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Abstract
Keyword: Medical Information Bus ~ Medical Device System(MDS) ~ Patient

éare System(PCS) ~ Communication Protocol

The standardization of medical information is very important to the
integration and information exchange between of different medical systems. The
domestic medical information systems are usually huge and complicated, and
every medical institute has its own system structure and operation mechanism.
In terms of medical image, most medical institutions already follow the DICOM
standard for the exchanges of medical information, most of they are trying to
follow the HL7. However, in local, there are only few medical institutions that
utilize IEEE 1073 to constitute the common medium design. The standards for
medical device system(MDS) and patient care system(PCS) are not well
established. It has been a problem that to exchange and integrate data for MDS
and PCS is very difficult.

The purpose of this project is: (1) To study the present Communication
standard and protocol for medical devices. An good example is the IEEE 1073
(Medical Information Bus, MIB) which is developed by the IEEE Standards
Association and supported by the Medical Device Communications Industry
Group (MDCIG) to accelerate the development of the Standards, as well as
market and demonstrate the capabilities of standardized medical data
communications. (2) To evaluate the possibility for the incorporation of MIB in
the local medical device systems.

This research applied Medical Information Bus (MIB) to design a system
that fits IEEE1073 international standard to improve the application of domestic
medical information standardization. Ventilators have been commonly used mn
all medical institutions, but different Ventilators have different output

information because different medical institution has its own HIS, PCS, and




clinic information management system. This project uses IEEE 1073 standard to
design and evaluate a Ventilator integration management system.

" Our suggestions on the migration to adopt the medical device information
standards are: (1) To conform the international standard continuously, (2) To
have the ability of establishing compatibility between different medical devices
for different manufactures, (3) To establish a procedure for testing the

conformability of the IEEE1073 standard for medical devices.
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S8 ENEBHINLG ; BYBHRE M - #4A F M4 4 (PHIS) ~ A A
Hash - EHNCERERA AL EEFERTHEXZBBILREEHE
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AR ATRAKAESHERTRASERWNI) > #4 FFHhBE
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SEAES  FRBREESBREARZTS
) HHAFRH2ZERATARL ARARMBRGEEEERZEATR
1% 8 32 e o HIS #f HIS 2 B » 3% & HIS # HIN 2 A > {5 4o HL7 $2 DICOM3.0
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(—)4738 IEEE 1073
IEEE1073 A B AR B EMEE  ARZA " BR T MEMRHMIB)
BF—RBRZLEGE  HREGATKEART !
1073. BREEEAIEERLE
1073.1 B# %4 F4 35+ (Medical Device Data Language, MDDL)% 22 # #2

BnE
1073.2 8 3% 4 & A (Medical Device Application Profile, MDAP) 2 2 # &
mE

1073.3 %% & (Transport Profile)
1073.4 ¥ %% & (Physical Layer Supplement)
1073.5 # 4% ¥ (Internetworking)

H 3 B AT Ak F—FIEEE-STD-P1073.1 & %4 % # T #3E % Medical
Device Data Language, MDDL) » B AR £ £ £ f > X X £ & MDDL £
& 49 & & ~MDDL #9428 - 5 # B &% X & 4 (Virtual Medical Device
Generalization, VMD) ~ VMD 25 7% /£ 4t 35 (Specialization Infusors) * VMD 4
43 % & 7, B (Specialization Vital Sign Monitors) » VMD =% 2%
(Specialization Ventilators) ~ VMD F# Bkt 8,31 (Specialization Pulse
Oximeters)  VMD -2 i & # % (Specialization Defibrillators) + #i.< B #H4& X
(Kernel Data Format, KDF) - £ —& P1073.2 B AT R L E X & NEXL
B 5 % & B B (Medical Device Application Profile, MDAP) » & 4-% P1073.2.0
# A#% -3 MDAP Kernel Base ~ P1073.2.1 & /)»#i < # Bk MDAP Minimum
Kemel Profile ~ P1073.2.2 # &% 35 Bk MDAP Basic Kernel Profile ~
P1073.2.3 4P ;- & Bk MDAP Extended Kernel Profile - # =% 1073.3 &
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{4 #; /& (Transport Profile): B AT & & E X k- B W F 1073.4 A § 22 /& (Physical
Layer): B AT # % #% Cable Connected & IRDA 2R 8K TR A RITF -
% % & P1073.5 & Internetworking -

IEEE 1073 4t 1 B % 438 £ (OSI 7-Layer) 8- & 2 M = ARA * 4o B
— 7 (P.34) %] & B A & @ (A-Type) 145 & &(T-Type) 2 & £ & (Physical
Layer)

BAE&A-Type)aL 2 -

—~  #}3%B(Session Layer) : A AU B EM B BB ALY ERRR
F% o

=~  23%(Presentation Layer) : & ¥ BB R XRE L #in
RS e X REE -

= - AR (Application Layer) : & OSI# X &9& S & » TH R
FAE M s vy BRI -

1535 % @ (T-Type) f1, 4 -

— ~ {%4; & (Transport Layer) : F#E# EH SR NS EM L H T 2
Sk RBUCGRATHZ 4 B EEE — B &T s8R e1R
R e

=~ % & Network Layer) : & & ## ¥ 47 6L ( Packet) &y £ 75 R EH L

By FARAL o
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= ¥ %8 DataLink Layer): £ AMEME 2 RENEALE
BR o UREHE-BAEL FEAHEE -

K % /% (Physical Laver) % & & &4 T T #2484

(=)B AT RERIHMIB)EH
1L.MIB 2 % #

BREMZBAIEN AL O TERNERSH - SR AE
B RREHAZEME 0 W BAEIRE % % (Healthcare Information System)g|
ELTHEAETHEEAA AERBRELZAPCHABRITHERLSL
BT MEBERBEMIB)Z 33 o 58 £ & AN B & %4 (Medical Device)
ABAGRERASKMHS)F LR EALAREAZNT G- fd MB ZZF
b RATRAZABANFERABRXBHEMEREL TRHILKREZ
REER FHASBETHTRBRRE248E  SHARLFEZE
8y o

2MIB B E £

* ZEHER  ABREALHBRASAERBIZLER -

s EBEHBAMET R MIB ZE2 BT HTREBEYE -

- HHXMERANE  REEAEREZFEBERARARACBERABER -
c BWIAMER  TREE-BRABHARE-—RELXRE -

c BREARZIRZE  TRENRE-—REEERSBFREREREM2Z
BR e

© BRATR  MER RA RS AR BRARAREALARE -

« REfEBRE B AREEREAG A —EALHL
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(Point-to-Point)éy i 4 » ARHH R BEHE LB L LEREL
(Local-Area Network, LAN) |

c TEMHER AEQER EHRRETE T —BRRBEAPEHHERLE
B PSR 4 e Y SEAF -

- BIHH ASLARRER —SRRRAABARAOEHN  ARAR
BR O A S BRI A AR A TR -

c EaiEdl D —ERAROHEREAREIEMARY OB RS LA
EHREGRBIRITHGER - |

« BHL7 ey @4 0 RRTHRARE S » f248 F ¢ Z5(Point) F it 24 2R
feF e HL7 TR A 63(fl4o * 8 — BN @ (Gateway) &5 R 3 » 4w !
BB ETE A% ~ 85 (Pharmacy) % % ~ ADT(Admit-Discharge-Transfer) 4
-%ft o

3.MIB i@ EH

IEEE 1073 & 8 B & & B % B LR A A 4 408 315 48 (open system
communications) » £ & & AR BB %H R BB R T W & s(patient

care information system)Z E# XK - R B MR B A G B ARBHERT

 NRBERRMAE ZRTHREERAAMNZING  WAH ST
IEEE 1073 2 £ BABEHEHTHLLE - 2RAZE " BRETMERSE
(Medical Information Bus, MIB ) - -

HRAATHLEESRARS — BT RN —AGETRIME
HAEHBBREBE T LAHETRLELARBRELRAZIBE » FRA
GFEABRETEMAELATH - ARUNEFZ 2 HLARBER
Z B ABE TR o UT LA B AT ¥ MIB &2 8 A 2 8 M Z LR
ZRHEEE
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3.1 B BRR B

B BAA B & BRIV Pumps) 8K 8 TR A 4
(Bedside Computer System) & #+Z A% & A 5] - 4 B —F77(P35) 0 & $HER
¥ #(IV Pumps) & % 3165 L # & % 18— 4 1SO 938 34834 A (Network) 4%
B g m & (7-Layer) R & @ M E » #5424 OSI 7-Layer (Open System
Interconnect 7-Layer Model) * X #| f & — & & #2 /& (Physical Layer) & 4% B %
1k 25 3% o 18 3L4E %) 3% (Device Communications Controller, DCC)EEI;T:;&%
A3k s ey @I H3% (Bedside Communications Controller, BCC) R #4 5

& BA A B E T (Medical Device Language) R %@ - B# -

4 IEEE 1073 57 # /& (Physical Layer) ¥ » £ B # ey F R R 0 B AM
=R 0 ARik B R385 (2400 Bd and 9600 Bd)£ & ik T4 R(1IMb/s) - — 4%
BAESHELHEETHEREL T4 9600Bd » &30 MR EFHHARGEZ
ARMERE AT BRUZERRYA) ) T Héﬂ?ﬂi#@i('fransnnssmn
format) % 8 B LB — A% B = A7 (P35) R AM &4 bit 707
K& RH bit 717 - L 7T(bits)|~8 B F#AE - BMEL - RAKTH
& & 33 M M4k IEEE Standard for Device Communications-Physical Layer
" Interface-Cable Connected(P49) -

i# 4 5 (connector) £ B AMH A B K b » ko —AA(PAS) - iR
375 E r(DC Contact Resistance)#n & & %8 /7 30mQ ~ A # Em(DC
Resistance)Zg /s # 20MQ ~ & X 'E % & (Maximum Current capacity) X 7 5§ #
500Ma ~ % /»'E # & (Minimum Current capacity) A7 E 7 100pA...... 25k
i $ 55 (connector) A £ AR E R E > otk = Arll(P46) » BNARK
RATTANEH BRI 2~ B IRBRRALS N TS 11 R 65 -
BEATOFE SHEAGELHE..F EEBRCable)yH T L b0
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Mt F Z A ifi(PAT) 0 B shag(Jacket) ~ Fa&k(Shield) ~ £ & (Insulation)...... 24
KR e E K 4w EMC(Electromagnetic compatibility) fit 32 44
(safety) L ®HAE » HRBRGAZREAL ABHEH ELEEE
A E M T A8y Bdo M4k IEEE Standard for Device Communications-Physical
Layer Interface-Cable Connected (P.49)

3.2 B
BRASETRGAE B m-1(P.36) ~ W-2(P.37)#F 5 OS] 4541
ik A £ B B T AR o (Common Management Information Service
Element, fi#% CMISE) &4 REHEREN ZBHHY -
CMISE I #-& =% & :
(1) £F P2 E MR (Common Management Information Service, i #%
CMIS) A RME OSI 4 AEZRBRBBABHZERAENE -
(2) #F % ¥ FMiEMNH £ (Common Management Information Protocol,
W% CMIP)  RAL@ I E T HE 7 (Protocol Data Unit, B
PDU) BAARALESHEF - ‘
CMISE M4 & T AT EHMN - T RLAZBE SEFRE TH
( Association Control Service Element, f§#5 ACSE) Z X &4 % BH&
B EZRERS TS (Remote Operation Service Element, fj#% ROSE) #
RBWERTRH B TEZEME -

33 mERE -

HHEEESE MBZERANAERBERARFIETHRERTE
ZEHZH URBEEEREEARBELL  wBEATEI8) —@
R A AT 9@ MIT 313 (Bedside Communications Controller, BCC)& %
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=T LR 125 18 B 518, 25 3% 4 69 318 4% 4] 3% (Device Communications Controller,
DCO)R i - FEGRIR - Bedside Communication Controller (BCC)&
MIB &4 £3&3# » Device Communication Controller (DCC)i] A& /-# BCC 1 &
R 2 R &g . R 8454 X (Dynamic model)dw B 7<-1(P39) ~ X
-2(PA0)F 7 c BCC A B RN BRERALTIU TCP/IP a4 - B
BARTULABREABRTRAETHXARAZER A LT -

EBBIMERBEZER  pELHAFP4) RARIBXENE
BEATR(RERE BRRES)ER ERM A % (Patient Care System)Z §

HEMZBAEETRALE/ECERZ ATFRE - CEHR......
¥ AAEMSHAERTALTABBRECRERNGZAE RIRAHR
EREBAKPCHZ XM A R ZZ# R wBNFFTEE4L) ERT R
HEREEAZES RS SANREBRRSE  LAHNEE MR EICU)H
HERBEAAMT  ETRFHELBHERSE -

(=) IEEE 1073 f ffbha BAR A 2 B 4

L RHZBEE
C RERRER (HL7) R — 18 48 A 6 — S R
AEEMIEARE ~EEPHESEBRBERELOTEL AN TRE
HEFR KRS HEX R R B o Wn & ADTOAR/ #5%/ B HK)
FHRENE RELERL RIEL BMNCBREHRALLE -
mEA AN BA-HH KB 2EHEE -

2. BERBRE
DICOM ( Digital Imaging and Communications in Medicine) & & % B %
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BREAMEAGBNZE - 222 HHBAARAIEANOEREMBK
HAHATH 0 B AT XERX-RAY) ~ Hiak LR R AMRD - TR
B HHRBMACT) - BERARBSECHO)EAH A £ 2 %1% > # A DICOM &143
BPUHMAEEATE S THEBAEB AL ERER  BTBELLASR
BAEEHHLERET o L5 REN ACR 52 NEMA £ S8 84 B E5HRH
W R %A » DICOM & A& 43t 4 - ®MA B 25 H 4 Heaith Care
Informatics %% & A 4R F -

4 MIB-HL7 -DICOM X L=Zf#z ARz HBATN £ —F
ERENETHRE  AOHeTBREME TR ERERAT/FEE
BRHMEE—FHERAY
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FsbtEF Lx—-_ﬂiﬂ%ﬁﬁ%},@mz?&%k%&&—%#ﬂ%ﬂﬁﬁ%%%
A4 BB B AR @4]) 0 EhEA RS-232 MG RiEEG
B TR S AT AR 89 B IEEEPI073.1.1.] ZAZ R RB I FH A&
RREGERAYS  REALTEZRRBEFIFFRABERTH - LR &
2ZHEBE T REAS R ANHEEEL - FREHELEH  PRE

ML EGRBTHG - $REBITHEFNG - AR RBBEEITH -

AT 3 i A SR

stb?f %% M LabView RYEA A R F B HHE B4 RS2 RHBRRE
B ME BTGB ERREAE  wEo s REATEPAT) ) REALE
%ﬂﬁ%i%’E@ﬁéﬁﬂwm%#ﬂ&ﬁ%%mRmnﬁﬁzﬁaﬁ
B ~ 4 U+ & (Data Bits) & ‘é‘*ﬁléﬁ&&; B4 &% % (Parity) & % B MR 4 0% »
ARABETHAT EALRAMMGABRY —BHHS..... N 3. EIES
FESRBATHULEE—RAEEBTEHZIEE RAMALHL TS
SR HEREHe X Byte | B STX(Start of Text) & Rt L5454 55 ~
Byte 2 % & ¢ B M & £ # F 4 & identifier » 44’ ASCII 40”3043 3| <+ R M Y
i# £ X (Mode) - Byte 3 & EXT(End of Text) % & ¥ +f €2,89% %45 - Byte 4

# CR(Carriage Return) 4 # 2| AT £ AT X AT » EHRAFHHES -
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foob B B AR |

BRI ERHARAME - FHRERNE b AN
(PA8) A RM G H EMEX LA —2$2 ASCII 4 -Byte 1 ~ 28 »
9 & &40 LATI > Byte3~7 BATI5 T E S Bz A -

ESREMNZESRBRIMG

HBEANER LA R34y A4S 83 Z R @(Control settings
interface) + %4 £ # 2% & % & (Alarm settings interface) ~ 7% S ER L H R
& (Monitored Parameters interface) ~ =& 4 & # F @ (Wave Form

interface) °

BEMNFERERGERTHE

Mode ~ fcmv ~ fsimv ~ Tidal Volume ~ Insp. Time ~ Pause Time - Flow Pattern
Pressure Trigger ~ PEEP/CPAP - Pressure Support ~ Oxygen ° 4v & + A7
(P.42) - 45 & 3%, PEEP/CPAP(cmH20) % Positive End Expiratory Pressure
/ Continuous Positive Airway Pressure > ok f, K ﬁﬁl}/éﬁﬁ RER N
Range : 0t0 99 cmH20 ; &M ELA R BHERAEF N r B RE ST
MR A o i@ HME KX (Mode)IR i3t A 12 #EE K bt SIMV R4
%% » SIMV(Synchronized Intermittent Mandatory Ventilation) @ [] 3 fe] &
HEHER S AR RERBETRESNFREX » AEHRFER

2 AHFBARHS —ERERSR  BTERATRBEARY ¥

19




& & fighting - 2 ¥ £ 48 49— $& weaning mode -

BEESHBRERGERTHER

High Rate ~ High Pressure » Low Exp Min Vol ~ Low Oxygen - High
Oxygen=~ o+ —Fiw(P42) » HERBHFELEL LRI BRHE
B - 4o % R (High pressure) ~ £ & & £ (Low Oxygen)...... <

EREREAFIHURORATHE

Insp. Volume ~ Exp. Volume ~ Vexp/min -~ f total ~ f spont ~ I:E ratio ~ Pmax ~
Pmean - PEEP/CPAP -~ P plateau ~ t Exp Pat + Oxygen ~ Rinsp ~ Rexp »
compliancednsp-. Flowe 4o 8 + = Ff < (P.43)° £ 45 L 3R, P plateau (cmH20)
A Plateau Pressure or End-Inspiratory Pause Pressure Measured During a
Plateau * HBMRREBAREALSEYHBRARTERASGER
Range : 0t0-99 cmH20 5 st 2 R R A KA SRM M - BH LR ZIEH
g% 4wtk ef9g b - I:E Ratio & Inspiratory : Expiratory Ratio * & &, ~ =
£t > Range : 1:9.9109.9:1 5 &% &~ A Mot AFFMagLLe - LE S
THiERAFIEGFR.F o

BEGREBEMFBETHE

Vexp/min ~ Insp. Flow ° 4o @ + = A7 57 (P.43) » # Vexp/min - Insp. Flow
UL RS LR T IE
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SRS BE RN
of-of 2 EHAEK IEEEP1073.1.1.1 Z 2 ERBHEEZETHE BANE
# % #(Name) - ## #5 %] (Object Class)#) & B RAFHRZ » LT R4 %

B EMERFEORRA -

ST P B S 2 A B

)RR M B &Y & #8(Machine output Name) A Mode £ [EEE1073
12 B T2 % 4 4% A Ventilator mode type * 24 IEEE.1.1.1 ¢4 ID %4
NOM_VENT MODE_TYPE - f#5(Abbrev) & N/a(k = H k2 &) HiEEA
(Object Class) % | 8 (Enumeration) & # % & £ % #%(Machine output Name)
A Oxygen * 4& IEEE1073 A2 £ T42 & £ #& % Oxygen Concentration * £ #&
[EEE.1.1.1 & ID % NOM_VENT CONC_AWAY_02- f #5(Abbrev) % N/a(& % %
k& R) 5 (Object Class) % # & (Numeric)...... & °

Name Machine Abbrev Object
output IEEE.1.1.1 Class
Name
Ventilator  [Mode |[NOM_VENT MODE_TYPE N/a  |Enumeration
mode type

Oxygen Oxygen |NOM_VENT _CONC_AWAY_ 02 N/a Numeric
Concentration
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T A ® AR 2w R BER SR

IR LB EE £ 4 (Machine output Name) % Insp. Volume » 4

[EEE1073 42 £ F 4% % £ % 4 Patient Inspiratory Tidal Volume » £ #&

[EEE.1.1.1ID % NOM_VOL_AWAY TIDAL - ffi #(Abbrev) VTi » 41448
%I (Object Class) 2 $# 4 (Numeric) - 4 # 2 # & £ #%(Machine output Name) &

Exp. Volume -+ 42 IEEE1073 £ # F 4% £ % #% 4 Patient Expiratory Tidal

Volume » 3 % [EEE.1.1.1 # ID & NOM_VOL_AWAY_TIDAL - f§ #(Abbrev)

2 VTe » 44+ #5 % (Object Class) 2 8 {& (Numeric) ...... 5% -
Name |Machine Abbrev | Object
output IEEE.1.1.1 Class
Name
Patient Insp. NOM_VOL_AWAY TIDAL VTi Numeric
Inspiratory |Volume
Tidal ’
Volume
Patient Exp. NOM_VOL_AWAY_TIDAL VTe Numeric
Expiratory |Volume
Tidal
Volume
Patient Vexp/min(NOM_VOL_MINUTE_AWAY EXP| MVe |Numeric
Expiratory
. |Minute
Volume

2 E M R 0 s M B+ w AT R (PA4) 0 A B R RARATITE
2GR ABEHEEHKEEETHEDataBase)#F EHEMERRA TS
IEEE1073 2 # X4 >~ &K% 7 M A 4 HIS(Hospital Information System) 2, £ 3%
BRAEZAARERAIEEE 073 22T REARKR > e 24 -ID A —
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B ETERRREHETH A AL RLFRAEEZHRAROT
ek -

A By A 48 24 Microsoft Access A B BB A » 2 AL 48
TMEELAME-S RS AP EHRERIEEEPIO73.1.11 222 &K

REH -

E R eSS

BERENGREABRES TREEALBHRRERR E0FR
e EMME—FTHBERRET RV AEATE - BRI EL D Client
MRER  AABATEMR AL Server 3BT - ALK BATRITAELY
% B, 0 Client 33 8 & 5 BT RE ~ &1 R Y Server 3% 8 & s PUTIRAME
freashon N BRATAHRT 0 0 FRERE £ bedside RFEFR
o048 IR S8 o

BRETHALSRRY AP ERIERBEABLBARERE
B AMEEZHBRREEEARE) FIHHKSE BHRBRE LEERRK
Mgkt REBREGHEREISE w2 BHENg  FEREFLR&A
BEBEYVEETHEAREREAL - Wl —RUE - FERFH#KS > R
BmBEABZIAR  ARBERCREABANEEEZTHE -
BHUABBRAAREMZER CLBAZHATRS L2 RE
ez BARERBERS  BNETHAABRAKZIESGRETR Y A
HAH s iR ETLAS T2PX LN BYEFNEEERERE
G TURAFENSERHLEEIMETHARELATRTRAAER
(40 Laboratory) > 122 EEHRARBREAN BT LT HFUARTA(ES TRAENF
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B FHG®RE SLZTAMAERREG —BICUKYZLETENES)
B A4 HP % & 2 HOST % G2 9T £ 4 HP /> 8 (3R & 2 A Philips 2 8] )8 47
ZBRARBEARAERZITEOESHZILGMERS Rt HEH
AEME HFEHETHS%ZIEhE  APETHERD A—F @bk
ot B 24 88 3 (Direct Care) 75/ » ik V% S8 G E ICU BFR] - %A £k
HERZELZERERRAMAER  FETURIRAALE > TRAER
T RBHEARZAER -

EFHERFBRIGBERARBLELRBRERTNA & CIS
(Clinical Information System) 4 #4485 » KX HAFEAE > ENRELF Y
Bhes B AR BB E BRI EORERATHZI AR - FEEN....
YHAARE BRI EBEHRRAEMN AXASBERE ——RERAFT
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Agent: Communication
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Association Request
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Typically, there will be multiple Greate Notification, the precise number of which is ‘a function of
the quantity of Protoco!l Data Units (PDUs) that are needed to convgy them all. For brevity, this
diagram shows only a signal confirmed-mode interaction.
e —
Confirmation
MIDS Status Change Notificatign < Operating
-

-2 Start-up after Connection
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Parameter

Value

DC contract resistance (pin of meted patr)

30m maximum, initial value

Number of insertions

>5000, with 50m{) maximum mated pair
contact resistance

DC resistance (shield)

20m 2 maximum

Maximum current capacity

2 500mA

DC contact resistance shall remain within the

Minimum current capacity above resistance specification with circuit
current 2 [00pA

Voltage/ current 30V ac at 1.5A maximum

Breakdown voltage contact-to-contact 2300V dc

Breakdown voltage contact-to-shield 2500V dc

Shielding effectiveness

20dB minimum reduction from 70MHZ to
S00MHZ;

10dB minimum reduction from 500MHZ to
1GHZ

% — ~ Connector electrical characteristics
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Parameter

Value

Receptacle contact material

Phosphor bronze, selective gold over nickel in
contact area and tin-lead over nickel on
printed circuit board tails

Plug contact matenal

Phosphor bronze, gold over nickel, selective in
contact area

Receptacle housing material

ISO 1210:1992 and ANSY/ UL flame rating 94
V-0, 1207C
ISO 1210:1992 and ANSY/ UL flame rating 94
V-0, 160°C

Plug housing material

ISO 1210:1992 and ANSI/ UL flame rating 94
V-2, 125°C

Minimum mating force

908g (20 1b)

Maximum mating force

3.63kg (8.0 Ib)

Minimum extraction force L1lb
Maximum extraction force 500g (6.51b)
>5000

Number of insertions

Body of connector: Safety

ISO 1210:1992 and ANSY/ UL flame rating 94
V-0. Design of connector precludes bodily
contact with signal and power pins, using test
probe defined in UL 2601-1:1994, CSA C22.2
NO. 301.1-M90, and IEC 601-1:1998

Electrostatic discharge (ESD) protection

Upon insertion, the shield shell of the
connector shall be designed to engage before
any of the circuit contacts and to maintain
contact upon withdrawal until all circuit
contacts have separated.

Drip immunity and splash immunity

The design, fabrication, or inclusion of an
MIB receptacle connector shall not interfere
with the equipment’s ability to comply with
applicable fluid ingress standards such as [EC

529 or others.

% — » Connector mechanical characteristics
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Parameter

Value

Jacket UL-1581: 1991. paragraph
1080,VM-1(Vertical Specimen) Flame Test

Shield Aluminum polyester with AWG(1559 circular
miles) solid drain wire in continuous contact
with shield

Insulation UL-1581: 1991. paragraph

1080,VM-1(Vertical Specimen) Flame Test

Conductors for DATA(+), DATA(-),
SENSE/INT/SYNC-IN, and
SENSE/INT/SYNC-IN

Minimum 7-atandard, 28 AWG through 24
AWG (159 circular miles through 404 circular
miles)

Conductor for +12V and +12V RETURN

Minimum 7-atandard, 24 AWG (404 circular
miies)

=~ Cable material

Parameter Value

Baudrate 9600

Databits 7

Stopbits 2

Parity EVEN
Handshake XON/XOFF

&~ FHEREA

Byte ~ |Format

1 ASCII STX

2 Parameter identifier
3 ASCII EXT

4 ASCII CR

RE - BROTRRELTHZAEX
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Format

ASCII STX

Parameter identifier

ASCII parameter value

ASCII parameter value

. |ASCII parameter value

ASCII parameter value

ASCII parameter value

ASCIT EXT

Ol [dlcn & [Wto]—

ASCII CR

N HREEE TR AKX
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PHYSICAL LAYER INTERFACE—CABLE CONNECTED Std 1073.4.1, 2000 Edition

from the DCC and provides an input to the BCC. The two special function signals allow a BCC to determine
whether a DCC has been connected to a port and allow a DCC to determine whether it has been connected to
a BCC port. The special function signals also allow a DCC to issue interrupt requests to the BCC and enable
sync pulses to be transmitted by either the BCC or the DCC. Sync pulses may be used for synchronizing a
BCC's real-time clock to one or more DCCs, and/or they may be used for event synchronization.

9.2 BCC and DCC special function state tables

Table 2 through Table 8 provide the functional state tables describing the operation of the special function
input and output signals for BCCs and DCCs. Table 6 and Table 8 define optional functionality for low-
speed DCCs. These two tables are not applicable to low-speed DCCs that do not implement connection sens-
ing, interrupt, or sync capability.

Throughout these tables, “true” refers to a nominal level for the special function input signal of 0V, and
“false” refers to a nominal level for the special function input signal of 12 V. For a BCC, the special function
input signal is SENSE/INT/SYNC-OUT. For a DCC, the special function input signal is
SENSE/INT/SYNC-IN.

For Table 2, Initialization: Speed:= high. For the high-speed nominal pulse widths of 3.0 us, 5.0 us, and
7.0 us, a received pulse width within 500 ns of the nominal width shall be decoded as valid, and a received
pulse width outside of £750 ns from the nominal width shall be decoded as a physical pulse error. For the
low-speed nominal pulse widths of 50 us, 100 us, and 150 us, a received pulse width within +£20 ps of the
nominal width shall be decoded as valid, and a received pulse width outside of £22.5 us from the nominal
width shall be decoded as a physical pulse error.

Tabie 2—BCC épecial function signals input states

request, with “speed™
parameter = “low”

State Event Action Next state
DISCONNECTED SENSEINT/SYNC-OUT DISCONNECTED
(input) = true
SENSE/INT/SYNC-QUT CONNECT TIMER
(input) = false
CONNECT TIMER EN. - CONNECT TIMER
(input) = false and timer
(0.1 s) not timed out
SENSEINT/SYNC-OUT DISCONNECTED
(input) = true
Timer timed out PH_CONNECT.indication | HIGH-SPEED IDLE
HIGH-SPEED IDLE PH_DATA_RATE. Speed = low LOW-SPEED IDLE

SENSE/INT/SYNC-OUT
(input) = false

HIGH-SPEED IDLE

(input) = true and timer
(2.5 us) not timed out

5 YNC-O 0-2.5pus
(input) = true
0-25ps SENSE/INT/SYNC-OUT 0-2.5pus

SENSE/INT/SYNC-OUT

(input) = false

PH_PULSE.ERRCOR.
indication

HIGH-SPEED IDLE

Timer timed out

25-3.5ps

Copyright ® 2000 IEEE. All rights reserved.
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Table 2—BCC special function signals input states (Continued}

IEEE STANDARD FOR MEDICAL DEVICE COMMUNICATIONS—

.

State Event Action Next state
25-3.5ps SENSE/INT/SYNC-OUT 25-35us
(input} = tme and timer
(1.0 us) not timed cut
SENS SYN PH_SYNC.indication HIGH-SFEED IDLE
(input) = false
Timer timed out 3.5-45us
3.545ps SENSEAINT/SYNG-OUT 3.5-45ps
(input) = true and timer
(1.0 ps) not timed out
SENS S -0 PH_PULSE.ERROR. HIGH-SPEED IDLE
(input) = false indication
Timer timed out 4.5-5.5us
45-55us SENSE/INT/SYNC-OUT 4.5-5.5pns
(input) = true and timer
(1.0 ps) not timed out
SENSE/INT/SYNC-OUT PH_INTERRUPT_ HIGH-SPEED IDLE
(input) = false ACTIVATE.
indication
Timer timed out 5.5-6.5pus
5.5-6.5ps SENS -0 55-6.5us
(input) = true and timer
(1.0 us) not timed out
SENSE/INT/SYNC-OUT PH_PULSE.ERROR. HIGH-SPEED IDLE
(input) = false indication
Timer timed out 6.5-7.5 ps
6.5-7.5 us SENSE/INT/SYNC-OUT 6.5-7.5 us
(input) = true and timer
(1.0 us) not imed out
SENSEINT/S YNC-OUT PH_INTERRUPT _ HIGH-SPEED IDLE
(input) = false DEACTIVATE.
indication
Timer timed out DISCONNECT TIMER
DISCONNECT TIMER. | S SYN DISCONNECT TIMER
(input) = true and timer
(0.1 s) not timed out
SEN SYNC-C PH_PULSE.ERROR. HIGH-SPEED IDLE
(input) = false indication
Timer timed out PH_DISCONNECT. DISCONNECTED
_ indication
LOW-SPEED IDLE ENSE/INT. - LOW-SPEED IDLE
(input) = false
SENS 5 -OUT 0-30 us
(input) = true
0-30ps SENSE/INT/SYNC-QUT - 0-30us
(input) = true and timer
(30 pus) not timed out
SENS ) - PH_PULSE.ERRCR. LOW-SPEED IDLE
(input} = false indication
Timer timed out 30-70 ps
30 Copyright @ 2000 IEEE, All rights reserved.
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Table 2—BCC special function signals input states (Continued)

State Event Action Next state
30-T0ps SENSE/NT/SYNC-OUT 30-70us
(input) = true and timer
(40 ps) not timed out
SEN SYNC-OUT PH_SYNC.indication LOW-SPEED IDLE
(input) = faise
Timer timed out 70-80 us
70-80 us SENS. / C-OUT T0-80 ps
(input) = true and timer
(10 pus) not timed out
SEN /SYN PH_PULSE.ERROR. LOW-SPEED IDLE
(input) = false indication
Timer timed out 80-120 us
80-120 us SENSEINT/SYNC-OUT 80-120 us
(input) = true and timer
(40 us) not timed out
SENS JSYNC-OUT PH_INTERRUPT_ LOW-SPEED IDLE
(input) = false ACTIVATE.
indication
Timer timed out 120-130 ps
120-130 us SENSEINT/SYNC-OUT 120-130 us
(input} = true and timer
(10 ps) not timed out
SENSE/INT/SYNC-QUT PH_PULSE.ERROR. LOW-SPEED IDLE
(input) = false indication
‘ Timer timed out 130-170 ps
130-170 ps SENSE/INT/SYNC-OUT 130-170 us
(input) = true and timer
(40 us) not tirned out
E /S PH_INTERRUPT_ LOW-SPEED IDLE
(input) = false DEACTIVATE.
indication
Timer timed out LOW-SPEED
DISCONNECT TIMER
LOW-SPEED SENSE/NT/SYNC-OUT LOW-SPEED
DISCONNECT TIMER | (input) = true and timer DISCONNECT TIMER
(0.1 s} not timed out
SENS C-OUT PH_PULSE.ERROR. LOW-SPEED IDLE
(input) = false indication
Timer timed out PH_DISCONNECT. DISCONNECTED
indication

Copyright ® 2000 |IEEE. All rights reserved.
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Table 3—High-speed BCC special function signal output states

State Event Action Next state
IDLE PH_SYNC request Delay 1ps OUTPUT PULSE
SYNC_FLAG := INT_DEACT
FLAG = false
Timer ;=3 ps
SENSE/INT/SYNC-IN
{output) = true
PH_INTERRUPT_ Delay 1 ps OUTPUT PULSE
DEACTTVATE.request SYNC_FLAG = INT_DEACT_
FLAG := false
Timer :==7 ps
SENSEINT/SYNC-IN
(output) = true
QUTPUT PULSE PH_SYNC.request SYNC_FLAG =true QUTPUT PULSE
PH_INTERRUPT_ INT_DEACT_FLAG = true OQUTPUT PULSE
DEACTIVATE.request
Timer timed out and SENSEINT/SYNCIN OUTPUT PULSE
SYNC_FLAG =true {output) := false
Delay 5 ps
SYNC_FLAG := false
Timer ;=3 ps
SENSE/INT/SYNC-
{output) = true
Timer timed out and SENSEINT/SYNC-IN OUTPUT PULSE
INT_DEACT_FLAG=true | (output) := false
Delay 5 ps
INT_DEACT_FLAG = false
Timer =7 pus
IS -
(output) = true
Timer timed out and SENSHINT/SYNCIN IDLE
SYNC_FLAG=INT_ (ourput) := false
DEACT_FLAG = false
kY Copyright © 2000 IEEE. All rights reserved.
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Table 4—Low-speed BCC special function signal ocutput states

State

Event

Action

Next state

IDLE

PH_SYNC.request

Delay [0 ps
SYNC_FLAG :=INT_
DEACT_FLAG := false
Timer := 50 ps
SENSE/INT/SYNC-IN
{output) = true

OUTPUT PULSE

PH_INTERRUPT_
DEACTIVATE.request

Delay 10 us
SYNC_FLAG :=INT_
DEACT_FLAG := false

Timer := 150 us
SENSEANT/SYNC-IN

(output) = true

QUTPUT PULSE

OUTPUT PULSE

PH_SYNC.request

SYNC_FLAG :=true

OUTPUT PULSE

PH_INTERRUPT_
DEACTIVATE request

INT_DEACT_FLAG :=true

OUTPUT PULSE

Timer timed out and
SYNC_FLAG = true

N /SYNC-IN
(output) := false
Delay 50 ps
SYNC_FLAG := false
Timer ;= 50 ps
SENSE/INT/SYNC-IN
(output) = true

OUTPUT PULSE

Timer timed out and
INT_DEACT_FLAG =truc

SENSEINT/SYNC-IN
(output) = false

Delay 50 ps
INT_DEACT_FLAG :=
false

Timer =150 us
SENSEINT/SYNC-IN
{output) == wue

OUTPUT PULSE

Timer timed out and
SYNC_FLAG=

INT_DEACT_FLAG = false.

SENSE/INT/SYNC-IN
(output) := false

IDLE
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Regarding Table 5, for the high-speed nominal pulse widths of 3.0 us, 5.0 ps, and 7.0 ps, a received pulse
width within +500 ns of the nominal width shall be decoded as valid, and a received pulse width outside of
+750 ns from the nominal width shall be decoded as a physical pulse error,

Table 5—High-spead DCC special function signal input states

State Event Action Next state

DISCONNECTED SENSE/INT/SYNC-IN DISCONNECTED

(input} = true

SENS / - CONNECT TIMER

(input) = false
CONNECT TIMER | SENSE/NT/SYNC-IN CONNECT TIMER

(input) = false and timer

(0.1 s) not timed out

SENSE/INT/SYNC-IN DISCONNECTED

(input) = mue

Timer timed out PH_CONNECT.indication IDLE
IDLE SENSE/INT/SYNC-IN [DLE

(input) = false

SENSE/NT/SYNC-IN 0-2.5us

(input) = rue
0-2.5pus SENSE/INT/SYNC-IN 0-25us

(input) = true and timer

(2.5 ps) not timed out

SENSE/INT/SYNC-IN PH_PULSE.ERROR.indication | IDLE

(input) = false

Timer timed out 2.5-35ps
2.5-35us SENS YNC- 2.5-3.5us

{input) = true and timer

{1.0 us) not timed out

SENSE/NNT/S Y NC-IN PH_SYNC.indication IDLE

{input) = false

Timer timed out 3.5-45us
3.5-6.5 s SENSE/INT/SYNC-IN 3545ps

(input) = true and timer

(3.0 ps) not timed out

SENSEINT/SYNC-IN PH_PULSE.ERROR.indication | IDLE

(input) = false

Timer timed out 4.5-55 ps
6.5-7.5us C-IN 6.5-7.5 s

(input) = true and timer

(L.0 pus) not timed out

SENSEINT/SYNC-IN PH_INTERRUPT_ IDLE

(input) = false DEACTIVATE.indication

Timer timed out DISCONNECT TIMER
DISCONNECT SENS! ISYNC-IN DISCONNECT TIMER
TIMER (input) = true and timer

(0.1 s) not timed out

SENS - PH_PULSE:ERROR.indication | IDLE

(input) = false

Timer timed out PH_DISCONNECT.indication | DISCONNECTED

34 Copyright © 2000 IEEE. Al rights reserved.
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Regarding Table 6, for the low-speed nominal pulse widths of 50 us, 100 ps, and 150 us, a received pulse
width within 220 ps of the nominal width shall be decoded as valid, and a received pulse width outside of
£22.5 ps from the nominal width shall be decoded as a physical pulse error,

Table 6—Low-speed DCC special function signal input states

State Event Action Next state
DISCONNECTED SEN C- DISCONNECTED
(input) = true
SENSENNT/SYNCIN CONNECT TIMER
(input) = false
CONNECT TIMER | § S - CONNECT TIMER

{input) = false and timer
{0.1 s) not timed out

SENSE/INT/SYNC-IN DISCONNECTED
(input) = true
Timer timed out PH_CONNECT.indication IDLE
IDLE SENSEINT/SYNC-IN IDLE
(input) = false
S S - 0-30us
(input) = true
0-30 us SENSENNT/SYNC-IN 0-30 pus

(input) = true and timer
(30 ps) not timed out

SENSE/INT/S TNC-IN PH_PULSE.ERROR.indication { IDLE

(input) = false

Timer timed out 30-70 us
30-70 us SENSEINT/SYNC-IN 30-70 pus

(input) = true and timer

(40 pi5) not timed out

SENSEINT/SYNC-IN PH_SYNC.indication IDLE

(input) = false

Timer timed out 70-130 ps
70130 ps SENSEINT/SYNC-IN 70-130 ps

{(input) = true and timer
(60 us) not timed out

SENSEANT/S YNC-IN PH_PULSE.ERROR.indication | IDLE
(input) = false

Timer tirned out 130-170 ps
130-170 ps SENSEANT/SYNC-IN 130-170 ps

(input) = true and timer

{40 ps) not tirned out

SENSEINT/SYNC-IN PH_INTERRUPT_ IDLE

(input) = false DEACTIVATE.indication

Timer timed out DISCONNECT TIMER
DISCONNECT SENSE/INT/SYNC-IN DISCONNECT TIMER
TIMER (input) = true and timer

(0.1 s5) not timed out

SENSE/INT/SYNC-IN PH_PULSE.ERROR.indication | IDLE

(input) = false

Timer tirmed out PH_DISCONNECT.indication DISCONNECTED
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Table 7—Special function signal output states for high-speed DCCs

State Event Action Next state

IDLE PH_SYNC.request Detay 1 us OUTPUT PULSE
Timer =3 us
SYNC_FLAG =
INT_ACT_FLAG :=
INT_DEACT_FLAG =
false

=true

PH_INTERRUPT_ACTIVATEr | Delay 1 ps QUTPUT PULSE
equest Timer := 5 ps
SYNC_FLAG =
INT_ACT_FLAG =
INT_DEACT_FLAG =
false

S .
= true
PH_INTERRUPT_ Delay 1 ps OUTPUT PULSE
DEACTTIVATE request | Timer=7ns
SYNC_FLAG :=
INT_ACT_FLAG =
INT_DEACT_FLAG =
false
S 1S
= true

OUTPUT PULSE PH_SYNC.request SYNC_FLAG =true OUTPUT PULSE

PH_INTERRUPT_ACTIVATEr | INT_ACT_FLAG :=true | OUTPUT PULSE
equest

PH_INTERRUPT_ INT_DEACT_FLAG = OUTPUT PULSE
DEACTIVATE.request true

Timer timed out and SYNC_ SENSEANT/SYNC-OUT | OUTPUT PULSE
FLAG = true := false

Delay 5 s
SYNC_FLAG := false

Timer =3 ps
mgﬁﬁrsm.ﬁi T

= e

Timer timed out and SENSEANT/SYNC-OUT | QUTPUT PULSE
INT_ACT_FLAG = true = false
Delay 5 us
INT_ACT_FLAG := falsc
Timer =5 us
SENSEIN ;ISYNaﬁﬁ T
=true
Timer timed out and /S - OUTPUT PULSE
INT_DEACT_FLAG = true = false

. Delay 5 ps
INT_DEACT_FLAG =
false

Timer :==7 ps
SENSE/N EISYNE@U T

=true
Timer timed out and SYNC_ SENSEANT/SYNC-OUT IDLE
FLAG = INT_ACT_FLAG = = false
INT_DEACT_FLAG = faise

16 Copyright © 2000 IEEE. All rights reserved.
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Table 83—Special function signal output states for low-speed DCCs with sync
andl/or interrupt capability

Std 1073.4.1, 2000 Edition

State

Event

Action

Next state

IDLE

PH_SYNC.request

Delay 10 ps

Timer := 50 us

SYNC_FLAG :=INT_ACT_FLAG
=INT_DEACT_FLAG := false
SENSEANT/SYNC-OUT =true

OUTPUT PULSE

PH_INTERRUPT_
ACTIVATE.request

Delay 10 ps

Timer = 100 ps

SYNC_FLAG = INT_ACT_FLAG
=INT_DEACT_FLAG := false
SENSEINT/SYNC-OUT :=true

OUTPUT PULSE

PH_INTERRUPT_
DEACTIVATE.request

Delay 10 us

Timer := 150 ps

SYNC_FLAG = INT_ACT_FLAG
= INT_DEACT_FLAG = false
SENSEINT/SYNC-OUT := true

OUTPUT PULSE

QUTPUT PULSE

PH_SYNC.request

SYNC_FLAG =true

OUTPUT PULSE

PH_INTERRUPT_
ACTIVATE.request

INT_ACT_FLAG :=tne

OUTPUT PULSE

PH_INTERRUPT_
DEACTIVATE request

INT_DEACT_FLAG := true

OUTPUT PULSE

Timer timed out and
SYNC_FLAG =true

SENS ISYNC-O
Delay 50 ps
SYNC_FLAG := false
Timer = 50 us
SENSEMNT/SYNC-OUT := true

= false

OUTPUT PULSE

Timer timed out and
INT_ACT_FLAG = true

SENSEANT/SYNC-OUT := false
Delay 50 ps

| INT_ACT_FLAG := false

Timer := 100 ps
SENSE/INT/SYNC-OUT = true

CUTPUT PULSE

Timer titned out and
INT_DEACT_FLAG =
true

SENSE/INT/SYNC-OUT := faise
Delay 50 ps
INT_DEACT_FLAG = false

Timer := 150 ps
SENSEANT/SYNC-OUT := true

OUTPUT PULSE

Timer timed out and
SYNC_FLAG =
INT_ACT_FLAG=
INT_DEACT_FLAG=
false

SENSEMNT/SYNC-OUT = false

IDLE

Copyright © 2000 IEEE. All rights reserved.
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10. Common electrical interconnection specifications
This standard provides for three different rates of communication between a BCC and DCC:

a) Low-speed rates of 2400 Bd and 9600 Bd
b) High-speed rate of 1 Mb/s

This clause defines the areas of commonality between the two implementations. A DCC is required to oper-
ate at one of the three data rates, while all ports of a BCC shall be able to communicate with attached DCCs
at all three data rates. A DCC may not change its data rate between the time of logical connection establish-
ment and the time of physical disconnect.

10.1 Overview

The domain of the [EEE 1073.4.1 electrical interconnection equipment is to provide a point-to-point data
transmission medium between the BCC and the DCC.

The remainder of this clause defines the electrical and mechanical characteristics for the equipment that are
applicable to both data rates. This ensures provision of a reliable, point-to-point data transmission medium
that interconnects a BCC with one or more DCCs.

This clause includes discussions of

a) Topology and configuration rules

b) Power requirements _

c) Mechanical, cable, and connector requirements
d) Electromagnetic compatibility (EMC) and safety

e) Electrical and functional operation of the special function signals, SENSE/INT/SYNC-IN and
SENSE/INT/SYNC-OUT

f) BCC-to-DCC interconnection drawing

As shown in Figure 13, the electrical interconnection occupies the lowest level of the Open Systems Inter-
connection (OSI) reference model.

Additionally, the BCC supplies to the DCC +12V power, which may be used to power isolate
communications hardware or may be used for other purposes by the DCC. In the same cable connection,
provisions are included to allow the BCC to determine whether a DCC is connected to a particular port
without having to poll that particular port. For the low-speed version of the Physical layer,-a mechanism is
provided to allow a transmitting Physical layer entity to delineate the beginning and end of individual frames
to the receiving Physical layzr entity.

In addition, a pair of special function wires allows a DCC to issue intetrupt requests to a BCC and for a BCC
or a DCC to provide a synchronization output pulse. This pulse may be used to synchronize the values of the
real-time clocks for a BCC and one or more DCCs. -

The specified cable provides six conductors consisting of a twisted pair for serial data transmission, a
twisted pair for power (+12 V and +12 V RETURN), and individual conductors for the two special function
signals, SENSE/INT/SYNC-IN and SENSE/INT/SYNC-OUT. See Figure 18 and Figure 19. The naming of
the two special function signals is with respect to the DCC, not the BCC.
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1 PHYSICAL CONNECTED

Figure 13—IEEE 1073.4.1 Physical layer relationship to OSI reference model

The cable includes an overall shield, enclosing all six conductors. The shielding conductor is radio
frequency (RF) bonded to the backshells of the cable plug connectors. The shield is provided to minimize
susceptibility of the data to outside interference and prevent undesirable interference emissions.

Data generators and receivers for [EEE Std 1073.4.1, 2000 Edition are specified to conform to the require-
ments of [SO/[EC 8482:1993. For this standard, if any differences exist between this standard and
ISO/TEC 8482:1993, this standard shall have precedence.

The [EEE 1073.4.1 connector provides for ease of connection and disconnection, with a long service life.
While based upon a proven connector technology, it has a unique design specifically for this standard.
Features include protected contacts, good shield bonding, ease of use, electrical safety, and resistance to
common hospital cleaning agents.

10.2‘Topology and configuration rules

The general topology for connecting one or more DCCs/devices to a BCC is illustrated in Figure 14. There is
a separate MIB cable for each DCC/device connection, A maximum of 125 different DCCs/devices can be
connected to a single BCC. The Data Link layer provides support for up to 125 port addresses on a BCC.

A BCC shall not be associated with more than one patient. There is no limitation on the number of BCCs
~ that may be used to connect to DCCs/devices for the same patient.

10.3 BCC power distribution to DCCs

Every BCC port shall provide +12 V power for the data communication hardware of a DCC connected to it.
Use of the supplied +12 V power is optional for DCCs. :

10.3.1 BCC requirements
10.3.1.1 Voltage
Each BCC port shall supply +12 V £ 0.6 V dc. The +12 V positive terminal will carry +12 V dc relative to

the +12 V RETURN terminal. This voltage tolerance will be applicable over the range of current from ¢ mA
to 325 mA.
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O
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BCC PORT
#125
DEVICE
DCC | “125

Figure 14—BCC-to-DCCs connection topology

10.3.1.2 Ripple voitage

The maximum ripple voltage shall be 250 mv peak to peak.

10.3.1.3 Current limit

For each BCC port, there shall be a current limit, with a limiting value (short-circuit current) of < 600 mA.
10.3.2 Requirements for MIB-powered DCCs

1b.3.2.1 Voitage range A

For an MIB-powered DCC, the DCC shall operate over the range of voltages from 9.8 Vo 12.6 V.
10.3.2.2 Current drain

The maximum DCC current from the BCC port’s +12 V output shall not exceed 300 mA.

10.4 Connector requirements

The [EEE 1073.4.1 plug and associated receptacle are unique and purposely incompatible with any existing
connector system. ’

10.4.1 Mechanical dimensions
Mechanical dimensions for the shielded receptacle are detailed in Figure 15. Mechanical dimensions for the

shielded cable plug are detailed in Figure 16. The connector latches are illustrated for reference only.
Mechanical dimensions for the cable plug boot are detailed in Figure 17.
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Figure 15—EEE 1073.4.1 connector-shieided receptacle
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Figure 16—IEEE 1073.4.1 connector-shielded plug mechanical specifications
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[r. 152

Figure 17—IEEE 1073.4.1 connector-shielded plug boot specifications

10.4.2 Electrical characteristics
Table 9 summarizes the electrical requirements for the connectors.
10.4.3 Mechanical characteristics

Table 10 summarizes the mechanical requirements for the connectors.

10.5 Cable requirements

10.5.1 Number of conductors

The cable shall have six conductors: two data signal conductors, two power conductors, and two special
function signal conductors. The two data signal conductors shall be a twisted pair. The two power
conductors shall also be a twisted pair. The two special signal conductors shall be individual wires, not a
twisted pair. There is also a single shield with a drain wire. Figure 18 provides a schematic representation of
the cable configuration. Figure 19 provides a cross-sectional drawing of the cable.

10.5.2 Wire gauge

The wire gauge for the power pair shall be 24 AWG (404 circular mils). The wire size for the other four sig-
nals shall be between 28 AWG and 24 AWG (159 circular mils and 404 circular mils).
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Table 3—Connector elactrical characteristics

Std 1073.4.1, 2000 Edition

Parameter

Value

DC contact resistance (pins of mated pair)

30 mQ maximum, initiaj value

. Number of insertions > 5000, with 50 mQ maximum mated pair contact resistancs
DC resistance (shield) 20 m€ marimum
Maximum current capacity z 500 mA

Minimum current capacity

DC contact resistance shall remain within the above resistance
specification with circuit current = 100 gA

Voltage/current 30V ac at 1.5 A maximum
Breakdown voltage contact-to-contact =300V de
Breakdown voltage contact-to-shield 2 500V de

Shielding effectiveness

20 dB minimum reduction from 70 MHz fo 500 MHz;
10 dB minimum recuction from 500 MHz to 1 GHz

Tahile 10—Connector mechanical characteristics

Parameter

Value

Receptacle contact material

Phosphor bronze, selective gold over nickel in contact area and tin-
lead over nickel on printed circuit board tails

Plug contact material

Phosphor bronze, gold over nickel, selective in contact area

Receptacle housing material

ISO 1210:1992 and ANSI/UL flame rating 94 V-0, 120 °C;
ISO 1210:1992 and ANSI/UL flame rating 94 V-0, 160 °C

Plug housing materiai IS0 1210:1992 and ANSI/UL flame rating 94 V-2, 125 °C
Minimum mating force 908 g (2.01b)
Maximurn mating force 363 kg (8.01b)
Minimum extraction force L1lb
Maximum extraction force 500 g (6.5 1b)
) Number of insertions > 5000

Body of connector: Safety

[SO 1210:1992 and ANSI/UL flame rating 94 V-0. Design of con-
nector precludes bodily contact with signai and power pins, using
test probes defined in UL 2601-1:1994, CSA C22.2 No. 601.1-M90,
and [EC 601-i:1988.

Electrostatic discharge (ESD) protection

Upon insertion, the shield shell of the connector shall be designed to
engage before any of the circuit contacts and to maintain contact
upon withdrawal until ail circuit contacts have separated,

Drip immunity and splash immunity

The design, fabrication, or inclusion of an MIB receptacle connector
shail not interfere with the equipment’s ability to comply with appli-
cable fluid ingress standards such as IEC 529 or others.

Copyright © 2000 IEEE. Al rights reserved.
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MiB < CABLE LENGTH > MIB
PLUG 30 m (98.4 ft) MAX PLUG
CONNECTOR CONNECTOR
1 M) r\ 1
+12V
2 +12VRTN. 2

3
DATA (+) 3
4 DATA (=) .4
5 SENSENTISYNGIN 5
6 SENSE/INTISYNCOUT 6
b \ o | SHIELD V.
(SEE NOTE} (SEE NOTE)

NOTE—THE SHIELDING CONDUCTOR SHALL BE RF BONDED TO THE CONNECTOR BACKSHELLS.

Figure 18—IEEE 1073.4.1 BCC-to-DCC cable schematic
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(OPTIONAL)

JACKET
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10.5.3 Shielding

The cable shall contain a single, overail shield around all wires. The shield shall consist of an aluminum
polyester foil. In addition, there shall be either a 28 AWG (159 circular mils) drain wire in continuous con-
tact with the shield and/or a2 minimum of 65% braid coverage of conductive contact over the foil. The drain
wire and/or braid shall be RF bonded to the connector backshells. If a braid outer shield is used, there shall
be 360° contact with the backshells.

10.5.4 Data signal pair

The signal pair DATA (+) and DATA (~) shall be suitable for data transmission with drivers and receivers
conforming to ISO/TEC 8482:1993.

10.5.4.1 Characteristic impedance

The characteristic impedance of the data signal twisted pair shall be 120 Q + 10%,
10.5.4.2 Capacitance

Capacitance shall be < 15 pF/ft (49.2 pF/m).

10.5.4.3 Rise and fall time

Rise time for a 30 m (98.4 ft) length of cable (10-90%) shall be < 200 ns, allowing for signal distortion of
< 10%, as defined in ISO/TEC 8482:1993, section A.2.2.

10.5.5 Power pair

The power pair of conductors, +i2 V and +12 V RETURN, shall be a twisted pair.
10.5.5.1 Current capacity

The power pair shall be capable of carrying = 325 mA.

10.5.5.2 Power conductor loop resistance

The power conductor pair shall have a loop resistance = 5 Q, for a length of 30 m (98.4 f1). Loop resistance
shall be defined as the summed resistance of both power and return wire.

NOTE—The above requirement implies a maximum cable resistance of 82 mQ/m (25 mQ/ft).

10.5.6 Special function signal pair

The conductors for the two special function signals, SENSE/INT/SYNC-IN and SENSE/INT/SYNC-OUT,
shail consist of a pair of individual (nontwisted) wires. The characteristic impedance of each of the conduc-
tors for the two special function signals shall be 50 Q + 25%.

10.5.7 Crosstalk ' '

The crosstalk between either DATA (+) or DATA (-) and either of the two special function signals shall be
< —45 dB for the near end and the far end at a frequency of < 5 MHz.
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10.5.8 Cable length

The maximum length of the cable shall be 30 m (98.4 1),

10.5.9 Cable diameter

The maximum outside diameter of the cable shall be 6.5 mm (0.25 in).
10.5.10 Cablé material

Table 11 depicts the material specifications for the cable.

Table 11—Cable material

Parameter Value
Jacket UL-1581:1991, paragraph 1080, VW-1
) (Vertical Specimen) Flame Test
Shielding Aluminum polyester with 28 AWG (159 circular
mils) solid drain wire in continucus contact with
shield
Insulation UL-1581:1991, paragraph 1080, VW-1
(Vertical Specimen) Flame Test
Conductors for DATA (+), DATA (-), Minirnum 7-strand, 28 AWG through 24 AWG
SENSE/INT/SYNC-IN, and (159 circular mils through 404 circular mils)
SENS SYNC-O
Conductoer for +12 V and +12 V RETURN Minimum 7-strand, 24 AWG (404 circular miis)

10.6 Connector pin assignments

The following pin assignments shall be considered as standard for IEEE 1073.4.1 applications:

Pin Fun_ct_ioﬁ

1 +12V

2 +12 V RETURN :
3 DATA (+)

4 DATA (-)

5 SENSEINT/S YNC-IN

6 | SENSEINTSYNC-OUT

Shell | Shield

A schematic of the BCC-to-DCC interconnection is shown in Figure 20,
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5V 5V
RCC MB MiB pec
a7 | CONNECTOR CONNECTOR 87
% %
3] A~ DATA (+) -~ |3 A
-, 130 l;f 482
TXITR g TXTTR
4 DATA () 4
7 787
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T taum2
RCVR RCVR
12V +15% (VCC) © 1 v 1 v
-
+12V RTN 2 +12V RTN 2 +2V RTN

| SENGENT/SYNGN | |18

Loowu 10K
i‘n* Yoo/

50 2V
%
KNOTE )
[ — %
SENSEANISYNCG-OUT 8 UNE
(NCTE 1)
SHELR. {NOTE 4)
NOTES:

1. THE LINE RECEI%HM_ENSEH_ NT7SYNG-IN AND THE LINE DRIVER
CONNECTED TO 5l NT/SYNC-OUT ARE ONLY INCLUDED FOR HIGH-SPEED DCCs,
AND FQOR LOW-SPEED DCCs THAT INCLUDE INTERRUPT ANDVOR $YNCG CAPABILITIES.

2. THE 1K OHM RESISTOR BETWEEN +12V AND SENSE/INTISTHG-0UT 15 ONLY INCLUDED
FOR :ggnsg&m 0CCs TMAT DO NOT INCLUDE INTERRUPT ANDVOR SYNG

3. THERE SHALL BE AN RF BOND TQ CHASSIS FOR THE CABLE SHIELD (CONNECTOR
BACKSHELL) AT THE BCC.

4. THERE SHALL BE NO DIRECT CONNECTION BETWEEN CABLE SHIELD (CONNECTOR
BACKSHELL) AND EARTH GROUND AT THE DCC.

Figure 20—DCC-t0-BCC interconnection schematic
10.6.1 BCC-to-DCC serial data bus interface

The interface of the BCC and DCC ISO/IEC 8482:1993 transmitters and receivers shall be conﬁgured'a_s e

indicated in Figure 20. This includes the pull-up and pull-down resistors, as indicated.

10.6.2 Termination resistors

As illustrated in Figure 20, a termination resistor shall be connected between DATA (+)'ahd DATA (-) inthe

BCC and the DCC. The value of the termination resistor shall be 130 Q = 2%.
10.6.3 Pull-up and pull-down resistors
As illustrated in Figure 20, a pull-up resistor shall be connected between a voltage of +5 V = 10% and

DATA (+) for both the BCC and the DCC, In addition, pull-down resistors shall be connected between
DATA (—) and signal +12 V RETURN at the BCC and the DCC. The value of the pull-up and pull-down

resistors will be 787 Q + 2%. The purpose of the pull-up and pull-down resistors is to provide an offset volt- -

age at times when a station (BCC port or DCC) is not connected to another station.
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NOTE—The parallel combination of 130 Q and 1574 Q (the two 787 Q resistors in series) provides an
effective termination impedance of approximatety 120 £2, matching the nominal value of the characteristic impedance of
the ELA-485 twisted pair wires. The voltage divider network provides a nominal “dead bus™ (idle) voltage of 0.381V,
exceeding the maximum receiver threshold of 0.2 V specified by [SO/IEC 8482:1993. This serves to eliminate noise-
induced errors that could occur prior to or following the reception of a valid frame.

10.7 EMC and safety
10.7.1 Short éimuits and transients

Consistent with the requirements of ISO/IEC 8482:1993, section 3.4, no damage shall be inicurred by the
BCC or the DCC as a result of shorting any connector pin to any other pin or to chassis or shield.

In addition, transients from a 25 V source of either polarity, having an internal resistance of 100 , shall
cause no damage when applied to any pin of the connector, when referenced to chassis, shield, or the power
return pin. The transient duration shall be 15 ps, with a duty cycle of 1%.

10.7.2 EMC

The implementation of an MIB interface shall not interfere with the equipment’s ability to comply with
applicable EMC standards such as [EC 60601-1-2:1993, ANSI Std C63.14-1992 [B1]'Y, ANSVIEEE Std
268-1992 [B2], ASTM E 380-91a [B4], IEC 801-1:1984 [B8], EN 60601t-1-2:1993, IEC 801-2:1991 [B9],
[EC 801-3:1984 [B10], [EC 801-4:1988 [B11], FDA MDS-201-0004:1980 [B6], MIL-STD-461D:1993
(B19], VDE 0871:1987 [B23], FCC Part 15:1994 [B5], MIL-E-6051D:1988 [B17], or others.

NO’I'E—COtnpliancc to IEC 60601-1-2:1993 has been mandatory in Europe since January 1, 1996.

10.7.3 Safety compatibility and ground isolation

The implementation of an MIB interface shall not interfere with the equipment’s ability to comply with
applicable safety standards such as IEC 60601-1:1988, IEC 60601-1 Amendment 1:1992, IEC 60601-1
Amendment 2:1995, [EC 60601-1-1:1992, [EC 60601-1-1 Amendment (:1995, UL 2601-1:1994,
EN 60601-1:1995, EN 60601-1-1:1993, or others.

10.7.3.1 DCC earth ground isolation

At the DCC, all MIB power and signal conductors shail be isclated from earth ground to at least 1500 V ac
at 50 Hz to 60 Hz with a maximum enclosure leakage current of 100 pA for normal operation, 300 pA for
single fault condition at a mains voltage of 120/240 V ac, and 500 pA for single fault condition at a mains
voltage of 264 Vac.

NOTE—For worldwide operation, the typical “highest rated mains voltage” is 240 V ac.
10.7.3.2 Additional system-level safety requirements

For a given locality, if additional system-level safety requirements need to be satisfied, the means of meeting
those requirements shall be implemented at the DCC. :

NOTES
1—This allows the BCC to be constructed in compliance with nonmedical safety standards, such as IEC 950 for office
equipment or IEC 1010 for laboratory equipment. . )

1The numibers in brackets correspond to those of the bibliography in Annex A.
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2—Examples of such additional requirements include diclectric strengths, leakage currents, creepage distances, air
clearances, safety labeling, and documentation needed to comply with [EC 60601-1:1988, [EC 60601-1-1:1992,
EN 60601-1:1993, and EN 60601 1-1:1993. Annex C illustrates an example of a means for complying with these
standards.

10.7.4 BCC shield connection
There shall be an RF bond to chassis for the cable braid shield and/or drain wire at the BCC.
10.7.5 DCC shield isolation

The cable shield shail be isolated from earth ground and signal +12 V RETURN at the DCC by a minimum
impedance of 250 k£ at 50 Hz to 60 Hz.

NOTE—EMC considerations may require the use of an RF coupling network between the shield and chassis ground at
the DCC. A possible network is 1000 pF to 10 000 pF in parallel with 300 k2 to 1| MQ.

10.7.6 ESD immunity

The implementation of an MIB interface shall not interfere with the equipment’s ability to comply .
with applicable ESD standards such as EN 50082-1, IEC 801-2:1991 [B9], ANSI C63.14-1992 [B1],
ANSIIEEE Std 268-1992 [B2], ASTM E 380-91a [B4], MIL-STD-883D:1991 [B20],-MIL-HDBK-
263A:1991 [B18], MIL-STD-1686B:1992 [B22}, or others.

10.8 Operation of special function signals

The BCC-to-DCC interconnection provides two wires for the special function signals, SENSE/INT/SYNC-
TN and SENSE/INT/S YNC-OUT. These signals are referenced with respect to the signal directions for the
DCC. See Figure 20 and Figure 21. The output voltages, pulse widths, and comparator input-threshold volt-
ages specified in 10.8.1 through 10.8.8 assume a test condition of a £1% tolerance on the +12 V power supply
voltage of the BCC or DCC. ‘ .

10.8.1 BCC required functions

All BCC ports shal! be capable of sensing whether a DCC has been connected. All BCC ports shall be capa-
ble of outputting sync pulses to a DCC, accepting sync pulses from a DCC, and acknowledgmg interrupt
requests from a DCC. -

10.8.2 DCC required features

On its SENSE/INT/SYNC-OUT output signal, a high-speed or low-speed DCC is required fo provide an
indication to a BCC port that it has been physically connected to a BCC port. This signal line shall be driven
to a nominal voltage of +12 V following turn-on and connection to a BCC port.

A high-gpeed DCC is required to be able to determine whether it has been connected to a BCC port, to
implement interrupts, and to raceive and generate SYNC pulses. Interrupt activate and deactivate pulses, and
sync pulses are sent via the SENSE/INT/SYNC-OUT signal. A high-speed DCC is requn‘ed to receive and
decode SYNC and interrupt deactivate pulses on its SENSE/INT/SYNC-IN input.

10.8.3 DCC optional functions

The capabilities to determine connection to a BCC port, to receive sync and interrupt deactivate pulses on
SENSE/INT/SYNC-IN, and to generate sync pulses and interrupt activate and deactivate pulses on
SENSE/INT/SYNC-OUT are optional for low-speed DCCs. .
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