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ABSTRACT
This project is about how to apply GPS (Global Positioning System) which displays position of
vehicle. Driver can know position from computer that set on vehicle. By computer connect to mobile

that open GPRS for sent position of vehicle by intermet system to computer in office.
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2.7.1 Fen B ududie (NMEA Message)
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NMEA Record Description
GGA Global positioning system fixed data
GLL Geographic position-latitude/longitude
GSA GNSS DOP and active satcllites
GSvV GNSS satellites in view
RMC Recommended minimum specific GNSS data
VTG Course over ground and ground speed

13190 2.1 13ABTandng lu NMEA message fiingminnlaa
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2.7.2 THALBUATDIARLITANDTA

2.7.2.1 GGA (Global Positioning System Fixed Data)

=y =

s & P 4 qw a o toa
ﬁﬂﬂﬂiﬂUﬂﬁl’ﬂ'ﬂUﬂﬂﬂ‘UﬂHﬂcﬂﬂiﬁﬁUﬂﬂﬂ\W]HLH"LNWFIW AERLR, 0ITA, 1IN,

a Lr}

»
°

S aioulFRuIuAe (Satellites used) 18zANUFIVINTZHIIMLIA (MSL Altitude) 1A
g ' o = P @ ar S 1 <4 =t
Apiwouinneia 390 (GGA) ilugaiudyaasioadeon sl Taseadradlugadl

S$GPGGA,161229.487,3723.2475N,12158.34 16, W,1,07.1.0,9.0.M..,,0000* 1 8<CR><LF>

Name Example Units Description
Message ID FGPGGA GGA protocol header
UTC Position 161229.487 hhmmss.sss
Latitude 3723.2475 ddmm.mmmm
N/S Indicator N N=north or S=south
Longitude 12158.3416 dddmm.mmmm
E/W Indicator W E=cast or W=west

Position Fix Indicator ]

Satellites Used 07 ' Range (0 to 12

HDOP 1.0 | Horizontal Dilution of Precision

MSL Altitude 9.0 Meters !

Units M Meters

Geoid Separation Meters

Units M Meters

Age of Diff. Corr. Second Null fields when DGPS is not used

Diff. Ref. Station ID 0000

Checksum *18

<CR><LF> End of message termination
Value Description

Fix not available or invalid

1 GPS SPS Mode, fix valid

2 Differential GPS, SPS Mode, fix valid

3 GPS PPS Mode, fix valid
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2.7.2.2 GLL (Geographic Position — Latitude/Longitude}
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pa, uazanuzlumsSudyg o (Staws) Tasdioti1wausansinduoanoa (GLL) #lugasy
ar oo 1 — 3/ =1 o dy
dyarainoadiwonizllasarhutudad

$GPGLL,3723.2475N,12158.3416,W,161229.487 A*2C<CR><LF>

Name Example Units Description
Message ID $GPGLL GLL protocol header
Latitude 3723.2475 ddinm.mmmm
N/S Indicator N N=north or S=south
Longitude 12158.3416 dddmm mmmm
E/W Indicator W E=cast or W=west
UTC Position 161229487 hhmmss.sss
Status A A=data valid or V=data not valid
Checksum *2C
<CR><LF> End of message termination
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2.7.2.3 GSA {GNSS DOP and Active Satellites)

=
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isanesatilsznouAlsvoyadalvuondadiunuanfinazige, aoadga, A,
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na, nazamug lumsiudyga Tasddvausanasaiome (Gsa) Hlugaiudygraifon
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savemnuz Tnsaadadludai

$GPGSAA3,07,02,26,27.09,04,15,,,,,.1.8,1.0,1 5*33<CR><LF>

Name Example Units Description
Message D 3GPGSA GSA protocol header
Mode | A
Mode 2 3
Satellite Used a7 Sv on Channel 1
Satellite Used 02 Sv on Channel 2
Satellite Used Sv on Channel 12
PDOP 1.8 Position Dilution of Precision




HDOP 1.0 Horizontal Dilution of Precision
VDOP 1.5 Vertical Dilution of Precision
Checksum *33
<CR><LF> End of message termination
Value Description
i Fix not available
2 2D
3 iD
Value Description
M Manual-forced to operate in 2D or 3D mode
A Automatic-allowed to automatically switch 21/3D
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2.7.2.4 GSV (GNSS Satellites in View)

Yo

3 :l" ¥ ¥ & ¥ A = ] - =
sanoiatiliznenddwdeyataldunndimmanaiinaien #lasuonauiow
fy

ar

iead lugaivdyuw ldlaodredaveusaneiadiond (Gsv) Alugasudyaraifoadioen

11 v Iasa il udail
SGPGSV,2,1.07.07,79,048,42.02.51 062,43.26.36,256 42.27.27.138 42%7]1 <CR><L F>

SGPGSV2,2,07,09,23,313,42,04,19,159,41,15,12,041,42*4 | <CR><LF>

Name Example Units Description
Message 1D SGPGSY GSV protocol header
Number of Messages 2 | Range 1to 3
Messages Number 1 Range | to 3
Sateilites in View 07
Satellite 1D 07 Channel [{Range 1 to 32)
Elevation 79 Degrees Channel [(Maximum 90)
Azimuth 048 Deprees Channel 1{True, Range 0 to 359)
SNR (C/No) 42 dBHz Range 0 to 99, null when not tracking
Satellite ID 27 Channel 4(Range 1 to 32)




21

Elevation 27 Degrees | Channel 4(Maximum 90)

Azimuth 138 Degrees Channel 4(True, Range 0 to 359)
SNR (C/No) 42 dBHz Range 0 to 99, null when not tracking
Checksum *71

<CR><LF> End of message termination
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2.7.2.5 RMC (Recommended Minimum Specific GNSS Data)

o VoW & qw S 1 woA W
ianniatilsznoualstayayalyuontam Tunnazial, aows Tumaiudyeno

o

ar

 AumdaiinnzAgauazanddye, fiem1a, uara1nia Tavdined v usanesae sidud (RMC) 7
Tunatudyywdfoadioonu w il Tasiadadudsil

SGPRMC,161229.487,A4,3723.2475 N, 12158.3416,W.0.13,309.62,120598 ,* [ 0<CR><LF>

Name Example Units Description
Message [D $GPRMC RMC protocol header
UTC Position 161229.487 hhmmss.sss
Status A A=data valid or V=data not valid
Latitude 3723.2475 ddmm mmmm
N/S Indicator N N=north or S=south
Longitude 121583416 dddmm.mmmm
E/W Indicator W E=cast or W=west
Speed Over Ground 0.13 Knots
Course Over Ground 309.62 Degrees Truc
Date 120598 ddmmyy
Magnetic Variation Degrees E=cast or W=west
Checksum *10
<CR><LF> End of message termination

A I d A
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2.7.2.6 VTG (Course Over Ground and Ground Speed)
s ¥ v 2 oaw 5 = 2 ot ¢ o ma
liﬂﬂﬂﬁﬂuﬂﬁ3ﬂﬂUﬂ']U“U'E]Hﬁ"ﬂflal”ﬁﬂﬂﬂﬂﬂﬂﬁ‘?ﬂﬂilﬁtﬂ']HJl.i'J TﬂUﬂ]E]UNﬁJﬂQLiﬂﬂﬂﬁﬂ']'ﬂ?

(vTG) N Tugafudyoanmiamadeany sl Tnssad 1ailudadi

$GPVTG,309.62, T, M,0.13. N,0.2 K*6E<CR><L.I>
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Name Example Units Description
Message 1D $GPVTG VTG protocol header
Course 309.62 Degrees Measured heading
Reference T True
Course Degrecs Measured heading
Reference M Magnetic
Speed 0.13 Knots Measured horizontal speed
Units N Knots
Speed 0.2 Km/hr Measured horizontal speed
Units K Kilometer per hour
Checksum *6E
<CR=»<LF> End of message termination
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2.8 M3TOMIINVVOYNIY (Serial Transmission)
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TxD TxD
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2.8.3 Asynchronous Receiver Transmitter; UART
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2.9 GPRS (General Packet Radio Service)
m3tiunna lulad GPRS (General packet radio service) n1ddunseve GsM oz ld
sVl RIiamsniodisannsodou Toundoas GSM ansrwesdunieuis P nwuan’d
] ] = « o = o 7 ] o ¥ 1 3 = - Jd o 1
WNIpUIBD MBI BUNT IR ¥p3aaAnTa1eq M ldannsalduinmsfuma s itdadiunia
o @A Sl Y Vg W oa A ' o A o 1oy Y o=
Insdwiindoud 4 dlduinsausageude llfunferdwasunauasiimsdatoyaldqads
oo o ] Qs ' a o ' n:
LAVTATIAIMTY 171.2 kbiv's M3 Mdmiwnnsyounsovivaz [dmunnududuide ¥ amumni
v e e & = d = = ' ' ' =1 - '
daiuIsmsfam 1dumsesfnmusSinamsdsdayadinunionin unufvefamugranaives
4 ] = =y o 1 = o e a1 P A
MIAOUADI9YT MIMIANTZUD GPRS @z Idedasiad wenisasyuiduisdiy
Trunlnidn 2 Tvua @ lUdunSevio GsSM drmdun findsveuniod omoawaR N1 swnga
4 Y ; e g ¢ S W
FOUAITM NN o duun BSC mituidosmsensauns midoe
GPRS nﬂummgmmmma ETSI (European Telecommunications Standards Institute)
Avualusesvasnisdedayaluundinng luszuu GsM uanoinil GPrs Ha185umsvensy
9INNN TIA (Telecommunications Industry Association) 1¥ifluiasgiuvesnisdadeyanuy
=] o ar - o w v .
uRAnAd NI UTE Uy TDMA/136 Bndae maiuiandu GPRS THALMAT 9410 PLMN (public land
VISJ =

. a 3/ a 4 A = < A o P ]
mobile network) 93 A1 1AR 1 5Ms InsAwAdoUN TuspAanedoms lUdunsev1e IP mwuon

L]

=] v

18 Taeims ldmiwernsvpunfavisodiadivsz@nsom

GPRS 9z 1¥u3 N3 dadowyon 11 air interface I8qailszAusnIda 171.2 kbivs waii U0y
mmmm'mﬂuaam?aﬂuuwﬁ’mﬂ{ﬁuaaun:izﬁwmﬁ’mtymﬁuwim:muﬁnﬁﬂﬁu flanifu
maTulat GprRs e 14 19uTnmissiwaunatvnu ansaldsauduld nazdaiild
syuudfi@mswienisannsadamlFusmanulSnadoyaiiiing dumuiifanwugrsaii
msiFauRo1393 199uag Tudrsszorduduiu GPRS axldmsupaanuuu@oniu asM @e
GMsK) mawamfAounlaafimuunwnasees GPRS luszuy 6sM 1 T gmnTuTad tnii
Anotanilafi¥o3) EDGE (Enhanced Data Rates for GSM Evolution)

GPRS 9z#0ams Tnualmiimdudn 2 Tnua dmfumsfantsdums wiln uuuniining
ﬁ?aﬂs:ﬂﬂuﬁw Serving GPRS support node (SGSN) 182 Gateway GPRS support node (GGSN) Trus
I.Hﬁmyﬂ&ﬁ%‘ﬂui'lllﬁu HLR (home locatton register) MSC/VLR (mobile switching center / visitor
location register} 1408  BSS (base station subsystem)

GGSN szifounnsznila PLMN Auinfethoufiminadeyanivuen GGSN vzifouTuaiy

SGSN H1UM [P backbone Foyais-dasznhuninslunudmesiueafudumesifianr i
IP backbonc ﬂ‘

SGSN 9ziffon Toadu BSS uazagluszdudureundotinlussduieniu MSCVLR Tag
SGSN vzihitnosina s umisiufviodnidygmveslduini Gers, MiladFumsinm

a a I 1 = o o c{ o =
anudasasiy uaznesdamsarugumsaadedn19uTms Handuved SGSN fiseafuuinisms



30

o

1 =4 o = 9 o o o o =
SudaoyauvuuAninaaziunnu@oafuiafFuros MSC/VLR #5045 00Tn13Circuit-switched
service

1ATFIU GPRS 1A muanTes luwedimosiueatd 3 uuufe
L=y < = . . . .
- IMOTUUDA Class A 32 I935UNT IHANUVUCircuit-switched TT?FJJ.LU‘U Packet-switched
4 o
Wi oufiu
- DT HUDA Class B 923095UMI MR Circuit-switched M3 LU Packet-switched 86713

1 A L} = Ci o W 1 a @ - 0’: st
Taotanils wavzdmadoaius WdunToedmsuuimans 2 nnuwioudu)

- MB35 1UDA Class C 335895 UM WAL Circuit-switched %3 011U Packet switched 8E14

r & =1 .:i ar o A ] o o - 1 ( L) é
Taognanin (Tagezlimafoawus I undoviedmivusmiottalaadanila)

Uszinnveunisuneiduoadmunsogouondszinnaiuaiiuainiovaimsianis u
[ » >
HAWTFDING 1118301 T UHDAYT Class A 1A Class B 9230350UTN15%19 Circuit switched 1R
» 1 1 ¥
Packet-switched @a0uIASaY 081902 1M15 70 AT UM TTAN T ReA U oa Tuwodupatia 2

¥
o o Y ow @

a ¥ ¥ ar @ 1 1 [ o | i A
vimadidaoiuld dretrusu msdweadumisiuiiorneziimssaudeyaiitfinidestua 2

D

= ¥V ¥ ar
UTATIUIRIENU

o 9! ar CYS o o = o b1 A o«
nshazldeniesesddumsiafwangnsWinveaininadoyaveunsoafuuind

=1 o

LY r?: ] o/ r.g a as .
masiiuea ey aslinishinualdvesdayn o Packet data channel (PDCH) AMIN&1M5UMT Air
. 1 o = [ X \ v o =]
interface B0 tyey 104 PDCH Hilaweanzgnuunlda Single time slot Aatiudalims 1 lnsaadrama

] o o =t ar - =a a
fnUﬂTW“UﬂJ‘UENﬁfoUWElII.lIHL!”UULﬂU'Jﬂ"]J“U@Q GSM ‘m‘ﬂuuuu Circuit-switched TﬁﬂWﬁl“ﬁ"l'iHﬁ

1 o C!. 1 o = a é‘ o o Y Qs
voadyauiuanataiu 4 3% Idgnimuadun 1198 Gers iNaldduanimiindouves

a

! '
] =

ﬂau’mqmmmﬁhqmmummmzmj

> 1
Radio resources V1IMUADzQNUTIMITEANITTAL BSC  Falasaaiuniamueninyes

3 1
=

' < v & a S . . .
Foadmauianuavoasaquiafigniaud sunsogminnlgidu Circuirswitched channel %58

u

3V add ar & o

=] o = T 1 G :
8199z17u Packet data channel A 19 38 mrdfadmandufiminnazanlieoadyaiu PDCH viavualu

wagmbwmtaldsmiuszniedlduing GRS Hanuaiiilogluma s1uauveases PDCH 1

L'

@aruilannimuamiueuawdmisgnsmuaniuanudoamsvealSunmns miniund w14
(9 : 1 o J Ao 1]t 9 . . . . o . P a ¥ @ =
Aatusosdyguiugiund lugnldlau Circvit-switch service Aeusanvzivuniunsmn
Gprs 18
1 a = : 1 o o o
madwininadoyalddudldusmsswninernlduinnd 1 Indadead s n1sdaass
(Y 5 o 4t : o da o LY v 2 = o1 [
NINOINTHIIMTUMITNAAUAZA 1NN szgninassuonnniuasdulsz Teninenadedeya

] LY = 1 o =
HWﬂLﬂﬂﬂluﬁﬂ‘H'ﬂlﬁ'Vlvll.lﬁillJ']ﬂﬁﬂuﬁlu 2 AN

291 ﬂ‘l‘iff&“lfi]l‘l.ml‘ll‘u Packet-switched 119 air interface
cf 3 P o 1 ) o e . ' o
uwsnadoyavoad 15UsnITezgndniniaeonituudaennINAINY (Radio block) IAAZUADR

i 'y os [ =3 y =3 Y r.g o =]
anuding wzgminndainsvudyaondimnnsguves GsM ieinannuAawaiaiuiozing



3

a Py ' [ o aa o = A o 3!
fadedoyalniluszAvvaennnuding wavesdyyrondsanilurawisinudainadoyavos

¥o ¥ e - o sy . . P VIR w « ¥ oA
AlTUsMs 5 eReIiuITgNIITNAIY temporary flow identifier (TFD) dan1afamiusy axdiunlHide
Insuswdoyanauuniuuiininag iy

Logical channe! Wignimuadmiunsiwiln GPRS Usznoudtosesdya uaiuguuaz

' as w |

< ' w & 4 @ a o =
ToiFyyiuivaunmnadeya Tavsoadyanuiuguhgniaassdmiuns iWiln GPRS dzgn
= P o ¥ & ¢ da a A ¥ gy
Foniwesdyainuiainadoya (PDCIH) wiaelutadmes dusaswiummeniosazdhldgasu
1 a = A 1 =] a1 a = [ 4 4
vosveddyanmuiminadoyaiiag luwaidoiduswsu nsdaas IdamvouaiesTuuidines
: 1 [ | @ o =% o &
niliewazidn 1y PDCH naegeandoudunIdiunfeuianateyavesd1duimsnonilezgn
[} 1 o o a ] I PR as
nsznedavaIdya uuRamatoya s uaeT tazgns s wnd U Add T U Taeg 91N
! S A o
A1 TFL finilousiu
Hamaanwaseivazminaningumsiaass mslimiwoiniveunsonis adoimands
o = Y- .4 A o o ] ] A '3 £ roo §
unanalunianisdwaad (nnsesluyndadlufuaianin) medluwredmesdusassdefiso
luffuniodmieuansbinnudoimsldmsnnnsveunsevio mSovisazuduniounesiusald
2 - 3 e A v oA = PPN Yea ¥y
WT1ud9%e4 PDCH fvzlfniunag oz dadygiu sudwienennsounaiiunaldiFududedoya
o r 3 = (ay u‘c: =] 1 L 1 o A 2
18 drumsdauiama lunanieamiasdiiu infevime daen1mwanims ldfuaTes Tuniud

sa A Y oA a ¥ ' A o Wy ¥ A # e
INOTUUDUNDUDIDITOIPDCH “ﬂﬂﬂfmmuazm TF1 ﬂﬂ“"fllﬂuhrlrl’f lﬂiﬂﬂiuﬂ1ﬂﬁlﬂﬂ§ﬂuﬂﬂﬂ$

ABUAS IAT1YBY PDCH AT AR adu @z s o m Wz Ui ANAYeIa e Ia a1 TF AMHUAL

2.9.2 ANUIPRUIRUTYD GPRS
. . 3 e A ' ¥ [
NIZUIUNT GPRS attach 1z PDP context activation 1z@03gnd1tiunITADUie 1Y
¥y ¥ - A L w Wojo & v 4 o w v A s
Aldusms Grrs musaeuaevesdnny i lidunfodsunmnadayanisusnd wSoeluned
Ed
mailuea sz ldinSed o indiueeld AlaonszuIunsupa GPRS attach nszuIUMSHIY
Ld 1 a [ -~ . 3 . o A A
MilauANsEUIUAIT YOS IMSE attach  MinnTFAuMI MENILYY Circuit-switched URATIAT DA
4 o R = 1 =} ¥ o ' o & o
mosiuoagn Arach TldunSov1e nTevisnezidnonisnzauasavesunIauneiuea
fuasouneiiusauuny Class A n3e Class B n5z1IUMS IMSI attach vadmsoudoui

1 » ;
Circuit-switched Aausngnduiunsivnaudoaiuld duaaslugi tasld dudunoudail

S
o~

Mabile terminal

T e
( Backbone "\)
. Netwark A
— 7 .

511 2.12 uERINTLUIUNS IMSI attach Y8IMIFDUABLLD Circuit-switched



32

A oL o ¥ s W A o @ M Y o s ¥
I mipumaiiueatzimaussdifounenoz Atach ludunsedwmsudadyaudide
- o' e 1 [ ¥ g 5 ¥ .
YoUATBUNDIHueavrgnae U SGSN  uazzuaadliifiufaniua s onied 1 Multislot
danassuvaam s sdanmsseTn 1A AuansaveanT Arach TUEIUSN1T Packet-switched
o

service 138 Circuit-switched service H"ig?]ﬁfl 2 mmiw%’auﬁu

2. N3UIUMIATINADUTHSUAIRTFUTMS (Authentication) azgadItiusEn ManTed
Mo iuDaIA HLR

5 a3 = 1 s .
3. Yayauaf 1%uTN15 310 HLR azgndslilis SGSN waz MSC/VLR

4. SGSN vzudunFoumasinean 1890 atach TS nAsov 048

2.9.3 PDP context activation
T o A ' o= = oA [ 2 ' o ! ¥
neuiunsae luiedmesiueasyasoanaofomsfuniesiouininadayaniouon’ld
: ¥ a0~ ~ o 3/ = 1
W szaediiumsneniiv 1us lanoaunninadoya (Packet data protocol (PDP context) & uriau Ty
= Ly Y J [ 1 o [
PDP context 3xuaniapmuiiavoamsiFeonde ldunsoswuiismnadoyaniouon 1wy Uizinnves
130918, LBAIAT AINTBYUG, Access point name (APN), QoS, ATuYTaIdYyaIUSNY Hazdun &

uaaalugUii 212 uaslivuneudail

I § ]

VI_RADIUS T FEDUS |
cient ; [ ISP Network )

' Corporate \
network

3U% 213 uamamsuaniivt PDP context

I
] =1

1 1n3a Tunodmes uoa sxvhimsudsdyniuiifoaitonaniin PDP context

2. SGSN azfimsasndauanugndsiveantsuisdyaiudides vindoyaiiadng 14
153 791850010 HLR Tushasyniie GPRS attach

3. APN %Qﬂﬁ'dhl'ﬂﬁ'ﬂ Domain name server (DNS) ﬁacﬂu SGSN n,ﬁaﬁ%zmﬁumﬁq IP U84

H4d g
GGSN yWneUod



33

X :
4. Logical connection 92N 3 19U1T1 119 SGSN iy GGSN (GTP tunnel)
5. GGSN azWimssmuad mruania lawiinuss 1P IS uasse Tuuiedmestusa

a r:r A 1 Y- TN = ] =1 9 o = 9
Hﬂﬁﬂ?ﬂuﬂ]iﬂﬂﬁ’]i531’”1\3&'1’5”5ﬂ"l'iMﬂﬁflﬂ‘iE?“LITUHWﬂLﬂFI“Uayﬁﬂmuaﬂ T aTUAU

e

=N,
=

—
e

2.9.4 Usz@nEn 1m0 GPRS
3¥M313 GPRS LA Circuit-switched data service mFun 131U mssumefiilaws 159 i
o g1 d Ay g # Y = 2 d - =
Through-put fiuasailuaundeh ldsuanzaininandayanndumasidnznuiduiiunidues
¥ a : = y 7 = a 3 ! < . .

GPRS Aldvimieslumaing ladeoaaudoduamdléuinSuniu nadufiunsdives Circuit-
switched service Wi ANLUATIATATRVEgnTAas s IT LA 1F s w s dam i

ninmilsemisumsIdaustrusu Suaes1iaui195s ssnudt GPRS azlil

a @ a =) ] . . ) . 3 n:?.’ [~ ’ 3 Vo3 Ao

UszinEnmiuniiond Circuit-switched connection vafifhumsizdh Simsdadoyaidnuuniiu

7399 (Bursty) M3 14 GPRS azenuisasesfuimudlFanfinnnd udadialsfarn d1mad

»

-] o = ' a o Y
magmﬁmmu Non-bursty 381 Throughput ﬂmamﬂﬁ'mﬂ'rswag’Iuizﬂmﬂﬂ’mu

2.9.5 MIIUaYU GPRS

sy GPRs TfuaTotn GsM wReuiin Tnualnidudn 2 Tnua faaaalugy

‘?1.2.!4
A~ o

7 ™
. ISP Netwark i
™ ',
/ N -
// \ T
’
et S

Wait "'-‘ 1// Corporate ™,

N [ g ‘- et /

S ! " ! P e network =

317 2.14 neraanansz nuveY GPRS doim e o PLMN filiaguda
NANAD SGSN {Serving GPRS support node) 1461z GGSN {Gateway GPRS support node) %14 2
g ¥ 0 a  w vy o A o A
Tuua Horvs i Millu vua@urdunaz 11913 Rgaquinaisvsaniods mssmnsansotn
o w ' q‘: e a o
GSM Imwu13niesiy GPRS ssdwinsamwizaowauaiiviiu en iy BSC Aimsdmninaiiauas

¥
A3l



34

2.9.6 Serving GPRS support node
o ¥ = J 1 g A = -
Trua SGSN azsnafudldima GPRS TognioTwaaiuilifuimsvns GeRs tiug
F ¥
Trua SGSN HazgninagluszAuduveunievisszdu@oaiu MSC/VLR Haffundnuna SGSN A
-
aAp
a ¢ o oa A . g o A o=
- 1 aRFUTAN3 111309909 Mobility management @3 uaToanasiuea GPRS (Inatag
AUIUNIT Attach/detach, N15AIIVTOUTVIDIFIFUTNIT (User  authentication), M35l
(Ciphering), Location management Hagaua)
- 59450 Mobility management VYouATe4 TuLAINDINUDA Class A WAz Class B Tatnz
19113700 MSC/VLR
a 'Y . i & Py o . s P ¥V [,
- DIMSIANTT Logical link Y8 uR30a luNoAmMBiiuea (Logical link Hazlddmivda
o ' ' 4 =
nimAnvoauRninadoya, SMS Haz Layer 3 signaling TxHi1un3 o aLIATD MBS o GPRS)
- msdadunamsdwinnasgmhanissTuedme iuen uaz GGSN
5. = o [ Y <4 o o £
- gtiunsinns s Tnneaudininadoyn (PDP) &1 PDP context 1zfinuamisiinaihn

8 a

Ty (15U Access point name, quality of service, Tvua GGSN Al zmzﬁuq)
P o & 1 oM o W a0
fmsumswoude lfunTetsuinipadayaiiogniouen

- 191U 720 Radio resource management ‘ﬁiltﬂu BSS

- fdoyavreansAnf 1U3M3 Gateway GPRS support node

Trus GGSN aziin1sduess Maszniauniodis PLMN Aumiaas 1 msuen Hefdu
wAnYDa GGSN fAfe
g < ar ol 1 a o
- Mfand iy Border gateway 531119 PLMN fUaTou 10 10usn
- MimsansaadedomsiunTodwuinnadoyaniuuen
a w vy ¥ o A ¥ N TR Mt o
-Mimsasmasuiuseglruimsivnd ) ldusmveunsevounananiousn
- imstmusidumaaztemiani e aiiang 1Ud I nua sGsN

- MdoyavaansfnmuInIg

2.9.7 maUFunlfowaio s PLMN fie3esiunsms GPRS

GPRS  9zfin1s Idweedye o Logical channel nuyInsidimivsesfunmisdamainadeya
TAuamiz Physical radio resource fiofluiarantian o1egnsniuaiiu Dedicated channel Tfy GPRS
wioAmualiut 195 uiufY  Circuit-switched service tHBALAVTNT Circuit-switch il
amigmitonds §11105n3/muA Dedicated channel 1A GPRS #a1fu GPRS broadeast and
control signaling “ﬂ‘ﬁzgﬂﬁuﬁumiﬁmmd Ordinary control channe! (BCCH, RACH ua:ﬁlm)

GPRS 9z 414 Location area (LA) u@oz1¥maénn13409 Routing-area (RA) L TumHs

Fuusnuealduins GPRS niWAnuea GPRS o1ezda liiminszannlfjidnsiasedisenunion



35

1 1¥wisifiined a1y vearauasvaLwAR 139 vousa T wRN I IS Circuit-switched &
18 uaneuulons 1Win GPRS (RuLIn¥U V3NS5 GPRS 1AZUSNIT Circirswitched 507109314

a o P v w VY Y o ¥ Q@
‘Wﬁ1“Lﬂ’ﬂiﬂl03l’ﬂﬂllﬂ$ﬂ]ﬂﬁﬂlﬂ"ﬂB\ilﬂfﬂ‘mlﬂﬂﬂNﬂNﬂ'ﬂﬂ"lﬂﬂblﬂ GPRS ﬂT‘iﬂHU‘iﬂ"l‘iﬂ’)UﬂTi(l"ﬁ

[ 2

o o 1 = z:'q ¥ = i i1 o [] = =]
gunseifu-aa (TRS) (AudTieguds nFoowliuimsdonisifatnselfu-ds uazariudlmid

q

MruatuinTaomuy 191950 GPRS 19

2.9.8 ssudaiufuazsryudmasmsgndy

diorlr GPRS Lﬂﬁ’mfl%'muﬂmﬂ%:uuuﬂawiNqﬁlﬁﬂﬁuaxﬂwaﬂi:ﬁum'mwumiﬁmﬁnﬁu
wazszuudensgad1 msuiingwoziduanis TnsiSen (Call dewil records : CDR) vgqn
duftums Tau SGSN waz GGsN swmriufndozuansiundovioudnnaniouoniiinadenlos
2093l Whinadeyafifimsdade guniwuinsi 145 Suitaznadimsdouderans uas
Frnmiims FoudoyaseaziSondismdiiezuanaiinteyareauings Cicuitswiched
o luilagiiu ﬁal‘fm:uumﬁmﬁuﬁuﬂﬁﬂmﬁauﬁ’mz11u1u%]wﬁu M3fAATLSMSYBI GPRS
oz luifaa s nanis Inuniouediavea Circuit-switched service iAszfanlfuudoyafis

- »
A133AEA95 Al Aoy 1415051551019 1905 1159900 Circuit-switched 18211 Packet

= o = = | Y ] = L] [ .
switched °lmsunmmmﬁ%uﬂmﬁmiﬂumumazmmannagé’hﬂnu Billing gateway (BGW) 1297
s ] 1 o - = @ ~
Wi donToasening SGSN uay GGSN Taaiiwihiife 1fususwsiufinseazBoauasns Ins

Fonu3e CDR Tutiaaznaniduims Gers o I 198 msuaes 1303 nisd el

2.9.9 Base station subsystem
4 v = iy o . Y y s
INBNIZIDATUUTMS GPRS 19 10110 BSC (base station controller) 12804015815 A15 1Az
woraas b Taoludiuveasdaudiiiu BsC audoasil packet control unit (PCU) dmiudans
AUUAALAA GPRS Taninnizet1add PCU azdufinvenudiuuns radio link control {RLC) uag
»
o r = o ] o
medium access control (MAC) Tuduveq air interface uazazmammsaﬂmsmimuwmﬂm%yﬂ
senanioaluyiodimodiueaiuay SGSN d1UM19d 10 BTS (Base transceiver station) WL9%

FoamaReamIsmnsasod S

2.9.10 Home location register

BOAALYS 14 HLR thome location register) 3¢ Ap9gndumnsaie 19 mu15050930 GPRS 18
msSmnsasziuflasduludiuueams Feudoru sosN ieimifiiu HLR dwsuuinis
GPRS, MI583TUMTHI SMS HIUN 110715 GPRS, 1155035 UHIATH Mobility management $o9¥ia

UTMT Circuit-switchedtinz Packet-switched 518U



2911 MSC/VLR

ALY HLR wanding 1 MSC/VLR vedesgniwinga iMosoa51 GPRS msdniniaoy
s g ¥ A 1 r ] @ s . A s
#1110 MSC/VER gaisouan lilda SGSN iHeseafuifad®u Mobility management UaunTounoin

UBD Class A LIDE Class B

2.10 enhwimdEsves (Apache Web Server)

7

0 (Apache) dluTusunsudud@iunesngn I numnfigaiudumesila Tavniams
?ﬂﬁnﬁﬂ‘ummﬂ‘u‘ﬁ “lful,ﬁﬂ'ﬂ'{umﬂ National Center for Supercomputing Applications (NCSA) HTTPd
web server a¥a11 1A Rob MeCool Tuasil 1990 umzn wwdanindi Tnsen1s NCSA HTTPd n
pridn ITinRanvaneaui 160 HTTP wlfuriysuas W Tudou quaviug 1995 18fins
§aRa Apache group FuTauiinviann 8 au uay moung e fusnuos Apache 19 v 0.6.2 Tuidou
W0 1995 Az NTTN Apache 1.0 AlAgninouwsiile | Funiny 1995 wag TdTunTTos0dTs

mamnwluna |1 nmeduldsinsududinesiidFaunniioa

L'l

@ 4 o
"i]i}quu The Apache Software Foundation l‘ﬂuﬁiﬂulmiﬂidﬂli Apache HTTP server ¥iu

S v = = o Pl ( 3/ =t o
ylszasdmeaiallzunsududidneiniianiunumiudenis I4au fgmamluseduves
] ¥ ¥
commercial-grade 1 feature At 1491 nazansaillame source code 1A Vet 1113014 Apache
g o I3 -
AuBs e eI muldadedmuaves Apache Software License
1 = o o a > L] g A =
madszgna o nhiwmindivnesdigminn MisdudulsznanTunudvdu 4 8n
Tavoglugruzdoansdanassn g ddunotwimduats 7 ludnuaizvos Web  based User
&y ye s d e = i EY s 1w o S oo [ o o
Interface 3¢ [48ABT AT 1lTinViuduinsRoguds Bafsdiaamsthgeiasuazaoudnluile
wTesTnaduyl (Client) Tilldandndae nislFoulumedsuiing Idud
o o L) Qauw 1 q o v w o L
- ihgmresdumefimdhgdeiian o1durgminllRaws wdvrerduasaia 9 mnuo
:j o o < A g = E 1 a ¥ '
wisanAw I 1tiod uszWSweddund dieldiludumeilafazaradants1damsetu 19y
' L oo Qs o _ o Qi o EaLl =y q 3 = L4
oWAITUIMITAMs Idumawesedeuuazdiialio sadduiiyremsneulnuaz 19 0udyns
ol L3 ¥ o . .
a3 (Llﬂ!.!.ﬂ Webmin ,Usermin J
] ¥ ) 1 ] ' U ¥e A o
- buseanaaswadoyassvuuazmietie ieninausgaruane Hsufynd
] b= Aa & § d = : =
Fiesyndaniitu nis didlulamaiu (Windows, Mac 08 X) Rausodaseldonldi
[4
uAzaisnuaana lansdadnes gilam glos i ldlasese Salimsthenlugnidaudiums
¥ aa ' ] Y sn ¥y
LEAIHAVBLATIUY HOTARTINGTAMIY 9 WInNE (¥ MRTG  1duamadeyans i 1ddeyann

Router #30 SNMP Server 117171 SARG Tduaaemisnanamssrvudyladvosdidauania

kY

wiond i W07 (Squid Proxy Server) Tilsunsulszinndon outlarses (Log Analyzen iludu

T
o oA (

- Milutuue (Web Maiy Toavpanis1Fnudwanumaduusiiwessudaiiaids

=

nytuiuitiadiad e lugue it udsoui-oud (FrontEnd) 1o wszvudiwdfuiiuaudn

o A c; = a ] o = .
dnwstevilansiivinn 1S dus T UwYa 15 Wnes (Mail Server)



37

g = < a = d o dd . - o o
- dludumeiavewoiwanduaniznia Tredaus dud o T
1 1 # ] e
muldanmuadeniisoninImumuBnndindu (Web based Applications) HiafiuntiNanniu
i ay & 4 5 ' o
woldauluesdinsTasnwiz nazfafiluseddnaidniezy o Tlsunsulszianniuag

| a o
(Groupware) 138 Web based collaboration 914 T TEWMUFUUTYUNS aumenolupadng 1Wudu

2.11 muHeIN (PHP Language)
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GM-82 GPS Receiver

B Features

SIRF Star Il chipset with embedded ARM7TDMI| CPU available for customized
applications in firmware -

12 parallel satellite-tracking channels for fast acquisition and reacquisition -
High speed signal acquisition using 1920 time/frequency search channels -
Built-in WAAS/EGNOS Demodulator -

Support U.S. Coast Guard DGPS beacon signal -

Low power consumption with Advanced Trickle-Power and Push-To-Fix mode - -
Optional Rechargeable battery for memory and RTC backup and for fast Time to
First Fix(TTFF) -

Support  NMEAQ183 v2.2 data protocol and SiRF binary code -

Enhanced algorithms -SnaplLock and SnapStart provide superior navigation
performance in urban, canyon and foliage environments -

For Car Navigation , Marine Navigation ,Fleet Management ,AVL and
Location-Based Services , Auto Pilot ,Personal Navigation or touring devices,

Tracking devices/systems and Mapping devices application -

B Specifications
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Time Accuracy

AC hannels

Position Accuracy 2t
Recelverm o
Protocol ”

;Ma)umum Altltude
Max:mum Velomty
;Max Update Rate
RF Connector -
D.mensmn

Welght

Firmware Upgrade

gTime Mark
EOperating
?Temperatu re
%Storage Temperatu re

§0peratmg Humldlty

Sate|||teReacqu|s|tlon

< . knots e
1 Hz

!EMC)( Ceun
- 40mm(L)x50mm(w)x7 6mm(H)
;189
Flash EPROI\}IfleId progra.mr.'nihg.s.oftware”

‘usec

3_45 ‘t:to +100 R
5% to 95% No Condensmg

L1, C/A code :
'NMEA V22, 4800, 8, N, 1or SlRF Binary |

;< 60,000 feet

100 ms
12 -
25m CEP W|thout SA

available

Output 1 pulse/sec, aligned with GPS time +-0.1

}40 Tto +80 T

B Electrical specifications :

5.0 +-10%V DC input (0.8W @5.0V DC w/passive antenna)
3.3 +-10%V DC input(0.75W @3.3V DC w/passive antenna) -

B Electrical Output specification :

® Interface
1 RS-232 -

2+ CMOS TTL Level -

3+ 5GPIO




® NMEA output protocol:
Baud rate: 4800 bps

Data bit: 8
Parity: N
Stop bit: 1

Output format: GGA, GSA, GSV, MC.(VTG , GLL, RMS option)
® Output terminal and definition
20 Pin header (2.0mm Pitch).

J1 connector pin definition:

Pin |Pin Name| Function description Pin | Pin Name | Function description

1 NC No function 11 TXA Serial Data output A

2 | vcc_5v | +5V DC power input 12 RXA Serial Data input A

3 VBAT Backup Battery (2.5-3.3V)| 13 GND Ground

4 NC No function 14 ™XB Serial Data output B

5 |PBRESEN Resetinput, Active low 15 RXB Serial Data input B

6 GPIO1 General purpose I/O pin 16 GND Ground

7 GPIO2 General purpose /O pin 17 | GPIO5 General purpose /O pin
8 | GPIO3 General purpose YO pin - | 18 GND Ground

9 GPIO4 General purpase I/O pin 19 |TIMEMARK| 1PPS Time mark output
10 GND Ground 20 NC No function




B Products List

Output Back-up battery | Input | Power Connector
Model No. Level Type Power| Saving Type
TTL or RS-232( Lithium No Volt. MCX SMA
GM-82-A0X-5 RS-232 Y - 5 Y Y -
GM-82-A0X-3 RS-232 Y - 3 Y Y -
GM-82-A0A-5 RS-232 Y - 5 Y - Y
GM-82-A0A-3 RS-232 Y - 3 Y - Y
GM-82-A1X-5 RS5-232 - Y 5 - Y -
GM-82-A1X-3 RS-232 - Y 3 - Y -
GM-82-A1A-5 RS-232 - Y 5 - - Y
GM-82-A1A-3 RS-232 - Y 3 - - Y
GM-82-TOX-5 TTL Y 5 Y Y -
GM-82-TOX-3 TTL Y 3 Y Y -
GM-82-TOA-5 TTL Y 5 Y - Y
GM-82-T0A-3 TTL Y 3 Y - Y
GM-82-T1X-5 TTL - Y 5 - Y -
GM-82-T1X-3 TTL - Y 3 - Y -
IGM-B2-T1 A-5 TTL - Y 5 - - Y
GM-82-T1A-3 TTL - Y 3 - - Y




MAX232, MAX232|
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G — FEBRUARY 1983 — REVISED AUGUST 1998

® Operates With Single 5-V Power Supply D, DW, OR N PACKAGE
® LinBiCMOS™ Process Technology (TOP VIEW)
- " .
® Two Drivers and Two Receivers c1+q 1 Ve 1Vee
® 130-V Input Levels Vss [ 2 15]] GND
® Low Supply Current . .. 8 mA Typical c1-{}3 14]] T1IOUT
® Meets or Exceeds TIA/EIA-232-F and ITU c2+[f4  13[R1N
Recommendation V.28 C2-|5 12{] R1OUT
® Designed to be Interchangeable With vs_fle TITIN
Maxim MAX232 TzouT 7 roll T2
- R2IN {] 8 9] R20UT
® Applications
TIA/EIA-232-F loqi bolt
Battery-Powered Systems 0gic symbo
Terminals Vee
Modems )i( 16
Computers ] Voo
® ESD Protection Exceeds 2000 V Per Ci+ “;**“‘ C1+ 2y
MIL-STD-883, Method 3015 c1-—x—¢c1- Mec-15V S+
® Package O_ptions Include Plastic c2+ ] cas Vo +15V L8 vg_
Small-Outline (D, DW) Packages and c2- > e
Standard Plastic {N) DIPs 1
o TN M > =~ T10UT
description
10 > ~ T
The MAX232 device is a dual driver/receiver that T2iN T20UT
includes a capacitive voltage geperator to supply R1OUT 12 Il < 13 R1IN
ElA-232 voltage levels from a single 5-V supply.
Each receiver converts EIA-232 inputs to 5-V R20UT ] oV T 4mj R2IN
TTL/CMOCS levels. These receivers have a typical
threshoid of 1.3V and a typical hysteresis of 0.5V, ’|‘ 15
and can accept +30-V inputs. Each driver GND
converts TTL/CMOS input levels into EIA-232 T This symbai is in accordance with ANSI/IEEE Std 91-1984 and IEC
levels. The driver, receiver, and voltage-generator Publication §17-12.
functions are available as cells in the Texas
instruments LinASIC™ library.
The MAX232 is characterized for operation from
0°C to 70°C. The MAX232!} is characterized for
operation from —40°C to 85°C.
AVAILABLE OPTIONS
PACKAGED DEVICES
SMALL SMALL
Ta OUTLINE OUTLINE PLAS(L';: oiP
(D) (DW)
0°C to 70°C MAX232DF MAX232DWE MAX232N
—40°C to B5°C MAX232IDF MAX232{DWH MAX232IN

1 This device is available taped and reeted by adding an R to the part number (i.e., MAX232DR).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semicenductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC and LinBiCMOS are trademarks of Texas Instruments Incorporated.
L

PRODUCTION DATA informalion is current as of publication date. Copyright © 1998, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instrumerits i
standard wamanty. Production processing does not necessanly include TEXAS

resting of all parameters.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



VAX232, MAX232]
DUAL EIA-232 DRIVER/RECEIVER

3LLS047G - FEBRUARY 1989 — REVISED AUGUST 1998
———

ibsolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Ve {seeNote 1) ... -03VtiobYvV
Positive output suppiy voltage range, Vg+ ... ... .. Ve -03Vio15V
Negative output supply voltagerange, Vg_ .......... ... o i -0.3Vto-15V
Input voltage range, Vi DRiver ... e -03VtoVpep+03V
R GBIV . +30V

Output voltage range, Vo T10OUT, T20UT ... ... i Vg..-03VtoVg, +03V
RI1OUT, R20UT .. e -03Vto Ve +03V

Short-circuit duration: TTOUT, T20UT .o e Unlimited
Package thermal impedance, 64 (see Note 2): Dpackage ........ ... ... ..o iiiiiiiiaaa... 113°C/W
DWpackage ............... ... ... ooiii... 105°C/wW

Npackage ........ ... ... . i 78°C/w

Storage temperature range, Tgtg .- oo oo —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) fromcase fori0seconds ............................... 260°C

" Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure fo absolute-maximum-rated conditions for extended periods may affect device reliability.

JOTE 1: All voltage values are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace length
of zero.

‘ecommended operating conditions

MIN NOM MAX | UNIT

Supply valtage, Voo 4.5 5 5.5 \

High-level input voltage, Vi {T1IN, T2IN) 2 v

Low-level input voltage, V|| (T1IN, T2IN) 0.8 v

Receiver input voltage, R1IN, R2IN +30 \
_ _ MAX232 0 70

Operating free-air temperature, Ta, oC
MAX232I —40 85

*@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




MAX232, MAX232i

DUAL EIA-232 DRIVER/RECEIVER

5LL5047G ~ FEBRUARY 1989 — REVISED AUGUST 1998
e

electrical characteristics over recommended ranges of supply voltage and operating free-air

temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT

T10UT, T20UT R =3 kQto GND 5 7
Vod High-level output voltage vV

R10OUT, R20UT |lgH=-1mA 3.5

T10UT, T20UT R =3k to GND -7 -5
VoL  Low-level output voltage® R10UT R20UT |IoL = 3.2 mA 0.4 v
ViT+ ;fg::g; 5‘(’)7{;‘;2‘90'”9 put R1IN, R2IN Vec =5V, Ta = 25°C 1.7 24| v
ViT— ;fg:m Zzﬁzg‘;e'go'"g input R1IN, R2IN Vee =5V, Tp = 25°C 08 12 Vv
Vhys  Input hysteresis voltage R1IN, R2IN Voo =5V 0.2 0.5 1 vV
i Receiver input resistance R1IN, R2IN Vee =5, Ta =25°C 3 5 7 k2
T Output resistance T1IOUT, T20UT | Vg+ =Vg_=0, Vo=z2V 300 Q
los®  Short-circuit cutput current TIOUT, T20UT  |Veo =55V, Vo=0 +10 mA
s Short-circuit input current T1IN, T2IN V=0 200 HA
Icc Supply current ¥§'E ;550(? v All outputs open, B 10 mA

T All typical values are at Vo = 5 V, Ta = 25°C.
¥ The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage

levels only.
§ Not mare than one output should be shorted at a time.

switching characteristics, Voc =9V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYF MAX| UNIT
PLH(R) Receiver propagation delay time, low- to high-level output See Figure t 500 ns
tPHL(R) Receiver propagation delay time, high- to tow-level output See Figure 1 500 ns
. R = 3k to 7 kil
SR Driver slew rate See Figure 2 30 | Vs
SR(tr} Driver transition region slew rate See Figure 3 3 Vius
.
3 13
I EXAS
POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265 3




VMAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

3LLS047G - FEBRUARY 1988 — REVISED ALIGUST 1998
———

PARAMETER MEASUREMENT INFORMATION

<
O
o

Ry = 1.3k

Pulse See Note C

Generator
(see Note A)

CL =50 pF

I (see Note B)
TEST CIRCUIT

«— 500 ns —m

1
pHL ‘ |<—-l—| PLH
| | VOH
Output 15V 15v o~ VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zgy = 50 £, duty cycle < 50%.
B. CL includes probe and jig capacitance.
C. Alidiodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpy and tp| 4 Measurements

{” TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265



MAX232, MAX232I
DUAL EIA-232 DRIVER/RECEIVER

SLLS047G - FEBRUARY 1989 — REVISED ALGUST 1998
- =

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2IN T10UT or T20UT
Generator ElA-232 Output
(see Note A) l
RL CL=10pF
(see Note B)
TEST CIRCUIT
510n5—ﬂ| |1— —»l |l1—£1nns
- 3V
! 90% 90% =
Input 50% 50% .
10% oV
i‘— S5us —
[—»—tpLH
tPHL 14— |
' |
90% | A= 90% VoH
Output I\ _10% 10% A
| ] = VoL
THL e T
~ 0.8 (VOH—VOL) 0.8 (VOL—VOH)
SR = t or 1
TLH THL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 €2, duty cycle < 50%.
B. CL includes prabe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy; and tp| 4 Measurements (5-us input)

Pulse
( :‘.Ge‘:nﬁ;at:o;\ ) o} l ElA-232 Output
Ik I CL=25nF

TEST CIRCUIT
<10ns —» |le— -l le— <10ns

Input | |
90%  90%
t N 10%
[ 20us —¥y
—»
tTHL . | r_ ‘TLH
—3v X | | A3v. . VoH
Output v \ I 3V
-3V VA VoL
SR 6V

 truL OF truw

WAVEFORMS
NOTE A:  The pulse generatar has the following characteristics: Zo = 50 Q, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for t1y and ty y Measurements (20-us input)

*? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265 5



WAX232, MAX232
JUAL EIA-232 DRIVER/RECEIVER

iLLS047G ~ FEBRUARY 1989 — REVISED AUGUST 1998

APPLICATION INFORMATION

5V
16
1]
. Vee -1~ 1uF
2 —
_——— C1+ .
1 0F s Vg4 —l*» 85V
= Jer- 6
4 —
e [ Vg.. —» -8.5V
n 5 1uF
b= c2- + L
11 b 1 Elaza2 Output
From CMQS or TTL 10 7
& ~ "  ElA-232 Output
12
«— I ' Ela232 Input
To CMOS or TTL 9 8
-« iy I b—<—— EIA-232 Input
15
GND

Figure 4. Typical Operating Circuit

“? TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




IMPORTANT NOTICE

Texas Instruments and its subsidiaries {TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Ti's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of ali parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSCNAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE ("CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSICON OF TIPRODUCTS iN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be pravided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. T| does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright © 1998, Texas Instruments lncorporated
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LM2575

1.0 A, Adjustable Output
Voltage, Step-Down
Switching Regulator

The LM2575 series of regulators are monolithic integrated circuits
ideally suited for easy and convenient design of a step—down
switching regulator (buck converter). All circuits of this series are
capable of driving a 1.0 A load with excellent line and load regulation.
These devices are available in fixed output voltages of 3.3 V, 5.0 V,
12 V, 15 V, and an adjustable output version.

These regulators were designed to minimize the number of external
components to simplify the power supply design. Stundard series of
inductors optimized for use with the LM2575 are offered by several
different inductor manufacturers.

Since the LM2575 converter is a switch-mode power supply, its
efficiency is significantly higher in comparison with popular
three—terminal linear regulators, especially with higher input voltages.
In many cases, the power dissipated by the LM23575 regulator is so
low, that no heatsink is required or its size could be reduced
dramatically.

The LM2575 features include a guaranteed +4% tolerance on output
voltage within specified input voltages and output load conditions, and
+10% on the oscillator frequency (£2% over 0°C to 125°C). External
shutdown is included. featuring 80 pA typical standby current. The
output switch includes cycle—by—cycle current limiting, as well as
thermal shutdown for full protection under fault conditions.

Features

e 33V, 50V, 12V, 15V, and Adjustable Output Versions
® Adjustable Version Output Voltage Range of 1.23 V1037 V 4%
Maximum Over Line and Load Conditions

Guaranteed 1.0 A Output Current

Wide Input Voltage Range: 475 Vo 40 V

Requires Only 4 External Components

52 kHz Fixed Frequencey Internal Oscillator

TTL Shutdown Capability, Low Power Standby Mode
High Efficiency

Uses Readily Available Standard Inductors

Thermal Shutdown and Current Limit Protection
Moisture Sensitivity Level (MSL) Equals |

Pb—Free Packages are Available

Applications

Simple and High—Efficiency Step--Down {Buck) Regulators
Efficient Pre—Regulator for Lincar Regulators

On—Card Switching Regulators

Positive to Negative Converters (Buck -Boost)

Negative Step—Up Converters

Power Supply for Battery Chargers

¢ Semiconductor Components Induslries. LLC, 2004 L]

May, 2004 - Rev. 6

ON Semiconductor”

TO-220
TV SUFFIX
CASE 314B

TO-220
T SUFFIX
CASE 314D

Pin

Feedback
ON/OFF

W
[ -
1
=]
E
=]
a

DZPAK
D2T SUFFIX
1 fi CASE 936A

Heatsink surface (shown as terminal 6 in
case outline drawing) is connected to Pin 3

ORDERING INFORMATION

See detailed crdering and shipping infermation in the package
dimensions section on page 24 of this data sheet.

*For additional information on our Pb—Free strategy
and soldering details, please downioad the
ON Semiconductor Soldering and Mounting
Techniques Reference Manual, SOLDERRM/D.

DEVICE MARKING INFORMATION

See gensrai marking information in the device marking
section on page 24 of this data sheet.

Publication Order Number;
LLM2575/D



LM2575

Typical Application {Fixed Output Voltage Versions)

Feedback
70V-40V W 4 L
Unregulated 5 LM2575 BopH
DClnput . | | Qupdt (T o
in
2 D1
100 “FI 3QGND 5 ONIOFF %msam*-jggg "
- = = = = p.

Representative Block Diagram and Typical Application

Unreguiated r

DC input +Vip 3.1 Vinternal QON/OFF
O—I—"i‘, Regulator OR{OFF 5
Cin ! l ’

T .

= ——H 7

Feedback Current ‘i
Limit

R2  Fixed Gain

Error Amplifier Comparator

Ri
1.0k Freq
Shift
18 kHz
123V G
Band-Gap 52 kHz Thermal
Reference ‘ Oscillator Reset Shutdown ‘L 1

5.0 V Regulated
Output 1.0 A Load

Qutput R2
Voltage Versions {€)
33y 1.7k
50V 31k
12V 8.84k
15V 13k
For adjustable version
R1=open, R2=00Q
Regulated
Output
Vﬂul
Load

This device contains 162 active transistors.

Figure 1. Block Diagram and Typical Application

ABSOLUTE MAXIMUM RATINGS (Absolute Maximum Ratings indicate limits beyond which damage to the device may occur.)

Rating Symbol Value Unit
Maximum Supply Voltage Vi 45 \4
ON/OFF Pin Input Voltage - ~0.3VeVe+V, v
QOutput Voltage to Ground {Steady- State) - -1.0 v
Power Dissipation
Case 314B and 314D (TO-220, 5-Lead) Pp Intemally Limited W
Thermal Resistance, Junction-to-Ambient Raa 65 “C/w
Thermal Resistance, Junction-to~Case Ruuc 5.0 “CIW
Case 936A (D2PAK) Pp Internally Limited W
Thermal Resistance, Junction-to—Ambient {Figure 34) Raja 70 °C/w
Thermal Resistance, Junction-to—Case Rajc 5.0 ‘CIW
Storage Temperature Range Tstg -85 to +150 °C
Minimum ESD Rating {Human Body Model: € = 100 pF, R = 1.5 k3) - 30 kV
Lead Temperature {Sotdering, 10 s) - 260 “C
Maximum Junction Temperature Ty 150 °C

Maximum ratings are those values beycend which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions} and are not valid simultaneously. If these limits are exceeded, device functional operation s not implied,

damage may cccur and reliability may be affected.

http:/lonsemi.com
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LM2575

OPERATING RATINGS (Operating Ratings indicate conditions for which the device is intended to be functional, but do not guarantee
specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.)

Rating Symbol Value Unit
Operating Junction Temperature Range T, -40 to +125 “C
Supply Voltage Vin 40 Vv

SYSTEM PARAMETERS ([Note 1] Test Circuit Figure 14)

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vi, = 12 V for the 3.3 V, 5.0 V, and Adjustable version, V,, = 25 V
for the 12 V version, and Vi, = 30 V for the 15 V version. I aaq4 = 200 mA. For typical values T = 25°C, for min/max values T, is the
operating junction temperature range that applies [Note 2], unless otherwise noted.)

Characterlistics I Symbol I Min Typ Max | Unit ]
LM2575=3.3 (Note 1 Test Circuit Figure 14)
Output Voltage (Vin = 12V, I gaq = 0.2 A, T = 25°C) Vout 3.234 3.3 3.366 A
Output Voltage {475V s Vip <40V, 0.2 A<l a0 € 1.0 A) Vout v
T,=25C 3.168 3.3 3.432
T;=-4010 +125°C 3.135 - 3.465
Efficiency (Vin =12V, lLgag = 1.0 A) n - 75 - %
LM2575-5 ([Note 1] Test Circuit Figure 14)
Output Voltage (Vip = 12V, I gag = 0.2 A, T = 25°C) Vout 49 5.0 5.1 \
Output Voltage (8.0 V< Vi, <40V, 0.2 A < I pag = 1.0A) Vot v
T, = 25°C 48 5.0 5.2
T,=-40to +125°C 4.75 - 5.25
Efficiency (Vin = 12 V. I gag = 1.0 A) n - 77 - %
LM2575-12 (Note 1 Test Circuit Figure 14}
Output Voltage (Vip = 25V, | gaq = 0.2 A, T = 25°C) Vout 11.76 12 12.24
Output Voltage (15V < Vin <40V, 0.2 A< | gag s 1.0 A) Vout
T,=25C 11.52 12 12.48
T,=-40to +125°C 114 - 12.6
Efficiency (Vin = 15V, I gag = 1.0 A) n - 88 - %
LM2575~-15 (Note 1 Test Circuit Figure 14)
Outpuit Voltage (Vin = 30 V, I pag = 0.2 A, T = 25°C} Vout 147 15 15.3 v
Output Voltage (1BV <V, =40V, 0.2 A <l gaq < 1.0 A) Vout \9
T,=25°C 144 15 15.6
Ty=-40to +125°C 14.25 - 15.75
Efficiency (Vi, = 18 V, I gaq = 1.0 A) 1 - 88 - %
LM2575 ADJUSTABLE VERSION (Note 1 Test Circuit Figure 14)
Feedback Voltage (Vin = 12 V, lLgag = 0.2 A, Vo1 = 5.0 V, T = 25¢C) Vea 1.217 1.23 1.243 v
Feedback Voltage (B.0V <V, 240V, 0.2A <] gaqs 1.0A, Vo =5.0V) VEa v
T,=25C 1.193 123 1.267
T,=-4010 +125°C 1.18 - 1.28
Efficiency (Vi = 12 V. b gaq = 1.0 A, Ve = 5.0 V) n - 77 - %

1. External components such as the catch diede, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2575 is used as shown in the Figure 14 test circuit, system performance will be as shown in system parameters sectian.
ngh = +125°C

2. Tested junction temperature range for the LM2575: Tipw = —40°C
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DEVICE PARAMETERS

LM2575

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vi, = 12 V for the 3.3 V, 5.0 V, and Adjustable version, Vi, = 25V

for the 12 V version, and Vi, = 30 V for the 15 V version. I oag = 200 mA. For typical values T = 25°C, for min/max values T is the

operating junction temperature range that applies [Note 2], unless otherwise pioted.)

Characteristics | Symbol Min L Typ Max ] Unit J
ALL OUTPUT VOLTAGE VERSIONS
Feedback Bias Current (V= 5.0 V Adjustable Version Only) Iy nA
T,;=25C - 25 100
T, =-40to +125°C - - 200
Oscillator Frequency Note 3 fose kHz
T,=25C - 52 -
T,=0to+125°C 47 - 58
T, =-4010 +125°C 42 - 63
Saturation Voltage (loy: = 1.0 A Note 4) Vaat A
T, =25°C - 1.0 1.2
T, = -40to +125°C - - 1.3
Max Duty Cycle ("on™) Note 5 BC 94 98 - Y
Current Limit (Peak Current Notes 4 and 3) loL A
T,=25°C 1.7 2.3 3.0
T,=-4010+125°C 14 ~ 3.2
Output Leakage Curent Notes 6 and 7, T, = 25°C I mA
Qutput =Q V - 0.8 2.0
Qutput =-1.0 ¥V - 6.0 20
Quiescent Current Note 6 la mA
T,=25°C - 50 9.0
T, = -40to +125°C - - 11
Standby Quiescent Cumrent (CN/OFF Pin = 5.0V {"ofM)) Istoy A
T, =25°C - 80 200
T,=-40t0 +125°C - - 400
ON/OFF Pin Logic Input Level (Test Circuit Figure 14) v
Vout = ov ViH
T;=25C 22 1.4 -
T,= -40t0 +125°C 24 - -
Veut = Nominal Output Voltage Vi
T,=25°C - 1.2 1.0
T, =-40t0 +125°C - - 0.8
ON/OFF Pin Input Current (Test Circuit Figure 14) wA
ON/OFF Pin = 5.0 V {"off"), T, = 25°C hH - 15 30
ON/OFF Pin =0V ("on"), T, = 25°C I - 0 5.0

i

The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overtoad which causes the regulated output

voltage to drop approximatety 40% from the nominal output voltage. This self protection feature lowers the average dissipation of the IC by

lowering the minimum duty cycle from 5% down to approximately 2%.

Output (Pin 2) sourcing current. No diade, inductor or capaciter connected to output pin.
Feedback (Pin 4) removed from output and connected to 0 V.
Feedhack (Pin 4) removed from output and connected to +12 V for the Adjustable, 3.3 V, and 5.0 V versions, and +25V for the 12 V and

15 V versions, to force the output transistor “off.
Vin = 40 V,

http:/lonsemi.com
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Vgat, SATURATION VOLTAGE (V) V1, OUTPUT VOLTAGE CHANGE (%)

INPUT-QUTPUT DIFFERENTIAL (v}

LM2575

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 14)

0.6 T T
V=20V [
| Il.Oﬂd =200 mA
04 Narmalized at
TJ =25°C
0.2 [
/
0
02 /’
Vs
04 7
-0.6
-50 -25 0 25 50 75 100 125
T;, JUNCTION TEMPERATURE (°C}
Figure 2. Normalized Output Voitage
1.2
14 —
. / //
0.9 el
A TA0C [ /( /_/
08—} S
R /,-/
06 ‘ )
12500 |
D.5
0.4
0 01 02 03 04 05 06 07 0B 09 10
SWITCH CURRENT (4)
Figure 4, Switch Saturation Voltage
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7 E—
4
2
10— —-2;? —
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08 \—_"'\
0.6
0.4
-50 -25 0 25 50 75 100 125

T;, JUNCTION TEMPERATURE {“C)
Figure 6. Dropout Voltage

Ig, OUTPUT CURRENT (A} Vour» OUTFUT VOLTAGE CHANGE (%)

Ig. QUIESCENT CURRENT (mA)

1.0 T T
Iy paq = 200 mA
U.B‘TJ=2500 ///
0.6 3.3V, 5.0 Vand Adj /‘
0.4 //
0.2 // i
0 12Vand 15V
-0.2
0 5.0 10 15 20 25 30 35 40
Vin, INPUT VOLTAGE (V)
Figure 3. Line Regulation
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Figure 5. Current Limit
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\ Vo =50V
18 X Measured at -
\ N Ground Pin
16 \ \ Ty=25°C
14
\\lmd =104
12 \ ~
10 ~
""l-u"‘-u-.__.____ —
8.0 |LOE[’ =200 mA —]
6.0
4.0
5.0 10 15 20 25 30 a5 40
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LM2575
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Figure 10. Oscillator Frequency Figure 11. Feedback Pin Current
Ll
2
5
=4
outeuT 10V =
VOLTAGE g
{PIN2) 0 =
(@]
OUTPUT 1.0A g
CURRENT =0
{PIN2) ) z
-
pucTor -0A &
CURRENT ¢ o 3
(5]
QUTPUT 20 mV 2
RIFFLE DIV =]
VOLTAGE 5
o
3

5.0 us/DiV

Figure 12. Switching Waveforms
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LM2575

5.0 Output Voltage Versions

Feedback
HO
4
Viﬂ V
L1 oul
LM2575-5 330 uH Regulated
Oupt gy Ouiput
2 s
v 30GND 50 OR/OFF
Unregulated  Cin +| Con
DC Input 100 uF/50 v = 330 pF
BOV-40V nev | lLoad
(o T e o
Adjustable Output Voltage Versions
Feedback
O
" 4
n LM2575 B Vaur
Adjustable 330 pH Regulated
Outpul rmm " Output
3 1 -
3OGND 50 ON/OFF ;
Unregulated e c R2
in + out
g nput 100 WFI50 V D1 L 330 uF
oV 1N5819 nev Load
R1
e - G

= _ R2
Vour = vref(1 + m)

v
R2 = Ri VL”‘—1
ref

Where Vg =1.23V, R1
between 1.0 k<2 and 5.0 kQ

Figure 14. Typical Test Circuit

PCB LAYOUT GUIDELINES

As in any switching regulator, the layout of the printed On the other hand, the PCB area connected to the Pin 2

circuit board is very important. Rapidly switching currents
associated with wiring inductance, stray capacitance and
parasitic inductance of the printed circuit board traces can
generate  voltage transients which can  gencrate
electromagnetic interferences (EMI) and affect the desired
operation. As indicated in the Figure 14, to minimize
inductance and ground loops, the length of the lcads
indicated by heavy lines should be kept as short as possible.
For best results, single—point grounding {(as indicated) or
ground plane construction should be used.

(emitter of the internal switch) of the LM2575 should be
kept 1o a minimum in order to minimize coupling to sensitive
circuitry.

Another sensitive part of the circuit is the feedback. It is
important to keep the sensitive feedback wiring short. To
assure this, physically locate the programiming resistors near
to the regulator, when using the adjustable version of the
LM2575 regulator.
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LM2575

PIN FUNCTION DESCRIPTION

Pin

Symboi

Description (Refer to Figure 1)

Vin

This pin is the positive input supply for the LM2575 step—down switching regulator. In order to minimize
voltage transients and to supply the switching currents needed by the regulator, a suitable input bypass
capacitor must be present {C, in Figure 1).

QOutput

This is the emitter of the internai switch. The saturation voltage Veat of this output switch is typically 1.0 V.
It should be kept in mind that the PCB area connected to this pin should be kept to a minimum in order to
minimize coupling to sensitive circuitry.

GND

Circuit ground pin. See the information about the printed circuit board layout.

Feedback

This pin senses regulated output voltage to complete the feedback loop. The signal is divided by the
internal resistor divider network R2, R1 and applied to the non—-inverting input of the internal error amplifier.
In the Adjustable version of the LM2575 switching regulator this pin is the direct input of the error amplifier

and the resistor network R2, R1 is connected externally to allow programming of the output voltage.

5 ON/OFF

It allows the switching regulator circuit to be shut down using logic levei signals, thus dropping the total
input supply current to approximately 80 pA. The input threshold voltage is typically 1.4 V. Applying a
voltage above this value (up to +Vj,) shuts the regulator off. If the voltage applied to this pin is lower than
1.4 V or if this pin is connected to ground, the regulator will be in the “on” condition.

DESIGN PROCEDURE

Buck Converter Basics

The LM2375 is a “Buck” or Step—Down Converter which
is the most elementary forward—mode converter. Its basic
schematic can be seen in Figure 15.

The operation of this regulator topology has two distinct
time periods. The first one occurs when the series switch is
on, the input voltage is connected to the input of the inductor.

The output of the inductor 1s the output voltage, and the
rectifier (or catcb diode) is reverse biased. During this
period, since there is a constant voltage source connected
across the inductor, the inductor current begins to linearly
ramp upwards, as described by the following equation:

| _ (,Vin B Vout) bon
L{en) — L

During this “on™ period, encrgy is stored within the core
material in the form of magnetic flux. If the inductor is
properly designed, there is sufficient energy stored to carry
the requirements of the load during the “off™ period.

Power
Switch
oo

) vy, M

L
RLLA

V()ut

Cout 1= § Rioad

lmi»

Figure 15. Basic Buck Converter

The next period is the “off” period of the power switch.
When the power switch tums off, the voitage across the
inductor reverses its polarity and is clamped at one diode
voltage drop below ground by catch dioded. Current now
flows through the catch diode thus maintaining the load
current loop. This removes the stored energy from the
inductor.

The inductor current during this time is:

L (Vout = Vo) ot

L(off) L
This period ends when the power switch is once again
turned on. Regulation of the converter is accomplished by
varying the duty cycle of the power switch. It is possible to

describe the duty cycle as follows:
ton
=75
For the buck converter with ideal components, the duty

cycle can also be described as;
d = Vout

Vin

, where T is the period of switching.

Figure 16 shows the buck converter idealized waveforins
of the catch diode voltage and the inductor current.

VuniSW]
P e —
2 Power T Power Power
s Switch Switch Switch
3z off Pawer Off On
B l Switch
B On
T Time
- Vp{FWD}
&
<
B ILoag{AV)
-§ II'Tllﬂ
= | | Diode | Switch | Diode | Swiich |
Time

Figure 16. Buck Converter Idealized Waveforms
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LM2575

Procedure (Fixed Output Voltage Version)In order to simplify the switching regulator design, a step-by-step
design procedure and example is provided.

Procedure Example
Given Parameters: Given Parameters:
Vout * Regulated Output Voltage (3.3 V, 5.0V, 12V ar 15V} Vour=50V
Vin(max = Maximum DC Input Voltage Vinimax) = 20 V

ILoadimax) * Maximum Load Curreni

I oadimax) = 0.8 A

. Controller IC Selection

According o the required input voltage, output voltage and
current, select the appropriate type of the controller |C output
voltage version.

. Controller IC Selaction

According to the required input voltage, output voltage,
current polarity and current value, use the LM2575-5
controller IC

. Input Capacitor Satection (C;;)

To prevent large voltage transients from appearing at the input
and for stable operation of the converter, an aluminium or
tantalum electrolytic bypass capacitor is needed between the
input pin +V;, and ground pin GND. This capacitor should be
located close to the IC using short leads. This capacitor should
have a low ESR {Equivalent Series Resistance) value.

. Input Capacitor Selection (C;,)

A 47 uF, 25V aluminium electrolytic capacitor located near
to the input and ground pins provides sufficient bypassing.

. Catch Dicde Selection {D1}

A. Since the diode maximum peak current exceeds the
regulator maximum load current the catch diede current
rating must be at least 1.2 times greater than the maximum
load current. For a robust design the diode should have a
current rating equal to the maximum current limit of the
LM2575 to be able to withstand a continuous output short

B. The reverse voltage rating of the diode should be at least
1.25 times the maximum input voltage.

. Catch Diode Selection (D1)

A. For this example the current rating of the diode is 1.0 A,

B. Use a 30 V 1N5818 Schottky dicde, or any of the
suggested fast recovery dicdes shown in the Table 4.

. Inductor Selection (L1)

A. Accaording to the required working conditions, select the
correct inductor value using the selection guide from
Figures 17 to 21.

B. From the appropriate inductor selection guide, identify the
inductance region intersected by the Maximum Input
Voltage line and the Maximum Load Current line. Each
region is identified by an inductance value and an inductor
code,

C. Select an appropriate inductor from the several different
manufacturers part numbers listed in Table 1 or Table 2.
When using Table 2 for selecting the right inductor the
designer must realize that the inductor current rating must
be higher than the maximum peak current flowing through
the inductor. This maximum peak current can be calculated

as fO||0\;‘VS. ¥ , (Vin_vout] ton
p(max) ~ Load{max) 2L
where {5, is the “on” time of the power switch and
ton = @ X [—1——
in osc

Far additional infarmation about the inductor, see the
inductor section in the "External Components” section of
this data sheet.

. Inductor Selection (L1)

A. Use the inductor selection guide shown in Figures 17
to 21.

B. From the selection guide, the inductance area intersected
by the 20 V line and 0.8 A line is L330.

C. inductor value reguired is 330 uH. From the Table 1 or
Table 2, choose an inductor from any of the listed
rmanufacturers.
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LM2575

Procedure (Fixed Output Voltage Version) (centinued)in order to simplify the switching regulator design, a step—-by-step

design procedure and example is provided.

Procedure

Exampte

3. Output Capacitor Selection (Cqye)

A. Since the LM2575 is a forward-mode switching regulator
with voltage mode control, its open toop 2-pole-2-zero
frequency characteristic has the dominant pole-pair
determined by the output capacitor and inductor values. For
stable operation and an acceptable ripple voltage,
{approximately 1% of the output voltage} a value between
100 wF and 470 pF is recommended.

B. Due to the fact that the higher voltage electrolytic capacitors
generally have lower ESR (Equivalent Series Resistance)
numbers, the output capacitor's voltage rating shoutd be at
least 1.5 times greater than the output voltage. Fora 5.0V
regulator, a rating at least 8V is appropriate, and a 10 V or
16 V rating is recommended.

5. Qutput Capacitor Selection {Cy,¢)
A, Cg .y = 100 pF to 470 pF standard aluminium electrolytic.

B. Capacitor voltage rating = 16 V.

Procedure (Adjustable Output Version: LM2575-Adj)

Procedure

Example

Given Parameters:
Vour = Regutated Output Voltage
Vintmax) = Maximum DC Input Voltage
I gad(max) = Maximum Load Current

Given Parameters:
Vo = 8.0V
Vin(max) =12V
ILoad(max) = 1.0A

1. Programming Output Voltage
To select the right programming resistor R1 and R2 value (see
Figure 14) use the following formula:

R2
Vout = Vief (1 + m) where Vet = 1.23 V

Resistor R1 can be between 1.0 k and 5.0 kQ. (For best
temperature coefficient and stability with time, use 1% metal

film resistors). v
R2 = R1 (VL‘” -1
ref

1. Programming Output Voltage (selecting R1 and R2)
Select R1 and R2:

Vout = 1-23(1 + %}Select R1=1.8kQ
v
R2 = R1( out — 1

80V
=18 k( -1
Vref ) 123V }

R2 = 9.91 k£, choose a .88 k metal film resistor.

2. Input Capacitor Selection (C;,)
To prevent large voltage transients from appearing at the input
and for stable operation of the converter, an aluminium or
tantalum electrolytic bypass capacitor is needed between the
input pin +Vj, and ground pin GND This capacitor should be
located close to the |C using short leads. This capacitor should
have a low ESR (Equivalent Series Resistance) vaiue.

For additional information see input capacitor section in the
“External Components” section of this data sheet.

2. Input Capacitor Selection {C;n)

A 100 pF aluminium electrolytic capacitor located near the
input and ground pin provides sufficient bypassing.

3. Catch Diode Selection (D1)

A, Since the diode maximum peak current exceeds the
reguiator maximum load current the catch diode current
rating must be at least 1.2 times greater than the maximum
toad current. For a robust design, the diode should have a
current rating equal to the maximum current limit of the
LMZ2575 to be able to withstand a continuous output short,

B. The reverse voltage rating of the diode should be at least
1.25 times the maximum input voltage.

3. Catch Diode Selection (D1)

A.For this example, a 3.0 A current rating is adequate.

B.Use a 20 V 1N5820 or MBR320 Schottky diode or any
suggested fast recovery dicde in the Table 4.
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LM2575

Procedure {(Adjustable Output Version: LM2575-Adj)} (continued)

Procedure

Example

4. Inductor Selection (L1}
A. Use the following formula to calculate the inductar Volt x
microsecond [V x ps] constant;

V
ExT=(V out

108
Vout) Von © Fifiz] [¥ X 1]

in

B. Maich the calculated E x T value with the corresponding
number on the vertical axis of the Inductor Value Selection
Guide shown in Figure 21. This E x T constant is a rneasure
of the energy handling capability of an inductor and is
dependent upon the type of core, the core area, the number
of turns, and the duty cycle.

C. Next step is to identify the inductance region intersected by
the E x T value and the maximum load current value on the
horizontal axis shown in Figure 21.

D. From the inductor code, identify the inductor value. Then
select an appropriate inductor from the Table 1 or Table 2.
The inductor chesen must be rated for a switching
frequency of 52 kHz and for a current rating of 1.15 X ligaq.
The inductor current rating can alsc be determined by
calculating the inducter peak current:

(Vin B Vout,) ‘on

Ip(max] - |Load(ma;v:}p + 2L

where t,, is the "on” time of the power switch and
v
on — "]

in fosc

For additional information about the inductor, see the
inductor section in the “External Components” section of
this data sheet,

t out 1

4. inductor Selection (L1)
A. Calculate E x T [V x us] constant:

ExT = (12—8.0))(%;29)1 1220 = 51 [V x us]

B.ExT=51[Vxnpus]

c. ILoad(max) =10A
Inductance Region = L22Q

D. Proper inductor value = 220 gH
Choose the inductor from the Table 1 or Table 2.

5. Output Capacitor Selection (C,)

A. Since the LM2575 is a forward-mode switching regulator
with voltage mode control, its open loop 2-pole—2-zero
frequency characteristic has the dominant pole—pair
determined by the output capacitor and inductor values.

For stable operation, the capacitor must satisfy the
following requirement:

Vin(max)

out = "V ¥ LIH] [WF]

B. Capacitor values between 10 pF and 2000 uF will satisfy
the loop requirements for stable operation. To achieve an
acceptable cutput ripple voltage and transient response, the
output capacitor may need to be several times larger than
the above formula yields.

C. Due to the fact that the higher voltage electrolytic capacitors
generally have lower ESR (Equivalent Series Resistance}
numbers, the output capacitor's voltage rating should be at
least 1.5 times greater than the output voltage. Fora 5.0 V
regulator, a rating of at least BV is appropriate, anda 10 V
or 16 V rating is recommended.

5. Qutput Capacitor Selection (Cqy)
A.

12 _
Cout = 7.785 8250 53 pF

To achieve an acceptable ripple voltage, select
Cout = 100 pF electrolytic capacitor.
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LM2575

INDUCTOR VALUE SELECTION GUIDE
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Figure 17. LM2575-3.3 Figure 18. LM2575-5.0
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Figure 19. LM2575-12

I, MAXIMUM LOAD CURRENT (A}

Figure 20. LM2575-15

200
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Figure 21. LM2575-Adj

NOTE: This Inductor Value Selection Guide is applicable for continuous mode only.

http:/fonsami.com
12



LM2575

Tabie 1. Inductor Selection Guide

inductor Inductor

Code Value Pulse Eng Renco AlE Tech 39

L100 100 uH FE-92108 RL2444 415-0930 77 308 BV

L150 150 uH PE-53113 RL1954 415-0953 77 358 Bv

L220 220 uH PE-52626 RL1953 415-0922 77 408 BV

L330 330 uH PE-52627 RL1852 415-0926 77 458 Bv

L470 470 uH PE-53114 RL1851 415-0927 -

L680 680 nH PE-52629 RL14950 415-0928 77 508 BY

H150 150 uH PE-53115 RL2445 415-0936 77 368 BV

H220 220 uH PE-53116 RL2446 430~-0636 77 410 BV

H330 330 uH PE-53117 RL2447 430-0635 77 460 BV

H470 470 pH PE-53118 RL1961 430-0634 -

H680 680 pH PE-53119 RL1960 415-0935 77 510 BV
H1000 1000 pH PE-53120 RL1959 415-0934 77 558 BV
H1500 1500 pH PE-53121 RL1958 415-0933 -

H2200 2200 uH PE-53122 RL2448 415-0945 77 610 BV
Table 2. Inductor Selection Guide
Inductance | Current Schott Renco Pulse Engineering Coilcraft
(uH) (A} THT SMT THT SMT THT SMT SMT
0.32 67143940 67144310 | RL-1284-68-43 | RL1500~68 PE-53804 PE-53804-S | DO1608-68
0.58 67143990 67144360 RL-5470-6 RL1500-68 PE-53812 PE-53812-S | DO3308-683
o8 0.99 67144070 67144450 RL-5471-5 RL1500-68 PE-53821 PE-53821-5 | DO3316-683
1.78 67144140 67144520 RL-5471-5 - PE-53830 PE-53830-S | DO5022P-683
0.48 67143980 67144350 RL-5470-5 RL1500-100 PE~53811 PE-53811-5 | DO3308-104
100 0.82 67144060 67144440 RL-5471-4 RL1500-100 PE-53820 PE-53820-S | DO3316-104
147 67144130 67144510 RL-5471-4 - PE-53829 PE-53829-S | DO5022P-104
0.38 - 67144340 RL-5470-4 RL1500-150 PE-53810 PE-53B10-5 | DO3308B-154
150 0.66 67144050 67144430 RL-5471-3 RL1500-150 | PE-53819 PE-53819-5 | DO3316-154
1.20 67144120 67144500 RL-5471-3 - PE-53828 PE-53828-S | DOS022P~-154
0.32 67143960 67144330 RL-5470-3 RL1500-220 [ PE-53809 | PE-53809-S | DO3308-224
220 0.55 67144040 67144420 RL-5471~2 RL1500-~220 PE-53818 PE-53818-S | DO3316-224
1.00 67144110 67144490 RL-5471-2 - PE-53827 PE~53827-S | DO&022P~-224
0.42 67144030 687144410 RL-5471-1 RL1500-330 PE-53817 PE-53817-8 | DO3316-334
330 0.80 67144100 67144480 RL-5471-1 - PE-53826 | PE~53826-S | DO5022P-334

NOTE: Table 1 and Table 2 of this Indicator Selection Guide shows some examples of different manufacturer products suitabte for design
with the LM2575.
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Table 3. Example of Several Inductor Manufacturers Phone/Fax Numbers

- , Phone +1-619-674-8100
Pulse Engineering Inc. Fax + 1-619-674-8262
. Phone + 353 93 24 107
Pulse Engineering Inc. Europe Fax + 353 93 24 450
. Phone + 1-516-645-5828
Renco Electronics Inc. Fax + 1-516-5B6-5562
AIE Magnetics Phone +1-813-347-2181
Fax
" Phone + 1-708-322-2645
Collcraft Inc. Fax +1-708-639-1469
Coilcraft Inc.. Europe Phone + 44 1236 730 535
» EUrop Fax + 44 1236 730 627
Phone + 33 8425 2626
Tech 33 Fax +33 8425 2610
Phone +1-612-475-1173
Schott Carp, Fax + 1-612-475-1786

Table 4. Diode Selection Guide gives an overview about both surface-mount and through-hole dicdes for an
offective design. Device listed in bold are available from ON Semiconductor.

Schottky Ultra-Fast Recovery
1.0A oA 1.0A oA
Vg SMT THT SMT THT SMT THT SMT THT
20V SK12 1N5817 5K32 1N5820
SR102 MBRD320 MBR320
SR302
30V MBRS130LT3 1N5818 SK33 1N5821 MURS320T3
S5K13 SR103 MBRD330 MBR330 MURS120T3 MUR120
11DQ03 SR303 11DF1
31DQO3 HER102
a0V MBRS140T3 1N5819 MBRS2340T3 1N5822 10BF10 MURD320 MUR320
SKt4 SR04 MBRD340 MBR340 30WF10
10BQ040 11DQ04 30WQ04 SR304 MUR420
10MQ040 SK34 31DQ04
50V MBRS150 MBR150 MBRD350 MBR350 31DF1
10BQ050 SR105 SK35 SR305 HER302
11DQ0s 30WQob 11DQO5S
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