Quad T1/E1/J1 Transceivers

GENERAL DESCRIPTION

The DS21455 and DS21458 are quad monolithic
devices featuring independent transceivers that
can be software configured for T1, El, or J1
operation. Each is composed of a line interface
unit (LIU), framer, HDLC controllers, and a
TDM backplane interface, and is controlled via
an 8-bit parallel port configured for Intel or
Motorola bus operations. The DS21455* is a
direct replacement for the older DS21Q55 quad
MCM device. The DS21458, in a smaller
package (17mm CSBGA) and featuring an
improved controller interface, is software
compatible with the older DS21Q55.

*The JTAG function on the DS21455/DS21458 is a single
controller for all four transceivers, unlike the DS21Q55, which has
a JTAG controller-per-transceiver architecture.

APPLICATIONS

Routers

Channel Service Units (CSUs)
Data Service Units (DSUs)
Muxes

Switches

Channel Banks

T1/E1 Test Equipment

ORDERING INFORMATION

PART TEMP RANGE PIN-PACKAGE
o o 256 BGA
DS21455 0°Cto+70°C o )
o o 256 BGA
D2 A€ (27mm x 27mm)
DS21458 0°C to +70°C 256 CSBGA
(17mm x 17mm)
DS21458N 40°C 1o +85°C 220 CSBGA
(17mm x 17mm)

DALLAS is a registered trademark of Dallas Semiconductor Corp.
MAXIM is a reqistered trademark of Maxim Integrated Products, Inc.

FEATURES

Four Independent Transceivers, Each Having
the Following Features:

=  Complete T1 (DS1)/ISDN-PRI/J1
Transceiver Functionality

* Complete E1 (CEPT) PCM-30/ISDN-
PRI Transceiver Functionality

* Short- and Long-Haul Line Interface for
Clock/Data Recovery and Waveshaping

* CMI Coder/Decoder

= (Crystal-Less Jitter Attenuator

* Fully Independent Transmit and Receive
Functionality

* Dual HDLC Controllers

*  On-Chip Programmable BERT Generator
and Detector

* Internal Software-Selectable Receive-
and Transmit-Side Termination Resistors
for 75Q/100Q/120Q T1 and E1
Interfaces

* Dual Two-Frame Elastic-Store Slip
Buffers that can Connect to
Asynchronous Backplanes Up to
16.384MHz

= 16.384MHz, 8.192MHz, 4.096MHz, or
2.048MHz Clock Output Synthesized to
Recovered Network Clock

*  Programmable Output Clocks for
Fractional T1, E1, HO, and H12
Applications

* Interleaving PCM Bus Operation

= 8-Bit Parallel Control Port, Multiplexed
or Nonmultiplexed, Intel or Motorola

= JEEE 1149.1 JTAG-Boundary Scan

= 3.3V Supply with 5V Tolerant Inputs and
Outputs

= DS21455 Directly Replaces DS21Q55

= Signaling System 7 (SS7) Support

=  RAI-CI, AIS-CI Support

Note: Some revisions of this device may incorporate deviations from published specifications known as errata. Multiple revisions of any device
may be simultaneously available through various sales channels. For information about device errata, click here: www.maxim-ic.com/errata.

10of 270

Downloaded from Elcodis.com electronic components distributor

REV: 040804


http://elcodis.com/parts/4000146/DS21455.html

DS21455/DS21458 Quad T1/E1/J1 Transceivers

DOCUMENT REVISION HISTORY

REVISION

CHANGES

040804

New Product Release.

Downloaded from Elcodis.com electronic components distributor

2 of 270


http://elcodis.com/parts/4000146/DS21455.html

DS21455/DS21458 Quad T1/E1/J1 Transceivers

TABLE OF CONTENTS
1. [ T 0 | e [ 9
IR S 3 Y 1Y 1 SRR SR 10
2, FEATURE HIGHLIGHTS ... ceeiiccirerissmre s s smse s s s smse e s s s smne s s s ssne e s s ssme e s ssssme e s ssssmsesasssnsenssssnnesssesnnssnsnnenssssnnens 11
2t T € 1= N = Y PSPPSR 11
DA W N = N = X = SRR PTSSR 11
2.3 CLOCK SYNTHESIZER ...cettiutittteiiiieeeaauieeeeaasteeeaasteeeeaseeee e e ssee e e e nseeeeaansteeeeanbeeeeanbeeeeannnes 11
2.4 JITTER ATTENUATOR ...ettiiittiiee ittt e saitteee e et eeeaasseeeeeasste e e e e sse e e e e nseeeeaansteeeeannbeeeeenbeeeeeannes 12
2.5 FRAMER/FORMATTER ...oiiiiiutiiieiitteteesettteeesssteeeaaseeeesansseeaeassseae s nsseeeaansseeeeannseeeeanseeeenannees 12
2.8 SYSTEM INTERFACE......ciiiiittiiieiitieieeeetteeeestteeeaaseeeeeasseeee e sseeeeaanseeeeaansseeeeasseeeeansseeaeaanses 13
2.7 HDLC CONTROLLERS ....ccittttieitteteeiatsteeesasseeesasseaasassseesaassseeeaansseeeaansseeesasseeesansseessssnsees 13
2.8  TEST AND DIAGNOSTICS ...uuuiiiieiiiiieeieiiteeesetteeeaesteeesasseeaeassseaesanseeaeaansaeeesasseeeeennseeaeennseas 13
2.9  EXTENDED SYSTEM INFORMATION BUS ...cciiiiiiiiiiice et 14
2. 10 CONTROL PORT .ottt ettt ettt e e et e e e e e e e s e e e e s e e e e e nsbee e e e nseeeeeanseeaeennnes 14
3. BLOCK DIAGRADM ... cceieiiceieessssmeessssmeessssms e s ssssmsesssssnsessssssnessssssneesssssnsesssssnsesssssnsesssssnnesssnnenssnsnnesssssnnens 15
4, DS21455/DS21458 DELTA .......coiiiiiceeiiiiire e sssme s s s s e s ms e s s s mn e s s s mn e s s s s e e s s e e e s s mn e e e s an e e s s emne s mnn e e e nnnn s 17
4.1 PACKAGE ...ttt ettt ettt e e ettt e e ettt e e e et e e e e b e e e e e ne e e e e anat e e e e nnne e e e annreeeeanneeens 17
4.2 CONTROLLER INTERFACE......cciiiiiitieieitittesatteeesasteeesasseeeeanssseaeaanseeeeaansseeesasseaeeansseeeesnnsees 17
R I Y| = N LU N o T N SRRSO 17
4.4 FRAMER/LIU INTERIM SIGNALS .....otiiiittiiieiiiiieesatteeeseiteeesasseeeeanseeesssnsseeesasseeesasseeeeanneeas 17
5. PIN FUNCTION DESCRIPTION.......ciiiiiiiriirrerisssne e sssme s ssme e s s ssme e s s ssme s ssme s s mn e s s mn e s s s smn e s s smnn e s ssmnnes 20
5.1 TRANSMIT SIDE PINS ..oiiiiitiiiieitiiee e ettt e ettt e st e e e ettt e e e sttt e e e st e e e ssseeeeaenseeeesnnsseeeeansneeess 20
5.2 RECEIVE SIDE PINS ...oiiiiitiiiie ittt ettt e ettt ettt e e e ettt e e e st e e e st e e e sssseeesnnseeeesensseeeeannneeeas 22
5.3  PARALLEL CONTROL PORT PINS ...ciitiiiieiiiiiie ittt e st e ettt e et et a e s e e e ssneeaeannneee s 24
5.4  EXTENDED SYSTEM INFORMATION BUS .....ouiiiiiiiiiieiiiiii ettt a e 26
55  JTAG TEST ACCESS PORT PINS...itiiiiiitiiii ettt ettt e et a e aieee e e nneeee s 26
5.6 LINE INTERFACE PINS ...ttt ettt ettt e et e ettt e e st e e sttt e e s nte e e e e enneeee s 27
B.7  SUPPLY PINS ...ttt ettt ettt et e ettt e e ettt e e ettt e e e sttt e e s nn et e e e e e e e naeee s 28
5.8 PIN DESCRIPTIONS ....cttiiiutiiite ittt e aatteteeaetteee e e st eeeaaneseeeeanse e e e e anseaeeeaseeeeeaanseeeeaanseeeeeanneeeeas 29
5.9 PACKAGES ...ttt ittt e e bt et e et e e e et e e et e e e e anneee s 39
6. L N 2 I I 0 ] 3 41
6.1 REGISTER IMAP ...ttt ettt ettt e e et e e ettt e e ettt e e st e e s neb e e e s anseeeeeanneeeeas 41
7. SPECIAL PER-CHANNEL REGISTER OPERATION ........ctiiiiireiinserersssssesssssneesssssssesssssssssssssnsesssssnsessanas 46
8. PROGRAMMING MODEL........ccceeiiciteeiessmeessssseessssmeesssssmsesssssmsesssssmsesssssnsesssssnsesssssnsesssssnsesssssnnesssnnesssssnnens 48
8.1 POWER-UP SEQUENCE ... iiitiiieet e e e ettt e e e e e ettt e e e e e e e e s e e e e e e e e e e s nneeneeeaaaeaeaannnnneeeas 49
8.1.1 MaSter MOAE REQUSIEN ............ccoeeeieeicieeeeee e 49
8.2 INTERRUPT HANDLING .....utiiiieitiiiee ittt e settiee e ettt e e s ssaeeeeessseeeaeanseseeessseeaessseeeesnsseeeennsneeeas 50
8.3 STATUS REGISTERS ...iiiiiitiiiieitiiieeitieteeeetteee e s et eeessssseeeessseeeasanseeeeessseeeesasseeeesansseeeeansneeess 50
8.4 INFORMATION REGISTERS .....ccituiiieittieteiattiteesettteeeaassseeessssseeesanssaeeessseeasssseeeesnssseeeaansneeess 51
8.5  INTERRUPT INFORMATION REGISTERS .....utiiiiiiiiiieeiiiieeessiieeeesesieeeessnsaeeeeaneeeaesneeeaeanneeee s 51
9. L0 10 L 0 Q7 52
10. T1 FRAMER/FORMATTER CONTROL REGISTERS ........oooi e 53
10.1  T1 CONTROL REGISTERS ....oiiiiiitiiiieiiiiiiieesittieessieeeesssteeesaenseeesanssteaeasnsaeaeaanseeesensseeeeannneas 53
10.2  T1 TRANSMIT TRANSPARENCY ....uuiiieiiiiieeiiitieeesanteeeesasteeesansseeasanssseesaansseaeaansseeessnsseeessnnses 58
10.3 AIS-CI AND RAI-Cl GENERATION AND DETECTION ......uvviiiiiiiiieiiiieeeeeiiiee e eeeee e eieee e 59
10.4 T1 RECEIVE-SIDE DIGITAL-MILLIWATT CODE GENERATION .....eeeiiuririeiiinireesinnireesannneeesanneens 60
10.5 T1 INFORMATION REGISTER....ceittttteiuititeiaitieeesantteeeaasteeeaaaseee e s e saeeeeaanseeaeaanteeeeenbeeeeanneeas 62
1. E1 FRAMER/FORMATTER CONTROL REGISTERS ........oooticiiiiirsererssssressssssessssssssesssssssesssssssssssssnsessnns 64
111 E1 CONTROL REGISTERS ...ttitieitiiiie ittt e e eitieeessiteaesasteeesaasaeeasanssseaeaensseaesanseeeesnseeeeannseas 64
11.2  AUTOMATIC ALARM GENERATION ...eiiiutitiieiiutiieesaeteeeesanteeesasseeesanssseesaassseaesasseeessnsseeessnnsens 68
11.2.1 AULO ALS .o 68
11.2.2 AULO RAT ...ttt 68
11.2.3 AULO E-BUt ... 68
11.2.4 G.706 CRC-4 INTEIWOIKING .........c.ooeeeeeeeeeeeeeeeeeeee e 68
11.3  E1 INFORMATION REGISTERS .....uviiieiiuiiiieiitiiieeesiteeesasteeesansseeasanssseaeaensseaesasseeessnnseeesannsens 69
12  COMMON CONTROL AND STATUS REGISTERS.........cccoiiiiimririrere e s e s e seas 7
3 of 270

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4000146/DS21455.html

DS21455/DS21458 Quad T1/E1/J1 Transceivers

13.  1/O PIN CONFIGURATION OPTIONS .......cooiiiiciririsssnrerssssnneessssneessssssessssnsesssssnsesssssnsesssssnssssssssnsessnsssssssnns 78
14. LOOPBACK CONFIGURATIONS ...... oo it irer s ssmr e sssme s s s e e s s s s s s s s s e smmn s s samn s s smn e s snan s snnnns 80
14.1  PER-CHANNEL PAYLOAD LOOPBACK ......coiiiiiiieeiiitiieeeetieeeeeiteeeeetteaeesnaeaessnnseaesennseeeeenneas 83
15. ERROR COUNT REGISTERS.......ccccooiiiiiiiiriiiere s issmr s sssss s ssssns s s s s s s sssns s s s ssns s s smn s sesmn s s sssmnssnsnsessnsans 85
15.1  LINE CODE VIOLATION COUNT REGISTER (LCVCR) ...cciuiiiiiiiiiie e 86
15.1.1 TT OPEIALION. ... 86
156.1.2 ET OPEIALION. ..., 86
15.2 PATH CODE VIOLATION COUNT REGISTER (PCVCR) ...t 88
156.2.1 TT OPEIALION. ... 88
16.2.2 ET OPEIALION. ... 88
15.3 FRAMES OUT OF SYNC COUNT REGISTER (FOSCR) .....uviiiiiiiiieiiiiee e 89
16.3.1 TT OPEIALION. ..ottt 89
16.3.2 ET OPEIALION. ... 89
15.4 E-BIT COUNTER REGISTER (EBCR).....uiiiiiiiiiiiei ettt 90
16. DSO MONITORING FUNCTION .......oiiiiiciiriccmrenssssnseesssssseessssssessssssssesssssssesssssnsesssssnsesssssnssesssssnsessansensasans 91
16.1  TRANSMIT DSO MONITOR REGISTERS ....ccceiiutiieeiiitiieeeitieeeeaieeaeesteeeeeataeaeeaneeeesennneeeeaneeas 91
16.2 RECEIVE DSO MONITOR REGISTERS .....eciieiiititeeiiitiieeeaitieeeesieeeeeateeaeeasieeeeaneeaeeennneeeeaneeas 92
17.  SIGNALING OPERATION .......ccciiiicciierissnreessssnsesssssssesssssnsesssssnsssssssnsesssssnsessssssessassseessssnseessssasesasansessasans 93
171 RECEIVE SIGNALING .....vttieiiitite e e et e e e ettt e e e etee e e e sttee e e asteeeeaanteaeeeesbeeeesasbeeeesanseeeeesnseeeeeanses 93
17.1.1 Processor-Based Receive Signaling...............cccccoeoioiieiiioinciiiieeieeeeee s 94
17.1.2 Hardware-Based Receive Signaling .................ccccocooeooiooeceeeeeieeeeeeeeeeeeeee 94
17.2  TRANSMIT SIGNALING ...veteeiiuttieeestieeeeeteeeeessteeeeesesteeeeasseeaeesasteeeeaansseeeesnsseeessnsaeeeeansseeeeanns 100
17.2.1 Processor-Based Transmit Signaling ................cccccoooeeooeeoeiieeeeeeeeeeeeee 100
17.2.2 Software Signaling Insertion Enable Registers, E1 CAS Mode..............c.c............ 104
17.2.3 Software Signaling Insertion Enable Registers, T1 Mode .............c..cccccoveveeen.... 106
18. PER-CHANNEL IDLE CODE GENERATION ......ccoiiiiiiiirereere e ssse s ssssse s ssms s s mn e s ms e s smne s smnn s 108
18.1  IDLE CODE PROGRAMMING EXAMPLES .....cccitiiiiiitiiieeitiieeesteieeeaeiieeeeasnteeeessnteeeessnteeeeeanes 109
19. CHANNEL BLOCKING REGISTERS..........ooiiiiriiie i sn s s s s e s s e s nssmnnnas 113
20. ELASTIC STORES OPERATION........ccociiiicteesicsrenssssmne e s sssmse e s s smne e s s ssne e s s ssme e sssssmsenssssmnesssssmsesssssnsasssnnens 116
20,1 RECEIVE SIDE ...utitieiittitee ettt ettt ettt ettt e e ettt e e e ettt e e e e st e e e e ambe e e e e anbee e e e anbee e e e anbeeeeeannees 119
20.1.1 TT MOQE ...ttt 119
20.1.2 ET MO ...ttt 119
20.2  TRANSMIT SIDE ..uiiiiiiutiieeeitieeeeeteee e e ettt e e e ettt e e e aseeeeeaasseeeeaasseeeeaasbeeeeeasseeeesansaeeeeanseeaesansees 120
20.2.1 TT MOGE ...ttt 120
20.2.2 ET MO ...ttt 120
20.3  ELASTIC STORES INITIALIZATION ..eiiiiiutiieeeiiieeeeeieeeeeateeeeeataeeesasaeeesenseeessnseeessasseeesennseas 120
20.4  MINIMUM-DELAY MODE ......uiiiiiiiiiee et ett e et ete e ettt e e e et e e e et e e e e enbee e e e anseeeeeenseas 121
21. G.706 INTERMEDIATE CRC-4 UPDATING (E1 MODE ONLY)....cciiiiiiriirererrsnee s sssmr e s essme s sssmne s ssnnes 122
22. T1BIT ORIENTED CODE (BOC) CONTROLLER........cccceiiciiriirimrrrissmre s sssmse s sssssns s s sssms s s sme s ssssmnnsssssnns 123
221 TRANSMIT BOC ... oottt e e e et e e e e e e e e st e e e e ensaeaeeenseeeeeennes 123
222 RECEIVE BOGC..... oottt ettt e e et e e e et e e e e enste e e e enneeeeeensaeeeeennes 123
23. ADDITIONAL (Sa) AND INTERNATIONAL (Si) BIT OPERATION (E1 ONLY)...cooiiiiiirrrinimrereseeesssans 127
23.1  HARDWARE SCHEME (IMETHOD 1) .ettiiiiiiieiiiiiie ettt e e e 127
23.2 INTERNAL REGISTER SCHEME BASED ON DOUBLE-FRAME (METHOD 2) ....cccocvvveeeeiieeeenee 127
23.3 INTERNAL REGISTER SCHEME BASED ON CRC-4 MULTIFRAME (METHOD 3)......ccccvveennnee. 130
24. HDLC CONTROLLERS ...t me e s e e mn e e s e e e e s s mn e e mn e e e s nmnn s 141
24.1 BASIC OPERATION DETAILS ..ooiiitiiie ittt ettt ettt e e et e e nnbee e e e nneeas 141
24.2  HDLC CONFIGURATION. ... uutteeiiutiieeeitteeessteeeesstseeeeasseeesansseeeeaasteeeeaasseeeesasseeeeaanseeaesansees 143
24.2.1 FIFO CONLIOL ... 145
24.3  HDLC MAPPING. ....ceitttteeeitieeeeeteeeeeeteee e e sttt e e e et e e e asseeeeeaasaeeeeaasbeeeeeasseeeesansaeeeeanseeeeeansees 146
24.3.1 RECEIVE. ...t 146
24.3.2 TFANSITUE ...ttt ettt 148
24.3.3 FIFO INFOIM@ALION ... 153
24.3.4 Receive Packet Bytes Available ..................cocoioiiioiiiiiiiiieeceee e 153
24.3.5 HDLC FIFOS ...ttt 154
24.4 RECEIVE HDLC CODE EXAMPLE.....cciutiiieiitiie ettt ettt e e 155
245 LEGACY FDL SUPPORT (T IMODE) ....ueiiiiiitiiee ittt ettt et 155
4 of 270

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4000146/DS21455.html

DS21455/DS21458 Quad T1/E1/J1 Transceivers

24.5.1 RECEIVE SECLION ... 155
24.5.2 TranSMUt SECHON ............c..ccooiuiieeeeeeee e, 157
24,6  DA/SLC—96 OPERATION ....ueieeiiutiieeeiutieeesiitteeesataeeesasseeeeansseeesaasseeeeassseeessasseeessasseeessansees 157
25. LINE INTERFACE UNIT (LIU) ...eeiiiiiciieiicreeresseeesssssresssssss e s ssssse s ssssse e sasssssesssssssssessnsessassnsessassnesassnnnenans 158
25,1 LIU OPERATION ..cieeiittite e e eitiee e e ettt e e e ettt e e e attee e e aseeeeeasteeeeasaeeeeaasbeeeeeanseeeeeanseeeeeanseeaeeansees 159
25,2 LIU RECEIVER ...veiiiiiitiie ettt ettt e e e ettt e e e ettt e e e e st e e e e st e e e e enteeeeeanbeeeeeanseeaeeanses 159
25.2.1 Receive LeVel INAICATON...............c.c.ccuoviiieeiceeeeeeee e 160
25.2.2 Receive G.703 Section 10 Synchronization Signal ....................cccccocceeeeeeiienan.. 160
25.2.3 MORNIEOE MOGE............cooeoiiioeeee e 160
25.3  LIU TRANSMITTER ... utitietititeeeiteeeeeeteee e e sttt e e e stteaeeasseeeeaasseeeeaasbeeeeeanseeeesanseeeeeanseeaeeansees 161
25.3.1 Transmit Short-Circuit DeteCtor/LImiter ...................ccooooeeeeeeeeieeeeeeeeeeee . 161
25.3.2 Transmit Open-Circuit DELECION ....................ccoceeeeeeeeeeeeeeeeeeeeeeeeeeee e, 161
25.3.3 Transmit BPV Error INSEITION ..............c..cccccoievuiiiiiiieeieeeeeeeeeeeee e, 162
25.3.4 Transmit G.703 Section 10 Synchronization Signal (E1 Mode,)............................. 162
25,4 MCLIK PRESCALER .....otiiiiitiiee ittt ettt ettt ettt e e e ettt e e e e st e e e e nte e e e e enbe e e e e anbeeeeeannees 162
255 JITTER ATTENUATOR ...otiiiiitiieeeiitiee e e ettt e e e steeeeeantteeeeaseeeeeesaeeeeaasbeeeeennbeeeeeanseeeeeanseeaeeanses 162
25.6 CMI (CODE MARK INVERSION) OPTION ...cuutiieeiiiiiieeeiiieeesstieeeestaeeeeeneeeessnseeesanseeeeeneeas 163
25.7  LIU CONTROL REGISTERS ...ciiiiiutiiieiiitiieeeitieeeesteeeeesteeeeeasaeaesasteeeeansaeeesesnseeeeaanseeaeennseas 164
25.8 RECOMMENDED CIRCUITS . .ueiiiiittiieeeiitieeeestteeeesteeeeessseeeeasseeesansseeeeansseeeeaasseeesaanseeaesanses 173
25.9  COMPONENT SPECIFICATIONS......eiiiiiitiieeeitieeeesteeeeeateeeesasseeessasseeesansseeeeaasseeesaasseeessanses 175
26. PROGRAMMABLE IN-BAND LOOP CODE GENERATION AND DETECTION.........ccccciiiinmerrnmrnessnns 179
27. 27 8 U0 0 ] 186
27.1 BERT REGISTER DESCRIPTION ....cciiiutitteiititeeaiieteeeateeeeeataeeesateeeesanteeeesnnseeesaanseeesenneens 187
27.2 BERT REPETITIVE PATTERN SET...cciitiiieiitiie e e siite e et e e e sie e e e sttee e e eseeeeeentee e s enaeeeeenneeas 192
27.3 BERT BIT COUNTER ...oiiiiiitiieeeitite e e et e e e ettt e e e ettt e e e ettt e e e esae e e e sasbeeeeennteeeesanseeeeaanseeaeeanneas 193
27.4 BERT ERROR COUNTER ....uiiiiiittiieeeitieeeestieeeesteeeessseeeeeasseeesansseaeeansseeeeaasseeessanseeaesanses 194
28. PAYLOAD ERROR INSERTION FUNCTION ......ccciiiiiirriicmrr s issmrs s sssms e sssms s ssssmn s ssssmn e s ssssmne s sssmnnsssssnnes 195
28.1 NUMBER OF ERROR REGISTERS .....cciutiiieiitiiieeeiiiieeesiteeeeeataeeeessaeaesaseeeesanseeeeannseeaesnnsees 197
28.1.1 Number Of Errors Left REQUSIEN ..............c..cooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 198
29. INTERLEAVED PCM BUS OPERATION ...t nr s e sme e s sme e s ssmn s smn e s 199
29.1  CHANNEL INTERLEAVE IMODE ......cetiiiiititie ettt e ettt e e et e et e e e e nneeas 199
29.2  FRAME INTERLEAVE IMODE .....cciiutiiieiiititee e itite e ettt e et e e e ettt e e e ettt e e e et e e e e nte e e e e enbeeeeenneeas 199
30. EXTENDED SYSTEM INFORMATION BUS (ESIB).....cccoicceueriiceerissceessssmeesssssmeesssssseessssssesssssssesssssnsenss 202
31. PROGRAMMABLE BACKPLANE CLOCK SYNTHESIZER..........ccocoooirrireresneenssssnne s s sssne e s s ssneesssssnnas 208
32. FRACTIONAL T1/E1 SUPPORT ...ttt rsn s sssss s sssssr s s s s s s s s s s smn e s e s s s sesmn e e sassmn e s ssnnnnnns 209
33. USER-PROGRAMMABLE OUTPUT PINS ... e e ssme s ssms s ssms s mn s s 210
34. TRANSMIT FLOW DIAGRADMS.......ccccooterisanrersassrersasssserssssssessssssssesssasssesssssssesssssssessssssnessssssnsnsssssnsssssnnens 211
35. JTAG-BOUNDARY-SCAN ARCHITECTURE AND TEST-ACCESS PORT ......cccccvurimmrrrnmrersssmeesssssneens 216
35.1  INSTRUCTION REGISTER ....eitieiiiiiieiitiieeeeitieeesssieeesssseeessnsaeessansseeeaensseeesanseeeeanseeaesnnseas 220
35.2  TEST REGISTERS. ... uutiiiiitiiite ittt ettt e et e e ettt e e ettt e e e st ee e e e nb bt e e e e nnbe e e e e nbeeeeennbeeaeeannes 222
35.3 BOUNDARY SCAN REGISTER ....uuiiiiiiiiiiieiiiiiee st e ettt e ettt e e et e e et e e e ante e e e enbeee e e nnneas 222
35.4  BYPASS REGISTER ....ciiiiiiiiiieiiiitte ittt e e atete e e sttt e e et e e e st e e e ns e e e e annteeeeanbeeeeanbeeeeeannees 222
35.5  IDENTIFICATION REGISTER ...eiiiutiiiieiitiiee ittt e s aiteeeeatteeeeanteeesaens et e e e anseeeesannteeeeannbeeeeeaneees 222
36. FUNCTIONAL TIMING DIAGRAMS. ........ccooteiicerersssnrerssssssesssssssessssssssesasssseesssssssessssansessassssessasssssensssnenans 228
K120 R I Y/ [ o SRS 228
K 1G22 N I |V o o= SRS 238
37. OPERATING PARAMETERS........cooiticitiriicsrerissssseessssneessssssrenssssss e sssssnenssssnnesasssssesssssnnenssssnnenssssnnesssnnnens 251
38. AC TIMING PARAMETERS AND DIAGRADMS .........cooiiiirimrerissmeesssssmsesssssmsesssssnnessssssneesssssmessssssmssssssnnens 253
38.1  MULTIPLEXED BUS AC CHARACTERISTICS ....ceeiiuiiiieiiiiiieesaireeesssteeesassseeesssnnneeesansseeessneeas 253
38.2 NONMULTIPLEXED BUS AC CHARACTERISTICS ...vvvieiviieeeiieeieesneeeeeseseeeeesnssseeesansseeesnnnneens 256
38.3 RECEIVE SIDE AC CHARACTERISTICS ..eeiiuitiiieiiiiiieeaiiieeesaiieeesanteeeeasseeeeeasnneeeeeanneeeeeanneeas 259
38.4  TRANSMIT AC CHARACTERISTICS ..uvtetieiiieieeiaitieeeaannieeesanteeasaanseeesaansseeesanneeeesanseeesanneeas 265
39. PACKAGE INFORMATION .......cccoteiiesnmrersassrersssssnessasssseesasssssasasssssesssssssensssssnsssssssssesssssnnesssssnnensssnesssssnnnes 269
5 of 270

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4000146/DS21455.html

DS21455/DS21458 Quad T1/E1/J1 Transceivers

LIST OF FIGURES

Figure 3-1. DS21458 BIOCK DIGQIaM ........eiiiiiiiiiiiiiiiie et e e et e e e e et e e e e e e e e e e e e e s sesbaseeeeeesanssbanaeeaeeesnssnneees 15
Figure 3-2. DS21455 BIOCK DIGGIAM ......eiiiiiiiie ettt ettt e e e e e e s e nbe e e s 16
Figure 4-1. DS21455 Framer/LIU INterim SIgNalS ..........coiiiiiiiiiiiei et e e e e e e e e e e ennannees 18
Figure 4-2. DS21458 Framer/LIU INterim SIGNAIS ......ccoouiiiiiiiiiie et 19
Figure 5-1. DS21455 Pin Diagram, 27mm BGA ...t 39
Figure 5-2. DS21458 Pin Diagram, 17mm CSBGA .......ccoi ittt e e e e e e e e e s e e sa e ae e e e annraneees 40
Figure 8-1. Programming SEQUENCE. ........coiiitiiie ittt ettt et h et e e bt e e e bttt e e e b e e e e bt e e e e b e e e e e bbe e e e anees 48
[T [0 TS R B @1 (o o3 1 Y/ - T o SO PRPPRRPPPR 52
Figure 14-1. Normal Signal FIOW DIiagram .........cooueiiiiiiiiiii et nae e 80
Figure 17-1. Simplified Diagram of Receive Signaling Path.............cccouiiiiiiiiii i 93
Figure 17-2.Simplified Diagram of Transmit Signaling Path.............ccooiiiiiiiiii e 100
Figure 21-1. CRC-4 Recalculate MethOd ...........oouiiiiiiiii et e e 122
Figure 25-1. Basic Balanced Network CONNECLONS ...........occuiiiiiiie ettt e e e e e e e ar e e e e e e e eaanes 158
Figure 25-2. Basic Unbalanced Network CONNECHIONS .........oouuiiiiiiiiii i 159
Figure 25-3. Typical Monitor APPIICAtION ......cccoei s 160
FIGUIE 25-4. CIMI COTING ..ttt ettt e bt e oo bt e e okttt e oo ea bttt oo ea b et e e e ebe e e e e ehb et e e e anbe e e e e anbaeeeea 163
FIgure 25-5. BaASIC INTEITACE. ......coi ittt ettt e e aab e e e et e e e e aabeeeeea 173
Figure 25-6. Protected Interface Using Internal Receive Termination ............cccoocovuviiiiiiiii i 174
Figure 25-7. E1 Transmit PUISE TeMPIALE .........ooiiiiiiiii et 176
Figure 25-8. T1 Transmit PUISE TemMPIAte ......cccooiiiiieeee e 176
FIGUrEe 25-9. JItter TOIBIANCE ......coiiiiiie ettt e bttt e e e a et eea et e e e aab et e e e aab e e e e anbaeeeen 177
Figure 25-10. Jitter Attenuation (T1 MOE).......ccoiiieiiiiii ettt e e e e e e e e e et ee s e e snnrneeeaaeeeaaannes 177
Figure 25-11. Jitter Attenuation (E1 MOTE) ......coiiiiiiiiiiiii ettt e e e e 178
FIGUre 29-1. IBO EXAMPIE ...ttt b e e e e bttt e e st e e e e bt et e e e aab e e e e anbaeeeea 201
Figure 30-1. DS21455 ESIB GrOUP .....eeiiuiiiiiii ittt ettt ettt ettt ettt ettt e bttt een e e st e e e nnn e e neneeenes 203
FIGUre 30-2. DS21458 ESIB GrOUP ...ccciueeiieitiitee ittt ee sttt ettt ettt e ettt e e e bt e e o bt e e e e b et e e e bb e e e e abe e e e e anbeeeeaanbeeeeaan 204
Figure 34-1. T1 TranSmMit Data FIOW ... ... e e e e e e e e e e e e e e e e e aean s e e e e e s e s e e e aean e ans 211
Figure 34-2. T1 Transmit Data FIOW (CONtINUEA) ........ooiiiiiiiiiiiiie e 212
Figure 34-3. E1 Transmit Data FIOW..... ... e e e e e e e e e e e e e s s e e e e e e e ns 213
Figure 34-4. E1 Transmit Data FIOW (CONTINUEA)........ooiiiiiiiiiiiiiieee e e e e e r e e e e e e e e aaaes 214
Figure 34-5. E1 Transmit Data FIOW (CONTINUEA)........coiiuiiiiiiiiii e 215
Figure 35-1. JTAG Functional BIOCK DIagram ............eeiiiiiiiiiiiiiiiie e et e ettt e e e e e e et e e e e e e sssaneeeaaeeeaeannes 216
Figure 35-2. TAP Controller State Diagram.........ooueii ittt ab e e e ee e e 219
Figure 36-1. RECEIVE Sid@ D4 TimMING ... ..uuiiiiieeiiiiiiiiiiit ettt e e e e ettt e e e e e e e e bbb eeeeaeessaassssseeaeeseassnsnseeaaeesanannes 228
Figure 36-2. Receive Side ESF TIMING .....ooiiiiiiiiiiieii ittt rh et e et e et e e anb e e e e anneeeeee 229
Figure 36-3. Receive Side Boundary Timing (With Elastic Store Disabled)...........cccooiiiiiiiiiiiiiiieeeeee 230
Figure 36-4. Receive Side 1.544MHz Boundary Timing (With Elastic Store Enabled).........ccccccceeeeiiiiiiiiiinee e, 231
Figure 36-5. Receive Side 2.048MHz Boundary Timing (With Elastic Store Enabled) ...........cccccoiiiiiiiiiiiiniineens 232
Figure 36-6. Transmit Side D4 TimMING........eeiiiiiiiiiiiiiie e e e e e e e e e e e e e e e e et eeeaeessasassbeeaeeeeassssnseeaaeesaaannes 233
Figure 36-7. Transmit Side ESF TiMING .....cooiuiiiiiiiiiiie ettt e bt e et e et e e e e anbeeee e 234
Figure 36-8. Transmit Side Boundary Timing (With Elastic Store Disabled).............cccccoooiiiiiiiiiiiiiee e, 235
Figure 36-9. Transmit Side 1.544MHz Boundary Timing (With Elastic Store Enabled) ...........ccccooviiiiiiiiiinnns 236
6 of 270

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4000146/DS21455.html

DS21455/DS21458 Quad T1/E1/J1 Transceivers

Figure 36-10. Transmit Side 2.048MHz Boundary Timing (With Elastic Store Enabled)............cccccoiiiiinis 237
Figure 36-11. RECEIVE Side TIMING ......uuvuiiiiiieeiiiiiiiie et ettt e e e e et e e e e e e s e st s e e e e aeeesanssssreaeeeessassssseeeaeesaaannes 238
Figure 36-12. Receive Side Boundary Timing (With Elastic Store Disabled)............cccoociiiiiiiiiiiieee 239
Figure 36-13. Receive Side Boundary Timing, RSYSCLK = 1.544MHz (With Elastic Store Enabled)................... 240
Figure 36-14. Receive Side Boundary Timing, RSYSCLK = 2.048MHz (With Elastic Store Enabled).................. 241
Figure 36-15. Receive IBO Channel Interleave Mode Timing..........oooiiiiiiiiiiiiieiieie e 242
Figure 36-16. Receive IBO Frame Interleave Mode TimiNg ..........ccooiiiiiiiiiiie et ae e e e 243
Figure 36-17. G.802 TimiNg, E1 MOAE ONIY .....oiiiiiiiiiiiiiiie ettt e bt e e e e e e 244
Figure 36-18. Transmit Side TiMING ........uueiiiiiiiiiiiiiiiie et e e e et e e e e e e e s et eeeeeaeessasaareeeeeeeesnssnseeaaeesaaannns 245
Figure 36-19. Transmit Side Boundary Timing (With Elastic Store Disabled)............ccociiiiiiiiiic e 246
Figure 36-20. Transmit Side Boundary Timing, TSYSCLK = 1.544MHz (With Elastic Store Enabled) ................. 247
Figure 36-21. Transmit Side Boundary Timing, TSYSCLK = 2.048MHz (With Elastic Store Enabled) .................. 248
Figure 36-22. Transmit IBO Channel Interleave Mode Timing..........cooiiiiiiiiiiie e 249
Figure 36-23. Transmit IBO Frame Interleave Mode TimiNg ..........ccooiiiiiiiiiieeiiiiiiiieiie e e e e e e e e e 250
Figure 38-1. Intel Bus Read Timing (BTS = 0/ MUX = 1) .ottt 254
Figure 38-2. Intel Bus Write TIiming (BTS = 0/ MUX = 1) ..ttt e e e e e e e e e e anes 254
Figure 38-3. Motorola Bus Timing (BTS = 1 / MUX = 1)t 255
Figure 38-4. Intel Bus Read Timing (BTS = 0/ MUX = 0) ..eiiuiiiiiiiiiee ittt 257
Figure 38-5. Intel Bus Write TIiming (BTS = 0/ MUX = 0) ....uuuuiiiiiiiie ittt e e e e e e e srnan e e e e e e e eannes 257
Figure 38-6. Motorola Bus Read Timing (BTS = 1/ MUX = 0) ..ceiiiuiiiiiiiiiii ettt 258
Figure 38-7. Motorola Bus Write TIiming (BTS = 1/ MUX = 0) ..eeuiiiiiiiiiiiiiiie ettt e e e e e e 258
Figure 38-8. Receive Side Timing, Elastic Store Disabled (T1 MOAE) ........coouiiiiiiiiiiiiiiie e 260
Figure 38-9. Receive Side Timing, Elastic Store Disabled (E1 MOAE) ..........ccooiiiiiiiiiiee it 261
Figure 38-10. Receive Side Timing, Elastic Store Enabled (T1 MOdE) ........ccuuiiiiiiiiiiiiiiieieee e 262
Figure 38-11. Receive Side Timing, Elastic Store Enabled (E1 MOdE).........ccuuiiiiiiiiiiiiiiiiieeeeee e 263
Figure 38-12. Receive Line INterface TiMiNg.......cc.uuuiiiiiiiiiiiiieiiee ettt s et e e e e e e et e e e e e e s anbnaeeaaeeeaeaanes 264
Figure 38-13. Transmit SIA@ TIMING ...coiuueiiiiiiiie it b et e b et e e e abb e e e e st et e e s anbe e e e e anbeeeean 266
Figure 38-14. Transmit Side Timing, Elastic Store ENabled.............cooiiiiiiiiiiiii it 267
Figure 38-15. Transmit Line INterface TiMINgG........cuueiiiiiiii et 268
Figure 39-1. DS21458 (17MM CSBGA) ....cciuiiiitiie ittt ettt et e e 269
Figure 39-2. DS21455 (27MM BGA) ..ottt 270
7 of 270

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4000146/DS21455.html

DS21455/DS21458 Quad T1/E1/J1 Transceivers

LIST OF TABLES
Table 5-1. DS21455 PIN DESCRIPTION ...t 29
Table 5-2. DS21458 PIN DESCRIPTION ... 34
Table 6-1. REGISTER MAP SORTED BY ADDRESS ....... .o 41
Table 10-1. T1 ALARM CRITERIA L. e 63
Table 11-1. E1 SYNC/RESYNC CRITERIA ... e e 65
Table 11-2 AUTO E-BIT CONDITIONS ... .ot 68
Table 11-3. ET ALARM CRITERIA L. e e 70
Table 14-1. LIUC CONTROL ...ttt e e e e 82
Table 15-1. T1 LINE CODE VIOLATION COUNTING OPTIONS ... 86
Table 15-2. E1 LINE CODE VIOLATION COUNTING OPTIONS ..ot 86
Table 15-3. T1 PATH CODE VIOLATION COUNTING ARRANGEMENTS ..ot 88
Table 15-4. T1 FRAMES OUT OF SYNC COUNTING ARRANGEMENTS ... ... 89
Table 17-1. TIME SLOT NUMBERING SCHEMES.........coo i 101
Table 18-1. IDLE CODE ARRAY ADDRESS MAPPING..... ..o 108
Table 20-1. ELASTIC STORE DELAY AFTER INITIALIZATION ......ooiiiiii e 120
Table 24-1. HDLC CONTROLLER REGISTERS ... .o 142
Table 25-1. TPD CONTROL ... s s e e see e e e e s e e s emeeesaneeas 164
Table 25-2. E1 MODE WITH AUTOMATIC GAIN CONTROL MODE ENABLED (TLBC.6 = 0)......ccccecveiieiieinns 165
Table 25-3. E1 MODE WITH AUTOMATIC GAIN CONTROL MODE DISABLED (TLBC.6 =1)...cccccoiiiiiiieiens 165
Table 25-4. T1 MODE WITH AUTOMATIC GAIN CONTROL MODE ENABLED (TLBC.6 = 0).....cccooeiiiiiciieine 165
Table 25-5. T1 MODE WITH AUTOMATIC GAIN CONTROL MODE DISABLED (TLBC.6 = 1) ...cccoiiiiiiicie 165
Table 25-6. TRANSFORMER SPECIFICATIONS . ... ..o e 175
Table 28-1. TRANSMIT ERROR INSERTION SETUP SEQUENCE ..o 195
Table 28-2. ERROR INSERTION EXAMPLES ... e e 197
Table 35-1. INSTRUCTION CODES FOR IEEE 1149.1 ARCHITECTURE .........cooiiiiiiiii e 220
Table 35-2. ID CODE STRUGCTURE ... s 221
Table 35-3. DEVICE ID CODES ........ .ot ane e 221
Table 35-4. BOUNDARY SCAN CONTROL BITS ... e 223
8 of 270

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4000146/DS21455.html

DS21455/DS21458 Quad T1/E1/J1 Transceivers

1. DESCRIPTION

The DS21455 and DS21458 are quad monolithic devices featuring independent transceivers that can be
software configured for T1, E1, or J1 operation. Each is composed of a line interface unit (LIU), framer,
HDLC controllers, and a TDM backplane interface, and is controlled via an 8-bit parallel port configured
for Intel or Motorola bus operations. The DS21455* is a direct replacement for the older DS21Q55 quad
MCM device. The DS21458, which comes in a smaller package (17mm CSBGA) and features an
improved controller interface, is software compatible with the older DS21Q55.

The LIU is composed of a transmit interface, receive interface, and a jitter attenuator. The transmit
interface is responsible for generating the necessary waveshapes for driving the network and providing
the correct source impedance depending on the type of media used. T1 waveform generation includes
DSX-1 line build-outs as well as CSU line build-outs of -7.5dB, -15dB, and -22.5dB. E1 waveform
generation includes G.703 waveshapes for both 75Q coax and 120Q2 twisted cables. The receive interface
provides network termination and recovers clock and data from the network. The receive sensitivity
adjusts automatically to the incoming signal and can be programmed for 0dB to 43dB or 0dB to 12dB for
E1 applications and 0dB to 15dB or 0dB to 36dB for T1 applications. The jitter attenuator removes phase
jitter from the transmitted or received signal. The crystal-less jitter attenuator requires only a 2.048MHz
MCLK for both E1 and T1 applications (with the option of using a 1.544MHz MCLK in T1 applications)
and can be placed in either transmit or receive data paths. An additional feature of the LIU is a CMI
coder/decoder for interfacing to optical networks.

On the transmit side, clock/data, and frame-sync signals are provided to the framer by the backplane
interface section. The framer inserts the appropriate synchronization framing patterns and alarm
information, calculates and inserts the CRC codes, and provides the BSZS/HDB3 (zero code suppression)
and AMI line coding. The receive-side framer decodes AMI, B8ZS, and HDB3 line coding, synchronizes
to the data stream, reports alarm information, counts framing/coding/CRC errors, and provides clock/data
and frame-sync signals to the backplane interface section.

Both the transmit and receive path have two HDLC controllers. The HDLC controllers transmit and
receive data via the framer block. The HDLC controllers can be assigned to any time slot, group of time
slots, portion of a time slot, or to FDL (T1) or Sa bits (E1). Each controller has 128-bit FIFOs, thus
reducing the amount of processor overhead required to manage the flow of data. In addition, built-in
support for reducing the processor time required handles SS7 applications.

The backplane interface provides a versatile method of sending and receiving data from the host system.
Elastic stores provide a method for interfacing to asynchronous systems, converting from a T1/