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2.2.3.16 SPABUS
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s 218 guuuumsieuaeveslilslanea SPABUS Taeldaeloudnimas
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2.2.3.17 LONBUS
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2.2.3.18 Industrial Ethernet
v d { v 4 { (; )
Industrial Ethernet lagniiauniannuag Iddndwilymineiduanudede lang lu
1 % ) o o 3 .
isaneAoUszUUgAaINTsN nilalumgradmSuawd 159909 Industrial Ethernet Ao
9 A a 3 A 1 d' = [ I I~ o A
mslFnundeuazsimaadai liguiesnniindaduai luaaraduswaumn lugasunsn
Ethernet 1%&Lf"ilﬁ8ﬁ§ﬂﬁ N58n31 CSMA/CD (Carrier Sense Multiple Access/Collision Detect)
ok ay @ A ' s A Yo 9 =2y Y
iy Falldedeelusoans liawisamamsainaiies 185udeya 9 lumuzauduan
AIAUNTZUIUMIHAR
' % < 1 ' v o
ualuilogiiu Ethernet Tnuialumsdedoyagauinndt 100 mbp uazdairiarmy
Full Duplex 131105311 TEEE 802.3 A298AMU@ 115004 Ethernet Switch il9gtiuainisoda
Y 9 w ] ! v L4 Yo 9 1o A
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d? <3| ] : v e Y 1 an A g '
yuiluo819u1n Ethernet Switch EJ\‘]ﬂﬂﬂ'l'il!ﬁ%@lﬂ@l\‘lhlﬂﬂﬂﬂ’ﬂﬂﬁﬂTﬁLL'U'UI‘V]LﬂHW1ﬁ°])’\‘]L‘1JH@EJN

110 Tzl 2.19 uaasied1ana lves 100 BASE TX

HUB 1
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-’{:;:\ > 20 '/E/?:-: N ;\_c/ S Rx S5
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= 8 == S =
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S Ca? . - o -y o
Tx Rx Tx Rx Tx Ax
MAC | MAC MAC
DTE DTE CTE
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s 2.19 duuumaienaevedlisTnnea Ethernet
2.2.3.19 TCP/IP (Transmission Control Protocol/Internet Protocol)
' A a 9 @ a J 3 v o Y Y
uwa‘wmmuawmmuiﬁwsﬂuﬂmzuuaumaim@ TCP/IP EN‘VI'N'I‘L!"I,ﬂﬂlﬂﬂﬂU
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Ethernet 939939447 TCP/IP 111509099 19 3 laigasaail
1 W J
- Process/Application Layer (NeVNY 3 Y IVUFAVDN OSI)
- Service/Host-to-Host Layer (GIENIGENMY Transport Y93 OSI)
- Internetwork Layer (L‘ﬁ gUIAB9N1 Network VD4 OSI)
d' a 9 A [ d'd 2 Y 1 [
1HazNvIILaI TCP/IP ﬂ@“ﬁﬂm@ﬂiﬂijﬁﬂ@ﬁﬁﬁ1ﬂ 1 AINUAUTNUARWIZAIANATNNU

Ny HTTP dwisumsuaasnavidy FTP dsunsoteToulwd dludu Tepap doauilu
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Ts Taneadiis ldrenoudnedmazgnanivayusduunsvatelunnszuuaIu 919920817
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M3 1% Radio Tuaugaamnssunerdesnums 1y luanlunsdedoya aaaaaly
% v A 1 Y a < 9 2 = 1
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Anenna Antenna
RS-232 f«u e —
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2.2.3.21 IEC61850
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9
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Y

o U 1 a o a o a 1<
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awnsaldanuswiula sinuumsdeais 1EC61850 9214 Etheret ad1aRerd11sunsds
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2.2.4 1lslanea

]
v A

gannaudinluaa oSt ldmvuanssunmssonuuvuvodudas lilsTanoald

Ugtaaw lunndudulls Taneatemgluumsuesuuaiionnszalsgnoudiuais
E4

(3

=
JU

S o o A

J I £ 9 o v v o A <3|
]11]9]!!,3ﬂfnll1§ﬂlﬂu6]§ﬂellﬂﬂﬁu\1l!a$ﬂuﬂﬁa1]ﬂu&W@ﬂAﬁlsU15]\1‘”33'?1‘”@]35'”145@!‘”“

]
@ v o

@ v 1 A v o oA
uvlan (Flag) n3edataueningasuduveunsuegnluu Addmsudsy) luanasseisa:

~ 1 ~ v 9 [ ~ S ~ 19 A 19
‘].Iiﬁ)“i/]ﬂgﬂﬂ”lflﬂ”lﬂ‘l/]‘].l@ﬂ'J”IGUi’)lquai]?.ﬁﬁ\i]l']JTI"qu ll']J@W]ﬁ”l?JiJiii]‘Tl@EJG]HTINLW@‘LI@ﬂ’J”IGU’OiJﬂiJ”I

U U

]
a A

A 3 Y v ' R v o W s

10 Iy nazvane o luanegasenaraiudeyassaiaesgnaenindidelUdednsy wazlod
9 A v dyl 1 Q) A I Y] ) [ Y Aa (]

gaie Avarrlsuenindugesvveansuriodlusiadmivinsaasuanunanais wu
1 I I

CRC, LRC, %38 Checksum 115 Iaaealivainvaieaindte  (iuuuy ASCI) w5edlu

AA v 9 (] A o ~ < 1 o = ]
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2.3 1slanoa Modbus

2.3.1 Yoyaili/ves Modbus Protocol
I ~ 1 uszl . . =
Modbus Protocol Lﬂﬂﬂﬂmﬂaamgiuw Application Layer U934 OSI Model %40
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2.3.2 Sagilszasnlumsly Modbus Protocol

Modbus Protocol 1511 Open Protocol #afifie s Tnneaiteunsaliyanaia Tyl 1g
SnmadaasaiangUnsalf19ns deasuny Modous 181ae lideude19iela 4 34
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2.3.5 gUnuumsasdoyanmelu Modbus Protocol
= S A ' o 9
Modbus Protocol ugﬂgmﬂumimsﬂmmu Query-Response Cycle ADN1TAIA1TDIVIN
Y Y
Master 1184 Slave 111 foyananuavzgnussy 13 udiuves Query Message naznisda
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anuzvesdoyalu Slave nazminiAanuAANA1A Function Code vzgnanulaiiolsuen
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2.3.6 The two serial transmittion Mode
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2.3.6.1 RTU Mode
A So 1 A )
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Error Check Field: Cyclical Redundancy Check (CRC)

2.3.6.2 ASCII Mode
A (qg.: 1 A Y .
Wenou INTaaesAenNsaoa15U1 Modbus Network 1aeld1vua ASCII (American
: [ TS
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sinvvvesluadeyaluTnua Ascin
Coding System: @185 11 16UaZAIONYILOAN 0-9, A-F
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. : S 3 S| .
1 Stop bit 113N 14 Parity tagidu 2 stop bit 1)1 No Parity

Error Check Field: Longitudinal Redundancy Check (LRC)

2.3.7 Modbus Message Framing
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1 { 1 09; < A o 7 & ' . .
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VBAVDINTAIVDYALUY RTU ﬂammmawayaﬂmmﬂﬁlmg"l@mnm LUDUDNIIEN

(Bauad Rate) MVNAY t1az1@az Message 1213 Inavosdoyauuuaoiios
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2.3.7.2 Modbus ASCII Framing
Trua Ascr siuilumsdadoyaluanbaugveuavgin 16 (Hexadecimal) Faldndanns
maqmsdqeﬁ'mgmmu ASCII (American Standard Code for Information Interchange) STEURR

9 ~ ' P} s 3 v w o & g
VBUANDNEILULUU ASCIL ﬂl@‘lquaslluAIﬂ 1 th@]uu ﬂzgﬂm@ﬂlﬂu@jﬂﬂyﬁ 2 611 "H\Tlﬂulaﬂlﬁ1u16

o ] ] < <3| v W v v z S o 1w 1
AIDYNUBU 0x5B ﬂﬂ%@jﬂﬂ@ﬂlﬂu@n@ﬂﬂi "S" LIREAINYT "B"il1ﬂu1!ﬂu1ﬂ1ﬂﬂﬂa13]1ﬂf’%}uﬁ1
v
v - @ @ IS ) @ ) [ o
T ASCII UDNAIDNHINITDIND %z"lﬁ’gﬂu 0x35 913y "5" iuag 0x42 9 1135u "B" LLéI'JTI”I
1 o 1 dy 2 ~ 9 1 @ [l 1 I 9 4
N1TAITUA ASCII ﬁi’]\‘]ﬂ”lu'ﬂi’]ﬂllﬂ mwaw"lﬂ%mmumimm 0x5B Lﬂumayjawum 1 ]'IJJ@]

1uTvua RTU

nnmsdeteyalulvua Ascimsudoyafivzimsdezsududiomiosiuie "
(Colon) 1AZAMAIY Character MIJUBNBIASCII (ASCIT 0x3A) Taniewlsude "CRLE"
(carriage return-line feed) Laz3¥Hd ASCII 9na®df (ASCII 0xOD and 0x0A) H41118D4

Qy 9 qa: 1 A Y (] I 9
yadaugaveusudoyariu q uwagludiudu q veursudoyavzgnds lifludoyamugiu 16
4 @ Y

(0-9.A-F) Tagvaghiadoyainnnnmssudadoya ginsainnaiaznosasindoudoyalulia

U Qq

9
(% )

1A 1 @ A 19 Aag Y1 P a v ! Y
NUNTAITNH ASCIT v83 ":" f]’é)ﬂiJTHi’EJulllﬂ11Iﬂﬁ]$i‘Ui’JTﬂJm%ullﬂiJﬂ1iliﬂJ@Iuﬁ\1L“V‘liﬂJGU’E)y.a

u

Y Y 1 o 9 1
ONULA L!ﬁ5%3L“lﬂ@"ﬂiz‘ﬂ’lluﬂﬁi‘]ﬁllﬂylﬁ@lﬂ[lﬂ

START ADDRESS FUNCTION DATA LRC END
CHECK
1 CHAR 2 CHARS 2 CHARS n CHARS 2 CHARS 2 CHARS
: CRLF

51U 2.26 tlsumsdedoyauuy ASCI
o v 9 09)1 I 1" 9 Y v o
masuasdeyaluInua aAsci iy Wunsdsdoyalugidunusie ASCH vo3d26nYT
B o Yy a g o a "y 9 =R Aa o oszl A Ao & 9 9
Feansamnua laaretiadoyasiuau 7 0a lidesldde 8 Ua awiv danduiluaeelslu
M3a951ia ASCII 1 #2 92A991/52nDUAIY Start bit 1 1A Data bit Y8451 a ASCII 7 1 Parity
Y [
check 1 1 1a¥ Stop bit 1 Ta 5IWNMUA 10 Ta tazu@eInyIvua RTU Aansaden
v I v $ 1 §
Uszianue9  Parity Check 1d19z lMiflunuuguionnun vwie'laill Parity Check #39zd0q
{ Aa o U I
nlasudiaaenarnily Stop bit LN
=2 9/ vy o v ] 9y 1 1
dauli Tnua ASCH 2z hideedmuagieszeziamanarveulsudoyaudazisy ua

ginsaifidesamisonsidusieszezianana luvas imsdadeyasia ASCll udaz

Q
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@ Y <K 9 ] a 1T A a A a o [

@I’Jhlﬂ G]NT‘HﬂL’JH“If’NHWULﬂHVl‘]J uaauNaaNuAaNaIalumMsdoas lasdndvzmruan
dy 9/::' a == dyl . . = = 1 9

nmu"la‘w 1 U 138n1IA1UIT Time Out Period ﬁWﬂlfiJiEJ‘UmEJ‘Ui%ﬁ’JNW‘IiNEUfJHaGlHIﬁNﬂ

Y

F4
Asci fulvua RTU azwunmsastoyaluluua Ascir dumindesmsdsluddoyals
1w Y 19 @ <3 o 1 o s Y
snuTrua RTU szdesdsdoyasid ASCIl oon liludmiudewnvesimiuluadeya
TuTnua RTU Fasudoya 1 wlsuaunsadaoyaldunga 252 lud miniluTwuaasci

v v

) Ty & £ 1o v o 4 3 ¥
Avsdadoyadidnyseon lUiwua 2x252 Fuiy 504 @200y naztoluuiasg i
9y qg.: = ' o R o Y <3| 1o v v ~ =
msudoyavonsdos Tnuaiivinamiu Jedmualia 504 ifumswaudidnysuniige
TumsdunsudoyadieTnua ASCII
Y
' 1 1 E =~ ll
dyudefvesmsdedoyanny ASCI Ao mydsdoyalulvua ascr wwiuliedis

< A a dgl 9
T3 TﬂEJ‘VliJ Error (NAVYUUBDYININ

2.3.8 How Character are Transmitted Serial (t‘hé’unﬁdaﬁ'aé’nmaﬂuedn"lﬁ)

Significant Bit (MSB)

9
2.3.8.1 RTU character framing ﬁﬁ1ﬁvﬂlﬂiﬂﬂ%ﬂy‘aﬁ\‘lﬁ

With Parity Checking

Start 1 2 3 4 5 5] 7 8 Par Stop

Without Parity Checking

Start 1 2 3 4 5 (5] 7 8 Stop Stop

s 2.27 §rduiiadoya RTU
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2
=1

2.3.8.2 ASCII character framing ﬁa"wﬁmmﬁ@%gaﬁm

With Parity Checking

Start 1 = 3 4 o 5 7 Par Stop

Without Parity Checking

Start 1 2 3 4 = (=] 7 Stop Stop

[

228 Swudadoya ASCID)

=n.

31

2.3.9 Field of Message Frame
2.3.9.1 Description about Field of Message Freme
1). Address Field
Address ¥4 Slave fienusasinualdasazedlugag 0-247(311F) ud Slave 1

v ] v 9
azAvzgniiuanognielugig 1-247 1He901nd1unued 0 11y 92gnl¥d195 UBroadcast

Query %3 Master #13150521N0gUp4 Slave NABINTTOE5 19 Iaon151dNoguo Slave A7

U

i o1 1211 Address Field voav0n1Y
\ile Slave d4Response NEUL uvzihinsldfiedvedaiuesasly Address Field
VB Response Lﬁﬁ]alﬁ Master i}’h Response ﬁ"lﬁ'%’u‘tfmﬂumm Slave @inla
2). Function Field

Function Field Code a1u1safmua’lalusie 1-255 (;uaw) sududifivenls

[ 9
v A 0 Y

"o a <3| a o 4 o '
Slave N31UINE mmumﬂu“vuﬂalﬂuaxéfmﬂﬁﬁlﬁmaﬂi Lﬁ@ Slave NIN1TADUFAUDIND

'
o w Y o

I [ o (R a
T390 Master 1182 11Uz 19 Function Code Field 1Wudivsnaniuzmsmauiniuilng
A 1 ~ o I Aa o 1 . v Aa ] 19 Aa
n30'lu Tasnninnisiinudluln@iuazade Function Code SMANAGUN UADUAAAIY
Y ' Y
AANA1ATUITUZ A Function Code AMANNGUNINS DU Most-Significant Bit fgnasa1ln
I a @ £ o 9 1T A a d?
Wuaedn 1 AU ¥99291 1% Master NTIUIUNAANVAANA AV

3). Data Field

o

. A 9 ~ I ) [ B 9 9 o o w
Data Field fAevoyaNI Wl ud1msy Slave Gﬂﬂ@]@ﬂi%lu‘f]']iﬂ1\111!9]11]?]1?7\1%@\1 Master

Rl
]

=1

Ao . . = = A =) I 9
AMruAN1 14 Function Code %4 Data Field Henfinnuerunnie lullimen 1a
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2.3.9.2 How the Address Field in Handle (30113111 Address Field Tapg1415)
Address Field vouvlsudoyaszussgdadnys 2 @1 (ASCI) ¥30a28n13 8 1ia (RTU)

A . A Jd ' o A £ g ~
HaENvgyUDN Slave Device wamum%agiumgmum 0-247 @uilu Slave AddressinW1ZNoY
1 H Y
Tuduian 1-247 ¥e3 Master ign1191311 Slave Address 71811 Address Field vosdoyativ
A Y v e A ido g9 .
tagiile Slave ABINIIAOUNAY NuUazgnINaduunegntwiluivesniely Address Field
@ A 9y Y Y1 o w Ao Y 9y
YDINMIADUNGL 1O Master 391 Slave MaslinmInsUNaUVRITOYA
A 1o oA A A A Y o Y 19 @ Y
Nogdmnian 0 AeNeghgnaes Ndmiumsdedoyaludnvuzmsnszaedoya
o X a2 44 dye o 4
(Broadcast) 13NN UNUUI Broadcast Address mﬂmﬂuwgﬂumm Slave 1N €] ALUD Modbus
=\ 9 = 1 qg.: £ 19 9 dy ) Yo
Protocollin13 1§ 1uumnTed1eduge Famsaedoyannunszatedeyaiions lilasunis
gONTUNTOO1IYNUNUAIGITNITOU 9] 19U Modbus Plus 140151119999 Global Databast %4
an d" I an = o Y @ Y a d?‘ Y g
FEmsiduismsiawnsailimssmaadeyanavuldlaglasdnyazmwizyoinis

v 9
dunldeunyufeuvesdoyativ 9

2.3.9.3 How the Function Field in Handle (39N1501 Function Field 1ded19's )

Function Code U949 Message Frame 921559070083 11 Tinauodd 2 @2 n5e lvina RTU
o a 2 v A t4 1 [ v @ ' 3 A Y Y
$wau 8 Ua FesWanduysaivzedluga 1-255 wagsiavnswamniunamnsaldauld
o s . @ o o 9 1. !
nuneu Insamesvarusiaszih llszgnaldldnu Tueamniv wazenaziilueangn

1 Y
d15oa I3 1dims 1w luemaaiiodoyagndenin Master 11/84 Slave 11U Function Code
. ] = o A Y ¥ )
Field 92U0n 14 Slave N51009U5210NY0In15052 %17 Master A99N1550990 141 Slave
Autiums Meguru MIBTUA @011 On/Off YBINgNIVAADS NTINININITOIUADIUY
A A = » ! A : =2 9 o ) A

VD Slave NAUYUDY Designated Coils 1170 Register s lUdemseenliiins Loading %170
mM3asivaeuTdunsuniely Slave uaziile Slave in15aoundulUd Master  Tuaz 1y

. c A i Y =2 v A g a A
Function Code Field 119119000 19 Master N511U99mMsaeunavnluilna (Error Free) 11599019
=\ a a a d? . £ o I a 9 09}/
HANUHAL DALY T MAAAUY (Exception Response) FIM1NMIaaUnauuilnatatiu
Slave 92 @1M150@NOUAT Function Code tannav 1y 1dnd19d 10018 uaninnaanuianaia

b4 v
H301NA Exception Response U4 Slave 3¢ @95HaNA8UNINY Function Code tannavly az
o o . . a a Y
NN ITAIAIMost-Significant TuaeInialridlul
f19819
9 =~ A o 1 1 . . I
1). U9AUIN Master D4 Slave NNIN1T01UNYUVDN Holding Register asaluliaw

Function Code ¢19'11/31 : 0000 001 1(Hexadecimal 03)



39

2). 81110 Slave Device 111M3303v0MInTzifioguanMiionnn135o3uo91n Master
@ I Y { a 09;
MIABUNA VDA Slave dilusHanuansdnNuAanaInvoInssoevoiu Laz
4 v
WINAA Exception YUAINIZYNAINGUNIAG : 1000 0011 (Hexadecimal 83)
k4 1
WeNANHNITAALYAY Function Code §1115UN3IAA Exception Response %4 Slave ¢
o 4 o - o {
NuenanyalanzyeesHa 1314 DataField Y09 Response Message Huvzsimtinnvenld
' a I Aa I A =3
Master 13101 sznnveamsinaanuiudanarailulszinnlaniovendunguavednis
1A Exception Response 1i6ig Master Device's Application Program WM IADUITUNITIANT

. A a dg} = 3 @ A aa o 9 = 1
Exception Response NiNAVY TaBaziaAd Process 9NATIHAIINNNNTIHIReYoyangna 11/

U U

619 Slave 1182 Notify Operators

2
2.3.9.4 Content of the Data Field (Lﬁammm Data Field)
. I 9 ] % A ° =] ' '
Data Field !’lluﬂTiﬁ"i'NIﬂﬂi“ﬁﬂTﬁﬁ\‘lﬂﬁl@\ﬂﬁﬂJﬁWHﬁUﬁﬂ%TLlTH 2 M1 %ﬂagiuwaﬂ 00
= I 9 (Y o = A a g o v o
o FF IﬂﬂlfﬂuﬂWiﬁ]‘Uﬂﬂuﬂl@ﬂiﬁﬁl!ﬁ]ﬁ'ﬂ I3 1NUAUBD L 611!33'U1J RTU 91UIU 1 AIBDNHT

U U

A 9y 9 [ 1 A A 1 1 1 9 2 .
LW@ﬁlﬁﬁ@ﬂﬂaf]\‘]ﬂ‘Uﬂ'NiJ@lf]Lu@\‘lGU@\Hﬂ'ifJGUWEJGlHI‘ﬁﬂJﬂGU’é]\‘]ﬂTiﬁ\‘lW'luan]iJ"a %9 Data Field Y94

Yoyavzgna91n Master 1184 Slave Device Nussgdoya’ld Tay Slave A9 91i1 Function Code
9 1 A g o o 1 | o Y 1
nlgludrundumsnivuamsnizimni 9 21elu Device tazausailvdiulsznou
09; Y 2K o 3 A o o a <Y A a d? a
UUAR1BAAIND Register Address ATMsdamsuaziivlsuavesluddoyainaiuaianielu
a 4
Waa
{20814
1). 91110 Master #11n15509v0 1% Slave E]'”Iuﬂfj:iJ"]Ji’N Holding Register (Function Code
03) Data Field 9252 1)30150A Y04 Register 11az 521217 Register 11211 lafiog
Mmmsou
9 = o ¥ 1 ! R .
2). D111 Master mﬂumsawallﬂmﬂqmm Register n1elu Slave (Function Code 10)
Data Field 92321)30130AUY04 Register 11a2 521317 Register 11211 lafiaz i
A w s Y . = 9 A = ]
m3veutaz iy luavesdoyaniolu Data Field 59 Tudsdoyanazi@onlu Register
= a a dg’ ), "9 [ dl
3). win lidinnuAaNa AT Data Field 9299038910 Slave 1189 Master 11559

ay

Y 9y & 14 = a a 2 sa .
m3fesvedeyaiy PBuazminiianudanaimnadu Wadqniussy Exception Code
U89 Master Application Pazanusamuuamsnssineztimnlddaly1d
. 1 [l [~
4). Data Field a113079g 111} Address (Anwernilu 0) lumsvssyiszinnvesdoya

14 dredraru Tunsdeau091n Master Device 1o 1% Slave 11N13ABUNGLUNT
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a 4 1 < < . ]

AnApdoasud19zgnaen 13NAIN (Function Code 0B) Slave 32 liidoansdoya
A dy = . = 1 = 1 c?/‘ d‘ = o

uonmileanil Taeazdl Function Code o 1aRewiniufiog sz damsnszii

AN )

Y
2.3.9.5 Content of Error Checking Field (1110111904 Error Checking Field)
YszianveamsasiaeuaNUAanatalialeny 2 Uszian  dmsunislsauaiu
d! dy a (d‘ 9 a dg’ ]
WINFFIUVDI Mosbus Network Faipriveaddaanlslunmisasisaeunnuranainsziueg
v ad ad £ A o 9 B d'dyd (] [ csy
A5 1a3smaniaminun 1y daluniied 2 Ussnnasi
1). RTU
A o Y . a J a
o 1uuARTU gni1u1 1411 Character Framing Wadlumsasivdeunnuranain
1 . {o a [~ 3 o 1
92UTTYA 16-bit NEWIUNT Tagmsuiududoya 8-bit $1UIU 2-byte A1VBINITATIVAOU
a < Ay ¥ o Y ag J A
anuAanaradunan 1A91nn15A1UINA8ITYBS  Cyclic Redundancy Check (CRC) 9
o A 491’ 9 ) 4 v 9 1 = v A J 9
ANHUNMIVUHEMIVRIUBYA Wadvyed CRC 3zgnRUINNUYTR NMFUAINUTaagan ey
A g 2 A 7w D) o v
Message 1az1lota39d1 Low-Order Byte Y039 aa duagnuannuniusuauinsn a1uu1aig
. 5 { & . < 7 { '
High-Order Byte %9 CRC iilu High-Order Byte ﬁmﬂu"lmﬁmﬁ’wﬁgﬂm"lﬂalu Message
2). ASCII
4 ) . a) &
o Tnuaneangniiu 141y Character Framing Waanldlunsasrvaeuniiy
a 9 v W a2 Y v Y o £ o 1 3 Ay ¥
Hana1nveedeyaz UTI9A0NBIIO AN Ndosdidient sansasivdouainarnilumai la
o a . . & o o i ol
mﬂmimmmﬁ"sm% Longitudinal Redundancy Check (LRC) FUTUMTAUIVUNAWTUMTUY
K v b EEEEE S Aoy & A g A
eKIvedveya drundAynganeNyAsuANIUIZITNAIBIATEINYIY " (Colon) UAY
Y
AUAAIBAIONYT CRLF

T Y

A & & Y o i ¢ y
25N19 LRC uu%tﬂumiwuaﬂmnﬂu Message V]@ﬂﬂ@uﬁuTWﬁﬂ’qﬂﬂTﬂﬂl@Q

U
v

Jd 9 o

v @ A A A 1 A =2 o J v W
f79NY3 CRLF ﬁiﬂﬂ@ﬂﬁﬂﬁﬂﬂmﬂﬂu%ﬂ%ﬂﬂwaﬂﬂl@ﬂﬁ]ﬂﬂi&l1 CRLF HuUI93

2.3.10 Error Checking Method
] Y ] £4
TunsAnAp Ao 151U Modbus Protocal 11 1ain155Ud1d0yanalnT21319 Master
Yy a ) & axdq
oz Slave 32ABINNIATIVABUANNAANAIAVBITOYA FIITN 1% IUNITATIVADUAY
a A Y Y LI N . A =
Hawaialeg 2 Uszianalenu utiauilu Parity Checking (Even ¥3® Odd) @1M1301a8n
4 v

sdunuumMslszgnauesdionus 14 uazdnilszinnie Frame Checking (LRC 1@z CRC) 92

Jo 9 09/’ c?/‘ v o Y £ Y
1J3$qﬂ@lTTUGU@ﬂ'3'1111’]\1ﬁuﬂﬂ\‘]ﬂ'ﬁﬂﬁjﬂﬁaﬂllUUﬂjﬂﬂHﬁllaﬁllﬂﬂlwiumaya FUdumsaig
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Y
d A Y

1 Master Device tazlimsilszgndtiionvesdoyaneuiiazdeoon i) uaz Slave Device 92
9 v

9
asvaeUNIAIoNEsHazsudoyannualuszIeniing sy Taedsnsasiaaeunin

Y
nanaalaaae 1

2.3.10.1 Parity Checking
o 1 J <3| . .
gldeusadmuaaiuunonInsaaes 1T unDY Even %30 Odd Parity Checking 30
o S . . < : o a . g T
199z MU UL No Parity Checking 118 #Im3S1mualinved Parity 1115092097119
y 9 3 A . I a v W v W @ Y a
718 819 Even 130 0dd Parity 1Humsszylsmadidnys Iaedaonys 1 @29zminy 1 Ua
vosdoya (7 Ua JoyadminTvnua ASCI wag 8 dadeyadin5yTvua RTU) ¥eParity Bit 92
S g A 4 A A
gnasandu 0 w3e 1 ivertlunasulu Even n50 0dd vou 1 iin
o [ [ a o a { <
Mod1usu Tadoyas i 8 Ja 11539114 RTU Character Frame (i1 1100 0101
Ysurmwasivues 1 dalumsudoyaszminy 4 41110 Even Parity gnldaiu lsu
. a | o a a S !
Woyav03 Parity Uadeyaszidu o ilddsuimwasanves 1 Dadeyadluavg (4) nazi
. . a <3| o a a
Odd Parity gnlda1u ilsudeyaves Parity dadoyavzidu 1 ildlsummasiuves 1 ia

Jd v

I { 4 1 . . o o
Joyaiiluaad (5) Wedoyagndseen lUParity Bit aziimsdaazilsegndnumsudoya
& J ~ 9 [ @ a a Qsll 1 3 9 A o
%9 Device N1 lumssvazivilsmaves 1 danazasanilu Eror d1inwafifiuisoonun
liaseduain 1dfmua 138195 U Device (W0 9 Device U1 Modbus Networkdz@pafinuali
A3INVITNIUDN Parity Check)

Parity Checking @an3nauny lammizanuAana1aiinagin Odd Number ¥031iaiign

@ L]

189n139219 11 Character Frame 55%319A15849034a A106191%U 61 Odd Parity Checking

U
]

o J o a a o a {

Mz luadeyaaaiae 2 Tudlu 1 Tadeyadeninauussy i 3 lodlu 1 Oa waf
o { g a

aufevgsiuevaiy 1 Ua nazdlin1sszy1i 19 No Parity Checking tag1¥ No Parity Bit

Tumsdadoyauazannsaldan Parity Check 1@ vzApalinisiiny Stop Bit lunisddoyall

64 Message Frame

2.3.10.2 Cyclical Redundancy Checking (CRC)
N3ATIIADUAIINAANAIANUY Cyclical Redundancy Checking i 15un1sas19e0D
anurana1an 1§ ulvue RTU d9luTvnua RTU Yoyavzilsznovlidae Error-Checking

Field Tag3Tmsaenaniaz luf1iada3sn13ves Parity Check tag
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1 9
<KX A % a

o 1
11 CRC Field 3zus593oyamvgiuaesd 2 luddelidoyanavua 16 da Ao CRC
<3| o 1 . £ 9 v 9 . A g v o
witlumsfiuinlagn13as Device ¥ CRC a9 lwuanfudoya tag Device Ml uaI5
9 o ° ° = 2 T A o Y = = oAy Y
Foyariuszihnmsfiura CrRC BnasaluszrneiimsiudeyanaznlFouonamnldanns
o (% 1 d’ a d?’ a d' Yo . 1 ng; [l [ 1A a dg’
Auraniumnnaiuesean 1a5ulu CRC Field winaivaes luas sy udaai1il Error iiadiy
9
MIATINAOUANNAANAIAYDITOYANDY CRC WY 9z 1935 msvesdaneiiu Taons
o 1 4 % 1 a
ideyaluudaz laduins eeglugl X¥ +xX° +x%+1 lugdaumsInaludisaves
AYFIUADY

NaNMIIU8I CRC 7D

a9 = Y a = a 9
1). Uavoija M(x) HANUYIVDIVDY A m VA Qﬂ‘l{i”liiﬂfl G(x) 4ANUY1I R Uﬁvlclfﬂ”liﬂ‘ﬂ

1D XOR

2).m>r

3). uani 189nns4s -1 da wlziedoya Mx) a2 Idimsudoyaluidazgn
aa'l/ g5y
9o ) 9 k2 B 1 o " 9 A

4). f59z11 199031158 G(x) FaN1i1s lasduaasndeyainaniim
HaNa1A

ADY19NI5AIUIY CRC

Frame 903a M(x) 10 1101011011 A1m= 10 Ua
GX)AD10011A1r=>51e
m>r

ANNISEAU 10011 | 1101011011000

10011 | 111011000 tAH 1001
10011 | 11000 7Y 1110
WsuNE91101011011<-1110CRC

2.3.10.3 Longitudinal Redundancy Checking (LRC)
9
= . 5 . <3|

NITATIVAOUANNUNANAIALD Y Longitudinal Redundancy  Checking U funs

asavaauanuAanaiai 1yl Tnua Ascll F9vz1senou11@18 Error-Checking Field Vo4
A A A A 9 o Y 4 2 Y o o

Message tazANAEAoMIITUAUNana Ao Y " (Colon) HAZISTUGANIYAIONYT

£ an dy 1o & 9 o R =K . [ = @
CRLF G]N’J‘ﬁﬂﬁuhluﬂnﬂuﬁﬂiﬂ1uiﬂﬂﬂ13¢lﬁ’)ﬁ]ﬁﬂ‘ﬂlm‘ﬂ Parity I UIAYINUNITATIVETDULIULD

CRC
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. A o < Y A @ Yo a
molu LRC Field sglianvuziluluddoya 1 ludnussgdravgruaesidmou 8 da
£ [~ o Y .o . 2 aa A o @
F9A1v99 LRC (Junsa1uin Iae 19 Transmitting Device 3335150015111 LRC ldwuanny
Message 1ag 1udIUUD3 Receiving Device 92111M15/11498 LRC 53ninediimsivdoya uaz
o A 9 o I A A dgl a . = = [ 9 1 c?:
ihmn ldnamssiuiaazmninaiusianielu LRC Field vlSouiioudy dminans
1 1 @ d’ A ::' a d?
a4 1117 waNawaAe Error NiAAYY
a z Ja 1% AR Ao 1 Y
msasadeuanuianainlynua LRC Wy az1535msvesdanesnuihadeya
[ 4 )
YoIA2I8NYT ASCII Navoon lidaansn 1sAIuasdIn Exclusive-OR (XOR) 111508 9
digaieNn1@16nys BCC (Block Check Character)

NaNNIIUDI LRC A0

¥1 Parity Y0duaaz Dauoanna10nysdoya

A15199 2.1 MM Parity U934 LRC

b8 Parity
b7-b0 data A|B|C|D]|E F | G |H | J K L|M]|N
P 7 6 5 4 3 2 1 Character
1 1 0 0 0 0 0 1 1
1 1 0 0 0 0 1 0 2
0 1 0 0 0 0 1 1 3
1 1 0 0 0 1 0 0 4
0 1 0 0 0 1 0 1 5
0 1 0 0 0 1 1 0 6
1 1 0 0 0 1 1 1 7
1 1 0 0 1 0 0 0 8
0 1 0 0 1 0 0 1 9
0 1 0 0 1 0 1 0 10
1 1 0 0 1 0 1 1 "
0 1 0 0 1 1 0 0 12
1 1 0 0 1 1 0 1 13
1 1 0 0 1 1 1 0 14
1 0 0 0 1 1 1 1 LRC
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2.3.11 m3t)Seuiien Message Field 521319 RTU #1az ASCII

13197 2.2 150N UANNLANAIIYDY Message Field 5211319 RTU 1tag ASCII

Slave address | Function code Relay address Number of data to be read Ermor check

RTU 0 I 0 | 0 4 ] 0 0 0 0 C ‘m’ ‘mn’

ASCIT | - 30 30 30 3l 30 M ] 3 30 0003 | 8 W[ 45 ) CR [ LF

< ' v Y 1 Y 1 { ll
wiuanyuzveusudoyavzmilouny uanarsiuasediuvosdoyanogniely
o < 1
wsudoya 1iude Tulvua RTU doyalumlsuaziluavgiuaes uadeyaluTuua Ascin 4

S v v A g Y v Y qg.: Y g A W
yamelumlsuaziluddnusintlusa ascn Tuamdeyariu q asiuainminy o Tulsy
9 =®K 9 I A W 1 v W 9
Vayauuy RTU Waouiluanminy 30 GLL!T‘I’??J@] ASCII LLﬁ%L"BHﬂUﬂULWiNﬂJ@Haﬂ”li@]ﬂﬂ

4
v A

o A o ' = ~ %
NAUINLATDI Slave Gl‘LlT‘Villﬂ ASCII itag RTU LLﬁﬂQﬂj@ﬂWQlﬂjﬂUﬂﬂUqﬂﬂﬂu

M15199 2.3 WS eUMeUANULANAI9YDY Data Frame 541719 RTU 1ag ASCII

Slave address | Function code Number of data Data Error check

RTU 0 I 0 | 0 2 0 8 0 0 ‘m’ '

ASCIT ) R I O | Y kil 1 W3 )30 30 [ 46 M| CR|ILF

ANULANA1BN0819 11 THuA ASCII AU RTU AB@IUVOINITATIVADUANUAANAIA

Y
Measudoyaiiu TuTvua RTU 921935015 Cyclical Redundancy Check usiluTving ASCII
92193515 Longitudinal Redundancy Check ttazazlanigtoyadiosiauoan Character

Return (CR) 118% Line Feed (LF)
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Caleulat on algerithm of the CRC 16

UnFRF — CRCTE

>
L4
‘ CRC16 XORBYTE » CRC1E

'

N=0

"y

Move to the right CRC16

v

No — Yes
27Ty aver

A
CRETE XOR POLY — CRC 16

N=N=#+1
Mo ¢ A=
N>T
¥ >
o End of Yes
I megeage
Following BYTE

Nl

XOR = exclusive or

M = nurrber of information bits

FCLY = calculation palynomial of the CRC 16 = 1010 0000 0000 D001
(Generating povnomial =1 +3, + %5 + % )

Inthe CRC 16, the 1st byte transmitted is the least significant one.

5UN 229 uwUAIYBINITATINABTIANNAANA ALY CRC



Example of CRC calculation (frame 02 07)

CRC register initialization

XOR 1st character

Move 1
Flagto 1, XOR polynomial

Move 2
Flagto 1, XOR polynomial

Move 3

Move 4

Move 5
Move 6

Move 7
Move 8

XOR 2nd character

Move 1

Move 2

Move 3

Move 4
Move 5

Move 6
Move 7
Move 8

The CRC 16 of the frame is then: 4112

% L]

11 1111 111 111
0000 0000 0000 0010
1111 1111 1111 1101
0111 1111 1111 1110)1
1010 0000 0000 0001
1101 1111 1111 111
0110 1111 1111 1
1010 0000 0000 0001
1100 1111 1111 1110
0110 0111 111 1111]0
0011 0011 1111 11111
1010 0000 0000 0001
1001 0011 1111 1110
0100 1001 1111 1111]0
0010 0100 1111 1111]1
1010 0000 0000 0001
1000 0100 1111 1110
0100 0010 0111 1111]0
0010 0001 0011 11111
1010 0000 0000 0001
1000 0001 0011 1110
0000 0000 0000 0111
1000 0001 0011 1001
0100 0000 1001 1100] 1
1010 0000 0000 0001
1110 0000 1001 1101
0111 0000 0100 1110]1
1010 0000 0000 0001
1101 0000 0100 1111
0110 1000 0010 01111
1010 0000 0000 0001
1100 1000 0010 0110
0110 0100 0001 00110
0011 0010 0000 10011
1010 0000 0000 0001
1001 0010 0000 1000
0100 1001 0000 0100|0
0010 0100 1000 0010(0
0001 0010 0100 00010
| |
Most significant least significant

31U 2.30 f0819v99MIAUIU CRC (frame 02 07)

46
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M13199 2.4 1S euNeuANUUANA1TEHINE 14NA RTU ag ASCII

Modbus/ASCII Modbus/RTU

Characters ASCIO 0...9 and A..F Binary 0...255

Error check LRC Langitudinal Redundancy Check CRC Cyclic Redundancy Check
Frame start character 't 3.5 chars sience

Frame end characters CR/LF 3.5 chars =sience

Gaps in message 1 sec 1.5 times char length

Start bit 1 1

Data bits 7 3

Parity aven/odd none even/odd none
Stop bits 1 2 1 2

2.3.12 msdﬁeyaiwin Modbus Protocol ita2 Terminal Device
msda%’ayjasw*jn Modbus Protocol 1) Terminal Device %S{f?\)@ﬂ%} Modbus Field Bus
Plug (MRP21-FBP) FINADAYTOUADILH 319 Modbus Protocol 1 Terminal Iagagdl Input

A

18z Output pgn18 11 AZMTAIYOYAKIUNI Modbus Field Bus Plug amini laaeisao

2.3.12.1 Parallel Communication
v 9 ]
miuamﬂﬁﬂuﬁmumummu Parallel Communication Hu 92 1¥n151¥ouADUDY Field
£ 1Y) = o Y A A Y ol
Bus-Neutral Interface 39EADINNITNIHUAVDULVAVDYANUINNGA Tagn 1Digital Output
(FyaunlFaauny11ds Terminal) 590D 2 Digital Input (Y9 10AOUNAVIN Terminal
3 £ 9 ; n Yo . . A A o ¥ o

Device) %491 Field Bus Plug 131450 Telegram 911 Termianl DeviceYUMENIATOINIAININIU

1 v

Vo P} o % G A v ~
aguu ﬂgﬁﬂﬂﬂ1ﬂ1ﬁﬁ\1ﬂ1ﬂ1ﬁllaﬂlﬂaﬂ‘lﬁl@Hﬂiﬂu‘ﬂu‘ﬂ

2.3.12.2 Serial Communication

miuamﬂﬁ'ﬂuﬁmumumzmu Serial Communication % 1#31UAWFIVHADIN Serial
Data Protocol GT;wﬂ%’ﬂmG?awiaﬁ'wgﬂuuu Field Bus-Neutral Interface 3¥UULQAVITIUTDI
TEUVOUINDN LAg Parameter &Diagnostic Data “lumi%”uuazmida%’aya uazgﬁa Field Bus
Plug $1899% 1450 Valid Telegram 910 Terminal Device TMuagananagfiimsalasuuila

Y
Y @ o 9

o 1 S 1y 1q ya ~ 2
m@%allagﬁaQ%']ﬂuum@u"aﬂ\‘]ﬂa1’3%3Qﬂﬁ\jﬂ'lhljllilalﬂllﬂ1ilﬂaﬂulﬂ]a\jaﬂ
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2.3.13 dnvauzvesvoyamaldzUuuunsiauues Modbus Protocol
9 1 s & < [ A [ 1 [ 3
Yoyadn1a q vosgUnsainiily Salve aziivod luarsnlguanyazanunaua 4
i IS 1 N 3 9 . 1 =
a1519 Taguiaaeda1a1ausnilua On/Off (coil) H99INUVDYALVY Discrete AIUDNAD
A A 3 Y A v : 1 . . 1 I
asnfmaevzinudeyaiitumduay (Register) TuaI4u83 Coil 1AL Register A1INTNII1S

A A v = . A 3 ' = 9 Y £
111 Read-Only ADIV8UDYNINLAYY LASHUUD Read-Write ﬂamamuazmamagaaﬂﬂ”lﬂ BN

k4
% 1

1 ° Yy ' . A £ g
Lmazmiwmmwwﬂwmayjamwm 9,999 A1 1uaaumaa Coil %3® Contact G]NL‘]_]L!ﬂ"Ii

v & ' o o 1 o 1 &
Janudoyauuy Discrete Yoyauaaz A9z gnszA1M1IdI8 Address AUA 0000 D19 270E &9

3| a o3| a A =
Huevguavvn (lasilumygiuduas 0 93 9998)

Register il 18 bis =2 bytes= 1 word s address aun 0000 s 270F i

DafaAddresszs  CollRegsterhumbers — Type Table Name
0000 270E 19499 Rezd-ie Discrete Ouput Colls
(00010 270E 100011999 Read-Only Diserefe hput Contacts
(000t 270E 30001-39999 Read-Only Anelog Input Reqisters
(000t 270€ 4000149999 Rezd-Wrie  Analog Cutput Holding Registers

Y <
51 2.31 manudoya
. N S ' 3 % ' ' 4
Coil/Register Number 921Jutiio a1 Location Name %992 lids1ngogludoyanldiu
MISULAZNTAN 1A Data Address 92gnsz1odludoya FuSouadoumsiauaegy

llsuaindssanmeldezdesiithumanlsingeguihaessanue

2.3.14 Modbus Function Format
2.3.14.1 How Numerical Values are Expressed

A153%1)A1904 Numerical Values (144 Address, Code or Data) 9119 ¢ i vzueaso0nIN
Huevgudumeludiudoya deezuaaiuavgmdunnluluddoya Tasezgussyly

malu Message Field
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2.3.14.2 Data Address in Modbus Message

v
a

qu’ IS a o 1 4 : {
Data Address 191 AN1811 Modbus Message Lﬂumié’naw’faga”lﬂmmqua FIq9N

E
J v v 1

fataufusuguIsNves Data Item fofiegfisadaluiiogiumiaiigud dafrodudeli
1). Coil 92391 Coil fflu Coil Aumniadt 1 luTilsunsuarunguiefiegues Coil 0000
11811 Data Address Field ¥99 Modbus Message
2). Coil 127(31110) Afiogues Coil 0x7E (126 luszuuaug1udy)
3). Holding Register 40001 ﬁﬂ‘ﬁﬂﬁj"‘l]’t)ﬂ Register 0000 11 Data Address Field Y94
Message Gfﬂ Function Code Field "l@gf'izu Holding Register 358use0ndn ﬁuﬁami
8198904 4o’ T/ Taeil5010

4). Holding Register 40108 A9 Register 006B (1130 107 Tuszuumyguay)

2.3.14.3 Field Content in Modbus Message

307 2.32 UerA9RI0619989 Modbus Query Message uazgili 233 ifudaodraves
Normal Response Fainedaznaniionves Field lugaauguausin uazdaaai
Message dtaonsuluIvua ASCII 150 RTU 06195

Master Query Wunseu Holding Register ‘ﬁﬁ\iﬁ”l%}’f)ﬂllﬂgﬂ Slave Device Address ﬁ 06
1oz Message 12309U040a91n Holding Register 3 6o 40108 laanda 40110 Famsseyy
§1MU9V04 Register  9215UuT 0107 (0068 luszVLIAVFIUFUNN) 1AW0 HAZ  Slave
Response & @& #oU Function Code ﬁﬂﬂﬂﬂﬂﬁ 4 Normal Response Gld;Q 'Byte Count'Field Wums
3£1J31 8-bit Data Ttem vz @naInduN N1 113

'‘Byte Count' Field 9¢1/aA4n151H U84 8-bit byte ﬁmmﬂu%ga M35 ASCII uae
RTU $1 ASCH dana129ziiunsiunuy one-Half vesiadnys ASCI fufasaniely
doya uazluTvnua ASCI FitTu 4-bit hexadecimal 92 ABINMIFISNHIASCI 167 Farin
wdealiddnusasci 26 ludeanuiiussedoyauuy s-bit

Fredagu i 63 Miflwavgudunnidunsdadoya s-Bit 119w 1 ludaeluTnua
RTU (01100011) Funilousumdidalulvue asc fidosns 2 Tud dwmfu Ascr
'6(0110110) t1ag '3' (0110011) 'Byte CountField sziiudoyaiiiu s-bit Tasas lifileds

U

2515904 Character Framing (ASCII 130 RTU)
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How to Use the Byte Count Field

A g Y} w g ¥ o A 1w o 4
iodoenisadie Response Molutiviesnlsaamsmsiy ludnmidumsiylud
. A g 1 o W = IS ¢ o
LUD 8-bit lu Message Data uazarmiludrudiagvessioazidoanioluiladninuasg
152noUAIY Byte Count Field

9037 2.32 1aas Byte count field A1tHUN5 11 typical response 1Apd1a1s

QUERY

Example ASCII RTU
Field Name (Hex) Characters 8-Bit Field
Header - (colon) None
Slave Address 06 06 00000110
Function 03 03 0000 0011
Starting Address Hi 00 00 0000 0000
Starting Address Lo 6B 6 B 0110101
No. of Registers Hi 00 00 0000 0000
No. of Registers Lo 03 03 0000 0011
Error Check LRC (2 chars)) CRC (16 bits)
Trailer CRLF None

Total Bytes: 17 8

ﬂﬁ 2.32 W‘I’iﬂJ“llf]ﬂJmJ’tN Master Query with ASCII/RTU

RESPONSE

Example ASCII RTU
Field Name (Hex) Characters 8-Bit Field
Header - (colon) None
Slave Address 06 U 6 0000 0110
Function 03 03 0000 0011
Byte Count 06 06 00000110
Data Hi 02 02 0000 0010
Data Lo 2B 2B 0010 1011
Data Hi 00 00 0000 0000
Data Lo 00 00 0000 0000
Data Hi 00 00 0000 0000
Data Lo 63 63 0110 0011
Error Check LRC (2 chars.) CRC (16 bits)
Trailer CRLF None

Total Bytes 23 1"

‘lJ‘ﬁ 2.33 LV‘IiﬂJ“llf]ﬂJmJ’tN Slave Response with ASCII/RTU
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2.3.15 Function Code Categories

Y v
¥11A%1N3 3 499 Modbus Function code 11fi0

2.3.15.1 Public Function Codes
I A Aa .
1. W uHeuNAVUDY Function codes
[ I~ [ 4
2). msudlaneanuiluendnwal
I
3). Wwenasansisue
= Y 4
4). IMslsMsnaasunNNaeAndDd
Y 09; a A d A J Yo
5). UsenouaenatieuNilua15138E N Function code 151N UNLNIAADADL

' Y v
Function code 111185 uvaunmelissnundvsumsldlusuing

2.3.15.2 User-Defined Function Codes
D). 2N ADITLAVVD User-defined function code 191 65 5\1 72 1182310 100-110 decimal
2). {lFansaaenms@uiums Function codeil liseasuTaommziaizogld
(7=} v A 9 A . A I [ 4
3). lutimsmsuans 19veen1sidon Function code Milluondnyal
! o (3 ! ' . a S . .
4). 14 1dA0ams Nz iimsduni ey Functionallity 1911u'l1a Public Function
a o { 3 Py
Code fl9azdousudulay RFC uuzihldulaou lUidlunmanynidluasisuzuas
Hmsuounue IR Public function code o1 111

QI 4 L} d 4 1 4
5). N33A Modbus Lﬁamiﬁ]mamqmmmw1Qﬁ'mmuﬁaﬁ%wmmmimua RFC
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2.3.15.3 Reserved Function Codes

[

1). Function code mﬂuﬂ%wuﬂﬂ‘lﬂﬂﬂmw sndmsunaasamniuusanuaszlu1d

IFudwmsums Idasisue

127
PUBLIC function codes

100
PUBLIC function codes

¢a| User Defined Function codes
65

PUBLIC function codes

311 2.34 1WA Function Code ¥4 Modbus

M15199 2.5 1e1UUD4 Public Function Code

—-CI-

ead
Read
Wi

Data
Access

e

Diagnostics ‘Get Com event counter 11 oB | 6.8
Get Com Event Log. 12 oc | 6.10
1 Slave 1D

Other
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2.3.16 Function Code
t4 1 v 3 = ' :I 2 = =} oszl ' A
giln3al Slave Az 181U Network 111 921 Address 10F1U Gavzliaae 1-247 1o
{ 1 I 1 4 v
Master §o9vedoyall doya Byteusniigndeliazdouilum Slave Address 1ipsz1y3192
1 { @ 1 ' I 4 v a 1w
4117 Slave @ 1a @aulu Byte o laziiu Function Code 1iVo5z1)1d0an1sAnaenuai1sa
I 4 a 1 9 1 ~ A qa// ' ~ 9 =&

Ta iWumsvenidesnishazemudoyasdufernioniounazileudoya ¥4 Function Code

Y
amnsouni 18 4 Snvazdede liil

M15199 2.6 AR Function Code Definition

This type of data can be provided by an 1/0 system.
Discretes Input Single bit Read-Only u p y y

This type of data can be alterable by an application
program.

This type of data can be provided by an 1/0 system

Colls Single bit Read-Writa

Input Registers 16-bitword | Read-Only

This type of data can be alterable by an application

Holding Registers | 16-bitword | Read-Write program.

2.3.16.1 Discrete output coils %39 Read Coil Status (0x01)
Discrete Output Coils 111115014914 On/Off VY04 Discrete Outputs 11 Slave &4

4
Asmstioz lisessumsasdoyauu Broadcast

'
a

Query: Query Message 19321J0150AUY04 Coil 11az1f51181909 Coil Nazgniiae 1 &9 Coil

v A =~ A 9 ~ 1A o 1A . ~ [l o oA =
1IN 1 ASUYATUAUUDINDYNAUNUIN O Tae Coil 1 1-16 ﬂzagiumgmmmgﬂ 0-15

U

91IngU7N 2.35 HAAIAI9E1990INT5DIUBNITBIU Coil 71 20-56 910 Slave Device AT

17
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QUERY
Example

Field Name (Hex)
Slave Address 11
Function 01
Starting Address Hi 00
Starting Address Lo 13

No. of Points Hi 00

No. of Points Lo 25

Ermor Check (LRC or CRC) —

3UN 235 M15914ADIULVD Coil Status-Query

I % v a
Response : @911 VDY Coil Tu Response Message L’]J‘L!mi‘]ﬁii] Coil 1 77 A9 Data Field 1 UA
2 I ' a a Ad a < A <
Faziumstsvendouzvesa laetandu 1 aglidoiuzidu on uaz 0 velanuziily
Y s A LMY A <
off Tay LSB vo3toya luAusnzus59Nogued Coil 1311 Query 1az Coil du 9 NozaILN
o o A & i P .
Taudsmrdanidlugadugavesluddoya 1aze1n Low Order l1ouds High Order lu
Subsequent Byte
Srmsndudsuia Output Taendu 1 laiilu Multipoint of Eight nazl¥iafids
A (] ] v A 1o 1A v = o £ 2
maaaa“lu“lmmauawaﬂmﬂaﬂﬂﬂ‘laﬂumwumuw 0(3UNTNIDI High Order Fuilu
o A o
mﬁuﬁﬂﬁum"lm) Tat Byte CountField 92155915 ma1v0e luddoy aﬁmmumimwmgé’a

Q

mﬂgﬂﬂ 2.36 LaaIR29819u8IMIAouNaY Ui Query UM Opposite Page

RESPONSE

Example
Field Name (Hex)
Slave Address 11
Function 01
Byte Count 05
Data (Coils 27—20 CcD

)
Data (Coils 35—28)
Data (Coils 43—36) B2
Data (Coils 51—44)
Data (Coils 56—52)
Ermor Check (LRC or CRC) —

311236 M391MEADIULYBI Coil Status-Response

a01UEUDN Coil “Vl 27-20 !ﬂuﬂTﬁLLﬁﬂ\iﬂ1VlU Uala IﬂﬁlﬂTVlLLﬁﬂ\‘lﬂfJ CD G]NL‘]J‘LJ

£

a A <3| 9 £ . o oA <3|
UIIUTUNN uazmauﬂmlﬂumGugmﬁmilzllﬂ 1100 1101 %9 Coil AHUIN 27 131 MSB
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J Y dy . A < 2 Y . 9 = <
yo1 luadoyail ez Coil 1 20 91Ty LSB Famisuduaes Coil 9ndnellynazlidniuziiy
ON-ON-OFF-OFF-ON-ON-OFF-ON

a 4 I~ (% [
dameluvedludeziumsuaastimsviudoeyaninldniedreves MSB nazadu’ll
2 . J < o A % o o oA
M9U1Y949 LSB #43 Coil Tuludusnazidludmian 27 nazazviu laldadwmian 20 Tasns
[ J I @ Jd v < . o ] {
viudganardumsviunngieldu uazluludada ldszidly Coil dwmiian 35 Tdauds
.0 oA o 9 v = o A A 1 o o A Y %
Coil Aumiiad 28 viunndneldvrngudeanu welimsdedwodavesdoya duvz Tnavin
Y
LSB 11J8ia MSB @4t 20....27, 28....35 uazee q 11

J Y

4 o 1 { g ! 1
Tu'luadeyagagaiie dn1uzues Coil Aumiiah 56-52 sziiluluddoyanussga 1B

EY
]

¥ £ g a A A a & v £ o A A
]'I,’J G]f\ilﬂumslli”mﬁ‘ﬂﬁﬂ m*ammﬂaamﬂmamgmﬁmﬂﬂﬂ 0001 1011 BIAKUIN 56 AD
o s o | Yy 9 a9 v A < 7Y g
AWK HIUANTINNNINATUE1IUAL AU UIN 25 il‘éﬁl“]J‘L! LSB "'IJ’PJQI'I,UWU@H@H Tﬂﬂﬁﬂ”ﬂ!%“u@\i

Coil 71 56 Tlauded e 52 azdianuzidlu ON-ON-OFF-ON-ON

2.3.16.2 Discrete input Contact %30 Read Input Status (0x02)
. S J . 3PN
Discrete Input Contact 1WuMIoIUTD UL On/OFf YO Discrete Input u Slave 9353
4
19z liiseefumsdedoyaiuy Broadeast
Query: Query Message 9252 1J9A13NAUYDI Input 1182151194999 Input No1U Fe921TUAUN
A 1o oA ) 1A 1< A A J ) 1A
NBYAULHUIN 0 Iﬂﬁl Input AWK UIN 1-16 %Lﬂumgmﬂumtmmﬂ 0-15

911n319 2.37 HaAIAILE19UBINIT5IUDN158 11 Tnput 10197-10218 910 Slave Device

QUERY

Example
Field Name (Hex)
Slave Address "
Function 02
Starting Address Hi 00
Starting Address Lo C4
No. of Points Hi 00
No. of Points Lo 16
Error Check (LRC or CRC) —

311237 71501UAD1ULYOA input Status-Query

S o 1 a 5
Response: @91US Input Tu Response Message Lﬂumillﬁi]‘ Input 1 1999 Data Field 1Ua F99y

g ' ' PN A A g ~ 2 ~ 3
WumstuenNaauzvesta lagtanily 1 aziaoiuziiluon uag 0 azlaniuziily off
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4 { [ 4 1<
Tag LSB v039oya ludnsnazus39Negues Input 1311 Query uag Input 91 9 Aagamuun'll
o o A d 2 ¢ .
widdelidugadugavesluddoya 1aze1n Low  Order lJaude High Order T

Subsequent Byte

a

o Aa o 1 g . . . { o
A nduYTua Tutput Taendu1ai 13w Multipoint  of  Eight taz 1 iahé

] 4 @ @ { 1o A o . o
widoogluluddoyagagaiiegnoa l3nufegd e 0 (VN30 High Order Fuilu

= @ . A 7Y Ao a o 3 ¥
ﬁ]ﬂﬁuﬁﬂﬂlﬂﬂllﬂﬁ) Tag Byte Count Field ﬁ]gﬂiii}‘ﬂilﬂﬂﬂlﬂﬂ“hJWUBEJaTIﬂHuLlﬂTiﬁTﬁilua'J

Q a R

1317 2.38 naasdednvoan1saana 11ds Query Un Opposite Page

RESPONSE

Example
Field Name (Hex)
Slave Address 11
Function 02
Byte Count 03

Data (Inputs 10204—10197) AC
Data (Inputs 10212—10205) DB
Data (Inputs 10218—10213) 35
Error Check (LRC or CRC) —

311 2,38 71591UADIULYD Input Status-Response

o oA o3| 1 A
A0NUZVD Input AIHUIN 10204-10197 Wumsuaasa luddeya Tasafuansfo

U

£ a A g Y £ o oA
AC %Qlﬂulﬁﬂli'luﬁ‘i_lﬂﬂ uazmauﬂmgﬂummgmaﬂwﬂﬂ 1010 1100%4 Input @AV UIN
= o & v A y Yy 9
102045]3!;1]1! MSB ﬂjm”lwmu,azmtmum 10197 il%"]]flﬂﬁnﬂﬂTl!G]f'llelﬂeU'ﬂ Iﬂﬂﬁﬂ1u$““ﬂx‘l
Input 91 10204 l)audedumiian 10197 vz iiaouziili ON-OFF-ON-OFF-ON-ON-OFF-OFF

A0 UR Input Aiei 10218-10213 Humsuaassrluadoya Tasmiiuaasio 35

2 @ a A g Y £ o roA
mgﬂmammuﬁuwﬂ uamJ’e)uﬂauﬂmamg”luﬁawzllﬂ 0011 0101 9N Input AUHUIN 10218

£

I~ VA o 9

o ) sy o oA 2
Lﬂumgmum 3 1!1Ji]1ﬂﬂ1u¢]51861]6\1"l,1jﬁﬂl®34”a Uag Input AUHUIN 10213 L‘]JL! LSB IﬂEJ

A91UzY04 Inputh 10218 Tloudadumuan 10213 aziiaarugiiu ON-ON-OFF-ON-OFF-ON

2.3.16.3 Analog output holding register %30 Read Holding Registers (0x03)

]
=1

<3| ' 3
Analog Outputs Holding Register nJumimuimazlﬁemmmeﬁ'mgamﬂmamgmﬁawm

Holding Register 11 Slave t1@vz liseeiumsdadoyailszinn Broadcast
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Analog Outputs Holding Register gﬂi%qwuﬁuﬁw Analog Output (AO) 1w Fieldu5alu
mﬁé?whsffay,mm Slave 993aU09 Holding Register 92117216127 16 Ua Fafianuaunsana
m3Beunas e udeya 1519 Address Sl 40001-49999 Tasdoyariia Floating 30
Double Floating %mﬂuﬁamuqmﬁ'aﬁmiﬁmuﬂ Address
Query: Query Message ﬁlzmiﬁ;ﬁméu&'umm Register 1821/51181909 Register 191015811

{ A o A o . { 8 {
TaoNogisuAuYDI Register Ao e 0 92117 Register 01 1-16 vzgninu 13 Tufleg
AU 0-15

9110319 2.39 1AAIAIPE19UBINTS0IUONTBIN Register 1 40108-40110910 Slave

Device @1 17

QUERY
Example

Field Name (Hex)
Slave Address 11
Function 03
Starting Address Hi 00
Starting Address Lo 6B

No. of Points Hi 00

No. of Points Lo 03

Error Check (LRC or CRC) —

511239 M391ADIULYOI Holding Register-Query

3 4 1 o

Response: Register Data 11 Response Message 111un151559 luddeya 2 ludae 1 Register i

A Ag v Y o q9a Yy 9 s vy
eazdeaniuaugIudoodoya lnsdeednldsavouaiudioved luddenanaisuas
0 a | s < | ) o <
91131 Register U ievves luausnanilu High Order Bits wag luanaesaziilu Low Order
Bits

Yoyavzgnaunulu Slave 1 Register @mnadl 125 Tasmsaunudiniy 984-X0X

1 Y

Controller (984-685, etc) Liae Register AnaN 32 FUTUMTAUAY Controller NINVA N5

o v T o A~ ¥ Ny Y
ADUNAVVDIVDYAVLYNEINA UV UNBNNITIVIINUDYAITIUTLLED

1ngU7 2.40 naasdedveInsaounay 1183 Query U Opposite Page
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RESPONSE
Example

Field Name (Hex)
Slave Address 1
Function 03
Byte Count 06
Data Hi (Reqister 40108) 02
Data Lo (Register 40108) 2B
Data Hi (Register 40109) 00
Data Lo (Register 40109) 00
Data Hi (Register 40110) 00
Data Lo (Register 40110) 64
Ermor Check (LRC or CRC) —

311 2.40 M391MEADIULYDI Holding Register-Response

=1 - o oA I 1 Y 4 VoA
7190810 YAUDY Register AU UIN 40108 L‘}Jummamm"lmmayja 2 I'IJJ@] Iﬂﬂﬂ”ﬁ/]
= £ g a A Aa =
Uaadne 02 1ag 2B «mﬂmamgmﬁuwﬂma 55511!531J‘]Jmﬂ@']‘1!ﬁ1| LUASINYASIDYAUDN
. o 1 { [~ a
Register GHLL‘H“H\N?I 40109-40110 9213 00 00 L1z 00 64 Glu’igﬂﬂla*llj'luﬁﬂﬁﬂ ‘Vi?@ ouaz 1

Tuszuuavguay

2.3.16.4 Analog Input Register 130 Read Input Register (0x04)

A g

| 1

Analog Input Register L‘}Jumimui1ﬂax1,'5emmaﬁfauﬁamﬂmamgmﬁmmm Input

Register 11 Slave iavz liseasumsdedoyatlszinn Broadcast
Y

Analog Tutputs Register Qﬂi%}ﬁ1uﬁﬂﬂ1 Analog Tutput (AO) 14 Fieldn3a lun1sdan
Yo1av04 SlavedoyaV0 Input Register 921A8127 16 T Taslinnuansalunsein’ld
=\ 1 =S 1 Qs,l 9 o A 9 a _ =
g0 1R8N 92195 Address A1 30001-39999 TasUBYAYIA Floating 130

. [ g 4 o
Double Floating %Zlﬂuﬁlﬁﬂ’JUﬂulﬁﬁ)ﬁﬂWiﬂWﬁuﬂ Address

v
a

Query: Query Message 9213599013 UAUVDY Register 1azTu1a1909 Register N92H 1015011

{ 1A " ) 1 { ) 3 { < { 1
TaoNogITuAUVOI Register  ADAIMUUIN 0 9271117 Register 91 1-16 vggmnu 1A luiiog

A9 0-15

13U 2.41 HAAIAIDENVDINTSDIVBNITOIU Register 1 3009 910 Slave Device 72
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QUERY
Example

Field Name (Hex)
Slave Address 11
Function 04
Starting Address Hi 00
Starting Address Lo 08

No. of Points Hi 00

No. of Painis Lo 01

Error Check (LRC or CRC) —

gﬂ‘ﬁ 2.41 MIOIUTADIUSVON Input Register-Query

I 4 Jd @

Response: Register Data Tu Response Message Lﬂumimsﬂm%ga 2 ludse 1 Registern1

a  Ag ¥ Y o q9Ya v o 1y
518@3&@ﬂﬂﬂlﬂumﬂ]ﬁ”MﬁﬁNﬂlﬂﬂﬂlﬂyjﬁ Tﬂﬂ@]@ﬂﬁ]ﬂiﬁ"]ﬁﬂﬂ]E]‘]_Iﬂ”lusll’.)'l"ll'ﬂﬂll‘]_lﬁﬂﬂﬂa”I’Jﬂ’JfJ uae
o @ . o A a 7 < i i s I
1131 Register AU ) ﬂﬁlﬁmﬂﬁlﬂﬂlﬂ\illﬂmliﬂ%&,ﬂu High Order Bits uaz"lwmaawmﬂu
Low Order Bits

doyaszgnaunuly Slave f1 Register @Mniaf 125 Tagmsaunudinsy 984-X0X

[ 9

Controller (984-685, etc.) Ly Register AUMUIN 32 FUSUMTAUAU Controller NINUA NI

o v v D A~ ] Ny Y
ADUNAVUBIVDYAICYNAINAVNUNDNNITIIUIINVDYALTYUIDYLLAY

1311 2.42 neraeRleg19veIMInouNal 1183 Query BU Opposite Page

RESPONSE
Example

Field Name (Hex)
Slave Address 1
Function 04

Byte Count 02

Data Hi (Register 30009) 00

Data Lo (Register 30009) DA

Error Check (LRC or CRC) —

317 2.42 M3 WALV Input Register-Response

= . o A [~ 1 7Y 4 VoA
19V YAUDY Register ALV UIN 30009 Lﬂuﬂ’lilLﬁﬂ\iﬂWl’l’Uﬁﬂl@y‘ﬁ 2 ulfl_lﬁ Iﬂﬁlﬂﬁ’]

A &£ a A a
Haedne 00 Las 0A Gﬁilﬂulﬁﬂljﬁuﬁﬂﬁﬂ 139 10 Gluiz‘umaﬁugmﬁu
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2.3.17 Yofuaz ¥9311ava3 Modbus Protocol
2.3.17.1 ¥9@v89 Modbus Protocol
I {1 1 @
. iiuTls Taneafiireaemsisouiiasiann
2). ims 1% U088 19N A 1813 52U Process Control, Power Meter, Chillers, Boilers,
1 [~
aunumsenszua Wi Hudu
J Jq ¥ 9 o ) Y s a 9 a 9y
3). MITWNGUUBN IFutazdianm dginsannaannratednanaiusa lsau

sanuld

2.3.17.2 ¥9317AU04 Modbus Protocal
g { 1 ' % o a o w 1
D). iTuTls Taneaniimsdadoyadio q lidudeuevilinadedinalumsdedoya
Y
14
2). llafbﬂﬂmmmzﬁuqa Standardization

=% 9y o
3). mmgamﬂmmmm@

4). Av1ee1992 liasamuuen1INa N0 Modbus Nitiueu 1a

2.3.18 NMSQ]‘Mmﬁ!“fJi’)NV{ﬁ‘U‘M Modbus Protocol
4 1 ] a 4 1 1
WIATFIUNMSIFOUADUY Modbus Protocol 1H14N159198989M5150UAB3Z1HI1 Modbus
Protocol 11A% Terminal tWeRIMsdIEIUToyan 1INy Taonsldmelonaonie Serial Port
I @ (R 9
Wudnanslumsdariiudoya
. =1 1 a Y (Y] ltd'Q 9 =1 1 a A
Serial Port Hagnatewtiagiony  uanienlun Modbus Protocol 9z3i0g 2 1iafe
1). EIA-232 30 RS232
3| A A @ dgl @ a = A a
EIA-232 ilumnasgrumaseusongniaunduluansyomsmluil 1969 tivotio
= d‘ [ [ AI 1 U Y
srwazideanenudygia ldiuazmsisouaenianieninszniteglnsalduniuasg
% o { IS v A ]
Yarems Feimanlasudeyaldidudoyaluusuuveynsy nazduilageslddeonuuy
4 o [ a [ N Y 1 A L] 1 v A 1 128
g1saunitaz Tls Tanoasmnsniauwdndual lded1edangu 1A EIA-232 §ligaooungis

A 9 A o A Y} o ~ a a A =2
JJmSW@m”IZJW]Sﬁ”IU’Ou 9 @nuuflufnﬂﬁaq L‘WEﬂ‘Hﬂﬁ‘ﬂN1‘lﬂJﬂi$ﬁvl‘ﬁmwmﬂﬂwu
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2). EIA-485 1139 RS485

[ [

<3| 4 % @ Y
EIA- 485 flusznudemsuuvaugadeldsedudyanasedu@ertuinasgiu EIA-

O 9

= (4

422 uaiudasIMsdedoya uaziisuaudriudeludoderduainisaiite 32 daauh

WMATTIUMNUA FUL0AD RS-485 2 4A250NDN081991 RS-422 11199

2.4 noulnsataes TMS320F2808
2.4.1 ANYULINNIZUYDI TMS320F2808
1). High-Performance Static CMOS Technology
- 100 MHz (10nS. Cycle Time)
- 60 MHz (16.67 nS Cycle Time)
- Low-Power (1.8 V Core, 3.3 V I/O)
2). JTAG Boundary Scan Support
3). High-Performance 32-Bit CPU
-16x16 and 32x32 MAC Operations
-16x16 Dual MAC
- Harvard Bus Architecture
- Atomic Operation
- Fast Interrupt Response and Processing
- Unified Memory Programming Model
- Code-Efficient (in C/C++ and Assembly)
4). On Chip Memory
- F2808:128 Kx16 Flash, 18 K-16 SARAM
- 1IKx16 OTP ROM (Flash Device Only)
5). Boot ROM (4 Kx16)
- With Software Boot Modes (via SCI, SPI, CAN, I2C, and Parrallel I/O)
- Standard Math Tables
6). Clock and System Control
- Dynamic PLL Ratio Changes Supported
- On-Chip Oscillator

- Watchdog Timer Module



7). Any GPIO A Pin Can Be Connected to One of the Three External Core Interrupt
8). Peripheral Interrupt Expansion (PIE) Block That Supports All 43 Peripheral Interrupt
9). Endiannes: Little Endian
10). 128-Bit Security Key/Lock
- Protects Flash/OTP/LO/L1 Blocks
- Prevent Firmware Reverse Engineering
11). 32-Bit CPU-Timers
12). Enhanced Control Peripherals
- Up to 16 PWM Outputs
- Up to 16 HRPWM Outputs With 150 ps MEP Resolution
- Up to Four Capture Inputs
- Up to Two Quadrature Encoder Interface
- Up to Six 32-Bit/Six 16-Bit Timers
13). Serial Port Peripheral
- Up to 4 SPI Modules
- Up to 2 SCI (UART) Modules
- Up to 2 CAN Modules
- One Inter-Integrated-Circuit (I2C) Bus
14). 12-Bit ADC, 16 Chanels
- 2x8 Chanel Input Multiplexer
- Two Sample-and-Hold
- Single/Simultaneous Conversions
- Fast Convertion Rate: 160 nS - 6.25 MSPS (280X)
- Internal or External Reference
15). Up to 35 Individually Programmable, Multiplexed GPIO Pins With Input Filtering
16). Advanced Emulation Features
- Analysis and Breakpoint Function

- Real-Time Debug via Hardware

62
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17). Development Support Includes

- ANSI C/C++ Complier/Assembly, Linker

- Code Composer Studio IDE

- DSP/BIOS

- Digital Motor Control and Digital Power Software Libraries
18). Low-Power Mode and Power Saving

- IDLE, STANDBY, HALT Modes Supported

- Disagble Individual Peripheral Clocks

AMWNIATY U IEEE Standard 1149-1990 Standard Test Access Port and Boundary Scan

Architecture

2.4.2 Buaul¥au DSP2808
k4 1
TupouLIAYeIMIIsuAU %I DSP2808
k4 v 1 1
VU 1 Acquire the Appropriate development tools (War1ms YA NMIL )
a { 3 o [ a < 3 A
TS dmTumsTu e DSP2808 Wums e ezdsp kit Jumsisudu
o =& <3 v
wwuwﬂu 1 LNALHA 'ﬂﬁ%ﬂfl'ﬂﬂ?ﬂ
4 4 1
- On-Board JTAG emulation via USB or Parallel port (U859 JTAG emulation ounae Ing
o
USB W"Jg’t] WO TAUVVUUIN)
- Appropriate emulation driver (emulation driver IERE )
- Code Composer Studio IDE for eZdsp
¥ A~ , ¥ v v A qu ) ¢ 2 Y o~
VUUITNINBNATSN VD Device W3IDULLAD ngﬁﬂﬂﬂ'ﬁljlﬂ‘]ﬁ?uﬂﬂ%ﬂiﬂlni LAY
& ) A qu o s gy A
ﬂ”liglfﬂjll'iuﬂill Code Composer Studio IDE LW@l%LLﬂﬂﬂWiWﬁluWﬁﬂWlni LLﬂS%Sl%LﬂS@Q
JTAG emulation “lumiﬁm?fumiﬁmu
5 s 9
VYUN 2 Download Starter Software (T‘Viﬁﬂ%”ﬂﬂl!’ﬁﬁﬂ@]ﬂ)
A v 9 e o ) Y Yq 9 ) J
L‘WE]E‘]ﬂﬂ'ﬂll“]ﬁJCﬁﬂuﬂli’]ﬂiﬂillﬂillllﬂﬁ'lﬁiﬂ DSP2808 LLH%HWlWQl%Q"IHVHﬂ'IiﬂTJU
[ L] 4 [ 4 d ]
Twammﬂ%’ Header Files U939 C/C++ L9308 Lﬁi’]ﬂ1iwwuWCHGT\ILL'Jil,La%Q'IJﬂﬁ‘m@]@W'N
AN 9
o A " A v Yy Y = o A ~
‘ﬁﬁ\‘l%Wﬂ‘ﬂﬂW?HIﬁﬁﬂ Header files NUVIECTAULAT ILADIDNIINTNINITNAINNUINGL
091’ o 1 o [ d 1 1 Y . 1
VYUADU IﬂEll!ug1!131%3ﬂWﬂWiiu’q‘ﬂﬂiﬂ!@]@W'N@Eﬂ\‘lulﬁ uaz“lﬁn Header Files ’aemvlﬂu

¢
Iﬂi\‘]ﬁ%}%‘]‘ll@\icb'ﬂ“l’\ll!ﬂi
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- ewgienslFanufiedizEumhauenndnduusn

- WouTsunsuues DSP2808 azginsainewaelu c/c++

@ Download Flash programming software (1aagonudsdmsumsenTlsunsy

Flash)

DSP2808 1/52N0UA2 on-chip flash memory Hazin3oiloRazeonliiinis Talsunsy
urlsyiugenag

- Flash Tools: C2808 Flash Tools

- DSP2808 Flash Programming Solution

- SusennamruNuy Ty e luuL DSP2808
Y v
LY =

[ Y
YUN 4 Move on to more advanced topics (ﬁﬂyﬂuﬁl’aﬁlﬂl}ﬂﬁfﬂﬂﬁu)
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2.4.3 Pin Assignment

TMS320F2808 138 DSP2808 U3 1UIUNUNINUA 100 WU A91d

T
Vas
&5 ] Voo
Vg

54 ] GO ASPIC LKASCITMDE

T2 | GPIOZ VEGER VSPISTEC!SCIRNDE
T[] GPIO2ZEQEP SISPICLKC /SO
T[] GEO | EPWMGESS CIRXDBEC AP

64 [] GRI01WERWMEACANRXE TICEOCED
63 || GPIOZOEQER ASP ISIMOC /CANTE
56 [] GEOS EPWM LA EPWM SYNC UEPWMSYNGO

62l Vas

&7 [] GMO2 1EQEP| BISP ISOMIC/C ANRNE

&6 1 XOLKOUT

&5 [l Voo

&1 [] G0 EPWM SB/SOITXDBECAPS

50 [] GRIOSERWM SA/CANT B BDCEOCAD
5afl Yoo

58 ] GRIOT/EFWM48/SMISTEDVECAPZ

&7 J] GPIO EPIS TEA/SCIRKDE

&3 ] GRIOEEFWM 3B/SPCLKDEC AP

52 [] GPI0 TISPIS OMLA A NR NBTIE

51 ] GPI0SEPWM A

73
55

Too Q76 SO0 G0 G/ERISIM DA ANTXE/TET

g
-
g

i
i
8§33
£
i

8
:
:
;
§

GROAVEC LAEFWM STH

51/ 2.43 Aouinsamos TMS320F2808 (yuUM)
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ONOXORORORORORORORO
HOOOOOOOOO
ONOROROROZONOROR0R0
DOOOOOLOO®Y
DOOOOOOOHGO®
DPOOPPOOOOO
OROROROROXOXOROXOXO
POOOOOOOO®®
DOOOOOOOOO®
HDOPOOOODOOO

51 2.44 aouTnsames TMS320F2808 (Jua19)



2.4.4 Functional Overview

Memory Bus
TINTD A, Real-Time JTAG
L 32-bit CPU TIMER O . 3 (TDi, TDO, TRST, TCK,
TiRT1 . 7 TMS, EMUD, EMU1) N
sabircpuTMER 1 P = >
TIRTE At
’— 32-bit CPU TIMER 2
] INT1a AH) MO SARAM
‘el 1K x16
| PIE " Y
" Emd -. M1 SARAM
{86 Intemrupts) » FE 'y 1K x 16
» | WML, INT13
/ External Interrupt b f L';ﬁﬁ-:"
32 Crntrdl ‘::V'\ '] (0-watt)
a =
SChAB AFO <::> L] L1 5:;.” )
o, R e
SA-ABCD | AFD @
e
2 4| HosamaM
2C-A AFD <::> \l_v B x 16
4 al
BCAN-AB (2 mbox) {ﬁ} (0-wal)
K 8,
NE & eQEP12 K
A8 4 eCAP1/23/8 <::> C28x CPU ROM
o (4 32-bit Timers) {100 MHz) ) 32K x 16 (C2802)
12 . V] 18K x 16 (C2801)
ePWM1/23/456
& . {12 PWM Outputs,
6 Trip Zones, ﬁ
6 16-bit Timers) FLasH
128K x 16 (F2804)
64K x 16 (F2808)
}, j,'_h‘ 32K x 16 (F2806)
\ 32 <} SYSCLKOUT ' 32K x 16 (F2802)
' 16K x 16 (F2801)
System Control 16K x 16 (F2B01%)
1
. XCLKOUT »| RS
2 i (Osclllator, PLL,
< YCLKIN > Peripheral Cocking | CLEIN
*1 : ow-Power Modes, o
> Watchdog) - ) o
-} = kd —] 1Kx 16
ADCSOCAB
SOCAB Boot ROM
P A_H, L 4K x 16
12-BitADC h—] 1-walt state]
16 Channels :\ { )
Z
I:l Protected by the code-secunly module. Peripheral Bus

519 2.45 LEUNIN Function block

G

A. 43 of the possible 96 interrupt are used on the devices

B. Not available in F2802, F2801, C2808 and C2801

C. Not available in F2806, F2802, F2801, C2802 and C2801

D. The 1K *16 OTP has been replaces with 1K*16 ROM for C280X device

67



68

2.4.5 Memory Map

Block Start
A okdiress C:ata Space | Prog Space
— D0 DO0D
MO VacTor — RAM (32 x 32)
[Encivad AL = 0)
pmpoodn | ——— — — ——————— — ]
M SARAM (1K = 18}
0x00 0400
M1 SARAM (15 = 16)
000 OB00
Peripheral Frame 0
=
- ; 0o GDOG PIE Wacior — RAM Rbsarvad
® (25€ x 16)
E g [Enablad I ENFIE = 1)
= 000 0EDO
= Fas=rved
iR
=3 | w0 S000 Penrl-a-(al Frame 1
5F profected)
¥ DoD0 000 Rgegrod
3 a Paripharal Frames 2
2 protected)
& 000 BO00
LD SARAM (0-%a
4K » 16, Securs Zona, Bl
a0 3000 L1 SARAM (I-wa
4K = 16, Securs Zona, Bl
000 AD00
HIO SAFLAM [D-walt)
.;m-cnanum[
— CmDO CO0D
Faaarved
e300 TEDO P
1K = 18, Securs Zons)
030 TCO0
Faaeryed
OE3E 8OO0
H
- 64K » 16 Securs Zona)
= 0ESFTFFE | " Tmind Pessword ]
. £ 0x3F S000
= Lnsnﬁ.ﬁum—wag]
E & MK = 18, Securs Zons,
w3 (X3E 000 L1 SARAM [I-wal
g- B 4K = 16, Securs Zo mﬁw
T OxX3IF 4000
HIO SAFAM [D-walt)
Eg <I (B = 12, mal[-!.hppad}
LR 0=3F CO00 Fmgerved
= Ox3F FO0O
fg Boot FROM (€K = 15)
= 0e3F FECO Vectors (32« 32
L [enaibled It =1, ERPIE=10)
v v
ﬂd = | 1 o
P N 2.46 NBYUDINUIYANTNITVU F2808

A. Memory blocks are not to scale
B. Peripheral Frame 0, Peripheral Frame 1 and Peripheral Frame 2 memory map are restriced to
data memory only.

User program cannot access these memory maps in program space.
C. Protected means the order of Write Followed by Read Operations is preserved rather than the
pipeline order.

D. Certain memory ranges are EALLOW protected against write after configuration
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ADDRESS RANGE

PROGRAM AND DATA SPACE

Ox3E 8000 — Ox3E BFFF

Sector D (16K = 18)

Ox3E COD0 — Ox3E FFFF

Sector C (16K = 18)

[ec3F 0000 — Ox3F 3FFF

Sector B (16K = 16)

O 3F 4000 — Ox3F 7FTF

Oee3F TFBO — Dw3F TFFS

0x3F TFF& — Dx3F 7FFT

0x3F TFFS — Dux3F TFFF

Sector A (16K x 18)

Program fo Ox0000 when using the
Code Security Module
Boot-to-Flash Entry Paint
{program branch instructiom here)
Security Password (128-Bit)
(Do not program to all zeros)
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v Y
HIVOIU

A A
oun 1

naUN 2

1ndUN 3

1naUN 4

ﬁﬂy1miﬁmua$mﬂ%’qmmm

TMS320F2808 LAz U

= A (=R A v v Y
1Frunlsayunenuriive Inssau

= = A v o 9
ﬁﬂ}l"li”lflagl,’f)ﬂmﬂﬂflﬂﬂﬁ?el]@Tﬂi\i\ﬂu

1594715 Tnnoa Modbus

Anl4a11411/51n54 Code Composer

Studio V.3.3

naaodldauTsunsuae Talsunsy

v
o o

A1GISCI EchoBack

AnmsweuTisunsyIagldaus

AuadoyameanuTils Tanea Modbus

2 . S g
suisenuneInu lals Ianea
Modbus 11aZNTAIVANAIY

TMS320F2808

ATNABUANNYNADUGT 8T DEUDA

Tasaau

N3 IULHUNITHIEUD TN 99U

maﬂmaummﬁﬂwmﬂw%’auﬂnﬁua

TAsaau

Ugiianumunaaulszneums
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= d' Yo
3.2 i]ﬂa&’!@ﬂﬂiﬂﬁﬁ\‘ﬂuﬂl’lﬂiﬂﬂﬂﬂﬂinﬂ
=< Aa wa 091’ dy = Yo Y o =2
msdnialuasedl WnAnwlasuseurmennniaauilsznouns ldiinisAny
o 4 % 3 a [ N 4
nazihinud 1911509909 Modbus Protocol FuilugiuuulumsAadedodisuuginsol
ad A A A A A Y
dlannIeindlszon PLC wieniesniuausiassnegnawisa llsunsuld TisTanea
[ 1 o 9 g 4 d’ 9 a 1 tﬂ'
aanazinumelansniuguuenou Insamesiiunanesanlslunshnaedoais
Y
Tasseazdeavnalnsanuiiane 11l
A )
3.2.1 M3apasToyaluNUAAIHNTIN
= A 9 1 1 a 1 d‘
AnyinsdeaisveyaluaiugaanIsua 9 1wy JuuunIsAndedeals uag

[ Y a 1 4 1 I
NTG]Si”Iuﬁ”IWiUﬂ”l'i@]ﬂ@]i’]ﬁ’f)ﬁ”li@nﬂ 9 HJ‘L!??])‘L!

P21 o o oa ¢ d
3.2.2 ANNINUIIUNYINVIULIDIADT
A & Y a A a % SR Y A =
LummﬂﬁmuﬂszﬂmeinJup_jwammz@emmumsamunasmai ADIUNITANHY
Y

Ny o ¥ 1 o s e Jad e & o A
WaﬂﬂWiﬂTQTuuﬂxIﬂiQﬁiTQ@Tﬂ €] UBNATBDIDULIDTINDT ‘VN‘L!L‘Wﬂuﬂﬂlﬂummgwuimiu

M3 1ATead NIz UM A A0 a 1T U0 IIAT0ID U0 INDS

3.23 §$1J‘]Jﬂ1‘§idl’®ﬁ'l§!m‘lj Modbus Protocol

An¥NYINUMTTBE1HUU Modbus Protocol d81NALIDYNA

d o (Y] 4 4
3.2.4 gUnsald 115 UM a1 BONAD 32114 Device Az Terminal UUMIAIFIUNIAAADTONS
= 9 A @ o Aq Y A ! ' Y
ﬁﬂy1611f]?allalﬂﬂﬂﬂﬂﬁ’lﬂﬁmmuWﬂ!ﬂclsﬁcluﬂ'ﬁl“]f’f)ll@]@ﬂ'l\‘]ﬂ']ﬂﬂ']W§$1’T'J']\‘]Q1Jﬂimﬁuﬂ'N

s A A ¥
Llﬁzﬂﬂﬂiﬂlﬂaﬁlﬂ%‘l LWﬂﬂWiﬁ@ﬁﬁﬂJﬂHﬁ

3.2.6 ﬂ1'§!$l€l1!1‘1]5!!ﬂ53~lﬁ1ﬁ\1ﬂ1—!ﬂﬁﬂiﬂiﬁ!ﬁﬂ§‘lﬁﬁﬂ TMS320F2808 ?igf’) DSP2808

=2 = saq ¥ o a
V‘lﬂﬂ']jlellﬂui‘l]ﬁuﬂil]ﬂ']l]ﬂuﬂ@uIV]jala@jﬂi%ﬂjgﬂaﬂﬂ']jm]\ﬂu%uﬂ DSP2808
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9 Y v
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&9

//FILE: Example 280xSci_Echoback.c

// TITLE: DSP280x Device SCI Echoback.

// ASSUMPTIONS:

// This program requires the DSP280x header files. As supplied, this project is configured
/for "boot to SARAM" operation. Connect the SCI-A port to a PC via a transciever and
/fcable. The PC application 'hypterterminal’ can be //used to view the data from the SCI and
//to send information to the SCI. Characters recieved by the SCI port are sent back to the
//host.

/] As supplied, this project is configured for "boot to SARAM" operation. The 280x //Boot
Mode table is shown below. For information on configuring the boot mode of an //eZdsp,

please refer to the documentation included with the eZdsp,

/" Boot GPIOI18 GPIO29 GPIO34
/. Mode SPICLKA SCITXDA SCITXB
V4

/- Flash 1 1 1

/7 SCI-A 1 1 0

// SPI-A 1 0 1

/- 12C-A 1 0 0

/. ECAN-4 0 1 1

/- SARAM 0 1 0 <-"boot to
SARAM"

/. OTP 0 0 1
/10 0 0 0

/

/" DESCRIPTION:
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/' This test recieves and echo-backs data through the SCI-A port.

/1) Configure hyperterminal:Use the included hyperterminal configuration file SCI_96.ht.
/- To load this configuration in hyperterminal: file->open

// and then select the SCI_96.ht file.

/' 2) Check the COM port.The configuration file is currently setup for COM1. If this is not
correct, disconnect Call->Disconnect Open the File-Properties dialog and select the correct
COM port.

/- 3) Connect hyperterminal Call->Call and then start the 280x SCI echoback program
execution.

/" 4) The program will print out a greeting and then ask you to enter a character which it
will echo back to hyperterminal.

/7

// As is, the program configures SCI-A for 9600 baud with

// SYSCLKOUT = 100MHz and LSPCLK = 25Mhz.

/7

/. Watch Variables:

/- LoopCount for the number of characters sent

/- ErrorCount

[ R
// $TI Release: DSP280x C/C++ Header Files V1.70 $

// $Release Date: July 27, 2009 $

[ R
#include "DSP280x_Device.h" // DSP280x Headerfile Include File

#include "DSP280x_Examples.h" // DSP280x Examples Include File

// Prototype statements for functions found within this file.

void scia_echoback_init(void);

void scia_fifo_init(void);

void scia_xmit(int a);

void scia_msg(char *msg);

// Global counts used in this example




91

Uint16 LoopCount;

Uint16 ErrorCount;

void main(void)

{
Uint16 ReceivedChar;
char *msg;

// Step 1. Initialize System Control:

// PLL, WatchDog, enable Peripheral Clocks

// This example function is found in the DSP280x_SysCtrl.c file.
InitSysCtrl();

// Step 2. Initalize GPIO:

// This example function is found in the DSP280x_Gpio.c file and

// illustrates how to set the GPIO fto it's default state.

// InitGpio(); Skipped for this example

// For this example, only init the pins for the SCI-A port.

// This function is found in the DSP280x_Sci.c file.
InitSciaGpio();

// Step 3. Clear all interrupts and initialize PIE vector table:

// Disable CPU interrupts
DINT;

// Initialize PIE control registers to their default state.

// The default state is all PIE interrupts disabled and flags

/I are cleared.

// This function is found in the DSP280x_PieCtrl.c file.
InitPieCtrl();

// Disable CPU interrupts and clear all CPU interrupt flags:
IER = 0x0000;

IFR = 0x0000;
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// Initialize the PIE vector table with pointers to the shell Interrupt
// Service Routines (ISR).

// This will populate the entire table, even if the interrupt

// is not used in this example. This is useful for debug purposes.
// ' The shell ISR routines are found in DSP280x_Defaultlsr.c.

// This function is found in DSP280x_PieVect.c.
InitPieVectTable();

// Step 4. Initialize all the Device Peripherals:

// This function is found in DSP280x_InitPeripherals.c

// InitPeripherals(); // Not required for this example

// Step 5. User specific code:

LoopCount = 0;

ErrorCount = 0;

scia_fifo_init(); // Initialize the SCI FIFO
scia_echoback_init(); // Initalize SCI for echoback
msg = "\r\n\n\nHello World!\0";

scia_msg(msg);

msg = "\r\nYou will enter a character, and the DSP will echo it back! \n\0";
scia_msg(msg);
for(;;)
{
msg = "\r\nEnter a character: \0";
scia_msg(msg);
// Wait for inc character
while(SciaRegs.SCIFFRX.bit. RXFFST !=1) { } // wait for XRDY =1 for empty state
// Get character
ReceivedChar = SciaRegs.SCIRXBUF.all;

// Echo character back
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msg =" You sent: \0";
scia_msg(msg);
scia_xmit(ReceivedChar);

LoopCount++;

}
// Test 1,SCIA DLB, 8-bit word, baud rate Ox000F, default, 1 STOP bit, no parity

void scia_echoback_init()
{
// Note: Clocks were turned on to the SCIA peripheral
//in the InitSysCtrl() function
SciaRegs.SCICCR.all =0x0007; // 1 stop bit, No loopback
// No parity,8 char bits,
// async mode, idle-line protocol
SciaRegs.SCICTL1.all =0x0003; // enable TX, RX, internal SCICLK,
// Disable RX ERR, SLEEP, TXWAKE
SciaRegs.SCICTL2.all =0x0003;
SciaRegs.SCICTL2.bit. TXINTENA =1;
SciaRegs.SCICTL2.bit. RXBKINTENA =1;
#if (CPU_FRQ_100MHZ)
SciaRegs.SCIHBAUD =0x0001; // 9600 baud @LSPCLK = 20MHz.
SciaRegs.SCILBAUD =0x0004;
#endif
#if (CPU_FRQ_60MHZ)
SciaRegs.SCIHBAUD =0x0000; 7/ 9600 baud @LSPCLK = 15MHz.
SciaRegs.SCILBAUD =0x00C2;
#endif

SciaRegs.SCICTL1.all =0x0023; // Relinquish SCI from Reset
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// Transmit a character from the SCI

void scia_xmit(int a)

{
while (SciaRegs.SCIFFTX.bit. TXFFST !=0) {}
SciaRegs.SCITXBUF=a;

}

void scia_msg(char * msg)

{

while(msg[i] !="\0")
{
scia_xmit(msgli]);

it+;

}
// Initalize the SCI FIFO

void scia_fifo_init()

{
SciaRegs.SCIFFTX.all=0xE040;
SciaRegs.SCIFFRX.all=0x204f;

SciaRegs.SCIFFCT.all=0x0;

}

/

// No more.

/
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SCI Asynchronous Baud

J { Y 1 a : I a a I
Tags1 BRR 1 1dagiiiua 16 Dagseenuuilugiuay @ewlasnngudumiugiv

Fu1n) ¥aA1 BRR 111uA1M 14 Baud-Select Register
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N 1U51ATHAIPE19NYI9ANND 100 MHz. Sviua A1 Baud Rate 11111 9600 bps.

9
v A

1Az LSPCLK 91111 20 MHz. A1 laaail

LSPCLK
NTAT SCI Asynchronous Baud = I
N {BRR+1)x 8
, 10%
LUNUA 9600 = 2060 —
(BRE+1)x 8
2z'ld BRR = 259.4167 Yauilu 260

A o A Y
o 260 wulauiluaugiuaes 16 daaz 14 0000 0001 0000 0010

Y
[

3y A1 SCIHBAUD 221311 0000 0001 W30 0x0001 LtazaA1 SCILBAUD 22151 0000 0010

%39 0x0004

1aza1n 1151nTuFIE19NM91NE 60 MHz. f1ualiiaA1 Baud Rate (1181 9600 bps.

4
v A

1az LSPCLK 101 15 MHz. A1y laaail

LSPCLE
ANFAT SCI Asynchronous Baud = T —
e {BERR+1)x8
, 108
LNUA 9600 = [ERN  Se——
{BRR+1)x8
214 BRR = 1943125 flaudlu 194

iioa 260 wulauilumug e 16 daez 18 0000 0000 1100 0010
@ 11 SCIHBAUD %zuﬂu 0000 0001 138 0x0000 HALA1 SCILBAUD %L“ﬂu 0000 0010
139 0x00C2
5). 1 SCIFFTX L‘idJLlﬂTi MHUA SCI Reset, SCI FIFO Reset, Transmit FIFO Reset,
TXFFST4-0, Transmit FIFO Interrupt, Transmit FIFO Clear, Transmit FIFO Interrupt
Enable, TXFFIL4-0 Transmit FIFO Interrupt Level Bit suTanun 16 O Taodad s-
12 1WumsMmuaf1 TXFEST4-0
vnTdsunsugaedfimsdandly SCI FIFO can Resume Transmit or Receive, SCI
FIFO are Enable, Re-Enable Transmit FIFO Operation, Transmit FIFO is Empty, TXFIFO

Interrupt has not Occured, Clear TXFFINT Flag in Bit 7, TXFFIENA are Disable

k4
[ !

ANUU A1 SCIFFTX Sail1 1110 0000 0100 0000 138 0xE040
6).A1 SCIFFRX WuMsfInUA Receive FIFO Overflow, RXFFOVF Clear, Receive
FIFO Reset, RXFFST4-0, Receive FIFO Interrupt, Receive FIFO Interrupt Clear,
Receive FIFO Interrupt Enable, Receive FIFO Interrupt Level Bit § ’Jllﬁsjﬂﬁuﬂ 16 U@

Taodad 8-12 UMt IMuUaA1 RXFFST4-0
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nTsunsudieg19linsdeannilu Receive FIFO has not Overflow, No Effect on
RXFFOVF, Re-Enable Receive FIFO Operation, Receive FIFO is Empty, RXFIFO Interrupt has
not Occured, Clear RXFFINT Flag in Bit 7, Receive FIFO Interrupt Clear are Disable

9
Y

ANUU 1 SCIFFRX %Qwﬂu 0010 00000100 1111 W?@ 0x204F

7). 1 SCIFFCT L‘ﬂuﬂ']ﬁﬁ']ﬂuﬂ Auto-Baud Detect (ABD) bit, ABD Clear bit, CDC
Calibrate A-Detect bit, FIFO Transfer Delay

nnTilsunsudeg1aiiniaaaniily Auto-Baud Detection is not Complete, No Effect on

ABD, Disable Auto-Baud Alignment

Y
[ J

JUU A1 SCIFFCT 'ﬁuﬂu 0000 0000 0000 0000 W%‘ﬂ 0x0
4.1.6.4 Header Files 8151 11/511n5% Sci Echoback
v v
Iladoyanldlsznonllsunsu Sci Echoback tisisae 11l
1). Device.h
I = o @ Aq Yo o QBJ} [ 1 o 1 I~ a
Wumswsumdanlddmsuainiaiegvesnsu Insaaes ludezifuyiiavea
o a9 1 = ~ 9 S A A 9 [ :/' 1
aouInsames wtadoyan1es saulldimsGenldaulddas q Mnerdosnumsaaives
2
Aou INsaaps NInNA
2). Example.h
' v 4
WHums@eumdanl¥d1msudan PLL control register (PLLCR) clock in divide
(CLKINDIV) i1 Clock Rate 914 9 3934 Tifamsdamanvang lgdmsunisiszuananas

o J
N13AT1UIM Us_Delay voinou Insataos

4.1.6.5 Initialize Files
TilsunsusidaitaaEon1damluTasiunsy Sei Echoback Tdade i
1). SysCtrl.c
Has#u mitSyscerl): HlunisiFenldarn System Control fite1Wd31 SysCirl.c Tag
I“lJiLLﬂﬁJﬁ1§Qﬁlmﬂdnlﬂumi§iﬁwm PLL, WatchDog 8¢ Peripheral Clocks c?uﬂumﬁ
Wousdsdmsums Tnaamuazsuiiog Tnoms 14 linker emd file.
2). Sci.c
Has#u mitSciaGpio0: Hum3sBonlsan Wg scic FuduTdsunsudmiviGonly

WUAIMSV SCI-A Port
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3). PieCtrl.c
o Jo L < . ] &
Handy mitPieCtrl(); WunsSenlFau PIE control registers tafan1an1uzilly
4 < = . a I
Default %4 Default State (J1n151an1519911 Peripheral 1@z Flag ®nwila laglWangn
= 9 dd’ 1 .
5on1Ui¥0I1 PieCtrl.c
4). PieVect.c
U o I [ 1 J
Hara InitPieVectTable(); WumsEenlday PIE vector table i1l pointers n 4%

) . ad S
shell Interrupt Service Routines (ISR) 190 1Wa PieVect.c

*vaneama 10813 1Wd Tl sunsuaa q s lduaasludmanuiniiaten 1 uas 2 uu
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@ o 1 a % [l 1 o 3 a
AN599ANIN Query IAoe191/nd WAz AIA1 Response nav Jifluilnd
- 1110 Slave Device 1451 Query NgnATIINUMIToasnAanaIn  Tagiiuaisn
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M19519 N.1 ANUHUIYUDI Exception code

S¥a ¥o ANNTINY
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02 | ILLEGAL DATA ADDRESS |925U Data Address 11 Query #ilisounléio

A1151 Slave

03 ILLEGAL DATA VALUE | m1us391u query data field 1 luoyanalian

A11151 slave

] FJ
04 | SLAVEDEVICE FAILURE | a1anuAawaiaidaduldaivisogaulalu
yaugN  Slave WerNNITAUAUNITT0IUDNT

N5ZM

05 ACKNOWLEDGE Slave WUN138BN5UNIT0voMAZUTSHIANANT
Fo9u0aIna1n  uAfeINITTeza1neIuIL
o o o o [ 2 dyt:s'
MIMAUAIFIAINEG1D F9 response WTung
Q U Id'o (% = 42}
ﬂau"l,ﬂwmn timeout error ‘VIﬂWﬂQl,ﬂWULlGLu
Master 118 master @11130AAAU l9NIZTAUTUMT

=% o d
Tdsunsudaldladnsadininnisdszuaa

]
WA

06 SLAVE DEVICE BUSY Slave  gndedlugiraaineaviulunis
Yszwranaldsunsumas &9 master A259ZI

1 1 c?/‘ [ 4 I~ a
msaslmidnasalumendaile slavertludasy

07 | NEGATIVE ACKNOWLEDGE | Slave 1ie31398114114n1551 program function 14
query 18 Taglaafiaznduliiesesve Tusunsy
Agdludu5alaeld function code 13 W30 14 ¥4

I Aa aa o 1 o
Lﬂmamgmﬁu IaE master AITIUINYNITAIA

Sfoan3enUAANAIAYOITBYADIN Slave
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M1919 1.1 AUHUIBUDY Exception code (AD)

A
o

ANNTINY

08

MEMORY PARITY ERROR

Slave UAUWINNILVEIIMUIIANUIIUNIT
' o v Yt o
91U AT master @1M150M1M5509v0 1ADNAT

L6 service a‘mzéfmﬂmﬁm slave device







SCI Communication Control Register (SCICCR).
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7 6 5 4 3 2 1 0
STOP BITS EVEN/ODD PARITY LOOPBACK ADDRI/DLE SCICHAR2 SCICHAR1 SCICHARD
PARITY ENABLE ENA MODE
RW-0 RIW-0 RW-0 RIW-0 RW-0 RIW-0 RIW-0 RW-0

LEGEND: RIW = Read/Write; R = Read only; -n = value after reset

gﬂ‘ﬁ vl g 1)1 Y99 SCI Communication Control Register (SCICCR) -Address 7050h

M319 9.1 MINHUANIVOY SCI Communication Control Register (SCICCR) Field

Bit | Field

Valu

Description

7 | Reserved

Reads refum zero; writes have no effect.

6 |RXERRINT
ENA

SCI receive error interrupt enable. Setting this bit enables an interrupt if the RX ERROR bit (SCIRXST, hit 7)
becomes set because of errors occurring.

Receive error interrupt disabled
Receive error interrupt enabled

5 | SWRESET

SCI software reset (active low). Writing a 0 to this bit initializes the SCI state machines and operafing flags
(registers SCICTLZ2 and SCIRXST) to the reset condition.

The SW RESET hit does not affect any of the configuration bits.

All affected logic is held in the specified reset state until a 1 is written to SW RESET (the hit values following
a reset are shown beneath each register diagram in this section). Thus, after a system reset, re-enable the
SCI by writing a 1 to this bit.

Clear this bit after a receiver break detect (BREDT flag, bit SCIRXST, hit 5).

SW RESET affects the operating flags of the SCI, but it neither affects the configuration bits nor restores the
reset values. Once SW RESET is asserted, the flags are frozen until the bit is deasserted.

The affected flags are as follows:

Value After SW SCl Flag
RESET

1 TXRDY

Register Bit

SCICTLZ, bit 7
TX EMPTY SCICTLZ, bit 6
RXWAKE SCIRXST, bit 1
PE SCIRXST, bit 2

OE SCIRXST, bit 3

FE SCIRXST, bit 4
BRKDT SCIRXST, bit 5
RXRDY SCIRXST, bit 6
RX ERROR SCIRXST, bit 7

Writing a 0 to this bit inifializes the SCI state machines and operating flags (registers SCICTLZ2 and
SCIRXST) to the reset condition.

After a system reset, re-enable the SCI by writing a 1 to this bit.

Lo T e Y e Y Y s T Y e Y

4 | Reserved

Reads return zero; writes have no effect.

3 | TXWAKE

SCI transmitter wake-up method select. The TXWAKE bit controls selection of the data-transmit feature,
depending on which transmit mode (idle-line or address-bit) is specified at the ADDRJ/DLE MODE bit
(SCICCR, bit 3)

Transmit feature is not selected. In idle-line mode: write a 1 to TXWAKE, then write data to register
SCITXBUF fo generaie an idle period of 11 data bits In address-bit mode: write a 1 to TXWAKE, then write
data to SCITXBUF to set the address bit for that frame to 1

Transmit feature selected is dependent on the mode, idle-line or address-bit:

TXWAKE i3 not cleared by the SW RESET bit (SCICTL1, bit 5); it is cleared by a sysitem resef or the
transfer of TXWAKE to the WUT flag.
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M1519 9.1 N1INHUAAIYBY SCT Communication Control Register (SCICCR) Field (99)

B

-

Field Valu | Description

2 | SLEEP SCl sleep. The TXWAKE bit controls selection of the data-transmit feature, depending on which transmit
mode (idle-line or address-hit) is specified at the ADDR/DLE MODE bit (SCICCR, bit 3). In a mulfiprocessor
configuration, this bit controls the receiver sleep function. Clearing this bit brings the SCI out of the sleep
mode.

The receiver still operates when the SLEEP bit is set; however, operation does not update the receiver
huffer ready bit (SCIRXST, bit 6, RXRDY) ar the error status hits (SCIRXST, hit 5-2: BRKDT, FE, OE, and
PE) unless the address byte is detected. SLEEP is not cleared when the address hyte is detected.

0 |Sleep mode disabled
1 | Sleep mode enabled

1 | TXENA SCl fransmitter enable. Data is transmitted through the SCITXD pin only when TXENA is set. If resef,
fransmission is halted but only after all data previously written to SCITXBUF has heen sent.

0 | Transmitter disabled
1 | Transmitter enabled

0 | RXENA SCI receiver enahle. Data is received on the SCIRXD pin and is sent to the receiver shiit register and then
the receiver buffers. This bit enables or disables the receiver (transfer to the buffers).

Clearing RXENA stops received characters from heing fransferred to the two receiver buffers and also stops
the generation of receiver interrupts. However, the receiver shift register can continue to assemble
characters. Thus, if RXENA is set during the reception of a character, the complete character will be
fransferred into the receiver buffer registers, SCIRXEMU and SCIRXBUF.

0 | Prevent received characters from transfer into the SCIRXEMU and SCIRXBUF receiver buffers
1 | Send received characters to SCIRXEMU and SCIRXBUF
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SCI Control Registerl (SCICTL1)

i f 5 4 3 2 1 0
Reserved RXERRINT | SWRESET Reserved TAWAKE SLEEP TXENA RXENA
ENA
RO RW-0 RMW-0 R0 RS0 RW-0 RW-0 RW-0

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

31l

.2

gﬂu‘U‘U“ll’eN SCI Control Register 1 (SCICTL1) -Address 7051h

1519 V.2 MINHUAAIUBY SCI Control Register 1 (SCICTL1) Field

Bit | Field

Valu

Description

7 | Reserved

Reads refum zero; wiites have no effect.

6 [RXERRINT
ENA

SCl receive eror interrupt enable. Setting this bit enables an intermupt if the RX ERROR hit (SCIRXST, bit 7)
hecomes set because of errors occuming.

Receive error interrupt disabled
Receive error interrupt enabled

5 [SWRESET

SCI software reset (active low). Writing a 0 to this bit initializes the SC| state machines and operating flags
(registers SCICTL2 and SCIRXST) to the reset condition.

The SW RESET bit does not affect any of the configuration bits.

All affected logic is held in the specified reset state until a 1 is written to SW RESET (the bit values following
a reset are shown beneath each register diagram in this section). Thus, after a system reset, re-enable the
SCI by writing a 1 to this bit.

Clear this hit after a receiver break detect (BRKDT flag, bit SCIRXST, hit 5).

SW RESET affects the operating flags of the SCI, but it neither affects the configuration bits nor restores the
reset values, Once SW RESET is asserted, the flags are frozen until the bit is deasserted.

The affected flags are as follows:

Value After 3W SCIFag
RESET

Register Bit

TXRDY
TX EMPTY
RXWAKE
PE
OE
FE
BRKDT

SCICTLZ, bit 7
SCICTLZ, hit 6
SCIRXST, bit 1
SCIRXST, bit2
SCIRXST, bit 3
SCIRXST, bit 4
SCIRXST, bit 5

RXRDY SCIRXST, bit 6
RX ERROR SCIRXST, bit 7

Writing a D to this bit inifializes the SCI state machines and operating flags (registers SCICTL2 and
SCIRXST) to the reset condition.

After a system reset, re-enable the SCI by writing a 1 to this bit.

(=T = = = e =

Reserved

Reads refum zero, writes have no effect.

3 | TXWAKE

SCI transmitter wake-up method select. The TXWAKE bit controls selection of the data-transmit feature,
depending on which transmit mode (idle-line or address-bit) is specified at the ADDRADLE MODE bit
(SCICCR, bit 3)

Transmit feaiure is not selected. In idle-line mode: write a 1 to TXWAKE, then write data to register
SCITXBUF to generate an idle period of 11 data bits In address-bit mode: write a 1 to TXWAKE, then write
data to SCITXBUF to set the address bit for that frame to 1

Transmit feature selected is dependent on the mode, idle-line or address-bit:

TAWAKE is not cleared by the SW RESET bit (SCICTLA, bit 5); it is cleared by a system reset or the
transfer of TXWAKE to the WUT flag.
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M99 .2 NMIMHUAA1YDY SCI Control Register 1 (SCICTL1) Field (719)

Bit

Field

Valu

Description

SLEEP

SCl sleep. The TXWAKE bit confrols selection of the data-transmit feature, depending on which transmit
mode (idle-line or address-bit) is specified at the ADDR/IDLE MODE bit (SCICCR, bit 3). In a multiprocessor
configuration, this bit controls the receiver sleep function. Clearing this bit brings the SCI out of the sleep
mode.

The receiver still operates when the SLEEP bit is set, however, operation does not update the receiver
buffer ready bit (SCIRXST, bit 6, RXRDY) or the error status bits (SCIRXST, bit 5-2: BRKDT, FE, OE, and
PE) unless the address byte is detected. SLEEP is not cleared when the address byte is detected.

Sleep mode disabled
Sleep mode enabled

TXENA

SCl transmitter enable. Data is transmitted through the SCITXD pin only when TXENA is set. If reset,
transmission is halted but only after all data previously written to SCITXBUF has been sent.

Transmitter disabled0
Transmitter enabled

RXENA

SCl receiver enable. Data is received on the SCIRXD pin and is sent to the receiver shift register and then
the receiver buffers. This bit enables or disables the receiver (transfer to the buffers).

Clearing RXENA stops received characters from being transferred to the two receiver buffers and also stops
the generation of receiver interrupts. However, the receiver shift register can confinue to assemble
characters. Thus, if RXENA is set duning the reception of a character, the complete character will be
transferred into the receiver buffer registers, SCIRXEMU and SCIRXBUF.

Prevent received characters from transfer into the SCIRXEMU and SCIRXBUF receiver buffers
Send received characters to SCIRXEMU and SCIRXBUF
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SCI Baud-Select Registers (SCIHBAUD, SCILBAUD)

15 14 13 12 11 10 9 8
BAUD15 (M3B) | BALUD14 BALUD13 BAUD12 BALD11 BAUD10 BAUDY BAUDE
RW-0 RIW-0 RIW-0 RIW-0 RW-0 RIW-0 RW-0 RIW-0

LEGEND: RfW = Read/Write; R = Read only; -n = value after reset

‘IJ‘ﬁ V.3 S‘]JLL‘LI‘LIGU’EN Baud-Select MSbyte Registers (SCTHBAUD) -Address 7052h

7 f ] 4 3 2 1 0
BAUDT BAUDG BALDS BAUD4 BAUDA BAUD2 BAUD1 | BAUDA0 (L3B) |
RAW-0 RIW-0 RAW-0 RW-0 RAN-0 RIW-0 RIW-0 RIW-0

LEGEND: RW = Read/Write; R = Read only; -n = value after reset

ﬂﬁ V4 3 1i1U1ve9 Baud-Select LSbyte Registers (SCILBAUD) -Address 7053h

1319 9.4 NMINHUAAIVDY SCI Baud-Select Registers (SCIHBAUD, SCILBAUD) Field

Bit |Field Value | Description
150 |BAUD15-BAUDO SCI 16-bit baud selection Registers SCIHBAUD (MSbyte) and SCILBAUD (LShyte) are
concatenated to form a 16-bit baud value, BRR.

The intermally-generated serial clock is determined by the low speed peripheral clock (LSPCLK)
signal and the two baud-select registers. The SCI uses the 16-hit value of these registers to select
one of 64K serial clock rates for the communication modes.

The SCI baud rate is calculated using the following equation:

_  LSPCLK
SCI Asynchronous Baud (BRR+ 1)< 8 1)
Alternatively,
- LSPCLK _
BRR SCI Asynchronous Baud % 8 1 (2-2)

Mofe that the above formulas are applicable only when 1 < BRR < 65535. If BRR = 0, then

SCI Asynchronous Baud = LSPCLK
16 (2-3)

Where: BRR = the 16-bit value (in decimal) in the baud-select registers.
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SCI Control Register2 (SCICTL2)

li f ] 2 1 0
TXRDY TXEMPTY Reserved RABKINT | TXINTENA
ENA
R-1 R-1 R0 RIW-0 RIW-0

LEGEND: RAW = Read/Write: R = Read only; -n = value after reset

3 4.5 31/u1uve9 SCI Control Register2 (SCICTL2) -Address 7054h

1519 V.4 MIAIHUAAIUBY SCI Control Register2 (SCICTL2) Field

Bit

Field

Value

Description

TXRDY

Transmitter buffer register ready flag. When set, this bit indicates that the transmit data buffer
register, SCITXBUF, is ready to receive another character. Writing data to the SCITXBUF
automatically clears this bit. When set, this flag asserts a fransmitter interrupt request if the
interrupt-enahle hit, TX INT ENA (SCICTL2.0), is also set. TXRDY is set to 1 by enabling the SW
RESET hit (SCICTL1.5) or by a system reset.

SCITXBUF is full
SCITXBUF is ready to receive the next character

TX EMPTY

Transmitier empty flag. This flag’s value indicates the contents of the transmitter's buffer register
(SCITXBUF) and shift register (TXSHF). An active SW RESET (SCICTL1.5), or a system reset,
sets this bit. This bit does not cause an interrupt request.

Transmitter buffer or shift register or both are loaded with data
Transmitter buffer and shift registers are hoth empty

Reserved

RX/BK INT

ENA

Receiver-bufferfreak interrupt enable. This hit controls the interrupt request caused by either the
RXRDY fiag or the BRKDT flag (bits SCIRXST.6 and .5) being set. However, RX/BK INT ENA does
not prevent the setting of these flags.

Disable RXRDY/BRKDT interrupt
Enable RXRDY/BRKDT interrupt

TXINT ENA

SCITXBUF-register interrupt enable.This bit controls the interrupt request caused by sefting the
TXROY flag bit (SCICTL2.7). However, it does not prevent the TXRDY flag from being set (being
set indicates that register SCITXBUF is ready to receive another character).

Disable TXRDY interrupt
Enable TXRDY inferrupt
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SCI Receiver Status Register (SCIRXST)

i

] 4 3 2 1 0

RX ERROR

BRKDT | FE 0E PE RXWAKE Reserved

R

R4 R0 R0 R0 RO RL

LEGEND: RfW = Read/\Write; R = Read anly; -n = value after resst

Y

3UN 4.7 JUuUVVBI SCI Receiver Status Register (SCIRXST) -Address 7055h

M1919 V.5 MINHUAAIVDI SCI Receiver Status Register (SCIRXST) Field

Bt | Field

Valug

Description

T |REERROR

S8 receiver eeror flag. The RX ERROR flag ndicaies that one of he edmor Bags in tha receiver
Status regesien is sal AX ERROR 5 a ogics OR of the break datecl, framing emor, avermun, and
parky encr enable fags (bds 5-X BREDT, FE, OE, and PE}

A1 on i bit will Cause an inderrupt i the RX ERR INT ENA b (SCICTLY B} is set. This bit can be
used for fast emor-condiion checking during the infermupt senice rousne. This ermar 837 canmol be
Cheared giractly; i i ceared by an active W RESET o by a system rosat

No mor Eags sel
Emor fagish esd

SCl recenverready flag. When a new character is ready 1o be read from the SCIRXBUF register,
1 regedver sets his i, and 3 receiver infemupt is generated f the FOUEK INT ENA b
(SCICTL 1) b5 2 1. RERDY s cheared by a reading of fhe SCIRXBUF regisier. by an actve SW
RESET, or by 2 system resel

Ko new chatacter in SCIRMBUF

Charatier seady 1o be read from SCIRXBUF

501 break-gedect flag. The SCI sets this b4 when a break condion ooours. A break condition
cceurs when the SCIrecener datd bne (SCIRXD] remanrs continuolsly kow lor at bears? ten bits,
beginning after 3 missing frsd stop b The ocourence of a break causes a recetves inbamupt 1o be
peneribed if the FOUBK INT ENA bit s a 1, but if does not cause B receiver buler 10 be lnaded. A
BREDT interupt can ocour aven if the mecesver SLEEP bt = s24 1o 1. BREDT i cheared by 3n
acive SW RESET or by 3 system reset. It is nof cleared by receipt of 2 charocter afier the break i
detacied. In order io recese more characiens, the SC1 must be reset by toggiing Te S RESET bd
of by a2 gysiem reset

Mo bk condibon

Break condition otoured

S| framing-aamor fiag. Th S| sets this DL whan an erpectid hop il 15 nod iound. Only the first
stop bt is checked. The missing siop bi indicates ihad synchronization with e st bR has been
last andi that thi characier s moomactly framed. The FE DI s reset by a ciearing of e 5W RESET

bt of by 3 Systam rasal
Mo Iraming eeror detacied
Franing s setscieg

SC| evemun-grrer f3g, The S0 sets this b when a character is {ransfermed into registers
SCIRXEMU and SCIRMNBUF betane the previoss characher is fuly read by the CPU of DMAC. Tha
prEAioUs characier is overaitien and kost, The OF fiag ba i resel by an acive SW RESET orby a
BRI fesal

0 Crgrun @imor gelecled
Overmun smor detecied
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| Ba_|Field

| vaise |Description

2

PE

S| parity-aror flag. This flag bl i 58 when a characher ks received with a2 mismaich between the
namnbes of 15 and i3 party it The aodress Bl is noiuced in the caicutaton. i panty generaton
and detection is not enabled, tha PE Rag is dsabled and read as O The PE bl &5 resel by an active
SW RESET or a system reseL!

Mo parity emof o paty is disabled

Parity ermof b datectad

RXWAKE

Receer wale-up-datect Bag
Ko delechon of 3 rebdhedd Wike-Uup CORGBOR

Avaipe of 1 i Ihis Dif indicates dedection of 3 meoehe wake-up condition. in e addniss-bd
mitprecestod mode (SCHDCA.3 = 1), RXWARE reflecis the wahse of he address bil fof the
character contained in SCIRXBUF. In the die-Ene multiprocessor mode, RXWAKE is set if the
SCIRND daty bre o dabecied 25 i, RONVAKE & 2 réad-ondy R, cleared bry ong of e folwing.
» Th trarcster of the firs? byl afler e ddress oyte 1o SCIRXBUF fondy in non-FIFD mode)

= The reading of SCIRXBUF

= An actve 5W RESET

» A system ress]

Raads refum zero; wites have no effect.

SCI Receive Data Buffer Register (SCIRXBUF)

15 14 13 L]
SCIFFFE! | SCIFFPE(! Reserved
R-0 R-0 R0
7 ] ] 4 3 2 1 0
RXOT7 RXDTE | RXDTS | RXDT4 RXOT3 RXDT2 RXDTH RXOTO
R-0 R-0 R-0 R0 R-0 R-0 R-0 R0

LEGEND: RW = Read/Write; R = Read only; -n = value after reset
(1" Applicable only if the FIFQ is enabled.

s v

G

T3 1Ju1U99 SCI Receive Data Buffer Register (SCIRXBUF) -Address 7057h
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Field

Value | Descripton

SCIFFFE

SCIFFFE. SCIFIFQ Framing ermor fiag bit {appscabis only @ the FIFC s enabied)

Mo frame efror occurmed while recenvng the character, in bits 7-0. This bit i assodiated with the
civaratier on the top of the FIFQ.

A frante emor occumed white recefving the characler in bits 7-0. This bit is associalied with the
charatter on the fop of the FIFD.

1+

SCIFFPE

Reserved

SCIFFPE. SCI FIFO party efmor flag bt (appbcable ony i the FIFQ i enabled)

Mo party emor edcwmed while recening fhe charactes, in bits 7-0. This b & assotiabed with he
characier on the fop of the FIFQ)

& pasity ool opoured while receliving B characier in bits T-0. Thes b ks associabed wilh the
Characier on the Sop.of the FIFQ.

[

RXDTI0

Recesve Character bis

9.7 SCI FIFO Transmit (SCIFFTX)

15 14 13 12 11 10 9 g
SCIRST SCIFFENA | TAFIFO Reset | TAFFSTY4 TAFFST3 TAFFST2 TXFFST TAFFSTO
RW-1 RW-0 RAW-1 R-0 R-0 R-0 R-0 R-0
7 ] ] 4 3 2 1 0

TAFFINT Flag | TXFFINT CLR| TAFFIENA | TAFFIL4 TAFFIL3 TAFFIL2 TAFFILY TXFFILD

R0

W-0

RAW-0 RW-0 RW-0 RIW-0 RIW-0 RIW-0

LEGEND: RIW = Read/Write; R = Read only; -n = value after reset

Y

3UN 4.8 VYL SCI FIFO Transmit (SCIFFTX) -Address 705Ah



122

M1919 V.7 MINHUAAIYOI SCI FIFO Transmit (SCIFFTX) Field

Bit | Field Walue | Description
15 |SCIRST S0 Reset

0 |'Write D io resed the SCI transmit and recerve channels. SCI FIFO register configuration bits will be
s

1 | SCIFIFD can resume tramsmil o recesie, SCIRST should be 1 even for Aulnbaud logic o work,
14 | SCEFFENA SC1 FIFD enable

I | SCIFIFD enhancements are disabied

1 | SCIFIFD enhancements ane enabled

13 | THFIFO Resal Tranzmit FIFO reset

0 |Resatthe FIFO pointer Yo Zero and hold in nesel
1 | Re-enabie transni FIFQ operation

128 | THFFST4D 00000 | Transmit FIFQ is empty

00091 | Tranzmil FIFQ) has 1 wonds

00010 | Transeit FIFO has 2 wonds

00011 | Transmil FIFD has 3 words

Qoo | Tramsenit FIFD has x words
10000 | Tramsmit FIEC has 16 words:

T | TXFFINT Flag Transmit FIFO intemupt

0 | TXFIFO inferrupt has not accurmed, read-only b

1 | THFIFO intermupt has occumed, read-only bt

6 |THFFINTCLR Transmit FIFO ciear

0 |'wrte 0 has noeflect on TXFIFINT fag b, B4 reads back 3 zem

1 |'Wrie 1 io clear TXFPINT fag in bt 7

5 |TAFFIENA Transmit FIFQ irtemmupt enabie

0 | TXFIFQ intemupk based on TXFFIVL match (less fan or equal o) s disabied
1 | T FIFQ intearypt basad on TXFFVL match (less fhan or equal o) i enabled.

&) | TAFFILAD TAFFIL&-0) Transmit FIFO inlzmupt bovel bits. Trarwmit FIFO wi genaraie imigmupl when e FEFQ
bz bits (TXFFST4-0) and FRFO level bits (TXFFIL4-0 ) malch fiess fhan or equal to),

Defaul vakie shoudd be 000000,
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SCI FIFO Receive (SCIFFRX)

15 14 13 12 11 10 9 3
RXFFOVF | RXFFOVR CLR| RXFIFO Reset | RXFIFST4 RXFFST3 RXFFST2 RXFFSTH RXFFSTO
R-0 W=0 RIW-1 R-0 R-0 R-0 R0 R-0
7 6 5 4 3 2 1 0
RXFFINT Flag | RXFFINT CLR | RXFFIENA | RXFFIL4 RXFFIL3 RXFFIL2 RXFFIL1 RXFFILO
RO W-0 RIW-0 RIN=1 RAN-1 RIW-1 RIW-1 RAW-1

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

sUf 4.9 jUuvuves SCI FIFO Receive (SCIFFRX) -Address 705Bh

U

1319 9.8 N1IRHUAAIUBY SCI FIFO Receive (SCIFFRX) Field

Bit |Fiekd Value | Description

15 | RXFFONF Recedve FIFO overfiow. Thas will anction as flag, but-cannot generate internapt by Rsel. This
condition will occur while receive imfernupt is active. Recese miamupts should senice this flag
condition.

0 | Recene FEFO has not overiowed, read-only bit

1 | Recedve FIFO has overfowed, read-only bit. More Bhan 16 words have been received in fo the
FEFO, and the first received word & lost

14 | REFFOVE CLR RXFFOVF ciear

0 ‘Write I has no efiect on RXFFONF Rag bi, Bit reads back a zem
1 Wiite 1 fo clear RUFFONF fag mbid 15

13 | RFIFD Resst Recerne FIFO nesel

0 | 'Write O %o reset the FIFD pointer to 28m0, and hokd in reset.

1 | Re-erable recelee FIFO cperation

124 | RMFFST4-0 00000 | Rscive FIFO |5 empty

00001 | Recese FIFO has 1 word

00010 | Regeive FIFO has 2 wonss

00011 | Receive FIFO has 3 wonds

Thooo | Regste FEFO has x wonds

Receive FIFO has 16 words 10000
T RXFFINT Recsive FIFO infenmupt

0 | RXFIFD inermupt has mot octumed, read-only bit

1 | ROFIFD intermupt has otcumad, fead-only bit

B RXFFINT CLR Receqve FiFQ inferrupt cear
0 | Wit 0 kas no effect on RXFIFINT fiag bt Bt reads back 2 zefo.
1 | Wit 1 10 clear RXFFINT Sagin ba 7

5 | RMFFIEMA Recene FIFC inferupd enabls

0 | RXFIFQ intemupt based on AXFFIVL match (iess than or equal o] wil be disabled
1 | RXFIFQ inbermupt based on RXFFIVL match {less fhan or equal 1o) wil be enabied
40 | RUFFIL4-D Receive FIFD intarmup! level bits

11111 | Receive FIFD generates intermspl when the FIFO status bits (ROFFST4-0) and FIFO level bis
(RXFFILA-0) muatch (12 ane graater than of equal o). Defaul value of hese bits after reset -

11111, This wall gvosd freguent ntermupts, after resst, as the receive FIFD will be emply most of Bhe
time.
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