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LAMPIRAN 2

Node Sensor

#include <SPI.h>
#include <nRF24L01.h>
#include <RF24.h>
#define trigPin 3
#define echoPin 2

//***************H CS R04**************

****-k**//

#include <NewPing.h>
#define TRIGGER_PIN 3 // Arduino pin tied
to trigger pin on the ultrasonic sensor.
#define ECHO_PIN 4 // Arduino pin tied to
echo pin on the ultrasonic sensor.
#define MAX_DISTANCE 300 // Maximum
distance we want to ping for (in centimeters).
Maximum sensor distance is rated at 400-
500cm.
NewPing sonar(TRIGGER_PIN, ECHO_PIN,
MAX_DISTANCE); // Creating the NewPing
Object.
//************T I P P I N G B U C KET********
*********//
#define RainPin 2// Tipping Bucket Hall
Effect
bool RainHigh=false;
const float LowAmt = 0.5;
const float HIAmt = 0.5;
float RainAccum = 0.0;
//***********WATER
F LOW*******************//
#define waterflow A6 // Waterflow Hall Effect
float radius = 0.47;// tire radius (in inches)-
CHANGE THIS FOR YOUR OWN BIKE
int FlowVal;
long timer;// time between one full rotation (in
ms)
[[float mph;
float circumference;
int maxFlowCounter = 10;//min time (in ms)
of one rotation (for debouncing)
int FlowCounter;
/I Sleep
#include <avr/sleep.h>
#include <avr/power.h>
// Watchdog timer
#include <avr/wdt.h>
//*************N R F24 LO 1**************
**//

RF24 radio(7, 8); // CNS, CE

const byte address[6] = "00001";
/Itiming milis

unsigned long interval = 1000; //interval
waktu per detik

unsigned long interval2 = 5000;

unsigned long interval3 = 10;

unsigned long previousMillis = 0;

unsigned long time_since_last_reset = 0;
//Struct
struct data{

float RainAccum;
float mph;
int distance;
}
packet;
/IGlobal Variables
volatile int f_ wdt = 1;
int counter = 0;
int packetCounter = 0;
void flow(){
FlowCounter = maxFlowCounter;
circumference = 2*3.14*radius;
pinMode(waterflow, INPUT);
Serial.write(12);//clear
cli();//stop interrupts
TCCR1A = 0;// set entire TCCR1A register
to0
TCCRI1B = 0;// same for TCCR1B
TCNT1 =0;
/I set timer count for 1khz increments
OCR1A =1999;// = (1/1000) /
((1/(16*1076))*8) - 1
// turn on CTC mode
TCCR1B |= (1 << WGM12);
// Set CS11 bit for 8 prescaler
TCCRI1B |= (1 << CS11);
// enable timer compare interrupt
TIMSK1 |= (1 << OCIE1A);
sei();//allow interrupts

[Iwaterflow
ISR(TIMER1_COMPA vect) {//Interrupt at
freq of 1kHz to measure reed switch
FlowVal = analogRead(waterflow);
if (FlowVal <= 90){//sensor aktif rendah
if (FlowCounter == 0){//min time
between pulses has passed



packet.mph =
((25.39*float(circumference))/float(timer)*0.8
86);//hitung m/s
timer = 0;//reset timer
FlowCounter = maxFlowCounter;//reset
reedCounter
}
else{
if (FlowCounter > 0){//don't let
reedCounter go negative
FlowCounter -= 1;//decrement
reedCounter

¥
}

else{//if reed switch is open
if (FlowCounter > 0){//don't let
reedCounter go negative
FlowCounter -= 1;//decrement
reedCounter

}

}
if (timer > 2000){
packet.mph = 0;//if no new pulses from
reed switch- tire is still, set mph to 0
}
else{
timer += 1;//increment timer

}
//delay(1000);

}
/[Tipping Bucket

void TippingBucket(){

for(int i=0; i>0; i++){
if (digitalRead(RainPin)==HIGH)
{

RainHigh=true;

}

else

RainHigh=false;
}
}

}
//[HCSRO4..............
void distance(){
unsigned int uS = sonar.ping();
packet.distance = (uS /
US_ROUNDTRIP_CM);
}

void counterHandler()

{

Il Increment the sleep counter
counter++;
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if(counter == 1) { //perulangan mode

sleep
/I Reset the counter to 0
counter = 0;

/[ Power up components
power_all_enable();

// Power up the radio
radio.powerUp();

// Wait for radio to power up
delay(2);

}else {

/I Sleep time isn't over yet, sleep some more
enterSleep();

void enterSleep()

/I Start the watchdog timer
f wdt =0;

/I Power down the radio
radio.powerDown();

Il Enter sleep
sleep_enable();
sleep_mode();

/' Wake from sleep
sleep_disable();
//delay(1100);

I/l Increment the interrupt counter
counterHandler();

ISR(WDT_vect)

/I Stop the watchdog timer
f wdt=1;
}
void setupWDT()
{
I Setup the Watchdog timer for an
interruption every 8 seconds
I Setup the Watchdog timer for an
interruption every 8 seconds
MCUSR &= ~(1<<WDRF);
WDTCSR |= (1<<WDCE) | (1<<WDE);
WDTCSR = 1<<WDPO | 1<<WDP3;
WDTCSR |= _BV(WDIE);

}

void nrfsetup(){
radio.begin();
radio.setChannel(108);
/I Define the radio’s bitrate (using cards

lowest bitrate)
radio.setDataRate(RF24_250KBPS);
radio.setPALevel(RF24_PA_MIN);

void proses()
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{

unsigned long currentMillis = millis();
if((currentMuillis - previousMillis)>=interval)

//*********************//Tipping

B uCket//************************//

TippingBucket();
if((RainHigh==false)&&(digitalRead(RainPin
==HIGH))
{
RainHigh=true;
packet.RainAccum+=LowAmt;
}
if
((RainHigh==true)&&(digitalRead(RainPin)=
=LOW))
{
RainHigh=false;
packet.RainAccum+=HiAmt;
}
Serial.print("Curah Hujan = ");
Serial.print( packet.RainAccum );
Serial.print(" mm");
//**********************//Water

F I Owl/***************************//

flow();

Serial.print("Kecepatan Air =");
Serial.print(packet.mph);
Serial.print(* m/s ™);

//************************//H CSRO4//***

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

distance();

Serial.print("Ping: ");

Serial.print(packet.distance);

Serial.printIn(" cm ™); //1f you would like
ping in inches, remove
"US_ROUNDTRIP_CM" and the 6backslash,
don't forget to rename "cm™ to “inches”

Serial.printin(millis());

//************************//nR F//******

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

radio.write(&packet, sizeof(packet));

previousMillis = millis();

¥

void proses2()
enterSleep();

void setup() {
// Disable Brown out detection (uses power)
sleep_bod_disable();
// Sleep mode setup

set_sleep_mode(SLEEP_MODE_PWR_DOW
N);
// Watchdog timer setup
setupWDT();
nrfsetup();
Serial.begin(9600);
radio.openWritingPipe(address);
radio.stopListening();
pinMode(trigPin, OUTPUT);
pinMode(echoPin, INPUT);

}
void loop()

time_since_last_reset = millis();
while((millis() - time_since_last_reset) <
interval2)
{
delayMicroseconds(10);
proses();

/[Serial.printIn("");
time_since_last_reset = millis();
while((millis() - time_since_last_reset) <
interval3)
{
delayMicroseconds(10);
proses2();

}
//Serial.printIn("™);



#include <SPI.h>

#include <nRF24L01.h>
#include <RF24.h>

RF24 radio(7, 8); // CNS, CE

const byte address[6] = "00001";

unsigned long previousMillis = 0;
int interval = 1000;

struct data{

float RainAccum = 0.0;
float mph;
int distance;

}
packet;

void setup() {
Serial.begin(9600);
delay(500);
Serial.printIn(F("Receiver"));

radio.begin();
radio.setChannel(108);
radio.setDataRate(RF24_250KBPS);
radio.openReadingPipe(0, address);
radio.setPALevel(RF24_PA_MIN);
radio.startListening();

}

void loop() {
//delay(1000);
unsigned long currentMillis = millis();
if((currentMillis -

previousMillis)>=interval)

{
if (radio.available()) {
while (radio.available())

{
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Node Sink

Serial.write(" Jarak = ");
Serial.print(packet.distance);
Serial.print(* cm ");
Serial.print(" Timing = ");
Serial.print(millis());
Serial.printin(" ms ");

¥
Ilelse {

/ISerial.printin("NC");
previousMillis = millis();
I}
¥

radio.read(&packet, sizeof(packet));

ky

Serial.write(" Curah Hujan=");
Serial.print(packet.RainAccum);
Serial.print( mm ");
Serial.write(" Debit = ");
Serial.print(packet.mph);
Serial.print(" m/s ");
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LAMPIRAN 111
Datasheet Sensor Hall Effect A3144

3141 THRU
3144

SENSITIVE HALL-EFFECT SWITCHES
FOR HIGH-TEMPERATURE OPERATION

These Hall-effect switches are monolithic integrated circuits with
tighter magnetic specifications, designed to operate continuously over
extended temperatures to = 150°C, and are more stable with both

temperature and supply voltage changes. The unipolar switching
x b

8912922
1ays Beq

characteristic makes these devices ideal for use with a simple bar or rod
magnet. The four basic devices (3141, 3142, 3143, and 3144) are
identical except for magnetic switch points,

Each device includes a voltage regulator for operation with supply
voltages of 4.5 to 24 volts, reverse battery protection diode, quadratic
Hall-voltage generator, temperature compensation circuitry, small-
signal amplifier, Schmitt trigger, and an open-collector output to sink
up 10 25 mA. With suitable output pull up, they can be used with
bipolar or CMOS logic circuits, The A3141- and A3142- are im-
proved replacements for the UGN/UGS3140-; the A3144- is the

3 improved replacement for the UGN/UGS3120-,
The first character of the part number suffix determines the device

operating temperature range, Suffix *E-" is for the automotive and
> o = industrial temperature range of 40°C 10 +85°C. Suffix ‘L-" 15 for the
T % B automotive and military temperature range of -40°C to <150°C. Three
% 8 '5 package styles provide a magnetically optimized package for most
» @ (o] applications. Suffix *-L 1" isa miniature SOTS%/TO-243AA transistor

B s package for surface-mount applications; suffix “~UA" is a three-lead

ultra-mini-SIP.
Pinning is shown viewed from branded side.

FEATURES and BENEFITS
ABSOLUTE MA_XIMl{,M RATINGS W Superior Temp. Stability for Automotive or Industrial Applications
R s B 4.5V 1024 V Operation ... Needs Only An Unregulated Supply
Supply Voltage, Vo oo |V B Open-Collector 25 mA Output ... Compatible with Digital Logic
Reverse Battery Voltage, V, .o =35V W Reverse Battery Protection
Magnetic Flux Density, B .......... Unlimited W Activate with Small, Commercially Available Permanent Magnets
Output OFF Voltage, V., ococriecricee 28V W Solid-State Reliabifity
Reverse Output Voltage, V., ovoers 05V B Sma?ll Size .
Continuous Output Current, 1, ... 26ma | B Resistantio Physical Stress
Operuting Temperature Range, T,
Suffix 'E-" . ~40°C to +85°C
Suffix ‘L-" s ~0°C to +150°C
Storage Temperature Range,
T, ssrsmirssissssismsssssnret <08 1 80 +170°C

s

Always order by complete part number, e.g., AJMIELT).




3141 turu 3144

SENSITIVE

HALL-EFFECT SWITCHES
FOR HIGH-TEMP. OPERATION

FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS at V¢ = 8V over operating temperature range.

Limits
Characteristic Symbol Test Conditions Min.  Typ. Max. | Units
Supply Voltage Ve Operating 45 — 24 v
Output Saturation Voltage Vaunsan loyr = 20mA, B> Bgp - 175 400 mV
Output Leakage Current loer Vour =24V, B <Bge - <10 10 HA
Supply Current loc B < Bgg (Cutput OFF) - 44 9.0 mA
Output Rise Time t R =820, C, =20 pF - 0.04 20 s
Output Fall Time i Ry =820 ©, C, =20 pF — 018 20 s
MAGNETIC CHARACTERISTICS in gauss over operating supply voltage range.
Part Numbers*
A3141- A3142- A3143- A3144-

Characteristic Min. Typ. Max. Min. Typ. Max. | Min. Typ. Max. | Min. Typ. Max.
Bee atT,=25C 50 100 160 130 180 230 220 280 340 0 — 30

over operating temp. range 30 100 175 115 180 245 | 205 280 355 3 — 450
Bap atTa=25°C 10 45 130 75 125 175 165 225 285 80 - 330

over operating lemp. range 0 45 145 60 125 190 150 225 300 35 — 430
Bhye at T, =25°C 20 55 80 30 55 80 30 55 80 2 55 -

over operating temp. range 20 55 8 30 55 80 3 55 8 0 55 —

NOTES: Typical values arcat Ty = +25°Cand Ve =8 V

By = operate point (oatput tums ON )k By = release pomt {output tums OFF ); By, = hysteresss (B - Bay)
| gauss (G) is exactly equal 5o 0.1 millsesla (mT),
*Complete pan number includes a suffix to identify operating temperature range (E- or L-) and package type | -LT or -UA ),

Py

115 Northeast Cutofl. Box | 5056
Worcester, Mossachuserts 01635-0036 (S0%) §53-5000
Copyright © 1993, 2002 Allegro MicroSystems, Ine

45



46

3141 taru 3144

SENSITIVE

HALL-EFFECT SWITCHES
FOR HIGH-TEMP. OPERATION

TYPICAL OPERATING CHARACTERISTICS

A3142- SWITCH POINTS OUTPUT SATURATION VOLTAGE
40 30 l I
legyy = 20mA
Tz ]
N0 >
@ z w0 —
: 2 =
z i N
: %0 CPERATE 2ONT 8
g >
: -
o < 1»
!;: FELEASE PONT g
) =
- b
‘:-.y; 24 0 » 0 " 100 124 150 ';50 25 ] b % ™ 100 125 15
AMBIENT TEMPERATURE IN*C AMBIENT TEMPERATURE I °C
Dwg 00 4 e
SUPPLY CURRENT SUPPLY CURRENT
"% o
~
" T (-]
E 2 - \\‘\
BxBy
§ &0 — E —
: §
g " Tty 8 s _\
& g =
a0 ~
\
] _—
0 5 ) 1 = 25 % 5 0 ® 0 e 1B 180
SUPPLY VOLTAGE N VOLTS AMBIENT TEMPERATURE N °C
e On D |

* Complete part mumeber inchodes a sulfix denoting operating lempesatare range (E- of L-) sed pockage type { -LT,-U, or -UA),




3141 turu 3144
SENSITIVE
HALL-EFFECT SWITCHES

FOR HIGH-TEMP. OPERATION

SENSOR LOCATIONS
(£0.005" [0.13 mm)] die placement)

Suffix “LT"

ACTIVE AREA DEPTH
00x08 0.080"
DT mm 226 mm

N 4

0y

1.0% mm
# ¥

Dag NE008-50

Suffix "UA"

ACTIVE AREA DEPTH

00ms"
* [+ oz 2wom [
HOM

0055"
A ] 138mm
HRANDED
suprece (1] |2 )
Dwg W01V 104

TYPICAL OPERATING CHARACTERISTICS (cont.)

CHANGE IN OPERATE POINT

a1l
g -
: T
£
i "
B
£ .
8
z
8
; ' ——
o

£0

0 3 1 15 20 2
SUPPLY YOLTAGE INVOLTS
OPERATION

The output of these devices (pin 3) switches low when the magnetic field
at the Hall sensor exceeds the operate point threshold (B ). At this point, the
output voltage is V.. ‘When the magnetic field is reduced to below the
release pomnt threshold (B ). the device output goes high, The difference in
the magnetic operate and release points is called the hysteresis (B, ) of the
device, This buili-in hysteresis allows clean switching of the output ¢ven in
the presence of external mechanical vibration and electrical noise.

Extensive applications information for Hall-effect sensors is available in:
* Hall-Effect IC Applications Guide, Application Note 27701,
« Hall-Effect Devices: Soldering, Ghang, Potting, Encapsulating, and Lead
Farming, Application Note 27703.1;
* Soldering of Through-Hole Hall-Sensor Dervices, Application Note 27703;
and

* Soldering of Surface-Mount Hall-Sensor Devices, Apphcation Note 27703.2.

All are provided in Allegro Electronic Data Book, AMS-T02. or ot
www.allegromicro.com

115 Noctheast Cuolf, Bax 15036
Worcesier, Massachusetts 016150036 {S68) §53-5000
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3141 uru 3144

SENSITIVE

HALL-EFFECT SWITCHES
FOR HIGH-TEMP. OPERATION

PACKAGE DESIGNATOR ‘LT’
(SOT89/TO-243AA)

Dimensions in Inches
(for reference only)

g WA XD 3

13 Jo.car
| A To.vToz
i tosm

|
[ [ Gld
o ML /
o.ost Ho.om
™ e
Pads 1,2, 3, and A — Standard SOT8S Layout
Pads 1, 2, 3, and B — Low-Stress Version
Pads 1, 2, and 3 orly — Lowes! Stress, Bul Not Self Aligning

Dwg MA-O123 0

Dimensions in Millimeters
(controlling dimensions)

L]
B a8
T
3
S 1

| — i
425 250 228
394 2 1| 228 213

}._
-

¥
12 | ‘M"gg
oe | ..;! 056
150 ! 044
[ o S <t

“ @R

Dy MAGDD 34

13 ] 08
A TJB
E _L 46
E] %
i 200 2

s R
v e
Pacs 1,2 3, and A — Standard SOT89 Layout

Pads 1, 2, 3, and B — Low-Swess Version
Pads 1,2, and 3 only — Lowest Stress, But Nol Sell Aligning

Deg MA-0123 mm

NOTES: |, Exact body and kead configuration it vendoe’s option within limits shown,

Py

Supphied in bulk pack {500 preces per bag) or add “TR” to part number for tape and reel.
Crly low-temperature {£240°C} reflow-soldenng technigues are recommended foe SOTRY devices.

WIWW.IECEIDIMICTO . Oam




3141 turu 3144
SENSITIVE
HALL-EFFECT SWITCHES
FOR HIGH-TEMP. OPERATION

SEENOE

NOTES: 1

=

PACKAGE DESIGNATOR ‘UA’
Dimensions in Inches Dimensions in Millimeters
(contralling dimensions) (for reference only)
'_g:; — n—:'('): J——
B ¥
a?‘ o S o S ;f;

- —~ 4 - | 0062
o 0.058

t L4
0.122 ,f‘+"'
0117 WL i

247 v
an | /ﬂw

00189
00142

)
216 | 079~
MAX {
1
n73 16.26 044
0.0138 15.24 | - 035

SEENOTE 048
0.38

| 1 | ) |
0050|‘_ 1.27I‘
—ﬂ Bse Dwg MHO1E R —q se Dwg VHOME

Radial Lead Form (order A314xxUA-LC)

Toberances on package beight and width represent

ullowable mold offsets. Dimensions given are

measured at the widest point {parting line).

Exact body and leod configuration af vendor's opon ( 1"-,

within Hmits shown,
Height does mot inchude mold gate flash.

transition area is 0.033" (0.89 mm)

6. Supplicd in bulk pack (500 pieces per hag).

. Recommended minsmum PWB hole Gameater to chear I ! A T
0.108°
) . : s (2.74 mm)
5. Where no talerunce is specified, dimension is nomimal 0a0" Y
0500
(15.7 mm

I 1
_.' 0100
25 mm) D M08

NOTE:  Lead-form dimersions are the nominals produced on the
forming equipment. No dimensional tolerance is implied or
cunrunteed for bulk puckaging (500 pieces per bag).

115 Noatheass Cusoff, Bax 13016
Worcestes, Masachasetts 016150036 (5068} 8535000
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3141 iru 3144
SENSITIVE
HALL-EFFECT SWITCHES
FOR HIGH-TEMP. OPERATION
UNIPOLAR HALL-EFFECT DIGITAL SWITCHES
Partial Operate Release Hysteresis Replaces
Part Point (G) Point (G) (G) Oper. and
Number Over Oper. Voltage & Temp. Range Temp. Packages Comments
A3121x  Z220to 500 80 o 410 60 to 150 EL LT, UA 3019, 3113, 3119
A3122x 26010430 120 to 360 70 to 140 E L LT, UA
A3123x 23010470 160 to 330 70 1o 140 E L LT, UA
A3141x 310175 10 10 145 2010 80 E L LT, UA 3040, 3140
A3142x 11510245 60 to 190 3010 80 E.L LT, UA
A3143x 20510355 150 to 300 30to 80 E.L LT, UA
A3144x 3510450 2510 430 >20 EL LT,UA 3020, 3120
A3161E <180 (Typ 130) >30(Typ 110) 5t 80 E LT, UA 2-wire operation
A3163E <160 (Typ98) >30(Typ 79) 5t040 E LT, UA 2-wire
A3240x <50 (Typ35)  >5(Typ 25) Typ 10 E.L LHLT,UA chopper stabilized
A3250x <50 to >350 _ 51035 J L UA programmable, chopper stabilized
A3251x <50 to >350 B 51035 J L UA programmable, chopper stabilized
2-wire, chopper stabilized,
A3361E <125 >40 51030 E LH, LT, UA oulput romally high
2-wire, chopper stabilized,
A3362E <125 >40 51030 E LH, LT, UA epul novirially low
MICROPOWER OMNIPOLAR HALL-EFFECT DIGITAL SWITCHES
Partial Operate Release Hysteresis Average
Part Points (G) Points (G) (G) Oper. Supply
Number Over Oper. Voitage & Temp. Range Temp. Packages Current (HA)
A3209E >-60, <60 <5, >5 Typ7.7 E LH, UA <425 (Typ 145)
A3210E >.60, <60 <.5,>5 Typ7.7 E LH, UA <60 (Typ 8.8)
A3212E >-55, <55 <-10,>10 Typ.8 E LH, UA <10(Typ4.2)
BIPOLAR HALL-EFFECT DIGITAL SWITCHES
Partial Operate Release Hysteresis Replaces
Part Point (G) Point (G) (G) Oper. and
Number  Over Oper. Voltage & Temp. Range Temp. Packages Comments
UGx3132 <95 (Typ32) >-85(Typ-20) =30 (Typ 52) KLS LT, UA 3030, 3130, 3131
UGx3133 <75 (Typ32) >-75 (Typ-20) >30(Typ 52) K.LS LT,UA
UGx3134 -40t0 50 -50 to 40 51055 EL LT, UA
A3260x <30 (Typ 10) >-30(Typ-10) Typ20 E,.L LHLT,UA 2 wire, chopper stabdized

Notes: 1) Typical dala is at Ty = +25°C and nominal operating voitage.
2) “x' = Operating Temperature Range [suffix letter or (prefix)j: S (UGN) = -20°C to +85°C. E = -40°C to +85°C,
J =-40°C 1o +115°C, K (UGS) = 40°C to +125°C, L (UGL) = -40°C to +150°C.

WWW.IECZNOmMICTI, oom



3141 turu 3144

SENSITIVE

HALL-EFFECT SWITCHES
FOR HIGH-TEMP. OPERATION

The products described hereln are manufactured wnder ane or more
of the following U.S. patents: 5,045 920; 5,264,783; 5.442.283;
5.989.889; 5,581,179; 5,517,112; 5,619,137 5,621 319; 5450,719;
S.686,8; 5604 (38; 5.729,1.30; 5,917,320, and other parents
pending.

Allegro MicroSystems, Inc. reserves the right 1o make, from time 1o
time, such departures from the dewil specificarions as may be required
1o permit improvemens in the performance, refiability, or
manufacrurabiliy of its products. Before placing an order, the user is
cautioned 10 verdfy thae the information belng relied upon (s current

Allegro products are not amthorized for use ax eatical companents
in Iife-suppurt applionces, devices, or systents without expresy written
approval

The information incliwded herein iy believed to be accwate and
reliable. However, Altegro MicroSystems, Inc, asswmes no responsibil-
ity for its use: nor for any infringementy of patenis or other rights of
thivd parties that my resilt from ity use,

a
] 115 Nonheast Cusoff, Box 15036
4 Worcester, Massachasets 016150036 | S08) 8535000
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Datasheet Sensor Ultrasonik HC-SR04

u Tech \;"p'r‘ Wi service S(@c|ecfroﬂk3_con)

Ultrasonic Ranging Module HC - SR04

Product features:

Ultrasonic ranging module HC - SR(4 provides 2em - 400c¢m non-contact
measurement function, the ranging accuracy can reach to 3mm, The modules
includes ultrasonic transmitters, receiver and control circuit. The basic principle

of work:

(1) Using 1O trigger for at least 10us high level signal,
(2) The Module automatically sends eight 40 kHz and detect whether there is a

pulse signal back,

(3) IF the signal back, through high level . time of high output 10 duration is
the time from sending ultrasonic to returning.
Test distance = (high level timexvelocity of sound (340M/S) / 2,

Wire connecting direct as following:

5V Supply
Trigger Pulse Input
Echo Pulse Output
0V Ground

Electric Parameter

Working Voltage DCSYV

Working Current 15mA

Working Frequency 40Hz

Max Range 4m

Min Range 2cm

MeasuringAngle 15 degree

Trigger Input Signal 10uS TTL pulse

Echo Output Signal Input TTL lever signal and the range in
proportion

Dimension 45*20%15mm




Vee Trig Echo GND

Timing diagram

The Timing diagram is shown below. You only need to supply a short 10uS
pulse to the trigger input to start the ranging, and then the module will send out
an 8 cycle burst of ultrasound at 40 kHz and raise its echo. The Echo is a
distance object that is pulse width and the range in proportion . You can
calculate the range through the time interval between sending trigger signal and
receiving echo signal. Formula: uS / 58 = centimeters or uS / 148 =inch: or: the
range = high level time * velocity (340M/S) / 2: we suggest to use over 60ms
measurement cycle, in order to prevent trigger signal to the echo signal.

Llus 1IL Timing Diagram

Livgger nput
ko Modude

& Cyrle Samee Faret

Sxav Buest
frrm Nadils

[nput TTL lever
signal weth & rauge

170 T

Ech> Pulse Output
tw Ve Tunsng Caua
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Attention:

L] The module is not suggested to connect directly to electric, if connected
electric, the GND terminal should be connected the module first, otherwise,

it will affect the normal work of the module.

L] When tested objects, the range of area is not less than 0.5 square meters
and the plane requests as smooth as possible, otherwise it will affect the
results of measuring.

www.Elecfreaks.com



Datasheet nRF24L01+

nRF24L01 Product Specification RD
SEMICONDUCTOR

1 Introduction

The nRF24L01 is a single chip 2.4GHz transcelver with an embedded baseband protocol engine
(Enhanced ShockBurst™ ), designed for ultra low power wireless applications. The nRF24L01 is designed
for operation in the world wide I1SM fequency band at 2.400 - 2.4835GHz. An MCU (microcontroller) and
very few external passive components are needed to design a radio system with the nRF24L01.

The nRF24L01 is configured and operated through a Senal Peripheral Interface (SPI.) Through this inter-
face the register map is available. The register map contains all configuration registers in the nRF24L01
and is accessible in all operation modes of the chip.

The embedded baseband protocol engine (Enhanced ShockBurst™ ) is based on packet communication
and supports vanious modes from manual operation to advanced autenomous protocol cperation. Internal
FIFOs ensure a smooth data flow between the radio front end and the system's MCU, Enhanced Shock-
Burst™ reduces system cost by handiing all the high-speed link layer operations.

The radio front end uses GFSK modulation. It has user configurable parameters like frequency channel,
output power and air data rate.

The air data rate supported by the nRF24L01 is configurable to 2Mbps. The high air data rate combined
with two power saving modes makes the nRF24L01 very suitable for ultra low power designs.

Internal voltage regulators ensure a high Power Supply Rejection Ratio (PSRR) and a wide power supply
range,

Revision 2.0 Page 7 of 74
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11 Features

Features of the nRF24L01 include:

+  Radio
» Worldwide 2.4GHz ISM band operation
» 126 RF channels
» Common RX and TX pins
» GFSK modulation
» 1and 2Mbps air data rate
» 1MHz non-overlapping channe! spacing at 1Mbps
» 2MHz non-overlapping channel spacing at 2Mbps
+  Transmitter
» Programmable output power: 0, -6, -12 or -18dBm
» 11.3mA at 0dBm output power
+  Receiver
» Integrated channel filters
» 12.3mA at 2Mbps
» -82dBm sensitivity at 2Mbps
» -85dBm sensitivity at IMbps
» Programmable LNA gain
* RF Synthesizer
» Fully integrated synthesizer
» No external loop filer, VCO varactor diode or resonator
» Accepls low cost +60ppm 16MH2 crystal
+ Enhanced ShockBurst™
» 110 32 bytes dynamic payload length
» Automatic packet handling
» Auto packet transaction handling
» 6 data pipe MuitiCeiver™ for 1.6 star networks
«  Power Management
» Integrated voltage regulator
» 189to 3.6V supply range
» ldle modes with fast start-up times for advanced power management
» 22uA Standby-l mode, S00nA power down mode
» Max 1.5ms start-up from power down mode
» Max 130us start-up from standby-| mode
+ Host Interface
» 4-pin hardware SP|
» Max 8Mbps
» 3 separate 32 bytes TX and RX FIFOs
» 5V tolerant inputs
+  Compact 20-pin 4x4mm QFN package

Revision 2.0 Page 8 of 74



nRF24L01 Product Specification

1.2

Block diagram
RF Transmitter Baseband
n«{u = - e CSN
P o [ SCK
<> +-a MISO
2 Enhanced ShockBurst e MOSI|
RF Receiver Basevand Engine
ANT? sefti > ¥ ' 1 RQ
o & e g ||ece
ANT2 g0 [ H'{_u i
RX FIFOs ?
XC1 »— «
RF Synihesiser Power Maragemant Rado Conred
= [ 111]
8858%
>5 2 4
(=]
[a]
>

Figure 1, nRF24L01 block diagram
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2.2 Pin functions

gtal Inp

2 CSN Digital Input

3 SCK Digstal Input

4 MOSI Digital input | SFI Slave Data Input

5 MISO Digital Oulput | SPI Slave Data Oulput, with tri-state option

5 IRQ Digital Output | Maskable interrupt pin. Active low

7 VDD Power Power Supply (+1.9V - +3.6V DC)

) vss Power Ground (0V)

g XC2 Analog Output | Crystal Pin 2

10 XC1 Analog Input | Crystal Pin 1

(K VDD_PA Power Oulput | Power Supply Ouipui(+1.8V) for the Internal
nRF24L01 Power Amplifier. Must be con-
nected to ANT1 and ANT2 as shown in Eig-
ure 30,

12 ANTL RF Antenna interface 1

12 ANTZ2 RF Antenna interface 2

14 vas Power Ground (OV)

15 VDD Power Power Supply (+1.9V - +3 6V DC)

16 IREF Analog Input | Reference current. Connect @ 22xL2 resistor
to ground. See: Fi

17 VSS Power Ground (OV)

18 VDD Power Power Supply (+1.9V - +3.6V DC)

19 DVDD Pawer Output |Internal digital supply output for de-coupling
purposes. See: Figure 30,

20 vss Power Ground (0V)

Table 1. nRF24L01 pin function
Revision 2.0 Page 11 of 74
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5 Electrical specifications

Conditions: vDD = +3V, v8s = 0V, T, = - 40°C to + 85°C

51 Power consumption
vob PO | Supply current in power down 200 nA
fvop_ sty | Supply current in standby-T mode a 22 pA
lyop_ stz | Supply current in standby-1l mode 320 pA
lypp_su  |Average current during 1.5ms crystal 285 pA
osclllator startup
Transmit
Ivop_Txo | Supply current @ OdBm output power b 113 mA
Nob_txe | Supply current @ -6dBm cutput ) 3.0 mA
Sapp
oo _Tx12 pply current @ -12dBm oulput b 75 mA
power
Tvop_tx1a | Supply current @ -18dBm output 5 7.0 mA
power
Wop ave |Average Supply current @ -6dBm out e 0.12 mA
= put power, Enhanced ShockBurst™
'voo_rxs Average current during TX setting d 80 mA
Receive
oD am | Supply current 2Mbps 123 mA
oo_tc | Supply current 2Mbps 15 mA
LNA low current
lyop 1M Supply current TMbps 1.8 mA
lvw_fé Supply current im-bps 11 mA
LNA low current
Wop_rxs |Average current during RX settiing e 84 mA

a. Current is given for a 12pF crystal. Current when using exdernal clock |s dependent on signal swing.

b. Antenna load iImpedance = 150+{880

c. Antenna load impedance = 15(1+j88£). Average data rate 10kbps and full packets

d. Average current consumption for TX startup (130us) and when changing mode from RX to TX (130us).
e. Average current consumption for RX startup (130us) and when changing mode from TX to RX (130us).

Table 4. Power consumption
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5.2

General RF conditions

ap | Operating frequency 00 MHz
PLL,.. |PLL Programming resolution i) MHz
feray | Crystal frequency 16 MHz
Aty | Frequency deviation @ 1Mbps 160 kHz
Afma | Frequency deviation @ 2Mbps 320 kHz
Rarex |AIr Data rate B 1000 2000 kbps
Feman- |Non-overiapping channel spac- 1 MHz

NEL 1M |ing @ TMbps
Feuan. |Non-overlapping channel spac- ¢ 2 MHz

NEL2M |ing @ 2Mbps

a. Usable band is determined by local regulations

b. Data rate in each burst on-air

c. The minimum channel spacing s 1Mhz

Table 5, General RF conditions

53 Transmitter operation
Prrc | RF Power Control Range i6 18 B
Precr  |RF Power Accuracy dB
Pawz | 20dB Bandwidth for Modulated Carrier 1800 | 2000 | KkHz
(2Mbps)
Pove | 200B Bandwidth for Modulated Carrier 800 | 1000 | KHz
(1Mbps)
Prr1 1% Adjacent Channel Transmit Power -20 | dBm
2MHz
Prrz |27 Adjacent Channel Transmit Power -50 | dBm
AMH2

a Antenna load impedance = 15Q+8802

Table 6. Transmitter operation

Revision 2.0
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54

v

Receiver operation

amum received signal at <

R Amax
" RXsene |Sensitivity (0.1%BER) @2Mbps 82 dBm
sEne | Sensitivity at (0.19%BER) @1Mbps -85 dBm |
RX selsctivity according to ETSI EN 300 440-1 V1.3.1 (2001-09) page 27
Chico |C/l Cochannel (@2Mbps) 2 7 dB
Cllss  [1* Adjacent Channel Selectivity C/l 2MHz 1 a8 |
Clng |27 Adjacent Channel Selectivity C/l 4MHz -21 a8 |
Cllagn |3 Adjacent Channel Selectivity C/l 6MHz -27 ab
Chco |Cll Cochanne (@1Mbps) B ] dB
Cllist |12 Adjacent Channel Selectivity C/I 1MHz 8 dB
Cllanp |27 Adjacent Channel Selectivity G/l 2MHz ~22 dB
Cllapn  |3™ Adjacent Channel Selectivity C/l 3MHz -30 dB
RX selectivity with nRF24L01 equal modulation on interfering signal
Cllcg |C/l Co-channel (@2Mbps) (Modulated car- @ " dB
rier)
Cllist | 1% Adjacent Channel Selectivity G/l 2MHz 4 dB |
Cllang [ 2™ Adjacent Channel Selectivity C/l 4MHz2 -20 dB
Cllarn | 3™ Adjacent Channel Selectivity C/l MHz -27 dB
Clico | Cll Co-channe (@ 1Mbps) B 12 daB |
Clist |12 Adjacent Channel Selectivity C/l 1MHz 8 a6 |
Cloynp |27 Adjacent Channel Selectivity G/l 2MHz -21 B
Cllano |3 Adjacent Channel Selectivity C/l 3MHz -30 dB

a Data rate is 2Mbps for the following C/l measurements
b. Data rate is 1Mbps for the following C/l measurements

Table 7. Receiver operation

Rewvision 2.0
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Appendix D - Application example

nRF24L01 with single ended matching network crystal, bias resistor, and decoupling capactors,

L M
: Ee2eg
a
o
— ‘fm e b o
% X am “ -
- e ANT
- M O rA =
'
¥
»c
e
-

Qa
o
ueg

22pF* 573 0402 NPO, +/- 2%

2.2nF C3 0402 X7R, +1- 10%
4.7pF c4 0402 NPO, +/- 0.25pF
1.5pF c5 0402 NPO, +- 0.1pF
T.0pF [+ 0402 NPO, +- 0.1pF
33nF C7 0402 XIR, +i-1

inF [o1:] 0402 XTR, +1- 10%

10nF [o5:] 0402 X7R, - 10%
8.2nH %] 0402 chip inductor +/- 5%
2.7nH 2 0402 chip inductor +i- 5%
3.0nH 3 0402 chip inductor +/- 5%
NG R1 0402 +-10%

22KG3 R2 0402 1%

nRF24L01 Ui QFNZ0 4x4

16MHz X1 +1-60ppm, G =12pF

a C1and C2 must have values that mateh the crystals load capadtance, C

Table 26. Recommendead components (BOM) in nRF24L01 with antenna matching network
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Datasheet Atmega 328

Features
* High Performance, Low Power AVR" 8-8it Microcontrolier

* Advanced RISC Architecture
- 131 Powerful Instructions — Most Single Clock Cycle Execution
~ 32 x 8 General Purpose Working Registers

R o et bl TR
= Up to 20 MIPS Throughput at 20 MHz
~ On-chip 2-cycle Multiplier

* High Endurance Non-volatile Memory Segments

- 4/8/16/32K Bytes of In-System Self-Programmable Flash program memory %)
~ 256/512/512/1K Bytes EEPROM 8-bit AVR
- 512/1K/NK/2K Bytes Internal SRAM
— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM i
~ Data retention: 20 years at 85°C/100 years at 25°C'" M'crocont l'0| |er
~ Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program With 4/ 8/ 1 6/ 32K
True Read-While-Write Operation
~ Programming Lock for Software Security Bytes |n-Sy$tem
* Peripheral Features
- Two 8-bit Timer/Counters with Separate Pr ler and Compare Mode Progl‘ammable
~ One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture F' h
Mode
~ Real Time Counter with Separate Oscillator as
~ Six PWM Channels
- 8-channel 10-bit ADC in TQFP and QFN/MLF package
Temperature Measurement ATmega48A
- B6-channel 10-bit ADC in PDIP Package
Temperature M it
~ Programmabile Serial USART ATmega48PA
-~ Mastar/Slave SPI1 Serial Interface
- Byte-oriented 2-wire Serial Interface (Philips I'C compatible) ATm egaasA
~ Programmabile Watchdog Timer with Separate On-chip Oscillator
. el ARiog Compamion ATmega88PA
= Interrupt and Wake-up on Pin Change
+ Special Microcontroller Features ATm ega1 68A
— Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated Oscillator ATmega168PA
~ External and Internal Interrupt Sources
~ Six Sloep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby, ATm egaszs
and Extended Standby
* /O and Packages
- 23 Programmabile VO Lines ATmegaszsp

~ 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating Voltage:

- 18-55V
* Temperature Range: Summary

-~ -40°Cto 85°C
* Speed Grade:

~0-4MHzE18-55V,0-10 MHz@27-55.V,0-20 MHz @ 45-55V
* Power Consumption at 1 MHz, 1.8V, 25°C

— Active Mode: 0.2 mA

- Power-down Mode: 0.1 pA

~ Power-save Mode: 0.75 pA (Including 32 kHz RTC)

P BZNIBS-AVA-0410
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esssss———— ATmega48A/48PA/88A/88PA/168A/168PA/328/328P

1.

Figure 1-1.

Pin Configurations

Pinout ATmegad8A/48PA/BBA/BBPA168A/168PA328/328P
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mssss————— ATmegad48A/48PA/88A/88PA/168A/168PA/328/328P

4. Register Summary

Address Name Ba7 Bit 6 Bit5 Bits Br3 Bit 2 B Bito Page
0<h Pagooved - = = = ~ - - -
OFE) Pesoved - - - - - - -
Ol s vt - - — — - - - -
10T} Foserves - - - - - - = -
] Reservet - - - - - - - -
e A Faasirvint - - - - - - - -
WPy Ry — - - - = = = =
e fE) Fesoved - - - - - - - -
WOaFT) Reservwd - - - - -
(O P} s e vt - - - - - - - -
WO FS )1 Raservmt - - - - - - - -
s ') Pt gr et - - - - - - - -
0eF3) Resee - = - - - - - -
NeF2) Pegervert = - - - - - = =
OeFty Resorwd - - - - - - - -
(Ox I} Mm - - - - - - - -

| (0eEF) Raservent . - » - .
173 sl - - - - = - - -
[l es e o vect - - - - - - - -
INEC) [ - - - - = = = =
[LCE=- Reserwd - - - - - - = =
|EA Posrvet - = - - = = = >
NER Resetvest - - - -
INER Reserved - - - - - - - -
(O 1) s verd - - - - - - - -
nEn Pegerved = = - - - - - -
OeES Fusorwa - - = - - - - =
OE4 Faes bt vent - - - - - - - -
eF 1 Passtved - - - - - - - -
eEN s ervind - - - - - - - -
(O 1) Pan oo vect - - - - - - - -
NED Peserved - = - - - - - -
DR Pegerved - - - - - - - -
(L] =) Faservedt - - = - - - - -

_—Wl e e - - - - - - - -
1Dy Redervind - - - - -
L) Phabnr vect - - - - - - - -
] P vt - - - - - - - -
D% | Peseved - = — - - - - =
O Fadeervent - - - - - - - =
mp:q g orvent - - - - - - - -
ey Reaerwinl - - - - - - - -
W05 Reserved - - - - -
(004} P ved - - - - - - - -
005 Pesorved - - - - - - - -
012y Pt ven! - - - = - -~ - -
et} Baserved - - - = = - - =
ﬂm Rasrved - - - - - - - -
ICH Peserved - - - -
D) M o veat - ~ - - - - - -
\WCD) Reserved - - - - = =
[i 1 Reserved - = - = - - - =
1821 Peserved - - - - - - - -
(A Fog peved - - - - - - - -
OeCH P ey veed - - - - - - - -
.w; P w o vt - - - - - - - -
0C7) Feas vrvest - - - - - - - -
ey voRs UBAAT 1O Deta Ragrter )
eCe uBRH | 1 ] | USANT Bausd Mate Pugier tagh 200
Oy ARAR LISART Baud Rate Regeter Low 200
OeCY Furs ervent - = 1 - ] - - 1 - | - =
ey UCEWC umMseLor | umseio | upMor | uew UBBS0 | womewy smmwn | sensw owwws UCPOLO 1ALy

E2T1BS-AVR-O4/10
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s———— ATmegad48A/48PA/88A/88PA/168A/168PA/328/328P

P —

Address Name Ba7 Bit6 Bas Bita Bit3 B2 Bl BRtO Page
=t YosSRn RXCED THCED UDRIED FOEND TN LCsI0g RSO T 187
1RG0y UCSRA RNCO TXCO UIRED FED LORn UPES U2ND MFCNO 198
JuBF) Roberved - - - - - - - -

P ) Moo vedd - - - - - - - -

e TWAMR TWAM Twas T TwWaAG TWaM TWAMY TWAW] ~ 288
(eSO TWCA TowY ) TWsTA TWaSIO Twwe TWEN - we 20
ST T 2 = . Bowrn Sertal s s Data gk =i ]
DAl TWAR Twan | Twaa | Twar | Twaa Twaz | twar | Twan | Twoce pay
1B TWER vwer | vwes | vwss | vwea | vwss | - | Teesi TWPS) )
Jounn) ramnn wite Sertel rdvtace 19 Rate i a2

INBT Reserved - ~ - - - - | -
1Bl ASTR - EXCL™ AS2 TChAB OCR2AUE OCR2BUB TORMUB | TCRIBUB 168
joafsy Puservedt - - - - - - - | =
[iaf 4 ocRIn Timer Couriet? Ovput Congarn Segiviy B 16
JuB3) el Trar Courte i Qutpnt Conperv Roguler A 163
[oanzy TCNTY TiraeCaning -8 1w
ity Tocran FOC2A rocas ~ - WaND =T cazt | (= 62
1B TCCR2A COMEAY CONCAD comzgt COoWmBo - - woset WoM¥) 15%
(=] Pesor veed - - - - - - - =
QIAE) Fosorved - ~ - - - - - -
(DeAD Fewsorendd = = - - - - = -
0wAC) Restrved - - - - - - - -
(DeAm Pans o wocd - - - - - - - -
(DeAk) Roserwed - - - - - - - -
[ (o] - = - - - - = -
T T — = s - - = = e ;
|loAT Rosecvnd — — = - = ~ — =
[ELI'] Rower ved - - - — - - - -
KME s o vncd - - - - - - - -
L) Rose wed - - - - - - - -
(LR ] Peserved - - - - - - - -
w Messar vocd - - - - - - - -
fA Y Fesarvnd — - -~ - - - - ~
ImAD Rewerved - - - - - - - -
1iaar] P wrvaet - - - - - - - -
[Eal Fere e vect - - - - - - - -
s Reserved - - - - - -
&l s arvecd - - - - - - - -
10nEE) Roserved = - = = = = = =
JoaDA Fower veud - - - - - - - -
(% Feserved - - - - - - - -
oo Favsarvod - - - - - - - -
(W7 oo ved - - - - - - - -
(8) Nessorwecd — - - - = = - =
(s Foserved = - = = — — - -
() Reserved = - = - - = = =
B3y Puserved - - - - - - - -
(97| W - - - - - - - -
1) FRese ved . - - - . -
(et Festrved - - - -
[ 1) Nuskarven! - - - - - - - -
1N} Fenerved = = - B - = = -
Joub) Puserved - - - - - - - -
P-t- Reservd - - - - - - - -
10a08) ocRInN TimerToummrt - Oupes Gompan Regase B Mg D m
ot OCRIBL Tivey Cournert - Ouiout Compera Eo B Low '!2 19
(s OO IAN TinesCornart - Oubut Compars fagule & Hgh s 13
a8 OCRIAL 19
(et} WCRIH 13
i
1
1%
= = = = = = = 1 =
FOCIA Foca - - - - - 1 = 158
(=05 WCEB1 = wWeME WG 2 cst csit | sY 1w
COMIAY ComMIAL COMBY COMB0 - - woanir | waso 138
I — 9
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e ATmegad48A/48PA/88A/88PA/168A/168PA/328/328P

———— — — — —————————
Name Ba7 Bit6 Bas B4 Bit3 B2 Bl BRtO Page
nipRs - - - - - ~ NN ARD %0
TIRRS = - ADCSD ADCAD ADGIO ADGID ADGID | ADCOD 267
Roserved - - - - . - | -
Al:l_lr.l.l E"!l ‘_'_l_n ADLAN - A_AJD E.lﬂ Exl ! WE EJ
ADCSRS - ACVE - - = ADTE ADTS ADTS0 o
ADCERA ALEN ADSE ADATE Alxr Ane AbbE ARG | ADeSo )
ADCH ABC Dt Reggatar g Ey%_ -
ADCL ADC sty Regnie Law syie o)
Roser ved - - - - - - -
Thass or voe! - - - - - - - -
Reserved - - - = = - - -
Reserved - - - - - - - -
ooy - - - - - - - -
(] = - = = - = = -
Reserved - - - - - - - -
TIVESKS - - - - - caran OCIF2A | TOUR? 104
m! - - woe - - o;_;; ocie I_A rgél 140
TMERD - - - - - QOENS OCIES THED 112
MG PCINTY PONTE PCINTE PCINTE PCINT 19 PCINTIS PEINTIY antie e
FCMSKY - POINTIA PONT S POINTIE PONT 4 PONT IO PLNTY POINTE 3
POMED PONTT PONTS PCITS FONTE PONTI PCINTZ PCNTY PONTD I
Restrved - - - - - - - 1 -
LT = = = = [T 1510 lscor | iscon Iz
oK - - - - - POIES PCEY POIED
Nesorvet - - - - - - - | -
f{f_—a.QL‘ . Otk Caltyaton Mogier —
Foservnd = = = = - = = 1 =
AR AT PRTNZ PRTING - PRI PRSP PRUSARTE PRADC [
s o vncd - - - - - - l -
Reservend - - - - - - - | -
CUGR CLRPCE . - - CLPE P CLNFS) CLRPD 5
WOTEEN o woe woi woce woe woes Woe s ! Wivo &
SREG | T " & v N 2 [ ()
B = - - = - St sy 8PH 12
lﬂ 7 !_"N b ] bl 3 b o 1!0 17
Penarved - - - - - - - -
Reserved - - - - - - -
Nessor vocd - - - - - - - -
Foserved = - = = - = ~ =
(Fdowss - SYWWSRE}" BLESEY POWAT PGERS SELFPRGEN )
BoOs™ BODGE* PuD - - NEEL INCE )
- - - \L"W m_l' ExTnr Oone !_ﬂ
- - - e = SN0 3£ A0
- - - - - - 1 =
- - - - - - | -
ACDG ACO ACt CE ACK AGIS I ACIZO P
291 Data Pegimer 178
| _weae | = | = | = | = | = 1 srux ()
| st | oo | wmsm | eceor | cea | seRy | sRRD 174
Oenernd Putooss LO Aegite: 2 F-)
Generd Py \ ' 5
e e i s [ e
Tirver Courtard Ot Compere Rejisier 8
Tirvar' Courte O %0 m !2. -
Timer Couno (b 1a)
= T [T
COMoBY - -
[EEPROM Addess Regisier High Byw) * 4]
EEFNOM Akimes o Low By bl
EEFROMDals e 2
O 1F W0e3F) | - | _EEpwn | EEPWO EEAE | EEMPE |  EEPE |  EEFE o
OetE OOE) Senerad Pusos 1O Aagitar =
i | 10
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s———— ATmegad48A/48PA/88A/88PA/168A/168PA/328/328P
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Note: 1. For compatibility with lulure devices, reserved bits should be written 10 2evo il accessed. Reserved VO memory addresses
should never be written.

2 1)O Registers within the address range 0x00 - Ox1 F are directly bit-accessibée using the SBI and CBI instructions. In these
registers, the value of single bits can be checked by using the SBIS and SBIC instructions.

3. Some of the Status Flags are cleared by writing a logical one 1o them. Note that, uniike most other AVRs, the CBI and SBI
Instructions will only operate on the specified bit, and can therefore be used on regisiers containing such Status Flags. The
CBI and SBI instructions work with registers 000 to 0x1F only

4. When using the 'O specific commands IN and QUT, the 11O addresses 0x00 - 0x3F must be used When addressing VO
Registers as data space using LD and ST instructions, 0x20 must be added to these addresses. The
ATmegad8A/48PA/BBA/BBPA/16BA/16BPA/328/328P is a complex microcontroller with more peripheral units than can be
supported within the 64 location resesrved in Opcode for the IN and OUT instructions. For the Extended 1O space from 0x60
- 0xFF in SRAM, only the ST/STS/STD and LDVLDS/LDD instructions can be used

5 Only vald for ATmegaBBABEPA/168A/1 68PA/328/328P,

6. BODS and BODSE only available for picoPower devices ATmega48PA/SBPA/ 68PA/Z28P
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