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Warranty and Service
WARRANTY

Tektronix warrants that this product will be free from defects in materials and
workmanship for a period of one (1) year from the date of shipment. If any such product
proves defective during this warranty period, Tektronix, at its option, either will repair the
defective product without charge for parts and labor, or will provide a replacement in
exchange for the defective product.

In order to obtain service under this warranty, Customer must notify Tektronix of the
defect before the expiration of the warranty period and make suitable arrangements for the
performance of service. Customer shall be responsible for packaging and shipping the
defective product to the service center designated by Tektronix, with shipping charges
prepaid. Tektronix shall pay for the return of the product to Customer if the shipment is to
a location within the country in which Tektronix service center is located. Customer shall
be responsible for paying all shipping charges, duties, taxes, and any other charges for
products returned to any other locations,

This warranty shall not apply to any defect, failure or damage caused by improper use or
improper or inadequate maintenance and care. Tektronix shall not be obligated to furnish
service under warranty a) to repair damage resulting from attempts by personnel other than
Tektronix representatives to install, repair or service the product; b) to repair damage
resulting from improper user or connection to incompatible equipment; or ¢) to service a
product that has been modified or integrated with other products when the effect of such
modification or integration increases the time or difficulty of servicing the preduct.

THIS WARRANTY IS GIVEN BY TEKTRONIX WITH RESPECT TO THIS
PRODUCT IN LIEU OF ANY OTHER WARRANTIES, EXPRESSED OR IMPLIED.
TEKTRONIX AND ITS VENDORS DISCLAIM ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
TEKTRONIX' RESPONSIBILITY TO REPAIR OR REPLACE DEFECTIVE
PRODUCTS IS THE SOLE AND EXCLUSIVE REMEDY PROVIDED TO THE
CUSTOMER FOR BREACH OF THIS WARRANTY. TEKTRONIX AND ITS
VENDORS WILL NOT BE LIABLE FOR ANY INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES IRRESPECTIVE OF WHETHER
TEKTRONIX OR THE VENDOR HAS ADVANCE NOTICE OF THE POSSIBILITY
OF SUCH DAMAGES.



How to Reach Customer Service

If you have any questions regarding the operation, maintenance, repair, or
application of your Tektronix equipment, contact your local sales and service
office. For a complete list of the Worldside Sales and Service Offices contact
(800) 426-2200.

Tektronix provides high quality Technical Support on applications, operation,
measurement specifications, hardware, and software by expert application
engineers. For Applications Support, call the Customer Support Center listed

below.
Mailing Tektronix, Inc. Attn. Customer Service
Address Measurement Business Division
P.O. Box 500
Beaverton, Oregon 97077-0001
USA
Customer 800-TEK-WIDE Hours are 6:00 AM to 5:00 PM,
and Sales or Pacific Time.
Support 800-835-9433 Ext 2400
Center After hours Voice Mail is available.
Direct 503-627-2400
Fax 503-627-5695
E-Mail tm_app_supp@tek.com

Web Site http://www.tek.com
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U.8.A., Africa, Asia, Australia, Ceotral & South America, Japan
Tekironix, Inc.

0. Box 500

Beaverton, Orepon 97077-0001

For addilional literature, or the address and phone number of the
Tektronix Sales Office or Represemalive nearest you,

contact: (800)426-2200

Belgium: Brusels
Phone: 32(2) 725 96 10
Fax: 32(2) 72599 53

Canada: Calgary
Phone: (403) 274-2691
Fax: (403) 274-3483

Denmark: Copenhagen
Phone: 45 44 §50 700
Fax: 45 44 850 701

Eastern Europe, Middle East and Austria
Tekironix Ges.n.b.H

Docrenkampgasse 7

A-1100 Vienna, Austria

Phone: 43(1) 70177 261

Fax: 43(1) 70177 260

Finland: Helsinki
Phope: 358 4783 400
Fax: 358 47834 200

France and North Africa
Tekironix S.A.

Z.AC Counaboeuf, 4 Av du Canada
B.P.13

91941 Les Ulis Cedex, France
Phone: 33(1) 69 86 81 §1

Fax: 33(1) 6907 09 37

Germany: Cologne
Phone: 49{221) 94770
Fax: 49(221) 9477 200

Italy: Milan

Phone: 35(2) 25 0861
Fax: 39(2) 25 086 400
Japan: Tokyo

Phone: 81(3) 3448-311]
Fax: 81(3) 1444-3661

The Netherlands: Hoofddorp
Phone: 31423) 069 5555
Fax: 31{23) 569 5500

Norway: Qslo

Phone: 47(22) 07 0700
Fax! 47(22) 07 0707
Spain: Madrid
Phone: 34(1) 372 6000
Fax: 34(1) 372 6049

Sweden: Stockholm
Phone: 46(8) 629 6500
Fux: 46(8) 629 6540

Switzerland: Zug
Phone: 41(42)219192
Fax: 41(42) 217784

U.K.: Marlow

Phone: 44 1628 403300
Fax: 44 1628 403301

Tektronix sales and service
offices around the world;
Algeria,

Argentina, Australia,
Bahruin, Bangladesh, Belgium,
Bolivia,

Brazil,

Bulgaria,

Canada,

Chile,

People’s Republic

of China, Columbia,

Costa Rica, Cypress,
Czechoslovakia, Dennark,
Ecuador,

Egypt,

Finland,

France,

Germany,

Greece,

Hong Kong, Ieeland,
India,
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[taly,

Ivory Coast,

Japan,

Jordan,

Korua,

Kuwair,

Lebanon, Malaysia.
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Norway,
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Pakistan,
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Saudi Arabia, South Africa,
Singapore,
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United Kingdom,
Uruguay,

Venezela,

Zimbabwe



Table Of Contents

Warranty and SeIVICe.. . iivnmreimmimiesisiiisiisariisrsesisttssiiirnmrsssssesesessssssssnsssnssaserssosssansiasas 1
How to Reach CUSIOHIET SEIVICE wuiiiiiiricrmereimmsiinissisirsssnsessesssesssstissssssssseasasssssssnsnsttsssasssosssnnsssnsssssssl ¥
General Safety SURIMATY civiciiicenniisimmmsnmiesisississssnnmsnsmesssesssnessss LITOC Bookmark not defined.
Safety Terms and SYMDBOIS....vieieeccrrorineroninmssmmemsessrsisssarsrosssssassssssassssssssassosssssanssssssssessssssssssonsasess Kb
Product Labels .cvcrrmericammessisimsssrsssrsrsmscssesssssssinsinnsanenssssssmsssssssessossrsssrsassenssanssssssosssnarossrasssenssassrsassos K
Product SYMDOLS. . vicreecrieniiieisiemismrssmsssmrmmsmssisisisesassrsssrsssnsstsnssisseraesrossasssesssssssesssssssnsassessssssssssasssssasoss Xl
About This DOCUIMENE cccorrecrrsrcrmsssisssisntsssesssssrsrssssssssossssrsssssrsnss snsssstosssassssssnssasssssnsassssssasesasssessroransens il
Software RevISiON. .cirriiireiiisimesiirsiomeirrssirsssssssssssstissmtessssasssasesesssessisissasansrenssssnsnsnsusasssssssssrssrsersnessses Kb
Manual CONVENLIONS virersrsrsnserisasrsssonesssssssssnssassssssserasessssssrsssssssssssnterersssstssssssssssssssanatnsoacersssrsrassnsnsss Xill

Product NOMENCIALITE civciarrersrrsrerssenseettsinsassrsrssssseresesssastsrstsssersrsnsrossansasstsisastsnsasssrsassseressassssssssssasss Xiil

Product DeSCriPLiON oummessresissssestnsssiioniarsrssrssssssssssssssessbastrssssssssstsnssossnstonars sesssssssssnnssssasasasesrsssnse 1 =2
Bellcore CLEI and CPR Product Codes....cesrmrmreismeciesisisstsmsasssescsossssssisssnassnarssarasssassersassss L3

Overview, SDH......cciiiiiiininisirssssssissssassssssomcsssorsssssasssassanasascasaes 1-3

Accessories arabeerasrarereanerest ittt etasettnrereretaneanartidiintrttrarersevaransastibibssnarererareraresacessratas mD

ODLIONAL.cciscertraiiinesscensarrrrssimsesttstssssssasareaserssssssstbtasessssartssssssssrsnsass soabeasnstresssresssssnsasssasassersssannassesss L9

Interface Cables, RS-232-C, GPIB, CeNiromiCs ccvcviciireressresessesesessasassesarsrsosssssssnsssrnssssssssrsessasssncss 1 =3

Interface Cables, used for CE Certification ......ccoccciicesrsrsseraseosesssersansessnssessssssares 1-5

Safety INSIIUCLIONS cvivrrerrrrrerroraressiassrssrerasrsserensssssasasensen sesearsranarernsrsnsssssanaresssaral =7

Laser Safety T NUTVRUTPORPPURY L. |

Safety MechaniSIms...cccimmirescssseresesasesesssssersaressrranssassasssssesane .1-8

Safety Precautions....iesesrensses vesesstssetssesssnnrsrssssnnnnsansassasssasenrsronararensssssas 1 =9

Warning Labels............. ebesarerranraessssasessebtbtreesssansersnnsisasesssaren =D

FUNCTIONAL OVERVIEW......iccoiiiiiemimmtninnisincsesamsmnnrnissscsnsmsmsenemsanmnsessesnsnsnssnne 21

Front Panel Controls, Indicators, and Connectors 2-2

Display, Display Controls, and Indicators. . mieeceeesiiniismmmmmmmniesesissesossssenmssssssnnssessssressssranssssssa dmy

Setup Menu SYSTEM cuieisserererrnsssssssnssssssanssressress SO )

Transmitter Description ...oeemeeececssesavivasenan 2-5

T anS TN T COMM e O OIS cieecirerrmrresercerctstonnssorsssssssorossossasrassbesssssssssssearansansnsssonsassssrosssorsaseareasnonassrsasas oy

Transmitter Statils INAICALOTS v.vvivicrecrertseoisearrirsrensmusmssmssrsaerererssssssnsssssisasesane w20

IMIOAE KRY 1oneuriiersnienerssssinsisssssnsrsessssisasssssssoensesnstasssssssasatiessss sasasansnesssnsasassbesassresntasassonssassssmerssssnsssssss

vi



Tributary and Input Select Keys, TransImitter....ccccuiernerimsesimaminasmerissaseresissssssnssross 27 7
OVHD Key, TranSmitler .. uiceieimimensissssmsessossimsssnesssssossssssnsissssssesissnsesstsssonssssssasarens isssasssasssssssssness 27
Alarm Key, TransSmitter. . ...ccmemmiiiimemimmisiiemmmsisiesmmmssisemesimmisismsmismssssenssssssssssssissssasssasesesss 22 7
Error Key, TransSIIer ... icesmissesrsasserssoseatasssnsrossonsasasnossessssassrnssssossstonsonsasssrsarsas sassssserssassassssras 21
Receiver DesCriPtion. . mrireisicisnrmsieiscssnniemscessinisnsmsassssssimssssessssasstsssssssnsessessssaassassessresssonansssanaserer 20
ReCIVET COMMECIOIS cecerriitierreeersnesssrnasssesssssansrrsortunssnestonstsassonsens anareensassisassessreabasssarssssasssarasasassssanss 2=
Receiver Status InAiCators. i iicsimemsismnimimrmsiesorsnrseisssrorensisssssssnsestsesssssrestsssasssrarstsasnsssronssonss 2=9
VIEW HISTOXY KO . ivicieorarcansasssssonresmsesissresnssosssssnsonsessssssransnssssssossarsenssssosnntsssssssesnsansssresssssssasnonsesass 2= 10
Drop Select Key, ReCEIVET civvninirirmiinsisnnsorsnossssnirssoisssssnrsesssnsssnsasssssssnsssesassssnsasnessassessasasassasassas 2= 10
Tributary Select Key, RECEIVEL .c.cciiiicimmiiiissimensniissirrmoresssrressssssensisosassnssrssnsasassssoasasssassararnnsssssses 2= 10
OVHD Key, RECRIVET «.coreeiirierieresssninesasnsscssssrassnsssssssasserssnasssasssasassrasssass snsarastasasanssssasaneesarsnsssssrrans 2= 10
Measurement Controls and INAICAtorS. . riiemmisinimrmmessismisaaiisessstssmaseessssrnsssevasassossoasossasss 2= 11
RemMote INAICAtOrS cceicirersnsissnessrentsassastrssssssassassnessssasssssanssssaranasasssasssessassssssssssssssrosaranssosssanssassans 2-1 1
Rear Panel DescriPtion. e cmissieresssssssinersssssssisaneersassstarersasasssssessassasassrasassssssransssnsssrsassassasseresss 2= 1 2
Laser Lockout and Remote INTErIOcK vueiiicninrereccssssssrseisarmrssesssssersirsssssnsssssossssnnssssasssssssassonserssnse 2= 1 3
Rear Panel CoMNECOrs v iciiniicerenstinesnesrsnssnsssssrsessssnsasssssssssssbssesssarssssosssassrsssssssnnssassssnssssssssssnse 2= 14
Getting SLArted ..veevciiiinrinceriesirsnesresasissenerssssnisstansesasassenstnsassssvasasesssssnsassssosssrsarssaosessassossnssassasasssne 2= 19

Unpacking...coireemrossisssssnnes veresanns 2-15

ST2400 InStAllation ...e.iecoesrssisnsscsrisssisessnssnrsesessssssrsssssssssasrsssssassssassssanasansssissansssnsssssssnsasasssassssase 2- 13

LCD MENUS AND DISPLAYS ... ssssssnsnsesimsnsssssmsssassssnsnsesses 3= 1

FUunctional VerifIeation i scicenesrmresessecsssssersssencssssstsesorsartotssssrsssnsattaesnsnsstessessssssatdonersasssss snntnenssss 7

Setup Menu System......ceccersirnes 3-2

Report/Test Tilme MenU SYSTEIM v iiiieceroiicsssrcrriosrsorsnansarmenssamasinassannisremssssssresertesssssrsssisessssssarssassrsoras 9=
Auxiliary Setup Menu SYSIEM ...iieiiinssmcriassmssssssossrerssssassesssissesssssssmssseressnsssansessavssassonssnssassenessnsoses 30
General Menus and DIsplays....ccciimiscisssimsesismsmnsiis mranasaissoss sonasssassessassssssnsssnassssssssasessassss 3-8
Option Not INStAlled .....vveiiiiiiensieissisisssniesssssssnirssssmsssrssnsesesssssasssissnssssarssassrasessssaseassssssnsassnsasassssrons 38
Error Lo DISPlay .. ccrnicemomimssmanseisissrmsarstsomsssesasssssssrssasssnsasssssssassss sasassnsossrssnssssarsnpsasssassssrss 30
Receiver Menus and DiSplays....cecmmnisieiimmmmesirsimnimiiesisnissiesssnesssssssassssssnsssssnisssssssnsassssse 3=9
Error Measurements (SDH), RECEIVET cocvviiieecreneresinmmatesriearieantsisitsisessssssvassncssssrssasanssssnsasasnscsssssssane 329

Overhead Displays (SDH), Receiver crvensnnes 3=10

ASCII Synchronization Messages—=S81 DY L8 ireiisimmmisscassnssrssassssassresssssasssrssasssassassrrsssssssssassesss 3= 10

Automatic Protection Switching (APS) ivviiiicnmmiisiionssmsisiimssssessnnsersecssasaessese 23-11
Receiver DIop Select ..cciiecimrteimsmenrsssinsimmenserioisesrssrssssstenisesesssrsassssssstonnassasssssanssesaosssssssonnoseasss 3-11

Receiver Tributary Select (SDH})... - sasessressernnnsnsese 3-12

Transmitter Menus and Displays ......... vosere 3-13

vil



Tributary SOUrce Mo .oreenniissrseratessnsssssiermsstrsssssssisesssrsessssnssssossnarssssasssssnsserssssssssssassnsassnnsasssde L3
Input Select, Transmitter....... OO ORI RURORPTRRUROTTRTL. 1 I,
Tributary Select, TranSmMItIer i mmisiccrmiriisisiieensiisssimosersesssimsscssssssnassisssssssssrasssssssarsses 3= 14
TNEEAL MOME ..cviiisrrrrerscntnasssssssssssnissessanssssssonsssrersasssssssnsssrensasssssansrsssrasasassss sessnnssssnassssasasnanssonasassscs 3 1 4
Alarm Generation Menus—SDH ............... tieserearres et Ohe e tseaseT e st sl stetrberesnssabsssasaenrarn FpR—, ) ]
Overhead Menus (SDH), TransSmitler ... mmismcmmesssssisosiresssnsisiesssssmsessassssssrassrssssanssssssessasnsansd= 16

Error Generation Menus (SDH) ocuviiiieinmsesisenimerssrnsessssssnmmssrsssisssssassssscssssssssronresssssassassnarsessssssnd= 17

APPLICATIONS AND USE.......cccocmiminiiimminininstamnnmmamsssninssssssuscamsssnsssnsssensenanens 41

AP PHCALIONS 1ieecriiierirrsnrensssticosrssssiesestersssssnssssanersssssassssatasss tasnssasonbonssassssnastsisssarsrssnsssssssassrsensaensssnelb= 2
Passive MONILOTING. ...cccivmmrmceressiiirirarscscsssssnisisessssinisnnssssssssssssasassessessossiresssssns sssssassrasssnnsssssssassssvasesd=2

ACEIVE ADNALYSIS trrreeiirseeinsssrrsssiresserrsronssasssnesssssssesratanesssssssntnesesttssssssannsesssensssstsassonsssrsansasssasessssasnsaness oy

Active Through Mode ANalysis ..cceieciiciimmmmesssmsimmsmessnisimimsssemssssisissssssssssssensssaesseesessid=d

EXTERNAL CONTROLLERS AND PRINTERS.......c..cconmiisemmmnmssnsesenressannnen: 951

Remote Control AppPliCationS . smrmrremrisiemniririsirisiienmsinimses ierorstssssassisasnssssssssssassssssssssssusnasssaasessd=2
Printerl APPHCALIONS. . vciiisiirirrscessssnisrresissesstsssastrestssssasetsnssssssssssersessssssonsbanses esraranateresssssssssanssssssssssssd =D

Using the RS-232C POTt ....covurmersrasiorssrssssasasacarossossrase crrerersterssssisaesares 5-3

Serial Interface Parameters rererteseittatevernsseettitsntrnrenentetbsnantnnnce vrenenead-3

RS-232C ConNeEcCtor PiDOUL cviiiccsieesciisiiesereacerecimsmissetsnsemssimsesssesssnssnrisessessseassssssssresssassbasassessssssasssssnssd=d

Cables. ertvsanrass cetttetrrssuenriatternrrenesatitabesararesenttattensnsavarerssraae I

QUICK TeSty RS-232C PO covvveirrererecrsssoresersesssaesesssesssasssssssessnesssanerssossssssssnsbotssenesonsansabinsrsserananessssserdad

Protocol ...... ererseseretsessasesesensrtvarantrrnetaretatnennsranaraserannsaastsnnre o

ComMANGA FOTMAL c.civiiiiraresrasecsssseersrersasssstresssensasasaseesssesassastsssesssassessssasssssnsasnsse 5-5
EXTor MESSaSes cuieeerinirarrrsresassasscssrsissssansrsonisassenssasssessssassassassessassasssanisessssssonsansnanas crreressarsesterereresssasednd

Storing and Printing Data......ccieeesisiiesscssirssssessessssssssssscssssssssssassansssssanss crenensS-6

Using the RS-232C for PC-based Printing .....cceereiriniirnsisisermnimsnsisiasiissumsssesrssssensasissessisssned-0

Using the GPIB Port eSereseeEeesiseseatresetassdreteresesesansbararenatetstsdbiiasrenesisertabibanarrer I ]

GPIB Address and TermiNAator ...eeeisieescesssaserasnesessssssassasensoess

GPIB Remote and Local Modes .cverneerecisenmresenscasassseraress

sererssssssennasrsinssrnavesd =7

Local Lock Out ............. ereranarsrresatassteresnasasnttesenetseasase reramsreranad=T

GPIB Interface Functions......ceraeesene

PO RUROP. & .

GPIB Connector......... reneease

..... eonrassrsrinanasessarad-8

GPIB Command Format........eceemens ctbrberesenaeesttibirasesnetertrTresranresantsrenrereasanandbaressatsesseasstibatsnaeade

TEEE 488.2 Programming Manual Requirements . carsrsene .5-8
GPIB Status and Event Reporting SYSIEIM cuiiereiicncrisiissesssssarionesssisssassrerssssressssssnerorsonssessesanarassens 3= L

viil



REMOTE COMMANDS, SDH...cccccctimmmmrimnininiscssmmsessminmnissssnsasmssinsessnnnssssesnsmsssens 81

Command Types and SYIEAX .c.cunmeimiiesnmreimmetsimimsesmmaiicosmnamissssnsasisesssssssnessessassssassersevere 02
Command Symbols and DeliMUters w...cieiiimiiesnimmisiinsseermsseenssssssssssmsrassssssees 0-2
Multiple COMIMANAS civcrrrniiieansrininiresimmsmiisissnssessssssersssnasssssnnasssatsssassessssssnessasssssesassssosssansreseansssnnass 043
AT BUITIENES s1enreisiarsnssnastasrernsossinsseressssrssre sassssesens 2asassanttsasessre bsonsererosisanssssessbsnnnssrasssssssresssassssssssanrrascas O3
Blank Characters (SPACES) .ieserssimsetasssrsssiessarsmssessssssessssssssssstarsssssasasensrassassnssssnsssssossrsanssassasss 0
Arguments Outside of Legal RANEES ciicreciinminiiinssnmsmeriosiissnsiismoorsissensscossssassrsrossrsssssassssssarevarsnss 03
Command Line TermiNator .. e icecniississsssmraiesesssnssssansassrosiassssssassassasssrssssssonsossssansassssnassaranonss O3
Command EXAIMIPIES cuueeeiviciinirrssmcssessnmsssssocsssusssesssassssssscssnssssnesesssssssosrassssassossassssssseasssssarasssasssaneess 0=
Table Of COMIMANAS cieeriveressrennirarisscmsarsssssiessrsrsssasesnsassssessonssosasssssessstsnrenstsssnrmnesessssssssensssrsssnsasossrens O3
Standard CommAnds .....ovmmerssessissrsrarsirssresaesssesrarsssssssossesesssrrstossssssssssssssssssasossssssasanssesssensosannasssses 0= 10
General Setup Commands6-17
Test Cycle Control Commands.......ceecesessssscernsssrniiessssnsssssssnrossaserssnnssssssssisssassessaasessssessssasssnerass 0= 19
System ConfiFuration v s esmisissssiasiesmaatssssssassisisnsssarsassssarsrsssasesans 0-23
Receiver Remote Commands..icseriseciimiesaserrosisissssmssisessassssssesssrssastasssssssaseasssssssrsnnnsssasssasansasas 0=25
RS-B1, MS-B2, and MS-REI Error Data Query Commands......curiiesimsesinissrsssninsssssrsasisssssrases - 28
LED Status Query COMMAIAS .viieiereiressessresessorenersrssonsressranssonsssnasaaarsssssacssassasesassssasorssassrassssssssoss 0= 32
TOH Transport Overhead Bytes ....uiricorcccssiecnssieneninicinsiissemsionssssssianasisiisesasssssvessssees 0-35
Automatic Protection Switehing (APS) Data ...ccccciinicminiiiemnetssiessssssssnmissssasisessseesmsessnsses 0-37
Receiver Drop Commands....ccoumieimsisimennmniiinsinsisinsmsniasisseniesssssssssssstessssasassenssrssssnserasnassssss 0-37
Transmitter Remote Commands .....cceecmseciniseesssonssnmsiisssmssntssssssssmessssrsassssasessssssssnssssasassssrsasssss 0= 38
External tributary insertion channel COMMANGS ..viiiiirescnsrrasisassssnsisissssrersasnisssasassssnsssssesssannasssssses 0-40
STM-16 single error insertion COMMANMS....ciiccrirararssararrasssnssonsesiansenssassssassansssassesressasssssssasasasassase O-4 1
STM-16 Error Rate Commands...ccceasimsismsesissansmessasesssssisssnnessssassenssssassastassssasssssrssassssssoanasssassons 042
TOH Edit and Query COmMANGS ceerinrinisneressosissssassssssranssssarsersasssssssorsasssnnses sessssanssasssussrassansesrs 0-44
ReEPEBt EXTOIS wiiiiennissisnssininsiiesssninssnionsssssessnssasssnsssssassssorasasasnssssisassasssasasassrsrsassonsssso sasassssonsssnssnvas 0-48
ALATINIS 1eecsssrnsressatsnnsiscsssnssnertnsassssssssasnsersassassssrassedntstsrsssssassrerassssssssancesrssrsnansasassrsnansassssassasasnnnssaserss =49
Repeat AJAITNS viicrmrinicsisssinmminsiiessriniisssssrsissasssonssassssssrsnsisassennsnatsssaneasstass sasessstasssessasssseserasssssronss 0= 32

Lo08S OFf SIZNAL.cuiririrerinisansnscssinmssrsssasasiessessirsesesssrossssstssonssssssssasnssssessasansossestasassaassssssnsssssvasnsreesass oS

SPECIFICATIONS, SDH......c.ccoiiircmremeeeectrnrcnsieeseinnss s snssesenmennsessnsenessnsnss A1

General SpecifiCations ..cirriiinieriiisiiiresisisrsestisosissnsisesssreassesssssassssanasssessssansrarssssassrsnansassrsss =2

Generator Specifications TP . T

155 Mb/s Source Modes.... reverseaersraresanetssratireresarsttaseraarassseanarcaseranass A2

622 MDb/s Source Modes......cccerrereasans vasarsroanas A3

Internal Mode....... cetsseresenntasrensasastsavensartaresesssstasrante Ay

X



THRU (Through) MOAe ..issmiieninnnsismasimsssisoemsmssinssirtiosssssssstsneissssesssssnsssnsssssssssssnsss . .
Overhead Manipulation Speeifications ............ erseseeresstasessneneratseses R astaterara RS Rastssneneres UUTURRY. O |
ErTor INJeCtion i rrremcnsisororssessssiorsssscsssnsrorsssssionssssssssssasernanssnsmanstsssesss sssesssssssssssarsssessanase Y.
Alarm Generation ..o rtronsreeres e seasessassaessasnaseresasbesrossnnanesrss =5
Source MONITOTING ..cvviereiitmmmiesimecninrnermessesieriressmiorsimmssisinerssssressstsrssssrasssssasesrsssssasssnssrsassesssessosses A =5
Analyzer SpecificationS. . s e s arse st sesssrersssssensassssasteserses A -0
Overhead DiSplay ... it asiimmicsiesosmsmsssassssisanisass rrsssrnesensssssasasassessssessssrenraredo T
Input and Output Specifications, GeNErator.....uiriciiisrimemiiieersrmsiseisasssssirasasasssssasssssonarassars A8
Signal Name: 2.488 Gb/s Qutput Data ....ueecviiininiincoinimeseiemmsnessimsmsisssnmeeessssinasneessss A =8
Signal Name: 155 Mb/s / 622 Mb/s Input Data .....eccinenimsiismecstiesnmsmsmsssssomessessosssaresssssssssassvears =9
Signal Name: 155 Mb/s Electrical INPUL .....vueiivimemeeimmmmisisisieemsissrmsssmssssnsesesssssssassrsese =9

Frame SYNE! civviicecrinivinessarsssssrossressssssesassasssastonsssareasarensssssrasassssssasasaresssssssonsrsnssrasssvosinnsnnssrssssonsnass =10

Event trBZer: cicveecessiscsnseranississnrensessssrassersescscsannsmesssssssisssssntasassnsessssssssssnrensssassrarsovessasansesrasarasce =10
Input and OQutput Specifications ANAlYZer ......ceeeciiiesinenrsrserimnesstissnmmesssriaesnmssesssssssnrssssssenss A =10

Signal Name: 2.488 Gb/s Input Data........... . ) [

Signal Name: 155 Mb/s / 622 Mb/s Qutput Data....eciiinsnnececrinsmnssinmmsssisssinnisscssssinssssasess A= 10

Signal Name: 155 Mb/s Electrical Qutput......c.... PR T § |

SErIAl IO cuvuieeiiriieniincarissessaissnssseissessansssassssssssassasessnnersissrars sass ssessas ssnssanassnss JA-11

Printer Qutput ....c.coivereeecessarene vereneA-11

Synchrenization Specifications....... e A-12

Generator TIMINE .v.riieeccmiriiciercsimonisminmrersssisnmeressasssnstresessrsssrsnasessstbasnrasesssssnsaresssssnsssnssassrevass =12

ANAIYZET TIMINE cocircririnecrarorinnsesessiiorsssnssasismsssssersonsastssarssnnsesarersssnsssnsernarsrassssnsesttassnsosasaransasassesses A= 12

Jitter Transfer. i eeesicnimmenssens reveontinrasrrssersissasesseevartornsaressessassassseress =13



General Safety Summary

Review the following safety precautions to avoid injury and prevent damage to this
product or any equipment connected to .

Only qualified personnel should perform maintenance and service procedures on the
ST2400.

To Avoid Fire and Personal Injury

A WARNING! Read and Follow all of these Safety Instructions.
Failure to do so can cause injury to the user and damage the instrument.

Use Proper Power Cord. Use only the power cord specified for this product and certified
for the country of use.

Use Proper Voltage Setting. Before applying power, ensure that the line selector is in the
proper position for the power source being used.

Connect and Disconnect Properly. Do not connect or disconnect probes or test leads while
they are connected to a voltage source.

Ground the product. This product is grounded through the grounding coenductor of the
power cord. To avoid electric shock, the grounding conductor must be connected to earth
ground. Before making connections to the input or output terminals of the product, ensure
that the product is properly grounded.

The common terminal is at ground terminal. Do not connect the common terminal to
elevated voltages (see Specification section for further details).

Safety Certification Compliance

Category Standard

Temperature (operating) +5 to +40°C

Altitude (maximum 2000 meters

operating)

Equipment Type Test and Measuring

Safety Class Class I (as defined in IEC 1010-1, Annex H) -

ounded product

Overvoliage Category Overvoltage Category Il (as defined in TEC 1010-1,
Annex J)

Pollution Degree Pollution Degree 2 (as defined in IEC 1010-1).
Note - Rated for indoor use only.




Low Voltage Declaration

Category

Standard

EC Declaration of
Conformity -
Low Voltage

Compliance was demonstrated to the following
specification as listed in the Official Joumnal of the
European Communities:

Low Voltage Directive 73/23/EEC
EN61010-1/A1 - Safety Requirements for Electrical

Equipment for Measurement, Control, and Laboratory
Use.

Safety Standards

Category

Standard

U.S. Nationally
Recognized Testing
Laboratory Testing
(NRTL)

UL 1244 - Electrical and Electronic Measuring and
Testing Equipment

Canadian
Certification

CAN/CSA-22.2 No. 231 CSA Safety Requirements for
Electronically and Electronic Measuring and Testing

Equipment

Safety Terms and Symbols

Paragraphs or sections in this document that contain important safety information will be
identified by either a WARNING or a CAUTION label in the left hand margin. These labels

are explained below:

leon Label Meaning
WARNING! Indicates a safety practice that must be followed
A to avoid possible injury to the user and
possible damage to the instrument.
CAUTION! Indicates a safety practice that must be fotiowed

A\

to prevent possible damage to the ST2400 or
other instruments used with the 5T2400.
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About This Document

This document is intended for telecommunications engineers and technicians with more
than two years of experiecnce working with optical networks, such as SDH and SONET,
and data communications equipment networks.

The ST2400 2.4 Gb/s SDH/SONET Test Set can be software configured for use with
either SDH or SONET operations in one of threc hardware configurations:
TRANSCEIVER, TRANSMIT-ONLY, or RECEIVE-ONLY. This document is a SDH
USER GUIDE and each chapter is organized to accommodate each particular
configuration as used in the default SDH environment.

Chapter 1—Introduction

This chapter describes the ST2400 2.4 Gb/s SDH/SONET Test Set and provides a list of
standard and optional accessorics for both the SDH and SONET option and for each of the
three configurations: TRANSCEIVER, TRANSMIT-ONLY, and RECEIVE-ONLY.

Chapter 2—Functional Overview

This section describes ST2400 2.4 Gb/s SDH/SONET Test Set controls, indicators,
connectors, display clements, and menu structures. It includes separate sections that detail
recciver and transmitter specifics, and general sections that apply to both.

Chapter 3—LCD Menus and Displays

This chapter describes the use of the ST2400 LCD menu structures and displays. In
addition to general displays and menus, there are separate sections that detail setup,
receiver, and transmitter specifics.

Chapter 4—Applications and Use

This chapter provides common examples of telecommunication network applications.

It details how to use the ST2400 2.4 Gb/s SDH/SONET Test Set for Passive Monitoring,
Active Analysis, Active Throughput Analysis, and Test Signal Generation,

Chapter 5—External Controllers and Using Printers
This chapter explains how to connect external devices to the RS8-232C, GPIB, and parallel
ports. This chapter also includes port setup procedures.

Chapter 6—Remote Commands

This chapter explains the general syntax of the $T2400 remote command language and
defines all commands. Command definitions are grouped by function. In addition, an
alphabetical list of all ST2400 commands is provided with page references to individual
command descriptions.

Appendix A—Specifications

Software Revision

This manual supports software revision 2.2

X1il



Manual Conventions

The ST2400 2.4 Gb/s SDI/SONET Test Set supports both the SDH and the SONET
telecommunication signal standards. This manual supports the SDH telecommunication
signal standard. Both SDH and SONET have similar terminology. Therefore, the words
SONET, OC-1 OC-3, OC-12, and OC-48 can be substituted with the words SDH, STM-0,
STM-1, STM-4, and STM-16, respectively.

In this manual, the terminology STS-n refers to an ST2400 electrical signal and STM-n
indicates the equivalent SDH optical signal, all other aspects of their configurations are the
same. Therefore the words STM-1, STM-4, and STM- 16 and the words $TS-3, §TS-12, and
STS-48, respectively, have very similar meanings.

This manual users the following conventions:
Brackets [ ] indicate an optional software function.
The drive letter in the following statement may not be needed:
[<drive>:]
The drive letter and the path description may not be needed:
[<drive>:][<path>] UPLOAD

Product Nomenciature

The name ST2400 2.4 Gh/s SDH/SONET Test Set is used to describe and identify the
Tektronix owned product that is the subject of this manual. At times it is necessary to
substitute the words Test Set, ST2400 Test Set, or ST2400 for the product’s full name.

Also in this manual the name ST112 SONET Transmission Test Set is used to describe
and identify another Tektronix owned product. At times it 1s necessary to substitute the
word ST112 Test Set or ST112 for the product’s full name.

Any and all such substitutions are intended to increase the readability of this document,
and it should NOT be misconsirued that such usage is intended for any other propose,
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Introduction

This chapter describes the ST2400 2.4 Gb/s SDH/SONET Test Set and provides a list of
standard and optional accessories for both the SDH and SONET option and for each of the
three configurations: TRANSCEIVER, TRANSMIT-ONLY, and RECEIVE-ONLY.



Introduction

Product Description

ronix gt

400 2.4 Gb/s SDH/SONET Test Set

Figure 1-1 ST2400 2.4 Gb/s SDH/SONET Test Set

The ST2400 2.4 Gb/s SDH/SONET Test Set provides line and section signal generation
and analysis for the 2.4 Gb/s SDH STM-16 or SONET OC-48 standards. The ST2400 is
a versatile unit that can be ordered in one of three configurations: TRANSCEIVER,
TRANSMIT-ONLY, or RECETVE-ONLY. The front panel design (Figure 1-1) is the
same for both the SDH and SONET functions. Use the following order numbers:

ST2400 STM-16/0C-48 Generator/Analyzer

ORDERING INFORMATION

Nomenclature | Description Availability
5T2400 SDH/SONET Transceiver manual, SDH and SONET

power cord

Opt. 11 Receive Only with 2.4 Gb/s Wideband Optics SDH and SONET

Opt. 12 Transmit Only with 1310 nm Tx Long Reach SDH and SONET
2.4 Gby/s Optics

Opt. 13 Transceiver with Wideband Rx Optics and SDH and SONET
1310 nm Tx Long Reach 2.4 Gb/s Optics

Opt. 14 Transmit Only with 1550 nm Tx Long Reach 2.4 Gb/s Optics SDH and SONET

Opt. 15 Transceiver with Wideband Rx Optics and SDH and SONET
1550 nm Tx Long Reach 2.4 Gb/s Optics

Opt. 16 Transmit Only with Switchable 1310 nm Long Reach and 1550 | SDH and SONET
nm Tx Long Reach 2.4 Gb/s Optics

Opt. 17 Transceiver with Wideband Rx Optics and Switchable 1310 nm | SDH and SONET
Long Reach and 1550 nm Tx Long Reach 2.4 Gb/s Optics

Opt. 1A 15 dBm FC-PC Aitenuator for 2.4 Gh/s Rx SDH and SONET

Opt. 1M Rack Mount SDH and SONET

Opt. 3C Replace FC connectors with SC connectors SDH and SONET

Opt. 4C Replace FC connectors with ST connectors SDH and SONET

Opt. A1 220V, Euro Plug SDH and SONET

Opt. A2 240V, UK Plug SDH and SONET

Opt. A3 240V, Aust Plug SDH and SONET

Opt. A5 220V, Swiss Plug SDH and SONET

S$T2400 2.4 Gb/s SDH/SONET Test Set




Introduction

FACTORY INSTALLED OPTIONS

Nomenclature Description Availability

ST2400 SDH and SONET
ST24F 11 Add wideband Rx function to Tx Only Unit SDH and SONET
ST24F12 Add 1310 nm Tx function to Bx Only Unit SDH and SONET
ST24F15 Add 1550 nm Tx function to Rx Only Unit SDH and SONET
ST24F17 Add dual switchable optics to Transceiver SDH and SONET

Bellcore CLEIl and CPR Product Codes
The ST2400 has been assigned the following Bellecore COMMON LANGUAGE Product

Codes:
CLE] Receive-Only Test Set (Both Frequencies): STNQACG6AA
CPR Receive-Only Test Set (Both Frequencies): 674835
CLEIl Transmitter-Only Test Set (Both Frequencies): STNQACI6AA
CPR Transmitter-Only Test Set (Both Frequencies): 674846
CLEI Transceiver Test Set (Both Frequencies): STNQACHO6AA
CPR Transceiver Test Set (Both Frequencics): 674845

Overview, SDH

The ST2400 transceiver version can transmit and receive STM-16 signals. The transmitter
section can internally generate a 2.4 Gb/s signal or multiplex the higher-rate signal from
STM-1 or STM-4 sigmal inputs, The receiver section receives an STM-16 signal,
demultiplexes it, and can drop out either the STM-1 or STM-4 signal as required.

The transmit-only version can generate and transmit the STM-16 signal from an internal
source, or multiplex the higher-rate signal from either STM-1 or STM-4 signal inputs.

The receive-only version can receive and demultiplex the STM-16 signal and drop either
the STM-1 or STM-4 signal to an auxiliary test set, as required.

The ST2400 2.4 Gb/s SDH/SONET Test Set is designed to integrate directly with other
Transmission Analyzers, such as the Tcktronix CTS750. The ST2400 unit can operate
with many other STM-1 and STM-4 test sets that accept 155 or 622 Mb/s optical signals
and the 155 Mb/s CMI electrical signal.

ST2400 2.4 Gb/s SDH/SONET Test Set 1-3



Introductton

§T2400 2.4 Gb/s SDH/SONET Test Set Features and Capabilities:

e STM-16 SDH RS and MS Testing
Bl and B2 Error Measurement
RS and MS Alarm Detection
MS Layer Alarm and Error Generation

e Truly portable—11.4 kilograms (25 pounds) maximum weight

s A simple menu system

s Interface Access at 155 Mb/s or 622 Mb/s

e Easily software switched between SDH and SONET

» Integrates with the CTS 750 for complete “all-rate” SDH analysis

=  Wide optical range:
3 dBm to -2 dBm Typical Qutput Power

—29 dBm to —10 dBm Receiver Sensitivity
» Through Mode with Overhead Editing, Error, and Alarm Injection
e Direct user download of software updates
e CCITT/ITU G.708, G.709 and GR-253-CORE framing

e Complete Remote Control
» RS-232 and GPIB ports, and standard printer interfaces
e Remote Command Interpreter

e Standard tributary interfaces
e  STM-le 155 electrical
e STM-1 155 optical
e STM-4 622 optical
» Interface to STE, LTE and other test equipment

The ST2400 meets the needs of development, network design, and service engineers by
providing the capabilities for:

e System interrogation and conformance testing
e Manufacturing Production Testing

» Network Integrity testing

s Network Performance monitoring

¢ Network Troubleshooting

14 ST2400 2.4 Gb/s SDH/SONET Test Set
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Introduction

Some accessory are included with the ST2400 2.4 Gb/s SDH/SONET Test Set. If you
wish to purchase optional accessory contact your local Tektronix Representative.

Standard

e  User Manual

e Certificate of Traceabie Calibration
e Front Cover

¢ Power Cord

Optional

Interface Cables, RS-232-C, GPIB, Centronics

RS-232-C

012-1379-00 9-pin female to 9-pin male
012-1298-00 9-pin female to 25-pin male
012-1398-00 9in, RS-232-C to plotter/printer
GPIB

012-0991-00 2m, double-shielded
012-0991-01 1m, double-shielded
012-0991-02 4m, double-shielded
012-1282-00 0.5m, GPIB

Centronics

012-1233-00 3 m, 4693 to Terminal
012-1214-00 8 ft. Male Centronics to PC 25-Pin D
012-1284-00 9 ft. male to male

Interface Cables, used for CE Certification

1M-BM-5B142-BM BNC to BNC (50 OHM) 1 meter length
1M-BM-4233-BM BNC to BNC (75 OHM) 1 meter length

H1740-1 Printer Cable, 8 feet

8004570 DB25 Male to Female, 6 feet
8004569 DB9 Male to Female 6 feet
C1B24-1M GPIB 1EEE-488 1 meter length
ClB24X GP1B Adapter

ST2400 2.4 Gb/s SDH/SONET Test Set
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Adapters, SMA

015-0369-00 SMA male to N

015-0572-00 SMA male to BNC male

015-0554-00 SMA male lo BNC female

015-1009-00 SMA male to N female

015-0553-00 Threaded female to male slip-on connector

015-0549-00 Male to female connector (Used permanently installed
to prolong life of instrument connector)

020-1693-00 SMA Kit

Attenuator, Optical

Recommended:
AMP 06-0033 FC Style Build Qut Atenuator 15 dB Fixed Value
or equivalent.
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Safety Instructions

A WARNING! Read and Follow all of these Safety Instructions.
Failure to do so can cause injury to the user and damage the instrument,

AC Power

The ST2400 Test Set is designed to sense and switch line voltages between 115 VAC (90
to 132 VAC) and 230 VAC (180 to 250 VAC) and to operate at a line frequency of either
50 Hz or 60 Hz (47 to 63 Hz range). Ncver connect the ST2400 to a line voltage that falls
outside these voltage or frequency ranges.

Ground the Instrument

The ST2400 Test Set is grounded through its AC LINE connector. Always power the
ST2400 Test Set using a three-conductor power cord that is plugged into a grounded,
three-conductor outlet, 1f you operate the ST2400 without a proper ground then all metal
surfaces of the instrument can become potential shock hazards.

Use the Proper Fuse

Always replace the ST2400 Test Set’s AC LINE fuse using the procedure and fuse rating
specified. A 5AT fuse is used for all models: AC115, AC230, transceiver, transmit-only,
and receive-only. Operating the instrument with an improper fuse will create a fire hazard.

De Not Look Into the OPTICAL Output

The ST2400 Test Set’s OPTICAL output is equipped with high-powered lasers.

Never look directly into this output or into an unterminated optical patch cord
connected to this output. If you do not follow these precautions, permanent eye injury can
result.

Do Net Operate in an Explosive Atmosphere
The ST2400 Test Set does not provide protection from static discharges or arcing
components and therefore must not be operated in an explosive atmosphere.

Do Not Remove Instrument Covers
To avoid a shock hazard and to maintain proper air flow, never operate the ST2400 Test
Set with any of its outside covers removed.

Attenuation Requirements
Always use a 15 dB attenuator when connecting the transmitter output to the receiver
input. Failure to do so will damage the optical detectors.

ST2400 2.4 Gb/s SDH/SONET Test Set 1-7
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Laser Safety

AW ARNING! Read and Follow all of these Safety Instructions.
To prevent injury, ensure the following information is reviewed before operating this
equipment.

The §T2400 Test Set is a Class IIIb (3B) laser product, which complies with the United States
Food and Drug Administration (FDA) Standard 21 CFR Ch.1 1040.10 and EN 60825.

Laser classification is based on the ability of the optical beam to cause biological damage
to the eye or skan, The FDA defines a Class 111b as follows:

“Class IIIb limits apply to devices that emit in the ultraviolet, visible, and infrared
spectra. Class HIb products include laser systems ranging from 5 to 500 mw in the
visible spectrum. Class [Hb emission levels are ocular hazards for direct exposure
throughout the range of the Class, and skin hazards at higher levels of the Class.”

This unit is in the Class ITIb category because it has a maximum output power of 10 mw
and has a center wavelength of 1310 nm. This means that the laser radiation emitted from
the module is in the near infrared spectrum, which is invisible to the human eye. Laser
radiation in this region of the spectrum can cause damage to the retina of the eye.

Safety Mechanisms

This equipment incorporates four safety mechanisms to prevent accidental or unauthorized
emission of laser radiation. These are listed as follows:

e Remote Interlock Connector
Allows connection of a remote barrier interlock, emergency stop, switch, or similar
device used to disable the laser.

¢ Key Control
Prevents the lascr from being activated when the key is set to the **0” OFF position.
Setting the key to the “0” OFF position when the laser is active disables the laser.

¢ Laser Radiation Emission Wamning Indicator
The laser “ON" LED indicates that the laser is on. When the LED is off the laser is
off,

e [aser Connector Cover
This Cover must be screwed on when the cable is disconnected from the optical output
connector.

1-8 ST2400 2.4 Gb/s SDH/SONET Test Set
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Safety Precautions

To avoid exposure to hazardous laser radiation, it is recommended that the following
practices are observed when operating this equipment:

e Always use serviced-trained personnel, who are aware of the hazards involved, to
work with laser based equipment, circuits, and networks.

e Never examine or stare into an open or broken optical when it is connected to any laser
output device or equipment—whether or not that laser is activated.

e Always assume that the laser is on whenever it is not connected to a circuit or covered.

e  Always use an external device, such as a Remote Interiock Switch (not supplied with
this equipment), connection to the rear panel REMOTE INTERLOCK connector.

*  Always deactivate the laser before connecting or disconnecting optical cables. To
deactivate the laser, use the following method:

e  Set the laser to OFF using the applicable LCD setup menu.

e Set the real panel key switch to the “0” OFF position.

e Setthe Remate Interlock Switch, or similar device, to the off position,
s Verify that the laser LED is off.

®»  When connecting or disconnecting the optical cables between this equipment and the
circuit, network, or equipment-under-test, use the following connection sequences.

o (Connecting: Before activating the laser output (1) connect all optical cables to the
equipment-under-test, circuit, network, and this equipment (2) ensure that the
circuit is complete and properly terminated.

¢ Disconnecting: Before disconnecting any part or piece of the network, circuit, or
equipment-under-test (1) ensure that the laser is deactivated as detailed above.

Warning Labels

Before using this equipment and while this equipment is in use, always inspect it to ensure
that the following warning labels are visible and free from damage:

o The CLASS 3B LASER label should be on the front panel, left of the LCD Display area
e A CLASS lIIB LASER DANGER label should be located on the top panel.

The laser output is labeled with a Laser Hazard Labe! shown in Chapter 2 of this manual.
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Safety Certification Compliance

Category

Standard

Temperature {operating)

+5 to +40°C

Altitude (maximum operating)

2000 meters

Equipment Type Test and Measuring

Safety Class Class | (as defined in 1EC 1010-1, Annex H) -
grounded product

Overvoltage Category Overvoltage Category I (as defined in IEC 1010-1,

Annex I}

Pollution Degree

Pollution Degree 2 (as defined in IEC 1010-1).
Note - Rated for indoor use only.

Low Voltage Declaration

Category

Standard

EC Declaration of Conformity

Compliance was demonstrated to the following
specification as listed in the Official Journal of the

Low Voitage European Cornmunities:
Low Voltage Directive 73/23/EEC
EN61010-1/A1 - Safety Requirements for Electrical
Equipment for Measurement, Control, and Laboratory
Use.

Safety Standards
Category Standard

U.S. Nationally Recognized UL 1244 - Electrical and Electronic Measuring and

Testing Laboratory Testing Testing Equipment

{(NRTL)

Canadian Certification

CAN/CS5A-22.2 No. 23] CSA Safety Requirements
for Electronically and Electronic Measuring and
Testing Equipment

ST2400 2.4 Gb/s SDH/SONET Test Set




Functional Overview

This section describes ST2400 2.4 Gb/s SDH/SONET Test Set controls, indicators,
connectors, display elements, and menu structures. It includes separate seetions that detail
receiver and transmitter specifics, and general sections that apply to both.



Functional Overview

Front Panel Controls, Indicators, and Connectors

Figure 2-1 shows a complete view of the front panel. It includes an enlarged view of the
Laser Product Warning Label.

A WARNING! Always avoid exposure to the laser beam. Before power is
applied to the ST2400 2.4 Gb/s SDH/SONET Test Set be sure that all laser outputs are
either covered with the screw cap provided or connected to the appropriate circuit.

- TekironixX: 573400 2.4 Gb/s SDH/SONET Test Set

- fAvOm EXPOSURE TOBEAM . |- |
- | nvisIBLE LaSER RADIATION |}
| IS EMITTED FROM APERTURE
CLASS 3B LASER PRODUCT
GPIB &
i-'-'_LLO REM

Figure 2-1 ST2400 Front Panel

The front panel can be divided into five functional sections:
e Display, Display Controls, and one LED Indicator

¢ Transmitter Controls, Connectors, and Status LED

e Receiver Controls, Connectors, and Status

¢« LEDs

e Measurement Controls and Indicators

¢ GPIB LED Status Indicators

ST2400 2.4 Gb/s SDH/SONET Test Set - SDH



Functional Overview

Display, Display Controls, and Indicators

Figure 2-2 shows the §T2400 2.4 Gb/s SDH/SONET Test Set display and display
controls. The display is a two-line by twenty-four character back-lit super twisted Nematic
L.CD (liquid crystal display) that provides a sharp image and increased viewing angle in all
directions.

The LCD display is used to present main menus, submenus, and test results. There are five
display controls and one LED indicator. The right and left arrows are used to position the
LCD cursor, The INC (increment) and DEC (decrement) keys arc used (o change values.
The ENTER key is used to insert the selected value.

The ENTER key houses an LED indicator that flashes whenever an action is requested or
required. It will continue to flash until the ENTER key is pressed, entering a new value or
executing the function.

X $T2400 2.4 Gb/s SDH/SONET Test Set
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Figure 2-2 $T2400 LCD Display

ST2400 2.4 Gb/s SDH/SONET Test Set - SDH



Functional Overview

24

Setup Menu System

The SETUP key is located below the ENTER key on the front panel. Pressing the SETUP
key at any time will start the menu sequence, as Figure 2-3 shows, Each additional press,
represented by the black arrow, will access the next menu. The number of main menus is
mode dependent—seven in the transmit mode and five in receive. Some main menus have
submenus, omitted in this chapter, but detailed in Chapter 3 LCD Menus and Displays.
The SETUP menus are arranged in a continuous loop. Press any other key to exit the setup
mode.

A WARNING!

Before activating the 2.4 Gb/s LASER its output must be connected to a circuit.

A CAUTION!

Always usc 15 dB of attenuation when connecting the ST2400 transmitter output to its
receiver input. Failure to do so will damage the optical detector.

. ENTER

(SDH. QUICK SETUP . - :W
xissss leri o0
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Figure 2-3 Setup Main Menus
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Transmitter Description

This section descnibes the transmitter inputs, outputs, controls and indicators. Figure 2—4
shows the ST2400 2.4 Gb/s SDH/SONET Test Set transmitter front panel area.
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Figure 24 Transmitter Front Panel

Transmitter Connectors

There can be three connectors on the transmitter front panel—one CMI (Code Mark
Inversion) electrical and two optical. The CMI electrical carrier connector is an industry
standard BNC that is marked 155 IN. It provides a 75 ohm load impedance and direct
coupling (DC) for the 155 Mb/s SDH electrical signal.

On the right side of the transmitter section are two industry standard FC/PC optical
connectors—one input and one output. ST and SC connectors are available as an option.
The input optical connector is marked 155/622 IN; it accepts either STM-1 or STM-4
signals. The output optical connector is marked 2.4 Gb/s OUT; it outputs an STM-16
signal. Both are equipped with screw caps to protect the optics from airborne
contamination, such as dust. Optical devices can be cleaned by using compressed air or
with a Microtip Medium Swab dipped in isopropy! alcohol that has greater than 70 percent
alcohol. Fiber optic cables should also be cleaned before connection with a lint free wipe
and isopropyl alcohol.

A WARNING!

Before aclivating the 2.4 Gb/s LASER its output must be connected to a circuit.

A CAUTION!

Always use 15 dB of attenuation when connecting the ST2400 transmitter output to its
receiver input. Failure to do so will damage the optical detector.
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Transmitter Status Indicators

The 155/622 INPUT STATUS section has five LED indicators—threc yellow and two
red. The SELECT key is used to choose between the two optical inputs and one electrical.
When the input is external, the yellow LEDs indicate which input has been chosen.

The two red indicators are labeled LOS (Loss Of Signal) and LOF (Loss Of Frame). They
monitor the 155 and 622 inputs for those alarm conditions. Both LEDs are off when the
appropriate incoming signal is present. They are disabled when the unit is internally
generating a 2.4 Gb/s or is in the through mode (see the Mode Key section).

Mode Key

Pressing the MODE key will access the transmitter input selection menu shown in Figure
2--5. It 1s used to choose one of the three data sources that will produce the

2.4 Gb/s output signal and select the wavelength when a dual wavelength transmitter
option is installed. The three choices are: EXT, an external input tributary from the
transmiltter front panel; INT, an internally generated 2.4 Gb/s signal; and THRU, a
through input from the receiver section.

{TX.MODE‘SELECTIQNL; o
L XEXT>  INT  THRU

(TX WAVELENGTH = & =& | -
. <i3t0pm> = 1550nm: =

Figure 2-5 Transmitter Input and Weavelength Menu

The EXT input can he 155 Mb/s optical (STM-1}, 622 Mb/s optical (STM-4), or 155 Mb/s
CMI electrical signal. The appropriate yellow status LED will indicate the input signal.
There are three yellow LED indicators on the transmitter 155 / 622 Input Status section, two
optical and one electrical.

The INT mode generates an unequipped SDH 2.4 Gb/s (S§TM-16) signal with valid
transport overhead bytes that can be modified.

The transceiver THRU mode will cutput a modified 2.4 Gb/s SDH signal that entered the
receiver section from an external source before modification., All three yellow status LEDs
will be off when the ST2400 is in the THRU (Through} mode.

The transceiver WAVELENGTH menu will only be present when the dual wavelength
option is installed. Use the arrow keys to move the cursor to either 13 10nin or 1550nm and
the enter key to select the value.
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Tributary and Input Select Keys, Transmitter

The transmitter TRIB key is used with the INPUT SELECT key to configure input
groupings. STM-16 has sixteen STM-1 channel groups or four STM-4 channel groups.

OVHD Key, Transmitter

The transmitter OVHD (Overhead) key provides access to the Remote Section and
Multiplex Section overhead bytes in the [irst column of the first STM-1. Figure 2—6 shows
the menu used to access the E1 byte, A field change occurs when an arrow key is used to
move the cursor from PASS to SET. The field change shows the current value of the
particular overhead byte being viewed. Greater detail is provided in Chapter 3 LCD
Menus and Displavs.

['RTS EoW L e
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Figure 2-6 Overhead Menu Access

Alarm Key, Transmitter

The transmitter alarm key is used to inject any of the alarms in one of four modes:
continuous, timed, burst, or repeat at specific intervals. The alarm displays and menus are
detailed in the next chapter. The LED indicator in the alarm key will be illuminated
whenever an alarm is active.

Error Key, Transmitter

The transmitter error key is used to generate specific error conditions that are detailed in
Chapter 3 LCD Menus and Displays.
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Receiver Description

This section describes the ST2400 2.4 Gb/s SDH/SONET Test Set receiver front panel
inpults, outputs, controls, and indicators shown in Figure 2-7,
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Figure 2-7 Receiver Front Panel

Receiver Connectors

There are three connectors on the receiver front panel—one CMI (Code Mark Inversion)
electrical and two optical. The CMI electrical signal connector is an industry standard
BNC that is marked 155 OUT. it provides the 75 ohm load impedance and direct coupling
(DC) for the SDH electrical signal.

The two indusiry standard FC/PC optical connectors are on the lefi side of the receiver
section, one input and one output. ST or SC connectors are available as an option. The input
optical connector is marked 2.4 Gb/s 1IN, it accepts the STM-16 signal. The output optical
connector, marked 155/622 QUT, outputs STM-1 and STM-4 tributary signals. Both are
cquipped with screw caps to protect the optics from airbome contamination, such as dust.
Optical devices can be cleaned by using compressed air or with a Microtip Medium Swab
dipped in isopropyl alcohol that has greater than 70 percent alcohol. All fiber optic cables
should also be cleaned hefore connection with a lint free wipe and isopropyl alcohol.

& WARNING!

Before activating the 2.4 Gb/s LASER its output must be connected to a circuit.

A CAUTION!

Always use 15 dB of attenuation when connecting the ST2400 transmitter output to its
receiver input. Failure to do so will damage the optical detector.
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Receiver Status Indicators

2 4Gb/s STATUS
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Figure 2-8 Receiver Status Indicators

The status indicators (Figure 2-8) include the alarms and errors detailed below. The
appropriate LED indicator will light for a minimum of 200 milliseconds when a
corresponding alarm or error is detected. Detected errors and alarms are stored as
historical data,

The receiver LOS (Loss Of Signal) alarm indicates that the 2.4 Gb/s signal has been off for
more than 2 microseconds. The LOS alarm will be asserted no later than 127 microseconds
after recetving the low signal (all zero) condition,

The recetver LOF (Loss Of Frame) alarm indicates that more than 3 milliseconds of an ouf
of frame condition has occurred.

The OOF (Out Of Frame) alarm indicates that more than 4 consecutive frames of the 2.4
Ghb/s signal had frame alignment errors.

The B1 and B2 LEDs indicate that Remote Section or Multiplex Section (respectively)
parity errors were detected.

The REIVFEBE (Remote Error Indication or Far End Block Error) indicates that a non-
zero value in the REI byte was detected.

The RDI/FERF (Remote Defect Indication or Far End Receive Failure) alarm indicates
that bits 6, 7, and 8 of the K2 byte have been a binary 110, respectivcly, for five or more
consecutive frames.

The AIS (Alarm Indication Signal) indicates that bits 6, 7, and 8 of the K2 byte have been
a binary 111, respectively, for five or more consecutive frames.

The 155 and 622 LEDs function in conjunction with the DROP SELECT key to indicate
which optical drop rate has been selected. Both LEDs are off when the 155 Mb/s electricat
drop is selected.
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Figure 2-9 Receiver Control Keys

View History Key

The VIEW HISTORY key reviews past alarms and errors. A history status bit is set, and
the status LED built into the key is lit whenever an alarm or error is detected during the
run mode. Pressing this key will display the history status of the alarm and error LED
indicators instead of the current status. Releasing this key will return to the current status
display within 200 milliseconds. History is cleared when a new test cycle starts.

Drop Select Key, Receiver

The DROP SELECT key is used to select one of three drops from the 2.4 Gh/s (STM-16)
signal. The 155 Mb/s signal (STM-1) can be cither electrical or optical. The 622 Mb/s
(STM-4) signal is always optical.

Tributary Select Key, Receiver

The receiver TRIB key is used to select the drop side tributaries. One of sixteen 155 Mb/s
{STM-1) tributaries or one of four 622 Mb/s (STM-4) tributaries can be selected from the
2.4 Gb/s (STM-16) signal. The Drop Select Key was used to choose either the STM-1 or

STM-4 drop.

OVHD Key, Receiver

The receiver OVHD (Overhead) key permits viewing of the Remote Section and Multiplexed
Section overhead bytes in the first column of the first STM-1 frame, including APS
{Automatic Protection Switching). Some of these bytes may be used to perform testing—
review the OVHD Key, Transmitter section previously presented in this chapter.
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Measurement Controls and Indicators

Figure 2—10 shows the 8T2400 2.4 Gb/s SDH/SONET Test Set Measurement Controls
and indicators. The RUN/STOP key provides duration control over the test cycle. RUN
clears all counters, clears history data, and starts the test cycle, STOP halts the test cycle
without effecting counter values. The green LED indicator, inside the key, is on during the
RUN cycle. A stopped test can be restarted using the pause-run-resume sequence, saving
stored history data.

The PAUSE/RESUME key permits a temporary stop of the test cycle. The red LED
indicator is on when the test cycle is in the pause mode. Pressing the key, once again,
extinguishes the LED and resumes the test, All counters are suspended in the PAUSE
mode and continue from thal point when the test cycle is resumed (RESUME).

| 'RUﬁfS'roé

PAUSE/RESUME -

Figure 2-10 Measurement Controls and Indicators

Remote Indicators

Figure 2-11 shows the two GPIB front panel LED status indicators. The Remote
Operation (REM) LED indicates that the ST2400 is being controlled through its GPIB
connection, The REM LED is off when the unit is in the local mode or is being controlled
by an RS-232C connection. Front panel control is restored when the SETUP key is
pressed.

In the Local Lockout (LLO) mode, the ST2400 2.4 Gh/s SDH/SONET Test Set front
panel is disabled by a remote controller that is using GPIB access commands. Front pancl
control can only be restored by the appropriate GPIB command or by a power
initialization cycle. Power initialization should only be used when the ST2400 is not being
remotely operated.

- LLO .REM. -

Figure 2-11 Communication Indicators
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Rear Panel Description

This section describes the rear panel controls and connectors. The figure shows the rear
panel and an enlargement of the AC power section.
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Rear Panel - ST2400

The AT power module is located in the lower left-hand corner of the rear panel. It has a
removable fuse panel that can be opened with a small flat blade screw driver after the AC
Line Cord has been unplugged. The AC power supply automatically detects and switches
to accept either 115 (90 to 130 VAC or 230 (180 to 250) VAC nputs. A SAT fuse is used
with either AC source voltage.

A WARNING! Always disconnect the AC Power Cord before opening the fuse
panel or disconnecting the rear panel AC interlock.

SYNC QOutput

SYNC Output (Clock Trigger) is an AC-coupled output. The voltage level is

500 mV peak-to-peak minimum. This output needs a 50-Ohm termination to work
properly. This output is used to trigger a oscilloscope to measure the eyve diagram of an
OC-48/STM-16 signal.

Laser Lockout, Remote Interlock

LASER LOCKOUT is a safety device. The key switch disables the Transmitter's 2.4 Gb/s
laser output when its turned to the O (zero) position. The laser output can only be turned on
when the key is in the 1 (one) position.

REMOTE INTERLOCK is a bantam plug normally closed connection internally wired in
series with the laser lockout key switch. It can be used with additional hardware to disable the
Transmitter 2.4 Gb/s laser output.
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NOTE: The Transmitter 2.4 Gb/s Laser output cannot be enabled unless:
s The Laser Lockout key switch is set to the on (1) position.

¢ The Remote Interlock, which is normally enabled, is either not used or
externally enabled.

¢ The Laser output is software cnabled, as described in the LCD Menus
and Displays chapter, or the Virtual Front Panel chapter.

A WARNING!

Before activating the 2.4 Gb/s LASER its oulput must be connected to a circuil.

A CAUTION!

Always use 15 dB of attenuation when connecting the ST2400 Transmitter output to its
receiver input. Failure to do so will damage the optical detector.

Rear Panel Connectors
There are two BNC, two 9-pin RS-232, one GPIB, and one parallel printer.

Event Trigger and Frame Sync signals are accessible through individual BNC connectors
shown in and located on the upper right rear panel. Either can be connected to an event
counter or used to trigger an oscilloscope.

¢ The Event Trigger is a TTL output that is generated by any one of the
following Transmitter programmed alarm and error conditions (AlS,
FERF, LOS, and frame errors—inclhading LOF), or by changing an
overhead byte value. The event trigger signal is a minimum of 2.4
Vpeak, with a pulse width of 25 ns +10%, and leads the cvent by
less than 1ps.

® The Frame Sync has an ECL output that is generated by the
transmitted framing bytes, Al and A2. The frame sync signal is a
minimum of 600 mvpp, with a pulse width of 25 ns £10%. The
pulse repetition rate is equal to the 125us frame rate.

The two DB-9 receptacles are RS-232C 9-pin serial interface connectors. One is marked
for use with the ST112. It can be used with a VT-100 terminal or PC running VT-100
terminal emulation software. The ST112 is only supported in the SONET configuration or
mode. The other is marked RS232 it can be used for remote operations or with a serial
printer,

The GPIB receptacle is an IEEE-488.2 standard connector provided for remote operation.

The DB-25 receptacle is a Centronics parallel printer interface.
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Getting Started

Unpacking

Unpack the §T2400 2.4 Gb/s SDH/SONET Test Set and place the unit on 2 hard firm
surface.

ST2400 Installation

Before using the ST2400 verify that it is properly set up and powered on, as follows:
1. Remove the unit from its shipping carton and place it on a hard firm surface.

2. Venfy that the operating environment is within the limits detailed under the
Environmental Requirement section in this manual.

3. Allow approximately 2 inches (5 cm) clearance for cooling on the top and rear of the
unit. The two rear panel fans draw air into the ST2400 which is exhausted through the
top vents.

4. Wire the unit for a chosen application. Never exceed the maximum optical power
limits (—10dBm) listed on the front panel. Always cover the unused OC connectors.

A CAUTION!

Signal levels greater than —10dBm (negative 10dBm) may damage the Optical Input
devices. Always pad the input level to less than —-10dBm.

5. Verify that the rear panel key lock is in the desired position.

6. Plug the unit into the appropriate AC Power source as follows:

Table 2-1 Power Requirements

AC Voltage Voltage Range Frequency Range Maximum Power
110 VAC 90 VAC - 132 VAC 48 - 82 Hz 200 Watts
220VAC 180 VAC - 250 VAC 48 - 82 Hz 200 Watts
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LCD Menus and Displays

This chapter describes the use of the ST2400 LCD menu structures and displays. In
addition to general displays and menus, there are separate sections that detail setup,
receiver, and transmitter specifics.



LCD Menus and Displays

Functional Verification

A functional verification of the §T2400 2.4 Gb/s SDH/SONET Test Set can be
performed while reviewing this chapter. To do so, use an optical cable and a 15 dB
attenuator connected between the transmitter laser output the receiver laser input, as
shown in Figure 3—1. To avoid damaging the receiver input always use a 15 dB
attenuator in the loopback connection. Be sure to read and observe all of the appropriate
safety rules and instructions in chapters 1 and 2.

S rgi‘zg

$ m CiE

Figure 3-1 Functional Verification Test Setup

Setup Menu System

Pressing the setup key at any time will cause the $T2400 2.4 Gb/s SDH/SONET Test Set
to enter the Setup Menu System, accessing the menus and submenus shown in Figure 3-2
and Figure 3-3. Both the sctup and the enter keys arc used to navigate through this menu
system. The left and right arrow keys, and the increment and decrement keys are used to
change values. The enter key is also used to access submenus shown in both Figure 3-2 and
Figure 3-3.

The left column of Figure 3-2 shows the seven main menus that make up the Setup main
menu system. It is a continuous loop that begins with the XXXxx Quick Setup LCD
display, whenever the setup key is pressed, and ends with the Auxiliary Setup display
menu, As noted in the Figure 3-2, the word XX Xxx will either be SDH or SONET. That
choice is made in the System Configuration submenu shown at the bottom of Figure 3-3.
This manual details the SDH features.

When power is applied the first three L.CD displays will show:
1. The Tektronix/MWL Products logo and Copyright notice,
2. Performing Self-test and Serial Number.

3. 8T2400 logotype and Software Version number and all
front panel LEDs will illuminate, verifying their operation.

The third power-up L.CD display and all of the illuminated LED indicators will be
continuously displayed when you press and hold the VIEW HISTORY key before the
power switch is set to on, and continue to hold it in during the power up cycle. The
OUICKSET LCD will not be displayed until you release the VIEW HISTORY key.
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Figure 3-2 Menu System—Part 1

Setup Key

|

e The next LCD display is the XXXxx QUICK SETUP menu. The mode dependent
word XXXxx will be either SDH or SONET. The menu choices are used to select

the receiver drop frequencies, either 155 Mb/s (STM-1) or 622 Mb/s

(STM-4), from

either an internally (INT) generated 2.4 Gb/s (STM-16) rate or an externally (EXT)
supplied 2.4 Gb/s (STM-16) rate. When the choice is made, by pressing the enter
key, alarms and errors, if on, will be tumed off. Overhead byte values will be reset

and set to pass mode. The next menu will be automatically displayed.

safety, the QUICK SETUP will not activate the 2.4 Gb/s transmitter

But, for
laser. Before it

can be activated the ST2400 Test Set must be powered on, the rear panel keylock,
remote interlock, and software control (in the 2.4 Gb/s LASER menu) must all be

enabled.
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A WARNING!

Before activating the 2.4 Gb/s LASER its output must be connected to a circuit.

A CAUTION!

Always use 15 dB of attenuation when connecting the ST2400 transmitter output to its
receiver input. Failure to do so will damage the optical detector.

34

Press the setup key to access the 2.4 Gh/s LASER menu. It is the first of two that are
only displayed when the transmitter is installed. The Laser is off when the ST2400 is
first powered on and can only be activated when the rear panel laser lockout key-lock
is in the on position. To activate the laser use either arrow key to move the cursor to
the ON position, then press the enter key. The laser has a five second delay when
activated.

Another push of the setup key will access the TX EVENT TRIGGER OUTPUT menu,
the second transmitter only display. It is used to select whether an alarm or an error
condition will be used to generate the event trigger pulse from the rear panel BNC
connector. The event trigger is 2.4 Vpeak minimum, with a pulse width of 25 ns £10%,
and leads the event by less than lus. It can be used to synchronize other equipment, such
as an oscilloscope trigger source,

The STORE/RECALL SETUP menu is next. It is used to access either the USER
stored setup or the FACTORY DEFAULT setup. Pressing the enter key will access
the submenu from which one of the ten LOC (locations) can be RCLL (recalled) or
STOR (stored). Up to ten individual user setups can be saved in memory locations

0 through 9. A unique 10 character label can be stored with each saved setup. The
arrow keys are used to position the cursor anywhere in the label area, and the INC or
DEC key is used to scroll through the ASCI characters—including numbers and
symbols. Moving the cursor to FACTORY DEFAULT and pressing the enter key will
access that NO or YES menu—that defaults to NO. Moving the cursor to YES and
pressing the enter key will restore the factory default configuration. Pressing the setup
key will return to the STORE/RECALL SETUP display.

REPORT / TEST TIME is the next setup menu, It is used to access a complete set of
measurcment control, test, and report submenus that will be detailed in the next section
of this chapter. Pressing the setup key will move to the next main menu.

The VIEW ANGLE can be set to one of eight integers (0 through 7). Zero should be
the best view angle when the ST2400 is positioned below the operator and 7 is best
when the operator is looking up at the ST2400 front panel. The change is interactive;
it is executed whenever the increment or decrement key is pressed. In the same menu,
the VOLUME can be set using integers 0 through 9. Zero is off and 9 is the loudest.
Emors and alarms activate the beeper, unless the volume is set to zero. The operator
setting will be retained when the Test Set is powered off.

AUXILIARY SETUP is the last of the seven main setup menus. Pressing the setup
key will loop back to the QUICK SETUP (starting) menu. Pressing the enter key will
access the auxiliary setup menu system shown in Figure 3-3 and described later in this
chapter.
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Report/Test Time Menu System

The REPORT/TEST TIME main menu provides access to the seven submenus used to
configure the measurement control, test time, and report setup. Pressing the enter key will
access the MEASURE CONTROL. menu.

The MEASURE CONTROL menu sets the test cycle to be used when the run key is
pressed. UNTIMED will run until the stop key is pressed. TIMED will run the test for
the duration of time set in the TEST TIME menu. REPEAT will run the test for the
duration of time set in the TEST TIME menu, then start the test again. The stop key
can stop any test that is running.

Next is the TEST TIME menu used to set the test run duration, in terms of days (D),
hours (HH), minutes (MM) and seconds (SS). The maximum time supported is 9 days,
23 hours, 59 minutes, and 59 seconds. Press the enter key to store any changes and the
setup key to move to the next menu.

Next is the REPORT SETUP menu used to control the printed report. It can be set to
OFF-—no printout, ERR—oprint a report when an error is detected, EOT—print a
report summary at the end of test, or BOTH-—print on error and at the end of test. The
printer can be connected to either the parallel or serial (RS-232C) port. Parallel is the
factory default setting.

The REPORT SETUP SQUELCH menu is used to limit the total number of errors
logged, saving memory space. When squelch is set to ON crror recording will stop
after 10 consecutive seconds with errors. Then error recording will be resumed after
10 consecutive seconds without any errors.

The PRINTER SELECTION menu offers either PARALLEL or RS232 (serial)
printer selection. The printer should be connected to the appropriate port on the
ST2400 rear panel.

In the REPORT SETUP menu CLEAR ERR (error) is used to clear the error log by
moving the cursor to YES and pressing the enter key. It immediately clears the error
log and returns to NO after execution. The crror log should be cleared before running
a long test, preventing buffer overflow. An error log waming message will be
displayed when the run key is pressed, if the log is 95% full.

The REPORT REPRINT menu is uscd to print the previous error log (ERR), the
previous end of test summary (PREV-EOT), or the current error log (CURR) if it
exist.
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Auxiliary Setup Menu System
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Figure 3—~3 Menu System—Part 2

The left column of Figure 3-3 shows the auxiliary setup menu which is part of the seven
Setup main menus. The right side shows the auxiliary submenus. Press the enter key to
access them,

» TIME is the first submenu accessed from the auxiliary setup menu. It is used to store
the year current (YY), month (MM), day (DD), hours (HH) minutes (MM), and
seconds (SS), in a battery backed memory. Whencver changes are made, the enter key
LED will start flashing. Once set, the operator sctting will be retained when the Test
Set is powered off.

e Use the setup key to access the GPIB port characteristics menu. The port address is an
integer from O to 31. It can be changed with the INC or DEC keys. The enter key LED
will flash, push it before proceeding. Either an EOI (End-Or-Identify) or EOV/LF
{End-Or-1dentify with a Line Feed) can be used to terminate the GPIB message sent by
the ST2400.
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e Next is the RS 232 SETUP menu. Pressing the enter key will access to the first of six
port configuration submenus. They store the characteristics for BAUD rate, PARITY,
CHAR (character) SIZE, END OF LINE, ECHO, and XON/XOFF (flow control).

e The SYSTEM CONFIGURATION menu can be obtained by pressing the setup key
from the RS 232 SETUP menu. The $T2400 has both SDH and SONET modes. The
active mode is set when the unit is powered on. It has an asterisk (*) on both sides.,
Figure 3-3 shows that the SDH mode is active. Using the arrow key to move the
cursor to the SONET and pressing the enter key to select the SONET mode. A
momentary display, that reads: Measurement mode changed, cycle power to enable
prompts the user to power off the ST2400 and reapply power. After the power-up
displays the first LCD menu will now read SONET QUICK SETUP,

¢ Pressing the setup key again will loop to the ST2400 Version X. XX characteristic
display. It provides a software version number and the laser wavelength for both the
receiver and transmitter. In Figure 3—3 a broad-band receiver, RX: WIDE, is shown
indicating that both 1310 and 1550 nanometer lasers are supported. The transmitter
wavelength, TX: DUAL, indicates that the transmitter can be switched to either 1310
or 1550 nanometers. The current transmitter wavelength is also shown—(7370) in this
example. The transmitter MODE key is used to change the TX wavelength, in a dual
wavelength unit.

e Pressing the setup key again will retum to the AUXILIARY menu in the quick setup
main menu loop. Another press of the setup key will, once again, retum to the QUICK
SETUP main menu display shown in Figure 3-2.

S$T2400 2.4 Gb/s SDH/SONET Test Set 3-7



LCD Menus and Displays

General Menus and Displays

Option Not Installed

The ST2400 2.4 Gb/s SDH/SONET Test Set can be ordered in one of three configurations,
which are: TRANSCEIVER, TRANSMIT-ONLY, OR RECEIVE-ONLY.

The TRANSMIT-ONLY version can be easily identified because it lacks the recciver
connectors for 155/622 OUT and 2.4 Gb/s IN and it will not detect a receiver card during
the power-on cycle. (Some early models may have all front panel connectors.) Pressing any
of the control keys in the receiver section will cause the following message to be displayed:

RX CARD NOT FOUND
- RX' CONTROLS DISABLED

Figure 34 Receiver Card Not Installed

The RECEIVE-ONLY version can be easily identified because it lacks the transmitter
connectors for 755/622 IN and 2.4 Gb/s QUT and it will not detect a transmitter card
during the power-on cycle. (Some early models may have all front panel connectors.)
Pressing any of the control keys in the transmitter section will cause the following message
to be displayed:

TX CARD NOT FQUND
TX CONTROLS DISABLED

Figure 3-5 Transmitler Card Not Installed

Error Log Display

No additional entries will be logged when the error log becomes full. If the error log is
more than 95% full when the RUN key is pressed the message shown in Figure 3-6 will be
displayed. Selecting NO will allow the test to run, but when the error log is full new data
will be lost. Selecting YES will clear the error log.

ERROR LOG XX% FULL 7
CLEAR LOG? <NO> YES

Figure 3-6 Error Log Display
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L.CD Menus and Displays

Error Measurements (SDH), Receiver

["R8| EB= 0 |ES=
| B1] BBE= 0 |SES=

Error Key

l

\

BBEB  |ESR= X.YE-ZZ |
Z

I
| X.YE-ZZ |SESR=X.YE-Z
i
J

AEB= 0

J
|AES=" 0 ]
ABBE= 0 |

|ASES= 0

RS| UAS= 0 ]
| UASR= X.YE-%% . |

EB= 0 |ES=
BRE= 0 |SES=

R

[ EB= 0 jES=
{REI| BBE= 0

| SES=

MS-B2

R5-B1l
0

MS-RET

[ ELAPSED TIME
i D HH:MM:SS

Figure 3-7 Receiver Error (SDH)

The ERROR key on the receiver side of the front panel is used to scroll through the five
LCD displays shown in Figure 3—7 on the left side. The enter key on the right side of the
LCD display is used to access a set of three submenus for each of the first three main
menus—RS-B1, MS-B2, and MS-REI. Errors that were detected on the 2.4 Gb/s SDH
signal are displayed in the RS-B1, MS-B2, and MS-REI error summary menus. These
errors are totaled in the fourth menu, as illustrated on the left side of Figure 3-7. The last
menu on the lower feft will display the elapsed test time in: days, hours, minutes, and
seconds. Each press of the error key will cycle to the next error display in a continuous

loop, until some other key is pressed.

e The RS-B1, MS-B2, or MS-REI summary menus (Figure 3-7) include: the EB
(Errored Blocks) which is the error count; the BBE (Background Block Errors); the
ES (Errored Seconds); and the SES (Severely Errored Seconds). These measurements

conform to the ITU G.826 standard.

e The first submenu conforms to the ITU G.826 standard, providing the: BBER
(Background Block Error Ratio); ESR (Errored Seconds Ratio); and SESR (Severely

Errored Seconds Ratio).

o The second submenu AEB, ABBE, AES, and ASES, are the Errored Blocks;
Background Block Errors; Errored Seconds; and Severely Errored Seconds counted
during Available time—conforming to the ITU M.2101 standard.

o  The last menu UAS (Unavailable Seconds) count and UASR (Unavailable Seconds
Ratio) conform to the ITU G.827 standard.

S$T2400 2.4 Gb/s SDH/SONET Test Set
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Overhead Displays (SDH), Receiver

00 00 00

RX SCH B2 K1 K2

RX SCH A1 A2 a0 ]

00 00 00 |

RX SOH B E1 . F1 )

00 00 00 |
OVHD Key oivsen A )
00 00 00

[ RX SOH HI “HZ  H3

00 - 00 a0

RX SOH D4 D5 D6
00 00 00
RX
00 00 00
RX SOH D10 Dii D12
oo ipd oo
RX S0H S1 MSG M1 E2

[ .00 **%x 00 00

v APS **** 1.1 RQ- 0 SW- 0
0 No Request

]
J
SOH /D7 DB DO ]
]
i
]

Figure 3-8 Receiver Overhead LCD Displays

The ten displays shown in Figure 3-8 are RX TOH SDH overhead bytes in the first
column of the first STM-1 frame. They can be displayed by pressing the OVHD key on the
receiver panel. Each time the key is pressed the next group of overhead bytes will be
displayed in a continuous loop, until some other key is pressed. There are nine displays of
three bytes each. The first nine are section bytes and the next eighteen are line. The ninth
display provides the ASCII synchronization messages and the tenth is the APS message.

ASCII Synchronization Messages—S1 byte

For convenience both the SONET and SDH modes are compared below. The S1 byte 1s in
hexadecimal. The unused SONET values are left blank. The unknown SDH value is
marked with three question marks and unused codes are marked RES (reserved).

S1 Byte SONET SDH S1 Byte SONET SDH
00 STU 77 08 812L
01 PSR RES 09 RES
02 811 0A ST3 RES
03 RES 08 SETS
04 812T 0c SIC RES
05 RES 0D RES
06 . RES OE RES RES
07 ST2 RES OF DUS DNU
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Automatic Protection Switching (APS)

Figure 3-9 shows the APS message. From the top line: The direction can be UNI
(unidirectional), Bl (bi-directional), REl (Remote Error Indication), AIS (Alarm Indication
Signal), or four asterisks (¥***) indicating none of the four line types. The Protection can
either be 1+1 (one-to-one) or 1:N (several unallocated lines specified by the number N). The
Request Line (the line requesting to be switched) and the Switeh Line (the line that the
Request Line wants to switch to) can be any decimal number from O to 15,

Sirect Protection Request Line
irection ; ;
~, ) Switch Line
(APS **** 141 RQ~ 0 ST
[ 0 No Regquest

~Message

Figure 3-9 Automatic Protection Switching (APS)

The bottom line of the APS will display onc of sixteen possible messages:

0  NoRequest ' 8  Manual Switch
I Do Not Revert 9 Invalid

2 Reserve Request 10 SD-Lo Priority
3 Invalid 11 SD-Hi Priority
4  Exercise 12 SF-Lo Priority
5  Invalid 13 SF-Hi Priority
6  Wail To Restore 14 Forced Switch
7 Invalid 15  Lockout Protect

Receiver Drop Select

RX DROP SELECT ‘1
<OFF> 155 622 |

Figure 3-10 Receiver Drop Select Menu

Press the receiver DROP SELECT key to access the menu shown in Figure 3—10. Use the
arrow and enter keys to select one of the three choices. OFF will drop a 155 Mb/s
electrical signal to the CMI connector and disable the optical drop. The 155 Mb/s (STM-
1) optical drop or the 622 Mb/s (STM-4) optical drop can be selected by choosing either
the 155 or 622, respectively. The 155 or 622 LED on the receiver section of the front
panel will indicate which drop is selected—both are off when the 155 CMI is selected.
This menu is used with the Receiver Tributary Select menus.

A WARNING!

Before activating the 2.4 Gb/s LASER its output must be connected to a circuit, Always
replace the screw caps when the optical outputs are not in use.
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Receiver Tributary Select (SDH)

155Mb/s RX DROP TRIB (622Mb/s RX DROP TRIB |
| STM-1 #nn | STM-4 4#n - — ]
display 1 of 2 display 2 of 2

Figure 311 Receiver Tributary Select Menus

The TRIB key is used to select which tributary will be dropped out of the 2.4 Gb/s (STM-
16) signal. One of sixteen 155 Mb/s (STM-1) tributaries or one of four 622 Mb/s (STM-
4) tributaries can be selected using the front panel increment and decrement keys. This
display depends on which drop was selected in the RX DROP SELECT or SDH QUICK
SETUP menu—-off, 155, or 622. The two possiblc SDH menus are shown in Figure 3—11.

e Display 1 of 2 is the SDH 155 Mb/s tributary select menu used to setect 1 of 16
tributaries.

e Display 2 of 2 is the SDH 622 Mb/s tributary select menu used to select 1 of 4
tributaries.
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Transmitter Menus and Displays

Tributary Source Mode

Pressing the MODE key will access the TX MODE SELECTION menu, shown in

Figure 3-12. Tt is used to choose one of the three data modes that will produce the

2.4 Gb/s output signal, The three choices are: an external input (EXT) from the transmitter
front panel 155 or 622 Mb/s inputs, an intemally (INT) generated 2.4 Gb/s signal, or a
through (THRU) mode from the receiver's 2.4 Gb/s input connector. The EXT and INT
modes function on both the ST2400 transceiver and ST2400 transmitter units. The THRU
mode only functions on an ST2400 transceiver unit.

| TX MODE SELECTION

|| <ExT> INT  THRU |
(TX WAVELENGTH 1
{ <1310nm> 1550nm J

Figure 3—12 Transmitter Input Menu

The EXT input can be 155 Mb/s optical (STM-1), 622 Mb/s optical (STM-4), or

155 Mb/s CMI electrical signal. On the Transmitter 155 / 622 Input Status section there
are three yellow LED indicators, two optical and one electrical.

The appropriate LED will indicate the input signal.

The INT mode generates an unequipped SDH 2.4 Mb/s (STM-16) signal with valid
transport overhead. The first column of the first STM-1 can be modified, adding alarms
and errors.

The THRU (Through) mode can be used to pass without modification, or modify, a
2.4 Gb/s SDH signal that entered the receiver from an external source. All three yellow
status LEDs will be off when the ST2400 is in the THRU mode.

Pressing the MODE key a second time will access the TX WAVELENGTH menu, if the
dual wavelength transmitter option is installed. It is used to switch between 1310 nm and
1550 nm.

Input Select, Transmitter

EXT TRIB INPUT SELECT ]
<155> 622 CMI |

Figure 3-13 Input Select Menu

The transmitter SELECT key is used to pick one of three tributary choices when the
MODE is set to EXT (external). The input can be 155 Mb/s (STM-1) optical, 622 Mb/s
(STM-4) optical, or 155 Mb/s CMI eleetrical signal source from the appropriate
connector.

ST2400 2.4 Gb/s SDH/SONET Test Set 3-13



LCD Menus and Displays

Tributary Select, Transmitter

EXT 155Mb/s TRIB INSERT | |EXT 622Mb/s TRIB INSERT |
| SINGLE <nn> ALL | SINGLE <n> ALL |
display 1 of 2 display 2 of 2

Figure 3—14 Transmitier Tributary Select Menus

The TRIB key on the transmitter side is used to select how the external source (tributary)
will be multiplexed into the 2.4 Gb/s signal. Only one of the two menus shown in Figure
3-14 will be displayed. They offer a choice between multiplexing the tributary into one
specific channel or into all available 2.4 Gb/s channels. This menu depends on the choice
that was made in the Input Select menu—1535, 622, or CMI.

e Display | of 2 is the 155 Mb/s tributary insert menu that is used to select between
multiplexing the external source tributary into 1 of 16 channels or all 16 channels of
the 2.4 Gb/s signal, It refers to both the optical and electrical (CMI) 155 Mb/s
transmitter input signals.

e Display 2 of 2 is the 622 Mb/s tributary inscrt menu that is used to select between
multiplexing the external source tributary into 1 of 16 channels or all 16 channels of
the 2.4 Gbfs signal. It refers to the optical tributary source.

Illegal Mode

**% TX MODE ***
EXT MUST BE SELECTER

Figure 3-15 Transmitter Alarms

If the TRIB or INPUT SELECT keys are pressed when the transmitter is in the INT
(internal) or THRU (through) mode, the illegal mode display (Figure 3—15) will be exhibited
for three seconds and then switched to the TX MODE SELECTION menu.
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Alarm Generation Menus—SDH

The left column in Figure 3-16 shows the four SDH alarm displays that will be scrolled in
a loop each time the transmitter alarm key is pressed. The right side shows the same alarm
displays when the continuous mode is being accessed. The arrow keys, increment and
decrement keys, and the enter key are used to modify the alarm conditions and access the
continuous displays.

LLOSS OF SIGNAL

<OFF> nnn usec x.xSec ]t [ {Loss OF SiGNAL }
ERRORED FRAME <QOFF> nnn usec <CONT>

SPRCP SnpRERAMER. oEb "se"l (ERRORED FRAME
HEDT |<OFF> nnnFRAMES  <CONT>|
X.xSac

<OFF> nnnFRAMES

[Ms RDI 5
M5 AIS <OFF> nnnFRAMES <CONT>
<OFF> nnnFRAMES x.xSec; (MS AIS T

{<OFF> nnnFRAMES  <CONT>|

INJECT =RXXX 2 S
OFF ENABLE WAIT 2.5a

Figure 3—-16 Transmitter Alarms SDH

The transmitter ALARM key is used to select one of the five alarm menus shown in Figure
3-16, four on the left, and one centered at the bottom LOS (Loss Of Signal), ERRORED
FRAME, MS RDI, MS AIS, and INJECT. The alarm menus are used to set specific
parameters simulating various synchronization defects as detailed below.

Euach of the first four transmitter alarm menus have the following parameters:

® OFF—The alarm is disabled.

e nnn ysee (or nnn FRAMES): Sets the duration of the alarm in microseconds for the
LOS alarm or frames for the other alarms. Position the cursor using the left and right
arrow keys. Use the INC and DEC keys to change the value from 1 to 127
microseconds or frames. Press the enter key to generate the alarm.

s x.xSec: Sets the on time for the burst operation from 0.1 to 9.9 seconds. This alarm
condition generates extensive signal failure. Each time the enter key is pressed an
asterisk (*) and the word ACTIVE will be displayed in the upper right side of the
display. Use the arrow keys to position the cursor, and the INC and DEC keys to change
values. This ficld changes to CONT, as shown on the right side of Figure 3—16, when
the value is incremented beyond 9.9 seconds. Or when the cursor positioned under the
letter S in the x.xSec and the increment key is pressed. The DEC key is used to return to
this (x.xSec) value.

¢ CONT: Tums the alarm condition on continuously, generating a hard failure. To
access this hidden field see x.xSec above. Pressing the enter key will turn on the alarm
continuously, displaying an asterisk (*) and the word ACTIVE. Use the right arrow
key to move the cursor to OFF and the enter key to turn the alarm off. Then use the
left arrow key to move the cursor back to CONT and the cnter key to activate the
alarm. Using the alarm key to leave the menu will not turn the alarm off.
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The INJECT xxxx alarm menu, at the bottom of Figure 3—16, permits recurring alarm
conditions to be set, Position the cursor under the alarm—xxxx in this case—and use the
increment key to select the alarm type. Then set the alarm INJECT (on time) period from 0.1
t0 9.9 seconds, and the WAIT (off time) for a period from 1.0 to 30.0 seconds. An asterisk
(*) will switch between the wait and inject states, replacing the letter s, indicating which is
the active state. Only one alarm condition can be activated at any one time. Enabling the
recurring alarm will disable any other active alarm. Moving the cursor to

OFF and pressing the enter key will stop the alarm cycle. When off, the letter s will appear at
the end of both top and bottom LCD display lines.

Overhead Menus (SDH), Transmitter

{ RS TRACE Jo
 <eass> ser i RS TRACE 40 }
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<PASS> BET 2 J [ RS EOW El ]
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Figure 3—17 Transmitter Overhead (SDH)

The transmitter overhead byte menus can be used to pass or change the 2.4 Gb/s signal
overhead bytes, in the first column of the STM-[. The transmitter OVHD (overhead) key
is used to scroll through the Regenerator Section (RS) and Multiplexer Section (MS)
overhead bytes shown on the left side of Figure 3-17. The top line of each display
identifies the designated SDH overhead byte. The bottom line is used to either PASS or
SET (change) the value. When the cursor is on PASS the bytc is hidden. When the cursor
is moved to SET the byte value is displayed and the enter key LED starts to flash. Use the
arrow keys to move the cursor, and the INC and DEC keys to change values. Pressing the
enter key or the overhead key will store the value.

Bytes D4 through D12 are passed or set as a group, Each can be individually changed,
using the INC and DEC keys, but pressing the enter key to SET any one of them will set
all of them. Passing any one will pass them all.

Select the EDIT command from the MS APS menu to access and change the Automatic
Protection Switching bytes illustrated on the right side of Figure 3-17. Position the cursor
over the word EDIT, press the enter key and the APS menu in will be displayed. Use the
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arrow, INC, DEC, and ENTER keys to select, change, and store values. Press the OVHD
key to return to the MS APS menu.

Error Generation Menus (SDH)

(SINGLE ERROR INJ. . _
| <B1> MS-REI BIT CHAN cc W, [ SINGLE ERROR INJ.
1~ | Bl MS-REI BIT <CHAN cc> |

[ B1 ERROR RATE INJECT Key
|_<OFF> n.mE-x

MS-REI INJECT | I
<OFF> n/FRAME x.xSEC | MS—REI INJECT :
| <OFF> n/FRAME CONT

<OFF> n.mE-x

BER INJECT: CHAN

[ RANDOM BER INJECT J
f
| <OFF>  n.mE-x CHAN cc |

INJECT XX ERRORS 2.5 |
<OFF> _ENABLE WAIT 6.0S

Figure 3-18 Transmitter Error Generation (SDH)

Pressing the transmitter ERROR key will scroll through the main menus shown on the left
side of Figure 3-18. The arrow keys are used to move the cursor when selecting menu
items. The INC and DEC keys are used to change values. The ENTER key is used to
execute the function. Enabling any error will disable all other active errors.

The first menu, SINGLE ERROR INJ, is used to inject one error each time the enter key is
pressed. Use the arrow keys to positioning the cursor over the B1, MS-REI, BIT, or
CHAN and press the ENTER key to generate that error. Move the cursor to CHAN cc and
use the INC and DEC keys to change the STM-1 channel numbcr.

The error key is pressed again to obtain the Bl ERROR RATE INJECT menu. Use the
arrow keys to move the cursor to n.mEx and the INC and DEC keys to set the error rate.
Pressing the enter key will inject the B1 error at that rate, continuously. The rate is inserted
as a negative exponent from 2.5E-5 to 0.1E-9. An error rate of 1.0E-6 would equate to the
decirnal number derived from sending one errored bit in a million bits. In other words, one
divided by one million would equal 0.00000! or | .OE-6 decimal.

The MS-REI INJECT menu has three functions:

» A number of MS-REI errors can be injected into one frame. The ERROR key is used
to select the menu, and the arrow keys are used to position the cursor over the
n/FRAME (n per frame) field. The number of MS-REI errors per frame can be set
from 1 to 255 using the INC and DEC keys. Pressing the enter key while this field is
selected will insert that number into a single frame.

»  Move the cursor to x.xSEC and use the INC and DEC keys to set the period from 0.1
to 9.9 seconds. Pressing the ENTER key when the cursor is in the x. xSEC position
will inject the number of MS-REI errors (n/FRAME) for the period (x.xSEC),
effecting multiple frames. For example, one MS-REI per frame could be injected for
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9.9 seconds. An asterisk and the word ACTIVE will be displayed for the duration of
the MS-REI injection.

*  Moving the cursor under the letter 5 in x.xSec or pressing the INC key when the period
is set to 9.9 seconds will access the CONT (continuous) command, shown on the lower
right side of Figure 3—18. Positioning the cursor over CONT and pressing the enter
key will insert the number of MS-REI (n/FRAMES), continuously. An asterisk and the
word ACTIVE will be displayed indicating that the error is being injected. Use the right
arrow key to move the cursor to OFF and press ENTER. The asterisk and the word
ACTIVE will no longer be displayed, indicating the error injection is off.

The RANDOM BER (Bit-Error-Rate) INJECT main menu is used to set the rate to a
number from 1.0E-3 to 0.1E-9. Pressing the enter key will inject errors at that rate on
different STM-16 channels, selected at random.

The BER (Bit-Error-Rate) INJECT main menu is used to set the rate to a negative
exponent from 1.0E-3 to 0.1E-9 for the CHAN (channel) selected. Positioning the cursor
over the selected channel (CHAN cc) in the lower night field and use the INC and DEC
keys to select the STM-1 channel number.

The INJECT XX ERROR menu, at the bottom of Figure 3—18, permits recurring error
conditions to be set. Position the cursor under the XX and use the INC key to select the
error type. The INJECT period (on time) is located in the top right field, 2.5S in this case.
It can be set from 0.1 to 9.9 seconds. The WAIT period (off time) is in the lower right
field, 6.0S in this case. It can be set from 1.0 to 30.0 seconds. The rates are set in each
individual menu, B1, MS-RE], RANDOM BER, and CHANxx BER. An asterisk (*) will
switch between the wait and inject states, indicating which is active. Only one error
condition can be activated at any one time,

NOTE: Bit Error Rates are inserted as a negative exponent. An error rate of 1.0E-6 would
equate to the decimal number derived from sending one errored bit in a million bits. In
other words, one divided by one million would equal 0.000001 or 1.0E-6 decimal.
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This section provides three common examples of telecommunication network applications.
It details how the ST2400 2.4 Gb/s SDH/SONET Test Set can be used for:

¢ Passive Monitoring (Receive-Only)
e Active Analysis
¢  Active Throughput Analysis

¢ Getting Started



Applications

Three basic applications are Passive Monitoring, Active Analysis, and Active Throughput
Analysis. Common ST2400 2.4 Gb/s SDH/SONET Test Set applications such as field
service troubleshooting, engineering analysis, production testing and maintenance will be
similar.

Passive Monitoring

The passive monitoring application monitors the 2.4 Gb/s signal. It uses a passive coupler,
shown in Figure 4-1, to connect and disconnect the ST2400 without disrupting live traffic.

This setup is used for non-intrusive network monitoring applications. It is perfect for
LEC/XC (local exchange carrier / inter-exchange carrier) cross-boundary or other long-
term, passive performance monitoring. It does not allow optical line error injection testing.

This installation splits the STM-16 optical signal through a passive coupler, which can be
mounted in an optical cross-connect bay or other convenicnt location. Since there is no
active regeneration of the optical line, the system under test must have adequate margin to
accommodate the coupler insertion loss. Measurements are made with the ST2400, as
required.

The CTS750, ST112, or another SDH/SONET tributary test set can be used with the
ST2400 to expand its test capabilities. The ST2400 Receive-Only model is particularly
uscful for passive monitoring applications.

Tektronix g72400 2.4 Gb/s SDH/SONET Test Set

o< .

2.4 Gb/s
Passive Coupler

Figure 4-1 ST2400 Passive Monitoring
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Active Analysis

The Active Analysis application inserts the ST2400 into an active signal path (Figure 4—
2). This configuration is suitable for test or maintenance operation where live traffic is not
being carried over the network, network ¢lement, or unit under test.

In this application, the CTS750 test set can provide the 155 Mb/s or 622 Mb/s framed
signal input to the ST2400, which is actively inserted into the signal path, The ST2400
provides a variety of signal and analysis options for complete testing of the 2.4 Gb/s,
Payload level testing can be done by applying the 155 or 622 Mb/s signal to the auxiliary
test set.

Figure 4-2 ST2400 Active Analysis
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Active Through Mode Analysis

The Active Through Mode Analysis (Figure 4-3) of the 2.4 Gb/s Line is similar to the
Active Analysis (Figure 4-2) application. The ST2400 is actively inserted into the signal
path as cither a regencrator or as a stress tester. The STM-16 signal is looped through the
ST2400. The signal can be passed through and regenerated unchanged or alarms and errors
can be added for conformance and stress testing.

The ST2400 can be used with a companion test set (CTS750) to make all of the
transmission measurements required to completely test the network system. Or the ST2400
can be used without the additional tributary test set to quickly test, monitor, and verify the
2.4 Gb/s signal operation,

TekironiX gr2400 2.4 Cb/s SDH/SONET Test Set
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Figure 4-3 ST2400 Passive Monitoring
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External Controllers and Printers

This chapter explains how to connect external devices to the RS-232C, GPIB, and parallel
ports. This chapter also includes port setup procedures.



Extermal Controllers and Printers

Remote Control Applications

The ST2400 2.4 Gb/s SDH/SONET Test Set can be remotely operated from its
RS-232C or GPIB ports in one of the following ways:

e Use the R§S-232C Port manually from a VT-100 terminal or VT-100 emulation

program, entering commands individually. Recommended for leaming commands and
syntax.

e  Use the GPIB or RS-232C Port Automatically from a PC or engineering workstation
using a control program. Recommended for factory automation applications.

Printer Applications

The §T2400 2.4 Gb/s SDH/SONET Test Set can print reports to its:
e Paraliel port using a centronics printer interface

¢ Serial port using an RS-232C serial printer interface

ST2400 2.4 Gb/s SDH/SONET Test Set



External Controllers and Printers

Using the RS-232C Port

The following section describes the RS-232C serial port. All port setup procedures are
detailed in Chapter 4, Menus and Displays.

Serial Interface Parameters

ST2400 serial port parameters arc listed in Table 5~1 along with their available values
and default value, In addition, ECHO and XON/XOFF can be changed remotely via the
GPIB or RS-232 port.

Table 5-1 RS-232C (Serial Port) Parameters

Parameter MENU and Description Possible Values Detault Value
BAUD: Baud rate in bits per second. 300, 1200, 2400, or 9600 9600
PARITY: Error detection. Even, Odd, or None None
SIZE: Data bits per character. 7or8 8
EOL: End-of-Line terminator. CR (ASCII decimal 13}, CRILF

LF {ASCII decimal 10},

CRILF, or

LF/CR.
XONXOQFF: Flow control. ON (enabled) or OFF (disabted) ON
ECHQO: Echo back to the controller each ON (enabled) or OFF{ disabled) ON
character received by the ST2400).

RS-232C Connector Pinout

The RS-232C interface is a 9-pin D-type socket connector located on the rear-panel. The
pin-out of this connector is shown in Table 5-2 below. The ST2400 RS-232C port is
wired as a DCE (data communications equipment) device-—it receives on pin 2 and
transmits on pin 3.

Table 52 R5-232C Connector Pin-out

PIN | NAME FUNCTION
1. GND | Protective Ground
2. RxD | Received Data Input: Data is received by the ST2400 on this pin.
3. TxD | Transmit Data Output: Data is transmitted by ST2400 on this pin.
4 CTS | Clear To Send. A high level or open applied to this pin indicates to
the ST2400 that the controller or terminal is ready to receive data. A
low level indicates that the controller or terminal is not ready. The
5T2400 pulls this pin high internally with 27 kohms to +12V.
5. RTS Reguest to Send. The ST2400 always sets this pin high.
6. DTR | Data Terminal Ready. The ST2400 always sets this pin high.
7. GND | Signal Ground.
? DSR | Data Set Beady. This input is ignored.
all other pins | not used.
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54

Cables

Use a straight-through (modem) cable when connecting the ST2400 to a DTE (data
terminal equipment) device, or a null-modem cable when connecting to another DCE
device, Cables are listed in Chapter 1, Getting Started.

Quick Test, RS-232C Port

You can perform a quick test of the ST2400 RS-232C port using a terminal (or a PC
running terminal emulation software) as follows:

1. Verify that the ST2400 echo mode is on.
2, Power off the ST2400.

3. Attach the appropriate 9-pin cable from the RS-232C port to the terminal. Terminals
and controller should be configured as a DTE and thercfore use straight-through
(modem) cable.

4. Power on the ST2400 and verify that the following prompt appears on the terminal's
display:
ST2400>

[f the above prompt does not appear, then one or more of the following problems may
exist:

I.  The cable may be defective.
2. The cable could be the wrong cable type. Use a straight-through (modem) cable if the

terminal is configured as a DTE, or a null-modem cable if the terminal is DCE
configured.

3. The RS-232C port sctup (baud rate, data bits, parity, etc.) may not be compatible with
that of the terminal; both setups should be the same.

Protocol

The ST2400 RS-232C port operates in a terminal mode. Received characters are stored in
the receive buffer until a line terminator (CR, LF, LF/CR, or CR/LF) is received, at which
point the command is executed. Before a line terminator is received, the backspace key is
used to erase the last (right-most) character in the receive buffer. You may use EVEN or
ODD parity to perform byte-by-byte error detection.
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Command Format

Refer to Chapter 7, Remote Commands for an explanation of the ST2400 commands.
Except for terminator characters, the same commands are used on the GPIB port.

Error Messages

The §T2400 verifies all commands received on the RS-232C port to make sure that they

contain the appropriate mnemonics and parameters. All valid commands will be executed.
The ST2400 will issue an error message and discards the command when the mnemonic is
invalid or an associated parameter is out of range. Error messages are listed in Table 5-3.

Table 5-3 RS-232C Port Error Messages

ERROR MESSAGE MEANING
*** Input Lost The RS-232C interface hardware has detected one or more
lost or corrupted characters.
*** Input Buffer Overflow More than 80 characters are received without a line terminator.

*** Command Mnemonic Not Found } Unknown command mnemonic received.
*** Invalid Command For Interface Command mnemonic found, but it is not valid for the RS-232C

interdace.

*** Invalid Command Type Command mnemonic found, but it has a missing or added "?"
at the end.

*** Too Few Parameters One or more expected parameters are missing.

*** Too Many Parameters Too may parameters were received, or unknown characters
were found trailing the command.

“** Invalid Parameter Parameter is not valid for the command.

*** Parameter Out of Range Parameter value is not in the range specified for the command.

*** Parameter Not In Set Parameter value is not in the set of allowed values for the
command.

*** Invalid String Length Parameter character string is too long for the command.

*** Parameter Separator An expected semicolon (;) between two parameters is missing
or a command line is terminated immediately after a
semicolon.

“** Invalid Non-decimal Parameter Parameter is not in a valid non-decimal format, or the value of
the parameter is out of the range 0 to 255 decimal,

*** Command Execution Error The instrument did not execute the command properly.

*** Qut of Memory Processor is out of memary.
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Storing and Printing Data

Most Terminal Emulation packages have the ability to capture data to a file or direct it to
a printer. These functions arc usually listed as Fife Capture and Print Capture. The file
capture function prompts for a path and file name before saving the file to disk. saved data
files can be revicwed on screen or printed on paper at any time when the data is needed.

Using the RS-232C for PC-based Printing

Enter CTRL + Q to quit VFP mode if it is active. Sequentially push the SETUP key on the
ST2400 until the REPORT/TEST TIME menu is displayed. Enter the menu and set up the
report as if it was going to be printed on a dedicated printer. Rather than select the default
parallel printer port, however, select the RS-232C port instead.

With the RS-232 port and your emulator set up as described earlier, all reports that
normally would go to the printer will be displayed on the screen. The scrolling bufter and
data capture capabilities provided by your communications software are available for
viewing and reviewing the data. An example of the on-screen printer display is shown in
Figure 5-1 below.

/START 1996/01/22 04:31:20 RATE: STM16
\START 1996/01/22 04:32:20
ELRPSED SECONDS 60

NO Defects oxr Errors Detected

G B26 -5 b | RS-B1 _____ MS-B2 = __ MS-REI ____
EB 0 0 0

BBE 0 0 0

ES 0 0 0

SES 0 (4] 0

BBER 0.0E-00 0.0E-00 0.0E-00

ESR 0.0E-00 0.0E-00 0.0E-00

SESR 0.0E-00 0.0E-00 0.0E-00
GRE27 i o T RS-BL ____ | Ms-B2 MS-REI_ ____
TAS

UR 0.0E-00 0.0E-00 0.0E-00
M.2101 RS-Bl______ MS-B2 _____ MS-REI_____
ER 0 0 0

BEE 0 0 0

ES 0 0 0

SES 0 0 0

Figure 5-1 Error Reports Available (Example Screen)

Be sure that the ST2400 printer function is turned off before activating the VT100
emulator. The printer and VT100 cannot work simultaneously through the single ST2400
RS-232 port. If a parallel printer is connected to the ST2400 parallel printer port, then the
printer and VT 100 remote screen can function simultaneously.
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Using the GPIB Port

The fellowing section describes the GPIB port. All port setup procedures are detailed in
Chapter 4, Menus and Displays.

GPIB Address and Terminator

Use the Auxiliary Setup menu (shown in Chapter 4) to set the GPIB address and message
terminator. They can be set as follows:

¢ Address from 0 to 31 (Address 31 is off the bus)

o Message termunator is set to EOI or EO/LF

GPIB Remote and Local Modes

The GPIB centrollers can be used to put the ST2400 into a remote mode, disabling all
front panel setup controls. The REM LED (left side corner of front panel) will indicate
whether the ST2400 is in the remote mode (ILED on) or the normal local mode (LED off).
Press the SETUP key to retumn the instrument to the local mode,

Local Lock Out

GPIB controllers can also put the ST2400 into the local lock out mode. The LLO LED
(left side comer of front panel) indicates whether the ST2400 is in the local lock out mode
(LED on} or not (LED off). In the LLO mode, like the REMOTE mode, the front panel is
disabled. However unlike the REMOTE meode, there is no key that can disable the LLO
mode. Instead, you must issue the appropriate GP1B command, or power off and then on
the ST2400.
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5-8

GPIB Interface Functions

The ST2400 is configured as a GPIB talker/listener. It does not provide any controller
functions. Table 54 lists the GPIB functions described in the
IEEE Std. 488.2-1987 that are supported by the ST2400.

Table 5-4 GPIB Interface Functions

Subset implementation

SH1 Complete source handshake.

AH1 Complete acceptor handshake.

16 Basic talker, sefial poll, no talk-only, unaddressed if addressed to listen, no extended talker.
L4 Basic listener, no listen-only, unaddressed if addressed to talk, no extended listener.

SR1 Complete service request.

HL1 Remoteflocal capability including tocal lockout.

PPO No parallel poll capability.

DCA Complete device clear capability.

DTO No device trigger capability.

co No controller capability.

E2 Tri-state drivers used on DI0 iines for maximum data transfer rate,

GPIB Connector
An IEEE-488.2 standard GPIB connector is provided for GPIB communication

GPIB Command Format

Refer to Chapter 6 for a complete explanation of the ST2400 commands. Most remote
commands are the same for both the GPIB and RS-232C ports.

IEEE 488.2 Programming Manual Requirements

This section explains how the ST2400 implements certain standard GPIB functions, as
requirced by IEEE Std. 488.2-1987.

Power-On Settings

When powered-on, the $T2400 will automatically restore all device settings to their last
powered settings. No remote commands will affect this power-on rule. However if the
instrument detects a problem in non-volatile (battery-backed) RAM at power up, then
factory default settings will be restored rather than the last powered settings. A RAM
problem at power up will be indicated in the LCD display by the message:

RAM Corruption
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Message Exchange

The GPIB message exchange characteristics are as follows:

The input buffer is command line oriented. A new buffer is provided for cach new
command line.

Each command line may contain a maximum of 80 characters.

The only ST2400 commands that can return more than one message unit are:  *Irn?,
oh_all?, oh_err_all?

Command responses are gencrated immediately. The ST2400 will not wait for a read
command before generating a response to a query eommand.

No commands are coupled.

IEEE Functional Elements

All functional elements (GPIB Message Types) from the IEEE 488.2-1987 standard that
are supported in ST2400 GPIB interface are listed below. For more information refer to
your computer or controller documentation and the

IEEE 488.2-1987 standard: Sections 4.3; 7.1.1: 7.3.3 and tables 4.2; 4.3,

1.

LT o® N kW

ke e
W N = O

<PROGRAM MESSAGE>

<PROGRAM MESSAGE TERMINATOR>
<PROGRAM MESSAGE UNIT>

<PROGRAM MESSAGE UNIT SEPARATOR>
<COMMAND MESSAGE UNIT>

<QUERY MESSAGE UNIT>

<COMMAND PROGRAM HEADER> (sec note)
<QUERY PROGRAM HEADER> (see note)
<PROGRAM HEADER SEPARATOR>

. <PROGRAM DATA SEPARATOR>

. <PROGRAM DATA>

. <DECIMAL NUMERIC PROGRAM DATA>
. <CHARACTER PROGRAM DATA>

14.

<NON-DECIMAL NUMERIC PROGRAM DATA>

NOTE: The ST2400 cannot process a <COMPOUND COMMAND PROGRAM
HEADER> or a <COMPOUND QUERY PROGRAM HEADER->.
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Specific Command Implementations

Reset Command, as defined in the [EEE 488.2-1987 standard, the ST2400 reset
command (*rst) does the following:

* Resets all device settings to their default values, except remote interface settings,
¢ Ignores macros (macros are not implemented in the ST2400).

e Forces the ST2400 into the Operation Complete Command Idle State (OCIS) and
Operation Complete Query Idle State (OQ1S).

Overlapped and Sequential Commands: All §T2400 commands are sequential.

Operation Complete Message: ST2400 command operation is always immediate.

GPIB Status and Event Reporting System

The ST2400 GPIB status and event reporting functions are compatible with the IEEE
488.2-1987 standard. The status and event reporting system can be configured to alert the
GPIB controller whenever a status change or event occurs. This is accomplished by
maintaining two status registers and their associated enable register. The four status
registers are:

e Standard Event Status Register (SESR) general purpose status register
¢ Event Status Enable Register (ESER) enable register

e Status Byte Register (SBR) general purposc status register

¢ Service Request Enable Register (SRER) enable register

The GPIB bus SRQ (service request) line is asserted when one or more status bits are set.
The controller uses a serial poll procedure to find out which instrument initiated the SRQ.
Specific status bits can be enable or disable to control which status changes or evenis result
in an SRQ. The ST2400 status registers can be read and set trom the RS-232 control
interface, however, the SRQ function is only available on the GPIB bus.

A status register may contain defined (used) bits and undefined (unused) bits. Each defined
bit in a status register corresponds to a given instrument status or event. Once cleared (set
to zero), the value of a status bit will remain zero (false) as long as the corresponding
event or status does not occur. However, if it 1s enabled, the value of a status bit will be
set to one (true) when the corresponding event or status occurs. Status bits are latched
once a status bit is set to one and will remain in this state even when the corresponding
event or status becomes false, until the bit is reset by a command or when the $T2400 is
powered off.

Each status register has an associated enable register. Moreover, each defined bit in a
status register has a corresponding defined bit in the associated enable register. When an
enable bit is set to zero, then the corresponding status bit is ignored by the instrument
regardless of the state of the relevant event or instrument status. However when an enable
bit is set to one, the corresponding status bit is enabled.
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GPIB Commands

The contents of any ST2400 status or enable register can be read by an external controller
using the appropriate query command. The contents of any enable register can be set to a
particular value using the appropriate set command. The contents of the SESR register can
be cleared using the Clear Status (*CLS) command. The SESR is automatically cleared
(reset) after being queried. For more information on ST2400 remote commands, see
Chapter 7.

The comrespondence between ST2400 status registers, enable registers, and commands is
summarized in Table 5-5.

Tabie 5-5 Status Registers, Enable Registers, and Related Commands

Status Register Status Register Enable Register Enable Register Commands
Query Commands
Set Query

Standard Event ‘ESR? Event Status Enable *ESE *ESE?
Status Register Register (ESER}
{SESR)
Status Byte *8TB? Service Reguest *SRE *SRE?
Register (SBR) Enable

Register (SRER)

e The *CLS command to clear (reset) the SESR and return the instrument to the
Operation Complete Command Idle State and the Operation Complete Query [dle
State. In this state the instrument has no data in its input or output buffers and is not
executing a command.

e The *ESR? query command also clears (resets to zero) the SESR status register.

Standard Event Status Register

The Standard Event Status Register (SESR) is a status register that indicates errors in
command syntax and related occurrences. The name of each bit in the SESR is shown in
Table 5—6. The function of each bit in the SESR is defined in Table 5-7.

Table 56 Standard Event Status FleTster {SESR)

7 6 5 4 3 2 1 0
PON EXE DDE QYE RQC OPC

URQ CME
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Table 5-7 SESR Bit Definitions

Bit Definition

7 (MSB) | PON (Power On): Set to one when the instrument is first powered on.

6 URQ (User Bequest): Not used.

5 CME (Command Error): Set to one when a command header (mnemonic) has been
received that is not recognized or is invalid.

4 EXE (Execution Error): Set to one when an error has occurred while the instrument was

responding to a set command or query. May indicate:

a) parameter is out of range,

b) command uses too many or too few parameters, or

¢) ccmmand cannct be properly executed due to the instrument's current state.

3 DDE {Device Dependent Error); Set to one if input data has been tost at the interface
{corrupted characters) or the input buffer has overflowed because a command exceeded
the 80 character limit without a terminator.

2 QYE (Query Error): Set o one if:

a) an attempt has been made to query the output queue when there are no messages
available or pending,

b} a command is received but the output queue is not empty, or

c) an attempt has been made to query the output queue when an unterminated command
is in the input queue.

1 RQC (Request Control): Not used.

0(LSB) | OPC (Operation Complete): Set to one after a "OPC command is received.

Event Status Enable Register

The Event Status Enable Register (ESER) is the enable register associated with the SESR
status register. Each enable bit in the ESER occupies the same bit position as the
corresponding status bit in the SESR.

Status Byte Register

The Status Byte Register (SBR) indicates the overall status of the instrument and is used
to control the SRQ line on the GPIB bus. The name of each defined bit in the SBR is
shown in Table 5-8. The function of each defined bit in the SBR is described in Table 5—
9,

Table 5-8 Status Byte Register (SBR)
7 6 5 4 K] 2 1 0
-- MSS ESB MAV - - -- -
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Table 5-8 Status Byte Register Bit Definitions
Bit Definition

7 Not defined.
{MSB)
6 MSS *(Master Status Summary): This bit surnmarnizes the state of the three other bits in the

SBR. ltis set to Qif all other bits are 0. It will be set to 1 when any other bit in the SBR
equals 1 and its corresponding bit in the SRER is set to one. The stalus of the MSS bit is
reevaluated each time a bit in the SBR or the Service Reguest Enable Register (SRER)
changes.

5 ESB (Event Status Bit): This bit summarizes the Standard Event Status Register (SESR). it
is set to 0 if all bits in the SESR are 0. It is setto 1if any enabled bit in the SESR equals 1.
It the ESB is enabied and set to 1, then the RQS and MSS bits will be setto 1. The status of
the ESB bit is reevaluated each time one of the bits in the SESR or the Event Status Enable

Register (ESER) changes.
4 MAV (Message Available); This bit is set to 1 when there is an output available for the
controller.
0-3 Not defined,
NOTES:

*When you use a serial poll to read the SBR, bit & is the RQS bit. When you use the
*STB? query to read the SBR, bit 6 is the MSS bit,

Service Request Enable Register

The Service Request Enablc Register (SRER) is the enable register associated with the
SBR status register defined above. The SRER contains an enable bit for the ESB and
MAV bits in the SBR. However there is no enable bit for the MSS or RQS bits which are
always enabled.
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This chapter explains the general syntax of the ST2400 remote command language and
defines all commands. Command definitions are grouped by function. In addition, an
alphabetical list of all ST2400 commands is provided with page references to individual
command descriptions.



Remote Commands, SDH

Command Types and Syntax

The ST2400 command sct includes two basic types, set and query. The set commands are
used to change current status, values, or states—to start or stop a test, for example. While
query commands ask the instrument to respond with the contents of a status register, the
value of a given setup parameter, a measurement result, or a current state.

Remote commands are directly related to setup parameters and results rather than to front

panel keys or setup menus. For example, there is no remote command used to press the
SETUP Key.

ST2400 commands may only have a query form or only a set form, however, many have
both forms. When a command has both a set and query form, the mnemonic header used
for the query form will be identical to its corresponding set command form, except for an
added (?) question mark. The following examples use the mnemonics for the view angie
query and set commands:

view_angle? (query command)
view_angle n (set command)

The view angle query command uses the header view_angle with a question mark and no
space. The view angle set command uses the same header with a the veritable n (which
represents an integer from 0 to 7) with a space.

Command Symbols and Delimiters

62

Symbol Meaning
<CR> Carriage retum (ASCII decimal 13),
<LF> Line Feed (ASCII decimal 10).
numbers and integers Decimal 10
Hexadecimal:  #HFA
Octal: #Q377
Binary: #B1111111

NOTE: Unless otherwise indicated, all numbers and
integers are decimal.
<string> A characler string.
[] Enclosed argument is reguired.
I Exclusive OR argument [a | bic] that means include one
and only one of the following parameters: a, b, orc.
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Multiple Commands

A given command line may contain one or more commands, up to 80 ASCII characters,
both upper and lower case. Multiple commands use a semicolon as a delimiter, as follows:

Prompt> header on; sts_oof?; sect_los?; sect_lof?; bl_ber?

Arguments

Commands may include one or more arguments {parameters) following the header. The
first argument following the header must be separated from the header by one or more
blank characters (spaces). Subsequcnt arguments must be separated from previous
parameters using commas.

Blank Characters (Spaces)

Onc or more spaces are required between the command header and first parameter (if any).
Otherwise spaces are ignored and may be used on a command line between headers,
parameters, or required separators for readability.

Arguments Outside of Legal Ranges

If the instrument receives a set command with an argument that is outside the legal range
for that argument, then the instrument will set the indicated parameter to its maximum or
minimum legal value, depending on which is closer to the reccived value.

Command Line Terminator
Command iines must be terminated as follows:

¢ RS-232 Interface: Command lines issued to the instrument should be terminated
by a simple carriage rcturn (CR). Responses generated by the instrument will be
terminated as specified in the RS-232 End-of-Line setup menu for carriage return
and line feed functions (CR, LF, CR/L.F or LF/CR).

*  GPIB Interface: Command lines issued to the instrument can be terminated by
either EOI (End-Or-ldentify) or EOI/LF. Responses gencrated by the instrument
will be terminated as specified in the GPIB setup menu for End-Or-Identify and
Line Feed functions (EOL or EQI/LF).
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Command Examples

The following is a bricf example of an interactive remote session with the that does the
following:

1. Generates a random bit error rate of 1 x 1076,

2. Enables the Loss Of Signal (LOS) to occur for 135 micro seconds.

3. Sets the Line AIS Indication Signal to “Burst” and enables that Alarm output.
4

Sets the SPE Pointer set during the LOP test to “burst,” with the Pointer value set

Example interactive session:

to 522.

parity_rate 6
parity_rate?
PARITY_RATE 6
error_rate on
error_rate?
ERROR_RATE ON
los_time 135¢-06
los_enab

alm_burst 1_ais
alm_count 100

alm_enab_burst

(sets error generator rate | x1076),

(queries crror generator rate setup)

{response)

(turns error generator on)

(queries state of crror generator)

(response)

(sets LOS generator time to 135 us)

(causes one LOS event)

(configures alarm burst generator for AIS)
(sets alarm burst length to 100 STS-n frames)

(generates one AlS alarm burst)
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Table Of Commands
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*rot Reset COMMANG ..i.ivviee ettt e e s sr e e ss st e s e eer e raaraene e e e e memnereasaees sasrens 6-11
*sre [n] Service Request Enable Command.......ieceieioiriioriiiiiiiiviriierieeiieeeieeeeeessreeeeresaaernassnreesees 6-11
*sre? Service Request Enable Query Comumand ........oocoovivviiiieeiinseecin v e e 6-11
*s5tb? Status Byte Query Command..........coiviviiieiiiiieiiniieerrs st 6-12
*1517 Self Test COMIMAN. ...ttt ieeeeirie it e et e e e sreeae et essrserbessestbeseabne e e srneanss smmnee e seresaeassssesren 6-12
FWal Wall COMUMANG. ... .veiiiiiiiiieie e ierei s ers e e ee s eeasee s st ebtessensbessaraan e e s meeesmnetene s rnreanesanneenrases 6-12
audio_vol [n] Audio Volume Set COMMANG ..........cc.oeeiiiiiierrieerieieeeie e cinnnreesseesmeeeanrasasassrasssaees 6-12
audio_vol? Audio Volume Query Commmand.......oocccviviiriiiimioiriessirsreere s ee s e eneassnreasssmrassvanees 6-12
edit_setup tn], “[s]” Edit Setup Label Set Command .........cccevermiererimeiiiiee e 6-12
edit_setup? [n] Edit Setup Label Query Command.........ooccvviviiivimrerinin i reeeeecs e e ce e s aenaes 6-13
gpib_address? GPIB Address Query Comimand .......cooooiimiiiervieren et ceesene e n e ane s ennnees 6-13
gpib_address [n] GPIB Address Set Command ........ccoovivcveiiiiieiienins et 6-13
gpib_bus [ talk_listen | off_bus ] GPIB Bus Mode Set Command ...........cccoeceviiniennvmrvincs e 6-13
gpib_bus? GPIB Bus Mode Query Command.........c.cccvvieeeiieeciee i seiesie e rreese e eiie s s sesesnnese e sanee 6-13
header [ on | off ] Header mode COMMIANG. ..........oiiiiiiiviimuieiniis e e oo eeemeraeaseaesvrrmrrrarssees e arsnnsnes 6-14
header? Header Mode Query Command........o.ocovvveneresiseeeereieesees s ssses s sresesessssesessssnsnesssnees 6-14
logo? Logo (QQUery COMUMANG ... coiiirireriiisieaereeierirtteettertaeraresese s sasassnssmnatensssssress anerensrenssesntnsnrnnnes 6-14
options? Options QUEryY COMMANT .........ciiiieiiieiiesererireiieee e eeeeecrsersssrseesassrarsessssssssnsanes sanssnesneees 6-14
print_port [ parallel | serial ] Print Port Select Command .........cccceevoiivrerniienren oo e e 6-14
print_port? Print Port Query Command.........cc.cooeniieiineeer it er e e s ren e scs e s e 6-14
print_string "s" Print String COMMAN ..............cooiiiiiiiiiiieie it e v et anereceare s rrnrrrease s e eamnnenes o6-15
rs_echo [on | off] RS-232C Echo Control Command...........oeeoievviveivesieaereecieeireeeevvriiiasessrssansanasens 6-15
rs_echo? RS-232 Echo Control COmMMANd..........oooviieiiinnireriieesiieieeeessssinasseasesevssrmssnasessessnsnres 6-15
rs_pmt_If [on | off] RS-232C Prompt Linefeed Set Command.........cccivereeioincniiiiciiiicnneesvnanes 6-15
rs_pmt_If? RS-232 Prompt Linefeed Query Command .........ocvveieniineieeiiiienien e 6-15
rs_prompt "s" RS-232 prompt command ..........cc.coeciiiiiiiiiinn i e 6-15
rs_xon_xoff [on | off] RS-232C Flow Control Set Command ......c..oooovivivieinieee v ieesierersnrinssans 6-16
rs_xon_xoff? RS-232C Flow Control Query Command...........covuieriiirniriaraiinimrsrerencvrsssiesicnesns 6-16

GENERAL SETUP COMMANDS....... rmraesinmsssennanansen teemresssemmsesssemssenssrmsnen ..6-17
date “[ yy(yy)ymm/dd " Date Set COMMANG.......ccoieiiieaiiiiiiiiiiicinneinieneeeseeeeeeere e ssirssesarereresnnees 6-17
date? Date Query COMIMAN . ...cccveriiiriiii it iere e eiseatrtrvsseerr s esen e e e neeessaseanainssssesssnsssesissseennnnes 6-17
quick_setup [ n ] Quick Setup Command........cueeeeceiiieciiiiiiiieiisiiesisirie e e eesse e essenre e e rraraerrenss 6-17
save_setup [n] Save Setup ComUNAnd ........cc..oiiiiiiriariiianrraroeisiinisesisssienseresase s nssraeesessssssssssses 6-17
recall_setup [n] Recall Setup COMIMAN «.ccovvvviiiiiiiiiiiiiveree e e iree s s sseesnr e s enee s sssreae e ene e sannnes 6-17
stored? Stored Setup Query COmMMAd...........coiviirriieeniieieeeorerrereeee e ietnrsrsesarsimanreeseeessassssansenesss 6-17
time? Internal Time Clock Query Comumand ..............ooiiiiiiieieierieee e rrer e e e e 6-18
umc “[ hh:mm:ss | Internal Time Clock Set Command......ccovevvivvinonieiiieiiceirecevincsseneeevenres 6-18
tse Test Status Enablc Register Set Command ........vvciiiieieceiiiiiin e ee e reee e seeee 6-18
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tse? Test Status Event Register Query Command .........ccocooiiiiicniiicniinn e i 6-18
tsr? Test Status Register Query COmMMEAN .....ooocviiiiiiiiee ettt e e 6-18
view_angle? Front-panel View Angle Query Command.........ccooovieiiiiiiniiniiininiicncrcne s 6-18
view_angle [ n ] Front-panel View Angle Set Command ... e 6-18
TEST CYCLE CONTROL COMMANDS........ccoooinimmmmimmcnninsnsenssmnmemccans vermsnrans 619
log_print Print Error Log Execute COmMAand ........viiirievicrorieesieiieirs e siesesvrnaseasssnsrnssssasrnnsseerrenses 6-19
elap_time? Elapsed Test Cycle Time Query Command .........cocoreeiimmmneninnienere e srieee e e enens 6-19
test_mode [ untimed | timed | repeat | Test Mode Set Command ... 6-19
test_mode? Test Mode Query Command ......cccoveiiiiiiiiiiiniinnieers e e sser e secee s reeeeeraeeraresesasssreans 6-19
test_print [ Jog | prev | current | off ] Test Print Set Command...........ccoooiiiiiiniineiinc e, 6-19
test_report [ log ! eot | both | off ] Test Report Set Command...........oooeiiineiovmuncronincuereamercsaien 6-20
test_report? Test Report Query COmIMANG.....ccviiiiiiimiiin it re e srere e sren et 6-20
test_squelch [ on | off ] Test Squelch Set Command ... e s 6-20
test_squelch? Test Squeleh Query Command ...t e e 6-20
test_state [ run | stop | Test State Set COMIMANG........cco vt iesrererereeaes svereneeeeseennnees 6-20
test state? Test State Query COMIMANG ....ooviiiiiiie it rraere et sst e e st beresssrasesennns 0-21
test_time “[ d-hh:mm:ss ]” Test Time Set COMMANG ........ooviiiiiviiiviieiriieei s e e i ceesierstseessesieessaenss 6-21
test_time? Test Statc Query COMMIANG. .......ciiirerioieirieceeeeeeea e onrrmrasesrssreersessrassinsssreseeessasrsenan 0-21
test_state [ run | stop ] Test State Set Command.... ... cerereerere e s ereieneseseiees 6-21
test_state? Test State Query COmMEN .......occciviiiiiiin e re s seeeseseeessesseeeeeeseresesrsens 6-21
pause_state [ pausc | resume ] Pause State Set Command........coooeiiioiiieiiioieieneieniensiinsiasecrcrareren 6-22
pause_state? Pause Statc Query Command.........oovvciaiiieinerens it i 6-22
SYSTEM CONFIGURATION ......corimciirmrncninnnneaes erereEmerrEEeresseRaenAinnnssnnnrnninn 6-23
m_mode? Measurement Mode Query COmMEART ... .....c.coocvviiiiiiiiiini i ietieieesimrsisesssrsbessesseeneeens 6-23
new_m_modc [ sdh i sonet ] New Measurement Mode Set Command ..o, 6-23
new_m_mode? New Measurcment Mode Query Command...........cccovevieiiiiieveeneeinieviseieneeeeeaee e 6-23
log clear Log Clear COMMANG ..o irire s icirieiee e se e rraee s s eessraeee e s ee s amamreanraeesasssvsbanes 6-23
rx_installed? Receiver Board Query Command ... ....vvveivreiccririee e eee e s siseaeessnsessevnreserenas 6-23
tx_installed? Transmitter Board Query Command ........ococcvvevereieeinnrsesincniree s e e inieeee e sernnnenses 6-23
tx_wav? TX Wavelength Query Command ...... ..o iriiiierensiercereces s rrrenreaaees e smeeies 6-24
tx_wav [ 13101 1550 ] TX Wavelength St CoOmMmMand.........vevivevicciimimierionieiiieeeee e iereeereesesnnavnnas 6-24
RECEIVER REMOTE COMMANDS......cccoemeeceree e resasinsssnnenns =25
RS-B1, MS-B2, and MS-REI Error Data Query Commands....umiemiieeecmeseacmorassssesssesssssanss 0-28
bl_eb? Bl Errored Block Count Command...........oueeeeiie ettt eieseseeeressemas sa s eserammnnmanseees 6-25
b2_eb? B2 Errored Block Count Command.........cueuuieinee e e e eeereceeesrssereeieesstitiastssstsssmtnnsnnesseste 6-25
rei_cb? REI Errored Block Count COMMANG .........viiriiieirieenisernineeseisresessee e sesrimns eeeeersnesneeses 6-25
bl_bbe? B1 Background Block Error Count Command............ccoieeeiucremieaiinceneeinesiinssinnareressrsnnens 6-25
b2_bbe? B2 Background Block Error Count COmmand..........ccevvueievinrieniieceerrresieeesinnssseessinseens 6-25
rei_bbe? REI Background Block Error Count COMMAN...........coiviieimiemrcaieerinsnriemmnsssieessassessmeanees 6-25
bl_bber? Bl Background Block Error Ratio Command ...........ecoviveirririnniernciorieeseesinniees s eseens 6-26
b2_bber? B2 Background Block Error Ratio Command .........cc.cccoeieiniieiininen e aenieesersenens 6-26
rei_bber? REI Background Block Error Ratio Command ..........cocevvviieeeniccceneeiceeeeeenrareviesssinens 6-26
bI_es? B1 Errored Sceonds Query COMMEANG ...oooiviiiiieiaiiiesiiiinecesscreseneeressrenssseasssneseneeasseens 6-26
b2_es? B2 Errored Seconds Query COMIMAN .....o.ovviciieiericcirirriaeresesissinrrsesssniesmseeseeseeeesrnnesseasees 6-26
rei_es? REI Errored Seconds Query COMIMANG .......o.ooiioiiiiiiiiiiiiiiieiieieeierirrreeseseenrssesssssessasmnnenes 6-26
bi_ses? Severely Errored Seconds Query COmMMANd .......ooveviiviiiiiinar e seeesecsere e 6-26
b2_ses? Severely Errored Seconds Query Command ..........covvveviiniureinrsirrinscemenssieme e eserese e 6-27
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rei_ses? Severely Errored Seconds Query Command.........cv.veieiieveeniicerreerenvsrnesisressecisresresessssesees 6-27
bl_esr? Bl Errored Seconds Ratio Query COmMANG ......uuvivveeereeeieeriieeiiirieineenreerereenseseteeseeesesenas 6-27
b2_esr? B2 Errored Seconds Ratio Query Command .....ocuueiuiviioeeiemeiinrieeeeeeieerresnneenseessensssnesseeees 6-27
rei_esr? REI Errored Seconds Ratio Query Command ......ccuieveveceeeecoine e e 6-27
bl_sesr? Scverely Errored Seconds Ratio Query Commuand ... e ecee e eren e ciees 6-27
b2_scsr? Scverely Errored Scconds Ratio Query Command .........ocvcvvve e icceeciece e evcnieee e er e ennns 6-28
rei_sesr? Severely Errored Seconds Ratio Query Command .........cccoecvviviviiniveninierviieeee e e ceeeannees 6-28
b1_uas? Unavailable Seconds Query Command ...........ovvviieieiiiereicinieeersee e e secieecs e ee e e s ssanees 6-28
b2_uas? Unavailable Seconds Query Command.........coorvvviieeiieioine e cecvevereeeeveve s sreneaesees e eneveeeas 6-28
rei_uas? Unavailable Seconds Query Command ........oocveeciiecieeoieierinn e erre e saescssrenseae s 6-28
bl_ur? Unavailable Seconds Ratio Query Command .......ccoviueeeeeeniereniiinniiiesoireresrssieessessseesersnss 6-28
b2_ur? Unavailable Seconds Ratio Query COmMMANd ..............oouvvimiveniinirmneerenieeeieerineeeaeeeesasasiaees 6-29
rei_ur? Unavailable Seconds Ratio Query Command .........cccoveieericernieiiinien e cevtiene e 6-29
bi_aeb? B1 Available Time Errored Block Count Command...........ccvievemiimiernnionnieiieceenesrseanreees 6-29
b2_aeb? B2 Availuble Time Errored Block Count Command...........ccoveivivariienernrereeniinsvenmeeeeeecnens 6-29
rei_aeb? REI Available Timc Errored Block Count Command...........ceciveiverivevereiiiiiee s eiveseannnns 6-29
bl _abbe? B1 Available Time Background Block Errors Command..........coovieviiieeriiinreseecnee e 6-29
b2_abbe? B2 Available Time Background Block Errors Command...........coovvvveeiieiiciesvineeraneninees 6-29
rei_abbe? REI Available Time Background Block Errors Command.........coocvovveeriiniinrseeroeennenns 6-30
bl_aes? B1 Available Time Errored Seconds Query Command ..........cocovvnvevenincionicennn e, 6-30
b2 aes? B2 Available Time Errored Seconds Query Command ...........occvvcereeciennninninniencierevanenens 6-30
rei_aes? REI Available Time Errored Seconds Query Command .........ccooviviiivvreeenesiieencien i 6-30
bl_ases? Bl Available Time Severely Errored Seconds Command ......cccovveieiviiiiinnieieiniinn e 6-30
b2_ases? B2 Available Time Severely Errored Seconds Command .......c.coveveervveceeeeiecereneinrsiene 6-30
rei_ases? REI Available Time Severely Errored Seconds Command .........ccoceiiveevieiiiniineeieeeicsinnen 6-31
LED Status Query Commands....cccuerennees retrarirereverersssaserrasrasase attessrenretsersererrerareesatoaseanatats venearerass 0-32
led_stat? LED Status Query COMIMEANG....cocoivreiiieiiiiiieiaieiererereririimseieesaesssrinsss saseasssmsnsssessavonnsnnns 6-32
rs_los? Regeneration Section Loss Signal Query Command.........c.cooevviieiieieeciineeneeneieesnnesieeseans 6-32
rs_lof? Regeneration Section Loss Frame Query Command ..........oovcvveeroriormreniiei i cnieaeens s 6-32
rs_oof? Regeneration Section Out-Of-Frame Query Command ........ccovvevieeniiiniierensianinreereseernnnes 6-33
1s_bl? Regeneration Section B1 Query COMMANd ......ooveeeiieciieiiiieicincriee s vereese e eeteesmeessarseinse e 6-33
ms_b27? Multiptexer Section B2 Query Command...........c.ccciieiivieranrioneneiecieceinrrieereasseerennnrreseeees 6-33
ms_ais? Multiplexer Section Alarm Indicator Signal Query Command........coovvecevenceennriirinnnnn, 6-33
ms_rdi? Multiplexer Section Remote Defect Indication Query Cmd......oeviciniieiininiinciciiinniens 6-34
ms_rei? Multiplexer Section Remote Error Indicator Query Command.........vovveeeeevneeicieeriniieen. 6-34
TOH Transport Overhead Bytes ...oovevieincecsinans asissetnetneresresissttarensassasasanes esassntmerasnensrssnrenenases 6-35
rx_oh_all? Receive Overhead All Query Command ...........ccoieeiieeiorieminieniiiersieivianries reeennerenirnens 6-35
rx_oh_byte? [s] Receive Overhead Byte Query Command..........cocovvecienieiniirimmceemeeeencnceinnssenenss 6-35
rx_oh_offset? [n] Rececive Overhead Offset Query Command...........ccovveeeeiieeiiiieeecniieniaeeriensseenens 6-36
Automatic Protection Switching (APS) Data ..coceeerccisnnnas ebesmrnsssetrsenseterensssnesssasaiinte erermsresesersssess 6-37
rx_aps_byte? Receiver APS Bytes Query Command .........ooccviiiiiriirniieieeee e iiiinres s s rsaeracaean e 6-37
Receiver Drop Commands...eeseseeressrecsearss eerebsersarseseraerarsnsaraene etttrterntnasererarrrTare s asentarnitutsstnen e 0-37
rx_drop [ off | 1551622 ] Receiver Drop Rate Set Command.........cccoeeovevieviierrieeeeceeresierieeineeaenns 6-37
rx_drop? Receiver Drop Rate Query Command .......ccocooviiiiiiiiiniinreniiee e eee s ceceesnee e 6-37
drop_chan n Drop Channe! Tributary Select Command..........ccccccviciinininreroimnriiensie e 6-37
drop_chan? Drop Channel Tributary Query Command............ccccceieeciiiinniiiicinnrenerconnnrineieeae e a 6-37
TRANSMITTER REMOTE COMMANDS........occcoimmmcccnrnes R 6-38
tx_laser_pow [on | off] 2.4 Gbps Laser Set Command.........ououeiereioeeemiieeieeee e eererecesiene e 6-38
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tx_laser_pow? 2.4 Gbps Laser Query COMMANG ........cooviiveiiimirineenes oo e s sies it e 6-38
tx_event_trig [ alarm | error ] Event Trigger Set Command .......ocoveiiiiiioiiiei e e 6-38
tx_event_trig? Event Trigger Query COmMmMand........ccoc e e senineesennnees 6-38
tx_input [ 1551622 1 cmilint i thru ] Tx external input selection command .........ccoceveinrenineenne, 6-38
tx_input? TX INput QUErYy COMITIANG ...o.coiiiiiiiriinrie it s oo e s amnnes 6-39
External tributary insertion channel commands .......ocovecseemsrassvanes eeeseesisssnsasarstntstsaeeneastaatesessesrans 6-40
tx_trib_mode [single | ali] TX Mode Select COommMand.......coccoeveviieneinovcienirnirerereenessasivsnersesseinsnns 6-40
tx_trib_chan n TX Channel Set COMIMANG ......iiiiiiieireie ettt see e re s e st st b estsas s tnreraeraesrenns 6-40)
STM-16 single error insertion COMMANGAS...iieoeiesssseassrsssassssssussssssssnsssanssarsansssssnsssassss SO . = |
tX_SCrr [ D1 I D2 1 chan I B2Z_EM I TEL ] 1vriiieerieirirreiersranrnrinasiereesensinssnnssessessessessessenessensrnnsessesseenssinns 6-41
(=) ¢ o o F: ) 1 1 | T SOOI 6-41
STM-16 Error Rate Commands......oee.. sereserssnrresens eresearrans e erasereeeeses st NN eEa e EaerasteEs et seasaseenassases 6-42
tx_err_rate x.yE-z Error Rate Generator Range Set Command.......ccccvviiniiiinnicnncniinnn e, 6-42
tx_err_raic? Error Rate Generator Range Set Comumand........ooooevievvieniininriencieriernisniesenenener s s snes 6-42
tx_err_ena [ bl | bit | chan | off ] Error Rate Injection Enable Command..........occveviencnnnnecnnnnen.. 6-42
x_err_ena? Error Rate Injection Enable Query Command.........cccvevvviiiinniiieneinriniremnerenn e snneeens 6-42
tx_rci_cnt [ n ] Tx REI Errored Frames Count Set Command .......ooooiiiiiiiiiiiiiiniiieriormrsrseenes 6-42
tx_rei_cnt? Tx RE!I Errored Frames Count Query Command ..........oivevieevnnioricneienerieeneneerennens 6-42
tx_rei_secs [ nm ] Tx REI Duration Set Command ...t reereeec e 6-43
tx_rei_secs? Tx REI Duration Query COmmMand..........ciiiviiieinciieesiseenscenesneesesrneesseseimecenrsseans 6-43
tx_rei_ena [ burst | timed | cont | off | Tx REI Enable Set Command..............ccoooooiiiiiniiiniininnnnn, 6-43
tx_rei_ena? Tx REI Enable Query COMIMAN ....cooovviiiiiiiviiieeiirenineiierinnieeinrenreriesiesseersveesvassassonesan 6-43
TOH Edit and Query Commands.......cecaveesennans cresssssnstesesseassansnentasatesesraranrtassas ceenne0-44
tx_oh_edit [ on | esc i enter ] TX Overhead Edit Command...........cooovievviivorvivveciiirereeeeeeeeiesnanns 6-44
tx_oh_edit? TX Overhead Query COmmMAang .......cooooviiiveeeiiiiciriineererereiere s ersrerresessrrrnearesas e snnseeeans 6-44
tx_oh_all? Transmit Overhead All Query Command ............ooveorcieeeiciree e e e 6-44
tx_oh_def Transmit Overhead Default Command ...........ccoovviveveer it e 6-44
tx_oh_byte? [s] Transmit Overhead Byte Query Command ..o 6-45
tx_oh_byte [s][b] Transmit Overhcad Byte Set Command........coeeveviiiiicviencenen e e renreecnesseieiens 6-45
tx_oh_offset [n],[b] Transmit Overhead Offset Byte Set Command.........covevvieerereveccinnnnevesrinnnes 6-46
tx_oh_offset? [n] Transmit Overhead Offset Query Command.......covceveevvvevee e vcreeeeveeeeceeceeeeen, 6-46
tx_oh_pass [ [...9 1 all ] Transmitter Overhead Pass.......c.cccocviivnrorienericnrinnnncerene e es e 6-46
tx_oh_write [ 1...9 1 all ] Transmitter Overhead WIC.....o.ooiviviviiiin i 6-46
tx_oh_b_pass [ el lel Ifl1dl Ikl 1d41z21sI1e2]all Toiiiiniriininiverrnennrerersineererenrsessneresenes 6-47
tx_oh_b_write | cllel Ifl 1dI kI Tdd1z2]151 12 1all] . viiiiiiiviciririenieeriecrieiveeeveereeee e cnemnees 6-47
REPEAT ERRORS........ ettt ses e n s mn e e s n s mn e ans wrmrana 6-48
re_type? Repeat error Query Command ........oocveeieeieiiieie it s s s 6-48
re_type [ bl I bit | chan | off | Set Repeat ErmOr TYPE .o iiieeeccieerireereveesseeresssnessssrnesassinesssns 6-48
re_injeet [n.m] Repeat Error Inject COmMMAand «..vevvieiiiiciiein i et eeie e e s earaessnesamee e 6-48
re_inject? Repeat Error Inject Query Command..........ccocieiveernieriinninesiienineeeninesecmrmrsesseisesssrnens 6-48
re_wait [n.m] Repeat Error Wait Command........cveoumroeoioieiieeceeet e eeeeeeee ettt enrtnenrerees 6-48
re_wait? Repeat Error Wait Query Command ..........ccccoooiemmireieiinrrnieciecrineenees srnneecsnssssersssseen e 6-48
re_enable [ on | off ] Repeat Error Enable Set Command .........occccoiiiniiiiiiiiininieneneernnne. 6-49
re_enable? Repeat Error Enable Query Command..........cooicevviriimeieiiieinineneree e seeeesesneeesenes 6-49
ALARMS ...t iiriiemirerss i ien e e ns arsn e rennesensenstarnaransnanansnsensnnssnnnsnsarnnsran veneee 6-49
alm_clear Alarm Cledr COMUMANG .....ooiiiiiiiiiieiiiiis e iserererrraniarsssssassassssstartrantnnsrasssseseasaranions 6-49
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alm_enable [burst | multi | timed | off] Alarm Enablc Command ...........cccccocoiiiiiiinnnieriniiiisiee e 6-49
alm_enable? Alarm Enable Query Commiand .......ccovcvveeeeiiniiieieie e 6-49
alm_burst [ cof 1 rdi | | ais | ¢lr | Alarm Burst COMIMAN.....u.uvivieiueeeeeeirieieirireniieeeieeeeerieseeseineeees 6-50
alm_burst? Alarm Burst Query COmmMAand ... ... e crerinnssvnireeseerencsresrseerersseesaenes 6-50
alm_timed [ oof | rdi | 1 ais | ¢lr ] Alarm Timed Set Command ....o.oooveviiiiiivii i eeaees 6-50
alm_timed? Alarm Timed Query Command .........ccccoiviiiiirieeeeeceriiiec et irn e e e e 6-50
alarm_multi [ oof [ rdi | 1_ais | clr ] Alarm Multiple Set Command ........cccooovnviveiiirniiccicceniienn 6-50
alm_multi? Alarm Multiple Query COMMANG . ....coiiiiiiiiiiiiiricnine et 6-51
alm_count [n] Alarm Count COMMANG .......oooiiiiriiiiiiiiie s ceie e e ee s et tr e b eean s eanene s reraernan e es 6-51
alm_count? Alarm Count Query Command ........coooiiciiiiniiiiciine e e 6-51
alm_secs [ n.m | Alarm Seconds Set COMMANA. . v iieiieee e crnier e st e ssrenneesrsntares 6-51
alm_secs? Alarm Seconds Query Command .......c.oveciiieriiiiiniiiirciee e rareri e e e s 6-51
REPEAT ALARMS ............... terreammerennmsrans . . versrmnmennsanen e 6-52
ra_type [ los i oof | rdi | I_ais ] Repeat Alarm Select Command .......cooevivniicnciinnn e, 6-52
ra_type? Repeat Alarm Sclect Query Command........ccooviiiiioiiiiirniicciin e e s e e 6-52
ra_inject [ n.m ] Repeat Alarm Inject Set Comumnand..........ccovvieerinimiriniicinice e 6-52
ra_inject? Repeat Alarm Inject Query Command ...........cooiviiieiiioncn i e 6-52
ra_wait [ n.m ] Repeat Alarm Wait Set COMMANd..........oocivvviiieie e ieinies e ee s s eeeeesasssrens 6-52
ra_wait? Repeat Alarm Wait Query Command ........cccocoviiiiiemneiinemeaetiensres e ee s eres s sraranrees 6-52
ra_cnable [ on | off ] Repeat Alarm Enable Set Command ........ccccooiiiviiinmereciciiinecv e 6-53
ra_enable? Repeat Alarm Enable Query Command......c.cciveviviiiieniiiiniineinicnvin e sa s 6-53
LOSS OF SIGNAL.............. reerenseeeeeanrnns . rererranmneennrnarzans reumtemnrmrnnns wern6-54
los_enab Loss Of Signal Enable Command........ccoovvoeinricrininicee e csnrresrre e e s 6-54
los_time n Loss Of Signal Time Command .........ccooocivviiiinieniienveie s cete e sresees s 6-54
los_time? Loss Of Signal Time Query Command .........oovvvvverereeanimiiiesvenseiee e vresesseneeee s sassiens 6-54
los_secs [ n.m ] Loss Of Signal Set Command.........cccceocivviiivienerricciienniiinnnceae s ecmcerineeesvarenenees 6-54
los_secs? Loss Of Signal Query COmMANd .........oeicvaniiimeniiinmeineeesirc v sresesssiesesreneesee e renaees 6-54
los_tm_enab Loss Of Signal Enable COMMANC.......vcciceiiiieriernsisriicieeceaeeivrnrrisesssrvenessessesrnnsrases 6-54
los_off Loss Of Signal Disable COmmMand.........oioeririvnienasiicrsiieresesssaeeseneesses rmnesssseasssessneesone 6-54
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1 T Tt LA OO PO U USSP 6-55
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Standard Commands

6-10

*cls Clear Status Command

Clears the Standards Events Status Register (SESR) and the Event Status Bit (ESB) in the Status
Byte Register (SBR); initiates the Operation Complete fdle State and Operation Complete Query Idle
State

Example: *cls
Response:  NONE
Note: after execution the ST2400 will have no data in its input and output registers,

and will not be executing any command.

*ese[n] Event Status Enable Command
Sets the Event Status Enable Register (ESER) to the argument n
Argument n = a decimal number between 0 and 255
Example: *ese 255
Response: NONE
Note: decimal 255 sets the regisler to 11111111 binary
*ese? Event Status Enable Register Query Command
Sets the Event Status Enable Register (ESER) to the argument n
Example: *ese?
Response: *ESER [n] {n= a decimal number between 0 and 255)
Note: decimal 255 sets the register to 11111111 binary
*esr? Event Status Register Query Command
Retums the content of the Event Status Register (ESR)
Example: *esr?
Response: *ESR[n] (n=a decimal number between 0 and 255}
Note: decimal 255 indicates the register is set to 11111111 binary
*idn? identify

Returns a characler string that includes: company name, instrument model number, and cufrent
software version,

Example: *idn?
Response: **** TEKTRONIX / MWL, ST2400, 0, v.vv
Note: v.wv will be replaced by the software version number
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*Irn? Learn Query Command

List the ST2400 current setup, except for: RS-232C port information.
Example:  Im?
Response:  AUTO_VOL 0;
PRINT_PORT PARALLEL,;
VIEW_ANGLE 1;

Note: The response is a series of commands (headers and parameters) separated
by semicolons. They can be stored in the controller and used to restore the
same setup later.

*opc? Operation Complete Query Command
Retums the ASCI| character "1" when all previous commands and queries have been completed.
Example: *opc?
Response: *OPC?1
Note: Used to determine when a group of commands have been completed.
*rst Reset Command

Returns the ST2400 to its factory default settings and initiates the Operation Complete Idle State and
Operation Complete Query Idle State.

Example: *rst
Response; NONE
Note: This command does NOT: change the setup of the R§232C or GPIB poerts,

alter calibration data, alter the SESR (Standard Event Status Register), alter
the ESER (Event Status Enable Register), change power-on status clear flag
sefting, alter stored word patterns.

*sre [n] Service Request Enable Command

Retums the content of the Service Request Enable Register (SRER)
Exampie: *sre 51
Response:  NONE
Note: decimal 51 indicates the register is set to 00110011 binary.
Using the IEEE 488.2 GPIB slandard, register bits are numbered 7 to 0 (left to
right). However, the SONET standard labels bits 1 to 8 (left to right). In either
case, the MSB is the left most binary bit, and the LSB is the right most binary

bit.
*sre? Service Request Enable Query Command
Retums the content of the Service Request Enable Register {(SRER)
Example: *sre?
Response: *SRE [n] (n = a decimal number between 0 and 255)
Note: decimal 255 indicates the register is set to 11111111 binary
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*stb? Status Byte Query Command
Retums the content of the Status Byte Register (SBR)
Example: *sth?
Response: *STB[n] (n = a decimal number between 0 and 255)
Note: decimal 255 indicates the register is set to 11111111 binary
*tst? Self Test Command
Initiates a self-test and returns the results.
Example: *tst?
Response; *TSTO
Note: A result of 0 (zero) indicates a successful completion of self-test. Any other

result would indicate a failure.

*wai Wait Command

Stop processing any additional commands unlil all pending operations are completed.
Example: ‘wal
Response; NONE

audio_vol [n] Audio Volume Set command
Sets the audio volume of the intemal speaker,
Example: audio_vol n (n = a decimal integer from 0 to 9)
Response: NONE
Note: 0 =off, 1 = minimum, and 9 = maximum volume
audio_vol? Audio Volume Query Command
Returns a decimal integer from 0 to 9
Example; audio_vol?
Response: AUDIO_VOL n
Nole: n = a decimal integer from 0 to 9

edit_setup [n], “[s]” Edit Setup Label Set Command

Assigns a label [s] to the saved setup [n]

Augment.  n:is the setup number from 0to 9 in decimal.
§: is the string of

Example:  edit_setup 7, "OC-12 Test”

Response:  NONE

Note; Up to 10 ASCII characters can be saved with each of the 10 setups.

The string must be enclesed in quotation marks.
Only upper case ASCIl characters A to Z and numbers 0 to 9 can be used,
along with the following ASCll symbols; # & % & * () * + -, /:
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edit_setup? [n] Edit Setup Label Query Command
Retums the current label assigned to the [n] setup saved in memory
Example: edit_setup? [n] {n = a decimal integer between 0 and &)
Response: EDIT_SETURP OC-12 TEST
Note: Up to 10 ASCII characters can be saved with each of the 10 setups.
gpib_address? GPIB Address Query Command
Returns the current address value.
Example: gpib_address?
Response: GPIB_ADDRESS 15
Note: This command is only used through the RS-232C Port connection.

gpib_address [n] GPIB Address Set Command

Sets the value of the GPIB Port address.
Example: gpib_address 15
Response: NONE
Arguments:  n=a decimal integer from 0 to 31
Note: This command is only used through the RS-232C Port connection.

gpib_bus [ talk_listen | off bus] GPIB Bus Mode Set Command

Sets the GPIB bus mode to on or off.

Arguments:  talk_listen enables the gpib bus.
off_bus disables the gpib bus. In this mode the gpib bus will not respond to
any commands except the GPIB Bus talk_listen from the RS-232C port,

Example: GPIB Bus off_bus

Response: NONE

Note: This command is only used through the RS-232C Pon connection.
See the gpib_bus? (GPIB Bus Mode Query Command)

gpib_bus? GPIB Bus Mode Query Command

Retumns the current status of the GPIB bus.
Example: gpib_bus?
Response: GPIB_BUS TALK_LISTEN
Note: The GPIB bus can be off (off_bus) or on (talk_listen}
This command is only used through the RS-232C Port connection.
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header[on | off] Header mode command

Enables or disables headers. The header is the part of a response that replicates the command .
Arguments:  on enables headers in the response to any query command.
off disables headers.

Example; header on
Response; NONE
Note: When the header is on, the query command gpib_bus? will respond with both

the header and the status: GPIB_BUS TALK_LISTEN
When the header is off, the query command gpib_bus? will respond with the
status only: TALK_LISTEN

header? Header Mode Query Command
Retums a response string indicating the headers are enabled or disabled.
Example: header?
Response; HEADER ON
Note: See the Header Mode Set Command.
logo? Logo Query command

Returns a character string that includes: company name, instrument model number, current software
version, and software date.

Example: logo?
Response: *** TEKTRONIX MICROWAVE LOGIC, 8T2400, v.vv yyyy/mm/dd
Note: v.vv will be replaced by the software version number

yyyy/mm/dd will be replaced by the software date

options? Options Query command

Retums one or maore character sirings indicating which options are installed.
Example: options?
Respanse: OPTIONS RX 1310 RX 1550 TX 1310
Note: The response indicates that the receiver can receive both the 1310 nm and
1550 nm waveiength, and that the 1310 nm transmitter is installed.

print_port [ paraliel | serial ] Print Port Select Command
Sets the default printer port to parallel or serial,
Example: print_port parallel
Response: NONE
Note: Sets the default printer port can be set to paraliel or serial,

print_port? Print Port Query Command

Returns the current printer port setting.
Example: print_port?
Response: PRINT_PORT PARALLEL
Note; The default printer port can be set to parallel or serial.
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print_string "s" Print String command
Prints the string "s" out the current printer port.
Example: print_string "This is a test."
Response: This is a test.
Note: The character string 's] can be up to 80 (eighty) characters long. It begins and

ends with quotation marks.

rs_echo[on | offf RS$-232C Echo Control Command

Enables or disables the echo on the RS-232C port.
Arguments:  When the echo is on the ST2400 will echo back each ASCIl character sent to
the RS-232C port (Full Dupiex mode).
When the echo is off the ST2400 will NOT echo back ASCII characters sent
to the RS-232C port (Half Duplex mode).
Example: rs_echo on
Response: NONE

rs_echo? RS-232 Echo Control Command

Returns a character string that indicates whether the echo control is enabled or disabled.

Example: rs_echo?
Response: RS_ECHOON
Note: Indicates that the echo control is enable {Full Duplex Mode). The response

OFF would indicate that the echo control was disable (Half Duplex Mode).

rs_pmt_If [on ] off] RS-232C Prompt Linefeed Set Command

Enables or disables the current RS-232C EOL (end-of-line) terminator.

Example: rs_pmt_lf on
Response: NONE
Note: The current EOL can be setto CR, LF, CR+LF, or LF+CR.

rs_pmt_If? RS-232 Prompt Linefeed Query Command

Retums a character string that indicates the current RS-232C ECL {end-of-line) terminator status.

Example: rs_pmt_If?
Response: RS_PMT_LFON
Note: The current ECL can be on (enabled) or off (disabled). Its value is unknown. It

may be set to CR, LF, CR+LF, or LF+CR using the quick setup menu.

rs_prompt "s" RS-232 prompt command

Set the character string "s" on the RS-232C prompt.
Example: rs_prompt " ST2400 Unit A> "
Response: S§T2400 Unit A>
Note: The character string “s” will be at the start of each new line. Quotation marks
must be used before and after the character string, and the string is limited to
12 characters in length.
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rs_xon_xoff [on | off] RS5-232C Flow Control Set Command

Enables or disahles the RS-232C flow control mode
Example: rs_xon_xolf on
Response: NONE

rs_xon_xoff? RS-232C Flow Control Query Command
Retums a character string that indicates the current RS-232C tlow controi status.
Example; rs_xon_xoff?
Respaonse: RS_XON_XOFF ON
Note: The current XON XOFF flow control can be on (enabled) or off {disabled).
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General Setup Commands

date “[ yy(yy)mm/dd ]” Date Set Command

Sets the instrument’s internal calendar.
Example: date “1996/08/30"
Response:  NONE

date? Date Query Command

Returns a character string indicating the internally stored date.
Example:  date?
Response:  DATE "1996/08/30"

quick_setup [ n] Quick Setup Command

Used to recall one of the four factory default setups:

Arguments: O sets the (TX) transmitter to internal and the (RX) receiver to 155Mbi/s drop

1 sets the {TX) transmitier to internal and the (RX) receiver to 622Mb/s drop
2 sets the (TX) transmitter to external 155Mb/s and the RX to 155Mb/s drop
3 sets the (TX) transmitter to external 622Mb/s and the RX to 622Mb/s drop

Example: quick_setup 1

Response: NONE

Note: The quick setup command will NOT enable the STM-12 transmit laser.
save_setup [n] Save Setup Command

Saves the current instrument setup in location n.
Example: save_setup n {n = a decimal number from 0 to 9)
Response:  NONE

recall_setup [n] Recall Setup Command

Recalls the saved setup from location n.
Example: recall_setup n {n = a decimal number from 0 to 9}
Response:  NONE

stored? Stored Setup Query Command
Returns the currently stored setup locations saved in memory.
Example; stored?
Response: STORED0,1,2...
Note: Stered locations are numbered from O to 9 in decimai.
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time? Internal Time Clock Query Command
Retumns the time from the ST2400 internal time of day clock.
Example: time?
Response: TIME "15:30:45"
Note: Uses 24 hours format, HH:MM:SS (Hours Minutes Secands)
time “[ hh:mm:ss J” internal Time Clock Set Command

Sets the internally stored time of day clock.
Example: time "15:30:45"
Response:  NONE
Note: Uses 24 hours format, HH:MM:SS (Hours Minutes Seconds)

tse Test Status Enable Register Set Command

Sets the content of the TSER (Test Status Enable Register) 1o a decimal number from 0 to 255
Example: tse 255
Response: NONE

Note: decimal 255 indicates the register is setto 11111111 binary
tse? Test Status Event Register Query Command
Returns the content of the TSER (Test Status Event Register)
Example: tse?
Response; TSE[n] {n =a decimal number between § and 255)
Note: decimal 255 indicates the register is set to 11111111 binary
tsr? Test Status Register Query Command
Returns the content of the TSR (Test Status Register).
Example: tsr?
Response: TSR [n] (n = a decimal number between 0 and 255)
Note: decimal 255 indicates the register is set 1o 11111111 binary
view_angle? Front-panel View Angle Query Command
Returns a decimal integer that indicates the display angie of view.
Example: view_angle?
Response: VIEW_ANGLE 2
Note: View angle is an integer from 0 to 7. Zero should be the best view angle when

the ST2400 is positioned below the operator.
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view_angle [ n] Front-panel View Angle Set Command
Sets the view angle to an integer from 0 to 7 decimal.
Example: view_angle 1
Response: NONE
Note: View angle is an integer from 0 to 7. Zero should be the best view angle when

the 8T2400 is positioned below the operator.

Test Cycie Control Commands

log_print Print Error Log Execute Command

Prints all error log reports stored in the non-volatile memory Error Log.
Example: log_print
Response: NONE

elap_time? Elapsed Test Cycle Time Query Command

Retums the number of elapsed seconds in the current Test Cycle,

Example: elap time?
Response: ELAP_TIME 120
Note; Returns the total duration of the last completed Test Cycle, when no Test

Cycle is currently running (between Test Cycles).

test_mode [ untimed | timed | repeat ] Test Mode Set Command

Sets the test measurement mode.
Arguments untimed:; sets the continuous measurement mode.
timed: sets the timed measurement mode.
repeat: sets the repeat-timed measurement mode.

Example: test_mede timed
Response: NONE
Note: See the test time (test_time) set command

The timed test runs for the duration of time set by the test_time command
The repeat test runs for the duration of time set by the test_time command

test_mode? Test Mode Query Command
Retums the current status of the test measurement mode.
Example; test_mode?
Response: TEST_MODE TIMED
Nole: See the Test Mode Set Command.
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test_print [ log | prev | current | off ] Test Print Set Command

Used to print or stop printing the test results.
Arguments log: prints the content of the error log.
prev: prints an end-of-test report at the end of the previous test interval.
current: prints an end-of-test report from the current test interval,
off: disables report printing.
Example: test_print off
Response: NONE

test_report [ log | eot | both | off ] Test Report Set Command

Enable or disable Test Report Type.
Arguments log: enable event log reports
eol: enable end-of-test reports.
both: enable both log and ect reports.
off: disables reports.
Example: test_report both
Response: NONE

test_report? Test Report Query Command
Retumns a character string indicating the report sfatus.
Example: lest_report?
Response: TEST_REPORT BOTH
Note: See ihe Test Report Set Command

test_squelch [ on | off ] Test Squelch Set Command

Enables or disables the Squelch.
Arguments on: {1) logs 10 consecutive events (2) waits for 10 event free seconds.
off: logs every event.

Example; tesi_squelch on
Response: NONE
Note: When the Squelch is enabled error logging is limited to ten consecutive

reports. Then Error logging is resumed after 10 event free seconds.

test_squelch? Test Squelch Query Command
Retums the current status of the Sguelch
Example: test_squelch?
Response: TEST_SQUELCH ON
Note: See the Test Squelch Set Command.
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test_state [ run | stop ] Test State Set Command

Sets the test state to either run or stop.

Arguments
Example:

Response:
Note:

test state?

run: clears all counters, ciears the history, and starts the test cycle.

stop: suspends the test cycle,

test_state run

NONE

See pause_state command.

The Trouble Scan Mode must be OFF before the Test State can be enabled.

Test State Query Command

Retums the current status of the test cycle,

Example:
Response:
Note:

test_state?

TEST_STATE ON

The test cycle can be either on {running) or off.

When the test state = slop the pause-run-resume Sequence can be used to
save the current data and history.

test_time “[ d-hh:mm:ss ]” Test Time Set Command

Sets the duration of the test ¢cycle in days (d), hours, (hh) minutes (mm), and seconds {ss).

Example;
Response:
Note:

test time?

test_time "0-02:00:00"

NONE

The Argument must be enclosed in quotation marks.

One hyphen and two colons must be used as shown in the example.
Maximum Test Time = 9 days, 23 hours, 59 minutes, 59 seconds.

Test State Query Command

Returns a character string indicating the current test time settings.

Example; test_time?
Response: TEST_TIME "0-02:00:00"
test_state [ run | stop ] Test State Set Command

Sets the lest state to either run or stop.

Arguments run ctears all counters, clears the history, and staris the test cycle.
off stops the test cycle.

Example; test_state run
Response: NONE
Note: See pause_state command

test_state?

Test State Query Command

Retums the current status of the test cycle.

Example:
Response:
Note:

test_state?
TEST_STATE ON
The test cycle can be either on (running) or off.
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pause_state [ pause | resume ] Pause State Set Command

Sels the test state to either pause or resume.
Arguments pause interrupts the test cycle.
resume restarts the test cycle.

Example: pause_state pause
Response: NONE
Note: See test_state command
pause_state? Pause State Query Command

Fetumns the current status of the test cycle.
Example: pause_state?
Response: PAUSE_STATE PAUSE
Note: The test cycle state can be paused {interrupted) or resume {running).
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System Configuration

m_meode? Measurement Mode Query Command
Returns a character string indicating the currently active measurement mode.

Example: m_mode?
Response;  M_MODE SDH
Note:

The current measure mode can be either SDH or SONET

new_m_mode [ sdh | sonet ] New Measurement Mode Set Command

Sels the measurement mode to be used after the next power-on cycle.
Example: new_m_mode sonet

Response:  NONE
Note:

see (new_m_mode?) New Measurement Mode Query Command

new_m_mode? New Measurement Mode Query Command

Returns a character string indicating the measurement mode that is set to be used after the next
power-on cycle,

Example: new_m_mode sonet
Response:  NONE
Note:

see {new_m_mode?) New Measurement Mode Set Command

log_clear Log Clear Command

Clears all error fog entries.

Example: log_clear
Response: NONE

rx_installed? Receiver Board Query Command

Returns receiver board status that was detected during the power—on sequence
Example: rx_installed?

Response: RX_INSTALLED YES

Note: YES indicates that the receiver board was detected.
NO indicates that the receiver board was NOT detected.

tx_installed? Transmitter Board Query Command

Returns transmitter board status that was detected during the power—on sequence
Example: r_installed?

Response; RX_INSTALLED YES

Note: YES indicates that the transmitter board was detected.
NO indicates that the transmitier board was NOT detected.
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tx_wav? TX Wavelength Query Command
Returns transmitter wavelength
Example: tx_wav?
Response: TX_WAVE 1310
Note: The transmitter wavelength can be switched to either 1310nm or 1550nmin a

dual wavelength unit.

tx wav[ 131011550 ] TX Wavelength Set Command

Switches the transmitter wavelength in a dual wavelength unit.
Example: tx_wav 1550
Response: NONE
Note: The transmitter wavelength can be switched to either 1310nm or 1550nm.
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Receiver Remote Commands

RS-B1, MS-B2, and MS-RE| Error Data Query Commands

b1 _eb? B1 Errored Block Count Command

Retums the number of corrupted section blocks counted in the received signal.
Example: b1_eb?
Response: B1_EB [c] (c = counted seconds in decimal}
Note: RS-B1 error blocks include the total count, conforms to ITU G.826

b2 _eb? B2 Errored Block Count Command

Retums the number of corrupted line blocks counted in the received sighal.
Exampte: b2_eb?
Response: B2_EB [¢] {c = counted seconds in decimal)

Note; MS-B2 error blocks include the total count, conforms to ITU G.826
rei_eb? REI Errored Block Count Command
Retumns the number of path remote error indications counted in the receiver signal.
Example: rei_eb?
Response: REI_EB [c] (c = counted seconds in decimal)
Note: MS-REI error blocks include the tota! count, conforms to ITU G.B26

b1 _bbe? B1 Background Block Error Count Command

Returns the number of b1 errored blocks counted that occurred outside the SES.
Example: b1_bbe?
Response: B1_BBE [¢] (c = counted seconds in decimal)
Note: Conforms to ITU G.826. Also see b1_ses?

b2_bbe? B2 Background Block Error Count Command

Retums the number of b2 errored blocks counted that occurred outside the SES.
Example: b2_bbe [b2 background block errors]
Response: B2_BBE [c] {c = counted seconds in decimal}

Note: Contorms to ITU G.826. Also see b2_ses?
rei_bbe? REI Background Block Error Count Command
Retumns the number of RE| errored blocks counted that occumred outside the SES.
Example: rei_eb?
Response: REI_BBE [¢] (c = counted seconds in decimal)
Note: Conforms to |TU G.826, Also see rei_ses?
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b1_bber? B1 Background Block Error Ratio Command

Retums the ratio of b1 errored blocks that occurred outside the SES.
Example: b1_bbe?
Response: B1_BBE [e] (e = expressed as a negative exponent)
Note: Conforms to ITU G.826. Also see b1_ses?

b2 bber? B2 Background Block Error Ratio Command

Returns the ratio of b2 errored blocks that occurred outside the SES.

Example: b2_bbe [b2 background block errors]
Response: B2_BBE [e] (e = expressed as a negative exponent)
Note: Conforms to ITU G.826. Also see b2_ses?

rei_bber? REI Background Block Error Ratio Command

Retums the ratio of rei errored blocks that occurred outside the SES.

Example: rei_eb?
Response; REI_BBE [e] (e = expressed as a negative exponent)
Note; Conforms to ITU G.826. Also see rei_ses?
bl_es? B1 Errored Seconds Query Command
Returns the number of STM-n section BIP-8 code violation errored seconds counted in the received
signal.
Example: bi1_es?
Response: B1_ES [c] (c = counted seconds in decimal)
Note: Conforms to ITU G.826.
b2 es? B2 Errored Seconds Query Command
Retums the number of STM-n line BIP-24 code violation errored seconds counted in the received
signal.
Example: b2_es?
Response: B2_ES [c] (c = counted seconds in decimal)
Note: Conforms to ITU G.826.
rei_es? REI Errored Seconds Query Command
Returns the number of REI errored seconds counted in the received signal.
Example: rej_es?
Response: REI_ES [¢] (c = counted seconds in decimal)
Note; Conforms to ITU G.826.

b1_ses? Severely Errored Seconds Query Command

Returns the humber of STM-n section BIP-8 code violation severely errored seconds counted in
the received signal,

Example: b1_ses?

Response: B1_SES[¢] (c = counted seconds in decimal)

6-26 ST2400 2.4 Gb/s SDH/SONET Test Set



Remote Commands, SDH

Note: Conforms to ITU G.826.

b2_ses? Severely Errored Seconds Query Command

Returns the number of STM-n line BIP-24 code violation severely errored seconds counted in the
received signal.

Example: b2_ses?
Response: B2_SES [¢] {c = counted seconds in decimal)
Note: Conforms to [TU (G.8286.

rei_ses? Severely Errored Seconds Query Command

Returns the number of REI severely errored seconds counted in the received signal.

Example: rei_ses?
Response; REI_SES [c] {c = counted seconds in decimal)
Note: Conforms to ITU G.826.
b1 esr? B1 Errored Seconds Ratio Query Command

Returns the number of STM-n section BIP-B code violation errored seconds counted in the received
signal divided by the available time.

Example: b1_esr?

Response: B1_ESR [e] (e = expressed as a negative exponent)

Note: Conforms to ITU G.826.

b2_esr? B2 Errored Seconds Ratio Query Command

Retums the number of STM-n line BIP-24 code violation errored seconds counted in the received
signat divided by the available time.

Example: b2_esr?
Response: B2_ES [e] (e = expressed as a negative exponent)
Note: Conforms to ITU G.B28,
rei_esr? REIl Errored Seconds Ratio Query Command

Returns the number of REI errored seconds counted in the received signal.
Example; rei_esr?
Response: REI_ES [e] (e = expressed as a negative exponent)
Note: Conforms to ITU G.826,

b1_sesr? Severely Errored Seconds Ratio Query Command

Returns the number of STM-n section BIP-8 code viclation severely errored seconds counted in the
received signat divided by the available time.

Example: b1_ses?
Response; B1_SES [e] (e =expressed as a negative exponent)
Note: Conforms to ITU G.826.
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b2 sesr? Severely Errored Seconds Ratio Query Command

Returns the number of STM-n line BIP-24 code violation severely errored seconds counted in the
received signal divided by the available time.

Example: b2_ses?
Response: B2_SES[e] (e = expressed as a negative exponent)
Note: Conforms to ITU G.826.

rei_sesr? Severely Errored Seconds Ratio Query Command

Retums the number of REI severely errored seconds counted in the received signal divided by the

available time.
Example: rei_ses?
Response, RE|_SES [e] (e = expressed as a negative exponent)
Note: Contorms to ITU G.826.
b1_uas? Unavailable Seconds Query Command

Returns the number of STM-n section BIP-8 code violation unavailable seconds counted in the
received signal,

Example: b1_uas?
Response: B1_UAS [c] {c = counted seconds in decimal)
Note: Conforms to iTU G.827.
b2_uas? Unavailable Seconds Query Command
Retumns the number of STM-n line BIP-24 code violation unavailable seconds counted in the received
signal.
Example: b2_uas?
Response: B2_UAS [¢] (c = counted seconds in decimal)
Note: Conforms to ITU G.827.
rei_uas? Unavailable Seconds Query Command
Returns the number of REI unavailable seconds counted in the received signal.
Example: rei_uas?
Response: REI_UAS [c] (c = counted seconds in decimal)
Note: Conforms to ITU G.827.
b1_ur? Unavailable Seconds Ratio Query Command

Returns the number of STM-n section BIP-8 code violation errored seconds counted in the received
signal.

Example: b1_ur?

Response: B1_UR [e] (e = expressed as a negative exponent)

Note; Conforms to ITU G.827,
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b2_ur? Unavailable Seconds Ratio Query Command

Retums the number of STM-n line BIP-24 cade violation errored seconds counted in the received signal.
Example: h2_ur?
Response; B2_UR [e] {e = expressed as a negative exponent)

Note: Conforms to iTU G.827.
rei_ur? Unavailable Seconds Ratio Query Command
Returns the number of RE! unavailable seconds counted in the received signal.
Example; rei_ur?
Response: RE!_UR [e] (e= expressed as a negative exponent)
Note: Conforms to [TU G.827
b1_aeb? B1 Available Time Errored Block Count Command
Retums the number of corrupted section blocks counted during the available time.
Example: b1_aeb?
Response: B1_AEB [¢] (c = counted blocks, in decimal)
Note; Conforms to ITU G. 2101
b2 aeb? B2 Available Time Errored Block Count Command
Retums the number of corrupted line blocks counted during the available time.
Example: b2_aeb?
Respense: B2_AEB [c] (¢ = counted blocks, in decimal}
Note: Conforms to [TU G. 2101
rei_aeb? REI Available Time Errored Block Count Command
Returms the number of path remote error indications counted during available time..
Example: rei_aeb?
Response: REI_AEB [c] (c = counted blocks, in decimal)
Note: Conforms to ITU G. 2101

b1_abbe? B1 Available Time Background Block Errors Command

Retumns the number of corrupted section background blocks counted during the available time.

Example: b1_abbe?
Response: B1_ABBE [c] (c = counted background blocks, in decimal)
Note: Conforms to ITU G. 2101

b2_abbe? B2 Available Time Background Block Errors Command

Retumns the number of corrupted line background blocks counted during the available time.
Example; b2_abbe?
Response: B2_ABBE [¢] (¢ = counted background blocks, in decimal)
Note: Conforms to ITU G. 2101
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rei_abbe? REI Available Time Background Block Errors Command

Retums the number of background remote error indications counted during available time..

Example: rei_abbe?
Response: REI_ABBE [c] (c = counted background blocks, in decimal)
Note: Conforms to ITU G. 2101
b1_aes? B1 Available Time Errored Seconds Query Command

Returns the number of STM-n section BIP-8 code violation errored seconds counted in the received
signal, during the available time.

Example: b1_aes?
Response: B1_AES [c] (c = counted seconds in decimal)
Note: Conforms to ITU G. 2101
b2_aes? B2 Available Time Errored Seconds Query Command

Retums the number of STM-n line BIP-24 code violation errored seconds counted in the received
signal, during the available time.

Example: b2_aes?
Response: B2_AES [¢] (c = counted seconds in decimal)
Note: Conforms to ITU G. 2101
rei_aes? REI Available Time Errored Seconds Query Command
Retums the number of errored seconds counted in the received signal, during the available time.
Exampie: rei_aes?
Response: REI_AES [¢] {¢ = counted seconds in decimal)
Note: Conforms to ITU G. 2101

b1_ases? B1 Available Time Severely Errored Seconds Command

Retums the number of STM-n section BIP-8 code violation severely errored seconds counted in the
received signal, during the available time.

Example; b1_ases?
Response: B1_ASES [¢] (¢ = counted seconds, in decimal)
Note: Conforms to (TU G. 2101

b2_ ases? B2 Available Time Severely Errored Seconds Command

Returns the number of STM-n line BIP-24 code violation severely errored seconds counted in the
received signal, during the available time.

Example: b2_ases?
Response: B2_ASES [¢] (¢ = counted seconds, in decimal)
Note: Conforms to ITU G. 2101
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rei_ases? RE! Available Time Severely Errored Seconds Command

Returns the number of REIl severely errored seconds counted in the received signal, during the

available time,
Example: rei_ases?
Response: REI_ASES [c] (c = counted seconds, in decimal)
Note: Conforms to ITU G. 2101
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LED Status Query Commands

led_stat? LED Status Query Command

Retums the current state of afl front panel status indicators (LEDs).

Example:
Response:
Note:

ted_stat?

LED_STAT? CLEAR

The LED status indicator can be in one of three states:

CLEAR indicates that all of the LED status indicators are off and have been
off for the total duration of the current test cycle.

CUR {current) indicates that one or mare LED indicators are on or had been
on since last quened dunng the current test cycle.

HIST (history} indicates that all of the LED indicalors are off but one or more
of them had been on before the tast query during the current test cycle.

The led_stat? command will report the CUR condition until the user remotely
queries and gets the status information from all of the LED indicators that
were active at any time duning the test cycle. Each LED status command will
also report the CUR condition if the LED was aclivated since its 1ast query.
Once all are quenied, each LED indicator and the led_stat? command will
report the HIST condition if an error or alarm had ever occurred during the
current test cycle, otherwise the CLEAR condition will be reported.

rs_los? Regeneration Section Loss Signal Query Command

Request the current state of the LOS indicator.

Example:
Response:
Notes:

rs_los?

RS_LOS? CLEAR

The section LOS indicator can be in one of three states:

CLEAR indicates that the LOS LED is now off and had been off during the
current test cycle.

CUR (current) indicates that the LOS indicator is either on or had been on since
last queried during the current lest cycle.

HIST (history) indicates that the LOS LED is off, but had been on during some
period before the last query, during the current test cycle.

rs_lof? Regeneration Section Loss Frame Query Command

Request the current state of the LOF indicator.

Example:
Response:
Note:

rs_lof?

RS_LOF? CLEAR

The section LOF indicator can be in one of three states:

CLEAR indicates that the LOF LED is now off and had been off during the
current test cycle.

CUR (current) indicates that the LOF indicator is either on or had been on since
last queried during the current test cycle.

HIST (history) indicates that the LOF LED is off, but had been on during some
period before the last query, during the current test cycle.
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rs_oof? Regeneration Section Out-Of-Frame Query Command

Request the current state of the QOF indicator.

Example: rs_oof?

Response: RS_OOF? CLEAR

Note: The section LOS indicator can be in one of three states:
CLEAR indicates that the QOF LED is now off and had been off during the
current test cycle.
CUR {(current) indicates that the OOF indicator is either on or had been on since
last queried during the current test cycle.
HIST ({history) indicates that the QOF LED is off, but had been on during some
period before the last query, during the current test cycle.

rs_b1? Regeneration Section B1 Query Command
Request the current state of the section B1 byte indicator.
Example: rs_b1?
Response: RS_B1? CLEAR
Note: The section LOS indicator can be in one of three states:
CLEAR indicates that the B1 LED is now off and had been oft during the current
test cycle.

CUR (current) indicates that the B indicator is either on or had been on since
last queried during the current test cycle.

HIST {history) indicates that the B1 LED is off, but had been on during some
period before the last query, during the current test cycle.

ms_b27? Multiplexer Section B2 Query Command
Request the current state of the line B2 byte indicator LED.
Example: ms_b2?
Response: MS_b27 CLEAR
Note: The section LOS indicator can be in one of three states:
CLEAR indicates that the B2 LED is now oft and had been off during the current
test cycle.

CUR (current) indicates that the B2 indicator is either on or had been on since
last queried during the current test ¢ycle.

HIST {history) indicates that the B2 LED is off, but had been on during some
period before the last query, during the current test cycle.

ms_ais? Multiplexer Section Alarm Indicator Signal Query Command
Request the current state of the Alarm Indicator Signal LED.
Example; ms_ais?
Response: MS_AIS? CLEAR
Note: The section AlS indicator can be in one of three states;
CLEAR indicates that the AIS LED is now oft and had been off during the
current {est cycle.

CUR (current} indicates that the AlS indicator is either on or had been on since
last quened during the current test cycle.
HIST (history) indicates that the AIS LED is cff, but had been on during some
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period before the last query, during the current test cycle.

ms_rdi? Multiplexer Section Remote Defect Indication Query Cmd

Reguest the current state of the Multiplexer Section Remote Defect (Degrade) Indication alarm LED.

Example: ms_rdi?

Response: MS_RDI? CLEAR

Note: The section ADI indicator can be in one of three states:
CLEAR indicates that the RDI LED is now off and had been off during the
current test cycle.
CUR (current) indicates that the RDI indicator is either on or had been on since
last queried during the current test cycle.
HIST {history) indicates that the RDI LED is off, but had been on during some
period before the last query, during the current test cycle.

ms_rei? Multiplexer Section Remote Error indicator Query Command

Request the current state of the Mulliplexer Section Remate Error Indicator alarm LED.

Example: ms_rei?

Response: MS_REI? CLEAR

Note: The section RE! indicator can be in one of three states:
CLEAR indicates that the REI LED is now off and had been off during the
current test cycle.
CUR (current} indicates that the REl indicator is either on or had been on since
last queried during the current test cycle.
HIST {history) indicates that the REI LED is off, but had been on during some
period before the last guery, during the current test cycle.
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TOH Transport Overhead Bytes

rx_oh_all? Receive Overhead All Query Command

Returns 40 bytes, 27 are valid (TOH) Section and Line overhead bytes. All POH (Path Cverhead) and
(VT} Virtual Tributary bytes equal zero because the ST2400 only supports section and line testing.

Table 61 Byte Mnemonics

TOH Section (Sec.) and Line Overhead Bytes POHBytes | VTBytes |
J1 :

Al A2 Jo V1
B1 Edce F1 B3 Ve
D1 D2 P3 c2 V3
H1 H2 H3 - G1 V4
B2 Kt K2 k2
D4 LY D6 H4
D7 : D8 Dg Z3
D10 B3 D12 Z4
S1 M1 _ E2 5

Example: rx_oh_all?

Response: RX_OH_ALL 0,#HF8;1,#H28;... etc.

Note: The first number before the comma is the NR1 byte count format, ranging from

zero to thirty-five for the TOH and POH bytes in the following order: A1, A2, JO,
J1,B1, ..., B3, .., D1, ..., Z5, and thirty-six through thirty-nine for bytes: V1, V2,
V3, V4, The #H code after the comma is corresponding byte value in non-
decimal numeric (hexadecimal).

rx_oh_byte? [s] Receive Overhead Byte Query Command

Retumns the value of the specified TOH byte.
Whereas the argument [s] is a byte mnemonic listed in Table 6-2
Example: rx_oh_byte? K2
Respanse: RX_OH_BYTE K2,#H22
Note: The argument K2 in the example corresponds to the K2 byte. The K2 before the
comma in the response in the corresponding byte label. The code #H22 after the
comma is the hexadecimal {non-decimal numeric value} of the K2 byte.
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6-36

rx_oh_offset? [n] Receive Overhead Offset Query Command

Returns the overhead byte associated with the specified offsel. All POH {Path Overhead) and VT
{Virtual Tributary} bytes equal zero because only section and line testing are supported by the
$T2400.
Whereas the argument [n] is the corresponding offset value for the byte mnemoenic using the
format byte mnemonic: offset value listed in Table 6-2

Table 6-2 Byte Mnemonic and Offset
TOH Section (Sec.) and Line Overhead Bytes

POH Bytes

Al: 00 A2: 01 Jo: 02 J1:03
B1: 04 E1: 05 F1: 06 B3: 07
D1: 08 D2: 09 D3:10 c2: 11
Hi: 12 H2: 13 H3: 14 G1:15
B2: 16 Ki: 17 K2: 18 F2: 19
D4: 20 D5: 21 D6: 22 H4: 23
D7: 24 D8: 25 D9:26 - Z3: 27
D10: 28 D11: 29 D12: 30 24 31
$1:32 M1:83. B2 Z5:35
Example: rx_oh_offset? 18
Response: RX_OH_OFFSET #H22
Note: The number 18 in the example corresponds to the K2 byte's offset value.
The number #H22 is the non-decimal numeric (hexadecimal) value of the
K2 byte.
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Automatic Protection Switching (APS) Data

rx_aps_byte? Receiver APS Bytes Query Command
Return the current value of the APS (Automatic Protection Switching) bytes; K1 and K2
Example; rx_aps_byte?
Response: RX_APS_BYTE #HFF, #H55
Note: The codes #HFF and #H55 are the hexadecimal numeric value of the K1

and K2 bytes, respectively.

Receiver Drop Commands

rx_drop[off | 1651622] Receiver Drop Rate Set Command

Sets the optical drop rate.
Arguments; off: set the optical drop to off and enables the 155 Mb/s CMI drop.
155 sets the optical drop to 155 Mb/s and enables the 155 Mb/s CMI drop.
622 sets the opfical drop to 622 Mb/s and disables all CMi drop.

Example: rx_drop 155

Hesponse: NONE

Note: The receiver setup is independent of the transmitter setup.
rx_drop? Receiver Drop Rate Query Command

Retumns the value of the current optical drop rate selected.
Example; rx_drop?
Response;  RX_DROP 155
Note: See the Receiver Drop Rate Set Command.

drop_chan n Drop Channel Tributary Select Command

Selects the tributary channe! 1o drop.
Arguments: n =from 1 to 4 if the drop rate is set to 622 Mb/s
n = from 1 to 16 if the drop rate is set to 155 Mb/s

Example: drop_chan 5
Response: NONE
Note: The receiver setup is independent of the transmitter setup.
drop_chan? Drop Channel Tributary Query Command
Retumns the channel number of the tributary drop selected.
Example: drop_chan?
Response:  DROP_CHANS5
Note: See the Drop Channel Tributary Select Command
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Transmitter Remote Commands

tx_laser_pow [on | off] 2.4 Gbps Laser Set Command
Enables or disables the transmitter laser.
Example: tx_laser_pow on
Response: NONE
Note: The transmitter setup is independent of the receiver setup.
tx_laser_pow? 2.4 Gbps Laser Query Command
Returns the status of the transmitter laser.
Example: tx_laser_pow?
Response:; TX _LASER POW ON
Note; ON indicates that the transmitter laser is enabled.

OFF indicates that the transmitter laser is disabled.
The transmitter setup is independent of the receiver setup.

tx_event_trig [ alarm | error ] Event Trigger Set Command

Selects the trigger stimulus for the rear-panel event trigger output.
Arguments: alarm: generates a trigger on each occurrence of the currently configured alarm.
error: generates a trigger on each occurrence of the currently configured error.

Example: tx_event_trig alam
Response:  NONE
Note: The event trigger will lead the preset alarm by less than 1 microsecond. It is

available at the rear panel and ¢an be used to synchronize other test equipment.

tx_event_trig? Event Trigger Query Command

Returns the value of the selected event trigger stimulus, alarm or error.
Example: bx_event_trig alarm
Response:  NONE
Note: See the Event Trigger Set Command.
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tx_input [ 1551622 | cmi | int | thru ] Tx external input selection command

Sets the source, rate, and configuration that will produce the final transmitter output

Arguments:  155: configures the transmitter output from the transmitter 155 Mb/s external optical
input
622 configures the transmitter output from the transmitter external 622 Mb/s optical
input
CMI: conligures the transmitter output from the transmitter 155 Mb/s external CMI
electrical input
int: configures the transmitter output from an internal generator
thru: configures the transmitter output from the receiver input

Example; tx_input 155

Response:  NONE

Note: The transmitter setup is independent of the receiver setup.

tx_input? TX tnput query command

Retums the status of the transmitter source, rate, and configuration.

Example: tx_input?
Response: TX_INPUT o0
Note: The response can be 155, 622, cmi, int, or thru {see tx_input command}

ST2400 2.4 Gb/s SDH/SONET Test Set 6-39



Remote Commands, SDH

External tributary insertion channel commands

tx_trib_mode [single | all] TX Mode Select Command

Selects the multiplex mode that will be used for the 2.4 Gb/s signal.

Arguments:

Example:
Response:
Notes:

tx_trib chann

single: will inser the 155 Mb/s tibutary selected into the into the channel
specified by the tx_trib_chan command.

all: will insest the 155 Mb/s tributary selected into all 16 {or the 622 Mb/s
tnbutary selected into all 4) channels in the 2.4 Gb/s transmitter output
signal,

tx_trib_mode single

NONE

This command is used with the tx_trib_chan command.

The receiver setup is independent of the transmitter setup.

TX Channel Set Command

Selects the channei that will be used as the tributary to be multiplexed with the 2.4 Gb/s signal.

Arguments

Example:
Response:
Notes:

n=from 11to 4 if the drop rate is set to 622 Mb/s,

n = from 1o 16 if the drop rate is sel to 155 Mb/s.

tx_trib_chan n

NONE

This command is external drop rate dependent, as set by the tx_input command.
When executed, this command wili generate an ERROR response if the input is
not set to one of the external modes (see the tx_input command).

The receiver setup is independent of the transmitter setup.
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STM-16 single error insertion commands

tx_serr[ b1 1 b2 | chan | b2_rem | rei]

Injects a single error of the specified type.

Arguments; b1 inverts a single bit in the b1 byte 10 generate a parity error
b2: inverts a single bit in the b2 byte to generate a parity error
chan; inserts a bit error on the channel specified by the tx_err_chan command.
b2_rem: inserts a single b2 error when the transmitter is in the external mode
with tributary insertion on channel one ot on all of the channeis.
This options only functions in the dual mode.
rei; inserts a remote error indication (rei)

Example: tx_serr b1
Response: NONE
Note: Used with the tx_err_chan command

tx_err chann

Sets the channel for a bit error on a specific STM-1 channel.

Example: tx_err_chan n (n = an integer from 1 to 16)
Response: NONE
Note: Used with the tx_serr command

The channe! will be used for a single or rate error insertion,

ST2400 2.4 Gb/s SDH/SONET Test Set 641



Remote Commands, SDH

STM-16 Error Rate Commands

tx_err_rate x.yE-z  Error Rate Generator Range Set Command

Sets the rate generator range for bit, channel, and B1 errors,

Example: tx_er_rate x.yE-z
Response:  NONE
Note: Bit and channel errors can be set to a range from 0.1e-9 to 1.0e-3

B1 errors can be set to a range from 0.1e-910 2.5e-5
See the Error Rate Injection Enable Command

tx_err_rate? Error Rate Generator Range Set Command

Returns the current error rate settings.

Example: tx_ermr_rate?
Response:  TX_ERR_RATE x.yE-z
Note: See the Emor Rate Generator Range Set Command

tx_err_ena [ b1 | bit | chan | off] Error Rate Injection Enable Command

Enables or disables error rate insertion.
Arguments;  b1: generates b1 errors at the current rate setting
bit: generates bit errors at the current rate setting
chan: generates channe! errors at the current rate setting
off: disables the error that are being generated at the current rate.
Example: {x_err_ena b1
Response:  NONE
Notes: The current rate was set by the Error Rate Generator Range Set Command

tx_err_ena? Error Rate Injection Enable Query Command

Retums the status of the Error Rate Injection Enable Command

Example: tx_err_ena?
Response: TX_ERR_ENA B1
Notes: The current status can be b1, bit, chan, or off.
tx_rei_cnt[n] Tx REI Errored Frames Count Set Command

Sets the number [n] of frames that will contain a Line REI {(Remote Error Indication) signal.
Argument:  nis a number from 1 to 255
Example: tx_rei_ent 14
Response:  NONE
Used with the burst argument of the tx_rei_ena command.

tx_rei_cnt? Tx REI Errored Frames Count Query Command

Retums the number of Line REI Signals set to be inserted in each frame.
Example; tx_rei_cnt?
Response: TX_REI_CNT 14
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See the Tx RE! Errored Frames Count Set Command.

tx_rei_secs [n.m] Tx REI Duration Set Command

Sets the duration of the Line REI {Remote Error Indication) insertion time in seconds.

Arguments: n.mis a decimal number from 0.1 to 9.9 seconds.
Example: tx_rei_secs 3.9

Response: NONE

Notes: The default value is 2.5 seconds.

Used with the timed argument of the tx_rei_gna command.

tx_rei_secs? Tx REI Duration Query Command
Returns the current settings for the Line REI duration in seconds.
Example: tx_rei_secs?
Response: TX_REI_SECS 3.9
Note: See the Tx REI Duration Set Command

tx_rei_ena[ burst | timed | cont | off ] Tx REI Enable Set Command

Enables or disables the REI {(Remote Error Indication) inserlion event.
Arguments: burst: generates one single error event for a number of frames.
timed: generates the event for the period sat
cont: generates a continuous event
off: disables the event including continuous and burst

Example: tx_rei_ena off
Response: NONE
Note: The number of errored frames is set by the tx_rei_cnt command

The duration of the timed event is set by the tx_rei_secs command

tx_rei_ena? Tx REI Enable Query Command
Retumns the current status RE inserion event.
Example: tx_rei_sna off
Response: TX_REI_ENA OFF
Note: See the Tx RE| Enable Set Command
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TOH Edit and Query Commands

The Transport Overhead edit commands tx_oh_byte, tx_oh_offset, tx_oh_pass, and
tx_oh_write can only be used after the t_oh_edit on command. Either the tx_oh_edit enter
or tx_oh_edit esc command should be used to end the editing session with or without
saving. Query commands can be used independently.

tx_oh_edit [ on | esc | enter ] TX Overhead Edit Command

This command is used to start and end, with or without saving the changes, the TOH editing session.
Arguments: on: starts the editing session
esc: ends the editing session without saving any changes
enter: saves all changes and ends the edition session

Example: tx_oh_edit on
Response: NONE
Note: This command enables and disables the use of the following commands:

tx_oh_byte, tx_oh_ofiset, tx_oh_pass, and tx_oh_write

tx_oh_edit? TX Overhead Query Command

Returns status of the TOH editing session.

Example: tx_oh_edit?
Response: TX_OH_EDITON
Note: The editing session can he either ON or OFF,

tx_oh_all? Transmit Overhead All Query Command

Returns 36 overhead bytes that include al! secticn, line, and path overhead bytes.

Example; tx_oh_all?
Response: TX_OH_ALL [n].[b}; [n],[b]; [n],[]; ... [n].[B]; [n].[b]
Note: n = the byte number from 0 to 39 and b = the byte content in hexadecimal

format, such as 0,#HF6; 1,#H28; ... etc.

tx oh_def Transmit Overhead Default Command

Sets the TOH (transmit overhead)bytes to factory default settings. This command only affects the
bytes which the user may edit.

Example; tx_oh_def
Response: NONE
Note: The factory default settings are 0 for all TOH (transmit overhead} bytes

except E1 and E2 which are set o 7F in hexadecimal format.
This command has no effect in an edit session (see th_oh_edit).
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tx_oh_byte? [s] Transmit Overhead Byte Query Command

Retumns the current value of the overhead byte [s].
Example: tx_oh_byte? [s]
Response:  TX_OH_BYTE [s],[b]
Note: s = the byte mnemonic from A1 to Z5 and b = the byle content in
hexadecimal format, such as K2 §H22
Table 6-3 Byte Mnemonics

TOH Section (Sec.) and Line Overhead Bytes
Al A2 : Joi £ ) :
B1 E1 : F1 B3
Dl D2 D3 Cc2
H1 H2 H3 G1
B2 2K K2 : F2
D4 D5 D6 H4
D7 D8 : D9 23

D10 D11 D12 Z4
St M 5 5

tx_oh_byte [s][b] Transmit Overhead Byte Set Command

Sets the specified TOH byte to any hexadecimal number between 00 and FF Hex
Example; tx_oh_byte [s],[b]
Response:  NONE
Note: s = the byte mnemonic from A1 to Z5 and b = the byte content in
hexadecimal format, such as K2, #H22
Enabled and disabled by the tx_oh_edit command

Table 64 Byte Mnemonics
TOH Section (Sec.) and Line Overhead Bytes POH Bytes
J

Al A2 ) Vi
B1: E1 Fi B3 V2
D1 D2 D3 c2 V3

H H2 H3 G1 V4
B2 K1 K2 F2
D4 D5 D6 H4
D7 D8 D9 z3

D10 bt = Dpio z4
S Mi E2 s
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tx_oh_offset [n],[b] Transmit Overhead Offset Byte Set Command

Sets the overhead byte associated with oftset {n) to any hexadecimal value (b} from 00 to FF
Example: tx_oh_offset 1,AA
Response: NONE
Notes: [n},[b] (n = offset and b = the byte in hexadecimal format)
The table below list each TOH byte mnemonic and its offset.
Enabled and disabled by the tx_oh_edit command

Table 6-5 Byte Mnemonic and Ofiset
Sec. A1: 00 A2 01 Jo:02 J1:.03 V1: 36
Sec. B1:04 E1.05 F1. 06 B3: 07 va. 37

Sec. D1: 08 D2: 09 D3:10 ca2: 11 V3: 38

Line H1: 12 H2: 13 H3: 14 G1: 15 V4: 39
Line B2: 16: K1:17 K2: 18 F2:19
Line D4: 20 D5: 21 D6: 22 H4: 23
Line D7: 24 D8 25 D9: 26 Z3:. 27
Line D10: 28 D11:29 D12: 30 Z4: 3
N St32 M1:33 E2: 34 25:35

tx_oh_offset? [n] Transmit Overhead Offset Query Command

Retums the overhead byte associated with offset [n]

Example: tx_oh_offset? [n)

Response: TX_OH_OFFSET [n],[b] {n = offset and b = the byle in hexadecimal format)

Note: offset mapping is shown with the tx_oh_offset [n],[b] command.
tx_oh_pass[1..91all] Transmitter Overhead Pass

Sets the overwrite/pass atinbute of the specified group to pass
Arguments; 1 =the E1 byle; 2 = the F1 byte; 3 = bytes D1 through D3;
4 = bytes K1 and K2; 5 = bytes D4 through D12; & = byte S1;
7 = byte M1; 8 = byte E2; 9= byte JO; or all = bytes listed.

Example: tx_oh_pass 4

Response; NONE

Note: Enabled and disabled by the tx_oh_edit command
tx_oh_write [ 1...91 all ] Transmitter Overhead Write

Sets the attribute of the specified group to overwrite.
Arguments: 1 =the E1 byte; 2 = the F1 byte; 3 = bytes D1 through D3;
4 = byles K1 and K2; 4 = bytes D4 through D12; 6 = byte 51;
7 = byte M1, 8 = byte E2; 9= byle JO; or all = bytes listed.
Example; tx_oh_write 4
Response:  NONE
Note: Enabled and disabled by the tx_oh_edit command
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tx_ oh_b pass[ ctlel|fildl|klidd4lz2Is1ie2]all]

Sets the overwrite/pass attribute of the specified group to pass.
Example:  tx_oh_b_pass k1
Response:  NONE
Note: Uses character names for the bytes instead of numbering the groups.
d1 sets d1...d3, k1 sets k1 & k2, d4 sets d4...d12
Returns “NONE" when queried if no bytes are in overwrite mode.
Enabled and disabled by the tx_oh_edit command

tx oh_b write[ cl1lellfiidilki!d4lz2ist1]1e2]lall]

Sets the atiribute of the specified group 1o overwrite,
Example:  tx_oh_b_wrile d1
Response:  NONE
Note: Uses character names for the bytes instead of numbenng the groups.
d1sets di...d3, k1 sets k1 & k2, d4 sets d4...d12
Returns “NONE" when queried if no bytes are in overwrite mode,
Enabled and disabled by the tx_ch_edit command
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Repeat Errors

re_type? Repeat error Query Command
Query error for the error type selected.
Example: re_type?
Response: RE_TYPE? [error type]
Note: Error types are listed with the Set Repeat Error Type Command
re_type [ b1 | bit | chan | off ] Set Repeat Error Type
Sets the recurring error type to be injected.
Arguments b1: b1 error
bit: bit error

chan: channel error
off: Disables all recurrent errors

Example: re_type b1
Response: NONE
Note: Only one efror can be active. Enabling any error will disable all others.

Errors are injected a rate for an period of time.
Repeat errors use the rate set by each individual transmit error command
listed under STM-16 error rate commands.

re_inject [n.m] Repeat Error Inject Command

Sets the on-time for the recurring error injection period from 0.1 to 9.9 seconds
Example: re_inject [n.m}
Response:  NONE

re_inject? Repeat Error Inject Query Command

Returns the on-time for the recurming error injection peried (cycle).
Example:  re_inject?
Response:  RE_INJECT [n.m] (n.m = seconds in decima! from 0.1 to 9.9)

re_wait [n.m] Repeat Error Wait Command

Sets the off-time for the recurring error injection period from 1.0 o 30.0 seconds
Example: re_inject in.m}
Response:  NONE

re_wait? Repeat Error Wait Query Command

Retums the off-time for the recurring error injection peried (cycle).
Example: re_wait?
Response:  RE_WAIT [n.m] (n.m = seconds in decimal from 1.0 to 30.0)
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re_enable [ on | off ] Repeat Error Enable Set Command
Controls the repeat error cycle using preset conditions.
Arguments; on: activates the repeat error cycle
off: halts the current repeat etror cycle
Example: re_enable on
Response: NONE
Note: Before using this command, the preset condilions can be review using the

Repeat Error Query commands: re_type?, re_inject? and re_wait?

re_enable? Repeat Error Enable Query Command
Returns the status of the Repeat Error Enable Set Command
Example: re_enable?
Response: RE_ENABLE ON
Note: The Repeat Error Enable Set Command can be either ON or OFF

Alarms

alm_clear Alarm Clear Command

Tums off all alarm conditions in progress and disables all continuous alarm conditions,

Example: alm_clear
Response: NONE
Note: This command has the same function as the alm_enable off command.

alm_enable [burst | multi | timed | off] Alarm Enable Command

Executes or stops the execution of the alarm conditions that were configured by other commands.
Arguments: burst: generates one single alarm event set by the alm_count command
multi: generates continuous alarm events
timed: generates a timed alarm set by the alm_secs command,
off: stops all alarms events including continuous and burst

Example: alm_enable burst
Response: NONE
Note: Alarm events inctude all continuous alarm cenditions and current burst

alarm conditions if the burst is in progress.

alm_enable? Alarm Enable Query Command
Returns the stalus of the alarm condition set by the Alarm Enable Set Command
Example: alm_enable?
Response; ALM ENABLE MULT!
Note: See the Alm Enable Set Command.
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alm_burst[ocofirdill_ais |l clir] Alarm Burst Command

Specifies which alarm condition will be generated when the alarm enable is set to burst.
Argument: oof: Out Of Frame
rdi: inserts a Remote Defect Indication
|_ais: Line Alarm Indication Signal
clr: clears the burst alarm condition

Example: alm_burst oof
Response: NONE
Note: Only one alarm condition at a time can be generated in the burst mode.

See the alm_enable command.

alm_burst? Alarm Burst Query Command
Returns the status of the alarms set by the Alarm Burst Set Command
Example: alm_burst?
Response; ALM_BURST OCF
Note: Only ane alarm condition at a time can be generated in the burst made.

See the alm_enable command.

alm_timed [ oof I rdil l_ais | clr] Alarm Timed Set Command

Specifies which alarm condition will be generated when the atarm made is set to timed,
Argument: oof; Out Of Frame
rdi: inserts a remote defect indication (rdf)
|_ais: Line Alarm Indication Signal
clr: clears the burst alarm condition
Example: alm_timed rdi
Response: NONE

alm_timed? Alarm Timed Query Command
Retums the status that was set by the Alarm Timed Set Command
Example: alm_timed?
Response: ALM_TIMED CLR
Note: See the Alarm Timed Set Command.
alarm_multi [ oof I rdi | 1 ais | clr ] Alarm Multiple Set Command

Specifies which alarm condition will be generated when the alarm mode is set to muliiple.
Argument; oof: Qut Of Frame
rdi: inserts a remote defect indication (rdi)
I_ais: Line Alarm Indication Signal
clr: clears the burst alarm condition
Example: alarm_multi [_ais
Response: NONE
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alm_multi? Alarm Multiple Query Command
Returns the status that was set by the Alarm Multiple Set Command
Example: alm_multi?
Respanse: ALM_MULTICLR
Note: See the Alam Multiple Set Command.
alm_count [n] Alarm Count Command
Sets the alarm burst duration to on for a specified number of frames from 1 to 127
Example: alm_count 40
Response: NONE
Notes. Use the alm_enable burst command lo executed the alarm condition.

The default is 5 frames.

alm_count? Alarm Count Query Command
Retums the current valu of the alarm burst duration for the specified number of frames.
Example; alm_count?
Response:  ALM_COUNT 40
Note: See the Alarm count Set Command

alm_secs[n.m ] Alarm Seconds Set Command

Sets timed alarm duration in seconds

Argument: n.m:is from 0.1to 9.9 seconds. seconds.

Example: alm_secs 2.5

Response: NONE

Note: n.m defaults to 2.5 seconds during the power—on sequence.

alm_secs? Alarm Seconds Query Command

Retums the set duration of the Timed Alarm in seconds

Example: alm_secs?
Response: ALM_SECS 25
Note: See the Alarm Seconds Set Command
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Repeat Alarms

ra_type [ los | oof | rdi | | _ais ] Repeat Alarm Select Command

Specities which alarm condition will be generated, repetitively, when started.
Argument: los: inserts a Loss Of Signal
oof; inserts an Out Of Frame Signal
rdi; inserts a Remote Defect Indication
|_ais: inseris a Line Alarm Indication

Example: ra_type los
Response: NONE
Note Used with the ra_start command.
ra_type? Repeat Alarm Select Query Command
Retums the specific alarm condition o be generated, repetitively, when started.
Example: ra_type?
Response: RA_TYPE LOS
Note: Used with ra_type command
ra_inject[ n.m] Repeat Alarm Inject Set Command

Sets the amount off alarm injection time from 0.1 to 1.0 seconds
Argument:  n.m = a decimal number from 0.1 to 1.0
Example: ra_imject 0.4
Response;  NONE

ra_inject? Repeat Alarm Inject Query Command
Retumns the currently set Repeat Alarm injection time (on-time} in seconds
Exampie: ra_inject?
Response:  RA_INJECT 04
Note: See the Repeat Alarm Inject Set Command
ra_wait [ n.m ] Repeat Alarm Wait Set Command

Sets the amount off wait time (off-time) between alarm injections from 9.9 to 30.0 seconds
Argument:  n.m = a decimal number from 9.9 to 30.0
Exampie: ra_wait 15.5
Response:  NONE

ra_wait? Repeat Alarm Wait Query Command

Retums the currently set Repeat Alarm wait time (off-time) in seconds
Example: ra_wait?
Response: RA_WAIT 15.5
Note; See the Repeat Alarm Wait Set Command
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ra_enable [ on | off ] Repeat Alarm Enable Set Command
Contrels the repeat alarm cycle using preset conditions.
Arguments: on: activates the repeat alarm cycle
off: halts the current repeat alarm cycle
Example: ra_enable on
Response: NONE
Note: Before using this command, the preset conditions can be review using the

Repeat Alarm Query commands: ra_type?, ra_inject? and ra_wait?

ra_enable? Repeat Alarm Enable Query Command
Returns the status of the Repeat Alarm Enable Set Cormmand
Example: ra_enable?
Response: RA_ENABLE ON
Note; The Repeat Alarm Enable Set Command can be either ON or OFF
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Loss Of Signal

los_enab Loss Of Signal Enable Command

Enables the LOS event for the amount of time specified by los_time.
Example: los_enab
Response: NONE

los_timen Loss Of Signal Time Command

Set Loss of Signal event to a specific amount of time from 1 to 127 microseconds

Example: los_time 50
Response: NONE
Note: In the example the LOS will last for 50 microseconds

los_time? Loss Of Signal Time Query Command

Retumns the LOS time duration in microseconds

Example: los_time?
Response: LOS_TIME n (n = a decimal quantity from 1 to 127 microseconds)
los_secs[n.m] Loss Of Signal Set Command
Sets the timed LOS event to a duration from 1.0 to 9.9 seconds
Argument n.m = a decimal number from 1.010 9.9
Example; los_secs 4.0

Response; NONE

los_secs? Loss Of Signal Query Command
Returns the duration in seconds that is set for the timed LOS event
Example: los_secs?
Response: LOS SECS 4.0
Note: See the Loss Of Signal Set Command
los_tm_enab Loss Of Signal Enable Command

Enables the LOS event for the amount of time specified by los_secs command.
Example; los_tm_enab
Besponse: NONE

los_off Loss Of Signal Disable Command

Disables the LOS event currently being generated,
Example: los_off
Response: NONE
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los _cont

Generates a continuous LOS event.
Example: los_cont
Response: NONE

los_active?

Queries the current condition of the LOS event,
Example:; los_active?
Response: LOS_ACTIVE ON

Remote Commands, SDH

Note: ON indicates that the LOS event is currently activated,

OFF indicates that the LOS event is inactive.
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General Specifications

Temperature Ranges
Operating Temperature: 0 to 40 degrees Centigrade

Storage Temperature: O to 60 degrees Centigrade

Dimensions and Weight
Approximately 4.57 (11.6 cm) Hx 14.5” (372 cm) W x 17.57 (449 cm) D

The weight is 25 pounds (11.4 kilograms) maximum,

Power

Voltage Requirements: auto-ranging 110 (90 to 135) VAC or
220 (180 to 270) VAC, 47-63 Hz

Power Consumption: 250 watts maximum

Generator Specifications

155 Mb/s Source Modes

These modes are valid for the optical or CMI inputs.

155 All (Replicate) Mode
Data: 2.488 Gb/s output is made from 16 copies of the incoming 155 Mb/s data.

155 Single Channel Mode

Data: 2.488 Gb/s output is made from 1 copy of the incoming 155 Mb/s data in a user
sclected channel. The remaining 15 channels are filled with an unequipped pattern.
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622 Mb/s Source Modes

These modes are valid for the optical input.

622 All (Replicate) Mode
Data: 2.488 Gb/s output is made from 4 copies of the 622 Mb/s incoming data.

622 Single Channel Mode

Data: 2.488 Gb/s output is made from | copy of the incoming 622 Mb/s data in a user
selected channel. The remaining 3 channels are filled with an “‘unequipped” pattern.

Internal Mode
This mode requires no external test equipment to generate a valid 2.488 Gb/s output.
e Data: 2.488 Gb/s output is made with an “unequipped” pattern,

e Default Overhead: At and A2 are sct to (hexadecimal) F6H and 28H,
respectively; the JO bytes are numbered from 1 to 48; Hl and H2
bytes are set to 60H in a SONET network; B1 contains B1 BIP and
B2 contains B2 BIP; all other overhcad bytes and the payload are
equal O0H.

THRU (Through) Mode

This mode is only usable when the receiver is framed to a valid 2.488 Gb/s SDH/SONET
signal.

» Data: 2.488 Gb/s output is copied from the incoming 2.488 Gb/s
signal

¢  Default Overhead: Copied from the incoming 2.488 Gb/s signal
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Overhead Manipulation Specifications
The SOH and LOH are constructed as follows:

Overhead bytes are copied from the multiplexed tributary. In the Al mode copies are used to
fill the entire OC-48 overhead, in the Single mode one copy is sent to the selected channel
and the remaining channels are filled with the Uncquipped channel overhead. In the Internal
mode all channels are filled with the Unequipped channel overhead. In through mode the
overhead is copied from the in coming OC-48. The J(} bytes are numbered 1 to 48, the first
STS-1 of the OC-48 signal overhead bytes can be edited by the user (see below), error
injection can be added, and finally B1 and B2 parity bytes arc calculated.

Overhead byte editing.

The following bytes of the first STS-1 of the OC-48 frame can be edited and selected
individually or as a group.

JO, E1, FL, D1-I3 (group selected), K1, K2, D4-D12 (group selected), S1, 22, E2

These bytes of the first STS-1 of the OC-48 frame CANNOT be edited: Al, A2, BI,
H1-H3, B2.

Overhead Bytes Generated by the ST2400:

BYTE Description:

JO STS 1 Channels are numbered 1 to 48.

B2 STS channels 1 and 3 only , with calculated Line BIP-8 parity.
B1 STS channel 1 only with calculated Section BIP-8 parity.

Unequipped channel Overhead content:

Default Overhead: Al and A2 are set to hexadecimal F6H and 28H, respectively; the JO
bytes are numbered from 1 to 48; the H]1 and H2 bytes are set to 60H in a SONET
network; B1 equals B1 BIP and B2 equals B2 BIP; all other overhead bytes and the
payload are equal OOH,
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Error Injection

Error Rates: All error rates, except B1, can be selected in the form X. Y ¢-Z.
The rates range from 1.0e-3 to 0.1e-9.

B1 Section single error or error rate is generated by inverting a random bit in the byte. The
rate rangers from 2.5¢-5 to 0.1e-9.

Selected Channel: Single error or error rate, caused by inverting a random bit in a specific
STS-1/STM-1 of the 2.488 Gb/s signal.

All channels: Single error or error rate, caused by inverting a random bit in the 2.488 Gb/s
signal.

L-FEBE: The STS channel 3 Z2 byte is overwritten to convey the error count.

Alarm Generation

L.OS: 2.488 Gb/s output is forced to all zeros for a user selected time, from 1 to 127
microseconds with a resolution of I microseconds, or 0.1 to 9.9 seconds.

LOF, OOF: All of the A1 and A2 byies of the 2.488 Gb/s output are inverted for a user
selected time. The time is selected in frames, up to 127 or continuous, or 0.1-9.9 seconds.

[.-AlS: The LOH and the entire SPE are set to all ones for a user selected time. The time
is selected in frames, up to 127, or 0.1 to 9.9 seconds, or continuous,

L-FERF: The '1 10" code is set in the three least significant bits of the K2 byte for a user
selected time. The time is selected in frames, up to 127, or 0.1 to 9.9 seconds, or continuous.

Source Monitoring

The SONET inputs to the generator section are monitored to ensure valid signals for
multiplexing and timing generation.

1LOS: Detects the Loss of Signal alarm by monitoring the inputs for activity.

LOF: Detects the Loss of Frame alarm by monitoring an OOF condition for 3 ms.

ST2400 2.4 Gb/s SDH/SONET Test Set ‘ A5



Specifications, SDH

Analyzer Specifications

Measurements

B1 Errors: The 2.488 Gb/s input is monitored for Section level errors by comparing the Bl
byte to the calculated BIP-8 parity. The errors are detected and counted. They can be
displayed as a total error count or an error rate in the form X. Y e -Z

B2 Errors: The 2.488 Gb/s input is monitored for Line level errors by comparing the 48
B2 bytes to the calculated BIP-8 x 48 parity. The errors are detected and counted. They
can be displayed as a total error count or an error rate in the form X.Y ¢ -Z

Line FEBE: The 2.488 Gb/s input is monitored for Line level FEBE in the third M1. The
FEBE:s are detected and counted. They are displayed as a total error count.

Alarms Detection

LOS: 2.488 Gb/s input is monitored for the all zero condition. When the 2.4 Gb/s signal has
been off for more than 2 microseconds the LOS condition is declared. The LOS alarm will
assert no later than 127 microseconds after receiving the low signal (all zero) condition.

LOF, OOF: The last Al byte and the first two A2 bytes (Al, A2, A2) of the 2.488 Gb/s
input are monitored for errors. If 4 or more consecutive frames have errors QOF is
declared and reframing is attempted. If QO¥F persists for more than 3 milliseconds LOF is
declared.

AIS: The K2 byte is monitored for the occurrence of all ones in the three least significant
bits.

¢ SONET: If it occurs in 5 consecutive frames Line AIS is declared.

FERF: The K2 byte is monitored for the occurrence of the '110' code in the three least
significant bits.

¢ SONET: If it occurs in 5 consecutive frames Line FERF is declared.

Overhead Display

Approximately every 100 milliseconds cach byte of the STS-1 Transport Overhead is
extracted and displayed.
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APS Display

Approximately every 100 milliseconds the K1 and K2 bytes are extracted. The bytes are
decoded, according to Bellcore GR-253-CORE, inio the APS messages, modes and
channels and displayed.

SONET/SDH Drop Modes

The analyzer drops a SONET/SDH signal at either 155 Mb/s or 622 Mb/s. A valid
SONET/SDH signal is constructed from a fraction of the 2.488 Gb/s input data and
overhead.

155 Drop Mode

Data: User selects 1 of the 16 channels in the 2.488 Gb/s input data to copy to the drop
signal.

Overhead: B1, B2 recalculated by the ST2400.

HI1, H2, H3, Al, A2, JO are copied from the selected drop channels.

The remainder of the drop signal is copied from the first three STS-1 channels of the 2.488
Gb/s input.

Output: This mode is valid on the optical and electrical ({CMI) outputs.

622 Drop Mode

Data: User selects 1 of the 4 channels in the 2.488 Gb/s input data to copy to the drop
signal.

Overhead: B1, B2 are recalculated by the ST2400
H1, H2, H3, Al, A2, JO are copied from the sclected drop channels.

The first three STS-1 channels of the remainder of the drop signal are copied from the first
three STS-1 channels of the 2,488 Gb/s input. The last nine STS-1 channels of the remainder
are copied from the selected drop channel.

Output: This mode is valid only on the optical output
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Input and Output Specifications, Generator

Option #s
since 11/96

Laser

Transmit or
Transceiver

Specifications

12

1310

Transmit only

Type: DFB laser diode, Wavelength: 1310 + 10 nm

Average power: 3 dBm to -2 dBm minimum

Spectral Width: 1 nm (0.3 nm typical) Extinction Ratio: 10 dB
minimum

Category: LR-1

13

1310

Transceiver

Type: DFB laser diode, Wavelength: 1310 + 10 nm

Average power: 3 dBm to -2 dBm minimum

Spectral Width: 1 nm (0.3 nm typical) Extinction Ratio: 10 dB
minimum

Category: LR-1

14

1550

Transmit only

Type: DFB laser diode, Wavelength: 1550 + 10 nm
Average power: 3 dBm to —2 dBm minimum

Spectral Width: 1 nm {0.3 nm typical), Extinction Ratio: 10
dB minimum

Category: LR-2

15

1550

Transceiver

Type: DFB laser diode, Wavelength: 1550 + 10 nm
Average power: 3 dBm 1o -2 dBm minimum

Spectral Width: 1 nm (0.3 nm typical), Extinction Ratio: 10
dB minimum

Category: LR-2

16

1310/
1550

Transmit only

Type: DFB laser diode, Wavelength: 1550 = 10 nm
Average power: 3 dBm to —2 dBm minimum
Spectral Width: 1 nm (0.3 nm typical), Extinction Ratio: 10
dB minimum
Category: LR-2

and
Type: DFB laser diode, Wavelength: 1310+ 10 nm
Average power: 3 dBm to -2 dBm minimum
Spectral Width: 1 nm (0.3 nm typical) Extinction Ratio: 10 dB
minimum
Category: LR-1

17

1310/
1550

Transceiver

Type: DFB laser diode, Wavelength: 1550 + 10 nm
Average power. 3 dBm to -2 dBm minimum

Spectral Width: 1 nm {0.3 nm typical), Extinction Ratio: 10
dB minimum

Category: LR-2

and
Type: DFB laser diode, Wavelength: 1310 + 10 nm
Average power. 3 dBm to -2 dBm minimum
Spectral Width: 1 nm (0.3 nm typical) Extinction Ratio: 10 dB
minimum
Category: LR-1

See the following note on the next page:
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Note to previous table:

Older units may have 1310 lasers with the following specifications:

Type: DFB laser diode, Wavelength: 1310 nm Typical {1280 nm -1335 nm)
Average power: 3 dBm to -2 dBm minimum

Spectral Width: 1 nm, Extinction Ratio: 10 dB minimum

Category: IR-1

Older units may have 1550 lasers with the following specifications:

Type: DFB laser diode, Wavelength: 1550 nm Typical (1480 nm -1580 nm)
Average power: 3 dBm to -2 dBm minimum

Spectral Width: 1 nm, Extinction Ratio: 10 dB minimum

Category: IR-2

Signal Name: 2.488 Gb/s Output Data
Connector: FC/PC (standard), SC, or ST available

This output can be “locked out” for safety (as U.L. safety requirements specify) using the
rear panel key switch or remote interlock.

Fiber Type: Single Mode

Description: Primary output to device under test

Signal Name: 155 Mb/s / 622 Mb/s Input Data
Connector: FC/PC (standard), SC, or ST available, Type: Optical
Wavelength: 1310 nm, Maximum Input; -8 dBm

Sensitivity: —28 dBm minimum

Category: IR-1

Fiber Type: Multi-Mode

Description: 155 or 622 Mb/s data input to multiplexer, intended for connection to
supplemental test equipment.

Signal Name: 155 Mb/s Electrical Input
Connector;: BNC - 75 Q
Type: CMI per Bellcore GR-253-CORE and CCITT Rec. G.708, G.709

Description: 155 Mb/s electrical data input to multiplexer, intended for connection to
supplemental test equipment.
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SYNC Output

SYNC Output (Clock Trigger) is an AC-coupled output. The voltage level is

500 mV peak-to-peak minimum, This output needs a 50-Ohm termination to work
properly. This output is used to trigger a oscilloscope to measure the eye diagram of an
OC-48/STM-16 signal.

Frame Sync:
Connector: BNC - 50  Type: ECL with internal pull-down, series 50 ohm,

Description: Derived from generator, pulse width of 16 bits |

Event trigger:
Connector: BNC - 50 €2 Type: TTL
Description: Active during LOS, LOF, AIS, FERF, Error Inject, or TOH byte edit.

Input and Output Specifications Analyzer

Signal Name: 2.488 Gb/s Input Data
Connector: FC/PC (standard), ST, or SC available
Type: InGaAs APD optical receiver

Wavelength: 1310/ 1550 nm

Maximum Input: —10 dBm (damage may result)
Sensitivity: —29 dBm minimum @ 107 BER
Category: LR-2

Fiber Type: Single Mode

Description: Primary input from device under test
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Signal Name: 155 Mb/s / 622 Mb/s Output Data
Connector: FC/PC (standard), ST, or SC available

Type: Optical

Wavelength: Wavelength: 1310 nm (1273 to 1355 nm)
Average Power: —15 dBm minimum

Maximum Average Power: -8 dBm

Category: 1R-1

Fiber Type: Single Mode

Description: 155 or 622 Mb/s data output from demultiplexer, intended for connection to
supplemental test equipment.

Signal Name: 155 Mb/s Electrical Output
Connector: BNC - 75 Q
Type: CMI per Bellcore GR-253-CORE and CCITT Rec. G.708, G.709

Description: 155 Mb/s electrical data output from demultiplexer, intended for connection
to supplemental test equipment.

GPIB I/O
Connector, signal ievel, and protocol per IEEE 488.2

Description: Byte serial industry standard instrument interface, used for remote or
automated control of the ST2400.

Serial I/O
RS232C Connector, signal level and protocol per ANSI RS-232C

Description: Bit serial industry standard interface, used for remote control and software
download of the ST2400. External null modem not required.

ST112-R8232C Connector, signal level and protocol per ANSI R§-232C

Description: Bit serial interface, used for directly connecting to an ST112 for combined
mode operation. External nuli modem is not required.
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Printer Output
Connector: DB-25, Signal: TTL

Description: Byte serial ASCH printer interface. Follows industry standard DB-25
translation of Centronics interface
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Synchronization Specifications

Generator Timing

The 2.488 Gb/s output can derive synchronization from three different sources. These
sources are only valid in the indicated modes.

External Timing:

The output timing is obtained by phase lock loop (PLL) multiplying the clock recovered from
the source 155/622 Mb/s SONET/SDH signal. This timing mode is valid if the gencrator is in
EXT (external) mode. To obtain loop timing in these modes the supplemental test equipment
providing Path and payload testing must be set to loop timing. This is the only generator
timing mode valid with external lower rate test equipment.

Source Frequency Range: 155.52 Mb/s +£100 ppm or 622.08 Mb/s + 100 ppm

Loop Timing (THRU Mode):

The output timing is obtained from the 2.488 Gb/s SONET/SDH signal input to the
analyzer. The clock recovered from this input generates the output signal.

Source Frequency Range: 2.48832 Gb/s £20 ppm.

Internal Timing:

The output timing is obtained from an internal clock source. This timing mode can be used
if the generator is in internal mode operating stand-alone.

Output Frequency Accuracy: 2.48832 Gb/s 20 ppm.
Output Jitter: Meets Bellcore GR-253-CORE and ITU G.783, G.81S

Analyzer Timing

Analyzer Clock Recovery
Input Frequency Range: 2.48832 Gb/s +20 ppm.
Input Jitter Tolerance: Meets Bellcore GR-253-CORE and ITU G.783, G.818
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155/622 Mb/s Output Timing
Derived by dividing the clock recovered from the Analyzer 2.488 Gb/s input,

Jitter Transfer

ST2400 litter Transfer is a function of the clock recovery, clock multiply, and/or clock
divide function in the Transmitter or Receiver. The Transmitter recovers clock from the
155 MHz or 622 MHz inputs, then multiplies them up to 2.488 GHz. In THRU Meode, the
Transmitter gets a 78 MHz clock from the Receiver and multiplies that to 2.488 GHz. The
Receiver divides its input 2,488 GHz clock o 155 MHz or 622 MHz for the tributary drop
rates, or to 78 MHz for the Transmitter in THRU Mode. The resuiting maximum peak-
peak Jitter Gain is shown in the 1ables and diagram below.

A |

|

Gain E
B l :
: i
! i
30 KHz, 300 KHz.
Frequency

SONET Jitter Transfer A B
QC-3 input to OC-48 Tx output 25db 10db
CMI input to OC-48 Tx ocutput 25db 10db
0C-12 input to OC-48 Tx output 15db -5db
OC-48 Rx input to OC-48 Tx output 3db J3db
QC-48 Rx input to OC-3 output —24db —24db
OC-48 Rx input to CMI output —24db —24db
OC-48 Rx input to OC-12 output —12db —12db
SDH Jitter Transfer A B
STM-1 input to STM-16 Tx output 25db 10db
CM input to STM-16 Tx output 25db 10db
STM-4 input to STM-16 Tx output 15db -5db
STM-16 Rx input to STM-16 Tx output 3db 3db
STM-16 Rx input to STM-1 output ~24db —24db
S5TM-16 Rx input 1o CMI output —24db —24db
STM-16 Rx input to STM-4 output -12db -12db
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cables, 5-4
command format, 5-5
CITOT messages, 5-5
overview, 5-2
paramcters, overview, 3-3
pinout, 5-3
protocol, 5-4
quick test, 5-4
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