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ABSTRACT

THIS THESIS PROPOSES THE DESIGN OF A MICROWAVE COMMUNICATIONS
SYSTEM FOR AN UNDER 1 KG PICO-SATELLITE SIMULATION THAT IS BEING DESIGNED
AND BUILT AT KING MONGKUT'S INSTITUTION OF TECHNOLOGY. AS EXPLAINED IN THE



PROPOSED COMMUNICATIONS SYSTEM BY LEAD THE SIMULATION SATELLITE TO
ALTITUDE DEFINED BY BALLOON. IF THE SIMULATION SATELLITE COME TO ALTITUDE
DEFINED IT CAN ADJUST ITSELF AUTOMATICALLY. THEN IT WILL TRANSMISSION DATA
TO EARTH STATION AND SIMULATION IN STK TO SIMULATE THE ORBIT OF SATELLITE.
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AN5197 2.1 Bnuaudluns iaudusuasansaey

gruanad Hogu
225 - 390 MHz p
350 - 530 MHz J
1350 - 2700 MHz -
2500 - 2700 MHz S
3400 - 6425 MHz C
7250 - 8400 MHz X
10.95 - 14.50 GHz Ku
17.70 - 21.20 GHz Kc
27.50 - 31 GHz K
36 — 46 GHz Q
46 — 56 GHz v
56 - 100 GHz W

2.2 Arduino Pro Mini
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inq Tuflesiihilfgnldiduiinaauesa Arduino edduusn Taglédelassnisin Arduino
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grilanludeutusieu Y 2006 3enTat Arduino Mini Fatlagtiu agly fuesamanouuy

L]
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9

AN S mesadunawwine uanaaiueentl vidldduiiteuunniusess

Arduino Pro Mini (¥ el sunaidnugiiaiuaunsaiaiy Arduino Uno tag
ws1eld ic atmega 328 willounuissuaiaieituinss USBeaan Latezlisunsuldenes

1duase USB to UART 4he Usulysunsuasuasa Arduno Pro Mini

5U# 2.9 vasa ADUINO PRO MINI
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s1eaziden Arduno Pro Mini
- Arduino Pro Mini ATmega328 /16MHz
- PCB 2u1m 0.8 mm
- Arduino Pro Mini 9u1@ 33.3*18.0 mm
- Arduino Pro Mini laifiwasn USB
- Arduino Pro Mini 5833U Auto-Reset (anlusunsulifeina3ianiad)
- Arduino Pro Mini 14l 5 v
- NTLUALDWNAEIEN 150 MA
~shwinuszana 17 ¢
- DC Bunn gedn 12V
- PBTUIGen 8.9
- 99INed /O 1491
- Flash Memory ¥u1% 32 KB
- SRAM 2KB

- EEPROM 1 KB

2.3 GPS ( Global Positioning System)
2.3.1 N15N19UVB9TEUU GPS

sruuiMuasunuIuulan 38 GPS (Global Positioning System) AassUU
vensunisuuiiuialan Tasedonisiuaananuidyganiiniidananainiieyi
IFI%‘SE];E‘l:'iElUIaﬂ%;Wl‘i’lllﬁ’]Lmﬂﬂ Wliszuuilanunsovensumis a qﬂﬁmmin%’uﬁ’mmum
Igvialan Tas3esiudynadiiea fulvaiq avanunsafuimmuiwasfirmainnld

PufulUsunsuunun weldlunisuimigle



2.3.2 NEO-6M Ublox/u-blox GPS Module
AuaNUAYas NEO-6M Ublox/u-blox GPS Module
- GPS modules NEO-6M, 3V power supply Universal
- Module with ceramic destined antenna, super signal
- EEPROM power down to save the configuration parameters data
- LED signal indicator
- With data backup battery
- The default baud rate: 9600
- Mounting Hole 3mm
- Module size 23mm *.30mm
- Antenna size :25mm*25mm

- Cable Length:50mm

3U 2.10 GPS Module

15
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2.4 NRF24L01+PA+LNA Module

lupadeanslianenud 2.4G nRF24L01+ wiaunasveednygudiunazian
pmeindu vnlvdalalnaninadi 500 wes Tueiilaviinseuldauaou 35 Tveu
NRF24L01 Module Tugageansliany NRF24L01 aaid 2.4G sy Arduino

U9 2.11 NRF24LO1+PA+LNA Module

s1adun NRF24L01+PA+LNA Module

- Voltage: 3-3V

- Max output power: +20.dBm

- Working current.in transmit mode: 115 mA
- Working current in receiver mode: 45 mA
- Current in mode: 4.2 uA

- Operating temperature: -20-70 degree

- Receiver sensitivity: -92dBm in 2Mbps mode, -95dBm in 1Mbps mode, -104dBm in
- PA growth: 20dB

- LAN growth: 10dB

- LAN noise figure: 2.6dB

- Antenna growth: 2dBI

- 2M rate: 520m

144377
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3.1 n13aanuy

nudenlaozunsulinanifenisineussuunsiduasdinisanfisulag
dogadilasuanarufisuazusniduiumivesarifisulagduniivesauiionasiinig
sryihuwnddliaaniinaiupuldsunsiuieszanunsafindeduaauiisuls anduaaiies
Qs [ e‘l [ @ W =% v =1 1 o/ = d’l’ = d’l‘ a
feannsadsdayaifulilustuiinteyaluafisudandeninmaiuaulalanaiuiu

ansefassuazdsrvesdeyaludimauiieulinansuauasigniasuagisiug

3.1.1 lasea3r9vamaiioy

U

Tassasazldazaiiisunidaiunud 3 Tadiuns wsisianununanisne
1 £ 74 = 5 ar o ,u’ s ni = o u=i'
nYou uazvuauiou Snvivdaldwiiniiuu) leellvuinredlaseaintedgn 10cm x 10cm x

10cm (Lisuseleawadiazaisainid)

JU 3.2 laseadevesmniiiey
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3.1.2 AN398ALLUUANAGY

U 3.3 lpssainmeluvasmiiiay

lngn1sdninsgunTaiuansiiguil 3.3 Fun 1 fie Transmitter JQwUsENOUMEAIOINA
o o o Yo e w o aw a ’ & oA o o =%
Fuh 2 fosh GPS] T MU TnuazasRIURNATR I ILTIDY @IUTUN3 Aoneasnuandd
Tglunmsvenedyga wazduil 4 fis power supply-Falumatendsnulifuimauiie

Tngsa power supply aneldvuin 7.4 1as
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E‘Uﬁ 3.4 T302 PICO SATTELLITE SIMULATION

A o & ) P v w o ¥ o | w &
LaJa‘mm'ﬁﬂizﬂE]‘U?jum'N"HJE]M'WI'I'&WISJML‘Uﬁﬂ?E!ﬂuLLa'JU'u‘H’l'LULﬂU‘L"ﬂu

Structure 7 \Wusvaillilandulminisaunsalnmslusazdminuesda structure sy

U

waqlaiiiu 1 Alandy
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3.1.3 N1592NLUUNIASY

JU# 3.5 gunsalnasu

o P 1 = = oY) | 8§ = o @
dyaaidananmeagsasiiufsanasdismasutaz medddanuiifeiu fe
2.4 GHz masuaglyveia Arduino uasluga NRF24L01 uaglideyavesfinnniiiey o

wnuztiy Ineldgunsalvlianeatiu udassnsiuiivesyasnisiutown
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3.1.4 N1999NUUUNIT

3.1.4.1 2993 Pre-Amplifier

9 Volt
9
R1 R3 ——
10x L R5
iy 100K
Cl R2 1 N c2
MIC ! | e s .
ci e 3 '—“— Output
I E LA~ Thase %
4
- R4
10K
GND

gﬂﬁ 3.6 2395 Pre-Amplifier

'
= =

TgdmSuvenades (voice) Wialviindsduinaudadlonsinisvens 100 win



3.1.4.2 2933 Transmitter

23

ARDUINO PROMINI ON-OFF SWITCH VCC
5 ] B
: PDORXD/PCINT 16 PBOACP1ICLKOPCINTO = O O L ]
——d POUTXDPCINTI? PBYHOCIAPCINTY jrmeiee
Input —;— PD2INTO/PCINT1E PB2/SSIOCIEPCINTZ —:: —
e POMNT1/OC2BPCINTIS PBIMOSHOC2APCINTS i .
Signal 1? PDATIXCKPCINT20 PBAMISOPCINTS —-}g-
——] PosTIOCIBPCINT2! PBS/SCKPCINTS |—— NRF24L01
o =] POGAINGIOCOAPCINT22 PBETOSC LOTALUPCINTE e ; .
POTAINTPCINT23 PBTTOSC2XTAL2PCINT? e R
MOS SCK
2L 3 sner PCORDCHPCINTS i 3] o b8
PCHADCIPCINTS % dd v oo L3
PCURADCIPCINT 10 poie
PCIADCIPCINTIT 2: EFa0
PEUADCHSDAPCINTI2 23 ‘
PCS/ADCSSCLPCINTAS
PCERESETPCINTIA L
ATMEGA328P

‘iﬁﬁ 3.7 2993 Transmitter

a

wWaTTransmitter tansunszaedgaruanmuuuaindiniuaiaeldnnuiin
dainiu 2.4 GHz Faslidaderaluga nrf24L01 Tnglupamailiinsdedygyauuuninea

Fadunsasifianusgailihiannsoiuidindseentula



3.1.4.3 MANSIEYRTIA (GPS)

AMS1117

4.;,....|_.
TIL
Sagd

converior

wi 2 Vo

GND

RXD

VCC

GND

I.P14wh

PD2WTOPONTIS
POSANT 1LOCZB/PCINT 19

ARDUINO PROMINI
POGRXDPCINTTS PBOICPI/CLKOPCINTD
POTTXDFCINTI? PBI/OCIAPCINTY

PB2:SS/OCIBPCINT2
PBIMOSVOC2APCINTI

T POATOXCRIPCINT 20 PBAMISOPCINTA
- POSTIOCOBPONT2Y PBSSCKPCINTS
# POGAMNOIOCOATFCINTG PE6TOSCYXTALIPCINTG
| poramecmraa PBTTOSC2XTALZPCINTT
2L AReE PCOADCOPCINTE

PCUADCUPCINTS
PCLADCZPCINT10
PCIRDCIFCINT11
PCAADCLSRATPCINTI2
£CSADCHSCLPCINT 13
PCHRESETIPCINT14

ATMEGAIER

GPS Module

nTeanluy GPS

lulasmoulnsaiaesdalu Arduino-pro- mini328 Uuiimiuauaissudsdoya laell GPS
MODULE (lusidupanannanadisufiuilonindnil tiessyfinavesnuies udrantuazds

arluddlulasaaulnsatassifiaifvaiazdmidaludiniadu lagdusaeil

8 NANNISEUNAR GPS

3

wialdlunisnsaaduine deateludiuiiazusenavludie

NRF24L01 MODULE &aflushsusndaiuuidnea fanuai 2.4 GHz

-
mIJ.

5
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3.1.4.4 Battery

(+) Line output @ @ (-) Line output

Ul 3.9 Battery

nseanuuuly battery wuin 7.4 laaa Snelilvifugunseldegnedaiglussuuvas

iy Fastladenldiumasuszion Li-Po ilsindvwsan wasdiviniun
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3.1.5 89NWUUNIIIU - dedyaunandes

Data Input TX RX
2.4 GHz 24 GHz
Pre-Amp NRF24L01:PA |— 4 nre2a101:PA Arduino Pro

Arduino Pro

3 3.10 udenlaezunTUMIINTUIBIYUUTU - dedaynaudes

ufenlneyunsuuansnisvihumensladyg i stereo 1 lTu99s wiwaud
Fadundouauilasld IC was Lv3ss lusdasluntsvenedyaiel 9ndudnyrons
wenddssmuinugeussa Arduino Pro Mini iitaufiusnl il Tem 2rf24L01 s
dedyaauiidanud 2.6 GHz FaduareernawuuOmni (aeeinieLuusauiana) W
dedyailudinadu Tudntesniaiulfluge 2rf24L01 Al 2.4 GHz dedeyaluds

Y95 Arduino Pro Mini
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3.1.6 NISATUIUNIAINISG AT

PnANugIilsIAmuaiieUaesaniisntulvinieaniiufuduszeenia
360 Alawwmsdsaglu stationary 989 LEO (Low Earth Orbit) mimsniildannngded 1

a3 FILAAIRIFUNITAIY

F,=m (_%) (3.1)
uae
Fout = (*) (3.2)
Tned
m = 1IAVIN ALY
v = Anusiluaslaasuesn ey
r = SEEENNINYAAUINA1VRIlaNAUTR TN
1= Aapsl Kapler (3.986004 x 10°km3/s?)
wa
Fi, = Fdws (3.3)
azla

V== (3.9)
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nanugeiinmualife 360 Alawmsihbinsuanudivesilassaaiien mlaan

Aunsi (3.9)

_ (3.986004x10%) (km‘ /sz)

(6378+360) km

V =7.69 km/s

V =7690 m/s

WIATUYDIATILALL INFUNTS

2
T= ? (3.5)
zlel
T= 2m{6378+360) km
> 7.69 km/s
T=15505.35s

AatuazlaAIULIBIYINAU 5505.35 AU Y50 Auandiawiidy 1 9alud 31 undl
Favunemuaiaiieufinugs 360 flawes aniulanfilasmualiseiinnuss 7.69
km/s Tagsinisiadeud 1 sauldinan 1 9lue 31w setusintviluinan 134 axdinng

< = &
LAFDUNYINVUA 16 T8V
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d "
3.2 Lﬁ‘iﬂ'ﬂﬁamﬁuﬂ’ﬁﬂﬂﬁaﬂ

Dpeufines 1 P30
2) Arduino Pro-mini 2 6
3) NRF24L01+PA+LNA Module 2 %0
4) Oscilloscope 1 1p309
5) GPS UBlox Neo-6M 16
6) InsFumnyidiode 1 P304
7) &l 167

o 2
3.3 NMFIANUNBNITNAADY

3.3.1.NMVRFBUNITEIRAZNITTU

1) \@edlvsunsuiiovhnsiSadomdunisduazsudoyaresusazmadou

2) nssnTnaalUsunsuashiligavasismadauasaasy

3) neavsdsdyaaluinainiy
3.3.2.MMadaunIsasnazmsiuluszesingg

1) Fumeuildesnlutuseud 3.3.1. Inensususy ¥NIFUALY NN

2) Ususvezmsdudaliu 1, 2, 3, 4 s iewmaiaslunsadausassees
3.3.3.msnagdeun1siudalaeiideniauns

1) Susouilvhrsanlutuseuit 3.3.1. TnensuiussesnmsSudyana

2) Ysusreznsivdadiu 1, 2, 3, 4.... wes diewmamaslunisdausassyes

aaa |
ﬂms%ua\iﬂﬂmwaq
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uenINiui Aiiguazll beam vasawaINIARiAINITOATOUATUNTSAARaFad U
aoilnanufuainnsadiaslénun e uUl 93t LUSLASUANLNSOANLIMMISEEEIEN

lumsAnsedemsiusznineniisnivaniinaiuiuls lnsazeenunlugudweluil

07 Apr 2016 22:35:48
Satellite-Satellite302-To-Place-13_72547_100_771167-Sensor-Sensorl: Access Summary Report

Satellite302-To-Sensorl

Access Start Time (UTCG) Stop Time (UTCG) Duration (sec)
1 8Apr201612:06:15484 8 Apr2016 12:13:13.992 418508
2 B8 Apr201613:41:16.885 8 Apr 2016 13:50:10.862 533977
3 9 Apr2016 02:48:26 543 9 Apr 2016 02:57-37.730 551.187
4 9Apr201604:26:39.528 9 Apr 2016 04:31:42 385 302.857

Global Statistics

Min Duration 4 9 Apr201604:26:39.528 9 Apr 2016 04:31:42 385 302.857
Max Duration 3 9 Apr2076 02:48:26.543 9 Apr 2016 02:57-37.730 551.187
Mean Duration 451632
Total Duration 13806529

o P | )
Eﬂ“ﬂ 4.4 szezaanluntsfnfedeansiussesiien 1 Ty

e ar |

wazamieuazaesiifiaolianineiuinAnsedoatsla lnenfieuazdideyadine
ulugunuudeielufl Jadunnssey Latitude |, Longitude , Altitude iielvinafiudu
aansaAnaunsiasvasnafisuld
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Satellite-Satellite302: LLA Position

Time (UTCG) Lat(deg) Lon(deg) Alti{km) LatRate (deg/sec) LonRate (deg/sec) AltRate (km/sec)

8 Apr 2016 05:00:00.000 -44.107 43300 370.316348 -0.012436 0.084570 0.004638
8 Apr 2016 05:50:00.000 44935 147.065 370.625337 -0.006040 0.087524 -0.002254
8 Apr 2016 06:40:00.000 41214 -23670 369241060 0.022796 0.077095 -0.008425
8 Apr2016 07:30:00.000 33875 162245 366.607116 -0.034535 0.062647 -0.011893
8 Apr 2016 08:20:00.000 -24.200 -15.172 363569547 0.041553 0.051290 -0.011536
8 Apr 2016 09:10:00.000 13204 165.134 361.107290 -0.045228 0.044581 -0.007454
8 Apr2016 10:00:00.000 -1595 -15.706 360.016436 0.046522 0.042102 -0.000959
8 Apr 2016 10:50:00.000 -10.083 163321 360.650413 -0.045790 0.043511 0.005848
8 Apr2016 11:40:00.000 21307 -16.791 362803761 0.042831 0.049013 0.010759
8 Apr 2016 12:30:00.000 -31427 165.056 365779764 -0.036852 0.059116 0.012194
8 Apr2016 13:20:00.000 39521 -10.008 368.618431 0.026520 0.073142 0.009703
8 Apr 2016 14:10:00.000 44351 178464 370407183 -0.010981 0.085706 0.004097
8 Apr 2016 15:00:00.000 44.794 8.870 370572525 -0.007559 0.087077 -0.002821
8 Apr 2016 15:50:00.000 -40.727 -162.089 369.061508 0.023968 0.075914 -0.008836
8 Apr 2016 16:40:00.000  33.149 23526 366358407 -0.035274 0.061545 -0.012016
8 Apr 2016 17:30:00.000 -23.332 -154.124 363.331700 0.041965 0.050562 -0.011329
8 Apr 2016 18:20:00.000 12261 26.047 360957103 -0.045416 0.044224 -0.006934
8 Apr 2016 19:10:00.000 -0.627 -154.841 360.002542 0.046537 0.042073 -0.000377
8 Apr 2016 20:00:00.000 -11.034 24219 360.777316 -0.045637 0.043803 0.006352
8 Apr 2016 20:50:00.000 22194 -155.775  363.030353 0.042467 0.049667 0.011024
8 Apr 2016 21:40:00.000 -32.186  26.286 366.032830 -0.036184 0.060156 0.012134
8 Apr2016 22:30:00.000 40061 -148.484 368.816485 0.025432 0.074357 0.009338
8 Apr 2016 23:20:00.000 44564  40.244 370.486659 -0.009503 0.036360 0.003546
9 Apr 2016 00:10:00.000 44.621 -129.334 = 370.507961 -0.009063 0.086537 -0.003382
9 Apr2016 01:00:00.000 40217 59467 368.873567 0.025104 0074714 -0.009227
9 Apr 2016 01:50:00.000 . 32408 -115216 366.107378 -0.035981 0.060463 -0.012111
9 Apr 2016 02:40:00.000 -22454 66.910 363.098370 0.042356 0.049866 -0.011097
9 Apr 2016 03:30:00.000 11315 -113.047 360816829 -0.045589 0.043895 -0.006499
9 Apr 2016 04:220:00.000 0.341 66.023 360.000751 0.046539 0.042069 0.000205
9 Apr 2016 05:00:00.000 15680 -140.700 361550332 -0.044652 0.045665 -0.008613

SUfl 4.5 LLA Position vasaaifien

t =i I = o o 2/ = ot
lngannsadfurlasunailumsdaidanifienlilegluamazifunsswandoyavesiiia
Az vng 50 1 ety 1 Sursfivegauindeaiiesda SamnuiAuwaiiiun
vdunswiaglansgsaluil

Saselfo-Sarelite302: LLA Position - 07 Apr 2016 22:09:52
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5UT1 4.6 LLA Position vasanaiftesiluguuuunsav



aguanan Latitude , Longitude , Altitude Ltﬁ‘lﬁxiﬁy:u Azimuth , elevation , range &4
viayu Azimuth wae 3y elevation Wuyidildusnshumistesnmiftesandesgan wie
vensumisvasnTiiisandasfiossumadienbignienn Feiiduyuiiddglums

Anredeansfiuamiiiey Faagaunse simulation Widvgusislull

07 Apr 2016 22:37:09
Satellite-Satellite302-To-Place-13_72547_100_771167-Sensor-Sensorl: Inview Azimuth, Elevation. & Range

Satellite302-To-Sensorl - AER reporied in the object's default AER frame

Time (UTCG) Azimuth (deg) Elevation (deg) Range {km)

8 Apr 2016 12:06:15.484 44.248 -18916 1999.989264
8 Apr 2016 12:07-15.000 53634 -19.400 1716.746651
8 Apr 2016 12:08:15.000 66.596 20246 1495.300783
8 Apr 2016 12:09:15.000 83.202 20986 1370.971367
8 Apr 2016 12:10:15.000 101504 20985 1371.183728
8 Apr 2016 12:11:15.000 118,120 20242 1496.048438
8 Apr 2016 12:12:15.000 131.100 -19.396  1718.305403
8 Apr 2016 12:13:13.892 140.439 -18.976 - 1999.994091

Global Statistics

Min Elevation 8 Apr 2016 12:09:44.905 92323 211071 1354684030
Max Elevation 8 Apr 2016 12:13:13.992 140439 -18.916 1999.994091
Mean Elevation -19.386

Min Range 8 Apr 2016 12:09:44.903 92.323 -21.101 1354.684030
Max Range 8 Apr 2016 12:13:13.992 140439 -18.916  1999.994091
Mean Range 1646.067466

JUN 4.7 11 Azimuth |, elevation Lag range Y84n15d0@5 UANIL TN

Saielfie- To-Place-13_T2547_100_TT1167-Sensor-Sensori: AER - OT Apr 2016 22:40.
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A15197 4.1 M3ee Aduino+NRF24L01 PALNA

Aduinoc pro mini Board NRF24L01 PA+LNA
+3.3V VCC
GND GND
8 CSN
7 ke
11 MOSI
13 SCK
- IRQ
12 MISO

wenanlldadlauves Power supply , GPS , Amplifier 1ag Power supply auidu
uwrasdnelwliiuanifieudiansll GPs Tduenfinmlussury XYZ  elinsiuiinnues
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INFUT 4.2 ilieda GPS MODULE lasudnannanuiieniiegumionidan tsifieg
ymsasludanieaiiuy Fasilavinnslidsanfissns 5 Ay fe ANBEFAYA a0IAgA AL

geanniuAy Jun waznatvneilasusty

agnngunsaitislaanaslufe

azfigadl 1373
amﬁgﬂ"' 100.78

Sudi 19/04/2016
A 06.46.40

foainisuIniusn 7 9u. Jasliatauszmalnefe 13.06 .

) | ~—eifeuusomodems 41 (ArcinoGening Une) |

Hﬁl _Send

10.00 ©.00 ©.00 0/0/0 0:0:0
2.09 9.00 0.00 0/0/0 0:0:0
10.00 9.00 0.00 0/0/8 9:0:0
10.02 ©.00 0.00 9/0/0 0:0:9
.00 £.00 0.00 0/0/9 0:0.0
9.00 0.00 0.02 0/0/0 0:9:9
'2.08 0.00 0.00 0/0/0 0:6:0
.00 ©.00 0.00 0/0/0 0:0:0
9.02 0.00 0.00 0/0/¢ 0:0:0
@.00 0.020.00 0/0/0 0:0:0
.00 ©.00 0.00 0/0/9 0:0:0
.00 0.00 0.00 0/0/9 0:0:9
10.60 0.00 .00 0/0/0 0:9:9
9.00 0.00 .00 0/0/02:0:0
©.08 8.009.00 0/0/0 0:0:8
6.00 0.0 0.82 0/0/0 0:0.0
2.92 0.08 0.00 0/0/0 0:0:0
10.60 0.00 0.00 0/0/0 0:0:0
|2.00 0.90 9.02 0/0/0 0:0:0
10.60 0.00 0.00 0/0/20:0:0
10.80 0.00 0.00 0/0/0 0:0'0
10.60 0.00 0.00 0/0/0 0:9:0
{2.00 0.00 0.00 0/0/9 0:0:0
10.60 0.00 0.00 0/0/0 0:0:0
2.00 .00 0.00 0/0/0 0:2:0
©.80 0.00 0.00 0/0/0 0:0:9
16.60 0.00 0.00 0/0/0 0:0:0
.00 .00 0.00 0/0/0 0:0:0
10.00 .00 0.02 0/0/0 0:0:0
©.00 0.00 0.00 0/0/0 0:0:0
9.00 ©.00 0.00 0/0/0 0:0:0
2.9 .90 .00 0/0/0 0:0:0
1800 0.90 0.00 0/0/0 0:0:0
{0.60 0.00 0.00 0/0/0 0:0:0
10.20 0.00 0.00 0/8/0 0:0:0
10.60 .00 0.60 0/6/0 0:0:0

Autoscroll No line ending 7 115200 baud B
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NFUR 4.13 Aensdliinsdsiianaemaneanuilildsudayasndnifisuacn

bililanunsszufiialitues iansdeasinawain

@ /devjcu.usbmodem641 [Arduino/Genuino Uno)
Send
13.73 100.77 24.60 19/4/2016 18:19:24
13.73 100.77 25.20 19/4/2016 18:.73 00.77 24.60 19/4/2016 18:19:24
718 B:19:32
13.73 100.77 24.90 19/4/2016 18:19:38
13.73 100.77 24.4@ 19/4/2016 18:19:43
13.73 100.77 24 .30 19/4/2016 18:19:48
13.73 100.77 24.80 19/4/2816 18:19:53
13.73 100.77 25.40 19/4/2016 18:19:58
13.73 100.77 27.90 197472016 18.20:6
13.73 100.77 27.90 159/4/2016 18:26:13
13.73 100.77 28.20 19/4/2916 18:20:21
13.73 100.77 28.30 19/4/2016 18:26:26
13.73 100.77 28.80 19/4/2016 18:20:31 |
13.73 100.77 29.10 19/4/2016 18:20:37 1
13.73 106.77 29.90 19/4/2016 18:26:42 |
13.73 100.77 31.10 19/4/2016 18:20:47 '
13.73 108.77 32.20 19/4/2016 18:29:52 |
13.73 100.77 33.50 19/4/7016 18:28:57 ;
13.73 100.77 34.9@ 19/4/2816 18:21:2 f
13.73 1@0.77 37.70@ 19/4/2016 18:21: |
13.73 100.77 39.60 19/4/2016 18: 21
13.73 190.77 40.30 19/4/2016 18:
13.73 100.77 41.58 19/4/2016 18: Z
13.73 100.77 43.50 19/4/2016 18:21:
13.73 100.77 46.19 1974/2016 18: 2
2
Z

E

St Lt BE R

13.73 108.77 47.10 19/4/2016 18:
13.73 100.77 44 .80 19/4/7016 13:
13.73 100.77 41.7@ 19/4/2016 18:21:4
13.73 100.77 4@.60 19/4/2016 18:21:5
13.73 100.77 41.60 19/4/2016 18:21:5
13.73 108.77 42.00 19/4/2016 18:22:2

el il

7
rd
7

Autoscroll _Nolineending [ = 115200baud [
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launslumsiuuazdedayariu NRF24L01

#if ARDUINO < 100

#include <WProgram.h>

#else

#include <Arduino.h>

#endif

#include <stddef.h>

#include "RF24Audio.h"

#include "RF24.h"

#include <userConfig.h>

General Variables

volatile boolean buffEmpty[2] = {true,true}, whichBuff = false, a, |Cntr=0,
streaming = 0, transmitting = 0;

volatile byte buffCount = 0;

volatile byte pauseCntr = 0;

unsigned int intCount = 0;

byte txCmd[2] = {r',R';

byte buffer[2][buffSize+1];

char volMod =-1;

byte bitPos = 0, bytePos = 25;

byte bytH;

byte radioldentifier;

#if defined (tenBit)

unsigned int sampl;

byte bytl;

#endif

unsigned long volTime = 0;

#if defined(__AVR_ATmega1280 ) ||

defined(_ AVR_ATmega2560_ ) || (_ AVR_ATmega32U4 ) ||
(__AVR_AT90USB646_ ) || defined(_AVR_AT90USB1286 ) ||



(_AVR_ATmegal28 )

lldefined(__AVR ATmegal1281_ )||defined(_ AVR_ATmega2561 )
#define rampMega

#endif

const byte broadcastVal = 255;

RF24Audio::RF24Audio(RF24& _radio, byte radioNum): radio(_radio)

radi = radio;

radioldentifier = radioNum;

}

void RF24Audio:begin(}{

radio.begin();

#if defined (ENABLE_LED)

pinMode(ledPin,OUTPUT);

#endif

pinMode(speakerPin,OUTPUT); pinMode(speakerPin2,OUTPUT);
pinMode(TX _PIN,INPUT_PULLUP); pinMode(VOL _UP_PIN,INPUT__PULLUP);
pinMode(VOL_DN_PIN,INPUT_PULLUPY; pinMode(REMOTE TX_PIN,INPUT PULLUP);
pinMode(REMOTE_RX_PIN,INPUT_PULLUP);

radio.setAutoAck(0); //
radio.setDataRate(RF._SPEED)
radio.setCRCLength(RF24 CRC_8);
radio.openWritingPipe(pipes[0});
radio.openReadingPipe(1,pipes[1]); pipe
radio.openReadingPipe(2,pipes[radioldentifier + 2]);
radio.startListening();

timerStart();

RX();

#if Idefined (MANUAL_BUTTON_HANDLING)
TIMSKO |= _BV(OCIEOB);

#Hendif

}



void vol(bool upDn){

iflupDn==1){ volMod++;}

else{ volMod--; }

}

void RF24Audio::volume(bool upDn)

vol(upDn);

}

void RF24Audio::setVolume(char vol) {

volMod = vol - 4 ;

}

void RF24Audio:timerStart(){

ICR1 = 10 * (1600000/SAMPLE RATE);

TCCR1A = BV(COM1A1) | .BV(COM1BO) | BVICOM1B1);
TCCR1A |=  BV(WGM11);

TCCR1B = _BVIWGM13) | BV(WGM12) |  BV(CS10);

}

#if ldefined

(MANUAL_BUTTON HANDLING)

void handleButtons(}

boolean state = digitalRead(TX_PIN); // Fuannuzreanditoya
ifllstate)f // 4nanug low L‘%uﬁ’lﬂ?iﬁi\ﬁl’a%ﬁ
#if Idefined (RX_ONLY)

if(ttransmitting){ // vdtensdedislidnga
transmitting = 1; // dafulsveeniaad

TXO; // Yiudhglnundetoya

}

Jelse // e TX egfluaanug low

#endif

if(transmitting){ 1/ Lﬁaé’qmamuzn'ﬁﬁq%’m&a

RX(); transmitting = 0; // Guduiuteyauazyinnvgndideya

}



}

if(idigitalRead(VOL_UP_PIN))X // Ehannugen Volume 1l high Yinsiitudestu
iftmillis(-volTime > 200){

vol(1); volTime = millis();

3

Jelse

ifldigitalRead(VOL_DN_PIN)X

ifimillis(-volTime > 200){

vol(0); volTime = millis();

}

}

ifldigitalRead(REMOTE_TX_PIN)){ //3udu remote recording lazdstayaldes
if(ltransmitting} /- adidstayaliasa

radi.stopListening(); /megﬂ%’u%’azgauazLﬁauﬁwaﬂ%v’aﬁamLﬁalﬁfi'}ﬁﬁ?’fu

radi.write(&xCmd,2);

radi.write(&xCmd,2);

radi.startListening();}

delay(200);

Jelse

if{ldigitalRead(REMOTE _RX_PIN)){ //Lﬁeéluqﬂmid\aﬁa:ga%ﬁqnﬁ NYANTS
remote recording lngazvgaduiiunawiniy delay
delay(2000);

}

}

#endif

void rampDown(X

int current = OCR1A;

iflcurrent > 0){

for(int i=0; i < ICR1; i++X

#if defined(rampMega)

OCR1B = constrain((current + 1),0,ICR1);



OCR1A = constrain((current - i),0,ICR1);
#else

OCR1B = constrain((current - i),0,JICR1);

OCR1A = constrain((current - i),0,ICR1);
#endif

//for(int i=0; i<10; i++) while(TCNT1 < ICR1-50)} }
delayMicroseconds(100);

}

}

}

void rampUp(byte nextVab){

/¥int current = OCR1A;

iflcurrent > OX

for(int i=0; i < ICR1; i+4)

#if defined(rampMega)

OCR1B = constrain((current -i),0,ICR1/2);
OCR1A = canstrain((current + 1),0,JICR1/2);
#else

OCR1B = constrain((current +),0,ICR1/2);
OCR1A = constrain{(current + i),0,ICR1/2);
#endif

//for(int i=0; i<10; i++) while(TCNT1 < ICR1-50){} }
delayMicroseconds(100);

}

¥/

//digitalWrite(12,HIGH);

#if defined(rampMega)

unsigned int resolution = ICR1,

OCR1A = 0; OCR1B = resolution;

for(int i=0; i < resolution; ++i){



OCR1B = constrain(resolution-i,0,resolution);

}

#endif

byte tmp = 200;

unsigned int mod;

iftvolMod > 0} mod = OCR1A >> volMod; Jelse{ mod = OCR1A << (volMod*-1); }
ifttrp > mod){

for{unsigned int i=0; i<buffSize; i++){ mod = constrain(mod+1,mod, tmp); buffer[0][i]
= mod; }

for(unsigned int i=0; i<buffSize; i++}{ mod = constrain(mod+1,mod, tmp); buffer[1][i]
= mod; }

Jelsef

for(unsigned int i=0; i<buffSize; i++}{ mod = constrain{mod-1,tmp ,mod);

buffer[0][i] = mod; }

for(unsigned

void handleRadio(){

sei(); // Wamslgau nested interrupts
radi.read(&buffer[n],32); // éﬂu%’auuamn payload

buffEmpty[n] = 0; /7 wansliiAuiTwie s ensaufiasyinau
pauseCntr = 0; /7 YpnnsldoudiTnadislsiddoya

TIMSK1 |= _BV(CIE1); J/ Weldanu interrupts vector fivieniluiteriduil
lelse{ pauseCntr++; } J/ el payload Tutwiwes

if(pauseCntr > 50) // winladld§uannndt 50 adsaevhnistaldaugiing
pauseCntr = 0; // Guduiiupnll

rampDown(); // anLdssas

streaming = 0; // LLaﬂﬂﬁLﬁudﬂmiam?uﬁwwqﬂﬁﬂmu

TIMSK1 &= ~(_BV(TOIE1) ); // Yamslanu TIMERT (iledideyaunnifiuly

#if defined (ENABLE_LED)

TCCROA &= ~_BV(COMOAL); // Yan1sldianu TIMERO wileantus LED ON

#endif



TCCR1A &= ~(_BV(COM1A1) | _BV(COM1B1) | _BV(COM1BO0)); // Disable speaker output

}

Jelse

if(istreaming){

if(radi.available() ) // \iie payload ¥

TIMSK1 &= ~ BV(ICIED); // diefinsBendayaan interrupt ¥insUnshy
sei();

radi.read(&buffer(0],32); // 8 deyalulvives

switch(buffer[0][0I

#if Idefined (RX_ONLY)

case ' if(buffer[0][1] == 'R R& radioldentifier < 2} // Li"ja%’uﬁﬂﬁb{liﬁﬁﬁ'}msdﬁaa&avaﬁﬁﬁa
X0

}

break;

#endif

default: streaming= 1; /. Bufuiinisassuiia

TCCRIA |= _BV(COM1A1) | _BV(COM1B1)| BWCOM1BO); //WmlgnuEng
rampUp(buffer[0][31]); // iandeaaning

//buffEmpty[0] = false; /] Sarnaausstime S masaEh
//buffEmpty[1] = true;

TIMSK1 |= BV(TOIE1); //40alau overflow vector

#if defined (ENABLE_LED)

TCCROA |= _BV(COMOALD); 77 Waldaunisuansua LED Taen
#endif

break;

}
TIMSK1 |= _BV(ICIED);
}
}
}

void RX(} // L%uﬁun’ﬁ%’ﬂ*ﬂ'ﬂgﬁ



TIMSK1 &= ~ BV(OCIE1B) | BV(OCIE1A);
ADCSRA = 0; ADCSRB = 0;
buffEmpty[0] = 1; buffEmpty[1] = 1;
#if defined (oversampling)

ICR1 = 10 * (800000/SAMPLE_RATE);
#else

ICR1 = 10 * (1600000/SAMPLE_RATE);
#endif
radi.openWritingPipe(pipesl0l);
radi.openReadingPipe(1,pipes[1]);
radi.startListening();

TIMSK1 = BW(ICIEL);

}

boolean nn = 0;

volatile byte bufCtr = 0;

volatile unsigned int visCtr = 0;
ISR(TIMERL _CAPT_ vect}

bufCtr++; visCtr++;

if(oufCtr >= 16)

handleRadio();

bufCtr = 0; // Reset this counter
if(visCtr >= 32 && streaming){
OCROA = buffer[whichBuff][0] << 2;
visCtr = 0;

}

}

}

ISR(TIMER1_OVF_vect){

// Uansl9e1u transmit interrupts

// Uamslgau Analog to Digital Converter (ADC)
// nseassuwiwes
// Fapns sampling

// faenandmdu 2X oversampling
// Sapaandi sample rate speed Uni
/7"Set up reading and writing pipes

// eRnanivuanIsasdoya

/- WUanmslgaaunsnsaadu interrupt vector

// AAMNEINIFUUIIMIENIS trigger U84 interrupt
// 009 16 Assliiunaull

/1 psdeudeyaninuileliladsteya

// Busunsuulu

iflbuffEmptylwhichBuffl ) whichBuff=lwhichBuff, Jelsel  // Wotwinladiis 2 S19vians Sifisuen



#if defined (oversampling) // dlefins$ud 2x speed ﬁﬂmﬂwaﬂ%’agavmq 2 ﬂ%ﬁ
if(lCntr){lCntr = ICntr;return;} ICntr=!Cntr;

#endif

#if Idefined (tenBit)

Standard 8-Bit Audio Playback

iftvolMod < 0 X // ¥nmslvan audio sample Wgnsiuauifisunian
OCR1A = OCR1B = (bufferfwhichBuff]l[intCount] >> volMod*-1);

lelse{

OCR1A = OCR1B = buffer[whichBuff][intCount] << volMed;

}

intCount++;

iflintCount >= buffSize){ 1/ detinasinslivindunout
intCount = 0; // Sudunisiuiedag Tnl
buffEmptyfwhichBuff] = true; // svuitiviiesinaan
whichBuff = lwhichBuff; /Y aﬁm%ﬁwLﬂas‘Lﬁadmﬁaga

}

#else

sampl = bufferfwhichBufflfintCount]; // Tnan 8 Tawasshagslutiesdansm

bitWrite( sampl, 8, bitRead( bufferfwhichBuffl[bytePos],bitPos));
bitPos++;

bitWrite(sampl, 9, bitRead(buffer[whichBuffl[bytePos],bitPos));

bitPos++; // AnmuaTuvivesintaya
iftvolMod < 0 X /- Waesagnudeaiisuniune
OCR1A = OCR1B = sampl >> (volMod*-1);  // ﬁﬁf’aa&la"l,ﬂt,t,amewaﬁﬁw‘[wq
lelse{

OCR1A = OCR1B = sampl << volMod;

}

if(bitPos >=8)

bitPos = 0;

bytePos = bytePos+1;

}



intCount++;

ifintCount >= 25X

bytePos = 25;
bitPos = 0;
intCount = 0;

buffEmpty[whichBuff] = true;
whichBuff = lwhichBuff;

}

#endif

]

}

Transmission (TX) Section

#if Idefined (RX_ONLY)

void RF24Audio::broadcast{byte radiolD)
if(radiolD == radioldentifier){ return; }
nolnterrupts();

if(radiolD == broadcastVal}{
radio.openWritingPipe(pipes[1]);
Jelsef
radio.openWritingPipe(pipesfradiolD + 21);
}

interrupts();

¥

ISR(TIMER1_COMPA vect){
if(buffEmpty{lwhichBuff] == 0}

a = lwhichBuff;

TIMSK1 &= ~(_BV(OCIE1A));

sei();
//radi.startFastWrite(&buffer[a],32);
radi.writeFast(&buffer[a],32);
buffEmptyfa] = 1;

// wlatiwasinalividusnautl

// Buaunstiusmsenalul

// AR 1AdAYINIY

// ipfeensad address Tivinn1sswisuaAn

// YannslFnu interrupt loaglulvundsdoya
/1 Mg wEumsdsdoyaunnndt 1 §ldem

#/ Wanrslfiuresdudiolifldnuiud 2 auduly
// FumpuiivgyiTigldeunissulasumnmiloudu

/7 \Wudessuuudiudnszwingunsal

// nmsdeeendayaiiegadiaiwimesiiu
é{ L7 b 24 o s 1 L2

// dietwlaiwieudwmiunsdedoya

// fapinies

// Uanslga1u interrupt vector

// wasaliwiunuwiwesnadan



TIMSK1 |= _BV(OCIE1A);

}

}

//Transmission buffering interrupt
ISR(TIMER1_COMPB_vect){

#if Idefined (tenBit)
buffer[whichBuffllbuffCount] = bytH = ADCH,;
#if defined (speakerTX)

iftvolMod < 0 ){ OCR1A = bytH >> (volMod*-1);
lelse{ OCR1A = bytH << volMod;

}

#endif

#else

bufferfwhichBuffllbuffCount] = bytL = ADCL;
bytH = ADCH;

// BUAUNSIENY interrupt vector BnASY

bitWrite(bufferfwhichBufflibytePos],bitPos, bitRead(bytH,0));
bitWrite(buffer[whichBuffl{bytePos],bitPos+1, bitRead(bytH,1));

bitPos+=2;

iflbitPos >= 8) bitPos =0; bytePos = bytePos+1; 1

#if defined (speakerTX)
sampl = bytL;
sampl |= bytH << 8;

iftvolMod < 0 ){ OCR1A = sampl>> (volMod*-1);

lelse{ OCR1A = sampl << volMod,;
}

#endif

#endif

buffCount++;

#if |defined (tenBit)

iflbuffCount >= 32){

#telse // 10-bit mode



iflbuffCount >= 25)

bytePos = 25;

bitPos = 0;

#endif

buffCount = 0;

buffEmpty[lwhichBuff] = 0;

whichBuff = lwhichBuff

}

}

void TX(X

TIMSK1 &= ~(_BV(ICIE1) | _ BV(TOIEL));

#if defined (ENABLE LED)

TCCROA &= ~ BV(COMOAL);

#endif

radi.openWritingPipe(pipes[11);
radi.openReadingPipe(1,pipes[0l);
radi.stopListening();

streaming = 0;

buffCount = 0; buffEmpty[0] = 1; buffEmpty[1] = 1;
byte pin = ANALOG _PIN;

#if defined(analogPinToChannel)

#if defined(_ AVR ATmega32U4 )

if (pin >= 18) pin -= 18;

#endif

pin = analogPinToChannel(pin);

#elif defined(_AVR_ATmega1280_) || defined(_ AVR ATmega2560 )
if (pin >= 54) pin -= 54;

#elif defined(_ AVR_ATmega32uU4 )

if (pin >= 18) pin -= 18;

#elif defined(_ AVR_ATmega1284_ ) || defined(_ AVR_ATmegal284P_ ) || defined(_ AVR ATmega
defined(_AVR_ATmega644P_) || defined(__AVR_ATmega644PA )




if (pin >= 24) pin -= 24;

#else

if (pin >= 14) pin -= 14;

#endif

#if defined(ADCSRB) && defined(MUX5)

ADCSRB = (ADCSRB & ~(1 << MUX5)) | ((pin >> 3) & 0x01) << MUX5);
#endif

#if defined(ADMUX)
ADMUX = (pin & 0x07) | _BV(REFSO);
#endif

ICR1 = 10 * (1600000/SAMPLE_RATE);

#if Idefined (speakerTX)

rampDown();

TCCR1A &= ~(. BUCOM1A1));

#endif

TCCRIA &= ~(_BV(COM18B1) | BVICOM1BO) );

#if |defined (tenBit)

ADMUX |=  BV(ADLARY);

#else

ADMUX &= ~ BV(ADLAR); //Don't left=shift result in 10-bit mode
#endif

ADCSRB [= _BV(ADTS0) | _BV(ADTS0) | _BV(ADTS2);

byte prescaleByte = 0;

ifl SAMPLE_RATE < 8900){ prescaleByte = BO0000111;} //128
else ifl SAMPLE_RATE < 18000} prescaleByte = B00000110;}
else ifl SAMPLE_RATE < 27000){ prescaleByte = B00000101;}
else ifl SAMPLE_RATE < 65000} prescaleByte = B0O0000100;}
else { prescaleByte = BO0000011;}

ADCSRA = prescaleByte;

ADCSRA |= BV(ADEN) | BV(ADATE);

TIMSK1 = BV(OCIE1B) | BV(OCIE1A);



#endif

nsasAgldaudmTunisdedayasiiu NRF24L01

#define SAMPLE RATE 24000 // vium sample rate
#define RF_SPEED RF24_1MBPS // RF24.250KBPS 92viauil 13-20khz+
sample rate, RF24_1MBPS 9svina il 24-ddkhz+, RF24. 2MBPS 9gyheufiunnnin 4akhz+

#define ANALOG PIN AO // fvuedwsutlaudyinuendn
#define ENABLE LED // Wepnnsuanawa LED 711 6

#define TX_PIN Al // dlefins trigged induiluniilivihnisdstoya
#define VOL_UP_PIN A2 // \fiaiins trigged Watufivilldinfiudody
#define VOL_DN_PIN A3 / lofing trigged tatufiviiilvinanidosas

#define REMOTE TX_PIN Ad
#define REMOTE_RX_PIN 4

#define buffSize 32 // ﬂuwm*uaaﬁ’wtwm’m%’am

#if defined(__AVR_ATmega1280 . ) || defined(_ AVR ATmega2560_ )]
(_AVR_ATmega32uft_) || _AVR AT90USB646_ ) || defined(_AVR AT90USB1286_) ||
(__AVR ATmegal28 )

||defined(__AVR_ATmega1281 )||defined( AVR ATmega2561 )

#define rampMega

#if \defined (speakerPin) // MiFeuseiudinewesuesa mega
#define speakerPin 11 // gﬁﬁﬂﬁﬂg};ﬁm 11 (speaker +)
#if 1defined (speakerPin2) // ﬁsaﬁﬁlﬁag:ﬁﬂn 12 (speaker -)

#define speakerPin2 12
#endif



#if defined (ENABLE_LED)
#define ledPin 13
#endif

#else

#if Idefined (speakerPin)
#define speakerPin 9
#endif

#if Idefined (speakerPin2)
#define speakerPin2 10
#endif

#if defined (ENABLE LED)
#define ledPin 6

#endif

#endif

// @msuuesndulu Uno,Nano wJusy

/7 darlagiin 9 (speaker +)

#/ Sagilstoeiiun 10 (speaker -)

// arudeana LED 7 6 Walésu payload
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LM358, LM258, LM2904,
LM2904A, LM2904V,
NCV2904

Single Supply Dual
Operational Amplifiers

Utilizing the circuit designs perfected for Quad Operational
Amplifiers, these dual operational amplifiers feature low power drain,
a commeon mode input voltage range extending to ground/Vgg, and
single supply or split supply operation. The LM358 series is
equivalent to one—half of an LM324.

These amplifiers have several distinct advantages over standard
operational amplifier types in single supply applications. They can
operate at supply voltages as low as 3.0 V or as high as 32 V, with
quiescent currents about one—fifth of those associated with the
MC1741 (on a per amplifier basis). The common mode input range
includes the negative supply, thereby eliminating the necessity for
external biasing components in many applications. The output voltage
range also includes the negative power supply voltage.
® Short Circuit Protected Outputs
® True Differential Input Stage
® Single Supply Operation: 3.0 V 10 32 V (LM258/L.M358)

3.0 Vo026V (LM2904, A, V)

Low Input Bias Currents

Internally Compensated

Common Mode Range Extends to Negative Supply
Single and Split Supply Operation

ESD Clamps on the Tnputs Tncrease Ruggedness of the Device
without Affecting Operation

& Semiconductor Components Industries, LLC, 2002 1
August, 2002 — Rewv. 11

ON Semiconductor”

http://onsemi.com

PDIP-8
N, AN, VN SUFFIX
8 CASE 626

S0-8
3\@ D, VD SUFFIX

] CASE 751
Micro8™
¢ \ DMR2 SUFFIX
05 CASE 846A
y

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 10 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 11 of this data sheet.

Publication Order Number:
LM358/D



LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

30V to VCC
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= 1.5V10 Veemay)
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Figure 1.
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Figure 2. Representative Schematic Diagram
(One—Half of Circuit Shown)
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

MAXIMUM RATINGS (T, = +25°C, unless otherwise noted.)

LM258 LM2904, LM2904A
Rating Symbol LM358 LM2904V, NCV2904 Unit

Power Supply Voltages Vdc

Single Supply Vee 32 26

Split Supplies Vee, Ve +16 13
Input Differential Voltage Range (Note 1) Vior +32 26 Vdc
Input Common Mode Voltage Range (Note 2) Vicr -0.3to 32 —0.3to0 26 Vdc
Output Short Circuit Duration tsc Continuous
Junction Temperature Ty 150 °C
Thermal Resistance, Junction—to—Air (Note 3) Rosa 238 °C/W
Storage Temperature Range Tsig -551t0 +125 °C
ESD Tolerance — Human Body Model (Note 4) - 2000 Vv
Operating Ambient Temperature Range Ta e

LM258 —251o0 +85 -

LM358 0to +70 -

LM2904/LM2904A - —40to +105

LM2904V, NCV2904 (Note 5) e~ —40 to +125

. Split Power Supplies.

. For Supply Voltages less than 32 V for the LM258/358 and 26 V for the LM2904, A, V, the absolute maximum input voltage is equal ta the

supply voltage.
. Rpya for Case B46A.
. ESD data available upon request.
. NCVZ2904 is qualified for automotive use.

http://lonsemi.com
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

ELECTRICAL CHARACTERISTICS (V¢¢ = 5.0V, Veg = Gnd, Ty = 25°C, unless otherwise noted.)

LM258 LM358
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage Vio mV
Vee = 5.0V to 30 V (26 V for LM2904, V),
Vic=0VtoVee 1.7V, Vp = 14V,Rg=0Q
Ta =25°C - 2.0 5.0 - 2.0 7.0
TA = Thigh (NOlE 6) = = 7.0 - - 9.0
Ta = Tiow (Note 6) - - 7.0 = - 9.0
Average Temperature Coefficient of Input Offset AV|o/AT - 7.0 - - 7.0 — uv/eC
Voltage
Ta= Thigh to Tiow (Note 6)
Input Offset Current lio - 3.0 30 - 5.0 50 nA
Ta = Thigh 10 Tiew (Note 6) - - 100 - - 150
Input Bias Current s - —45 -150 - —45 —250
Ta= Thigh to Tiow (Note 6) = =50 -300 &= -50 -500
Average Temperature Coefficient of Input Offset AljolAT - 10 — - 10 - pA/cC
Current
Ta= Thigh to Tiow (Note 6)
Input Common Mode Voltage Range (Note 7), Vicr 0 - 28.3 0 - 28.3 v
VCC =30V
(26 V for LM2904, V)
Ve =30V (26 V for LM2904, V), 0 - 28 0 — 28
Ta = Thigh 10 Tiow
Differential Input Voltage Range ViDrR - - Vee - % Vee v
Large Signal Open Loop Voltage Gain Avor VimV
Ry = 2.0 k€, Ve = 15V, For Large Vg Swing, 50 100 £S5 A5 100 -
TA = Thlgh to TIOW (Note 5) ¥ M &3 15 = =
Channel Separation (> - =120 - - -120 - dB
1.0 kHz < f < 20 kHz, Input Referenced
Common Mode Rejection CMR 70 85 = 65 70 - dB
RS <10 kQ
Power Supply Rejection PSR 65 100 - 65 100 - dB
Qutput Voltage—High Limit Vou V
Ta = Thigh to Tiow (Note B)
Vee =5.0V, R = 2.0k, Ty =25°C 33 35 £ 3.3 35 -
Vee =30 V(26 V for LM2904, V), R, = 2.0 kQ 26 & ¢ 26 s -
Vee = 30V (26 V for LM2904, V), Ry = 10 kO 27 28 = 27 28 -
Output Voltage—Low Limit Vor - 5.0 20 - 5.0 20 mV
VCC =50V, RL =10 ke,
Ta= Thigh to me (Nole 6)
Output Source Current lo+ 20 40 - 20 40 - mA
VID =+1.0V, VCC =15V
Output Sink Current lo-
V|D:‘1.0V‘VCC:15V 10 20 - 10 20 — mA
Vip ==1.0V, Vg = 200 mV 12 50 - 12 50 = A
Qutput Short Circuit to Ground (Note 8) Isc - 40 80 - 40 60 mA
Power Supply Current (Total Device) lee ’ mA
Ta = Thfg;1 to Tiow (Note 6)
Voo =30V (26 V for LM2904, V), Vo =0V, R = = - 15 3.0 = 15 3.0
Ve =5V, Vg=0V,R == - 0.7 1.2 = 0.7 1.2
6. LM258: T;DW = —25°C, Thigh =+85°C LM358: T|0W = UOC, Thigh =+70°C
LM2904/LM2904A: T\qy, = —40°C, Thigh = +105°C LM2904V & NCV2904: T|,,, = —-40°C, Thigh = +125°C

NCVZ2904 is qualified for automotive use.

7. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Ve =1.7 V.

8. Short circuits from the output to V¢ can cause excessive heating and eventual destruction, Destructive dissipation can result from
simultaneous shorts on all amplifiers.

http://onsemi.com
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LM358, LM258, LM2904, LM2904A, LM2904V, NCV2904

ELECTRICAL CHARACTERISTICS (V¢ = 5.0V, Vge = Gnd, T4 = 25°C, unless otherwise noted. )

LM2904 LM2904A LM2904V, NCV2904
Characteristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage Vig mV
Ve =5.0Vto 30 V (26 V for LM2304, V),
Vie=0VioVee-1.7V, Vg =14V, Rg=00Q
Tp =25°C - 20 | 7.0 - 20 | 7.0 - - 7.0
Ta= Thigh {NOtS g) =% = 10 = = 10 = = 13
Ta = Tiow (Note 9) - - 10 - - 10 - - 10
Average Temperature Coefficient of Input Offset AV|Q/AT | - 7.0 - - 7.0 - - 7.0 — uv/eC
Voltage
Tpa = Thigh to me {NOtB 9)
Input Offset Current lio - 5.0 50 - 5.0 50 - 5.0 50 nA
Ta = Thigh 0 Tiow (Note 9) - 45 200 - 45 200 - 45 200
Input Bias Current Iig - —-45 | =250 | - —45 | -100 | - —45 | =250
Ta = Thigh to Tiow (Note 9) - -50 | =500 | - =50 [-250 | - -50 | -500
Average Temperature Coefficient of Input Offset Aljp/AT = 10 - — 10 - - 10 - pA°C
Current
Ta= Thigh to Tigw (Note 9)
Input Common Mode Voltage Range (Note 10), Vicr 0 - 24.3 0 - 24.3 0 - 24.3 Y
Ve =30V (26 V for LM2S04, V)
Ve =30V (26 V for LM2904, V), 0 - 24 0 - 24 0 - 24
Ta= Thigth o Tiow
Differential Input Voltage Range Vior - = Vee | - - Vee — - Vee v
Large Signal Open Loop Voltage Gain AvoL VimV
R =2.0kQ, Ve =15V, For Large Vg Swing, 25 | 100 - 25 | 100 - 25 | 100 -
Ta = Thigh 1 Tjow (Note 9) 15 - - 18 o » 1§ L -
Channel Separation CS - —120 - — -120 - &' -120 - dB
1.0 kHz < f < 20 kHz, Input Referenced
Commeon Mode Rejection CMR 50 70 - 50 70 - 50 70 - dB
Rg < 10 kQ
Power Supply Rejection PSR 50 100 - 50 | 100 — 50 | 100 - dB
Output Voltage—High Limit Vou A%
TA = Thigh to Tlaw (Note 9)
Vee =50V, R =2.0kQ, Tp =25°C 3.3 o) - 33 3.5 - 3% 36 -
Vee =30V (26 V for LM2904, V), R = 2.0kQ 22 - - 2P - = 22 - -
Vee =30 V (26 V for LM2904, V), R = 10 kQ2 2 24 = 23 24 - 23 24 -
Output Voltage-Low Limit VoL N 5.0 20 - 5.0 20 - 5.0 20 mV
VCC =5.0 V, RL =10 kQ,
Ta = Thigh 1o Tiow (Note 9)
Output Source Current lo+ 20 40 - 20 40 - 20 40 - mA
VID: +1.0V, VCC= 15V
Output Sink Current lo-
Vip=-1.0V, Vg =15V 10 20 - 10 20 - 10 20 - mA
Vip=-1.0V, Vo =200 mV = - - - - - - - - A
Output Short Circuit to Ground (Note 11) Isc - 40 60 - 40 60 - 40 60 mA
Power Supply Current (Total Device) lec mA
Ta= Thigh to T|DW (Note 9) ’
Ve =30V (26 V for LM2904, V), Vo =0V, - |15 |30 - [15]|30] - |15 |30
RL = oo
Vee=5V, V=0V, R == —jor |12 - o7 |12} - |07 |12
9. LM258: Ty, = =25°C, Tpign = +85°C LM358: Tigy = 0°C, Tign = +70°C
LM2904/LM2904A: Tyoy, = —40°C, Thigp = +105°C LM2304V & NCV2304: Tigy = —40°C, Thigh = +125°C

NCV2904 is qualified for automotive use.

10. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common made voltage range is Vigc —1.7 V.

11.Short circuits from the output to Ve can cause excessive heating and eventual destruction. Destructive dissipation can result from
simultaneous shorts on all amplifiers.

http://lonsemi.com
5



Advanced

Monolithi
Systems

C

AMS1117

800mA LOW DROPOUT VOLTAGE REGULATOR

FEATURES

e Three Terminal Adjustable or Fixed Voltages*
1.5V, 1.8V, 2.5V, 2.85V, 3.3V and 5.0V

e Qutput Current of 800mA

e Operates Down to 1V Dropout
e Line Regulation: 0.2% Max.

e Load Regulation: 0.4% Max.

e SOT-223 and TO-252 package available

GENERAL DESCRIPTION

The AMS1117 series of adjustable and fixed voltage regulators arc designed to provide 800mA output current and to operate
down to IV input-to-output differential. The dropout voltage of the device is guaranteed maximum 1.3V at maximum output
current, decreasing at lower load currents.

On-chip trimming adjusts the reference voltage to 1%. Current limit is also trimmed, minimizing the stress under overload

APPLICATIONS

e High Efficiency Linear Regulators

s Post Regulators for Switching Supplies
e 5V to 3.3V Linear Regulator

e Battery Chargers
e Active SCSI Terminators

= Power Management for Notebook
e Battery Powered Instrumentation

conditions on both the regulator and power source circuitry.

The AMSIT17 devices are pin compatible with ather three-terminal SCST regulators and are offered in the low profile surface

mount SOT-223 package and in the TO-252 (DPAK) plastic package.

ORDERING INFORMATION:

PACKAGE TYPE OPERATING JUNCTION

TO-252 S0T-223 TEMPERATURE RANGE
AMSI117CD AMSI117 0o 125°C
AMSII117CD-1.5 AMSI117-1.5 Oto 125° C
AMSI1117CD-1.8 AMSI117-1.8 0to125°C
AMSI117CD-2.5 AMSII117-2.5 0to 125° G
AMSI117CD-2.85 AMSI117-2.85 0to125°C
AMSITT7CD-3.3 AMSI1T117-3.3 0to 125°C
AMSI117CD-5.0 AMSIT17-5.0 Ot 125°C

*For additional available fixed voltages contact factory.

PIN CONNECTIONS
FIXED VERSION

1- Ground
2- Vour
3-Vin

Advanced Monolithic Systems, Inc.

ADJUSTABLE VERSION

1- Adjust
2- Vour
3- Vi

6680B Sierra Lane, Dublin, CA 94568

TABIS
QUTPUT

SOT-223 Top View

—

LI EL [

TO-252 FRONT VIEW

M s
2
] e |

Phone (925) 556-9090 Fax (925) 556-9140



AMSI1117

ABSOLUTE MAXIMUM RATINGS (Note 1)
Power Dissipation Internally limited
Input Voltage 15V
Operating Junction Temperature
Control Section
Power Transistor
Storage temperature

0°Cto 125°C
0°C to 150°C
-65°Cto +150°C

ELECTRICAL CHARACTERISTICS

Soldering information

Lead Temperature (10 sec) 300°C
Thermal Resistance

TO-252 package ¢ 4= 80°C/W

SOT-223 package © 4= 90°C/W*
* With package soldering to copper area over backside
ground plane or internal power plane @ ;1 can vary from
46°C/W to >90°C/W depending on mounting technique and
the size of the copper area.

Electrical Characteristics at Ioyr= 0 mA, and T, =+25°C unless otherwise specified.

Parameter Device Conditions Min Typ Max | Units
Reference Voltage AMSI117 Tovr= 10 mA 1.238 1.250 1.262 Vv
(Note 2) 10mA < [pyr < 800mA, 1.5V< (Vin= Vo) < 12V 1.225 1.250 1.270 v
Output Voltage AMSI1117-1.5 0 < [orr < 800mA , 3.0VE Viy <12V 1.485 1.500 1.515 v
(Note 2) 1.476 1.500 1.524 v
AMSIT17-1.8 0 < Tir< 800mA |, 3.3V Viy <12V 1.782 1.800 1.818 v
1.773 1.800 1.827 Vv
AMSIT117-2.5 0= Torr < 800mA |, 4.0V Viy € 12V 2.475 2.500 2.525 A%
2.460 2.500 2.560 Vv
AMSI117-2.85 0 < lour < R00mA | 4,35V Vi < 12V 2.82 2.850 2.88 v
5, 2.850 291 v
AMS 111733 0 < Torr < 800mA | 4. 75V S Vi< 127V 3.267 3.300 3.333 v
3.235 3.300 3.365 Vv
AMSII17-5.0 0 < Topr < S00mMA |, 6.5V S Vi< 12V 4.950 5.000 5.050 v
4.900 5.000 5.100 vV
Linc Regulation AMST117 Teoan= 10 mA S L3VE (Vi Vou ) 212V 0.015 0.2 %
0.035 0.2 %
AMSI117-1.5 3OV Vi <12V 0.3 5 mV
0.6 6 mVv
AMSIITT-1.8 3.3VEe vy €12V 0.3 5 mv
0.6 6 mv
AMSI117-2.5 4.0V V) 212V 03 6 mV
0.6 6 mv
AMSI117-2.85 4.35V< Vyy < 12V 03 6 mV
0.6 6 mVv
AMSI117-33 475V Vi = 12V 0.5 10 mVv
1.0 10 mVv
AMSI117-5.0 6.5V< Vi, < 12V 0.5 10 mv
1.0 10 mv
Load Regulation AMSI1117 (Vin - Vo) =3V, 10mA < Tygp € 800mA 0.1 0.3 %
(Notes 2, 3) 0.2 0.4 %
AMS117-1.5 Vix =5V, 0 < [pur £ 800mA 3 10 mV
6 20 mVv
AMSII117-1.8 Vin =3V. 0 < Tour < 800mA 3 10 mV
6 20 mV
AMSI1117-2.5 Vi =5V, 0 < Tour < 800mA 5 12 mV
6 20 mV

Advanced Monolithic Systems, Inc.

6680B Sierra Lane, Dublin, CA 94568 Phone (925) 556-9090 Fax (925) 556-9140




AMS1117

ELECTRICAL CHARACTERISTICS

Electrical Characteristics at Toyr= 0 mA, and T, = +25°C unless otherwise specified.

Parameter Device Conditions Min Typ Max | Units
Load Regulation AMSII117-2.85 Vie =5V. 0 < Tour £ 800mA 3 12 mV
(Notes 2, 3) 6 20 mV
AMSI117-33 Vie =5V, 0 < Tour € 800mA 3 15 mV
T 25 mV
AMSI117-5.0 Vi =8V, 0 < Loy £ 800mA 5 20 mV
10 35 mV
Dropout Volage AMSI117-1.5/-1.8/-2.5/- AVour. AVeer = 1%, lorr= 800mA (Note 4) ;1 1.3 v
(Vix - Vour) 2.85/-3.3/-5.0
Current Limit AMSI1117-1.5/-1.8/-2.5/- (Vin- Vorr) =5V 900 1,100 1,500 mA
2.85/-3.3/-5.0
Minimum Load AMSILL7 (Vin- Vour) = 12V (Note 5) 5 10 mA
Current
Quiescent Current AMSHIT-15/-1.8/2 5 | Yws12V 5 10 mA
2.85/-3.3/-5.0
Ripple Rejection AMSII17 F=120Hz ., Cour = 22uF Tantalum, loyr = 800mA., 60 75 dB
(Vin=Vour ) 7 3V, Capy=10uF
AMSII17-1.5/-1.8/-2.5/- f=120Hz . Cour=22nF Tuntalum, Tour = 800mA. 60 12 dB
2.85 Vi =6V
AMSI117-3.3 f=120Hz . Cyur=22uF Tantalum, lgpr = R00mA 60 ) dB
Vi =63V
AMSII17-5.0 F=120Hz ., Cope= 22pF Tantalum, Togy = 800mA 60 68 dB
Vi =8V
Thermal Regulation AMSII17 Ta=125°C. 30ms pulse 0.008 0.04 %W
Adjust Pin Current AMSITL7 10mA < Ty £800mA | 1.5VE (Ve - Vour) < 12V 55 HA
120 WA
Adjust Pin Current AMSI117 T10MA < [oyr € 800mA | 13V (Vin - Vi) < 12V 0.2 5 HA
Change
Temperature Stability 0.5 Y
Long Term Stability Ta=125C, 1000Hrs 03 1 %
RMS Output Noise T 25°C, [0HZz < f < 10kH% 0.003 %
(%0 of Vaur)
Thermal Resistance 15 °C/W
Junction-to-Case

Parameters identified with boldface type apply over the full operating temperature range.

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and test conditions, see the
Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed.

Note 2: Line and Load regulation are guaranteed up to the maximum power dissipation of 1.2 W. Power dissipation is determined by the input/output difterential
and the output current. Guaranteed maximum power dissipation will not be available aver the full input/output range.

Note 3: See thermal regulation specifications tor changes in output voltage due to heating eftects. Line and load regulution are measured at a constant junction
temperature by low duty cycle pulse testing. Load regulation is measured at the output lead ~1/8” from the package.

Note 4: Dropout voltage is specified over the full output current range of the device.

Note 5: Minimum load current is defined as the minimum output current required to maintain regulation. When 1.5V < (Viy - Vour) € 12V the device is
guaranteed to regulate if the output current is greater than 10mA.

Advanced Monolithic Systems, Inc.  6680B Sierra Lane, Dublin, CA 94568 Phone (925) 556-9090 Fax (925) 556-9140




Features

= High Performance, Low Power AVR® 8-Bit Microcontroller
e Advanced RISC Architecture
- 131 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Operation
— 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
- 512HK/1K/2K Bytes 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
¢ Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Six PWM Channels
— 8-channel 10-bit ADC in TQFP and QFN/MLF package
Temperature Measurement
— 6-channel 10-bit ADC in PDIP Package
Temperature Measurement
— Programmable Serial USART
— Master/Slave SPI Serial Interface
- Byte-oriented 2-wire Serial Interface (Philips I°C compatible)
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
— Interrupt and Wake-up on Pin Change
¢ Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
* /O and Packages
— 23 Programmable /O Lines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
* Operating Voltage:
- 1.8-55V
¢ Temperature Range:
— -40°C to 85°C
* Speed Grade:
— 0-4MHz@1.8-5.5V,0-10 MHz@2.7 - 5.5.V, 0 - 20 MHz @ 4.5 - 5.5V
* 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)

@

()

8-bit AVR"
Microcontroller
with 4/8/16/32K
Bytes In-System
Programmable
Flash

ATmega48A
ATmega48PA
ATmega88A
ATmega88PA
ATmegai68A
ATmega168PA
ATmega328
ATmega328P

Summary

Rev. 8271BS-AVR-04/10



NRF24L01+

Single Chip 2.4GHz Transceiver

Preliminary Product Specification v1.0

Key Features

*  Worldwide 2.4GHz ISM band operation

+  250kbps, 1Mbps and 2Mbps on air data
rates

= Ultra low power operation

«  11.3mA TX at 0dBm output power

«  13.5mA RX at 2Mbps air data rate

*  900nA in power down

*  26pAin standby-I

= On chip voltage regulator

*  1.9to 3.6V supply range

*  Enhanced ShockBurst™

+ Automatic packet handling

* Auto packet transaction handling

* 6 data pipe MultiCeiver™

+ Drop-in compatibility with nRF241.01

= On-air compatible in 250kbps and 1Mbps
with nRF2401A, nRF2402, nRF24E1 and

nRF24E2
Low cost BOM
*  =60ppm 16MHz crystal
« SV tolerant inputs
+ Compact 20-pin 4x4mm QFN package

Applications

Wireless PC Peripherals

Mouse, keyboards and remotes

3-in-1 desktop bundies

Advanced Media center remote controls
\olP headsets

Game controllers

Sports watches and sensors

RF remote controls for consumer electronics
Home and commercial automation

Ultra low power sensor networks

Active RFID

Asset tracking systems

Toys

All rights reserved.

Reproduction in whole or in part is prohibited without the prior written permission of the copyright holder.

March 2008
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Liability disclaime

Nordic Semiconductor ASA reserves the right to make changes without further notice to the product to
improve reliability, function or design. Nordic Semiconductor ASA does not assume any liability arising out
of the application or use of any product or circuits described herein.

All application information is advisory and does not form part of the specification.
Limiting values

Stress above one or mare of the limiting values may cause permanent damage to the device. These are
stress ratings only and operation of the device at these or at any other conditions above those given in the
specifications are not implied. Exposure to limiting values for extended periods may affect device reliability.

Life support applications

These products are not designed for use in life support appliances, devices, or systems where malfunction
of these products can reasonably be expected to result in personal injury. Nordic Semiconductor ASA cus-
tomers using or selling these products for use in such applications do so at their own risk and agree to fully
indemnify Nordic Semiconductor ASA for any damages resulting from such improper use or sale.

Data sheetstatug 7 "SR s Freal @ile N ta ] R0y X : s ;

Objective product specification | This product specification contains target specifications for product
development.

Preliminary product specification | This product specification contains preliminary data; supplementary
data may be published from Nordic Semiconductor ASA later.
Product specification This product specification contains final praduct specifications. Nordic
Semiconductor ASA reserves the right to make changes at any time
without notice in order to improve design and supply the best possible
product.

Contact details

Visit www.nordicsemi.no for Nordic Semiconductor sales offices and distributors worldwide

Main office:

Otto Nielsens vei 12
7004 Trondheim
Phone: +47 72 89 89 00
Fax: +47 72 89 89 89
www. nordicsemi.no

m
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Writing Conventions

This product specification follows a set of typographic rules that makes the document consistent and easy
to read. The following writing conventions are used:

« Commands, bit state conditions, and register names are written in Courier.

» Pin names and pin signal conditions are written in Courier bold.

= Cross references are underlined and highlighted in blue.

Revision History

Date | [Versloy | et el Sation-
March 2008 1.0
Attention!
Observe precaution for handling A

Electrostatic Sensitive Device.

Alad
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Document Information

Title
Subtitle

Document type

Document number

NEO-6

u-blox 6 GPS Madules

Document status

Document status information

Objective
Specification
Advance
Information

Preliminary

Released

Data Sheet
GPS.G6-HW-09005-E

NEO-6 - Data Sheet

This document contains target values. Revised and supplementary data will be published

later.

This document contains data based on early testing. Revised and supplementary data will

be published later.

This document contains data from product verification. Revised and supplementary data
may be published later.

This document contains the final product specification.

This document applies to the following products:

Name
NEO-6G
NEO-6Q
NEO-6M
NEO-6P
NEO-6V
NEO-6T

Type number
NEO-6G-0-001
NEO-60Q-0-001
NEOQ-6M-0-001
NEO-6P-0-000
NEQ-6V-0-000
NEO-6T-0-000

ROM/FLASH version
ROM7.03
ROM7.03
ROM7.03
ROM&.02
ROM7.03
ROM7.03

PCN reference
UBX-TN-11047-1
UBX-TN-11047-1
UBX-TN-11047-1
N/A

N/A

N/A

This document and the use of any information contained therein, is subject to the acceptance of the u-blox terms and conditions. They

can be downloaded from www.u-blox.com.

u-blox makes no warranties based on the accuracy or completeness of the contents of this document and reserves the right to make
changes to specifications and product descriptions at any time without notice. Reproduction, use or disclasure ta third parties without
express permission is strictly prohibited. Copyright @ 2011, u-blox AG.

u-blox” is a registered trademark of u-blox Halding AG in the EU and other countries. ARM® is the registered trademark of ARM Limited in
the EU and other countries.
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