HART Communication Foundation Document Number: HCF_SPEC-54
FSK Physical Layer Specification

Table of Contents

(1= =01 SRR 11
[ gLuigeTo 8o 1o o ORI 13
S o o TR TR PR 14
2 NOIMALiVE REFEIENCES........coiieie ettt seesreeee e e sne s 14
2.1 Related HART DOCUMENLS ......covviieiiriieiesiiesieeie e siesae et sessseessesneesseessesnessseenes 14

2.2 Related Communication DOCUMENTS ........cccereririieiieriesiesiesie e seens 14

2.3 Other Related DOCUMENLS .......ocuiiiiriirie ettt nnens 14

G T 1= ] 011 o R 15
4 Symbols and ADDIEVIALIONS. ........cueiiieieieeee et ne e 20
5 PhYSICAl DEVICE TYPES....ccviiuieiieeieeiesteeste et eteeeesteesteeaesseeseaseesseesseenseaseeseeneesseesseensesneenseens 21
5.1 LOW IMPEdanCe DEVICES .......cccoviieiiiiieiieiteeteseesteeee st eee s sae e sneesneeseesneenne s 21

5.2 High ImpedanCe DEVICES .........ccccriiiiiiiieeieese s 21

5.3 DeVvice CONNECLION TYPES ....ccueiuiriirieriisieeieeiei ettt sresn e n e 22

5.3.1 Current Input (Formerly Primary Master) .......cccooevrierieienenenesenenie 23

5.3.2 Current Output (Formerly Type C Field DeviCe) ......cccevveevvvecievieceenns 24

5.3.3 Voltage INPUL (NBW) ..ottt 24

5.3.4 Voltage Output (Formerly Voltage Mode Slave Device) .........cccccveueeneen. 24

5.3.5 Secondary (Formerly Secondary Masterl) ........ccooeoerommeneeinceineeonnens 24

5.3.6 Transmitter (Formerly Type A or B Slave device) .....cccoceevvecvneeieennenne 25

5.3.7 ACHUBLON (NBW) .ottt 25

5.3.8 Non -DC Isolated Bus (Formerly Type A slave in multi-drop mode!) ....25

5.3.9 DC Isolated Bus Device (Formerly Type D Field Devicel) ................. 25

6 Network Configuration RUIES..........cooiiiiiiiee e 26
6.1 Definitions Of EIEMENLS .......ociiiiiieiesi i 26

6.2 Combination Of EIEMENLS .......ccoiiiiiiiiise e 26

6.2.1 RUIENUMDEN 1 ..ot e 26

6.2.2 RUIENUMDEN 2 ... e 26

6.2.3 RUIENUMDEL 3 ... 26

6.2.4 RUIENUMDEN 4 ...t s 26

6.2.5 RUIENUMDEr 5 ..o 26

6.3 EXample TOPOIOGIES ......ooiveeiecieceece sttt ettt s sneene e 27

6.3.1 Point to Point CUrrent INPUL ..........cocoeieeieeeceece e 27

6.3.2 Point to Point Current OULPUL ..........ccoeieerierenenenieeeeeeeee e 28

6.3.3 MUITI-AIOP .o 29

Revision 8.1, Release Date: August 24, 1999 Page 3 of 88



HART Communication Foundation Document Number: HCF_SPEC-54
FSK Physical Layer Specification

6.3.4 Multi-drop with Analog SIgNaling .......ccccceeeeiieiece e 30

6.3.5 SerieS CONNECIION ....oovveeiieieeie ettt ee e 31

7 Common Characteristics Of All DEVICE TYPES ...ocveiuieieciecieeriecee et 33
7.1 Digital Signaling REQUIFEMENES .......cceeiuieieiieie ettt 33

7.1.1 Digital SIgnaling SPECIIUM ........cciiiiiiieieeeee e 33

7.1.2 Digital Signaling CharaCteristiCs ..........ccooerirerinierieeiesesese e 33

7.1.3 Transmitted WaVvefOrM ........ccooieiiiiereeeee e e 35

7.1.4 RecaiVer CharaCteriStiCS .....covvviiiririnieiiesie e 36

7.2 Analog Signaling REQUIFEMENLS ........cceccueiieiiecie e eee e 37

7.2.1 Anaog Signaling SPECIIUM .......ocvviieiece e 37

7.2.2 Anaog Signaling Interference on Digital SIgnaling ..........ccccceevenenennnne. 38

7.2.3 Anaog Input RecCOmMmENdaLioNS ...........cooereririreeieierere e 38

FACTIN® 1= g0 = ol (= 1 101 TR 38

7.3.1 DeViCe IMPEUANCE ......ccueeeeiieeie ettt neenne s 38

7.3.2 Interference to AnNalog SIgNaliNg .....ccceveeieeiieii e 40

7.3.3 Output During Silence (Interference on Digital Signaling) ..........ccccc..... 40

7.4 TSI REQUITEIMENTS ..ottt sttt sn e b b ne e 41

A == 0 7= o S 41

7.4.2 ANAlOg TESE FIlTEr ..o 43

7.4.3 Digital TESE FIILEN ..o e 43

7.5 Cable Characteristicsand Lengths ........ccccceevieiiie i 43

7.5.1 CablE TYPES oottt aesre e seeneaneens 43

7.5.2 Recommended Minimum Conductor Size (Diameter) .........cccceceverennene 43

7.5.3 Calculated Single-Pair Length ... 43

7.5.4 Maximum Multi-Pair Length ..........cocooeiiiiiineeeeeeeee 46

8 Non-Communicating NetWOrk DEVICES..........cccuiirieiiiiiresie et 50
8.1 NEtWOrK POWES SUPPIY ...eeeeiieriieieiie ettt 50

8.1.1 Power Distribution and Barriers ........ccocevveienerienieeneese e see e 51

8.1.2 Shielding and Grounding .........ccccccveveeieeieeieeseerte e 52

8.2 BAITIEIS .eeiieieiiteitesteeee ettt sttt bbbttt b e bbb b b ettt renre s 53

8.3 MisCalan@OUS HarQWare ..........ccoceiririiriniiiesie ettt 55
ANNEX A. Discussion and Derivation of SpeCifiCations...........cccooveveeveiieeiiecie e 57
A - 5.3 DeVvice CONNECLION TYPES.....couiiiiirirterieeieriesiesie st ee s sse s b s sbe st e s s e sseseesseene e 57
A - 6.2 Combination Of EIEMENES ..ot 58
A - B.2LRUIENUMDEL L.ttt e bbb bt enes 58
A - B.22 RUIENUMDEN 2.ttt b e e 58

Revision 8.1, Preliminary H, Release Date: August 24, 1999 Page 4 of 88



HART Communication Foundation Document Number: HCF_SPEC-54
FSK Physical Layer Specification

A - B.23RUIENUMDEN ...t e bbbt nes 59
A - B.24 RUIENUMDEN 4.ttt ettt bbbt et ne e enes 59
A - B.25 RUIENUMDEN 5.ttt re e 59
A - 6.3 EXAMPIE TOPOIOGIES .....ccveeieereeieetieieeeeste e eee e et e s e te e e steeeesseesseensesneesseesenneens 59
A - 7.1.2Digital Signaling CharaCteriStiCS .......ccviierieieiieieciee et 59
A - 7.1.3Transmitted WaVEfOrM ........ccuoiiiiieieeee e 60
A - 7.1 4 ReCaVEr CharaCteriSliCS ......coiiiiriirieriesisie sttt st 60
A - 7.2.1 Analog SIgNaling SPECLIUM .....c..eeiiiiecieeiese et te e e e nneeneens 62
A - 7.2.2 Analog Signaling Interference on Digital SIgnaling.........cccccverirerieieienenese e 62
A - 7.3.11High IMpedanCe DEVICES.......cccoouiieieiieieecie e steesie e ste et see et enae e sneeneas 63
A - 7.3.1.2L0OW IMPEdanCE DEVICES. .......cccviueeieeeie ettt ee ettt nneeneas 64
A - 7.3.1.3 Secondary Device IMPEUANCE..........ccccueieriiriiriiieriiee et 67
A - 7.3.2Interference to ANalog SINaAIING.......ccoviieiieieceseere e 67
N 0 B L O T 1= G = 1A (o] o S 68
A - 7.3.2.3 Cyclic CONNECLION TraNSIENES. .....coeieeieiieieierie et 69
A - 7.3.3 Output During Silence (Interference on Digital SIgnaling)........ccccceeveveeveeiesieeseennnns 69
Nt I~ 0 7= o L3S 70
A - 7.5 1 CADIE TYPES ..ottt bbbttt e bbb e e e 71
A - 7.5.2 Recommended Minimum Conductor Size (DIameter) .........ccveevveveesieereeieeseesieenens 71
A - 7.5.3Calculated SIngle-Pair LENGtN .......ccooiiieiiieccece e 71
A - 8.1 NEWOrK POWES SUPPIY ..oveieeeiiiieeiieiesiesie sttt 77
A - 8.1.2 Shielding and GroUNdING .........cceieeiieiieiieie e e e neeneens 78
L I T 4 1= P URRRR 78
A - 8.3 MisCElan@oUS HarOWare. .........cooueeiiiieeiicie ettt 78
ANNEX B. Wire ReSIStANCE TaDI ......cccoiiiiieiesiiesese et 79

B1l. Additional Cable Length Graphs .........ccccccceeieiieieiiese e 80
ANNEX C. Document REVISION HISLOMY ........ccoiiiiriiiiriineeeee e 88

C1. ChangesfromReV 8.0t0OREV 8.1 ......cceeieeiiciecece e 88

Revision 8.1, Release Date: August 24, 1999 Page 5 of 88





