Celsivs (Centigrade) temperature, The LM35 thus has
an advantage over linear termperature sensors calibrated in®
Kelvin, as the user is not required to subtract a large con-
stant voltage from its cutput to obtain convenient Centi-
grade scaling. The LM35 does not reguire any extemal cali-
bration or trimming to provide typical accuracies of £14°C
at room temperature and *35°C over a full —55 to +150°C
temperature range. Low cost is assured by timming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precse 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 80 pA from its supply, it has
wvary low self-heating, less than 0.1°C in still air. The LM35 is
rated to operate ower a —55" to +150°C temperature
rangs, while the LM35C is rated for a —40° to +110°C
range (—10° with improved accuracy). The LM35 saries is

&Nﬂtiﬂﬂﬂf Semiconductor

LM35/LM35A/LM35C/LM35CA/LM35D
Precision Centigrade Temperature Sensors

December 1994

available packaged in hermetic TO-496 transistor packages,
whille the LM35C, LM3sSCA, and LM350 are also availablein
the plastic TO-92 transistor package. The LM35D is also
available in an Blead surface mount small outline package
and a plastic TO-202 package.

Features

| Calibrated directly in * Calsius (Centigrade)
m Linear + 10.0 mV/*C scale factor

m 0.5C accuracy guaranteeable (at +25°C)
m Rated for full —55" to +150°C range
m Sutable for remote applications

m Low cost due to walerdevel trdmming
m Operates from 4 to 30 volts

B Less than 60 pd current drain

m Low seli-heating, 0.08°C in still air

m Monlinearity only £14°C typical

B Low impedance cutput, 0.1 {2 for 1 mA load

Connection Diagrams

Order Number LM35H, LM35AH,
LM3SCH, LM35CAH or LM35DH
See NS Package Number HO3H

TO-202
Pastic Package

Order Number LM3sSDP
See NS Package Number PO3A

TRISTATE® & @ regitoncd rademark of Matdomal Samicomducior Comporatan

LM3S5CAZ or LM35DZ
See NS Package Number Z03A

TO-46 TO-92 S0-8
Metal Can Package® Plastic Package Small Cutline Molded Package
Vour =1 ~ al-+vs
H.L.— 2 ML
R B —HK.C.
BOTTOM WIEW GHD =] 4 =ML
BUTTOM YIEW T HA S5 162
TL/HASS 161 TL A A1 6 =21
"Case i connecied 1o negafve pin [END) Order Number LM35CZ, Top View

H.C. = No Comecion

Order Number LM3SDM
See NS Package Number MOBA

Typical Applications

+¥y +¥
O {4V TO 204} |
|
LM35
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A
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3500 1 =
TLHAS516-3 —||'$ TL/HIBE 16—
FIGURE 1. Basic Centigrade
Tem perature Chooss By = —Vig/50 pA
Sensor (+ 2°C to + 150°C)
Vigur= + 1,500 mv atl +150°C
g . GMD = + 250 mV al +25C
aur = —550 mV al —55C
TLH/S51 624

FIGURE 2. Full-Range Centigrade
Temperature Sensor
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Absolute Maximum Ratings mots 10)
I Military/ Aerospace specified devices are required,

S0 Package (Note 12):

please contact the MNational Semiconductor Sales Vapor Phase (60 seconds) 150
Office/Distributors for availability and specifications. Infrared (15 nds) 390°C
Supply Voltage +35V 10 —0.2V ESD Susceptibility (Note 11) 2500V
Ouiput Voltage +6V 1o — 1.0V Specified Operating Temperature Range: Tpin to Taax
Output Cumrent 10 mad (Note 2)
Storage Temp., TO-46 Package, 60°Cto +180°C LM35, LM35A 55°C to + 150°C
T0-82 Package, 80"G o +150°C LM35C, LM3SCA 40°Cto +110°C
SO-8 Package, 65°Cto +150°C LM35D 00 1o + 100°C
TO-202 Package, 65°Cto +150°C
Lead Tamp.:
TO-46 Package, (Soldenng, 10 seconds) 300°C
TO-82 Package, (Solderng, 10 seconds) 2680°C
TO-202 Package, (Soldering, 10 seconds) +2307C
Electrical Characteristics mote 1) (Note 6)
LM3sA LM3sCA
Tested Design Tested Design Units
Parameter Conditions Typical | Limit Umit | Typical | Limit Limit | (ax.)
(Moted) | (Mote 5) (Mote 4) | [(Note 5)
Accuracy Ta=+250C +0.2 +0.5 +0.2 +0.5 G
(Mote 7) Ta=—10°C +0.3 +0.3 +1.0 G
Ta=Tiax +0.4 +1.0 +0.4 +1.0 W
Ta=Thin +0.4 +1.0 +0.4 +1.5 "
Monlinsanty T =Ta=Taax +0.18 +0.35 +0.15 +0.3 G
{Mote 8)
Sensor Gain Thain = Ta =Thax + 10,0 + 9.9, +10.0 + 9.9, my G
{Average Slope) +10.1 +10.1
Load Regulation Ta=+25°C +0.4 +1.0 +0.4 +1.0 v ma
(Mote 3) 0=I_ =1 mA Thain = Ta = Thgax +0.5 +3.0 + 0.5 +3.0 vy ma,
Line Regulation Ta=+25"C +0.01 +0.05 +0.01 +0.05 myv
(Mote 3) AVENg =30V +0.02 +0.1 +0.02 +0.1 my /v
Cuiescant Current Vg =+ 5V, +25°C 58 67 58 67 i
(Mote §) Vg =+ 5V 105 131 a1 114 1.}
Vg=+30V, +25°C 56.2 68 56.2 68 iy
Ve =+ 30V 105.5 133 21.5 116 iy
Change of AV Ve 30V, +235°C 0.2 10 0z 1.0 iy
Cuescant Current AV Vg 30V 0.5 2.0 0.5 2.0 [T1.)
{Mote 3)
Temperature +0.39 + 0.5 +0.39 +0.5 TV
Coefficient of
Cuiescant Current
Mirimurn Temperature | In circuit of +15 +20 +1.5 +2.0 “C
for Rated Accuracy Figura 7, 1L=0
Long Term Stability T)=Tyyax, for +0.08 + 0.08 G
1000 hours

MNote 1: Unkass ofherewise noled, these specfications apglhy: —55C=T)= + 1600 for the LMI5 and LMISA; —40°=T = +110°C for the LMISC and LMISCA; and
OF =Ty +100°C for the LMISD. Vg = +5Wde and | g0 =50 pA, in the dnouil of Figure 2 Thesse spedicaions also apply from +29C 10 Ty in Uhe dircull of
Figure 1. Speciicatons in boldface apply over the full mled Bmparaties range.
Mobe 2 Thermal resistanos of the TO-48 padags & J00°C/W, junction 1o ambient, and 24°C'W juncBon i case. Thermal resistanos of the TO-82 packags i
180ACF W inction 1o ambéant. Thermal ressstancs of the small culline molded package i 220°CW juncBon io amisent Thenmal resistanos of the TO-202 package
s B5YCSW juncBon 1o amisent. For additional thermal resistancs information ee Lable in the Applcaiions SecBon
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Electrical Characteristics (note 1) (Note 6) (Continued)

LM3s LM3sC, LM35D
Tested Design Tested Design Units
Parameter Conditions Typical | UmR Lmit | Typical | Limit Limit | (Max)
(Note 4) | (MNote 5) (Note 4) | (Mote 5)
Accuracy, Ta=+25°C +0.4 +1.0 +0.4 +1.0 "G
LM3s, LM3sC Ta=—10°C +0.5 +0.5 +15 *C
(Mote 7) Ta= Typmu +0.8 +1.5 +0.8 +15 "G
Ta=Thin +0.8 +1.5 +0.8 +20 *C
Accuracy, Ta=+25°C +0.6 15 *C
LMasD Ta= Thiax +0.9 +20 "G
(Mote 7) Ta=Thin +0.9 +20 G
Monlinearity Toan =T o= Tygan +0.3 +0.5 +0.2 + 0.5 "G
(Mote B)
Sensor Gain Tiain =T A= Thiax +10.0 | +9.8, +10.0 +9.8, my/*C
(Average Slope) +10.2 +10.2
Load Regulation Ta=+25°C +0.4 +20 +0.4 +20 T
(Mote3) 0< 1 <1 ma Toan =T o= Thgax +0.5 +5.0 +0.5 +5.0 | mvima
Line Regulation Ta=+25"C +0.04 +0.1 +0.04 +0.1 v
(Mote 3) AV < Ve300V +0.02 +0.2 +0.02 +0.2 mv
Cuiescent Current Vg= +5V, +25°C 56 B0 56 80 ey
(Mote 9) Vg=+E5V 105 158 a1 138 pA
Vg= +30V, +25°C 562 B2 56.2 B2 iy
Vg=+30V 105.5 161 21.5 141 11
Change of AV="Vg =30V, +25°C 02 20 0.2 20 A
Cuiescent Curnent AV = Ve =30V 0.5 3.0 0.5 3.0 11
(Mote 3)
Temperatune +0.39 +0.7 +0.39 + 0.7 pASC
Coefficient of
Quiesscent Current
Mirimurm Temperature | In crcuit of +1.5 +2.0 +1.5 + 2.0 *C
for Rated Accuracy Figura 1,1 =0
Lomg Terrm Stabil ity Ti=Thax lor +0.08 +0.08 "C
1000 hours

Mote 3: Regulation is measumd al comstan junclion lemperalure, using puke lesting with a low duly opcle Changes in oulpul due 1o heating oifects can be
compuied by multiplying the internal disspation by the thermal resistanos.

Mote 4: Tesked Limiks are guasnissd and 100% tested in produdtion.

Motbe 5: Design Limits ane guarantesd (bl not 100% produc Bon lested) over the indicated lemperalure and supply vollage ranges. These Emlls as nol wed o
calculalke ouigoing qualily levels.

Mote 8: Speciications in boldiace apply over the full raled lempemiune rangs.

Hote T: Acouracy is defined as the aror between the oulpul voltage and 10me ~C fimes the devios's o e emperaume, ol specibed condions of voltage, cument,
and lampagiurs [axgrassad in 1T).

Mote B: NonEnsarly & defined as e deviation of e oulpul-sollageevensusdemperaiune curve Trom the bestdil sraighl Bne, over the devios’s raled Bmperakie
range.

Mobe 9: Quissoen aurrent & defined in the dnoul of Foum 1.

Mote 10: Absolle Maodmum Rafngs indicale Bmils beyond which damage o the devics may ooour. DT and AC eleciical speafcalions do nol apgly when
opemiing the device beyond ils mied opemting condiions. See Note 1.

Note 11: Human body modal, 100 pF dischanged through a 1.5 ki resisiorn.

Mobte 1 Ses AN-A50 “Suface MounBng Methods and Thes Effedct on Peduc! ReRalabty’” of the secfon tllled “Surface Mound™ found in a curant MaBonal
Semiconducior Linsar Data Book for ofher methods of soldeding surface mount devioes.




Typical Performance Characteristics
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Applications

Thie LM35 can be applied easily in the same way as other The TO-46 metal package can also be soldered to a metal
integrated-circuit termperature sensors. it can be glued or surface or pipe without damage. Of course, in that case the
cemented to a suface and its temperatune will be within V= terminal of the crcuit will be grounded to that metal
about 0.01°C of the surface temperature. Altematively, the LM35 can be mounted inside a sealed-end
This presumes that the ambient air temperature is almost metal tube, and can then be dipped into a bath or screwed
the same as the surlace temperature; if the air temperature into a threaded hole in a tank. As with any IC, the LM35 and
were much higher or lower than the surface temperature, accompanying wiring and circuits must be kept insulated
the actual temperature of the LMA5 die would be at an inter- and dry, to avoid leakage and comosion. This is especially
mediate temperature between the suriace temperature and true if the circuit may operate at cold termparatures where
the air temperature. This is expecially true for the TO-82 condensation can occur. Printed-circuit coatings and war-
plastic package, where the copper leads are the principal nishes such as Humiseal and epoxy paints or dips are often
thermal path to carry heat into the device, so its tempera- used to insure that moisture cannot cormode the LM35 or its
ture might be coser to the air temperatune than to the sur- connections.

face temperaturns, These devices are sometimes soldered to a small light-
To minimize this problem, be sure that the wiing to the weight heat fin, to decrease the thermal time constant and
LM35, as it leaves the device, is held at the same tempera- speed up the response in slowly-moving air. On the other
ture as the surface of interest. The easiest way to do this is hand, a small thermal mass may be added to the sensor, o
to cover up these wires with a bead of epoxy which will give the steadiest reading despite small deviations in the air
insure that the leads and wires are all at the same tempera- temperaturs.

ture as the surface, and that the LM35 die's temperature will
not be altected by the air temperaturne.

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

TO-46, TO-46, TO-82, TO-82, S0-8 S0-B TO-202 TO-202 ***
no heat sink  small heat fin*  no heat sink  small heat in** no heatsink  small heatfin®**  no heat sink  small heat fin

Still & 400G AW 100" CAwW 180°C/W 140 CAN 220rCiwW 110°C/W B5CAW a0rC W
Morving air 100°C AW 40 CAW aorCIwW TOrCAN 105*CI'W L CIW 25°CIW 4G AW
Sl ofl 10070 AW 40w 0CIW TOrCAN

Stired il S0°C AW 30TCAW 45°CIW A0°CAN

(Clampad to metal,

Infinite haat sink) (24 CAW) (55°C/W) (23°CAW)

* Wakefeld type 200, or 17 disc of 0LEN" sheet brass, solbdered o case, or similar.
** TO-02 and 50-8 packages gued and bBade sademd 1o 17 square of V" printed cnouil boasd with 2 o foill or simiar.

Typical Applications (continued)

=713 HEAYY CAPACITIVE LOWD, WIRING., ETE,

| HEMY CAPRLCITIVE LOAD, WIRING, ETE. } . “

TR — i L3 ' >
N AR £ # T0 A HIGH-IMPEDAMCE LOAD 01 uF BYPRSS L

NPTENAL T B 7
i l l i
TLHAES16= 19 l T 1 uF
FIGURE 3. LM35 with Decoupling from Capacitive Load |- -+ :
TL'HAS5 1620

FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS capacitance because the capacitance forms a bypass from
Like most micropower circuits, the LM35 has a limited ability ground to input, not on the output. However, as with any
to drive heavy capacitive loads. The LMA5 by itself is able to lirzar circuit conmected to wires in a hostile environment, its
drive 50 pf without special precautions. |f heavier loads are pedomance can be affected adversely by intense electro-
anticipated, it is easy to isolate or decouple the load with a magnetic sources such as relays, radio transmitters, motors
resistor, see Figune 5. Or you can improve the tolerance of with arcing brushes, SCR transients, etc, as its wiing can
capacitance with a series RB-C damper from output to act as a receiving antenna and its internal junctions can act
ground see Figure 4. as rectifiers. For best results in such cases, a bypass capac-
When the LM35 is applied with a 2000 load resistor as itor from Wiy to ground and a series B-C damper such as

7501 in senes with 0.2 or 1 pF from output to ground are

shown inFigure 3, 6, or § it is relstively immune to wiring often useful. These are shown in Sgures 13, 14, and 75,
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Typical Applications continued)

b

Vour =10 m /G {Tapasar + 1)
E‘:‘U FROM +2°C TO +40°C

>
+
&

—
+
b T
/—’ 200 TWISTED PAIR
o ™
TL/H/S516=5
FIGURE 5. Two-Wire Remote Temperature Sensor
(Grounded Sensor)
+¥
LM35 +
¥t
1HI14
> 1Bk
jwu
= = TL/HS516=T
FIGURE 7. Temperature Sensor, Single Supply, —55" to
+150°C
- 1 5N TO + 3
3 4.7k
22T
+ IN
aur our
L3S LM317
02
1% KDY
BLE
0.5% QFFSET
AJUST % o
TL/H/S516=3

FIGURE 9. 4-To-20 mA Current Source (0°C te +100°C)

5V
HERT ,-(_,"f
FNE ]
f__/ TWISTED FAUR
Wour =10 m¥/*C | Taament +1°G)
FROM +2°C TQ +40°C
B8k
]
U8 10k RHEDSTAT

FOR GAIN ADJUST

TLAHA S5 56
FIGURE 6. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

TWISTED PAIS

Vaur = 10w C (Tammewr + 180§
FROM —5°C ba +&0°C

20
%

TL/HAS516-8

FIGURE 8. Two-Wire Remaote Temperature Sensor

(Output Referred to

+Wg
(6Y TO 204}

Ground)

¥our =

LM3B5-1.2

FIGURE 10. Fahrenhe

+1.0 My =F

TLH 551610
it Thermometer
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Typical Applications continued)

=
TLHASASIE=11

FIGURE 11. Centigrade Thermometer (Analog Meter)

bl
LM35 A

Lk A g

.,
I L3525

1 A,
B0 Y
FULL-SCALE
P .
204

TLHASS 16=12
FIGURE 12. Expanded Scale Thermometer

(50° to 80° Fahrenheit, for Example Shown)

+

Av—e

-

Y

LM35

L]

REF

ouT
e s Fuk 4
Bl mees
.
1sF 108
| f

1, 24%

i SERIAL
ADEDED [ bars aumeut

b CLOCK

b ‘ENABLE

GMD

TL/HSS516<13
FIGURE 13. Temperature To Digital Converter (Sarial Output) (+ 128°C Full Scale)

£
+ 1: 16k
o] N i PARALLEL
LMa5 4 DATA
OUTRUT
Tho ADCOBDA
15 3 - e TH
1Ic:_ - Vags
) < DLGAY
1.8 ..L n—tw»—l |—1 (1]
T o 2K A | I

i W

GMD

TL/HAS516=14
FIGURE 14. Temperature To Digital Converter (Paralkel TRI-STATE® Outputs for
Standard Data Bus to pP Interface) (128°C Full Scalke)
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Typical Applications continued)

1,“
<
67 68 B T T V@ T3 va|VE|Ve Y VR T§ &0 M0 B2 B} B4 BS BB
w + 1+ -+
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T
L 20 LED:
18 0 14 10
Lmas1d Lm3nt4
1:31:5:451]_21;15574|9
= 120% = NE
HEAT & _
FING "
Vo —g=AAN =AAN Ve
| et 4™ b
FER T < 1k*
o
At 2P
1k /_'L"i
= T
TL/H/S516<15
*=1% of 2% fim resiios
Trim Fg for Vg= 1075V
~Trim Pz fer Vo =1.955W
~Trim Fig, for Va= 0075V + 100mV/C % Tamsiam
-Example, V=2 275V al 22°C
FIGURE 15. Bar-Graph Temperature Display (Dot Mode)
L] ~
L
L
£
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+
B
10k 3 5
TE =y L5
= LM131
R0
1 i
U e & 1uF=d— g
0ok & | oo
z.l.r T 1
ik
LOW TEMPCD
a7
* »1
=
TL/HMG516=15

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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Block Diagram
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pH Sensor
(Order Code PH-BTA)

Qur pH Sensor can be used for any lab or demonstration that can be v

done with a traditional pH meter. This sensor offers the additional

advantages of automated data collection, graphing and data analysts. Typical activities
using our pH sensor include studses of household acids and bases, acid-base titrations,
montoring pH change during chemical reactions of 1n an aquartum as  feslt of
photosynthesss, svestigattons of acid rain and buffermg, and mvestigations of water
quality 1 streams and lakes.

Collecting Data with the pH Sensor

This sensor can be used with the following mterfaces to collect data:

» Vernier LabQuest” as a standalone device or with a computer

+ Vernier LabQuest" Mini wih a computer

+ Vernier LabPro" with a compuer, Tl graphing calculato; or Palm” handbeld
+ Vernier Go!"Link

+ Vernier EasyLink"

+ Vernier SensorDAQ”

+« (BL ™

Here 15 the general procedure to follow when using the pH Sensor

1. Connect the pH Sensor to the mterface.
2. Start the data-collection software'

3. The software will identdfy the pH Sensor and load a default data-collection setup.
You are now ready to collect data.

Tmportant: Do not fully submerge the sensor. The handle s ot waterproof

Data-Collection Software

This sensor can be used with an tnterface and the following data-collection software.

» Logger Pro 3 This computer program 15 sed with LabQuest, LabQuest Miny
LabPro, or GolLink

+ Logger Pro 2 This computer program is used with ULT or Serial Box Interface.

+ Logger Lite This computer program 15 used with LabQuest, LabQuest Min,
LabPro, or GolLink

* LabQuest App This program 15 used whea LabQuest 1s used as a standalone
device.

+ EasyData App This calculator application for the TI-83 Plus and TI-84 Plus can
be used with CBL 2, LabPro, and Vernier EasyLink. We secommend version
2.0 or newer, which can be downloaded from the Vernter web site,
W, vernier.coneasy/easydata html, and then transferred to the calculator

If you are using Logger Pro 2 with either a ULT or SBI.the sensor will not auto-ID). Open an
experiment file for the pH Sensor i the Probes & Sensors folder.
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See the Vernter web site, www vermier.com/cale/software/index himl for more
information on the App and Program Transfer Guidebook

+ DataMate program Use Databate with LabPro or CBL 2 and TI-73, TI-83,
T1-84, TI-86, T1-89, and Voyage 200 calculators. See the LabPro and CBL 2
Guidehooks for tnstructions on transferring DataMate to the calculator

+ Data Pro This program s used with LabPro and a Palm handheld.

o LabVIEW Nattonal Instruments LabVIEW™ software 15 a graphical
programming language sold by Natsonal Instruments. It 1s used with
SensorDAQ and can be used with a number of other Vernser mterfaces. See
www vernier con/labview for more information

pH Electrode Specifications

Type: Sealed, gel-flled, epoxy body, Ag/AgCl
Response time; 90% of final reading 1n 1 second
Temperafure range: 310 80°C
12mm 0D
Range: pH0-14
13-bit Resolution (SesorDAQ):  0.0025 pH units
12-bit Resolution (LabQuest,
LabQuest Mint, Go/Link, LabPro,
ULL SBI): 0.005 pH units
10-bit Resolutton (CBL 2): 0.02 pH uats
Tsopoteatial pH: pH 7 (potnt at which temperature has no effect )
Qutput; 592 mVipH at 25°C
Stored Calibation Values”
Tntercept (k). 13.720
Slope (k). -3.838

NOTE: This product 1s to be used for educational purposes only. It 15 not
appropriate for tdustrial, medical, research, or commercial applications.

How the pH Sensor Works

The pH Amplfier mside the handle s a circutt which allows a standard combination
pH electrode (such as the Vernser 7120B) to be montored by a lab mterface. The
cable from the pH Amplifier ends na BTA plug.

The pH Sensor will produce a voltage of 1.75 volts 1n a pH 7 buffer. The voltage
will increase by about 0.25 volts for every pH mumber decrease. The voltage will
decrease by about 0.25 volts/pH number as the pH mereases.

The Vernter gel-filled pH Sensor 1s desgned to make measurements i the pH range
of 0o 14. A polycarbonate body that extends below the glass sensing bulb of the

* These are average calibration values. Actual values may vary because sensors ate individually
calibrated by Vernier before shipping.



electrode makes this probe 1deal for the demands of a muddle school, high school. or
university level science class o for making measurements in the environment. The
gel-filled reference half cell 1 sealed—it never needs to be refilled.

This sensor 15 equipped with circuitry that supports auto-ID. When used with
LabQuest, LabQuest Mint, LabPro, Go! Link. SensorDAQ, EasyLink, or CBL 2, the
data-collection software tdentifies the sensor and uses pre-defined parameters to
configure an expertment appropriate to the recognized sensor.

Preparing for Use
To prepare the electrode to make pH measurements, follow this procedure:

+  Remove the storage bottle from the electrode by first unscrewing the lid, then
removing the bottle and lid. Thoroughly rinse the lower section of the probe,
espectally the region of the bulb, using distilled or detonized water.

+ When the probe 1s not being stored in the storage bottle, 1t can be stored for
short pertods of time (up to 24 hours) 1n pH-4 or pH-7 buffer solution. It should
never be stored in distilled water,

*  Connect the pH Sensor to your lab mterface, load or perform a calibration (as
described 1n the next section), and you are ready to make pH measurements.
Note: Do not completely submerge the sensor. The handle 15 not waterproof.

When you are finished making measurements, rinse the tip of the electrode with
distilled water. Slide the cap onto the electrode body, then screw the cap onto the
storage bottle. Note: When the level of storage solution left i the bottle gets low.
you can feplenssh 1t with small amounts of tap water the first few times you use the
probe (but not ndefinitely!). A better solution 15 to prepare a quantity of pH-4
buffer/KCl storage solution (see the section on Matntenance and Storage) and use it
to replace Jost solution.

Do | Need to Calibrate the pH Sensor?

We feel that you should not have to perform a new calibration when using the pH
Sensor for most experiments 1n the classroom. We have set the sensor to match our
stored calibration before shipping it. You can stmply use the appropriate calibration
file that 15 stored 1n your data-collectton program from Vernier 1n any of these ways:

1. Hyou ordered the PH-BTA verson of the sensor, and you are ustng 1t with a
LabQuest, LabQuest Mint, LabPro or CBL 2 tterface, then a calibration (1 pH)
ts automatically loaded when the pH Sensor 1s connected. Note: Each pH Sensor
(PH-BTA version) ts calibrated at Vernter. This custom calibration s then stored
on the sensor. This means that when you first use 1t you will see pH readmgs that
are accurate to +/- 0.10 pH uasts, without calibration! With time, you may see
some minor Joss of the tnitial custom calibration accuracy, but for most purposes
(see below), 1t should not be necessary to calibrate the pH Sensor.

2. Ifyou are using Logger Pro software (version 2.0 or newer) on a Mactntosh or
Windows computer, open an experiment file for the pH Sensor, and tts stored
calibratson will be loaded at the same time. Note: If you have an earlier version
of Logger Pro, a free upgrade 15 available from our web site.
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3. Any version of the DataMate or EasyData program (with LabPro or CBL 2) has
stored calibrations for this sensor.

4. Any version of Data Pro has stored calibrations for this sensor.

If you are performing a chemistry experment, or doing water quality testing that

requires a very accurate calibration, you can calibrate the Vernier pH Electrode

following this procedure:

¢ Use the 2-potnt calibration option of the Vernier data-collection program. Rinse
the ttp of the electrode 1 distulled water. Place the electrode mto one of the
buffer solutions (e.g.. pH 4). When the voltage readimg displayed on the
computer o calculator screen stabilizes, enter a pH value, "4

+  For the next calibration point, rise the electrode and place 1t o  second
buffer solution (e.g., pH 7). When the displayed voltage stabilizes, enter a pH
value, “T".

+  Rinse the electrode with distilled water and place 1t 1n the sample.

pH Buffer Solutions

In order to do a calibration of the pH Sensor, or to confirm that a saved pH
calibration 1s accurate, you nieed to have a supply of pH buffer solutions that cover
the range of pH values you will be measuring. We recommend buffer solutions of
pH4, 7, and 10.

+ Vernier sells a pH buffer kit (order code PHB). The kit has 12 tablets: four
tablets each of buffer pH 4, 7, and 10. Each tablet 1s added to 100 mL of
distilled or detonized water to prepare respective pH buffer solutions.

*  Flinn Scientific (www flinnsct com, Tel: 800-432-1261) sells a wide variety of
buffer tablets and prepared buffer solutions.

* You can prepare your own buffer solutions using the following recipes:

A0 Addl_DmL of 0.1 MHClto 1000 mL of 0.1 M
' potassium hydrogen phthalate.

HI0 AddSSZmL_af 0.1 MNaOH to 1000 mL of 0.1 M
' potassium diydrogen phosphate.

HI00 AddZH!nLaf 0.1 MNaOH to 1000 mL of 0.05 M
' sodim bicarbonate.

Maintenance and Storage

Short-ferm storage (up to 24 hours): Place the electrode 1 pH-4 or pH-7 buffer
solution.

Long-term storage (more than 24 hours): Store the electrode 1 a buffer pH-4/KCl
storage solution 1n the storage bottle. The pH Electrode s shipped 1 this solution.
Vernier sells 500 mL bottles of replacement pH Storage Solution (order code PH-
§S). of you can prepare additional storage solution by adding 10 g of solid potasstum
chloride (KCI) to 100 mL of buffer pH-4 solution. Flinn Scientific (800- 432-1261)
sells a Buffer Solution Preservative (order code B0175) that can be added to this
storage solution. By storing the electrode 1n this solution, the reference portion of the
electrode 15 kept mosst. Keeping the reference junction moist adds to electrode
longevity and retatns electrode response time when the unit is placed back tnto



service. If the electrode 1s madvertently stored dry (we don’t recommend this!),
immerse the unit in soakmg solution for a minimum of eight hours prior to service.
When testing a pH Sensor, it 15 best to place it into a known buffer solution. This
allows you to see if the sensor 1s reading correctly (e.g.. in a buffer pH 7. 1s the
sensor reading close to pH 7). Do not place your sensor into distilled water to check
for readings—distilled water can have a pH reading anvwhere between 5.5 and 7.0,
due to variable amounts of carbon dioxide dissolved from the atmosphere.
Furthermore, due to a lack of 1ons, the pH values reported with the sensor i distilled
water will be erratic.

If your pH Sensor 15 reading slightly off of the known buffer pH (eg..reads 6. 7ma
buffer 7). you may sumply need to calibrate the sensor. You can calibrate the sensor
in two buffer solutions for two calibration points. If you do not remember or know
how to perform a calibration. refer to the booklet that came with the pH sensor.

If your readings are off by several pH values, the pH readings do not change when
moved from one buffer solution to another different buffer. or the sensor’s response
seems slow, the problem may be more serious. Sometimes a method called "shocking”
1s used to revive pH electrodes. To shock your pH Sensor, perform the following:

1. Let the pH Electrode soak for 4-8 hours m an HCI solution between 0.1 and
1.0 M.

2. Rinse off the electrode and let it sit in some buffer pH 7 for an hour or so.
3. Rinse the electrode and give 1t another try.

Mold growth in the buffer/KCl storage solution can be prevented by adding a
commercial growth inhibitor. This mold will not harm the electrode and can easily
be removed using a light detergent solution.

This sensor 1s designed to be used mn aqueous solutions. The polycarbonate body of
the sensor can be damaged by many organic solvents. In addition. do not use the
sensor 11 solutions containing: perchlorates. silver 1ons, sulfide 1ons, biclogical
samples with high concentrations of proteins. or Tris buffered solutions.” Do not use
it in hydrofluoric acid or i acid or base solutions with a concentration greater than
1.0 molar. The electrode may be used to measure the pH of sodium hydroxide
solutions with a concentration near 1.0 molar, but should not be left i this
concentration of sodium hydroxide for periods longer than 5 minutes. Using or
storing the electrode at very high temperatures or very low temperatures (near 0°C)
can damage 1t bevond repair.

* Vernier now offers Tris-Compatible Flat pH Sensor which features a double
junction electrode, so 1t can be used with proteins, sulfides, and Tris buffers. Order
code FPH-BTA.
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Features

High-performance, Low-power AVR® g-bit Microcontroller

* Advanced RISC Architecture

— 131 Powerful Instructions — Most Single-clock Cycle Execution
— 32 X 8 General Purpose Working Registers
— Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
High Endurance Non-volatile Memory segments
— 16K Bytes of In-System Self-programmable Flash program memory
— 512 Bytes EEPROM
— 1K Byte Internal SRAM
— Write/Erase Cycles: 10,000 Flash/100.000 EEPROM
Data retention: 20 years at 85°C/100 years at 25°C™
Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Programming Lock for Software Security
JTAG (IEEE std. 1149.1 Compliant) Interface
— Boundary-scan Capabilities According to the JTAG Standard
— Extensive On-chip Debug Support
— Programming of Flash, EEFROM, Fuses, and Lock Bits through the JTAG Interface
Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Four PWM Channels
8-channel, 10-bit ADC
g Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
Byte-oriented Two-wire Serial Interface
Programmable Serial USART
Master/Slave SPI Serial Interface
Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
I'0O and Packages
— 32 Programmable /O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
Operating Voltages
— 2.7 - 5.5V for ATmegal6L
— 4.5 - 5.5V for ATmegale
Speed Grades
— 0 - 8 MHz for ATmegaléL
— 0 -18 MHz for ATmegalé
Power Consumption @ 1 MHz, 3V, and 25°C for ATmega16L
— Active: 1.1 mA
— Idle Mode: 0.35 mA
— Power-down Mode: <1 pA

AlMEL
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8-bit AVR
Microcontroller
with 16K Bytes
In-System
Programmable
Flash

ATmega16
ATmega16L

Summary

Note: Mot recommendad for new

designs.




Pin
Configurations

AIMEL

Figure 1. Pinout ATmegalt

E

PDIP
L
(XCK/TD) PBO O 1 40 O PAD (ADCOD)
(T1) PB1 O 2 39 [ Pa1 (ADCT)
(INTZ/AIND) PB2 O 3 38 O PAZ (ADC2)
{OCD/AINT) PB3 O] 4 a7 [ Pa3 (ADC3)
(55) PB4 O 5 36 O Pad (ADC4H)
(MOSI1) PBS O & 35 O pas (ADCS)
(MISO) PBE OO 7 34 [ PAB (ADCE)
(SCK) PBT OJ & 33 O PaT (ADCT)
RESET [ @ 32 [ AREF
vee O 10 31 O GND
GND O 14 30 O AvVCC
XTALZ O] 12 29 [0 PCT (TOSC2)
XTAL1 O 13 28 O PCB (TOSCH)
(RXD) PDO O 14 27 O PCs (TDI)
(TXD) PD1 O 15 26 O PC4 (TDO)
(INTO) PD2 O 16 25 O PC3 (TMS)
(INT1) PD3 O] 17 24 O PC2 (TCK)
(OC1B) PD4 O 18 23 O PC1 (SDA)
(OC14) PD5 O 18 22 O PCO (SCL)
(ICP1) PD6 O 20 21 O PD7 (OC2)
TQFP/QFN/MLF
8E s
2 £ Sraa
3222 228¢%
gLk x L L=
38582988582
ocodoodad (:5‘ E & E &
aOonooo00n0nnmn
@ 14,42, 40, 38 36 34
(MOSI) PBS [ 1 33 [0 PA4 (ADC4)
MISO) PBE D2 -~~~ - —~-~"— T3z [ PAS (ADCS)
(SCK) PBT 3 ! ' 31 [ pas (aDCS)
RESET [ 4 : : 30 [ PAT (ADCT)
wvoe U5 | 298 [0 AREF
GND O B | | 28 [ GND
XKTALZ O 7 | I 27 [ avco
XTAL1l & | I 26 [ PCT (TOSC2)
(R¥Dy PDO 4 9 ! ' 25 [ pce (TosC1)
(TxD) PD1 ] 10 ! | 24 [ PCs (TDY
{(INTO) PD2 [T 11 23 [0 PC4 (TDO)
12 314151&.1?113.I ?02122
Ooodoooootoa
) W B 0 —
— P55 0z8888
Botiom pad should =M T T
be solde?red to ground. Z g g & ] BREE

Disclaimer Typical values contained in this datasheet are based on simulations and characterization of
other AVR microcontrollers manufactured on the same process technology. Min and Max values
will be available after the device is characterized.

2 ATmega16(L) m—————
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e A Tmega16(L)

Overview The ATmegalb is a low-power CMOS B-bit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmegal6 achieves
throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power con-
sumption versus processing speed.

Block Diagram Figure 2. Block Diagram
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Pin Descriptions
vce
GND

Port A (PAT7..PAD)

AIMEL

Tix)

The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega16 provides the following features: 16K bytes of In-System Programmable Flash
Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1K byte SRAM, 32
general purpose /O lines, 32 general purpose warking registers, a JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters with com-
pare modes, Internal and External Interrupts, a serial programmable USART, a byte oriented
Two-wire Senal Interface, an 8-channel, 10-bit ADC with optional differential input stage with
programmable gain (TQFF package only), a programmable Watchdog Timer with Intemnal Oscil-
lator, an SPI serial port, and six software selectable power saving modes. The Idle mode stops
the CPU while allowing the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters,
SPI port, and interrupt system to continue functioning. The Power-down mode saves the register
contents but freezes the Oscillator, disabling all other chip functions until the next External Inter-
rupt or Hardware Reset In Power-save mode, the Asynchronous Timer continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping. The ADC
Moise Reduction mode stops the CPU and all I/C modules except Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby maode, the crystal/reso-
nator Oscillator is running while the rest of the device is sleeping. This allows very fast start-up
combined with low-power consumption. In Extended Standby mode, both the main Oscillator
and the Asynchronous Timer continue to run.

The device is manufactured using Atmel’s high density nonvolatile memory technology. The On-
chip ISP Flash allows the program memory to be reprogrammed in-system through an SP1 serial
interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot program
running on the AVR core. The boot program can use any interface to download the application
program in the Application Flash memory. Software in the Boot Flash section will continue to run
while the Application Flash section is updated, providing true Read-While-Write operation. By
combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip,
the Atmel ATmegal6 is a powerful microcontroller that provides a highly-flexible and cost-effec-
tive solution to many embedded control applications.

The ATmegalt AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulatars,
and evaluation kits.

Digital supply voltage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional IO port, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors (selected for each bit). The Port A output buffers have sym-
metrical drive characteristics with both high sink and source capability. When pins PAO to PAY
are used as inputs and are externally pulled low, they will source current if the internal pull-up
resistors are activated. The Port A pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

a ATmega16(L) m—
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Port B (PB7..PB0)

Port C (PC7..PC0)

Port D (PD7..PDO)

RESET

XTAL1

XTAL2

AVCC

AREF

Z2468R5-AVR-06/08

Port B is an B-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Paort B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port B pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port B also serves the functions of various special features of the ATmega16 as listed on page
58.

Port C is an 8-bit bi-directional IO port with internal pull-up resistors (selected for each bit). The
FPaort C output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running. If the JTAG interface is enabled, the pull-up resistors on pins
PC5(TDI), PC3(TMS) and PC2(TCK) will be activated even if a reset occurs.

Fort C also serves the functions of the JTAG interface and other special features of the
ATmegal6 as listed on page 61.

Port D is an 8-bit bi-directional IO port with internal pull-up resistors (selected for each bit). The
FPort D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Fort D also serves the functions of various special features of the ATmega16 as listed on page
63.

Reset Input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running. The minimum pulse length is given in Table 15 on page
38_ Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

Output from the inverting Oscillator amplifier.

ANVCC is the supply voltage pin for Port A and the A/D Converter. It should be externally con-
nected to V.., even if the ADC is not used. If the ADC is used, it should be connected to V.

through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

AlMEL 5
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Resources A comprehensive set of development tools, application notes and datasheets are available for
download on hitp/fwww_atmel.com/avr.

Data Retention Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.

6 ATmega16(L) m—————————
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Register Summary

Address Name Bit7 Bit & Bit 5 Bit 4 Bit 3 Bit2 Bit 1 Bit0 Page
53F (35F) SREG | T H 5 W N Z G g
$3E (85E) SPH - - - - - SP10 5P9 5PB 12
33D (850 SPL SP7 SPE SP5 P4 SP3 SP2 3P SP0 12
$3C (85C) QCRO Timer/Counter) Output Compare Register as
53B (358) GICR INT1 INTO NT2 - - - IWSEL NCE 48, 63
334 (354) GIFR INTF1 INTFO NTF2 - - — - - 70
539 (559) TIMSK QCIE2 TOIE2 TICIE1 OCIE1A QCIE1B TOIE1 QCIED TOIED a5, 115, 133
538 (358) TIFR OCF2 TON2 CF1 QCF1A OCFi1B TOW1 OCFD Tova Bd, 115, 133
537 (357) SPMCR SPMIE RWWSB — RWWSRE BLBSET PGWRT PGERS SPMEM 250
538 (558) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN - TWIE 160
535 (355) MCUCR SM2 SE SM1 SMD 1511 ISC10 15C01 13C00 32,68
534 (384) MCUCSR JTD SC2 — JTRF WDRF BORF EXTRF PORF 41, 84, 231
$33 (§53) TCCRO FOCO WGMO0 COMD1 COMO0 WGEMO1 C502 CS0 CS00 a3
532 (352) TCNTD Timer/Counterd (3 Bits) as

£3100 (351} QSCCAL Oscillator Calbration Register 3o

i OCDR On-Chip Debug Register 227

530 (350) SFIOR ADTS2 ADTSA ADTSD - ACME PUD PSR2 PSR10 57.88,134,201,221
52F (34F) TCCR1A COM1A1 COM1AD COMIB1 COM1B0 FOC1A FOC1B WGM11 WEMI0 110
52E (4E) TCCRI1B ICHCA CES1 - WGEM13 WEM12 C512 C31 C510 113
320 (54D) TCNT1H Timer/Counteri — Counter Register High Byte 114
320 (54C) TCNTIL Timer/Counter! — Counter Register Low Byte 114
328 (348) OCR1AH Timer/Counter! — Output Compare Register A High Byte 114
324 (344) OCR1AL Timer/Counteri — Output Compare Register A Low Byte 114
324 (348} OCR1BH Timer/Counter! — Qutput Compare Register B High Byte 114
523 (348) OCR1BL Timer/Counter! — Output Compare Register B Low Byte 114
527 (847) CR1H Timer/Counteri — Input Capture Register High Byte 114
328 (548) ICR1L Timern/Counter! — Input Capture Register Low Byte 114
525 (345) TCCR2 FQCc2 WEM20 COM21 | Comzn WiEM21 Ccs22 cs51 C520 128
324 (344) TCHT2 Timer/Counter2 (3 Bits) 130
323 (343) QOCR2 Timer/Counter? Output Compare Register 130
522 (342) ASSR - - - - AS52 TCM2UB QCR2UB TCR2UB 131
321 (341) WOTCR - - - WDTOE WDE WDP2 WDP1 WDPD 23
s e UBRRH URSEL - - - UBRR[11:3] 167

207 (340) UCSRC URSEL UMSEL UPM1 UPMO USBS UCsZ1 UCSZ0 UCPOL 166
51F (33F) EEARH - - - - - - - EEARA 12
$1E (33E) EEARL EEPROM Address Register Low Byte 12
$1D (33D) EEDR EEPROM Data Register 12
$1C (33C) EECR - - - - EERIE EEMWE EEWE EERE 12
51B (538) PORTA PORTAT PORTAS PORTAS PORTA4 PORTAZ PORTA2 PORTA1 PORTAD a6
514 (334) DORA DDAT DDAS DDAS DDAa4 DDA3 DDA2 DDA DDAl a6
519 (539) PINA PIMAT PIMAS PINAS PiNA4 PINA3 PIMAZ PIMA1 FIMAD lili]
513 (538) PORTB PORTET PORTBE PORTES PORTBE4 PORTB3 PORTBE2 PORTE1 PORTBEO a6
17 (837) DDORE DDBT DDBs DDBES DDB4 DDB3 DDB2 DOEB1 DDB0 L]
51a (338) PINB PIMET PINBS PINBS PINB4 PINB3 PIME2 PIMBEA1 FINBO a6
515 (335) PORTZ PORTCY PORTCE PORTCS PORTIC4 PORTC3 PORTC2 PORTCI PORTCO ar
314 (534) DDRC DOCT DDCE DDCS DDc4 DDCca DOC2 DDC1 DDCO a7
513 (333) PINC PINCT PIMCE PINCE PINC4 PINC3 PINC2 PINCA FINCD a7
512 (332) PORTD PORTOD? PORTDE PORTDS PORTD4 PORTD3 PORTD2 PORTDN PORTDO a7
511 (331) DCRD oooT DODA DDDS ooC4 ooD3 ooD2 ooD1 DoDO ar
510 (330) PIND PINDT PIMDG PINDS PIND4 PIND3 PIND2 PINDA FINDO ar
SOF (32F) SPOR 5P| Data Register 142
S0E (32E) SPSR SPIF WCOL - - - - - SPI2X 142
30D (82D SPCR SPIE SPE DORD MSTR CPOL CPHA SPRI SPRO 140
30C (32C) UDR USART 10 Data Register 163
308 (328) UCSRA RXC THC UDRE FE DOR PE U2x MPCM 164
504 (324) UCSRB RXCIE TXCIE UDRIE RXEN TXEN UcsZ2 RXBS TXBE 165
308 (528) UBRRL LISART Baud Rate Repister Low Byte 167
508 (528) ACSR ACD ACBG ACO ACI ACIE ACIC CIs1 ACISD 202
507 (327) ADMLUY REF51 REFs0 ADLAR MUX4 MUX3 MUX2 MLIX1 MUXD 217

308 (528) ADCSRA ADEN ADSC ADATE ADIF ADIE ADPS2 ADPS1 ADPS0 218
505 (325) ADCH ADC Data Register High Byte 220
304 (524) ADCL ADC Data Register Low Byte 220
503 (523) TWDR Two-wire Serial Interface Data Register 162
302 (322 TWAR TWAE | Twas | Twad | Twaz [ Twao TWAT TWAD TWGCE 182

ATMEL v
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Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit1 Bit0 Page
301 (321) TWSR TWS? TWSa TW5S5 TWS4 TWS3 - TWP31 TWPS0 181
300 (520) TWER Two-wire Serial Interface Bit Rate Register 180
MNotes: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is alv«.fa',-'s accessed on this address. Refer to the UEDUQ—

8

2.
3.

ger specific documentation for details on how to use the OCDR Register.

Refer to the USART description for details on how to access UBRRH and UCSRC.

For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved /O memory addresses
should never be written.

Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on
all bits in the VO Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers 500 to $1F only.

ATmega16(L) s
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